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ABSTRACT

Risk management of building project budgets - A thesis by Simon Howard
Jackson, submitted in December 2000, in partial fulfilment of the requirements of
Sheffield Hallam University for the degree of Master of Philosophy.

All too often major public building projects make the national headlines for being
financial disasters, rather than significant engineering achievements that contribute to
the improvement of our built environment. This research is concermmed with the
development of a conceptual risk management model, to be used by quantity surveyors,
during the establishment of initial budgets for building construction projects.

The thesis is introduced with a discussion about the problem and challenge of accurate
budgeting in the UK Construction Industry. Literature is then reviewed in the
development of the risk management discipline, including consideration of the various
definitions of both risk and risk management. The research then focuses on the
establishment of the capital cost of construction for building projects, which also deals
with a detailed assessment of risk management systems, tools, and techniques. A
selection of commercial risk management software is also appraised.

Industrial application of risk management when estimating initial budgets for building
projects is investigated by use of a postal questionnaire survey of 125 quantity
surveying practices in the UK. Budget estimating base methods are clarified, causes of
cost overruns are identified, and, in particular, the awareness, use, and performance of
risk management tools and techniques is determined. Eleven structured interviews with
professionals are carried out to validate and qualify the survey findings.

Based on this research a model is developed representing a risk management system
framework which embraces the best performing tools and techniques. A project is
selected as a case illustration and the use of the integrated model is demonstrated within
a quantity surveying practice.

Conclusions are drawn from the research, including the requirement to facilitate risk
management within a qualitative framework. Risk itself is identified as presenting both
problems and opportunities, and the quality of information, interpretation of language,
change, and human inputs, all have an influence on establishing accurate building
project budgets.

It is recommended that further research should attempt to understand more clearly the
issues of uncertainty, risk attitude, and change. This includes the possible development
of a standard financial risk rating scale for the construction sector, coupled with the
monitoring of industrial risk trends, and assessment of information on the reasons why
building project budgets change from their initial estimates.
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CHAPTER 1 - INTRODUCTION

1.1 Introduction

All too often major public building projects make the national headlines for being
financial disasters, rather than significant engineering achievements that contribute to
the improvement of our built environment. In the mid-1990s, a British Government
investigation revealed that more than one quarter of construction schemes finished over
budget (HM Treasury, 1995). Further to this, a survey of Construction Industry clients
found that nearly one third complained that their projects generally over-ran budget
(Barrick, 1995). This problem continued through the latter part of the decade with the
Construction Clients Forum (1997) reporting that sixty per cent of clients said that cost
targets were not being met. At the start of this new decade, only forty-five per cent of
projects are being completed within budget (Department of the Environment, Transport
and the Regions (DETR), 2000a). The Construction Industry has, therefore, acquired a

poor reputation for delivering projects over budget.

This chapter sets the scene for this research. It begins by presenting some actual project
examples illustrating the above problem, and then proceeds to view how the British
Construction Industry and, in particular, its professional quantity surveyors, are
responding to the challenge of accurate budgeting. The chapter will also explain the
focus and limitations of the work, including the aim and objectives, and an overview of
the research methodology. A chapter-by-chapter explanation of the structure of the
thesis is also provided, and, as with every chapter, a concise summary is made at the

end.



1.2 The problem of cost overruns in the Construction Industry

On numerous occasions the problem of construction cost overruns has been investigated
by the British Government’s National Audit Office (NAO). Examples of building
projects include the British Library, Guy’s House, and Portcullis House. The British
Library officially opened in 1998, and is one of the largest public buildings ever erected
in Britain. At £511m, it was three times over the original budget (Harlow and Syal,
1995). Blame was directed towards politicians and the government agency management
team who continuously changed the project's personnel and the responsibilities of
individuals (Spring, 1997). There was also criticism of the contractual arrangement
used, which adopted a cost-reimbursement approach, meaning that the consultants and

contractors had little financial incentives to keep within the cost limits.

The second example concerns the third phase of a hospital redevelopment project. At
£152m, Guizs House doubled its original budget (NAO, 1998). Some cost increases
were reported as being unavoidable due to changes in the health service's statutory
requirements, building regulations, and a new liability for VAT, but, other increases
might have been avoided. These include increases due to failure to freeze design,
significant design changes, delays to the building works, inflation, a large number of
disputes and claims associated with the construction, and the insolvency of major works
package contractors. The NAO's recommendations included the need to have complete
and realistic costings backed up by a full risk analysis, to identify the risks involved in

using a particular contract strategy, and to take appropriate action to minimise them.

The third example of the problem is the new parliamentary office building which stands

opposite the Houses of Parliament in London (Barrie, 1999a). At £250m, Portcullis



House’s budget has also doubled (Wheeler, 1998). Built on a difficult site with a unique
project brief, these factors have led to this becoming one of the most expensive building
ever constructed in Britain (Barrie, 1999b). The original budget estimate was first
revised after the cladding works package tender came in well over budget, and the
budget had to be increased again when problems were caused by complications with an
underground station sitting directly below the site (Barrie, 1997a). A statement from a
Member of Parliament set out justification for the increased costs as attributed to
inflation, delay in handing over the site, and for approved additional design costs
(Baldock, 1999). The latter includes bronze cladding to extend the life of the building,
electronic door locks, internal security measures, the inclusion of the parliamentary

information systems network, and increased health, safety, and fire regulations.

At the start of a new decade, history is repeating itself, with another new parliamentary
building grossly exceeding its original budget limit. The Holyrood Project in Glasgow
will not be complete until 2002, but since the original 1998 feasibility cost estimate of
£90m, it is now expected to cost £195m (Scottish Parliamentary Corporate Body, 2000).
The main reason for the addition was the need for extra space requirements, which
almost doubled, and therefore led to knock-on effects of increased contingency, fees,
VAT, fitting-out, and programme delays. The problem that is common to each of these

project examples is "change".

Flanagan and Tate (1997) have discussed how the process of change in the Construction
Industry, and the environment, now seems to be never ending and hectic. However,
they clearly state that, what has not changed is the importance of effective cost control

from the early stages of design through to project completion, and that clients want



certainty of price and projects constructed within budget. They explain how change has

come about by reference to four pressures:

"1. Society is having to cope with rapid technological and sociological change
at a pace never seen before. Managing risk, avoiding unpleasant surprises,
ensuring value for money and speeding up the overall project delivery time is
important for clients."

"2. The second pressure is that construction projects are more complex. This
has been brought about, in part, by the requirement of the clients who know
what they want to achieve. In brief, clients’ requirements are becoming more
complicated and more demanding.”

"3. The third pressure stems from the increased number of groups who have an
interest in a projects."

"4. The fourth pressure stems from modern practice in design, where new ideas,

techniques, materials and components are used."

Flanagan and Tate, 1997.

In construction, therefore, change means risk. One Chief Executive of a construction
company said that "As long as you are capable of assessing the risk, the margins you
can achieve by working in construction are ok" (Barrie, 1997b). This view was
reinforced by another head of a construction firm who said that "If you’re not going to
be a risk taker in construction, you should leave the industry" (Barrie, 1997c).
However, more recently, although the industry is currently enjoying a busy time, there
are headlines about well established contractors going into receivership (Allen, 2000).

One builder said that "Banks on the whole don't like construction, because it always



involves too much risk" (Jones, 2000). Therefore, although risk is inherent in

construction, one thing is certain, it is not easy to manage.

1.3 The challenge Qf cost certainty for building project budgets

With change, there appears to be evidence of a vicious circle present in building
construction, where innovation attempt to improve the value for money of projects, but
this is then followed by increased complexity, and therefore, an increased degree of
uncertainty faced. However, when methods of mitigating this risk have been developed,
further innovation again leads to new complexities, and thus, to more uncertainty. No
matter how many times professionals look back and try to learn from the problems that
have been overcome in the past, this will always be a challenge that the Construction
Industry faces. What is now required are improved management methods that can help
design and construction teams to react quickly and effectively to evolving situations
where there is no historical information available. The challenge facing the

Construction Industry is to deliver projects within budget.

At the beginning of the last decade, Brandon (1990a) stated that in construction the new
orthodoxy is to accept risk and uncertainty. He explained that it has been recognised
that the key decisions are made in the very early stages of the design process, and the
task, therefore, is to discover techniques, procedures, and information support that will
improve decision-making at this critical point. Nearly ten years later, Brandon (2000)

said:

"... we realise that we cannot actually forecast the future particularly well" ...

"our job is to assess what the risks might be in the future, but, at the same time,



bring in management processes that allow us to minimise the risk or adapt to
changing circumstances" ... "there is a world of difference between predicting
the future and thinking intelligently about it, and I wonder whether sometimes
we place too much emphasis on trying to get tools which will predict (sometimes
you have to do that), but what we should be doing is thinking intelligently about
it and creating the paradigms that will allow us to have an improved society in

the future."

Brandon, 2000.

Attempts are being made to improve the Construction Industry’s poor reputation. In
1994, Sir Michael Latham set out an agenda for action, which demanded changes in
culture, attitude, and procedures, with the objective of ensuring value for money and
certainty of outcome (Latham, 1994). Latham said that "No construction project is risk
free. Risk can be managed, minimised, shared, transferred, or accepted. It cannot be
ignored". This work was followed in 1998 with a report by Sir John Egan, "Rethinking
Construction” (DETR, 2000b). The "Construction Best Practice Programme" was
subsequently set up, supported by the DETR and the Construction Industry Board
(CIB), to raise awareness of the benefits of best practice, and provide guidance and
advice to UK construction and client organisations so that they have the knowledge and
skills required to improve the ways that they work (CIB, 2000). The main focus is
transformation of outdated management practices and business cultures, and risk

management is one of fifteen new business improvement themes proposed.

In addition to the above initiatives, under a corporate governance code that came into

effect last year, directors of listed firms must now carry out an assessment of the way



they handle risk (King, 1999). This means that directors have to take a systematic look
at the risks that their company faces, and must provide a full description of how they do
this to satisfy auditors and shareholders requirements. The issues include health and
safety, financial procedures, environmental risks, and regulatory compliance. The code
means that, for the first time, directors will have to comment on what they are doing
about risk in their annual reports. A Finance Director of a construction company said
that "the code is a heavy compliance burden for contractors in a high-risk industry", but
welcomed the idea that businesses would be more transparent, and it is a good

opportunity to show that the industry is "trying to put its house in order" (King, 1999).

In an attempt to avoid bidding for loss-making jobs, and also to examine their financial
and operating controls, a major contractor has hired management consultants to examine
its risk management strategy (White, 2000a). The Chief Executive said "It could well
be that spending half a million pounds on a soil investigation is worth it in order to
avoid a major delay at a later date". White (2000b) also reported on how a major
contractor is to invest in a internet based knowledge management system to allow staff
access to detailed information on past projects. This will contain information about
where projects went well, and how problems were overcome, or could have been

avoided.

Seeley (1996) explained that cost management has become the most important single
facet of the work undertaken by the quantity surveyor (QS), with the prime objective of
controlling construction costs and obtaining value for money, set against perceived
performance expectations. Recently, chartered surveyors have been asked by the

Government to provide information for construction "Key Performance Indicators"



(KPIs) for cost predictability (Martin, 2000a). This is one of ten headline KPIs that
were produced by the DETR in response to Sir John Egan report (DETR, 2000c). The
new survey will provide cost predictability both from inception (commitment to invest),

and start on site (commit to construct), to final completion (available for use).

In the early nineteen-nineties, the Royal Institution of Chartered Surveyors (RICS)
produced a report concerning the future role of the Chartered Quantity Surveyor (RICS,
1991). It emphasised the need to provide more accurate and robust forecasts of
construction costs. Particularly, new services were needed in the areas of early cost
advice, cost control, and the market forecasting which will add value to the client’s
business and, in doing so, raise the profession’s profile. Three years after this report
was published, one practice carried out a survey and found that clients believed that
they would get a more effective service from quantity surveyors with risk analysis,
rather than with traditional cost control methods (Crosher and James, 1994). Several
clients said that the consultants should draw attention to areas of risk at the earliest
possible date. A couple of years later, the (former) Chief Executive of the RICS

warned:

"No construction project is risk free and the industry cannot afford not to
manage risk" ... "The range of construction risk - contractual, design, health and
safety, site, phasing, along with political, environmental and social
considerations - are potentially overwhelming" ... "No major capital project

should be undertaken without a full risk assessment."

Makin, 1996.



Fortune and Lees (1996) surveyed the use of early cost advice techniques for
construction cost forecasting in the UK. Within their conclusions, they stated that the
research did not fully identify all the risk analysis models used by practitioners. They
recommended that future work in this area should address the establishment and
evaluation of risk analysis strategic cost advice models currently used by practitioners.

Towards the end of the last decade, a "QS think tank" was set up by the RICS. The
objective was to look forward and develop a vision of where chartered surveyors
working in construction would be in five to ten years time (RICS, 1998a). The findings
identified forces driving change, looking ahead to the needs of the customers during this
next decade, and pointing to the professional skills that must be acquired to successfully
serve the market after 2000. Factors driving change included the global economy, the
market, and the IT revolution. When considering the needs of the customer, clients said
that the things that matter to them most include, among others, setting the budget, cost
certainty, and risk management - which should be more than just inserting a
contingency. The report concluded that if the quantity surveyor is to add value to
clients projects, the skills of the profession must be re-addressed, and growth areas
included initial cost planning, detailed cost planning, cost management, monitoring
work ("participants will need a detailed understanding of risk management"), and
project management ("risk management will probably be expected as a standard

service").

Last year, one of the findings in a survey of twelve thousand quantity surveyors
revealed that over half of respondents think that their traditional cost modelling role is

under threat, and likely to be replaced with software packages in the near future (Cavil,



1999). Three-quarters of respondents strongly believed that, unless they start to offer a
new range of services, their business will be taken away by other professionals, such as
accountants and management consultants. The chairman of one leading quantity

surveying practice recently said that:

"Construction risk is what we are all about. By that, I mean we advise on
what can go wrong in the process of arriving at the construction phase, in

construction activity itself, and in the life-cycle of the built structure.”

Ainsley, 2000.

Clearly, considering the problem domain of risk management of building project
budgets, there is a need to develop new models that will enable quantity surveyors to
rise to the challenge of providing more certainty in their initial budget estimates. This

leads to the definition and focus for this research.

1.4 Aim and objectives of this work
The principal aim of this research is to develop a conceptual risk management model, to
be used by quantity surveyors, during the establishment of an initial budget for a
building construction project. In achieving this aim, the main objectives of the work are
to:

i. acquire an understanding of the concepts of risk, and risk management systems,

particularly related to the principles of building project budgets;
ii. clarify the methods used by quantity surveyors to estimate initial budgets for

building projects;
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iii. investigate which risk management tools and techniques are used by quantity
surveyors when estimating initial budgets;
iv. appraise risk management software tools and determine their potential contribution
to the budget risk management process; and to
v. develop, implement, and demonstrate a risk management model in a quantity

surveying practice.

The perceived conceptual model should produce improved decision-making information
for quantity surveyors and their clients when the key decisions are being made in the

critical very early stages of the design process.

1.5 An overview of the research methodology

To satisfy the first objective of the work, a review of literature related to risk
management and building project budgets will be carried out to gain a clear
understanding of risk, and the inauguration and development of the risk management
discipline. An appreciation of the key concepts will be acquired, which will form the

basis for the development of the research.

The postal questionnaire method will be used for industrial investigations. A pilot study
sent to a select sample group will be followed by a more focused survey posted to a
larger sample size. Interviews with practitioners will be carried out to validate the
questionnaire findings, and also to elicit more specific information about the methods
and techniques used. These industry investigations are intended to satisfy the second

and third objectives of the work.
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The fourth objective will be achieved by reviewing the commercial market for project
risk management software. To fulfil the final objective, the literature reviews,
questionnaire results, interview findings, and software appraisal will be consolidated
and used as the foundation for the development of the conceptual risk management
model. Through direct involvement in a professional practice, a working appreciation
of the office’s culture and procedures will be gained, together with an understanding of
the current approach used for risk management. A suitable past project will be selected
for case illustration, and the model will be implemented and validated. A detailed
explanation of this research methodology is included within appropriate chapters of this

thesis.

1.6 Limitations of this study

. This thesis is primarily concerned with the practice of the Chartered Quantity Surveyor
operating in the Construction Industry. The work relates to the capital cost of building
construction, and, therefore, not to other project costs which may include, for example,
life cycle costs, land costs, design team fees, legal expenses, and taxation. The focus is
from the clients’ viewpoint of establishing an initial budget for building projects, rather
than from the general contractors’ perspective, who may need to set a different budget
when bidding for the clients’ works at a later project stage. The work is intended to

point to transitional, rather than final, solutions.

1.7 Structure of this thesis
The thesis consists of eight chapters. Following this introduction, Chapter 2 will review
the literature related to risk management and construction research. The concept of risk

will be defined, and the development of risk management will be discussed, generally
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within the global economy, and more specifically in construction research. The

conventional intuitive approach to risk management will also be considered.

Chapter 3 will explain how a building project budget is conventionally established, and
will then review the literature related to both budget and project risk management
systems. Attributes and deficiencies in existing systems will be identified and

discussed.

Chapter 4 will consider the key literature related to building project budgets and risk
management tools and techniques, and review a selection of the commercial risk

management software that is available.

Chapter 5 will include the industrial investigations related to the applications of risk
management by quantity surveyors when estimating initial budgets. The methodology
for questionnaires and interviews will be explained, and the interpretation of the results

and findings discussed, particularly related to risk management tools and techniques.

Chapter 6 will develop the conceptual model for risk management of building project
budgets. The methodology for consolidation of the literature reviews and industrial
investigations wiil be explained. This will lead to the selection of the most appropriate
system, tools, and techniques, and a model will be proposed for budget risk

management. Optional software enhancements will be considered.

Chapter 7 presents the demonstration and validation of the conceptual model within a

quantity surveying practice. The methodology will be explained, and refinements to the
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original model will be discussed, together with feedback obtained from the selected

practice.

Finally, Chapter 8 will draw key conclusions from the work, and suggest
recommendations for further research, including possible enhancements to the proposed

conceptual model.

1.8 Summary

The Construction Industry has a poor reputation for delivering projects over budget. On
numerous occasions, the problem of construction cost overruns has been investigated by
Government, and recommendations for improvements include the need to have
complete and realistic costings backed up by a full risk analysis. What is common to
the problem is "change", but the process of change in the Construction Industry now
seems to be like a viscous circle. However, what is not changing, is the importance of
effective cost control from the early stages of design through to project completion.
Clients want cost certainty. No construction project is risk free, and the difficult
challenge facing the Construction Industry is to deliver projects constructed within

budget.

It has been recognised that the key decisions are made in the very early stages of the
design process. The task is to discover techniques, procedures, and information support
that will improve decision-making at this critical point. This should involve assessing
what the risks might be in the future, and bringing in management processes that allow

minimisation of the risk or adaptation to changing circumstances. There is a difference
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between predicting the future and thinking intelligently about it. What is needed are

methods that will encourage intelligently thinking.

Attempts are being made to improve the Construction Industry’s poor reputation. These
include work by Latham, Egan, DETR, RICS, and private sector companies. Further
work should address the use of risk management models by practitioners for early cost
advice of building construction. Financial construction risk is what quantity surveyors
are primarily concerned with, but, if they are to add more value to projects, the skills of
the profession must be re-addressed. Risk management has been suggested as a key
potential growth area. Therefbre, the principal aim of this work is to develop a
conceptual risk management model, to be used by quantity surveyors, during the

establishment of initial budgets for building construction projects.
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CHAPTER 2 - RISK MANAGEMENT AND CONSTRUCTION RESEARCH

2.1 Introduction

Risk management was described as "the hot project management topic of the decade"
(Association for Project Management, 1998), with the 1990’s seeing a vast amount of
new literature in the field. The objective of this chapter is to set the scene, from
inauguration of the topic, through its development, to the current position. An
appreciation of the key concepts of risk will be acquired which will be used as the basis
for the development of the research in the following chapters. The chapter will first put
risk management into perspective by defining risk and explaining the history and
development of risk management as a formal discipline. It will then become more

focused within the context of the construction research.

2.2 Defining risk

The origin of the word risk is thought to be either from the Arabic word risg, or the
Latin word risicum (Wharton, 1992). The Arabic word signifies "anything that has
been given to you [by God] and from which you draw profit", and has connotations of a
fortuitous and favourable outcome. The Latin word, ﬁowever, originally referred to the
challenge that a bam"er reef pfesents to a sailor, and clearly has connotations of an
equally fortuitous but unfavourable event. There are other differing views regarding the
origin, some explain that it entered thé English language in the mid 17th century,
coming from the French word risqué, and that in the second quarter of the 18th century
the Anglicised spelling began to appear in insurance transactions (Flanagan and
Norman, 1993). However, others state that the use of word derives from the early

Italian risicare, which means "to dare" (Bernstein, 1996).

16



The origin of the word is not important to this work, rather, the use and meaning in
society is more pertinent, and there are some indications that its use is on the increase.
The frequency of world-wide report articles containing the keyword "risk" doubled
between 1992 and 1995 (Smallman, 1997). This was a study of apparent trends in
media reporting, and it cannot be taken as authoritative research. However, as the
author explains, when coupled to issues discussed by other authorities, it is possible to

infer that the world may indeed becoming a riskier and more uncertain place.

Risk is a difficult word to define because it is used in so many different ways
(Crockford, 1991). One attempt to address this problem was by Britain’s Royal Society,
a pre-eminent scientific institution, who organised a working group to participate in a
study of risk (Adams, 1995). Unfortunately, the social scientists, with the exception of
the economists, could not agree with the physical scientists, and they were therefore not
able to take a collective view about the subject. A report was published, but the Society
stated in the preface that it was "not a report by the Society", that "the views expressed
are those of the authors alone", and that it was only "a contribution to the ongoing

debate" (Adams, 1995).

Adams (1995) explains that risk and uncertainty have assumed the role of technical
terms in the risk and safety literature since 1921, when Frank Knight pronounced in his
work "Risk, uncertainty and profit" that "If you don’t know for sure what will happen,
but you know the odds, that’s risk, and if you don't even know the odds, that’s
uncertainty”. Adams continues by explaining that uncertainty is defined by Knight as

inescapable, it is the realm not of calculation but of judgement - there are problems
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where the odds are known, or knowable with a bit more research, but these are trivial in

comparison with the problems posed by uncertainty.

There are various different definitions of risk included in dictionaries, international
standards, and construction management text, and some examples are included in
Appendix "A". Most definitions focus on the unpleasant side of risk, and yet risk is
potentially very profitable (Carter et al, 1996). Both the probability and impact of risk
are capable of quantification, and this permits a numerical definition that is much

quoted in statistical treatises, which is generally as follows:

"risk exposure = impact value x probability of occurrence."

Carter et al, 1996.

It is noted that an exposure can be valued negatively or positively. The beneficial (or
positive) alternative is not usually included in statistical treatises, but necessary in view
of the desirable risks. This interpretation that risk includes both downside and upside
variations in the values involved is also supported by others (e.g. Institute of Civil
Engineers and the Faculty and Institute of Actuaries (1998) and British Standards
Institution (2000)). A report published last year by the Institute of Chartered

Accountants in England & Wales (1999) also emphasises the positive nature of risk:

"Since profits are, in part, the reward for successful risk taking in business, the
purpose of internal control is to help manage and control risk appropriately
rather than to eliminate it."”

