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ABSTRACT

Escalation of construction costs constitute a substantial part of the total
costs of many construction projects. Drastically changing escalation rates

can have adverse effects on the success of such projects. The main objective

of this thesis is to examines construction cost escalation and recommend

suitable analytical techniques to quantify its

impact.

The causes of escalation are examined. Many of these causes are found to
be unpredictable by their very nature. As such the main effect of escalation
is to cause risk and uncertainty regarding a project’s cost.

Methods of assessing the amounts allowed in constinction contracts to

cover escalation are reviewed. [t is established that these amounts can best

be assessed using the concept of expected utility value. Based on this concept .
financially stable contractors will include larger monetary sums to cover cost
escalation risk than a large owner, like government, would be willing to pay
for the same risk.

Forecasts of the amount of escalation are required for budgetary and bid-

ding purposes. These forecasts may be obtained by forecasting cost indices
that measare the escalation rate and applying this rate to the estimated cash
flow. Methods of forecasting construction cost indices using time series anal-
ysis are examined. The theories underlying these methods are outlined. The

application of these methods using a computer software package is illustrated.




Methods of n: the forecasted indices are reviewed. Parsimony is found

to dictate use of cost flow models based on polynomial regression. The use
of such cost flow models is demonstrated.

None of the available forecast.ag techniques are found to provide a panacea
for obviating the effect of construction cost escalation. The effect of esca-

lation can be minimized by carefully aflocating the risk of escalation using

for the use of clauses are

escalation clauses. G
It is concluded that except for than in short construction projects to be built
under stable conditions. the risk of escalation should be borne by the owner.

Various types of escalation clauses are reviewed. Use of escalation clauses
incorporating a formula based on indices is recommended. It is also recomn-
mended that regularly published indices should be maintained to provide for

construction cost escalation and for use in other estimating situations.
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GLOSSARY

AIC (Akaike Information Criterion) The AIC is a figure of me:it used
in determining Box-Jenkins models. Based on empirical research. the
model with the lowest AIC will generally be the most accurate (Goodrich

and Stellewagen, 1987)

ARIMA An ARIMA process is an autoregressive-integrated moving aver-
age process. This wide class of processes provides a range of models,
stationary and non-stationary, that adequately represent many of the

time series met in practice (Box and Jenkins, 1976).

Autocorrelation The correlation of a variable and itsell a fixed number of

periods later.

Autoregressive An autoregressive model is a stochastic model in which the
current value of a process is expressed as a finite, linear aggregate of

previous values of the process and a shock term.

BIC (Bayes Information Criterion) The BIC is a figure of merit used
in determining Box-Jenkins models. Based on empirical rescarch, the
model with the lowest BIC will generally be the most accurate (Goodrich

and Stellewagen, 1987).

Di ing Differencing is the ion of a time series involving

the replacement of every value of the series by its difference from the

previous value.
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in ion costs is the increase in the costs of

any of the construction elements required for original contract works

occurring during construction.

Expected monetary value The expected monetary value is a measure of

value that can be used in situations where there are various possible
future outcomes each with an attendant amount of loss or gain. The
expected monetary value is the sum of the product of the cost of each

possible future outcome with its probability.

Expected utility value The expected utility value is a measure of value

that can be used in situations where there are various possible future
outcomes cach with an attendant amount of loss or gain. The expected
atility value is the sum of the product of the utility value of each pos-
sibie future outcome with its probability. The utility value of each
possible future outcome is obtained from a utility function developed
specifically for the decision making party to represent the parties pref-
ecrence for varying monetary amounts over the entire range of possible

future outcomes.

Homoscedasticity A time series is termed homoscedastic if its variance

and covariance do not change with time.

Integration A time series is integrated with degree d if d is the minimum

degree of differencing that renders the time series stationary.

Lag Lag is the difference in time units of a series value and a previous series

value.

xix



MAPE (Mean Absolute Percentage Error) MAPEisa measure of the
accuracy of forecasts made of future values of a time series. To obtain
the MAPE. the difference between each forecasted value of a time series
and the actual observed values is first calculated. The MAPE is then
computed as the average of the magnitudes of these differences when
these differences arc expressed as a percentage of the actual observed

values.

Multivariate A multivariate method is a method involving more than one

variable at a time.

Risk The term risk, when used in the context of construction cost escalation,
means the possibility of financial loss arising from the exccution of a

construction contract.

Robust A robust statistical method is a statistical method which is insen-

sitive to moderate deviations from underlying statistical assumptions.

Univariate A univariate method is a method involving only one variable at

a time.



Chapter 1
INTRODRUCTION

1.1 Background

Websters dictionary defines to escalate as :“to gradually increase ... ; to raise
and go up ..." Escalation in construction costs is the increase in the costs
of any of the construction elements required for original contract works oc-
curring during construction. The amount included in any construction cost
estimate or construction cost breakdown to account for escalation in con-

struction costs is an important component of total construction costs. This

id oot

and rational

amount deserves thorough
the entire construction process.

A substantial part of the cost of many construction projects is attributable
to escalation in construction costs. For example, in a feasibility study (pre-
pared in February 1974) of delivering power from Gull Island Hydro-electric
site to Newfoundland using land type cables in tunnel, the amount of esca-
lation to January 1979 was estimated at $13,420,000 as shown in Table 1.1
(Teshmont, 1974). This was almost equal to the of cost of cable procurement
and installation estimated to be $14,905,000 and was a major component of

the total construction cost estimate.



Table 1.1: Cost estimate for land type cables in tunnel (from Teshmont,
1974)

Cable Procurement and Installation $ 14,905,000
Tunnel Construction 37,725,000
Logistics and Construction Support 13,890,000

Subtotal 66,520,000
E and Owners Admini i 5,440,000
Contingency 7,370,000

Total 1974 Cost $ 79,330,000
Escalation to January 1, 1979 13,420,000
1.D.C April 1974 to January 1979 17,980,000

TOTAL CAPITAL COST $ 110,730,000

The financial success of construction projects can be uncertain and at

risk due to the ibility of drastically changing ion rates during con-

struction. At the beginning of any given project, there can be a number
of different possible future escalation rates. Use of an erroncous escalation
rate when estimating construction costs can have adverse cffccts on economic
decision making for both owner and contractor. As an example, Figure 1.1
illustrates the impact of changing escalation rates on a hypothetical construc-
tion project with an unescalated cost of $40,000,000. The cost flow profile of
the project is expected to form the predetermined S-shaped curves shown in
Figure 1.1 (Thamm, 1980). The project is to be constructed over a period of
3 years starting 3 months from the date of tender. Figure 1.1 indicates that if
an annual escalation rate of 10% is experienced during construction instead
of a prior estimated rate of 3%, a loss of $ 6,000,000 would be incurred. The

party that bears the escalation risk can be devastated by this loss.
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Figure 1.1: Impact of various annual escalation rates
on construction costs



Escalation risk is shared by the use of escalation clauses in contract docu-
ments. There are conflicting opinions on the use of escalation clauses in fixed
price contracts (ENR, 1980). In North America, fixed or unit price contracts
are the standard in construction, and most construction contracts have no
cost fluctuation or escalation clauses (Fellows, 1931). In Newfoundland, all
contracts handled by the Department of Public Works and Transportation
do not have escalation clauses (Brophey, 1990). Fellows (1984) states that

in other parts of the world, especially in the United Kingdom, building con-

tracts offer a of possible methods, and
there is a general trend towards using formula escalation for major construc-
tion contracts. There are no hard and fast rules as to when escalation clauses
should be used, although it is known that in some situations the use of these

clauses to share the risk of escalation is required .

1.2 Expected benefit and objectives

1

This thesis aims at cost

covering the avail-
able analytical techniques to quantify its impact. The expected benefit is
the resultant treatise that can be of immediate use in the construction in-
dustry. To produce a document covering the available analytical techniques
to quantify the impact of escalation, the objectives of this research can bhe

summarized as follows:

. To examine the causes of escalation and its cffect on the various
types of contracts.

To recommend a mathematical model to use in forecasting esca-
lation.

To provide guidelines for the use of escalation clauses in construc-
tion contracts.

4. To recommend a rational method for computing escalation costs
when escalation clauses are used.

L

@

4



1.3 Methodology

The examination of construction cost escalation covering the available ana-
Iytical techniques to quantify its impact is acheived by following the steps
shown in Figure 1.2 and discussed below.

“The canses of escalation and its effect on various types of contracts are
first, examined from a review of available literature. From this review, rec-
ommendations of construction contracts provisions that minimize the effect
of escalation are made.

A forecast of the amount of escalation in construction costs is required

for budgetary and bidding purposes. Various forecasting methods available

and in use in ics, business and construction are reviewed. From

the review, recommendations are made of those methods which would be

for ing the amount of lation in construction cost.

To forecast the amount of escalation in the costs of any construction
project, it is necessary to forecast the escalation rate and apply this rate
to the estimated expenditure cash flow. The escalation rate is measured
by means of cost indices. Examples are given for the use of recommended
forecasting methods in forecasting a selected construction cost index obtained

from Statistics Canada. The les include a di ion of the 1

and limitations of the forecasting methods.

Methods of applying the forecasted escalation rate to a construction
projects cash flow are examined. A model is recommended for estimating
a construction projects cash flow for use in forecasting the amount of esca-
lation in construction costs.

Finally, various conflicting attitudes to sharing the risk of cost escalation



Review causes of escalation

Examine effect of escalation
on various types of contracts

Examine methods of Review use and types of
forecasting escalation available escalation clauses

I

Recommend method of price adjustment
when escalation clauses are used

Demonstrate methods of Recommend method of
forecasting escalation rates estimating a projects
cash flow for escalation

computation purposes

Figure 1.2: Flow diagram of steps to be {aken in
examining construction cost escalation

6



are examined. This is done in order to establish guidelines as to the cir-
enmstances that should exist before escalation clauses are incorporated in
construction contracts. The examination includes a review of methods of

price adjustment used in fluctuation or escalation clauses and a recommen-

1

dation of a method for price adj to for

1.4 Scope

There are many fields in construction, and although there are no clear cut
lines separating the various fields, they can be roughly divided into residen-

tial, building: al, industrial, high heavy and iali

(Peurifoy
and Ledbetter, 1985). Necessary inputs and construction met hods differ from
field to field. Variations in design within any one given field necessitate differ-
ent inputs in differing proportions. Consequently, it is not possible to specify
a model for estimating a contract’s cash flow for escalation purposes that is

directly applicable not only to all fields but even to all designs in a given field

of ion. Nonetheless, the basic principles that apply to any model
used in one field should apply to other fields. This thesis will quantitatively

apply a recommended model to selected les in the building:

field.

There exists a plethora of forecasting methods in use in various disci-
plines some of which are very esoteric. As such, it is not possible to review
all existing forecasting methods and analyze the application of all possible
appropriate forecasting methods to construction. Most forecasting methods,
however, are modifications of a number of commonly applied forecasting

methods or families of forecasting models. This thesis will examine the nse-

fulness and limitations of only the ly applied ing methods or



families of forecasting models.
Alot of data which would have been useful in this research is proprietary
and cannot be accessed. Case study data will therefore he used to demon-

strate the application of d or led methods. While the use

of case study data is helpful, in some cases it lacks the breadth required
to make generalizations applicable to the entire construction industry. The
methodologies discussed in this thesis are, however, applicable to all escala-
tion scenarios,

One method of reducing the amount of escalation is the use of prepay-

ments or ilization p P however, result in an increase

in the cost of interest during construction. The balancing of the amount of

prep: necessary to minimize the ined cost of ! and in-

terest during construction is not within the scope of this rescarch and will

not be addressed herein.
1.5 Thesis organization

This thesis is divided into seven chapters. The first chapter, which for the
most part is already presented, introduces the research, outlines the research
objectives, and presents the scope, methodology, and organization of the the-
sis. The next chapter, Chapter 2, outlines the causes of escalation, discusses
the effect of escalation on various types of contracts, and recommends means

of ing the effect of lation for I risk allocation purposes.

