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CHAPTER 1 - OVERVI EW
OBJECTI VE

The inportance and urgency of risk analysis in today's conpl ex
projects, in face of financial constraints, has spurred severa
research efforts in this area. Cost overruns are commonpl ace in
t he design and construction of conplex capital projects such as
fixed guideway transit systenms. One nmjor reason for cost overruns
is the uncertainty inherent in various aspects of the work. This
uncertainty can result in a wide range of outcomes that in turn may
i npact project cost and schedul e in unfavorable ways. Risk
assessnent is difficult in large capital transit projects. Yet, it
is inperative that the owners or sponsors engage in a rigorous,
systemati c anal ysis of mmjor sources of risk.

The objective of this report is to help the owner or sponsor
in devel oping a framework for nmanaging risk in the design and
construction of fixed guideway transit projects. Risk, as used in
the context of this report, is defined primarily as the potenti al
for nonetary loss resulting fromuncertainty about the project. In
order to devel op the risk managenent framework, first the sources
of risk nust be identified and categorized. Then a measurenent
system shoul d be used to quantify the risk. Finally, each risk
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item shoul d be all ocated between the parties involved in an
equitable manner. If the project risks can be identified in a
timely manner, quantified in a |ogical way, and allocated properly
bet ween the project participants (sponsor, owner, contractor, and
engi neer), then the |ikelihood of significant cost and schedul e
overruns will be reduced considerably.

I NTRODUCTI ON

Large construction projects are generally prone to budget and
schedul e overruns. This may stemfromthe fact that construction
projects are unlike the products of nobst manufacturing and
industrial projects. Peculiarities of construction such as the
uni queness of every project, exposure to external elenents,
characteristics of the workforce and the industry have been
docunented in various sources (Glly, et al, 1987). According to
Thonpson and Perry (1992), 63% out of 1,778 projects financed by
the World Bank in the period 1974-1988 experienced cost overruns.
In the United States, cost overruns in |arge conplex projects such
as power pl ants have been common. Cost estimates for the Boston's
Central Artery/ Third Harbor Tunnel Project, currently the |argest
public works project in the United States, have been continuously
adj usted upwards in the past six years. Mjor capital transit
projects are not an exception in this regard. Pickrel (1990)
st udi ed
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10 large U.S. transit projects and found out that nine out of ten
of these projects suffered from budget overruns. The anount of
overruns ranged from13%to 106%

Many paraneters may be responsi ble for budget overruns in
transit projects. Scope changes or optimstic scenarios yielding
| ow estimates of costs and high estimtes of benefits, inconplete
i nformati on about the project objectives and features, estinmation
error, and delay in construction start date are sone of the nore
i nportant paraneters contributing to the budget overruns. Sone of
these factors are of a technical nature and depend on the project
complexity, location and size; others are financial issues and are
affected by the state of econony, affordability, cost of funds, and
the owner's creditworthiness. Still, other factors depend on the
political atnosphere surrounding the decision-nmakers and the
general public. Although these social and political factors are of
ut nost i nportance, they are not the primary subject of this report.
We shall rather focus on design, construction and financial risks
affecting the project budget and schedul e.

Based on our research and discussions with FTA experts, we
have divi ded project uncertainties into two nmain categories:
desi gn/ construction risks and financial risks. Design/construction



risks pertain to the process of construction and technical factors
that affect the construction cost and schedul e. Exanples include
unusual inclenent weat her, unfavorable underground conditions
especially in projects where tunneling conprises a major portion of
the work, and possibility of contractor's inability to neet project
deadl i nes and/or quality standards. Financial risks relate to al
aspects of project financing and budgeting and may i ncl ude

unf avorabl e changes in interest rate, shortfall in the estimated
revenues, and uncertainty in construction budget cash fl ows.

In addition to evaluating these risks, one has to consider the
i nteraction between financial and construction risks. For exanple,
a shortfall in revenues dedicated to the project may del ay
construction. Conversely, a delay because of construction
difficulties nmay increase financial burden on project sponsors.

STEPS I N PROJECT RI SK MANAGEMENT1

The ri sk managenent program has three phases as depicted in
Figure 1. 1. The first step in a risk nmanagenent programis to
identify risk prone areas in a project. After the risk
i dentification process, a nethodol ogy for neasuring design,
construction and financial risks should be devised. The
nmet hodol ogy, though based on sound theoretical principles, nmust be
practicabl e and convenient to apply to real life problenms. After
risks are appropriately identified and neasured, they should be
all ocated to various parties involved in the project in a fair and
equi table way. This should be done in a way that ensures the
prudent expenditure of public funds

1Traditionally, the term "R sk Managenent” is used in
conjunction with an insurance program Here, "Ri sk Managenent”
consists of dealing with all types of construction and financi al
risks.

and at the same tine provides reasonabl e conpensation to the
provi ders of construction and financial services.

The i nportance and urgency of risk analysis in today's conpl ex
projects, in face of financial constraints, have spurred severa
research efforts in this area resulting in many publications. 1In
preparing this report, we have reviewed, discussed, and el aborated
on many of these
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publ i cations. Depending on who is doing the risk analysis, the
process may vary. The contractor's interest and enphasis will be
somewhat different fromthe owner's. In this report, nost of the
di scussi on proceeds under the assunption that the end user of the
report will be either the sponsor of a transit capital project
(such as FTA) or the local owner (transit agency). Furthernore,
nost of the exanples and cases cited are relevant to transit
projects or those with conponents simlar to ngjor transit
projects. W believe that the docunent in its present form
contains a wealth of information about the state-of-the-art in the
practice of risk analysis and mitigation

ORGANI ZATI ON OF REPORT

W address each of the steps of risk nanagenent nentioned
earlier, in an independent chapter. Chapter 2 covers risk
identification. Chapter 3 discusses different types of financial
risks affecting the project. Although elenents of financial risk
are identified in Chapter 2, we include this chapter to further
hi ghl i ght and el aborate on various aspects of financial risks.
This chapter could be very useful to construction experts. Wile
these experts are proficient in technical aspects of the project,
they may | ack the detail ed know edge about financial issues.

Chapter 4 describes the process of risk assessnent by the
surety industry. The surety, in effect, indemifies the owner in
case of contractor default. Because of the nature of its
responsibility, surety has to performa thorough risk evaluation
bef ore bonding a contractor. W included this chapter because we
feel that it is useful to consider the surety's uni que perspective
on risk Clearly, virtually all risk analysis carried out by the
surety is relevant to this research. Furthernore, FTA experts felt
that the agency woul d benefit froma better understanding of the
surety's function and procedures.

Chapter 5 addresses risk nodeling and neasurenent and Chapter
6 covers risk allocation and mtigation. An extensive reference
list is included as Appendix A This will help the reader to |ocate
sources of information in related areas. Appendix B contains a
detail ed set of comments about the risk checklist presented in
Chapter 2. Appendix C provides a |ist of nanes of the individuals
who contributed to this research. The following is a brief summary
of each chapter's contents.
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Chapter 2 - Risk ldentification

Thi s chapter describes various types of risk (especially the
ones related to construction and design) that may inpact a capital
transit project. Several nmethods of risk classification are
descri bed and a suitable classification nmethod is recommended. A
detailed risk checklist is devel oped. This |ist breaks down
construction and financial risks into fifteen broad categories.
Each category is subdivided into inportant risk itens. Inportant
items in the risk checklist are described and highlighted in the
comentary section provided in Appendi x B. Devel opnent of the risk
checklist hel ps the project owner to focus on risk el enents and
devel op an appreciation for what nay go wong during the course of
proj ect inplenentation.

Chapter 3 - Understandi ng Financial Risk from Omer's Perspective

Broad sources of financial risk such as the cost of capita
and inflation are described and then financial risks that directly
af fect the owner (or sponsor) of transit projects are anal yzed.
| ssues such as sources of revenue, bonds, bond rating, exchange
rate risk, and project-specific paraneters are di scussed.
Qperating risk factors are covered al so because they may inpact the
project feasibility at the conceptual level. |In addition, the
contractor's exposure to financial risk is discussed.

Chapter 4 - Surety's Ri sk Assessnent

This chapter provides an overview of the surety industry and
the procedures used by the surety for evaluating contractor's risk.
The surety is exposed to huge | osses in case of contractor's
failure. Because of this, the surety has to performa carefu
anal ysis before deciding to bond a contractor for a particular
project. Therefore, studying the surety's nethods of risk
eval uation can be useful to the owner in contractor
prequalification and also result in a better understandi ng of the
paranmeters contributing to a project's risks.

Chapter 5 - Risk Mddeling and Assessnent
This chapter builds upon the naterial covered thus far and
expl ains owner's and contractor's risks and | evels of contingency.

Determ nistic and probabilistic approaches in estimting the
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potential for cost and schedul e overruns are covered, with nore
enphasi s placed on probabilistic approaches. Both analytica

nmet hods and si nul ati on approaches are introduced and expl ai ned.
Several el aborate exanples and case studies are used to illustrate
t he process of quantifying the |evel of uncertainty in budget and
schedul e and to cal cul ate contingency. Furthernore, conceptual and
conmput er software tools available for risk neasurenent are

descri bed and their strengths and weaknesses el aborated. Areas of
research and developnent in this field are identified. A realistic
risk picture for a transit project is only possible by eval uating
the inpact of financial and construction risks and considering the
i nteraction between these ri sks.

Chapter 6 - Risk Allocation and Mtigation

Thi s chapter reviews various nethods proposed for risk
all ocation and mitigation. Based on the work done by others and
research conducted by the authors, a nethod for classifying risk
mtigation nmeasures is proposed. A well thought out and fair
contract is an excellent vehicle for allocating risk to various
parties. ldeally, there should be a set of circunstances where the
owner and the contractor assune their fair share of responsibility
and the owner does not have to pay for sone contingency that wll
never be utilized. To foster this process, a set of guidelines
shoul d be prepared to help the owner in devel oping an effective
contract. A detailed table is devel oped that incorporates the
experiences gained in the past two decades in risk allocation in
construction contracts. This Table is based on the risk itens in
the R sk Checklist presented in Chapter 2. The material in the
Table is cross-referenced to various publications and augnent ed by
expl anatory remarks and comments. W believe that this Table is a
conveni ent tool for checking the contract's effectiveness.
Further, it brings together various aspects of this project by
provi di ng recomended solutions to nost of the risk itens
identified in Chapter 2 and neasured in Chapter 5.
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CHAPTER 2 - RI SK | DENTI FI CATI ON

Every technique for risk analysis nmust begin with the
devel opnent of a nethod for the identification and classification
of individual risks inherent in a particular projecT. Wile every
construction project has its own unique set of risks, there are
many risks that are common to all projects. Exanples include
unknown under ground conditions, severe weather possibilities,
contractor reliability, and the risk of mmintaining adequate
funding. One of the nost adaptable nmethods for risk identification
and classification is the devel opnent of a risk checklist. This
technique allows the user to |ist common project risks, and then to
append the list with those risks peculiar to the project at hand.
Virtually every method studied in this research included the use of
a risk checkli st

The current planning process enpl oyed by the Federal Transit
Adm ni stration (FTA) for Environnental Inpact Statenents (EIS)
contains many of the risks comon to all transit projects. The
significant risks delineated by EI'S process include capital cost,
| and use and econom c devel opnent, air quality, noise and
vi bration, ecosystens, water resources, energy, utilities,
hi storical /archaeol ogi cal, safety and security. These itens and
others were used to develop a risk checklist for this report (Table
2.1).

Ri sk identification is heavily dependent upon the experience
and perceptivity of project managenent. In order for a checkli st
to be effective, there nust be a concentrated effort during the
devel opnent stage to identify all relevant risks by all nenbers of
the managenent team This process can be particul arly arduous
because humans are not predisposed to identify nore risks and
thereby creating nore things to worry about. By identifying risks
and devel opi ng appropriate courses of action should such events
occur, managenent will trandescend the "putting out fires" node.
That is, managenent will become proactive instead of reactive.

BACKGROUND



OCstensibly there are several different approaches to organize
a risk checklist into a |logical, understandable, and useable
format. One approach (D eknmann, 1988; C. 1.1. Pub. 6-8 1989;
Curran, 1989) proposes that risks should be organized in terns of
the nature of the risk itself. Specifically, risks can be
classified as either knowns, known-unknowns, or unknown-unknowns.
A known risk is an itemor condition that is understood, but cannot
be neasured with conplete accuracy. Generally, such risks occur at
arelatively high rate and contain a range of possible outcones.
Labor productivity is a good exanple of a known risk. Known-
unknowns conditions or events that are foreseeable, but not
normal Iy expected. Normally, such events have
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a relatively |low frequency and result in severe consequences.

Eart hquakes, hurricanes, strikes and unusual difficulty with a
contractor are exanples of this type of risk. Unknown-unknowns are
conditions or events that cannot be predicted. These itens are
general ly catastrophic in nature and have a | ow probability of
occurring. Exanples of unknown-unknown include asbestos rel ated
hazards or AIDS before the were recogni zed. Once an unknown-
unknown is identified, it becomes a known-unknown.

A second nethod for organizing a risk checklist is to classify
the risks according to their nature and their prinary sources
(Wdeman, 1992). Under this scenario, risks are placed into one of
the follow ng categories: external -unpredictable, external-
predi ctable, internal non-technical, technical, and |egal.

Exanpl es of external -unpredictable risks include natural hazards or
regul atory changes. External-predictable risks involve inflation
currency changes, environnental inpacts, and social inpacts.
Internal, non-technical risks are enbodied by itens such as
schedul e, cost, cash flow, and nanagenent. Technical risks evol ve
from changes in technol ogy, fromsheer size or conplexity of the
project, and from design or performance standards. Finally, |egal
risks arise frompatent rights, force nmgjeure, |icensing,
contractual problens, and insider and outsider |awsuits. This
classification system provides the benefit of arranging the groups
according to their relative controllability. For instance, natural
hazards are consi dered external -unpredi ctable and have a | ow degree
of controllability while contractual risks are ranked as | egal
risks with the highest controllability.

Yet anot her approach to classifying risks is based upon their
effect on the project. Under this nmethod, risks would be
considered as either cost risks, schedule risks, or quality risks.
Unfortunately, many risks fall into nore than one category, and



accordingly, create the potential for double counting when
mtigation procedures are being considered (Wdenman, 1992).

CONSTRUCTI ON AND FI NANCI AL RI SKS

In order to facilitate the next phase of the risk managenent
process, i.e., risk nmeasurenent, the authors have divided risks
into two broad categories: design and construction risks and
financial risks. This is somewhat anal ogous to classifying risks
broadly according to their source and is proper because the
objective of this research is to analyze risks fromthe owner or
the sponsor's point of view So while major risk itens deserve
scrutiny, we are not interested in details that a contractor would
want to be concerned wth.

While financial risks appear to affect the project at the
earlier stages (such as planning and feasibility phases when
al ternative nmethods of financing are evaluated), construction risks
tend to acconpany the project throughout its lifecycle and
especially during the construction period. Al so, financial risks
tend to affect the project in a broad sense while construction and
design risks are sonetines peculiar to a limted part of the
project. For exanple, uncertainty in the tax revenue dedicated to
the project can inpact the whole project and even postpone it. But
an unexpected condition at the site of a tunnel nmay inpact the
tunnel advance rate and inpact those project conponents that are
directly tied to the tunneling operation
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The effect of financial and construction risks are usually
esti mated i ndependently using nethods and nodel s devel oped in two
separate fields of engineering and finance. Despite this
traditional approach, design, construction, and financial risks are
compl enentary. For exanple, if a major inpedinent to the
conpl etion of a project surfaces during the construction phase, the
contractor or owner may be forced to raise additional funds at a
time when interest rates are unfavorably high. Alternately, it is
possi bl e that contingency financing is difficult or inpossible to
obtain in the short term creating delays and engendering an
i ncrease in construction costs. An extensive exanple of the effect
of the financial and the construction risks on project cost is
devel oped in Chapter 5.

Subsequent to the establishnment of the two najor risk
categories, a further breakdown is appropriate. This breakdown has
been devel oped by considering various types of risks that can
potentially affect the project chronologically fromthe feasibility
study phase until conpletion of the construction. Subcategories



can be project size, contract clauses, factors such as geography
and | ocal economic conditions, site factors such as topography,

site accessibility, etc. Perseverance will result in a checkli st
that will reflect all areas of risk for a particular project.
Furthernore, it will provide a systematic and objective approach to

the risk identification process of future projects, ensure that no
major risk itemis overlooked, and provide the basis for anal yzing
groups of projects as a portfolio.

THE RI SK CHECKLI ST

The risk checklist presented in this report has been organi zed
with the objective of devel oping an easy to understand and
repeat abl e set of guidelines for fixed guideway transit systens
fromthe ower's perspective. W have concluded that a checkli st
based upon the source of risk best achieves this goal because it is
easy to understand and use. The follow ng checklist (Table 2.1) is
organi zed with a chronol ogical format. That is, an item which
woul d occur first in the normal |ifecycle of a construction project
is listed first in the checklist. Based upon the feedback that we
have received fromthe industry, this is a very useful format. To
el aborate sonmewhat, the checklist contains fifteen major risk
categories, each of which is then divided into several sub-
categories. Also note that the checklist devel oped can be used at
various phases of the project lifecycle. For exanple, it can be
used in the conceptual planning phase to establish broad risk
factors affecting the project. Evaluation and re-eval uation of
ri sk checklist can then be conducted at various stages of project
lifecycle. It should be noted however, that the later one attenpts
to evaluate risks, the less flexible would be solutions to any
potenti al problens.

Every itemin the risk checklist can be earmarked as high
noderate, or lowrisk. For exanmple, if an individual project
i nvol ves maj or underground construction, then risks associated with
some of the subcategories of "Site" will becone very inportant and

wi || deserve extra attention. The checklist can be exam ned for
every project and filled in so as to reflect specific project
characteristics. It provides a systematic and objective approach

to risk identification process, ensures that no major risk itemis
over | ooked, and provides a basis for risk nmeasurenent and
mtigation. This checklist has been thoroughly reviewed by various
experts fromthe governnent and industry. Mst of their viewpoints
have been incorporated into the checkli st
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TABLE 2.1 - An Qutline for



THE RI SK CHECKLI ST
fromthe Owmer's Point of View

This risk checklist is devel oped fromthe owner's point of view
Therefore it is possible that sone inportant paraneters that
contribute to the project uncertainty, but were not owner's
responsibility, have been left out. Also, not all the elenents
reported in this checklist have simlar inpact on the project cost
and schedule. 1In fact, sonme itens such as environnental
regul ati ons have a profound i npact on the project cost, schedul e,
and construction while others may have only a margi nal effect on
cost and schedule. The checklist my be used as a reninder for the
pl anners and all the itens may not relate to a specific project.

l. Project Feasibility

A Technical feasibility

B. Long-termviability

C. Pol i tical circunstances
1. Funding

A Sour ces of funding

B. Inflation and growth rates

C. Accuracy of cost and contingency anal ysis

D. Cash fl ow

E. Exchange rates

F. Appropriation
(I anni ng

Scope

Conpl exity of the project

Techni cal constraints

Sol e source material or service providers
Constuctability

M | est ones (schedul e)

Tune to conpl ete (schedul e)

Synchroni zati on of work and paynent schedul es

IOMMOOm>T

I V. Engineering

Desi gn and perfornmance standards
Unreliable data

Conpl exity

Conpl et eness of design
Accountability for design
System integration

mmooOwr
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Table 2.1 conti nued. ..



VI .

VI,

VI,

Xl .

Type of Contract

A
B.
C.

Lunpsum
Unit price
Cost plus

Contracting Arrangenent

mooOw»>

Tur nkey

Joint venture

Single prine contractor

Several prinme contractors

| nnovati ve procurenent mnethods

Regi onal and Local Business Conditions

A
B

Nunber of bidders
Unenpl oynent rate in construction trades

Wor kl oad of regional contractors

Contractor Reliability

@TMmMmoOwm» g OO WX

Capability

Capacity

Credit worthiness
Per sonnel experience

I nvol venent

Managenent of project

Suppl yi ng of nateri al

Testing and inspection

Saf ety prograns

Conmmuni cati ons and probl em sol vi ng
Part nering

Start-up operations

Regul atory Condi tions

A Li censes, permts, approvals

B. Envi ronnmental regul ati ons and requirenents
C. Pat ent infringenent

D. Taxes and duti es

E. DBE (Di sadvant aged Busi ness Enterprise) invol venent
Acts of Cod

A Storm

B. Ear t hquake

C. FI ood

D. Fire

E. | npact of site |location on any of the above
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Table 2.1 Conti nued. ..

XIl. Site

A Access

B. Congesti on

C. Under ground condi tions

* Soil conditions (rock vs soil, etc.)

Wat er
Uilities (existing and new)
Ar cheol ogi cal finds
Hazar dous wast es
Noi se, fume, dust
Abutting structures
Security
Di sruption to public

L B T

M mmo

X, Labor

Productivity

Strikes

M nority representation
Sabot age

Avail ability

Work ethics

Wage scal es

Subst ance abuse

Local rules

Uni ons

Mat eri al wastes

Wor kman' s conpensati on

FAXS T IOTMTmMOoODOm>

Xl V. Loss or Damages

Omner's responsibility
Contractor's responsibility
Engi neer's responsibility
Vandal i sm sabot ages

Acci dent s

Third Party C ains

TmooOm>

Quar ant ees

A Schedul e

B. Per f or mance

C. Consequenti al | osses
D Li qui dat ed danages
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Appendi x B contains a commentary designed to clarify and
hi ghlight risk itens enunerated in the checklist. As nentioned
previously, dividing risk itenms according to financial, design, and
construction risks, contributes to a better understandi ng of how



these uncertainties function and affect the project. It also

di sti ngui shes between the types of skills required to study and
handl e these risk itenms. It is only natural that many itens in
various categories of the checklist may relate to a conbi nation of
desi gn, construction, and financial issues as these issues interact
strongly. Table 2.2 divides the fifteen categories of the risk
checklist into design, construction, and financial risks. For
exanple, the site is considered a construction risk. This is due
to the fact that difficulties originating at the site (i.e.
excessive ground water, differing soil conditions, difficult
access) predom nantly affect construction.

Cick _HERE for graphic.
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The degree to which each of the four principal parties (sponsor,
owner, engineer, contractor) involved in a rail transit project is
exposed to each type of risk is presented in Table 2.3. The nmain
purpose in including this table was to enphasize the categories
that are of higher inportance to the sponsor and the owner.

C i ck_HERE for graphic.
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CHAPTER 3 -- UNDERSTANDI NG FI NANCI AL RI SK FROM THE OMNER' S
PERSPECTI VE

Financial risk is directly tied to the owner's (i.e., the
Transportation Authority's) ability to design and execute an
adequat e financial plan. As project nmanagers | ose control over
this process due to insufficient planning, unforeseen construction
probl ens, or abrupt changes in financial markets, both the anount
and cost of project financing are affected. This neans that it is
essential to examne financial risk fromthe owner's perspective.

It is inportant to remenber that the owner's risk in a project
is constantly reassessed by the various sponsors who have provi ded
financing. This group includes not only the FTA and ot her public
agencies, but private investors as well. Therefore, it is
i nportant that we al so consider how these parties assess the risk
of their investnment in individual projects. Note that the owner
must nonitor and accept the risk associated with this particul ar
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proj ect while the outside sponsors (investors) nmay be nore
concerned with the risk that this project contributes to their
total portfolio of investnments. This "portfolio" perspective
mai nt ai ned by those who provide financing for a variety of projects
neans that their risk exposure froma single project is noderated
(or in some cases, anplified) by the risks associated with other
proj ects.

The owner's objective in the managenent of financial risk is
to secure adequate financing at a reasonable cost. In this
section, we begin with a discussion of the broadest sources of
financial risk maintaining the perspective of the owner. These are
sources of risk that all owners nust bear and that they have little
control over. Next, we review nore specific sources of risk that
will differ for different owners or for individual projects.

Third, we consider operating risk factors. These factors are

hi ghly specific to an individual project. Finally, we returnto a
br oader perspective to consider the project's financial risk in a
portfolio context. The portfolio perspective is essential for
parties at all levels of a large, scale construction project,
owners, contractors, and investors.

VWil e there are a nunber of critical decisions the owner wll
be involved in that will affect the financial risk of a particular
project, it is the outside investor who nust finance the lion's
share of construction costs. The relevance of project risk to
out side investors can not be overenphasized. It is their
assessnent of risk that will ultimately determ ne the cost of
financing the project and it is this cost that the owner is
obligated to pay.
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l. BROAD SOURCES OF FI NANCI AL RI SK FROM THE OWMNER S PERSPECTI VE

From the owner's perspective, risks associated with the
construction of any |large scale project can be assessed by
considering the uncertainty in cash flows into and out of the
project. Capital costs associated with fixed guideway transit
system construction are sizable and they depend on a nunber of
factors. Utimately, these factors are eval uated by i ndependent
agencies (public and private) who will provide financing, for the
proj ect .