Institute of Chartered Accountants in England & Wales, 1999.
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Effective risk management is therefore not just about preventing things from going
wrong, it is also about helping things to go right and ensuring that opportunities are

fully exploited to create value and competitive advantage (Rayner, 2000).

Like uncertainty, the word hazard is also sometimes used interchangeably with risk.
Strictly speaking, a hazard is usually considered to be something that might go wrong
with adverse consequences, whereas a risk is a multiple of the cost of that hazardous
consequence and its probability of occurrence (Edwards, 1995). For example, a hazard
can have a likely maximum adverse consequences of £100,000, but, with a 1 in 10
probability of occurrence, is a £10,000 risk (e.g. 100,000 x 0.1). Together with
uncertainty and hazard, risk is commonly used as a synonym for danger or threat

(Institute of Civil Engineers et al, 1998).

In construction, Flanagan and Norman (1993) explain that the environment within
which decision-making takes place can be divided into three parts, those being certainty,
uncertainty, and risk. Certainty exists only when one can specify exactly what will
happen during the period of time covered by the decision. Uncertainty is when there is
no historical data or previous history relating to the situation being considered by the
decision-maker. Their research found that there is general consensus that a decision is
made under risk when a decision-maker can assess, either intuitively or rationally, the

probability of a particular event occurring.

On reviewing the definitions of risk it is perhaps not so surprising that there is some

confusion and debate about the subject and, to conclude this debate for the purposes of

this study, it is more relevant to select a definition which suits the specific problem
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faced. The definition of risk considered to be most appropriate is that provided by

Raftery (1994):

"Risk and uncertainty characterise situations where the actual outcome for a
particular event or activity is likely to deviate from the estimate or forecast

value."

Raftery, 1994.

Therefore, throughout this thesis the word risk will be used to include uncertainty,

hazards, danger, and threat.

2.3 The intuitive approach to risk management

The management of risk has traditionally been applied instinctively, meaning it remains
implicit, being controlled by judgement informed from experience (Godfrey, 1996).
This judgement is usually built up over time through individuals working in and
developing an understanding of their profession, or a "knowledge-base" can reside in
the corporate experience of a company, developed by the personnel within it (Flanagan
and Norman, 1993). Flanagan and Norman (1993) explain that sometimes decision-
makers cannot justify their reasoning, and that this is called intuition, which is a "gut
feeling" about a situation and the best course of action to take. They state that whilst
this is probably rooted in experience, it is much more difficult to define, because
experiential judgements can be justified, whilst those based on intuition cannot. Many
decision-makers are said to place great emphasis on following their feelings, rather than
their thoughts, and this can lead to several problems with relying totally only on the
intuitive approach (Flanagan and Norman, 1993). These problems include individual

bias, attitude towards risk, reporting errors, and group decision-making.

20



Flanagan and Norman (1993) explain how the judgement and intuitive ability of
humans is flawed by numerous biases which distort the way one interprets the past,
predicts the future, and makes choices in the present. For example, sometimes a person
may take a previous event as being representative, when often it is not. This is because
it is tempting to solve problems on the basis of extrapolating the past into the future, and
it takes a lot of wisdom, skill, and nerve to use information that disagrees with past

experiences (Flanagan and Norman, 1993).

Boothroyd and Emmett (1996) explain that risks have a tendency to attract enterprise,
and the prospect of potential loss can add a sense of excitement. Some look forward to
taking risks, since the rewards from doing so might far outweigh their gains from other
possible safer actions, and since "nothing ventured, nothing gained'. However, many
ignore risk becauée they hope that, by doing so, risks will not appear, but, to ignore risk
is to accept it, thereby accepting also its consequences - which may prove disastrous!
This highlights the second problem with the intuitive approach, that being attitude
towards risk. People’s attitude towards risk may alter, with the passage of time, and
from the outcome of situations they face, though individuals are generally either risk

averse, risk neutral, or risk seeking.

The reporting of estimates and figures by one person from another leads to a third
problem with the intuitive approach. There are fertile conditions for error when a cost
estimate is produced by a consultant and is then reported to a senior decision-maker
(Raftery, 1994). For example, a consultant may indicate that there is a good chance that
a project will cost a certain amount. Similarly, an advisor may state that there is a

reasonable chance that a project can be completed for less than a certain figure.
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However, these statements could mean different things to different people. For
example, is a "good" chance a 9 in 10, an 8 in 10, or a 6 in 10 probability? Is a
"reasonable" chance an 8 in 10, a 7 in 10, or a 5 in 10 probability? These differences
could be very significant to a decision-maker choosing between various options.
Raftery (1994) therefore proposes that the best that can be done to minimise this

problem of reporting is to make explicit as many assumptions as is possible.

A fourth problem with the intuitive approach is group decision-making. Flanagan and
Norman (1993) conclude that when a group of people discuss a risk-taking problem,
they usually arrive at a riskier solution than the average of their own previous individual
solutions. The risky shift phenomenon states that groups influence decision-making
towards positions of higher risk a significantly greater number of times than not, and
under almost any conditions. Flanagan and Norman (1993) suggest two possibilities for
this. One is that risk taking, by implying boldness, may in society be more socially
desirable than conservatism, and most people think of themselves as no less risk taking
than anyone else. So, when opinions are aired in a group, those of lesser risk bent tend
towards an increase in risk taking, seeking to be seen as courageous rather than
cowardly. The second reason suggested is that, as a result of the emotional bond
between discussants, an individual feels less of a personal responsibility for failure of

risking options he would decline if deciding alone.

Despite the above problems, experience is probably the strongest means available to the

decision-maker, and, together with intuition, sometimes provides the only available

method. However, this does not mean that the approach will always give the best
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solution, and an element of this research is to find out if the intuitive approach can be

improved upon by using a more formal approach to risk management.

2.4 Development of the risk management discipline

Underlying all judgements, decisions, and evaluations, there is the "risk factor" (De
Bono, 1992). Organisations and individuals need to make venture or entrepreneurial
choices, as there are rarely rewards without risks being taken. Davis (1996) believes
that risk management dates as far back as the Old Testament, with the Egyptian pharaoh
and Joseph predicting seven years of plenty followed by seven years of famine.
However, Bernstein (1996), hypotheses that the revolutionary idea that defines the
boundaries between modern times and the past is the mastery of risk, and the notion that
the future is uncertain, "more than a whim of the gods", and that men and women are
not passive before nature. He believes that the ability to define what may happen in the
future and to choose among alternatives lies at the heart of contemporary societies, with
risk management guiding us over a vast range of decision-making. Bernstein believes
that the modern conception of risk is rooted in the Hindu-Arabic numbering system that
reached the West seven to eight hundreds years ago, and that the serious study of risk
began during the Renaissance, when people broke loose from the constraints of the past

and subjected long-held beliefs to open challenges.

As we have recently entered a new century, Kloman (2000) has looked at the milestones
that helped shaped the risk management discipline in the past hundred years. He states
that risk management is an extension of our human nature, and he names the most

notable political, economical, military, scientific and technological events as being:
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"The major wars, from Russo-Japanese, World War I and II, and Korea, to the
regional conflicts that have followed, the advent of the automobile, radio,
television, and the computer, the Great Depression, global warming, the atom
bomb and nuclear power, the rise and fall of communism, derivatives fiasco, and
the entire environmental movement have affected the development of risk
management. Major catastrophes did so more directly: the Titanic, the Triangle
Shirtwaist fire, Minimata Bay, Sevesto, Bhopal, Chernobyl, Three Mile Island,
Challenger, Piper Alpha and Exxon Valdez, to some of the more obvious.
Earthquakes, typhoons, cyclones and hurricanes continued to devastate
populous regions, and their increasing frequency and severity have stimulated
new studies on causes, effects, and prediction, all part of the evolving evolution

of risk management.”

Kloman, 2000.

Yet Kloman (2000) believes that the most significant milestones are the new ideas,

books, and actions of individuals that have simulated the discipline. His list begins with

the proliferation of social insurance schemes, leading to the provision of state pensions

in most countries, and signalling a shift from individual responsibility to corporate and

government responsibility.

Chapman (2000) explains that risk is intensifying and becoming more complex,

dynamic, and global. With memories of the high-profile business collapses of the late

1980s and early 1990s, boards are required to demonstrate higher levels of

accountability. Under the London Stock Exchange "Combined Code on Corporate

Governance", directors of UK incorporated listed companies are required to review the

24



effectiveness of their systems of internal control, including risk management, at least
annually (Chapman, 2000). The guidance for directors on the combined code explains

what is expected of boards, and states that:

"A company'’s system of internal control has a key role in the management of
risks that are significant to the fulfilment of its business objectives."

Institute of Chartered Accountants in England & Wales, 1999.

These steps are firm evidence that risk management is more than just another
management "buzz" phrase, and that it is now becoming established as a new discipline
within the world economy. At this point, it is therefore useful to consider the
definitions of risk management, and the one provided by the Institute of Risk

Management (1994) is as follows:

"Identification, analysis and economic control of those risks which can threaten
the assets or the earning capacity of an enterprise."

Institute of Risk Management, 1994.

However, similar to the definition of risk, there are various different definitions of risk
management included in dictionaries, standards, and construction management texts.
Some examples are included in Appendix "B". On reviewing this list, it is also clear
that there is some reason to deliberate about the subject. Valentine (1999) suggests that
it is currently difficult for risk management to be recognised as a management discipline
when there is no governing code of practice, and no common process or methodology.
However, he recognised that the situation is changing.

<
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When considering the list of dictionary definitions of risk in Appendix "A", one may
interpret that risk management is a insurance subject. However, as Crockford (1991)
explains, it is more of a management subject and, although insurance can play a very
important part, it is not the only solution to be thought of, nor, in most cases, the first
one. Risk management is more about analysing the nature and causes of a problem, and

using the results to eliminate or reduce the danger, and enhance the possible rewards.

Flanagan and Norman (1993) explain that a risk management system is a model, and it
provides a means to identify, classify, analyse, and then respond to risk, helping to
reduce reliance upon raw judgement and intuition. The inputs to the model are provided
by humans, but the brain is given a system on which to operate, providing "a back up
for our unreliable intuition" (Flanagan and Norman, 1993). They say that a model can
be thought of as having two roles, first, it produces an answer, and second, it acts as a

vehicle for communication, alerting us to factors we might not otherwise consider.

The principal aim of this research is to develop a conceptual risk management model to
be used by quantity surveyors, during the establishment of an initial budget for a
building congtruction project, to provide improved decision-making information (see
Chapter 1). For the purposes of this study, the definition considered to be most

appropriate is that provided by the Project Management Institute (1996):

"Project risk management includes the processes concerned with identifying,
analysing, and responding to project risk. It includes maximising the results of
positive events and minimising the consequences of adverse events."

Project Management Institute, 1996.
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2.5 Risk management research in construction
Edwards and Bowen (1998a) have carried out a review of the literature in construction
risk management research. They found that, in terms of publications in authoritative
English language media, the 1960s marks the stage where substantive treatment of the
topic first begin to appear in construction publications. The results of their temporal
analysis reveal three interesting points:
i. Applications of "quantitative theories and techniques" to construction progress
slowly at first, but accelerate quite rapidly from the mid-1970s;
ii. Around the mid-1980s, "systems theory" approach becomes a popular vehicle for
the development of construction risk management; and
iii. Interestin a "soft system" approach made a modest start at about the same time as

the applications phase.

Figure 1 shows Edwards’ and Bowen’s (1998a) categorisation of project and
construction risks. Using risk sources as a basis, the primary classifications are natural
and human. Natural risk occur outside human agencies or systems, while human risks
arise within humanly organised systems. Note that the lists of construction risks shown
against each sub-category is not intended to be exhaustive. Concerning the applications
of risk management in construction, Edwards and Bowen found that the main fields of
research are in quantitative risk analysis in the managerial and technical categories of
risk (e.g. contract bidding, cost estimation, and construction scheduling). The political,
economic, financial, and cultural categories of risk are largely under represented in the
research literature, as are risks associated with quality assurance and occupational health

and safety.
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Figure 1 - Categorised project and construction risks
(Source: Edwards and Bowen, 1998a)

Edwards and Bowen (1998a) explain that risk management systems have generally been
thoroughly expounded in the literature, although more so in text books than in journal
papers. However, they highlight that identification of construction risks deserves more
investigation, and that categories of risks should be explored in terms of nature of
occurrence, impact, and response alternatives. With reference to the third point from

Edwards and Bowen (1998a), the soft system approach, they summarise that research
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into the human aspects of construction and project risk management has concentrated
upon three areas:

o The establishment of subjective probabilities;

e The ex;;loration of heuristics and biases; and

e Surveys of risk management practices in the construction industry.

Concerning the first of these, they state that none of this work appears to have resulted
in more than a limited application by construction professionals. Confirming that the
measurement of probability is alien to most decision-makers, who are happy to take an

intuitive approach, but reject procedures which require more formal treatment.

Edwards’ and Bowen’s (1998a) review of soft systems literature also reveals that other
important aspects of risk management, such as the risk profiles of project participants,
the learning effect of risk experiences on risk attitudes, and the interpersonal
communication of risk, have received little attention to date in construction-related
research. The people problems of construction risk management are currently being
subjected to a substantial research effort, directed mainly at the establishment of
subjective probabilities, the exploration of heuristics and biases, and the nature and
extent of risk management practices in the construction industry. Generally, the
findings of their study of survey based research supports the proposition that
construction professionals lack an adequate understanding of the rationale and formal
processes of project decision-making under risk and uncertainty. It seems that very few
participants in the building procurement process use formal mathematical techniques of

risk analysis or systematic approaches to risk management.
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2.6 Summary

Although risk can be defined differently for every situation, for the purpose of this
work, risk is defined as characterising "a situation where the actual outcome for a
particular event or activity is likely to deviate from the estimate or forecast value". The
management of risk has traditionally been applied instinctively, using judgement and
intuition from experience, and this probably remains the strongest means available to
the decision-maker. However, there are problems with this method, including biases,

attitudes, reporting, and group decision-making.

In some sectors, formal risk management is now established as a management
discipline, but the breadth of the topic and possible scope of applications is infinite. For
the purpose of this study, risk management is defined as "the processes concerned with
identifying, analysing, and responding to project risk, including maximising the results
of positive events and minimising the consequences of adverse events". It is suggested
that a more formal model approach to risk management could enhance the intuitive

approach, and possibly overcome some of the problems identified.

Within the domain of construction research, the main fields of work have been in
quantitative risk analysis in the managerial and technical categories of risk. The
political, economic, financial, and cultural categories of risk are largely under
represented, as are risks associated with quality assurance, and occupational health and
safety. The identification of risks also deserves more investigation, together with the
people problems. It seems that very few participants in the Construction Industry use
formal techniques for risk management, perhaps preferring to take the intuitive

approach.

30



CHAPTER 3 - BUILDING PROJECT BUDGETS AND RISK MANAGEMENT

SYSTEMS

3.1 Introduction

Some twenty years after applied construction risk research commenced in the 1960s,
systems theory became a popular vehicle for the development of construction risk
management, with a growth rate of publications almost matching that of the applied
research (Edwards and Bowen, 1998a). Taylor (2000) discusses introducing risk
management into the professional office, and states that before starting to look at risk
management in practice, there has to be a framework through which risk may be
managed. This framework is called a risk management system. Taylor explains that
little purpose would be served if the practice simply set up a selection of risk
management methods and said to staff, "Here they are, now use them". The objective of
this chapter is to review the literature related to both budget and project risk
management systems. Attributes and deficiencies of existing systems will be identified,
and this will lead to the selection of the most appropriate framework for development of
a conceptual model. The chapter will begin by explaining how a building project

budget is conventionally established.

3.2 Establishing building project budgets
3.2.1 Conventional budget determination
From early times people have needed an indication of what a new building is going to

cost before work is started on it, with the New English Bible, Luke, Chapter 14, saying:
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"Would any of you think of building a tower without first sitting down and
calculating the cost, to see whether he could afford to finish it? Otherwise, if he
has laid its foundations and then is not able to complete it, all the onlookers will
laugh at him. "There is a man", they will say, "who started to build and could
not finish."

Ferry et al, 1999.

Estimating the final cost of a building is not an easy task, because numerous factors
interact and effect the reliability of a quantity surveyor’s price forecast, including the
extent of design information available, the availability of historical price data related to
the type of project under consideration, and the familiarity with the type of project in
hand and projects of similar nature (Flanagan and Norman, 1982). One view is that
every cost estimate is a guess based on assumptions of scope, time, quality,
technological uncertainty, and resource (HM Treasury, undated). Given the
uncertainties as to whether risks will occur or not, it is impossible to predict the out-turn
cost of a project with absolute certainty (HM Treasury, 1999). This is because at the
beginning of a project sufficiently detailed information is simply not available to
foresee the future with clarity (Wideman, 1995). However, a primary measure of
success in preparing a budget estimate is-predicting the project final cost at project

inception, and:

"It cannot be over emphasised that an estimate that fails to predict the out-turn

cost with some degree of certainty is of little value."

HM Treasury, 1999.
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The task of the client’s quantity surveyor is to forecast the winning tenderer’s forecast,
without access to the contractor’s data, and with many more inherent uncertainties
caused by not having a design or, perhaps, even a site (Raftery, 1994). The difficulty is
that, often when the initial budget is being set, there is only sketchy information
available about the details of the building and, at this early stage of the project, the
budget is established and it is this first figure that becomes indelibly imprinted in a

client’s mind (Flanagan and Norman, 1993).

Martin (2000b) explains how many surveyors will have taken a telephone call at the end
of the day, from a client who has just seen a site that would be perfect for a new
development, and wants to know, the same evening, what it would cost to construct. In
this situation, the surveyor must consider the following points:

e what do I need to know about the proposed building;

e what information do I need to cost such a scheme, and where can I find it; and

o the first figure which I give will be remembered by the client.

Trying to determine exactly what kind of development the client has in mind is difficult,
particularly when the client is also busy calculating the amount of profit he could make
on the investment (Martin, 2000b). In this situation, even the client sometimes cannot
answer all the questions. So establishing both what the client wants and, what needs to
be assumed, is an important aspect in the advice provided, particularly later when

adjusting the estimate if the project is sanctioned.

A further complication is that there is also some dispute as to what is actually being

forecast, and it is therefore important for the quantity surveyor to be clear about the
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different purposes of estimates for a project, and how they should be evolved, because
the types of estimate needed by clients will differ according to individual organisation
requirements (Thompson and Perry, 1992). In general terms, the pre-contract cost

consideration for a building project develops in the following way:

e Feasibility Prepare feasibility studies and determine the budget.

e Qutline Proposals Consider with client and design team alternative
strategies and prepare cost plan.

e Scheme Design Carry out cost checks and update cost plan if necessary.

e Production Information  Carry out cost checks.

e Tender Action Prepare reconciliation statement.

Royal Institution of Chartered Surveyors, 1998b.

Reference to design stages are to the Royal Institute of British Architects (RIBA) "Plan
of Work" (RIBA, 1973), and refer to the main stages through which a project design

typically passes.

A general principle applies throughout the cost planning process, that any agreed budget
is seen as the maximum cost, and the quantity surveyor should, at all times, work with
the other design team members to satisfy the client at a lower cost if possible, whilst
still maintaining the desired objectives for quality and function (RICS, 1998b). It is
recommended, as a matter of importance, that before and during the formulation of the
client’s brief, the quantity surveyor, in consultation with other members of the design
team and client, should undertake such feasibility studies as may be necessary to ensure

that the client’s requirements can be reasonably accommodated within the finance
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available for the project (RICS, 1998b). The clients budget is established as a result of

these studies. This leads to the following definition of budget:

"Budget is the total expenditure authorised by the client which is the
responsibility of the design team at the end of the feasibility stage."

Royal Institution of Chartered Surveyors, 1998b.

Once the budget has been established, it provides the first cost plan for the project, and
the framework for the actual design to be developed (RICS, 1998b). This thesis is
concerned with the initial budget estimate produced by the quantity surveyor for a
client, that which the client often uses to sanction a project. A commercial property
developer may use this figure to bid for and purchase a site, the exact timing of this
estimate will vary slightly from project to project. At this stage little is likely to be
known about the building except its general size, and this is usually the place where the
quantity surveyor will use a "single price rate" methods of estimating costs, i.e. the size
of the building is measured, in one form or other (e.g. gross floor area or number of
units), and the resulting quantity is multiplied by a single price rate to give the estimated

total cost (Ferry et al, 1999).

3.2.2 Contingency percentage allowance

The most commonly used technique of allowing for risk in a building project budget
estimate is to simply add on a percentage figure (Hayes et al, 1986). This figure will
vary depending on the stage of development that the project is in, for example, at
inception a plus or minus figure of 20% might be used for the initial budget, and, as

detailed design continues, the risk should become smaller, e.g. cost plan +/- 15%, and
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tender +/- 10% (Turner, 1990). Although the contingency percentage allowance

technique is the easiest and most used technique, it has a number of weaknesses (Hayes

et al, 1986):

e the percentage figure is, most likely, arbitrarily arrived at and not appropriate for the
specific project;

e the tendency is to double-count risk because some estimators are inclined to include
contingencies in their best estimate;

e apercentage addition still results in a single-figure prediction of estimated final cost,
implying a degree of certainty that is simply not justified;

e it only reflects the potential for detrimental or "downside" risk, the approach does
not highlight any potential for cost reduction. It may therefore be used to hide poor
management performance; and

e Dbecause it captures all risk in terms of a cost contingency, it tends to direct attention

away from time and performance quality risks.

In addition to the above weaknesses, it does not encourage creativity in estimating
practice, allowing it to become routine and mundane, which can propagate oversight
(Thompson and Perry, 1992). The British government’s procurement guidance agrees

that the contingency percentage allowance technique is weak, and states that:

"The risk allowance should be calculated for identified risks and not be just
guessed as a percentage of the total (the term "contingency" should not be
used)."

HM Treasury, 1999.
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3.2.3 Elsie expert system

"ELSIE" is a computer software expert system, now called "Lead Consultant". It provides

consultancy advise at the strategic planning stage of the development process, i.e. before

design takes place (Ferry et al, 1999). It takes the level of information available in a

client’s brief and, through linked database modules, translates the information into a series

of reports, including:

e Initial budget - How much will the development cost; -

e Time - How long will the development take;

e Procurement - What is the contractual relationship between parties to the development
process; and

e Appraisal - What is the profitability of the scheme.

Ferry et al (1999) explain that in the budget system a solution is postulated by the
software from over two-thousand "rules", and the user can then modify the answers by
changing up to one-hundred and fifty variables which have been derived. To arrive at
the first solution, the software asks between twenty-four and thirty questions and,
depending on the answers given, it generate variables on size, shape and specification,
instantly giving a response (in terms of cost) of a changing in any one of them. In use
on multi-million pound projects, the results have proved to be within plus or minus five
percent of the expected tender figure, and Ferry et al believe that this is better than
could be expected if several estimators were asked to undertake the same task with the
same information. In addition, it is claimed that the speed of calculation when
information may be scarce is far quicker than could be accomplished manually with the
same information. However, currently, there are only three broad categories of building

type available, together with a system for mechanical and electrical engineering
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services, but others are being developed. Ferry et al (1999) explain that at the present
time, machines do not have the capability to sense and diagnose in the same way as
humans, consequently there will always be a need for consultants to check and possibly

modify the solution suggested until the technology improves very substantially.

3.3 Budget risk management systems

3.3.1 Dearle & Henderson

Yates (1986) hypotheses that risk analysis is not so much a technique, as a term that

describes a way of looking at a problem, and that it involves identifying the key factors

that might affect an estimate, and then assessing the probability and extent of the effect.