Chapter 3 examines the analytical techniques available to forecast the rate of
escalation. Chapter 4 discusses the application of the forecasted rate of esca-
lation to the estimated cash flow expenditure of a given construction project

and evaluates methods of forecasting a project’s cash flow expenditure for

8



escalation computation purposes. The use of escalation clauses is discussed
in Chapter 5 in which a method of price adjustment when escalation clauses

are used is ded. Chapter 6 ifically add the use of cost

indices in quantifying escalation both for price adjustment and forecasting

purposes. Finally, summary and conclusions are given in Chapter 7.



Chapter 2

CAUSES AND EFFECT OF
ESCALATION

In order to recommend alternate methods for use in the construction industry
to treat escalation in construction costs, one must first understand its canses.
This chapter outlines the causes of escalation, discusses the effect of escalation
on various types of contracts and recommends means of measuring the effect

of lation for | risk allocation purposes.

2.1 Causes of escalation

The causes of escalation differ from project to project because of the di-
versity of required construction cost elements and differing conditions and
methods of construction. Nonetheless, the principle causes of escalation in

most construction projects are as depicted in Figure 2.1 and outlined below:

1. Inflation: The Economics Dictionary (Moffat, 1976) states that
there are many definitions of inflation, but for most practical pur-
poses inflation can be considered as the “ decrease in the purchas-
ing power of the nations money.” The cost of construction elements
increases with inflation and thus inflation causes construction cost
escalation.
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Figure 2.1: Principle causes of escalation
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Market conditions: Shortages of any given material or Ialmm
and any increase in the level of construction activities
increased demand of construction elements will cause escalation
of construction costs.

»

Taxes: Any taxes or duties adjusted or imposed on construction
clements during the period of construction will have a direct im-
pact on the cost of construction.

| o

Other Governmental action: Government requirements, for ex-
ample those which relate to safety, labour, or environmental stan-
dards, may be altered during the perlod of construction and lead
to cost increases.

Quasi-government bodies like Lhe Organization of Petroleum Ex-
porting Countries dictate prices which may change during con-
struction. Governmental action is not limited to a given contrac-
tor or direct supplier but to any necessary string of suppliers. Any
party handling a construction element from its original location
or condition can be affected. This would ultimately affect the
construction price (Padrnos 1981)

Schedule alterations: Schedule extension may be necessary if any
required construction elements are delayed for unforeseen reasons.
Schedule extension can be caused by a multitude of other factors
such as change orders, abnormal weather conditions, strikes, and
poor management. Any extension of contract schedule ultimately
increases construction costs.

Allocation of risk: Levitt et al (1980) say that allocztion of un-
controllable risk by contract to the contractor causes escalation.
This is mainly due to “resorting to litigation or arbitration for any
possible type of dispute, whether warranted or not” resulting in
costly delays and legal action.

o

=

Major events : Major national and international events like war
can have an impact on construction and cause cost escalation.

The above outlined causes of escalation are not exhaustive. Many other
factors can cause escalation of construction costs. Many of the causes of esca-
lation are by their very nature unpredictable. For instance, the occurrence of
major events like war or the actions of quasi-government bodies. As a result,
escalation contributes to the uncertainty in the final cost of a construction

project at any time before the project is complete.



2.2 Effect of escalation

‘The main cffect of lation is that it i d risk and uncertainty re-
garding a project’s cost before and during » project’s execution (Warzawski,
1982a). Hardie (1981) states that “the placement of financial risk is the de-
ciding factor in sclection of the type of contract for a particular project.”
Indeed, the impact of the risk caused by escalation of construction costs on
the partics to any contract varies according to the type of contract.

In order to assess the effect of escalation, it is necessary to classify con-
tracts according to the manner in which responsibility for escalation costs
is incorporated into contracts. As Oyamada and Yokoyama (1986) put it,
“project risk is incorporated into the contract conditions or summed up into
the estimates value as a contingency.” Ibbs et al (1987) reiterate “contracts
are defined as some derivative of either cost reimbursable or fixed price con-
tracts.” In discussing the effect of escalation, contracts will herein be clas-
sified as either fixed price contracts or contracts with a compensation or

escalation clause.
2.2.1 Effect in fixed price contracts

In fixed price contracts, whether lump sum or unit price, escalation can
cause the contractor to “go into the red” (Oyamada and Yokoyama, 1986).
‘The risk borne by the contractor manifests itself primarily in the amount of
money included in the contract sum to cover escalation. Unless the contractor
included a sufficient amount to cover escalation in his bid, the number of
contractual disputes will significantly increase as the contractor seeks reason

for claims (Ibbs and Ashley, 1987). Thus, as Warszawski (1982a) states,



“the owner must accept an offer of a prudent contractor with
a high risk factor reflected in price or cope with a contractor
who underestimated costs and later tries to recuperate his losses
through constant claims and poor work quality.”

2.2.2 Effect in contracts with a compensation or es-
calation clause

In contracts with a compensation or escalation clause the effect of escalation
to the contractor is significantly reduced or non-existent. Administrative

costs and uncertainty to the owner, however, increase. Such contracts re-

quire fully structured or lation clauses. Claims by the

for pay to of costs have to be verified
during execution of the contract. This increases administrative costs to the
owner (Erickson et al, 1978). The owner has to include an amount in his
budget, over and above the contract sum, to cover escalation. Levitt et al
(1980) state:

“increased risk associated with final contract price... will reduce

the projects worth to the owner... some public owners find it very

difficult (for funding and political reasons) to accept uncertainty
in contract price.”

2.3 Construction cost risk

The effect of escalation as determined above is risk, and the value of the
amount paid by the owner for escalation depends on the attitudes towards
risk of the various parties to any contract. In order to recommend methods
to minimize the amount paid by the owner for escalation, it is therefore
necessary to examine the concept of risk due to cost escalation.

The term, “risk” herein implies the possibility of financial loss or gain

arising from the execution of a construction contract (Carr, 1977). The
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arty that bears the risk is largely determined by the terms of the contract.

‘The manner in which the risk is shared or borne will significantly affect the
contract sum and the final construction costs (Levitt et al, 1980). The owner
ultimately pays the price of construction including inherent risks, since. even
in fixed price contracts, the contractor’s price includes an amount to cover
escalation costs (ASCE, 1979). The amount paid, however, may be optimized
by judicious allocation of escalation risk. To do this, it is essential to mea-
sure the value the contractor or the owner associates with varying amounts
of possible future escalation costs, each with some estimated probability of

occurrence.

2.4 Measures of value embodying risk

There are two measures of value that can be used in situations where there
are various possible future outcomes, each with an attendant amount of loss
or gain namely:

1. Expected monetary value

2. Expected utility value.
2.4.1 Expected monetary value

The expected monetary value is the sum of the product of the cost of each
possible future outcome with its probability. The expected monetary value
can be mathematically represented as (Carr 1977):

EMV = ¥ zP(z) (24)
all i

Where:
EMV = Expected monetary value.



z; = Cost of possible future outcome i.

P(z;) = Probability of occurrence of possible future outcome i.

2.4.2 Expected utility value

The concept of expected utility value was developed to take into account the
fact that the value an individual places on a given monetary amount depends
on the i i of the individual. The expected utility value

can be mathematically represented as (Carr 1977):
EUV = ¥ U(:)P(:) (2:2)
all i

Where:
EUV = Expected utility value.
U(zi) = Utility value of possible future outcome with monetary value r;.

P(z;) = Probability of occurrence of possible future outcome i.

The utility value of each possible future outcome is obtained from a util-
ity function which has been developed specifically for the party making the
decision. This utility function represents the parties preference for various

monetary amounts over the entire range of possible future outcomes.

2.5 Choice of measure of value

The appropriate measure of value to use in optimizing risk allocation is ex-
pected vtility value rather than expected monetary value (Erickson et al.,
1978). This is because use of the expected monetary value presupposes

indifference to the magnitudes of the amounts due to the various possible
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future outcomes as long as the expected monetary value is the same. For
instance, a contractor may be indifferent to a 50-50 chance of loss or gain of
say $1,000, but may not be indifferent when the magnitude of loss or gain
is say, $1,000,000 even though the expected monetary value in both cases
is zero. Furthermore, use of the expected monetary value is based on the
assumption that the risky process will be repeated with a sufficiently high
frequency such that varying profits and losses in the short run will average
out to the expected monetary value in the long run. This is not the case for

risks involved in lation of ion costs. The ing out in the

long run will not occur if the amount of loss is so great that a given party
goes out of business. In this case, the assumption of {requency, on which the
use of the expected monetary value is based, does not hold. The concept of
expected utility value, rather than the concept of expected monetary value,

will therefore be used in optimizing risk a'location.
2.6 Establishing a party’s utility function

To use the expected utility value concept it is necessary to develop the parties
utility function. A party’s utility function can be developed by interviewing
the party. This process begins by arbitrarily assigning utility values on some
arbitrary scale to any two monetary sums subject to the condition that the
larger the monetary sum the larger the utility. After establishing these two
points, the utility value for all other sums can be uniquely determined.

The manner of determination is demonstrated by the following example
(Erikson and O’Connor, 1979). Let A and C represent two possible dollar
profits with probabilities of occurrence of P(A) and P(C). Let U(A) and

U(C) represent the utilities of A and C respectively. If the party is indiffe
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between a definite profit of B and the chance of getting profits A and C. the

utility of B can be determined as follows:

EUV = U(A)* P(4) + U(C) + P(C) = U(B)+ (1)

where: P(B) = 1

Solving for U(B) provides a third point on the individuals utility function.
This procedure can be repeated to determine as many points as desired to
define the individuals utility function. The individuals risk preference is

classified by the form of the resultant utility function.