If a sufficient | evel of financing can be identified and
secured prior to the construction phase, then financial risk is
| argely under control of the owner. This scenario assunes that the
proj ect proceeds through construction phases with no materi al
surprises. However, it is the nature of such projects to produce
surprises and in a mnority of cases the owner has to obtain
suppl ementary financing to cover these unexpected probl ens as they



arise. In addition, financing costs are uncertain. Even if
out side parties have committed to provide initial or supplenmentary
financing, the cost of those funds renmains uncertain.

It is difficult to separate financial risk fromconstruction
risk since both are ways of describing variations in cash flows
associated with the project. To describe financial risks, let's
begin with the assunption that the owner, through careful
assessnent of the project, has determ ned the | evel of financing
needed i ncludi ng, a reasonabl e anount for contingencies that may
arise. Once this anmount is determ ned, the owner is faced wth the
probl em of obtaining the needed funds. The cost of obtaining this
capital (i.e., the price of noney) will be a function of severa
factors. These factors include expectations of inflation, real
rates of return, and ultimately, the perceived creditworthiness of
t he owner who nmust repay the funds in the future.

The Cost of Capital

The cost of capital is the interest rate the owner nust
prom se to investors in order to raise enough funds to finance the
project. For large scale construction projects, financial risk is
uncertainty with respect to (1) the dollar anount of financi al
resources that the project is expected to consune and (2) the
interest rate that the owner nust pay to obtain those funds. The
first elenment overlaps significantly with construction risk. The
owner budgets a specific anount that includes an appropriate
contingency sum As the project progresses, the actual costs may
be hi gher than expectations due to higher than expected
contingencies. This will require the owner to | ocate suppl enent al
financing for the overage. On the other hand, if contingencies are
| oner than expected, the owner has obtained financing. that is not
needed. Interest expenses will be incurred on this surplus and the
owner nust seek short-terminvestnents to produce incone to offset
this expense.

The second el enment of financial risk, deviation fromthe
expected cost of capital, will vary over tine as inflationary
expectations, risk-free rates of interest, and the additional risk
prem um demanded by investors fluctuate. This cost of capital

denoted as i, can be nodel ed as foll ows:
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i =R+ |E+ RP

where Ris the risk-free rate of interest,
| E represents inflationary expectations,



RP represents the risk prem um assigned to this
particul ar project.

It is this third conponent that is of nobst interest to
i ndi vi dual owners or transit agencies financing individual projects
since this is what differentiates themfromone another in the
conpetition for investnent funds. Each of these conponents wll
now be exam ned in detail

The Ri sk-Free Rate

The risk-free rate of interest refers to the conponent of the
owner's cost of capital that represents the investor's desired

grow h in purchasing power. |In other words, it is the interest
rate that the investor needs in absence of inflation or risk of any
kind. It is the mninmmlevel of conpensation any investor would

need to nake sone riskless investnent. One comonly cited proxy
for this rate is the interest rate on Treasury Bills. Treasury
Bills are short-termsecurities issued by the U S. Treasury. They
mature in one year or less with 90 days being the nost conmon life
span. Investors will also add a premumfor inflationary
expectations to the riskfree rate they are willing to accept.
Therefore, these securities provide a widely used proxy for this
conponent of the cost of capital. Consider the illustration on the
next page (Figure 3.1) showing the yield on Treasury Bills and the
inflation rate for the period from 1950 to 1993. As the foll ow ng
graph illustrates, investors have demanded a risk-free rate of
return that exceeds the inflation rate by approximately 1.5%to 3%
during this period.

Inflationary Expectations

The rate of inflation is factored into all interest
cal cul ati ons since both borrowers and | enders know that the
pur chasi ng power of a dollar wll change over tine. There is sone
uncertainty associated with this inflation prem umover tinme since
the inflation rate changes. Exam ne Figure 3.2. The rate of
inflation is neasured by nonitoring the change in price levels for
i nputs used by the construction industry. Note that the I evel has
fluctuated significantly. Inflation was noderate throughout the
50s and t hrough nost of the 60s. However, it was extrenely high in
the early 70s and again in the early 80S. Thus far, the 90s have
been characterized by very lowinflation rates.
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Clearly, investors are willing to provide capital for a
project only if they believe that they will receive an adequate

return. Therefore, the owner nust include conpensation for the
expected level of inflation during the investnent period. Since
the level of inflation that will actually materialize during the
project's construction and subsequent operation can not be known
with certainty, the owner nust al so consider the risk of Unexpected
inflation. As an exanple, suppose the owner nust offer a 5%
premiumto neet investors' inflationary expectations (IE) and to
secure financing over a ten year period. |If actual inflation
averages 3% during this period, then the owner has overconpensated
investors. |If actual inflation averages 7% then the owner has
obt ai ned funds at a bargain rate.

While this source of financial risk may seeminevitabl e since
all owners nust provide conpensation for it at the prevailing
| evel, there are ways of sharing the risk with the investor
For exanpl e, consider the adjustable rate nortgage. 1In this
arrangenent, the hone buyer (owner) is seeking funds but is willing
to alter the interest paynents to the bank (investor) to conpensate
for changes in inflation. Contrast this with a fixed rate
nortgage. Now, if inflation is significantly higher than expected,
the honme buyer's fixed paynents are worth | ess and the bank | oses.
However, if inflation is |lower than expected, the honme buyer's
paynents are worth nore in real terns.

An exanpl e of the outcones of alternative financing costs to
the owner is provided in Table 3. 1. This illustrates the tradeoff
bet ween fi xed and variable interest rate contracts under severa
inflation scenari os.

This neans that the owner has a choi ce when financing: either
negotiate fixed rate financing and place the risk of unexpected
changes in the inflation rate with the investor, or negotiate a
variable interest rate plan where the uncertainty of inflation rate
changes is retained by the owner.

An exanple of a variable rate issue is the $90 nillion of
bonds sol d by the Massachusetts Bay Transportation Authority in
1984. These bonds carried an initial interest rate of 6.25% After
each 6 nonth period, the interest rate is readjusted to reflect
rates on securities with simlar maturity and risk. According, to
the contract, the interest rate is capped at 12%

The choi ce between fixed rate and variable rate financing is
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not trivial. Investors wll expect conpensation for bearing
inflation risk and therefore, the prevailing rate for fixed rate
financing will typically be above that prevailing for variable rate
financing. Variable rate bonds are nost popul ar during periods of
hi gh expected inflation.

The Ri sk Prem um

It is worth restating the sinple equation that began this section
with a m nor nodification:
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i =(R+1E + RP

Thi s suggests that two of the three conponents of the cost of
capital are largely determ ned by broad econom c forces. Wile the
owner nust be aware of these forces and their influence on
financing costs and risk, the owner has no material control over
these factors. It is this third factor, the risk premum that is
somewhat under the control of the owner.

Cick HERE for graphic.

The owner's cost of capital is largely a function of the
i nvestor's expectation of being conpensated as prom sed. For a
| arge transit project this will be a function of a variety of
factors. One group of factors is related to the project's
operating risk, or the variability of revenues and expenses during
and beyond the construction phase. QOher factors are nore specific
to the contract between the owner and those providing the
fi nanci ng.
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[1. SOURCES OF FI NANCI AL RI SK THAT ARE SPECI FI C TO THE OANER AND
THE PRQIECT

To obtain financing, the owner nust be able to prove to public
fundi ng, agencies and private investors that there is significant
expectation of future cash inflows fromthe project. There are
four primary sources of revenue that the owner can use to neet
interest and principal obligations. These are new tax revenues
(sal es or use taxes, or other special assessnents), direct Federal
grants fromthe FTA, guarantees of subsidies fromthe nunicipality,
state, or a third party, and user fees (or farebox revenues) that
begin to flow once the project is operational. W wll discuss the
first three of these sources and | eave user fees for the subsequent
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section regarding operating risk factors.

The Breadth of the Revenue Stream

A primary determ nant of the cost of financing, a |large scale
transit project is the sources of future cash flows that can be
used to repay the financial obligation. Revenue bonds are sold to
investors with the stipulation that repaynent will be nmade from
cash inflows generated directly fromthe project. There are a
variety of exanples of the types of projects financed with revenue
bonds including turnpi ke construction (repaid with tolls),
university facilities (repaid with tuition revenues), power plant
construction (repaid by consuners of electricity), and public
transit facilities (repaid with special taxes or fares).

Consi der the inherent risk associated with such financing if
the revenue stream does not materialize or is significantly bel ow
original expectations. A famous exanple of such a failure is
illustrated by the default status of bonds issued in the 1970s by
Washi ngt on Public Power Service. These bonds were sold to finance
the construction of new, nuclear powered Generators needed to neet
proj ected demand for electricity in the state of Washington in the
com ng, years. After these revenue bonds were sold, the project
began to experience significant cost overruns. Mreover, the tide
of public opinion began to nove agai nst the construction of nucl ear
power facilities. The conbination of cost overruns and del ays
created by public opposition eventually caused the project to be
abandoned. A simlar fate awaited hol ders of Public Service of New
Hanpshire bonds issued at about the sane tine.

General Obligation bonds represent an alternative nethod of
speci fying the future cash flows that will be used to service
project debt. Here, the nunicipality, state, or political region
with the authority to | evy taxes, agrees to accept the obligation
to repay the debt. This neans that if expected revenues do not
materialize, the state (or other political entity) wll make
paynments out of general tax revenues. Fromthe investor's
perspective, this is a nore secure investnent since repaynent does
not ultimately depend on project specific future cash fl ows.

Hence, this explicit guarantee provided by the state will |ower the
ri sk prem um associated with the bonds and result in a | ower cost
of capital. The vast majority of bonds associated with |arge scale
transit projects fall into the General Ooligation category.
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Speci fic Sources of Revenue Associated w th Financing

Broad Based Taxes: A number of transit projects in recent years



have used a new sales or excise tax as a primary source of funds
for construction and operation. For exanple, in 1992, the O ange
County Local Transportation Authority raised $525 mllion for a
variety of projects by initiating a 1/2% sales tax for a twenty
year period. In a healthy econony, this represents a significant
contribution to revenues. Yet, the expected revenue nay not
materialize if the level of economc activity falls bel ow the
original forecast. This neans that the financial success of the
project is closely tied to the vitality of the | ocal econony.
Wiile the transit project may provide a stinmulus for economc
grow h, the overall growh or contraction of the econony wl|
depend on nore fundanental econom c factors such as the |evel of
new i nvest nent and t he unenpl oynent rate. Macroeconom c factors
such as these can not be managed by the owner and thus, they
represent a source of risk that the owner and those who provide
financing for the project nust bear.

Even in a robust econony, these revenue sources may still be
at risk. Wat the governnment grants in tax revenues, it can also
take away. Consider the 1% sales tax recently approved to finance
transit projects in nmetropolitan Houston. The transit authority
can col l ect and enploy these funds, but they have no authority to
i ssue bonds for longer termproject financing. This neans that
they may be obliged to "save up" tax revenues until they accunul ate
a sufficient amount to begin a capital project. However, there may
be conpetition for these accunul ated funds from ot her groups who
see these funds as a source of financing, for alternative transit
proj ects.

A second nethod of raising funds for construction and
operation requires a special assessnent of the nmunicipalities
served by the new project. These arrangenents can be negoti ated
prior to the initiation of the project, mnimzing the risk
associ ated wth these revenues. However, it is possible that
problens will develop in the future if these districts do not see
the expected benefits materializing. Local governnments nmay attenpt
to withhold paynent of this assessnent in |ater years. Such issues
of equity may also arise if the ability to pay the assessnent
differs significantly across communities receiving equal benefits
fromthe project. Poorer conmunities may attenpt to shift part of
their assessnent onto their wealthier neighbors. Again, many of
these i ssues can be addressed in advance of the projects startup,
but such probl ens may devel op at sone future point. The owner nay
find itself scranbling to find alternative sources of financing
while the ultinmate bal ance of assessnents anong comunities served
is determ ned through a lengthy I egal or political process.

One additional nmethod of financing, transit projects is
t hrough establishnent of partnerships with private devel opers.
Union Station in Washington, D.C. is an excellent exanple of such
an arrangenent. Not only is the station a high volune, mnulti-nodal



transportation facility, it also houses a variety of shops and
restaurants and is a legitimate tourist attraction. Private
devel opers agreed to assist in the upgrade of the facility and to
share operating costs with the public transit
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authority partners. As in the initial discussion off sales tax
financing, this arrangenent will work well only if the shops and
restaurants are successful. Oherwise, they will not generate
revenues sufficient to cover their share of the station's operating
costs. If the private partners default on the agreenent to pay
part of the operating costs, the transit owner will be obligated to
cover them

Federal Appropriations: The Federal governnent provides both
Capital Expansion Funds and Operating Assi stance Funds as outri ght
grants through the FTA. Once a project has been approved for
funding, it will receive these sources of financing. However, a
different type of risk nust be considered here. Mich of the FTA' s
grant noney is derived fromthe federal tax on gasoline. Their
share of these revenues is not specified until |ate Septenber or
early Cctober of each year. |In practice, this neans that the
transit agency can expect to receive all funding allocated to the
project, but is unlikely to receive funding exactly when it is
needed. This |leaves the transit agency with a financing gap that
must be filled using alternative tenporary sources of funds. There
are several sources of such funding, one of which is the sale of
Tax or Grant Anticipatory Notes. These are short term | QUs issued
by the owner that are collateralized by the past approval of

federal funding. This provides the owner with the needed financing
to manage the project properly. However, it also saddl es the owner
with an additional interest expense since the investors who
purchase these securities expect sone conpensation for their |oan
of financial resources.

Muni ci pal, State, and Third Party Guarantees: Recall the

di stinction between Revenue bonds and General Obligation bonds

di scussed previously. Most large transit authority financing,

i nvol ves a guarantor. The Guarantor nmay be the governnent
sponsoring the transit authority or it may be a private insurer.
General Oobligation issues carry an explicit guarantee that the
state will provide funds to neet the project's financial
obligations in full if necessary. However, since transit
authorities are public agencies, even revenue bond agreenents may
infer a guarantee that the sponsoring governnment will make up any
revenue shortfalls associated with the transit project during
construction or once under operation. This inference of a nore
general obligation, or "inplicit guarantee," has been upheld in
very few cases.



Even when the sponsoring governnent has explicitly guaranteed
to subsidize the project, there is still uncertainty regarding the
timng and extent of the governnent's suppl enental paynents. Wile
nost i nvestors woul d expect the governnent to nake good on such
prom sed paynents, sonme governnents are perceived as nore
creditworthy than others. So, investors require sone conpensation
for this uncertainty. This is the role of the private insurer. An
owner can secure the explicit guarantee of paynent in full to
bondhol ders froma private agency. |If this is done, there is |less
i nference of coverage. However, the extent of the coverage will be
a function of its cost. The owner nust assess the tradeoff between
the cost of coverage and the interest cost reduction that the
coverage wi |l produce.
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An aggregate neasure of financial risk: Bond Ratings

Al'l of the factors previously discussed require careful
scrutiny and synthesis to quantify financial risk. Nearly every
substantial sale of long termsecurities requires the owner to
engage the services of a rating agency to certify the |level of
financial risk. Fewlarge investors will consider providing funds
for a project that has not been rated by a bond rating agency.
Moody' s and Standard and Poor's are the two | argest bond rating
agencies in the U S Arating agency will issue arating to a bond
i ssue after carefully considering the details of the project and
the financial history of the owner. A high rating denotes a high
| evel of creditworthiness and nmeans that investors will require a
| ower risk premumfromthe owmer. An owner with alowrating is
obliged to provide higher risk conpensation to investors. One
alternative is to find a larger investor who is willing to finance
the entire project without obtaining a rating. However, such
financi ng sources may be difficult to locate and will require sone
assessnent of creditworthiness anyway.

The owner has significant incentive to manage the financia
risk of the project as it will influence the bond rating, hence the
cost of capital. The difference in interest expense between two
adj acent bond ratings can easily be 0.5% Wile this may not appear
to be large, for a $100 million bond issue, it represents a
recurring, annual difference of $500,000 for the Iife of the bonds
i ssued. The owner also has the option of insuring the issue. This
assures the bondhol ders of paynent and provides the bond issuing
agency with a lower interest expense since the bonds will carry the
hi gher rating of the insurance conpany. As an exanple, Los Angel es
County Transportation Comm ssion issued two series of bonds in
1991. One series carried the bond rating of Los Angel es county,



"A". The other bonds were insured by AMBAC | ndemmity Corporation
and were given the superior rating of "Aaa". This translated into
an approximately 0.3% interest rate differential between the issues
that raised a conmbined total of $281.5 million

Table 3.2 - A Sanple of Recent Interest Rates for Minicipal Bonds
with Different Ratings: August to October 1993

Twent y- Year Bonds August Sept enber  Cct ober 12 no. High
Aaa 5.37% 5.25% 5.14% 6.10%

Aa 5. 50 5.39 5.25 6. 23

A 5.62 5.52 5.41 6. 37

Baa 5. 84 5.76 5.63 6.51

Ten- Year Bonds

Aaa 4. 73 4.62 4.49 5.24
Aa 4.80 4.72 4.60 5.36
Sour ce: Mbody' s Bond Record, Cctober 1993.
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In addition to factors that are specific to the project or the
i ssuer, the size of the risk premuminvestors demand fl uctuates
wi th general econom c conditions. During periods of growh, the
di fferences between risk prema for projects (or owners) with
differing levels of risk, grow smaller. Overall concern with
partial, or conplete default is mniml during such periods.
Therefore, financing of risky projects is relatively cheap.
However, during recessionary periods, the opposite is true.
Investors are nore wary of high risk projects and will finance them
only at significantly higher rates conpared to other projects.
Wil e the owner may have a sense of urgency to initiate and
conpl ete a risky project during an economnm ¢ downturn, financing
will be nore costly. This source of financial risk can be managed
Wi th patience.

O her Sources of Project Specific Financial Risk

1. Size of contract: Cenerally, financing, of smaller anounts
(under $50 million) is nore costly due to the fixed costs of
finding buyers for what may be seen as a specialized issue. Also,
as the aggregate value of total issue becones smaller, so does the
nunber of potential traders in the secondary market. |In other
words, as investors desire to resell the bonds they purchased in
the original financing, they will find fewer buyers unless they are
willing to sell at a heavily discounted price. The investor who
purchases securities froma small issue nust bear liquidity risk
and wi Il expect a higher interest rate as conpensation.



2. Need for Working Capital: Since a |large project requires
significant funds for day-to-day operations, the cost of these
funds al so represents a source of financial risk. Short-term
interest rates are nore volatile than longer termrates. Yet, on
average, they are lower. This produces a risk managenment deci sion
for the owner. Do you finance nost, or all of your working capital
usi ng short term sources? If so, then you expect to have a | ower
cost of capital, but there is also the risk that this cost wll
fluctuate adversely. O do you finance nost, or all of your
wor ki ng, capital with long term sources? Here, your cost of capital
is certain, but will probably be higher than prevailing rates for
short term sources.

3. Bankruptcy of Contractor: In all ma or construction projects,
the contractor is required to secure a performance bond from a
surety conpany. This reduces the |oss associated with non-
performance by the contractor. However, if the contractor is
unable to conplete the project because of an inability to contain
costs on this project (or possibly on sone other projects), the
owner will experience a fluctuation in the cash flows dedicated to
the project. These sources of financial risk may include changi ng
the paynent pattern to maintain solvency of the contractor, del ays
i n obtaining paynent fromthe surety, the anmount of rework needed,
or the cost of abandoning the project.

Al t hough, the surety industry serves this purpose well, the
financial health of the contractor is clearly an issue for the
project owner. Wile nmuch of this concern is addressed in the
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prequalification process, it is worthwhile to briefly consider the
primary determnants of the financial condition of the contractor
These can be assessed through thorough scrutiny of 0

financial statenents and al so by devel oping a variety of test
statistics based on these figures. One well-known statistic, the
Z-score, will be reviewed.

The central financial question the owner wants to answer with
respect to the contractor is: Does the contractor have the
financial capacity to conplete the project in a tinmely manner and
Wi thin other contractual standards? One common nethod of assessing
the likelihood of contractor's financial viability is through
financi al statenment analysis. This analysis exam nes the
contractor's current and past financial statenents to detect trends
in various strengths and weaknesses. These trends may al so be
considered in conjunction with the trends exhibited by industry
peers.



Financial ratios are the nost conmon nethod of anal yzing
financial statenents. These ratios show the rel ationship between
various itens in financial statenents and are attenpts to measure
sone di nension of financial strength, e.g., liquidity. They are
sinpl e mat hemati cal cal cul ati ons and have little neani ng by
thenselves. Only by conparing ratios and determ ning the
under | yi ng causes of differences anong them does ratio analysis
becone neani ngful .

Rati os can be grouped into several categories including
Liquidity, Profitability, Operating Efficiency, and Leverage. For
exanple, the current ratio is a comon neasure of liquidity or the
ability of a firmto nmeet its short termobligations. It is a
sinple ratio of current assets to current liabilities. A |low or
declining current ratio may be indicative of a firmw th especially
ef fective cash managenment or one that is having, increasing
difficulty paying its bills. Profitability neasures are the
proverbial "bottomline". These neasures exanm ne profits
(operating profits, after-tax profits, etc.) as a percentage of
sal es or assets. A nunber of financial ratios are used to neasure
the operating efficiency of a firmrelative to sone standard.
These ratios provide a rough indication of the degree of idle
investnments in various assets and liabilities. They also neasure
the firms effectiveness at generating revenues from vari ous
cl asses of assets.

The | ast group of ratios, Leverage ratios, exam ne the debt
position of the firm In addition to the need to generate
sufficient financing to cover fixed operating costs, debt carries a
fixed financial obligation. Therefore, high debt usage al so
i ndi cates a high Ievel of interest expense that renmains high
regardl ess of any increase or decrease in revenues generated. This
nmeans that firms with high | evels of debt are riskier than simlar
firmse wth nore noderate |levels of debt. The effects of debt
financing are often described in terns of creating financial
| everage. This neans that use of debt magnifies the gains or
| osses that the firmw |l experience.

Fi nanci al statenent analysis, including ratio analysis, is
further discussed in Chapter 4. For a nore detail ed exam nation of
financial statenent analysis, see Keown, et. al (1993).

There have been a variety of attenpts to forecast financia
failure, or bankruptcy, of firnms by using financial ratios. One of
the nost widely cited is nodel devel oped by Altman (1968,
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1983). This nodel generates an index, or Z-score, which has been
shown to be a reasonable indicator of the l|ikelihood of bankruptcy



of an individual firmduring the upcom ng 12 nonths. A current
version of the Z-score nodel uses the following 7 ratios:

- Ret ai ned Ear ni ngs/ Total Assets (neasures profitability)

- St andard Devi ati on of Operating |Incone/ Total Assets
(stability of earnings)

- Earni ngs before Interest and Taxes/ Total Assets (neasures
profitability)

- Earni ngs before Interest and Taxes/Interest Expense
(nmeasures | everage)

- Current Assets/Current Liabilities (nmeasures |liquidity)

- Mar ket Val ue of Common St ock/ Book Val ue of Equity
(neasures | everage)

- Total Assets

The Z-score nodel was devel oped by exam ni ng financi al
statenments of a sanple of firns one year prior to bankruptcy and
financial statenents for a sanple of firnms that survived. The
statistical technique used here is called discrimnant analysis.

It is a formof regression analysis that distinguishes the best
statistical relationship between the variables |isted above and the
Z-score. The weaker a finn's collective neasures of financial
health, the lower the resulting Z-score. Once this nodel was
estimated using sanpl es of bankrupt and surviving firns, its
validity was verified using new sanpl es of observations. The nodel
has been shown to be 95% accurate at forecasting bankruptcy one
year in advance and 72% accurate two years in advance.

Two problenms wth the general nodel outlined above are (i) the
| ack of stability in ratios for individual firnms over tinme and (ii)
the variation in ratios that results fromdifferent industry norns.
These probl ens can be addressed if the ratios are expressed in
"industry relative" form This neans that the ratios described
above are restated, dividing each firmspecific ratio value by the
average for its industry. This technique allows the owner to
assess the financial health of an individual contractor relative to
ot her contractors instead of a broader sanple of firnms from many
different industries. Platt and Platt (1990) show that this
refi nenent provides superior prediction of bankruptcy.

In summary, the owner has a significant interest in devel oping
an i ndependent eval uation of nmmjor contractors for a project.
Wiile this financial analysis is undertaken by the surety firm the
owner still bears sone risk in the event of contractor default.
The I evel of risk can be assessed through several nodes of
financial statenent anal ysis and should be perforned by the owner
during the process of evaluating contractor bids.

4. Role of International Financing: Large scale capital projects
require |l arge scale financing. Wen arranging financing, the key



i ssue for the owner or sponsor of a transit project is the cost of
this financing that is represented by the interest rate that
investors require. Wiy limt this search for financing to donestic
sources when there is a significant possibility that foreign

i nvestors woul d accept the sanme | evel of project risk in return for
a lower rate of interest?

Capital nmarkets are truly global. The investnment banking
i ndustry has evolved to assist in
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the financing of |arge projects. Investnent bankers are adept at

i dentifying potential sources of funds throughout the world.
Foreign investors may be willing to finance a public transit
project in the United States to diversify their holding and reduce
their portfolio' s overall risk. They may al so want to buy bonds
that make interest paynents in dollars and use these funds to neet
a dollar denomnated liability. This reduces the need to nake
costly currency exchanges and al so reduces the investor's exposure
to risk fromfluctuation in exchange rate.