He says that the application of risk analysis to construction cost estimates will vary,

however, some aspects he believes are universal:

e Risk factors - In each case it will be necessary to list the key factors that affect a
construction estimate;

e Limits of risk analysis - It is essential to define the limits of risk analysis. In this
way, events having a very remote chance of occurring are not included and wasteful
estimates are avoided; and

e Forum for risk analysis - A formal structure should be developed if risk analysis is
to be applied effectively. For construction projects, in which progress meetings are
common, a workshop comprising key members of the team is probably the most

satisfactory structure.

The method proposed for dealing with probabilities is "Monte Carlo simulation" (see

Chapter 4), and Yates (1986) states that an important aspect for those participating in
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risk analysis is developing an attitude of mind, whereby they think in terms of the

chances of events occurring.

3.3.2 Science and Engineering Research Council

Hayes et al (1986) suggest that the adoption of a systematic approach to risk

management of building project budgets will produce estimates expressed in terms of

ranges, rather than as a single figure. They propose that a proper approach should

feature the following:

e Preparation of a best estimate based on the known and defined work, i.e. excluding
allowances for uncertain work and risk;

e Clear identification and quantification of specific risk sources in a project;

e Separate assessment of risks to both cost and time of the project;

¢ Quantification of risk in terms of potential for both over-runs and under-runs on best
judgement estimated, using tolerances or ranges; and

e Use of contingencies only for specifically identified items of work.

A further concept is proposed by Hayes et al (1986) is, that of "risk exposure", which is
the amount of risk still not accounted for financially, and they state that any estimate
should clearly spell out these exclusions. In developing this work further, Thompson
and Perry (1992) found that some clients take the original estimate and apply a variety
of other methods of allowing contingencies for risk. These include:

e Using estimating manuals containing risk checklists with contingency ranges

defined for each risk;
e Refining the estimate by reference to historical project cost databases and

correlation with current input prices;
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e Identifying specific risks and allocating contingencies to those risks - the
contingency amount can be released only by pre-defined events specified in the risk
management strategy; and

e Building and using a project risk model using risk analysis software.

3.3.3 Flanagan et al

Flanagan and Stevens (1990) state that the main purpose of the tasks performed by the
quantity surveyor must be to enable business, whether it be on behalf of the client or
contractor, to take the right risks. They present a risk management process which
involves the three stages shown in Figure 2. However, there is no detailed discussion of
the identification and classification of risk, nor on the response strategies, but instead

they concentrate on the risk analysis stage using Monte Carlo simulation (see Chapter

4).
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Figure 2 - Flanagan and Stevens (1990) risk management process
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Flanagan and Norman (1993) develop the above process and form five stages of project

risk management:

1. Risk identification - Identify the source and type of the risks;

2. Risk classification - Consider the type of risks and its effects on the person or
organisation;

3. Risk analysis - Evaluate the consequences associated with the types of risk, or
combination of risks, by using analytical techniques. Assess the impact of risk by
using various risk management techniques;

4. Risk attitude - Any decision about risk will be affected by the attitude of the person
or association making the decision; and

5. Risk response - Consider how the risk should be managed by either transferring it to

another party or retaining it.

3.3.4 Wideman

Wideman (1995) agrees with most experts that the earlier it is in the life of a project
life-cycle, the less information is avéilable, and the higher the potential risk of error in
estimating the cost. At time of approval for a project, he recommends that several
categories of project uncertainty should be recognised, these include major

unpredictable risks, lower order risks, and inflation and interest during construction.

Wideman (1995) explains that the major unpredictable risks include those that are
entirely unforeseeable, some that are probably inevitable, but the magnitude of these
cannot be predicted. They include such items as very severe weather, unforeseen major
legislative changes, political policy changes, national disasters, and so on. Wideman

suggests that these risks should not be allowed for in a project’s budget because it would
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not be possible to arrive at a sensible allowance. Instead, he proposes that they should
be reconsider at the highest management level, where it must be decided whether or not
management are comfortable with the risks in question. Similarly, any adjustment for
inflation or interest should be shown as a separate line item, preferably at an

intermediate summary level.

Wideman’s (1995) system is mainly concerned with assessing lower order risks, this
typically mean those associated with the identified scope of work for the project. He
suggests that a practical way of identifying and dealing with these is to hold a team
brainstorming session devoted to this purpose. To avoid getting swamped in too much
detail, focus is limited to the "vital few" by involving Paereto’s Law of distribution, or
the "80/20 Rule", as it is better known. Wideman’s system is summarised as follows:

1. Assemble a group of five to ten people who have knowledge and experience in the
various aspects of the project;

2. Brainstorm all the things that could go wrong. Use the "risk wheel" shown in Figure
3 to stimulate ideas. This diagram is used as a memory trigger and to integrate risk
identification with other project management functions. List each item as a single
line statement. This should produce a long inventory of possibilities;

3. Identify the top 20% that appear to have the greatest impact and probability on the
project’s cost and schedule, and re-list them on approximate descending order of
significance;

4. Conduct a "What if" analysis on the worst item;

5. Develop a plan to avoid, solve or reduce the problem;

6. Ask how could the situation be turned to advantage;
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7. If the response is to make some provision in the contingency allowance, then also
take a majority opinion on the probability of occurrence. The items can then be
included in a tabular layout using the "expected value" technique (see Chapter 4);

8. Repeat steps 4 through to 7 on the remaining items until the "top 20% list" of worst
items has been accounted for; and

9. Factor appropriate steps into the plans for the project.

Wideman (1995) explains that cost risks arise from variations in both cost and time,
therefore, it is desirable to undertake formal risk assessment on both estimates for the
project. He suggests that this can be done by a modern quantitative risk assessment
combining distributions in a computer network programme. However, he cautions that
formal cost-schedule risk assessments should only be conducted by those

knowledgeable in the methodology.
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3.3.5 American Society for Testing and Materials

The American Society for Testing and Materials’ (ASTM) (1998a) designation E1946-
98, "Standard Practice for Measuring Cost Risk of Buildings and Building Systems",
establishes a procedure for measuring cost risk for buildings using Monte Carlo
simulation and "sensitivity analysis" (see Chapter 4). The procedure for calculating
building cost risk is summarised as follows:

1. Identify critical cost elements;

2. Eliminate interdependencies between critical elements;

3. Select "probability density function";

4. Quantify risks in critical elements;

5. Create a cost model;

6. Conduct a Monte Carlo simulation;

7. Interpret the results; and

8. Conduct a sensitivity analysis.

Concerning the elimination of interdependencies between elements, it is suggested that
the practice works best when there are no strong interdependencies, and, where there are
highly dependent variables, they should be combined, or the common component

extracted as a separate variable (ASTM, 1998a).

The ASTM (1998b) designation E1369-98 lists procedures for treating risk in the
economic evaluation of buildings, and the recommended steps are:
1. Determine appropriate economic measure (s) for evaluating the investment;

2. Identify objectives, alternatives, and constraints;
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3. Decide whether an uncertainty and risk evaluation is needed, and, if so, choose the
appropriate technique;

4. Compile data and establish assumptions for the evaluation;

5. Determine risk attitude of the decision maker;

6. Compute measures of worth and associated risk;

7. Analyse results and make a decision; and

8. Document the evaluation.

3.3.6 BP Amoco

Noor and Rye’s (2000) first requirement for a successful risk-weighted estimate is
having a well documented estimate to serve as a baseline. This should represent the
most likely cost, based on the available information. The report must include all
assumptions and information sources, regardless of the amount and quality of
information available. = The base cost estimate must not contain any hidden
contingencies or allowances, any miscellaneous costs must be documented and justified.
Noor and Rye believe that a well conducted risk analysis session cannot compensate for
a poor estimate, and the estimate must, therefore, be reviewed and accepted first by the

project team.

Following acceptance of the base estimate, a "ranging session" is carried out. This
consists of three parts:

1. A short presentation on the risk analysis process;

2. Development of the "influence factors"; and

3. Determination of the effects on the influence factors on the cost estimate

("ranging").
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The participants of a ranging session should include the key members of the project
team (e.g. the cost estimator, discipline engineers, project manager, budget/financial
control representatives) and a "risk facilitator”. In some cases, contractors may also be

invited to attend.

At the onset of the ranging session, participants are given an overview of the risk
management process, along with some guidelines on how the ranging session will be
conducted (Noor and Rye, 2000). The important rules that must be followed during the
session are highlighted, these being that project specific details such as the location, the
type of facility, and the technology to be used, should be fixed. If different options are
being evaluated, they should be considered separately to ensure that the risk analysis

results are specific to one particular case.

The second stage is the development of "influence factors”. These are indépendent
issues that are likely to have an effect on the base estimate. Participants are urged to
consider all the possible factors that might have an effect, and leads to the development
of a list of benefits and concerns. This has the added value of providing the project
team with a checklist of issues that they may need to address as the project is developed
further. Once all the issues are identified by the team, the influence factors are
developed. This procedure involves the consolidation of the list of benefits and

concerns into influence factors that should represent major cost related issues.

The process of paring down the list of benefits and concerns into influence factors can
be lengthy and tedious, and, as an alternative, a standard list could be presented to the

group instead (Noor and Rye, 2000). This list could be prepared from previously
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completed risk analysis sessions on similar projects, and such a list helps to initiate
discussion among the team. This approach is said to be a more expedient method,
however, it is stated that the main drawback is that some participants may focus only on
the issues shown on the prepared list. Consequently, they do not identify the issues
associated with all of the possible scenarios. The risk facilitator has to ensure that the
list of influence factors is thorough by challenging the group to consider all other

possibilities.

In the third part of the ranging session, the effect of the influence factors on the cost
estimate is determined, and a cost-influence matrix for the base estimate is created. An
example of a typical cost-influence matrix is shown is shown in Figure 4. A range
around the base estimate is a measure of the variation in the base cost, e.g. -5% / +15%.
The net effect of all the ranges that are due to each influence factor is computed at the
bottom of the cost-influence matrix. The Monte Carlo simulation technique is then
proposed, to assess the effect of the influence factors on the base cost estimate using the
data from the cost-influence matrix. Another component of the results displays the
relative effect that each of the influence factors have on the base estimate by using

sensitivity analysis.

Noor and Rye (2000) explain that about 150 risk-weighted cost estimates have been
prepared for a variety of projects. These range from deep water exploration and
production projects to refinery and chemical plant projects, and include new projects
and improvements to existing facilities. They conclude that one of the benefits is in the
manner in which contingencies are assigned to the project costs. Traditionally,

contingencies were incorporated into deterministic cost estimates as a line item usually
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between 5% and 15% of the base estimate, but risk-weighted estimates have yielded
smaller contingencies. Consequently, less money is tied up on the project. It is
suggested that the results can also help in the development of effective risk mitigation

and management plans.

Cost Component % Influence Factors
Description Base Cost 1 2 3 4 H s 7
Equip. |Materials] Labor | Design |Environ.|Scheduld Value
in US$ Market| Market | ‘Unc. | Unc. | Unc. | Unc. |Practices
Equipment Costs 2,225,000| - 5 0 15 5
+] 15 15 5 5
Bulk Material Costs 1,650,000] - 5 25 10
v + 10 25 15
Labor Costs 1,587,500] - 6 5 10 25
+ 10 25 15
Indirect Costs 2,400,000] - |- 5 20 5 5 10
s 10 ] 15| 10 10| s
Import Fee & Taxes 475,000] - 5 10
+1 10 5
Effect on Total -
+
Total Base Estimate 8,337,500

Figure 4 - Cost-influence matrix
(Source: Noor and Rye, 2000)

3.4 Project risk management systems

3.4.1 Science am; Engineering Research Council

Thompson and Perry’s (1992) and the Norris et al (1993) system is in two main stages,
risk analysis and risk management. Risk analysis is further divided into two sub-stages,
a "qualitative analysis" and a "quantitative analysis". An initial qualitative risk analysis
is essential as it allows the main risks to be identified by, for example, checklists,
interviews, or brainstorming sessions. This is then usually associated with some form
of assessment, which could be the description of each risk, or a subjective labelling of

each risk (e.g. low/high) in terms of its probability of occurrence. A sound aim is to

identify the key risks, perhaps between five and ten, for each project, which can then be
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analysed and managed in more detail. Their quantitative analysis sub-stage often
involves more sophisticated techniques, usually requiring computer software. This is
considered to be the most formal aspect of the whole process, requiring measurement of
risk in cost and time estimates, and probabilistic combination of individual
uncertainties. They recommended that companies new to risk management start slowly,
perhaps even ignoring the quantitative sub-stage, until a climate of acceptability has
been developed for risk management in the organisation. Finally, risk management

involves the formulation of management responses to reduce and control the main risks

identified in the analyses.

3.4.2 HM Treasury

HM Treasury (1993) explains that formal risk analysis is usually carried out as part of
the project management service in conjunction with the work of the cost consultant.
The first stage of the process, risk identification, usually consists of three parts. These
being, understanding the content of the base estimate, reviewing the likely sources of
potential risk, and identifying the potential risks and compiling the project "risk
register". As with Thompson and Perry’s (1992) and the Norris et al (1993) system, this

is then followed by both qualitative and quantitative assessments, as shown in Figure 5.

HM Treasury (1993) has been superseded by HM Treasury (1997), which states that the
aim of risk management is to ensure that risks are identified at project inception, their
potential impacts allowed for, and, where possible, their impacts minimised. The
systematic risk management process proposed consists of three main phases:

1. Identification - to determine what the risks are;
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2. Assessment - to determine the likelihood of the risk occurring and their potential
impacts; and
3. Monitoring and control - to identify options for dealing with risks and monitoring

implementation of the preferred options.
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Produce report:
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—unusual risk characteristics
- variability of the outturn
- maximum likely risk estimate .

Figure 5 - HM Treasury’s (1993) risk analysis flow chart

Similar to Thompson and Perry (1992), Norris et al (1993), and HM Treasury (1993),
the assessment phase is split into qualitative and quantitative sub-stages. Concerning
risk monitoring and control, it is recommended that care should be taken when

considering the management actions available to ensure that the potential impact of each
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risk is not outweighed by the direct costs to the department from the cost of reducing
the risk, transferring the risk, or all management and administrative time, consultants
fees and other charges associated with managing and dealing with the risk (HM
Treasury, 1997). A "risk management plan" should be prepared and updated regularly

to summarise the risk management process.

3.4.3 Gardiner & Theobald and Bovis

Boothroyd and Emmett (1996) present risk management aimed at helping the project
team make decision by identifying, classifying, and quantifying the risks, and then
managing and controlling them. They emphasise that identification is the most
important phase of the process, because no action can be taken on a risk that has not
been recognised. Similar to Yates (1986), identification should be done during a "risk
workshop" at the start of the project. Risks should then be classified by their potential
impact on the project and their likelihood of occurrence, and the major risks prioritised

and quantified to provide the client with the most likely total cost of the project.

Technique such as Monte Carlo simulation should be used to provide minimum,
maximum and most likely risk allowances, and the process continued by recommending
optimum actions for mitigating risk items, with each risk allocated to a team member to
co-ordinate a response. The status of risks are then reviewed at meetings throughout the
project to ensure that they are being managed effectively, and also to identify any new
risks that have arisen. They recommend that a "risk manager" maintains regular contact

with the project team between meetings, to ensure satisfactory progress is being made.
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3.4.4 Construction Industry Research and Informatz"on Association

As Boothroyd and Emmett (1996) suggest, a risk management framework should
normally involve several members of the project team lending their range of skills and
experience. However, Godfrey (1996) explains that it can also be useful for an
individual to follow the process alone. Similar to HM Treasury (1993), the main
outcome of this process is then usually presented as a risk register. It is recommended
by Godfrey that it helps to condense the register into a concise form to clarify issues and
reach sound conclusions. As the project develops, the register retains only the parts that
continue to matter. Godfrey’s systematic process is illustrated in ten steps, as shown in

Figure 6.
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Figure 6 - Godfrey’s (1996) systematic risk management process
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3.4.5 Project Management Institute

Included within the Project Management Institute’s (PMI) (1996) "A Guide to the
Project Management Body of Knowledge", is a section concerned primarily with risk
management. This process is made up of four stages, as shown in Figure 7. Risk
identification determines which risks are likely to affect the project, and it is highlighted
that it is important to understand that even the most thorough and comprehensive
analysis cannot identify all of the project risks. The second stage, risk quantification is
concerned with evaluating risks and interactions to assess the range of possible

outcomes, and it is primarily concerned with determining which risks warrant a

response.

Project Risk Management

111 N
Risk Identification :

.1 Inputs
3 .1 Product description
.2 Other planning outputs
.3 Historical information
.2 Tools and Techniques
.1 Checklists
.2 Flowcharting
< .3 Interviewing
.3 Outputs
.1 Sources of risk
.2 Potential risk events
.3 Risk symptoms
.4 Inputs to other processes

8 Risk Quantifica

3 Inputs
.1 Stakeholder risk tolerances
.2 Sources of risk
.3 Potential risk everts
.4 Cost estimates
.5 Activity duration estimates
.2 Tools and Techniques
.1 Expected monetary value
.2 Statistical sums
.3 Simutation
.4 Decision trees
.5 Expert judgment
3 Outputs
.1 Opportunities to pursue,
threats to respond to
.2 Opportunities to Ignore,
threats to accept

1.3
Risk Response Development

.1 Inputs
.1 Opportunities to pursue,
threats to respond to
.2 Opportunities to ignore,
threats to accept
.2 Tools and Techniques
.1 Procurement
.2 Contingency planning
.3 Alternative strategies
4 Insurance
3 Outputs
.1 Risk management plan
.2 Inputs to other processes
.3 Contingency plans
.4 Reserves
.5 Contractual agreements

.1 Inputs
.1 Risk management plan
.2 Actual risk events
.3 Additional risk identification
.2 Tools and Techniques
-1 Workarounds
.2 Additional risk response
development
.3 Outputs
.1 Corrective action
.2 Updates to risk
management plan

Figure 7 - PMI’s (1996) project risk management overview
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Risk response development defines enhancement steps for opportunities, and response
steps to threats, with a key outputs being the risk management plan (PMI, 1996). This
should document procedures that will be used to manage risk throughout the project. It
will also report the results from identification and quantification processes, covering
who is responsible for managing various areas of risk, how the initial outputs will be
maintained, and how contingency plans will be implemented from warning "triggers".
Finally, risk response control involves executing the risk management plans, and
responding to changes in risk over the course of the project. Thus, when significant
changes occur, the basic cycle is repeated, therefore requiring control and iteration. As
with Godfrey’s (1996) system, each process may have involvement from one or more
individuals, or group of individuals, based on the needs of the project. Although the
processes is presented as discrete elements with well defined interfaces, in practice, they

may overlap and interact in different ways.

3.4.6 Association for Project Management
Chapman and Ward (1997) and Simon et al (1997) explain that the most specific risk
management processes are described in terms of phases (stages), which are decomposed
in a variety of ways, some related to tasks (activities), and some related to deliverables
(outputs/products). Their generic project structure is more detailed than most specific
processes discussed so far, and may be summarised as follows:
1. Define the project for risk management purposes.

- Project should have well defined objectives, scope, strategy and an outline

plan;

2. Focus the risk management process.
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- The purpose of this stage is to define the scope and strategy of the risk
management process (as distinct from the strategy of the project), and to plan
it in operational terms as a project in its own right;

3. Identify the risks and responses.

- An approach should be adopted to risk identification that gives confidence in
the project team’s ability to complete the list of risks;

- All stakeholders should be consulted, and external opinions should be sought
where appropriate and practical;

- Lessons from historical information should be accessed;

- Promote an open response from the individuals approached;

- After the risk has been identified it should be validated;

4. Assessment of the risks.

- The risks identified should be described and characterised sufficiently to
allow effective risk assessment to be conducted;

- As well as the individual potential effect of each risk, there may be
additional effects from a combination of risk occurrences. The combined
effect of all the risks should be assessed;

- The relative significance of each risk identified should be assessed, in terms
of the threat it poses to achieving the project’s objectives;

- Develop the analysis structure, clarify ownership issues, estimate in terms of

scenarios and numbers, and evaluate the numbers and scenarios;

5. Plan the project and the management of its risk.

- The planning phase uses all preceding effort to produce a project base plan

ready for implementation, and associated risk management plans (actions)
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for the project management process. Ensuring that these plans are complete
and appropriate is the purpose of this phase.
6. Manage the project and its risk.

- The management phase is ongoing once the project is implemented, and is
concerned with monitoring actual progress with the project and the
associated risk management plans, responding to any departures from these
plans, and developing more detailed plans for the immediate future. The key
deliverable is diagnosis of a need to revisit earlier plans, the basis of control,

and initiation of re-planning as necessary.

Simon et al (1997) explain that some broad general features of the above system when
applied earlier in the project life cycle include it being less quantitative, less formal, less
tactical, more strategic, more creative, and more concerned with the identification and
capture of opportunities. They say that the formalisation is central to capturing the
benefits as part of the communication processes involved, and the level and kind of
communication the process can generate can lead to significant culture changes within
organisations. These changes can be quite fundamental, and they can be very complex,
thus, the iterative nature of the process is central to "keeping it simple", therefore using
early passes of the process to identify the areas that need more detailed assessment in

later phases (Chapman and Ward, 1997).

3.4.7 Institution of Civil Engineers et al
The Institution of Civil Engineers and the Faculty and Institute of Actuaries (1998)
process is a comprehensive and systematic process, similar in scope to the Chapman

and Ward (1997) and Simon et al (1997) system. It is designed for managing risks in
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capital investment projects. This process covers the entire life of a project from
inception to completion. Generally, process launch is conducted early in the investment
life-cycle. Risk review is conducted before each of the project’s key decisions or
intervals. Risk management is then conducted continually between risk reviews.
Finally, process close-down is conducted at the end of the investment life-cycle, or on

premature termination.

3.4.8 British Standards Institution

The British Standards Institution’s (BSI) (2000) BS 6079-3 system is, similar to PMI
(1996), a project management standard. It is entitled "Guide to the management of
business related project risk". It sets out a five stage process of context, risk
identification, risk analysis, risk evaluation, and risk treatment, as shown in Figure 8.
The model outlined is shaped by two generic perspectives that can be applied to any
kind of business or project. First, defining the relationship between the business and its
projects. And second, modelling the decision-making process associated with activities
at different levels within either the business or project. Similar to Chapman and Ward
(1997), Simon et al (1997), and the Institution of Civil Engineers et al (1998), the
process is thorough and includes definitions, a glossary of tools and techniques, and a

list of common examples of business and project risk.

3.5 Summary

A primary measure of success in preparing a budget estimate is predicting the final cost
at project inception. The problem is that when the initial budget is being set there is
little information about the building, but a budget is established, using a single price rate

method of estimating. The most commonly used technique of allowing for risk in a
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project budget is the contingency percentage allowance. This is a intuitive approach
that has significant weaknesses, and the term "contingency" should therefore not be
used. Perhaps if the percentage allowance figure was arrived at more scientifically, then

the technique would have more substance.
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Figure 8 - BSI’s (2000) risk management process
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Various "budget risk management systems" have been proposed for construction

projects. Some aspects of these systems are common, e.g. preparation of a baseline

estimate, identification of the key risks that affect the estimate, quantification of the

risks, and use of a formal structure. The adoption of a systematic approach to budget

risk management will also usually produce an estimate expressed in terms of a range,

rather than as a single figure. This is often achieved by using the Monte Carlo

simulation technique. Several attributes of "project risk management systems" are also

becoming standard practice, e.g.:

e Focusing the context of the risk management process objectives prior to its launch;

e Using a risk manager to facilitate the risk management process;

e Obtaining a clear understanding of a project’s objectives in advance of starting the
risk management process;

e Prioritise risk management efforts on only the main project risks;

e Adapting an iterative and interactive risk management process throughout the
lifecycle of a project;

e Allowing functionality of the risk management model by either a team or an
individual; and

¢ Delivering outputs as risk registers and risk management plans.

