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Preface

Those of you wanting the answer to the problems of risk management
might think of turning straight to the final chapter. Indeed, there you will
find a summation of how risk management methods can empower the
decision-making of the project manager. However, it is only a thorough
understanding of the various concepts involved that can provide the real
basis on which to make effective decisions.

The essence of the guidance is based on the interaction of concepts,
user requirements and specific projects, and it is by obtaining a greater
knowledge of the inherent nature of the project that improvements in per-
formance can be found. Hence by examining the guidance in this context,
the reader will be able to gain the maximum benefit from this book. The
authors doubt many people will read this book from cover to cover but if
key sections of the text serve to enhance understanding and to facilitate
more effective project management then it will have achieved its purpose.

The second edition of this book has been extended to include the input
of the Turnbull Report and to introduce the concept of corporate, strate-
gic business project level risk. Nevertheless, the basic concept of risk
management as a process for making better decisions under conditions of
uncertainty remains.

This book is not intended as a definitive monograph on risk but as a
guide for practitioners having to manage real projects. The authors have
assembled a strong team of practitioners and leading academics and it is
the blend of theory and practice which is the real message of this work.

ix
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Chapter 1

Projects and Risk

This book concentrates on aspects of risk management and also clarifies
the practical procedures for undertaking and utilising decisions. Risk
management is beset by a dark cloak of technology, definitions and
methodologies, often maintained by analysts and specialist consultants,
which contributes to the unnecessary mystique and lack of understand-
ing of the approach. It discusses a number of general concepts including
projects, project phases and risk attitude before introducing a number of
risk management techniques. The book concludes with some brief case
studies and guidance on good practice.
This book offers for the first time – in the opinion of the authors – the

distilled knowledge of over a hundred man-years of project experience in
working on aspects of project riskmanagement and contains information
whichmost of us would have liked to have had – had it been available and
collated. To all students and practitioners using this book, follow known
procedures as outlined in the book, avoid short-cuts and remember to
keep records of everything you model, simulate or assume.

1.1 Construction projects

Change is inherent in construction work. For years, industry has had a
very poor reputation for coping with the adverse effects of change, with
many projects failing to meet deadlines and cost and quality targets. This
is not too surprising considering that there arenoknown perfect engineers,
anymore than there are perfect designs or that the forces of nature behave
in a perfectly predictableway. Change cannot be eliminated, but by apply-
ing the principles of risk management, engineers are able to improve the
effective management of this change.
Change is normally regarded in terms of its adverse effects on project

cost estimates and programmes. In extreme cases, the risk of these time
and cost overruns can invalidate the economic case for a project, turning

1
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2 Managing Risk in Construction Projects

a potentially profitable investment into a loss-making venture. A risk
event implies that there is a range of outcomes for that event which could
be both more and less favourable than the most likely outcome, and
that each outcome within the range has a probability of occurrence. The
accumulation, or combinations of risks can be termed project risk. This
will usually be calculated using a simulation model (see Chapter 7). It is
important to try to capture all the potential risks to the project even if
they are not strictly events or a calculation of project risk.
In construction projects each of the three primary targets of cost, time

and quality will be likely to be subject to risk and uncertainty. It follows
that a realistic estimate is one which makes appropriate allowances for
all those risks and uncertainties which can be anticipated from experience
and foresight. Project managers should undertake or propose actions
which eliminate the risks before they occur, or reduce the effects of risk or
uncertainty andmakeprovision for them if theyoccurwhen this is possible
and cost effective. It is vital to recognise the root causes of risks, and not to
consider risks as events that occur almost at random. Risks can frequently
be avoided if their root causes are identified and managed before the
adverse consequence – the risk event – occurs. They should also ensure
that the remaining risks are allocated to the parties in a manner which is
likely to optimise project performance.
To achieve these aims it is suggested that a systematic approach is

followed: to identify the risk sources, to quantify their effects (risk assess-
ment and analysis), to develop management responses to risk and finally
to provide for residual risk in the project estimates. These four stages
comprise the core of the process of risk management. Risk management
can be one of the most creative tasks of project management.
The benefits of risk management can be summarised as follows:

project issues are clarified, understood and considered from the start;
decisions are supported by thorough analysis;
the definition and structure of the project are continually monitored;
clearer understanding of specific risks associated with a project;
build-up of historical data to assist future risk management proce-
dures.

1.2 Decision making

Risk management is a particular form of decision making within project
management, which is itself the topic ofmany textbooks and papers. Risk
management is not about predicting the future. It is about understanding
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your project andmaking a better decision with regard to themanagement
of your project, tomorrow. Sometimes that decision may be to abandon
the project. If that is the correct outcome which saves various parties
fromwasting time, money and skilled human resources, then the need for
a rational, repeatable, justifiable risk methodology and risk interpreta-
tion is paramount. Nevertheless, the precise boundaries between decision
making and the aspects of other problem-solving methodologies have
always been difficult to establish.
In essence, decisions aremade against a predetermined set of objectives,

rules and/or priorities based upon knowledge, data and information rel-
evant to the issue although too often this is not the case. Frequently
decisions are ill-founded, not based on a logical assessment of project-
specific criteria and lead to difficulties later. It is not always possible to
have conditions of total certainty; indeed in risk management it is most
likely that a considerable amount of uncertainty about the construction
project exists at this stage.
The terms risk and uncertainty can be used in different ways. The

word risk originated from the French word risqué, and began to appear
in England, in its anglicised form, around 1830, when it was used in
insurance transactions. Risk can be, and has been, defined in many ways
and assessed in terms of fatalities and injuries, in terms of probability
of reliability, in terms of a sample of a population or in terms of the
likely effects on a project. All these methodologies are valid and particu-
lar industries or sectors have chosen to adopt particular measures as their
standard approach. As this book concentrates on engineering projects,
risk is defined in the project context, and broadly follows the guidelines
and terminology adopted by theBritish Standard onProjectManagement
BS 6079, The Association for Project Management Body of Knowledge,
TheAssociation for ProjectManagementProjectRiskAnalysis andMan-
agement Guide, the Institution of Civil Engineers and the Faculty of
Actuaries Risk Analysis and Management for Projects Guide and the
HM Treasury, Central Unit on Procurement Guide on Risk Assessment.
A number of authors state that uncertainty should be considered as

separate from risk because the two terms are distinctly different. Uncer-
tainty can be regarded as the chance occurrence of some event where the
probability distribution is genuinely not known. This means that uncer-
tainty relates to the occurrence of an event about which little is known,
except the fact that it may occur. Those who distinguish uncertainty from
risk define risk as being where the outcome of a event, or each set of
possible outcomes, can be predicted on the basis of statistical proba-
bility. This understanding of risk implies that there is some knowledge
about a risk as a discrete event or a combination of circumstances, as
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opposed to an uncertainty about which there is no knowledge. In most
cases, project risks can be identified from experience gained by working
on similar projects.
Risks fall into three categories; namely known risks, known unknowns

and unknown unknowns. Known risks include minor variations in pro-
ductivity and swings in material costs. These occur frequently and are
an inevitable feature of all construction projects. Known unknowns are
the risk events whose occurrence is predictable or foreseeable. Either
their probability of occurrence or their likely effect is known. Unknown
unknowns are those events whose probabilities of occurrence and effect
are not foreseeable by even the most experienced staff. These are usually
considered as force-majeure.
In some situations the term risk does not necessarily refer to the chance

of bad consequences, it can also refer to the possibility of good conse-
quences, therefore, it is important that a definition of risk must include
some reference to this point. Risk and uncertainty have been defined as:

risk exists when a decision is expressed in terms of a range of possi-
ble outcomes and when known probabilities can be attached to the
outcomes;
uncertainty exists when there is more than one possible outcome of
a course of action but the probability of each outcome is not known
(frequently termed estimating uncertainty).

A particular type of decision making is needed in risk management.
Consider Figure 1.1 which compares the probability of occurrence of
an event compared with its impact on the construction project. Events
with a low impact are not serious and can be divided into the elements
of trivial and expected. For the high impact and low probability, these

Probability of occurrence

Low High

Low Trivial Expected
Impact

High Hazard Risk
management

Figure 1.1 Classification of risk sources.
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events are a hazard which could arise but are too remote to be considered.
For example, there is a finite probability that parts from an old satellite
might re-enter the atmosphere and crash on any building project in the
UnitedKingdom, but very few buildings need to be designed towithstand
that event. In project management however, high impact risks should not
be ignored even if their probability is low. Fallback and response plans
should be put in place even if the financial impact is too large to be cov-
ered by contingencies. The use of risk management is to identify, assess
and manage those events with both a high input and a high probability
of occurrence.

1.3 Risk management strategy

Most commonly, the client, the project owner (e.g. companies,
organisations, etc.) has an overall risk management strategy and pol-
icy included in the strategic documents and quality management system.
Main issues concerning project owner risk strategy are risk ownership
(which party owns the risk; risk exposure and transfer) and risk financ-
ing (how to include and use budget risk allowance or contingency). The
client’s riskmanagement policy includes the riskmanagement procedures
or guidelines, responsibilities and reporting.
Both client (employer, promoter) and contractor are concerned with

the magnitude and pattern of their investment and the associated risk.
They desire to exert control over the activities which contribute to their
investment. This type of risk is now covered by the term corporate and
project governance (see Chapter 10).
There are two significant axioms of control: (1) control can be exercised

only over future events and (2) effective control necessitates prediction of

Owner Project

Risk
policy

Management of
project risk

Figure 1.2 Risk management strategy.
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the effects of change. The past is relevant only so far as past performance
or events can influence our predictions of the future. The scope for con-
trol diminishes as the project proceeds. There are two key events at which
control can be exercised; (1) sanction commitment to a project of par-
ticular characteristics and (2) contract award commitment to contractors
and major cost expenditure. It should be noted that there will also be
opportunity to influence even if direct control cannot be exercised.
It follows that prior to these two commitments clients have great oppor-

tunity for control. They make decisions to define the organisation and
procedures required for the execution of a project. These decisions affect
the responsibilities of the parties; they influence the control of design, con-
struction, commissioning, change and risk; hence they affect cost, time
and quality.

1.4 Project planning

The control of time cannot be effected in isolation from resources and
costs. Project planning methods should be utilised to communicate to all
parties in a project, to identify sequences of activities and to draw atten-
tion to potential problem areas. The successful realisation of a project
will depend greatly on careful planning and continuous monitoring and
updating. The activities of designers, manufacturers, suppliers, contrac-
tors and all their resources must be organised and integrated to meet
the objectives set by the client and/or the contractor. In most cases the
programme will form the basis of the plan.
Sequences of activities will be defined and linked on a timescale to

ensure that priorities are identified and that efficient use is made of expen-
sive and/or scarce resources. Remember, however, that because of the
uncertainty it should be expected that the plan will change. It must there-
fore be updated quickly and regularly if it is to remain as a guide to
the most efficient way of completing the project. The programme should
therefore be simple, so that updating is straightforward and does not
demand the feedback of large amounts of data, and flexible, so that all
alternative courses of action are obvious.
The purposes of planning are therefore to persuade people to perform

tasks before they delay the operations of other groups of people, and in
such a sequence that the best use is made of available resources and to
provide a framework for decision making in the event of change. It is
difficult to enforce a plan which is conceived in isolation, and it is, there-
fore, essential to involve the individuals and organisations responsible for
the activities or operations as the plan is developed.
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Indevelopingaplanwhich is tobeused forpurposes of control, it is vital
to distinguish between different categories of change and to fully instigate
the monitoring and formal aspect of the project. Typically, the main
categories are: adapted, fixed (e.g. for mobilisation); time related (e.g. for
resources and overheads) and quantity-proportional (e.g. for materials).
Their relative importance will differ with the project and it is interesting
to note the importance of time-related costs and the implications of delay
in plant-intensive construction projects.
Project management information systems (PMISs) should forecast the

outcomeof a project in terms related to achievement of its objectives. Inte-
grated cost models link time with money. They provide project managers
with forecasts to completion in terms of cost, time resource usage and cash
flow. Decisions about future actions can be made with the best available
forecasts in these terms. Cost models also help to overcome an imple-
mentation gap between monitoring systems and the manager’s action.
Risk management software (RMS) is the term used to denote a specialist
software, which can be used to apply one of the many risk assessment
methodologies.
Project control and information systems should be conceived and

adopted to suit the needs of a particular project. The project should not
be forced to fit the control system; rather the control system should fit the
project. Software needs to be selected with due regard to the resources
that will be required to operate it and its data requirements.

1.5 Summary

All projects are subject to risk. The world is in a state of constant change
and survival relies on the ability to adapt to changes. Unfortunately,
many projectmanagers have not yet realised that there is a need to include
project risk as a key process.
It is a well known fact that managing risk has two major objectives:

to avoid the downside risks and to exploit opportunities. Experiences so
far show that the risk avoidance part of the risk management philoso-
phy has attracted too much management attention, while the potential
opportunities have been neglected.
The risk avoidance strategy helps you to secure your project objec-

tives, which for many organisations is a giant step ahead and may be
the single biggest opportunity. However, the major leaps in project
cost and time reduction are results of innovative thinking with focus
on exploring opportunities by challenging the risks. The trend today
is to establish ambitious goals, to seek for new technological solutions
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and concepts and to look for effective ways of organising and managing
projects.
The difference between project success and disaster is of course more

complex than managing or not managing the risk, but it appears
that the number of successful projects would have been far higher if
more companies had included risk as an integral part of their project
management.
The following chapters present a frameworkagainstwhichapracticable

and rational approach to the process of managing risk in construction
projects can be developed.
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Chapter 2

The Project Environment

2.1 Projects

Projects do not exist in isolation. They are initiated to fulfil a need
or exploit an opportunity. The needs and opportunities exist before
the project. They are products of the world at large. Projects are therefore
heavily influenced by external factors and they also influence the world
outside them to an extent that is largely, but not entirely, dependent upon
the size of the project.
These external factors can be termed the project environment. Other

names are also given to it such as the project world. Perhaps the single
most important influence on any project is whether or not it is carried out
by the public or private sectors. Public sector projects are those under-
taken by central and local government whereas private sector projects are
those undertaken by individual companies or consortia which are usually
entirely privately owned. The aims and objectives of these two sectors are
different and projects are undertaken by them for different reasons. The
main aim, if not the sole aim, of projects undertaken in the private sector
is to make a profit, whereas for projects undertaken by the public sector
it is whether the project provides a public service and is also of benefit to
the community.
In the United Kingdom in recent years, however, this distinction has

become blurred. The increasing burden upon the state of large com-
mitments, including publicly-owned enterprises, coupled with significant
increases in funding costs, has meant that increasingly the public sector is
looking to the private sector to finance projects. This has led to the trend in
recent years for projects to be procured under theDesign–Build–Finance–
Operate (DBFO) alternatively known as Build–Own–Operate–Transfer
(BOOT) or Build–Operate–Transfer (BOT). In the United Kingdom, all
projects of these types are now known as public-private partnerships
(PPP)orprivatefinance initiative (PFI)projects. This is intended to reduce
public expenditure on both the capital and running costs by transferring

9
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them to the private sector. This is perceived to have the dual advantage of:
first, reducing the requirements for public expenditure on capital projects;
and second, producing projects which can be operated more efficiently
thereby reducing the requirement for public funding of the operating
costs. It is also perceived that such projects have the further advantage
of reducing capital costs by reducing the incidence of overspecification
and overdesign, and by reducing conflict between the various parties to
the project by creating a single entity, which combines the consultant,
contractors and operators. In such projects, public need is serviced only
where it can generate a profit during the operation phase. In fact, audits
have begun to question the value for money and long-term benefits of this
approach to procuring projects and concerns have been raised about the
long-term commitment the public sector now has to continue payment
for the services provided.
Generally speaking, in publicly funded projects, the government or

local authorities have taken many of the risks. This has been true in the
past of private sector projects too. Recently however, private companies
and consortia have sought to transfer more of the risk for the design
and construction of their project to the consultants and contractors who
design and construct them. This has come about because the private sec-
tor is increasingly concerned at the incidence of delayed completion and
increased costs brought about by the more traditional ways of procur-
ing and implementing capital projects. The consequence has been the
development of a number of alternative types of procurement strategy,
the most common of which is some form of turnkey contract where one
entity is responsible for both the design and the construction. This is
believed to put greater responsibility upon that party and remove some
of the potential conflict, thereby reducing the incidence of cost overspend
and programme delay.
This is an example of the transfer of risk from the owner to a contractor.

Nevertheless, in such arrangements, the owner would retain the risk of
the viability of the project and that of the operating and maintenance
costs. Those projects that are being carried out under PFI, seek to transfer
these risks to the private sector by combining the designer, contractor and
operator into a concessionaire organisation. The latter is responsible for
raising the capital, managing the project and is then responsible for the
operation and maintenance of the asset to a predetermined specification
for which it receives some form of fee as income from the public sector or
from users, for providing the service.
The importance of distinguishing between these types of project is

that they fundamentally determine the attitudes towards risk assess-
ment, risk transfer and risk management which must be adopted in the
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initiation and implementation of such projects. It should be noted how-
ever that the National Audit Office (NAO) now questions whether or not
risk transfer has really taken place from the public sector to the private
consortia.

2.2 The project constitution

The next most important influence on a project is its governance
arrangements or constitution, namely who the members of the own-
ers (client/promoter/concessionaire) organisation are, other stakeholders
and third parties such as government or statutory authorities; what their
relationships are, how the relationships are structured and where the
authority lies. The owner may be a single entity, a private company or a
government department, or it may be a group of private or public organ-
isations, which combine in some form of partnership or consortium to
promote the project. Clearly, a single entity provides a simpler consti-
tution than a multientity owner. Indeed, for a single entity working in
a clearly defined business, such as, a supermarket chain building a new
store, the term constitution is probably unnecessary and the term organ-
isation is adequate. However, for the multiparty owner it is essential
that it be recognised that the term organisation is inadequate to define
the context within which the project will be executed. All projects will
have some form of organisation – which may be quite simple – but it
is the way in which the owner/promoter organisation is put together or
constituted, which is important. For example, oil production facilities in
the North Sea require the combined resources of several oil companies
each of whom then takes a stake in the revenues. One of the companies
is given the responsibility for managing the project on behalf of the other
stakeholders. Contrast this with the way in which the constitution of
the owner/promoter/concessionaire for the Channel Tunnel evolved. The
original intention was that a concessionaire consisting of construction
contractors, designers and bankers would create an operating company
to operate and maintain the project, constructed, designed and funded
by the consortium. However, shortly after being awarded the concession,
the consortium split into its constituent parts creating in the process a new
entity that came to be knownasEurotunnel the concessionaire. The banks
became purely funding institutions and the contractors formed a consor-
tium to design and construct the project. The governments also continued
to influence the project byway of the inter-governmental commissionwho
had overriding responsibility for ensuring that the project met the con-
cession specification. Lessons learned from the Channel Tunnel led to
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a different approach by the successful bidder for the Channel Tunnel rail
link concession, which is described in Chapter 11.
These examples illustrate the different types of constitution, which

projects can have: a simple constitution, a more complex but never-
theless clearly defined constitution or a complex constitution with split
responsibilities and ill-defined authority.
The constitution is important because the owner is responsible formak-

ing the key decisions, and any constraints on his ability to do so must be
clearly identified and understood. This is essential because the speed and
decisiveness, which the owner brings to decision making, is crucial to
the success of projects. The more complex the constitution – and the less
clearly defined the hierarchy – the slower will be the speed with which
decisions are made which could result in delays to the project. If decisions
lack certainty, confusion will result, and there will be a need to make
further decisions to clarify earlier statements. This will result in changes
to the project that will usually have adverse impacts. The later the change
the greater the impact. Delays to the programme are the most obvious
consequence but inevitably these also lead to increased costs and possibly
to changes to the functionality and quality.
It is probably true to say that public projects usually have the most

complex constitutionswhen theTreasury, at least one government depart-
ment and probably more, have interests in a project and influence over
its conception, design and execution. The British Library was an example
and became notorious for huge delays and cost overruns. In the case of
the private sector, complex constitutions may also be common, but the
importance of achieving agreement of the project’s objectives, the need
for a clear hierarchy and single point responsibility and certainty are bet-
ter understood as essential to the success of projects; hence the adoption
of the constitution for the North Sea projects as described above.
Of course, a simple constitution on its own does not guarantee success.

There is a multitude of other factors to consider, many of which will be
discussed in this book, but without a constitution created with the express
intent of delivering a successful project, the chances of success are greatly
reduced.
Another facet to the successful management of projects, that was

often ignored in the past but is now being increasingly recognised, is
the influence of third parties such as regulatory agencies and single issue
pressure groups, most notably the environmental lobby. These groups can
wield significant influence and exert significant pressure on the project to
the point of forcing major changes, such as the re-routing of highways
schemes, or cancellation of waste disposal projects. It is essential that the
views of these groups are canvassed, understood and wherever possible
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accommodated. Management time and effort must be directed towards
these organisations otherwise there is the risk of their intervention at a
time, which is disadvantageous to the project. The establishment of clear
lines of communication and goodworking relationships are a prerequisite
of managing these groups, the ultimate objective of which is to establish
a situation of mutual trust and understanding.
These third party influences are part of the project’s environment and

the project world. If their influence cannot be accommodated by the
project in its concept or design, provision must be made in other ways,
such as allowing time for public enquiries and contingency budgets for
any modifications, which are required as a result.
Decisions concerning the way in which the project is constituted, the

roles of the stakeholders; roles and influence of the third parties; the way
in which these relationships are structured, by written or by other means;
and the channels and frequency of communication, must be considered
extremely carefully. The objective must be to arrive at a constitution,
which is geared up to the delivery of a successful project, not a constitution
that suits the preferred modus operandi of the parties, but fails to address
the needs of the project.

2.3 Project organisation

Organisation means the way in which the project’s implementation team
is organised and who the participants are.
Projects can be split in single discipline and multidiscipline. The tradi-

tional civil engineering sector has been single discipline, while the building
and process engineering sectors have been multidiscipline but as projects
have become larger and more complex it is becoming more likely that
projects are multidiscipline. For example, many highway projects con-
tain sophisticated traffic signing, information systems and speed cameras.
Similarly, the signalling and control systems for rail projects are becoming
more sophisticated and expensive. Hence, they are now a larger propor-
tion of the project than they used to be, such that these projects are now
clearly multidiscipline.

Single discipline projects

By their nature, these projects are annually undertaken by one project
team, frequently staffed by one consultant with a single client and
executed by a single contractor. The number of interfaces between
individuals and organisations are relatively few and easily managed.
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Themost complicated relationships exist between the contractor, his sub-
contractors and suppliers (i.e. the contractor’s supply chain). However,
these relationships and the structure required tomanage them is relatively
simple, although in recent years it has been recognised that significant
savings can be made by dedicating effort to managing the supply chain.
Hence, these projects usually represent a lower risk than multidiscipline
projects, even though they can be large and have high values.

Multidiscipline projects

Despite the greater organisational complexity, projects can be quite small.
For example, even quite small buildings may require:

civil engineering input if the foundations are complex;
a structural engineer for the building superstructure;
a building services engineer;
an architect to lead the team and prepare the overall design;
a mechanical and engineering (M&E) or a process contractor;
a fitting out contractor.

Other specialists involvedmay include telecommunications engineers, lift
specialists and cladding specialists. The contractor’s organisation may
be equally complex with specialist trade sub-contractors for civil works,
structural works, brickwork, carpentry, plumbing, installation of ser-
vices, telecommunications and so on. To complicate matters further, the
specialist sub-contractors may also have impact into the design process,
for example the sizing of lift shafts and machinery rooms.
Traditional procurement methods often split responsibility in an unre-

alistic and arbitrary way that cuts across work packages. For example,
the overall design of electrical systems and HVAC (heating, ventilation
and air conditioning) may be the responsibility of a design consultant;
the co-ordination of M&E services may be the responsibility of the main
contractor; while the detailed design of theHVAC installationmay be the
responsibility of a specialist supplier. The structural engineer meanwhile
is responsible for the design of the building frame, although detailingmay
be the responsibility of the fabricator.
Clearly, this type of organisational structure increases the risks and

likely results in poor communications, delays and incorrect informa-
tion leading to claims and disputes. It is for this reason that clients in
the building sector – especially developers – have moved to other forms
of procurement including design and build, because, though different
disciplines are still present, they are all part of a single organisation.
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Increasingly large clients are moving towards partnering arrangements
with selected suppliers so that the various disciplines are effectively part
of one organisation. This is aimed atminimising the risks described above
with the objective of improving the chances of successful delivery of
projects, on time, to budget and to specification. Partnering has been
successful in manufacturing industry and on projects where the extent of
risk is similar to those encountered in construction projects.
One final point that should bemade is that organisations are collections

of people. And research has shown that groups of people are less risk
aware than individuals. It is possible therefore that complex organisations
are more likely to take risks than smaller less complex organisations.

2.4 Project phases

It has been recognised for some time that projects exhibit a life cycle
comprising of a number of discreet stages, which as identified by various
authors can range from 2 to 12. The former was related to the develop-
ment of a product andwas divided into twophases – product development
and implementation, whereas the latter has been developed by the Royal
Institute of British Architects (RIBA). It comprises inception, feasibility,
outline proposals, scheme design, detailed design, production informa-
tion, bills of quantity, tender action, project planning, operations on site,
completion and feedback.
In other branches of the construction industry the phases are identi-

fied as follows: pre-feasibility, feasibility, design, contract/procurement,
implementation, commissioning, handover and operation. Different
authors give these phases different names, for example, the pre-feasibility
stage can be called the inception stage and the initial feasibility stage, the
conception stage or the identification stage. However, the precise termi-
nology used is unimportant. Generically, these life cycles and the phases
identified are broadly similar and are identified in Figure 2.1.
Other industries have defined other life cycles with different phases

and terminology. Despite the differences in terminology and in the num-
ber of phases identified, the essence in all cases is the same. The project
is divided into a number of discreet phases each of which has a prede-
termined purpose and therefore an identifiable scope of work. At the
completion of each phase, there is a decision point at which progress to
date can be reviewed and forthcoming actions identified. These are fre-
quently termed gateways. It is now recognised that foremost amongst
the information generated during each phase is an assessment of the
project’s risks. At each decision point therefore, risk assessment is
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a key feature of the decision to proceed to the next phase of the
project.
It hasbeen traditional for different parties tobe responsible for different

phases in the life cycle of the project. Using theAPMBoKclassification in
Figure 2.1, the owner would largely be responsible for the pre-feasibility
stages. If a decision to proceed is made then a consultant, usually an
architect or engineer, would be appointed to conduct a feasibility study,
the objective of which is to compare alternative ways of implementing the
project. If at the conclusion of this feasibility stage the project is consid-
ered to be viable, taking into the account the costs, benefits and risks,
then the next phase of design would also be undertaken by the consul-
tant. After the completion of the design phase, progress can be reviewed
and assuming that the project is to proceed, then the next stage would
be that of contract/procurement. The next step would be to award the
contract for the implementation of the project to the successful tenderer.
This implementation stage can be subdivided into several subphases, for
example project planning and operations on site. In reality the contractor
would be involved in several other subphases such as identifying, prepar-
ing documents for and receiving tenders for subcontracted elements of
the work. However these are different in character from the main phases
identified for the whole life cycle of the project. Following completion
of the work there is usually a commissioning procedure in the operation
phase.
It is worth noting that from the point of view of the owner and also

growing in importance because of the environmental considerations, the
decommissioning and disposal of the asset may need to be considered.
This is because of the difficulty in dealing with toxic substances which
may have been used in the original construction of the asset, such as
asbestos or due to the generation of toxic products during the operation.
Themain benefit of this approach to the structuring of projects is that a

number of key decision points are identified. For example, at the comple-
tion of the pre-feasibility stage itself the ownermay decide that the project
is not worth pursuing. It is also particularly important that exposure to
low probability and high impact risks are included in the assessment and
not ignored because of the assumption ‘they won’t happen to us’. The
samemay apply at the completion of the feasibility stage. Generally if the
project is deemed to be feasible then the owner makes a commitment to
a detailed design phase, leading up to the procurement stage. Each deci-
sion point should be viewed as a gateway with clear criteria for passing
through to the next stage or not. The important point here is that the rate
of spend will then increase and therefore the decision to move on to the
detailed design phase is a major commitment from the owner. The largest
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commitments are made during the contract procurement stage. First, by
the tendering contractors who by submitting a bid undertake to carry out
the work if the bid is accepted. The second commitment at this stage is
by the owner when a bid is accepted and a contract is entered into, which
obliges him to proceed with the implementation. This allocation of risk is
defined inmany of the standard forms of contract and the decision regard-
ing the form of contract is a crucial decision in the management of risk.

2.5 Effect of project phase on risk

A project is divided into a number of separate phases. At the end of
each phase an appraisal can be made and assessment of the risk involved
in proceeding with the project. The management of risk is therefore a
continuous process and should span all the phases of the project. Since
project risks are dynamic, that is to say they can change continuously,
a risk assessment must be carried out at the end of each phase prior to
proceeding to the next phase. In fact, active management of risk must
continue between the review points until the project is complete.
Risks may also change during a phase. Should this be significant then

a complete re-appraisal may need to be performed. On long duration
projects where the phases themselves may span several months or even
years, regular risk assessments and updates must be carried out. This is
an essential prerequisite of efficient management and effective decision
making.
In addition, to the parties involved changing as the phases change, the

nature of the risk itself changes. At the earlier stages the range of possible
options is very broad. It is important to recognise that one option to
achieve the objective may be to carry out what is, in engineering terms,
a different project. Any transition must be managed to ensure that the
changes to the engineering are reflected in the estimates, programmes and
business case.
As a project progresses through its feasibility stage there will be one

or two project options, usually one, which proceeds to a detailed design.
It can be seen therefore that the nature of the risks change from broad-
brush issues such as the type, size and location of the project to a narrower
range of issues. When one of them is selected the emphasis changes to the
much more narrowly focused on the estimation of realistic cost forecasts,
and the detailed design and the preparation of a detailed programme
for the execution of the project to achieve the best value for money.
During the implementation phase the range of risks narrows still further
to those associated with the procurement, manufacture and delivery of
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materials and site construction activities. Management of each element
of the project and its associated risks may be facilitated by adopting
specialised techniques.
Broadly speaking, the earliest phases of the project are concerned with

value management to improve the definition of design objectives; the
design stage is concernedmorewith value engineering to achievenecessary
function at minimum cost; and the construction phase is centred around
quality management to ensure that the design is constructed correctly
without the need for costly rework. Systems engineering may be used to
manage the technical issues and interfacts on such complex projects.
It is important to realise that each phase will contain a number of

key assumptions, which are made to allow the project to continue. As
the project progresses firm information will be available to replace these
assumptions. Sometimes this information will be different from the orig-
inal assumption, which it supplants. It is important then to reassess the
project and see if this changes fundamentally the basis for the previous
work and also what impact this could have upon the future development
of the project. From time to time completely new risks may arise. How-
ever, risks should diminish as the project progresses. It is necessary to
ensure that risks, which have not occurred and can no longer occur, are
removed from future assessments and analyses and are also removed from
registers and reports, to assist in managing risks.
One further point, which is a major risk for many projects must

be made. It is that in reality, projects are not always continuous. There
are breaks and discontinuities in its life cycle. Frequently this is because
funds are not available to finance the next phase, the market changes or
other circumstances change. The last two can occur even if there are no
discontinuities in the project, which is why periodic reviews of the project
are essential.
Projects, which are known as fast-track projects, compress the normal

project phases and overlap them to some extent. This is true of oil and
gas projects where the detailed design of piping and equipment may con-
tinue some time after the design of the civil engineering works such as
foundations and structures. This approach has been adopted increas-
ingly by the building sector and to a certain extent by the civil engineering
sector – in the design and build approach. DBFO and PPP projects take
this approach even further by shifting the assessment of business risk as
well as that of detailed design and construction risks to the front end of the
project. While the totality of this approach is perceived as being beneficial
in shifting the bulk of the risk onto the private sector contractors, it has
the disbenefit of reducing the step-by-step approach to management and
decision making which flows from the traditional multiphase approach.
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In some cases however, such as the Channel Tunnel rail link, a hybrid
approach can be adopted. In this particular case, the difficulties of routing
the track throughKent, and in and around London, meant that the selec-
tion of the route was a highly critical task. Therefore, all the front-end
workwas carried out by the owner. The private sector companieswho ten-
dered for the detail design, a construction and operation of a service, had
been given an outline design together with an estimate and a timescale.
Their task was first to examine the information, prepare a business
case including the consideration of raising additional revenue through
improving the existing Eurostar international train service, property
development and running additional services into London from new sta-
tions in the suburbs. The review of this estimate and programme together
with the risk assessment is described as a case study later in the book.

2.6 Project appraisal

From the viewpoint of risk management, the appraisal phase is the most
crucial. It is during this phase that the key decision regarding the choice
of option is made, although occasionally there may be more than one
option selected for more detailed review.
Appraisal is the process of defining first the alternative ways of achiev-

ing the project’s objectives, that is to say, defining the options that are
available and choosing between them.
A fundamental prerequisite is that the project’s objectives have been

set. Ideally, one will dominate and its influence on the other objectives
must be clear. All the members of the project’s organisation as well as all
the stakeholders must be in agreement on this point. It is a fundamental
risk that if the objectives are not clear, not agreed or not communicated
to those involved, the chance of the project being a success is reduced
because the potential for changes and conflict is increased. In such cases
value management is useful to develop and clarify objectives.
The public and private sectors may have differing views on objectives

and hence on viability. For example, the private sector may consider
that early completion and entry into a competitive market should be the
top priority. This implies that risks related to the project’s timescale and
programmes are key. In other cases, the final performance and/or quality
of the project may be paramount. But most often, cost and affordability,
that is to say the amount of finance available to fund the project, will be
the dominant factor.
However, itmust be clearly understood that there is a trade-off between

these parameters. For example, for a given level of performance there is
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likely to be a narrow range of project durations, which are commensurate
withminimum cost. If the project is required earlier, the cost is likely to be
higher because the project is effectively being accelerated. If the period is
longer, perhaps because funding limits the resources that can be devoted
to the project, then ultimately the cost is likely to be higher because the
time-related cost of those resources and management effort increase. In
periods of high inflation, either general or industry specific, the effect of
delay ismultiplied. It is necessary to study andpredict trends in themarket
and the economy, anticipate technological developments and the actions
of competitors because these are areas of significant uncertainty andhence
risk. This may be called market intelligence related to the commercial
environment in which the project will be developed and later operated.
The impact of changing costs and timescales on the business case must be
taken into consideration because delayed completion defers income and
benefits.
Other major considerations during project appraisal are:

The estimates of cost, both capital and operating. Single figure esti-
mates are inadequate to represent the range of possible outcomes, due
to general uncertainties and specific risks.
The project execution plan which should give guidance on the most
effectiveway to implement theproject and to achieve theproject objec-
tives, taking account of all constraints and risks. This plan should
define the contract strategy and include a programme showing the
timing of key decisions and award of contracts.

It is widely held that the success of the venture is greatly dependant on
the effort expended during the appraisal preceding sanction. There is,
however, conflict between thedesire to gainmore informationand thereby
reduce uncertainty, the need to minimise the period of investment and
capital lock-up and the knowledge that expenditure on appraisal will have
to be written off, if the project is not sanctioned.
Expenditure on the appraisal of major engineering projects rarely

exceeds 10% of the capital cost of the project. The appraisal, as defined
in the concept and brief accepted at sanction will however freeze 80% of
the cost. Although often sought, the opportunity to reduce cost during
the subsequent implementation phase is relatively small.
Appraisal is likely to be a cyclic process repeated as new ideas are devel-

oped, additional information received and uncertainty reduced, until the
promoter is able to make the critical decision to sanction implementation
of the project and commit the investment in anticipation of the predicted
return. It is important to realise that if the results of the appraisal are
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unfavourable, this is the time todefer furtherworkor abandon theproject.
The consequences of inadequate or unrealistic appraisal can be expen-
sive or disastrous. This may be because the appraisal identifies risks that
are likely to have significant impacts during the project’s implementation
phases or during its operational phases. If this is the case and the project
appears not to be viable, it must be thoroughly reviewed. A greater risk
may imply a higher return on the investment. Whatever the result of the
appraisal the decision on how to proceed should be based on its findings,
even if this means abandonment. This decision cannot be shirked. The
project should not be sacrosanct if, on a rational analysis, it is unlikely to
succeed or represents too great a risk.

2.7 Summary

It must be noted that the application of risk management techniques is
likely to result in an increase in the project’s capital cost and implemen-
tation programme. This is because estimates and plans prepared during
the pre-feasibility phase of projects are likely to be low, because little
detail exists and it is human nature to be optimistic at the start of any new
enterprise. Recently the term optimism bias has been coined to cover the
overrun caused by overoptimism or systematic failure to expose risks.
Ideally, all alternative concepts andways of achieving the project objec-

tives should be considered. The resulting proposal prepared for sanction
must define themajor parameters of the project – the location, the technol-
ogy to be used, the size and type of the facility, the methods for operation
and maintenance, the sources of finance and raw materials together with
forecasts of themarket and the predictions of the cost/benefit of the invest-
ment. There is usually an alternative way to utilise resources, especially
money and this is capable of being quantified, however roughly.
Investment decisions may be constrained by non-monetary factors

such as:

organisational policy, strategy and objectives;
availability of resources such as manpower, management or
technology.

The key to realistic appraisals is to create a level and unbiased basis for
all the options for the purposes of comparison between them. Therefore
the estimating techniques, programmes and assumptions used for each
option should be the same, based as far as possible on closely similar base
dates for costs. This facilitates direct comparison between the options.
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The impact of risks related to particular options can then be assessed to
provide a full comparison. It is the impact of these risks, whichmay differ-
entiate between the options. For comparative purposes, risks that impact
equally on all the option may be ignored unless they are critical in assess-
ing the viability of the project. In reality, the assumptions that are made
about risks and their avoidance or mitigation through risk management
can be just as biased as unrisked estimates. The outcome of any appraisal
should be treated as indicative, not absolute. The future cannot be pre-
dicted accurately, regardless of the sophistication of predictive method
and tools.
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Chapter 3

Understanding the Human Aspects

Risk management is a proactive approach to the what ifs that can
determine and influence the project’s outcome and achievement of its
objectives. It is well known that unforeseen events called risks will hap-
penduring the lifetimeof a project and someof these can seriously damage
the project. Risk management is about avoiding, reducing, absorbing or
transferring risk and exploiting potential opportunities.

Projects evolve in rapidly changing environments because of the pace
of technological development, increasing complexity, new methods and
tools, new markets, increased competition, novel business opportunities
and demanding customers. This implies that construction projects are
dominated by objectives based on time, cost and quality; as discussed in
Chapter 1. Good project management has to some extent always been
concerned with project uncertainty when establishing cost estimates and
schedules, it is clear that there have been shortcomings in the approaches
adopted, and in future projects will require much more systematic and
effective risk management.

It is true that there can be problems in describing project risks to
management, and convincing stakeholders thatmoney should be spent on
the day to avoid risks that can happen in the future. This underlines that
the success of risk management in practice is about human and organi-
sational factors such as understanding, motivation, attitude, culture and
experience. The increasing awareness of the need to manage risk effec-
tively along with its awareness in corporate governance has eased the
introduction of risk management.

The quality of project risk management relies on a number of factors,
including management attention, motivation and insight among project
personnel, the qualifications and knowledge within the project and the
experience and personality of the manager and/or risk analyst(s) leading
the process. These four key success factors are directly related either to
people or to how the project organisation works. Again, one of the keys to

24
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success in risk management is to understand people and their behaviour
in different roles.

3.1 Risk management – people

People play many roles and their behaviour changes with the role played,
for example from work to home. This implies that an individual’s
attitude changes with different external requirements, constraints and
expectations.

At home as well as at work most of our everyday choices are affected by
risk, and we constantly perform some kind of risk management when we
make decisions. Crossing busy streets, gettingmarried andbuying a house
are all personal risks most people face. It is sometimes thought that by
not taking an action risks can be avoided, but this means that by so doing
an opportunity might be missed. Many people also seek risks because
the uncertainty about an outcome of an activity can provide excitement.
People engage in risky recreational activities such as bungee jumping,
parachuting and skiing to the South Pole. People play the stock market
and they gamble, partly because of the stimulation that accompanies the
risk and partly because of the chance of winning.

Risk is very much related to personal attitudes. There are two main
categories of people, the risk takers and the risk avoiders. In general terms,
entrepreneurs and investors are risk lovers, while peoplewho takeona low
paidbut safe job andpeoplewho invest all theirmoney in savings accounts
are risk averse. A risk taker would accept a higher exposure and therefore
a higher variability in payoffs. There are also differences in the way risk
takers and the risk averse perceive risk. Risk takers tend to underrate
risk, while the risk averse see all the obstacles and tend to overrate risk.
Fortunately, we find people from both categories managing projects and
working in project teams. This is the starting point for establishing a
realistic risk picture of a project, and achieving a proactive management
attitude toward project risk and its implications.

In companies, the project management methodology established does
not readily accommodate the increasing requirements for risk manage-
ment and many projects are therefore not set up to manage risk. Many
companies believe that project management is about focusing on time
and cost as fixed goals. A successful project finishes on schedule and at
the budgeted cost, and performance is measured against objectives that
are established well ahead of the project execution phase but often based
on scarce information. In addition, some of these organisations think
they do not have the time for risk management, but instead they spend
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vast amounts of time and money on correcting projects that deviate from
rigorous plans.

Managing risk does not usually seem to be a problem for people
on a personal level, although in some circumstances it can challenge
senior management’s perceptions. It seems much more a problem or
a challenge to perform risk management within the organisational and
methodological constraints of business and industry.

3.2 Risk management – organisations

Adopting risk management as part of the management philosophy
depends very much on the people responsible for maintaining, perform-
ing and developing management guidelines and procedures in a company
that is the managers themselves. Because of this, many companies benefit
from having innovative managers who encourage risk management, but
many suffer from management, which is averse to it. However, failure to
undertake risk management in an explicit and formal manner as a routine
aspect of project management is increasingly regarded as commercially
unacceptable.

Many project managers perform risk analysis because somebody else,
for example their client, the parent company or the government, has told
them to do so. The work is performed in a hurry and used as an alibi, in
case things should start going wrong. This is a very common approach,
and again it is a management failure; they do not understand why they
should perform risk management and the benefits that can be obtained.

The need to perform a risk analysis can emerge from planners and cost
estimators, but the project manager must understand the benefits that
can be gained and that resources must be used in the risk process. The
project manager or the person responsible must help create the environ-
ment for the analysis, such as underlining the importance of performing
the analysis, express goals and expectations, actively be part of the risk
process and be responsible for the actions or responses resulting from the
risk assessment and analysis. The project manager should make sure that
all key personnel are available and have included their input to managing
risk in their schedules.

One of the main obstacles when introducing risk management to an
organisation is the lack of openness and communicationwithin the organ-
isation. Performing risk management in such organisations can be very
painful in the start of the process, but the risk process has proven to be
a catalyst in breaking down communication barriers and to provide an
environment for openness and discussions.
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Successful risk management within organisations relies on manage-
ment attention, motivation, a methodical approach, project manage-
ment methods, competence, knowledge and understanding, culture and
openness. It is not, and cannot be, a substitute for project management
itself. However, the art of performing risk management is not learned on
a three-day course or by handing the responsibility for managing risk to a
person without risk experience. The organisation should also understand
that managing risk is a matter of learning and improving over time. The
organisation should recognise itself as a learning organisation on the risk
issue, and hire consultants to perform the first risk analysis and to train
the personnel until maturity in managing risk is achieved.

3.3 The risk management process

The riskmanagement process focuses on the needs and the priorities of the
client and includesmethods, techniques and tools especially developed for
this purpose. Theprocess is often headedby a riskmanager or analystwho
is responsible for establishing a framework for extracting information
from project key personnel through risk identification and assessment.

The key to success in the process is the contribution from the peo-
ple working in the organisation. Risks are most commonly identified
and structured in open-minded creative workshops facilitated by the risk
analyst. Based on the data collected and available project documenta-
tion, response plans (treatment plans or action plans) can be developed.
To gain understanding of the project level risks and develop realistic
baselines for the schedule, cost estimates and contingency provision, a
risk model is created, most commonly with the aid of a risk analysis
software tool. Input and results are verified by the project team and,
if necessary, by external resources. The process is iterative with loops
back to previous stages that secures verification and project team own-
ership. The Association for Project Management’s Project Risk Analysis
and Management (APMPRAM) guide gives a detailed explanation of the
process.

Risk management relies on a formal process for identifying and quan-
tifying the subjective judgements of experts and project personnel. The
risk analyst facilitates drawing risk information from the participants,
creates an analysis showing the effects of risks and presents the results
back to the participants. They must agree with and own the output from
the assessment or risk analysis. If they reject the results, they will not be
willing to work with the results. Ownership of results is therefore vital no
matter how sophisticated the software is. Commitment and ownership



Jobling: “chap03” — 2005/9/27 — 16:17 — page 28 — #5

28 Managing Risk in Construction Projects

can only be gained through close co-operation and a good relationship
between the analyst and the project team.

3.4 Some guidelines to the risk management process

The most common way to perform a risk assessment is to gather key per-
sonnel for risk identification sessions, and then interview them in groups
or as individuals. However, both the risk analyst and the individuals will
bring bias to the results. This bias should be minimised by ensuring that
sufficient people are involved in theprocess. Akey rule is that groupsmake
better decisions than individuals, and in addition, groups create stronger
ownership to risk assessments and the results from analyses, although
groups can be less risk averse than individuals and can be dominated by
an individual or a small number of participants.

One of the most important factors in the risk management process is
the gathering of key personnel with one purpose only; to discuss, assess
and if possible quantify the risks that may affect the project’s objectives.
Such a group process stimulates participants to communicate and express
their opinions in an open-minded environment where people are free
to express whatever feelings they have. The group will most commonly
include experts from various disciplines who can contribute to the risk
assessment, which should lead to fruitful discussions and communica-
tion across the project organisation. The process should be headed by
an experienced risk workshop facilitator to make sure that the necessary
information is collected. The workshop should be complemented with
interviews of key personnel to try to avoid or understand any biases in
the group that may influence the results.

Group or individuals

A group can be defined as ‘two or more individuals who are interact-
ing with one another in such a manner that each person influences and
is influenced by every other person’. An important question is, whether
individuals working together in a group perform more successfully or effi-
ciently than individuals alone. The answer to this is complex and depends
on the task, the structuring of the task andon the organisation responsible
for making judgements about the task.

The judgement of a highly skilled individual will often be more accurate
than the combined group judgement. However, in general, group judge-
ments are seldom less accurate than the average individual judgements
and are often superior. In addition, the group often has the advantage
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of a wider range of knowledge and should therefore generally yield
judgements that are more realistic.

Social psychologists have put some effort into specifying the ideal size
of problem solving groups and concludes ‘groups of five are the most
effective for dealing with mental tasks, in which group members collect
and exchange information and make a decision based on the evaluation
of this information’. This is no rule, and in practice the group size will
depend upon the complexity of the task and the availability of key per-
sonnel. Some tasks may require only one person, and groups can also be
composed of more than five persons when the task is structured.

The group approach is used to avoid well known pitfalls such as;
motivational bias (for example individual estimates reflect the wishes of
management) and non-representative experiences. If you transfer general
knowledge and experiences to a specific situation without adjusting to
the differing circumstances and risk, the use of experience and knowledge
from your last project will dominate over experiences gained on previ-
ous projects. This is likely to result in a lack of imagination, which could
mean that all upside potential and downside risk is not foreseen because
information is neglected – for example, the factors that went very wrong
on the previous project because the current project will be different and
those factors will not occur again.

As noted above, groups do have shortcomings. They tend to converge
ona judgementandcounter arguments are regardedashostile. Groupthink
is simply a tendency to seek concurrence. Four conditions are likely to
foster groupthink:

(1) groups that are isolated from the judgements of qualified outsiders;
(2) groups with a strong leader and the procedures for debate are not

established;
(3) a lack of a methodical approach;
(4) where there are immediate pressures to reach a solution.

Groupthink can be prevented by encouraging dissidence, call on each
member of the group to be critical and reinforce members who voice
criticism of a favoured plan.