2.7 Classification of individual risk prefer-
ences

2.7.1 General classification

The expected utility value of a given risk situation to a given party depends
on the parties risk preferences. For any set of conditions, Erickson et al
(1978) identify three distinct classes of individual risk preferences namely:

1. Risk averse: Where a party places a higher value to the risk than
the expected monetary value.

2. Risk neutral: Where a party places a value to the risk equal to
the expected monetary value.

3. Risk taker or gambler: Where a party places a lower value to the

risk than the expected monetary value.
The characteristic forms of the utility functions for the above classes of
risk preference are depicted in Table 2.1. In Table 2.1, the profit in dol-
lars is plotted on the x-axis against the expected utility value measured on

an arbitrary scale called utiles on the y-axis. Increasing utiles with profit
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Table 2.1: Classification of individual risk i

. preference (from Erikson and
O’Connor, 1979) Approved for public release: distribution unlimited by Con.
struction Engincering Research Laboratory (CERL)
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depicted for all three broad classifications ( all classifications have positive

first derivatives of utiles with profit) indicate that all individuals pre

for more
profit to less. The second derivative indicates the subjective marginal utility
an individual places on additional profit. The interpretation of these curves
with regards to risk exposure is given in Table 2.1,

As Willenbrock (1973) asserts, the utility functions depicted are cardi-
nal rather than ordinal. It therefore caunot be concluded that an individual
prefers a dollar amount B six times as much as an amount A simply because
the utilities of A and B as obtained from the individual's utility function arc
10 and 60 respectively. The utility scale is arbitrary and another scale could
just as well have been used for which the utility of A is 10 and that of I} is

600. Nonetheless, the relative itudes of diffe between utility num-

bers are meaningful in that they do not change under lincar transformation.
Because of this characteristic, the general shape of the utility function is not

dependant on the origin and scale chosen.
2.7.2 Classification of contractors risk preference

The contractors risk preferences will depend on his financial position. Fi-
nancially stable contractors are typically risk averse because as Warszawski
(1982b) attests “ the assets of most contractors are low in comparison with
their contract volumes, and they may be highly vulnerable to losses.”
When the contractor is financially insecure he is already at risk of being
out of business. Therefore, additional contract risk may not carry as much
weight to the contractor as the possibility of financial gain which a financially

insecure may ly require. The thus takes on

a more gambling or risk taking attitude (Carr, 1977). Willenbrock (1973)
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aptly described a risk taking contractor as
“ a gambler, a player of long shots, a man who feels that even a
large loss could not make things much worse than they are now
whereas a large profit could very substantial]z improve his whole
situation. This contractor values the small chance at large gains
very highly.”

When drafting contracts to be signed by a contractor yet to be determined
it is most appropriate to assume that the contractor will be risk averse there-
fore allowing for optimal risk allocation. This is because financially stable
contractors are more likely to be risk averse and contracts are best made

with financially secure contractors.
2.7.3 Classification of owners risk preference

To the owner, the risk involved in construction costs is only a portion of
the total risk in projects costs. This is because the owners view of the
total project costs include the cost of the various components in the projects
life cycle (such as operation and maintenance costs, expected revenue and
salvage value), each with their attendant risk. In addition, some owners like
government, are large and are engaged in a number of construction projects.
Unlike the contractor, the owners assets are likely to be high in comparison
to the contract costs, and thus the owner will not be as vulnerable as the
contractor to losses due to variation in contract price. Owners are therefore
more likely to be risk neutral though each individual owner's risk preference
should be examinsd. In general, as Carr (1977) points out,* the owners

perception of risk ... is broader than the contractors.”
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2.8 Risk allocation based on utility value con-
siderations

From a purely expected utility point of view, it can therefore be said that
a risk averse contractor will include in his price a higher amount. than the
expected monetary value and thus a higher amount than a risk neutral owner
would be willing to pay for the same risk (Erickson et al., 1978). As Carr
(1977) states:* it will usually pay the owner to accept as much as possible of
any risk.”

In general, a large owner like government will pay less for escalation if he
assumnes the risk of cost escalation in fixed price contracts. This is because the
amount a contractor includes to cover cost escalation in his bid will be more
than the value at which the large owner assesses the risk. .An example of how
the utility value theory can be used to model the cost effects of allocation of
escalation risk is given in Appendix A.

The determination of the exact form of a party’s utility function can he
quite difficult in practice and depending on the format of the questionaire
may vary from interviewer to interviewer. However, the exact form of the
utility function is not required in order to decide how to allocate construction
escalation risk. What needs to be determined is whether a given party is risk

averse, risk neutral, or a risk taker and this does not vary with interviewer or

format of ionaire in normal ci If the contactor is risk averse
and the owner is risk neutral or a risk taker then the risk of cost escalation
would best be borne by the owner.

The expected utility value of the amount included in a bid is, however,

not the only factor to consider in making a decision on whether or not to use
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escalation clauses to assign the risk of cost escalation to the owner. Other

considerations are discussed in Chapte:
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Chapter 3

FORECASTING THE RATE
OF COST ESCALATION

3.1 Introduction

It is necessary, for budgetary and bidding purposes, to forccast the amount in
monetary terms of escalation costs that will be incurred during the execution
of a construction project. To forecast the amount of cost escalation, one can
forecast an applicable escalation rate and apply this rate to the estimated
cash flow. Forecasting the applicable escalation rate can be achieved by
forecasting the future value of an appropriate cost index. Cost indices are
indicators of the amount of cost escalation. Indices describe how the cost
of a particular construction unit changes with time. The formulation and
structure of appropriate cost indexes are discussed in Chapter 6. Cost indices
are time series because they are generally produced at regular time intervals,
Methods for analyzing and forecasting time series can therefore be used to
forecast the rate of escalation of a given construction project.

A number of methods are available for forecasting time series. Many of
these methods require a substantial degree of mathematical dexterity and

can be time consuming. In the past, the parties to a contract were often ad-
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vised to hire a consultant to apply these techniques (Stevenson 1984). The
current availability of user friendly computer forecasting software packages,

such as FORECAST PRO (BFS, 1988), have now reduced the amount of

thematical lation necessary for a practitioner. The key require-
ments in applying the various forecasting methods using these packages are
the ability to interpret the computer output and an understanding of the
limitations of the techniques used.

This chapter examines the analytical techniques available to forecast the

rate of escalation of on costs by I ing the values of an ap-

propriate cost index. A briefl outline of the theory underlying the vari-

ous ing methods applicable to ion cost ing is given.

Forecasting the values of a cost index published by Statistics Canada using
FORECAST PRO is used as an example of the application of each of the
applicable forecasting methods. From these examples, and from the outline
of the underlying theory, the benefits and limitations of each method are dis-
cussed and a general strategy for choosing between various methods is given.

Finally, the usefulness of the various forecasting methods to the owner and

of a given ion project is eval d, Particular
is given to whether or not these methods of forecasting future values of cost
indices significantly reduce the risk of financial loss due to cost escalation.
Methods of applying the forecasted values of an appropriate cost index to
obtain an estimate of the amount of escalation in a construction project are

discussed in the next chapter.
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3.2 Forecasting Methods

Empirical studies have shown that there is no single best {orecasting method
applicable to all situations (Goodrich 1989). To decide on which forecasting
method is best for a given situation, it is necessary to critically examine
the available data. This, and an understanding of the fundamentals of the

various f i dures are isites for obtaining good forecasts.

Forecasting methods can be cla-sified into three categorics. The cate-
gories are: subjective methods, univariate methods and multivariate methods

(Chatfield, 1975).
3.2.1 Subjective Methods

Subjective methods are based on human judgement of the various factors
that may have an impact on the required forecast (Firth, 1977). These
methods may range from intuitive and subjective decisions made by the

decision makers (Nelson, 1973) to highly refined rating schemes that turn

into

qualitative i
Subjective forecasts are based on judgement, intuition, commercial knowl-
edge and any other information the forecaster deems relevant. A wide range

of factors may be taken into account depending on the knowledge and the

peri of the f ‘This makes subjective forecasts unique to the
individual forecaster and therefore not reproducible.

Subjective methods and intuitive estimates are widely used in construc-
tion estimating and are most useful when there is insufficient historical data

on the iate cost index. | methods cannot generally be

used to make long range forecasts, that is, forecasts of duration over 2 years



( Firth, 1977). For such forecasts. subjective methods have to be used.

The forecasters intuition may often prove to be more reliable than any
mathematical method (Chatfield, 1975). As such, subjective methods can be
used as a basis of judging the accuracy of other methods by comparing the
forecasts obtained using mathematical methods with the forecasters intuitive
estimates. Since subjective forecasts are not reproducible they will not be

analyzed and compared to other methods discussed herein.
3.2.2 Univariate methods

Univariate methods are based on fitting a model to the historical data of a
given time series and extrapolating to obtain forecasts. There are many uni-

variate methods available. These univariate methods include among others,

extrapolation of trend curves, ing, exponeu hing, Box-Jenki
method, stepwise autoregression and adaptive filtering. Among these, the
most popular are exponential smoothing and the Box-Jenkins method (Lye,

1990).

Exponential smoothing

i1 hi

The most used methods are the Holts-

Winters family of models (Goodrich, 1989). These model time series using up
to three components representing level, trend and seasonal influences, Recur-
sive equations are used to obtain smoothed values for the model components.
Each smoothed value of any model component is a weighted average of cur-
rent and past data with the weights decreasing exponentially. Holts-Winters

family of exponential smoothing models can be classified into three classes

namely; simple exp ial hing, Holt t: and
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Winters three-parameter smoothing (Goodrich and Stellwagen. 1987).
Simple exponential smoothing uses an equation to model the level of the

series of the form:

L = aYi+a(l-a)Yii+a(l —a)Yiea +--- (3.1)
where:

a = the level smoothing parameter

. = observed value of time series at time ¢
L, = smoothed level at time ¢

This equation reduces to the recursive form:

L = aYi+(1=-a)liy (3.2)

The forecasting equation is :

Yim) = Lt (3.3)
where:

Yigmy = forecast for lead time m from time ¢

Holt ¢ hing uses twa i to model level and

trend. These are given in their recursive form by:

Ly = aYi+ (1= a)(Liy + Teei) (3.4)
Te = Y(Le= Liat) + (1 = 1)Tima (3.5)
where:

T¢ = the smoothed trend at time ¢
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% = trend smoothing and other are as previously de-

fined.
The forecasting equation is :
Vim) = Le+mT, (3.6)

Winters th hing involves three

for level, trend and seasonal effects. The smoothing equations are of the form:

L = ag 4 (1= a)(bet +Tic) @7
T, = alli= Lea + (1= )Ti] 38)
S = 6Z—I'l+(1 = 6)St-n (3.9)

where:
Si = smoothed seasonal index at time ¢,

n = the number of periods in the seasonal cycle,

& = seasonal index hi and other are as previ-
onsly defined.
The forecasting equation is of the form:

Vimy = (Lo mT)Sim) (3.10)

Simple exponential smoothing is appropriate for data which fluctuates

around a constant or has a slowly changing level and is neither seasonal nor

has any trend. Use of the Holts t model is iate for
data which fluctuates about a level that changes with some nearly constant
linear trend. Winters three-parameter model is used for data with trend

and seasonal effects. The relevant exponential smoothing equations can be
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adjusted to represent data that has a damped exponential rather than lisiear
trend (Goodrich, 1989).

All exponential smoothing equations give more weight to more recent
values of data. The larger the values of the smoothing parameters the more
emphasis on recent observations and less on the past. This is intuitively

ling for ing appli

The smoothing parameters are normally obtained by either using itera-
tive least squares or a grid search for the parameters that give the minimum
squared error over the historical data. This calculation process requires a
great number of computations which are normally incorporated into a com-
puter program.

Exponential smoothing models are robust in that they are insensitive to
changes in the data statistical structure (Goodrich, 1989). No assumptions
about the statistical distribution of data are made in exponential smoothing
and there is therefore no need to analyze diagnostic statistics given with most.
computer programs.

One of the main advantages of using exponential smoothing is that once

the K have been d

only the previous forecast
and the most recent observation have to be stored or are necessary to mnake a
new forecast. This makes the calculation of a new forecast computationally

very convenient.

Box-Jenkins Method

Box-Jenkins method (Box and Jenkins, 1976) models time scrics by mak-
ing strong and explicit distributional assumptions about the underlying data

generating process. The method uses a combination of autoregressive (AR),
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integration (I) and moving average (MA) operations in the general Autore-
gressive ntegrated Moving Average (ARIMA) model to represent the corre-
lational structure of a univariate time series.