The above characteristics of both the budget and project risk management systems
should be incorporated as an integral part of the proposed model development work.
However, a potential problem with these existing systems is the time taken to
implement them. The quantity surveyor is often under extreme pressure to produce an
initial budget estimate, often in minimum time constraints. Therefore, there may not be

adequate time to, say, hold a formal brainstorming workshop with the whole design
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team. In addition to this, the client may prefer to receive the risk report at the same time

as the budget estimate, rather than several days later.

Further deficiencies identified in the current systems include the need to have well
documented project objectives and a baseline budget estimate before starting the risk
management process, meaning that the risk management process usually follows the
completion of the project brief and budget estimate. It would, however, seem to be
more appropriate to apply the risk management system to the process of preparing a
brief and an initial budget estimate, instead of separating the operations. A further
shortcoming in literature is that, although the generic nature of systems provide a good
theoretical starting point for model development, the guidance lacks specific "step-by-
step" procedures for particular specialised system applications. There is also a neglect
of practical case illustrations demonstrating the implementation of the suggested

systems.

The proposed conceptual model should tackle these issues, and, in particular, it should
address the need for a more integrated approach to the process of project definition,
budget preparation, and risk management. The model should provide an auditable
framework of internal control within a practice, and, through step-by-step guidance, it
should be validated with practical case illustrations. The process of preparing an initial
budget estimate for a building project places the quantity surveyor in a leading
consultancy position for initiating the risk management process. There is, therefore,
great opportunity for the quantity surveyor to be proactive by producing the first, and

possibly most critical, assessment of financial construction risk for the client.
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CHAPTER 4 - RISK MANAGEMENT TOOLS, TECHNIQUES, AND

SOFTWARE

4.1 Introduction

In 1985 the Royal Institution of Chartered Surveyors (RICS) arranged a quantity
surveyors research and development forum to explore some of the reasons why the
Construction Industry in general, and the quantity surveying profession in particular,
had been slow to adopt the philosophy and techniques of risk analysis (Wilson, 1985).
Two reasons were identified, the first was culture related (e.g. education, mystique,
perceptions, subjectivity, contingency), the other reason suggested derive from the
current state of the technology of risk analysis (e.g. software availability). Since this
early forum, risk management literature and commercial products have progressed. The
objective of this chapter is to consider the key literature related to building project
budgets and risk management tools and techniques, and to review a selection of the
commercial software available (Association for Project Management (APM), 2000).
The performance of each will subsequently be evaluate for use with the proposed

conceptual model.

4.2 Risk management tools and techniques

4.2.1 Subjective probability

Subjective probability is the degree of belief or confidence placed on the possible
occurrence of a risk by a decision-maker, on the basis of evidence or information
available (Flanagan and Norman, 1993). This is preferable to objective probability
because decisions are unique, and, in a sense, conditions change continuously, meaning

it is impossible to obtain past observations of similar events from which to estimate
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objective probabilities (Flanagan and Norman, 1993). However, Flanagan and Norman
(1993) explain that the problem is that subjective probability might generate a self-
fulfilling prophecy by an individual, and it is, therefore, a rather arbitrary measure of
risk, leading to bias. All objective and subjective evidence available should, therefore,

be used in the assignment of subjective probabilities.

4.2.2 Monte Carlo simulation

Whilst the contingency percentage allowance is the most commonly used technique for
risk management of building projects budgets, Monte Carlo simulation is the one which
has received most coverage in construction literature. It is called Monte Carlo
simulation because it makes use of random numbers to select outcomes, rather as a ball
in a roulette wheel stops to select a winning number (Flanagan and Stevens, 1990).
Flanagan and Norman (1982) suggest a step-by-step risk analysis technique for building
project budgets using Monte Carlo simulation, the results of which allow the
presentation of the most likely range within which the tender price will lie, and give the
probability that the tender price will not exceed a given limit. This work is developed
further by Flanagan and Stevens (1990), who explain that Monte Carlo simulation
generates hypothetical mean unit price rates for each elemental category in the cost plan
for a proposed building. These hypothetical rates are taken from probability
distributions with the same statistical properties, that is, probability density function, as
those which characterise the original sample data from which the mean unit price rates
were estimated. The hypothetical rates are then used to build up a total price forecast
for the proposed building. If this exercise is repeated a sufficiently large number of
times, it will be possible to obtain a picture of the probability density function which

characterises the total price, and so to determine the most likely total price.

62



The successful application of Flanagan et al’s above method is presented in a case study
on a warehouse building, during the cost planning stage. It is concluded that Monte
Carlo simulation does not provide the solution to eliminating risk in the forecasting of
construction price, but it is a valuable tool that encourages the design team to focus on
the "what if" questions and to consider the range of possibilities that might occur.
Flanagan et al state that, in order for risk analysis to be adopted by quantity surveyors, it
must prove itself to be economically viable for both clients and the professional
advisers, but, given the opportunity, it will become an everyday technique within the
construction industry. Seeley (1996) also believes that the use of risk analysis using
Monte Carlo simulation and output data including confidence limits will become, in

time, the de-facto standard for all construction cost calculations.

Hawkins and Solomon’s (1989) initial experience of using Monte Carlo simulation
software showed that the technique works very well in practice by helping quantity
surveyors to communicate more detail in their estimates. They said that not only are the
surveyors forced to face the fact that risks on costs exist, but their minds are focused on
the important issues that could affect costs. Newton (1992) also favours the use Monte
Carlo simulation in construction cost estimating, but, however, says genuine concerns
remain, because, in a sense, it is all too easy, as building costs exhibit few of the clean
features required for the statistics. He also says that there is little firm evidence to
support or challenge the degree of asymmetry assumed in the elemental probability
distributions, neither is there any real clarity regarding the extent and implications of
correlations between element costs. Newton does, however, conclude that, relative to
conventional practice where asymmetry and correlation problems simply get ignored,

the application of Monte Carlo simulation is to be encouraged, because the dynamics of
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building costs now demand that quantity surveyors move more fully to embrace the

ideas of risk management.

Concerning the problem with asymmetry in probability distributions highlighted by
Newton (1992), one of the most commonly adopted assumptions in modelling
construction costs using Monte Carlo simulation is the triangular distribution as
elemental probability density function. Chau (1995) has challenged the validity of this
supposition. He found that the underlying distribution of the elements is asymmetric
with a long thin tail towards the right, and that the triangular distribution does therefore
lead to bias. Wall (1997), however, believes Monte Carlo simulation literature
overplays the importance of choice of which distribution to use to represent input
variables, and underplays the importance of assessing and including correlations
between the variables. He presents simulation runs of a cost model including and
excluding correlations, and concludes that correlations must be included in simulations,

otherwise the analysis leads to serious mis-assessment of risk.

4.2.3 Sensitivity analysis

Sensitivity analysis is a simpler form of risk analysis than Monte Carlo simulation and
works by determining the effect on the budget by changing the value of one of the risk
items. This can be done by constructing a table in a spreadsheet to recalculate the cost
of an item by adjusting the best estimate by plus or minus a range of percentages (e.g.
+/- 5%, +/- 10%). A method of including several risks on one graph is proposed by
Hayes et al (1986), see Figure 9, which provides a useful way of comparing the effects

of changes for different risk against the total estimate using a "spider diagram". The
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shallower the gradient of the line on the graph, the more sensitive will construction

costs be to change from a risk.
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Figure 9 - Sensitivity analysis spider diagram

(Source: Thompson and Perry, 1992)

Flanagan and Norman (1993) suggest "scenario analysis" as another form of sensitivity
analysis for risk analysis of a building project budget. This tests the alternative options
of a project by identifying the key variables together and their monetary values. An

example is presented at the early concept stage of a project, where, by minimising the
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amount of circulation space, the architect is looking at various different layouts of the
building to optimise the net to gross floor area. The provision for car parking is also
considered, which might be stipulated by the local authority’s requirements. It is
demonstrated in Figure 10 that the quantity surveyor could present various scenarios
showing the impact on the cost change for the changes in floor area, the expenditure on
car parking, and, in addition, forecasts on inflation. Each scenario is based upon the
most likely, the optimistic, and the pessimistic estimate, and the results shown represent

the range of possible outcomes.
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Figure 10 - Scenario analysis

(Source: Flanagan and Norman, 1993)
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In the these examples no quantitative measure of the possibility of each outcome has
been placed upon the options, although, as Flanagan and Norman (1993) explain, it is
possible to add such a measure. Flanagan et al (1987) have shown that probability
contours can be added to a spider diagram, albeit with application to a life cycle costing
example. Hayes et al (1986) conclude that the main problem with the sensitivity
analysis technique is that it only looks at risks in isolation, whereas, in reality, it is

likely that some combination of the risks will occur.

4.2.4 Expected monetary value

The expected monetary value (EMV) approach takes the testing of scenarios one stage
further by considering the probability of occurrence of each scenario (Raftery, 1994).
Flanagan and Stevens (1990) present a risk analysis approach using EMV, which again
works by giving each identified risk a three point estimate, including the most likely
price, the lowest price, and the highest price, and then assigning a probability figure for
the chance of each event occurring. An example of the need to replace a existing gas
main to a site is given and, based on the information available to the quantity surveyor,
the base estimate allows for some modifications to the existing main, the best case is to
assume no work is required, and the worst case is that substantial work is needed to
modify the main. By multiplying the price of each option against its respective

probability value, an average risk allowance is determined.

The advantage of the EMV technique is that it solves some of the limitations of
sensitivity analysis because it explicitly allow for the probability of change in input
values, and therefore produce a risk-adjusted outcome (Raftery, 1994). The limitations

of the EMV technique resolve around the value of the probability itself, which is usually
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arrived at subjectively, and it is therefore possible that it may not provide the best

practical advice for a specific project decision.

The EMV technique is a way of considering the severity (cost impact) and likelihood
(probability) of a risk, and, Flanagan and Norman (1993) have developed a matrix to
view risky events by consider the likelihood of damage being caused to adjoining
buildings as results of piling on site, as shown in Figure 11. This helps decision-makers
to consider the risk consequences in a structured way, and Boothroyd and Emmett
(1996) explain that such a matrix can be used during a risk workshop to help focus the
project team’s mind on where the risks lie. They say that, in most cases, the numerical
values for probability and consequences can be arithmetically combined to give

comparative value, and therefore allow the highest project risks to be prioritised.

Likelihood _
Improbable Rare Possible | Probable | Very likely
Severity )
Negligible . . . . .
(up to £100) Retain Retain Retain Retain Retain
Small . . .
Retain Retain - | Partial Partial Partial
(£100 - £1,000) Insurance| Insurance Insurance
Moderate . Partial
(£1,000-£5,000) | "M | jocurance| IMsure | Insure | Insure
Large Insu | _ | |
(£5,000 - £50,000) re nsure nsure | Insure Insure
Disastrous Insure | Insure Cease Cease Cease
(Over £50,000) activity acti\/ity - aCtiVﬁy

Figure 11 - Severity/likelihood matrix

(Source: Flanagan and Norman, 1993)
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4.2.5 Multiple Estimating using Risk Analysis

Multiple Estimating using Risk Analysis (MERA) uses the EMV theory, but in a more

complex way. Beeston (1986) describes the technique, and two types of risk allowances

are defined:

e Fixed risk allowance - a sum of money which will either be incurred as a whole,
with an estimated probability, or not at all. The average risk allowance for the item
is calculated by multiplying the fixed risk allowance by the probability; and

o Variable risk allowance - can occur to varying degrees so no fixed sum of money
can be allocated to it. The average risk allowance for it can be approximated by
estimating the sum of money which has a probability of 0.5 (i.e. an even chance) of
being exceeded. At the same time a sum must be estimated which has a probability
of 0.1 (i.e. a one in ten chance) of being exceeded, this is the maximum likely risk

allowance.

By totalling the average risk allowances above, this consolidates the risk allowance to
produce a combined risk allowance which can be added to the base estimaté to provide
an alternative project estimate, called the average risk estimate for the project. As well
as an average risk estimate it is considered desirable to also quote a figure which would
be exceeded with only a small probability, a maximum likely risk allowance, this is the
sum of the base estimate and a combination of the individual item maximum likely risk
allowances. This combination is done after the important problem of dependence
between items has been dealt with, and, for simplicity, items are treated as either
completely dependent or completely independent. Items with a large degree of
dependence are grouped by adding their risk allowances together, and then related to as

a single independent item.
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To combine the maximum likely risk allowances of independent items, the concept of a
distribution of possible risk allowances is used. This distribution includes all possible
values of the allowance for an item covering the whole range of probabilities from zero
to one. The values are arranged about the average, not necessarily symmetrically, and
to define the required part of the distribution, only two parameters are needed, the
average, and the spread in the upward direction. The average for an item has already
been calculated as the average risk allowance, it therefore remains to measure the
upward spread. For variable risk allowances this concept is straightforward, it is the

difference between the average risk allowance and the maximum likely risk allowance.

To calculate a notional spread for the artificial distribution of a fixed risk allowance
requires further assumptions and, in Beeston’s (1986) opinion, oversteps the boundary
of reason. He says it seems better to use the fixed risk allowance itself as the maximum
likely risk allowance, the upward spread is then the difference between it and the
average risk allowance, as for the variable risk allowances. The spread of the
distributions are combined by summing their squares and taking the square root of the
total, corresponding with the standard procedure for combining standard deviations of
distributions of independent variables. The result of this calculation is a combined
spread, which can be added to the average risk estimate for the project to produce the

maximum likely estimate for the project.

Barnes (1989) explains that MERA was adopted by the now privatised "Property
Services Agency", a division of the UK Department of the Environment, which was
responsible for the procurement of military buildings. He highlights that, in theory,

there is a potential problem with MERA if only one very costly item is at risk and
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included in the estimate with a low probability, thus producing the situation where its
disproportionate cost would destroy the principle of "swings and roundabouts". In
reality, he says that this should never happen since such an item would ring alarm bells
to indicate a bad brief or design solution, and resources would be applied to solving that

problem before going any further.

Mak et al (1998) and Mak and Picken (2000), explain how, in 1993, the Hong Kong
government implemented the MERA technique for capital cost estimating in its
estimating for the planning of public works projects, and indicate initial success in using
the method to reduce unnecessary and exaggerated allowances for risk caused when
using other techniques (e.g. the contingency percentage allowance). However, Raftery
(1994) believes that MERA is really a method of probabilistic estimating, rather than a
method of risk analysis, and it is a mechanistic and rather inflexible technique that does
not promote creative thought, nor does it encourage the project team to do something

about the results.

4.2.6 Decision tree analysis

At the beginning of most building projects there are several different routes that may be
followed, and the decision-maker is therefore faced with a variety of possibilities. The
decision tree is suggested as a graphical means of bringing together the information
needed for these decisions, as it can show the possible courses of action available, and,
combined with EMV, can provide a measure of the value for each possible outcome
(Hayes et al, 1986).  Figure 12 shows a typical example of a decision tree on

construction costs.
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OPTIONS ~ EXPECTED PROBABILITY  OUTCOME
cosT OF SUCCESS  COSTS
- ACHIEVED 0.1(10%) 450m
" CHANCE / PARTIALLY ACHIEVED 07 5.00m
OPTIONA,LEGAL { - NODE. -
NOT ACHIEVED 02 6.00m
N ACHEVED 02 200m
DECISION PARTIALLY ACHEVED 06 3.00m

NODE .
R NOT ACHIEVED 02 '3.50m

ACHIEVED 06 1.50m

PARTIALLY ACHIEVED 0.3 2.00m

; \ NOT ACHIEVED 01 3.00m

DECISION/ OPTION TO TAKE IS THE ONE THAT GIVES
THE LEAST WEIGHTED EXPECTED COST

OPTIONC,
CONTROLLED FINAL
ACCOUNT STRATEGY

Figure 12 - Decision tree analysis

(Source: Boothroyd and Emmett, 1996)

4.2.7 Prompts and checklists

Checklists contain questions on specific areas, often based on past project experience,
and they can be structured to rapidly identifying sources of risk (BSI, 2000). They can,
however, sometimes be overly prescriptive and overlook risks which are not based on
past project performance. Godfrey (1996) recommends not using checklists because
they tend to identify the usual. Instead, prompt lists are preferred, as they can be used
to stimulate specific risk identification. Godfrey proposes a "what can go wrong list",
and suggests the use of records from hindsight reviews and case study examples.
Prompt lists ensure that a broad range of categories of project risk are examined, and
can be a useful focus of attention during a brainstorming session (BSI, 2000). Most of
the construction risk management texts reviewed include lists of possible project risks

that could be used as prompts.
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4.2.8 Brainstorming

Brainstorming involves generating ideas about what might go wrong, and works better
with a group, but can be done individually (Godfrey, 1996). A workshop environment
gives the opportunity to experiment with different viewpoints, and lateral thinking is
encouraged, thus resulting in some ideas that individuals might normally reject out of
hand if working alone (RICS, 1999). Godfrey (1996) explains that it is helpful to
appoint a facilitator whose role is to combine the function of workshop chairman and
helmsman, and to record the process on a flip chart. Discussions shouid initially be kept
as open as possible by discouraging criticism and, once identified,' possible risks can

then be discussed constructively (BSI, 2000).

4.2.9 Risk adjusted discount rate

Risk adjusted discount rate (RADR) may be calculated as follows (ASTM, 1998b):

RADR = RF + ARl + AR2

where:

RF = Risk-free rate;

ARl = Adjustment for normal risk encountered in the operation; and
AR2 = Adjustment for extra risk above or below normal risk.

Whilst this formula is probably more applicable for calculating the life cycle costs of a

building design, this could perhaps also be interpreted as follows:

RF = Risk-free baseline estimate;
ARl = Adjustmeht for normal contingency percentage allowance;
AR2 = Adjustment based on judgement, intuition and "gut-feeling".

73



RADR is, therefore, typically an estimate based on the quantity surveyors best
judgement, and, what is‘required, is for the quantity surveyor to make explicit any of the
risk allowances that may sometimes have been previously hidden. Perhaps to improve
this method, it could be possible to employ a classification system, where each building
element or project type has a different level of risk adjustment (AR1), and a different
risk premium adjustment (AR2), thus minimising the bias that might be found in project

evaluation (Flanagan and Norman, 1993).

4.2.10 Decision matrix

A decision matrix is a representation of the options that are open to the decision-maker,
the factors that are relevant, and the outcomes (Flanagan and Norman, 1993). This can
be done using a simple table, with the options shown in rows, and the factors shown in
columns. Subjective probabilities can be assigned to the various outcomes from which

expected monetary values can be calculated.

4.2.11 Risk register

A risk register is a body of information listing all the risks identified for the project,
explaining the nature of each risk and recording information relevant to its assessment
and management (Chapman and Ward, 1997). Williams (1993) explains that this is the
most common administrative device for keeping track of risks. A ris'k register consists
of a simple collection of risk statements, each pro forma containing, for example:

e the "owner" of the risk;

e the estimated likelihood of its occurrence;

o the project objectives on which it impacts (e.g. scheduling, cost, some specification

or performance measures), and the estimated severity of its impact;
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e work-breakdown items and/or PERT activities influenced; and
e possible contingency plans, to prepare for the event of the risk occurring, secondary

risks, or knock-on effect.

Williams, 1993.

An alternative, or addition, to a risk register is to use a "cost-influence matrix" (Noor

and Rye, 2000) (see Chapter 3).

4.3 Risk management software

4.3.1 Simulation

"@Risk" is a simulation add-in for spreadsheets which integrates via an additional

toolbar. It is a quantitative method that seeks to determine the outcomes of a decision

as a probability distribution using the Monte Carlo simulation or Latin Hypercube

method (Palisade, 2000). A value of a cell can be replaced with one of thirty-seven

probability distribution functions, and graphics are used to present results, e.g.

histograms, cumulative curves, summary graphs. Target values can also be added for

"what-if?" analysis and sensitivity can be presented using a tornado chart. "@Risk" has

been available for ten years and is reported to have the largest share of the market, being

specified as standard on many large Ministry of Defence contracts (Croll, 1995). It is

part of a "DecisionTools Suite” which also includes:

e "TopRank" - determines which cells affect results the most and ranks them in order
of importance;

e "RiskView" - helps to select or create the most appropriate probability distribution

from a sketch;
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available data; and

"BestFit" - uses optimisation algorithms to find the distribution which best fits any

"PrecisionTree" - to create "influence diagrams" and decision trees.

Similar simulation products to "@Risk" include "Crystal Ball", "PRA", "Predict! Risk

Analyser" and "RiskMaster" (APM, 2000). A typical output graph is a histogram, as

shown in Figure 13.
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4.3.2 Decision modelling

Figure 13 - PRA cost simulation histogram
(Source: Katmar Software, 1999)

Similar to the "@Risk" "PrecisionTree" tool, "Definitive Scenario" software uses

influence diagrams to graphically illustrate decision situations and present the

relationship between variables in

Inc, 2000). Again using Monte

a model, as shown in Figure 14 (Definitive Software

Carlo simulation, it integrates with spreadsheets to

present results as either an S-curve or histogram. The key difference with this software
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compared to "@Risk" is that it runs Monte Carlo simulation from an influence diagram,

rather than a worksheet table. The software can also perform sensitivity analysis.
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Figure 14 - Definitive Scenario influence diagram

(Source: Definitive Software Inc, 2000)

A similar decision modelling software is "DPL" (Decision Programming Language),
which offers synthesis of influence diagrams and decision trees which assist in
structuring focused analyses (Applied Decision Analysis, 2000). An influence diagram
shows the relationships among the important decision and uncertainty variables,
whereas a decision tree defines a decision sequence or chronology, that is, the order in
which decisions are made, uncertainties are resolved, and impacts are felt. The software
has a graphical interface that facilitates drawing, model building, and processing
diagrams. It includes colour-coded symbols that represent uncertainties, values, and
decisions, thus enabling users to construct an intuitive graphical representation of a

problem and then the diagrams become the focus for developing insights and consensus
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on the nature of the risk. The decision tree output can be configured to show the "risk

profile" (cumulative probability distribution) for one or more specific strategies.

4.3.3 Databases

"Pandora" is a database risk register for holding details of risks enabling them to be
classified according to probability and impact on cost, performance, and time, and
including the allocation of responsibility for managing and controlling the problems
(BMT Reliability Consultants Limited, 2000). It contains features to help users with the

risk management process by using data entry screens which include:

The project and stage to which the risk relates, and the people with responsibility for

managing the risk;

e Time-scale information, to allow the management of the risks to be planned
effectively as part of the project management process;

o Details of the risk, such as reference number, title, category and description; and

e The probability of the risk occurring, and the likely impact on cost, performance and

timescale.