Today, it is not uncommon for a large portion of capita
needed for a major construction project to cone fromforeign
investors. If financing is obtained through the sale of bonds or
notes to foreign investors and these investors are expecting
repaynent in their home currencies, then the owner has an
additional potential for cash flow sw ngs: exchange rate
fluctuations. For exanple, if Japanese investors purchase
securities that are denom nated in yen, then the owner nust nake
i nterest and principal paynments in yen according to a fixed
schedule. As the dollar grows stronger against the yen, the owner
can purchase the needed yen with fewer dollars and reduce financing
costs. However, if the dollar weakens agai nst the yen, the sane

anount of yen will cost nore in dollar ternms and financing, costs
will increase. 1In fact, the dollar has weakened agai nst the Yen
and agai nst other inportant currencies, such as the Deutchmark, in
recent years as Figure 3.3 illustrates.

Cli ck_HERE for graphic.

Two ot her elenents are inportant to keep in mnd. First, the
owner will not borrow funds abroad unless they are expected to be
| ess costly than those that could be borrowed in the U S. Second,
there are well established nmethods involving forward and future
contracts for foreign currencies that can be used to hedge this
exchange rate risk, but these techniques are costly.
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A sinple exanple can illustrate exchange rate risk and
hedgi ng. Suppose a transit agency raises short-termfunds by
selling notes worth 110 million Yen. These notes mature in 6
nmonths and carry a 3% interest rate. |f the current exchange rate
is 110 Yen per $ 1, then the sale wll
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raise $1 mllion. Now consider the three scenarios illustrated in
Tabl e 3. 3.
Table 3.3 - Illustration of the Effects of Exchange Rate Ri sk on

Borrowi ng Costs

Strong Dol | ar St abl e Dol | ar Weak Dol | ar

Armount  bor r owed $1 mllion $1 mllion $1 mllion
New exchange rate 120 Yen/ $1 110 Yen/ $1 100 Yen/ $1
Yen to repay 113.3 mllion 113.3 mllion 113.3 mllion
Dol | ar cost $0.94 mllion $1.03 million $1.13 million
I nt erest expense -6. 0% 3. 0% 13. 0%

Clearly, the fluctuation in exchange rates causes the interest
expense to vary considerably. One sinple nethod for stabilizing,
or hedging, this risk is to enter into a forward contract by
agreeing to take delivery of 113.3 mllion Yen in six nonths. This
allows the transit agency to lock in an exchange rate for the
future transaction. |If the forward rate is 109.5 Yen per $1, then
regardl ess of fluctuation in the exchange rate, the agency can
purchase the 113.3 mllion Yen needed to satisfy the | oan for
$1.035 mllion. This effectively locks in an interest expense of
3.5%for the funds. Wiile there are fees associated with these
hedgi ng transactions, there is also a reduction in exchange rate
risk.

[11. OPERATING Rl SK FACTORS

Very few transit projects actually generate operating revenues
in excess of operating costs. Therefore, operating cash flows are
at best, a secondary consideration in determ ning the financi al
risk of a project. However, since the need for operating subsidies
varies fromyear to year and since operating and financing costs
are covered froma set of overlapping sources of funds, it is
wort hwhile to consider sources of operating risk. In this section,
we first discuss the prinmary sources of operating revenue and then
exam ne the inpact of different types of operating costs on



operating ri sk.

Since the project that the owner is constructing is expected
to have a long life, the revenue streamthat the project wl]l
produce after it begins operation is a secondary source of funds
for repaynent. There are two primary sources of operating revenue
that the owner can use to neet operating expenses and possibly
contribute to interest and principal obligations. These are user
fees (or farebox revenues) and operating subsidies (fromthe FTA,
muni ci pality, or state). |In addition, the exanples of broad based
t axes descri bed above may be designed to contribute to operating
expenses after the original construction costs of the project have
been repaid.
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Sources of Operating Revenues

Farebox revenues: Any public transportation project nmust provide
sone forecast of ridership and farebox revenues in order to
determne its feasibility. Such forecasts are essential to
determine the likely levels of such revenues and the variability of
these cash fl ows under various conditions. Forecasts of ridership
and revenues wi Il also depend upon fare structures that subsidize
certain groups (e.g., senior citizens, students, non-peak tine
riders). This will nake the task of forecasting farebox revenues
nore difficult. Refer to Pickrell (1990) for a nore detailed

di scussion of the determ nants of ridership and forecasting errors.
But a nore rel evant source of operating risk related to the
subsi di zation of riders is the political dinension. Governnents

Wi thin the region served by the project may force the owner to
alter the subsidy mx at sone future point. This neans that the
owner's ability to control this source of operating risk is

i nperfect at best.

It is also essential to put farebox revenues in perspective.
They provide |l ess than half of the revenues needed to cover
operati ng expenses. For exanple, Table 3.4 provides the farebox
revenues as a proportion of operating expenditures for a sanple of
transit systens that have recently issued new bonds:

Far ebox
Revenues as a
OWNER % of

Qperating
Expendi t ur es

Metro. Atlanta Rapid Transit System 37. 2%
L. A. County Transportation Comm 39. 0%



Regi onal Transportation Dist.(Denver 15. 0%
G eater Ceveland Reg. Transit Auth. 24. 1%
Orange County Local Trans. Authority 26. 9%

Sour ce: Moody's Municipal Credit Report, 1992

Furthernore, farebox revenues are initiated only after construction
is conpleted. This neans that other sources of revenue nust be
secured to neet financial obligations to investors.
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Federal , State, and Munici pal Subsi dies:

A final source of operating revenues for the owner is direct
operating subsidies fromthe FTA or the state, county, or
muni ci pality where it operates. For exanple, the Commonweal t h of
Massachusetts provided 62.2% of the total expenses incurred by the
MBTA during 1991. Virtually all of this subsidy was used to cover
operati ng expenses. The MBTA al so recei ved Operating Assistance
Funds fromthe FTA during this tinme. The revenue streamfroma
specific source (farebox or sales tax revenues) may fluctuate in
the future, but the governnment can |evy taxes to assure conti nued
operation of the transit system It is inportant to enphasize the

role that the governnmment's willingness to subsidize operations
plays in the determ nation of current and future costs of financing
construction. |If the subsidy is seen to be certain, investors wll

al so see a high likelihood of repaynent of capital costs and wl|
accept a lower risk premium This results in nore noderate capital
costs for the owner.

The Nature of Operating Risk: Operating Leverage

Operating, expenses can be categorized as variable or fixed.
For exanpl e, sone expenses, such as fuel, vary directly with the
| evel of operations. As activity rises or falls, fuel costs do the
same. Contrast this relationship with the expenses generated by
the establishnent of a new structure to house the adm nistrative
activities needed by the project. The maintenance and operation of
this facility will not rise and fall with ridership. Once
established, such a facility represents a fixed operating cost to
the project. The level and proportion of fixed and vari abl e
expenses have an inportant relationship to operating risk. This
relationship is referred to as operating | everage and will be
di scussed in the subsequent section.

The previous section detailed a variety of financing
alternatives and the sources of risk associated with each. The



owner's risk exposure is also a function of the cost structure
associated with the project. |If we again consider the operating
expenses of the project during construction and operation as fixed
or variable, we can illustrate the influence of different |evels of
fixed cost. Variable cost itens typically include such itens as
wages of non-adm ni strative |abor, supplies, and utility expenses.
Variabl e cost itens vary directly with the output of the project
whi ch may be neasured in passenger mles. Fixed cost itens are
those expenses that are incurred in their entirety regardl ess of
the planned or actual |evel of output. These would include
salaries of adm nistrators, office space, and construction costs.

The numnerical exanple in Table 3.5 further illustrates the
i nfl uence of cost structure on operating cash flows and ri sk.
Consider two transit agencies, A and B. A generates revenues of
$0. 40 per passenger mle and incurs variable costs of $0.15 per
passenger mle. A also has fixed operating costs of $6, 000,000 per
year. B also generates revenues of $0.40 per passenger mle. But
B has variabl e operating costs of $0.30 per passenger nile and
fixed operating, costs of $3,000,000 per year. Both A and B
forecast ridership for the upcom ng year at 20,000, 000 passenger
mles.
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Table 3.5 - Illustration of the Effects of Operating, Leverage
Transit System A Transit System B

Revenue per PM $0. 40 $0. 40

Var. Cost per PM 0. 15 0. 30
Contribution to Fixed

Costs per PM $0. 25 $0. 10
Forecast of PMfor year: 20, 000, 000 20, 000, 000
OQperating funds to apply

to Fixed Costs: $5, 000, 000 $2, 000, 000
Fi xed Operating, Costs: $6, 000, 000 $3, 000, 000
Forecast of Surplus or

Subsi dy needed (%1, 000, 000) (%1, 000, 000)

In this exanple, both transit systenms will require an

addi ti onal $1, 000, 000 subsidy if the forecast of ridership is
accurate. However, if actual ridership is 10% bel ow the forecast,
the situation will differ. Follow ng the approach used in the
above exanple, A w Il now need a subsidy of $1,500,000 and B wi ||



need a subsidy of $1, 200, 000.

Wiy is the subsidy needed now greater for A? It is the
rel ative prom nence of fixed operating costs. This is the effect
of operating |leverage. Wen actual demand is bel ow expected
demand, the need for operating subsidies expands (or the operating
surplus contracts) nore rapidly for the organization with greater
fi xed operating costs. Conversely, the operating surplus expands
(or the operating deficit is reduced) nore quickly if actual dermand
i s above expected denand.

This difference in cost structures can be illustrated across a
broader range of ridership in the graph shown in Figure 3.4.

The graph illustrates the higher operating risk associ ated
with B's operating cost structure. There is one additional method
of measuring and interpreting this source of risk. It is called
the Degree of Qperating | everage, or DOL. DOL nust be cal cul ated
with reference to sone specific | evel of demand (or ridership). It
is conmmpn to use to the estimate of expected demand to derive the
neasure. The sinple formula for DOL is:

(Total Revenues - Total Variable Costs)
(Total Revenues - Total Variable Costs - Fixed Operating Costs)
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Cick HERE for graphic.

So, in this exanple, total revenues result from an expected
ri dership of 20,000,000 passenger nmiles tines $0.40 per mle. This
results in revenues of $8, 000,000 for both A and B. The
cal cul ations are as follows:

[ $8, 000, 000 - ($0. 15) (20, 000, 000) ]

[ $8, 000, 000 - ($0.15) (20, 000, 000) - $6, 000, 000]

DOL for A

1
o
o

[ $8, 000, 000 - ($0. 30) (20, 000, 000) ]

[ $8, 000, 000 - ($0.30) (20, 000, 000) - $3, 000, 000]

DOL for B

2.0

These statistics can be interpreted as follows. Every 1%
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decrease in ridership on systemA will reduce the surplus or, in
this case, increase the need for subsidization by 5% However,
system B's finances will be | ess severely affected by deviations
fromthe expected level of ridership. It will experience a 2%
increase in the need, for subsidization for every 1% reduction in
passenger mles. In this exanple, both A and B are simlarly

af fected by changes in demand,
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but A has the greater risk of |arge operating |osses due to
unf avor abl e chances in ridership.

In summary, the nore promnent the role played by fixed
operating costs, the greater the degree of operating | everage, or
operating risk. This is relevant to the planning process in the
construction of large scale transit projects for two reasons.
First, all large scale projects pass a significant fixed cost
conponent on to the subsequent operation of the new or expanded
system Unl ess the new operating revenues can cover new, variable
operati ng expenses and al so make a significant contribution to
covering new fixed costs, operating |everage and project risk wll
i ncrease. Second, project managers may have several alternative
construction and operating designs with different I evels of fixed
operating costs. The ability to select designs that result in
| ower fixed operating costs will reduce the |everage and ri sk
associated with the project.

I'V. FINANCI AL RI SK FROM THE PERSPECTI VE OF THE CONTRACTOR: THE
PORTFOLI O PERSPECTI VE

Qobvi ously, the owner and funding agencies will not grant funds
to projects it does not expect to be conpleted. Yet, with every
project there is sone probability that events, unforeseen at the
time of the award, will force both the local transit authority and
ot her funding agencies to reevaluate the project's viability. This
reassessnent may lead to the need for a significant increase in the
agency or owner's financial commtnment, a scaling back of the
project's scope, a postponenent of the construction schedule, or
outri ght abandonnent of the project.

Again, in its assessnent process, the owner considers the
viability of projects prior to issuing grants to assist with
construction. This assessnent should entail significant
exam nation of financial and construction risks and shoul d account
for many of the financial risk elenents discussed in the previous
section.

Yet, the contractor has one significant risk managenent too
that is not typically available to local transit authorities:



Diversification. This termrefers to the contractor's ability to
make investments in a variety of projects each of which generates a
cash flowthat is in sone way different fromcash fl ows generated
by other active projects.

Consider the followi ng sinple exanple. Suppose Contractor X
has been approved to participate in two projects, A and B. Further,
suppose A and B represent two ma or rail projects in New Engl and.
Since both projects are in the sane region, involve simlar raw
mat erial s and production technol ogies, profitability of both

projects wll react simlarly to changes in the cost of a key input
or new |local legislation. Froma financial perspective, both
projects will be hel ped or hurt by a change in a common factor

Now suppose that Ais a rail project in New England project
and Bis arail project in the Southwestern U S. Wile there are
still many common factors regarding, inputs and technol ogies, there
are also likely to be distinctions between wage rates, costs of
ot her basic
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i nputs, and ot her aspects of the projects. It is these differences
that provide Contractor X with the opportunity to diversify risk.

It is possible that an interruption in the delivery of steel may

sl ow progress on the project in Boston while the Santa Fe project
continues uni npeded. The reverse situation could be true as well.
In other words, by diversifying funds across regions of the U S., a
problemthat is concentrated in any one region will have | ess of an
i npact on Contractor X' s portfolio of projects.

Di versification can be achi eved using other scales as well as
| ocation. For exanple, certain categories of projects may have
simlar construction inputs. The contractor could nodify its
exposure to this source of risk by devel oping a portfolio of
projects with dissimlar construction inputs or technologies. This
may nean that the contractor will bid for a project which appears
very risky when conpared to other alternatives because the costs
associated with the risky project are not highly correlated with
ot her ongoing projects. This nmeans that it is not the "raw' risk
of a project that matters to the contractor. It is the risk that
the new project brings to the existing portfolio of projects.

It is apparent that |arge construction firns have greater
opportunity to exploit diversification benefits than smaller firnmns.
Smal ler firns may be forced to specialize in a particular niche
until they accunulate the flexibility to manage several |arge
projects in different geographic regions or using different
construction technol ogies or inputs. For exanple, Perini is a very



large firmthat builds enbassies for the U S. governnent in foreign
countries. But this firmalso encases in the construction of
tunnel s and highways in the U S. and el sewhere. This provides
Perini with significant advantages that would be difficult to
exploit for a smaller construction firm The smaller firm nust

bal ance the risks associated wth i nexperience in a new |line of
construction with the potential benefits of diversification

The concept of diversification is sinple and powerful. By
investing in projects that are viable when considered in isolation
but al so bearing distinct features not found in other projects, the
contractor can reduce its exposure to financial risk and
si mul taneously inprove its performance as neasured by the budgetary
success of projects funded.

V. SUMVARY

Financial risk results fromuncertainty regardi ng capital
costs. This uncertainty results fromchanges in the rate of
inflation and the risk-free rate of return. |In addition, and
unique to the project, a risk prem umnust be added to these other
costs to conpensate the investor for the possibility of default or
delay in receiving interest and principal paynents. |Ibis prem um
is largely determ ned by risk associated with specific sources of
revenues to be used to repay the funds borrowed. Investors wll
al so require a higher risk prem umduring recessionary periods and
a |l ower one during periods of growth since the econony wide rate of
default changes during such peri ods.
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Beyond the broad econom c factors that influence capital
costs, there are a variety of financial risk factors that are
specific to,the owner and the project. One such factor is the
breadth of potential sources of cash flow that can be applied to
servicing the debt. General Obligation bonds provide an explicit
prom se by the state or nmunicipality to use general tax revenues to
cover interest and principal expenses if revenues generated from
sources specific to the project are insufficient. Revenue bonds do
not carry such an explicit pronmise and rely solely on project
specific revenues for repaynent. They are therefore nore risky
fromthe investor's perspective and nore expensive fromthe owner's
perspective. Further analysis of project specific revenues and
ot her guarantees are needed to assess the |level of financial risk.

Bond ratings represent a useful proxy for financial risk
factors. These ratings reflect the creditworthi ness of an owner as
assessed by an independent rating agency. Since nost of the bonds
sold to finance large scale transit projects are sold to |large



institutional investors, obtaining a bond rating is a necessity.
Furthernore, the rating itself will have a significant influence on
capital costs.

O her project specific sources of financial risk include the
fluctuating need for working capital and the potential for del ays
due to a nunber of construction risk factors (i.e., chanced
condi tions, work stoppages, political concerns, and possibly the
bankruptcy of the contractor). If the owner has financed using
funds froma foreign country and is required to repay these funds
with foreign currency, then there is al so exposure to exchange rate
risk. Wiile there are several nethods the owner can enploy to
m ni m ze this exposure, each carries a cost.

Finally, fromthe perspective of the contractor, there may be
significant opportunities to diversify risk associated with any
i ndi vidual project by investing in a varied portfolio of projects.
If the sources of financial (and construction) risk vary by project
type, geographic region, or sone other distinguishing attribute,
then there is opportunity for the contractor to reduce its overal
exposure to risk. The ability to exploit these sources of risk
reduction are largely a matter of size and experience of the
contractor. Effective risk nanagenent by the contractor is
rel evant to the owner because diversified risk does not require
conpensation. Therefore, the well diversified contractor can
afford to submt a lower bid for a project than a contractor who
has not diversified effectively even if both perceive the project's
"own" risk to be the sane.
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CHAPTER 4 - SURETY'S RI SK ASSESSMENT

One of the nost inportant questions that an owner wl |
ask.during the contractor selection process is: "Does this
construction conpany have the financial strength, nmanageri al
talent, and technical expertise to conplete the project
successful l y?" Essentially, this question focuses on die risk
exposure to the owner in the event of default of the contractor.
Since many of the projects financed by governnent agencies entail
| arge suns of noney and |ong durations, a contractor failure would
inevitably result in schedul e delays and cost overruns.
Accordingly, an in-depth evaluation of the selected contractor is a
necessary step in risk assessnent. Surety, the provider of paynent
and performance bonds to the contractor has to answer the sane
guesti on before bonding a contractor. So studying the nethods that
surety industry use in evaluating a contractor's riskiness can
provide insight into project's risk assessnent.



BACKGROUND

Beginning with the passage of the MIler Act in 1935, the
surety industry becane a distinct, yet integral part of the
construction business. The MIler Act requires that every
contractor bidding on work for the Federal Governnment in excess of
$25, 000 be able to provide a bid bond, a paynent bond, and a
performance bond (Hal pin and Wodhead, 1980). In the past few
years there have been several suggestions that the $25, 000 m ni num
shoul d be increased to a higher |evel The Ofice of Federa
Procurenent Policy is studying the possibility of increasing the
threshold for surety bonds and permitting the use of Letters of
Credit in place of bonds (Hancher, et al (1991). These bonds are
obtained fromthe contractor's Surety Agent. It is the function of
the surety industry to first analyze each contractor applying for
bondi ng and then to issue the appropriate bonds if it determ nes
that the risk of failure on the part of the contractor is m ninal
In essence, the surety prequalifies the contractor for each
particular project. Accordingly, an owner should view the surety
industry as a risk evaluation and transfer mechani sm

Suretyship is defined as the obligation to pay the debt of, or
answer for, the default of another. It is therefore, a tripartite
rel ationship. The surety contract binds the surety to guarantee
the obligee (project owner) that the obligor (contractor) wll
conmplete the work as agreed in the construction contract. 1In the
event of default, the owner has the right to request that the
surety conplete the work, or have it conpleted by another party.
The surety is liable up to the face value of the performance bond
(Hal pi n and Wodhead, 1980).
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Surety vs | nsurance

Surety professionals are enphatic about the fact that their
i ndustry shoul d not be confused with the insurance industry. There
are many differences between the two groups. For exanple, the
i nsurance industry is based upon the assunption that |osses wll
occur. The probability of events such as hurricanes, fires,
accidents, etc. are determ ned by actuaries from|large popul ati ons.
Prem uns are based upon the likelihood of the disaster and their
magni t ude, and benefits are paid when a | oss is sustained by the
insured. On the other hand, the surety industry carries the
assunption of no |losses. According to surety professionals
interviewed for this research, the premumthat is charged is
sinply perceived as a fee for the extension of credit and for the
prequalification services performed. Suretyship is a |oss-
avoi dance nechani sm designed to prequalify firnms based on their
credit strength. It should be noted that constructi on conpany



principals retain the economc risk of contract default by signing
an indemity agreenment, which, in essence, holds the surety

harm ess for | osses incurred (Bickel haupt, 1983). Accordingly,
construction bonds are risk-transfer nechanisns that shift the
potential for loss fromthe ower to the surety. In the event of
an actual loss, the surety can and will try to get its |osses from
defaulted contractors. This is perhaps the nost profound

di fference between insurance and surety as far as the contractor is
concer ned.

Regul ati ons

Al'l surety conpanies desiring to provide bonding to federally
funded construction projects nust attain certificates of authority
fromthe Departnent of the Treasury. On July | of every year, the
Departnment publishes a listing of acceptable sureties in the
Federal Register, Circular No. 570 (1992). This panphlet lists the
nanmes, addresses, underwiting limtation per bond and | ocations
(States) in which each surety is licensed. As of July 1, 1992, 279
sureties were approved by the Departnment of the Treasury. Although
[imtations have been established on a per bond basis, the
Departnment of the Treasury does not set limts on the total face
val ue (penal sun) that a surety nmay have outstanding. The bondi ng
ceilings set forth are not |egal naxi muns, but rather boundaries
bel ow which a surety need not acquire external protection for
itself. That is, ff a surety desires to provide a bond in excess
of its underwiting limtation, it nust protect the anount above
the demarcation line with either reinsurance, coinsurance, or other
nmet hods of risk sharing in conpliance with Treasury C rcular 297
(1978). The Treasury considers these anounts to be an excess risk
(Grc. 570, 1992). According to the responses obtai ned from our
interviews, surety conpanies rarely reach their bonding limtation.
This is due to the fact that being in the risk anal ysis business,
they recognize that it is preferable to coinsure rather than put
all of their eggs in one basket. On |arge-scale construction

projects, there is typically nore than one bondi ng conpany. In
such instances the sureties will forman underwiting group, known
in the trade as cosurety situation. The assenblage will have a

| ead surety and prorate the liability in accordance with each
conpany's participation in the project. The mechanismfor risk
shari ng between bondi ng conpanies is through a witten agreenent
called a Side Agreenment (Bickel haupt, 1983). Thus, the sureties
spread the risk over |arge populations and remain within their own
sel f
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i nposed bonding limts. These firms generally have internal



bondi ng ceilings bel ow those published in the Federal Registerl

An alternative to coinsurance is reinsurance. Reinsurance
occurs when the risk (penal sum is greater than the |evel that the
surety may legally assunme on one project, or is larger than it is
willing to accept. Essentially, the conpany will "wite the bond
and reinsure the excess liability with other surety conpani es”

(Bi ckel haupt, 1983). As of July 1, 1992 there were ei ght conpanies
listed by the Departnent of the Treasury as holding certificates of
authority as acceptable reinsuring conpani es for Federa
construction projects. Mst of these firns are U S. branches of
foreign insurance conpanies. These eight firns are only authorized
for reinsuring, whereas, the 279 other sureties are authorized for
bot h bondi ng and rei nsuri ng.

Seeing that the surety conpany is essentially extending
unsecured credit to the contractor, it wll performa very careful
anal ysis prior to naking its decision to bond, or not to bond. It
has been found that this yes/no decision is primarily based upon
the credit worthiness and general character of the applicant.

I nherent risks of the construction project itself are not
fundamental factors in the surety's decision-nmaking process. This
bondi ng endorsenent nay be taken on its own nerit, or may be used
as a supplenent to the owners own contractor qualification
procedures.

SURETY' S PERFORMANCE

During the md to late 1980's, the surety industry as a whol e,
suffered significant | osses from bondi ng operations (Table 4.1).
Rel ative to the prem uns collected, the conbined | oss and expense
ratio in 1987 for bonding conpanies was 127% In fact, |osses have
been so overwhel m ng that sureties had to hire clains handling
consultants just to keep up with the demand Hancher, et al, 1991).
I nasmuch as a prine tenet of this business is an assunption of no
| osses, it would seem obvi ous that the assessnent techni ques
enpl oyed are not fool proof. While there nmay be many reasons why
these net operating |osses occurred, it seens plausible that
macr oecononi ¢ factors such as the general downturn in the econony,
the new tax | aws of 1986, general industrial deregulation during
1980- 1987, and the severe budget deficit were the primary factors.