An autoregressive operation of order p develops a forecast based on a

linear weighted sum of previous data represented by:

= ¢+ daticat o+ GVt (3.11)
where:
¥; = forecasted value of series at time t,
Yi—i = observed value of time series at time t — i,
¢ = weighting coefficient of the i** previous period,
e, = error term at time ¢.
The i are found by izing the sum of squared errors usually

using a nonlinear regression routine.
A moving average operation of order g develops a forecast which is a

function of the previous forecast errors using an equation of the form:

Vi = e Oreis—brera = -~ gercg (@12)

where:
0, = weighting coefficient for the ¢** previous period.
The rest of the terms are as previously defined.

The autoregressive and moving average operations can only be applied to
stationary time series, That is, they can only be applied to data which has
a constant mean value with time. If a time series is non-stationary it has to

be transformed to a stationary series by differencing before the AR and MA
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operations can be performed. Forecast values have to be transformed back
to the original non-stationary state by the integration, (I). operation.

A three step procedure of identification. estimation and diagnostic chock-
ing was originally proposed by Box and Jenkins (Box and Jenkins, 1976)
to select a model from the general class of ARIMA models. This iterative

process is depicted in Figure 3.1, The identification process is deciding the

best ARIMA(pdq) model to fit the data. This means identifying the degree

of differencing d, the AR order p and the MA order q. The estimation pro-

cess involves 11 the model The diagnostic

step involves examination of the residuals to ensure that the ARIMA mod-

elling ions of independence, h dasticity, and normality of the

residuals are not violated.
To use Box-Jenkins method, the data must have a strong correlational
behaviour, and there should be sufficient data to permit reasonably accurate

of the Itis d that there should be at least 50

observations for good estimates (Box-Jenkins, 1976).
The selected Box-Jenkins model which satisfies the diagnostic checks will
generally fit the historical data well and the parameters estimated describe

the data on which they are esti d. These are estimates of

unknown parameters. Therefore when the forecasts using the model are
compared with future data not used in estimating the model parameters, the
fit may not be as good {Abraham and Ledolter, 1983).

Other univariate methods

Other univariate methods include extrapolation of trend curves, averaging,

stepwise autoregression and adaptive filtering. Extrapolation of trend is in-
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Figure 3.1: Stages in the iterative approach to model building (from Box and
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herent in all the other univariate methods. Exponential smoothing cncom-
passes averaging and is comparable to adaptive filtering (Claycombe and
Sulivan. 1977). Stepwise autoregression can be regarded as some form of

Box-Jenkins method (Granger and Newbold, 1977). For these reasons. an

of the use of Box-Jenkins method and exponential smoothing to
forecast construction cost indices should to reveal the benefits and limitations

of using univariate methods to forecast construction cost escalation.

3.2.3 Multivariate Methods
Choice of type of multivariate method

Multivariate methods forecast a given time series taking into account obser-
vations of other variables. Generally, these models se equations developed
by regression to represent the relationship between the dependent or en-
dogenous variable and the exogenous or explanatory variables. Multivariate
methods are either single equation models or simultancous equation models.

In single equation models, the values of the explanatory variables de-

termine the value of the dependent variable and the explanatory variables
are not influenced by the values of the dependent variable. Simultancous
equation models take into account the simultaneous dependency between
the dependent and explanatory variables.

The construction costs of any given single normal sized construction
project seldom have any significant influence on the market forces which
cause changes in cost. As such, single equation models are most applicable
to construction. Therefore, in this treatise, only single equation models will
be discussed.

Single equation models can be of either non-linear or linear specification.
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A linear specification means that the dependent variable or some transfor-
mation of the dependent variable can be expressed as a linear function of the
explanatory variable or some transformation of the explanatory variable. A
model with a linear specification is the most appropriate to use with con-
struction cost indices because construction cost components are generally

additive.

The multivariate method most applicable to construction costs is there-
fore the single equation linear regression model. This regression model is of

the form (Pindyck and Rubinfeld, 1976):

Yoo = B+ BaXo+ PaXa + .0+ BiXie + e (3.13)

where:
% = the dependent variable at time ¢,
Bi = coefficient of Xi,
Xit = the observed value of the i** explanatory variable at time ¢,

e, = the error term at time t.

Requi for use of reg models

The single equation linear regression model assumes that the residuals are
normally distributed random variables with a mean of zero and a constant
variance. Itis also required that the explanatory variables are linearly related
to the dependent variable (or can be transformed into some linear relation),
and that explanatory variables are not collinear. In using regression models
it is further assumed that the fitted regression model can be used beyond the

range of the data at hand.
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Building regression models requires theoretically plausible explanatory
variables and sufficient historical data to estimate the model parameters.
The models have to be tested through the examination of various statistical
diagnostics to ensure that the assumptions on which the models are based

hold.

Improvement to the linear regression model

The true relationship between the explanatory variables and the dependent

variable is rarely known. Use is therefore made of empirical evidence to

develop an i ionship. Thus, the 1 'y variable may
not sufficiently account for the variation in the dependent variable in which
case use of dynamic regression may improve the model.

The term dynamic regression is adopted to represent multivariate mod-
els that combine the time series oriented dynamic features of autoregression
and the effects of explanatory variables. In dynamic regression, the dynamic
portion of the model, that is, the lagged dependent variables and the autore-
gressed (Cochrane-Orcutt) error terms, must be determined term by term by
hypothesis testing. The specification of the explanatory variables must he
such that all necessary explanatory variables are included. It should further
be verified that all variables included in the model are stalistically significant
and that underlying assumptions are not violated.

Dynamic regression is generally used when the data available are long

enough or stable enough to support a correlational model and the explanatory

variables result in a definite increase in accuracy. The various measures of

accuracy will be given in the examples that follow.
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Attributes of regression models

Regression models have the advantage of being amenable to the investigation
of various “what-if® scenarios. This is appealing because one can tell the
influence of a change in an explanatory variable of interest, whether known,
forescen or probable.

One shortcoming of regression models is that if some crucial explanatory
variable has not been varying in the past, it is not possible to include it in
the model. Thus the effect of a change in such a variable cannot be assessed.

Problems are encountered in the use of regression models in cases where
the value of the explanatory variables for use in obtaining forecasts are not
known or require to be forecast. This will occur when there is no lag rela-
tionship between the explanatory and dependent variables or when the lag

is insufficient.

3.3 Application of forecasting techniques

From the above discussion of the various forecasting methods, it would ap-
pear that considerable statistical expertise would be required to apply these
methods. Fortunately, available computer software reduce the application
process to the interpretation of the computer output and running various
trials to obtain the best forecasting model. One such advanced statistical
forecasting package is FORECAST PRO (BFS, 1988) developed by Business
Forecast Systems which is used in the examples that follow.

The data used consist of 81 monthly values of the Prefabricated Wooden
Building Industry Index (PWBII) published by Statistics Canada (1990) for
the period January 1983 to September 1989. A listing of the data used is
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given in Appendix B. The first 72 observations are initially used for fitting the
various models and the last 9 observations are used to compare the forecasts
obtained using various methods. A plot of the data is shown in Figure 3.2.

From a visual inspection, it can be seen that the series is non-stationary,
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Flgure 3.2: Plot of the Prefabricated Wooden Bullding
Industry Index (PWBII)

has an upward trend and appears to be seasonal in the last half of the data.
For such data, both Winters 3-parameter exponential smoothing and Box-

Jenkins models are applicable. Dynamic regression can also be applied to
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obtain forecasts if suitable explanatory variables can be found. All these
methods will be used and the best method will be chosen from the resulting
forecasts. The use of analytical methods to forecast a construction cost index

will thus be demonstrated by these examples.

3.3.1 Exponential Smoothing Modelling

Winters 3 parameter exponential smoothing model was fitted to the data

using FORECAST PRO. The results are shown in Table 3.1.  Since no

Table 3.1: Computer output for Exponential Smoothing model

Historical fit of exponential smoothing model

Dependant variable: PWBII
R-squared: 0.992

Adjusted R-squared: 0.992

Standard forecast error: 0.710986
F-statistic: 3020.771 (1.000)
Durbin-Watson: 1.784

Ljung-Box: 14.733 (0.744)
Standardized AIC: 0.725630
Standardized BIC: 0.760876

Three parameter Winters
smoothing parameter values

Level: 0.872749
Trend: 0.048131
Seasonal: 0.484918

statistical distribution assumptions have been made about the data, it is not

necessary to closely inize all the di ic statistics produced by the

software package.
The smoothing parameter values are obtained by FORECAST PRO using

an iterative search method to minimize the squared errors over the historical
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data. The computerized iterative search employs the simplex method of

nonlinear optimization.

E ining the exponential smoothing parameters reveals that the sea-
sonal parameter value is close to 0.5 indicating that the best forecast for the
next seasons effect is half the last seasons effect and a weighted average of
preceding seasonal effects. The small trend parameter value of 0.05 indicates
that the smoothing model has a long memory of trend and distant trends
have an effect on the forecasted trend component. The large value of the level
parameter indicates that the model is highly adaptive to the last observed
level of the series.

Figure 3.3 shows the plot of the fitted and forecasted values as compared
to the actual figures. Though the model gives a visually good fit to the
historical data, it dves not forecast the turning point after the last fitted
value. A one month lag between the fitted and actual values is apparent.

This shows the strong influence of the previously observed level.
3.3.2 Box-Jenkins Modelling

Without software packages like FORECAST PRO, considerable skill and
judgement is required to identify a suitable Box-Jenkins model to fit the

data. The originally proposed method of identification through examination

of lations and partial requires specialist k

(Firth, 1977). FORECAST PRO identifies an appropriate model automati-
cally by minimizing the BIC statistic.

The AIC and BIC statistics, known as the Akaike Information Criterion
and the Bayes Information Criterion respectively, evaluate how well a given

model will perform relative to another. They do not have much statistical
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meaning by themselves. They reward goodness of fit to historical data and
penalize model complexity, Based on empirical research, the model with
the lowest AIC or BIC' will generally be the most accurate (CGoodrich and
Stellwagen. 1977).

Use of these criteria in a computer package relieves the user from the
lengthy identification. estimation and diagnostic steps in the Box -Jenkins
methodology. The results of an application to the PWBII are shown in

Table 3.2. Because of the strict distributional assumptions in the Box-Jenkins

Table 3.2: Computer output for Box-Jenkins model

Historical fit of Box-Jenkins model
Dependant variable: PwsIl
R-squared: 0.991
Adjusted R-squared: 0.990
Standard forecast error:  0.763177

F-statistic: 7298.051 (1.000)
Durbin-Watson: 2.066
Ljung-Box: 11.454 (0.510)
Standardized AIC: 0.768608
Standardized BIC: 0.781052
Box-Jenkins model
parameters
B[1]: 0.956028
SIMPLE DIFF: 2

model, an examination of the diagnostic statistics is required.

The R-square statistic of 0.991 indicates that 99% of the variation of
the index is explained by the model. This shows that the model fits the
historical data very well. The F-statistic is highly significant (as indicated

by the number 1000 in brackets). This rejects the null hypothesis that the
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actual model parameters are 0.