"Pandora" also maintains a full history of the way risks change throughout the life of a
project, and includes a comprehensive management information system report designed
to give an up-to-date review of the current status of risks, both before and after any
actions have been taken, as shown in Figure 15. This is a useful means of showing how
well the risk is being managed. For defence contractors it is the tool preferred by the
Ministry of Defence Procurement Executive for use on bids and contracts on behalf of

the Ministry of Defence (BMT Reliability Consultants Limited, 2000).
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Figure 15 - Pandora’s management information system report

(Source: BMT Reliability Consultants Limited, 2000)

An addition to "Predict! Risk Analyser" is "Predict! Risk Controller", which allows both
qualitative and quantitative data tor be stored in a risk register that provides a formalised
means of logging risk information across multiple projects. It provides "flexible risk
recording, tracking, communication, analysis, reporting, data storage and retrieval
Junctionality as a basis of efficient project management" (Risk Decisions Limited,
2000). Its comprehensive functionality includes a probability-impact grid, risk
ownership and status, and automatic issuing of system-generated "trigger" reminders
from a database via e-mail. An audit trail of all changes made to the database can be

accessed from remote sites.
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"Ris3" software was jointly developed by "Line International" and the "Defence
Evaluation Research Agency", and provides a full audit trail which is supported by a
history log for each risk held within a risk register (Line International Limited, 2000).
The design provides both qualitative assessments and quantitative analyses, and reports
are available which can be customised with ranking, ordering, and filtering selectors.
Additional features include an "options comparison", cross references to work
breakdown structures (programme packages), probability-impact grid, and Monte Carlo
simulation generated statistical data for selected risks, reporting either time or cost. The
software also enables users to communicate all report options to the team members,
local management, or the customer, either locally or remotely, using their standard e-
mail facility. There is also "RisGen", an add-in that enables generic libraries to be
maintained, and from which risk registers can be assembled. Risk descriptions, risk
consequences, and risk reductions are stored in three separate library locations and

combined either to create a standard user selection or to create a specific risk register.

"Risk Radar" is a database to "help project managers identify, prioritise, and
communicate project risks in a flexible and easy-to-use form" (US Department of the
Navy, 1999). Each risk has a user-defined risk management plan and a log of historical
events, as shown in Figure 16. The number of risks in each probability-impact category

can also be displayed by time frame, as shown in Figure 17.

4.3.4 Programme management
The principles of "@Risk’s" Monte Carlo simulation have also been applied to project
schedules in order to determine the likelihood of finishing a project on time (Palisade,

2000). A programme management package such as "Microsoft Project" is used as the
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basis, rather than a spreadsheet, allowing resource cost constraints to also be analysed.
"Monte Carlo" is similar to "@Risk for Projects", and users can evaluate the whole
project, or individual segments, based upon quantifiable measures of risk (Primavera
Systems Inc, 2000). "Riskman" software helps track risks, their causes, mitigation
actions, events, and risk budgets, in conjunction with "Microsoft Word" for reports,
"Microsoft Excel" for metrics, "Microsoft Project" for planning, and "Microsoft
Access" for storage (Riskdriver, 2000). After building a project programme with
"Microsoft Project", risk impacts, probabilities, and exposure are assessed in cost, time
and performance dimensions, and Monte Carlo simulation helps to assess the project

end date and cost. Figure 18 shows typical budget output graphics from the "Riskman"

software.
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Figure 18 - Riskman budget analyses
(Source: Riskdriver, 2000)

4.3.5 Methodologies
"DMT" (Dependency Modelling Tool) supports a complete risk analysis methodology
called "Dependency Modelling" that uses "top-down, goal-oriented logic to help build

strategic models" (Dependency, Risk & Decision Support, 2000). The technique argues
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that risks associated with the durations and costs of the activities within a project cannot

be seen in isolation from other risk aspects, and that if this dependency aspect is not

properly considered it could lead to serious problems for the whole undertaking (Webb,

1997). With the methodology, one is invited to consider the project for the principal

facets that have a bearing on the end goal, these facets are termed "paragons" and they

must represent some desirable

feature such as "adequate staffing" or "competent project

manager”. A relationship between these paragons should then be created and one must

consider what could go wrong by modelling the chain of events that comes from a

failure. This allows a dependency tree to be generated, such as that shown in Figure 19.
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Figure 19 - DMT dependency tree
(Source: Dependency, Risk & Decision Support, 2000)

Cost information and measures of likelihood must be added to enable a sensitivity

analysis to be performed and show which events are most likely to have an effect on the

project (Webb, 1997). A "countering" strategy can be entered into the model and the
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effect on the end goals established, which then may be used to assess the cost-
effectiveness of employing any particular contingency approach. Results are given in
relative terms, in the sense that the effectiveness of a countering strategy is given as a
percentage effect on the end goal for each percentage worsening of the situation. Thus,
an economic analysis in absolute cost terms is not possible and it is not a modelling tool
that will produce estimates in probabilistic terms. It is intended to show failure paths,

their severity, and the relative effectiveness of countermeasures.

A second methodology is the "Lichtenberg Method" (also known as the "Successive
Principle") which is used for the risk model building process of the "Futura" package
(Lichtenberg, 2000). Data emerges during group sessions by "focusing the attention on
the uncertainties rather than the knows", and information is captured and modelled live
using the software (DA Futura International, 2000). The process is designed to generate
a top-down view of the task in which the key risks are exposed, and detail is avoided,
except where it has a beneficial effect on the analysis. A neutral "Process Facilitator"
leads a selected multi-disciplinary "Analysis Group" which represents all important

aspects of the task in question. Figure 20 shows the three stages of the methodology.

Stage 1 involves a qualitative assessment comprising agreement of a statement of
purpose, a brainstorming session in which all risk issues in the project are noted, the
grouping of similar issues into overall influences, and finally, describing the
assumptions and possible scenarios for each influence (DA Futura International, 2000).
The second stage, quantitative assessment, then follows, using "triple" estimates to
reflect the uncertainty associated with specific items or activities. A small number of

items in the calculation structure are considered first, and more items or activities are
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then added by breaking down the most uncertain aspects into more detail ("successive
calculations"). The third stage is where action plans are agreed in order to control the

key risks and the model is then updated at suitable intervals to reflect the current level

of knowledge and progress on the project.

Whnt are the . a
Aims, Objectives, Conlitions? g
Whnt is Unigque/Unusual? i

Project
World

Whatare tie o ‘ Scenarios Ense
Key Issues and Influcuces sures CAVE Ooaes
ansociated with thiz Project?

What rue our

Assumptions £ Expectations
about the Future?

How might thene vary ?

Time Schedules Budgets
¥ Drofitalitity RS O i ,
ont-BEencfi T Tt SRR .
v T. l L BN
v Cost &% 2 ~Stage 3: Action
. Decisions, el
0 IMean Values Followup o
(3 Key Rislzs rud Unecrtainties Action Plann: L
I3 Probability Distributions i
0 Bur Chouts : Who? e
" Whnt? R
—————————————————— " - Wien?
\. J

Figure 20 - The Futura process diagram
(Source: DA Futura International, 2000)

4.3.6 Expert systems
"RiskTools" system uses a technique called "Dynamic Risk Mapping" which is a four
step methodology that facilitates the gathering and structuring of risk data, and the

processing of that data to support and guide management decisions (Carma Limited,
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2000). The method is fully supported by seven modules in the "RiskTools" software

suite which automate the tasks:

1.

"RiskScan" - Data gathering;
"RiskMap" - Data structuring;
"RiskBase" - Database viewing;
"RiskBase Builder" - Database building;
"RiskRate" - Data weighting;
"RiskReward" - Data analysis; and

"RiskReport" - Report generation.

Underlying technologies for "RiskTools" include:

Knowledge-based systems - Information on an area of human expertise is stored
explicitly in the form of rules, and a logical ‘inference engine’ uses the rules to
reach conclusions;

Monte Carlo simulation - This can be used when certain quantitative information is
available about the relationships between factors in a risk management scenario;
Dynamic networks - A mathematical modelling technique which can be used when
only qualitative information is available about a risk management scenario. Neural
network technology can then be used to draw qualitative inferences from a suitably
constructed model of these data, which can combine the experience of several
different people; and

Intelligent spreadsheets - Advances in software engineering have resulted in the
construction of specialised add-on packages which greatly enhance the already

impressive capabilities of modern spreadsheet programs.
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4.3.7 Multimedia

"Risk in Action" is a computer based simulation training software that puts the user in
the role of project manager in charge of guiding a major department store chain into e-
commerce (APM, 2000). It allows students to experience the process of identifying and
prioritising risk, and choose the best plan to offset the impact and manage the project

from start to finish.

4.3.8 Enterprise solutions

"Active Risk Manager" is a web-based "enterprise solution" designed to track both
business and project risk across an organisation (Strategic Thought Limited, 2000). The
provision of the facility for intranet, internet, and extranet publishing enables remote
access of real-time risk information by team members, managers, or clients across a
number of geographical sites. The system integrates with programme management
software, and it can map any size of project or business breakdown structure, or a
number of interrelated projects can be linked together. The system provides automatic
warning notification of any risk using global parameters, related to levels of acceptable
risk, that can be set through the use of "traffic lights". The tool claims to allow top
management to "drill down" through the structure and find the root causes for high

levels of risk without wasting time and resources.

A similar product is "Messa/Vista", which is a project environment built upon web
technology that provides a "distributed project infrastructure that helps people to
communicate, collaborate and manage shared tasks in an integrated way" (Benett,

1998). This is a high-end risk register offering with the facility to create custom
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interfaces to other applications, "aiming to cover the virtual project waterfront by acting

as a rich services environment" (Benett, 1998).

4.4 Summary

This chapter has looked at the various risk management tools, techniques, and software
that could be utilised in a model for risk management of building project bﬁdgets. The
successful application of Monte Carlo simulation has been presented in various case
studies during construction cost planning. However, a question remains as to how the
technique would work at the initial budget stage, where an elemental b:f;eakdown of the
estimate is not usually available. Concerns also remain because bu@lﬁ:ling cost exhibit
few of the clean features required for the statistics, and there are debates over the use of
probability distributions and the implications of correlation. Perhaps the problem could
be better solved by undertaking knowledge elicitation from a range of experts, rather

than trying to interpret historical project information.

Sensitivity analysis provides a useful way of comparing the effects of changes against
the total estimate, and scenario analysis compares the alternative options of a project by
identifying the key variables. The expected monetary value approach takes the testing
of scenarios one stage further by considering the probability of each option, and a
severity/likelihood matrix can be used to help focus on where the risks lie. Decision
trees provide another graphical means of bringing together the information needed for
considering alternatives by showing the possible courses of action available. However,
the limitation with each of these technique resolve around the value of the probability
itself, which is usually arrived at subjectively. Multiple Estimating using Risk Analysis

(MERA) has been successfully used to reduce exaggerated contingency allowances.
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However, MERA’s mechanistic approach does not promote creative thought or

encourage the project team to respond to the results.

More qualitative, than quantitative, techniques include prompts, checklists,
brainstorming, and risk registers. Checklists tend to identify the usual, whereas prompt
lists can be used to stimulate specific risk identification and ensure that a broad range of
categories of project risk are examined. Prompts can be a useful focus of attention
during brainstorming, which can be done individually, but a workshop environment
gives the opportunity to experiment with different viewpoints. A risk register is the

most common administrative device for keeping track of risks.

Commercial risk management software is available in the form of straightforward
Monte Carlo simulation, decision tree modelling, database risk registers, programme
management, to more sophisticated high-end offerings using unique methodologies,
artificial intelligence, and web-based technologies. Before selection for the conceptual
model framework, work is needed to determine the performance of such tools,
techniques, and software, for use when preparing initial budgets for building
construction projects. This will be the focus of the industry investigations in the next

chapter.
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CHAPTER 5 - APPLICATION OF RISK MANAGEMENT WHEN

ESTIMATING INITIAL BUDGETS FOR BUILDING PROJECTS

5.1 Introduction

Attempts have been made to meet the challenge of cost certainty within the Construction
Industry through various risk management tools and techniques that have been
developed (see Chapter 4). Fortune and Lees (1996) surveyed the use of early cost
advice techniques for construction cost forecasting in the UK, and, within their
conclusions, stated that the research did not fully identify all the risk analysis models
used by practitioners. They recommended that future work in this area should address
the establishment and evaluation of risk analysis strategic cost advice models currently
used by practitioners. Further to this, Edwards and Bowen (1998a) have found that,
generally, construction professionals lack an adequate understanding of the rationale and
formal processes of project decision-making under risk (see Chapter 2). They also
highlighted that the identification of risks deserves more investigation, and, therefore,

recommend that categories of risks should be explored in terms of nature of occurrence.

In filling these recognised gaps in literature, the object of this chapter is to investigate
the awareness, use, and performance of risk management tools and techniques by
quantity surveyors when estimating initial budgets for building projects. The chapter
will also examine the base methods used for estimating, and will try to determine the
nature of cost overruns occurring due to the problem of change (see Chapter 1). It is
anticipated that the findings from this work will be consolidated with the review of

literature and software, and used to develop a conceptual risk management model, to be
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used by quantity surveyors, during the establishment of an initial budget for a building

construction project.

5.2 Methodology for industrial investigation

5.2.1 Pilot investigation

An initial review of risk management literature was carried out, and the main
conclusions from this was that risk in building construction is a very broad subject,
relevant to every process and each person involved. Although the literature was a useful
starting point, it was difficult to focus research efforts, so, in an attempt to narrow the
definition of the study, a range of key Construction Industry personnel were identified
from media publications (e.g. Building Magazine and Construction News) for informal
discussions. A list of fifty professionals was created, and included clients, developers,

project managers, engineers, contractors, quantity surveyors, and architects.

Each professional was then questioned by telephone, in a semi-structure manner, on risk
in the building design and construction process. This covered the topics of
procurement, types of building, bﬁilding elements, time, cost, quality, and also about the
awareness and use of risk management tools and techniques. This then helped produce
a questionnaire format (see Appendix "C"), used as a pilot postal investigation. The
form was designed with "open" style questions, to:

e permit the respondent to formulate their own style of responses;

e permit greater freedom of expression;

e create no bias because of limited range of responses; and

e allow respondent to qualify their response.

Wilson and McClean, 1994.
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The questionnaire was mailed in April 1995 to the same select sample used for
telephone discussions. Following the results of this pilot investigation, it was necessary
then to review further literature, before ultimately focusing the industrial research efforts
by carrying out a larger survey. This time the focus was on risk management tools and
techniques used by quantity surveyors when estimating initial budgets for building

projects.

5.2.2 Questionnaire survey

The experience gained from the open style pilot questionnaire assisted with the
development of a more "closed" format response approach, meaning that less time was
required for delegates to complete questionnaires because there was multiple choice
prompting of answers to questions. This also meant it would be easier to analyse the
results of an anticipated larger sample response size. The questionnaire designed
consisted of six main questions and, with the exception of the third question, a closed
style format was maintained, where the respondents were asked to answer by choosing
between a number of alternatives (see Appendix "D"). However, space was still
provided for respondents to formulate there own type of response or qualify their

answers.

Twenty-one risk management tools and techniques were identified from the pilot
investigation and literature review (particularly from Flanagan and Norman (1993) and
Raftery (1994)). It was, however, necessary to exclude some methods suggested by the
pilot group of respondents, as the methods were considered to be management
techniques in their own right (e.g. "quality systems" and "value engineering"). Space

was still left on the questionnaire for respondents to add other tools and techniques not
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listed. Much thought was given to the structure and sequence of the questions and to the
information requirements for final coding of the results, with the listing of tools and
techniques starting with those thought to be most familiar to the professionals \(e.g._;v_

professional judgement and intuition, contingency % allowance).

Following a successful pre-test of the new questionnaire with a pilot survey of
respondents in Sheffield, the method used was to mail a questionnaire to professional
quantity surveying practices accompanied by a cover letter (see Appendix "D"). The
latter introduced the subject, indicated the time to complete the questionnaire, offered
confidentiality of identity (no personal details were asked for), and, finally, to motivate ———
the respondents to complete and return the form, offered feedback on the conclusions
made from the research, and a pre-paid return envelope was enclosed. Practices were
selected from the "Chartered Surveyors Geographical Directory" published by the Royal
Institution of Chartered Surveyors (RICS, 1995), which is divided into ten UK regions.
The largest town in each region was selected and the questionnaire was mailed in May
1996 to a total of five hundred practices. Delegates were asked to reply within three
weeks of receipt, after which the answers were entered into a computer spreadsheet,
followed by logical cross-checking. References to the method discussed are described
by Ashworth (1999), Descombe (1993), Fortune and Lees (1994), Heather and Stone

(1991), and Wilson and McClean (1994).

5.2.3 Interviews
The research methodological approach for validation and qualification of the survey
results involved knowledge acquisition to supplement the primary data collection from the

postal questionnaire. This second tier of information collection involved conducting
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detailed interviews (as discussed by Stephenson and Oxley (1985) and Ashworth (1999))
with a focus group of quantity surveying practices. Twenty firms were approached in the
Sheffield area. The practices were initially contacted by telephone, and a partner or
director of the practice was briefly introduced to the research project. The possibility of a
meeting in three to four weeks’ time was discussed, and a day and time agreed. The details
were confirmed in writing and confidentiality of identity of discussions was offered. Two
days before each meeting, an open style list of questions for discussion were faxed to the
interviewees (see Appendix "E"). As contact time was anticipated to be limited to around
forty-five minutes, this approach was hoped to give the interviewees time for prior

consideration of their answers, and hopefully to create a more relaxed first meeting.

Two weeks in advance of the bulk of interviews, two pilot-meeting were carried out to
ensure the efficacy of the questionnaire. The result was that only minor modifications
were needed for the final approach ‘used. Meetings took place in March 1997 and,
following a five to ten minute introduction with a "PowerPoint" presentation, lasted
between twenty-five minutes and two hours. By the end of the sample, a similar pattern of
answers had emerged, there were only a small number of exceptions to the norm, thus
giving confidence in the general findings reported hereafter. .Meetings were followed-up

with courtesy letters, which included a summary of the main findings from the research.

5.3 Pilot investigation findings

From the fifty pilot questionnaires mailed out, a twenty per cent success response rate
was achieved. However, some of the questionnaires were returned from prominent
industry sources saying that the form was too complicated or too general. This indicated

the need for a finer research definition, so the varied findings of this initial investigation
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were considered together with the literature review, and brainstorming sessions were
used to decide on a narrow focus for further research. Generally, what was clear at this
stage, was that systematic risk management was still a fairly "grey" subject to most, and
thus the research could have taken one of many possible directions. The key findings

from the pilot investigation are now discussed.

First, delegates were asked what aspects of the design and construction process they
perceive as being the main areas of risk (Pilot Questionnaire, Section "B" - see
Appendix "C"). However, similar to the literature review, the answers were very broad
in nature (possibly because of the range of different professionals and small sample size
of ten). It was, therefore, difficult to classify the results or to reach any consistent
conclusions. The questionnaire also sought to find out what techniques were Bcing
used for risk management (Section "C"), and the perceptions of risk management ranged
from management methods such as quality management, value engineering, and team
working, to Monte Carlo simulation, sensitivity analysis, and professional judgement.
The results showed that the general awareness of other risk management tools and
techniques appeared to be low, when compared with the availability of methods in
published text. There also seemed to be some resistance to using quantitative risk
analysis tools, with one respondent stating that it is their company policy not to use
statistical analysis, and another saying that they avoid computer based exercises because
they are "too abstract and depend on all the assumptions being made when inputting the
data". The general conclusion was that a more "hands-on" approach is preferred, in
which every member of the project team takes part and takes responsibility, "rather than

rely on some Monte Carlo external expert".
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The next question prompted professionals to propose possible industrial areas which

may be worthy of research and development. The following possible improvements to

risk management practice were suggested:

L.

il

iii.

iv.

Vi.

Vil.

Viil.

ix.

Xi.

"Development of techniques that can be used at the earliest opportunity in the life
of design development of construction concept phase, rather than used as a check
when things may appear to be going wrong;

Making risk management a routine part of project appraisal, rather than treating
it as a "bolt-on" optional extra;

Acknowledging the vital importance of a full definition of what is to be built,
before it is procured and commenced on site;

Better awareness of the possible range of cost outcomes a building project might
take;

Striking a balance between providing information that is detailed and accurate,
with providing a risk management approach that is meaningful to the project team
and involves them in the process;

Techniéues to review multiple project options,

An easy way of using Monte Carlo simulation;

Awareness in the field, such as "how to" guides.

Risk analysis tends to be too often concentrated on time and money without taking
into account the quality of the product;

Techniques to control the risk of "fitness for purpose"; and

How contractors assess the risk premium in "Design and Build" procurement."

Concerning procurement routes (Section "D"), contractual arrangements apportion the

risk between the client and contractors, and the risk percentage remains the same in all
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forms of contract, it is merely a case of with whom the greatest proportion of the project
risk is allocated. Procurement routes each have their strengths and weaknesses, but the
important thing is to identify the procurement route which is most appropriate to the
‘project, depending on the clients’ objectives. Clients must, therefore, be aware of the
risks in each option when deciding which route to take. Traditional procurement
theoretically works by allocating most of the design risk to the client, and most of the
construction risk to the contractor, but, in practice "so much is abused that risk is hardly
recognised let alone managed". 1t is claimed that "a traditional contract provides a
balance of risk between employers and contractor, but risk which the contractor can

sometimes exploit".

In "Design and Build" procurement systems the contractor is paid to assume greater risk
and this is reflected in the mark-up, with contractors usually "hiding their risk premium
in elements or design sums". One consultant claimed that Design and Build works by
"disposing all design and construction risk on to one party but at the risk of getting the
product wrong". A contractor disagreed with this by claiming "It is the most effective
form of contract because the contractor has full responsibility and overall control of
both disciplines, and, in addition, more flexibility is available to the contractor in
remedying unforeseen events". With Design and Build there should be very little risk of
additional costs from the client’s point of view, but, again, another consultant argued

that, although it is often regarded as a low risk form of contract:

"Design and Build can in fact be the highest risk form of contract there is with
the danger that the client will secure, on time and on budget, precisely the

building he does not need. Putting it in over simplified terms, the more one
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controls the risk of time and money by contracting it out, the more one looses

control of the product".

Design and Build can be very good for time, cost, and quality certainty, but only if the
time is spent early on deciding "exactly what is required", and the greater the tendency
towards single point responsibility and less fragmentation of the building process, the
lower the overall risk of disputes. With Design and Build the contractor bears more
risk, whereas with "Management Contracting”, the client does. If organised and
administered properly they should both cope well, however, "the more fast track they
become the more management techniques are needed". Construction Management
works by the client taking control of the risk position at the trade contract level. One
client uses "Guaranteed Maximum Price" contracts and transfers the financial risk to

contractor, and therefore claims to "avoid risk".

Risk may be associated with funding, location, and the nature of the client, but may have
nothing to do with the type of construction work (Section "E"). There is a stronger
relationship between lack of project definition and increased risk exposure.
Nevertheless, refurbishment and repairs are generally thought to be the type of
construction that carries the greatest risk, especially where work is phased around
client’s employees and their continuous trading. They add to all the risk of design and
construction in new-build, the risk of uncertainty in the base building, and the older the
building usually the less record information, meaning many unknowns, such as asbestos
and dry rot. These types of risks are "unforeseeable rather than unforeseen", and
sometimes it is not possible to know the full scope of works until the contractor starts

taking the existing building apart.
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One main contractor said that there is considered to be less cost risk in refurbishment as
"money can often be made from variations that generally occur throughout the
construction period, but demolition can be high risk from a safety point of view".
Generally, new-build construction projects probably have the least risk, providing
effective controls are in place and maintained, but "work underground can sometimes be

very unpredictable".