A group discussion often produces a shift in individual opinions. Such
a shift is not necessarily in the direction of greater risk. If the initial opin-
ion of the group tend towards conservatism, then the shift resulting from
group discussion will also tend towards an extreme conservative opinion.
In such a case the group will usually shift towards the pole favoured by the
majority. Motives for this behaviour include the desire for a favourable
evaluation by others and a concern for self-presentation. This effect
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may be particularly evident when members of the group expect future
interactions with one another in other settings.

3.5 The risk workshop

This section describes an approach to facilitating a group workshop.

Preparation

Imagine that you are the risk analyst, entering the room to meet a group
for the first time. The group has been told that they are part of a risk
analysis but have little or no experience from previous risk analyses. The
group consists of five people with different backgrounds, experience and
expectations. You can see on their faces that they are sceptical, and if
you start the identification phase right away the project will seem to be
a very safe one. This is often the situation, which risk analysis consultants
and/or facilitators face.

The first thing to do is to set the group thinking about risk and uncer-
tainty. Start by showing the group some examples of successful projects
and failures. Measuring in cost is a very efficient way to underline the
importance of undertaking risk assessment and analyses. Try to describe
the performance of some recent and local projects that are well known to
the participants, such as these in Table 3.1.

The percentage figures in brackets describe approximate changes from
the initial estimates. Do not put much trust in the figures. When you
prepare this exercise, you will find it very hard to find successful projects,
while it is very easy to come up with poor projects.

Warm up exercise 1

Ask the group to identify five projects that have been successful and five
that went wrong. They should also list the main reasons for either suc-
cess or failure. The group will most likely come up with a lot of project
failures and some successful projects. This exercise will shift their minds

Table 3.1 Relative performance of recent projects.

Failures (cost increase) Success (increased profitability)
Sydney Opera House (7000%) Microsoft Windows (a lot)
Concorde (1500%) Hong Kong toll road (1000%)
Channel Tunnel (1000%) Oil and gas projects (10–30%)
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Table 3.2 Exercise 2 estimation table.

Prices

Items Today Year 2020

Tabloid newspaper
Levi 501 jeans
Three room apartment or house

towards risk thinking of projects owned by other companies. It is a lot
easier to see what others have done right and wrong.

Warm up exercise 2

Take their minds off the project risk analysis by inviting them to join in
another little game. This exercise is about coming up with prices on items
we buy on a private level. Ask each participant to fill in Table 3.2.

You are most likely to get different prices from most participants,
that is, you get a range of outcomes for each item (a distribution). For the
Levis jeans and the apartment, the spread can be very high. This is a very
good and simple lesson to prove that risk affects most of the things we
do, that the assumptions on which the prices are based are very impor-
tant and that it is important to focus on the critical risk. In this case, if
you are buying all three items, focus on spending your time reducing and
exploiting the risk affecting the house or apartment investment!

The group should at this stage be at ease and have their minds open and
ready to be innovative in the risk identification phase of the workshop.

Risk identification

It is now important to draw parallels between the project, which is being
assessed, risk and uncertainty and exercises 1 and 2. Start the real identifi-
cation stage by making all participants write down what they think are the
main risks in the project. Give them approximately 30 min to complete
this exercise.

When they are done, you should write all of the identified risks on
a whiteboard or flipchart. Then go through each risk with the group to
create a common understanding of the importance and magnitude of each
risk. Categorise them, for example, using the following three categories
shown in Figure 3.1.

An experienced facilitator should be able to apply their own checklists
to go through risk factors that the group has not yet thought about. When
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Local Global Extreme

Organisation
Project conditions
Time/Cost 
Interface
Contracts
Management
Productivity
etc....

Politics
Rules and regulations
Finance
Currency
Market
Competition
Culture
etc....

Accidents
Strikes
Political changes
Bankruptcy
Mother nature
Finance
Sabotage
etc....

Reduced ability to control risk

Figure 3.1 Hierarchy of identified risks

this session is complete, the grouphas probably identified 80%of the risks.
The last 20% may not be worth any further effort, and a few of these risks
could not reasonably have been foreseen.

Quantification

The risk management process now enters into the quantification stage.
The risk quantification process is very much based on subjective judge-
ments from project personnel. Empirical data are usually insufficient
to quantify the uncertainty in the consequences of a course of action,
and judgmental probabilities provide a logical means for overcoming this
limit. Making judgements of uncertainty quantitatively minimises ambi-
guity: the statement ‘the activity will most likely finish after 30 days, with
an optimistic duration of 20 days and a pessimistic duration of 45 days’
is much less ambiguous than ‘we think there may be a delay’. Another
way to approach this is to recognise that in deriving a component of an
estimate, the estimator will consider a low value and a high value, finally
choosing a figure between the two, that is to say, that 66% of the available
data is discarded. It is useful to agree the metrics for the assessment, for
example, what cost impact, schedule impact and the like are categorised
as high, medium or low.

It should be noted that in the early stages of projects, the estimate
and schedule are unlikely to have been developed in detail, so risks can-
not be quantified with precision. There is a real temptation to develop
sophisticated and detailed risk models that are not commensurate with
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the level of understanding of the project. The quality of the output can
never be better than that of the input.

A risk model is usually created in a risk analysis software tool. The
quantitative risk is most commonly included in the risk model by esti-
mating a pessimistic, a normal and an optimistic value together with a
probability distribution. Do not expect that participants in the process
will have strong feelings of which probability distribution to select. There-
fore, you as the analyst should select simple distributions, for example,
the triangular distribution, although care must be taken to oversimplify.
Incorrect choices of input data and distribution may significantly reduce
or negate, the value of the analysis.

It is very important that the risk analyst manages to transfer the infor-
mation gathered in the identification phase into risk assessments reflecting
the real risk affecting the parameters. Often the spread is far too conser-
vative, that is, the risk is underestimated. Often the high value does not
include the worst case or anything approaching it, and the low value does
not include opportunity for improvement (assuming the base figure is
not so optimistic that it cannot possibly be improved on). This can be
overcome by separating the base range of uncertainty (estimating uncer-
tainty) from the significant discrete risks so that these can be separately
assessed and modelled. It is also very important to discuss the assump-
tions behind the estimates to ensure that the risk assessments are anchored
to the estimates. However, it is frequently difficult to separate allowances
(contingencies) within the base estimates from additional provisions that
must be made.

There is a lot of literature describing how to quantify risk, see also ref-
erences. It is very important to use a practical and approximate approach
when quantifying risk and selecting probability distributions. It adds little
value to turn the project into a complex mathematical equation.

In fact, the NAOs report ‘London underground PPP: were they good
deals?’ noted that:

‘With hindsight London Underground agrees that some of the cost
[of the Public Sector Competitors] particularly the production of
refined cost projections, extensive Monte-Carlo simulation and overly
detailed documentation associated with the model’s development was
unnecessary, given inherent weaknesses in the underlying data.’

3.6 Communication

The next human phase in the risk management process is the communi-
cation and understanding of the results achieved from analysing the risk
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model. The technical aspects of modelling and simulation techniques are
described elsewhere in this book.

The results achieved in the analysis phase should nowbe communicated
to the project managers and the project key personnel involved in the
analysis in order to validate the results, and to clearly see the effect of the
risk affecting the project goal.

The results shouldbe easy tounderstand. Startwith presenting themain
risk assumptions and the risk assessments. Focus on the important results
and do not use difficult statistical parameters if you are not confident that
all members of the project team understand these. Some of the results
will be surprising, but remember, results are not debatable as long as the
project team agrees with the risk assumptions, the model and the risk
assessments. Risk analysis is a process, which is very often iterative and
therefore some adjustments to the initial risk assessment must be made.
It is very important when presenting results to go back to the main initial
risk assessments to clarify that these still reflect the project risk. If not,
they should be adjusted and new results produced.

It is essential to differentiate between assessments and quantifications
of risks that are the unmitigated impacts, and the mitigated impacts fol-
lowing implementation of actions to avoid or reduce the risks. Modelling
can be used to demonstrate the effectiveness of mitigations.

3.7 Summary

A risk assessment or analysis is only successful if actions are initiated
based on the results. It is therefore very important that the risk manage-
ment process be handled in such a way that the project team feel that it
owns the results and that it is their responsibility to actively manage the
risks. They need a high degree of involvement in the identification and
assessment phases, and must accept and own the results emerging from
the analysis, the results of which must be clearly understood and commu-
nicated within the project organisation. This is crucial for projects that
want to successfully introduce risk management to improve the likelihood
of successful delivery.

The key to achieve a proactive risk management attitude within a com-
pany project or a programme relies first on the people involved. The
success factors are management support, motivation, insight, openness,
involvement of key personnel and learning. These factors should be com-
bined with a risk management method that focuses on participation,
ownership and responsibility. Risk management must not become just
another bureaucratic task that takes time but add little to delivering the
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project. The risk process should focus on the identification and response
phases, and not on the creation of advanced mathematical models of the
project. The risk management initiative must come from management
which really understands what risk management means to the company,
and the method should be introduced as a competitive edge and as an
integral part of the management philosophy.
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Chapter 4

Risk and Value Management

4.1 Introduction

Construction projects should only be sanctioned following a careful
review of need. Many projects suffer from poor definition and inad-
equate risk analysis. Value management is primarily about enhancing
value, which often requires a thorough understanding of the relation-
ship between cost, risk and the associated benefits or profits derived.
Linking both risk and value management to form an integrated man-
agement system, needs to be considered during the project inception
and appraisal stage. Instigating risk and value management at this
stage leads to a greater likelihood of risk and value management prac-
tices throughout the remainder of the project promoting commercial
success.
Central to the relationship and management of risk and value is the

concept of value for money (VFM), and its assessment, which is car-
ried out to determine efficient contract strategies and project solutions.
As projects become more holistic in nature as per sound value manage-
ment philosophy, pressure is placed upon the assessments made about
the quantum of risk included in specific contract strategies and project
solutions.
This chapter illustrates how project stakeholders – those being the

investors, designers, contractors, operators, end-users and others, with
an interest, and power to influence, the project outcome – may use
value management to determine the type of contract strategy most
suitable for a particular project by identifying and allocating risks
associated with meeting the project’s objectives. An integrated man-
agement system for the appraisal of risk and value in a project is
outlined, drawing upon specific risk and value management tech-
niques.

36
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Risk
exposure

Project duration

Figure 4.1 A comparison of two project solutions in terms of risk exposure.

4.2 Approaches to the management of risk

At the start of any project, there is a large amount of risk resulting from
the uncertainty surrounding the way in which the project will proceed.
However, despite this large amount of risk, the real exposure to these
risks is minimal since little has actually been committed. Once the project
moves from the feasibility to the implementation phase, the stakeholders
are then exposed to these risks because decisions have been made and
work has started on the project. This level of risk exposure then decreases
as the project proceeds since the amount of risk remaining in the project
decreases as the project proceeds. The reasoning behind this is that the
risks are either realised or do not occur. However, projects with long life-
cyclesmay find that the risk exposure begins to creep up, as refurbishment
or maintenance work threatens the operational performance of the asset.
This difference in asset performance is illustrated in Figure 4.1.
The level of risk is a combination of the probability of occurrence of

the risks and their possible impact on the project should they be realised.
This assessment need only be qualitative and subjective, but the infor-
mation that it provides serves as a guide to which risks require further
investigation or analysis.
There are two basic types of approach to the management of risk in

projects, and these are the informal approach and the formal approach.
The type of approach adopted influences the procedures and processes
thatwill beused in themanagementof risks in typical engineeringprojects.

Informal approach to the management of risk

The informal approach to the management of risk is one that views the
risks in a subjective manner and due to the nature of this approach, many
organisations implement these methods but do not realise that they are
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operating any kind of risk management procedure. The main danger is
that this approach is deemed sufficient and experience shows that it is not.
One of themost widely used techniques in the informal approach to the

management of risk is the provision of contingency funds. There are two
main types of contingency fund those being lump sum contingencies and
percentage contingencies. A lump sum contingency is a sum ofmoney put
aside, in the project budget, in case any extramoney is required during the
project. A percentage contingency is similar to a lump sum contingency
but, instead of being a fixed sum of money, it is a percentage of the total
project cost, included in the project budget.
Contingency funds canbeused as a riskmanagement technique because

the amount of money allocated to a contingency fund should be repre-
sentative of the cost of mitigation of the risks that are thought likely to
occur in a particular project. A contingency fund is not financially repre-
sentative of all the identified risks in a project because it is unlikely that
all of the possible risks would be realised. Hence, a contingency fund
should represent the cost of the risks that are thought likely to be realised
in a project rather than, as is often the case, being adequate to cover all
eventualities. Often, to compound this misunderstanding, contingencies
are thought not be needed, that is to say the contingency is available, but
is not to be spent.
Other informal procedures for the management of risk involve dis-

cussions with experts or people with experience on similar projects and
assessing their views as to the possible risks in a project, then reviewing
the project in the light of these possible risks.

Formal approaches to the management of risk

The formal approach often consists of a set of procedures laid down by an
organisation for use in the risk management process. These procedures
are structured and provide guidelines to be followed, so that they can
be used by any member of the organisation. This enables a uniformity
of approach to be achieved. This formalising of the risk management
procedures ensures that the process is more objective than the informal
approach. Most authors recognise objectivity as an essential feature in
the process of managing risks.
Formalised procedures for the management of risk in projects are

designed to suit the needs of the particular organisation; hence there is no
single methodology. However, there are frameworks for formalised risk
management procedures, which do not detail the methods that should
be used, but allow the user scope for choosing appropriate techniques.
The quality of a formal process of risk management is generally accepted
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to be dependent uponmanagement awareness, motivation among project
personnel, amethodical approach, the informationavailable (often linked
to the project phase), the assumptions and limitations uponwhich the risk
analysis is based, the qualifications and knowledge within the project and
the experience and personality of the risk analyst(s) leading the process.
Similarly, there are a number of well-known assessment pitfalls including:
(1) management bias that occurs when an uncertain variable is viewed as
a goal rather than as an uncertainty and; (2) expert bias where experts are
expected not to be uncertain, but to be sure of things. This may lead to
underestimation of uncertainty.

Qualitative risk assessment

Construction projects usually involve a large number of activities and
events, which usually contain uncertainties due to lack of resources or
data. Projects should only be commissioned following a careful analysis
of the need and risks perceived. Failure to think through the needs and
risks associated with a project may cause problems through the adoption
of a contract strategy not best suited to meet the needs of the project and
provide an equitable allocation of the risks identified.
A typical qualitative risk assessment usually includes the following

issues:

a brief description of the risk;
the stages of the project when it may occur;
the elements of the project that could be affected;
the factors that influence it to occur;
the relationship with other risks;
the likelihood of it occurring;
how it could affect the project.

Quantitative risk assessment

The probability of a risk arising is a key factor in the decisionmaking pro-
cess. Possible consequences of risk occurring are defined and quantified
in terms of:

increased cost that is additional cost above the estimate of the final
cost of the project;
increased time that is additional time beyond the completion date of
the project through delays in construction;
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reduced quality and performance that is the extent to which the project
would fail to meet the user performance based on quality, standards
and specification.

These may be analysed using sensitivity and probability analysis.

4.3 The standard risk management model

There are many models or methodologies for managing the risks in
projects. Most risk management practitioners have developed their own
model or methodology that is best suited to the types of projects that they
are involved in. Nevertheless the methods commonly used in the United
Kingdom are based onHMTreasury (2003, 2004a and b) guidance docu-
ments, which provides a framework that contains the steps to be taken in
the project risk management process. However, the choice of techniques
to be used is for the user to decide. The model is essentially designed for
use in the construction industry; however, it is suitable for use in most
industries provided that the techniques used are chosen specifically for
the project and the industry in which it is to be used.
The standard model is divided into four parts: (1) risk identification,

(2) risk analysis, (3) risk response and (4) risk review. The sub-processes
and their control are shown in Figure 4.2.
The value and risk management project appraisal model presented

focuses heavily upon the identification, analysis and response to risk.
However, the process of risk review is essential to maintain and improve
future appraisals and assessments of projects. It also influences the value
management proceeds in this case-option appraisal, by allowing the users
to consider specific options used in the past on similar projects, making

Risk identification Risk analysis

Risk control

Risk review Risk response

Figure 4.2 The risk control process (Merna and Lamb, 2004).
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them aware of their weakness, and strengths, and shortening the time
taken to develop viable solutions based on the risks facing a project.
Additionally it identifies specific risk allocation structures in association
to contract strategies, providing more depth in the assessment process.
The approach proposed is very flexible because it gives the user the

freedom to choose techniques that are appropriate for a particular project
industry based on the level of detail available.

4.4 Applying risk and value management

There is no single correct approach to the application of value manage-
ment techniques especially when combining them with risk management;
Merna and Lamb (2004). Although, most projects and their procure-
ment strategies vary, there are a number of stages common to projects
themselves as demonstrated in Chapter 2. Some of the stages overlap
depending on the type of project and the method of procurement; typical
stages are:

definition of objectives;
understanding the project;
applying value and risk management;
VFM and iteration of the process.

The implementation of the last stage is dependent upon resources and
time available for the project appraisal; to illustrate how this process
may be completed during the appraisal of a project the following process
diagram, Figure 4.3, is presented.
Many organisations utilise value management in conjunction with

project evaluation as ameans of achieving value formoney for the project
stakeholders. To enable the representative models to facilitate influence
over the project such value and risk should be identified as early as pos-
sible in the process as per figure. The values held by the project often fall
into three categories those being:

internal values (important to the project owners);
intermediary values (important to the project delivery);
external values (important to the customers).

Risk may fall into a similar structure of categories, allowing risk to
be a transferred and allocated to those with alternative perspective on
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Definition of project objectives

Understanding the project risk

Applying value and risk management

VFM and iteration of the process

Quantitative

Project base case

Value identification

Value planning

Qualitative

Project objectives 
Project hierarchy

Quantitative

Identification 
Brainstorming 
Checklist/risk registers 
Interview 
Analysis 
Sensitivity analysis 
Scenario analysis 
Probabilistic analysis 
Probabilistic sensitivity analysis 
Evaluation 
Economic parameters

Risk appraisal
Qualitative

Identification
Brainstorming
Checklist/risk registers
Interview
Analysis
Probability impact tables
Priority tables

Evaluation
Iso-risk curves

Quantitative

Value and risk appraisal

Identify options
Analyse options
Evaluate options
VFM assessment

Qualitative

After value 
Form alternative value

Value planning
Readdress risk transference 
Reappraise risk exposure

Figure 4.3 Applying risk and value management in the appraisal of a project.

the valuation of risk. The categorisation of risk in this fashion also
operates with regards to the type of contract strategy considered.
Therefore, value management in terms of contract strategy selection is

the identification of a contract strategy that safelyminimises the valuation
of risk to the contract without jeopardising the integrity of negotiable
terms for the distribution of internal, intermediary and external risks
throughout the project’s lifecycle. Furthermore, as the valuation of risk
is highly dependent upon the allocated participants’ interpretation of risk,



Jobling: “chap04” — 2005/9/27 — 16:17 — page 43 — #8

Risk and Value Management 43

inappropriate or inexperienced valuations of risk must be identified and
addressed as soon as possible.

4.5 Value management processes

Value identification

Brainstorming, interviews, prompt and checklists may all be used to iden-
tify the objectives that are critical to the completion of the project. This
may be stored in a value register, listing and prioritising those objec-
tives identified. In some cases, an objective hierarchy is prepared, which
ranks objectives in order or on priority. From this objective hierarchy a
number of risks can be identified against each objective.

Value planning

The value plan establishes how the objectives address the future appraisal
of the contract strategy or project proposal, outlining the quantitative
and qualitative systems to be used. This plan provides the basis for an
audit and accountability trail throughout the development of the project
identifying where, why and how specific decisions were made about the
objectives and risks inherent in the project. The plan should also cater
for changes made to either the priority or objectives listed for the project.
The responsibilities of the stakeholders are identified along with the areas
of potential conflict and key project constraints.
This first review should therefore result in:

confirmation that the project is required;
identification of the objectives and priorities of the project;
a favoured option for the further development of the base case
model.

VFM may be represented both qualitatively and quantitatively. This
places pressure on the interpretation of the results, thus requiring the
value plan to place in to context the metrics used by both qualitative and
quantitative techniques for the assessment of VFM. Thus, the value plan
must also identify those values (objectives) that may be represented in a
quantitative andqualitativemanner and the associated risks (negative and
positive) ability to be represented in a quantitative or qualitative manner.
The project stakeholders can now appraise the risks based on the base

case cost estimation model.
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4.6 Understanding the project risk

Initially, this has been simplified as only the base case model is considered
for analysis. The base case model is a proposed solution that meets the
minimal requirements set against the objectives defined from which an
exposure to risk may be gauged.

Risk identification

Brainstorming sessions involve getting the key project stakeholders
together to identify and prioritise the risks in the project. This technique
enables the stakeholders to hear what the other members of the project
team see as risks and to use these ideas to inspire them in identifying
additional project risks. It is important to choose carefully the people
who are to constitute the brainstorming group, as there needs to be the
right mix of project personnel with appropriate experience and seniority
to ensure a successful session.
Interviewing project personnel from each discipline and staff within

the organisation who have experience of similar projects, ensures that
corporate knowledge and personal experience are utilised in the process
of identifying risks. This technique allows project personnel to have their
say about the risks that they can see in the project, and gives them a feeling
of involvement in the process and ownership of the identified risks. This
should then lead to a greater acceptance of any measures implemented to
reduce the risks.
The examination of historic data from previous, similar projects helps

to utilise corporate knowledge. However, an organisation may not have
carried out a similar project, or the data from a previous similar project
may not have been recorded; so this technique can only be successful in
a limited number of cases. Database systems that actively manage and
report the progress of projects may be a useful source of information.
However, such systems are often limited in terms of the useable or relevant
data being stored.
Risk registers are documents, spreadsheets or database systems that list

the risks in a defined project and their associated attributes (positive and
negative). The risk register also identifies defined events assigning a value
to these events, which are dependent upon a probability of occurrence.
They are flexible in terms of the system and information that may be
stored in them.
Each project has many risks, which depend upon technology, country,

organisation and institutional involvement and the contract and finance
strategy applied, but the key sources of risks in projects are essentially
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Financial risks

Legal risks

Political risks

Social risks

Environmental risks

Communications risks

Geographical risks

Geotechnical risks

Construction risks

Technological risks

Demand/product risks

Completion risk

Commissioning risk

Supply risk

Force majeure risk

Figure 4.4 Checklist of construction risk drivers.

the same. However, what does change is the involvement of specific stake-
holders who stipulate specific management policy or practices before a
project commences. This can hold significant implications to the overall
success of the project.
A number of authors have listed sources of risks associated with engi-

neering projects during the identification process. These sources of risks,
the risk-drivers, could be used as a checklist, as shown in Figure 4.4.
These sources of risk relate to both project and non-project specific

risks. Each of these sources of risk are generic and it is up to the individual
or team to define the boundaries of these sources and then to breakdown
these sources into detailed risk elements, so that there can be a common
understanding amongst those attempting to identify the risks in a project.
The division of risks into source elements can be difficult as the risks
attributed to each source element are chosen by individuals and thus, this
method is exposed to a large element of personal subjectivity. It can also
lead to the possibility of double-counting some risks by attributing the
same risk to more than one source; however, this may be beneficial in
understanding the relationships between risk sources and elements.

Risk analysis

There are many techniques available for analysing risks; the term risk
analysis has come to have different meanings for different people. In
many cases, the perceptionof the term risk analysis has been shapedby the
techniques to which they have been exposed. One explanation of the term
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analysis is the estimation of what will happen if an alternative course of
action is selected. The process of analysing risks is important because it
gives an understanding and awareness of the impact of risks on problems.
In this case, risk analysis is being applied to the base case model to

establish the implications of risk on a standard model. This pilot oper-
ation of risk management prior to the application of value management
helps to tune the future options desired, as it provides the team with an
understanding of how risks are generated through the completion of the
current objectives of the project. Therefore, the team becomes aware of
solutions that would help either to reduce, mitigate or transfer the risk
while safely protecting the value achieved from the project.
Due to the many different types of projects and the large spectrum

of variables to analyse, there are wide ranges of risk analysis techniques
available, it is important to choose the techniques appropriate for particu-
lar situations. Use of the same risk analysis technique for every project can
be wasteful of time and money, by being too detailed for some situations
and too superficial for others.
Each project requires a risk analysis technique that suits the needs of

the stakeholders. There are a number of factors that should be considered
when choosing the appropriate technique for a project or situation. The
principal factors on which the choice of risk analysis technique should
depend are the type and size of the project, the information available, the
cost of the analysis and the time available to carry it out and the experience
and expertise of the analysts.
Another factor in this choice is the purpose of the analysis. By carry-

ing out a risk analysis, the possible effects of risks occurring can be seen
in terms of the project’s outcome. Prior to this, decisions must be made
about the main priorities of the project. An example of the way in which
this could happen would be, if the results of a risk analysis showed that,
a project was likely to be delayed, but that if sufficient money were spent
during the construction phase the chances of a delay would be dramat-
ically reduced. This situation would then require a review to be made
about the priorities of the project, whether it would be more important
to finish the project within budget or on time.

Sensitivity analysis

The purpose of the sensitivity analysis technique is to answer the what if
question by isolating the key variable(s) and evaluating the effects of
incremental changes in the values assigned to the key variable(s). Sen-
sitivity analysis is a quantitative technique, which allows the effect of
economic changes in a project to be explored that is one of the best known



Jobling: “chap04” — 2005/9/27 — 16:17 — page 47 — #12

Risk and Value Management 47

non-probabilistic risk analysis techniques. A sensitivity analysis is carried
out by identifying a project variable and giving that variable limits within
which it is likely to vary. A number of points or steps, are examined
around the deterministic value for the economic parameters. At each
step, the values of the project economic parameters are calculated using
the value of the variable at that step. This type of analysis can pinpoint
the most critical areas of a project, in terms of the risks, and indicates
where confidence in estimates is vital. The output from this analysis can
be represented by a sensitivity plot or spider diagram, see Figure 4.5.
The spider diagrampresents the informationproduced fromasensitivity

analysis and clearly shows the variables to which the project is sensitive,
assumed to be most and shows changes in the sensitivity of each variable.
As an example, the outcome of a project may not be sensitive to a delay in
the construction activities until the float in the project has been used, and
after that point, the project outcome may then be very sensitive to any
delay in the construction activities. This technique emphasises the point
that variables can only be known within a certain range, which is defined
by the person carrying out the analysis.
There are a number of limitations to the sensitivity analysis technique.

The main limitation of this technique is that when changing a variable
it assumes ceteris paribus (i.e. that all other things remaining the same),
when in reality this is not likely to be the case. It assumes that only one
variable changes at any one time and that there will be no corrective or
preventative measures taken in response to any change in that variable.
However, in reality if a variable was seen to be changing and affecting the
project outcome then it is likely that some action would be taken to stop
the change in that variable. A sensitivity analysis gives no indication of the
likely range of change in the variable. The probability of occurrence asso-
ciated with both the variable and the project outcome is not considered
in a sensitivity analysis, although some practitioners have suggested the
use of probability contours (see Figure 4.5), to provide more information
about the risks. To carry out a sensitivity analysis requires the project to
have been modelled, usually on a computer, prior to the analysis and so
this technique requires the use of an experienced project modeller. The
analysis does not take much time when using a computer, but the mod-
elling of the project takes considerably longer than the actual analysis and
this should not be overlooked.
Sensitivity analysis is very useful for identifying the variables to which

the project is sensitive and those to which it is not initially sensitive but
at a certain point does become sensitive to. A sensitivity analysis car-
ried out in the initial stages of a project can provide useful information
about where management attention should be focused during the project.
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This technique is especially useful for new and novel projects where the
risks havenot beenpreviously analysed, and there are nopreviousprojects
to study. It is also useful to carry out a sensitivity analysis before carry-
ing out a probability analysis, so that the possible effects of the variables
on the project can be identified. This information can go some way to
explaining the results produced by a probability analysis, particularly if
the probability analysis has any unusual series of results.
Sensitivity analysis supports the value management process by focus-

ing the attention of stakeholders on the variables that could jeopardise
the value attained from the project. As depicted in Figure 4.3, this sup-
ports the value management process by analysing various project options
that may all fulfil the project objectives. As some options may be more
sensitive than others, the stakeholders can make an informed decision of
the strongest option.

Scenario analysis

Scenario analysis embellishes upon a singular what if situation. The anal-
ysis takes into consideration a series of risk or variables, at the same
time, addressing the weakness ceteris paribus of the sensitivity analysis.
This analysis has been applied on several PFI/PPP projects and is consis-
tently used for the development of business cases. In fact, NAO (2004)
have identified the scenario analysis as a contributing factor to securing
robust financial models, and several project refinancing and restructur-
ing have increased the number of scenario analysis to support future
financing structures. An example of a typical scenario analysis would be a
10% increase in financing costs, 10%decrease in revenue and a 5% increase
in construction costs. This form of testing, establishes where stress may
occur, as financiers place specific triggers often linked to financial ratios,
to protect their interests in the project.

Probability analysis

Probability analysis assigns probability distributions to specific risks that
may impact elements of a project’s cash flow. Several iterations are
completed based upon a series of allocated distributions to produce a
frequency distribution of the expected outcome of the project. These
are often reported in terms of economic parameters. Attaining sufficient
information to support the assignment of distributions is difficult, espe-
cially under project conditions where information and its sources tend to
be sporadic. This combined with correlated effects of risk can lead to a
severe degradation of the usefulness of such models.
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Probability sensitivity analysis

Probabilistic sensitivity analysis is amore complicatedversionof the sensi-
tivity analysis technique outlined above, and involves assigning subjective
probabilities to the alternative outcomes. This technique enables the user
to see how sensitive the conclusion of the evaluation is to variations in
the initially assigned probabilities.
To use this technique the analyst must know about the project in detail,

probably gaining this knowledge from experience of previous similar
projects. A lack of knowledge about the project when using this tech-
nique, could lead to deceptive results. In general, this technique is most
useful for financial approval.

Probability impact

The collection of some information about the impact and probability of
occurrence of risks could be undertaken using two simplematrices. In one
matrix the user is asked to say whether they feel there is a high, medium
or low probability of occurrence of each of the risks identified, and in the
other to say whether they feel that the risk would have a high, medium or
low impact on the project if it occurred. Thesematrices could be given to a
numberofpeople, particularly those involved in theproject and thosewith
experience of working on similar projects. The information given could
then be distilled and plotted on a small grid, each risk being a point on the
grid. This grid gives an immediate picture of the risks in the project and
a qualitative assessment of their probability of occurrence and possible
impact on the project. From this, it is possible to see the risks that are
likely to have the least bearingon the project and those that require further
investigation. Those in charge of the project have to decide which risks
can be ignored and which need further investigation. In most analyses,
only a few key risks are investigated, and by using this grid it should be
easy to see which those risks are.
The probability impact analysis may be used for each option; however,

it may also be used to identify those options that warrant further detailed
quantitative analysis, saving time and effort in the analysis process.

Priority

Risks are given a priority based on their probability of occurrence, impact
on occurrence and objective affected on its occurrence. This can be
weighted system, which may ensure objectives not necessarily measur-
able on a monetary basis receive similar degrees of attention as to those
that are.
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During the appraisal phase, there are a large number of risks in the
project, since few decisions have been made and there is a high level of
flexibility. However, as the project progresses more decisions are made,
which should reduce the amount of risk in the project, but also reduces the
ability to make changes to the project, and increases the cost of making
these changes.
The benefits from carrying out a risk analysis are reduced as the project

progresses and the number of risks remaining is small. As the project nears
completion there is likely to be very little change in the risk distribution
and an exhaustive risk analysis can then cost more than the worth of
the information that it produces. Therefore, the system proposed focuses
upon the appraisal of projects where risk analysis has the greatest and
most efficient means of influencing a project’s outcome.

Risk evaluation

Evaluation of the base case model with risks both on a quantitative and
qualitative basis determines specific strengths and weakness in relation to
meeting the project’s objectives. Stakeholders may have specific policies
about the management of risk, and therefore clients may have to iden-
tify areas where guarantees or support may have to be provided when
distributing risks throughout the various stakeholders.

Economic parameters

Toassess the quantitative effects of risk upon the project, usually in accor-
dance to the project cash flow, parameters such as cash lock-up, internal
rate of return, net present value, payback period, debt service coverage
ratios and return on equity may all be used to illustrate the implications
of risks. Also, key stakeholders may stipulate hurdle rates with respect
to the economic parameters. The evaluation of the base case may iden-
tify stress points within the cash flow, which acts as a dialogue for the
identification of options when applying value and risk management.

Iso-risk curves

The assignment of probabilities and impacts can then be mapped against
iso-risk curves, which dictates the level of attention particular qualitative
risk demand. Those risks with a high priority are identified and addressed
through the future development of project options.
In this case, four risks have been qualitatively identified with regards

to their probability of occurrence and probable impact, Figure 4.6.
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Figure 4.6 Plot of iso-risk curves.

4.7 Applying value and risk management

There are several value management techniques, such as re-engineering,
business process re-engineering, and value planning that may be applied
during the appraisal or development of solutions to a project. To save
time and effort users must establish systems that are practically applica-
ble, resulting in quantifiable outcomes. In this model optioneering – the
identification and testing of several options to a problem, is a widely prac-
ticed approach when determining the viability of projects. In fact, it is a
prerequisite for the submission of business cases for PFI/PPP projects in
the United Kingdom.

Identification of options

From the evaluation of risk and the base case model established, a series
of options that address the project objectives and risks both quantita-
tive and qualitative may be identified. Options such as: do nothing (only
applicable if there is a current asset already in operation), do minimum;
refurbishment and/or rehabilitation and fast-track are common options
to be included. However, optionsmay also be named after specific project
objectives, where the emphasis of the design, construction or operation
of the project is geared specifically to address specific objectives. This
becomes amix between the qualitative vision or design philosophy behind
the project and the quantitative costs and revenues generated thereafter.
Being aware of what produces best value and project success are critical

to the identification of project options.

Analysis of options

Once the options are agreed, the original base case model and its risks
are adjusted in terms of cost, time and quality. Both quantitative and
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Figure 4.7 Cumulative probability distribution for the NPV of option A
and B.

qualitative risk analysis are conducted to establish how each option per-
forms. Variations in the economic parameters and probability impacts
are derived. To be fair to each option, the techniques applied to each
option should be maintained to protect the probity of any decisions
derived.

Evaluation of the options: the VFM assessment

After analysis when all the options are presented for the project, com-
parisons between the various options may be completed. Specific options
may present clear VFMbased on differences in the economic parameters.
An example of the VFM assessment of a concession-based estuary

crossing contract is discussed below.
A crossing of an estuary was quantitatively modelled using a network-

based model. The two preferred options were a fast-track development
(FTD) on site A, resulting in a higher land and planning costs, compared
to the base case model, situated on site B.
As the fast-track development generates revenue earlier than the base

case alternative, the net present value (NPV) is improved throughout the
duration of the concession by £31 m. To complete the VFM assessment a
75% percentile envelope is formed, to illustrate the most likely outcome.
From this assessment the FTD always offers greater VFM in terms of
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the total NPV achieved, from Figure 4.7:

(Million) Sterling £ (STE) 15% 85%
Base case risk model (BCRM) 354 424
Fast-track (FTD) 374 464
VFM of FTD 20 40

However, theremay be instances where the quantitative VFMachieved
is not so clear-cut. There may be instances where the two lines cross
over and where under certain circumstances or the occurrence of specific
risks one option out performs the other. Further investigation is therefore
recommended, whichmay result in anotheroptionbeingproposed leading
to a slight iteration of the value and risk management process.

4.8 Iteration of the process

The iteration of risk and value management assessments of a contract
strategy should only occur during the appraisal of the project; how-
ever the project proposal will be iterated throughout the duration of the
procurement process.
After the quantitative or qualitative analysis of the project, areas of

weakness may be identified in relation to the risk and value management
techniques’ ability to portray or address the objectives of the project.
Alternative techniques may have to be identified or created to allow for
specific appraisal anomalies. The distribution of risk may also be unten-
able to the promoting/contracting agents, which may be identified during
market testing or preliminary contract negotiation.
Adjustments made to the risk and value analysis techniques need to be

recorded in the value plan, justifying why specific changes were necessary
to support the decisionmaking process. It is critical that the project team,
do not appear to be moving the goal post, biasing the process.
Adjustments made to either the assessment of risks or the objectives

held by the project should remain in the value plan to aid effective project
and contract management.
Overall, the final phase should ensure that the option selected would

meet the objectives developed in the first phase.
Clients should therefore re-evaluate:

the validity of the original project objectives;
identify the most promising option;
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identify the major risks associated with the option selected;
assess the VFM of a contract strategy or project solution.

The second review is concerned with the means of achieving the project
objectives as well as the objectives themselves. This should result in:

a clear statement of the processes to be provided;
a preferred outline design proposal;
the basis for continued design development;
a list of the risks associated with the design chosen;
roles and authority of the project team;
a proposal of how the project is to be implemented.

The client or sponsor, in association with stakeholders, will need to con-
sider the risks associated with the project development. As the project
moves from appraisal into contract negotiation, information will become
available leading to the review of the option selected by the client. This
is further encouraged by the submission of variant bids. Clients should
attempt to actively engage the contractors to establish more efficient
options, not necessarily considered during the initial project appraisal.
The system adopted may be used as a means to test the validity of specific
contract strategies as used in the formation of the public sector compara-
tor for privately financedprojects, or for the appraisal of project solutions.
It is paramount that the risks associated with the final option are catered
for in the contract strategy chosen.

4.9 Summary

Integrated risk and value management systems are used by project man-
agement departments to improve the likely success of a project by
mitigating the risks and focusing on the value generative areas of the
project. This chapter outlined an approach to an integrated management
system for the management of risk and value during the inception and
appraisal of a project.
Using an integrated approach to risk and value management can

be challenging, but it is recognised as critical to the evaluation and
maintenance of VFM. While there are several value management tech-
niques available, this chapter focused on the application of optioneering
in the appraisal of projects. Combining risk management techniques
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produces a more in-depth analysis of the project helping to deliver a
successful project.
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Chapter 5

Qualitative Methods and
Soft Systems Methodology

This chapter illustrates the role of qualitative methods in risk
management. Often the first stage in any assessment has to be a qualitative
approach because there is insufficient information available to proceed
with anyquantitativemethods. The value of a risk log is reviewed. Finally,
the soft systemmethodology (SSM) is examined in detail and the way that
it structures the investigation of the commercial situation.

5.1 Qualitative risk assessment

The first stage in any risk management process is also the first stage in the
qualitative assessment of risk. It is frequently the most useful part of the
riskmanagement process and it lays the foundation for all the subsequent
stages in that process, including the quantitative analyses that are fre-
quently required to define budgets and timescales. Elsewhere in this book
techniques are described which can be used to model the soft issues which
influence projects, but the basic techniques for understanding risks and
their potential influence are those of identification, assessment, ranking,
sorting, classifying, allocating ownership and judging the probability and
impact of potential risks. This is qualitative risk assessment. Frequently,
no further analysis needs to be done. It is more likely that further analysis
is firmly rooted in the qualitative process. Applying weighting factors to
the qualitative assessment provides a quasi-quantitative form of analysis.
Whatever the eventual outcome, the basis is the identification of potential
risks. This process has been outlined in Chapter 4.

5.2 Review of project programmes and budgets

It is important that a project’s programmes and budgets are realistic if it
is to meet its objectives in terms of its quality and performance whilst
remaining within its predetermined timescale and budget. Unless the

57
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budget and programme are achievable, it is unlikely that risk analysis
will predict the out-turn cost and duration. This depends upon several
factors including:

the experience of the project management organisation;
the amount of relevant data from closely similar projects which
can form the basis of performance specifications, estimates and
programmes;
the extent of innovation; and
the size and complexity of the project.

Budgets shouldbebasedona realistic programme for thework taking into
account resource provision, productivity, time-related costs and risks.
Appropriate estimating techniques should be used for the type of project
and the project stage at which the estimate is produced.
For example, broad-brush estimates prepared for the purposes of com-

parison between options during the appraisal stage of projects may be
prepared using simple unit rate estimating methods or parametric meth-
ods (where suitable data exists). Estimates prepared to give definitive
budgets for the selected option should be prepared using the operational
technique taking into consideration the programme, resources and mate-
rials requirements of the project. Current costing can be applied to ensure
that the estimate does not rely on updating of historical data.
The operational technique has the added advantage of facilitating

greater understanding of the particular risks and uncertainties in the
project and how they may impact on the project.
In the case of the budget, the review should ascertain:

its adequacy for the scope of the works to be executed;
any contingencies, allowances, provisional sums, etc. contained
within it;
the reason(s) for their inclusion;
their adequacy; and
the adequacy of elements related to overheads, supervision, consul-
tants fees, licences etc. (if any) and any other realistic cost which may
be identified.

The outline programme should be checked to ensure that:

all the key activities have been identified;
the durations are realistic; and
the logic links and any other constraints are correct.
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Such constraints may include, for example, the links to, or dependen-
cies on:

other projects;
approvals for safety cases;
approvals by statutory authorities (planning permission, etc.);
approval of programmes on method statements; and
approval of subcontracts and materials.

If the programme is in network form, the critical path(s), free and
total float must be identified. All assumptions underlying the budget
programme must be identified and logged.
Within each project, the following interfaces must be identified to

ensure that they are included in theprogrammeandmanaged effectively:

between design groups;
between design groups and specialists;
between design and procurement;
between design and construction;
between procurement and construction; and
with other projects.

Management will be facilitated by ensuring that each such interface is
logged as a risk so that the following data are recorded and the following
actions are undertaken:

define data each party requires from others;
define when they are required;
agree assumptions if data is not available on time;
log the assumptions;
revise assumptions until final data is available;
specify physical factors:

spatial positions;
loadings;
capacity, etc.;

monitor progress; and
achieve agreed dates.

Experience shows that frequently the project programme is in insufficient
detail to identify all the areas of uncertainty, all constraints and all the
interfaces. Hence, one of the key activities in the riskmanagement process
is to ensure that the programme is sufficiently detailed to fully understand
all the activities that are required to execute the project.
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5.3 The risk log

The results of the interviews and reviews of the programme and budget
should form the basis for a risk log or risk register that will list all the iden-
tified risks. It will also contain assessments of their potential impact on
the budget, programme and quality/performance aspects of the project.
To aid manipulation the risk log can be entered into a database system

to facilitate recording, storing and sorting under various headings. These
may include inter-alia:

project phase;
the owner (holder) of the risk;
location;
other use-defined categories, for example, cross references to the
project programme and budget.

A database facilitates ranking of risks according to qualitative assessment
(high, medium and low). It also permits quantitative estimates in terms of
percent probability and cost impact (allowing quasi-quantitative analyses
and ranking). Somedatabase applicationswill allowquantitative analyses
using Monte-Carlo simulation.
The output may be shown in the risk map (or matrix) format, also

known as the probability/impact grid (PIG) to ease understanding of the
results. In the case of quasi-quantitative analyses, cumulative frequency
curves and histograms can be produced.
The risk log will also contain the information on actions to avoid,

mitigate or transfer risks, the secondary risks arising and possible fallback
plans. The risk log will be capable of being updated and will provide an
audit trail. It is possible to use the risk log as a management tool to
prompt risk owners to take action. Status reports can also be generated.
An example of another risk log is shown in Table 5.1. It may be the case
that for regular review by senior management, the full risk log or register
is too detailed and cumbersome to be used as a management tool.
Given that senior management will be interested in the most significant

risks, but are unlikely to be interested in details of modelling data, or
the audit trail, it is possible to use an extract of the risk log that omits the
detail but focuses instead on the action plans, the progress being made
against them and their success in avoiding ormitigating risks. This should
be reviewed regularly as part of regular management meetings. The team
should be continually aware of any new risks, or those that are increasing
in likelihood or severity.
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Table 5.1 Main categories of risk.

The project’s constitution and organisational structure including
the number of parties and the contractual, or other, relationships
between them.
The project management team including experience and availability
of key personnel (in-house, consultants and contractors).
Management authority and approvals required for work to
proceed.
Site-specific safety procedures: permits required, etc.
Ground conditions, including special factors such as the extent of
contaminated ground.
Requirements of diversions, for example, to services.
Risks arising from the contract/procurement strategy, including
residual risks if the subcontractor does not perform.
Risks arising from interfaces.
Uncertainties and assumptions in the project scope/design.
Temporary works for construction/dismantling.
Potential for cost growth due to:

design development;
increased extent of identified risks such as contamination;
delays to approvals, permits, etc.;
delays due to contractor default;
unforeseen circumstances.

Familiarity of potential contractors with the specific type of work
and location.
Extent of competition between potential contractors and suppliers.
Delivery periods of materials and equipment.
Extent, if any, of novel work.
Constraints on the project programme, due to resource/staff
shortages, possibly due to competing projects.
Preventative measures to protect staff, labour and the surrounding
areas.
Special measures required for the handling and disposal of waste,
spoil or contaminated material.

The reality of projects is that they do not follow a trend of steadily
decreasing risk. Risks fluctuate in importance, and the reporting should
reflect the changes.
Risks should be linked to the project’s programme to understand

the timeframe in which they can occur and the lead time to initiate
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preventative action. Whenever possible and cost effective to do so, risks
should be avoided. In reality that must be mitigated as the project pro-
gresses. Many of these will be ongoing, that is to say they may span over
several activities so that they cannot be closed for a considerable time.

5.4 Using a risk log to formulate risk management strategy

Following from the creation of a comprehensive risk log, an overview of
the total likely risk exposure of the project can be formulated, based on
the sensitivity of the budget and programme to identified risks and their
potential impact in terms of budget overrun, delay and impact on the
project’s performance objectives.
The aim is to determine the most cost-effective strategy of risk

avoidance, mitigation and/or transfer. The factors to be considered are:

the potential impact(s) of each risk;
the possibility of avoiding the risk through management action, pro-
vided that any secondary risks are not too great (secondary risks are
those that arise as a consequence of taking the mitigating action);
the possibility of taking actions to mitigate the risk, for example, by
carrying out more thorough ground surveys to provide better infor-
mation to the project team, its contractors and consultants. In this
case, the risk to the probable cost of the ground works must be more
than the cost of the survey otherwise the additional cost of the survey
is not worthwhile;
risks may be passed (i.e. transferred) to other parties, for example,
a consultant, supplier, contractor or insurance.

In the case of risk transfer, two tests must be applied:

(1) Cost-effectiveness. It is usual for a premium to be charged by the
party accepting the transferred risk. The issue is whether or not the
premium to be paid is significantly less than the probable cost of
accepting the risk in the first place. There is, however, a second
consideration.

(2) The ability of the transferee tomanage andaccept liability for the risk
should it occur. This is particularly important when significant risks
to which the project is sensitive are passed to others, for example,
contractors or suppliers. It may be that the risk premium charged
by the contractor or supplier for accepting the risk is inadequate to
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cover the cost of remedial action and the contractor or supplier is
unwilling, therefore to carry it out. If this is the case, the project may
suffer an adverse impact greater than the cost of retaining the risk
would have been in the first place, bearing in mind that the premium
paid to the transferee might be irrecoverable. (This is the residual
risk of the contract procurement strategy.)

In other cases, the contractor/supplier may claim that the risk was
excluded fromhis contractual responsibilities orwasunforeseeable.When
such claims are successful, the employer will effectively pay twice for the
transfer of the risk:

once through the premium charged by the contractor/supplier; and
once through the successful claim.

It is particularly important therefore that the employer gives very careful
consideration to risk transfer through contracts, the risk premium which
contractors and suppliers are likely to charge and the types of contract
available to achieve the optimum risk minimisation strategy. It must be
borne in mind that in competitive bidding, contractors may not be able
to fully price the risks that they are expected to carry. If the risk occurs,
there is in fact no funding for its consequences or mitigation.
Whatever type of contract is chosen, it is essential that specialist con-

tractors and suppliers who are best able to manage specific risks are used.
The following factors must be considered:

the extent of overlap of design, procurement and construction, if any,
to achieve the desired completion date;
transfer of risk and the premium(s) to be paid;
transfer of control;
transfer of responsibility; and
the number of interfaces between contractors/suppliers whichmust be
managed.