The Durbin-Watson statistic and the Ljung-Box statistic test whether

or not the residuals are correlated. Interpretation of the Durbin-Watson
statistic requires reference to statistical tables. This statistic indicates the

aceeptance of the null hypothesis that there is no serial correlation in the

first lag. A value close to 2 is desirable. The Ljung-Box statistic is not
significant at both the 93% confidence level and the 99% confidence level.
There is therefore no evidence of serial correlation in the first several lags of
the residuals.

‘The autocorrelations of the residuals were examined using FORECAST
PRO and were found to exhibit no systematic pattern. They were also small
in magnitude being less than 2 times the standard error.

Comparison of the AIC and BIC for the Box-Jenkins and exponential
smoothing model indicate that on the basis of these criteria the exponential
smoothing model is probably more accurate, However, this is not conclusive
because the most important criterion in forecasting is how good the fore-
casted values fit the actual values and not the goodness of fit to historical
data.

Figure 3.4 shows the plot of the actual, fitted and forecast values. The
model gives a visually good fit to the historical data but does not forecast

the turning point in the data right after the last fitted value.
3.3.3 Dynamic Regression Modelling

Dynamic regression requires additional variables which are correlational sig-
nificant and theoretically plausible to explain the dependent variable. In

this example, various indices published in Statistics Canada Catalogue 62-
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007 (Statistics Canada, 1990) were used as possible explanatory variables to
forecast the PWBIL These include the Union Wage Rate Index (UWRI),
the Construction Building Materials Price Index (CBMPI), the Commercial
Bank Lending Rate index (CBLR), the Sawmill and Planing Mill Products
Index (S&PMPI) and the Architectural Materials Index (AMI). A listing of
the values of these indices from January 1983 to September 1939 is given in
Appendix B. These variables were plotted and their plots compared with the
PWBIL The plot of the values of these indices with time is given in Appendix
B. Possible lag relationships and possible transforms were sought through a

visual inspection of the plots.

Table 3.3 shows the results of the initial trial. The value of the R-square
statistic is quite high (97%). This is probably due to trying to develop a
model using a large number of explanatory variables. Each additional ex-
planatory variable can only increase the R-square value yet may not improve
te models forecasting accuracy.

The Durbin-Watson and the Ljung-Box statistics indicate problems of
serial correlation, This means the model has to be adjusted because the
assumptions on which it is based do not hold.

The coeflicients of four of the explanatory variables are not significant at
the 95% confidence level implying that these variables should either be omit-
ted, transformed or lagged. Some of these explanatory variables may appear

because of multicollinearity. FORECAST

not to be

PRO, however, does not provide tests for multicollinearity.

Various trials using lagged dependent and d explanatory vari-

ables were performed until a near optimum regression model was obtained

as one possible solution. There are a number of available selection strate-
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Table 3.3: Computer output for Dynamic Regression model: initial trial,

Historical fit of dynamic regression model
Dependant variable: PWBII
R-squared: 0.965

Adjusted R-squared: 0.962

Standard forecast error:  1.564319

F-statistic: 303.379 (1.000)
Durbin-Watson: 0.557
Ljung-Box: 120.896 (1.000)
Standardized AIC: 1.627879
Standardized BIC: 1.789863

Variable Coefficient Standard T-stat Prob
error
UWRI 0.361754  0.073729 4.907 1.000
CBMPI  0.351710  0.137117 2565 0.990
CBLR 0.064706  0.044185 1464 0.857
S&PMPI 0.000548  0.039341 0.014 0.011
AMI 0.120562  0.129265 0.933 0.649
Constant 7.109199  5.230716 1.359 0.826
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gies that can be used to empirically construct the required regression model.
For this example. the backward elimination procedure, whereby the selection
process started with the largest possible mudel, was used. Other selection
strategies include forward selection and stepwise regression (Abraham and
Ledolter, 1983). The choice of the search strategy to use depends on the fore-
caster's individual preference since all methods produce a regression model
with the necessary statistical attributes, The result of the backward elimina-

tion selection strategy is given in Table 3.4. The explanatory variables found

“Table 3.4: Computer output for Dynamic Regression model: final trial.

Historical fit of dynamic regression model
Dependant variable: PWBIIl
R-squared: 0.992
Adjusted R-squared: 0.992
Standard forecast error: 0.658523

F-statistic: 2456.983 (1.000)
Durbin-Watson: 2.032
Ljung-Box: 14.390 (0.724)
Standardized AIC: 0.674757
Standardized BIC: 0.711028
Variable  Coefficient ~Standard T-stat Prob
error

UWRI[-5] 0.0829%  0.033897 2448 0.986
AMI[-12]  0.111773  0.031417 3558 1.000
PWBII[-1] 0.797042  0.059730 13.344 1.000

to give the statistically satisfactory model shown in Table 3.4 are:
UWRI[-5] = the UWRI lagged 5 months,

AMI[-12] = the AMI lagged 12 months,

PWBII[1] = the dependent, variable lagged 1 month.
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This model implies that the value of the PWBIIat any given time can he
forecast using values of the AMI twelve months before. the UWRT five months
before and the PWBII one month before.

The signs of the coeflicients of the explanatory

iables are all positive.
This agrees with a priori expectations that the PWBII will increase with
increases in the UWRI and the AMI In this model there is no problem

of serial correlation as evidenced by the Durbin-Watson and the Ljung-Box

tatisti All inds dent variables are significant at the 95% confidence
level. This model explains 99% of the variation in the PWBII as indicated
by the R-square statistics and therefore fits the historical data well. Figure
3.5 shows the plot of the fitted and forecast values as compared to the actual
values. The regression model appears to allempt to account for the turning
point in the data after the last fitted value.

This example demonstrates some of the problems of using regression mo-
els. Though. from theoretical considerations, interest rates affect construc-
tion costs, the CBLR was not found statistically significant enough to be
used in the model to forecast or cxplain the variation in the PWBIL Thus
factors which are known to affect construction costs may not be found useful
in forecasting by regression models even when data on the variation of these
factors exist. Another problem is that though a lag between the AMland the
PWRII would be expected on theoretical grounds, the 12 month lag found
statistically significant would seem too long and is therefore suspect. To re-
ject this lag as spurious, it would be necessary to obtain detailed information
on the formulation of both the AMI and the PWBIL. Formulation of indices

is discussed in Chapter 6.
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3.4 Choice of Forecasting Model

In order to decide which of the three fitted models would he hest to use for
forecasting the PWBIL the following criteria are used:

L. The accuracy of the forecasts and not the historical fit to the data
will be considered.

2. A more complex model will only be recommended if it undoubt-
edly improves the forecasting accuracy.

Various methods of measuring forecast accuracy exist. Mahmoud ( 1981)
surveys the following: the mean square error, the mean percentage error, the
mean absolute percentage error, Theil's U-statistic, the root mean square
error, the mean crror, the mean absolute deviation, turning points, and hits
and misses.

In forecasting construction cost escalation, it is most convenient to s

A
measure of accuracy consistent with the normal measure of accuracy used in
construction cost estimation. The measure of accuracy used in construction

cost estimation is normally the

ge error of the estimate. Of particular
interest to the cost estimator would also be the turning points in the time
series where the rate of cost escalation changes. As such, to measure the
accuracy of forecasts, the mean absolute percentage error (M.A.P.E.) and
the precision with which a method forecasts turning points is examined.

In terms of complexity, exponential smoothing is the simplest method to
apply. The other methods should therefore be tested to examine whether
they are undoubtedly more accurate and forecast the turning points much
better than exponential smoothing.

To guard against spurious accuracy, three forecasting scenarios were used.

These scenarios were obtained by fitting the different models to the data and
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forecasting 9 months ahead but using three different last fitted values. The
three forecasting scenarios are forecasting nine months ahead beginning with:
January 1989, July 1988, and October 1988, The various forecasts are given
in Table 3.5, 3.6 and 3.7. These tables show that Winters three-parameter

Table 3.5 Mean absolute percentage error of various forecast models and
scenarios.

Nine month forecast beginning with January 1989

Period Actual Expo-  Abso- | Box- Abso- | Regre-  Abso-
PWBIl | nential lute | Jenkins lute | ssion lute
value forecast error | forecast error | forecast error

|

1-1989 135.4 13340 200 | 132.81 259 [133.46 1.94
2-1989 135.9 13343 247 | 13323 267 [134.30 160
3-1989 1359 133.90 2.00 | 13364 226 |134.97 094
4-1989 135.6 13448 112 | 13405 155 |13558 0.2
5-1989 135.5 13481  0.69 | 13447 103 |136.06 056
6-1989 135.6 135.04 056 | 13488 0.72 |136.48 0.88
7-1989 135.6 13567 007 | 13530 030 (13692 132
8-1989 135.6 13601 041 | 13571 011 |137.07 147
9-1989 135.6 13636 076 | 13612 052 |137.17 157

M.A.PE. 0.83 0.96 0.84

exponential smoothing yields superior forecasts in two of the three forecasting
scenarios and that regression modelling gives a superior forecast in the other.

Exponential smoothing is the simplest of the three types of forecasting
models. From the evidence in Tables 3.5, 3.6 and 3.7 none of the more

complex models give undoubtedly better forecasts of the PWBII than the

51



Table 3.6: Mean absolute percentage error of various forecast models and
scenarios (continued).

Nine month forecast beginning with July 1988

Period  Actual Expo-  Abso- | Box- Abso- | Regre-  Abso-
PWBIl [nential lute | Jenkins lute | ssion lute
value forecast error | forecast error | forecast error

7-1988 1316 13166 0.06 |131.47 0.13 |131.07 0.53
81988 131.6 13207 047 [131.94 0.34 |131.28 0.32
9-1988  131.8 13246 0.66 | 13241 0.61 |131.50 0.30
10-1988 132.1 133.04 094 [132.88 0.78 | 13244 0.34
11-1988 132.4 13334 124 (13335 125 |13313 1.03
12-1988 135.4 13358 118 |133.82 1.42 |[133.83 143
1-1989  135.4 13458 0.82 [134.30 1.10 {13468 0.72
2-1989  135.9 13470 120 [134.77 1.13 |13533 0.57
31989 1359 13521 0.69 (13524 0.66 | 13581 0.09

M.A.P.E. 0.61 0.62 0.44




Table 3.7: Mean absolute percentage error of various forecast models and
scenarios (continued).

Nine month forecast beginning with October 1988

Period  Actual Expo-  Abso- | Box- Abso- | Regre-  Abso-
PWBII nential lute | Jenkins lute | ssion lute
value forecast error | forecast error | forecast error

10-1988 132.1 132.38 0.28 (13225 0.15 |13268 0.58
11-1988 132.1 132,66 0.56 |132.69 0.59 |133.32 1.22
12-1988  132.4 132.88 048 |133.14 0.74 |133.98 1.58
1-1989  135.4 133.84 156 |133.58 1.82 [13481 0.5
21989 1359 133.94 1.96 |[134.03 1.87 |13544 0.46
3-1989  135.9 13442 148 |134.47 143 [13592 0.02
41989 135.6 135.00 0.60 (134.92 0.68 [136.38 0.78
5-1989  135.5 135.35 0.15 |135.36 0.14 |13673 1.23
6-1989  135.6 135.62  0.02 [135.81 0.21 |137.05 1.45

M.A.P.E. 0.59 0.63 0.65




Winters three-parameter model. Based on the previously stipulated criteria,
exponential smoothing would be the best method to use in these circum-
stances to forecast the P\BII

It should be noted that due to the specification of the regression model,
forecasts of the PWBII can only be made five months ahead without having
to first obtain forecasts of the UWRL. In obtaining the nine month forccasts
given in Tables 3.5, 3.6 and 3.7, actual values for the UWRI were used up to
four months ahead. This gave the regression forecast for the last four months
of the nine month forecast period unrealistic accuracy. Nonctheless, the
regression forecasts were less accurate than those from exponential smoothing
in two of the three scenarios. It is therefore not necessary to investigate the
accuracy of the regression model when four month forecasts instead of actual
values of the UWRI are used.