When referring to building type (Section "F"), according to one consultant this is

considered irrelevant to the riskiness of a project:

"For example, a green field site using low tech, familiar and standard products
for a non sophisticated building, might still turn out to be a very risky project, if
Sfor example, the client briefing process is inadequate. Equally, a highly
complex, heavily constrained project, developed within an infill and
contaminated site might proceed with minimal risk if proper planning
investigation and appropriate selection of resources is achieved. Further to

this, a relatively simple project in terms of the internal risk profile may be
dramatically influenced by an externality, hence, for any of our risk management
systems we need to develop key questions concerning the impact of such
externalises (e.g. change of central government, global economic events, even

the weather)".

A contractor agreed that risk is not related to building type, but rather to "details

received at tender stage, the site conditions, or proximity to adjacent buildings".
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Over half of respondents said that mechanical and electrical services are the building

elements that provide the greatest risk (Section "G"), this is because of the:

e "tendency to be defined at a later stage, sometimes leaving it to subcontractors to
develop;

e mismatch in the way they are designed and procured by contrast with the way the
rest of the building is designed and procured;

o general weakness of services consultants, leading to design failings;

e communication routes for parties, which are often poor and ill defined; and

e reliance on specialists, who sometimes take advantage of their specialist knowledge

at the expense of others".

Other elements considered to be risky include "anything involving partial knowledge of
the unknown (e.g. foundations, tunnelling, excavations)". Substructure problems
include unforeseen ground conditions and adverse whether, and, if the setting-out is not
accurate, the remainder of the building could be affected. Also, risky elements are those
involving novelty or innovation (e.g. curtain walling, new cladding systems, structural
glazed facades), and, furthermore, scaffolding can be difficult to estimate because main
contractors must foresee all requirements at tender stage in order that subcontract

packages do not overrun budget.

5.4 Postal questionnaire survey

5.4.1 Response rate

Of the five-hundred questionnaires mailed out, one-hundred and twenty-five were
returned completed within the stipulated time, giving a response rate of 25%. This was

considered to be an acceptable sample size with no need for sending reminders. Figure

100



21 shows the percentage of respondents from each of the regions making up the total
UK sample. The sample excludes 2% of replies which failed due to practices merging
or closing. Delegates were asked for information about the size of their firm in terms of
number of employees (Postal Questionnaire, Question "Q1" - see Appendix "D"). For
observation reasons, the practices who responded have been categorised into large (over
ten Chartered Quantity Surveyors (CQSs)), medium (six to ten CQSs), small (two to
five CQSs), or sole (one CQS), as shown in Figure 22. In comparison with a recent
league table of the top one-hundred quantity surveying firms, the top sixty-six would be
classified as large, from sixty-seven to seventy-ninth would be medium, and the
remainder in the table are small (Osborne, 2000). Therefore, Figures 21 and 22 confirm
that a reasonably representative sample of responses was obtained. However, it should
be noted that it is not the intention of this research to draw comparisons between the

different practice sizes or regions.

East South East

Wales 3%

5% °
South g%
6%

North
18%

West
6%

London

N Ireland
17%

7%

Scotland Midlands
16% 16%

Figure 21 - Regional distribution of survey respondents
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Sole (1) Large (>10)
16% 18%

Medium (6 to 10)
14%

Small (2 to 5)
52%

Figure 22 - Size of survey respondents practices

5.4.2 Budget estimating base methods

The first key results from the survey refer to the "base method" used when estimating
initial budgets for building projects (Question "Q2"), and the most commonly used
method is "cost per square metre (mz) floor area", which is used by 92%, nearly all of
the respondents. Also highly used, by about two thirds, is the "functional unit method"
(e.g. cost per bed, per seat, per vehicle). In addition to this, over a third of respondents
use the "approximate quantities” method. From the questionnaire layout it was also
possible to calculate that 68% use the "cost per m? floor area" method most often, and
that 17% using "approximate quantities" most often, with only 1% using the "functional
unit method" most often. Together with the other three methods shown in Figure 23
(e.g. "Elsie", "elemental cost planning”, "own system"), a few respondents also use other

methods such as "BCIS", "cost per cube", "previous similar internal projects”, and
P p proj

"inspiration".
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Figure 23 - Base methods used for estimating initial budgets

5.4.3 Causes of cost overruns

Concerning the perceived main causes for making building projects finish over budget,
an open style question was put to surveyors asking them to list up to five main reasons
why they think building pfoject costs sometimes exceed the initial budget estimate
(Question "Q3"). From the 114 successful questionnaires (this section was not included
in the pilot study of Sheffield), 341 reasons for cost overruns were abstracted, making
an average of approximately three answers per delegate. The answers were entered into
a database, and coded to three levels, using the keywords in the replies given. The
codes were then sorted, and categories of causes for budget cost overruns were then
established. The analysis of the results defined fifteen categories of reasons. These are
ranked in Table 1, together with descriptive examples and percentage breakdowns. The

four highest scoring causes are "changes to project”, "incomplete design", "lack of
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Rank Reason Number of | Examples (percentage of responses in
responses | category)

1 Changes to 50 client driven change (76%); design variations
project (24%).

2 Incomplete 36 incomplete design at tender (38%); generally too
design much design development (33%); initial design

inadequate or lacks detail (28%).

3 Lack of 32 general lack of information (44%); at tender(38%});
information at brief (19%).

4 Poor quality 31 lack of detail and definition, badly developed,
brief incomplete, or incorrect (84%); client not know

what they want (16%).

5 Budget 29 poor cost advice (31%); inadequate contingency
estimate allowance or assessment of risks (31%); base
preparation method used for calculation (21%); stubborn client

attitude (17%).

6 Consultants 26 architects/designers attitude, input, whims,

services understanding of cost and value (46%); M&E
estimates (25%); inadequate cost control (21%);
designers awareness as to areas of cost risk and
subsequent risk management (7%).

7 Poor project 24 design management (21%); contract and site
management management (17%); control (13%);

communication routes (13%); sub contractor and
supplier interface and management (8%);
leadership (8%); lack of value management (8%);
approach (4%); decision-making (4%).

=8 Lack of time 19 unrealistic design development periods (47%);
delays by employer and client driven speed (32%),
no time to carry out realistic budgets or cost
control (11%); unrealistic construction periods
(11%).

=8 Unforeseen 19 ground works (53%); site conditions, constraints,
works and site restrictions, Murphy’s Law - basically things go
conditions wrong (37%); dry rot or asbestos in

refurbishment’s (11%).

10 Poor 15 generally (40%); pre tender (33%); inadequate
preparation surveys and investigation of existing site
and planning conditions (27%).

11 Contractor 14 aggressive or claims conscious contractors,
claims contractors risk pressure, late information release

(100%).
=12 | Commercial 13 fee competition (46%); tight bidding conditions
pressures (31%); confrontational approach of industry (15%);
corner cutting clients (8%).
=12 | Incompetent 13 inexperience, too optimistic, intuition, knowledge,
staff qualifications, team, personal or practical
skKills(70%); consultants (23%), contractor (7%).

14 Wrong 10 contract used, inappropriate allocation of risk in
procurement contract document (100%).
route

15 External 8 changes in pricing conditions, indices, inflation,
factors statutory factors, market trends (100%).

Table 1 - Reasons for causing building projects to finish over budget
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information", and "poor quality brief", with 50, 36, 32, and 31 answers respectively.
From this table it is possible to observe that quantity surveyors believes that the client is
often to blame for cost overruns, and, in the highest category, "changes to the project”,

the client accounts for 76% of examples.

5.4.4 Awareness and use of tools, techniques, and software

The next section of results concerns the awareness of risk management tools and
techniques (Question "Q4"). Table 2 shows the twenty-one tools and techniques (t&t or
T&t) that were identified in the background work to the survey, together with the
percentage of respondents who have heard of them. "Contingency percentage
allowance" is the only t&t to have been heard of by all respondents, although 99% have
heard of "professional judgement and intuition". Té&t that are also well known include
"prompts/checklists”, which was heard of by 89% (possibly high because of ISO 9000
quality systems), "brainstorming", heard of by 82% (possibly high because it can form
part of "value engineering"), and "Elsie", which is an expert system made specifically

for the quantity surveyor, heard of by 73%.

With reference to the use of risk management tools and techniques, Table 2 also shows
the ones which most respondents use are "professional judgement and intuition" and
"contingency % allowance", used by nearly all respondents. Of the other t&t that are
relatively well known, "prompt/checklists” and "brainstorming" are both also well used
and remaiﬂ third and fourth in this "B" ranking, whereas "Elsie" fell sharply from 5th to
10th with only 14% of respondents using it. Over a third of those surveyed use
"subjective probability" and "sensitivity analysis", and, whilst "MIEERA" was low at 14th

in the awareness ranking, it jumped to 8th place in the use ranking. However, this is
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Awareness Use

: : : Use expressed

n | Percentage who| n» | Percentage who] . | as a percentage

k | have heardof | * use k of those who
Tool / technique A B c have heard of
Contingency % allowance 1 100 2 98 2 98
Professional judgement and intuition | 2 99 1 99 1 100
Prompts / checklists 3 89 3 79 3 89
Brainstorming 4 82 4 59 =4 72
ELSIE 5 73 =10 14 14 19
Sensitivity analysis 6 61 6 34 7 56
Subjective probability 7 54 5 37 6 69
Monte carlo simulation 8 52 =8 18 10 35
Risk-adjusted discount rate 9 46 7 22 8 48
Decision tree =10 42 =12 13 12 31
Decision matrix =10 42 =10 14 1 34
Expected monetary value 12 33 =12 13 9 39
Algorithms 13 26 1 6 13 23
MERA 14 25 =8 18 =4 72
Stochastic decision tree 15 18 15 3 15 17
Means-end chain 16 17 =16 2 18 12
Utility theory 17 15 =16 2 17 13
Bayesian theory 18 13 =16 2 16 15
Portfolio theory 19 11 =19 0 =19 0
Stochastic dominance =20 9 =19 0 =19 0
Delphi peer group =20 9 =19 0 =19 0

Table 2 - Awareness and use of risk management tools and techniques
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still a low usage level with only 18% of respondents who use it. Never used are

"non

"portfolio theory", "stochastic dominance", and "Delphi peer group".

Table 2 also shows the use expressed as a percentage of those that have heard of t&t.
"Professional judgement & intuition" is the only one to be used by every respondent
who has heard of it, although "contingency % allowance" and "prompts/checklists" both
came near with 98% and 89% respectively. Most respondents who have heard of
"brainstorming”, "MIERA", and "subjective probability" also use these t&t, and around
half of those that have heard of "sensitivity analysis" and "risk adjusted discount rate"
use these t&t as well. Around a third use "expected monetary value", "Monte Carlo
simulation”, "decision matrix", and "decision trees", whilst "EIsie"s" decline in the use
rankings remained low at 14th place in this "C" ranking, being used by only 19% of

those that have heard of it.

The questionnaire also asked those that are aware of t&t if they always use them, just
sometimes, or never at all (Question "Q4"), and these results are shown in Figure 24.
"Professional judgement and intuition", “contingency % allowance", and
"prompts/checklists" are used by most respondents all of the time, i.e. 94%, 81%, and
73% respectively. Besides these three t&t, there is only one other which is always used
by around a third of respondents who have heard of it, this being "brainstorming", by
32%, and this is then followed by "subjective probability", which is always used by a
quarter of those that have heard of it. In addition to the three t&t never used, four others
are only used sometimes, these being "stochastic decision tree", "Bayesian theory",

"means-end chain", and "utility theory".
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The questionnaire also asked delegates about their awareness and use of other risk
management tools and techniques not identified on the questionnaire, and about bespoke
practice system which are used. Only nine respondents listed other t&t they have heard
of, these included "pricing books", "BCIS", "value engineering", "HAZOP", and
"HAZAN". Twenty-four (19%) of the respondents have their own system, which
included "consultation", "certainty analysis", "quantities check", "training", "measured
estimate”, "+/- from mean (ranged estimate)", with "experience" and "in-house

database" / "historical records" proving to be the most common of these. One firm had

an in-house dedicated risk management section.

Concerning software used to support risk management tools and techniques,
"spreadsheets" and "in-house" products are the most commonly used software. Others
included "@Risk", "Crystal Ball", and "ProAct", but really the size and range of answers
from the sample is insufficient to draw any strong observations. Table 3 summarises the

findings.

5.4.5 Performance of tools and techniques

The questionnaire attempted to benchmark the performance of risk management tools
and techniques (Question "Q5"), and, in this section, those surveyed were asked whether
- t&t performed "excellent", "good", "fair", or "poor". Only two t&t are thought to
perform excellent by a quarter or more of respondents who knew how they performed,
"professional judgement and intuition" by 29%, and "prompts / checklists" by 25%.
Only three others are thought to perform excellent by more than 5% of respondents,

these being "brainstorming" by 18%, "contingency % allowance" by 14%, and "MERA"

by 9%. In the next category, good, four t&t are thought to be good by over half of
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Software Respondents used | Tool or technique used for
by

Spreadsheet 7 Contingency % allowance; Subjective
probability; Sensitivity analysis; MERA; and
Risk-adjusted discount rate.

In-house product 7 As above plus: Professional judgement and
intuition; and Decision matrix.

@RISK 3 Subjective probability; Monte Carlo Simulation;
and Algorithms.

Crystal ball 2 Monte Carlo simulation.

ProAct 1 Algorithms

Everest 1 Contingency % allowance

Root mean squared 1 MERA

Table 3 - Use of risk management software

those who know how they perform, these being "professional judgement and intuition"

by 63%, "contingency % allowance" by 55%, "prompts / checklists" by 53%, and

"brainstorming” by 51%. Over a quarter also thought seven other t&t performed good,

these being "MERA" by 46%, "sensitivity analysis" by 42%, "subjective probability" by

41%, "expected monetary value" by 35%, "risk adjusted discount rate" by 33%, "Elsie"

by 31%, and "decision trees" by 29%. The results are shown in Figure 25.

Most té&t fell into the fair performance category, and three are thought to perform fair by

more than three-quarters of those that know how they perform, these being "Delphi peer

group" by 82%, "Bayesian theory" by 81%, and "utility theory" by 77%. Between 40%

and 60% also thought thirteen other t&t perform fair, but poor performing t&t include
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"portfolio. theory", which is thought to perform poor by all those that know how it
performs (note this has the lowest sample size of only seven). Another t&t thought to
be significantly a poor performer is "stochastic dominance", thought so by half of those
that know how it performs - this also carries the second lowest sample size of eighteen.

Around a third think "means-end chain", "stochastic decision tree", and "Monte Carlo

simulation" perform poor, and about a quarter think "algorithms" and "utility theory" do.

Of those that have heard of t&t, some respondents said they "don’t know" how they
performed. Some also left this section of the questionnaire blank, the reason for this is
possibly because they don’t know (or maybe because the questionnaire was unclear).
Most respondents (92%) either don’t know or did not state how "portfolio theory"
performs, and this was followed closely by "stochastic dominance" with 82%. Also
about two thirds of respondents don’t know or did not state how four other t&t
performed, including "Delphi peer group”, "Bayesian theory", "algorithms", and
"stochastic decision trees". Around a half of those surveyed don’t know or did not state
about six others, these being "means-end chain", "Elsie", and "utility theory", "Monte
Carlo simulation", "decision trees", and "expected monetary value", and around a third
don’t know or did not state about "decision matrix", "risk-adjusted discount rate",

"sensitivity analysis", "MERA" , and "subjective probability".

5.4.6 Reasons for non-use of tools and techniques

Finally, the main reason for not using tools and techniques (Question "Q6") is due to
"lack of understanding”. Also, "lack of clear benefit" and "reliability/accuracy" are two
other main reasons for non-use. In summary, the reasons for non-use are "lack of

understanding”, by two thirds or more of responses for "risk-adjusted discount rate",
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"MERA", "subjective probability", "stochastic decision tree", and "Bayesian theory".
"Lack of clear benefit" is the reason by 32% for "decision matrix", 31% for "utility
theory", 23% for "algorithms", 22% for "stochastic decision tree", "decision tree", and
"means-end chain", 21% for "Bayesian theory" and “portfolio theory".
"Reliability/accuracy", is the reason by a quarter for "brainstorming" and "prompts and
checklists", 22% for "means-end chain", and 18% for "stochastic dominance". "Cost",
reason by 19% for "Elsie", 14% for "Delphi peer group"”, and 11% for "MERA", and
"lack of IT facilities", reason by 14% for "Elsie", 9% for "sensitivity analysis", and 8%

"

for "Monte Carlo simulation". Other reasons included "not client driven", "not

suitable", "too theoretical", "lack of clear benefit", or "timescale prohibits learning".

A summary sheet showing the full results for each tool and technique is included in

Appendix "F", which also explains when respondents only sometimes use té&t.

5.5 Validation and qualification of the survey results

5.5.1 Focus group

Of the twenty firms identified in the Sheffield area, it was possible to arrange a mutually
convenient meeting time with eleven. Therefore, there were nine withdrawals from the
original twenty contacted by telephone. This section presents the results of the interviews
with quantity surveyors who were questioned (see Appendix "E") about how they prepare
initial budget estimates and allow for the risks inherent in their figures, with particular
emphasis on the main causes for cost overruns identified in the postal questionnaire
survey. The aim of this section, therefore, is to develop the body of survey results by
questioning more about how quantity surveyors estimate budgets, and identify, analyses,

and advise clients on the management of the cost risk element of an initial estimates.

113



5.5.2 Budget estimate preparation

The first objective of this study was to examine how the quantity surveyor prepares a
budget estimate (Interview Question, Question One - see Appendix "E"). The questions
put to the surveyors were targeted to the initial budget preparation. The survey findings
showed that the most commonly used method for determining the initial budget for a
building project is the calculation of a "cost per square metre" of floor area. This was
confirmed in this study, as all eleven quantity surveying practices used this commonly
accepted method. The preparation of an initial budget using the "cost per square metre

method" is computed as follows:

Measurement Determination

of X of = Budget
gross floor area cost rate per estimate
square metre

The first task for the quantity surveyor is to measure the gross floor area (GFA) for the
building. The quantities are measured from the drawings of floor plans, with dimensions
taken between the internal faces of the external walls. It is also necessary to measure the
external works surrounding the building, such as paving, landscaping and access roads, as
they can account for a significant proportion of the total construction costs. In some
instances, no drawings will have been prepared so the quantities must be determined by
considering the clients’ anticipated needs, through liaison with designers and specialists,
allowing for planning restriction and building regulation, and, preferably, notes and

photographs from a site visit.

This general process may differ when estimating for refurbishment, repairs, and alteration

works, where, to achieve accuracy, it is necessary to carry out a more detailed
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investigation of the site. Works will involve existing buildings and facilities which could
prove hazardous to the proposals, so sufficient information must normally be gathered to
allow "approximate quantities" to be determined. Four of the practices interviewed said
that, through experience, they could not always rely on a "cost per square metre" estimate
for new-build projects either, and preferred to determine an estimate using "approximate
quantities". The principal difficulty of using this method arises when few drawings were
ayailable. In addition, when drawings could be made available it was recognised that time
was always a premium. All of the interviewees commented that on many projects they
were expected to produce the initial budget for a proposed development based solely on
verbal description of client needs on the telephone. Moreover, it was stated that the clients
frequently specified both the available budget and timeframe and expected the surveyor to

work the elemental breakdown for the project around these parameters.

The second stage of the process of producing a "cost per square metre" estimate often
proves to be more difficult, as it involves determining a cost rate to be applied to the GFA.
Interviewees agreed that, in practice, the process relies heavily upon the judgement of the
individual, based predominantly on experience of similar projects and an expectation of
what is likely to be a "winning bid" for those contractors who might tender for the work.
The process of producing a "cost per square metre" estimate can be expected to take as
little as half an hour, but can also take up to a number of days, depending on the size and
complexity of the project, or the time made available by the client. Different rates will
normally be determined for preliminaries, substructure, superstructure, external works, and
contingencies. From the interviews, it was also possible to determine the principal "cost

drivers" used when establishing budget costs, as shown in Table 4.

115



Information available

Knowledge of team

Specification

Cost analyses

Judgement

Programme

- drawings
- client brief
- photographs

- client

- architect

- engineers
- contractors
- specialists

- building elements
(e.g. M&E services,
finishes, frame)

- quality level (e.g.
high, medium, low)
- external works (e.g.
paving, access
roads, services)

- previous similar
schemes

- update using BCIS
indices

- in house database

- outturn cost/bid
figures

- experience
- intuition
- gut feeling

- start time

- time span

- intensity (e.g. speed)
- procurement route

- contract form

Location

Consultations

Nature of projects

Site conditions

Resources

Contingency

- market conditions

- indices, trends

- colleagues
- design team
- contractors

- size

- shape

- complexity
- storeys

- uncharted services

- mining (bell pits)

- unregistered tipping

- existing foundations

- surcharge of disposal
of certain materials

- foundations

- archaeological history

- existing buildings

- ground investigation

- contamination

- history of site access

- awkwardness of site

- materials, plant,
labour prices

- client
- design development
- surveyor’s "bunse"

Table 4 - Principal cost drivers when budget estimating
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It was said that the greatest difficulties of producing a budget estimate occur when
working with clients or designers who the surveyor has not worked with before. To allow
for unforeseen items or possible changes made by others, surveyors often build into their
rates a hidden contingency, the slang for this is "bunse" allowance. This could be between
two and five per cent depending on the confidence in the information available. However,
against the professional conduct of a chartered surveyor, some interviewees sadly
commented that the rates can sometimes reflect how much their practice really needs the
work, and, if there are areas of great risk, they might not tell the client because they do not
want to scare him away. These commercial pressures also mean that estimates cannot

always be completed "right first time", as the client always wants "answers yesterday".

Frequently, several of the interviewees referred to a portfolio of previous projects to give
the client a benchmark total cost, while several others relied upon "guess-timates" based
on experience. Practices were asked if they used building price books and the Building
Cost Information Service (BCIS), but only two said that they utilised these sources and
then only as a check. In all these situations, it is interesting that little attention appears to
be given basing the estimate on highly accurate and robust information, instead budget
estimates appear to be based on professional judgement and intuition, which might be

more accurately described as a "gut feeling".

The final stage of the budget determination process is to deliver feedback to the client.
This is often a delicate task, where it is essential for the surveyor to advise the client
clearly on just what building works they can expect for the budget figure determined. The
client is usually given a set of assumptions that have been made in reaching a project cost,
and it is of paramount importance that the client knows which items have been included
and excluded, with the reasons underlying these. Some respondents commented that they

sometimes try to give the client a range of possible figures within which the project budget
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may lie. A reason for this may be that the surveyor may deliver the findings through a
telephone discussion, and experience suggests that the client tends to remember the first
figure stated. Where action had been taken based upon this initial quote, calculations of
site purchase and investment returns were erroneous leading to considerable acrimony
between the surveyor and the client. It was agreed by all the interviewees that the most
realistic way to report an initial budget estimate, where so many intangibles were evident,
was to give the client a ranged estimate. However, it was freely stated that often clients
insist on a definitive budget figure and, whilst a figure was provided, there was often
considerable reluctance to do so. To protect themselves the surveyors often added an extra

high "bunse" sum at the last minute as a safeguard.

5.5.3 Risk management approach

The second objective of the interview process examined how the quantity surveyor
identifies, analyses, and responds to the risk within the budget estimate (Question Two and
Three). During this part of the interview, particular reference was made to the main
categories of causes for cost overruns identified, and the most commonly used risk
management tools and techniques (both as described in the previous section of this

chapter).