It must be noted that theoretical advantages may be difficult to achieve
(e.g. price certainty through fixed price contracts where risk is high or the
scope is not well defined).
The objective of any procurement strategy is to achieve the best VFM

at the least risk. Fundamental to this is the understanding of realistic cost
levels for tenders so that unrealistically low bids are not accepted.
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In so far as risk assessment by the employer is concerned, a detailed
understanding of the risks to be carried by contractors and suppliers, or
to be shared with them, will enable:

tenderdocuments tobedrafted to ensure that appropriate information
is elicited from bidders;
tender assessments to include a full appreciation of the risk being
carried, how they will be managed by the bidders and what the
implications are for the employer.

This is achieved by:

ensuring that risks are identified and clearly specified in the tender
documents;
that the allocation of risks and responsibilities in the contract docu-
ments is clearly defined;
the risk log can be used as a checklist during the tender assessment.

As noted above, even when risks have been passed to a contractor or
supplier, there is the residual risk that theywill notmanage or will succeed
in passing it back totally or in part through claims. Contingent sums
should be allowed in budgets for these residual risks.

5.5 Qualitative methods

Commercial environments, particularly those where the management of
risk is of prime importance, are frequently unstructured and only partly
understood by those involved. Conflicting views are frequently held.
The need to provide these environments with a structure should always
be recognised at an early stage. Two principal means of achieving this
structuring are available. First, the problem could be modelled using a
prescriptive decisionmaking tool. Second, amethodology that structured
the investigation couldbeutilised thatwouldpermit theuseof appropriate
analytical tools. Thus, the choice is between awell-structured quantitative
method and a project specific qualitative methodology.
Most of the qualitative techniques treat problems in environments

where a single answer is assumed to exist, and the selection of an
appropriate means to achieve an end that is defined at the start and
thereafter taken as given. This approach is perfectly acceptable in the
analysis of fixed facilities where the issues are purely technical. How-
ever, where human actions play a major role, or where uncertainty
exists, these methods are inappropriate. There are arguments against
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the use of formal systematic models in favour of those methodologies
that allow for solution of problems that cannot be fully structured in
advance. The former of these approaches creates artificially scientific
environments in which the problem is depoliticised, people are treated
as passive objects and uncertainty is ignored. The assumptions made
are often based on abstract objectives from which concrete actions are
proposed for implementation.
Qualitative methodologies concern themselves with how management

decisions are actually made, rather than the traditional operational
research approach of obtaining the right answer. Methodologies that
can screen out unfeasible alternatives, study the entire range of solu-
tions, and explore the effect of likely constraints, will develop contrasting
possibilities as to what is required. Placing decisions in the context of
alternative future environments permits the opening up of discussions
about threats and opportunities. Simplicity and clarity are sought, and
uncertainty treated as a fact of life. People are treated as active subjects.
Outside influences such as technical, commercial and political consider-
ations are identified and considered in direct relation to internal issues.
Appropriate strategies are developed to deal with complex interactions
within the project. The methodologies utilise a bottom-up approach and
facilitate participation by those directly involved in the problem. They
are non-optimising, and accept that there will be future uncertainties and
options should be kept open wherever possible.
A number of methodologies to tackle complex problems have been

developed over the past two decades. These include the analysis of
inter-connected decision areas (AIDA), conflict analysis, robustness anal-
ysis, strategic options development and analysis (SODA), the strategic
choice method and the soft systems methodology (SSM). The purpose
of these methodologies is to structure inquiry into situations that are
characterised by uncertainty, conflicting objectives and significant human
involvement.
Thesemethodologies fall into two broad classifications. First, are those

that concentrate on the efficiency of the solutions proposed (the first three
methodologies listed above falling into this group). Second, are those that
concentrate on the effectiveness of the solutions (as represented by the
last three methodologies listed above). While these methodologies con-
centrate on one of the two criteria, they do appreciate the other criteria,
rather than excluding it as most multiobjective methods do. Of these,
SSM concerns itself with systematically desirable and culturally feasible
changes, rather than simply making better decisions. For these reasons,
SSM was chosen as the methodology to employ in the investigation of a
water company’s activities as described in the following section.



Jobling: “chap05” — 2005/9/27 — 16:17 — page 66 — #10

66 Managing Risk in Construction Projects

Take action to improve the
problem situation

Investigate environment
addressed

Define improvements
that are both feasible

and desirable

Compare models with real
world actions

Define the environment
to be addressed

Define root definitions of relevant
systems of purposeful activity

Build conceptual models of
the systems defined

Figure 5.1 The learning cycle of SSM.

5.6 Soft systems methodology

SSM was developed by Peter Checkland at Lancaster University in the
late 1970s and early 1980s. Its purpose was to overcome the inability
of traditional decision theory and to adequately solve not all but the
most structuredproblems. The importance of these structuredproblems is
usually far less than those involving uncertainty and social considerations.
A particular strength of the technique is that it can begin with a simple
desire to make things better. No definition further than this is required.
SSM is typically employed in a cycle of seven stages, as indicated in

Figure 5.1. The first two stages involve finding out about the situation
considered problematic. The first two stages investigate the environment
and culture in which the problem exists, the specific problems considered,
the reasons why the situation is considered problematic and the improve-
ments that are sought in the third stage of SSM. A view of the problem is
selected that provides an insight into how improvements can be achieved.
This is undertaken through the use of root definitions and neutral defini-
tions of the activities or task to be undertaken that provide insight into
the problem.
The fourth stage involves the building of conceptual models that are

logical expansions of the root definitions generated in the previous stage.
The models developed are those of systems that can adapt and survive
to changes through their processes of communication and control. The
fifth stage of SSM requires the comparison of the models developed with
reality. This provides ameansof instigatingdebate intohowbenefits in the
systems can be attained. This process directs attention on the assumptions
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made, highlights alternatives and provides an opportunity for re-thinking
many aspects of real-world activity.
The purpose of the sixth stage of SSM is to define changes that will

bring about mediation benefits. Such changes have to meet the criteria
of systemic desirability and cultural feasibility. Systemic desirability will
include such factors as creating mechanisms to determine effectiveness
and ensuring that logical dependencies are reflected in real-world sequen-
tial actions. Cultural feasibility will provide allowance for the illogic
of human actions and the political environment in which decisions are
taken.
The final stage of SSM is taking action and implementing the changes

proposed. Undertaking the proposed changes alters the perceptions of
the initial problem. If required, further cycles of SSM can be employed to
seek additional improvements. This process would have been made con-
siderably more straightforward through the structuring of the problem
undertaken in the first application of SSM.
The use of the CATWOEmnemonic is ameans of increasing the under-

standing of the problems considered and the ease with which conceptual
models can be developed. The CATWOE mnemonic represents the
Customers, Actors, T ransformation process, W eltansschauung (world
view), Owners and Environmental constraints on the problem.
The core of CATWOE is the linkage of transformation processes and

theworld view thatmakes themmeaningful. Any activitywill always have
a number of transformations by which it can be expressed, dependent
upon the perception of its purpose. The other elements in CATWOE add
the ideas that purposeful activity must be undertaken, that it could be
stopped, that there will be victims and beneficiaries and that this system
will take some environmental constraints as given.
SSM employs a number of assumptions. These include that SSM is a

process formanagement, and is ameans of achieving purposeful action to
obtain a change in an existing situation. In any given situation therewill be
conflicting issues and remains from the parties involved in that situation.
SSM makes use of systems ideas and treats situations holistically.
Systems are considered to be composed of natural activity systems

that can be linked together in a logical structure. As a number of pos-
sible descriptions for a given situation will always exist, it is imported
to be explicit about the view taken of the problem to be studied, the
Weltanschauung. The next assumption made is that SSM learns by com-
paring models of purposeful action with perceptions of the real world.
This provides a feedback mechanism to determine the efficacy, efficiency
and effectiveness of the proposed actions. The final assumption made is
that the process must be participative so that all those parties involved
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make an input, even if they are not aware of the methodology or models
employed.
To date, SSM has been used in a wide variety of public and pri-

vate organisations. The applications include performance evaluations,
educational studies and the appraisal of various commercial situations.

5.7 Case study: SSM in the use of the placement of construction projects

Having provided an overview of SSM, an account of the hypothetical
commercial situation considered, the procurement of an ongoing series of
projects by aUKutility is now presented to provide a summary of the last
two stages of SSM. There are a number of ways in which UK utilities can
procure construction projects, and several organisational structures that
can potentially be employed. These include retaining all design and man-
agement in-house, employing consultants for these roles, and design and
build contracts. The hypothetical utility considered, procured between
five and ten of the specialised projects considered annually, and employed
the first of these options, the method considered in this case study. The
investigation of the problem, the first stage of SSM, was undertaken
investigating the structure, processes and climate of the organisation.
Projects considered were procured in support of one of the utility’s

core business activities, the majority of projects originated from one of
the utility’s core business areas or from the company’s planning arm. An
established database of completed projects existed. This database con-
tained all the tenders received over the past three years and records of
expenditure during the construction of the projects, including variations,
risk events, post-contract reviews and audits.
A list of pre-qualified specialist contractors was invited to tender for

projects. Cost based target contracts are employed. The contingencies
employed were tailored to the individual project rather than applied uni-
formly to all projects, and took account of the ability of the contractor
employed. The final process undertaken by the utility was the aggressive
marketing of their expertise in this field.
The utility was committed to promotion of specialist construction

techniques as a means of reducing the cost of construction. This com-
mitment was expressed through publicising successes, educating internal
and external clients and maintaining as high a profile of the utility as
possible.
Close relationships existed between the utilities and the contractors

employed. The procurement mechanisms employed, particularly the use
of cost based contracts, allowed the company to make significant inputs



Jobling: “chap05” — 2005/9/27 — 16:17 — page 69 — #13

Qualitative Methods and SSM 69

to the construction management of the projects without incurring cost
penalties.
Competition is considered to exist within the utilities to procure the

projects. The use of cost based contracts can erode the competitiveness
of the tenders received from contractors. Thus, whilst the construction
division procured projects from a logical and historical perspective, other
business areas occasionally retained projects if they thought that they
could obtain significantly lower tenders, and hence total project costs. In
many cases, however, the tenders obtained by other business areas bore
little relation to the final costs.
The third stage of SSM involves identifying those areas considered

problematical. The list of problems below is probably not exhaustive.

Technical and environmental

(1) Uncertain ability of construction technique to adequately deal with
anticipated and unforeseen ground conditions.

(2) Difficulties in transporting soil away from construction sites.
(3) Problems in detecting existing services.
(4) Difficulties in achieving economic means of disposing of slurry in

an environmentally acceptable manner.
(5) Interfacing with existing utilities and obtaining possessions.

Commercial and operational

(6) Inability of the construction technique to compete on cost terms
with traditional forms of construction in the majority of cases.

(7) High cost of purchasing and maintaining specialist plant.
(8) Inability of client organisations to guarantee long-term workload

of projects.
(9) Contractors attempting to buy work in order to obtain future work

from the client.
(10) Inability of clients to motivate contractors in the long term in

accordance with their short-term aims.
(11) Continued scepticism of the construction techniques by large

sectors of UK industry.
(12) Inability of clients tomotivate contractors toperform inaccordance

with their short-term aims the minimisation of costs.
(13) Uncertainty over means of paying contractors to minimise con-

struction costs.
(14) Uncertainty over the effectiveness of incentive mechanisms, either

positive or negative.



Jobling: “chap05” — 2005/9/27 — 16:17 — page 70 — #14

70 Managing Risk in Construction Projects

(15) Perceived high risk-nature of construction technique.
(16) Even minor risks cause major cost and time overruns.
(17) Difficulty in knowing cause and hence allocation, of construction

risks.
(18) Adversarial relationships created when traditional conditions of

contract were employed through their inability to allocate risk
equitably.

(19) Risk averse behaviour of contractors through their perceived use
of excessive contingencies.

(20) Inability to differentiate contractors based on their ability to
manage construction risks.

(21) Difficulty in predicting the productivity of specialist plant.
(22) Inability to differentiate contractors based on the efficiency with

which they operate their plant.

Of the problems identified, the most fundamental was the inability of the
construction technique to compete on cost terms with traditional con-
struction techniques. Where clients are unable to provide a guarantee of
long-term workloads of projects, contractors face uncertainty over the
number of projects over which they could write off the cost of plant. If
the technique is not adopted as the construction technique for a given
project, none of the other problems can occur.
The next most important problems considered are the inability of

clients to differentiate between contractors based on their ability and
their inability to motivate contractors in accordance with their long- and
short-term aims.
The abilities of contractors varied significantly in terms of their ability

to manage construction risk. Where the differences between competing
tenders were lower than single figure percentages, it is difficult for the
company to justify the employment of more expensive contractors. These
differences in contractors’ abilities are influenced by a number of fac-
tors, including their size, the duration they have been in existence and
the financial requirements of their stakeholders. The financial and oper-
ational problems identified above are either indirectly or directly related
to the procurement process.

Root definitions

The next stage of SSM is the formulation of root definitions. This requires
the naming of systems considered relevant to exploring the problems iden-
tified in the exploratory phase of SSM. The following root definition
and CATWOE mnemonic were produced; root definitions give neutral
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definitions of the activities or tasks to be undertaken. For the purposes of
the following root definitions, a root definition andCATWOEmnemonic
of the activities based on the finding-out phases of SSM, are presented
below.

Root definition:
An internal organisation, seeking to
employ improved systems to procure
special projects for internal and external
clients to increase the cost competitiveness
of the technique compared with
traditional construction methods.

C (Customers): Utilities, external clients, contractors.
A (Actors): Utility.
T (Transformation
processes):

Construction needs of clients met through
increased procurement of specialist
construction projects through the greater
cost competitiveness.

W (World view): The increased cost competitiveness of the
special construction techniques that can
achieve significant financial and
non-financial benefits.

O (Owners): Utility.
E (Environmental
constraints):

Water companies capital programme, UK
construction market.

TheCATWOEmnemonic indicates that the transformation sought is one
in which the cost competitiveness of the specialist construction techniques
is increased. This increased competitiveness is achieved through the use
of procurement mechanisms tailored to the requirements of the projects.
A fundamental assumption is that the procurement of the projects is based
on an ongoing workload of projects work rather than on an individual
basis.
Figure 5.1 indicates the schematic structure of the procurement activity

system. This system contains the elements through which microtun-
nelling projects are currently procured. The system appreciates the direct
construction and promotional roles and activities of the utility.
In order to propose systems through which improvements could be

obtained, the problemswere structured according to the general areas that
they address. For this reason, problem numbers 7–11 were considered to
be procurement problems occurring at the strategic level. The remainder
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of the problems were considered at the tactical level in that they are
applicable to individual projects.
Problems 12–14 considered the abilities of the payment mechanism

employed to reimburse contractors. Problems 15–20 considered the man-
agement and allocation of construction risks, and problems 21 and 22
concerned the contractor’s operation of their plant. Four activity sys-
tems were proposed which address these classifications of problems. The
root definitions and associated CATWOE mnemonics of these systems
are presented below.

Root definition 1: procurement of microtunnelling projects

Root definition:
A system, appreciative of the construction
environment, to procure projects accordance
with the client’s long-term aims.

C: Utility, contractors.
A: Utility contractors.
T: Projects procured. The procurement of projects

improved.
W: The use of procurement systems tailored to the

requirements of the project and the contracting
parties will improve the effectiveness and
efficiency of the procurement process.

O: Utility.
E: Legislation, UK economy, utility capital

programme.

Root definition 2: payment of contractors

Root definition:
A system to pay and motivate contractors to
perform in the short term in accordance with
the client’s aims.

C: Utility, contractor.
A: Resident engineer, site agent utility client

contractor, construction staff.
T: Contractors paid. Contractors paid and

motivated to perform in direct accordance with
the client’s long-term aims.
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W: The use of financial motivators can have a
major effect on construction performance.

O: Utility.
E: Local construction markets.

Root definition 3: management of construction risk

Root definition:
A system in which construction risks are
allocated between the client and the
contractor to minimise the construction cost
of an ongoing workload of projects.

C: Contractors, utility.
A: Utility.
T: Workload of projects constructed. Projects

constructed at lower cost.
W: The effective management of construction risks

can have a major effect on construction cost.
O: Utility.
E: Current/local construction market climate,

client’s capital programme.

Root definition 4: operation of construction plant

Root definition:
A system to ensure contractors’ effective
operation of plant and provide a mechanism
for differentiating between contractors on
the basis of their technical ability.

C: Contractors, utility.
A: Contractors.
T: Contractor’s operation of their plant.

Contractor’s operation of their plant monitored
and improved.

W: The ability of the contractor to operate their
plant efficiently can have a major effect on the
productivity achieved.

O: Utility.
E: Individual project conditions.

The first root definition, concerning procurement at the strategic level,
seeks to overcome the problems associated with the use of specialised
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construction techniques at the organisational, rather than at the construc-
tion level. Thus, this root definition considers long-term relationships
and contractual arrangements between the contracting parties at the
organisational level. The second root definition, describing a system to
reimburse contractors, assumes that the payment mechanism employed
can motivate contractors to achieve the client’s aims.
The third root definition, describing a system to manage construction

risks, takes the world view that the effective allocation of construction
risks can have a significant effect upon construction costs. The system
seeks to allocate construction risks so as to reduce the cost of constructing
anongoingworkloadofprojects. The contractors’ operationof their plant
is the system described by the fourth root definition.
The management of construction risks exists at the lowest level of the

procurement process of the activity systems considered, and is the system
addressed further here. If the improvements sought in the procurement
of projects are to be effectively utilised, they must have a consistent and
coherent hierarchy. If this were not the case, elements of the procurement
process could impose conflicting demands and aims on the contract-
ing parties. This is consistent with the bottom-up approach employed
by SSM.
Figure 5.2 provides a view of the first risk management system compo-

nent. The left hand branch of this component appreciates the effects of
risk on the construction projects (box a), and the construction environ-
ment in which the projects are procured (box b). The term construction
environment is used to represent the commercial and organisational cli-
mate in which contractors are employed to construct the projects. The
linking of these elements provides an understanding of the specific effects
of risk on the construction of an ongoing workload of projects.
The left hand branch of this component introduces the analytical

aspects of risk management. Box c first identifies the locations of primary
riskdata. Construction risks are categorisedaccording to their source, and
their durations incorporated into a database of risk events. The risk anal-
ysis alternatives are reviewed in box d in terms of the findings sought and
the primary risk data available. When the two branches of this compo-
nent are combined, a mechanism for calculating the financial effect of
utilising alternative risk allocation strategies is obtained (box e). Finally,
the development and verification of methods for calculating the effect of
employing alternative risk allocation strategies, the fifth stage of SSM, is
undertaken, indicated by box f.
This structured approach permits the assessment of a range of risk

allocations strategies, using primary data, to simulate the impacts upon
the constructing parties.
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Appreciate effect of risk on
projects (a)

Identify sources of data and
identification of effect of risks or

projects (b)

Consider project environment
and work load of projects (c)

Appreciate alternative methods of
risk modelling and analysis (d)

Generate method for analysing
effect of risk on projects (e)

Validate method
of analysing risk

chosen (f)

Figure 5.2 Identification, assessment and analysis of construction risks, the first
component of the risk management system.

Proposed risk allocation strategy

The risk allocation strategy proposed represents the sixth stage of SSM,
defining improvements in the situation. The aim of this strategy is to min-
imise the construction cost of the portfolio’s projects. The client accepts
responsibility for all risks caused by unforeseen natural and artificial con-
ditions. The responsibility for all the other classifications of construction
risk is shared between the contractor and the client on a 50/50 basis.
The responsibility for delays due to natural and artificial conditions is

a frequent source of dispute between the client and the contractor. The
reasons for this include uncertainties over the encountered conditions,
even after risk events have occurred. These risks have low probabilities
of occurrence, but high probabilities of effect, meaning that contractors
face a gamble when setting contingencies against them and have at best
limited abilities to manage them. This inevitably increases contractors’
tenders.
The third reason is the need to provide contractors with motivation to

seek to eliminate theoccurrenceof risks. The level atwhich thismotivation
becomes most effective is clearly difficult to identify. However, given the
manner in which even minor risk event can have major financial effects,
the contractors’ reduced exposure to risk will still provide them with an
incentive to perform in accordance with the client’s aims.
The risks allocated to the contractor are those that they have the abil-

ity to manage; they are not allocated based on expediency, as occurs
in price based contracts. It is cheaper in the long run for the client to
pay for what actually happens during construction rather than what the
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contractor thinks might happen. The arbitrary transfer of responsibility
for risks to the contractor costs money, whilst their effective allocation
and management can save money. Removing the responsibility for these
risks altogether diminishes the contractors’ motivation to operate effec-
tively, meaning that risk events will bemore likely to occur. The proposed
strategy reduces contractors’ responsibility for risk provided they seek to
minimise their likelihood of risks occurring. Although the contractor will
still estimate the cost of these construction risks higher than the client,
the construction costs will be reduced.
It has been proposed on a general basis elsewhere that the client accepts

a larger responsibility for construction risks. Where major unexpected
events do occur, the client will inevitably face increases in construction
cost unless a contract placing all risks on the contractor is employed.How-
ever, if the risk was logically the client’s in the first place, the cost to the
client will be no greater that it would otherwise have been. The approach
proposed requires the adoption of a long-term perspective. The work-
loads of projects are not constructed concurrently. Thus, the time period
considered is not just the construction duration of an individual project,
but several years. The client must accept a flexible attitude towards risk
allocation. This approach would not be suitable for a client with a more
introspective culture or fewer projects.
The use of cost based contracts is a prerequisite for the successful use

of this strategy as a precise knowledge of the contractor’s actual costs is
required. The IChemEGreen Book contract, already widely used, would
be an appropriate vehicle for this strategy. The Institution of Civil Engi-
neers (ICE) engineering and construction contract, or New Engineering
Contract (NEC3), would also be suitable, particularly as they have pro-
visions for sharing and transfer of risk between the contracting parties
once identified thresholds are met.
The cost of some projects will inevitably exceed the client’s estimates,

particularly when major unforeseen events occur. However, as the client
takes a long-term view these cost overruns should be more than offset by
the cost savings achieved on successfully completed projects. The contin-
gencies utilised by the contractor will have the same purpose and effect
as those currently used in IChemE cost based contracts. The benefits are
shown at portfolio level, where contingencies to cover the impact of the
major risks at project level can be held.
In addition tominimising construction costs, a further aim of this strat-

egy is to promote goodmanagement and engineering practice by the client
as well as the contractor. These aims are compatible. The effect is to have
the construction aims of the client and contractor identical. A win–win
environment is sought in which the minimisation of construction risks
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and hence costs, is in the best interests of both parties. The contractor’s
risk becomes their ability to obtain further projects from the client. This
approach raises the contractor’s risk from the project level to the long-
term success of their business, the contractor becoming as good as their
last project.
Before such a radical departure from existing practice is embarked

upon, a process of validation must be undertaken. The behaviour of the
model is tested within the feasible domain to ensure that it is compatible
with real life and that it contains no discontinuities or step changes.
There are a number of validation alternatives available, including a

comparison with historical and future projected data, and comparing the
simulated output with the anticipated outcome of a project in response
to a predefined set of parameters. To validate this research a number of
prototype contracts would have to be procured and analysed.

5.8 Summary

The initial role and value of qualitative analysis has been reviewed and
the use of a risk log investigated. Finally, this chapter has shown that
SSM provides a suitable means for structuring the examination of a util-
ity’s procurement of an ongoing workload of construction projects. The
actual procurement of these projects is assumed to be undertaken by an
internal specialist organisation. Root definitions of systems have been
proposed indicating areas in which improvements in the use of special
construction techniques can be obtained.
The allocation of construction risk, contractor payment mechanisms

and strategic procurement mechanisms were identified as the aspects to
be investigated. It is not suggested that these are the only areas through
which improvements could be obtained. However, these are the areas
where it is thought that meaningful improvements can be obtained given
the resources and constraints present.
The proposed risk allocation strategy promotes the employment of able

contractors, and it has been shown that only these contractors are able to
obtain their required returns if the client seeks to limit their contingencies
and profits in exchange for guarantees of work.
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Chapter 6

Quantitative Methods for Risk
Analysis

Project appraisal or feasibility study is an important stage in the evolution
of a project. It is necessary to consider alternatives, identify and assess
risks, at a timewhendata is uncertainorunavailable. This chapteroutlines
the quantitative approach and describes in detail several risk assessment
techniques.

6.1 Sanction

When the project is sanctioned, the investing organisation is committing
itself to a major expenditure and is assuming the associated risks. This is
the key decision in the life cycle of the project. In order to make a well-
researched decision the client will require

Clear objectives The client’s objectives in pursuing this investment
must be clearly stated and agreed by senior management early in the
appraisal phase for all that follows is directed at achievement of these
objectives in the most effective manner. The primary objectives of quality,
time and cost may well conflict and it is particularly important that the
project team know whether minimum time for completion or minimum
cost is the priority. These are rarely compatible and this requirement will
greatly influence both appraisal and implementation of the project.
Market intelligence This relates to the commercial environment in

which the project will be developed and later operated. It is necessary
to study and predict trends in the market and the economy, anticipate
technological developments and the actions of competitors.
Realistic estimates/predictions It is easy to be over-optimistic when

promoting a new project. Estimates and predictions made during
appraisal will extend over the whole life cycle of implementation and
operation of the project. Consequently single figure estimates are likely
to be misleading and due allowance for uncertainty and exclusions should
be included.

78



Jobling: “chap06” — 2005/9/27 — 16:17 — page 79 — #2

Quantitative Methods for Risk Analysis 79

Assessment of risk A thorough study of the uncertainties associated
with the investment will help to establish confidence in the estimate and
to allocate appropriate contingencies. More importantly at this early
stage of project development, it will highlight areas where more informa-
tion is needed and frequently generate imaginative responses to potential
problems, thereby reducing risk.
Project execution plan This should give guidance on the most effective

way to implement the project and to achieve the project objectives, taking
account of all constraints and risks. Ideally, this plan will define the likely
contract strategy and include a programme showing the timing of key
decisions and award of contracts.

It is widely held that the success of the venture is greatly dependant on the
effort expended during the appraisal phase preceding sanction. There is
however, conflict between thedesire to gainmore informationand thereby
reduce uncertainty, the need to minimise the period of investment and the
knowledge that expenditure on appraisal will have to be written off if the
project is not sanctioned.

Expenditure on appraisal of major engineering projects rarely exceeds
10% of the capital cost of the project. The outcome of the appraisal as
defined in the concept and the brief accepted at sanction will however
freeze 80% of the cost. The opportunity to reduce cost during the subse-
quent implementation phase is relatively small, as shown in Figure 6.1.

6.2 Project appraisal and selection

Project appraisal is a process of investigation, review and evaluation
undertakenas theproject or alternative conceptsof theproject aredefined.
This study is designed to assist the client to reach informed and rational
choices concerning the nature and scale of investment in the project and
to provide the brief for subsequent implementation. The core of the pro-
cess is an economic evaluation; based on a cash flow analysis of all costs
and benefits that can be valued in monetary terms.

Appraisal is likely to be a cyclic process repeated as new ideas are devel-
oped, additional information received and uncertainty reduced, until the
client is able to make the critical decision to sanction implementation of
the project and commit the investment in anticipation of the predicted
return.

It is important to realise that, if the results of the appraisal are
unfavourable, this is the time todefer furtherworkor abandon theproject.
The consequences of inadequate or unrealistic appraisal can be expensive,
as in the case of the Montreal Olympics stadium, or disastrous.
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Figure 6.1 Graph of percentage cost against time showing how the important decisions for any project
are made at the start of that project.

Ideally, all alternative concepts andways of achieving the project objec-
tives should be considered. The resulting proposal prepared for sanction
must define the major parameters of the project – the location, the tech-
nology to be used, the size of the facility, the sources of finance and raw
materials together with forecasts of the market and the predictions of
the cost/benefit of the investment. There is usually an alternative way to
utilise resources, especially money, and this is capable of being quantified,
however roughly.

Investment decisions may be constrained by non-monetary factors
such as:

organisational policy, strategy and objectives;
availability of resources such as manpower, management or
technology.

Programme

It will be necessary to decide when is the best time to start the project
based on previous considerations. Normally this means as soon as pos-
sible, because no profit can be made until the project is completed.
Indeed, it may be that market conditions or other commitments impose
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a programme deadline, that is, a customer will not buy your product
unless it can be supplied by mid-1998, when a processing factory will be
ready. In inflationary times, it is particularly important to complete a
project as soon as possible because of the adverse relationship between
time and money. The cost of a project will double in 7.25 years at a rate
of inflation of 10%.

It will therefore be necessary to determine the duration of the appraisal
design and construction phases so that:

the operation date can be determined;
project costs can be determined; and
the client’s liabilities can be assessed and checked for viability. It may
well be that the client’s cash availability defines the speed at which the
project can proceed.

The importance of time should be recognised throughout the appraisal.
Many costs are time-related and would be extended by any delay. The
programme must therefore be realistic and its significance taken fully
into account when determining the project objectives.

Risk and uncertainty

The greatest degree of uncertainty about the future is encountered early
in the life of a new project. Decisions taken during the appraisal stage
have a very large impact on final cost, duration and benefits. The extent
and effects of change are frequently underestimated during this phase
although these are often considerable, particularly in developing coun-
tries and remote locations. The overriding conclusion drawn from recent
research is that all parties involved in construction projects would benefit
greatly from reductions in uncertainty prior to financial commitment.

At the appraisal stage, the engineering and project management input
will normally concentrate on providing:

realistic estimate of capital and running costs;
realistic time scales and programmes for project implementation;
appropriate specifications for performance standards.

At appraisal, the level of project definition is likely to be low and therefore
risk response should be characterised by a broad-brush approach. It is
recommended that effort should be concentrated on:

seeking solutions that avoid/reduce risk, however care is needed to
ensure that the consequences of avoiding risk, the secondary risks are
not worse than the original risk;
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considering whether the extent or nature of the major risks is such
that the normal transfer routes may be unavailable or particularly
expensive;
outlining any special treatment, which may need to be considered
for risk transfer, for example, for insurance or unconventional
contractual arrangement;
setting realistic contingencies and estimating tolerances consistent
with the objective of preparing the best estimate of anticipated total
project cost; and
identifying comparative differences in the riskiness of alternative
project schemes.

Construction project managers will usually have less responsibility for
identifying the revenues and benefits from the project: – this is usually
the function of marketing or development planning departments. The
involvement of project managers in the planning team is recommended,
as the appraisal is essentially a multidisciplinary brainstorming exercise
throughwhich the client seeks to evaluate all alternativeways of achieving
these objectives.

For many projects, this assessment is complex as not all the benefits or
disbenefits may be quantifiable in monetary terms. For others it may be
necessary to consider the development in the context of several different
scenarios (or views of the future). In all cases, the predictions are con-
cerned with the future needs of the customer or community. They must
span the overall period of development and operations of the project that
is likely to range fromaminimumof eight or ten years for aplantmanufac-
turing consumer products to 30 years for a power station and much longer
for public works projects. Phasing of the development should always be
considered.

Even at this early stage of project definition, maintenance policy
and requirements should be stated, as these will affect both design and
cost. Special emphasis should be given to future maintenance during the
appraisal of projects in developing countries. The cost of dismantling or
decommissioning may also be significant but is frequently conveniently
ignored.

6.3 Project evaluation

The process of economic evaluation and the extent of uncertainty asso-
ciated with project development are illustrated by the appraisal of the
hypothetical new industrial plant in Chapter 7. The use of a range of
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financial criteria for quantification and ranking of the alternatives is
strongly recommended. These will normally include discounting tech-
niques but care must be taken when interpreting the results for projects
of long duration.

Cost–benefit analysis

In most construction projects, factors other than money must be taken
into account. If a dam is built it might drown a historical monument,
reduce the likelihood of loss of life due to flooding, increase the growth
of new industry because of the reduced dam flooding risk, and so on.
Cost–benefit analysis provides a logical framework for evaluating alter-
native factors that may be highly conjectural in nature. If the analysis is
confined to purely financial considerations, it fails to recognise the overall
social objective, to produce the greatest possible benefit for a given cost.

At its heart lies the recognition that a factor should not be ignored
because it is difficult or even impossible to quantify it in monetary terms.
Methods are available to express, for instance, the value of recreational
facilities, and although it may not be possible to put a figure on the value
of human life, it is surely not something we can afford to ignore.

The essential cost–benefit analysis is to take into account all the factors,
which influence either the benefits or the cost of a project. Imagination
must be used to assign monetary values to what at first sight might appear
to be intangibles. It should be mentioned that monetary values are highly
subjective and must be evaluated with care. Even factors to which no
monetary value can be assigned must be taken into consideration. The
analysis should be applied to projects of roughly similar size and patterns
of cash flow. Those with the higher cost–benefit ratios will be preferred.
The maximum net benefit ratio is marginally greater than the next most
favoured project. The scope of the secondary benefits to be taken into
account frequently depends on the viewpoint of the analyst.

It is obvious that, in comparing alternatives, each project must be
designed within itself at the minimum cost that will allow the fulfilment
of objectives including the appropriate quality, level of performance and
provision of safety.

Perhaps more important, the viewpoint from which each project is
assessed plays a critical part in properly assessing both the benefits and
cost that should be attributed to a project. For instance, if a private elec-
tricity board wishes to develop a hydroelectric power station, it will derive
no benefit from the coincidental provision of additional public recre-
ational facilities, which cannot therefore enter into its cost–benefit anal-
ysis. A public sector owner could quite properly include the recreational
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benefits in its cost–benefit analysis. Again, as far as the private developer
is concerned, the cost of labour is equal to the market rate of remunera-
tion, no matter what the unemployment level. For the public developer
however, in times of high unemployment, the economic cost of labour
may be nil, since the use of labour in this project does not preclude the
use of other labour for other purposes.

6.4 Engineering risks

An essential aspect of project appraisal is the reduction of risk to a level
that is acceptable to the investor. This process starts with a realistic
assessment of the uncertainties associated with the data and predictions
generated during appraisal. Many of the uncertainties will involve a
possible range of outcome that could be better or worse than predicted.

The implications of several of the risks likely to be encountered in
engineering projects are illustrated in Figures 6.2(a–e). It is relevant
to note:

that the single line investment curve shown in Figure 6.2 represents
the most likely outcome of the investment. An idea of the spectrum
of uncertainty arising from the estimates and predictions is shown in
Figure 6.2(e);
the maximum risk exposure occurs at the point of maximum invest-
ment – when the project is completed and either does not function or
is no longer needed.

Figure 6.2(b) uses the dotted lines to illustrate the impact of both a greater
and lower level of income generation on the project cash flow.

Figures 6.2(c) and (d) shows the significance and sensitivity of the cash
flowtoadelay in completiondate andadelay in sanctiondata respectively.

Risks specific to a project are interactive, sometimes cumulative: they
all affect cost and benefit.

Environmental risks frequently result in compromise following compar-
ison of cost with benefit. They are likely to have a significant influence on
the conceptual design and the response should therefore be agreed prior
to sanction. Residual uncertainty may be incorporated in the analyses,
usually as a contingency sum that may have to be expanded.
Risk to health and safety is normally considered as a hazard during

design and embraces issues such as reliability and efficiency in addi-
tion to safety. In the case of facilities that process hazardous substances
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Figure 6.2 (a) Project cash flow – typical cash flow.
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Figure 6.2 (b) Project cash flow – spectrum of operational performance.
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Figure 6.2 (c) Project cash flow – effect of delay in completions.
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Figure 6.2 (e) Project cash flow – spectrum of change in implementation and operation.

a full-scale safety audit will be necessary or mandatory. This will have
implications for both programme and cost.
Innovation The consequential risk of inadequate performance may be

reduced by thorough testing but appropriate time and cost provisionmust
be included.
Risk to activity relates mainly to the implementation phase of the

project. These risks arise mainly from uncertainty and is the responsibility
of the project manager who should be allocated appropriate contingen-
cies. The extent and nature of the contingencies depends on themagnitude
and complexity of the risks and on the degree of flexibility required.

All uncertainties, particularly those that cause delay, will affect invest-
ment in the project. Many risks are associated with specific time con-
straints imposed on the project. The preparation of an outline programme
is an essential early requirement of any approach to risk identification.

6.5 Risk management

The logical process of risk management has been defined earlier as:

identification of risks/uncertainties;
analysis of the implications (individual and collective);
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response to minimise risk;
allocate appropriate contingencies.

If uncertainty is managed realistically, the process will:

improve project planning by prompting what if questions;
generate imaginative responses;
give greater confidence in estimates;
encourage provision of appropriate contingencies and consideration
of how they should be managed.

Risk management should impose a discipline on those contributing to the
project, both internally and on customers and contractors. By predicting
the consequences of a delayed decision, failure to meet a deadline or a
changed requirement, appropriate incentives/penalties can be devised.
The use of range estimates will generate a flexible plan in which the
allocation of resources and the use of contingencies are regulated.

Risk reduction

Obtaining additional information.
Performing additional tests/simulations.
Allocating additional resources.
Improving communication and managing organisational interfaces.

Market risk may frequently be reduced by staging the development of
the project. All the above will incur additional cost in the early stages of
project development.

Contingencies

The settingandmanagementof contingencies is an essential part ofproject
management. The three types of contingencies are: time (float), money
(allowance in budget) and performance/quality (tolerances).

Their relative magnitude will be related to the project objectives. The
responsibilities/authority to use contingencies should be allocated to a
namedperson. It is essential toknowwhathasbeenusedandwhat remains
at any point in time.

The role of people

All the above risks may be aggravated by the inadequate performance of
individuals and organisations contributing to the project.
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Control is exercised by and through people. As the project manager
will need to delegate, he/she must have confidence in the members of
the project or contract team and, ideally, should be involved in their
selection.

Staff should be involved in risk management in order to utilise their
ideas and to generate motivation and commitment. The roles, constraints
and procedures must be clear, concise and understood by everyone with
responsibility.

6.6 Probabilistic analysis

For real projects, ranges of values are preferable to single figure estimates
because of the level of optimism that is inherent in a single figure estimate.
Probabilistic risk analysis techniques are used to provide information
such as estimates of the likelihood of achieving certain project targets
and the likely range of outcomes of the project, in terms of its duration
and economic parameters. There are a number of different probabilistic
risk analysis techniques and each technique requires the specification of
key project variables and their corresponding distributions. A probability
distribution is used to describe the ways in which a value may be selected
as representative of the estimated range of outcomes of a variable.

Probabilistic analysis techniques require a large number of calculations
to be carried out, and this usually requires the speed and processing power
of a computer. There are a number of computer programs available for
use in the risk management process and most of these programs utilise
one of the probabilistic analysis techniques described in this section.

Monte-Carlo technique

The Monte-Carlo technique was so called because of its imitation of the
randomness of a roulette wheel. This technique was developed a number
of years ago and has become one of the most popular probabilistic risk
analysis techniques. Computer programs often make use of this technique
in conjunction with model simulations. It has been well documented and
the full mathematical calculations and equations required can be found
in a number of texts.

The Monte-Carlo technique is a process for developing data using a
random number generator. It should be used for problems involving ran-
dom variables with known or assumed probability distributions. This
technique requires the selection of different values from a probability dis-
tribution, the values corresponding to their probability of occurrence as
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definedby theprobability distribution. In the analysis phase, the identified
risks are quantified. The quantitative risk is usually included in the risk
model by estimating a pessimistic, a normal and optimistic value, known
as a triangular distribution, although others can be used (see below). It is
very important that the risk analyst manage to transfer the information
gathered in the identification phase into risk assessments reflecting the
real risk affecting the parameters. Often the spread is far too conserva-
tive, that is, the risk is underestimated. It is also very important to discuss
the assumptions behind the estimates to avoid the risk assessments that
are anchored to the estimates.

It is very important to use a practical and approximate approach when
quantifying risk and selecting probability distributions. Do not turn your
project into a complete mathematical equation. Keep it simple!

Examples of typical risk distributions are given in Table 6.1. The risk
quantifications as shown in the tablewere allowed for an industrial project
and are based on subjective judgements (experience and knowledge) and
gut feeling of members of the project team and is used as input to a risk
model.

A simple explanation as to the way in which a Monte-Carlo technique
operates is now given. A value is chosen from the probability distribution
of each of the variables and run through the project model. Each pass
through the project is called an iteration. It is normal to carry out one
thousand, or more, iterations for an average project to ensure that the
results are free from most statistical biases.

The Monte-Carlo technique requires a sequence of random numbers
that have no predictable pattern and satisfy various statistical tests of
randomness. Output histograms produced from a Monte-Carlo analysis
can be tested in two ways to see if they are robust. The histograms should
be sensitive to a change in the number of iterations used and insensitive
to a change in the random number initiator.

Table 6.1 Examples of simple risk distributions.

Activity Optimistic Planned Pessimistic Distribution

Construction 16 m $ 20 m $ 30 m $ Lognormal
Equipment 8 m $ 10 m $ 12 m $ Triangular
Market size 35 m people 50 m people 65 m people Triangular
Market share 6% 12% 36% Triangular
Unit price 1 $ 2 $ 4 $ Triangular
Operational cost 1.6 m$ 2 m $ 2.4 m $ Triangular

Note: m = million.
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However, the use of random numbers implies that all of the variables
are independent of each other, and in many projects, this is not true. It is
often the case that variables are interdependent, and a common example
of this is when there is a delay in the design stage this often leads to a
delay in the construction of a project. Sometimes interdependent project
variables are specified as correlated in order to overcome this assumption.

The Monte-Carlo technique does not require the analyst to have a great
amount of knowledge about computer modelling or statistical risk anal-
ysis techniques in order to use it effectively. However, it is not advisable
to use it on projects where there are significant number of interdependent
variables, unless the model specifies that, the variables are interdepen-
dent. Typically, the number of key variables would be less than 10% of
the elements or activities of a project model.

When using a probabilistic analysis technique it is necessary to choose
a probability distribution that is representative of the range and the way
in which the values of a variable might vary. There are a number of dif-
ferent shapes of probability distribution that can be chosen to represent
the probability of occurrence of a range of values that comprise a vari-
able. The shape of the probability distribution chosen is often based on
historical data, which would show the distribution of the outcomes for
this variable on past projects. The use of historical data is an objective
means of deciding the shape of the probability distribution for a variable.
However, historical data from which to choose the shape of a probability
distribution is not always available and in this event, it is left to the project
modeller and those associatedwith the project to decide on the probability
distribution shape. In addition, it can perpetuate old problems!

There are four commonly presented probability distributions, the
normal, beta, rectangular and triangular distributions although the tri-
angular (or triple) estimates are the most often used. This is because on
most projects, definitive information regarding the likely distributions
of key variables is not available but what information exists is likely to
reflect a most likely outcome and an indication of the relative optimistic
and pessimistic range of outcomes. In practice, not all distributions are
symmetrical; it is often the case that probability distributions are skewed
because it is more likely that there will be a delay in completing an activity
than the activity being completed early.

It is important to choose a probability distribution that is appropriate
for the variable being considered. If there is no historical data available,
then careful consideration should be given to the variable and what is
likely to be the result of that variable, before a decision is made about the
shape of the distribution. Utilisation of the experience of members of the
organisation, from previous similar projects, might assist in the decision
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as to which probability distribution is most appropriate for a particular
variable.

6.7 Response to risks

Since all projects are unique and risks are dynamic through the life of
the project, it is necessary to formulate responses to the risks that are
appropriate. The information gained from the identification and analysis
of the risks gives an understanding of their likely impact on the project
if they are realised. This, in turn, enables an appropriate response to be
chosen.

Typically, there are three main types of responses to risks, and these
are – to avoid or reduce the risks, to transfer the risks and to retain the
risks.

Risk avoidance or reduction is an obvious first stop. Once the risks,
particularly the sources of risks, have been identified and analysed, it
may be possible to formulate methods of avoiding certain risks while
making only minor changes to the project. In extreme cases, projects may
be abandoned due to an inability to avoid or reduce some of the risks.
However, there will only be a few occasions when this response can be
used, because the project can only be changed to a certain extent before
it becomes either infeasible or unviable or becomes a different project!

By changing certain features of the project, it may be possible to reduce
the amount of risk in the project, rather than trying to avoid the risks
totally. It might be possible, for example, to change the method of con-
struction to reduce the amount of risk involved in the construction phase
of the project, while making little impact on the duration and cost of the
project.

Risk transfer involves transferring risks from one party to another,
without changing the total amount of risk in the project. Risk transfer
can occur between the parties involved in the project or one party and
an insurer. The decision to transfer or allocate risk to another party is
implemented through an insurance policy or the conditions of contract.
It is usually up to the client to initiate the transfer of risk, although there
are several factors that need tobe consideredbefore any risk is transferred.
First, consideration should be given as to whether or not the party that
the risk is being transferred to, can do anything to manage or control the
risk, and whether they could accept the consequences should the risk be
realised. It is generally agreed that risks should be accepted by the party
that is best able to manage or control them, or the party that is best able
to accept the consequences should they be realised. There is little point
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in transferring a risk to a party that cannot manage the risk or cannot
accept the consequences should it be realised. The second consideration
is whether or not the risk premium that would have to be paid for the
transfer of a risk is greater than the cost of the consequences should the
risk be realised. Again, there is usually little point in paying more to
transfer a risk than it would cost to accept the consequences should the
risk be realised. Equally, there could be the problem that a low tenderer
has not priced risk at all.

In some situations, the only option available is to retain a risk. The
party that is holding a risk might be the only one that can manage the
risk or accept the consequences should the risk be realised. The risks
retained may be controllable or uncontrollable. If the risks are control-
lable, then control may be exerted to reduce the likelihood of occurrence
or the impact of the risks. It is normal for the client to be left with some
risks, and these are termed the residual risk. The client ultimately carries
the risk in a project.

The timing of an action taken to mitigate the effects of a risk may
dictate the action that is chosen. The first possible action is on advice that
reduces the chance of the risk being realised. Then there are after-the-fact
actions using readily available resources. This refers to an action taken
once the risk has been realised, using the resources that are available at the
time the action is taken, a purely after-the-fact action requiring essential
prior actions. This action requires the use of contingency measures that
are planned prior to the start of the project.

Despite the use of formalised procedures and techniques in the risk
management process, the element of human judgement must not be over-
looked. One of the most significant uses of judgement is in deciding which
actions should be taken to manage the risks. There are no rules that can
be applied in this situation, it is up to each party in the project to decide
whether they are prepared to accept a risk or whether they wish to find
some means of avoiding or transferring the risks but this depends upon
the thoroughness and clarity of the risk identification and analysis. Judge-
ment in this process will be influenced, to a certain extent, by the decision-
makers perceptions of the risks and their attitude toward risk taking.

6.8 Successful risk management

Risk management is undertaken by both client and contractor organisa-
tions, but for different reasons. Clients will usually be concerned with the
best use of their capital resources, the likely cost of procuring the facil-
ity and their return from their capital investment. Contractors will be
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concerned with the decision as to whether to tender for a given project in
termsof the returns obtainable, the desired competitiveness of their tender
and the most profitable means of constructing or increasingly designing
and building the project.

The duration that clients typically take to propose, appraise and
sanction projects can range from a number of months to many years.
Contractors are often given a matter of weeks to tender for projects. It
is apparent that the risk management exercise undertaken by the client
should be more comprehensive than that undertaken by the contractor.
In addition, clients often take the view that the sort of risk that might
cause a contractor to default is exactly the type of risk that they do not
wish to carry.

It is important to ensure that the requirements and nature of the project
concerned determines the mechanisms employed, rather than selection
based on expediency. There would be little point in employing risk man-
agement methods that require, for example, precise risk data if none was
available but this is often the case.

The prerequisites for successful risk management would seem to be: full
specification of the project and all identified associated construction risks,
a clear perception of the construction risks being borne by each party,
sufficient capability, competence and experience within the contracting
parties to manage the identified construction risks and the motivation to
manage risks, requiring a clear link between a party’s ability to manage
and actual management of risks and their receipt of reward.

The effectiveness of risk management is improved if all parties to a
contract have the same appreciation of the identified risks. The contractor
and the client should have similar views of the likelihood and potential
effects of all risks. This canbeachieved if pre-contract discussionsbetween
the client and the contractor ensure that a clear, mutual understanding
of the relevant risks. A lack of understanding may lead to the contractor
under-pricing their tender and pursuing claims for additional sums as the
project proceeds. Alternatively, contractors may deliberately price low
and expect to recover money through claims.

6.9 Principles of contingency fund estimation

Contractors employ contingencies in an attempt to guarantee their
return when construction risks for which they are responsible occur.
These contingencies represent the risk premium that the client pays for
allocating construction risks to the contractor. The risk allocation strat-
egy employed can have a major effect on the contractor’s tender for
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a project, particularly when the project is perceived as high-risk by the
contractor.