Nevertheless, the regression model could still be useful in some circnm-
stances, such as in the case when the forecaster knew of on-going labour
union negotiations which were likely to increase the UWRI by some esti-
mated amount. The regression model conld be used to forccast the effect of
this increase on the PWBIL. This illustrates one of the benefits of developing

a regression model.

3.5 Impact of forecasting techniques on the
treatment of escalation

With the availability of user friendly forecasting software, many complex
statistical forecasting techniques can now be used to forccast the required
construction cost escalation rate. This can be done provided the practitioner

can interpret the results produced by these software. The foregoing discussion

54



and examples give the underlying theory and demonstrate the application.
limitations and benefits of using available forecasting techniques.
The analytical forccasting techniques discussed herein are only valid for

short term forecasting, This is because these techniques are based on em-

pirical relationships derived from past data. There is no rational basis for
assuming that there will be no change in the empirical relationships so de-
rived in other than the near future. In the literature reviewed, no analytical
forecasting technique has been found capable of forecasting cost escalation
for a construction project lasting two years or more.

Being able to give quantitative forecasts of escalation does not eliminate

caused by cost escalation. This is so because none of the avail-

the r
able techniques can forecast escalation caused by unpredictable occurrences
which include major events like the outbreak of war and government action.
The analytical methods available are only useful in forecasting for short con-

struction projects in stable conditi C ion cost lation, with or

without the use of these forecasting methods, still remains a risk to be borne
by cither the contractor. the owner, or both depending on the terms of the

construction contract.
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Chapter 4

APPLICATION OF
FORECASTED
ESCALATION RATE

4.1 Introduction

To obtain an estimate of the amount of escalation for a construction project.,
the forecasted escalation rate has to be applied to the expenditure cash flow.
The appropriate escalation rate is the percentage increase for a given period
of the forecasted values of an appropriate cost index. Methods of forecasting
values of the cost index are described in the preceding chapter. This chapter
will discuss methods of applying the forecasted values of an appropriate cost
index to the expenditure cash flow and methods of estimating the expenditure

cash flow.

4.2 General computation procedure

In order to compute the amount of escalation for a given construction project
the following data is required:
1. The future values of an appropriate cost index.

2. The expenditure cash flow of the project.
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This data is nsed to compute the amount of escalation in the manner

shown in Table 1.1 and discussed below.

‘Table 4.1 illustrates how the amount of escalation is calculated given the
unescalated expenditure within each time interval and appropriate cost in-
dex vadues. ‘Table 1.1 depicts computations for a three year project whose
vnescalated cost is 10.3 millica dollars. The escalation factors and the un-
escalated cash flow figures displayed in Table 4.1 are adapted from Stukhart
(1982). Construction of the project shown in Table 4.1 is planned to begin
three months from the date of estimating. The total project escalation cost.

Eqp,is calculated from:

= YE (4.1)

all ¢
where I, is the escalation cost in time interval i. E; is obtained from:

E = P(F-1) (“.2)
where P is the uncscalated expenditure cash flow in time interval i and F;
is the escalation factor for time interval i. Fj is given by:
L
Io

where I; is the cost index at time interval i and Io is the cost index at the

By = (43)
time of estimating (or at the time of tender).

The various required cost index values can be forecast by methods dis-
cussed in Chapter 3. The unescalated expenditure cash flow for the whole
project is required in order to obtain the various values of P.

It would be ideal if the actual unescalated expenditure cash flow were
known with certainty, Unfortunately, the only time the expenditure cash
flow is known with certainty is at the end of a project. As a result, the

required cash flow has to be estimated or forecast.
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Table 4.1: Computation of escalation amount from estimated monthly ex
P 'y
penditure and forecasted cost index values

Number of | Unescalated | Escalation | Escalation
months from | cash flow for | factor cost in 3
date of 3 month month
estimate interval interval
i 1 ¥ ¥,
3 0 1.0085 0
6 600,000 1.0252 15,120
9 1,050,000 1.0432 45,360
12 2,900,000 1.0610 176,900
15 3,000,000 1.0791 237,300
18 3,600,000 1.0975 351,000
21 5,100,000 1.1162 592,620
24 6,200,000 1.1353 838,860
27 6,800,000 1.1546 | 1,051,280
30 6,100,000 1.1743 | 1,963,230
33 2,500,000 1.1944 486,000
36 1,600,000 1.2147 343,520
39 850,000 1.2354 200,090

Total project escalation cost, By = § 5,401,280



‘There are two methods that can be used to estimate or forecast cash tlow
projections of expenditure versus time namely:

1. Basd on a planned progress schedule.

2 Based on cost. flow models.

4.3 Cash flow projections from a planned
progress schedule

(‘ash flow projections from a planned progress schedule are obtained by first
caleulating the work quantities within every time interval in accordance with
the planned progress schedule. These quantities are then multiplied with
their respe-tive unit costs to obtain the expenditure within each time inter-
val. The forecasted escalation rate is then applied to the expected expen-
diture within a cach time interval using the general computation procedure
discussed in the preceding section, Section 4.2,

The planned progress schedule can be produced manually o with the use

of computer scheduling packages.
4.3.1 Use of computer scheduling packages

Network based computer packages can be used to generate cumulative cost

flow projections for a construction project. There are a variety of software

heduling and esti available on the

packages for use in
market. Examples of such packages are Microsoft Project (MC, 1985), Pri-
mavera Project Planner (PS, 1986), Timeline (BSC, 1986) and Precision
Estimating Plus (TSC, 1987). These computer packages generally use the
Critical Path Method (CPM) in project network analysis (Peurifoy and Led-

better, 1985). This method involves the identification of specific activities,
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their duration and their interrelationships.

Network based computer packages typically give cost envelopes detined
by the cumulative cost flow profiles for early and late start costs ax depicted
in Figure 1.1 (Suhanic, 1986). The early start cost profile is the project’s

cumulative cost flow profile when all activities are st

s and completed ar

the carliest time cach activity could be executed within the project’s techno:

logical and physical constraints without dela

1 completion of the project.
Similarly, the late start cost profile relates to all activitics being started and
completed at the latest time possible.

The carly and late start expenditure profiles demarcate the limits within

which the projects actual expenditure profile is expected to be if work is

executed in accordance to a planned progress schedule. The estimator has
to select a single cost flow profile within these limits to use in computing the
cstimated escalation costs for the project.

The author recommends use of a curve which is the average of the carly

and late start profiles if the estimator has no a priori expectations of the

project following either the early start or the late start profiles. This is

because the average curve takes into account all activiti

es nol starling at
the earliest start dates due to unexpected delays and changing priorities

during project execution, The average curve also takes into acconut the

project, on average under normal circumstances, maintaining progress well
above the late start curve. The main difficulty experienced in using the
average curve is that most scheduling packages do not produce the average
curve automatically and thus the estimator may have Lo plot or compute its

coordinates manually.

Since no probabilities associated with the early and late start profiles are
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(Suhanic, 1986)
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given. the estimator may have no rational basis for selecting cither cost tlow
profile. The generation of two curves is thus useless for escalation estimation
purposes unless the estimator has reason to believe that the project will
follow cither the early start or the late start profiles.

The difficulty in assigning probabilities to possible project and activity
durations and the difficulty in selecting a single most probable cost flow
profile can Le overcome by the application of the Programme Evaluation
and Review Technique (PERT).

4.3.2 Use of the Programme Evaluation and Review
Technique (PERT)

Unlike the use of CPM, use of PERT is probubilistic in that it takes into

1

account the possibility of activities being | within a range of possible
duration times. Use of CPM, on the other hand, is deterministic in that it
requires identification of specific duration times for every activity, PERT
therefore deals with the difficulty of planning projects for which durations of
specific activities cannot be reliably estimated. This is neful in construction

cost estimating because of the amount uf subjective evaluation

that is often used in determining activity durations.
Both CPM and PERT assume that specific activities and their precedence
The PERT

relationships can be clearly defined for a particular proje

system, however, recognizes that specific activity durations are in essence
means of a distribution. By applying probability theory to the distribution
and expressing the computed values in standard form, the probability that.
a particular project or activity will be completed before or after a specified

time can be ascertained.
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In the use of PERT it is necessary to invoke the Central Limit Theorem
which may be stated as follows (ITarris, 1978):

If independent probability distributions are summed, the mean
of the sum is the sum of the individual means. the variance of the
sum is the sum of the individual variances, and the distribution
of the sum tends to the shape of the normal curve regardless of
the shape of the individual distributions.

To utilize the Central Limit Theorem and to effectively apply PERT to a
project network, it is necessary that any path to be considered in the network
must contain a sufficient number of activities. The minimum required number

of a

vities range from four to ten. Experts have divided opinion on what

the exact minimum number of activities should be (Harris, 1978).
In invoking the Central Limit Theorem, the following assumptions are
made about the various activities in the projects network:

1. The duration of all activities are randomly distributed with a va-
riety of duracion distributions. The exact form of the various
duration distributions need not be specified.

. For each activity, it is possible to specify the most likely duration
m, the optimistic duration a, and the pessimistic duration b.

=

. All varieties of duration distributions can be converted to a com-
mon distribution.

Whenever these assumptions are valid, the Central Limit Theorem applies
and the project duration can be assumed to be normally distributed.

Any normal distribution is completely defined by its mean and standard
deviation. The mean of the project duration is the overall expected project
duration, T.. It is necessary to compute the overall expected project dura-
tion T, and its standard deviation, Sr, in order to completely define the

distribution of the projects duration.
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The overall project duration. T. is obtained by caleulating the following
along the critical path:
& =Xk [EE0

where ¢, is the expected activity duration. The

xpected activity duration,

obtained from:

ailit (1.5
6

where a,m, and b are as previously defined.

The overall project standard deviation, S, is obtained by calculating the

following along the critical path:

st = 38 (1.6)

where S is the activity standard deviation. Equation 1.6 can only be used
without violating underlying statistical assumptions if the activities along
the critical path are statistically independent. Each activity’s standard de-

viation, S, is obtained from:

where a and b are as previously defined.

With the mean and standard deviation of the projects duration obtained,
the probabilities associated with various completion times can be caleulated
using the theory of the normal distribution. The theory of the normal dis-
tribution is well described in many statistics and probability textbooks. The
estimator can thus use PERT to compute the probabilitics of various com-
pletion time scenarios and the use of PERT will generate one single cost flow

profile associated with the expected project duration.
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4.3.3 Shortcomings in the use of schedules

The main shortcomings of obtaining cash flow projections from a planned
progress schedule regardless of whether the schedule is obtained either man-
ually. using computer scheduling packages, or using PERT are:

1. The procedure requires a detailed estimate with detailed infor-
mation such as required crews and work item costs. As such, it
cannot be applied when producing unit price, elemental or prelim-
inary estimates where such detailed information is normally not
available .