In addition to macroeconom ¢ and tax factors, the industry
suffered |l osses in the 80's because there was an enphasis on "cash
flow' underwiting. During this period, sureties were selling as
many bonds as possible with the expectation that the incone derived
frominvesting the premuns at high rates of return would nore than
of fset underwiting |l osses. To achieve this goal, the contractor
prequalification guidelines were softened sonewhat. As a
consequence, nore margi nal construction conpani es acquired bondi ng,
defaul ted, and the bondi ng conpani es were



linterviewwith D. McCarter, |TT Hartford, Novenber, 1992.
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call ed upon to neet their obligations. The "cash flow' theory did
not work and therefore, the reinplenentati on of sound underwiting
i deol ogy has led to better profitability (Russell, 1992).

TABLE 4.1 - Surety Failure Data (H nze, 1992)

Year No. Contractors Fail ed Liability, $mllions
1945 92 3.6

1950 912 25.6

1960 2, 600 201

1968 2,200 323

1987 6, 735 2, 387

During the latter part of the 1980's, the United States
W t nessed the disruption of the Savings and Loan Industry, a |ong-
termrecession, and an overall weakening of the insurance industry.
Accordi ngly, owners would be wise to evaluate the surety conpany
provi ding bonding to every project. This nmay be acconplished by
i nspecting "Best Insurance Report, Property-Casualty.” Virtually,
al | bondi ng conpanies are evaluated and rated annually by A M Best
Conpany. This organi zation publishes a corporate profile and
financial data for each surety conmpany. The surety is analyzed
qualitatively and quantitatively, and then assigned a rating from
A++ (superior) to F (in liquidation). Moreover, it has a Watch
List for those firms which have suffered a decline in their
profitability and/or liquidity paraneters since year-end, but not
to the extent that an actual reduction in rating is warranted
(Best, 1992).

It may be interesting to note that the process of bonding the
contractor as prevalent in the United States is not common in nost
ot her areas of the world. |In Europe and nany Asian countries, the
owner (in many cases the governnent) requires a letter of credit
(for exanple for 10% of the project bid) fromthe contractor.

THE BONDI NG PROCESS

In this section, the surety's nethods for bonding decision are
el aborated. Risk itens in a construction project can be divided
into two broad categories: contractor related and project rel ated.



Based on our research, we have found that sureties basically

eval uate contractors. Projectrelated risks are then evaluated with
much | ess detail. |If they feel the contractor is conpetent, nost
of the tinme they will provide bonds assum ng that the contractor
has consi dered projectrelated and technical risks. 1In alnost al
cases, the surety only considers project characteristics cursorily.
In other words, they are bonding the contractor and not the
project. Although there is sone justification in this approach, one
can expect that in many occasions, the contractor defaults
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because of difficulties experienced on the project due to the
nature of the project and the contract It would be interesting to

i nvestigate the reasons for the increasing |levels of surety failure
data (Table 4. 1) and to see what portion of these failures are
attributable to project difficulties. W have conducted a survey
to inquire about the surety's current approach. Based on the
responses received, one can say that the surety industry is |ooking
nore closely at the project characteristics and the contract
specifications. The potential |osses arising from hazardous
wastes, differing site conditions, stringent |iquidated damages

cl auses are all cause for concern for the surety. It is
interesting to note that the sureties generally do not enpl oy
technical staff in the field of engineering. Tinme nmay cone that
they may utilize engineers or at |least part-tinme consultants for
eval uation of conplex projects nore regularly.

In a recent NCHRP study (Hancher, et al, 1991) key factors
consi dered by the surety when evaluating contractors were conpil ed
by conducting an extensive survey. Although nost of these factors
were of a financial nature (such as contractor's working capital,
net worth, and profit history) a major concern was hazardous
wastes. This is clearly a project-specific issue and anal yzi ng
cases of this nature require that the surety utilize know edgeabl e

technical personnel. It is conmon for the surety to hire a
technical consultant to perform pre-default and post-default
i nvestigation of the contractor (Schwartzkopf, et al, 1990). It

may be reasonable to use engi neering expertise to evaluate the
technical difficulties of the project in nore depth when deciding
to bond a contractor.

Contractor Rel ated Ri sks

In order for a contractor to be approved for bonding, a surety
will evaluate what is known as the three Cs: Character, Capacity,
and Capital. Character relates to the assessnent of a contractor's
track record, including its reputation. Capacity answers the
question of how nuch work can a conpany produce, given its current



resources. Capital is an analysis of a contractor's financi al
condition. Each of these categories will now be exanm ned in
greater detail.

Character: Character can be described as the corporate personality.
Specifically, the surety will ook at such itens as whet her the
contractor has ever been involved in fraudulent activities, been
engaged in price fixing with other bidders, been debarred from

bi ddi ng on any governnent contracts, declared bankruptcy, is prone
to excessive litigation, has not lived up to quality or schedul e
agreenents, or has ever failed to finish a project. The surety

will investigate the contractor's integrity by asking for
references fromsuppliers, subcontractors, clients, and
prof essional contacts. It will inquire about the contractor's

ability tolive up to its word, how it conducts normal business
activities, and whether it perforns adm nistrative duties in a
ti mely manner.

During the past decade sureties have been carefully
scrutinizing the anbunt of work that is classified as underbill ed.
It was determ ned that |arge unrecogni zed | osses were bei ng pl aced
into the wong account and thereby avoi ding the scrutiny of the
surety exam ner. Sureties currently
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perform even cl oser inspection of corporate accounting practices.
In fact, they will go so far as to evaluate the qualifications of
the CP.A preparing the contractor's' financial statenent

(Russell, 1992). Oher issues that the surety is likely to be
interested in are potential and pending |aw suits and any tax liens
on the contractor's property[goto pg. 42].

Bondi ng conpanies are also interested in the ability of a
contractor to remain in business in the event of the death or
disability of a principal during the projected duration of the
project. In addition, if a construction conpany suffers fromthe
| oss of a key individual, the surety will want assurances that the
busi ness will have a stable (or at |east well planned) transition
The surety will review the conmpany's organizational chart to
determ ne whet her the individual who is next-in-line is capable of
fulfilling the | eadership position

Capacity: Capacity is related to the anmount and nature of
resources needed to efficiently conplete current work in progress
plus work starting in the near future. Resources include conpany
managenent, project nmanagenent, |abor, material, equipnent, and



financial reserves. Wth respect to conpany nmanagenent, a surety
will first analyze how well previous projects have been
adm ni stered. Specifically, they will evaluate the experience and
education of the personnel involved with estimating, their track
record with this conpany, the spreads on project bids, who

determ nes the anount of profit to be added to project costs, and
what controls are in place for the estinmating system The surety
wi |l consider contractor's job-cost nonitoring system as well as
the ability to process paperwork such as change orders and pay
requi sitions (Russell, 1992).

Corporate practice on the dealings with subcontractors is an
i nportant concern of sureties. This concern is focused on the
amount of work that the contractor "subs-out," whether these
subcontractors are required to be bonded, and how wel| the
subcontractor is nonitored and controlled. Sureties that are to
bond the general or prine contractor perceive far |ess exposure to
t hensel ves when the subcontractors are bonded. For exanple, if the
total project cost is $100 mllion, and the prine contractor wll
perform $20 mllion worth of work, and bonded subcontractors will
execute the remaining $80 nmillion, then the bondi ng conpany for the
prinme contractor will only be exposed to $20 m|lion in danages.
Accordingly, it will be nore likely to approve the bondi ng request
than if no subcontractors were bonded. It should be noted that in
the above exanple, the prime surety wll still issue a bond for
$100 million and charge the appropriate premiumto its client.
Since sureties are legally permtted to bond both the prinme and
subcontractors for a particular project, the potential exposure to
the surety will vary with each individual situation. Wen a surety
deci des to bond both the prinme and a subcontractor, the process is
known as doubl e-di ppi ng3.

2lnterview wi th Joseph Philips, Safeco, Decenber, 1992.
3interviewwith D. H xon, Reliance |Insurance Co., Nov., 1992.
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An aspect of corporate managenent that denonstrates the
ability to identify and correct weaknesses, and to inprove
strengths, is business planning. A surety will determ ne whether a
contractor has attenpted to inprove current shortcom ngs, whether
he has assessed the market and his conpetitors for future
opportunities, and if he has generated pro forma financi al
statements. Mreover, the bonding agent will study the planning
that has been put into future operations. Wat type, anount, and
risk factors are involved with the conpani es’ desired work? Does
t he conpany have plans to open regional offices in new |ocations?



To what extent has the connector established or increased bank
lines of credit to achieve these goals (Russell, 1992).

One of the nmajor techniques for neasuring the ability of
financial managers is to study cash flows. Wth a depressed
econony, sureties are taking a closer |ook at the aging of accounts

receivable. |If a high percentage of accounts are in the over 90
day or over 120 day category, then the probability for bad accounts
will be greater. Furthernore, the bonding agent will review

whet her the contractor has the ability to regulate his overhead
expenses in conjunction with the vacillations in the econony4.

In a broad sense, the managerial capacity of a construction
conpany is determned by its track record over the last three to
five years. Normal itens to evaluate are the nunber of conpleted
jobs, the project locations, the project types, duration of each
undert aki ng, contract anount (both bid and final), and gross profit
(both bid and final). Wth the data for conpany and proj ect
managenent in hand, the surety is able to identify the
corporation's managerial capacity. This information is then
conmbi ned with work in progress to determ ne whether additional jobs
can be managed properly.

Labor resources are carefully anal yzed because of the | abor
i ntensive nature of the business. An investigation into the
availability and character (union vs open shop) of workers is
critical. |If the project is to transpire in a unionized area, then
the aggregate of | aborers being enpl oyed at other projects wll
i npact the availability of workers for the proposed undert aking.
It is recoomended that the current union contract be reviewed for
itenms which may adversely effect future endeavors.

As a matter of standard procedure, sureties will study the
type, quantity, and availability of construction equi pment in the
contractors possession. The agent will inquire about naintenance
schedul es and repair facilities. |In addition, the nethod for
determ ni ng depreciation and equi pnment rates will be requested.
Finally, the bonding conpany will want to | earn of any proposed
equi pnment purchases or | eases so as to determ ne the inpact on the
bottom | i ne.

Sureties are interested in what materials will be used on a
particular project to the extent of the potential inpact on
profitability. This concern is bilateral. First, any materials

which are on the critical path and subject to potential delays in
delivery may subject the contractor to

4lnterviewwith D. H xon, Reliance Insurance Co., Nov., 1992.
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| i qui dat ed damages. Second, any material prices linked to sone
i ndex (such as asphalt being tied to crude oil) will create an
extra risk in ternms of cost instability (Russell, 1992).

Capital: Capital, the third C, entails a thorough analysis of the
contractors financial condition. |In order to performa proper
evaluation, the surety will generally request three years of
financial statenents. This information is studied for the quality
of the data contained and then is analyzed for a conparison to

i ndustry standards. O the four gills of certified public
accountant's opinions that could be attached to the statenent, a
surety will prefer to see an unqualified opinion. An unqualified
opinion will declare that the auditor's exam nation as well as the
statenents thensel ves, were properly prepared and presented. Wth
reference to the accuracy of the data itself, the bondi ng conpany
is nost confortable with an audited statenent An audited statenent
is generated when the contractor's C. P.A applies extensive
procedures to verify that the underlying data is in fact correct,
and that it has been presented in accordance with generally
accepted accounting principles. Sureties prefer incone to be
recogni zed by a techni que known as the percentage of conpletion
met hod. This procedure requires the contractor's CPA. to nake an
esti mte of what percent conplete each project is on a certain
date. This percentage is then nultiplied by the anticipated total
project estimate to calculate the value of conpleted jobs. Thus,
incone is recogni zed as work progresses. The advantage of this
tactic is that it provides the best correlation between incone to
expense (Russell, 1992).

Finally, sureties will nmake an eval uation of the accounting
firmthat prepared the financial statenents for the contractor. |If
the organization is perceived by its peers as being highly
prof essi onal and objective, then the surety will take the
statenents at face value. However, ff the accounting conpany has

sone flaws in its reputation, then the bonding analyst w Il inspect
the report with a bit of concern5. Subsequent to the financial
statenents being evaluated for quality, the surety will proceed to

performa financial analysis on the data itself. A summary of
ratios typically enpl oyed by bonding conpanies is presented bel ow.

Fi nancial Ratio Analysis: One of the nost comon techni ques

enpl oyed by the surety industry to identify sources of potentia
risk is the analysis of the contractor's finances. The primary
objective of this analysis is to identify irregularities in a
financial statenent that need further study to fully understand a
conpany's current and future standing. Inportant insights into a



firms performance can be secured using financial ratios. Analysts
typically evaluate a firms ratios by two nethods: first, they wll
conpare a specific conpany's standing to industry norns, and
second, they performa trend anal ysis.

Fi nanci al rating agencies such as Robert Mirris Associ ates and
Dun and Bradstreet annually publish information regardi ng the range
of various ratios for different industries. The financial rating
communi ty has segnented all businesses into hundreds of specific
i ndustry groups. For

S5interview with D. Hi xon, Reliance |Insurance Co., Novenber,
1992.
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pur poses of this report, we have chosen G oup No. 1622 of the
S.1.C. (Securities Industry Classification) groups tided "Bridge,
Tunnel , and El evated H ghway Contractors." Table 4.2 contains
nmedi an and average values of different financial ratios discussed
inthis research. A surety underwiter nmay conpare ratios
generated for a contractor to the norns reported for this group in
order to determi ne the contractor's relative position. |If severa
ratios for the contractor fall below his peer group, then the
underwiter will perceive high risk and possi bly deny bondi ng.

Trend anal ysis is another nethod for evaluating the
contractor. The underwiter will evaluate the trend of a firnms
ratios for the past few years relative to the industry. If the
contractor's trend is upward (or at |east better than the industry
trend), then an indication of sound nmanagenent is evident.
Accordingly, it may be a less risky situation for the surety.

For purposes of ratio analysis, a surety may | ook at four
groups of financial ratios, namely, Liquidity Ratios, Operations
Ratios, Leverage Ratios, and Profitability Ratios. These ratios
are briefly discussed bel ow.

Liquidity Ratios: The goal of liquidity is for an organization to
have sufficient funds on hand to neet short-term (w thin one year)
obl i gati ons when they becone due and to have sufficient cash for
enmergencies. The nost common ratios used for evaluating liquidity
are the Current Ratio and the Quick Ratio. The Current Ratio is
determ ned by dividing current assets by current liabilities.
Current assets are defined as cash, short-terminvestnents, notes
recei vabl e, accounts receivabl e, nerchandise inventories, and
prepai d expenses. Current liabilities are all liabilities that are



due within one year.

Current Assets
CURRENT RATI O = - s s e e e e e e e e e e e o - -
Current Liabilities

The Current Ratio is commonly used as an indicator of a firms
liquidity and ability to settle short-termdebts. A careful
anal ysis nust be nmade as to the quality and constituents of each
contractor's current assets and current liabilities. Otentinmes a
surety will ignore the total current asset category given in a
financial statenent, and create its own new current asset total
after a thorough exam nation of the underlying data (Needl es,
1989). The higher the ratio, the nore assurance exists that the
retirement of current liabilities can be made (Duns, 1991). A
Current Ratio of 1.5 or greater is considered favorable in the
construction industry (C ough, 1986).

One of the shortcom ngs of the Current Ratio is that it does
not consi der the conposition of current assets. Since these itens
may be received or converted into cash within one year, sonme cannot
be readily used to pay bills. For exanple, a dollar in cash is
much nore liquid than a dollar of inventory. Therefore, the Quick
Rati o adjusts for this fault by neasuring short-termliquidity.

The Quick (or Acid Test) Ratio is cash plus marketable securities
pl us cash equivalents, all divided by current liabilities.
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Cl i ck_HERE for graphic.
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Cash + Cash Equivalents + Marketable Securities
QUICK RATI O = = - - m s e e e e e e e e e e e ee e
Current Liabilities

A Quick Ratio of less than 1.0 indicates that current
liabilities may be becom ng dependent upon inventory or other
current assets for paynent While a relatively high Quick Ratio is a
sip of security for creditors, if excessive, it will signal a | ow
return on current assets.

Operations Ratio: Operating abilities are evaluated by the ratios
of Recei vabl e Turnover, Average Days Sal es Uncoll ected, Equity
Turnover, and Wbrking Capital Turnover. Receivable Turnover
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nmeasures the relative weight of a firms Accounts Recei vabl e and
the contractors ability to collect credit sales in an efficient
manner. It is a reflection of the conpanies credit and coll ection
policies. It is indicative of how many tines, on average, the
Recei vabl es were converted into cash during the year. This ratio
is calculated by dividing net credit sales by average accounts
recei vable. An average of two consecutive periods will provide a
better picture of Accounts Receivable than only one period. This
will help to snoboth out the variations that tend to occur within
the year.

Net Credit Sales
RECEI VABLE TURNOVER = - - - - - - oo oo oo oo oo
Aver age Accounts Receivable

A nore understandabl e way of |ooking at this data is to
cal cul ate Average Day's Sal es Uncollected. This ratio expresses
the waiting period, in days, before an average paynent is received.
It is computed by dividing the nunber of days in a year by the
Recei vabl es Tur nover.

Recei vabl es Tur nover

In construction, this period is usually the anmount of tine
bet ween the date the contractor bills the ower and the date that
he receives paynent.

Sureties nmeasure how hard a firm s invested capital is working
by calculating the Equity Turnover. This ratio is determ ned by
di vidi ng net sales by tangi ble net worth.

Net Sal es
EQU TY TURNOVER = ------mmmm i i m
Tangi bl e Net Worth

Working Capital Turnover is a neasure of the degree of safety
for current creditors. It is a gauge of the firnms proficiency in
financing current operations. Specifically, it reflects how
efficiently working capital is used. This ratio is calculated as
fol | ows:
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Net Sal es
WORKI NG CAPI TAL TURNOVER = - - - mmmm e e e oo -
Current Assets - Current Liabilities

Creditors conpare this ratio with that of industry averages and



conpany historical data. An unusually low ratio may be indicative
of poor use of working capital, while a high ratio will signa
overtrading. This ratio nust be viewed in conjunction with other
ratios (Current Ratio, for exanple). Sluggish sales and an
extrenely thin Wrking Capital position will still provide a high
Wor ki ng Capi tal Turnover Ratio.

Leverage Ratios: Leverage ratios gauge the anmount of debt pressure
and the susceptibility of the conpany to downturns in the econony.
O highest inportance is the Debt to Equity Ratio. This measures
the proportion between capital lent by creditors and capital

invested by owners. It is indicative of the degree of safety
provided to the creditors by the owers. A conpany with a | ow
ratio will have a far better chance for long-termsurvival than a

conpany with a high ratio. The calculation is as foll ows:

Total Liabilities
DEBT TO EQU TY RATIO = --------mmmmmmm e e e e o - -

Afirmwth a high Debt to Equity ratio is said to be highly

| everaged and will generally find it difficult or costly to borrow
addi tional funds. Values ranging from1.0 to 2.0 are generally
deened acceptable to creditors (C ough, 1986).

To nmeasure the proportion of the capital invested by the
owners that has been reinvested in fixed assets(land, buildings,
equi pnent), the ratio of Fixed Assets to Tangible Net Wrth is
conputed. Essentially, this ratio expresses the degree of safety
to creditors in the event of bankruptcy. A lowratio is preferred
by creditors. The conputation is as follows:

Net Fi xed Assets

Tangi bl e Net Worth

Potential creditors will generally check the anmount of equi pnent
that the firmhas | eased since such arrangenents will |ower the
ratio. Since sone | eased equi pnent does not appear on the bal ance
sheet an anal yst nust pay extra attention to these itens.

Profitability Ratios: A contractor's long-term solvency is
contingent upon its being capable of earning satisfactory incone.
An anal ysis of a contractor's prior profitability may help to
predict the future profit margins. Creditors |look at profitability
because it also affects a firmis liquidity. The greater the
profitability, the greater will be the firms ability to settle
short and long-termdebts. The three primary ratios used to
evaluate profitability are: Profit Margin, Return On Assets, and



Return On Equity.
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Profit Margin is determ ned by dividing net incone by net sales.

Net incone (after taxes)

PROFIT MARGA N = ----mmmmie e e X 100

Net Sal es
it is a neasurenent of how much inconme is produced by each doll ar
of revenue. The greater the value of this ratio, the better. |If
the trend of this ratio is upward, then a surety will be nore

likely to approve a bondi ng request.

Return on Assets is the best gauge of the overall earning
power of a conmpany. It quantifies the anbunt of noney earned on
each dollar of assets enployed. The return on assets is determ ned
by dividing net inconme (after taxes) by average total assets.

Net I ncone (after taxes)
RETURN ON ASSETS =  -------mmmmm i ae oo - X 100
Aver age Total Assets

It is considered to be an outstandi ng neasure of profitability
because it blends the Profit Margin and Equity Turnover ratios
(Needl es, 1989).

If the contractor is organized in the formof a corporation,
an inportant nmeasure of profitability is Return on Equity. This
rati o determ nes how nuch noney was generated for each dollar that
was invested by the owners. It is conputed by dividing net incone
(after taxes) by net worth.

Net I ncone (after taxes)
RETURN ON EQUI TY = ----mmmmmm e e e e o -
Net Worth

Its distinguishing characteristic fromReturn on Assets is that it
will vary in accordance with the anount of debt that the conpany
has. |If the noney generated from borrowi ng earns nore than it
costs, then Return on Equity will increase at a greater rate than
Return on Assets. A novice to financial analysis should use this
ratio with caution. A high ratio would seemto indicate that
managenent is effective, but it is possible that a high ratio
reflects an overreliance on debt.

While there are many ratios avail able for anal ysis of
financial statenents, the foregoing are the nost commonly used by
surety professionals. Each ratio nmust be evaluated in |ight of



i ndustry averages and the contractors historical values. Moreover,
the data enployed in the ratios is often re-classified by
underwiters to fine tune their evaluation. For exanple, goodw ||
will be elimnated fromthe asset account because it cannot be used
to satisfy debts. Certain inventory items will be elimnated if
they cannot be sold within a reasonabl e amount of tine. Slow
Accounts Recei vabl e and Notes Payable to officers or owners will be
di scounted for simlar reasons. The surety conpanies that we
interviewed did not take simlar approaches to ratio analysis.
Wil e somre worked with these ratios intensely, others enphasized
their relationship
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wi th and know edge of the specific contractor requiring bonds. The
guantity, type, and relative weight of the ratios enployed varied
fromsurety to surety.

The one thread that joins all bonding conpanies in contractor
analysis is that they are interested in the contractors ability to

satisfy losses quickly. |If a contractor does not appear to have
the capability to rapidly settle clains upon default, then the
surety will nost |ikely decline the bonding request. Also what

surety perceives to be acceptable ratios would vary from contractor
to contractor depending on their past performance and capabilities.
For evaluating certain contractors sone of these ratios are nore
critical. For exanple, ff the surety wants to bond a
subcontractor, it wll analyze receivables carefully as there would
be sone concern about how soon the subcontractor would be paid for
the work perforned. Debt to Equity Ratio seens to be very
inportant to sone sureties as it would indicate the contractor's
financial stability and strength. Table 4.2 sunmarizes the trends
of the above financial ratios for the group of constructors
classified as Bridge, Tunnel, and El evated H ghway Contractors.

Contractor's Bonding Capacity: After a surety has eval uated the

three Cs of a construction conpany, it will proceed with a
determ nation of the contractors bondi ng capacity. As a genera
rul e-of -thunb, the bonding Iimt will be the contractor net worth

times 10 to 20. Alternately, capacity may be determ ned by summ ng
cash and accounts receivable and then nultiplying the sum by 20.
These multipliers will vary fromsurety to surety.

The surety will test to see whether the contractor has
sufficient bonding capacity remaining to take on the work.
Remai ni ng bondi ng capacity is cal culated as foll ows:

Rerai ni ng Bondi ng Capacity = Maxi num Total Bonding Capacity -



(Total Jobs + Total Bids Pending - Wrk Conpleted to Date
on Jobs)6

It should be noted that the contractor's backl og may not be al
bonded (private projects for exanple). Despite this, all the
contractor's projects wll be included in the fornula given above.