Current risk modelling techniques allow good correlation between the
risks identified and quantitative risk analysis (QRA). Current risk man-
agementpractise uses the risk register as akeymanagement tool to identify
risks and track management responses.

A danger inherent in combining the risk register and the QRA is that
there is a belief that because discrete risks are identified, logged and mod-
elled and then if a risk has not occurred, the value assigned to it can be
subtracted from a budget figure that corresponds to a specified confidence
level.

The errors in taking this view are outlined below:

The input data for risk analyses are subjective and approximate. If
precise data exists then by definition the issue in question cannot be
a risk. It follows that the results of risk analyses are approximations.
They are not accurate in the accounting sense.
The model uses a sampling technique so the contribution of each risk
to the total at any given confidence level is not known. If a riskhas been
avoided the reduction in the estimated cost should be calculated from
running the model again with the risk deleted. The effect of deleting a
risk must not be calculated by subtracting the value of the risk (itself a
subjective evaluation) from a total budget at a given confidence level.
Whilst it is correct to link certain risks to activities in the programme,
it is an oversimplification to treat the programme as timelined that
identifies dates by which risks should occur. First, the programme
is at risk so any date should in fact be a range of dates. Second,
although the programmeddate that the risk should have occurredmay
have passed, the risk could have occurred without being reported. For
example, a contractor may only notify the occurrence of a risk when
he claims compensation for it some time after the event itself. Third,
many risks are not discrete events that can be linked to a single point
in the programme, so it is difficult to say they should have occurred
by a given date.

The fundamental point is that the results of QRAs cannot be treated as
entries in a set of accounts. Expressing in another way, the risk register
does not constitute a budget with line items.

When the use of risk management as a separate discipline in project and
construction management was being developed in the late 1970s and early
1980s it was recognised that many of the key risks that could be identified
were the soft issues that are very difficult to quantify with precision. It was
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obvious that to ignore these risks because they were imprecise and dif-
ficult to quantify is absurd. It was equally obvious that the traditional
approach to making allowances for these risks, plus anything else that
could be thought of or happened to come along later, by adding a sin-
gle figure contingency of say 10%, is inadequate. This approach does
not define risks as discrete items. This means that they are frequently
overlooked by management and not quantified.

To improve the situation and allow more realistic plans and estimates
to be prepared, risks are identified and computer simulations are used to
model complex scenarios. Put very crudely, whenever we prepare an esti-
mate or plan, we usually consider more than one value: an optimistic
outcome and a more pessimistic outcome, then we choose a value some-
where in between. When the single figure is selected, two values out of
three are discarded. That is to say, more than two-thirds of our knowledge
is discarded. In fact it is worse than this because the optimistic value may
not be the best possible and the pessimistic is not the worst that could
occur. In other words, neither the opportunities nor the major risks are
included.

The main purpose is to demonstrate that there is a range of possible
outcomes for a project rather than a single value and to show how risk
and uncertainty influences that range. It was never the intention, nor
is it possible, to treat the results of risk analyses as accurate forecasts
of future outcomes. They are better approximations than single figure
estimates with a nominal contingency sum added. They also lead to better
understanding and management of risk.
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Annexe: Alternative methods of risk analysis

Portfolio theory

Portfolio theory was originally developed within the context of a risk-
averse individual investor who was concerned with how to combine share-
holdings in several different companies in order to build up an investment
portfolio thatwouldmaximise his expected returns for a given level of risk.

At any given time, most organisations are involved in a number of
projects, each project containing different levels of risk. When the various
levels of risk for each of the projects are combined the organisation can
find itself exposed to very high levels of risk. Anorganisation that does not
consider the amount of risk to which it is exposed may easily overstretch
itself by taking on too many risky projects.

Appraisal techniques tend to consider individual risks or the risks
related to a single project and this can have serious implications for an
organisation. Some practitioners have applied this theory to the portfolio
of projects built up by an organisation. This enables the organisation to
perceive the amount of risk to which it is already exposed, and to decide
whether it would be able to undertake another project, in terms of the
additional risks that the organisation would be exposed to. Portfolio the-
ory is a theory that assists the organisation in choosingwhat canbe termed
the efficient set of projects.

Delphi method

The Delphi method is an established technique for obtaining consensus
estimates from several experts, and this technique can be applied to the
assessment of risks. The general procedure for this technique is that an
estimate of the variable(s), or risks, is obtained from each of the experts.
This estimate can relate to the probability of occurrence or the likely
impact of a variable. The experts are then informed of all the estimates
and asked to give a revised estimate. This process continues until a con-
sensus estimate is produced. This method can be viewed as a qualitative
or quantitative technique, since the experts may or may not be asked to
provide a quantitative estimate of a variable.

The Delphi method can be adapted for use in the assessment of risk in
projects. This procedure starts with the formation of a team of experts
that represent all aspects of the project. This is an interdisciplinary team
of experts formed for the purpose of assessing the risks in a project. The
experts meet and formulate an exact definition of the risk that is being
considered. They then discuss the risk, paying particular attention to its
causes and the interdependencies it has within the project. These experts
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then give their opinions as to the probability of occurrence of the risk and
the impact of the risk on the project should it occur. The experts can also
give a cost assessment of the risk based on the probability of occurrence
and possible impact. This procedure is based on the consensus of opinions
of the experts involved. The procedure proposed differs from the classical
Delphi method in that the opinions of the experts are not gained from a
survey but instead the experts are drawn together in meetings presided
over by a moderator.

This risk analysis technique is expensive, in terms of the resources used,
the cost of the resources and the time taken. The technique relies heavily
on the opinions of people deemed to be experts. If the group of experts
chosen does not represent a sufficiently interdisciplinary team then the
results produced may be biased and of little use. In order to produce
results of any value the team must hear the opinions of experts from all
fields related to the project. However, it would be difficult to find a time
when all the experts could meet to discuss the risks in a project. If the
classicalDelphimethod is used then it is not necessary to get all the experts
together at once, thus allowing a wider range of experts to be used, but
the time taken to get a consensus view would be significantly increased.

The Delphi method is a very subjective technique and the results gained
from this should be viewed with caution. This technique would be best
used on projects where there is little information available or where the
organisation concerned has little previous experience of carrying out sim-
ilar projects. Due to the expense incurred from using this technique those
constrained by a tight budget should not use this technique.

Influence diagrams

Although this is a relatively new technique, it appears to be based on
the much older network planning technique. The influence diagramming
technique involves mapping out the project, identifying the sources of risk
and possible responses to these risks. This information is then represented
diagrammatically.

Although influence diagrams are essentially a qualitative method of
analysing the risks in a project, costs and times can be included in the
diagram if desired. To use this technique it is necessary to have some
understanding of risk sources and their importance. However, the main
advantage of influence diagrams is that the relationships between the risk
sources and activities in the project can be easily seen. By being able to see
these relationships it makes it much easier to identify effective responses
to the risks, and in some cases, it is possible to identify one response to a
number of risks.
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This technique is very useful and relatively cheap, in terms of the time
that it takes to perform the analysis and the resources that are required.
The influence diagramming technique requires consideration of the entire
project and then displays this information in a simple and understandable
way. This technique assists in identifying risk responses that apply to
several risks. However, it is a subjective technique and if used on projects
that can be divided into a number of small sections the diagram becomes
unclear. This technique is best applied to projects that are divided into
a few major activities, where alternative strategies are being considered
and where quantitative assessment of the risks is not required.

Decision trees

Decision trees, also known as decision networks, are diagrams that depict
a sequence of decisions and chance events, as they are understood by
the decision-maker. The decision tree is made up of two types of nodes,
decision nodes and chance event nodes. A decision node represents a
decision that has to be made and a chance event node represents an event
that has a chance of occurring, possibly a risk. A decision tree starts at a
decision point node on the left hand side and the information is conveyed
going across the page from left to right. At the time represented by a
specific node all prior decisions, or decisions to the left of the node, have
beenmade anduncertainties related toprior chance event nodes havebeen
removed. Each decision node should have at least one branch, or arrow,
coming from it and these branches represent the decision alternatives.

The branches of a decision tree indicate the alternative courses of action
that can be taken, and in this form, the decision tree can be considered a
qualitative risk analysis technique. However, if probabilities are assigned
to the branches of the decision tree indicating the likelihoodof each course
of action occurring or being taken, then the decision tree is used as a
quantitative risk analysis technique. A decision tree does not necessarily
have to have probabilities of occurrence assigned to the branches when it
is being used as a quantitative technique; there are several other measures
that could be used. Examples of other measures are the cost of taking a
particular route or the gain expected from taking a route, and it is up to
the decision-maker to determine which measure is most appropriate for
the project.

The procedure for constructing a decision tree begins with the identifi-
cation of decision points in the project and the possible alternative courses
of action available at each of the decision points. Once this has been com-
pleted, it is necessary to identify the chance-event points, or uncertainties
in the project and establish the possible alternative outcomes of each
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chance-event. When used as a quantitative technique, the quantitative
information, such as the cost of the possible alternative courses of action,
must be estimated. Finally, the decision tree should be evaluated to obtain
the expected values for following each alternative course of action.

The main advantage of using a decision tree is that, whether it used
as a qualitative or quantitative technique, it requires the entire project to
be set out in a logical sequence. This ensures that the decision-maker has
considered all the options available in the project at an early stage. An
advantage of using decision trees is that they clarify and communicate the
sequence of events to be considered in making a choice. Since decision
trees are a diagrammatical representation of project information, they are
easily understood. They give everyone involved a common understanding
of the way in which the decision-maker perceived the project. This tech-
nique does not identify the best alternative or course of action to be taken;
it merely sets out all the possible alternatives. If it is used quantitatively
then it can give some measure of the likelihood of alternatives or courses
of action occurring, or of the possible gain from taking a particular course
of action.

Decision trees are a very useful technique for getting information across
to those involved in the project. They are cheap and easy to produce, since
they only require the use of one person who has a good understanding
of the project, the chance events and the alternatives available. How-
ever, if the project has a large number of decision nodes or chance event
nodes then the decision tree can become complicated. If it is used for a
quantitative analysis on that type of project then the calculations involved
become time consuming and tedious, and to some extent, subjective. The
measure that is used in a quantitative analysis gives the outcomes derived
from taking different routes, however, this measure is subjective and not
always very meaningful. In projects that contain a number of chance
event nodes the measure produced for each route can show the probabil-
ity of that route actually being taken, but the probability of each route
being taken is likely to be small due to the large number of opportunities
to take different routes. This technique is best used to evaluate differ-
ent approaches to a project. It is a good technique for communicating
information.

Latin Hyper-Cube sampling

Latin Hyper-Cube sampling is a technique that statisticians recommend
for use when there are a large number of parameters to be varied. For
problems containing several variable parameters there will be a very large
number of possible choices, and, in these cases, the sample size is usually
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smaller than the number of possible choices. In a case such as this, a Latin
Hyper-Cube can be constructed and the sample is then chosen from this
in a deterministic, statistical way. The values, once chosen, are then input
into the model in same way as for the Monte-Carlo technique, producing
a range of possible outcomes for the model. This is only a simple explana-
tion of the technique, but information that is more detailed can be found
in other texts.

The difference between this technique and the Monte-Carlo technique
lies in the choice of the sample, therefore, many of the advantages and
limitations are the same. Latin Hyper-Cube sampling is a relatively new
technique, particularly in the field of project and risk modelling, giving a
limited scope for its current use.
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Chapter 7

The Contribution of Information
Technology to Risk Modelling and
Simulation

The real price of computers continues to fall and a wider group of people
are computer literable and have computer access. This has lead to the
increased use of computers, especially desktop and personal computers,
in the process of risk management. Computers are fast and efficient tools
for evaluating data but it is important that the users should not lose sight
of the assumptions on which the software packages are based. The idea
that if the computer has produced something then it must be right is a
belief held by many people and is certainly not true. The output from a
computer model is determined by the information input, which means
that accurate data is essential, but the output is only part of the basis on
which risk management decisions can be based.

The purpose of this chapter is to examine the role of computers in
the risk modelling and simulation process, and to consider the types of
risk management software (RMS) available. The distinction between the
terms modelling and simulation are explained, and the advantages and
limitations of theuse of computers are assessed. Thedata requirements for
realistic modelling and the information output from the various software
packages are also considered.

This chapter also provides guidance for the new or inexperienced risk
modeller. It covers the reasons for modelling projects, explains the pit-
falls and the advantages and assists the modeller in developing their first
model, with the use of a case study. Thus providing the new/inexperienced
modeller with a sound basis from which to start, assisting them in con-
structing a mathematical model; and aiding them in understanding the
outcomes of the models.

The reason for modelling projects is to gain an understanding of what
might happen throughout the life of the project. It provides the opportu-
nity to test some possible situations and gain an understanding of the way
in which the project will react to different situations. Project models are
an approximation of reality, and the first thing to understand is that no

102
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model is perfect, but as skills in modelling increase the modeller creates a
more realistic approximation of reality.

7.1 Purpose of RMS

RMS forms one component of the suite of project management software
packages that are commercially available. Undertaking risk management
activities provides organisations with an understanding of the potential
finance and resource commitments necessary to achieve the completion of
a particular project or projects. RMS packages aremost commonly based
on the network technique and the critical path method, whose theoret-
ical basis goes back to the 1950s. The other two principal components
are planning packages and estimating packages. These packages have
achieved wider use than RMS for a number of reasons. These include
the ease of use and analytical simplicity of most planning and estimating
packages and theirwider applicability. Until recently, RMSwas only con-
sidered necessary when projects perceived as being high risk were being
appraised. This remains the case in many instances, although the increas-
ing evaluation of projects over their entire lifetime and a focus on political
and financial risks over technical risks has promoted the use of RMS.

Project management involves the sanction, construction and on occa-
sion, operation of construction projects. This may place demands on the
project manager not encountered in line management where essentially
repetitive activities are undertaken. The demands of project management
mean that the requirements for accurate and comprehensive informa-
tion on which to base decisions are vital. In extreme cases where projects
are subject to incalculable uncertainty, environments in which change can
take place rapidly are required, rather than plan to deal with specific iden-
tified events. RMS aids the decision maker in these processes, primarily
at the appraisal stage, but also throughout the project life cycle.

As project management programs become more and more a part of the
everyday life of the project manager, it becomes important for the project
manager to possess knowledge and skills in the areas of computing, sim-
ulation and simulation methods, statistics and mathematical modelling
concepts in addition to the traditional qualifications needed for successful
project management.

7.2 When to use RMS

The question to be addressed is when one should employ RMS packages.
There are a number of situations when the effort and resource expended
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in the training and use of RMS is justified. Where a project is subject to
risk and uncertainty from a number of dependent or independent sources,
the effect of which is difficult to identify, RMS is often the only means by
which the combined effects of these risks can be determined. These effects
can be quantified using sensitivity and probabilistic analyses. Only in the
most simple of cases can these analyses be undertaken without the help of
RMS, and where very simple cases exist it is unlikely that these analyses
would be required in the first place. In addition, correlations between risks
can be incorporated when there is sufficient evidence to justify their use.

Where the project considered is constructed and operated over a num-
ber of years and in particular is being used to generate a number of
revenue streams, the time-value of money is very important. In these
cases, the modelling of the project using RMS can simplify and structure
the appraisal of the project. What-if analyses are frequently required to
determine the effect of modifying individual project and risk parameters.
Where the project has to be remodelled a number of times, the effort
required can be significant if the analysis has to be repeated manually.
The use of RMS permits these analyses to be undertaken in an extremely
simple manner. When a number of dissimilar projects are competing for
funding, the use of RMS can provide a consistent financial basis from
which to evaluate the projects.

The list of reasons forusingRMSprovidedbelow is far fromexhaustive,
but does illustrate those considered most common.

Modelling projects reduces the dependence upon raw judgement, and
requires the analyst to employ a structured and rigorous approach to
problems.
Risk management software can carry out complex, iterative calcula-
tions faster than can be done either by pencil and paper exercises or
by using standard spreadsheet packages.
What-if analyses can be undertaken with a minimum amount of
additional effort.
Data can be modelled in a flexible manner, allowing the computer
model to replicate the actual project.
Outputs can be provided quantitatively and graphically, increasing
the ease of understanding the results obtained.

However, the use of RMS does have disadvantages, which should not
be underestimated. These are considered to include the following:

The model will always be used on assumptions, some of which may
be flawed.
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Undue belief can be placed on the results, rather than challenging
them to a significant degree.
The model produced is only a mathematical representation of real
life and therefore may not accurately reflect the reaction of the actual
project to real life complications.
The selection of the most appropriate RMS package for a particular
application is not always clear, and the evaluation of alternatives may
take a considerable amount of time.
Whilst the cost ofmanyRMSpackages has reduced considerably over
the past decade, the time required by analysts to learn fully the various
capabilities of RMS can be considerable, particularly for the more
complex packages. Clearly this will result in the analysts’ employer
incurring costs during this learning process.
Too much complexity that adds no value.

7.3 Requirements of the analyst

An appreciation of the mathematical processes employed by RMS is vital
if their outputs are to be interpreted correctly. A lack of understanding
of these processes can result in the selection of inappropriate RMS for a
particular application.

If a sophisticated RMS is employed to model a project, it is important
that the analyst have an understanding of, for instance, Monte-Carlo
simulations and Markovian logic. The user need not have a detailed
knowledge of the mathematics involved, but an awareness of the effect of
altering parameters and variables is vital if the outputs of the RMS are
going to be interpreted in the correct light.

In addition to knowledge of the RMS employed, the analyst must also
have an appreciation of the project being modelled. A lack of familiarity
with the technical and financial aspects of a project may result in the ana-
lyst making oversimplistic assumptions and failing to sufficiently capture
the characteristics of the project during the modelling process. However,
it is unlikely that a particular organisation would train large numbers
of its staff in the use of RMS. Thus the analyst must also have a broad
appreciation of their organisations business activities. The balancing of
this knowledge of the RMS and the organisation’s business is vital.

7.4 Modelling and simulation

The terms modelling and simulation are frequently used when discussing
the use of computers in riskmanagement process; however, the distinction
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between these two terms is not so frequently understood. In broad terms,
modelling is the process of describing the project in a mathematical way,
and simulation is the process of imposing real life complications on the
model and measuring the effects.

A model can be regarded as an approximation to reality. A model can
never be a perfect representation of reality as the actual reaction of the
project to certain factors is unknown. However, it is important that the
model is as realistic as possible to ensure that it will react in a similar way
to the actual project when the real life complications are added, balanced
with the complexity of the model which will increase its’ development
time and level of interpretation of outputs required.

Simulation involves the testing and experimentation with models,
rather than with the real system. The models employed are represen-
tations of an object, system or idea in some form other than that of the
entity itself. The computer is a powerful aid to this activity, and this is a
reason for the recent increase in simulation-based methods.

Within the sphere of project management, one is principally concerned
with the time and cost effects of investment decisions and management
actions and mathematics is the best language in which to express these
parameters. The third principal project parameter, quality, can usually
only be expressed in qualitative terms. Thus quality is not included in risk
management software.

A mathematical model will include constants, variables, parameters,
constraints andmathematical operators. Their purpose is either optimisa-
tion or description. Optimisation will seek to identify the course of action
that either maximises return or minimises expenditure; the purpose of the
descriptive approach is to provide insight into the project considered.

The Influence diagrammethod is an intuitive method for decision anal-
ysis and risk management. It was formalised as a methodology in the
early eighties. An influence diagram is simply a diagram, which consists
of nodes reflecting variables and decisions, and influence is reflected by
arrows.

The influence diagram method is a tool for reflecting both complex
and simple problems. The major advantage is that the method allows for
creative thinking and increased insight through graphical problem for-
mulation. A model can cost not only time and cost estimates influencing
the project goal, but also risk factors such as organisation, manage-
ment and decision making, laws and regulations, political risks and
financial risk.

The use of the influence diagram method makes it easier to formulate
the problem and capture the opinion of experts. The diagram also pro-
vides a convenientway of expressing the nature of a problem to others and
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thus aids the general understanding of the factors that influence the out-
come. Relatively complex relationships can be simply formulated, thus
allowing the behaviour of these relationships to be studied in a way that
would be impossible by pure reasoning.

Combining influence diagrams and the Monte-Carlo technique results
in a very powerful tool for risk analysis. Several software packages exist
on the market with this combination. The influence diagram method is
a very flexible way of building the risk model, and it allows you to add
all risks to your model, not only those that affect your time and cost esti-
mates. The modelling processes also forces the project to consider and
measure the effect of external risks that is usually much more impor-
tant than the uncertainties, which are a natural part of the estimates
anyway.

7.5 Modelling using RMS

If sophisticated RMS is being employed, it is important that there is a
level of consistency between the methods and models being employed.
For this reason, the simple three-step approach to risk management is
often inadequate. An approach that has been shown to provide a better
understanding of the modelling processes involved is given below:

Problem definition Recognising and defining a problem to study that
is amenable to analysis.
System conceptualisation Aconceptmodel is a concise, systematically
organised statement of the process, including the specifications of the
inputs, outputs, processes involved and the parameters, variables and
constraints employed.
Model representation The stage where the model is presented to the
risk management software in an appropriate form.
Model behaviour Computer simulation is used to determine how all
of the variables within the model behave over time.
Model evaluation Tests are performed on the model to assess its
quality and validity.
Policy analysis and model use Finally the model is employed to test
alternative policies that might be implemented.

The advantages that this approach brings include the formalising of the
appraisal of the project. This forces the analyst to structure the appraisal
in a sequential and logical manner that requires all assumptions made are
being explicitly declared.
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7.6 Data management

It is important that the data employed, particularly the data on which
the risk parameters and variables are based, is treated in a coherent
manner, consistent with the development of the model. Risk data can
be obtained from three sources – past projects, ongoing projects and
the opinions of individuals who have experience of the project under
appraisal. The first two sources, considered as primary data, are likely
to be more reliable than the third source. However this data is frequently
unavailable, and where it is the effort needed to obtain it may be con-
sidered excessive. Thus the third of these sources of risk data, subjective
opinions, is the basis fromwhich risk variables and parameters are usually
developed.

Consider the following example: an analyst estimates the likely indi-
vidual effects of a number of risks as contributing to increase the cost of
construction of a project by up to 10%. These figures are incorporated
into a project model created using a RMS package. A risk analysis is per-
formed, and the cost of the project at the 75% level of probability, 30%
internal rate of return (IRR) is calculated as £1 500 000, and this figure
is employed for future appraisals. In reality this figure is meaningless as
there is no way that a single point estimate based on a number of subjec-
tive judgements could accurately reflect the actualities of constructing the
project. However, if the results were supplied in terms of an S-curve with
the gradient of the 15–85% quartile indicated, as shown in Figure 7.1, it
would show a range of IRR from 27–35% that would provide a means of
going forward.

This example also provides arguments against the initial or automatic
use of correlations, variances and some of the more sophisticated sta-
tistical operations that can be employed during risk analyses. Including
these elements for the sake of producing a sophisticated model merely
dilutes the accuracy of the outputs obtained. These elements should only
be employed where a database of risk data has been developed which can
be sampled from, to generate statistically significant risk parameters and
variables.

7.7 Analytical mechanisms

All of the RMS currently available employs some form of sensitiv-
ity and probabilistic risk analyses based on Monte-Carlo simulations,
with the network packages employing Markovian logic to simulate the
interdependence of project activities to the identified risks.
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Figure 7.1 Cumulative frequency diagram – internal rate of return.

Sensitivity analysis provides answers to what if questions by isolat-
ing key variables and evaluating the effects of incremental changes in
the values assigned to the key variables. Sensitivity analyses can pin-
point the most critical areas of a project in terms of their reaction to
the occurrence of risks. The principal limitations of this technique is
its inability to provide an indication of the outturn cost of complet-
ing a project, and when changing a variable, all other must remain
the same.

The probabilistic RMS packages usually employ Monte-Carlo simula-
tions. Probability distributions are employed to represent the predicted
occurrence of risks on the project mode. The model is then simulated
interactively, each iteration generating a different value from each of the
distributions employed. Frequency diagrams can then be developed from
the consolidation of the results of the iterations performed to get a view
of the likely completion cost of the project considered.

Where network based RMS is employed, the Monte-Carlo simulations
are linked with network logic, which permits a more realistic representa-
tion of the project. The reason for this is that interdependencies between
activities are represented and critical path calculations can be performed
to identify the increased costs and durations of projects as critical paths
change under the effect of identifies risks.
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7.8 Classification of RMS

The classifications of RMS employed reflect the analytical methods
and data management systems that the RMS packages utilise. The
classifications considered are as follows:

spreadsheet packages;
network based packages;
network and relational database packages;
hybrid packages.

There is an inverse relationship between the complexity of aRMSpackage
and its ease of use. Thus the spreadsheet packages, the least analytically
complex of those considered, can be learnt in a matter of a few hours.
However, the hybrid, network and relational database packages can take
many weeks to master.

Spreadsheet packages employ Monte-Carlo simulation techniques to
calculate the costs of undertaken projects or making decisions that are
subject to uncertainty. There is no means of introducing networks, so
these packages are principally of use where the decision alternatives are a
number of well defined, discrete courses of action.

Network based packages permit the inclusion of interdependencies and
precedence’s between activities, so that these packages are well suited
to the modelling of projects rather than just decision processes. Most
network-based RMS packages allow the use of a number of time and cost
performance parameters.

RMS employing networks and relational databases are usually bolt-on
additions to planning packages. The large volume of data that these
packages employ necessitates the use of databases if they are to run on
networked personal computers. Batch processing facilities are employed
to undertake the required computations.

The final type of RMS packages considered, the hybrid type, are tools
for very specialised applications, typically employing complex statisti-
cal methods, for example, discontinuous logic mapping, data envelope
analysis and fragility analysis.

The majority of the software packages commercially available include
the same basic simulation options, either with or without networking.

Where the packages are based on networks, the network establishes the
relationships between the work packages and activities, and calculates
start and finish dates and float. The resources are defined, given a level
of availability, and assigned to the activity network through the resource
module. The cost module allocates costs to activities and resources, and
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keeps tract of the expenditure to monitor project performance. The risk
module employs Monte-Carlo simulations to perform the required risk
analysis, and the report module reads directly either from the activity
networks or databases employed to produce either customised reports
or data that can be exported to other packages to produce graphical
representations of the outputs.

7.9 Selection of RMS

RMS packages can be effective tools in achieving project objectives if the
packages employed match the project manager’s needs and the project
characteristics. Using the wrong RMS package may create a desire to
make the project fit the package rather than vice versa. There are many
different project management programs on the market with various func-
tionality levels, andwith prices that do not alwaysmatch their functional-
ity. Consequently, it canbehard tofindaprogram that satisfies the project
managers’ requirements and hence evaluation guidelines are needed.

Themost important thing to knowwhen investigating the use ofRMS is
what you are going to do with it. If the required application and the asso-
ciated computer functions needed to support the application can be visu-
alised, the choice of suitableRMSwill be narrowed to just a few packages.
The selection of the most appropriate package is then much easier.

In terms of assessing individual RMS packages, there are two major
features to consider. The first is the user-friendliness of the package – the
time required to learn the package, to build models and perform sim-
ulations. The second is the results sought and produced – whether the
package produces a result close to the result of the real life project that
it is supposed to reflect. One can accept discrepancies between the model
and the project if the model is user-friendly and flexible, while an accurate
result is expected if the package is time consuming to use.

A decision table approach is outlined which uses multi-criteria deci-
sion making to determine the most suitable RMS packages for particular
applications. The potential criteria against which RMS can be appraised
include user-friendliness, modelling flexibility, screen and report graph-
ics, heuristics, customising options, their ability to communicate with
other programs and their purchase and maintenance costs and the cost
of training to bring analysts up to an acceptable level of competence.

The contents of thedecision table shouldgive roomforboth subjectivity
and objectivity in the information. The results obtained from the selection
system are guidelines for further action, and cannot be used as scientific
proof. A typical decision table is outlined in Figure 7.2. The super-factors
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Super-factor Super-factor A Super-factor B

1–5 1–5

1–5 1–5

1–5
Sub-weight × sub-rate

Σ A/Σ Sub-weight

1–5
Sub-weight × sub-rate

Σ A/Σ Sub-weight

1–5
Sub-weight × sub-rate

Σ A/Σ Sub-weight

1–5
Sub-weight × sub-rate

Σ A/Σ Sub-weight

Super-weight

Sub-factor Sub-factors Sub-factors

Sub-weight

Sub-rate
A
B

Program rate

Sub-rate
A
B

Program rate

Program
A

Program
B

C = Σ (B × Super-weight)

C = Σ (B × Super-weight)

Figure 7.2 The basic appraisal system.

and sub-factors are the decision criteria against which the selection of the
RMSpackage ismade. The super-factors are themost important selection
criteria for the user, and are given the weights between one and five. The
super-factors are then divided into sub-factors, and the sub-factors are
given sub-weights between one and five based on the analysts’ priorities.

The RMS packages are then given a sub-factor rate between one and
five based on how well they meet the sub-factor criteria. The subweights
and the sub-factor rates are then calculated and added up, and this sum
is divided by the sum of the subweights in order to find a mean rate, B.
This mean rate is then calculated with the super-weight and a rate for the
super-factor is found. The program rate, C, is found by adding the rates
for the super-factors. The program with the highest program rate should
be the most feasible for the user.

Let us now consider the following example of the selection process
for a RMS package. It is decided by the analyst that, for a given
application, the RMS packages should be appraised based on the appro-
priateness of program (AoP) and cost, these being the two super-factors
employed. AoP is divided into the following sub-factors – start up, ease
of use, network, resource, cost modelling, updating, reporting, risk and
export/import. The cost super-factors are given the values five and two,
respectively, reflecting the priority of the ability of RMS to model the
project considered effectively over the cost of the RMS.

Figure 7.3 provides the decision table for the selection process, the sub-
factor values and program values as indicated. In this case, the table
is based upon the packages’ ability to model packages at the earliest
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Figure 7.3 A general appraisal of the programs.

appraisal stage. From this example, it is evident that the third RMS pack-
age is the most appropriate of those considered. However, it should be
noted that the choice made is a compromise, and that the package chosen
is not the most appropriate in all aspects.

7.10 Modelling a project for risk management

Most RMS packages required a form of project model as a basis for
understanding risk analysis.

Advantages

There are many advantages of using a computer to model a project; listed
below are some of the more significant advantages:

Flexibility. Computers are very flexible in the way in which they can
accept information, enabling most projects to be modelled using a
computer.
Speed and accuracy. When the complexity of a model is such that no
manual analytical technique can be used, computers often provide the
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only means available for modelling. A computer can carry out many
complex calculations very fast, compared to humans, and reliance can
be placed on the accuracy of the calculations.
Additional reality. Computer simulation enables real life complica-
tions, such as exchange rates, inflation rates and interest rates, to
be included in the project model, and to calculate their effect on the
project economic parameters.
Assistance in the decision-making process. The project model enables
a number of what if question and possible scenarios to be simulated,
and shows the effects in terms of the outcome of the project. This
simulation process shows the way in which the project is expected to
react to certain events or changes and allows contingency plans to be
drawn up that can be used in the event that any of the scenarios occur.
Scenario analysis. Often there is no historical data available that
relates to the project scenarios drawn up by the project organisers, so
computer simulation is the onlyway to see how theprojectmight react.
Reduces the dependence on raw judgement. Few people have a reli-
able intuitive understanding of business risk, and riskmodelling using
computers removes the reliance on this intuition.

Limitations

There are a number of limitations to using a computer to model a project;
listed below are some of the more significant limitations:

Poor data leads to inaccurate model. A model of a project is only as
good as the data that is input.
Model not representative of actual project. Even if the data is accurate,
it is possible that an inexperienced modeller can create a model that is
not representative of the actual project. It is necessary for the project
modeller to have a thorough understanding of the particular project
to be modelled and of the RMS package being utilised.
Too easy to create inaccurate models. RMS programs are designed
to be user-friendly, which increases the dangers associated with the
inexperienced/novice modeller.
Heavy reliance on subjective judgement. Data is not always available
when the project is being modelled, and some assumptions have to be
made in order to complete themodel. Often, a heavy reliance is placed
on subjective information and personal judgement.
Not able to fully reflect real life complications. The model produced
is only a mathematical representation of real life and, therefore, does
not necessarily accurately reflect the reaction of the actual project to
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real life complications. It is impossible to be sure that the model will
react in exactly the same way as the real project because the project
has not occurred. However, themore realistic the projectmodel, more
likely that the model will behave in a similar manner to the project.
Reliance on computer output. Too much reliance is placed on the out-
put from computers. It is difficult to tell whether a project model is
an accurate representation of reality or not. If the model is very inac-
curate, this can be easily detected. It is in situations where the model
is almost, but not exactly, accurate that problems arise, because the
model does not react to real life complications in the same way that
the actual project would.

7.11 Data requirements for realistic modelling

The most important factor in the modelling of projects is the correct use
of realistic data. However, in order to make a project model as realistic as
possible it is necessary to include real life factors, such as, inflation rates
and interest rates. The people who appraise a project need to know the
implications of these factors, and understand the extent to which changes
in these factors will affect the viability of the project.

The successful realisation of a project will depend greatly on careful
and continuous planning. In most cases, input from a project manager
will form the basis of the plan. Sequences of activities will be defined
and linked on a timescale to ensure that priorities are identified and that
efficient use is made of expensive and/or scarce resources.

Remember, however, that because of uncertainty it should be expected
that a planwould change. The planmust therefore be updated quickly and
regularly if it is to remain a guide to the most efficient way of completing
the project. The software program should therefore be simple so that
updating is straightforward and does not demand the feedback of large
mounts of data from busy men – and flexible, so that all alternative
courses of action are obvious.

RMS and project management packages use specific technology and
some of the key terms are defined below:

Resources – the organisation and utilisation of Labour, plant, and
Materials.
Activities – packages of work that consume resources and are defined
by consideration of:

the type of work (and therefore the type of resources required);
location of the work;
any restraints on the continuity of the activity.
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Logic – the relationship and interdependence between activities.
Duration of each activity. This depends on:

the level of resources allocated to the activity;
the output of those resources;
the quantity of work to be completed within the activity.

External restraints, such as the specified completion date for thewhole
or some part of the work, the delivery date for specific material or
restrictions on access to parts of the works.
Total demand for resources accumulated from the individual activities.
Future problems – potential difficulties and critical activities must be
identified.

Factors that may be included in a model to make it more realistic include
the exchange rate, inflation rate, interest rate and discount rate. These
factors introduce non-project risks into a project, but it is important to
be aware of these risks and to have an understanding of the impact that a
change in any of these factors would have on the outcome of the project.

Inflation rate

Every country has price inflation to some degree and, although in some
countries the inflationary problem is more acute than in others, this
remains a problem that cannot be ignored. The inflation rate can be a sig-
nificant factor in the success or failure of a project, particularly in projects
of protracted duration. This factor is one that should be included in the
modelling of every project, but those modelling the project must be care-
ful when choosing the level(s) of inflation to be included. All goods and
services are subject to different levels of price inflation, and so the overall
rate of inflation applicable for a particular project is likely to be different
to the average rate of inflation.

The average rate of inflation can vary notably over a few years, and
is affected by a change of government policy. When modelling a project
undertaken in the United Kingdom with duration of greater than five
years, predicting the inflation rate can prove difficult.

Interest rate

The cost of engineering projects is increasing and companies have to bor-
row larger sums of money from the banks to finance these projects. The
rate of interest payable to the banks on this money borrowed can appre-
ciably increase the cost of a project. This is particularly the case in the
public sector, private finance initiative (PFI), projects where the payback
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period often does not occur until a number of years after the start of
the project. In a large number of projects the interest rate can make the
difference between a project being viable or being loss-making.

The banks, that lend capital for the completion of engineering projects,
create their own models to determine whether projects are viable. Interest
rates varyover time, as a result of the economic climate, and this is another
factor that can change with a change of government policies.

Discount rate

The discount rate is a factor that is utilised in net present value (NPV)
calculations. The discount rate is applied to project cash flow figures to
bring these values back to their present value. By discounting the cash
flows, thefinancial benefits of all theprojects are reduced to likeunits. This
enables a number of different projects with different cash flow patterns
and time spans to be compared, in terms of the value to the organisation
undertaking the project. The discount rate(s) used for any given project
is dependent on several factors, and determined by those assessing the
feasibility of a project. The minimum level of the discount rate should
be representative of the inflation rate(s) predicted for the duration of the
project. However, the discount rate can be set at a level that takes into
account the interest rate for capital borrowed. It is up to those who are
modelling the project to decide what they wish the discount rate to reflect.

As with the inflation rate, the discount rate(s) for projects of long dura-
tion are difficult to predict with accuracy. The figure(s) chosen should be
based on past trends and future predictions. Inmost cases, a discount rate
based on historical data and future predictions is better than including
no discount rate into a project model, particularly when the outcomes of
several project options are to be compared.

Exchange rate

The exchange rate fluctuates and this causes difficulty in predicting an
exchange rate that is suitable for application to a project model over a
given time period.

7.12 Choice of variable distribution

Whenusing a probabilistic risk analysis technique it is necessary to choose
a probability distribution that is representative of the range and way in
which the values of a variable might vary. There are a number of different
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types of probability distribution that can be chosen to represent the prob-
ability of occurrence of a range of values that comprise a variable. The
shape of the probability distribution is often chosen based on historical
data, which would show the distribution of the outcomes for this vari-
able on past projects. The use of historical data is an objective means of
deciding the shape of the probability distribution for a variable. However,
historical data from which to choose the shape of a probability distribu-
tion is not always available. In the event of there being no historical data
available it is left to the analyst and those associated with the project to
decide on the probability distribution shape.

There are four commonly presented probability distributions and they
are – the normal, beta, rectangular and triangular distributions. However,
in practice not all distributions are symmetrical. It is often the case that
probability distributions are skewed because it ismore likely, for example,
that there will be a delay in completing an activity than the activity being
completed early.

It is important to choose a probability distribution that is appropriate
for the variable being considered. If there is no historical data available
then careful consideration should be given to the variable and its likely
result, before a decision is made about the shape of the distribution.
Utilisation of the experience of members of the organisation, from previ-
ous similar projects, might assist in the decision as to which probability
distribution is most appropriate for a particular variable.

7.13 Case study

For the purposes of verification, the data and variables to be input to
create the project models were decided upon after structured interviews
had been carried out with industrial experts. The results produced from
these computer models have been examined, in consultation with indus-
trial experts, over the full range of the viable project domain, and in all
cases, sensible results have been obtained. However, if any irrationality
in the results had been discovered then further investigation would have
been required.

The new industrial plant project is a hypothetical, but realistic, case
study originally developed by Professor P.A. Thompson at University of
Manchester InstituteofScienceandTechnology (UMIST).The case study
concerns the design, construction and operation of an industrial plant. It
considers all stages of the project, from the start of the feasibility study
through to the end of operating life of the project. The main objective
of this project is to complete the construction phase on time, so that



Jobling: “chap07” — 2005/9/27 — 16:17 — page 119 — #18

Information Technology and Risk Modelling 119

productionoutput can reach themarketwithin thedesiredmarketwindow.
Although the cost of the project is a consideration it is not the main
concern of the client/project manager, and a small increase in the cost of
the project may be tolerated in order to ensure the timely completion of
the construction.

The new industrial plant is estimated to have a pre-contribution size
of 0.5 years (6 months), construction of the plant taking 2.5 years
(30 months) to complete and the plant, when completed, is operated for
10 years (120 months).

Completion at month 37, is necessary because the client wishes the pro-
duction output to reach themarket place before any competitors can, and
in that way the demand for the produce should reach the forecast levels.

The new industrial plant is to be built in two stages. The first stage
of the project will have a maximum production output capacity of 5000
units per month. The second stage of the project will only be constructed
if the demand for the production output during the first stage reaches or
exceeds the levels of demand that were forecast.

Modelling

This project has been divided into 20 activities, which represent the main
activities necessary to complete the project. Of these 20 activities, 17 are
related to the construction of the project and the remaining three are
related to the operation of the plant, Table 7.1.

The feasibility study is the start activity in this model, which is followed
by the consideration of the report produced during feasibility study. If the
report is accepted then the project will be sanctioned and then work can
begin on the detailed design of the plant and an application for planning
permission can be submitted. The design phase of the new industrial plant
project is divided into four activities, each relating to the design of a
particular section of the plant. The planning permission activity takes
place in parallel with the detailed design activities because the outline
designs for the projectwere completed during the feasibility study activity.
The land purchase activity overlaps the planning permission activity by
one month, allowing a suitable site to be chosen for the project by the
time that the planning permission have been agreed. The purchase of the
land must be completed before any construction work can take place.

The construction of the plant is broken down into five activities, one
activity relating to each of the design activities and another activity for the
construction of the services required for the plant. The services activity
is a construction activity with no corresponding design activity because
it relates to the construction of the site services, such as entrance roads
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and facilities for the workers. The construction of the offices overlaps
the corresponding design activity by two months and the construction
of the process plant starts six months before completion of the design of
the process plant. These overlaps of activity can occur because, in some
cases, sufficient designwork has been completed to enable construction to
start before the design activity has been completed. In this project, these
activities have been overlapped to ensure that the plant can start operat-
ing exactly three years after the start of the feasibility study. Preceding
the commissioning activity is three of the five construction activities, con-
struction of the tank farm, services and construction of the process plant.
This is because each of these sections requires testing before the plant can
start operating. The loading bay and offices only require checking prior to
the start of operation, as there is no equipment installed in these sections
that requires testing, so they directly precede the first operating activity.
If there are no problems encountered during the commissioning activity
then the plant can start operating as planned. In the first month of opera-
tion, the plant produces 2000 units and this steadily rises until at the end
of the activity the plant is producing 5000 units per month. The duration
of this activity is dependent on the level of production output and the
growth in demand. Assuming that the demand pattern is as forecast, this
activity has duration of 61 months.

In the second stage of the project, the construction of the extension to
the plant, starts 21 months before the end of the first operating activ-
ity, provided that demand during the first operating activity reaches
the required level. The first operating activity has been operating for
40months before the start of stage two, and this is thought to be sufficient
time to decide whether demand for the production output is as forecast
or not. Stage two of the project comprises of three activities, design,
construction and commissioning, respectively and each of these activi-
ties follows the previous one without any overlaps. The second operating
activity has duration of 35 months and during this time, the production
output is expected to rise from 5000 units per month to the newmaximum
production capacity of 8500 units per month. The third operating activ-
ity has duration of 24 months, and during this activity, the production
output is slowly decreased, at the rate of 5% per month. This represents
the growing inefficiency of the plant as it comes to the end of its working
life, the outdated technology and the increasing number of mechanical
failures that would occur.

The key resources used in the new industrial plant project are modelled
as the cost of the draughtsmen and engineers, the administration costs of
the project, the raw materials required in the production process, the cost
of the energy used in the production process and the production output.
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Each of the resource costs input into this model was related to the length
of time that the resource was used. In this model, the sales price per unit
of production output has been taken to be £100.

In the projectmodel, a number of cost centres were defined and all costs
and revenues input into the model were attributed to these cost centres.
The cost centres were divided into construction cost centres and oper-
ational cost and revenue centres. The construction cost centres for the
new industrial plant project are technical costs, plant costs, construction
costs and capital costs. The operational cost centres for this model are
raw material costs, direct costs, indirect costs, overheads and revenue.
The majority of the costs included in the model are mainly input as activ-
ity – time related costs, with a few costs such as the cost of purchasing the
land, being included as activity fixed costs.

In creating this model, it was necessary to make some assumptions
about the project and theway inwhich it should react in certain situations.
An initial assumption included in the new industrial plant model is that
the two stages of the project goes ahead as predicted in the feasibility
study, and that demand for the production output is great enough to
sustain this assumption. This assumption gives the base case model. It is
also assumed that the revenue per unit of the production output remains
unchanged throughout the operating life of the project.

Risk variables

Using the principles of risk identification, a large number of risks were
identified and a sensitivity analysis was carried out. Only those risks hav-
ing a high input and judged to have a penalty of revenue were included
in the project model. Risks in the new industrial plant project have been
considered at two stages, at the sanction and the commissioning stages of
the project. The spectrumof riskswill have changed considerably between
these two points in the project. This is because at the sanction stage, the
client has to consider all the possible risks in the project, but at the com-
missioning stage the risks associated with the construction of the plant
are no longer relevant and the client is then only concerned with the risks
associated with operating the plant.

Computer software using an activity networkwas adapted for themod-
elling of this project. Nine risks were modelled for the sanction stage and
four risks were modelled for the commissioning stage of the project. The
risks included in the model at the sanction stage of the project were:

delayed planning permission;
delay in the design activities;
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delay in the purchase of the land;
delay in the construction of the plant;
change in demand for the production output;
change in the cost of raw materials;
change in the cost of energy;
change in the revenue from the production output;
change in the engineering costs of the project.

The risks included in the model at the commissioning stage of the
project were:

change in demand for the production output;
change in the cost of raw materials;
change in the cost of energy;
change in the revenue from the production output.

The computer program contains limits on input data. To satisfy the lim-
itation the data was rounded up to the nearest sensible value. The timing
option used for each of these case studies was months, and therefore the
output from the models can only be considered in terms of a minimum
of one month’s cost. The output from the models used in this chapter has
been adjusted to reflect this level of accuracy.

This model was used to calculate the economic parameters for the
project, which provide a basis for comparison between the various sim-
ulations that were carried out on this and other project models. The
economic parameters relating to this project model, shown in Table 7.2,
were derived by the computer from a deterministic analysis of the
project.

The new industrial plant project model is now ready for simulating
analysis and hence assessing the likely outcome of the project.

Table 7.2 New industrial plant – economic
parameters.

IRR 37%
Present value £88 040 000
Payback period 6 years
Maximum investment 37 450 000 (£ years)
Return 215 700 000 (£ years)
Maximum cash lock-up £13 720 000

Note: No discount rate and no inflation rate applied
to the figures.
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7.14 Case study simulations

A number of simulations were carried out using this project model and
each of these simulations has been documented separately. Some of the
simulations were designed to introduce non-project risks into the project
model and the remaining simulations were carried out to determine the
sensitivity of certain risks on the outcome of the project.

Discount rate

The discount rate affects a number of the project economic parameters,
such as the NPV, the payback period, the net return, the cash lock-up
and the maximum investment. In the base case model, no discount rate
was applied to the cash flow figures.

Adiscount rate of 6%was imposedon all the project costs and revenues.
The figure of 6% was chosen because it was felt to be marginally higher
than the rate of inflation at the time of writing this book and would be
likely to represent an average rate of inflation when taking into account
the duration of the project.

Inflation rate

A single rate of inflation of 5% was chosen for each of the cost centres
and this remained constant for the duration of the project. This rate was
chosen because it is similar to the rate of inflation and is a realistic rate
for the first few years of the project. This rate might not be as applicable
after the first five years of the project, but in the absence of an indication
of the trend for the inflation rate over the duration of the project it was
felt that a constant rate of inflation should be applied.

Finance charge

A finance charge of 12% was imposed on total yearly cash outflows until
the project reached payback. The level of the charge was set at 12%
because that is the rate at which banks were currently lending to busi-
nesses. This charge may not be applicable for the duration of the project,
but due to the influence of external factors, it is very difficult to predict
with certainty the level of this charge in the future. The yearly cost of this
chargewasmodelledby introducing anewcost centre andplacing the cost,
as a fixed cost at each year end. This is a crude method for costing and
allocating a finance charge, however, due to the uncertainties surrounding
the appropriate level to be charged this was felt to be appropriate.
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Sensitivity analysis

The reason for carrying out a sensitivity analysis was to identify areas of
the project that require particular attention or areas that require a more
detailed study before work begins.

Due to the dynamic nature of the risks, the sensitivity analysis was
carriedout in two stages, at the sanctionandcommissioningof theproject.
In order to analyse the sensitivity of the project at these two stages it was
necessary to create two computer models of the project, identical in all
aspects except for the key risks, or variables, being modelled.

The ranges of variation that were applied to these risks have been
detailed and were chosen because they represented a range within which
the variable might reasonably be expected to deviate. These ranges were
not chosen based on historical data because this information was not
available, however, they were chosen with assistance from experienced
project personnel. In a sensitivity analysis the ranges applied to the vari-
ables are not as critical as in a probability analysis because the technique
is used to consider the effect of change in the key risks on the economic
parameters of a project and gives no indication as to the likelihood or
occurrence of the variables analysed.