This procedure cannot be used by the owner or consultant of a
construction project even when in possession of a detailed cost
estimate submitted by a contractor. This is because even with a
detailed cost estimate submitted by a contractor, the owner or con-
sultant will not have the required detailed breakdown of labour,
cquipment, material and other costs for each interval period as
required to obtain cash flow projections from a planned progress
schedule.
. The resulting cash flow forecast from the use of a detailed sched-
ule is not necessarily more accurate than that obtained using cost
flow models. This is so because cost flow control during construc-
tion is a dynamic process which, coupled with the large number of
interlinked work items and the stacfiasnc nature of the schedul-
ing process, implies deviations between the planned and actual
cash flows are expected to occur. Drake (1978) reports that based
on his experience, the use of cost flow models to produce fore-
casts often proved more accurate than forecasted cash flows based
on detailed data, Mahler and Mazina (1982) reiterate: “Often
. historical; models more closely represent the actual field con-
struction sequences than do formal schedules.”

0

4.4 Cash flow projections from cost flow mod-
els

4.4.1 Basis of cost flow models

Historical records of completed construction project costs can be used to
obtain cost flow projections for similar construction projects using cost flow
models. Past cost information of completed projects is widely used in esti-

mating and has been shown to be of immense value at various estimating
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stages. The usefulness of this information in all types of estimates whether
preliminary. elemental analysis. unit price or detailed has been well docu-
mented by Ahuja and Campbell (1988).

A number of published results indicate that expenditure versus time char-
acteristics for a given type of construction have a consistent pattern. These
include, among others, publications by Patten (1987), Peer (1982), Carr ot
al (1974), Drake (1978), Mahler and Mazina (1982), Singh and Woon (1984),
Brink and Dijik (1984) and Christian and Kallouris (1990). To illustrate

this ph the cumulative T ge value of work executed versus
percentage of time for two hospitals built within the last ten years in New-
foundland are depicted in Figure +.2. In Figure 1.2, the percent complete
on the ordinate represents the percentage of hospital costs at any point ic

total hospital project costs and percent time represents the percentage of

construction time at any point to total hospital construction time.

As shown in Figure 4.2, these two hospitals give similar patterns of expen-
diture versus time. Cost flow models are based on this phenomenal similarity

of cost flow profiles of similar projects executed under similar conditions.
4.4.2 Characteristic shapes of cost flow profiles

Various cost flow models for forecasting the cumulative cost flow of construc-
tion projects have been proposed. These models can he used to caleulate
cumulative construction costs which typically form an S shaped curve when
plotted against time. This shape comes about because construction work,
due to physical constraints, has to follow some technological sequence and
costs are incurred on a continuous basis as work progresses.

Three S-curves typify the wide range of shapes that may be formed by
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hospital projects (DPWT, 1990)
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various proj~ct’s cumulative cost flow. These are the model S-curve, the back

loaded S-r arve and the front loaded S-curve as shown in Figure 1.3,

The model S-curve is typically formed by normal building construction
or a green field project. It shows work slowly accelerating at the beginning
with a steady but faster rate of work during the middle period and gradually
tailing off towards the end. The front loaded S-curve represents a project
in which there is a heavy outlay of resources at the beginning. 1t would
typically be formed by heavy civil construction or in cases where crashing a
project from day one is necessary as in the repair of disaster damage. The
back loaded S-curve represents a project where heavy expenditure comes at
the end such as in plant construction where equipment is installed near the
end of the project or in hydro-electric projects.

From the characteristics of a given project one can decide which shape
of S-curve is appropriate. Similar projects have similar S-curves, thus the
exact form of the S-curve to use in estimating escalation costs of the project
at hand can be obtained from the analysis of historical costs of completed

similar projects.
4.4.3 Historical cost analysis

Since the selected S-shaped curve formed by the historical costs of completed
similar projects will normally represent a different time and cost base, it is
necessary to manipulate it to suit the project at hand. The first step is
to convert the historical cost flow for the selected completed project into
comparable costs. This process can be referred to as normalizing the costs
to a comparable basis (Rapier, 1990). Normalizing is done to remove any

changes, that may have occurred during the execution of the sclected com-
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pleted project, which are not necessary for modelling the cost flow of the
project at hand.

Figure 4.4 gives an example of normalizing the historical costs of a com-
pleted project to obtain the required S-curve. In this case, the normalizing is
done to obviate the effects of a labour :itrike which lasted five months. During
the strike, construction work came to a complete halt and cumulative costs
did not increase with time during the strike period. Normalizing is achieved
in this example by removing the horizo.::al segment of the curve formed by
the projects costs before normalizing and reducing the total project time by
five months yet keeping total project costs the same.

Normalizing entails doing the following (Hanna, 1990):

1. Removing any change order costs, costs of variation works or costs

due to changes in scope that occurred during the execution of the
completed project from the completed projects cumulative costs.

Adjusting the selected completed project’s cost flow profile to ob-
viate the effects of any abnormal events that occurred during the
execution of the completed project, for example, nbnormnlly se-
vere weather conditions or labour strikes. This adjustment is done
in the manner previously discussed in relation to Figure 4.4.

1

After normalizing the historical costs, the next step is to express the costs
and time of the normalized project’s cost flow profile as a percentage of total
project costs and total project time. The resultant S-curve will have the
costs and times expressed as a percentage and can be directly applied to a
similar project with a different estimated total cost and a different estimated
total construction time. There are then basically two methods of using the
resultant S-curve to compute escalation costs. These are by interpolation

and by the use of a mathematical equation.
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4.4.4 Interpolation

In this method, the estimator divides the time axis which is the abscissa of
the S-curve into the number of payment periods and reads on the ordinate the

cor di; Jte. The diff in the value of the cumu-

lative percentage complete between two time periods gives the prcentage of
the contract sum that is to be executed within that period. This percentage
can be multiplied by total project costs to obtain the amount of expenditure
in the given time period. The general computation procedure previously dis-
cussed in Section 4.2 can then be used to obtain the total project escalation
costs.

Figure 4.5 illustrates the steps involved in the application of this method
Lo obtain the expenditure in a given period for a hypothetical project. P is
the unescalated amount to be spent in June 1990. The hypothetical total
unescalated contract cost is $ 107,500.

The disadvantage of this method is that errors may occur due to inaccu-
racies in reading of the coordinates of the curve. Furthermore, the selected
cumulative cost flow for a completed project may have a number of erratic
deviations or discontinuities which have to be smoothed out. Smoothing

i i 1obs lly. Manual i

is not done 11

prior to interpolation introduces personal or human errors. Use of an equa-
tion, on the other hand, automatically smooths any erratic deviations and

reduces personal and human errors.
4.4.5 Use of an equation

The other way of obtaining the required expenditure per period is by the use

ofa

| equation to the S-curve. This equation can be
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incorporated into a spreadsh d by software packages like
Lotus 123 or Quattro to obtain the values of the required cash flow. There

are a number of equations that have been proposed to represent S-curves.

Various suggested equations

[arris (1978) discusses an equation in which the curve is divided into three
portions by two control points. The points are one located at one third of
the time and one quarter of the cost and the other located at two thirds of
the time and three quarters of the cost. Linear variation was assumed for
the middle part of the curve and parabolic variation at the ends. He thus
described the curve with the following three typical equations:

First part : y = 0.0225z%

Middle part : y = 1.5z =25 (4.8)

Lastpart: y = —122 4 4.5z —0.022527
Where y is the percentage of total cost and z is the percentage of total

time. The main sh ing of this form of ion is that it will not

apply to many projects, for instance those with front loaded or back loaded
distributions which do not possess the linear portion.

Carr et al (1974) discusses the use of the sine square curve of the form:
y = sin?(90z) (4.9)

where y and z are as previously defined, and Peer (1982) investigates the
mathematical representation of S-curves with the aid of tank and error func-
tions. Both authors conclude that the use of polynomial regression gives a
better fit and is a better way to mathematically represent S-curves.

Drake (1978) from a statistical study of a large number of schedules pro-
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poses that S-curves can be represented by equations of the form:

1

Y= S[A\'+C4\"—C.\'—l\, (-1.10)

Where:
Y = cumulative monthly value of work executed,
X = ratio of month n in which expenditure ¥ occurred to total contract
period in months.
§ = Contract sum.
Cand K = parameters.
This representation has the disadvantage that its functional form does not
render it easily adaptable for routine estimation procedures. Furthermore,
this representation was developed for hospital schemes and as such may need
modification before application to other types of projects with different hasic
S-curve shapes.

Carr et al (1974) and Peer (1982) use third order solutions of polynomial

regression to obtain curves of the form:
y=a+br+er®+ddd (a.11)

Where y and z are as previously described and a,b,c and d ate constants.
Polynomial regression is flexible in that it can be applied to various shapes

of curves to obtain characteristic equations. There are a number of computer

software packages available that can perform the required regression anaiysis

(Myers, 1986), and therefore, for any selected curve one can quickly obtain

ial

the b ical equation using pol



Use of the beta distribution

The litrature reviewed makes no mention of the use of probability density
functions to represent S-curves. Beta distributions. which are probability
density functions, are rich enough to provide models for most random vari-
ables having a restricted range of possible values, for example, random vari-
ables restricted to range from zero to one or from zero to one hundred (Olkin
et al., 1980). Since percentage of total vost and time range between zero
and one hundred, beta distribution can in theory be used to represent the
S-curves formed by a projects cumulative cost flow profile.

If a variable Y has a beta distribution then the probability density func-
tion fy(y) of ¥ has the form:

if 0sy<1

412
if y<0or y>1. 1y

frl) = { GJEm
where r and s are positive numbers and are parameters of the beta distribu-
tion. The constant B(r, s) is called the beta function defi:ied by:

L(r)C(s)

B(v9) = Ty gy

(4.13)

where I(r) and I'(s) are gamma functions of r and s respectively.
To fit the beta distribution to a projects cost data, it is nessesary to
estimate the numbers r and s from the costs of similar completed projects

using the equations:

r= (2O R) (1)
o= 0BGy (815)

where jiy is the average and 63 is the variance of the completed projects

cost.
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While the theoretical aspects of the beta distribution cover all types of
shapes it is not practical for immediate adoption and 1outine use in the con-
struction industry because of the complexity of Equation 4.13 which cannot
be insereted in the widely used speadsheet programs,

The above is by no means an exhaustive review of available possible cost
flow models. There are various other cost flow models which have been sug.
gested in the literature reviewed. For example, Bashambu (1980) discusses
the use of the following equation to model the cost flow for construction of

nuclear power plants:

2
y = (1= (cos TSP (4.16)

where y and  are as previously defined. The main problem with this and
other equations found in the literature but not discussed here, is that they
either apply to very specific types of projects, or their functional form is such
that it would be computationally difficult to estimate the model parameters.

For routine and widespread application to construction, it would be nec-
essary that the parameters in the equation used be casily estimated and

dsh

d into computer packages. This is necessary because

of the widespread use of spreadsheets in the industry (Mir, 1985). Since poly-
nomial regression is applicable to all types of S-curves, and thus all forms
of construction, and polynomial regression equation parameters can be ob-
tained using spreadsheet packages like Lotus 123, Quattro or VP Planner; it

is the most suitable for routine application.