Proj ect-Specific Risks

Prior to bidding on a job the contractor infornms the surety
agent about its decision to bid on a project. The surety wll
eval uat e each proposed project individually. Anong the project
characteristics that will be examined will be the foll ow ng:

- contract price
- contract type
- nature of the project

6lnterviewwith D. McCarter, |ITT Hartford, Novenber 1992.
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contract duration

| i qui dat ed damages cl auses

retai nage provisions

i nsurance cover age

potential for exposure to hazardous wastes

- the amount of soil and underground related activities, such
as tunneling, pile driving, and steel sheeting

As can be seen itens enunerated above are mainly project-rel ated

i ssues. The surety should be confortable with the contractor's
three Cs to provide the bid bond. The surety will also check the
contractor's remai ni ng bondi ng capacity by considering the
contractor's backlog to ensure that by bonding the contractor for
this project, the capacity limt wll not exceed. This process was
described earlier. The face value of the bid bond will vary
between 5 to 20 percent of the amobunt of bid. The surety may
provi de the contractor with the bid bond. The owner's
under st andi ng woul d be that the surety will be providing the
paynent and performance bonds if the contractor turns out to be the
| ow bi dder (Hal pin and Whodhead, 1980). Despite this expectation
the surety is not commtted to providing perfornmance and paynent
bonds. If the contractor is awarded the project, then the surety
may i ssue the remai ning bonds prior to the start of construction.
When the award i s nmade, the governnental agency securing the work
wi | | announce the bid values of all conpetitors. The surety that



provi ded the bid bond to the winner will have an interest in these
figures. In the event that the Iowest bid is below the second

| onest bid by a large margin (for exanple by nore than 10%
according to Russell (1990), but this figure will vary from surety
to surety) the bonding conpany will inquire why their client's bid
was abnormally low. The surety is concerned that the contractor
may have erred in his estimate and that he may be subjecting
himself to financial losses if he takes on the work. [If no
reasonabl e expl anation is given by the contractor, then the surety
may decline to provide the performance and materials bonds7.

Surety conpanies are interested in the type of contract that
will be forned between the contractor and the owner. They are nost
confortable with conventional fixed price conpetitive and
negoti ated cost plus contracts because these formats have been
thoroughly tested by the courts7. |In recent years, design-build
and turnkey contracts have gai ned sone acceptance by governnent
agenci es. Section 3019 of the Federal Transit Act Amendnents of
1991, incorporated into the Internodal Surface Transportation
Efficiency Act (I STEA) defines Turnkey as "A project under which
reci pient contracts with a consortiumof firnms, individual firmns,
or a vendor to build a transit systemthat neets specific
performance criteria and which is operated by the vendor for a
period of tinme" (Luglio, 1992). Turnkey contracts are riskier than
the conventional contracts because in turnkey the contractor wl|
be responsible for both design and construction. in fact the
contractor has to conmmt itself to a fixed price at a stage when
the design is inconplete and the scope is not perfectly clear.
Wiile this contracting strategy nay prove to be an effective node
for risk sharing between contractors and owners, it is viewed with
a bit of skepticismby the

7Interviewwith D. McCarter, |TT Hartford, Novenber, 1992.
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surety industry. This is due to the fact that it is a novel
approach with nmany unknown outcones that could seriously harmthe
surety.

SUMVARY

In this chapter we reviewed the surety industry as it relates
to public works construction contractors. First, we provided
i nformati on about the surety industry and howit differs fromthe



i nsurance industry. W then provided sone background on surety's
performance in the past decade. Surety's main concern is an
accurate assessnment of the probability of the contractor's failure
and its main objective is to either accept or to decline to provide
bonds to the contractor. |In this chapter we have el aborated on the
nmet hodol ogi es and procedures used by the surety in order to arrive
at the decision of whether to bond or not to bond a contractor.
Contractor's financial health, character, capacity, the vol une of
backl og, the type of work perforned in the past and its future
plans all play a role in surety's decision. Typical financial
rati os anal yzed by the surety are al so covered. Although the
surety does not formally evaluate the project risks and conplexity,
its approach in evaluating the contractor is valuable. As can be
observed fromthe checklist provided in this report, many of the
risk itenms contributing to the project uncertainty are related to
the contractor. Surety's approach can be useful in devel oping or

i nproving procedures for contractor prequalification. Because of
decades of the surety's experience in this process, we think that
famliarity with their approach will be beneficial to the sponsor
or the owner of capital intensive transit projects.
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CHAPTER 5 - RI SK MODELI NG AND ASSESSMENT

This chapter deals with the issue of risk nodeling and
measurement. In order to quantify the inpact of risk one needs to
devel op a | ogical nodel for risk neasurenment. This nodel should be
used in conjunction with the identified risk itens descri bed
previously in this report. Two nmjor approaches to risk
measur enent are covered: determ nistic approach and probabilistic
approach. Mst of the concepts presented are described using case
studi es and exanpl es.

Keepi ng projects on tine and within budget are two of the nost
i nportant functions of project managenent Estinmates of project cost
and duration are based on the know edge of the estimtors and
schedul ers, experience and data fromsimlar projects conpleted
previously, and a | arge nunber of assunptions made regarding
productivity rates and material prices.

Al nost every project conponent that consunes tinme and/ or noney
is prone to sonme chance variations. Sone itens such as materia
prices, when a vendor has guaranteed his prices, have a | ower
chance of variability. Oher itens such as various |abor
productivity rates that can be sensitive to many factors such as
weat her, tenperature, state of econony, unions involved, and



| ocation, have a much hi gher chance of variation and can inpact the
project duration and cost. Ri sk neasurenent and anal ysis, at |east
in the context of this report, is the process of devel oping a

| ogi cal vehicle for predicting the extent of these variations and
possi bly forecasting the worst case and the best case scenario for
the project budget and schedul e.

OMER S RI SK

Al nost every party involved in the project needs to perform
its own kind of risk analysis. Wile the owner has to | ook at risk
issues at a nore nmacro or aggregate |level, the contractor would be
Wi se to consider chance variations at a nore detailed |level. The
owner, public or private, needs to assess the anmount of uncertainty
in the project cost and schedule in order to make plans for seeking
project funding. Muilti-year megaprojects are particularly
sensitive to variations in project duration. The cost of noney
needed to finance these projects beconme prohibitively high as the
proj ect duration increases. Because of these issues, financial
ri sks becone of paranount inportance to the owner. |[|f the sponsor
is the Federal governnent, |egislative issues such as funding
aut hori zati on and appropriation have to be consi dered al so.

Sources of funding and its conposition, the conmm tnent and
reliability of |ocal sources, the accuracy of estinmating funding
| evel s over project life, and the probability of project failure
due to optim stic assunptions all add to the project's financial
ri sks. The owner should al so concern
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itself with the contractor selection process, the stability and
strength of the contractor in executing a large transit project,
and expected | oss levels in case the contractor fails to conplete
the project. Even if the contractor does not default, the owner or
the sponsor (for exanple, FTA funding of a transit project) has to
eval uate the probability and the potential loss in the case of

proj ect delay and cost overrun.

CONTRACTOR' S RI SK

The traditional contractor on the other hand, |ooks at a
project's risks froma different angle. Al though financial risks
are very inportant and the contractor would want to be sure that
the owner has sufficient funding to finance the project, he will be
concerned with the amount of funding that would be needed for
interimfinancing. Interimfinancing fills the gap between the
contractor's spending and incone in a project. The smaller this



gap, the less expensive it wuld be to finance the difference

bet ween the contractor's expenditures and progress paynents. The
cost of interimfinancing cuts through the contractor's profit
mar gi n and because of this the contractor should carefully study
the expected | evels of needed financing. Also, with the enmergence
of innovative contracting arrangenents, contractors have been asked
to provide financing for sone public projects. For exanple, on
several new correctional facilities, the contractor has been asked

to finance, design, and build the facility. |In sonme recent transit
projects, the contractors were required to cone up with financing
schemes. If this trend continues, nmany of the major construction

conpani es have to start |looking at project's financial risks in
much the same way as a private owner. Also the contractor needs to
pi npoi nt areas of risk and uncertainty in the project and assess
the inpact of those areas on the project cost and duration in order
to include a reasonable contingency in the bid, especially in
conpetitive lunpsumcontracts. Careful evaluation of this
contingency is inportant. A low estimate of the required

conti ngency nmay get the contractor the job but may cost himdearly
after the project starts as the tinme and cost variations nay
devel op an unfavorabl e inpact on the project. A high or
conservative estimate of contingency on the other hand, wll put
the contractor at a di sadvantage because his bid nay not be
conmpetitive enough to get himthe job.

TURNKEY

Recently, there has been a renewed interest in turnkey
projects at the Federal level. Departnent of Transportation has
started inplenmenting pilot projects using a fixed-price turnkey
approach. Turnkey has several benefits fromthe owner's point of
view. Because the con gets involved in the design phase, he can
bring the construction expertise to the design team This wll
hopefully nake the project nore constructable. The concept of
constructability has been the focus of considerable research in
private industrial construction (Constructability, 1986).
Constructabl e projects are easier and nore econonical to build.
More recently, attention is also being paid to building the
projects in a way that they would be easier to naintain. Again,
havi ng the constructor's feedback during the design phase helps in
project's long-termmaintainability. Another inportant advantage
of turnkey project is that it reduces the possibility for the
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contractor's clainms for the changed conditions because the
contractor was responsi ble for design. This will help to keep the
project's estimated budget on target. Moreover, the owner wll be
able to establish a firmestimte of the required budget nuch



sooner as the conr will have to commt itself to a fixed-price
before the final design is conplete. For exanple, on the Honolulu
Transit Program the contractor submtted a hard-dollar estinmate at
the end of the Conceptual Design phase (FEI'S, Honolulu, 1992). So
t he sponsor and the | ocal agency had a cost estimte several nonths
sooner conpared to the case where the project has to go to bidding
with a conplete design. For various phases of a capital transit
proj ect devel opnent and their typical duration refer to Project
Devel opnent Process, FTA (undated) (Figure 5. 1).

Cick _HERE for graphic.

Turnkey advantages cone at a price. The contractor that has
to bid on a project after the Prelimnary Engineering or even at
the end of Alternatives Analysis phase will increase the
contingency accordingly to protect itself in case the project
desi gn and construction do not proceed as expected. As Figure 5.1
shows, in earlier phases of the project life cycle, uncertainties
regardi ng project cost and duration are larger. The owner pays for
t hese contingency suns whether they are actually being used or not.
Based on the foregoing discussion, it is clear that
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depending on who is interested in risk analysis, the objective my
be different but the general approach is the sane; i.e., identify
areas that are prone to uncertainty and devel op a nodel that can
predi ct the conbined effect of these areas on the project’'s budget
and schedul e.

APPROACH

There are two general approaches to evaluation of variations
of project conponents. Sone approaches are based on sone
determnistic safety margin for critical itens based on expertise
of the seasoned personnel or historical data conpiled fromsimlar
projects. In sonme cases these determ nistic nethods tend to work
wel | because of the nature of the avail able data and the experience
of the analysts. For exanple, in many cases a wel | -desi gned
sensitivity analysis is all that is needed for assessing the risk
i npact on a project. Oher approaches are based on sone
probabilistic nodel where the variability of inportant paraneters
are formally introduced into the predictive nodels. Wth the
recent devel opnents in risk analysis software and the increasing
famliarity of engineers and anal ysts with probabilistic approach
we feel that it is time to use these nethods nuch nore extensively.
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The probabilistic nmethod provide the user with nuch nore
informati on conpared to determ nistic nethod and hel ps the user
make i nforned decisions as will be described in this chapter.

1. DETERM NI STI C APPROACH

In the determnistic approach, the potential cost overrun for
the project is estinmated based on the experience of the personne
and all the information that can be obtained fromsimlar projects
and the project under study. It is commbn to see a contingency
rate of around 10% added to the total project cost in order to cope
Wi th project uncertainties. This approach, especially if taken by
the owner can lead to problematic results. Pickrell (1990)
suggests that the contingency funds used for Federally funded
transit projects seemto be insufficient The contingency for
projects studied by Pickrell ranged from5%to 15%

An Overall Contingency Rate

The contractor bidding on traditional contracts based on final
design, is anxious to becone the | owest bidder. He may anticipate
that his contingency may not be sufficient but he knows that he may
count on changes, considered to be inevitable in the traditiona
| umpsum contracts. No matter how much tinme is spent on design and
scope definition, there is always the possibility that the
contractor may be able to claimsone changes and to receive
addi ti onal reinbursenents. The price of changes are arrived at on
a non-conpetitive basis and can be hi gher than what the owner
expects. In the interviews conducted with contractors for this
research, it becane evident that many contractors bid on severa
projects anticipating that they may | ose noney on sone contracts.
Their main objective is to be able to earn an acceptable rate of
return on the portfolio of the projects that they are executing.

If based on years of experience, they feel that a 10 or
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15% contingency is appropriate for maintaining their profitability
and their success in obtaining the jobs, then they see no reason
for changing that. Al so, nost of the estimators consider many of
the risk elenments (listed in the risk checklist in this report)
whil e preparing the detailed estimate for the job. So by the tine
the estimate is conplete, it y includes certain allowances for

contingency. The contractor will be well-advised not to take this
approach especially on turnkey projects where his chances of
obt ai ni ng change orders are snmall. It is also clear that this

approach cannot be utilized by the owner or the sponsor of a public
pr oj ect .



There are several reasons for the owner to calcul ate
contingency using a systematic approach to risk identification and
assessnent. Many tinmes the contingency rate is added arbitrarily
and not wi thout el aborate analysis. Also, sone risk elenents are
counted tw ce as they have been considered in the estimating phase.
Addi ng an overall contingency rate only considers the potential for
loss as it increases the project costs. It nmany cases though, the
probability of underrunning certain cost elenents is reasonably
| arge and has to be incorporated into the nodel (Hayes, et al,
1987). Furthernore, often it is not clear that the contingency
gi ves the expected value of cost overrun, the nost |ikely val ue of
the cost overrun, or the worst case scenario for the project cost.
The likelihood of arriving at a certain project budget cannot be
assessed with this nethod. Even if its definition is clearly
given, still the owner may not be able to decide on the actua
| evel of reserve funds. For exanple, is it reasonable to provide
for the worst possible scenario and hence possibly jeopardize
project's viability when the probability of realizing such a cost
is extrenely | ow?

Assi gni ng Various Contingency Rates to Different Project Conponents

A nore reasonabl e approach is to identify major risk elenments
in the project and assign reasonable contingency rates to these
various itens. These contingency rates may not be the sanme from
area to area. For exanple, in a transit project, the planner my
assign a 15%contingency rate to the cost itens that relate to
under ground construction and a 10% conti ngency rate to the budget
for train purchase. The total contingency budget will be the sum
of the products of the individual contingency rates and respective
conmponent estimates. This approach has the added benefit of
ear mar ki ng conti ngency budget for various project conponents. This
will allow for a nore efficient contingency drawdown policy and can
alert the nmanagenent if a certain conmponent is using too much of
the reserve funds. In these approaches it is inportant that costs
be estimated as realistically as possible. |In other words, based
on the information at the tine of preparing the estimate a fair
cost of the conponent should be calculated without trying to
saf eguard against risk elenents. The inpact of uncertainty shal
then be considered when arriving at the contingency rates by
careful ly evaluating the risk checklist and draw ng upon the
experience of the people involved in the project and historica
data fromsimlar jobs.

Case: One exanple of using weighted averages in cal cul ating
contingency rate is the ongoing Central Artery/ Third Harbor Tunne

Project in Boston. In this nulti-billion dollar project, the owner
has assuned responsibility for a nunber of risky conponents of the
project. This will discourage bidders frominflating their bids

with |large contingencies. The owner will pay for
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project risks only if they actually happen. The total project has
been broken down to several construction packages or subprojects
and are bid separately. seven areas of risk have been identified
for each subproject. These areas include 1) design difficulty, 2)
geol ogi cal conditions, 3) joint occupancy of site, 4) schedule
constraints, 5) project duration, 6) economc stability and

escal ation factors, and 7) urban environment. Contribution of each
of these seven areas to the total project cost risk have been
assessed and range from5%to 30% (Table 5.1). The project has a
12% conti ngency budget not including cases where the owner expects
several change orders will be issued due to the nature of the work.
For each subproject, a group of the owner's experts evaluate the
severity of each of these seven areas and assign a weight to each
area ranging fromO to 0.12. For exanple, if the contractor on a
specific subproject is faced with several m|estone dates on the
critical path in a relatively short duration project where the
stagi ng and sequencing of the operations are assessed to be very
critical, then a value close to 0.12 is assigned to the area
schedul e constraints. On the other hand if the same subproject has
a duration of |less than one year then the escalation factor is
assuned to be ). The product of these assigned values and their
respective area weights are summed up to give the total contingency
for the subproject (Instructions, Construction Contract R sk

Anal ysi s, 1992).

Tabl e 5.1 shows a contingency analysis for a hypotheti cal
construction contract. Columm (2) gives the percent contribution
of each risk area to the contract contingency. The range of val ues
in the "weight" colum is 0 to 0.12. The owner's experts have
establ i shed a contingency budget of 8.35%of the total bid price
for this contract. As can be seen, geol ogical conditions and
schedul e constraints (probably several mlestones in a tight
schedul e) are high risk areas while other areas seemto be of

average difficulty. The owner will only expense this fund if
necessary. The contractor on the other hand, is protected against
t hese seven risk areas and he will not add these in his bid,

resulting in a | ower bid.

TABLE 5.1 - Construction Contingency Assessnent

(1) (2) (3) (4)
Ar ea Per cent Wi ght Val ue
Contri bution (2)x(3)
1. Design difficulty 25% 0. 05 1.25%

2. Geol ogi cal conditions 30% 0.12 3. 6%



3. Joint occupancy of site 15% 0. 06 0. 9%
4. Schedul e constraints 15% 0.12 1.8%
5. Project duration 5% 0. 04 0.2%
6. Escal ation 5% 0. 06 0. 3%
7. Urban environnent 5% 0. 06 0. 3%
TOTAL 100% 8. 35%

58

Schedul e Conti ngency

Project cost and schedule are interrelated. Pickrell (1990)
shows that on several transit projects investigated, major portions
of cost overruns were attributable to project delays. G ven the
shear size of transit projects and | arge anmounts of financing
requi red, project delays drive up the cost of noney drastically.
Setting realistic objectives for project mlestones and the
conpletion date is one of the first steps in calculating the
proj ect financial needs. The project financial needs in turn inpact
t he budget and the cost contingency. A logical approach in
schedule risk analysis is to refer to a carefully devel oped CPM
schedule. Through the CPM one will be able to see the
interrel ati onshi ps between various elenents of the project and to
eval uate the inpact of an activity delay on various mlestones and
the conpl eti on date.

The schedul e for the owner/sponsor will be different fromthe
contractor's schedule in that it will enconpass planning and design
phases in addition to the construction phase. Reasonable
contingencies can be built into project schedule in terns of floats
for various mlestones. The larger the amount of these floats and
the smaller the nunber of mlestones that carry |iquidated damages
cl auses, the less risky the project fromthe constructor point of
view. Including stiff |iquidated danmages in a tight schedule with
several mlestones will result in bids with high contingencies. An
i nportant benefit of using. CPMschedule is that it ranks
activities (or the project conponents) according to their inpact on
project mlestones and the final conpletion tine. The activities
that have higher floats are less likely to create schedul e del ays.

2. SENSI TIVITY ANALYSI S

Sensitivity analysis can and should be applied to both
determ nistic and probabilistic approaches in risk neasurenent.
The basic principle is to vary a certain cost or schedul e paraneter
whi | e keeping other paraneters fixed and to study the inpact of
this change on total project cost or schedule. |In other words,
sensitivity analysis lets the analyst perform"what if' scenari os.



For exanple, in a financial risk analysis, one nay not be sure
about the interest rate prom sed on revenue bonds that are going to
be issued for a transit project. Let us assume that the interest
rate may be anywhere from5 to 7 percent. The financi al
spreadsheet can be anal yzed several tines, every tine changing the
interest rate by 0.25% The analysis has to be perforned 9 tines
and every tinme the inpact on the total project cost can be
evaluated. In every scenario it is assumed that the paramneter
takes the val ue assuned in that specific case. So although the
effect of the paraneter on the project can be evaluated, there is
no i nformation regarding the |likelihood that the paraneter takes
such a value. For exanple, there is no indication that w th what
probability the interest rate will be 5%

Sonetines it is convenient to use a spider diagram (Hayes, et
al . 1987; Toumm and Ladi ck, 1989) to show the inpact of variations
of several paraneters on total project cost (or viability). Figure
5.2 shows a sinple spider diagram prepared for a hypothetica
tunneling project. It shows the effect of varying | abor rates, TBM
down-tinme and groundwater inflow on the total cost of
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the project. The slope of the lines representing each paraneter
i ndi cates the nodel's sensitivity regarding that paraneter.

Cick HERE for graphic.

The milder the slope, the higher is the effect of variations of the
paraneter value on total project cost. Note that the sensitivity
anal ysis depicted in Figure 5.2 does not consider the effect of
conbi ned paraneter changes on project costs. For every scenari o,
only one paraneter is changed and the result cal cul ated.
Sensitivity analysis can al so be perforned on project schedul e.

CPM al so all ows convenient sensitivity analysis. By changing the
duration of an individual activity (or a group of activities) while
keepi ng other activity durations constant, one can easily conpute
the inpact of these changes on project mlestones and the

conpl etion tine.

3. PROBABI LI STI C APPROACH

A deterministic risk analysis can at best provide an upper
limt and/or a nost likely value (or in sone cases an expected
value) for the risk of performng a project. The user will not have
i nformati on about the Iikelihood of needing a certain | evel of
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contingency. The inportance of relating various |evels of exposure
(or contingency) with probability of their realization cannot
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be overenphasi zed. Wthout know edge of this relationship, the

ef fecti veness of decision nmaking will becone random On the other
hand, if uncertainty of various variables are formally introduced
into the cost and schedul e nodels, then one can arrive at a
distribution for the outcone of the analysis. This distribution
all ows the anal yst or the decision naker to make inforned decisions
regardi ng the project's managenent, budget and schedul e. [|ndeed,
many may suggest that there is no such thing as "determnistic risk
anal ysi s" because risk by definition is derived fromuncertainty
which in turn is a probabilistic concept.

| npl erenting a probabilistic approach in risk assessnment is
generally nore conplex than the traditional determnistic
approaches and requires nore input data. Conveying the results of
a probabilistic approach to the top decision nmakers nay be nore
difficult as well. Despite these issues, we feel that every effort
shoul d be made that a probabilistic analysis be conducted to assess
the levels of risk in a project. Wthout a probabilistic approach
a conplete profile of project risks cannot be developed. 1In this
section sone of the nore common probabilistic approaches in
construction managenent are descri bed.

In general, the probabilistic approach in assessing risk or
nmeasuring probability of cost or schedul e overrun/underrun is to
treat various conmponents of the project, especially those
conmponents that are expected to vary greatly, as random vari abl es.
The underlyi ng assunptions in both probabilistic scheduling and
estimating arc so simlar that we can discuss both subjects at the
sane tine. |In alnost every case, a nodel is devel oped for
predi cting the project cost or schedule. As this nodel is a
function of several random variables (those conponents of cost or
schedul e that have a fair chance of variation and are expected to
contribute to the total project uncertainty), it is itself a random
variable. |If one can estinate the distribution of the random
variable that is used to nodel total project cost or total project
duration, then one can conpute probabilities associated with
various |levels of confidence regarding neeting a specific deadline
or a prescribed budget level. The problemis that in many cases it
woul d be very difficult if at all possible, to analytically find
the distribution of the random vari able representing total project
cost or schedule. That is why in many cases a sinulation analysis
is conducted to arrive at the Cumul ative Distribution Function
(CDF) of the total cost or schedul e.

The followi ng factors nmay affect the anal ysis outcone:



- The choice of statistical distributions and parameters used to
nmodel individual project conponents

- The choi ce of the mathematical nodel for the total project
cost or schedul e

- The choi ce of anal ytical technique used to solve the
predi ctive nodel

In this report, these issues are described using a nunber of
exanpl es.
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Statistical Distributions

As mentioned earlier, the general approach in assessing
uncertainty in construction projects is to treat project conponents
with a high potential for variability as random variables. So an
activity's duration traditionally estimated with a single nunber,
or a unit cost itemthat the estimator usually estinmates based on
the information avail able determnistically, are nodel ed as random
variables wth specified neans and vari ances. |n nost cases,
specification of a distribution type is also needed in order to be
able to conduct a probabilistic analysis. Alnost always, a well -
known theoretical statistical distribution is used to nodel the
items variability. This is due to the fact that these statistical
di stributions are well-known, usually fully docunmented, and
therefore easier to work with and to evaluate. Gven the variety
of statistical distributions available, one is generally able to
choose a reasonable distribution for nodeling a certain paraneter's
variability.

In the past three decades research has been conducted on the
nature of construction cost and duration distributions. Several
features of cost and duration distributions have been identified.
For exanple, it is understood that the distribution should
preferably have confined limts, should only take positive val ues
in the ranges of interest, should be uninodal, and may be skewed
(unsymmetrical) (Spooner, 1974). For exanple, devel opers of PERT
(Program Eval uati on and Revi ew Techni que), a probabilistic network-
based schedul i ng techni que (PERT Cost Systens Design, 1962), have
suggested using a beta distribution to nodel activity duration
times. Beta is a uninodal distribution with confined | ower and
upper bounds (Fig.5.3) and can take several shapes dependi ng on the
distribution's shape factors. It provides a flexible nmeans for
nodel ing activity duration tines. PERT has been in use since the



|ate fifties.

Tei chol z (1964) found out that the cycle tines of construction
equi pnent (e.g. scrapers) follow a I ognormal distribution. This
was | ater supported by observations of O Shea el al (1966) and
Gaarslev (1969). Lognormal (Fig.5.4) is a uninodal distribution
that can take only positive values, and is skewed to the right.