Probability analysis

A probability analysis considers the key variables in combination, unlike
the sensitivity analysis which considers them in isolation. The probabilis-
tic analysis technique used on the new industrial plant project model was
the Monte-Carlo technique. The analyses carried out on the model were
run for one thousand iterations, in an attempt to reduce the statistical
biases inherent in this sampling technique. The output from this analysis
gave a range of estimates for the outcome of the project, ranging from
the most pessimistic to the most optimistic outcome.

The probabilistic analysis of this project was also carried out in two
stages. None of the key variables included in the project models were cor-
related despite some indications for links between some of the variables.
The reason for this was that the amount of correlation between these
variables was unknown.

Sanction risks

The ranges chosen for the variables relating to the delay in design and
the delay in construction only depict the possibility of a delay. This was
because the estimates of the duration of these activities represent a target
completion time, and although this time was thought to be achievable it
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is not expected that the work will be completed any earlier than this. A
triangular distribution was applied to both of these variables because it
was felt that they could be predicted with some confidence, and that the
estimates used in the model were slightly optimistic. The variables relat-
ing to a delay in planning permission and a delay in the purchase of the
land were given wide ranges of variation and uniform distributions. The
reason for this was that both of these risk variables could either pass with
no problems encountered or there could be long delays in both processes.
These variables could not be predicted with any certainty; therefore, a
uniform distribution was applied to both of the variables. The engineer-
ing costs variable related to the cost of construction of the process plant
activity, which was the most costly construction activity. The cost of
this activity was also related to the time taken to complete the activity,
so any difficulties encountered or any delay in this activity would affect
the costs. In this case it was likely that the costs of the activity would
rise rather than fall, although allowance was made for the possibility
of a small decrease in these costs. It was felt that the costs could be pre-
dictedwith someconfidence soa triangulardistributionwasapplied to this
variable.

The energy costs for the project were given a wide range of variation,
with the implication that the cost of energy would increase rather than
decrease. A uniform distribution was applied to this variable, which indi-
cates that this variable cannot be predicted with confidence. The cost of
the raw materials required to make the product is an important factor
in the operating costs of the plant, however, the actual raw materials is
known within a fairly small range of variation, hence a triangular distri-
bution was applied. The variables relating to the demand for the product
and the revenue from the product were given wide ranges because of the
uncertainty over the market acceptance of the product. A triangular dis-
tribution was applied to the variable relating to the revenue from the
product. However, a uniform distribution was applied to the demand
for the product, because at this stage it was difficult to predict with any
certainty how consumer tastes would vary over time.

Commissioning risks

The key variables included in this project model were based on the vari-
ables included in the sanction stagemodel. The ranges of variation applied
to these variables were reduced from those applied in the sanction stage
model because at this stage in the project there was less uncertainty about
the market. The information that was available could be used immedi-
ately to predict the outcome of the project. At this stage all the variables
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Figure 7.5 New industrial plant – sanction risks.

were given triangular distributions because they could be predicted with
some confidence.

7.15 Analysis of the result

The results of these simulations are shown inFigures 7.4–7.7 andTable 7.3
in terms of their effect on the project economic parameters.
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Figure 7.7 New industrial plant – cumulative frequency plot.

Discount rate

The application of a discount rate to the project cash flow has the effect
of decreasing the importance of cash inflows near the end of the project
and increasing the importance of cash outflows at the beginning of the
project. This can be seen when the results of this simulation and those of
the base case model are compared, as in Table 7.3. When the discount
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Table 7.3 New industrial plant – data.

Description Base case
Discount
rate 6%

Inflation
rate 5%

Finance
charge 12%

IRR (%) 37 37 44 31
(£)
Present Value 88 040 000 147 010 000 83 010 000
NPV 47 290 000

(Years)
Payback 6 5.5 6.5
Discounted payback 6.5

(Years)
Maximum investment 37 450 000 38 820 000 51 990 000
Discounted maximum
investment

36 170 000

(Years)
Return 215 700 000 369 400 000 167 490 000
Net return 102 680 000

(£)
Maximum lock-up
discounted

13 720 000 15 050 000 16 330 000

Maximum lock-up 12 290 000

rate was applied the NPV was almost halved, as was the net return, and
the payback period was increased by about 6 months. These economic
parameters are, largely, determined by the level of the cash inflows near
the end of the project. The maximum investment and maximum cash
lock-up, which represent the amount of money tied up in the project,
were both slightly reduced.

Inflation rate

Figure 7.4 shows the cumulative cash flow for the base case project model
and the cumulative cash flow with a 5% inflation rate applied to each
of the cost centres. From the diagram it can be seen that the payback
period for the project was decreased by about 6 months, the return and
the present value (PV) were both dramatically increased and the IRR was
also increased. The maximum investment and maximum cash lock-up
were both slightly increased, although not to the same extent as the return
and PV. Figure 7.4 shows that from the time the project reaches payback
to the end of the project, the cash inflows are exceeding the case outflows
by an ever-increasing amount. This was in keeping with what would be
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expected since the operating costs for the project were significantly less
than the revenue generated, so when an inflation rate was applied the
difference was exacerbated.

Finance charge

The finance charge is an amount paid on the project cash outflows before
payback is reached. Figure 7.4 shows the cumulative cash flows for
the base case project and the cumulative cash flow for the project with the
inclusion of a finance charge. From this diagram it can be seen that if the
maximum investment required for the project rose by 5% inflation then
the payback period increased by about 6 months.

Sensitivity analyses

This was carried out in two stages, for this study. The results of these
analyses are shown inFigures 7.5 and7.6. These spider diagrams represent
the change in the key variables in relation to the change in the IRR for the
project. The reason for considering the change in the IRR, as opposed to
the PV or any other economic parameter, was that the IRR is the most
applicable economic parameter for projects with a total duration of more
than 5 years.

The sensitivity of the project to these variables is shown by the gradient
of the lines. In Figures 7.5 and 7.6 the lines that tend towards the vertical
axis are the variables to which the project is most sensitive and those lines
that tend towards the horizontal axis are the variables towhich the project
is least sensitive to. Any variable producing a percentage change in the
IRR of greater than the percentage change in the variable is regarded as
a variable to which the project is sensitive.

Sanction risks

It can be seen, from Figure 7.5, that the variable the project was most
sensitive to is change in the demand for the product. The line representing
the change in the revenue from the product has not been fully included in
the diagram since a change of more than −20% in this variables gives rise
to a negative IRR, and there is no purpose in showing that on the diagram.
A small change in either of these variables has a very large impact on the
project, in terms of the project IRR.

These two variables dominate all the other variables plotted on the
diagram; however, the other variables must not be ignored. The line rep-
resenting a delay in construction is also quite prominent, from a +12%
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change onwards the lines moves towards the vertical axis. On a diagram
with a smaller vertical scale this change would be much more noticeable.
The reason for this change is because, by this stage, the float in the pro-
gramme has been used and any further delay in this variable is central
and delays the start of the operating stage.

The variables representing a delay in the design, delayed planning per-
mission and a delay in the purchase of the land all appear to have little
effect on the IRR. The probable cause of this is that these activities are of
a relatively short duration, in comparison with the construction or oper-
ating activities. A change of +25% in the duration of a 4 month activity
only increases the duration of the activity to 5 months, whereas for an
activitywith a duration of 16months a+25%change increases the activity
duration to 20months. Therefore, despite the large percentage changes in
these variables, it is probable that the float in the programme has not been
completely used and, therefore, a delay in these variables would have no
impact on the start of the operating activities.

The inverse relationship between the energy costs and the IRR is
one thatwouldbe expected. This variable shows that any small increases in
the cost of energy occurring during the operation of the plantwill decrease
the project IRR. The variable representing the raw material costs for the
project follows a similar pattern to the energy cost variable but the impact
on the IRR is slightly greater in this case.

Commissioning risks

Figure 7.6 shows the spider diagram created from the results of this sensi-
tivity analysis. The variables relating to changes in the cost of energy and
in the cost of the raw materials follow a similar pattern to those in the
sanction stage analysis. Both variables show an inverse relationship with
the IRRand the lines are straight representing a constant level of change in
the economic parameter. The project remains more sensitive to a change
in the cost of the raw materials than it is to a change in the cost of energy.

The variables representing the demand for the product and the revenue
from the product still dominate the diagram, meaning that the project
is very sensitive to any changes in these parameters. The project is most
sensitive to changes in revenue from sales of the product. A change of
+10% in this variable leads to a change of about −40% in the IRR of the
project. At a change of −16% in the revenue from the product it can be
seen that there is a definite change in the gradient of the line. This suggests
that at this point something happens in the project and a possible reason
for this change in the gradient of the line could be that the operating costs
reach equality with the revenue.
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Probability analyses

This was carried out for sanctioning and for commissioning. The results
of these analyses have been represented in the form of one cumulative fre-
quency diagram, Figure 7.7. This diagram represents the range of values
for the IRR that the project might achieve and shows the cumulative
probability of each of those values being achieved.

The results of these analyses will be considered between the cumulative
probability range of 15–85%. These limits represent approximately one
standard deviation removed fromeither end of the frequency distribution.
The information contained in the 30% of the diagram not considered rep-
resents the tail ends of the distribution. The frequency of occurrence of
these values was very small and the range over which the values were
spread was very large. The probability of achieving a particular percent-
age IRR for the project can be determined by deducting the percentage
cumulative probability from 100.

Sanction risks

The deterministic estimate for the IRR of the project is 37%. However,
from the probability analysis, it can be seen that the outcome of the
project, in terms of the IRR, over the 15–85% range is from about
10% to 55%. Figure 7.7 illustrates this and shows that the probability
of achieving a 37% IRR is approximately 40%. There is a 50% chance of
achieving approximately a 30% IRR for the project and a 70% chance of
achieving approximately a 22% IRR for the project. The range of possible
values for IRR given by this analysis was very wide, probably because of
the sensitivity of the project to the market risks.

Commissioning risks

The range of values recorded for the IRR from the probability anal-
ysis was smaller than that recorded at the sanction stage. The range
of values for the IRR in this analysis was from approximately 22%
to 50%. Figure 7.7 illustrates this and shows that the probability of
achieving a 37% IRR is approximately 50%. There is a 30% chance of
achieving approximately a 43% IRR for the project and a 70% chance
of achieving approximately a 30% IRR for the project.

It would appear from the analysis of this project model that the deter-
ministic estimate for the IRR of the project was slightly optimistic. The
reason that the chances of achieving an IRR of 37% have increased
because the number of variables considered in this analysis was less than
at the sanction stage, and the ranges of variation applied to those variables
was reduced.



Jobling: “chap07” — 2005/9/27 — 16:17 — page 134 — #33

134 Managing Risk in Construction Projects

7.16 Discussion of findings

The first three simulations carried out on this project model were deter-
ministic analyses to consider the impact of non-project risks on the
project. The inclusion of a discount rate of 6% in the project model had
the general effect of reducing many of the economic parameters to almost
half of their values in the base casemodel. The inflation rate had the effect
of making the project look more desirable, by increasing the parameters
that indicate the overall profitability. However, this was to be expected
because of the diverging values of the operating costs and the product
revenue. The results gained from the inclusion of a finance charge had
the effect of making the project seem less desirable. The reason for this
being that it reduced the value of the economic parameters that indicate
the profitability of the project. Each of these simulations was considered
in isolation, although for a real project it would be reasonable to expect
some combination of these factors.

Both of the sensitivity analyses were dominated by the market risks,
which are the demand for the production output and the revenue received
from sales of the output. The other variable to note at the sanction stage
was the possibility of the construction phase being delayed.

The probability analyses showed the deterministic output from the
project model to be slightly optimistic. The range of possible values for
the IRR in the sanction stage analysis was very wide, probably because of
the sensitivity to the market risks. At the commissioning stage the range
of possible values for the IRR had decreased significantly, thus raising
doubts about achieving an IRR of 37%. This reduction in the range of
values for the IRR would be expected as a result of the reduced number
of variables, which were considered and the reduced ranges that were
applied to these variables.

From the results of the simulations carried out on the project models
it can be seen that the objective of timely completion is not as important
as gaining information about the market or securing a buyer for the pro-
duction output. If the market for the production output does not exist
then it is not of any importance whether the construction of the plant is
completed on time. These results show the dominance of the market on
the profitability of the project.

7.17 Summary

The use of IT is significant in the presentation of risk management. Most
software packages require a basic project model to which the effects of
key values are applied.
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The case study sensitivity analysis at the sanction stage shows that the
project becomes sensitive to a delay in the construction once the float
in the programme has been used, because any delay beyond this point
has a direct impact on the start of operation of the plant. A delay in
the designs for the plant have a relatively small effect on the outcome
of the project, however, this variable was not linked to the construction
process. If these two variables were linked, or correlated, a delay would
show a much greater impact on the outcome of the project than either
of these variables does independently. If there was a delay in the design
reaching the construction contractor then the construction process would
be delayed, which soon begin to have an impact on the start of operation.
The clientmight wish to consider including a clause in both the design and
construction contracts that would lead to the contractor being penalised
if a delay occurred. Since this analysis was carried out before the project
was undertaken, another option open to the client is to award just one
contract for the design and construction of the plant. This would mean
that there was only one contractor who would have more control over
the process, which should reduce the possibility of a delay in either the
design or the construction processes.

Both the sensitivity analyses show that themarket risks are dominant in
this project, compared with the other risks. The sensitivity of the project
to these risks affects the results of the probability analyses and indicates
that the project might achieve only a moderate rate of return. To reduce
these risks the client could carry out amarket survey to assess the possible
market for the product, and reduce the uncertainty about the market at
the sanction stage of the project.



Jobling: “chap08” — 2005/9/27 — 16:18 — page 136 — #1

Chapter 8

Risk Allocation in the Contracting
and Procurement Cycle

Aclient has the ultimate responsibility for projectmanagement; theymust
define the parameters of the project, provide finance, make the key deci-
sions and give approval and guidance. The contractor (supplier) provides
a service for the client. These parties must work together if a project is to
succeed but, through the proliferation of claims, clients and contractors
have become further removed, the construction industry has suffered,
projects cost more and clients look elsewhere to invest money.
In this chapter, theprocurement cycle is examined tohighlight thediver-

sity of approaches to the allocation of risk in the supply chain through
organisational methods, payment mechanisms or a combination of both
of these. The appropriate procurement or contract strategy will only
become apparent as the evaluation progresses from initial appraisal to full
analysis, including consideration of potential areas for dispute because of
known and unknown risks.

8.1 Typical contracting and procurement processes

With reference to Figure 8.1, the following is a description of the main
stages of the contracting process. When the project is conceived, the client
has to undertake an initial risk assessment and evaluate whether the risks
associated with the project are high or low. From this, the client will
be able to decide whether the risk exposure is acceptable and from risk
analysis decide whether to proceed with the project. It may be that the
risks associated with the project are high but by careful development of
the project execution plan a number of risks can be eliminated, transferred
or insured.
From the project execution strategy, covering all aspects of engineer-

ing, procurement andconstruction for thewholeproject (includinghealth,
safety and environment studies), a contracting strategy can be developed,
taking account of available strategies, selection procedures and recent

136
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Figure 8.1 The contracting process.

trends. Projects should be mapped onto a chart, like that in Figure 8.2
to determine level of risk, control, motivation and design completion to
aid in the choice of strategy. The fundamental choices being made here
relate to work, motive and risk transfer through the supply chain, which
will be influenced by the novelty and complexity of the project, and by
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other factors such as, whether the client wants to enter into partnering
arrangements. The management of the whole supply chain is increasingly
being recognised as crucial to the success of a business because it allows
strategies to be developed that transfer risk to the party best able to man-
age that risk. For example, if concrete is a key component of the project
then the concrete supplier should be brought into the project at an early
stage when changes can still be made to design mixes and then risks asso-
ciated with supply could be allocated to the concrete supplier. Insurance
or sureties may be required where the value of damages (liquidated or
non-liquidated) are large compared to the turn over of the supplier.
Possible strategies and reasons for their selection are illustrated in

Figure 8.2 and will be discussed in detail later. Validation of the cho-
sen strategy can then take place in view of the contractors available to
carry out the work. Pre-qualification is key to this stage of the process.
The analysis of cost liabilities or impacts of risks and the contract lan-

guage are the basis of risk evaluation and management. Risks cannot be
eliminated through contracts but the strategy chosen for dealing with the
risk can influence how they are managed and dictates how they are allo-
cated. Selecting a contract strategy requires decisions about – type and
location of project; number of packages; responsibilities of project team;
flexibility required; project life cycle; terms of payment and the basis for
selecting contractors.
The life cycle costs of any project should be considered in the value

management exercise. Risks may be identified that could occur during
the operation phase of the project or long after the construction has been
completed. There is a temptation when carrying out the value manage-
ment study to concentrate on design issues, equal importance should be
given to identifying potential risks and the form of contract that best cov-
ers such risks, while stillmeeting other objectives, such as themanagement
process and organisation costs.
Once the decision has been made as to the most appropriate contact

strategy, the contractor canbe selected, using a rigorous tender evaluation
procedure. The contractual relationship is established during the tender
period and during the early stages post contract award. If the project is to
be a success then it is during this phase that alignment must be achieved.
This could take the form of a series of workshops where any potential
high risk sources are identified and joint plans are drawn up for dealing
with them in the event that they materialise. The key objectives for the
client are:

to obtain a fair price for the work, bearing in mind the general state
of the construction market at the time; and
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to enter into an agreement with a contractor who possesses the neces-
sary technical skill, resources and financial backing to give the client
the best possible chance of the project being completed within the
required time, cost and quality standards.

Many clients are now entering into partnering arrangements to overcome
potential contracting problems. Partnering is a philosophy that aims to
bring together all members of the supply chain throughmutual objectives
for the benefit of all parties. The idea being that asmany of those involved
in the project as possible (throughout the supply chain) should develop
and signup to apartnering charter, this charter spells outmutually aligned
objectives, including risk sharing, so that all parties are equallymotivated.
Contract administration is the final stage of this process and it is here

that the selected strategy is tested. The occurrence of risk events and
its successful management will reflect upon the appropriateness of the
strategy selected. The risk of disputes is much greater in cases where an
inappropriate strategy has been forced upon the project team.

8.2 Value planning case study

This section illustrates how value management reviews can be utilised to
determine themost suitable contract strategy for a sewage treatment plant
(STP) procured to meet specific needs.
During the first review, the client has defined the following:

the project is needed quickly to meet increased flows;
the capacity of the plant is to be 50 000m3;
the favoured option of the plant is extended aeration with operation,
maintenance and training package options;
the risks associated with the plant are performance guarantees, time
to construct, lack of client resources, design on clients and money
available.

The second review has defined the following:

the processes to be provided to ensure low operating costs;
a preferred outline design proposal and layout;
the basis for continued design development as the objectives are met
such as future expansion;
identification of the risks associated with the design chosen those
being, flexibility, availability of materials and meeting the required
performance.
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The third review has defined the following:

the selected design option meets all the objectives;
the final design, specification and operation methods, schematics,
hydraulic profile and probability impact (PI) diagrams;
a proposal of how the project can be best implemented to meet the
objectives and risk allocation.

In terms of contract strategy, it is clear that the following elements are
required to meet the project objectives:

early operation through fast-track construction methods;
a two year operation, maintenance and training (OMT) provision;
low operating costs.

The risks identified are those associated with:

lack of client resources;
no provision for design and guarantee of meeting the process;
uncertainty regarding ground conditions;
requirement to meet other works by a specified date;
meeting the specification;
meeting specific budgets;
providing the most suitable technology;
lack of knowledge with regard to disputes.

Questions that need to be asked are:

What additional value is gained through the choice of contract
strategy?
What is the best contract strategy?
Will the contract satisfy the needs of the project?
Will the contract allocate risks in an equitable manner?
What will the project cost under this contract strategy?
What are the savings/additions for risk cover?
Can the contract be implemented at the right price?

At this stage, the client seeks a contract strategy that will meet the project
objectives and allocate the major technical risks to the contractor. In this
case, a fixed price lump sum turnkey contract is identified as the most
suitable contract strategy provided the project could be completed within
the client’s budget. The client can utilise model forms for the contract
based on other projects procured in this manner.
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The client can now perform a more rigorous risk analysis using quali-
tative and quantitative assessments. The key to this method is that many
of the risks identified can be expressed in terms of the contract and risks
allocated accordingly. Clearly, the contractor will accept many of the
risks identified by the client at a premium. The client may quantify the
cost of the premium for covering such risks as a percentage of the total
contract price.
In this case, the client will bear the following risks:

provision of the site and access;
raising the finance;
covering global risks such as political, legal and environmental risk.

The contractor will bear the risks associated with:

process guarantee;
project design;
construction deadline;
commissioning and then operating, maintaining and training
personnel for a period of 2 years;
the uncertainty of the ground conditions;
providing a fully operational plant at a fixed price;
commercial risks associated with the costs of materials and
resources.

The life cycle costs of any project should be considered in the value man-
agement exercise. Risksmaybe identified thatmayoccurduringoperation
of the project, long after the construction has been completed. In this par-
ticular project value management techniques were used to determine the
most suitable operator contract after the OMT contract was completed,
in this case an affermage contract was deemed to provide the best value
for the remaining life of the project.

8.3 Known and unknown risks in contracts

The three main functions of contracts are work transfer (to define the
work that one party will do for the other), risk transfer (to define how
the risks inherent in doing the work will be allocated between the parties)
and motive transfer (to implant motives in the contractor that match
those of the client). There is a basic conflict between these provisions and
this chapter concentrates on optimising these provisions for a particular
project.
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The identification and allocation of risk is a lengthy process that
will require a number of iterations for optimum results. During project
appraisal, risks that could occur throughout the whole life of the project
should be identified for the whole supply chain. These could then be
considered based on:

which party can best control events;
which party can best manage risks;
which party should carry the risk if it cannot be controlled;
what is the cost of transferring the risk?

That is to say, some are pure risk, for example, force-majeure, while
others are created, for example, by technology, by the form of contract
ororganisational structure. These arenot the same. The clientmust ensure
that through the contract strategy chosenhis exposure to risk is optimised,
considering both the up and down side.
Traditionally, risk in construction projects is allocated as follows:

client to designer and contractor;
contractor to subcontractor;
client, designer, contractor and subcontractor to insurer;
contractor and subcontractor to sureties or guarantors.

The impact of risk events on projects is, in the vast majority of cases,
related either directly or indirectly to cost. Time delays inevitably have a
consequential cost. Where materials, plant fail or the supplier of services
does not perform, the additional cost is apparent. Where less tangible risk
events occur, such as emissions or environmental disruption, no direct
cost may be incurred immediately by the client but in these circumstances
the costs may be incurred at a later date.
Client organisations should appreciate, when deciding upon the allo-

cation of risks, that they will pay for those risks that are the responsibility
of the contractor, as well as those that are their own. Contractors employ
contingencies in their tenders as a means of guaranteeing their return in
the event of construction risks occurring.
The payment mechanism employed, price or cost based, will determine

the location of these contingencies. The allocation of risk between parties
to a contract should be identified prior to tender. Tender documents illus-
trate the risks and responsibilities between the parties to the contract. In
some cases, client organisations are now requesting potential tenderers
to provide a risk statement as part of their tender. The risk statement
provides the client with the risks often not covered in the contract that
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the tenderer feels may occur and how they would respond to such risks
should they occur.
A number of clients now list potential risks in the tender documents

and request tenderers to price each of them as part of the tender, the
evaluation of such risks and the price for their cover being part of the
tender assessment criteria. The size of the contingencies employed by the
contracting parties will be dependent upon a number of factors which
may include the following – the riskiness of the project; the extent of
the contractor’s exposure to risks; the ability of the contractor to manage
and bear the consequences of these risks occurring; the level of contractor
competition; and the client’s perceptions of the risk/return trade-offs for
transferring the risks to other parties.
When risk events that are the client’s responsibility occur, the con-

tractor should receive the funds necessary to overcome the particular risk
event. Where there is some uncertainty over responsibility for a particular
risk event, the contractor is entitled to pursue claims for additional pay-
ment from the clientwhen it occurs. Clearly, the client is likely towholly or
partly pay for risk events irrespective of which party bears responsibility
for them.
Contractors usually assess the cost or price of given risk events higher

than clients. The reason for this is related to the long-term effects that risk
events have on the business of the two organisations. This is particularly
the case when a large client organisation employs small andmedium sized
contractors to construct small tomedium sized projects. A cost overrun of
10% on a £1 million project would be a source of concern to a large client,
but to a contractor in the current economic climate, with low margins, it
could be the difference between staying in business and liquidation.
The risk-averse behaviour of contractors and risk neutral behaviour

of major clients has been identified elsewhere. A risk neutral client is
assumed to view a £1 loss in the same light as a £1 gain. For a contractor,
the loss may be perceived as far higher. The effect of this is to make the
contractor’s estimate of the cost of a given project greater than that of the
client if the responsibility for risk is evenly split between the two parties.
Whilst this may not be reflected in the contractor’s tender, it is likely
to become apparent as the construction of the project proceeds and risk
events occur.
Disputes are likely to occur between the client and the contractor when

the risks are not clearly allocated. A number of authors have indicated the
importance of good relations between the contracting parties to success-
fully complete projects. The recent trend towards partnering has been a
response to the proliferation of claims. Partnering is a structuredmanage-
ment approach to facilitate teamworking across contractual boundaries.
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Its fundamental components are formalised mutual objectives, agreed
problem resolution methods and an active search for continuous mea-
surable improvements. It should not be confused with other good project
managementpractice orwith long-standing relationships, negotiated con-
tracts or preferred supplier arrangements, all of which lack the structure
and objective measures that must support a partnering relationship.
The critical success factor for partnering is the commitment of all part-

ners at all levels to make the project a success. The result is that the
partnering agreement drives the relationship between parties rather than
the contract documents. When this is the case, the objectives of all par-
ties are aligned, the whole supply chain is managed and mutually aligned
objectives are sought.

8.4 Risk allocation strategies

For a particular project, one or several organisational structures may
be chosen depending on the project’s size, novelty and complexity. The
design teams required (whether in-house or external); methods of man-
agement; supervision; certain restrictions such as political, social or
economic; the available resources and expertise committed by the client
must be considered as unique for a particular project and will affect the
type of organisational structure to be chosen.
Risk allocation strategies should be determined at the inception of the

project by the client. Figure 8.3 shows that effort at the start of the
project in minimising the need for change will have maximum impact
and effectiveness in realising a successful project. Further risk manage-
ment, exercises may be undertaken during the course of a project but
the reallocation of risk at this time is rare and will require negotiations
with the contractor, which may or may not be successful. There will be
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occasions where no contractors will be prepared to bid for a contract that
places arduous conditions upon them and the client has to reconsider the
strategy. A contractor’s exposure to risk must be related to the return
that they can reasonably expect from a project. Thus, if a contractor is
making only a 5% return on a project, it is reasonable for a contractor’s
risk exposure to be restricted. Alternatively, tenders may be much higher
than expected reflecting the cost of transferring the risk to the contractor.
Themain characteristics of the available choices of risk allocation strat-

egy can be grouped according to organisational structure or payment
mechanism, there is a tendency for certain payment mechanisms to be
associated with certain organisational structures, where such relation-
ships exist they will be highlighted and discussed. The choice of contract
and hence risk allocation strategy is determined by the policy decisions
of the client and the requirements of the individual project. On occasion,
however, the policy considerations of the client take precedence with little
regard to the project concerned. The client must remember that inappro-
priate strategy on the retention or distribution of risks will jeopardise the
project.
Construction risks such as ground conditions, risk of non-completion,

cost over runs and risk of delay are considered as major technical risks.
Most construction risks are controllable and should be borne by the con-
tractor whether the project is publicly or privately funded. Similarly, risks
associated with labour, plant, equipment and materials, technology and
management are controllable risks and should lie with the contractor(s).
Specification risk and errors in design that could have a detrimental

effect on both construction and operation are also common. Physical
hazards that may occur in the construction phase include force-majeure,
such as earthquake, flood, fire, landslip, pestilence and diseases. Table 8.1
illustrates a number of typical construction risks.
A client organisation wishing to procure a project will need to iden-

tify the risks, not only during construction but also for the whole project
life cycle. To ensure that risks are dealt with in the best way the client
must determine the contract strategy best suited to a particular project’s
life cycle. Unless the client is entering into just one contract for the
whole project, which is unlikely, consideration must be given to con-
sistent allocation of risk both horizontally and vertically throughout the
supply chain. That is, consideration must be given to the allocation of
risks between designer and suppliers just as it is to interface problems
between different suppliers. That is, communication and organisational
issues need to be addressed both vertically and horizontally throughout
the supply chain, unfortunately, this is taking place when there is the
greatest amount of uncertainty about the project, see Figure 8.4.
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Table 8.1 Typical construction risks.

Physical Natural, ground conditions, adverse weather, physical
obstructions

Construction Availability of plant and resources, industrial relations, quality,
workmanship, damage, construction period, delay, construction
programme, construction techniques, milestones, failure to
complete, type of construction contracts, cost of construction,
commissioning, insurances, bonds, access and insolvency

Design Incomplete design, availability of information, meeting
specification and standards, changes in design during
construction

Technology New technology, provisions for change in existing technology,
development costs and IPR and need for research and
development

Concept Feasibility Engineering Implementation O & M

Time

Uncertainty

Upside
+

Downside
–

Figure 8.4 Project risk exposure.

Below a number of risk strategies are examined and their usefulness
in a number of situations is discussed. Whatever approach is taken the
implications for the whole cycle of the project must be considered and the
goals of all parties aligned
Figure 8.5 illustrates the interrelationship between the basic manage-

ment requirements of flexibility, incentive and risk sharing as provided
by the different types of contracts described previously.

Conventional approach

This approach is commonly used in engineering projects. The parties’
roles and responsibilities are based on the separation of design from



Jobling: “chap08” — 2005/9/27 — 16:18 — page 148 — #13

148 Managing Risk in Construction Projects

Fixe
d pr

ice

Adm
ea

su
replu

s va
ria

tio
ns

Fixe
d pr

ice

Ta
rg

et
co

st
Cos

t p
lu

s fix
ed

fee
pe

rc
en

tag
e fee

Cos
t p

lu
s

Control effort required

Client control

Client risk

Max.

Hard

Max.

Min.

Easy

Min.

M
in

.

L
itt

le A
ll

M
ax

.

A
ll

L
itt

le

C
on

tr
ac

to
r 

in
ce

nt
iv

e

A
va

ila
bl

e 
in

fo
rm

at
io

n 
at

 c
on

tr
ac

t a
w

ar
d

In
fo

rm
at

io
n 

re
qu

ir
ed

 f
or

 c
on

tr
ol

Cost-based
Price-based Payment mechanism

Figure 8.5 Factors influencing payment choice.

construction. The design is carried out by a consultant or in-house team,
with limited (if any) contractor involvement, whereas the construction is
the responsibility of the contractor with limited involvement of the client.
The construction contract is usually supervised and administered by the
engineering design consultant working on behalf of the client. As the
parties responsibilities vary, their obligations, risk exposures and ability
to carry risk also vary.
Contracts (normally admeasurements or lump sum) are usually

awarded competitively, inmost cases to the lowest bidder. Participants are
usually pre-qualified and tenders are only invited from contractors after
the design is complete. Co-ordination of design and construction is often
the responsibility of a consulting engineering company. The engineer is
obliged to provide information so as not to delay the contractor.
This organisational structure usually allocates the risk of changes in

the price of items to the contractor while the risk of delay can be allocated
to either the contractor or the client. The tendered prices used in this type
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of contract include a contingency for risk, which again means that the
client is likely to pay more for the privilege of transferring the risks to the
contractor than if he had accepted it himself.

Cost-based reimbursable approach

This form of contracting requires the client to take the majority of the
risks as the contractor is paid on a cost plus fee basis but it also means
that the client only has to pay for those risks that occur. The downside is
that the client may pay for contractors’ inefficiencies, which should be the
contractors’ risk. Cost reimbursable contracting can allow the contractor
to have an input into the work at an early stage (leading to a high level
of integration between design and construction) and this should help to
reduce some of the project risks that may occur using a conventional
approach. Themore ‘hands-on’ approach adopted by clients usually leads
to the contractor having a better understanding of the client’s needs.

Management contracting approach

Management contracts are used by clients who want a third party to
supervise and co-ordinate the design and construction of the project.
These contracts require management contractors to place contracts for
the packages of work and to oversee the project and ensure that the
client receives what he initially specified. The client transfers all risks,
except those associated with the operation of the project, to the manage-
ment contractor. The management contractor can then transfer the risks
that he holds through the contracts with the works contractors, as he
wishes. Themanagement contractor is usually reimbursed for all expenses
he incurs, including those paid to sub-contractors. A fee (either fixed or
a percentage of the total) is usually paid to cover overheads and profit.
Although the client carries most of the risk, this approach can avoid

delays and claims by awarding smaller packages of work as the design is
ready and it has the added advantage of flexibility and enhanced client
involvement in the project.
This approach is often used in projects where there is a need for an early

start and/or early finish, flexibility in relation to scope changes, special
requirements relating to labour or construction methods and where the
client has insufficient resources.

Fast-track approach

The fast-track method of construction requires the compression of the
design and construction stages by the overlapping of many activities and
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although not a type of contract, fast-track is a method of constructing
the works that requires a much greater degree of control over the con-
struction process. Fast track projects are governed by contracts and it is
necessary to choose a suitable type of contract to ensure that there is con-
tinuity in the work. This method of construction increases the risks in the
project because the design of the work is not usually completed before
the construction starts. If problems occur, they are less recoverable, from
the programme point of view, than if using conventional methods of con-
struction. This requires a large amount of co-ordination to ensure that
the construction does not have to stop because the necessary designs are
not completed. The use of fast tracking also means that the contractor
must have a good relationship with his suppliers because he has very little
advance warning of the exact quantities of goods that are required for
a particular section of work. A management contract is often used for
fast-track projects.

Turnkey/package deal approach

For this approach, the client gives detailed specifications of what
he requires and awards a single contract for the entire facility. It is then
the responsibility of the contractor to design, construct and commis-
sion the facility sometimes including operation and maintenance, and
ensure that it conforms to the client’s specifications. The contractor can
sub-contract out the work, but it is the contractor who deals with the
client. The client’s involvement in a project of this type is minimal. These
contracts can be termed, turnkey, design and build or package deal. A
Build–Own–Operate–Transfer, BOOT, approach can be similar to this
organisationally but in the case of BOOT projects finance has to be raised
by the promoter which is repaid (in the form of tolls or tariffs) over a
concession period, eventually the facility reverts to the ownership of the
client organisation.
Turnkey arrangements are widely used by clients who know their

requirements but have a shortage of in-house technical expertise andother
resources necessary to carry out the work. They are also adopted when
the design and method of construction are interrelated, where a patented
process is required, where an early completion is desired or where sophis-
ticated clients see that the most cost effective approach is to give all of the
work to a specialist.
In preparing the contract, the performance, specification, standard

required and sometimes the outline drawings for the preferred design are
clearly stated. The contract should also clearly spell out the responsibil-
ities and liabilities of both parties, especially those related to approval
and acceptance of the design by the client before construction starts.
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Usually in design and construct projects once the client approves the
designhe is responsible for anydefects thatmayarise in it, while in turnkey
projects the approval of the design by the client implies that it meets the
specification. But this does not mean any technical approval or defect
liability.
Apackagedeal reduces the risks to the client comparedwith the conven-

tional approach but increases the risks for the contractor. The contractor
accepts all of the risks associated with the design and construction of the
project while the client usually accepts the non-project risks and the risks
associated with the operation of the facility. Although the client transfers
the project risks to the contractor, once the specifications for the facility
have been given it is very difficult for the client to make any changes or
alterations.
This type of project is very inflexible for the client, despite the reduction

in the amount of risks that have to be accepted. If the clientwishes tomake
any changes or alterations when the specifications have been given, it will
result in increased premiums and increase the chance that the project
will not meet its objectives. For the contractor this type of project has
increased the risks, but it does allow the contractor to use expertise and
experience in planning and managing the work.
Normally, the contractor is paid on a fixed price basis there is no

mechanism in this type of contract for price adjustments, so the price
tendered by the contractor must include some allowance for changes in
prices. The allowance included in the tendered price for price changes
is the premium that the client pays for transferring the risk to the
contractor.
This type of contract allocates the cost risk associated with the con-

struction, and possibly the design and work to the contractor. There may
be a clause in the contract that requires the contractor to pay the client in
the event of a delay, but the inclusion of this clause is left to the discretion
of the client. Otherwise, the risk of a delay in the project is retained by
the client, along with all the other risks in the project. As the manage-
ment of design and construction is integrated within one organisation this
contract strategy approach has become attractive to clients, particularly
when this is in conjunction with the ability to predict a firm price at an
early stage of the project.
For this organisational system to be adopted effectively and in order

to avoid potential disputes, it is necessary for clients to state their
objectives clearly and to clarify their specifications and needs prior to
contract commitment. Contract conditions included on offers should
be considered carefully to avoid potential contradiction of the clients
needs.
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Framework agreements

A Framework agreement is a long-term commitment between the parties
to enable clients to place contracts on pre-agreed terms, specifications,
rates, prices and mark-up that are embedded in the framework to cover a
certain type of work over a period of time or in a certain location or both.
A framework agreement in itself gives no work to the contractor and
may be non-exclusive. The contractor agrees to make staff, designers and
construction resources available to undertake these contract packages as
they are awarded and ensures their completion within agreed standards
and timescales
As shown in Figure 8.6 a model framework agreement contains the

following constituents – enabling elements; confidence in partner co-
operation and ownership balance and structure. All three constituents
are interrelated and exist in a multi-project environment or long-term
relationship. The quantity and quality of the enabling elements affects
the ownership balance and structure, and could raise or lower confidence
in partner co-operation. Should the confidence in partner co-operation
change, a party may deem it necessary to alter its strategic approach
through its enabling element provision and this, could have a secondary
effect regarding the ownership balance and structure. Likewise, adjust-
ments to the ownership balance and structure has subsidiary effects on
the other two constituents. In other words, as these elements change so
does the balance of risk between the parties.

Framework
agreement

Confidence
in partner

co-operation

Enabling
elements

Knowledge and
learning

Knowledge and
learning

Knowledge and
learning

Ownership
balance and

structure

Figure 8.6 A model for framework agreements.
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Framework agreement ownership is the balance of the privity of each
partner relevant to its contribution or the division of the equity invested.
If an agreement between two partners is equally split then this is an
equal partnership. Any other balance will result in a majority–minority
ownership. Both majority–minority and equal ownership can exist when
multiple partners exist.
The ownership balance and structure can usually be related to the level

of risk, commitment, provision of resources, the agreement, organisation
structure, financial contribution and so on. Therefore, dependent on the
negotiation procedure, the ownership balance and structure can govern
what each partnermust contribute towards the framework agreement and
the allocation of risk between them. Knowledge and learning transfers
underpin these relationships.
The enabling elements are goal compatibility, complementary

resources, commitment, capability, financial traits, organisational traits,
strategic traits and cultural traits. They identify the goals and objectives of
the contractual arrangement and hence the optimum balance of risk. The
enabling elements contain equitable/inequitable and tangible/intangible
resources, goals, capability, knowledge and so on. If the goals of the part-
ners are not collectively compatible, it would be more effective to address
these goals individually rather than through a framework agreement as
the agreement would be likely to fail.
Confidence in partner co-operation is also important. Should confi-

dence be high, the framework agreement will run smoothly, attain all
goals and objectives of the partners and the agreement. If confidence is
low, goals may not be achieved, commitment to the agreement could
reduce and peer pressure increase. This will be a reflection of the parties’
ability to manage risk.
Trust has an influence on the confidence of partner co-operation

and in turn the enabling elements and ownership balance and struc-
ture. Should trust increase, confidence in the framework agreement
will increase and that party shall be more committed to the agreement.
Increasing commitment means that the party will vary its organisational,
strategic objectives, cultural adaptations and resource, compliment more
to the partner’s agreement, compatible goals and objectives.
A high level of trust will improve partner adaptability and the willing-

ness to modify the ownership balance and structure for the benefit of the
agreement and partners’ needs. Without high confidence in partner co-
operation, parties will be suspicious of any suggested alterations to the
ownership balance and structure. This suspicious attitude could result
in a breakdown in trust and confidence overall, thereby terminating the
ownershipbalanceand structure, togetherwith the frameworkagreement.



Jobling: “chap08” — 2005/9/27 — 16:18 — page 154 — #19

154 Managing Risk in Construction Projects

Partnering

A good definition of partnering is provided by the Reading Construction
Forum, in Trusting the Team, University of Reading, Reading (1995):

Partnering is amanagerial approach used by two ormore organisations
to achieve specific business objectives by maximising the effectiveness
of each participant’s resources. The approach is based onmutual objec-
tives, an agreedmethod of problem resolution, and an active search for
continuous measurable improvements.

This definition focuses on the key elements that feature prominently
in partnering, irrespective of the form it takes namely mutual objec-
tives, agreed method of problem resolution and continuous measurable
improvements. Over the years the traditional construction relationship
has lacked any degree of objective alignment, and provides for no
improvement in work processes. Parties enter the project focused on
achieving their objectives and maximising their profit margins, with little
or no regard for the impacts on others. This mindset leads to conflict,
litigation and sometimes a disastrous project. The characteristics of such
a competitive environment includes objectives, which lack commonality
and actually conflict, success coming at the expense of others (win or lose
mentality) and have a short-term focus.
Partnering has been widely advocated for the industry in the United

Kingdom to rectify the adversarial contractual relationships that have
jeopardized the success of many projects, by improving collaboration
and trust.
Features of partnering relationships have been seen in various indus-

tries formanyyears. Thepartnering style of relationshipswith contractors
was a feature of some construction projects early in the Industrial
Revolution. As applied today it originates in the philosophies of the
Japanese-influenced automobile industry. The defence, aerospace and
construction industries have followed. Its essence is the alignment of val-
ues and working practices by all members of the supply chain in order
to meet the customer’s real needs and objectives, though this has been
pursued with different degrees of success and sustaining it is a question-
able objective. Continuous improvement has been an important objective,
with emphasis not only on cost but also on quality, lead time, customer
service and health and safety atwork. Incentivising the partnering compa-
nies by sharing cost savings has been a feature of continuous improvement
andperformance-basedpartnering inmany industries, but in construction
this has often been less significant than the primary objective of avoiding
disputes.
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The idea of alignment is significantly at odds with traditional prac-
tice in many industries. Procurement in most of the public sector has
been based historically on accepting the lowest price bid. Much private
construction also traditionally operated on this basis. It has led to con-
flicts about paying the actual costs of work, which revolve around risks
and financial self-interest, between the various stakeholders – such as
clients, design team, consultants, main contractors, sub-contractors and
suppliers – throughout the construction process. As a consequence the
final cost of the project usually exceeds the contract price and the result
is confrontation.
The objective is to create a win–win culture so that projects

are completed successfully and thus recover the confidence of clients in
the industry. Partnering is a process to establish good relationships at all
the interfaces between stakeholders and their commitment to the job and
each other. Partnering should create trust, teamwork and co-operation to
give early warning of potential problems and establish effective authority
to agree decisions on them. It is critical throughout a project to remove
traditional barriers and perceptions of unfairness between the parties
involved. By changing to a win–win style the parties can reap benefits of
cost saving, profit sharing, quality enhancement and time management.
Unifying all the parties intoone team for aproject also reduces transaction
costs.

Alliances

Alliances are another way of organisations working together to achieve
mutual objectives. They have typically been used in the offshore industry
where the previous convention had been to place separate and discrete
contracts for engineering/procurement, deck/module fabrication, instal-
lation and hook up and commissioning with the contract reimbursement
arrangements based on fixed price and all-inclusive rates (i.e. labour
costs, overheads and profits, etc.) for the bulk of the work. The bulk
of the risk was traditionally being placed at the contractor’s door. The
client, with a large team, ensured the quality, handled all the tech-
nical, contract interfaces/barriers and carried overall responsibility for
success. The conventional approach required the scope of work to be
well understood, fully defined and fixed, prior to contract placement.
The contractors’ objectives were thereby aligned to his scope and ser-
vices which tended to be misaligned with the other contractors and the
client. There had also been problems as design was being finalised dur-
ing fabrication, leading to changes and cost increases in downstream
contracts.
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The alliance project execution strategy is based on the general principles
listed below:

aligned goals and objectives;
commitment to aggressive cost reduction;
working to remove process inefficiencies, duplication and traditional
contract interfaces;
formation of integrated teams;
early involvement of contractors to optimise design and reduce costs;
aligned and equitable contracts;
shared profits and risks through individual contractor performance
and overall alliance performance;
promotion and maintenance of the highest standard of safety and
quality.

The contractors are required to tender the expected out-turn total costs
and accept earning profits through cost reductions and the need to achieve
the client’s facilities performance requirements based on pain/gain share
related to balance of risk. This produced a culture enabling costs to be
reduced (e.g. rather than use changes to gain profit) and total contrac-
tor buy in, coupled with the contractors ability to influence the topside
development based on the client’s requirements.
An alliance charter is a non-legal document of intent, developed to fur-

ther amplify the alliance execution principles and to align and encourage
joint working and promotion of relationships. This charter would nor-
mally be signed by the alliance members’ very senior executive officers;
thereby stating their commitment to the success of the project.
From a client perspective it is important to take on board the concept

of achieving the lowest total life cycle cost which includes capital and
operating costs. Industry can make a significant contribution to these
goals and there is a potential for many and varied contributions. By the
involvement of contractors early in the life cycle, with and/or through
an alliance arrangement and solving problems in the early development
phases, a marginal prospect could be turned into a viable project.

8.5 Risk allocation according to payment mechanism

According to this classification, there are two main categories: price-
based and cost-based contracts. In the former the price and rates are
submitted by the contractor in his tender. Lump sum (or fixed price) and
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admeasurements contracts lie under this category. The case is different
for cost-based contracts where the contractor is reimbursed for the actual
costs he incurs with a fee for overheads and profit. Cost reimbursable and
target-cost contracts are in this category. Figures 8.3 and 8.4 should be
referred to when reading this section.

Lump sum or fixed price

Some clients wish to transfer all of the construction risks to the contrac-
tor and be certain of his commitment. Usually, the responsibility for the
package is vested in a single contractor, and bid evaluation is straight-
forward. The contractor agrees to carry out the work for the amount of
money stated in the contract regardless of its actual cost as long as there is
no change or breach of the contract from the client. This is quite common
for schools, warehouses and similar works where the scope is relatively
well defined and the work is straightforward.
Disputes are likely as there is very little scope for the incorporation of

change and the client may well be required to pay the contractor more
money in the long term. Even for the types of construction mentioned
previously, the quantities and/or execution time may not be predictable.
Unforeseen ground conditions, for instance, may affect the volume of
excavation and type of foundations required. Extremes of weather may
prolong the contract period. These risks that are outside the contractors
control are usually the clients responsibility and there are often provi-
sions in the contract to deal with them, although sometimes the price is
absolutely fixed. Alternatively, some of these risks may be allocated to
the contractor under the terms of the contract then an insurance premium
is paid to him in the form of a risk contingency included in his bid. This
consequently results in increasing bid prices.
From the contractors point of view fixed price contracts are a good

opportunity to maximise profits. As the clients involvement in the project
is minimal good planning, efficient use of resources and effective control
can reduce costs and maximise profit. These contracts are normally let
after competitive tender and so it is possible for the contractor to under-
estimate the costs involved. If this happens, he may not be able to cover
the contract expense and, in extreme cases, he could become bankrupt.
The quality of work and the programme may also suffer.
Another potential source of dispute relates to the degree of flexibility

given to the contractor to determine the detailed specification. As long as
he conforms to the information provided by the client then rejection by
the client will put the client in a weak negotiating position and give the
contractor the right to claim.
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An implication of this approach is that contractors are responsible for
risks over which they have little or no control, and of which their under-
standing and knowledge may be at best incomplete. However, when the
client uses a fixed price format, project risks should be low, or they could
be used when the client has little knowledge of a project’s technological
and construction requirements beyond the specification required. Those
underwriting the project financially may not be comfortable with this
approach, as it requires placing a large amount of trust in the contractor.