The first stage in the process of risk management is risk identification. During the
interviews, it was generally found that most practices do identify the risks from the main
categories of causes for cost overruns, and form some judgement of their likely
implications. However, it was clear from detailed discussions that the conceptualisation of
risk is made intuitively based on the experience of similar projects. There was a feeling

that while risk is considered to be rather remote at the time of developing the initial
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budget, it did always preoccupy the thoughts of the surveyor when preparing an estimate.
Anticipating risk within abstract and intangible aspects of the project, such as team
communications and information co-ordination, was cited as being most problematic.
There was little difficulty where specific risks were clearly seen, for example, in
considering poor ground condition or asbestos removal. The methods used for identifying
risks included brainstorming, checklists (e.g. major quantities), procedural prompts (€.g.
BCIS elemental breakdown), and professional judgement based on experience or intuition,
although it was clearly identified that systematic risk management practice was disparate
and uncommon. For example, the first of these, brainstorming, was normally done
informally, as opposes to a structured workshop session, which is only done occasionally

by three of the firms interviewed.

Considering the identification of the four main causes of project cost overrun, the
respondents confirmed that clients are the root cause of changes to the project. Given this,
the surveyor could easily justify any increase in the budget and advise their client in
advance of any decision being taken. Several interviewees said that an incomplete brief is
the most common complaint (see below), and one surveyor commented that the client
frequently ignored requests for updated information. The architect was also blamed for
changes by a number of the respondents, and it was found that the surveyor must keep
referring back to the original specification to remind designers of its content, as it was
normal practice for the them to attempt to "slip-in" additional aesthetic items. In addition
to these difficulties, some variations were said to be simply "unforeseeable" at the time of

budget preparation.
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Incomplete design was always expected at the initial budget stage, and is usually a
problem. The complete design does not become clear until the tender stage or, too
frequently, after the bills of quantities have been prepared. It was said that some clients
are greatly concerned at this situation because costs can quickly escalate, at times almost
beyond the surveyor’s control. All the interviewees commented that more clients were
actively considering non-traditional forms of procurement as an alternative approach, with

Design and Build being pursued more and more in favour of traditional systems.

Lack of information, like incomplete design, was also cited by all interviewees as being
commonplace, presenting varying degrees of difficulty depending upon the circumstances
of the individual project. Where projects were similar to those estimated for previously,
much information could be taken from in-house case documentation. The real difficulties
emerged on new projects, where guesswork determined the outcomes, particularly where
no site investigations have been done. One respondent commented interestingly that his
practice welcomed the lack of information on some projects, as it allowed an opportunity
to be more involved in decision-making and maintain a degree of control over both the

client and designer, placing the surveyor almost in the role of lead consultant.

Concerning poor quality brief, the brief must include information addressing client’s
needs, space requirements, use of building materials, specification, quality levels, service
provision, and site conditions. Over half of those interviewed stated that they thought it
was their responsibility to work in association with the client and designers to determine
the brief, and, thereafter, price it accordingly. The general response was that it is a poor
excuse for cost overruns, and every professional involved must make it their job to clearly

understand the client’s needs. Nonetheless, these respondents together with those
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remaining recognised the problems created by an inadequate briefing process. They said
that they were often placed in a position by clients not investing enough time or money to
prepare a proper brief, and having to make their own experienced assumptions about the

project, and thus allow a contingency element to cover the uncertainties.

Moving on to the next stage of the risk management process, analysis and quantification of
risks, as few of the interviewees adopted a formal mechanism to identify risk, it was not
surprising to see that few applied formal risk analysis procedures to make contingency
allowance assessments. Two interviewees stated that they had used "MERA" and "Monte
Carlo simulation" techniques, but, all interviewees said that they felt uncomfortable
applying formal mechanisms with which they had little awareness and understanding
(Question Five). Six of the eleven practices admitted that they were unaware of many of
the formal risk analysis techniques available for application and, moreover, were unaware
of the literature which was available. All interviewees stated that, even where risks were
identified, they could not be quantified accurately, and therefore a guess was made as to
likely implications. A contingency allowance would be added to cover the anticipated
risk, and a further allowance made to "cover themselves", even if this was only a notional

allowance.

It was freely admitted by some that the "cost per square metre" of floor area method was
often very inaccurate. With all the added "gut feeling" contingencies, this led to very
suspect estimates which clients sometimes queried, but, often ordinarily accepted. Hence
the "approximate quantities” method was said to be preferred as anomalies could be
accompanied by the surveyor’s assumptions, and this led to less friction with the client
over any misunderstanding of the budget. Most of the respondents stated that a practice
they commonly follow is to present the cost of risk separate from the works budget, again,

sometimes presented in the form of a range. The client could then clearly see where, and
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why, the risk had been identified, and therefore better appreciated the difficulty faced by
the surveyor in providing the total cost for the project, and thus decide what risk allowance

to include for.

All the respondents were in agreement that professional judgement and "gut feeling"
played an important part in allowing for such risks. While brainstorming was used as a
formal discussion mechanism on particular projects by two of the practices, and another
recommended that junior staff referred to checklists, the usual safeguard adopted was to
make a "open" contingency allowance in the budget, frequently up to five per cent, and in

particular instances, the allowance was as high as ten per cent.

The final stage concerns the response to risk, and, as there are many variables to consider
when calculating a "cost per square metre rate", over half of the respondents said that they
try to manage risk by developing the estimate based on "approximate quantities" at the
earliest opportunity. This, of course, depends on there being sufficient information, upon
time availability, and the responsiveness of the client. Other quick checks may be done,
such as functional unit, shape check or wall to floor ratio, but rarely does this get advanced

into a full detailed elemental cost plan (Question Four).

It was recognised by respondents that, whilst it is not always possible to put figures against
changes in project status each month, a useful mechanism for discussing a budget with the
client is to record anecdotal information in a table, which at least keeps an undetermined
.element active until its cost can be accurately calculated. Therefore, as one interviewee
said, "words can be just as important as numbers". The process of continuous update is
essential in refining information, reviewing project uncertainty, and coming to terms with

the real potential for risk.
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Respondents cited another risk management approach, introducing "risk workshops" when
developing major projects, and these proved to be a useful aid to risk management. Such
brainstorming meetings allowed the surveyor to meet regularly with, not only the client
and architect, but also principal suppliers and specialist contractors. Experiences of the
interviewees had indicated that some clients use these workshops in an attempt to transfer
risk to contractors and suppliers. However, it was explained that this needed to be
carefully managed if subsequent difficulties of disputes between parties was to be avoided,
and, therefore, should be done iﬁ the early stages of contract negotiations, or when the

procurement route is being formulated.

5.6 Summary

Following the response to the postal questionnaire survey of quantity surveying

practices, it may be summarised that the:

e "cost per square metre floor area” is the most commonly used base method for
estimating initial budgets for building projects;

e main categories of causes for cost overruns are related to changes to project,
incomplete design, lack of information, poor quality briefing, and budget estimate
preparation;

e awareness of most risk management tools and techniques is low;

e most use of tools and techniques is a combination of "professional judgement and
intuition", "contingency percentage allowance", "prompts/checklists", and
"brainstorming";

o key reason for non-use of tools and techniques is due to lack of understanding; and

that

o excellence is rarely achieved in performance of tools and techniques.
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Following interviews with practitioners to validate the above results, and qualify the
findings, it was found that the preparation of initial budget estimates based on the "cost per
square metre of floor area" is generally considered to be risky, and, when possible, an

"approximate quantities" base method is preferred by most quantity surveyors.

Despite the availability of much published guidance literature encompassing risk
management, it was apparent that the majority of practices demonstrated a lack of
awareness for, and understanding of, formal risk management approaches. Cost
determination is often based upon professional judgement and intuition gained from
experience. Therefore, systematic risk management techniques are rarely used for
determining the items, and magnitude of risks, when preparing initial budget estimates.
Further research is needed to establish the true potential of how many of the, almost

unused, risk management tools and techniques perform.

Although it is accepted that perhaps there is no holistic and practical replacement for
professional judgement and intuition when determining a project budget, it is suggested
that risk appears to be treated, at times, in an extremely ad hoc fashion. Greater client
confidence might be achieved by implementing a formal structured approach to the
identification, analysis, and response to project risk. In the same way that the client
organisation must undertake risk assessment as an inherent duty in meeting current health
and safety requirements, so risk assessment could perhaps be a integral part of project

budget determination.

Clients must be made more aware of the aspects and elements of their projects that can
give rise to budget risk. Moreover, they must understand clearly the influence that they
have over project definition, and the part that they can play in alleviating project

uncertainty. Only through greater consultation between the quantity surveyor and the
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client can such an outcome evolve. The surveyor must assist the client and the other
consultants to clearly define their needs and recognise that late changes to project
specifications can be extremely problematic, in addition to being costly. Having identified
risk within a period, again, the surveyor must work more closely with the client to
implement systematic risk management processes. To achieve this in practice, it is clear
that quantity surveyors will need to be more aware, and update their knowledge base and
applied skills in risk management theory. Surveyors should strive for excellence in
performance of the risk management methods they use - if they are to rise to the challenge

of providing more certainty in their cost estimates.
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CHAPTER 6 - DEVELOPMENT OF A CONCEPTUAL MODEL FOR RISK

MANAGEMENT OF BUILDING PROJECT BUDGETS

6.1 Introduction

The key decisions for a new building project are made in the very early stages of the
design process, and a primary measure of success is estimating the final cost at project
inception (see Chapter 3). The problem is that, when the project budget figure is being
prepared by the quantity surveyor, there is little information about the proposed building
in question, and a figure is normally determined by using a single price rate method (see
Chapter 5). The preparation of the first estimates based on this procedure carries an
element of risk, and creates a situation where the actual expenditure may deviate from

the original estimated figure.

It is therefore perhaps surprising that a systematic approach to risk management is
rarely followed. Instead, the management of risk is intuitive, using judgement and
intuition from experience (Jackson et al (1997), Mok et al (1997), and Edwards and
Bowen (1998b)). Greater client confidence might be achieved by implementing a
formal structured approach to risk management. The task, therefore, is to use the best
systems, tools, techniques, and softwares that are available to improve decision-making
by providing better information at the critical inception stage of a project. This chapter
is primarily concerned with developing a conceptual risk management model to be used
by quantity surveyors during the establishment of an initial budget for a building

construction project.
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6.2 Methodology for model development

The methodology for development of the conceptual model consisted largely of
consolidating previous research work, which included literature reviews and industrial
investigations (see Chapters 2 to 5). This led to selection of an appropriate budget risk
management framework for the model (see section 6.3 hereafter). Using a simplified
analysis of the questionnaire survey findings, tools and techniques (t&t) were chosen for
utilisation and integration within the model (see section 6.4 hereafter). Prior to
development of the model, the rational behind modelling theory was also considered by

reference to additional text.

The work of Byme and Cadman (1984) states that the objective of modelling is to
enable a problem to be studied, analysed, and adjusted, in order to arrive at the best
solution, and the merit that any model can give depends upon the extent to which the
model can be regarded as truly representing the problem structure. They suggest that if

formal models are applied correctly, then they can produce the following results:

(a) "They force decisions to be made in a logical and consistent fashion, with as much
quantitative and qualitative precision as is possible given the constraints of time
and resources. On the whole, this means a much more extensive analysis of the
problem;

(b) The formal approach improves the attitude of the decision-maker to the quality of
his own decision, particularly where those decisions are usually of the intuitive
kind. This is because the methods force the decision-maker to be much more
specific about the criteria on which a decision is to be based, and to be consistent in

the application of those criteria to successive decisions. If the decision-maker
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cannot be consistent, then he is forced to change that set of criteria or to accept his
own internal inconsistency; and
(c) Such an approach enables errors to be traced, even if this is only with hindsight,

thereby improving similar decisions at a later time."

Whatever the complexity of the system that is being modelled, Byrne and Cadman
(1984) believe that it is worth attempting to devise as simple a structure as possible,
because such a model should be efficient in terms of the time, cost, and effort taken to
develop it, capable of being widely interpreted and easy to alter. They say models of
the development process are easy to devise, not needing extensive mathematics
calculating capacity. Flanagan and Norman (1993) also explain that forecasting is a
non-mechanistic process, which is not restricted to a pure mathematical evaluation of
trends, and outputs can, therefore, be qualitative and quantitative, with every situation

being limited by constraints like time, funds, or data.

Chapman and Ward (1997) affirm that planning for the risk management process begins
with selecting an appropriate model, or set of models, and that the degree of complexity
is a key aspect of designing effective risk management procedures. They believe that
successful modelling requires approaches that are simple, flexible, easily understood,
appropriate to the situation, and able to cope with low quality data. Concerning
simplicity, they say that modelling involves a learning process and can be elaborated as
understanding develops, but, in general, they suggest that it is best to "keep it simple"

and "make it more complex only when it is useful to do so".
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Taylor (2000) suggests that the model management structure is about function, not size
of practice, believing that the functions are the same whatever the size of practice.
Differences are only of scale and the need to separate the same skills into
"compaﬁments" or "specialisations". Further to this, Taylor states that the model
framework is not invalidated if one person exercises several functions, because, in this

simple example, the sole practitioner carries out all the functions.

6.3 Framework for the model

What is apparent from the risk management systems reviewed is that they each use
different names for phases, and the terminology is varied and therefore confusing (see
Chapter 3). For example, risk identification and risk analysis are sometimes separated
as two individual stages, or they are combined and called risk assessment or risk review.
In addition to this, risk response is sometimes called risk response development,
planning, evaluation, treatment, control, mitigation, or risk management. It is also
evident that project risk management systems are becoming more and more
comprehensive and, therefore, as a consequence, are very complex. Perhaps the project
risk management systems are even too involved and demanding for the challenge facing

the quantity surveyor when preparing an initial budget for a building project.

Gray (1995) has discussed how risk management may be integrated differently into the
role of the project manager, with the traditional view being that risk management is only
a part of the project manager’s function. An almost opposite view is also explained by
Gray, which is based on the idea that the main purpose of project management is to
manage the risks in a project, and this is summed up in the term "risk-driven" project

management. The third view provided by Gray is closer to the portrayal of risk
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management set out in this thesis. This being that it illustrates the fact that risk
management has to be considered in all aspects of project management, but there are
also some tasks which most project managers would expect to delegate to consultants or

external specialists.

Concerning this latter view by Gray (1995), in the context of this thesis, the client
project manager’s delegated task is to the quantity surveyor for the preparation of an
initial budget estimate, with an associated risk report. Here, some clients require a
"snap-shot" of the risks to a project, with a first risk assessment, provision of a one-off
risk register, and an estimate (Boothroyd and Emmett, 1996). This is essentially the
focus of the proposed conceptual model. Perhaps following this risk management
initiation stage, the project manager would then take on the role of facilitating the
continuation of the risk management process, and, therefore, the task of implementing
the recommended responses to the risks identified and analysed in the quantity

surveyor’s report.

In selecting a suitable risk management framework for the proposed conceptual model,
it is necessary to take into consideration the risk management systems identified.
Whilst each of the various risk management systems have useful attributes which could
be incorporated into the proposed model, only Flanagan and Stevens’ (1990) system
presents a clear concise diagrammatic overview of the budget risk management process
framework (see Figure 2 in Chapter 3). This shows three stages of "identify and
classify the risk", "analyse the risk", and "risk response". Similar project risk
management systems have also been proposed by Hayes et al (1986), Raftery (1994),

Tweeds (1996), Smith (1999), and the Royal Institution of Chartered Surveyors (1999).
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Each explain that the risk management cycle consists of the three stages of

"identification", "analysis", and "response”, with loops back, as shown in Figure 26.

Risk identification

Y

P~ Risk analysis

Y

Risk response

Figure 26 - Raftery’s (1994) risk management cycle

This is the preferred basic system framework, and is therefore selected as a starting
point for development of the proposed conceptual model. This system framework is
chosen primarily because of its simplicity and ease of understanding. The system
diagram is also useful insofar as it focuses the mind in a systematic way on risk
management (Raftery, 1994), aﬁd is consistent with the preferred definition of project

risk management by PMI (1996) (see Chapter 2).

A noticeable omission from Figure 26 is a stage for evaluating risk attitude.
Considering that one objective of systematic risk management is to reduce bias (see
Chapter 2), it is surprising that more systems do not include this phase. Flanagan and
Norman’s (1993) and ASTM’s (1998b) frameworks are the only systems to explicitly
have a risk attitude component. However, all model development work has limitations,

and, similarly, it was also decided that this risk attitude stage was to be excluded from
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the proposed conceptual model. Should the basic three stage structure prove to be
successful when tested, then future research efforts could consider the uncertainty of

risk attitude in the initial model.

6.4 Assessment of tools, techniques, and software for the model

To be functional, a risk management framework requires t&t. This section therefore

assesses risk management tools, techniques, and software (see Chapter 4) to be utilised

through integration within the proposed conceptual model. The emphasis will be on the

selection of those t&t included in the industrial investigation research (see Chapter 5).

However, a pertinent finding from the review of recent risk management literature was the

recognition of a growing number of t&t that are also suggested for use with risk

management systems. Since the postal questionnaire survey was designed, the following

addition t&t have been identified:

e Structured interviews, workshops, risk registers, influence diagrams (Boothroyd and
Emmett, 1996);

e What can go wrong analysis, fault trees, event trees, questionnaires (Godfrey, 1996);

e Flowcharting, procurement, contingency planning, insurance, workarounds (PMI,
1996);

o Latin hypercube sampling, risk triggers (Tweeds, 1996);

e Assumption analysis, project evaluation and review technique (PERT), controlled
interview and memory (CIM), databases, criticality analysis (Simon et al, 1997);

¢ Risk matrix, trend schedule (ICE et al, 1998);

e Breakeven analysis, mean-variance criterion, co-efficient of variation, certainty
equivalent technique (ASTM, 1998b);

e Research (RICS, 1999);
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e Decision conferencing, strategic assumption surfacing and testing (SAST), strategic
options development and analysis (SODA), soft systems methodology (SSM), strategic
choice, systems dynamic modelling, assumption analysis, cumulative frequency plots,
decision analysis, HAZOP study (BSI, 2000);

e TFuzzy analysis (Wong et al, 2000); and

e Prototyping, benchmarking, quality management, training programs, and customer

satisfaction surveys (Raz and Michael, 2001).

This adds a further forty-three t&t onto the original list of twenty-one, making a total of
sixty-four. Though each of these deserve consideration for use in the proposed model, it is
preferred to concentrate selection efforts on the original list of t&t identified for the
industrial survey investigations, because this survey work produced a large amount of

useful information for evaluation and selection of t&t.

Interpretation of the numerical findings from the t&t survey analysis is not straightforward,
and, therefore, it was necessary to simplify the data that was generated. Table 5 substitutes
the original survey results’ data with a basic graphical analysis, and a one to five scale is
used starting from "very low" up to "very high", with the t&t then being re-ranked in terms
of the newly weighted performance scores. The simplified graphical "performance"”
weightings considered appropriate were calculated for each t&t by using multipliers of
three for the percentage of excellent responses, two for good responses, one for fair
responses, and minus one for poor responses. On a scale of "very low" to "very high", the
points scored for a tool or technique to achieve a "very high" rating must have been
equivalent to an 80% excellent rating from respondents, that is a score of 240 points (80

multiplied by three). For a "high" rating, an equivalent point score of 80% good must be
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achieved (80 multiplied by two), for a "moderate" rating, an equivalent point score of 80%
fair must be achieved (80 multiplied by one), for a "low" rating, between 0 to 79 points,

and for a "very low" rating less than zero (negative).

For the simplified graphical ratings of t&t awareness, use, use by aware, and non-use
categories, the calculation method was easier. Over 80% of respondents were required for
a "very high" rating, 60-79% for a "high" rating, 40-59% for a "moderate" rating, 20-39%
for a "low" rating, and 1-19% for a "very low" rating. Where the percentage was zero,
then "nil" was entered in the table. The only remaining column on the table is frequency
of use, which measured the split between "always" and "sometimes" used responses, and a
similar scale was applied with this scoring, "very high" if always used by over 80% of
respondents, "high" if always used by 60-79%, "moderate” if always used by 40-59%,

"low" 20-39%, and "very low" if always used by 0-10%.

Following this simplified tabulated analysis it was then easier to narrow down the list of
t&t to be considered for inclusion in the proposed conceptual model by using only the
results for performance. Performance was therefore the main criteria, and a "moderate”
score was set as a minimum acceptable level. This ranking method thus meant that only
the first twelve t&t were to be assessed further for selection in the proposed conceptual
model. However, in addition, it was decided to include Monte Carlo simulation because of
its significant coverage in recent literature (see Chapter 4), which indicates that
advancements in software mean that this tool is perhaps performing better now then when

the survey was undertaken.
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It is useful to review some of the comments made during the industrial investigations (see
Appendix "F"). The highest ranked t&t in Table 5 is professional judgement and intuition,
and this is what most professionals rely on to manage the risks in initial building project
budgets. This method also applies to the use and interpretation of results, from all other
t&t, as they always depend on this as a basis. However, to perform successfully, it is
necessary to select the right mix of people with relevant knowledge and skills, from
experience and training, as results will differ greatly from individual to individual. The
weaknesses of this method include bias, attitudes, reporting, and even group decision-
making (see Chapter 2). However, the survey results summary sheet for this method
showed that 93% of respondents use it all the time (see Appendix "F"). Comments from
the industrial investigations included, "it can only be used where the surveyor has pervious

relevant experience of similar projects", "it is essential", and there is "no substitute", but it

"needs to be used with care".

The second ranked t&t is prompts and checklists. The industrial investigations found that
66% of practices always use prompts or checklists (see Appendix "F"). The main use by
quantity surveying practitioners is for "major quantities" checklists, or the BCIS elemental
breakdown (as a prompt list), but, as with shape or wall-to-floor ratio checks, these
approaches are normally used for the "approximate quantities" base method of estimating,
rather than the "cost per square metre" method. Other survey comments from respondents
include, they "helps cross checking", are "a good starting point making sure things are not
forgotten", "can be used to support other t&t", but, "omission is the main reason for

failure".
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Following professional judgement and intuition, the most commonly used t&t for allowing
for risk in a project budget is the contingency percentage allowance, which is always used
by 82% of practices (see Appendix "F"). This third ranked t&t is an intuitive approach that
has significant weaknesses, and it is stated by HM Treasury (1999) that the term
"contingency” should not be used (see Chapter 3). Chapman also cautions against the
unfettered use of contingency allowances for risk, noting that unspecified contingencies
simply tempt people to use these for other purposes (cited by Edwards and Bowen, 1998b).
Edwards and Bowen (1998b) argue that the use of a contingency amount is a "reasonable
practice" because for consultants to spend time in speculating upon a myriad of potential
construction risk events would be counterproductive, and the task would be overwhelming.
Comments from the industrial investigations suggest that the contingency percentage
allowance method is "used as check on risk study output", "based on assessment of

identified risks", or "when all other methods fail".

Brainstorming is the fourth ranked t&t in Table 5. Survey respondents say that this
method provides "cross fertilisation of ideas", "pools ideas and experiences", and "there is
always someone with better or different ideas" (see Appendix "F"). However, its
performance depends on "personalities" and "who leads". Also, brainstorming is "mostly

used in comjunction with others t&t", "just prior to finishing a robust estimate",

"informally", or "with designers to compile a list of core probabilities".