Cick _HERE for graphic.
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In a nore recent study, it was found that the cost itenms (such
as overhead, concrete, electrical mechanical, etc.) in lowrise
office buildings (2-4 stories) are lognormally distributed (Touran
and Wser, 1992). Oher researchers have considered uniform (Fig
5.5) and triangular (Fig.5.6) distributions for nodeling cost or
duration (Makar and Bryant, 1990).

Regarding financial risks, one of the nost inportant itens is
the interest rate used in the analysis. Interest rate is a
function of the inflation rate, econom c growh, and | oan duration.
Both inflation and econom c growmh can be closely nodeled by a
normal distribution. The additional prenm um associated with | oan
duration may be nodeled as a linear function of tinme. So the
interest rate can also be nodeled as a distribution. Figure 5.7
shows a histogramof inflation rates in the United States. As can
be observed, a normal distribution can probably nodel the inflation
and the interest rate reasonably accurately. For other economc
i ndi cators such as gromh rate a | arge nunber of damis avail able
in various financial references (Bodie, et al, 1993).

Cick _HERE for graphic.
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General @uidelines for the Selection of Distribution: The
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foll owi ng gui delines can be used for specifying distributions: if
the anount of damregarding a conponent is very limted, or if the
conponent is expected to vary within a very narrow range, then a
uni formdistribution can be used since there is no preference
regarding the nost |ikely value of the distribution. An advantage
of uniformdistribution is its sinplicity and its ease of
visualization. |If the range is appreciable and sonme damis

avail abl e regarding the nost likely value of the distribution, then
a triangular distribution nmay be advantageous. For exanple, if the
estimator feels that the cost of ready-m x concrete is $65/cy but
may vary between $60/cy and $72/cy, then a triangular distribution
with a m ninumvalue of 60, a maxi num value of 72 and the nost

i kely value of 65 nmay be a proper choice. |If on the other hand,
the estimator thinks that the sane unit cost varies between $65 and
$69, then one may consider using a uniformdistribution with a

m ni mrum val ue of 65 and a maxi num val ue of 69. This woul d nmean
that it is equally likely that the unit cost of ready-m x concrete
takes any val ue between $65 and $69 per cubic yard.

Both beta and | ognornmal distributions resenble the triangular
distribution in the sense that the data is grouped around a node
and the distribution is not necessarily symetrical. In fact,
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i n PERT scheduling, the schedul er defines a beta distribution for
each activity duration by specifying a | ower bound, an upper bound,
and a nost |ikely value (Touran, 1992).

Anot her approach sonetinmes enployed is to use an enpiri cal
distribution to nodel a random conponent In this case, a histogram
of data collected previously on the conponent is used to nodel the
conponent's variation. The use of enpirical distributions
generally requires a conputer sinmulation for arriving at the
function representing the total cost or schedul e.

PROBABI LI STI C MODELI NG OF THE PRQIECT SCHEDULE
PERT Approach

The nost common approach in probabilistic scheduling is PERT
where every activity is nodeled as a random vari abl e distributed
according to a beta distribution. The total project duration is
conputed along the network's critical path (the | ongest path) by
addi ng the neans of the activities on the critical path. According
to Central Limt Theorem (CLT), the sum of several independent and
i dentical random variables is a randomvariable with an
approxi mately normal distribution. The nean of this normal random
variable is the sumof the means of the individual random vari abl es



and the variance of the total is the sumof the vari ances of the

i ndi vidual randomvariables. 1In this way, the total project
duration is nodeled as a normal distribution and its paraneters can
be conveniently estinmated fromthe activity data. |If activity

durations are not independent then the use of Central Limt Theorem
is not theoretically justified. For further explanation of PERT
refer to Moder, et al (1983).

The CLT can be used if the nunber of activities contributing
to the total project duration (i.e. activities on the critical
path) is relatively "large". Although sone statisticians have
suggested that the nunber of random vari ables should be | arger than
30 (e.g., Devore, 1991), experience shows that wi th nunbers | arger
than 10 (MIler, 1963), reasonabl e approximations to nornal
di stribution can be expected.

The other concern in applying CLT to PERT is that in sone.
cases, several paths in the project are alnost as long as the

critical path. In these cases it is possible that the shorter
pat hs that happen to have l|arger variances than critical path wll
become critical. |In such cases, the question is to what path the

CLT should be applied and which path is actually going to be the

| ongest ? One suggested solution has been to use the Monte Carlo
simul ation in analyzing these cases. This issue has been di scussed
under nerge event bias problemin various publications (Mder et

al, 1983).

Monte Carl o Simulation Techni que

In the Monte Carl o simulation approach, a random nunber is
generated on a conputer to generate a duration for each activity
using its distribution. These nunbers are used to schedul e
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the network and the total project duration is conputed. 1In this
process the activities on the critical path (the sequence of
activities with the |Iongest total duration) are identified. This
process of generating random nunbers according to various activity
distributions is repeated nmany tines (from several hundred tines to
several thousand tinmes) and every tinme the critical activities are
identified. Then a criticality index is conputed for each activity
that reflects the probability of the specified activity becom ng

critical. This criticality index is sinply the ratio of the nunber
of times an activity was on the critical path to the total nunber
of simulation runs. In this way, the activities with a high

probability of becomng critical are identified. This can help the
managenent to allocate a proper level of attention to these
conponents of the project.



Sof t war e

The anal yst has the option of using either a general purpose
simul ation | anguage such as SLAM (Pritsker, 1986) or SIMAN (Pegden
et al, 1990) to develop a nodel of the project schedule, or use a
speci al | y desi gned software package that allows conducting Mnte
Carlo sinmulation on a scheduling network. The first approach is
much nore flexible but requires nore tinme and the user has to have
expertise in nodeling probabilistic systens. 1In such an approach
ri sk measurenent can be done either using traditional network-based
schedul es or utilizing any appropriate relationship that
realistically defines a duration or productivity rate. Using a CPM
schedul e has the advantage that depicts activity precedence and can
serve as a convenient environment for devel oping a schedule risk
st udy.

The traditional network [acks the flexibility needed in
nodel i ng conpl ex yet quite probable situations. One such
flexibility is the possibility of probabilistic branching. As an
exanpl e, consider a transit project where the source of |oca
funding is uncertain. Mybe the |ocal agency or the owner is not
sure if the public is ready to foot the bill required for the |ocal
contribution. |In developing a schedule for the project, it would
be wi se to consider two paths. Each path has a certain probability
of realization. For exanple, the analyst may think that there is a
75% probability that the public will support a new tax to pay for
the I ocal share. There is a 25% probability however, that the
proposed tax will not be accepted and this can direct the project
schedul e through a | oop consisting of several activities (further
negoti ations, study, etc.) with a duration of several nonths. |If
the network can be nodel ed such that it allows probabilistic
branching after every mlestone, this uncertainty can be
i ncorporated into the nodel and proper actions anticipated. O her
potentially useful information would include but not be limted to
activity criticality indices, the distribution of tinme between any
two m|estones in the network (Pzitsker, et al, 1989), and
flexibility in nodeling correlations between activities.

The second and easier option is to use a software package
specifically designed to perform Mnte Carlo sinmulation on a CPM
networ k. Because of the increasing interest in probabilistic
schedul i ng, software, conpani es have devel oped such conputer
prograns. |In one such exanple (Monte Carlo, 1992), the software
allows the user to.either define an enpirical distribution for an
activity or choose froma nunber of distributions (triangular,
negati ve exponential, enpirical) for nodeling activity duration
times. The software allows the user to nodel activity correlations
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by using the sane percentile values when sanpling fromcorrel ated
distributions. This assunption reduces the systems flexibility
somehow, but is an inprovenent over the assunption of independence
that PERT uses. The software also permts probabilistic branching.
It is expected that many nore software devel opers will narket
software in this area in the near future.

Many factors affect the choice of nethodol ogy in network
analysis. Two exanples are presented in the follow ng sections to
illustrate some of these concerns.

EXAMPLE |

In order to illustrate the application of probabilistic
scheduling we have chosen a transit project currently underway.
A d Colony Railroad Rehabilitation Project (Od Colony DEIS, 1990)
i nvol ves the restoration of about 60 mles of railroad tracks,
construction of 14 new stations and the construction of a 1,200 ft
| ong bridge over the Neponset River in the south of Boston. The
area served by the A d Colony Project has seen rapid growth in the
past two decades and the existing highway and transit facilities do
not neet existing and especially future needs for access to Boston.
The nmain objectives of this project are to inprove transportation
services, provide cost-effective transit services, and provide a
nore equitable distribution of transportation benefits to the
residents of the area covered by the project (D Erano and Marti nez,
1991). The project is funded locally and by the Federal Transit
Admi nistration (FTA). The owner is Massachusetts Bay
Transportation Authority (MBTA).

The nodul e chosen for this study is "South Bay Undercrossing".
This is a construction nmodule with an estinmated cost of $18 million
i nvol ving buil di ng an underpass structure under the existing MBTA
Red Line. The major problemis that the Red Line service should
not be di srupted under any circunstances. This will require that
the contractor work on the Red Line relocation activities only in
the weekends in restricted hours. This requirenent conplicates
accurate estimation of these activity durations and creates
uncertainty regarding the schedule. A CPM network of the project
consisting of 44 activities was devel oped by the Engineer. Table
5.2 shows activities affected by the Red Line relocation operation
and their possible duration ranges.

Ranges provided in Table 5.2 were furnished by the experienced
Engi neer's personnel. Further, it was felt that although it was
possi ble that an activity m ght take anywhere between the m ni num
and maxi mum dur ati ons gi ven above, the duration distributions would
have a nodal point or a nost likely value. Estimtes of the nost



likely durations are provided in Colum (2) of Table 5.2. Because
of this observation is was decided to nodel activity duration tines
according to a triangular distribution (Fig. 5-6). Oher
activities of this 44-activity network were nodeled wth

determ nistic durations because a | arge variance was not expected
for their durations.

Monte Carl oTM sof t ware package by Prinmavera, Inc. was used to
conduct a risk analysis for this construction project. The
obj ective was to assess the inpact of activity duration uncertainty
on total project duration. Figure 5. 8 shows the CDF and the PDF of
the total project duration.
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The expected duration of the project is 588 days but the duration

range is from525 to 625 days. By |ooking at the PDF one can see

that the nost likely range for the duration is between 565 and 605
days. The probability of duration exceeding 617 days is extrenely
and can be reasonably disregarded

Cick HERE for graphic.

This information can help in assessing the inpact of this nodule on
ot her construction packages in this transit project. Depending on
the Master Schedule for the project, if the nodule studied here is
on the critical path and can cause delay in the final project
conpletion tine, then it would be wise to study alternatives for
schedul e conpression. Oherw se, a project duration of

approxi mately 605 days (with a probability of exceedi ng being only
20% seens to provide a reasonable margin of safety for the
schedul e.

This exanple illustrated the process of perform ng a schedul e
ri sk analysis. The process of systematically studying a schedul e
and identifying activities that nmay cause del ays and nodeling the
potenti al delays using statistical distributions, one can assess
the extent of the potential delay. The inpact of this potenti al
del ay on the project budget and master schedul e can then be
i nvestigated and mtigati ng neasures can be adopt ed.
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Cick HERE for graphic.
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Exampl e |

This exanple is taken from Touran (1992). It illustrates the
fact that risk assessnment and analysis for project duration do not
necessarily have to be tied to a scheduling network. Large
portions of the schedule nay not be of interest to top nanagenent
or may not show a large potential for variability. In such cases
it will be wise to focus on ¢ areas where variations in duration
can have a strong inpact on the project. As an exanple, we wll
exam ne a risk nodel that was devel oped as part of the Concept
Design Report for the MARA Inter Island and Qutfall tunnels (Tunnel
Ri sk Assessnent, 1989).

One objective of the study was to develop a CDF for the total
duration of tunnel boring for Inter Island and Qutfall tunnels. It
was argued that within the Deer |sland Treatnent Plant and
Facilities, the Qutfall tunnel was on the critical path and
noreover the activity with highest potential for variability was
tunnel boring. So it was sensible to conduct a risk analysis on
the tunnel boring operation. The tunnel duration consisted of
several conponents all of which were conputed according to the
fol |l owi ng procedure:

Tinme to tunnel in certain rock type, with a certain quality, with a
certain water inflowis equal to the Iength of the tunnel segnent

di vided by TBM achi eved rate in the sanme type of rock with the sane
quality and water inflow (Eg.1). TBM achieved rate is defined as
the product of TBMutilization rate (the time machine is boring as
a proportion of the total working hours) and
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the TBM penetration rate (instantaneous penetration rate) in the
sane type of rock with the sane quality and water inflow. W have
sinmplified the nodel so that it can be discussed here in a
reasonabl e space and at the sane tine have preserved the essentials
of the approach taken in the actual study.

The following criteria are consi dered:

Lijk
TijK = ~o-cmmmm-- (D
Pijk Ujk

In Eq. (1), Tijk is the tinme required to tunnel segnment denoted by
ijk, i is the rock type, j is rock quality (excellent, good, fair
poor, or altered based on Rock Quality Designation (RQ)), k is
water inflow rate (high, nmedium |ow based on permeability), Lijk is



the length of the tunnel in a certain rock, with a certain quality
and water inflowrate, Pijk and U jk are TBM penetration rate and
utilization rate at the given conditions.

Lijk =LWjkR Qj . . ... ... .(2

In Eq.(2), Lis the total tunnel length, R is the probability that
rock type i is encountered, Qj is the probability that rock of
quality j is encountered given rock type is i, and Wjk is the
probability of having water inflow rate k, given rock type is i and
rock quality is j.

Fromthis it is clear that Ojk =1 and also OLijk =L
k ijk

In Eq. (1), Pijk and U jk are both random vari abl es that provide
ranges for the utilization and penetration rates under assuned i,
j, and k conditions. Every randomvariable has to be identified
with a distribution and the rel evant paraneters. |n the actua
study, two sets of conputations have been carried out. In one,
uni formdi stri butions have been assumed for every random vari abl e.
In the second, triangular distributions have been assuned for every
random variable. For the uniformdistributions, ranges of
di stributions have been estimated based on the avail abl e
i nformati on, experience and expert opinions. For the triangular
di stributions, the nost likely value of every distribution was
estimated in addition to the distribution range.

For exanple, TBM penetration rate in Argillite, in excellent
rock conditions (RQ>>96), was estimated to vary between 10.1 and
14.1 ft/hr. The nost likely value for this rate was estinmated as
12.1 ft/hr. Also, it was assuned that water inflow w Il only
affect the utilization rate rather than the penetration rate. So
the specified ranges for TBM penetrati on were assunmed to be valid
regardl ess of water inflow conditions. |In this way a triangul ar
distribution or a uniformdistribution was conpletely specified for
penetration rate in Argillite in excellent conditions. The sane
approach was used to estinmate ranges of distributions to node
penetration rates with other qualities of Argillite or with other
types of rock expected to be encountered in the tunneling
operation. It is clear that a | arge nunber of random vari abl es had
to be specified in order to estimate various Tijk's.
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For conputing the CDF of the total tunnel duration, a Mnte
Carl o sinmulation approach was utilized. A conputer program was
devel oped that sanpled various statistical distributions specified
by the nodel ers to pick up values used in Eq.(1). Every random



vari ate specified was sanpl ed once. Values of Tijk's were conputed
depending on the i, j, and k that was sanpled. The Ttot = Oijk's
were conputed to provide total number of hours required for tunne
boring. This process of sanpling the distributions was repeated
100,000 tines and every tinme a Ttot was conputed. These Ttot's were
used to construct a CDF for the total tunnel duration. Using this
CDF, various confidence |levels could be conputed for the conpletion
of the tunneling operation. It is apparent that any existing
correl ati ons anong nodel paraneters in adjacent tunnel segnents
were neglected. Gven the nature of the project, one woul d expect
that it would be natural to expect correlation in tunneling
conditions in the adjacent tunnel segnents. The inpact of

di sregarding these correlations, is that as nost of the tine these
correlations are positive, the actual variance for project duration
wi |l be higher than the cal cul ated variance fromthe nodel. This
can give a fal se sense of security to the planner regarding the
chances for schedul e delay. Readers interested in further

di scussion of tunnel risk analysis are referred to Kim(1984). 1In
this report we shall address the issue of correlation anbng random
variables in the cost section where its inpact is nore obvious.

In order to illustrate the process of risk assessnent, a nuch
sinplified scenario of the above problemis presented and a
simul ati on approach is used to calculate the distribution of the
project duration. Touran (1992) provides an alternative solution
to this problemusing a direct analytical approach in |ieu of
si mul ati on.

Monte Carl o Simulation Approach: A Monte Carlo sinmulation study is
conducted on a sinplified version of Exanple 2 and conputations are
carried out wth hypothetical data. It is assuned that one is
interested in estimating the duration tine required for tunneling a
1,000 ft segment in a certain rock under specific conditions. The
duration tinme can be nodeled as Eq.(3):

T = ------- (3)

In Eq.(3), L =1,000 ft, and P and U are random vari abl es t hat
portray variations in the expected TBM penetration rate (P) and
utilization rate (U). Further it is assuned that both P and U are
i ndependent and both follow a uniformdistribution. The bounds of
the distributions may be estimated by doing a literature search,
exam ni ng historical data, or consulting experienced personnel. It
is assunmed that P may be any nunber between 8 ft/hr and 12 ft/hr
and U nay be between 40% and 60%

A sinple Monte Carl o sinmulation nodel was devel oped using
SLAM 1| software package. The sinulation was run for 10,000 ti nes.
At every run T was conputed. Table 5.3 shows the result of the
si mul ati on experiment.
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TABLE 5.3 - Tunnel Duration (Exanple I1)

Dur ati on (hours) Probability of finishing the project
by the duration in Col. (1)

(1) (2)

140 0

160 0.08
175 0. 20
190 0. 36
205 0.55
220 0.70
235 0. 80
250 0. 88
265 0.92
280 0. 95

Using this Table various confidence | evels can be investi gated.
According to analysis results, the average tine to bore the tunne
was 205 hours with a standard deviation of 33.8 hours. From Table
5.3 it can be deduced that there is a 70% chance that the project
can be conpleted within 220 hours. On the other hand, the
probability of finishing the project in 175 hours is only 20%

Exanpl es di scussed so far have illustrated typica
applications of probabilistic analysis to duration estinmation. All
the exanples cited above assune i ndependence anong vari abl es.

Anal ysis of correlated randomvariates is significantly nore
conplicated than i ndependent variates. General concerns in this
regard are explained in the next section of this chapter when cost
ri sk analysis is discussed.

PROBABI LI STI C MODELI NG OF THE PRQIECT COST

A common application of risk analysis in construction is to
conmpute the CDF of the total project cost. This in turn can help
the owner specify margins of safety needed for the I evels of
fundi ng required. The CDF devel oped by the contractor can help him
arrive at a reasonable contingency sumand to all ocate contingency
to various project activities (D ekmann, et al, 1988; Hackney,

1985; Jackson, et al, 1985). Again Monte Carlo sinulation
technique is continuously used in cost risk assessnment. At this
point we will exam ne the typical cost functions that are used for
ri sk nodel i ng.



The total project cost is nodeled as a randomvariable that is
the sum of several cost itemnms, thenselves being random nunbers. In
Eg.(4), Cot is the total project cost, and C's are various project
cost conponents.
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n
Qot = 00 o v v v (S
i =1

Qobviously, if one wants to consider cost variations in every snal
cost conponent that goes into a detailed estimte, the approach
woul d be inpractical. Because of this, the C's considered are
maj or itens that generally appear on the estinmate sunmary sheets
and ; he recap sheets. Also, it is understood that nost of the
total cost variation is due to the variability of a limted nunber
of components (Managenent of risk, 1989; Curran, 1989). So only
those itens with high potential for variation are considered as
random vari abl es and the Test of the itens am assuned to be fi xed.
Curran (1989) defines a critical variance for the bottomline. Any
singl e conponent that has the potential of changing the project
bottomline by nore than this critical variance is considered a
critical conponent and shoul d be nodel ed as a random vari abl e.
Curran suggests the critical variance to be 0.5% of the project
bottomline for conceptual estimtes and 0.2% of the bottomline
for detailed estimates. So, for exanple, in a $10, 000, 000
conceptual budget estimate, if any single conponent has the
potential of changing the total cost by nore than (0.5% ($10m =
$50, 000, then this conponent is considered critical. Furthernore,
Curran (1989) suggests that in over 90% of projects of all types,
the nunber of critical itens was fewer than 30. O her cost itens in
the project then, can be established as fixed values. Ctot in Eq.(4)
is then conposed of a fixed and a random conponent. As vari ous
C's can have various distributions, accurate conputation of Ctot

i nvol ves the conputation of a nunber of convolution integrals and
becones very | engthy.

Monte Carlo simulation can sinplify the process if a conputer
and the relevant software are available. It consists of generating
random nunbers according to g distributions, adding up these itens,
adding the fixed costs to these, and conputing the total project
cost. This procedure is repeated at |east several hundred tines,
and every tine a value for Ctot is conputed. The nunber of
iterations needed depends on the conplexity of the nodel and how
quickly the results of the analysis converge. It should be chosen
sufficiently large so that the outcone of the anal ysis does not
change by further increasing the nunber of iterations. A
hi stogram and later a Cunul ative Distribution Function (CDF) can



be constructed with the values of Ctot. The CDF can then be used to
estimate the probability of conpleting a project at or below a
certai n budget.

Problens with Monte Carl o Approach

Al t hough the Monte Carl o approach provides a straight forward
nmeans for probabilistic estimating, there are major l[imtations in
its application. First, one needs to establish statistica
di stributions for various cost conponents. Second, if the random
nunbers are not independent, their correlations should be fully
docunented for the correct inplenentation of the Monte Carlo
t echni que.
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Underlying Statistical Distributions: One |ogical nethod for
investigating the distribution type is to collect data fromsimlar
proj ects, assune a distribution, and performa proper test of
goodness of fit to evaluate the hypothesis. 1In the absence of

hi storical data, the sane general guidelines regarding the choice
of distribution nentioned earlier in the report can be used.

Correl ati on between project cost conponents: One of the nore
common sources of error in Monte Carlo sinulation is that it is
assuned t hat cost conponents are independent and changes in one
cost conponent do not affect any other cost conponent. This is
clearly inaccurate in typical construction projects; however, it is
assuned that if the correlation between variables is sufficiently
smal |, the assunption of independence does not create |arge errors.
General ly, disregarding the correlation between variables in a
Monte Carlo sinulation results in an underestimtion of the tota
cost variance as the effect of covariances (that are nostly

positive) in conmputing the variance is neglected. |In a study,
Toumrmm and Wser (1992) anal yzed the cost data for nore than one
thousand | owrise apartnment buildings. It was found that by

negl ecting the effect of correlations anong vari ables, the variance
of the total cost was underestimated by 50% This is clearly an
error in the unsafe direction as |arger variances nean hi gher
probability of cost deviation.

Cick HERE for graphic.

An Approxi mate Method for Incorporating Correlations: The accurate
met hod of incorporating correlations is tinme-consum ng and requires
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a great deal of data that is not always available. |In sone cases,
if the underlying distributions are not normal, it is not possible
to nmake an accurate analysis. One suggested nethod (Curran, 1990)
i nvol ves conbi ning highly correlated cost itens into a single cost
itemsuch that all the remaining cost itens (sonme of which are a
conbi nati on of several correlated cost itens) can be consi dered

i ndependent. For exanple, assune that a project cost consists of
ten cost items Cl to C10 (Touran and Wser, 1992). So we have,
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10
CGot =01 . . . . . . . . . . . .. .1(@0n
n=1

Furt her, assune that we have reason to believe that C4, C5, and C6
are highly correlated and that C9 is correlated with C10. Define C
and C' such that:

C
Cl

A+C+C6 . . . . . . L . . . ... (8)
c+Ccio . .. .. oo o0 (9

If the estimator can specify underlying distributions and
paraneters of C and C', and if the rest of cost conponents can be
assuned to be independent, then by rewiting Eq.(7) as Eq.(10). one
can conduct a Monte Carl o sinulation.

Ctot = Cl+C2+C3+C +Cr+C8+C" . . . . . .(10)
In Eq.(10) all the itens are assuned to be i ndependent.

Curran (1990) presents a hypothetical exanple to show the
application of the nethod described above. The problemis that in
many cases it will be difficult and even unnatural to |unp together
vari ous cost conponents and estimate their conbined range,
paraneters, and distribution.

The Accurate Method for Incorporating Correlations: For conducting
an accurate analysis of total cost variance, the joint density
functions of the correl ated cost conponents are needed. The PDF
that the estimator or risk analyst specifies for a certain cost
conponent is actually the marginal distribution of that cost
conmponent In general, if different cost conponents are not

i ndependent, knowi ng the marginals of these random variables is not
sufficient to obtain their joint density functions. Wthout the
joint density function, the correl ated random nunbers cannot be
generated for Monte Carlo sinulation. The case of nultivariate
normal distribution is an exception, however. I|f one has marginals
of the nmultivariate normal distribution and the covariance matri X,



then one can generally find the joint density and conduct the

anal ysis. This neans that the cost components have to be normally
distributed. Miltivariate normal distribution can be transforned
to nmultivariate | ognormal (Johnson and Ranberg, 1978). Also, in
speci al cases, one can use approxinmations to analyze the correl ated
random variates at the cost of reduced accuracy (Touran and W ser,
1992; Touran, 1993). This level of detail in conducting risk
analysis in construction however, is alnost never attenpted in
practice and the assunption of independence or the sinpler nethod
descri bed above is all that is actually used.