Admeasure

Admeasurement contracts require the use of a bill of quantities (BoQ) or
schedule of rates. The work that the contractor is required to carry out is
itemised, and it is necessary for the contractor to put a rate against each
item of work. This method allows for the adjustment of price by the use
of the itemised tendered rates. Uncertainty remains about the final price
for the work because it does not necessarily follow that the lowest tender
will be the one to give the lowest final price for the work.
Admeasure contracts are commonly used in building and civil engi-

neering projects, especially in the public sector. They are usually used
when risks are relatively low and quantifiable, the programme is almost
fixed and the design (even when the quantities are approximate and sub-
ject to change) is almost complete and ready to be included in tender. In
cases where design and construction need to be overlapped care should
be exercised to ensure that there is sufficient information from which
quantities can be obtained. Once the quantities have been inserted in the
tender the contract conditions state to what extent these are subject to
remeasurement. Amended detailed drawings may be issued while work is
progressing but any considerable deviation in either quality or quantity
of work from that forecast in the tender is a source of potential dispute on
which contractors may base claims. Admeasurement contracts are more
flexible than lump sum contracts because they allow for additional work
to be priced using the contractors own pricing scheme. However, this
only works to a limited extent, significant changes will lead to delays,
disruption and claims.
Under this type of paymentmechanism, the client’s main concernwhen

entering into a construction contract will be the risk that the duration or
cost of the project will exceed their estimates. The contractor’s principal
risk is that undertaken when he makes an offer based on his tender esti-
mate. He accepts the possibility of incurring greater costs than the income
provided by his prices. The contractors can include contingencies in their
tender anywhere that they choose, this being part of the skill of tendering.
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However, this is limited because contingencies increase price and reduce
competitiveness.
The successful application of the price based approach requires that

the client and the contractor trust each other and that both parties have
the same perception of the probabilities of occurrence and effect of the
project risks. This is frequently not the case and confrontational events
ranging from disputed claims to litigation result.

Cost reimbursable and target cost

As the name indicates the cost-based contract is one in which the con-
tractor is reimbursed the actual cost he incurred carrying out the contract
work plus a specified fee for overheads and profit. No total price is quoted
at tender, competition is limited to the fee and technical capabilities, in
most cases contracts are let after negotiation. Details of proposed man-
agement procedures and resources to be utilised must be given at tender.
In the building industry, this tends to be known as ‘fee contracting’.
Cost-based contracts have been used for process plant and some build-

ing and civil engineering contracts for several decades. The main use for
cost reimbursable contracts is for projectswhere there is aneed for an early
startwhile the scope is notwell defined. Theyare alsoused forworkswhere
the quantity of work is not well defined, demolition, site clearing, repair
works or incomplete contracts where work was interrupted and for inno-
vative works where research and development or novel design is required.
Cost reimbursable contracts are appropriate in these cases because they
are flexible; there is a high degree of client involvement through an active
management role, which gives the client confidence that the contract will
be properly executed. In order to maximise benefits and to ensure that the
work is carried out efficiently and economically the client must maintain
constant and detailed involvement in the project. The project team – in
addition to technical and administrative supervision – must ensure that
the contractor is utilising resources efficiently.
In order to protect the client’s interests and to reduce the risks borne

by him certain constraints must be imposed on the contractor through
provisions in the conditions of contract. Unique clauses may be required
for particular projects making contract administration more demanding,
if these are not worded correctly they may cause unnecessary disputes.
Target cost contracts are based on setting a target, or probable cost

for the work. The target cost set can be adjusted for any major changes
in the work or for the cost of inflation. Payment for the work is similar
to cost reimbursable contracts in that the contractor’s actual costs are
monitored and reimbursed. Any difference between the actual cost of the
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work and the target cost set for the work is shared, in a predetermined
way, between the client and the contractor. There is also a separate fee,
payable to the contractor, for overheads and profit. The target cost is
usually arrived at through a two stage tendering process. An incentive
is usually associated with the achievement of the target costs and so the
main area of conflict when this contractual mechanism is utilised is the
agreement of the adjustment of the targetwhen the scope ofwork changes.
Another significant risk is that the target is set at an unrealistic level. If it
is too low the contractor must claim more and the client loses out.
These contracts have gone someway towards embracing the idea of the

ideal contract, the most cost effective being the one that assigns each risk
to the party that is best able tomanage andminimize that risk, recognising
the unique circumstances of the project. This approach takes the minimi-
sation of the effect of risk as desirable, and allocates risk in accordance
with this aim. A greater involvement is required from the client in return
for potential construction cost savings. The risks in this type of contract
are similar to those encountered in a cost reimbursable type of contract;
however, there is added risk that in trying to finish at a cost lower than
the target cost the contractor may use substandard materials. This risk
would have to be borne by the client.
A target cost contract is often used for large projects where an early

start/completion is required, before the design is complete or scope inade-
quately defined. It is also used for technically or organisationally complex
projects where there is a need for the contractors’ involvement in design
and for projects with unquantifiable risks. In cost-based contracts, how-
ever, the payment of the contractor’s costs means that the contractor is
unable to inflate the direct cost of plant, labour or materials activities as
these will be exposed when they submit their requests for payment. Thus,
the principal location of contingencies in cost-based contracts is in antic-
ipated plant utilisation and predicted rates of productivity. It has the sig-
nificant disadvantageof high administration costs unless time is the target.

8.6 Contract award

The selection of external contractors is one of the crucial decisions made
by the client if the project is to be a success. The criteria for selection may
be price, time or expertise. The price criteria is often the key objective issue
as the client seeks the most economic price for the development, whereas
time and expertise criteria are often seen as being lesser objectives because
of the need to expedite the construction programme and the need for good
qualityworkmanship. The client’s objectives in the tendering processwere
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summarised earlier as follows:

to obtain a fair price for the work, bearing in mind the general state
of the construction market at the time; and
to enter into an agreement with a contractor who possesses the neces-
sary technical skill, resources and financial backing to give the client
the best possible chance of the project being completed within the
required time, cost and quality standards.

Before entering into the tendering process, the client must draw up a con-
tract plan to determine the number of contracts intowhich the project will
be divided. The basic consideration of this plan is the effect of the number
of contracts on the client’s management effort. More contracts will lead
to more interfaces and greater management involvement, whereas fewer
contracts reduce this involvement but may increase the client’s risk expo-
sure. There are certain principles that should be used when determining
the number of contracts:

the size of each contract should be manageable and controllable for
the contractor;
the contract size must be within the capacity of sufficient contractors
to allow competitive tendering; and
the time constraints of the work and the capacity restrictions allow
for the separation of contracts rather than one single contract.

The tender process may take a number of forms; the main distinguishing
feature is the level of competition. Open tendering involves a high-risk
element for the client, as many of the tendering organisations will be
unknown. With selective tendering in either one or two stages a limited
number of organisations are invited to tender after some form of pre-
selection or pre-qualification has taken place. In this case, award to the
lowest conforming tender is not such a high-risk strategy. Negotiated ten-
dering takes place when a client approaches a single organisation, based
on reputation, but this can also be time consuming. The risk here is that
at a later stage in the project the client may question whether or not VFM
has been achieved in the absence of competition.
The tendering process has three key stages – pre-qualification, tender

documentation and bid evaluation. A number of factors will influence the
pricing policy of the tendering organisation, such as, competition, avail-
ability of resources andworkload; however, these should not influence the
criteria that the client uses for selection, but rather be taken into account
as part of the client’s evaluation.
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A thorough pre-qualification should eliminate many of the risks that
relate to the external organisation. These can be stated as:

Financial the investigation involves an assessment of the financial
statements, a check on the financial exposure of the company on
domestic and overseas contracts and the history of recent financial
disputes.
Technical the assessments are concerned with the current commit-
ment of labour and plant resources, the ability to handle the type of,
quality and size of work at a specific time and performance on site for
previous projects.
Managerial the investigation involves identifying the managerial
approach to risk, contract strategy, claims and variations.

Once the pre-qualification is complete, a list of tenderers can be compiled.
These tenderers will then be issued with tender documentation, when this
has been completed and submitted all of the tenders can be evaluated.
Evaluation is primarily concernedwith the justification of the lowest price
bid that meets the client’s overall requirements. It is essential that the
client defines clearly and precisely the bid requirements to ensure that the
submissions can be evaluated in terms of a common information base.
The detailed evaluation of technical, financial and contractual infor-

mation can be carried out within the relevant departments of the client’s
organisation, with specific checks on technical expertise, price and con-
tractual points being sufficient to identify the three lowest complying bids.
Then the client should carry out a further evaluation and, if necessary,
evaluate any alternative bids.
The construction programme submitted by the contractor should be

taken into account as part of the technical evaluation as it indicates the
contractors overall approach to the work, althoughmany standard forms
do not require a programme to be submitted at tender. The method state-
ments and the proposals for plant and labour levels can be submitted as
non-contractual information and used to justify the bid. Often this infor-
mation is used to reject infeasible bids rather than to select the optimum
bidder. The client must ensure that the technical information requested
from the contractor is relevant to the evaluation procedure.
Although the bid price may be considered as the dominant factor, it is

essential that all of the financial implications be examined. The evaluation
process begins with an arithmetic check on a rate-by-rate basis identify-
ing discrepancies between each bid and relative to the clients estimated
rates. In some cases, one tenderer may load a particular rate based on his
own calculations of the quantities required. The client may consider that
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some rates have been deliberately front loaded and request the tenderer
to reallocate those rates without prejudice to the overall bid price. The
client may also compare the estimated cash flow projections with those
of the tender bids, occasionally using a discounted cash flow analysis as
a further evaluation parameter.
The contractual evaluationmay be carried out as a separate assessment

or as a part of the technical and financial evaluation. Compliance with
the contract documents are considered to be paramount. Any qualifica-
tions included in the contractors bid that had been accepted in the initial
evaluation stage would be re-examined and clarified, if necessary, the bid
may have to be rejected. The contractual evaluation is summarised in a
report identifying those areas of risk and possible contractual problems
associated with each of the bids.

8.7 Summary

When developing a contract strategy it is important for the client to com-
municate to the contractor his objectives, this may be done through a
meeting (sometimes referred to as an alignment meeting) or it may be
done through the contract documents but the message must be clear and
unambiguous. The planning of the realisation of the project must be thor-
ough and consistent through all aspects of work and functions involved to
ensure that the objectives can bemet successfully. Any targets set for con-
tractors in terms of time or cost ceilings must be realistic and deliverable
so that both parties can clearly see that they have been met.
In terms of entering into a contractual relationship, the client

must ensure that the most appropriate risk sharing strategy is chosen
and reflected by the organisational structure and payment mechanism
adopted. The contract should then go on to define the obligations and
rights of every party. In determining the risk allocation and so contract
strategy, it is important to apply risk analysis andmanagement techniques
to ensure that the worst-case scenario has been anticipated and provision
has been made to deal with risk events as and when they occur. Choose
the terms of contract logically, depending upon the nature of the work,
its certainty, its urgency, the motivation of all parties and other factors
such as the relationship between an investment in new plant and systems
already in use.
Time, money and resources are expended by many clients at the

appraisal stage of a project because no attention is paid to the contract
strategy available to cover the project risks aswell as the project objectives
and hence value.
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Chapter 9

Managing Financial Risks in Major
Construction and PFI Projects

Many projects are considered high risk solely because of the amount of
uncertainty involved in the method of financing. It is therefore necessary
to increase the chance of a project’s success by identifying the risk associ-
ated with the finance and taking the necessary risk management actions.
The risks associated with financing major projects, whether by public or
private organisations can be numerous. All client organisations need to
consider the risks typically associated with major projects, those being
construction and operation risks and the risks associated with how the
project is to be financed. The purpose of this chapter is to identify the
different types of finance, appraisal and validity of finance and the risks
borne by clients, promoters and lenders.

9.1 Project financing

Project finance is the term used to describe the financing of a particular
legal entity, whose cash flows and revenues will be accepted by the lender
as a source of funds from which the loan will be repaid. Thus, the project’s
assets, contracts, economics and cash flows are segregated from its pro-
moter’s such that it is a strictly limited recourse, in that lenders assume
some of the risk of the commercial success or failure of the project.

Conventional project finance provides no recourse and if project rev-
enues are insufficient to cover debt service, lenders have no claim against
the owner beyond the assets of the project, the project, in effect being
self-funding and self-liquidating in terms of financing.

Unlike traditional public sector, projects whose capital costs are largely
financed by tax revenues or loans raised by government, concession
projects are typically financed by a combination of debt and equity cap-
ital, the ratio between these two types of capital varies between project
and country.

164
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Every project requires finance whether it is a public, public/private or
private project. The sources of finance for clients in the public sector are
usually through taxation or grants. In recessionary times, only urgently
required projects gain funding as income from tax revenues becomes lim-
ited. Grants, often in the form of interest-free loans can make up the
project finance required.

Many projects realised in developing countries have been funded
through multilateral, bilateral or tied funding. In most cases, the lack
of sophisticated money markets has resulted in funding being restricted
to a limited number of sources. The risk of repayments in exotic curren-
cies where there is no active exchange market often deters lenders from
funding projects in developing countries.

Over the last decade, public and private partnerships have pro-
vided finance for a number of projects. Sources of finance have been
from pension funds, insurance companies, commercial banks, niche
banks, large corporations, stock markets, aid agencies, developers and
vendors.

Privately funded projects fall into two categories; those being conces-
sion type projects awarded by government and private developments.
Sources of finance for these projects are often similar to those given
below. The role and involvement of project and private finance in
public services continues to extend past those boundaries tradition-
ally associated with off-balance non-recourse financing. Many recent
developments from the mid-1990s have revolved around public–private
partnerships centring upon balance sheet treatment and limited recourse
structures.

The satisfactory completion of several private finance initiative/public–
private partnerships (PFI/PPP) projects has also led to the improved
predictability of project cash flows, resulting in a tightening of debt
service ratio requirements, lowering of risk premium placed upon
debt instruments and lengthening of the term of loans available.
This has been combined with specific financing strategies enabling
project finance to be replaced with structures resembling those of
a corporate finance nature, especially as projects reach expected
operational targets. Takeout financing, where long-term bonds are
used to replace original debt financing often referred to as refinanc-
ing or restructuring is a common strategy for the transfer from
project to corporate financing. However, several markets that oper-
ate PFI/PPP forms of projects outside of the United Kingdom may
not sustain the same degree of deal flows and liquidity in secondary
markets.
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9.2 Types of finance

The financial plan will almost certainly have a greater impact on the
terms of the contract than the physical design or construction costs. In
many projects, the lender may be a commercial bank, a pension fund,
an insurance company, an export credit agency or a development bank.
The structure of the loan may be in the form of debt, loan and debentures.

When structuring the terms and conditions of the loan for PFI/PPP
projects that are contract-led (projects with a defined revenue structure
dependent upon the completion of specific conditions, such as output
specifications and performance standards) lenders may seek to limit the
amount of deductions to the predicted revenue stream. The negotiated
levels of deductions possibly and probably made may form the upper
limits with regard to the total quantity of debt lenders are prepared to
commit to the project.

Alternatively, market-led projects have to identify the degree of vari-
ance associated with future revenue streams and allocate appropriate
quantities of equity (risk capital) before lenders may commit debt. Debt
can be sculpted to address benefits associated with inflation as per tolled
motorway systems; however, the acceptance by the lenders are often lim-
ited to those markets with experience of such deals or have access to
lenders prepared to lend on a long-term basis.

The conditions of loan finance depend on the criteria of the lender and
the promoter; the type and characteristics of projects considered and their
location. The main features that need to be agreed are the type of loan and
the repayment method. A mortgage may take the form where repayments
are constant while capital and interest vary. Initially this means that the
proportion of capital repaid is small but progressively increases through-
out the project. Such structures may be difficult to create especially where
capital expenditure is incurred throughout the concession, for example,
the replacement of rolling stock, refurbishment or replacement of power
turbines. In such instances, a rolling credit agreement may be more suited
to allow the continued adjustment of the capital and interest calculation.

With equal instalments of principal, the amount of principal repaid is
constant with each payment with the total amount paid decreasing over
time. Under the concept of maturity, the principal is repaid at the end of
the loan period in one sum often referred to as sunset or bullet payments.
This form of loan is most suitable for projects, which generate a large
capital sum on completion. Other variations on repayment structures
may include a moratorium on capital repayments or interest payments
for a period at the start of the loan.

In conventional loan finance the lender seeks to limit risk by insisting on
the borrower providing security for the land, this is usually in the formof a
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chargeon theproject’s assets or throughaguarantee. Inprojectswhere the
amount involved may be too large for participants to provide a guarantee,
non-recourse loans are normally adopted. Under this form of loan, the
lender accepts surplus cash flow over the operating costs covering interest
payments arising from the debt or in some cases the facility has itself a
realisable capital value. Another type of finance that may be considered
for projects especially in developing countries is counter-trade. Under this
form of agreement, goods are exchanged for goods. An example of this
form of agreement is the use of oil used as payment for goods and services
supplied.

Adebenture, is a document issued by a company in exchange formoney
lent to the company. The company agrees to pay the lender a stated rate
of interest and also repay or redeem the principal at some future date.
Debenture can be traded in the same way as shares. The interest paid
to debenture holders is deductible when calculating taxable profits, unlike
dividend payments. Other forms of lending may include export credits,
floating interest rate loan, currency swaps and revenue bonds.

Before considering the risks associated with financing projects it is
necessary to identify a number of types of finance used in project
development.

The structure of a loan may be in the following forms.

Loans:
Mortgage. Thismay be in the formof amortgagewith repayments
calculated so that the total amount paid at each instalment is con-
stant while capital and interest vary. Initially this means that the
proportion of capital repaid is small but progressively increases
throughout the project.
Equal instalments of principal. The amount of principal repaid is
constant with each payment with the total amount paid decreasing
over time as it consists of a constant principal repayment plus
interest on outstanding principal.
Maturity. The principal is repaid at the end of the loan period in
one sum. This form of loan is suitable for projects, which generate
a large capital sum on completion.

The risks associated with the above methods of repayment are the
uncertainty of cash inflows and outflows. Many projects need flexible
repaymentmechanisms to ensure success, should changes in cashflows
occur. Project cash flows should be considered between the worst and
best scenarios to ensure that repayments can be made, should risks
occur.

Interest Rate. The interest rate will often be governed by the mar-
ket rates, which vary considerably. Interest rates may be fixed for
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the period of the loan or expressed as a percentage of the standard
base rate.
Security. On conventional loan finance the lender seeks to limit
risk by insisting that the borrower provides security for the loan,
this is usually in the form of a charge on the project’s assets or
through a guarantee. In projects, where for various reasons par-
ticipants will not provide a guarantee, non-recourse loans are
normally adopted. Under this form of loan, the lender accepts
surplus cash flow over the operating costs will cover interest pay-
ments arising from the debt or in some cases the facility has itself
a realisable capital value.

Mezzanine finance may be in the form of – fixed or floating rate loans
with second charge assets – these are similar to conventional loans in that
they provide for the payment of interest and principal through a flexible
amortisation schedule.

Royalty agreements: provide the lender with an agreed percentage of
future revenues.
Unsecured loan stock: is a fixed interest loan stock, which gives the
lender the right to a fixed return and to obtain repayment of the
principal at the end of a stated period.
Convertible unsecured loan stock: is fixed interest loan stock with the
right to convert to ordinary share capital at a future date.
Redeemable preference shares: give the investor the right to a fixed
return and to obtain repayment of the investment at the end of a
stated period.
Convertible preference shares: give the investor the right to a fixed
return and to convert to ordinary share capital at a future date.

Bonds are a subordinate form of debt as compared to term loans and
secured debentures. Five variables characterise a bond – its par value
(nominal or face value), its coupon (a percentage of par value the issuer
promises to pay the investor annually as interest income), its maturity
(date on which the last payment on the bond is due) and yield to matu-
rity (coupon/par value). There are several forms of bonds available for
the financing of projects; plain vanilla, floating rate, convertible, zero
coupons, index-linked and junk bonds are some of the more common
forms of bonds.

Plain vanilla bonds are fixed rated coupon bonds, with the principal (par
value) either being paid in equal instalments or at maturity. The tenor of
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such bonds can be extensive, range from short term 3 months to a year
compared to long-term bonds of upto 38 years, which may be tenable
based upon the project’s characteristics and the financial and political
market it is operating in.

Floating rate bonds where the coupon is determined based on fluctuations
in a set interest rate benchmark, often the inter-bank offer rate. Tenors
of floating rate bonds are similar to those of a fixed rated.

Convertible bondswhere the bonds seniority over equity may be converted
to that of a similar position to equity either at or any time before a specific
date depending upon the nature of option.

Zero-coupon bond where the bond pays no coupon, instead the return
is exercised at maturity, with the increased value of the bond generating
the yield. This often results in a sunset payment and the need for an
escrow account, which accumulates the necessary funds to service the
final liability. Reinvestment of the accumulated account is a further risk
to such structures.

Index-linked bonds are inflation-protected bonds. The coupon and par
value are adjusted to reflect actual inflation experienced. Projects that
agree to the percentage of the revenue stream payments that are subjected
to increases in inflation may be used to form an index-linked bond.

Junk bonds are bonds that either has been downgraded due to their poor
credit performance, or have major risks associated with the project value
achieved or revenue streams expected resulting in low rating.

Bonds can be rated by rating agencies to identify the degree of risk
associated with the repayment of the principal and coupon. There are
two main rating agencies those being Standard & Poor’s and Moody’s
Investor Services. The rating of bonds is illustrated in Table 9.1.

Bonds may not necessarily be used at the outset of a projects financ-
ing, but have been used extensively to take out more senior lending debt
finance often referred to as refinancing.

Equity is risk capital used to secure efficient or sufficient quantities of
finance to the project. The quantity of equity required for a PF project
is dependent upon the amount of risk perceived in the project and
the market sentiment to the location and business sector the project is
operating in. As revenue streams form the major risk to unsecured lending
the risk capital must be flexible and sizeable enough to protect servicing
of the debt repayments before senior lenders consider committing to the
project. Equity contributions may be locked-up in debt or bond service
reserve accounts, working capital facilities, standby or contingent funds,
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Table 9.1 Bond rating categories.

Bond rating

Standard & Poors

Moody’s
Investor
Service Comments

High grade bonds
AAA Aaa Capacity to pay interest and the principal
AA Aa is extremely strong

Medium grade bonds
A A Strong capacity to pay interest and repay
BBB B the principal, although they are somewhat

more susceptible to the adverse effects of
changes in circumstances and economic
conditions. Both high grade and medium
grade bonds are investment quality bonds

Low grade bonds
BB Ba Adequate capacity to pay interest and
B B repay the principal. However, adverse
CCC Caa economic conditions or changing
CC Ca circumstances are more likely to lead to a

weakened capacity to pay interest and
repay the principal. They are regarded as
predominantly speculative bonds. BB and
Ba indicate the lowest degree of
speculation and CC and Ca the highest

Very low grade bonds
C C The C rating is reserved for income bonds
D D on which no interest is being paid

The D rating indicates in default and
payment of interest and/or repayment of
the principal is in arrears

preliminary contract bidding and design costs. Planning when and where
the equity is made available to the project also influences aspects such as
interest during construction (IDC) or the availability of debt facilities.

Preference shares are senior fixed-dividends-paying instruments that do
not hold voting rights to the special project vehicle (SPV) used to finance
the PFI project.

Ordinary share/common stock are subordinate floating dividend paying
instruments, with the dividend reflecting the success of the SPV during
the life of the concession.
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Redeemable preference shares are shares giving the investor the right to
a fixed return and to obtain repayment of the investment at the end of a
stated period.

Convertible preference shares are shares giving the investor the right to a
fixed return and to convert to ordinary share capital at a future date.

9.3 Appraisal and validity of financing projects

The financial viability of a project must be clearly demonstrable to poten-
tial investors and lending organisations. In assessing the attractiveness of
a financial package, project sponsors should examine the risks associated
with the following elements:

interest rate, debt/equity ratio (percentage being financed), cost of
capital, exchange rates, acceptable margins;
repayment period, currency of payment, associated charges (legal,
management and syndication fees), securities (guarantees from
lenders) and documentation (required for application, activate
and drawdown of loans); lenders require security, sponsor support,
cash deficiency guarantees, sinking funds, covenants, project finance
documentation and inter-creditor agreement;
default triggers especially those linked to debt service coverage
ratios, loan life coverage ratios, interest cover ratios, working cap-
ital availability, standby loan facilities, contingency funds, debt and
maintenance service reserve accounts;
credit rating organisations can be brought into assess the risks in the
project, which may result in financial default; loan stock or financial
instruments issued based upon a projected cash flow may be rated
based on a risk assessment methodology. Several tertiary parties offer
such services such as Standard & Poor’s, Moody’s and Fitch.

The three basic financial criteria against which success needs to be
measured in projects are:

finance must be cost effective, as far as possible;
the skilled use of finance to immunize the negative implications of risk
associated with interest and inflationary fluctuations; and
finance should be required over a term that provides acceptable
refinancing horizons.

The project must have clear and well-defined revenues that will be suffi-
cient to service capital and interest payments on the project debt over the
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term of the loans and to provide a return on equity that is commensurate
with development and long-term project risk taken by equity investors.
The credit of the borrower and the type of project needs to be considered
by the lender in determining the type and value of loan required. This
can be evaluated by a thorough examination of the borrower’s financial
status, track record and familiarity with specific types of projects.

For example, investment banks will normally fund infrastructure
projects for a period of up to 25 years and industrial and process plants
up to 14–17 years because of the cycle time before major maintenance
and refurbishment is required. Institutional investors such as insurance
companies and pension funds consider projects with fixed rates of return
upto 20–40 years to match the cash flow characteristics of their liabili-
ties. Lenders often refer to a robust finance package as one, which allows
repayment of loans under a worst-case scenario over the loan period.

When selecting the sources and forms of capital required, the strength
of the security package, the nature of the country risks and limits, the
sophistication of local capital markets should be considered. One poten-
tial risk is that repayments are in inconvertible currencies, which cannot
be exchanged, either because this is forbidden by foreign exchange regu-
lations or because there are no buyers who wish to acquire the currencies.

One of the most important elements to be satisfied in a project is how to
provide security to non-recourse or limited recourse lenders. If a promoter
defaults under a project strategy utilising a non-recourse finance package,
the lender may be left with a partly completed facility, which has no
market value. To protect lenders therefore, various security devices are
often included to protect the lender, these may include:

revenues are collected in one or more escrow accounts maintained by
an escrow agent independent of the promoter company;
the benefits of various contracts entered into by the promoter, such
as, construction contract, performance bonds, supplier warranties
and insurance proceeds will normally be assigned to a trustee for the
benefit of the lender;
lenders may insist upon the right to take over the project (step in
clauses) in case of financial or technical default prior to bankruptcy
and bring in new contractors, suppliers or operators to complete the
project;
lenders and export credit agencies may insist on measures of govern-
ment support, such as, standby subordinated loan facilities which are
functionally almost equivalent to sovereign guarantees;
lenders may insist upon monoline insurance of less senior instruments
adopted for project finance;
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lenders may require risk coverage of specific financial risk or the
involvement of multilateral or syndicated loan facilities to reduce
political default.

The contract between the borrower and lender can only be determined
when the lender has sufficient information to assess the viability of a
project. In most projects, the lender will look to the project itself as
a source of repayment rather than the assets of the project. The key
parameters to be considered by lenders include:

total size of the project: the size of the project determining the amount
of money required and the effort needed to raise the capital, internal
rate of return on the project and equity;
break even dates: critical dates when equity investors see a return on
their investments;
milestones: significant dates related to the financing of the project;
loan summary: the true cost of each loan, the amount drawn and the
year in which drawdowns reach their maximum;
host country guarantees to cover repayment of debt (where
applicable).

A properly structured financial loan package should achieve the following
basic objectives:

maximise long-term debt;
maximise fixed rate financing;
minimise refinancing risk.

Financial closure is also a critical element to securing the financing, as it
is the last risk-mitigating step before the finance is allocated to the project
by shareholders and investors. Financial closure assesses the project’s
technical, financial and legal probity and robustness.

It is important to realise that the financial plan may have a greater
impact on the terms of a project than the physical design or construc-
tion costs. Many technically sound projects have failed commercially due
to their financing structure especially during the operation stage when
revenues from users have not met those predicted.

If a country is in deep recession, then it is highly likely that only urgently
needed projects will be financed from the public purse. Public client
organisations are accountable to the public to ensure that projects are
brought in on time to budget and must ensure that they have sufficient
funds available to meet the cost of the project and to ensure that contin-
gencies are available, should they be needed. The risk of over spending on
a project can result in other urgently needed infrastructure being delayed.
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Contractors are often required to price projects very keenly as competi-
tion is great. Clients often suffer from claims-conscious contractors to try
to meet margins of profit.

In a strong booming economy, there are often increases in taxation rev-
enues, which permit more projects to be undertaken and funded through
the public purse. During these periods, clients run the risk of poor quality
and paying over the odds for projects.

In developing countries, project finance may often be realised from
multilateral or bilateral lenders or may be in the form of tied loans.
Many developing countries run the risk of not being able to meet repay-
ments due to economic conditions or overspend. In the case of tied
loans, clients run the risk of being tied to products from the donor’s
country, which are not necessarily the best ones to meet the projects
objectives.

9.4 Typical financial risks

Financial risks are common to most projects. In some cases, the financial
risks are dependent on the occurrence of other risks, such as, delay in
construction or reduced revenue generation.

Typical financial risks include:

Interest: type of rate, fixed, floating, capped, floors or collars, changes in
interest rate, existing rates;

Payback: loan period, fixed payments, cash flow milestones, discount
rates, rate of return, scheduling of payments;

Loan: type and source of loan, availability of loan, cost of servicing loan,
default by lender, standby loan facility, debt/equity ratio, holding period,
existing debt, covenants;

Bond : Marriage of the bond drawdown to capital expenditure, issuing
time frames, uptake of the bond, credit rating of the bond, sufficiency of
the bond and standby facilities;

Equity: institutional support, take up (guaranteed or market dependent),
type of equity offered;

Dividends: timing and amount of dividend payments;

Currencies: currencies of loan, bands, ratio of local/base currencies,
depreciation and devaluation of currencies;

Market: changes in demand for facility or product, escalation of costs of
raw materials and consumables, recession, economic downturn, quality
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of product, social acceptability of user pay policy, marketing of products
and consumer resistance to tolls;

Reservoir: changes in input source;

Currency: convertibility of revenue currencies, fluctuation in exchange
rates, devaluation;

Refinancing: liquidity of and sources for the secondary market, availabil-
ity of instruments, improved efficiency and transactional charges.

Both borrowers and lenders need to adopt a risk management
programme. Risk management should not be approached in an ad hoc
manner but structured. The five major steps of such a process are:

(1) identify the financial objectives of the project;
(2) identify the source of the risk exposure;
(3) quantify the exposure;
(4) assess the impact of the exposure on business and financial strategy;
(5) respond to the exposure, adapt the financial strategy and reiterate

as required.

The first stage, is to develop a clear understanding of the project. Borrow-
ers and lenders need to determine their objects regarding the financing of
a project. Many borrowers seek long-term loans with repayments made
from revenues. The risk of not meeting repayments is often reduced when
the borrower has sufficient earnings at the start of operation to service
the debt. Many projects, however, suffer commissioning delays, which
increase the borrowers loans and repayments. In many cases, borrowers
will seek grace periods from lenders to cover the risk such as delays.

Lenders seek positive cash flows and must ensure that their objectives
are met by providing the best loan package. If a short-term loan is the
lenders objective then the major risk will occur at the start of operation
and should the project not generate sufficient revenues, the lender may
need to consider debt for equity swaps, as in the case in the Channel
Tunnel project.

Once the project objectives are defined, the overall costs, including
construction and operation costs are determined, a cumulative cash flow
model is prepared. The model can be used to quickly estimate the NPV,
IRR, cash expenditure and payback period of a project. This model is
initially prepared without considering potential risks. It is essential that
the estimates and programmes prepared are reflective of cost and time
over the projects life cycle. The risk of inaccurate estimates based on fixed
budgets often lead to optimistic cash flows, which do not truly illustrate
the effects of risk occurring during a project.
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In many cases, the cost of finance is not included in the cash flow at this
stage. Many organisations prefer to use the return on investment (ROI)
as the measure of profitability. The authors, however, consider that the
cost of finance along with all other projected costs and revenues should be
incorporated in the cash flow as this provides a more accurate illustration
of the projects finances. Working capital should also be considered in the
cash flow as certain risks may occur and result in further borrowing over
and above that estimated.

9.5 Promoter

In most projects involving the construction of public utilities such as high-
ways, bridges, tunnels, power stations, factories and leisure centres, the
government or one of its departments will authorise the project, which
will often require special legislation and specific government approvals.
There are many and varied roles to be considered including equity taker,
loan or loan guarantor, provider of grants, new and existing facilities and
of raw materials or feedstock, guarantee offtake quantity and price, com-
pletion guarantees, fiscal relief’s such as tax, duties, social contributions
and political guarantees like non-cancellation, non-competition rights to
toll existing facilities.

Promoter–lender: debt financing contract

The contract between the promoter and lender can only be determined
when the lender has sufficient information to assess the viability of a
project. In projects, the lender may look to the project itself as a source of
repayment rather than the assets of the project. The lenderwould consider
the total size of the project – the size of the project determining the amount
of money required and the effort needed to raise the capital, internal
rate of return on the project and equity, the break even dates – critical
dates when equity investors see a return on their investments, the mile-
stones – significant dates related to the financing of the project and the
loan summary – the true cost of each loan, the amount drawn and the
year in which drawdown reach their maximum.

Promoter–investor: equity financing contract

In developed countries, a significant amount of equity can be raised
for projects from investors in the domestic market, by means of either
floating the project company on the stock market or through raising
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funds through private placement. In developing countries however, it
may, be difficult to raise equity in the capital market, which will often
result in debt instruments being utilised. Often equity participants will
include the promoter, constructor, operator, major vendors and sub-
contractors, the host country and passive investors looking for sound
investment opportunities. However, the amount of equity participation
should not result in the promoter losing management control of the
project.

9.6 Financial risk in concession contracts

In the context of concession projects there are two types of risk, those
being elemental risks and global risks, defined as:

(1) Elemental risks are those risks which may be controlled within the
project elements of a concession project.

(2) Global risks are those risks outside the project elements, which
may not be controllable within the project elements of a concession
project.

In concession projects, for example, a negligible risk may be a risk asso-
ciated with the technology utilised to meet the facility and a catastrophic
risk may be the risk of expropriation by the principal before revenues are
generated.

Risk management is not a discrete activity but a fundamental of
project management techniques and the responsibility of the complete
project team. In concession projects the project team representing the pro-
moter need to determine the risks associated with each contract prior to
appraisal.

The risk management criteria of a promoter organisation involved in
gas-fired power concession project, for example, could be summarised
as: the project involves a demonstrated technology and application, the
principal or host country is an acceptable credit risk, verifiable equity
returns are commensurate with risk, the project is environmentally sound,
the project is compatiblewith the off taker(s) needs, partnerswith comple-
mentary strengths are available to participate and an acceptable market
lender for the type of project exists.

The risks associated with concession projects need to be identified,
appraised and allocated through a risk management structure, which
addresses all those risks over the lifecycle of a project.
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Although risk management is undertaken at the earliest stages of the
project, when looking along the project lifecycle, there are two phases,
when risks associated with financing concession projects occur, those
being the construction phase and the operation phase.

These two distinct phases are considered as:

(1) the pre-completion phase relative to construction risks;
(2) the post-completion phase relative to operational risks, with the first

few years of operation being the major operation risk.

Financial risk, political risk and technical risk must be considered as
major elements of concession projects as are pre-completion and post-
completion risks. Political risks may adversely affect the facility during
either of these phases. Specific risks may be broken down into two main
categories those being: global risks which include political and legal risks,
and elemental risks which include construction and operational risks.

Promoters of concession projects are exposed to risks throughout the
life of the project, which may be typically summarised as:

development risks associated with competition and the concession
contract;
realisation risks associated with the construction contract and force-
majeure;
operation risks associated with revenue risk and cost and supply
risks;
country commercial risks:

convertibility and foreign exchange risks;
short-term development risks, medium-term construction risks
and long-term operating risks;

political risks:
political stability, profit making risks and default risks.

Risks associated with market prices, financing, technology, revenue
collection and political issues are major factors in concession projects.
Other risks encountered in concession projects may include physical risks,
such as, damage to work in progress, damage to plant and equipment and
injury to third persons; theoretical risks, such as, contractual obligations,
delays, force-majeure, revenue loss and financial guarantees.

Since loans need to be repaid from the revenues generated by the project
during the concession period the question of sovereign and exchange rate,
risks will need to be considered beyond the completion of the construction
phase.
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Typical risks for a concession project include:

completion risk: the risk that the project will be completed on time and
to budget;
performance and operating risk: the risk that the project will not
perform as expected;
cash flow risk: the risk of interruptions or changes to the project cash
flow;
inflation and foreign exchange risk: the risk that inflation and foreign
exchange rates affect the project costs and revenues;
insurable risks: risks associated with equipment, plant, commercially
insurable risks;
uninsurable risks: force-majeure;
political risk: risks associated with sovereign risk and breach by
the principal of specific undertakings provided in the concession
agreement;
commercial risk: risks associated with demand and market
forces.

Sovereign risk, often associated with credit worthiness is a major factor in
overseas concession projects. Sovereign risk does not apply in domestic
lending where funds are sought from domestic banks that are able to
better assess and absorb risks. Currency risk and revenue collection risk
are also considered as major risks in overseas concession projects, since
fluctuations in exchange rates and the ability to collect revenuesmayaffect
the commercial viability of the project.

Demand risks associated with infrastructure projects are much greater
than those facilities producing a product off take since an infrastructure
project is static and cannot normally find another market, whereas a
product may be sold to a number of off takers through the life of the con-
cession. However, facilities producing an off take bear the risk of product
obsolescence and competition usually leads to market risks dominating,
especially when operation and maintenance costs are high and concession
periods short.

Construction risks, political risks, technical risks, financial risks and
logistical risks are associated with construction contracts in developing
countries. The logistical risks are:

embargo;
availability of spares, supplies, fuel and unskilled and skilled labour
resources;
loss or damage in transportation of materials and equipment;
access and communications.
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The type of facility, its location, method of procurement and method
of revenue generation will determine the risks specific to a concession
project. Each project will therefore be subjected to different types of risk.

The most serious effects of risks in Concession projects are:

failure to meet cost estimates;
failure to achieve completion dates;
failure to achieve faulty and operational requirements determined by
the concession agreement;
failure to achieve estimated revenues;
failure to meet repayments;
failure by one party to meet his obligations as determined by the
concession agreement.

Although risks may seem to imply a loss, they may also have beneficial
effects such as:

costs may be lower than estimated;
completion may be sooner than anticipated;
quality may be achieved at a lower cost while still meeting operational
requirements;
increase in demand increases the estimated revenue;
increased revenue benefits repayments;
obligations are met by each party to the agreement.

9.7 Global and elemental risks in concession contracts

In this section, concession project risks are identified and classified into
two categories detailed further.

Global risks and elemental risks

The four major global risks are political, legal, commercial and environ-
mental risks. The effect of global risk may be considered as shown in
Table 9.2.

Many of the global risks identified may be addressed by provisions in
the concession agreement. For example, minimum demand guarantees
may be sufficient to cover many of the commercial risks; agreements on
tariff or toll increases during the concession period may cover the major
political risk. The cost effects of changes in environmental legislation may
be covered by the provision to extend the concession period to cover such
costs and legal requirements for the payments of duties may be relaxed.
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Table 9.2 The four major global risks and their effects.

Political risks
Concession Delay in granting concession, concession period, price

setting by principal, public inquiries, enabling bill,
commitment to concession contracts, exclusively of
concession, competition from existing facilities

Legal risks
Host country Existing legal framework, changes in laws during

concession period, conflicting community, national or
regional laws, changes in regulations regarding
importation and exportation, changes in company law,
changes in standards and specifications, commercial law,
liabilities and ownership, royal decrees

Agreement Type of concession agreement, changes in obligations
under legal framework, changes in provisions of
agreement, statutory enactments, resolution of disputes

Commercial risks
Market Changes in demand for facility or product, escalation of

costs of raw materials and consumables, recession,
economic downturn, quality of product, social
acceptability of user pay policy, marketing of product and
consumer resistance to tolls

Reservoir Changes in input source
Currency Convertibility of revenue currencies, fluctuation in

exchange rates, devaluation

Environmental risks
Sensitivity Location of project, existing environmental constraints,

impending environmental changes
Impact Effect of pressure groups, external factors affecting

operation, effect of environmental impact, changes in
environmental consent

Ecological Changes in ecology during concession period

The four major elemental packages associated with concession projects
are construction, finance, operation and maintenance, and revenue gen-
eration. Each package will contain discrete components that make up the
total package with assumed elemental costs and risks. These may include
risks shown in Table 9.3.

The elemental risks classified are typical risks associated with specific
project conditions found in concession projects. Many elemental risks are
often risks that may be controlled by the promoter either directly or by
contractual agreements with constructors, operators or lenders.

There are a number of occurrences which impact projects that are cal-
culable risks, those related to construction projects being dynamic or
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Table 9.3 The four major elemental packages associated with concession
projects.

Construction risks
Physical Natural, pestilence and disease, ground conditions,

adverse weather conditions, physical obstructions
Construction Availability of plant and resources, industrial

relations, quality, workmanship, damage,
construction period, delay, construction
programme, construction techniques, milestones,
failure to complete, type of construction contracts,
cost of construction, insurances, bonds, access,
insolvency

Design Incomplete design, design life, availability of
information, meeting specification and standards,
changes in design during construction, design life,
competition of design

Technology New technology, provision for change in existing
technology, development costs

Operational risks
Operation Operating conditions, raw materials supply, power,

distribution of off take, plant performance,
operating plant, interruption to operation due to
damage or neglect, consumables, operating
methods, resources to operate new and existing
facilities, type of O&M contract, reduced output,
guarantees, underestimation of operating costs,
licences

Maintenance Availability of spares, resources, sufficient times for
major maintenance, compatibility with associated
facilities, warranties

Training Cost and levels of training, translations, manuals
calibre and availability of personnel, training of
Principal’s personnel after transfer

Financial risks
Interest Type of rate, fixed, floating or capped, changes in

interest rate, existing rates
Payback Loan period, fixed payments, cash flow milestones,

discount rates, rate of return, scheduling of
payments

Loan Type and source of loan, availability of loan, cost of
servicing loan, default by lender, standby loan
facility, debt/equity ratio, holding period, existing
debt, covenants

Equity Institutional support, take-up of shares, type of
equity offered

Dividends Time and amounts of dividend payments
Currencies Currencies of loan, ratio of local/base currencies

(Continued)



Jobling: “chap09” — 2005/9/27 — 16:18 — page 183 — #20

Managing Risks in Construction Projects 183

Table 9.3 (Continued)

Revenue risks
Demand Accuracy of demand and growth data, ability to

meet increase in demand, demand over concession
period, demand associated with existing facilities

Toll Market-led or contract-led revenue, shadow tolls,
toll level, currencies of revenue, tariff variation
formula, regulated tolls, take and/or pay payments

Developments Changes in revenue streams from developments
during concession period

speculative risks such as political, social, economic, environmental and
static risks such as acts of God and man, damage to property, injury
or production loss or gain. These risks can be dealt with through a for-
mal or informal risk management process consisting of identification,
estimation, analysis of alternatives and implementation.

The need for risk analysis seems particularly apparent when projects
involve:

large capital outlays;
unbalanced cash flows requiring a large proportion of the total
investment before any returns are obtained;
significant new technology;
unusual legal, insurance or contractual arrangements;
important political, economic or financial parameters;
sensitive environmental or safety issues;
stringent regulatory or licensing requirements.

All, or a combination of a number of the above parameters are fundamen-
tal to concession project strategies and each risk identified in the project
must have a uniform basis of assessment which will inevitably involve
cost and time.

Since the revenue must be sufficient to service the debt, the total cost of
the project must be reasonably predictable before analysis and to ensure
lenders and investors are prepared to accept the risks identified in the
project.

Project analysis of a concession project should consist of a number of
analyses with the financial analysis taking the central role. This project
analysis is summarised as:

Financial market analysis: this analysis considers data regarding the
availability, cost and conditions of financing a project;
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Cost analysis: this estimates the development, construction and operating
costs and establishes a minimum cost of the project;

Market analysis: this forecasts demand and establishes a maximum price
and evaluates the commercial viability of the project;

Financial analysis: this compares the cost, market and financial market
analysis and establishes the relationship between costs and revenues.

Once the project risks are identified then analysis of the project should
include:

an assessment of the validity of the underlying assumptions made
regarding the risks;
test the sensitivity of the projected cash flows to the technical and eco-
nomic assumptions, in particular the assumptions made about market
risks such as future sales, prices and competition.

There is nothing new about risk analysis and most risks can be diluted by
distributing them over many contracts and passing them onto the client.
In concession projects however, the risks borne by the promoter and those
allocated to other parties will influence the success of the project since the
revenue generated over the concession period may suffer if risks are not
sufficiently analysed and allocated.

A typical response to risks in concessionprojectsmaybe summarisedas:

Completion risk: cover by a fixed price, firm date, turnkey construction
contract with stipulated liquidated damages;

Performance and operating risk: cover by warranties from the constructor
and equipment suppliers and performance guarantees in the operation
and maintenance contract;

Cash flow risk: cover by utilising escrow arrangements to cover forward
debt service, guardagainst possible interruptionsand takeout commercial
insurance;

Inflation and foreign exchange risk: cover by government guarantees
regarding tariff adjustment formula, minimum revenue agreements and
guarantees on convertibility at certain agreed exchange rates;

Insurable risks: cover by form of insurance such as policy to cover cash
flow shortfalls mainly during the pre-completion phase of a project;

Uninsurable risks: cover by insisting host government provide some form
of coverage for uninsurable risks such as force-majeure;

Political risks: cover bypolitical risk insurance fromexport credit agencies
or multilateral investment agencies;
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Commercial risk: cover by insurance policies such as export credit
guarantee department (ECGD).

Initially particular risks may be avoided by the promoter by deter-
mining the most suitable technical parameters to meet the requirements
of the concession, the facility and its location. Second, a detailed anal-
ysis of the ability to replace, at no additional cost, the operation or
finance element of the project. Third, risks would be transferred through
the concession agreement to the principal and the contract with each
organisation involved. Finally, the risks retained by the promoter would
be those risks, which could not be allocated to other parties, such as,
commercial risk or could not be insured against due to the premiums
required.

A central feature in concession project financing is the allocation of
risks and rewards to the parties willing to bear them. Having reached a
stage where all major risks have been identified and analysed a specific
structure may be formulated to achieve the financial objectives acceptable
to potential lenders and the principal. However, problems occur when
allocating risks between the principal and the promoter since transferring
all risks will invariably result in increased prices thereby jeopardising the
interests of the users and since there are no guidelines for risk allocation
decisions are often subjective.

The concession represents a mechanism for the allocation of risks in
concession projects and risk should be shared between the promoter and
the principal through the concession agreement with constructor and
operator risks covered by performance guarantees, completion guaran-
tees, warranties and operating guarantees. Political risk should also be
transferred through the concession agreement to the principal.

Many of the risks associated with construction and operation may
be protected by performance guarantees, completion guarantees, war-
ranties from suppliers, operating guarantees and regular inspection by
the principal.