The sixth and seventh ranked t&t in Table 5 are subjective probability and the risk adjusted
discount rate (RADR) respectively. Eighth ranked is sensitivity analysis, where results can
be presented in tables or graphs, and there are several advantages of using the technique

(ASTM, 1998b). First, it shows how significant a single input variable is in determining
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project outcomes, second, it recognises the risk associated with input, third, it gives
information about the range of output variability, and fourth, it does all of these when there
is little information, resources, or time. A comment from a survey respondent said that this

"usually gives good substance to contingency percentage allowance" (see Appendix "F").

"Elsie", ranked tenth, is a computer expert system. This software is probably the type of
product that many quantity surveyors believe is likely to replace their traditional cost
modelling role in the near future (Cavil, 1999) (see Chapter 1). Perhaps the model
proposed hereafter could be further developed as a fifth module to "Elsie". However, only
two percent of survey respondents use the "Elsie" software, and, further to this, it can only

be used for appropriate types of buildings.

Generally, risk analysis software may not even be necessary for good risk management
(Raftery, 1994). Although it is not practically possible to carry out simulation without
access to software, the number crunching exercise may well be the least important part of
the total time spent dealing with the identification, analysis, and response to project risk
(Raftery, 1994). This development work for the conceptual model views software only as
a optional add-on that could perhaps be used to enhance the performance of the model.
The possible use of software is therefore discussed following presentation of the model

(see section 6.6 hereafter).

The penultimate t&t to be considered for the proposed model is the decision tree. A
comment from the survey said that "appropriate weightings are essential" (Appendix "F"),
and this could be achieved using expected monetary values to provide a measure of the

value for each outcome. The final t&t to be considered for the model is decision matrices,
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which is a representation of the options available and the relevant influence factors. Where
possible, attempts will be made hereafter to integrate each of these t&t into the proposed

model.

In summarising the above assessment of risk management tools, techniques, and software,

the following thirteen t&t will be used within the proposed conceptual model:

1. Professional judgement and intuition;
2. Prompts and checklists;

3. Contingency percentage allowance;
4. Brainstorming;

5. MERA;

6. Subjective probability;

7. Risk adjusted discount rate;

8. Sensitivity analysis;

9. Expected monetary value;

10. Elsie;

11. Decision tree analysis;

12. Decision matrix; and

13. Monte Carlo simulation.

The above t&t will be utilised together with the conventional budget estimating base
methods (e.g. Approximate Quantities, cost per square metre floor area, and functional
unit). A risk register will be used as the administrative devise for recording and

monitoring the risk management process (see Chapter 4).
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6.5 The proposed conceptual model

6.5.1 An overview of the model

Risk management should not be complicated or burdensome, it needs to be integrated
into a firm’s daily operations (Flanagan and Norman, 1993). Therefore, what is required
for success is a model that can be easily incorporated into existing practices, at minimal
cost and time, without additional fee to the client, initiating the risk management
process to be subsequently carried through the project lifecycle by the client’s lead
consultant. As a starting point for discussing the proposed conceptual model, a
diagrammatic representation of the integrated budget risk management process is shown
in Figure 27. The model is shown in the centre of the figure, and includes the system,
tools, and techniques that will allow risk in the budget estimate to be identified,
analysed, and responded to. The model is further broken-down into twelve step, as
follows:

1. Peruse the information that is available;

2. Identify the risks that could present a problem when preparing the estimate;

3. Analyse the risks that could threaten the accuracy of the estimate;

4. Respond to the challenge presented by the risks;

5. Prepare the most likely estimate of cost for the project;

6. Review the status of the risks during the preparation of the initial estimate;

7. Produce the report for the baseline budget estimate;

8. Focus on the required content of the risk management report;

9. Identify the risks in the baseline estimate;

10. Analyse the risks and quantify the range of possible outcomes;

11. Recommend response actions to improve the certainty of the baseline estimate; and

12. Produce the budget risk management report.
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The model is surrounded by a "cloud of uncertainty" (the grey area in Figure 27), which
includes the user’s professional judgement, intuition, experience, and bias. Inputs to the
model are provided by project participants (e.g. client, designers, specialists, authorities)
and the quantity surveyors, who may have obtained knowledge or opinions prior to
starting the risk management process (e.g. from site visits, attending meeting, telephone
discussions). The input information could be quantitative (e.g. site investigation, cost
data, plot ratio, measurements) or qualitative (e.g. brief, specification, photographs,
notes). Outputs (deliverables) from the model include a budget estimate accompanied
by a risk management report. The output information will also be both quantitative (e.g.
cost breakdown, ranged estimates) and qualitative (e.g. assumptions, exclusions,

recommended risk response strategy).

Note that the model is limited because it will not try to assess the biases in the "cloud of
uncertainty”. Biases are perhaps something the client should consider at a higher
management level, e.g. when selecting the team of consultants and quantity surveyors.
Also, a process for delivering objectives of health and safety related risks are likely to
need separate consideration, and the "Health and Safety Executive" provide specialist
guidance in this area (Royal Institution of Chartered Surveyors, 1999). However, from
the list of eleven suggestions made by industry professionals of improvements to risk
management practice (see Chapter 5), it is possible to encapsulate five of them in the
model, these being:
o "Development of techniques that can be used at the earliest opportunity in the life of
design development of the construction concept phase, rather than used as a check

when things may appear to be going wrong;
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® Making risk management a routine part of project appraisal, rather than treating it
as a "bolt-on" optional extra; |

® Better awareness of the possible range of cost outcomes a building project might
take;

o Striking a balance between providing information that is detailed and accurate, with
providing a risk management approach that is meaningful to the project team and
involves them in the process; and

e Awareness in the field, such as "how to" guides.”

In Figure 28, the conceptual budget risk management model is represented
diagrammatically, in two distinct phases. The model will be activated by the quantity
surveying team upon receipt of project information. "Phase I" of the risk management
model comprises the first seven steps, and therefore begins when the quantity surveying
team receive information for a project (e.g. brief, drawings, and specification). The first
task of the team is to study the information and identify the risks which could inhibit
accurate estimating. Upon compiling a list of risks, the team can then analyses them to
determine their probability and impact. This quantification process allows the risks to
be ranked. Finally, the team can propose ways of responding to the risk (e.g. request
more information or contact specialists). The results are then presented in a risk
register, which should be reviewed regularly as the team develop a better understanding

of the project, or when more information becomes available.

"Phase II" of the model follows a similar routine but begins on completion of the team’s

estimate. The team start by focusing on the required content of the risk management
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report for the client, and then brainstorming a list of finai risks, followed by more
detailed analysis, in turn leading to prioritised suggestions for mitigating action. On
completion of both phases, a team brainstorming meeting might be carried out to
determine a overall project "risk rating" score for the estimate (e.g. low risk, medium
risk, or high risk). This meeting would not necessarily just include project personnel,
but also other consultants or contractors, who might be able to add their experience to
the risk assessment conclusions. Finally, the project risk register is revised for the client

to reflect the "Phase II" exercise.

As with Godfrey’s (1996) system, each step of the model may have involvement from
one or more individuals, or group of individuals, based on the needs of the project, and,
although the process is presented as discrete elements with well defined interfaces, in
practice, they may overlap and interact in different ways (PMI, 1996). Note that, at this
initial stage, the model is less concerned with strategic issues, such as procurement
route, contract strategy, or insurance, than how to improve the accuracy of the budget
estimate. Such other factors will be decided by the design team, project manager, and
client, perhaps in another level of risk register (Lewis, 1999). Both phases of the model

will now be explained in detail, step by step.

6.5.2 Phase I - Baseline budget estimate report

Phase "I" of the model is concerned with the internal control of risk management by a
quantity surveying practice when preparing an initial baseline budget estimate. This is
in contrast to phase two, where the aim is to deliver a report on risk to the client. To
some extent, this first stage is formalising what is often done instinctively by

professionals.
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Step 1: Peruse the information that is available

Look closely at all the project information that is at hand, and jot down any things that
could present a problem when preparing the estimate, that come to light as working

through the material.

> Note that this information may include the client’s brief, project specifications,
drawings, site investigation reports, photographs, minutes, and hand-written notes
from telephone conversations, site visits, or meetings. However, the quality and
sources of information can differ greatly, depending of the nature of the project, and
the people involved - such as the client, design team, contractors, and various
authorities. A standard risk identification pro-forma may be used to record things

that could present a problem when preparing the estimate.

Step 2: Identify the risks that could present a problem when preparing the estimate

Brainstorm to expand on the list of items noted in Step 1, of things that could impede
the preparation of an accurate estimate. Consolidate this new list with the list produced
in Step 1. Clearly describe each identified item, group similar items together, and

eliminate any duplication.

> Note that, at the initial brainstorming stage, it is best to avoid making judgements
about duplication, or the importance of a risk, as, on its own, a risk may be minor,
but, in combination, it could be very serious (Godfrey, 1996). Also, note that the
identification of implausible risks may stimulate identification of an obscure but
substantial risk, and it is critical to spend sufficient time creating a comprehensive

list of risks because, unless a risk is identified, it cannot be consciously managed
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(Godfrey, 1996). Question if sufficient time and resources are available to provide
an accurate estimate, and, after brainstorming ideas, use a prompt sheet, such as the
list of principal cost drivers for estimating an initial budget in Table 4 (see Chapter
5), or the RICS (1998b) list of information requirements for preparing a budget.
Finally, consider using a decision tree to put some illustrative structure to the list of

risks identification, and to help ensure the list is complete (Flanagan et al, 1987).

Step 3: Analyse the risks that could threaten the accuracy of the estimate

Refer to the consolidated list of items produced in Step 2. Enter the defined list into the
draft standard risk register. Use a probability-impact matrix to evaluate the likelihood
of each item presenting a problem when preparing the estimate, and the potential impact
on the accuracy of the total project estimate. Assign values for each of these two
parameters. Calculate a "risk factor" score by multiplying the assigned probability
value by the assigned impact value for each risk item. Rank the risk items in
descending order using the risk factor scores. Decide on a cut-off point where
reasonable judgements and assumptions can be made about the low risk items and,
therefore, limit the list of risk items by prioritising only those risks that have the greatest

risk factor, and therefore need a response.

> Note that the objective of this risk analysis stage is to decide which risks need to be
managed, and which can be left to their own fortune, and, in this instance, it is
necessary only to get a approximate assessment, and, what is particular to a project,
rather than what is common to all similar projects, often pinpoints the risks most in
need of management action (Godfrey, 1996). A standard risk analysis probability-

impact matrix pro-forma may be used.
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Step 4: Respond to the challenge presented by the risks

Refer to the prioritised list of items produced in Step 3. For each of these items,
brainstorm to generate ideas about how the risk factors for each might be reduced.
Select the perceived most viable response action to each risk. Brainstorm again to
determine if there are any "secondary risks" from the suggested responses - these are
risks that may materialise through implementation of the proposed responses. If
secondary risks are apparent, loop back to Step 3 and analyse, in a similar manner as
before, the secondary risk items, i.e. by considering their probability and impact values
to calculate risk factor scores. Repeat this response / analysis loop until the perceived
optimum solutions may be confidently decided. Select personnel responsible for
implementing the chosen risk response actions and therefore delegate responsibility of
items to appropriate participants. Finally, produce the internal risk register and then

monitor the action at regular intervals until satisfactory results are achieved.

> Note that possible responses to risk may include, for example, pursuing information
research by consulting specialists, site visits and investigations, requesting design
information such as drawings, specifications, schedule of accommodation
requirements, or plot ratio, and consulting a library or the BCIS for historical pricing
data. See the RICS (1998b) list of sources of cost information. The availability of
resources will usually restrict the range of feasible response solutions, and, in some
instances, where time is very limited, the best response may simply be a telephone

call to someone who may provide help or give an opinion.
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Step 5: Prepare the most likely estimate of cost for the project

Prepare the first budget estimate by following one of the conventional base estimating
methodologies for calculating building construction costs. The best approach is to
produce an elemental "approximate quantities" estimate, and then validate the outcome
using "Elsie", or by benchmarking elements against other similar projects. However,
time, information, and software limitations may mean that sometimes the more basic
"cost per square meter floor area" or "functional unit" methods can only be used. When
working through and developing the estimate, "flag-up" any items that have not
previously been identified, and also incorporate any new information that becomes
available as a result of the response actions taken in Step 4. Use the BCIS list of

building elements as a prompt, to ensure that all items are included.

> Note that major unpredictable items should not be included in the estimate because
it is not possible to arrive at a sensible allowance, instead, they should be excluded
and then Vreconsidered later by the client (Wideman, 1995). Also, do not include any

"bunse" or "contingency percentage allowance" sums in the estimate.

Step 6: Review the status of the risks during the preparation of the initial estimate

Review the risk status at regular intervals during the preparation of the initial budget
estimate, again, by followings Steps 2 to 4, and include any items that were identified
during Step 5. Upon satisfactory completion of the first estimate, check all
mathematical computations and the major quantity measurements used for the estimate,

and then move on to Step 7.
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> Note that this review step could be done once per day, once per week, or even once
per month, depending on the time available to produce the estimate. However, due

to commercial pressures, it may not always be possible to carry out this step.

Step 7: Produce the report for the baseline budget estimate

Summarise the main construction elements of the baseline first figure. Support the
estimate with a cost break down and a statement of inclusions, in as much detail as is
possible, with explanation of the quality and specification parameters, and a schedule of
accommodation. Be explicit, list all the provisional lump sum allowances, assumptions

made, sources of information used, and items that have been excluded.

> Note that the baseline estimate represents the perceived most likely cost, based on
the information available (Noor and Rye, 2000). Refer to the RICS (1998b)

guidance for a recommended format for the budget report.

6.5.3 Phase II - Risk management report

Whilst the previous phase of the model was concerned with the internal control of a
quantity surveying practice’s system, Phase "II" applies to the delivery of a risk
management report to the client that provides an enhanced view on the level of risk that
is inherent in the baseline estimate. It is preferable that this report accompanies the
baseline budget estimate. However, depending on time and circumstances, it is possible
that it may be delivered at a later date, particularly if other members of the design team

are to be involved in this second phase of the risk management process.
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Step 8: Focus on the required content of the risk management report

Brainstorm to determine what content is preferred in terms of a risk management report
for the client in question. Decide on what qualitative and quantitative output is

expected, and acceptable, with the resources and time available to produce the report.

> Note that it is useful to consider what column headings should be included in the

risk register.

Step 9: Identify the risks in the baseline estimate

Understand the content of the baseline budget estimate report, and highlight the key
items that could deviate and cause the actual cost outcome of the project to change from
the baseline figure. Brainstorm to generate a new list of any other things that were not
identified in Phase "I", but that could still influence the total outcome. Clearly describe
each highlighted item and influence factor identified, group similar items together, and

eliminate any duplication.

> Note that the identification of risks is about making best use of the information and
experience available, it requires people to be systematic and creative, and the best
way to achieve this is to assemble an appropriate team (Raftery, 1994). A
brainstorming "workshop" that includes a range of consultants is preferable
(Boothroyd and Emmett, 1996). After the brainstorming session, it may help to
refer to the original Phase "I" list of risks as a prompt, or consult the list in Table 1
(see Chapter 5) of reasons for causing building projects to finish over budget.

However, it is important to understand that even the most thorough and
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comprehensive analysis cannot identify all of the project risks (PMI, 1996). Also,

consider the notes on brainstorming accompanying Step 2 of Phase "I".

Step 10: Analyse the risks and guantify the range of possible outcomes

Refer to the list of risk items produced in Step 9. As in Step 3, consider the likelihood
of each risk occurring, and the possible impact on the total baseline estimate, assign
values for these two parameters to calculate a new risk factor score for each item.
Again, rank the items in descending order using the risk factor scores. This time, decide
a cut-off point where risks can reasonably be left to their own fortune, therefore, limit
the list of risk items by prioritising on only those items that have the greatest risk factor
and which need to be evaluated in more detail. Analyse the key risks using quantitative
t&t to allow interpretation of the range of variances for the "best case" cost (i.e. the
optimistic opportunities), and the "worst case” cost (i.e. the pessimistic problems).
Separately total the sums of the best and worst estimates to give the range of possible
outcomes. Make probabilistic adjustments to the range of figures to provide a risk-

adjusted total estimate for the project. Summarise the results in a risk register.

> Note that a sound aim is to prioritise the key risks, perhaps between five and ten, which
can then be analysed and managed in more detail (Thompson and Perrys (1992) and
Norris et al (1993)). The most suitable quantitative t&t are "MERA", "sensitivity
analysis", "EMV", "decision trees", "decision matrix", "RADR", and "Monte Carlo
simulation". When selecting t&t it should be acknowledged that no single method can
be labelled the best one in every situation, what it depends on is the circumstances, and
the following factors: availability of data; availability of resources (time, money,

expertise); computational aids (for example, computer services); user understanding;
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ability to measure risk exposure and risk attitude; risk attitude of the decision-maker;
level of risk exposure of the project; and the size of investment relative to the
institution’s portfolio (ASTM, 1998b). However, it is best to keep analysis as simple as
is possible and only make it more complex when it is useful to do so (Chapman and
Ward, 1997). The primary concerned is with determining which risks warrant a
response, i.e. the opportunities to pursue (or ignore), and the threats to respond to (or

accept) (PMI, 1996).

Step 11: Recommend response actions to improve the certainty of the baseline estimate

Refer to the analysis summarised in the risk register produced in Step 10. Explain the
method adopted to mitigate the risk so far. Brainstorm to generate ideas for reducing
the cost range of each item in the risk register, and hence, suggest the information and
actions necessary to improve the certainty of the outcome of future project estimates.
Select the perceived most viable response action to each risk. Brainstorm again to
determine if there are any secondary risks from the proposed responses that have been
suggested and, if secondary risks do become apparent, loop back to Step 10 and analyse
them using quantitative t&t. Repeat this response / analysis loop until the optimum
solutions can be confidently decided. Revise the risk register and include a concise
summary of the recommended response actions. Finally, consider the risk register
information and the analysis data produced, calculate the percentage deviation of the
risk-adjusted estimate from the baseline estimate, and compare it to the "contingency
percentage allowance" that is usually expected for the type if project at hand. Classify
the current risk status of the project by assigning a project "risk rating", e.g. high,

medium, or low.
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> Note that it is necessary to define enhancement actions for opportunities, and
response actions for threats (PMI, 1996). Response actions to control risks are
referred to as risk mitigation and, even if the impact of the risk is difficult to
quantify, the identification of effective mitigation actions can still be very useful
(Godfrey, 1996). Also, note that care should be taken when considering the
management actions available to ensure that the potential impact of each risk is not
outweighed by the direct costs of reducing the risk, transferring the risk, or all
management and administrative time, consultants fees and other charges associated

with managing and dealing with the risk (HM Treasury, 1997).

Step 12: Produce the budget risk management report

The key deliverable of the report is the risk register, including a project risk rating, risk-
adjusted estimate, range of possible outcomes, and recommended response actions. It is
preferable if this table can be summarised in a concise format. However, the report
should be supported with appendices, that may include the risk analysis results (any
graphical decision aids should be provided), an explanation of the methodological
approach taken (with reference to t&t used), a list of people involved, and guidance on

how the results should be interpreted.

> Note that the words produced from the risk management process are just as
important as the numbers, and in preparing the report it is important to be impartial.
Care must be taken not to be biased in reporting, or to use subjective wording that

could be misinterpreted.
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"Step 13" and beyond

The next steps are to be taken by the client, perhaps first in deciding whether or not to
build. The client must delegate ownership of risks, assign related "triggers", determine
review intervals and contingency plans, decide on the risk management plan for the
project, and, in particular, decide whether to retain, reduce, transfer, or avoid risks.
Further, the client and project team must also look for new risks as the work proceeds,
monitor existing risks, and check that response strategies are being implemented. The
quantity surveyor may adopt a similar twelve step procedure when preparing the next
cost estimate as design develops. These subsequent modelling issues should be the
focus of future research efforts. In the meantime, clients could perhaps insist on this
initial model being implemented, but, also allow the necessary time and fees to enable it

to be successful carried out.

6.6 Optional software enhancement to the model

There is a rapidly increasing variety of software available for project risk management
(see Chapter 4). Whilst software is not essential for functionality of the proposed
conceptual model, there are benefits in using computer technology to improve
efficiency and help to facilitate tasks which cannot easily be undertaken manually.
Therefore, software could improve performance of the model, and optional software

enhancements to each step of the model will now be discussed.

In Phase "I" of the model, Steps 1 and 2 are primarily concerned with risk identification.
Databases (e.g. "Ris3") and expert systems (e.g. "RiskTools") will enable generic
libraries of risks to be maintained and used as prompts for brainstorming. Decision

modelling packages (e.g. "Definitive Scenario” and "DPL") can then be used to
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construct decision trees or influence diagrams which add graphical structure and
definition to the risk items. These help to ensure completeness of risks definitions and
highlight the dependencies between the items identified. A methodology software that
supports dependency modelling is "DMT", which also provides the sensitivity analysis
which may be undertaken in Steps 3 and 10. "DMT" software then leads to a further

function for the formalisation of response strategies, i.e. for subsequent Steps 4 and 11.

The key risk analysis tool used in Step 3 of the model is a probability-impact matrix.
Database software (e.g. "Ris3" and "RiskRadar") provide probability-impact grids that
allow the number of risks in each category to be displayed by time frame, providing a
historical log of events. Similar to Steps 1 and 2, databases and expert systems can be
used for Step 4 to enable generic libraries of risk response options to be maintained, and

therefore, again used as prompts for brainstorming.

For the budget estimating procedure in Step 5, bespoke in-house spreadsheets,
databases, or commercial estimating software could be used for approximate quantities,
cost per square metre, and functional unit base methods. The "Elsie" expert system may
then be utilised for validation and qualification of the estimate. Again, databases can be
used as prompts for brainstorming. Step 6 is a review stage which could utilise the
same software as Steps 2 to 5, whilst Step 7 may use common word processors for the
supporting text that should be included in the baseline budget estimate report. The latter

may possibly be linked to the results from the software used in Steps 1 to 5.

Phase "II" of the model perhaps demands more utilisation of software packages. Step 8

is concerned with focussing on the required content of the client risk management

156



report, which, together with appendices from quantitative computer outputs, will usually
take the form a risk register. Risk register software (e.g. "Pandora", "Predict! Risk
Controller", "Ris3", and "Risk Radar") uses database technology and is also linked to all
other steps of the conceptual model. Whilst a simple basic risk register could easily be
constructed in a database, spreadsheet, or word processor, risk register databases
provide additional functions that enable risks to be effectively classified, recorded, and
monitored. This is achieved by using special data entry screens to maintain a history of
the ways in which risks change throughout implementation of the risk management
process. This is, therefore, perhaps the most important software tool for use with the
conceptual model. It can provide tracking of the whole process and improve
communication. High end risk register software (e.g. "Active Risk Manager" and
"Messa/Vista") use web-based enterprise technology that could enable surveyors,
designers, and the client, real time access to information from different geographical
sites. Risk registers can also integrate with other software tools (e.g. simulation,
programme management, and probability-impact matrices), therefore providing
automated transfer of information. Some risk register databases also have such

additional simulation and modelling modules built-in.

Step 9 of the conceptual model could use similar risk identification software to that
described for Step 2, whilst Step 10 demands the greatest need for software
enhancement because of the option to quantify the range of possible outcomes. This
could include using simple spreadsheets for subjective probability, MERA, sensitivity
analysis, EMV, decision matrix, or RADR (as is often done by practitioners - see survey
results in Table 3 of Chapter 5), or by using more sophisticated simulation (e.g.

"@Risk", "Crystal Ball", "PRA", "Predict! Risk Analyser" and "RiskMaster") and
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