The Use of Rank-Order Correlations in Sinmulation: Although it is
not generally possible to generate correl ated random nunbers
according to non-normal margi nal distributions, |Iman and Conover
(1982) have presented a nethod for generating variables with
speci fied rank-ordered
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correlation coefficients (Morgan and Henrion, 1990). Rank
correlation coefficient between two random vari abl es neasures the
correlation between the of the values of the two random vari abl es.
Many of the software packages devel oped for risk analysis (@Rl SKTM
for exanple) allow the user to specify correlation coefficients
bet ween several random variables and then generate correl ated
random nunbers. It should be noted that these specified
correlations are rank correlations rather than the nore famli ar
Pearson correlation coefficients. Al though several authors have
clainmed that rank correlations are indeed very good neasures for
descri bing the degree of association between variables, we believe
that this assertion requires further study, especially in the
domai n of cost and schedul e risk anal ysis.

Conpr ehensi ve Cost Functions
Eg. (4) is the sinplest formof function that nmay be used for
cost risk analysis. A nore general nodel was suggested by D ekmann

(1983) and is presented with slight nodification in Eq.(11):

Cot = Ti( mi +w i )] +0j . ... (11)
i J

where the total cost is conposed of i categories of work and |

indirect cost itenms. qi is the work quantity in category i, m is
the unit material cost of category i, |li is the |labor productivity
rate (man-hours/q) for category i, wi is the wage rate related to

| abor i, and ¢ is the indirect cost itemj.



Again the Monte Carl o approach can be used to devel op a CDF
for Ctot. Any of the paraneters descri bed above nmay have vari ations
that have to be considered in the analysis. An analytical solution
may not be al ways conveni ent or even feasible depending on the
shape of the cost function. Conputations becone cunbersone
especially if reasonably conplex and realistic distributions such
as lognormal or beta are assuned for the paraneters.

Commerci al Softwar e

Most project cost functions can be nodeled in a format sim |l ar
to Egs.(4) and (11). Several software packages are avail abl e that
all ow the user to conduct risk analysis on a personal conputer
(generally using a simulation approach). In using these packages,
the user loses sone flexibility in nodeling but the process becones
conveni ent and fast. Understandi ng underlying assunptions used in
t he devel opnent of these packages are inportant if one wants to
avoid errors in the interpretation of results. Many of these
packages are designed as add-in nodul es to popul ar spreadsheet
prograns for personal conputers (either |1BM conpatible or
Maci ntosh) and are relatively inexpensive (e.g., @ skTM 1991) or
Crystal Ball TM1992)). So the user that is famliar with a
conmput er spreadsheet will now have the capability of nodeling any
cell value in the spreadsheet as a random variable. There is a
weal th of distributions to choose from and sone
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graphics capability is available. Furthernore, as noted above,
these software systens allow the user to specify different val ues
of correlation between various random vari abl es.

Exampl e 111

Assune a fixed guideway transit project's budget (or target
estimate) was estimated at $1,205 mllion. Further, assunme that
the project's critical conponents have been identified, their
di stributions and paraneters specified and a Monte Carl o sinulation
was conducted using the general format of EqQ.(4). A histogram and a
Currul ative Distribution Function (CDF) for the project has been
devel oped as presented in Figs. 5.9 and 5. 10.

Cick HERE for graphic.
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Table 5.4 gives statistics for the total costs. The conputation of
the CDF by Monte Carlo sinulation technique is very simlar to the
nmet hod described in Exanple 11 and will not be repeated here.

Table 5.4 shows that there is a 49.3% chance of having a cost
overrun for the

TABLE 5.4 - Total Project Costs Statistics

Sinmul ation lterations 2,000
Mean ($mllions) 1, 202. 47
Maxi mum ($ni || ions) 1, 497. 80
M ni mum ($m | 1ions) 800. 85
Total Cost (80% point on CDF of Fig.5.10)($m 1, 291. 60
Probability of Cost exceedi ng Target ($1,205m 49. 3%

project with the estimted or desired budget. If the owner is not
confortable with this likelihood | evel and would prefer a
confidence | evel of, say, 80% then the budget required would be
about $1,291.6 millions. In other words an $86.6 nmillion
contingency reserve is needed to assure with
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a level of confidence of 80% (Table 5.4) that the project will not
suffer cost overrun. Sone practitioners prefer to arrange the CDF
of Fig.5.10 in a slightly different way and devel op a so call ed
overrun profile for the project cost (Curran, 1989; CIl Publ.6-8,
1989) (Fig. 5.11). In this figure, the values of the y-axis are
sinply the conplenents of the values of y-axis of Fig.5.10. The
sane concl usions can be drawn fromFig.5.11. There is a 49. 3%
chance of budget overrun if the target estimate is $1,205 mllion
and there is a 20% (100% - 80% chance of budget overrun if the
target estimate is $1,291.6 mllion.

The same approach can be used by the contractor for arriving
at a reasonabl e contingency sumfor the project. The contractor
can develop a CDF for project cost (excluding contingency or
profit) and then choose a markup such that the probability of
| osing nmoney on the project falls below a certain threshold
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acceptable to him

| NTEGRATI ON OF FI NANCI AL AND CONSTRUCTI ON RI SKS

So far we have di scussed project construction cost and
schedul e risks, and financial risks separately. These risks al
i npact the project. A better picture of project's overall risks
can be constructed if financial and construction risks arc
incorporated in a single analysis. While separate anal yses
descri bed earlier can pinpoint specific problemareas, this
conbi ned i npact shows the overall project's chance of success. It
is especially useful fromthe sponsor and the owner's point of view
as it evaluates the adequacy of funding, the inpact of the shortage
of local funds or the increase of construction costs on the
project's fate.

EXAMPLE |V

In order to illustrate the inplenentation of both financia
and construction risks in an analysis, we have devel oped a
hypot heti cal case. The hypothetical case involves a major fixed
gui deway transit programconsisting of 12 mles of elevated tracks
and the related stations and equi pnent.

Constructi on Costs

Construction costs for a fixed guideway transit project are
estimted as described in EXAMPLE |11 above. The project spans
over a five year period and the total cost including escalation
factors is estimted as $1,205 mllion. Furthernore, the project
budget has been distributed between years using the project
schedule and is as given in the spreadsheet of Table 5.5. Each of
these annual budgets are assuned to follow a normal distribution
and for every year a contingency budget has been cal cul ated such
that the probability of cost overrun is kept to less than one third
(33%9. The total project contingency is $97.5 mllion that
provi des a confidence | evel of about 83% agai nst cost overrun. In
ot her words, there is a one chance in six that a cost overrun wl|l
occur. A CDF of the total project cost was given in Fig. 5.10
above.
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Proj ect Fi nanci ng

The project is financed fromthree primary sources of funds:
federal grants, excise tax revenues, and proceeds from bond issues.



The anpunt derived from federal sources is assuned to be certain
and is distributed as displayed in Table 5.5. The serial bonds

i ssued here are considered revenue bonds. |In other words, the
sal es tax revenues assuned here win be used to service the
repaynment of principal and interest of the bonds issued.

Sal es tax revenues in |later years will be used to repay the
debt and interest expense associated with the bond issues. These
revenues are assuned to grow at a nmean annual rate of 2.5% G owh
rates are drawn froma truncated normal distribution with a nean of
2.5% standard devi ation of 2.5% between -2.5%and 7.5% This
grow h rate reflects assunptions regarding i ncome of underlying
regi onal econony, popul ation trends, and expansi on of the regional
j ob base.

Interest Rates: Interest rates are nodeled as the inflation rate
plus a time premumthat increases with the bond's maturity. The
inflation rate itself is assuned to follow a truncated nor nal
distribution with a nmean of 3.25% and a standard devi ation of 3.25%
truncated between 0 and 6.5% (Bodie, et. al., 1992). Mean interest
rates for the serial bond issues used in this exanple are displayed
in Table 5.6. Another relevant interest rate is the rate the owner
can achieve fromthe surplus cash bal ances generated during the
project's life. This rate is nodeled as the inflation rate plus

1. 0%

Timng of Bond Issues: In this exanple, three serial bond issues
are enployed in years 1995, 1997, and 1999. These issues are tined
to provide positive cash flows during the construction phase of the
project. Bonds are issued according to the schedul e displayed in
Table 5.6 and have a total face value of $490 mllion. Interest
rates for the bond issues are tied to their longevity and to
variations in inflation rates. An upward sloping yield curve is
assuned. This nmeans that |onger termbonds carry a higher interest
rate than shorter term bonds. Tax revenues are not |arge enough to
provi de sufficient financing during construction. After
construction, bond principal and interest are offset by sales tax
revenues. The cash flows that result fromthis financing strategy
are robust in early years and sufficient in later years. In
practice, nore conplex bond issues would be used to m nimze the
surplus cash balances in early years. However, the sinplified
financing structure in this nodel captures the essence of cash flow
managenent reasonably well.
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Si mul ati on Anal ysis

It is assunmed that FTA will provide $765 mllion distributed
over a period of 5 years as given in the spreadsheet of Table 5.5.
This anbunts to about 60% of the total construction estate plus
contingency. This ratio appears to be reasonable given current
circunstances. $490 million is to be raised by issuing a series of
revenue bonds.

Random Vari abl es: Several itens in the spreadsheet of Table 5.5
show potential for chance variations. Construction expenditures
for every year are nodel ed according to normal distributions as

di scussed earlier Sales tax is a function of growh rate and
inflation; interest income and debt service are nodel ed as
functions of interest rate which itself is a function of inflation.
As the inflation and growh rates are nodel ed probabilistically,
sales tax, interest incone, and debt service becone probabilistic
vari abl es too.

Anal ysis of Results: A Mnte Carlo sinulation analysis was
conducted on the spreadsheet. This was acconplished by generating
random nunbers according to specified probabilistic nmodels for
2,000 iterations. The nunber of iterations was chosen sufficiently
large to allow the sinulation results to converge to their
theoretical values. There are several inportant issues that have
to be studied in this spreadsheet. First the planners have to nake
sure that the construction budget is sufficient and the contingency
reserve is sufficient to neet unexpected cost variations. This

i ssue was di scussed throughout this paper and specifically in
EXAMPLE |11 above.

Second, the ending cash bal ances shoul d be positive throughout
the spreadsheet. A negative value in any year neans a cash
shortfall that can create financial hardships and conplications in
the construction process. Simulation helps to assess the
probability of having negative cash
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bal ances throughout the project. Fig. 5.12 shows a Distribution
Sumary Graph for ending cash bal ances.

Cick HERE for graphic.

Cick HERE for graphic.
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Table 5.7 provides sunmmary statistics for this paraneter. As
can be seen the probability of having a negative cash bal ance
increases in the later years. This is expected because of the
nodel i ng approach used in this exanple. For every iteration, a
random val ue for inflation and gromh rate is generated for the
first year. |In subsequent years, the generated values for the
previ ous year will serve as the nean of the nornmal distribution
used to nodel growth rate and inflation rate. |In other words, the
val ue of growth rate and the inflation will depend on their val ues
in the previous year and will show a variance around the previous
year's value. Tax revenues, interest inconme and bond proceeds are
calcul ated mevery iteration based on the generated growth and
inflation rates. There are several alternatives to this approach
one can generate the val ues of tax revenues independently for
various years or one can nodel inflation and gromh rates as
functions of an initially specified random variabl e that increases
every year at a constant rate. Mre conplicated nodels based on
probabilistic treatnment of population trend, |ocal incone, etc. can
be conceived. It should be noted that one should set alimt to
nodel conplexity, otherwi se interpretation and analysis of results
may becone difficult. Also the nodel may becone intimdating to
the experienced personnel that nmay be contribute to the planning
effort by drawi ng upon their know edge and past experience.

As can be seen (Table 5.7) there is a 31.3% chance that the
project may sustain a cash shortfall in Year 2005. This
probability is 24.6% for the Year 2004. For earlier years this
probability is significantly | ower and never exceeds 8.9% Fig.
5.13 gives the ending cash flow distribution for the Year 2005.
Dependi ng on the planners' tolerance for risk, they may have to
deal with this situation. One option would be to consider issuing
nore bonds when needed. This option should be considered in
conjunction with the ability of the |local econony to repay the
debt. Another option would be to increase the sales tax rate.

Ei ther option could be pursued before the project is undertaken or
during the project when the funds are needed.

Cick _HERE for graphic.
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Anot her item of interest can be the growh of sales tax and
its variations. As the sales tax is the major source of servicing
the debt in this exanple, the project's sensitivity regarding the
variations in growh rate should be studied. This can be done at
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two levels. |In one nethod, one can determnistically change the
val ues of growth rate and for each scenario study the inpact on the
project's viability. |In another nethod, a sensitivity analysis can
be conducted while assum ng a probabilistic nodel for the growh
rate. This second nodel, though a bit nore conplex, is nore
realistic because it provides a neasure of uncertainty for every
scenari o studied.

Cick _HERE for graphic.

SUMVARY

The objective of this chapter was to introduce nethods and
procedures for quantifying cost and schedule risks. First, the
ri sk perception fromthe viewoint of the owner and the contractor
was di scussed. Then, the concept of project contingency was
covered. The techniques used in risk and nodeling were divided
into two major categories: determnistic and probabilistic.
Determ ni stic contingency and sensitivity analysis were descri bed.
Then probabilistic risk neasurenent using anal ytical and Mnte
Carl o sinmul ati on approaches were expl ai ned. |ssues and
difficulties involved in probabilistic risk measurenent such as the
choice of statistical distribution and the mathemati cal nodel used
for predicting total project cost or schedule were covered. Also
t he probl em of variable correlation was addressed and sone
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gui del i nes were suggested. Several tools and software systens used
in risk nmeasurenent were introduced and their strengths and
shortcom ngs reviewed. Application exanples were provided to show
how t he procedures presented were applied in practice. These
exanpl es covered schedul e and cost risks. One exanple in
particul ar, analyzed the interaction between financial and
construction risks. It was shown that while probabilistic approach
is in general nmom conplicated than the traditional methods of risk
neasurement, the additional information that results from an
effective probabilistic analysis clearly makes it the better

choice. Furthernore, availability of easy to use software and
recent increase in the use of these nethods have inproved the
under st andi ng of the professional community.
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CHAPTER 6 - RI SK ALLOCATI ON AND M TI GATI ON
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The objective of this chapter is to help the owner to allocate
the risks identified in the first step of the risk nanagenent
process (Fit. 1.1) to various parties involved in the project. The
owner should be doing this with a know edge of the magnitude of
risk (quantifies in step two, Fig. 1.1), because the risk magnitude
can inpact its optimal distribution.

In this chapter, we have considered nost of the itens
identified in the risk checklist (Chapter 2). Wile many itens
deal with project planning, a large nunber of risk factors pertain
to the construction process. These construction related itens
are usually allocated through clauses of the construction contract.
Because of this, developing a fair and careful construction
contract is of utnost inportance for effectively distributing risks
and keeping the probability of cost and schedul e overruns | ow.

I NTRODUCTI ON

One ri sk have been identified and neasured, the process of
risk allocation anongst the parties involved in the construction
proj ect may begin. Since the owner is the one who provides the
noney, it is his privilege to assign responsibilities.
Accordingly, he has the opportunity to reduce the total project
cost through effective allocation of financial, design, and
construction risks.

Publicly funded projects are usually awarded on a | unpsum
basi s through conpetitive bidding. Although objectives and
specific requirenents of major fixed guideway transit systens are
general ly defined carefully, not all of the project details are
known in advance. A good portion of these contracts involve
construction of underground facilities and tunnels where ground
behavi or cannot be predicted with great accuracy. Also, sone of
these projects are so conplex that there are few eligible
contenders to bid on the job. The traditional | unpsum approach
where the total risk is placed on the contractor's shoul ders
through rigid contractual |anguage is not necessarily optinma
(Busi ness Roundtable, 1982; ClI Publ. 5-3, 1988). Contract cl auses
that place an inequitable risk share on the contractor are not cost
effective for the owner (Dunlop, et al, 1988). Goss inequities in
ri sk sharing pronote negative working relationshi ps and increase
di sputes (CIl Publ. 5-3, 1988).

One exanple of risk allocation is the handling of contam nated
material. This is especially relevant in underground construction
and tunneling, where quantity and extent of contam nation is not
clear until the project is underway. Massachusetts Bay Transit
Aut hority (MBTA) for exanple, uses a unit-price contracting method



where the contractor is required to submt separate unit-prices

87

for disposal of contam nated and uncontam nated material. In this
way, the contractor would be conpensated for the handling of the
contam nated nmaterial and does not have to include a | arge
contingency in the bid to cope with the potential high cost of
dealing with an unknown quantity of contam nated materi al .

Al t hough the owner does not have the benefit of a fixed price, it
only pays the extra cost if and when excessive anmounts of

contam nated naterial are detected. So both parties, contractor
and the owner, benefit fromthis contractual agreenent.

Construction Industry Institute (Cll), a research group at the
Uni versity of Texas, conducted a study in 1988 to exam ne vari ous
aspects of risk allocation in construction projects. In |unmpsum
construction contracts, the follow ng clauses were found to be
extrenely inportant:

- | ndemmi ty

- Consequenti al danmages
- Differing conditions
- Del ay

Dependi ng upon who will be held responsible for each of the above

i ssues, project performance (cost, schedule, quality, and safety)
and the working rel ati onshi p between owner and the contractor wl|
be greatly affected. The study was concl uded by maki ng a nunber of
speci fic recomendati ons on the preparation of contract clauses
regarding risk allocation. Mst of these recommendati ons pointed
to sone mddl e ground between the extreme cases of either placing
the total risk on the contractor or keeping himconpletely
insulated fromrisk. The study was conducted by collecting
questionnaires from 36 contractors (many were

desi gner/constructors) and interviewing themlater to fine tune the
results of the analysis. Another simlar study (Cll, Publ. 51
1986) has shown that owners and contractors frequently interpret
risk allocation clauses differently and this also |eads to dispute.
So it is be inportant to spend effort clarifying any anbiguity and
pronoting a spirit of cooperation and understandi ng anong the
parties to the contract.

PRI NCI PLES OF RI SK ALLOCATI ON

Experi ence has shown that it is the owner who ultimtely bears
the burden of risks, whether he originally accepts them whether he
assigns themto the contractor and receives themback in the form



of higher bid contingencies and change orders, whether he receives
no proposal s because he transfers all risk to the contractor, or
whet her he pays for themvia court decree (Riggs, 1979; Kuesel
1979). Contract docunents should be prepared by the owner's |ega
staff with full know edge of construction nmanagenment and

engi neering as to howthe risks will be allocated with adequate
tinme for the selection of the appropriate | anguage, and with
sufficient time for review (R ggs, 1979). Wth reference to
optimal risk allocation, there are several tenets which owners
shoul d foll ow when instructing the legal staff. The prinmary
doctrines of risk allocation are:
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- Al'locate the risk to the party who is in the best
position to control it 1(D ekmann et al, 1988; Thonpson &
Perry, 1992; Branble et al, 1990, Wdeman, 1992)

- Whi ch party is in the best position to accept the risk if
it cannot be controlled? (Mnpson & Perry; Wdeman, 1992)

- Consider the ability of the party receiving the risk to
survive the consequences if the risk occurs (Branble et
al, 1990; Thonpson & Perry, 1992; Di ekmann et al, 1988;

Nadel , 1979)
- Consi der whet her the dollar prem um charged by the
transferee will be acceptable and reasonabl e (Thonpson &

Perry, 1992)

- Do not penalize a party for accepting a risk; for
exanpl e, do not use a no damages for owner caused del ay
clause in conjunction with a |iquidated damages cl ause
(Branmbl e et al, 1990)

- Eval uate the potential for new risks being transferred
back to the owner when initial allocations are nade
(Thonpson & Perry, 1992; Wdenan, 1992)

Rl SK MANAGEMENT STRATEd ES
Backgr ound

Vari ous experts have devel oped ri sk nanagenent strategies to
hel p the owner select the nost suitable option for a given risk.
Since many options appear sinultaneously in various references, we
first delineate each recommendation in a succinct formand then
explain the common interpretation of all possible options.
Subsequently, we shall present our selection of the best options
and the reasons why they were chosen. The references chosen here
have used several references thenselves, so the following is the
result of numerous studies, projects, and individual expertise. In
short, this synthesis conveys the state of know edge on risk
all ocation at this tine.

D ekmann et al, (1988) propose the following alternative risk



mtigation tactics and suggest that the owner select the nost
appropriate alternative(s):

" Elimnate the risk by banning the activity, process, or
mat eri al

- Reduce the risk by substituting a | ess risky nethod,
process or nateri al

- Transfer the risk to another party

- Share the risk

- Retain the risk uninsured.”

W deman (1992) classifies risk mtigation neasures as foll ows:

1Who is in the best position to control the events that may lead to
the risk event? For exanple. when a railway alignnent is proposed
to transverse a densely popul ated urban area, vibrations froma
passing train are likely to inpact adjacent buildings. Since the
designer is in the best position to mnimze the likelihood of

t hese vi bration, he should be allocated such a responsibility.
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- Unr ecogni zed, unmanaged or ignored (by default)

- Recogni zed but no action taken (absorbed as a matter of
pol i cy)

- Avoi ded (by taking appropriate steps)

- Reduced (by an alternative approach)

- Shared (with others, e.g., by joint ventures)

- Transferred (to others through contract or insurance)

- Ret ai ned and absorbed (by prudent all owances)

- Handl ed by a conbi nati on of the above."

Al - Bahar and Crandall (1990) suggest that the project risks
can be mtigated through risk avoidance, |oss reduction and risk
prevention, risk retention, risk transfer (noninsurance or
contractual ) and insurance.

Lasdy, the C.I.I. publication 6-8 "Managenent of Project Risk
and Uncertainties" (1989) proposed that risk control actions fall
into two w de categories: Advanced Pl anning Actions and Ri sk
Cont ai nment Actions, the first of which is applicable here and
consi sts of risk avoidance, risk sharing, risk reduction, risk
transfer, insurance, risk acceptance with contingency, and risk
acceptance w thout contingency.

RI SK M Tl GATI ON MEASURES



Based on the foregoing studies and ot her extensive research,
we have concluded that risks may be allocated by one or nore of die
foll owi ng options:

- Ri sk accept ance
- Ri sk reduction
- Ri sk sharing

- Ri sk transfer

- Ri sk avoi dance

Thee |ist has been organi zed such that responsibility and
ultimate control that the owner retains for a particular risk
changes fromhigh to low. For exanple, if the owner accepts the
risk of inflation, he has relieved the contractor of the risk
burden al together. He has placed hinmself in the position of
controlling the inflation risk and nust consider options such as
contingency, currency futures, or interest bearing investnents. At
the other end of the spectrum an owner may choose to avoid a risk.
As a result, he will hope to have no responsibility for it and have
little control over it (other than to continue to avoid it). These
five options, while covering all methods of risk mtigation
consol i dates sonme mitigation neasures suggested by others. For
exanpl e, insurance is generally considered as a risk transfer
measure. So there is no need to have both insurance and ri sk
transfer as independent mitigation neasures; rather, insurance is
treated as a subcategory of risk transfer. Simlarly, risk
acceptance with contingency and risk acceptance w thout contingency
are both nethods of accepting the risk and can be treated under one
mtigation neasure. Now, we further elaborate on each of these
alternatives. It should be noted that in many cases, a conbination
of these neasures are called for to properly allocate and mtigate
a certain risk.
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Ri sk Acceptance: Risk acceptance connotes that the owner wll
assune the whole or a portion of the nonetary inpact of the risk.
Not e that acceptance may be planned or uncontenplated. A planned
ri sk acceptance indicates that. the owner has thoughtfully

i nvestigated and deliberately chosen to retain an identified risk

(Al -Bahar & Crandall, 1990). |In order for a risk to be accepted it
will generally conply with one of the follow ng conditions:
"A It is voluntarily assuned

No alternative is avail able

The risky outcone is unknown with certainty

Exposure i s essenti al

The negative consequences are ordinary" (D ekmann et at,
1988)

moOw



An uncontenpl ated ri sk acceptance occurs when the owner fails
to identify or recognize the risk, and therefore unknow ngly
accepts the risk that may happen. Generally, such instances occur
when the owner fails to performa thorough risk identification
anal ysis, and by default, passively retains the risk and this is
when it is nost costly to the owner. Alternately, uncontenpl ated
ri sk acceptance occurs when the owner correctly identifies a risk,
but fails to or cannot properly assess the size of the potentia
| osses. (Al -Bahar & Crandall, 1990)

Ri sk acceptance may be made with contingency or wthout
contingency. Contingency is a sumof noney or period of tinme set
aside fromthe general construction funds to pay for | osses that
actually occur. As described in Chapter 5, the total contingency
budget will be the sum of the contingencies calculated for various
ri sk conmponents in the project. To the extent that total project
costs do not exceed the planned budget with the planned contingency
suns, the owner will not have to search for additional funding.