The involvement of off takers, vendors and contractors in a promoter
consortium should allow the allocation of risk to those parties best able
to manage it. For example, guarantees in off take contracts can be used
to transfer risk due to changes in market conditions from the project
users; take-or-pay contracts guarantee the project a future stream of
revenues. Lump sum or turnkey contracts can be used to transfer com-
pletion and cost overrun risk to contractors. Performance guarantees and
incentives in purchase agreements and operation and maintenance con-
tracts can be used to transfer operating risk to suppliers and operators.
Involvement of the government can also be used to manage political risk.
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9.8 Summary

The risks fundamental to major and/or concession projects are far greater
than those considered under a traditional contract strategy. The effects of
risks on the project and the allocation of such risks to each organisation
via the concession agreement and secondary contracts, over the different
phases of the concession period, need to be identified and responded to,
at an early stage of bid preparation. Elemental and global risks identified
in concession projects need to be appraised in a logical manner and allo-
cated through contracts and agreements to relevant parties. Risk analysis
techniques need to be compatible with the nature of the project.
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Chapter 10

Risk Management at Corporate,
Strategic Business and Project Levels

10.1 Introduction

The increasing pace of change, customer demands and market globalisa-
tion have put risk management high on the agenda for forward thinking
companies. It is necessary today to have a comprehensive risk manage-
ment strategy. In addition, the CadburyCommittee’s report on corporate
governance (1992) states that having a process in place to identify major
business risks is one of the key elements of an effective risk management
system. This has been since extended in the guide for directors on the com-
bined code, published by the Institute of Chartered Accountants (1999).
This report is referred to as the ‘Turnbull Report’ (1999) for the purposes
of this chapter.
The Turnbull Report is a timely reminder of the need for effective risk

management and also creates an opportunity to review what an organisa-
tion has in place and to make the appropriate changes. Risk management
can be considered as crucial to the sustainability of a business in its envi-
ronment. In the past, large corporate failures have occurred where risk
management was never even considered.
Reichmann (1999) states ‘One of the most important lessons I have

ever learnt, and I didn’t learn it early enough, is that risk management is
probably the most important part of business leadership’.
However, organisations do need to be pragmatic. Taking risk is often

needed in order to gain reward. This is clearly stated in the Turn-
bull Report, which states that, ‘risk management is about mitigating,
not eliminating risk’, and the board of directors of an organisation
have the overall responsibility and ownership of risks. The Sarbanes-
Oxley Act (2002) is similar to the Turnbull Report. The Act introduced
highly significant legislative changes to financial practice and corporate
governance regulation in the United States.
The Turnbull Report is not just about avoidance of risk. It is about

effective risk management – determining the appropriate level of risk,

187
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Figure 10.1 Levels within a typical corporate organisation.

being conscious of the risks taken and then deciding how tomanage them.
Risk is both positive and negative in nature. Effective risk management
is as much about looking to make sure that you are not missing oppor-
tunities, as it is about ensuring you are not taking inappropriate risks.
Some organisations will seek to be more risk averse than others. How-
ever, all should be seeking to achieve a balance between encouraging
entrepreneurialism within their business and managing risks effectively.
Thepurpose of theTurnbullReport is to guideBritish business andhelp

it to focus on risk management. Key elements of the report include the
importance of internal control and risk management, maintenance of a
sound systemof internal controlwith the effectiveness being reviewed con-
stantly, the board’s view and statement on internal control, due diligence
and the internal audit.
Figure 10.1 shows the levels of a typical organisation structure, which

allows risk management to be focused at different levels. By classifying
and categorising risk within these levels it is possible to drill-down or
roll-up to any level of the organisational structure. This should establish
which risks the project investment is most sensitive to, so that appropriate
risk response strategies may be devised and implemented to benefit all
stakeholders.
Risk management is seen to be inherent to each level although the flow

of information from one level to another level is not necessarily on a
top down or bottom-up basis (Merna 2003). The risks identified at each
level are dependent on the information available at the time of the invest-
ment and each risk may be covered in more detail as more information
becomes available.

10.2 Risk management

Risk management cannot simply be introduced to an organisation
overnight. The Turnbull Report lists the following series of events that
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need to take place to embed risk management into the culture of an
organisation:

Risk identification. Identifying on a regular basis the risks that face
an organisation. This may be done through workshops, interviews or
questionnaires. How it is done is not important but actually carrying
out this stage is critical.
Risk assessment/measurement. Once risks have been identified it is
important to gain an understanding of their size. This is often done
on a semi-quantitative basis. Again, how is not important, but organ-
isations should be measuring the likelihood of occurrence and impact
both in terms of image and reputation as well as the financial impact.
Understanding how the risks are currently being managed. It is impor-
tant to profile how the risks are currently being managed and to
determine whether or not this aligns with an organisation’s risk
management policy.
Reporting the risks. Setting up reporting protocols and ensuring that
people adhere to such protocols is critical in the process.
Monitor the risks. Risks should bemonitored to ensure that the critical
ones are managed in the most effective way and the less critical ones
do not become critical.
Maintain the risk profile. The need to maintain an up-to-date profile
in an organisation to ensure that decisions are made on the basis of
complete information.

Often risk management forms part of an integrated management system
alongwith qualitymanagement, planning, health and safetymanagement
and change management. In a competitive economy, profits are the result
of successful risk taking. Against this background, the Turnbull Report,
endorsed by the London stock exchange in the same year, strives not
to be a burden to the corporate sector, but rather reflect good business
practice. Organisations should implement any necessary changes in a way
that reflects the needs of their business and takes account of their market.
As and when companies make those changes, they should understand
that they are improving their risk management and, consequently accrue
an overall benefit that justifies any cost involved.

10.3 The risk management process

Figure 10.2 conceptualises the risk management process. Risk Manage-
ment looks at risk and the management of risk from each organisational
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Figure 10.2 The risk management process and structure.

perspective, these being; strategic, tactical and operational. The level
within an organisation responsible for each organisational perspective
can perform the necessary analysis.
Organisations have different levels with different objectives. The risk

management process separates the business processes into three levels,
though many levels make up an organisation (these three levels being;
corporate, business unit and project levels). Risks specific to each level
are then identified using risk identification techniques and are logged on
a risk register.
Each level within the organisation will then analyse the identified risks

and responses and contingencies can be made.
The risks identified at each level are consolidated and controlled by a

single department within the organisation. At this level within the risk
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management process, analysis can be made on either a stand-alone basis
or for bundles of projects (portfolios).

10.4 Benefits of risk management

Risk management is not simply the identification of risks. It is about
analysing the implications, response to minimise risk and the allocation
of appropriate responses.
Riskmanagement should be a continuous loop rather than a linear pro-

cess, so that as investments or portfolios progress, a cycle of identification,
analysis, control and reporting of risk is continually undertaken.
The benefits of risk management include:

risks associated with the investments or portfolios are clearly defined
well in advance of the venture;
management decisions are supported through the analysis of data,
allowing estimations to be made with greater confidence;
improvement of investment or portfolio planning by asking What If
questions with imaginative scenarios;
the definition and structure of the investments are continually
monitored;
the provision of alternative plans, appropriate contingencies and
concerning managers are part of a risk response;
the generation of imaginative responses to risk;
statistical profiles of historical risk being built up allowing improved
modelling for future investments;
investment issues are understood for each investment(s);
decisions are supported by the analysis of data made available;
the structure and definition of the investment or portfolio are contin-
ually and objectively monitored;
contingency planning allows prompt, controlled and pre-evaluated
response to risks which may materialise.

10.5 Recognising risks

For real-world organisations in viciously competitive environments, it is
not good enough to simply protect the physical and financial assets of the
corporation through a combination of good housekeeping and shrewd
insurance and derivative buying. The pressure on margins is too intense
and the vulnerability to volatility simply too great for it to be an adequate



Jobling: “chap10” — 2005/9/27 — 16:18 — page 192 — #6

192 Managing Risk in Construction Projects

strategy formost organisations, even small ones. The focus thereforemust
shift to the far greater and far less tangible world of expectations and
reputation, and thereby sustain investor value. Hence, the inexorable rise
of riskmanagement and its suddenpopularity in theboardroom(Monbiot
2000).
Equity and credit analysts are increasingly focusing on risk and the

quality of risk management within the organisations they analyse, which
is further sharpening focus in the boardroom. Analysts want to be able to
tell current and potential investors that the corporatemanagement knows
what it is doing and that it is using its capital in the most effective manner
possible, and that it is in control of its strategic business units (SBUs) and
consequently future profits.
Senior management are increasingly using company reports and press

departments to boast about their latest risk management initiatives and
policies, but learning the vocabulary associated with risk management
and simply slipping the words into glossy brochures does not constitute
risk management. Organisations that want to report the stable, secure,
socially responsible and ever increasing earnings that investors and other
stakeholders demand must take risk management seriously and put such
words into practice (Merna 2003).
At corporate level, more enlightened senior management are hiring

risk managers, more often than not originating from the insurance man-
agement and finance sectors. Typically these individuals are responsible
for the identification, measurement and mitigation of risk, as well as
arranging its funding when feasible and desirable. In many cases, these
individuals have attempted to co-ordinate the risk management activ-
ities of other departments and to promote a risk management culture
throughout the organisation. Lamb et al. (2000), however, noted that
there were less than 50 designated risk officers worldwide, employed by
internationally listed organisations.
A recent survey of CEOs and risk managers in the United Kingdom,

Europe and the United States has shown that the main perceived risk
issues today are – corporate governance, extortion, product tampering
and terrorism, environmental liability, political risk, regulatory and legal
risk, fraud and a whole host of risks ushered in by globalisation and
modern technologies (Monbiot 2000).
The origin of these issues is many, varied and inextricably interrelated.

But essentially, corporate and financial risk has grown in scale and com-
plexity in tandem with the globalisation of the world economy. The
globalisation of trade and investment and the removal of barriers at
national and international levels have led to a massive process of con-
solidation in all sectors, as essentially uneconomic organisations, which



Jobling: “chap10” — 2005/9/27 — 16:18 — page 193 — #7

Risk Management at Project Levels 193

previously reliedona combinationof customer ignorance, lackof external
competition and government assistance, have been forced to adapt or die.
In this global and increasingly service dominated economic environ-

ment, corporate success increasingly comes to rely on two key drivers –
perception and knowledge. Risk management is an integral part of these
and a thorough understanding of the concept will drive an organisation
one step further to success. Organisationsmust have the ability tomanage
investments and ensure they are commercially viable. However, contin-
gencies must be available, through the use of structured and upto date
risk management systems.
One major risk to corporations is from hostile bids. Organisations,

often increase their financial gearing to employmore debt than equity and
thus make themselves less attractive to opportunistic takeovers. Share-
holders, however, do not necessarily want too much debt as debt service
is senior to dividend payment, which may result in poor or no dividends
to shareholders.

10.6 Why risk management is used

Risk management can provide significant benefits in excess of the cost of
performing it. Turner and Simister (2000) believe benefits gained from
using risk management techniques serve not only the project or invest-
ment but also other parties such as the organisation as a whole and its
customers. They suggest the main benefits of risk management are that:

there is an increased understanding of the project, which in turn leads
to the formulation of more realistic plans, in terms of cost estimates
and timescales;
it gives an increased understanding of the risks in a project and their
possible impact, which can lead to theminimisation of risks for a party
and/or the allocation of risks to the party best suited to handle them;
there will be a better understanding of how risks in a project can lead
to a more suitable type of contract;
it will give an independent view of the project risks, which can help to
justify decisions and enable more efficient and effective management
of risks;
it gives knowledge of the risks in projects that allow assessment of
contingencies that actually reflect the risks and also tend to discourage
the acceptance of financially unsound projects;
it assists in the distinction between good luck and good management
and bad luck and bad management.
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According to Merna (2003) the beneficiaries from risk management
include:

corporate and senior management, for whom a knowledge of the
risks attached to proposed strategic investment is important when
considering the sanction of capital expenditure and capital budgets;
strategic business managers, responsible for the risks attached to
proposed tactical investment response;
the project management team, who must meet project objectives such
as cost, time and performance;
the client, since this will reduce uncertainty in the overall investment
outcome;
stakeholders, uncertain in their particular involvement.

Riskmanagement should be a continuous process over thewhole life cycle
of the investment.
Many project management procedures place considerable stress on the

quantification of risk. However, at the strategic business and corporate
level a significant proportions of the risks are not quantifiable and thus
favour less formal risk management. The emphasis, placed on the quan-
tification processes often leads to a failure at the corporate and strategic
business level to prompt a manager to take account of other types of risk
more difficult or impossible to quantify.
All stakeholder requirements must be acknowledged and aligned and

a consensus must be found. This is often not easy, because stakeholders
have conflicting interests. It is important that the positions of the stake-
holders are continuously analysed and their expectations met as far as
possible.

10.7 Model for risk management at corporate, strategic business and project levels

Within any organisation performing risk management, tools and tech-
niques must be used at each level. The use of these tools and techniques
allows identification and analysis of risks and forms the basis for invest-
ment appraisal. Stakeholders are also identified at each level, and are
allowed to contribute to the risk management process. These stakehold-
ers, must be identified and their requirements recorded as well as their
relative significance. In order to assess the risks at each level, various
tools and techniques may be applied. These techniques may generally be
applied at each level in the process, but some will be more applicable to a
particular level than others. Figure 10.3 illustrates the levels and required
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Figure 10.3 Risk management mechanism.
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Figure 10.4 Risk management cycle.

input at each level in the risk management mechanism. The tools and
techniques used at each level will be determined by the risk analyst and
related to the type of assessment undertaken at those levels.
Figure 10.3 divides the organisation into corporate, strategic business

and project level. At each level, risk management tools and techniques
are used and stakeholder requirements are taken into consideration. This
process forms a basis for the risk management mechanism.
Figure 10.4 illustrates the riskmanagement cycle that includes the iden-

tification, analysis and control of risks to be applied at corporate, strategic
business and project levels. The risk management cycle is dynamic and
must be continuous over the project investment life cycle.
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This risk management mechanism, proposed by the authors, illus-
trated in Figure 10.2 incorporates the risk management cycle shown in
Figure 10.3 and is utilised at each organisational level.
At each level within the organisation, the authors propose a generic sys-

tem, illustrated in Figure 10.5 with the purpose of identifying, analysing
and responding to risks specific to each level within the organisation.
This process illustrated in Figure 10.4 should be a dynamic pro-

cess carried out throughout the whole investment lifecycle in a
continuous loop.
Figure 10.5 illustrates the processes, the authors suggest should be

undertaken at each level of an organisation, the stakeholders and
risk management tools and techniques being involved as and when
appropriate.
The first step of risk management is investment appraisal at corporate

level where the overall investment objectives are determined. It is imper-
ative that the investment and derived objectives are identified and clearly
understood at the strategic business level and by the project team. At this
stage, each level of the organisation should define what the investment
implications are at their level. For example, business or project require-
ments, client specification, work breakdown structure, cost estimates,
project programme, cost and type of finance and project implementation
plan. This is often performed through the use of historical data, organi-
sational specific knowledge and from information specific to the project
in hand and the organisation’s overall goals.
Theprocess of identifying risks is carriedout through theuseof a variety

of techniques suited to the type of project and the resources available. The
allocation of risk to owners is undertaken during this stage, which aims
to allocate ownership of risk to the individual best placed to control and
manage it. Identified risks and risk owners will be recorded on the risk
register, which later will become a database at SBU level.
The information gathered at the identification stage is then analysed.

Risk analysis tools and techniques, either qualitative or quantitative, are
now employed to provide a thorough analysis of the risks specific to the
project at each level within the organisation. Analysis may include defin-
ing the probabilities and impacts of risk and the sensitivity of the identified
risks at each level.
After completion of the identification and analysis processes, response

to these risks can be carried out. This part of the process, is exercised
through the use of risk response methods and techniques. If the response
decision is tomitigate the risks the costs ofmitigationmust be assessed and
budgeted for accordingly. Retained risks at each level will be identified in
the risk register and constantly reviewed.
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Figure 10.5 Risk assessment for all levels of an organisation.

Within this model, stakeholders are of particular importance. Stake-
holders are involved at each level andwill have an input at each stage in the
risk assessment process (identification, analysis and response). Themodel
allows information from each stage to flow backwards and forwards
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through the organisation, where it can then be continually monitored,
evaluated and controlled.
Once all the information has been processed through the model, a risk

management plan is constructed and implemented. The plan should form
an integral part of project execution and should give consideration to
resources, roles and responsibilities, tools and techniques, and deliver-
ables. This plan will include a review of the risk register, monitoring of
progress against risk, actions and reporting. The final output of themodel
being a corporate, strategic business and project level risk register.
Feedback is a key vehicle used in this proposed model for the organisa-

tion to learn fromboth its successes andmistakes, internally or externally.
It provides continuous improvement at both SBU and project levels and
risk management itself.
Feedback is a continous process gathering data from known and

unforeseen events. Information is held at SBU level and disseminated
throughout the organisation.
These corporate, strategic business and project level risk assess-

ments and risk registers will be made available to each level within the
organisation.
An overall risk register, incorporating risk registers developed at cor-

porate, strategic business and project levels will be further developed at
strategic business level andbe continually updated as the project develops.
It is important that the risk assessments carried out for the projects at SBU
level are of the same format, thus providing a database for all projects.
This will allow the database to be interrogated and inform future projects,
strategic business and corporate decision making.
The authors suggest that risk assessment at corporate, strategic busi-

ness and project levels should run concurrently. At any time during the
assessments, risks can be flagged up from any level that may result in the
project or investment not being sanctioned.
The proposed risk management assessment system will:

identify and manage risks against defined objectives;
support decision making under uncertainty;
adjust strategy to respond to risk;
maximise chances through a proactive approach;
increase chances of project and business success;
enhance communication and team spirit;
focus management attention on the key drivers of change.

Figure 10.6 illustrates the risk management model and the interaction of
each level within the organisation. Information regarding risk assessment
and risk registers is passed freely through the organisation.
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Figure 10.6 The risk management model.

Within this model, strategic business level will act as the conduit
between corporate and project level. A risk officer, will be designated
at the strategic business level with responsibilities for ensuring risks man-
aged at corporate, strategic business and project levels are registered and
that any further risks identified will be incorporated in the risk register
held by the risk officer. All the information gathered from corporate,
strategic business and project levels would be collated and passed on to
the risk officer. The risk officer will be in direct contact with risk facilita-
tors at both corporate and project levels. This model, will ensure that all
levels of the organisation will have an input into the overall risk register.
Managers and owners of risks retained and mitigated will be in either

the corporate, strategic business or project level within the organisation
depending where the risk originates. For example, a risk originating at
project level will be managed and owned by the project manager. The risk
assessments and risk registers held by the project manager will be passed
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to the risk officer, at strategic business level. The risk officer will review
the overall register and inform both corporate and strategic levels of any
changes in risk assessment as the project proceeds.
Theadvantagesof the strategicbusiness level of anorganisationholding

a risk register as a conduit from both corporate and project level include:

strategic business level is immediate to both corporate and project
levels;
one risk officer is responsible for the library of risk;
if any information is required about risk specific to a project,
both project and corporate levels will know where to access this
information from;
both project and corporate levels, will have access to all risk manage-
ment systems and information;
stakeholders, will have easy access to how risks are managed at all
levels of an organisation;
risk management throughout the organisation is co-ordinated and
centralised.

However, in order for the model to work regular reviews and audits
need to take place together with risk workshops at corporate, strategic
business and project levels managed by the risk officer.
New risks, the cost of managing such risks and the status of all existing

risks identified at each level will be addressed in the overall risk register
held by the risk officer at strategic business level.

10.8 Summary

This chapter identifies the corporate, strategic business and project levels
in a typical organisation. Each level, is responsible for managing the risks
identified and ensuring that information on such risks is available to the
other levels.
In most cases, risks are specific to each level. Corporate risks are typ-

ically difficult to quantify and manage. These risks include the political,
legal, environmental and finance elements of an investment. Many of
these risks can be assessed in greater detail at strategic business level as
more information becomes available.
Project risk management, often entails risks being assessed in even

greater detail as risks become more specific to the project rather than
higher level risk discussed at strategic business and corporate level.
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To ensure all risks at all levels are managed, it is paramount that an
overall risk management system is implemented and risks identified at all
levels are managed over the investment life cycle.
The risk register managed by the risk officer at strategic business level

forms a database for all levels of the organisation. This risk register
should be accessible to stakeholders, particularly shareholders involved
in a project investment.
The continual cycle of risk management is fundamental to the risk

management model illustrated in Figure 10.6.
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Chapter 11

Case Studies

11.1 Introduction

The principal objective of this book is to provide practical advice and
examples of project risk management applied to construction projects.
Often books on this subject reiterate the theory without providing exam-
ples, which demonstrate how the techniques and tools can be applied in
real situations to provide a basis for management decision making.

This chapter contains two case studies, both based on real projects but
demonstrating different viewpoints and different techniques.

The first is related to a ship construction project, the second to a
major transportation infrastructure project – the Channel Tunnel Rail
Link (CTRL). The first is from the client’s viewpoint of a major but
conventional capital project, the second from the viewpoint of one of
the consortia bidding for the 999-year concession the finance, design,
construct and operate the high-speed trail link. The first demonstrates
the use of influence diagramming methods, the second relies on more
conventional planning and estimating methods.

Despite their differences, both case studies show how risks can be iden-
tified, assessed, modelled and analysed to provide information, which can
be used by managers to assist in making decisions.

In both cases, changes were made to baseline programmes or esti-
mates to improve confidence in the achievement of the projects objectives.
In both cases, this required careful consideration of the risks in the
programme – in all capital investment projects, time to reach the market
and commence revenue-earning operation are critical.

In the first case, changes to the programme reduced the probability of
overrun and increased the probability of earning revenue as early as pos-
sible. The second case was different in that the scale and complexity of
the project coupled with the physical constraints, particularly relating to
the tunnelling works, meant that room for manoeuvre was limited. This
called for a more conventional approach, particularly for contractors, of
assessing contingency levels to accommodate risks if they could not be

202



Jobling: “chap11” — 2005/9/27 — 16:18 — page 203 — #2

Case Studies 203

avoided. In programme terms, avoidance of delay can equate to acceler-
ation, so the assessment of possible delay and its consequential costs can
be the equivalent of paying for accelerative measures to help safeguard
opening dates.

The case studies, therefore demonstrate different approaches to dealing
with similar problems but from different perspectives and using different
methods. Both studies demonstrate that careful consideration of risk is
a prerequisite of understanding fully the issues of uncertainty, which can
affect almost all projects. Issues which, if they are not dealt with, will
threaten the success of the project.

11.2 Case study – cruise ship design and fabrication programme risk assessment

Introduction

The case study describes parts of the risk management process applied on
an investment project – the planning, fabrication and commissioning of
a cruise vessel for American tourists in the Caribbean. The client was a
large international cruise operator. The risk management included sched-
ule, cost and profitability studies; however this example is limited to the
schedule risk analysis.

The client was much focused on project risk, as a cruise vessel must
be ready for operation at the start of the season. Any delays could cause
dramatic effects for the reputation and, of course, the net present value
of the project. Ticket sales would start 6 months ahead of the season,
and all marketing material would be completed almost a year ahead.
So, if the vessel arrived 4 months late, the first season would be spoiled,
competitors could use the situation as an opportunity and the operator
may lose customers to them.

Risk analysis was performed in the concept stage to assess the risk
affecting project execution. The client wanted to verify the schedule to
ensure that the probability of meeting the target date was high. They
had selected a fabrication yard, and the project was about to enter the
design phase. They knew that the most effective changes to the project
could be done during the low cost design. Any changes made during the
construction phase would be very expensive and could cause additional
delays, the impact of which would be difficult to predict.

Main objective

The main objective of this study was to assess the probability of meet-
ing the project completion milestone, to identify and quantify risks
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affecting the project schedule and to come up with changes to increase
the probability if necessary. The study focused on:

identifying the total risk exposure;
addressing the main risk contributors;
establishing a risk management plan; and
initiating follow-up actions to reduce negative effects of risk and
exploit opportunities.

Project key data

Project key data represent the information necessary to understand the
project and to produce the model without going into too much detail.

Project duration

The fabrication of the vessel was estimated to take 16 months from its
target start. This included startup activities, procurement, construction,
installation testing and commissioning. The vessel had to be completed
within 19 months, the time between project startup and start of the new
season. It appeared therefore that the programme contained 3 months
of float.

Limitations

This case study focuses on the main schedule for the fabrication of
the vessel, and how strategic decisions based on results from the risk
management process contributed to successful project completion. This
example does not discuss in detail all information available, all the risk
management processes or all details of the risk model.

11.3 Risk identification

In the risk identification phase, potential risks, their consequences and
interrelationships were identified in creative workshops and from inter-
viewing key personnel. During this process the following main risks
affecting the schedule emerged:

Innovative technical solutions could lead to uncertainty related to the
duration of the design phase.
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Complex design and limited resources could lead to risk of a delay in
the construction phase.
The yard was already committed to another contract, which was due
to start just after planned completion date of the cruise ship. This
imposed a tight schedule on the cruise ship and could have lead to a
potential conflict if the cruise ship was delayed.

The yard had been chosen for the new cruise ship because an option in
a previous contract between the yard and the client offered a very good
deal to the client. In other circumstances, the option of using another
yard to avoid potential conflict if the project was delayed could have been
explored.

Risk analysis

In the analysis phase the identified risks are quantified. A risk model was
established using the DynRisk™ software (risk analysis tool based on the
graphical influence diagram modelling technique and the Monte-Carlo
simulation method).

Quantified risks are included in the risk model by estimating a pes-
simistic, a most likely and an optimistic value, together with probability
distributions. The latter, can select from a wide choice of probability dis-
tributions, but it is recommended to keep it simple. All the information
is very uncertain, and it is not recommended that a lot of time be spent
on the probability distributions. It is much more important to try to open
the minds of the project team during the identification process.

All results from simulations are available both in graphical and tabular
format. The tool is very quick, which is an advantage when performing
what ifs to assess the effect of introducing new variables or changing
existing ones.

DynRisk™ enables the transfer of information gathered in the iden-
tification phase into a risk model reflecting the real risks affecting the
schedule. This is very important. The software package used must not
put limitations to the risk process. A graphical and flexible tool can also
improve the modelling creativity and create a deeper insight into the rela-
tionships between the activities that make up the project and the risks that
affect them.

The schedule

Based on information gathered in the identification phase, the following
schedulemodelwas established. This is a simplifiedprogrammeusingonly
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Figure 11.1 The initial schedule risk assessment.

the activities on the critical path, which shows only sufficient information
to model the high-level risks.

The simplified programme could be modelled as an influence diagram.
In this form, the model is easier to understand and communicate.

A Monte-Carlo simulation is performed. DynRisk™ generates differ-
ent plots to visualise the results. The cumulative S-curve plot (Figure 11.1)
reflects all possible outcomes of the schedule model, as follows. The ship
had to be ready for operation within 19 months. The S-curve shows
that there is a 50% chance of finishing the vessel within approximately
15 months. However, the step in the curve reflects a 40% chance of miss-
ing the first cruise season. Simulation of the overall model showed that the
risks affecting the schedule also had a serious impact on the profitability
of the project. If delays occurred, costs would increase, the season could
be missed and the profitability targets would no longer be valid.

Further analyses were made to assess actions to change the project
to increase the probability of meeting the completion date. The results
showed that focus must be put on the design activity and the hull
construction to reduce the probability of a delay.

Based on the information available and the results, an action plan was
created. From the results of the analysis it is obvious that the client had to
avoid a situation where no dock was available. Focus was put on trying
to reduce the probability of a delay occurring. The following responses
were feasible choices:

Re-schedule. Design and construction of the hull proved to be the
most critical activities as it was crucial to get the vessel into the dock
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Figure 11.2 The adjusted schedule risk assessment.

on time. Hence these were the main risk contributors. A new produc-
tion plan was established and more resources were dedicated to these
activities. The design phase was modified to introduce a second phase
in the hull design process.
Less innovative design. The design phase was a main risk contributor,
therefore compromises were made and more off-the-shelf solutions
were chosen and some nice-to-have features were removed.
Buy time. Negotiations led to an agreement between our client, the
yard and the next client. The next client agreed to postpone their
project for a considerable compensation if a delay occurred.

The responseswere included in the newmodel (Figure 11.2). This adjusted
model generated the following results:

The project now has a 50% chance of completion within 17 months,
a two months increase from the previous scenario. The increase is due
to less innovative design, that is, safe but time-consuming design and
fabrication. The duration increases, while the risk is reduced.

The chance of delaying the project and failing to meet the completion
target is now dramatically reduced. The client now has a 90% chance of
meeting the target of completing the project within 19 months.

The client now has a much better basis for making decisions based on
which actions to initiate. The client will probably not need to buy time to
secure the dock availability because of the high probability of completing
on time.

The probability of completing within 19 months is 90%. This may
be too high. A more detailed analysis should be undertaken to refine
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this estimate. It can be very costly to reduce the risk too much because
all risk reduction has a price. The client would probably look further
into the design activities to further investigate the possibilities of a more
novel design to try to save money, even if this reduced the confidence of
completing within 19 months.

Conclusion

The client and the project team now feel much more confident that they
will meet the target. The risk management process proved again that a
schedule or a cost estimate with single number is unreliable. Most impor-
tant, a risk management process is needed in every project phase to create
a realistic basis for making decisions. In this example, the risk software
tool, with focus on modelling flexibility and the graphical approach mak-
ing it possible to communicate the model contents to all levels within the
organisation, helped the risk management team. The effects of changes
were tested on the model, and the results helped the team to come up with
the best actions to secure the project against delays.

11.4 The Channel Tunnel Rail Link (CTRL)

This case study, outlines the risk assessments and analyses performed
during the preparation of the proposal to design, construct and oper-
ate the CTRL by one of the bidding consortia (henceforth called the
consortium). The consortiumcomprised contractors and consultantswith
financial and legal advisors. Banks were subsequently included to provide
financial backing. The study focuses on the major risks identified during
the preparation of the bid, how they were assessed and analysed and how
a preliminary allocation of risk was made. Although this study demon-
strates the application of the techniques of risk analysis and management
to a mega-project, the approach is typical and can be applied to any size
of project. Indeed the risk models and analyses are much simpler than
may be adopted for smaller projects where the input data can be defined
more precisely.

The objective of this exercise was to identify a realistic probable capital
cost for the design, construction and commissioning of the infrastruc-
ture work including the stations, tunnels, track, signalling and control
systems. This was necessary to provide information for the business case
and to provide confidence to potential investors. It was important to give
assurance that the capital cost estimate and programme were soundly
based, realistic and achievable. This was particularly important insofar
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as the cost overrun and delays that affected the Channel Tunnel itself
were still in the forefront of potential investors’ minds.

Several of the bid team had been heavily involved in Eurotunnel’s
project management team. They were therefore acutely aware of the
potential problems the rail link faced. One of the principal problems
Eurotunnel had faced, was that of delay compounding cost increases.
Cost and time are interdependent. Delays increase time-related costs of
resources, magnify the effects of inflation and delay revenue earnings. For
the rail link – and other design, build, finance and operate projects – this
is particularly vital since the capital cost is only one factor in the busi-
ness case, the other factor being the revenue streams that usually start
only on completion of the capital investment phase. In this case, rev-
enue generated by the Eurostar services existed from the outset and the
extent to which this would pay for construction of the rail link heavily
influenced the proposals. Nevertheless, as the Channel Tunnel demon-
strated, the capital cost can be extremely important, particularly where
it is sensitive to delay. The risk assessments therefore examined both the
programme and capital cost; the former in greater detail.

11.5 Brief history of the CTRL

The desirability of a high-speed rail link between Britain and mainland
Europe has long been recognised but its realisation depended upon the
construction of both a cross-channel link and a high-speed rail line from
a point within or close to London through Kent to the cross-channel link.

The cross-channel link has a long and turbulent history, culminat-
ing in the Channel Tunnel owned by Eurotunnel and including several
previous unsuccessful schemes. The 1974 scheme was aborted after con-
struction had started because the cost of constructing the rail link between
Folkestone and London was deemed to be more than the government at
that time could afford. The prime reason for this cost was increasing
awareness that significant measures to protect the environment would be
required.

Despite this, in the mid-1980s, potential promoters of the Channel
Tunnel project were told that the high-speed rail link would be open at
around the same time as the cross-channel link and Eurotunnel’s business
case made allowance for this. Again, however, the estimated cost of the
rail link project, combined with the British Government’s reluctance to
subsidise it, meant that it was postponed, while the private sector put
forward schemes. The intention was that the project was to be funded
substantially by the private sector, although unlike the Channel Tunnel,
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it would receive a limited subsidy from the Government. The objective of
the proposal that is the subject of this study was to produce the bid that
required the lowest subsidy.

The Channel Tunnel was officially opened in May 1994, with revenue
earning services building up slowly over the following year. In parallel
with construction of the Channel Tunnel, the rail link underwent a pro-
longed gestation period. Several schemes were put forward by private
sector consortia but these were not accepted. The final choice of route
and the responsibility for preparing preliminary design and tender docu-
ments were given to a specially formed subsidiary of British Rail called
Union Railways. Its design envisaged the high-speed link running from
Folkestone to St Pancras via the newly constructed international station
at Ashford, with a link to the international terminus at Waterloo station.
The rationale for this scheme was that as demand for the Eurostar ser-
vice increases, capacity of the terminus at Waterloo would be exceeded.
Another London terminus will therefore be required. After considera-
tion had been given to siting this at Stratford in east London, it was
decided that a terminus closer to central London would be preferable
and after King’s Cross had been considered but rejected, St Pancras was
chosen. This would ultimately allow construction of a major transport
hub with links to the London underground system close to the main rail
lines to the north of England, the Midlands and Scotland. The station
at Stratford was to be retained to aid the economic regeneration of the
East End of London. This option entailed tunnelling for approximately
17.3 km from the eastern edge of London’s suburbs to St Pancras plus
tunnelling under the River Thames. The completion date for the project
was 31 December 2002.

Four private sector consortia were shortlisted to put forward detailed
proposals. The consortia comprised contactors, consultants, design spe-
cialists, project managers, travel operators and bankers. Two of the
consortia had never worked together before; the other two had been
involved in earlier proposals. Several vanloads of tender documents were
delivered to them in September 1994. The proposals were submitted in
mid-March 1995. In this seven-month period the bidders had to examine
Union Railways’ outline design proposal, check its cost estimate, develop
a programme to design, procure, construct and commission the link and
propose a business case for the project that would require the lowest
subsidy.

In the case of the bid that is the subject of this study, the team was com-
posed of contractors, consultants and equipment suppliers supported by
rail, finance and legal specialists. In order to complete the proposal in
the seven-month period work proceeded on checking the estimate and
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development of the programme in parallel with the development of the
business case and preparation of the financing and legal frameworks. The
revenue side of the business case, was based around forecasting revenues
from the Eurostar services. In addition, the bidders were free to pro-
pose commuter services from Kent to make use of the new rail lines. Any
such services would necessitate the construction of additional stations.
The bidders were required to submit a compliant bid, for the full scheme
from St Pancras to Folkestone including the new international stations at
Stratford and Ebbsfleet. The bidders also had to make allowance for pro-
viding enabling works for the Thameslink 2000 rail service by providing
the structure for a new station below St Pancras with links to the exist-
ing London underground stations at St Pancras and King’s Cross. The
bidders’ additional proposals had to be submitted as either alternatives
or variants to the compliant bid.

Programme and constraints

Fundamental to the bid was understanding the programme outlined by
Union Railways and in particular the constraints and milestones that
are imposed. Around these, a detailed programme for design, procure-
ment, construction and commissioning was developed. The programme
constraints had a direct influence on the way in which the consortium
planned its procurement strategy. Programme considerations also influ-
enced considerations of contingency planning and allowances for delay
and for acceleration costs.

The programme for the project was dictated to a large extent by the
timetable for the parliamentary process. This involved drafting a hybrid
bill, its passage through both Houses of Parliament and granting Royal
Assent to it. The timetable for parliamentary process was as follows:

Drafting and passage of the hybrid bill to be completed by late 1996;
Royal Assent of the bill by early 1997.

The other significant date was the award of the concession following
the bidding process. The award date was originally programmed for
September 1995.

This timetable would enable the concessionaire to absorb Union Rail-
ways and inherit the existing European Passenger Services business
consisting of the Eurostar high-speed trains, the existing international
terminus at Waterloo and other infrastructure, including maintenance
depots. The successful bidder would also inherit St Pancras railway
station, which is a listed building and is to become the main terminal
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Figure 11.3 Proposed route of the high-speed rail link.

for the Eurostar service. The existing station was to be developed and
extended without losing its Victorian façade or the view of the existing
arched train-shed roof. Lands between the two existing mainline stations
was also to be given to the successful bidder for development, though
first the site of an old gas works had to be cleared and listed gas holders
dismantled and removed.

Figure 11.3 shows the route of the line from St Pancras through tun-
nels under London and the new station at Stratford. The line was to
emerge in east London, traverse Rainham Marshes through disused firing
ranges, over the Dartford Tunnel, under the Queen Elizabeth II Bridge
and under the Thames in tunnels. The track was to emerge near the new
station at Ebbsfleet, then continue through a narrow corridor in urban
areas across north Kent, across the River Medway, through the North
Downs in another tunnel and across Ashford, eventually joining with the
Continental Main Line at Eurotunnel’s terminal near Folkestone.

Much of the route is through areas where Saxon and Roman remains
can be found, through areas of special scientific interest, such as Boxley
Wood or close to existing towns and villages. As a consequence of the
latter, the route runs very close to the existing M20 through Kent. The
main risks associated with these works are described briefly below.

11.6 The risk management process

The estimate of the capital cost of theCTRLand the associated implemen-
tation programme was the subject of risk analyses to provide estimates
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of the likely impact of risks not covered in the base estimates and pro-
grammes. The purpose of the risk analyses was therefore clear, as were
the team responsibilities. The data available were comprehensive and the
procedure adopted followed three states:

risk identification;
risk analysis;
response.

It is normal to break down the final stage into planning and managing.
However, at tender stage the management actions are limited to quanti-
fying the risks of the programme options and the procurement strategy
for allocating risks.

The initial assessment concentrated on the proposed allocation of the
risk between the parties involved in the project. This led to two forms of
response:

the first was to transfer risk to another party through a contractual
and legal framework;
the second was for the consortium to retain certain risks.

The risk assessment and analyses described in this case study were those
required to quantify both the residuals of the transferred risks, such as
the consequences of a contractor’s bankruptcy and the risks, which were
to be wholly retained by the consortium, such as delays to the overall
implementation programme.

Risk identification

The risk management process commenced with a paper presentation to
brief the bid team. Identification of risks commenced with the completion
of pro forma sheets by specialist groups responsible for the construction
proposals. These sheets identify the risk, the section of the project likely to
be affected, the probability of the risk occurring and its potential impact
on performance, cost and programme. A workshop was then held to
review the major issues and risks.

Risk identification continued as work on the construction proposals,
estimate, programme and business proposals proceeded. Ultimately all
of the consortium’s team contributed to the risk identification process
and over 200 major risks were identified. Each risk was entered into a
database that facilitated ranking and sorting by category and ownership.
In parallel, the contractors’ estimators undertook detailed assessments
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of the estimate prepared by Union Railways. Regular discussion and
attendance at estimate review meetings assured that omissions and dupli-
cations were minimised. It was notable that the estimators tended not to
identify some of the risks related to design development, planning con-
sents, etc. because under a conventional contract the client or engineer
would deal with these issues rather than the contractor.

The risks were allocated to seven categories:

(1) project-wide uncertainties;
(2) advanced and enabling works;
(3) St Pancras terminus;
(4) tunnels;
(5) route sections (excluding tunnels);
(6) intermediate stations;
(7) system-wide mechanical and electrical equipment including track,

power supply, signalling and data transmission systems.

The risks associated with each of these categories are described briefly
below.

Project-wide risks

The proposed corridor for the track defined by Union Railways con-
tained several sections, which did not appear to be viable in terms of the
requirements for speed, locomotive power and track gradient.

Geotechnical information was incomplete. Additional surveys and
boreholes were required, many of which would be needed before the
Royal Assent of the enabling legislation, which entitles the concession-
aire to have access to the sites. This meant that access for this work was
dependent upon agreement of the existing landowners, many of whom
were opposed to the project and likely to prevent the surveys taking place.
This was of particular concern for the design of the London tunnels and
for the design of the tunnel-boring machines (TBMs) because these have a
long lead-time for design, manufacture and testing prior to delivery to site
and erection. The criticality of these parts of the programme is discussed
below.

Advanced and enabling works

These works needed to be carried out early in the project, some by Union
Railways before the award of the concession, including major utilities and
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roaddiversions at St Pancras andalong the routes. All the traffic flowshad
to be maintained during the works. The gasworks site at St Pancras had
to be cleared and decontaminated. A major gas main had to be relocated,
which British gas advised could be done only during the summer period.
In all cases, planning consents were required. Any failure to progress
this work would have significant impacts on the overall programme for
the project and hence on its cost, by reducing the periods for design and
construction of the main works.

St Pancras terminus

Seven significant risks associated with St Pancras were identified:

(1) resignalling and construction works whilst maintaining all existing
rail services;

(2) relocation of services such as water, gas, electricity and telecommu-
nications both within and adjacent to St Pancras;

(3) environmental measures including restrictions on working hours to
reduce the nuisance to surrounding areas;

(4) heritage-related works including archaeological investigations and
the recording and possible dismantling of listed buildings;

(5) construction of the belowground works and in particular, the
Thameslink box around an existing underground line in a brick
tunnel;

(6) complex phasing of road works and diversions and the programming
of these works with the construction of the new station’s east and west
sides;

(7) design and construction of the roof of the new train-shed extension.

The main uncertainty common to all these risks is the role and influence
of third parties during the planning and consulting stages of the design
process and during construction. For example, the requirement to main-
tain the railway services including Thameslink (except for an extremely
limited period) and the complex operational and constructional interfaces
around the station that must be managed. These risks can be reduced by
establishing early, close links between the interested parties, establishing
good working relationships and by detailed planning, which incorporates
the requirements of all interested parties. There are, however, significant
and unresolved risks which, if they should occur, could jeopardise the
programme and cost of these works. One particularly important consid-
eration is that thedesignof thenew train-shedextension requiredapproval
by the Royal Fine Arts Commission.
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Tunnels

Six main risks affecting the tunnels were identified:

(1) planning consents for the first site works that enable tunnel boring
to commence at Stratford. This is extremely sensitive because of the
need to commence very early with site surveys and enabling works;

(2) tunnel design including diameter (being dependent on speeds, aero-
dynamics and space for mechanical and electrical equipment);

(3) difficult ground conditions and the requirement to use sophisticated
TBMs;

(4) spoil removal from the London tunnels;
(5) phased construction of a massive underground box for Stratford

station;
(6) construction of the eastern portal of the London tunnels at Barking.

The first risk is similar to the problems that will be encountered else-
where on the project and especially at St Pancras, as noted previously.
The others are related to the technical aspects of the works, including
finalisation of the project’s design and to the physical conditions that
will be encountered during tunnelling. It was considered that these risks
would be reduced by thorough design studies and through experience
gained on other tunnelling projects that will be complete before work
starts on this project. The removal, handling and transport of spoil
required careful consideration to minimise the impact on the surrounding
areas.

The risks related to Stratford station are those of constructing a major
structure below ground in poor ground conditions. The critical impact is
on the programme and the commencement of tunnelling. The ends of the
box need to be constructed first, at the commencement of the construction
programme, to enable the TBMs to be erected.

The final risk relates to the construction of the eastern portal of the
London tunnels. Union Railways’ design proposed that this should
be located at Barking in east London, emerging in a suburb in close
proximity to housing. Detailed analysis of the construction of the por-
tal suggested that the constraints on working hours and the physical
restraints due to the confined nature of the site would give rise to a signif-
icant risk that the portal would not be completed in time for the TBMs
to emerge. It was therefore decided to allow for the cost of boring an
additional 1 km of tunnels to emerge near Ripple Lane. At this loca-
tion, construction was much simpler and quicker; the additional cost of
the tunnels was more than offset by the easier portal construction and
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increased confidence in the programming of the works. After the propos-
als were submitted Union Railways changed the location of the portal to
Rippleside.

Route sections (excluding tunnels)

Seven main risks were identified:

(1) planning consents for works in Kent – again this was extremely
sensitive;

(2) extensive working alongside the existing railway and roads in a very
narrow construction corridor;

(3) wet weather delays to earthworks in chalk;
(4) extensive requirements for aquifer protection;
(5) a large number of bridges and other structures to be constructed

simultaneously;
(6) construction of the Medway crossing (an approximately £5 billion

bridge);
(7) construction of the North Downs tunnel.

The second risk presents a need to form working relationships with
railtrack and with the highways authorities. Restricted working in a
narrow corridor adjacent to the existing railway and roads requires close
co-ordinator, detailed planning and co-operation at all levels of the
organisations involved.

Major earthworks are required. These could be adversely affected by
wet weather. The consortium made allowance for this and other risks
related to the earthworks that were planned and estimated in great detail.
The allowances for this were in the base estimate and programme. It was
a requirement for the completed project that measures to protect aquifers
along the route from contamination from the railway were put in place.
As a result of the risk identification exercise, it was recognised that similar
protection needed to be provided for construction haul roads and other
temporary works. Allowances were included in the estimate for this.

Simultaneous with the earthworks, there are a large number of struc-
tures, including bridges and viaducts, to be built. This required careful
planning both for co-ordination with railtrack, the statutory undertak-
ers for electricity, gas, telecommunications, road authorities and also to
ensure that specialist construction plant is available when required. Such
is the extent of the work that the demand for cranage has the potential
to exceed the numbers of cranes available in the east of England. The
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Medway crossing and the construction of the North Downs tunnel need
to be treated as major projects in their own right.

Intermediate stations

The intermediate stations did not have any detailed designs. It was impos-
sible to say with precision what the risks would be. This in itself was
a major risk. There are, however, risks associated with the proposed
sites, which were identified. The major risks for Stratford are related to
the construction of the box structure prior to the construction of the
station.

The Ebbsfleet site presented several problems. These were:

bad, marshy contaminated ground, with a high water table;
potential archaeological remains;
links to proposed new road.

Mechanical and electrical equipment, including signalling

The risks that could impact the design, procurement and installation
are varied in nature and are depended on the equipment in question.
In summary, the risks were:

systems not fully defined, notably the signalling system, control
centres and data transmission systems;
installation of the equipment in the tunnels;
track installation; and
commissioning.

The lack of definition is of special importance for the signalling systems
and control centres that are dependent upon decisions concerning the
future operation of the railways. Development of bespoke software was
required because proprietary systems were unsuitable. Lack of definition
also affected the installation of equipment in the tunnels. Installation
of track, including the availability of plant, logistics and planning, had
to be carefully considered. It was recognised that there is not sufficient
track-laying equipment in the United Kingdom to lay the entire track
in the period available in the programme; hence allowance was made
for importing this equipment. Finally, the risks to commissioning were
to be minimised by considering testing, commissioning and operational
requirements throughout the design, procurement and installation pro-
cesses. Phased integration of operation’s staff will be needed to ensure
that there are no handover or start up problems caused by unfamiliarity
with equipment or procedures.
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11.7 Risk assessment, analysis and response

The completed risk register contained a diverse range of risks. These were
assessed and analysed in three stages:

First, risks were allocated on the basis of which party or parties
should carry or share each risk. This led to proposals regarding the
contractual arrangements for the project’smanagement and execution
that included provisions for the transfer of risk from the consor-
tium or for sharing risks with other parties, including contractors
and suppliers.
Second, risks allocated to or shared by the consortium were reviewed
and categorised according to whether or not they were included in the
base estimates and programmes or in the project management and
procurement proposals. That is to say that either allowances were
included in the estimates and programmes or it was assumed that
management action would be taken to avoid the risks. In the former
case, the estimate and programme were risk adjusted and in the latter
the analysis were based on risks being mitigated. It is essential for any
quantification that a view is taken of the actions planned to reduce the
risks and what effect these are likely to have on the impacts of the risks
and hence on the values that are input to the quantitative analyses.
Third, those risks retained by the consortium, either in whole or in
part, were reviewed and categorised under four headings:
(i) The influence of market forces on the costs of resources and

materials.
(ii) The probability of cost increases due to increased scope, changes

and variations, changing technology, etc. – covered by the term
design growth.

(iii) A specific uncertainty for the signalling, controls and commu-
nication systems, which are likely to be subject to the greatest
technology changes and which were, at the time of preparing the
submission, the least well-defined elements of the system.

(iv) Programme delays resulting in cost increases either due to
extensions of time, accelerated payments or a combination of
the two.

These four categories were the subjects of risk modelling and analysis to
determine their likely impact on the project.

The procurement strategy

Themainmechanism formanagingmanyof the riskswas theprocurement
strategy. As noted earlier, the timing of the parliamentary process and the
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Royal Assent of the enabling legislation governed the programme for the
project. It was a requirement of the concession that the main financing
package by banks, other institutions and individual shareholders must be
in place within a limited period after the Royal Assent. To do this requires
the preparation of a prospectus, which must contain first indications of
cost that must be based on fixed-price tenders for clearly defined packages
of work. However, the consortium considered that in the time available
complete detailed design would be impossible. Its approach therefore was
to prepare the designs in as much detail as possible then invite tenders on
that basis. The tenderers would then price the completion of the detail
design and the risk associatedwith that plus the construction, installation,
testing and commissioning works. The outline designs would then be
novated to the successful bidders.