Ri sk acceptance w thout contingency should only be consi dered when
funding limtations preclude a properly inplenented contingency
account. This however, is a risky strategy. |f such an instance
shoul d occur, the accepted risk itenms should have a | ow probability
of occurrence or |ow potential inpact.

Ri sk Reduction: In the context of this report, risk reduction
inplies that the owner has accepted the risk but has taken certain
def ensi ve planning actions to lower its potential inpact. This may
be acconplished in two ways: 1) lowering the probability of a risk,
and/or 2) lowering the dollar inpact of the risk if it does occur.
Exanpl es of specific actions that project managenent nay pursue are
l'isted bel ow

" - Qual i fied personne
- Qual i fied subcontractors
- Saf ety/ 1 oss control program
- Responsibility allocation
- Strong project controls
- Constructability anal ysis
- Pareto's | aw contro
- Critical itenms reporting
- Cont i ngency account managemnent
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- Subst ance abuse program
- Tr ai ni ng prograns
- Proj ect | abor agreenent
- Ri sk re-eval uation
- Crisis managenment” (C.1.1.- Pub 6-8,1989)



Ri sk reduction may al so be acconplished by selection of an
al ternative which possesses a lower risk. The alternative may be a
different process, material, or nethod that still acconplishes the
sane goal (D elanann et al, 1988). Alternates are often engendered
by constructability reviews, alternative bids, and val ue
engi neeri ng.

Ri sk Sharing: Wwen it is inpossible or inpractical for one party
to control a specific risk, the task may be better nanaged by
dividing it such that two or nore parties nmanage the portion that
they are best able to control individually. An excellent exanple
of risk sharing is the devel opnment of a joint venture by
contractors. A joint venture is the result of the unification of
two or nore contracting firns to build a single project. These
types of organizations are often extrenely well suited for the
pool i ng of conplinmentary resources and facilities, for spreading
construction risks, and for acconplishing tasks greater than any
i ndi vidual firmacting alone can undertake. For exanple, in a
maj or fixed guideway transit project, a heavy construction conpany
and a nechanical/electrical contractor may join forces to
acconpl i sh the project.

At arisk itemlevel, an owner may share inflationary risks
with a contractor in projects with long durations. In this way
both parties will be exposed to a risk item none of whom have nuch
control over.

At the contractual |evel, risks may be shared through the use
of a Guaranteed Maxi mum Price (GW) Contract. Wth this type of
contract, the contractor is reinbursed for costs incurred plus a

fee up to the contract ceiling. |If the project costs exceed the
guar ant eed maxi mum the owner is exposed to risks for the costs
bel ow the ceiling. It should be noted however, that cost plus
contracts are not commonly used in public works contracting.
Because of this, we will not be investigating this option in great
detail .

Ri sk Transfer: Risk transfer nay be acconplished by allocating the
risk contractually to either of two major groups: 1) contractor,
desi gner, material supplier, subcontractor, etc., or 2) insurance
and bonding. Wen allocating risk to the first group, the owner

wi |l achieve the best overall result by recognizing the doctrines
of risk allocation set forth earlier in this section. |In those

i nstances where the anount of transferred risk results in | ow
conpetition or high bid prices, the owner should elect to utilize
the services of professional risk insurers. The following is a
list of risks which nay be insured:
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"1 DI RECT PROPERTY DAMAGE

- Resulting fromauto collision or other auto events
- To equipnent, in transit or handling, etc.

- To project materials, including theft

2 | NDI RECT CONSEQUENTI AL LOSS

- Cost of renoving direct |oss debris
- Equi pnent repl acenent

- Rental incone |oss

- Business interruption

- I ncreased financing

3 LEGAL LI ABILITY
- Public bodily harm
- Property danmge arising fromnegligence of others
- Damage to the project entity due to:
Design errors
Excavation errors
Project failure to performas specified

4 PERSONNEL- RELATED

- Enpl oyee bodily injury

- Cost to replace enpl oyee

- Resul ting business |oss" (Wdeman, 1992)

Ri sk Avoi dance: One obvious neasure to avoid risks is not to
proceed with the project at all. This option may not be al ways
avai l able. However, it is still possible to avoid certain risky
tasks, materials, or processes. For exanple, use of a new

technol ogy, although potentially attractive, may result in costly
conplications; a traditional technology in such a case would avoid
the risk of using that new technol ogy altogether. As various
phases of project planning and design such an Alternatives

Anal ysis, Draft and Final Environnental |npact Statenents are
conpl eted and approved, the ability to avoid risks dimnishes. In
such cases, other mitigation nmeasures are usually used to limt the
owner's exposure to ri sk.

Rl SK ALLOCATI ON TABLE

In our research, we found out that although a great deal of
effort had been expended on various nethods of risk allocation and
mtigation, nost of the research was fragnmented and specific to a
single or a fewrisk itens. The notable exception was tunneling
and under ground construction. Because of the nature of these
projects and the extent of uncertainty involved, several concerted



efforts in this area have resulted in a few high quality
publ i cati ons.
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In our view, it is valuable to use these various references
and conpile themin a tabular format; this will bring together the
results of the research and experience in the past two decades in
the area of risk allocation and nmitigation.

The following risk allocation table is a conpilation of
numer ous procedures enpl oyed and suggested by industry
prof essi onal s and educators. It is organized with the sane fornat
as the risk checklist presented earlier in this report.
Otentines, the reader is given nore than one allocation option.
Thi s has been done because no one solution is appropriate for al
projects. OmMng to the uniqueness of every project, mnagenent
nmust sel ect fromanong the mitigation techniques for the nost
appropriate. Every action or reason provided in the table is
referenced to one or nore publication. A list of publications
referenced in the table is given at the end of this chapter
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Cick _HERE for graphic.

1 The nunbers in parentheses refer to references given at the end
of the Risk Allocation Table.

2 One solution may be the inclusion of a specific "Suspension”
clause for political events.
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3 By requiring | abor agreenents for the period of contract fromthe
contractor
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4 The owner may also require a detailed bid breakdown fromthe
| owest apparent bidder.

51t is probably wse to accept the risk when project duration > 24
nont hs.

6 Ot her neasures may include issuing of interimNIP s and receiving
aut hori zation for distinct project phases.
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7 Use of Val ue Engineering clauses nay al so be effective.
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Cick _HERE for graphic.
8 The owner may require the contractor to provide alternate bid
prices with various conpletion tines.

9 It is good practice to specigy a nethod for determng tine
ext ensi ons.

10 Require that changed conditions be reported prior to proceeding
wi th affected work.
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11 Assigning too much risk to Engineering may result in expensive
over desi gns.
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12 It is recommended that the site be videotaped prior to the bid to
reduce cl ains of changed conditions, etc.
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13 For exanple, in case where there is a potential for hazardous
materials, the owner may ask the bidders to provide unit prices
contingent on encountering such materials. This would generally
not affect the total bid but will cone into effect if indeed the
contractor encounters hazardous material during construction.

14 It is prudent to clearly specify bases for bid rejection and

wi t hdr awal
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15 This nethod of contractinf is not conmon in public works
proj ects.
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16 Sonme of the economc factors that contractors consider in
deciding on the |level of markup in a |unpsum contract would be the
amount of their backlog (generally, the larger the backlog, the

hi gher the | evel of markup), the nunber and the identity of
conmpetitors, and general economc conditions (in slow tines markup
tends to be | ower).

17 For exanple, the MBTA (Massachusetts) prequalifies bidders for
contracts over $1 mllion.
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18 One has to nmake sure that using wap-up insurance will not
benefit unsafe contractors.

107
Click_HERE for graphic.

108

dick HERE for graphic.

19 Because it may not be cost effective to shift this risk to the
contractor.


http://www.fta.dot.gov/library/planning/SSW/SSWP105.GIF
http://www.fta.dot.gov/library/planning/SSW/SSWP106.GIF
http://www.fta.dot.gov/library/planning/SSW/SSWP107.GIF
http://www.fta.dot.gov/library/planning/SSW/SSWP108.GIF
http://www.fta.dot.gov/library/planning/SSW/SSWP109.GIF

109

dick HERE for graphic.

20 The owner nmy consi der establishing penalties for nonconpliance
with DBE rul es.

21 By using a turnkey approach all the weather risk could be
allocated to the contractor except where governed by state
| aws(34).
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22 Defensive engineering refers to the situation where the Engi neer,
feeling threatened by the perceived high Ievel of risk in the
design contract, attenpts to design the project conservatively and
hence often expensively.

23 XCU. coll apse of buildings, blasting, damage to underground
property.
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APPENDI X B - SUPPLEMENTARY COMMENTS ON
THE RI SK CHECKLI ST

Thi s Appendi x contains suppl enmentary conments on nost of the
risk itens presented in Chapter 2. These comments are included to
further clarify risk itens and to highlight inportant issues. Not
every itemin the checklist is explained here; rather, we have
focused on nore sensitive itens or those that we felt needed
clarification. Although the risk checklist was devel oped fromthe
owner's point of view, many of the comments given here reflect
contractor's concerns al so.

| . PRQJECT FEASIBI LITY
A. Technical Feasibility

The degree to which the plans call for specialized personnel

nmet hods, and equi pnent will inpact the risks inherent in the
proj ect .

1) Is the technical process or design mature?

2) Are there portions of the project which contain non-

standard desi gn technol ogy or highly technol ogi cal
el enents with strict tol erances?

3) WIIl the design require the contractor to enploy highly
trai ned personnel and will the contractor be able to
control the quality of their work?

4) Does the contract require the use of specialized
equi pment ? For exanple, will such equi pnent be needed for
excavation, shoring, survey and |ayout, neasuring,



5)

6)

concrete formmork, concrete placenent, erection, lifting,
testing or safety? Mreover, what is the availability and
reliability of such equi pnent?

Does the contract call for specialized nmethods to achieve
the desired goal s? Such nethods may entail earth

stabi lization, underpinning nethods, specialized
excavation, environnmental controls, steel erection and
tensioning, marine specialties, all which my be beyond
construction practice. Alternately, is the contractor
allowed to select a nethod with which he is nost famliar
and still able to reach the chosen goal ?
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What is the magnitude to which the contract calls for
several different craft disciplines to be working in
close proximty to each other (i.e. electricians,

| aborers, nmechanical, HVAC, mllwights, instrunmentation,
operating engineers, etc.)?

B. Long termviability

Wth the increasing budgetary constraints, the self-sufficiency of
transit systens may becone an increasing inportant issue.

1)

2)

3)

4)

To what extent will the project require long-term
operating and nai nt enance subsi di es?

What are the denographic projections for this area? That
is, will the project serve smaller and snaller
popul ati ons?

What is the future capacity of the systenf |Is the project
desi gned such that it can be expanded easily?

Has a rigorous Alternatives Anal ysis been conducted?

C. Political G rcunstances

1)

W1l there be unusual governnent intervention in any of
t he foll ow ng?

desi gn st andards

envi ronnental issues

site |l ocation

pricing

reporting requirenents

permt issuance

I nspecti ons

cust ons

SQ "o a0 oe



2) What are the chances for: riots, strikes, etc.?
3) What are the long termplans for the conmunity?
1. FUNDI NG

A. Fundi ng Sources

1)

2)

3)
4)
5)
6)

7)

Federal share
Local government contribution
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State contribution

Private Financing

Ri ght of way devel opnent rights
Tax exenptions or concessions

Far ebox revenues

How reliable amthe sources of funding nmentioned above? Can any
surprises be expected in obtaining funds fromany of the above
sources that can drastically inpact the project fate? How nuch
coordi nati on between various funding agencies will be required? Is
joint devel opnent a viable alternative?

B. Inflation and gromh rates

1)

2)

3)

4)

WIl the work be performed during periods of economc
stability or will it be executed when the econony is
experiencing variations? During the tinmes of economc
growth, the possibility of raising taxes and neeting
project's financial obligations is greater.

WIl the project |last beyond the tine that accurate
predi cti ons can be made about inflation?

Are suppliers willing to give fixed prices for goods and
services that may not be delivered for several years?

Have reasonabl e al | owances been nade for inflation? How
the regional growh rate is going to affect the |oca
source of fundi ng?



C. Accuracy of Cost and Contingency Anal ysis
1) I s the contingency anount sinply added as a fixed
percentage of the total project cost or has a serious
effort been nmade to determ ne risks?

2) Is there a wide spread in the bids received?

3) Is there a | arge di screpancy between the engineers
estimate and the bids received?

D. Cash Fl ow

1) Are the cash flow estimtes reasonabl e and fundabl e?
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2) Are there | arge discrepanci es between the budget cash

flow and the project construction expenditure plan? I|f
so, who woul d be responsible for interimfinancing?

E. Exchange Rates

1) If foreign contractors are involved in the project, have
fluctuations in "change rates been planned for?

F. Appropriation
1) Have the funds been appropriated or only authorized.?
2) WI 1l there be adequate funding until conpletion? Howis

the all ocated funds distributed throughout the project
construction period? Al so see issues under Cash Fl ow.

[11. PLANN NG
A. Scope
1) Is the scope clearly defined and understood by al

parties involved so that chances for additional work
orders are mnimzed?

B. Conplexity of the Project

1) Is the project so conplex that it will be difficult to
see how all the parts fit together?

C. Technical Constraints



1)

Refer to Technical Feasibility under Project Feasibility.

D. Sole Source Material or Service Providers

1)

What is the possibility of project conpletion if a sole
source supplier ceases operations? Have contingency

pl ans been nade to create a new conpany to replace a sole
source supplier?

E. Constructabilty

1)

Is an effort being nmade to nmake the design as
constructabl e as possible? Are there plans to formally
study design in order to i nprove and enhance construction
process?
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F. M| estones (Schedul e)

1)

2)

3)

G Tinme To

1)

2)

How crucial is the conpletion of mlestones with respect
to the entire project?

How many critical paths have been created as a result of
m | est ones?

What is the |level of |iquidated danages associated with
project ml estones?

Conpl et e (Schedul e)

Condensed Schedul e

a. What is the extent to which schedul e conpletion
ti mes have been shifted fromthe ideal to the
m ni munf

b. How does the contract address nultiple shift work
due to schedul e conpression?

C. Have al | onances been made for changes in

productivity due to conpression?

Nor mal Schedul e
a. WIIl the project be of such a long duration that the
ri sk of exposure to unknown conditions is high?

H. Synchroni zati on of Wrk and Paynent Schedul es

1)

Is there the possibility of front-end | oadi ng?



2) Is there any benefit to provide nobilization fund to the
contractor? Is it possible to reduce retained
I V. ENG NEERI NG
A. Design and Performance Standards
B. Unreliable Data
1) | s any aspect of the project information or technica
data avail able to the engi neers unreliable, inconplete,
or inadequate?

C. Complexity

1) Does this project have any conponents whi ch have never
been desi gned before?

D. Conpl et eness of Design
1) To what extent is design conplete? This can be very

i nportant when soliciting turnkey proposals. Wat effect
wi Il this have on the contingency suns that the bids

contain?
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E. Accountability For Design
1) s the owner or the engineer willing to accept

responsibility for errors and om ssions in design?

2) What is the extent and rigorousness of the design review
process?

F. SystemIntegration
1) Are design interface points being studied? Are these
interface points conpatible so that there will be '"a
smoot h transition?
V. TYPE OF CONTRACT

A. Lunpsum

The primary risk factors to the owner with this type of contract
are:



1) Changes in scope resulting in paynent adjustnents on a
non-conpetitive basis.

2) Unf oreseen conplexities in field conditions that may
result in change in quantities.

3) Differing site conditions (DSC) i.e. conditions that have
changed materially fromthose manifested by the contract
docunents and coul d not have been reasonably foreseen.

4) Excusabl e delay conditions - i.e. delays which are
allowed within the contract, allowing the contractor nore
time and possi bly nore noney.

5) If quality expectations are not clearly defined, the
contractor will be tenpted to take short cuts in order to
conpl ete the project as soon as possible.

B. Unit Price

The primary risk factors to the owner with this type of contract

are:
1) Payment adjustnments for quantity over-runs
2) Differing site conditions
3) Excusabl e del ay conditions
4) Term nation for conveni ence
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C. Cost Plus

Al though this type of contracts have not been w dely used on public
proj ects, they nmay provide vehicles for innovative procurenent
i nvol vi ng public-private partnerships.

VI .

A

CONTRACTI NG ARRANGEMENT

Turnkey - when the contractor will design, build and start up
t he project.

Joint Venture - i.e. when two or nore contractors pool their
resources to build a project under one organization.

Single Prinme Contractor - owner contracts with one conpany to



bui | d the project

D. Several Prinme Contractors - owner contracts with two or nore
di stinct constructors.

E. | nnovati ve Procurenent Methods - a wi de range of contracting
arrangenent related to involving public-private financing such
as super turnkey, build-operate-transfer, etc. have been
proposed that can be used under special circunstances and wl |l
have profound risk inplications for the project.

VII. Regional and Local Business Conditions

A Nunber of Bidders

B. Unenpl oynent Rate in Construction Trades

C. Wor kl oad of Regi onal Contractors

These conditions directly inpact the bid value submtted by the
contractor. The traditional contractor decides on his markup based
on his existing backlog, the conpetition, and the economc
conditions. In tinmes of econom c hardship there is generally an

i ncrease in the nunber of bidders with a sharp decrease in the bid
values. This can benefit the owner and can be considered as an

i mportant factor in planning and timng of major projects.

VI11. CONTRACTOR RELI ABI LITY

A. Contractor's Capability

1) How much experience does the contractor have on projects
with the sanme goals and size?
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2) What was the contractor's profit margins on simlar
projects (if possible)?
B. Contractor's Capacity
1) What is the contractor's work in progress?
2) What percentage of the contractor's total work vol une

W ll this project account for?

3) What else is the contractor bidding on and what are his
chances for the award?

4) Does the contractor have the bonding capacity for this



proj ect?

C. Contractor's Credit Wrthiness

1)
2)
3)
4)

5)

Profitability trend

Dept h of bank support

Total Assets and equity
Agi ng of accounts receivable

Debt | evels

D. Experience of Personnel

1)

2)

3)

4)

Years of experience of key personnel

What is the nunber of P.E 's and the people with advanced
degrees on the contractor's payroll?

What is the contractors reputation for integrity and
quality of workmanshi p?

What is the background of the owner(s) of the contracting
conpany? Are there any character issues with the owners
or the contractor's key personnel ?

I X. OMNER | NVOLVEMENT

The extent to which the owner needs to becone involved with any of
the followng factors in order to control risk.
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A. Managenent of Project

1)

How nmuch tinme and effort will be required in the overal
supervi si on of design, construction, scheduling, quality
control, cost and scope may depend on the type of
contract sel ected.

B. Supplying of Materi al

1)

The owner may reduce project costs by purchasing sone
itens directly fromsuppliers. This benefit is derived
from mass purchasing power and the ability to nake | arge
paynments w thout affecting cash fl ow



2) What are the consequences if owner-furnished materials or
equi pnent are | ate or unsuitable.

C. Testing and | nspection

1) What are the gains in tine and quality if the owner
utilizes his own testing and inspection facilities?

D. Safety Prograns

1) Does owner invol venent in worker and site safety mnimze
clainms and risks? How does the contractor view this?

E. Communi cations and Probl em Sol vi ng

1) To what extent is the owmer wlling and able to resolve
problens rapidly, to avoid delays and antagonistic
rel ationshi ps?

2) Is a Dispute Resol ution Board (DRB) being planned,
especially for projects involving underground
construction?

F. Partnering - This is a relatively new managenent approach that
attenpts to reduce adversarial relationship between project
parties.

1) Are there any plans for utilizing partnering concept in
the project?

G Start-up Operations
1) What are the plans for the project start-up period? Do

the owner's operating personnel have to interface with
the contractor? WIIl this interface period be snooth?
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X. REGULATORY CONDI TI ONS
A. Licenses and Permts
1) otaining permts in advance of construction wll

mnimze delay clains. Permts required for the
construction operations can best be obtained by the
contractor though.

B. Environnental Regul ati ons and Requirenents



1) Are existing regul ations overly conservative and require
the use of extensive and expensive renedi es?

C. Patent Infringenent
1) W1l the use of an existing patent create undue royalty
paynents or litigation? Is the cost of such use known in
advance of the start of the project?

D. Taxes and Duti es

1) WI1l an existing tax or duty unfairly rule out a superior
foreign contractor or supplier?

E. DBE I nvol venent

1) What are the DBE requirenents?

2) What is the probability of finding an adequate nunber of
conpetent DBE firnms that are available for work in the
area?

3) What has been the experience of potential bidders with

DBE firms in the region?

XI. ACTS OF GOD

XIl. SITE
A. Access
1) Is the existing infrastructure capable of handling the
construction traffic along with the nornmal vol une?
2) How many tinmes will the traffic have to be rerouted
during the course of construction?
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3) Do the existing roads and bridges have the wei ght
capacity to handl e construction tonnages?
4) Are the existing roads w de enough to accommodate the

mat eri al s and equi pnent that nust be noved into the area?

5) s site access restricted by owner or prior contracts?



6)

7)

B. Congesti

1)

2)

3)

4)

5)

6)

What is the nature and nunber of alternative routes
avail able to the contractors?

Is access to the site limted to certain times of the
day?

on

Is there sufficient acreage for work stagi ng and
materi als storage?

How nuch coordi nati on bet ween contractors will be
requi red when the joint occupancy of the site increases?

Who will be responsible for coordinating the contractors?

WI1l any of the contracts have to be accelerated just to
satisfy turn-over requirenents for the storage area?

What is the proximty of the adjacent contractors work
area? Who will nmake sure that the abutting contractor
will provide a clear working area for the next contractor
when his work starts?

What is the exposure to interaction with the public? i.e.
how much distraction will there be for the worknen?

C. Underground Conditions

1)

2)

3)

4)

5)

What is the extent of deep excavations or tunnels with
conpl ex support systens?

What is the history of the area for burying massive
objects? This is especially inportant in older cities
such as Bost on.

What do the test borings reveal ? Were there sufficient
borings taken to extrapolate with any degree of accuracy
t he conditions between test holes? Were the holes drilled
as deep as the proposed excavation?
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What is the potential for encountering adverse
groundwat er conditions? If groundwater is known to be
present, what are the acceptable neans of renoving it
fromthe work area and where will it be punped?

What is the extent of underground utilities at the
construction site? Do the local utilities have accurate



6)

7)

8)

D. Noi se,

1)

records of abandoned lines as well as active |ines?

What is the possibility of finding historical artifacts,
anci ent ceneteries, or other archeol ogical finds?

What is the potential for encountering hazardous wastes?
What is the potential for encountering hazardous wastes

that ut not identified or specifically |ocated in the
contract docunents?

Funmes, Dust

How wi Il the site location and soil type affect the need
for noise, fume and dust abatenent procedures?

E. Abutting Structures

1)

2)

3)

4)

5)

As the nunber of abutting buil dings owned by third
parties increases, the potential for damage to these
edi fices may increase.

I f buildings adjacent to the construction right-of-way
begin to show signs of danage, the project may be subject
to delays until such tinme that the causes of the damage
are determ ned.

Are there any historical buildings near the site? Are
t hese buil dings on the National Register of Historic
Pl aces?

What is the nature and | evel of vibration mtigation
requi rements specified by the contract?

If the abutting structures are too close, the contractor
may | ose efficiency due to restricted site conditions.

F. Security

1)

WIl extra care be required to secure the site, as wel
as the storage of materials and equi pnent?
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G Disruption to Public

1)

Is there potential for restricted work hours because of
proximty to residential or business districts?



X1, LABOR

Most of the issues enunerated in the checklist will be of prine
concern to the contractor. The owner should have an overal
under standi ng of the potential inpact of these paraneters on
proj ect cost and schedul e.

XI'V. LOSS OR DAMAGES

XV. GUARANTEES

A Schedul e - del ay cl auses demarcate the tine and noney
suppl enents to which either party may be due for del ays
created by the accountable party or force majeure.

B. Performance - performance cl auses denmarcate the tine and noney
suppl enents to which either party may be due for failures to
performcreated by the accountable party or force nmjeure.

C. Consequential Losses - These are danmmges that originate as an
i ndirect consequence of construction activities. Exanples
i ncl ude | oss of production, |oss of goodwill, |loss of profit

or sales, and interest on debt service.

D. Li qui dat ed Damages - These cl auses define the nonetary
penalties to be assessed agai nst the contractor in the event
of failure to neet certain schedule criteria.
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APPENDI X C - LI ST OF CONTRI BUTORS

Several individuals fromFTA, engineering firns, construction
conmpani es, sureties, and State agencies have contributed to this
effort by providing information. W would |ike to thank Marina
Drancsak and Eli zabeth Sol onon of FTA for supporting us in all
adm ni strative aspects of grant nmanagenent. Their pronpt response
and effective support are greatly appreciated. Edward Thonmas of
FTA, the technical director of the grant, cooperated and supported
us throughout this effort by providing insight, feedback, and
i nformati on about the functions and procedures of the FTA and the
Agency's concerns and objectives. Wthout his support, this work
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