There were two exceptions. First, the design of the signalling and asso-
ciated systems was not sufficiently advanced for prices to be obtained.
An estimate was to be put into the prospectus. Second, the TBMs for
the London tunnels had to be ordered before the financing package was
in place if the programme was to be met. That is to say, they were to
be procured, at risk, by the consortium. A difficulty with this strategy
was that the consortium contained several contractors, who expected to
obtain significant parts of the work, which could have led to conflicts
within the consortium and less than optimal prices.

Risk modelling

Two risk models were developed:

(1) programme risk;
(2) cost risk.

The cost risk analysis included the impactof theprogrammerisk expressed
in terms of the time-related costs, the calculation of which is described
below. The development of the models and review of the results was an
iterative process that fell into three phases:

(1) Development of a cost model for a not to exceed estimate in Decem-
ber 1994. This was required so that preliminary discussions could be
held with potential funding institutions.

(2) Developmentof theprogrammeriskmodelsandreviewof the results.
(3) Finalisation of the cost model based upon a much refined base esti-

mate including a firmer view of the design growth risk and including
the results of the programme risk analysis.
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Programme risk models

The first assessment of potential delay to the project’s implementation,
and hence delay to the commencement of revenue earning operation, was
made for incorporation in the not to exceed estimate. It was based on a
review of the project programme’s key stages and of the potential impact
of the major risks to its achievement. A conservative view was taken to
ensure that a worst case was used in the estimate, although it should be
noted that certain risks were excluded. These are detailed below. The
range was assessed as follows:

Minimum duration. Completion, 3 months earlier than the contract
completion date (i.e. September 2002).
Most likely duration. Completion, 6 months late (i.e. June 2003).
Maximum duration. Completion, 15 months delay to opening
(i.e. March 2004).

The cost related to the delay was calculated by computing the time-related
costs for each part of the project. For the construction activities, these
were assumed to be the overhead/preliminaries costs. The quarterly time-
related costs calculated for the not to exceed estimate was £30.79 million,
resulting in a range of costs as follows:

minimum: −£31 million;
most likely: +£62 million;
maximum: +£154 million.

It should be noted that this assumed the delay occurs at the peak of the
construction effort and affects civil and building works, the mechanical
and electrical (M&E) works and the project management. This was a
reasonable assumption for a project of this nature where the civil and
building works overlap with M&E design and procurement activities.

The cost model

Cost risk analyses were performed using a spreadsheet model and Monte-
Carlo simulation. The final model is shown in Figure 11.4. It was a very
simplemodel including the base estimates for the construction and project
management plus allowances for the risk categories described above. The
simple model has several advantages:

It is easy to understand.
It can be modified easily to test changes in the base estimate and
assumptions about risk ranges.
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It avoids the need to correlate separate components of a complex
model that donot behave independently. This is very important. Often
models are too detailed and as a consequence produce misleading
results.

The ranges of value applied to the market risk, design growth risk and
the uncertainty related to the cost of signalling, control and communi-
cations systems were determined following review by the consortium’s
senior management and were as follows:

Market risk. Minimum −5%, most likely 0%, maximum +10%. This
range applied to the total base estimate including project management
costs.
Design growth risk. Minimum −5%, most likely 0%, maximum
+10%. For the not to exceed estimate this range was applied to the
total base estimate including project management. However, follow-
ing the refinement of the base estimate the estimator’s determined
specific allowances for design growth on each section of the work.
This allowance was £90 million contained in the base estimate. In the
final cost risk model the range was applied only to this allowance
rather than the total base capital cost estimate.
Signalling and control communication systems uncertainty. It was
assumed that a proportion of the estimated cost of these systems
was at risk due to the lack of definition at this stage of the project,
compounded by developing technology. The proportion at risk was
assumed to be £100 million and the range applied was minimum 0%,
most likely +25%, maximum +50%.

Finalisation of the cost estimate required a more objective assessment of
the potential programme delay based on a more developed version of the
consortium’s own programme. An initial programme risk analysis was
therefore undertaken based on a preliminary issue of this programme in
bar chart format backed up by a network programme derived from the
time/location analysis of the linear works along the route. The high-level
summary programme in linked bar chart format was developed showing
the main activities for the project’s implementation, their interrelation-
ships in terms of overlaps with lead and lag durations. This programme
was reviewedby the specialist planning engineers responsible for eachpart
of theprojectwho revised theprogrammewherenecessaryanddetermined
the ranges to be applied in the risk analysis (Figure 11.5). Note that these
are ranges of uncertainty. It is possible to separately model the key risks
but as noted, it was decided to exclude these from this analysis.
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The programme was developed on a simple proprietary planning
package and analysed using a risk analysis software package.

11.8 Summary of the preliminary schedule risk analysis results

The results of the preliminary risk analysis of the base case project pro-
gramme for all work post Royal Assent indicated that the project’s
completiondate couldbedelayed toOctober 2003 compared to thedesired
opening date of 31 December 2002. On the basis of the assumptions
made, this represents approximately 97% confidence based on the data
used in the analysis. It should be noted, however, that a number of high-
impact but low-probability risks such as finding significant archaeological
remains were excluded (some were found near Folkestone at the end of
2000). This is an example of a risk that can be identified but for which
no precise assessment of its impact or probability of occurrence can be
made. Exclusion has the effect of reducing the potential delay and increas-
ing confidence in the October date. The confidence level for October 2003
if these risks had been included would be reduced to, say, 80–85%. The
precise duration and impact would depend on the time and location of
the find.

Furthermore, it was assumed that Royal Assent would not be delayed
and would take place in September 1996. It was also assumed that works
such as geotechnical surveys, archaeological digs, property acquisitions
and advanced works such as utilities diversions (which commence prior to
Royal Assent) would not be delayed. As noted earlier, this was a sweeping
assumption; it was likely that some of these works would be delayed,
thereby reducing confidence in the October 2003 date still further.

A second analysis was performed that confirmed that a delay in the
geotechnical surveyswould extend themaximumcompletiondate because
the critical path ran through the tunnels construction activities preceded
by design and procurement of the TBMs and the surveys. The critical
path also runs through the installation of M&E equipment and through
the testing and commissioning works. A Monte-Carlo simulation was
used to combine the data and derive the output dates and a range for the
project completion date. Subsequent development of the consortium’s
programme allowed risk analysis of a more sophisticated high-level net-
work programme for the whole project. It concentrated on the activities
that network analysis had indicated were critical, plus other activities that
have the potential to cause significant delay.

The programme included dates for the completion of both the over-
all project and the early opening of the route to Waterloo. This was
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because the risk assessment suggested that the tunnels under the Thames
and London, plus the route sections north of the Thames and work at
St Pancras were the activities that were most at risk.

Two analyses were performed, therefore, to determine the risk of delay
to both of these dates. The early opening to Waterloo could be achieved
a year earlier than the total project but increased the criticality of the
linear route works south of the junction to Waterloo and of the design,
construction and commissioning of the control centre at Swanscombe.
Since the signalling systems are one of the highest risk parts of the project,
it was doubtful that the early opening of Waterloo would be viable.

The network programme was subjected to Monte-Carlo analysis.
The results confirm that the lateness calculated at 97.5% confidence
is approximately 9 months. The most likely completion correspond-
ing to 50% confidence is approximately 6 months late. Again several
low-probability, high-impact risks were excluded from these analyses,
implying that real confidence was lower than computed.

Finally, the results of both the initial programme risk analysis and of
the high-level network give comparable results. In addition, both of the
analyses give similar results to the analysis published by Union Railways
that indicated an opening date for the overall project of October 2003,
calculated at 97.5% confidence (excluding catastrophic risks).

The closeness of these results indicated that based on the informa-
tion available and making reasonable assumptions about the potential
risks to the programme, the most likely (50%) opening date appeared
to be between 4 and 6 months late and the 97.5% opening date between
9 and 10 months late. Again it must be emphasised that this excludes
catastrophic high-impact but low-probability risks. There was a very low
probability of achieving the target opening date for the total project.

The final cost model

The results of the final cost risk analysis were presented in three formats:

(1) tabular summary report;
(2) cumulative (S) curve (Figure 11.6); and
(3) histogram of probability density.

The analysis indicated that approximately £573 million should be added
to the base estimate, giving a total estimated capital cost of around
£4 billion, corresponding to approximately 95% confidence (Figure 11.6).
However, this was potentially optimistic since the potential for delay was
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Figure 11.6 Simulation results.

greater than the analyses indicated because the high-impact risks hadbeen
excluded and potentially optimistic assumptions had been made.

Update

Following the submission of proposals the concession was awarded to
London and Continental Railways (LCR) at the end of February 1996,
several months later than planned. The main stakeholders in LCR were
consultants, project management specialists, transport company oper-
ators, a power supplier and a bank. The group did not contain any
contractors. This was a deliberate decision based upon Eurotunnel’s
experience where contractors had formed the original consortium and
no strong independent owner and project manager had existed. LCR’s
approach emphasised the importance of developing the Eurostar busi-
ness separate from designing and managing the project. The result was
that LCR stated that it required a subsidy of £1.4 billion, reported to be
£0.5 billion lower than the next lowest proposal. It was also to be paid
much later during the construction phase of the project than requested
by the other bidders. LCR has not published its capital cost estimate but
figures close to Union Railways’ £3 billion estimate were reported. Subse-
quently one of its senior figures suggested that funding of approximately
£5 billion would be required.

In January 1998 LCR announced that it could not secure financing
for the project, primarily because the revenue from the Eurostar services
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was significantly lower than projected. LCR requested a subsidy of a
further £1.2 billion but the Government rejected its request. LCR were
then allowed several months to submit a revised proposal.

On 4 July 1998, it was announced that agreement had been reached.
The Government would not increase its subsidy but would underwrite the
project’s funding and Eurostar’s losses in return for a share of Eurostar’s
future cashflows after 2020, assuming it becomes profitable, and a reduc-
tion in the concession period from 99 years to 90 years. The project will be
split into two phases. The first phase will be from Folkestone to Ebbsfleet,
including the international station there, and will be built first at an esti-
mated cost of between £1.5 and 1.6 billion and was completed on time and
budget in September 2003. It was intended that railtrack would purchase
it for the cost of construction but following the Hatfield rail crash and
the massive disruption to rail services as broken rails were identified and
replaced, railtrack was forced into receivership. This was a risk that cold
not have been foreseen – or if foreseen would have been assessed as very
low probability.

The second stage from Ebbsfleet to St Pancras, including the station
work there and at Stratford, commended in 2001 for completion in 2007
at an estimate cost of between £1.8 and 2.7 billion, giving a combined cost
of between £4.2 and 4.9 billion at 1997 values.

Construction is proceeding largely on programme despite the collapse
of one of the London tunnels under Stratford early in 2003 – luckily
without loss of life or serious damage to property. The collapse was
attributed to sunk holes caused by unidentified disused wells.
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Chapter 12

Guidance in Practical Risk
Management

This chapter integrates much of the theory, technique and practice
outlined in the preceding chapters and offers guidance on how the pro-
cess should be undertaken and executed in order to provide the project
manager or client with meaningful, repeatable, supportable and useful
information on which future decisions can be based. This guidance does
not cover all viable approaches nor is it fully exclusive or exhaustive in
the methods which are outlined; nevertheless, it will provide a useful sup-
port framework, particularly for the person undertaking this work for the
first time. It will demonstrate the confidence which can be placed in the
outputs and will reinforce the understanding of the nature of the project
which can be obtained through the process of risk management.

12.1 Decision making

Initiating and managing construction projects requires decisions to be
made. Risk management is a fundamental technique used to facilitate
the decision-making process. Often decisions have to be made without a
complete understanding of the precise basis upon which the decision is
to be made, the reasons why it is being made or the consequences which
flow from it being made. It may not always be possible to have complete
information; however, it is important to recognise that the knowledge is
incomplete and to try to assess the extent of the gaps and the potential
consequences of taking action.
It is necessary to distinguish between the extent of knowledge and the

impact of a decision. Two commonproblems can arise. First a tendency to
delay making a decision, and second a tendency to seek more knowledge
on the assumption that this will facilitate decision making. Seeking more
information usually delays the decision-making process further.
Experience shows that introducing delay into a construction project is

often, thoughnot always, detrimental. It is therefore helpful to distinguish

229
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Table 12.1 Decision classification.

Category Extent of knowledge Impact

Self-evident decision Much knowledge High impact
Simple decision Much knowledge Low impact
Arbitrary decision Little knowledge Low impact
Risk decision Little knowledge High impact

between types of decisions. One example of a decision classification is as
shown in Table 12.1.
Obtaining more knowledge may serve to move some decisions into the

self-evident category. However, it is the purpose of risk management to
try to clarify potential risk sources and impacts even if there is never likely
to be sufficient knowledge tomake a decision self-evident. Thiswill permit
the risks associated with a particular project option or course of action to
be identified and assessed in advance of decisions being made. This does
not guarantee that the decisions would be better than a decision made
under conditions of complete information but it would ensure that major
risks are not overlooked, even if the decision may still be to proceed with
the project.
Obviously, it is the last category, the risk decision that is most impor-

tant and to which the majority of this book is dedicated. This decision
is the most difficult and yet also the most significant. Improvements in
project management depend upon improvements in the understanding,
appreciation and executionof this decision. This book is aimedat assisting
readers in this process.

12.2 Preparation for risk management

The obvious first question has got to be ‘for which projects do we need to
perform a risk analysis?’ Unfortunately, there is no simple answer to this
question. However, there are a number of project characteristics which,
if present, influence the need for risk management procedures. For some
organisations, given the combination of horror stories – for example,
long-established companies going into liquidation due to the occurrence
of unforeseen risks on a single project – and the improved access to risk
management techniques, the question is turned around to read ‘for which
projects do we not have a need to perform a risk analysis?’
This question is easier to address and is also compatiblewith the concept

of a hierarchical approach outlined in the earlier chapters. The starting
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point would be that all projects should be considered when this question
is raised. It may be that there is one or a small number of simple repetitive,
straightforward, fully controllable projects, undertaken by trained work-
ers, with appropriate equipment, in a safe environment with guaranteed
supply of raw material and guaranteed off-take or utilisation of product
and no onerous time, cost or quality criteria to meet. Should any of these
projects exist, then it may not be cost-effective to do anything further;
however, for all other projects the first stage of a risk management pro-
cess would begin. Broadly, risk management consists of potential risk
source identification, risk impact assessment and analysis, and a manage-
rial response to the risk in the context of the project. There are a large
number of variations on this general theme but the one thing they all have
in common is that risk must be managed in a systematic way via a num-
ber of stages, although the process should be regarded as iterative and the
phases are not always sequential.
The scope of the project and the plan will be modified and changed as

the risk management process progresses and it may also vary due to other
external factors which in turn may require changes in the identification
or assessment phases. Usually a top-down approach is adopted and the
project objectives are clearly defined, sometimes with the aid of the early
stages of the risk management process itself.
Once the objectives are known, there are a few simple questions which

can be asked, regardless of the size, location, novelty or complexity of the
project; these will assist in identifying the riskier projects. These questions
might include the following:

Is the client’s business or economy sensitive to the outcome of the
project in terms of the performance and quality of its product, capital
cost and timely completion?
Does the project require new technology or the development of
existing technology?
Does the project require novel methods?
Is the project large and/or extremely complex?
Is there an extreme time constraint?
Are the parties involved sufficiently experienced?
Is the project sensitive to regulatory changes?
Is the project in a developing country?

Together these questions help to identify any projects which should defi-
nitely not be undertaken by the parties and those which, although risky,
should be examined further by a rigorous identification of potential risk
sources.
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12.3 Risk identification

As stated earlier in the book, the identification process is concerned with
risk sources and not with risk effects. Broadly, three differingmethodolo-
gies were suggested: brainstorming sessions along lines similar to value
management workshops, analysis of historical data for similar projects,
and use of industrial checklists.
It is not possible to identify all possible risks, except in such a gen-

eral manner as to be of little use. Nor is it possible to know whether
all risks have been identified; but that is not the purpose of risk source
identification. Again it should be stressed that perfect predictions of the
future is not the goal of risk identification, rather it is the recognition
of potential sources of risk for our particular project which are likely to
have a high impact on the project and a high probability of occurrence.
These are filtered out of a longer list of risk sources derived from the
available data sources, people in workshops, historical data and advisory
checklists.
So far, the most preferable method of identifying risk is the use of

brainstorming, or similar techniques, which focuses each project team
member on the risks specific to the project. The process must be carefully
managed to remove individual and groupbiases as described inChapter 3.
There is also thedanger that the groupdoesnot have sufficient collective

experience to identify all the key risks, even in a general form. This is why
it is common practice to use external consultants or facilitators to prompt
and guide sessions to produce a better balance assessment of project risk
sources.
These potential sources of risk will form the framework against which

the relative riskiness of various project options can be assessed. To do
this, some form of quantitative analysis is usually undertaken.

12.4 Risk analysis

There are many methods of analysis, which require different levels of
project knowledge and different data. These can range from the ranking
of risks, which gives their relative importance but no quantifiable value,
through to pseudo-quantitative techniques which introduce time or other
parameters, to full simulation methods which provide ranges of pro-
gramme durations, costs and rates of return. Not surprisingly, different
methods will give answers in different formats but the inherent level of
actual risk associated with a real project is the same whichever method
is used.
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This causes problems for some analysts and managers who are accus-
tomed to receiving a single correct answer, irrespective of the method
used. The key principle is that all methods of analysis give answers which
reflect the inherent riskiness of the project in relative terms. Hence, if dif-
ferent methods of analysis are used, answers which appear to be different
should be expected. It is important to note that the choice of method,
or methods, to be used should be governed by the appropriateness to
the project and the circumstances at the time of undertaking the risk
analysis.
This book is not based upon one particular method; indeed it is not

a question of deciding which method must be used and following this
blindly. First, the hierarchical structure should be considered. Simple and
rapid methods of risk analysis should be undertaken as a first step, only
progressing to more complex, time-consuming and expensive methods as
necessary.
However, if major risks are present in the project then it is likely

that a full computer-based probabilistic analysis should be undertaken,
if the impacts of the risks can be quantified. There are a number of
methodologies for this but in this book the network-based, or influence
diagram based, Monte-Carlo simulation has been recommended as the
preferred method. However, it should be remembered that depending on
the particular project, type of analysismost appropriate should be chosen.
After running the software analysis package, some analysts and text

books seem to regard the process as complete; however, as has been dis-
cussed earlier, now this is not awidelyheldview. Theprocessof translating
computer software output into viable project decisions is a significant
step in the risk management of projects and is too often neglected by
practitioners. The following section describes how the outputs are used
to provide information for the decision-making process.

12.5 Risk outputs

This section of the book examines the types of output which are pro-
duced by computer-based risk analysis packages and describes how to
apply them to, explaining the key features and report options, communi-
cating these findings in an appropriate form and considering their use in
decision making.
Computer packages using a Monte-Carlo simulation will produce

results in tabular and graphical format; usually the latter is preferable.
Typically, three graphs are of interest: risk exposure, downside risks and
risk contributors within each of the main project areas.
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Figure 12.1 Risk exposure diagram.

Risk exposure diagrams

The project’s risk exposure is themost important indicator of the project’s
riskiness. Risk exposure is usually illustrated by an S-curve, showing
possible outcomes from 0% to 100% (sometimes shown as 0–1) along the
y axis and risk level as measured by a project variable (in the case of
Figure 12.1, net present value) along the x axis.
Before examining this type of diagram it is essential to understand that

these diagrams will not always show the project’s total risk exposure.
There are three reasons for this:

some risks cannot be modelled using risk analysis software;
some risks may have been omitted from the model;
some riskswhichareof lowprobability anddonot influence theoutput
greatly might have very serious consequences.

It is useful to consider Figure 12.1 carefully to understandwhat is being
shown. Many analysts like to make a quick check on the 50% outturn,
also known as the 50/50 estimate, which in Figure 12.1 is $24.4 million.
By finding the zero point on the x axis the probability of a negative NPV
can be found, in this case almost 20%.
Most useful is the range of likely outcomes that can be obtained from

the figure. These values are not deterministic predictions of the likely per-
formance of the project. The range, which is a function of the gradient of
theS-curve, is adirectmeasureof the inherent riskiness of theprojectmod-
elled and can be used to compare with other project options. The range
taken for measurement is also the basis of discussion. Some analysts take
the range from 15% to 85%. In this case that would equate to a pessimistic
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Figure 12.2 Downside risk.

NPV (15/85) of – $5.7 million while the optimistic NPV (85/15) is $77.8
million. For comparison, all project options should be compared over the
same range, using the same basic information in the models.
Downside risk is a term used to describe the adverse uncertainties asso-

ciated with project outturn. Dealing with uncertainties means that there
are two sides: the downside risk and the potential opportunities. To create
a good project, it is equally important to manage both – that is, to try to
reduce risk and to exploit opportunities.
Figure 12.2 shows the downside risk and the opportunities within each

main project element for the same simple example. Zero along the x axis
reflects thebase estimate – that is, theplannedor expected estimatewithno
allowance for risk. Using income as an example, the area between arrow 1
and the base estimate reflects the downside risk, meaning that in the worst
case the incomemaybe reducedby$2.2millionyearly from the $12million
base estimate. The area between arrow2 and the base estimate reflects that
the difference between the 50/50 estimate and the base estimate. In this
case the difference is about – $6.1 million, meaning that the base estimate
is pessimistic. Arrow 3 reflects the highest possible yearly income, which
is about $31 million. This value assesses the improvement over the base
estimate, in this case $12 million, making a total of $42 million.
The figure shows that income has some downside risk and also some

attractive opportunities. A similar exercise could be done for other vari-
ables. Here project cost is shown to have more downside risk than
opportunity, but the existence of opportunities is also indicated. The
operational cost is well defined and hence there is neither much downside
risk nor opportunity to consider improvements.
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Figure 12.3 Risk contribution of project phase in terms of total NPV.

The risk contributors are the variables contributing to the goal risk,
which in this case are measured in terms of a project variable – that is, the
net present value.
Figure 12.3 clearly illustrates that the most important phase of the

project, used as a simple example, is the sales phase, consisting of mar-
ket size, market share and unit price. This phase contributes to 90%
of the NPV risk. The construction phase, construction and equipment,
contributes only 10% of the NPV risk.
These results should be presented in ways which are relatively easy to

understand. Start with the main risk assumptions and the risk assess-
ments. Focus on the presentation, usually concentrating on plots and
graphs as a clearer more concise medium for communication than text or
tables of figures. It is not advisable to use difficult statistical parameters
in the output diagrams, if you are not confident that all members of the
project teamwill fully understand them. Someof the resultsmay comeas a
surprise, but as long as the project team agrees with the risk assumptions,
the model and the risk assessments, the results are not debatable.
It is unlikely that a risk analysis for a specific project will be limited to a

single set of results. The aimof riskmanagement is to formanunderstand-
ing of the nature of the project and its likely behaviour under conditions
of uncertainty. Consequently, a process of iteration is often required. To
test the sensitivity of ranges of variables, of assumptions and of models,
changes are often made and analyses repeated. This continues until the
analyst is confident that the results reflect the nature of risk in the project
and not the analyst’s approach to risk analysis nor the biases of those
participating in the exercise.
Triple estimates of activity duration and/or costingwill have beenmade

and these may need to be modified or adjusted. In cases of genuine
uncertainty it might be necessary to assess the sensitivity of the expert
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judgement or knowledge used to provide the input data for the computer
package. Risk analysis is a process, which very often, if not always, needs
adjustment. It is very important when presenting results to go back to the
initial risk assumptions to clarify that these still reflect the project risk. If
not, they should be adjusted and new results produced.

12.6 Models

The case studies have illustrated models and the resultant outputs. In this
book the models are relatively simple. There may be circumstances under
which more complex models are justified, provided that they are realistic
and that data are available to support them. As a general rule, models
shouldbekept as simple as possible (‘Occam’s razor’, i.e. the principle that
the minimum possible assumptions are to be made in explaining a thing).
It may be necessary to prepare programmes and costs or other types of

estimate in detail in order to understand the underlying issues includ-
ing risk. However, as shown in the Channel Tunnel Rail Link (see
Chapter 11), it is good practice to identify the main risks separately and
combine most of the other elements and treat them as a single risk. Cost
increases might be directly related to delays, but these do not necessarily
require a mass of detailed records. The New Industrial Plant in Chapter 7
shows that the programme need not be complex.
While a full critical path analysis is not essential, it is important to

understand the main activities which occur in a construction project
and their logical sequence. For risks, it is useful to model the interfaces
between key elements correctly, particularly as this is often a source of
delay. The main interfaces include those:

between design groups;
between design groups and specialists;
between design and procurement;
between design and construction;
between the project manager and the client.

The main interfaces between the project manager and the client include
deadlines for decision making and granting of approvals.
The fundamental issue concerns the degree of advancement undergone

by an activity before succeeding activities can be permitted to commence.
Hence the simplified programmes for risk analysis should contain the
critical activity durations as well as any overlap or delay criteria, to reflect
realistic project options.
In cases where a full life cycle of the project is being subjected to

risk analysis, such as the New Industrial Plant in Chapter 7, activities
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must be included in sufficient detail for the operation, maintenance and
decommissioning phases.

12.7 Communication

It is very important that the risk management process is handled in such a
way that the project personnel are made to feel that they ‘own’ the results.
Whatever sophisticated risk management software packages are used, it
is the people in the project management team who make decisions and
it is a primary function of risk management to communicate clearly to
all members throughout the duration of the project. Without effective
communication, risk management cannot operate. Indeed, one of the
biggest risks on any project is a lack of communication which can lead to
a lack of shared understanding of the project and its objectives.
The team need a high degree of involvement in the identification and

quantification phases, and the results emerging from the analysis must be
clearly understood and communicated within the project organisation.
This is crucial for any project which wants to succeed using risk man-
agement as a tool to improve project monitoring, control and overall
performance.
Frequently, the communication can be undertaken using the risk out-

put diagrams. Consider the following changes to the simple example in
Figures 12.1–12.3. It is now decided to spend an additional $1.5 million
to achieve a market share increase of between 2% and 5%. There is also
an option to increase the market further at a cost of $2 million and an
improvement to the product allows a small increase in selling price. As
discussed earlier construction and equipment contributed very little to
the total risk exposure. Therefore, start construction as soon as possible,
and order the equipment and machinery now as there may be lead time
on some items. Include the information in the model, run it again and
examine the output (Figure 12.4).
The 50/50 value for NPV in year 7 increased by approximately $40 mil-

lion. Note the difference between curve 1 and curve 2 which is the result
from the updated model, including the action’s costs and benefits. Using
this and other appropriate formats, information about the riskiness of a
project can be communicated quickly, simply and easily.

12.8 Summary

This book sets out several techniques available to construction project
managers and their teams and puts the management of risk into a wider
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Figure 12.4 Revised risk exposure diagram.

context than is the norm. Examples of case studies, both hypothetical and
real are used to demonstrate important principles and to generate risk
outputs for discussion and review. The use of risk management undoubt-
edly brings many benefits to the construction project manager; however,
unless conducted rigorously it can become stale and ineffective and in the
worst cases reactive rather than proactive.
The purpose of the riskmanagement process is tomake effective project

management decisions about what happens on the project tomorrow. It
has to focus on the future, because future is the only dimension in which
we can make effective change; yesterday has already happened and today
things are in progress – so we must concentrate on actions and decisions
which affect things fromnowonwards until the termination of the project.
The book is aimed both at undergraduate and postgraduate students

and at the increasing numbers of engineers, surveyors and other profes-
sionals who are being required to study risk analysis during university
courses and to develop this further through their professional practice.
The needs at the practical level are significantly different from the needs
at the theoretical level, and by isolating itself from detailed mathematical
procedures the book concentrates on the provision of assistance with the
execution of a practical risk analysis.
This book is a companion volume to the earlier Blackwell Science

publication Engineering Project Management and the processes of risk
management outlined here are fully compatible with the recommended
project management philosophy and procedures.



Jobling: “index” — 2005/9/27 — 20:39 — page 240 — #1

Index

Page numbers in italics refer to illustrations

admeasure, 148, 148, 157–9
alliances, 155–6
analysis of inter-connected decision

areas (AIDA), 65
analyst, requirements of the, 105
analytical mechanisms, 108–10
appraisal, see project appraisal
arbitrary decision, 230
Association for Project

Management’s Project Risk
Analysis and Management
(APMPRAM), 3, 27

basic appraisal system, 112
bond rating categories, 170
bonds, 147, 174, see also individual

entries
definition of, 168
long-term bonds, 165
rating of, 169, 170

BOOT approach, 9, 150
borrowers, 166, 168, 172–3, 175
budgets, 5, 13, 15, 95, 98, 173, 228

project budget, 38, 46
and project programmes, review

of, 57–60, 62
for residual risks, 64
and risks, 141, 175, 179, 194, 196

build–operate–transfer (BOT), see
design–build–finance–
operate
(DBFO)

build–own–operate–transfer
(BOOT), see design–build–
finance–operate
(DBFO)

Cadbury Committee’s report, 187
case study/case studies, 202–28

of models, 237
in risk assessment, 203–4

for risk modelling and
simulation, 118–28

of SSM, 68–77
in value planning, 140–42

cash flow risk, 179, 184, 190
CATWOE, 67, 70–72
ceteris paribus, 47, 49
Channel Tunnel project, 11–12, 20,

30, 175, 209–10
Channel Tunnel Rail Link

(CTRL), 20, 202, 208–12,
224, 237

Checkland, Peter, 66
commercial risk, 142, 178–81, 185
commissioning risks, 45, 127–8,

129, 132–4
communication, 45, 223

as issue, 146
as logistical risk, 179
in risk management, 13–14, 26,

28, 33–4, 198, 219, 238
in risk reduction, 88

completion risk, 45, 178–9, 184
concession contracts, see also

concession projects
financial risk in, 177–80
global and elemental risks in,

180–86
concession projects, 164, 183–6, see

also concession contracts
packages associated with, 182
risks for, 179–81
risk types, in the context of,

177–8
construction projects, 1–4

and decision making, 229
risk allocation in, 143
SSM in, 68–77
uncertainity in, 81

construction risk drivers, checklist
of, 45

construction work, 1, 119, 215
contingency fund estimation,

principles of, 94–6
contingency funds, 38, 171
contract award, 85–7, 139, 148,

160–63
contracting and procurement cycle,

136–63
contracting process, 136, 137
contractors, 72–7, 93–4, 160–63
contingency fund estimation by,

94–6, 143–4
and risk assessment, 219
and risks, 61–4, 69–72, 88
in tendering projects, 156, 174

contracts, see also admeasure;
concession contracts

as identified risks, 32
known and unknown risks in,

142–5
convertible bonds, 169
convertible preference shares, 168,

171
convertible unsecured loan stock,

168
corporate risks, 199, 200
cost analysis, in global and

elemental risks, 184
cost–benefit analysis, 83–4
cost models, 7, 112, 220–27
cost reimbursable and target cost,

148, 157, 159–60
cost risk analysis, 220–22, 226
cumulative frequency diagram,

109, 133
currencies, in financial risks, 174–5

data management, in RMS, 108
decision classification, 230
decision making, 18–19,

54, 64, 106, 111, 198

240



Jobling: “index” — 2005/9/27 — 20:39 — page 241 — #2

Index 241

assistance in, 114
in projects, 2–5, 12
in risk assessment, 39, 233–7
in risk management, 229–30

decision trees, 99–100
Delphi method, 97–8
demand risks, 179
design–build–finance–operate

(DBFO), 9, 19
discount rate, 129–30, 174, 182

in NPV calculation, 117, 125
dividends, as financial risk, 174,

182, 193
double-counting, 45
downside risk, 7, 29, 233, 235
DynRiskTM software, 205–6

Ebbsfleet site, 211–12, 212, 218,
224, 228

economic parameters, in project
risks, 51

effectiveness and cost of change
over time, 145

elemental risks, in concession
contracts, 177, 180–86

embargo, as logistical risk, 179
engineering risks, 84–7
environmental risks, 45, 84, 142,

180, 181
equity, 153, 156, 164, 166, 169–77,

182, 192–3
Eurotunnel the concessionaire, 11
export credit guarantee department

(ECGD), 185

fast-track approach, 149–50
fast-track development (FTD),

53–4
fast-track projects, 19, 150
‘fee contracting’, 138, 159
feedback, 6, 15, 16, 67, 115, 198
final cost model, 226–7
finance charge, 131, 134
financial analysis, 183–4
financial market analysis, 183, 184
financial risks, 45, 103, 192

in concession contracts, 177–80,
182

management of, 164–86
typical financial risks, 174–6

financing projects, appraisal and
validity of, 171–4

floating rate bonds, 169
framework agreements, 152–3

gateways, 15
global risks, 142, 177, 180–85
group, in risk management process,

28–30
groupthink, conditions likely to

foster, 29
group workshop, approach to

facilitating, 30–33

high grade bonds, 170
high-speed rail link, 209, 212
human aspects, of risk

management, 24–35
HVAC (heating, ventilation and air

conditioning), 14

identified risks, 31, 38, 44, 60, 61,
62, 90, 94, 108, 190, 196, 205

hierarchy of, 32
index-linked bonds, 169
individuals, in risk management,

28–30
inflation and foreign exchange risk,

179, 184
inflation-protected bonds, 169
inflation rate, 114–17, 125, 130–31,

134
influence diagram method, 106–7
influence diagrams, 98–9, 106–7,

202, 205–6, 233
information technology,

contribution of, 102–135
Institute of Chartered

Accountants, 187
Institution of Civil Engineers

(ICE), 76
insurable risks, 179, 184
interest during construction (IDC),

170
interest rates, 114–17, 167–8, 169,

171, 174, 182
intermediate stations, 214, 218, 224
internal rate of return (IRR), 51,

108–9, 130–34, 173, 175–6
iso-risk curves, 42, 51, 52
iteration, 49, 90, 109, 126, 143, 236

of risk and value management,
41, 54–5

junk bonds, 168

known risks, 4, 142–5
known unknown risks, 4

Lamb, C.W., 41, 192
Latin Hyper-Cube sampling,

100–101
legal risks, 45, 178, 181, 192
lenders, 164–6, 169, 171–5, 181,

183, 185, 199
less innovative design, 207
loan, 164–8, 171–6, 178, 182
logistical risks, 179
London and Continental Railways

(LCR), 227–8
low grade bonds, 170

major construction and PFI
projects, managing financial
risks in, 164

management of risk, see risk
managemnet

market analysis, 183–4
market intelligence, 21, 78
maturity, in loan structure, 164
mechanical and electrical

equipment, 214, 216, 218
medium grade bonds, 170
Merna, A., 41
Merna, T., 194
mezzanine finance, 168
microtunnelling projects, 71–2
model behaviour, 107
model evaluation, 107
modelling and simulation, of risks,

102–135
modelling using RMS, 107
model representation, 107
models, in risk management,

237–8, see also individual
entries

Monte-Carlo technique, 89–92,
101, 107, 126

Moody’s investor service, 169–71
mortgage, 166–7
multidiscipline projects, 14–15



Jobling: “index” — 2005/9/27 — 20:39 — page 242 — #3

242 Index

National Audit Office (NAO), 11,
33, 49

net present value (NPV), 51, 53,
117, 125, 175, 203, 234–9

new industrial plant, 118–24,
128–30, 237

operation, maintenance and
training (OMT), 140–42

operational risks, 178, 182
optioneering, 52, 55
ordinary share, 168, 170–71
ownership, 5, 27–8, 34, 44, 57, 150,

152–3, 181, 187, 196, 213

partnering arrangements, 15,
139–40, 144–5, 154–5

payback, 51, 116, 124, 125, 130,
130–31, 174–5, 182

payment choice, 148
payment mechanism, 72, 74, 77,

136, 143, 146, 156–60, 163,
167

performance and operating risk,
179, 184

plain vanilla bonds, 168
policy analysis and model use, 107
political risk(s), 45, 106, 178–81,

184–5, 192
portfolio theory, 97
preference shares, 170
priority, in risks, 50–51
private finance initiative (PFI)

projects, 9–10, 49, 52, 116,
164–86

private sector projects, 9–10
probabilistic analysis, 89–92, 126,

233
probability analysis, 49, 126, 133–5
probability impact, 50, 53, 60, 141
probability/impact grid (PIG), 60
probability sensitivity analysis, 50
problem definition, in modeling

processes, 107
procurement strategy, 10, 41, 61,

63, 211, 213, 219–20
programme activity ranges, 224
programme and constraints, in

CTRL, 211
project analysis, 183
project appraisal, 16, 18, 20–23, 36,

40–43, 58, 78–9, 103–4,
107–8

essential aspect of, 84, 85–7
iteration of risk and value

management, 54–5
risks during, 51–2, 97, 143, 163,

177, 194, 196
and selection, 79–82
system of, 112, 113
and validity, 171–4

project cash flow, 51, 84, 85–7, 117,
129, 165, 167, 179

project constitution, 11–13
project duration, in risk

assessment, 204
project environment, 9–23, 75, 152
project evaluation, 41, 82–4
project financing, 164–6, 185
project key data, in risk

assessment, 204
project management information

systems (PMISs), 7
project organisation, 13–15, 24, 28,

34, 238
project phases, 15–18, 19
project planning, 6–7, 15, 17, 88
project programmes and budgets,

57–9
project risk(s), 2–7, 18, 24–5, 34,

149, 158–9, 163, 172, 202–3
identification of, 232, 237
and project analysis, 184
in risk management model, 40,

199, 200
understanding of, 44–52

project risk exposure, 147
promoter, 5, 11, 21, 150, 164, 166,

172, 181, 185, 209
in financial risks, 176–7

promoter–investor, equity
financing contract, 176–7

promoter–lender, debt financing
contract, 176

public sector projects, 9, 164
public-private partnerships (PPP),

9, 165

qualitative methods, 64–6
and soft systems methodology,

57–77
qualitative risk assessment, 39, 57
quantification, in risk management,

32–3, 83, 90, 194, 219, 238
quantified risks, in risk model, 205

quantitative methods, for risk
analysis, 39, 78–101

quantitative risk analysis (QRA),
95, 99

realistic modeling, data
requirements for, 102,
115–17

redeemable preference shares, 168,
171

refinancing, 49, 165, 169, 171, 173,
175

Reichmann, P., 187
reimbursable approach, 149
reliance, on computer output, 115
re-schedule, in risk identification,

206–7
return on investment (ROI), 176
revenue bonds, 167
revenue risks, in concession

projects, 183
revised risk exposure diagram, 239
risk allocation, 18, 41, 64, 74, 94,

143, 185, 193, 196, 208
in contracting and procurement

cycle, 136–63
and payment mechanism, 156–9
strategies of, 75–7, 145–55

risk analysis, 24, 26–34, 45–6, 51,
184–6, 190, 197, 203, 205,
212–13, 232–4, 236–9

cost model in, 221–3
need for, 183
preliminary schedule results of,

225–8
in projects, 36, 39–40, 58, 74,

108, 230
qualitative analysis of, 53
quantitative methods for, 78–101
techniques of, 47, 107, 111,

113–15, 117, 142, 163, 195,
208

risk and value management, 36–56,
see also value and risk
management

applying, 41–3
iteration of, 54–5
in project appraisal, 42

risk assessment, 7, 20, 26, 30, 33–4,
189, 236

adjusted schedule of, 207
case studies of, 203–4, 213,

219–24



Jobling: “index” — 2005/9/27 — 20:39 — page 243 — #4

Index 243

of CTRL, 208–9, 226
by the employer, 64
initial schedule of, 206
for an organisation, 197,

198–200
in projects, 10, 15, 18, 90, 136–7,

171
qualitative methods of, 39–40, 57
ways of, 28

risk averse, 25, 28, 70, 144, 188
risk contribution, 204, 207, 233,

236, 236
risk control process, 40
risk decision, 230, 230
risk distributions, 51, 54, 90, 90,

146
risk evaluation, 51–2, 139
risk exposure, 5, 37, 37, 42, 62, 84,

136, 146, 148, 161, 175, 204,
233–4, 238

risk exposure diagram, 234, 234,
239

risk identification, 31–2, 44–5, 87,
93, 183, 189, 190, 195, 197,
217

case studies of, 204–8, 213–14
in risk management process,

27–8, 232
in risk modelling, 123
in standard risk management

model, 40
risk log, 57, 60–64, 77
risk management software (RMS),

102, 114–15
analytical mechanisms of, 108–9
classification of, 110–11
data management using, 108
modelling using, 105, 107
purpose of, 103–5
selection of, 111–13
as a term, 7

risk management, 75
benefits of, 191
case studies of, 203–11, 213
in corporate organisation, 188
at corporate, strategic business

and project levels, 187–201
cycle of, 195
guidance in, 229–39
and human aspects, 25–6
mechanism of, 195, 195–6
model of, 40–41, 194–200
modelling a project for, 113–15
in organisations, 26–7

preparation for, 230–32
process of, 27–30, 189–91,

212–18
reason for, 193–4
in risk analysis, 87–9, 93–4
strategy of, 5–6, 62–4
and value management, 52–4

risk modeling, 27, 32–3, 53–4, 90,
95, 101, 204–5, 208, 219, 223

programme risk models, 221
and simulation, 102–135
types of, 220–21

risk outputs, 233–9
risk reduction, 88, 208
risk register, 44, 60, 95, 190,

196–201, 219
risk response, 40, 81, 99, 188, 191,

195–7
risk review, 40
risk sources, 2, 45, 98, 139, 230–32

classification of, 4
risk to activity, 87
risk transfer, 10–11, 42, 62–3, 82,

92, 137, 142
risk variables, 108, 123–4, 127
risk workshop, 28, 30–33, 200
risk(s), see also individual entries

allocation of, see risk allocation
analysis of, see risk analysis
assessment of, see risk

assessment
commissioning risks, 127–9,

132–3
in concession contracts, 180–86
construction risk drivers, 45
control process of, 40
distribution of, 90
engineering risks, 84–7
evaluation of, 51
exposure of, 37, 147, 234, 239
financial management of, 164–86
global and elemental, 180–86
identification of, 31–2, 44–5,

204–8, 213–14
known and unknown kinds of,

142–5
management of, see risk

management
modelling and simulation of,

102–135
modelling of, 220–21
outputs of, 233–7
project phase on, effect of, 18–20
and projects, 1–8, 44–51

in projects, understanding of,
44–52

recognition of, 191–3
response to, 92–3
risk log, 60–64

sanction risks, 126–9, 131–3
sensitivity diagram for, 48
sources of, 4
and uncertainty, 81–2
and value management, 36–56
variables in, 123–4
workshop of, see risk workshop

risk-drivers, 45
root definitions, 66, 66, 70–75, 77
route sections, 214, 217–18, 226
Royal Assent, 211, 214, 220, 225
Royal Institute of British

Architects (RIBA), 15, 16
royalty agreements, 168

St Pancras terminus, 214–15
sanction risks, 126–33
Sarbanes-Oxley Act, 187
scenario analysis, 49, 114
self-evident decision, 230
sensitivity analysis, 42, 46–9, 109,

123, 126, 131–2, 134–5
sewage treatment plant (STP), 140
Simister, J., 193
single discipline projects, 13–14
soft systems methodology (SSM),

and qualitative methods,
57–77

sovereign risk, 179
special project vehicle (SPV), 170
spider diagram, 47, 131–2
strategic business units (SBUs),

192, 196, 198
strategic options development and

analysis (SODA), 65
system conceptualisation, 107

technical risks, 103, 141, 146, 178–9
traditional procurement methods,

14
tunnel-boring machines (TBMs),

214, 216, 220, 224, 225
Turnbull report, 187–9



Jobling: “index” — 2005/9/27 — 20:39 — page 244 — #5

244 Index

Turner, R., 193
Turnkey/package deal approach,

150–51

uninsurable risks, 179, 184
unknown unknown risks, 4
unsecured loan stock, 168

value and risk management, 36–56,
40–42, 52–4

value for money (VFM), 10, 18, 36,
41–3, 53–5, 63, 161

value identification, 42–3
value management, 19–20, 139–42,

232, see also value and risk
management

value planning, 42, 43, 52, 140–42
variable distribution, 117–18

Weltanschauung, 67

zero-coupon bond, 169


	MANAGING RISK IN CONSTRUCTION PROJECTS
	Contents
	Preface
	Authors Biographies
	Acknowledgements
	Chapter 1 Projects and Risk
	1.1 Construction projects
	1.2 Decision making
	1.3 Risk management strategy
	1.4 Project planning
	1.5 Summary

	Chapter 2 The Project Environment
	2.1 Projects
	2.2 The project constitution
	2.3 Project organisation
	2.4 Project phases
	2.5 Effect of project phase on risk
	2.6 Project appraisal
	2.7 Summary

	Chapter 3 Understanding the Human Aspects
	3.1 Risk management – people
	3.2 Risk management –organisations
	3.3 The risk management process
	3.4 Some guidelines to the risk management process
	3.5 The risk workshop
	3.6 Communication
	3.7 Summary

	Chapter 4 Risk and Value Management
	4.1 Introduction
	4.2 Approaches to the management of risk
	4.3 The standard risk management model
	4.4 Applying risk and value management
	4.5 Value management processes
	4.6 Understanding the project risk
	4.7 Applying value and risk management
	4.8 Iteration of the process
	4.9 Summary

	Chapter 5 Qualitative Methods and Soft Systems Methodology
	5.1 Qualitative risk assessment
	5.2 Review of project programmes and budgets
	5.3 The risk log
	5.4 Using a risk log to formulate risk management strategy
	5.5 Qualitative methods
	5.6 Soft systems methodology
	5.7 Case study:SSM in the use of the placement of construction projects
	5.8 Summary

	Chapter 6 Quantitative Methods for Risk Analysis
	6.1 Sanction
	6.2 Project appraisal and selection
	6.3 Project evaluation
	6.4 Engineering risks
	6.5 Risk management
	6.6 Probabilistic analysis
	6.7 Response to risks
	6.8 Successful risk management
	6.9 Principles of contingency fund estimation

	Chapter 7 The Contribution of Information Technology to Risk Modelling and Simulation
	7.1 Purpose of RMS
	7.2 When to use RMS
	7.3 Requirements of the analyst
	7.4 Modelling and simulation
	7.5 Modelling using RMS
	7.6 Data management
	7.7 Analytical mechanisms
	7.8 Classification of RMS
	7.9 Selection of RMS
	7.10 Modelling a project for risk management
	7.11 Data requirements for realistic modelling
	7.12 Choice of variable distribution
	7.13 Case study
	7.14 Case study simulations
	7.15 Analysis of the result
	7.16 Discussion of findings
	7.17 Summary

	Chapter 8 Risk Allocation in the Contracting and Procurement Cycle
	8.1 Typical contracting and procurement processes
	8.2 Value planning case study
	8.3 Known and unknown risks in contracts
	8.4 Risk allocation strategies
	8.5 Risk allocation according to payment mechanism
	8.6 Contract award
	8.7 Summary

	Chapter 9 Managing Financial Risks in Major Construction and PFI Projects
	9.1 Project financing
	9.2 Types of finance
	9.3 Appraisal and validity of financing projects
	9.4 Typical financial risks
	9.5 Promoter
	9.6 Financial risk in concession contracts
	9.7 Global and elemental risks in concession contracts
	9.8 Summary

	Chapter 10 Risk Management at Corporate, Strategic Business and Project Levels
	10.1 Introduction
	10.2 Risk management
	10.3 The risk management process
	10.4 Benefits of risk management
	10.5 Recognising risks
	10.6 Why risk management is used
	10.7 Model for risk management at corporate, strategic business and project levels
	10.8 Summary

	Chapter 11 Case Studies
	11.1 Introduction
	11.2 Case study –cruise ship design and fabrication programme risk assessment
	11.3 Risk identification
	11.4 The Channel Tunnel Rail Link (CTRL)
	11.5 Brief history of the CTRL
	11.6 The risk management process
	11.7 Risk assessment, analysis and response
	11.8 Summary of the preliminary schedule risk analysis results

	Chapter 12 Guidance in Practical Risk Management
	12.1 Decision making
	12.2 Preparation for risk management
	12.3 Risk identification
	12.4 Risk analysis
	12.5 Risk outputs
	12.6 Models
	12.7 Communication
	12.8 Summary

	Index