4.5 Examination of the use of polynomial re-
gression

‘The above outline and the literature reviewed indicates that polynomial re-
gression would be the best method to use in modelling the cumulative expen-
diture profile of a given construction praject. Polynomial regression is there-
fore examined in more detail to demonstrate its application, its accuracy and
any possible limitations when used for escalation computation. This is done
by applying the polynomial regression niethod to some completed project

dai .
4.5.1 Description of data used for analysis

Past cost data on four hospital projects constructed and completed within
the last ten years in Newfoundland were used. The total construction cost
and time for the projects are listed in Table 4.2.

The client for all four hospital construction projects was the Government,
of Newfoundland and Labrador, Department of Public Works and Trans-

portation. All projects had different and project

The data used for this analysis was obtained from the clients copies of the
various project payment certificates.

The total cost and time shown in Table 4.2 is the cost and time to sub-
stantial completion and not practical completion. This is because for all these
projects, there were varying and significant time lags between substantial and
final completion. During this period a lot of change order (variation) works

were executed. This period of execution of variation works is not required

for estimation of costs prior to because escalation at



Table 1.2;
(DPWT.1990)

Total project cost and time for four hospital projects

Hospital Total Construction
Project cost in time in
Dollars months
1 13,330,000 26
2 11,600,000 24
3 3,200,000 14
4 6,000,000 26

the beginning of a project is estimated only for works to be executed that
are covered within the original contract sum.

Unlike the other three projects, project 1 was started a month hefore
the holiday and winter month of December in which relatively little work
was done. For analytical and comparison purposes, normalizing as discussed
in Section 4.4.3 is necessary and therefore an adjustment has been made to

ond and third

correct this anomaly. This adjustment is combining the
months work on this project and representing the work executed in these
two months as one months work thus reducing the construction time by one
month to the time shown in Table 4.2. The original data extracted from the
clients copies of the payment certificates hefore any of the above adjustments

were made is listed in Appendix C.



4.5.2 Application of regression analysis

T'he value of the monthly work completed for each project was extracted from
the payment certificates. The cumulative value of the work completed for a
construction project is normally proportional to the cumulative expenditure.
As such, a method which models the work executed will also model the
cumulative expenditure (Carr ct al, 1971). Regression analysis was performed
on this data using LOTUS 123 (TM) to find equations which would model
the cumulative value of work executed for each project. Third order solutions

of the S-curves for each project were obtained of the form:
y=a+bz+ca®+ds® (4.17)

Where  is the percentage of total planned completion time, y is the value of

work executed asap of the total esti d contract work
value and a,b,c and d are ( ) esti d by the
analysis.

A summary of the results of the regression analysis are given in Table
4.3. A listing of the adjusted data used and the computer printout of this
analysis are given in Appendix D secion D.1.

All the regression equations explain over 99% of the variation of per-
centage cost with time as indicated by the R-squared statistic value of over
0.99 shown in Table 4.3. For all equations, the coefficients b, ¢ and d were
significant at the 99% confidence level as evident from absolute coefficient
values of more than three times the magnitude of the standard error of the
coefficients. LOTUS 123 does not provide an estimate of the standard error
of the constant term, coefficient a.

The purpose of the analysis was to examine the accuracy of the regression
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Table 4.3: Summary of regression analysis results

Hospital Project 1 2 3 4
Value of coefficient a | -3.28027 | -4.02075 | 2.877277 | 3.562784
Coefficient b:
Value 1.082935 | 1.353455 | 0.902173 | 0.801184
Standard error | 0.126195 | 0.142113 | 0.189750 | 0.112559
Coefficient c:
Value 0.111149 | 0.007714 | 0.013598 | 0.014197
Standard error | 0.002964 | 0.003342 | 0.004503 | 0.002677
Coefficient d:
Value -0.00011 | -0.0011 | -C.011 -0.0012
Standard error | 0.000019 | 0.000021 | 0.000029 | 0.000017
R-squared value of
regression output 0.996746 | 0.996178 | 0.995687 | 0.997107

81




analysis output in estimating escalation, and therefore no further analysis of
the regression output statistics was deemed necessary. In order to quantify
with any reasoriable degree of accuracy the range in which the various co-
cfficients would be expected to lie for hospital projects in Newfoundland, a
much larger sample space (that is, a much larger number of hospital projects)
would be necessary. This is presently not possible due to the small number

of hospitals that have been built in the province over the last ten years.

4.5.3 Accuracy of regression models

The fit of the regression equation and actual values of the plots of percentage
value against percentage time are given in Figure 4.6. The percent time
is the time at any given point expressed as a percentage of total project
construction time and the percent value is the construction costs at any given
point expressed as a percentage of total hospital construction costs. The
total hospital construction times and costs which were obtained as previously

discussed are given in Table 4.2.

The regression models ically give hed ions of the
actual plots, Figure 4.6 shows that although the regression models fit the
actual plots quite well they tend to be inaccurate towards the end of the
curves, Since it is known before execution of any project that 100% value
of work complete corresponds to 100% time, a correction for this is required
when using the equations to forecast.

To test the accuracy of these equations when used to forecast cost esca-
lation, each hospitals cash flow was forecasted using the equations derived
from the adjusted data of the other three hospitals. This is done to simulate

the estimating situation found in practice where the actual cash flows of the
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project at hand is unavailable but similar completed projects cash flows can
he obtained.

The same annual escalation “ate was applied to all forecasted and actual
hospital construction cash flows. The amount of escalation calculated when
this rate is applied to the actual projects cumulative cash flow was compared

to that obtained when this escalation rate is applied to the projects cumu-

lative cash flow using regressi ions from the other three
projects.
When applying the regression equations, values obtained towards the end

of the projects greater than 100% were adjusted to 100%. This was done to

1y di d S ish

climinate some of the end i ies p
were used to test the accuracy of estimating each hospitals escalation costs
using cash flows obtained from applying the regression equatiuus of the other
three hospitals. Computer printouts of these spreadsheets are given in Ap-
pendix D section D.2. A summary of the results obtained are given in Table
4.4,

A hypothetical annual escalation rate of 10% was used to obtain the
results shown in Table 4.4. The escalation estimate using actual cash flows
shown in Table 4.4 is the amount of escalation computed using the value of

work executed as obtained from the payment certificates. This is compared

to the amount of i using the esti; d value of work as

obtained by applying the regression equations from other hospital data. The

p ge error the diff between the escalati puted
from the actual cash flow and that from a given regression equation .
The percentage error was found to range from 0.33% to 8.57% with an

average value of 4.17%. The amount of escalation is directly proportional to
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Table 4.4: Results of escalation computation using various models

Hospital Project 1 2 3 4

Escalation estimate

using actual cash-

flow values $1,205,845 | $898,310 | $141,585 | $528,626

Escalation estimate

using Hospital 1

regression equation Not $937,508 | $145,039 | $526,006
(Percentage error) | Applicable | (4.36%) | (3.08%) | (0.33%)

Escalation estimate

wsing Hospital 2

regression equation $1,102,960 Not $138,118 | $498,250
(Percentage error) | (8.53%) | applicable | (2.45%) | (5.75%)

Escalation estimate

using Hospital 3

regression equation $1,102,557 | $886,058 Not $498,025
(Percentage error) | (8.57%) | (1.36%) | applicable | (5.79%)

Escalation estimate

using Hospital 4

regression equation $1,154,620 | $928,167 | $144,687 Not
(Percentage error) | (4.25%) | (3.32%) | (2.19%) | applicable

Average percentage error = 4.17%
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the applicd escalation rate. As aresult, the computed percentage error would
not change with varying escalation rates. Therefore the expected percentage
error using this method from the data analyzed is approximately 4% for any

assumed or applied escalation rates.

4.6 Usefulness and limitations of polynomial
regression modelis

A detailed construction estimate, which is the most thorough, exhaustive
and accurate method of estimating costs for a project, has an expected per-
centage error of 5% (Ahuja and Campbell, 1988). From the results of the

of less

data analyzed, the expected error of pol,
than 5% indicates that use of polynomial regression equations to estimate
contract cash flow for escalation computation purposes has an accuracy con-
sistent with the accuracy required for detailed cost estimates. Polynomial
regression can therefore be used for escalation estimation purposes for any
kind of estimate be it preliminary, elemental, unit price or detailed.
Parsimony dictates that a more complicated or detailed method be used
for estimating only if it undoubtedly provides better estimates than a simpler
method. This is due to limits of available data and the frequent necessity
of obtaining estimates in the shortest possible time. Since the accuracy of
polynomial regression models has been shown to be consistent with the accu-
racy required for a detailed construction cost estimate, use of detailed sched-
ules cannot be undoubtedly more accurate. Polynomial regression models

are therefore ded for estimating the diture cash flow of con-

struction projects for escalation computation purposes if required completed

project cost flow profiles are available.
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Organizations t%at have been involved and expect to continue to be in-
volved in the construction of a large number of construction projects of a
particular type can apply polynomial regression to their historical costs and
obtain the range within which the various parameters of the polynomial

regression equations are expected to be. With this information, the organi-

zations would be able to estimate the cumulative cost flow of future similar
projects for escalation computation purposes without having to analyze his-

torical costs in order to obtain the required S-curve.

The main limitation in the use of poly

is the

of historical cost flow data. This data may not be available especially for

unique one of a kind projects, for example, as may occur in renovation works.
It should be noted that though the accuracy with which polynomial re-

gression models model a projects cash flow for escalation computation pur-

poses is consistent with the accuracy required for detailed cost estimates,

the resulting escalation forecast is not ily as accurate. I

in estimating escalation costs will be compounded by inaccurate forecasts of

the cost indices ing the level of lation and any i ies in the

representation of actual construction costs by the cost indices.



Chapter 5

USE OF ESCALATION
CLAUSES

5.1 Introduction

From a review and application of various forecasting methods, it was con-
cluded in Chapter 3 that quantitative forecasts of cost escalation do not

eliminate the risk caused by cost lation due to the dictability of

some of the causes of cost lati Ce jon cost ion still re-

mains a risk to be managed by the parties to a construction contract in spite
of all available forecasting methods.

Mason (1973) formulates four general methods for managing risk. The
four general risk management methods are: risk avoidance, risk abatement,
risk transfer, and risk retention.

Risk avoidance entails avoiding the activity with which the risk is as-
sociated. Construction cost escalation risk cannot be avoided because it is
inherent in the construction process.

Risk abatement involves loss prevention and reduction to lower the chance

of loss occurrence and to diminish the scverity of loss, should it occur. The

risk of cost lation may be hat abated by or use of mo-
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bilization payments. Prepayment o use of mobilization payments does not

eliminate escalation risk because not all construction can be incurred

in a lump sum at the beginning of the project. Furthermore, large mobiliza-
tion payments increase the interest during construction paid by the owner,
The use of mobilization payments thus partly transforms the problem from
that of risk due to cost escalation to uncertainty in the amount of interest

paid during construction. Hence, this does not effectively solve the problem.

There is need for further research into prepayments ability to minimize the

combined cost of escalation and interest during construction. This is, how-
ever, not within the scope of this thesis and therefore will not be addressed
herein.

By exclusion, the only remaining methods to manage escalation risk are
by risk transfer or risk retention. Risk transfer involves shifting the risk
burden from one party to another and risk retention is not transferring the
risk. The owner or his agent decides whether or not to bear the risk of

cost 1

when selecting jon contract provisions assigning risk.
As Erickson and O'Connor (1979) put it, construction “risks are managed
primarily by assigning them to one or more of the parties to the construction
process.” Risk transfer and risk retention are effected by the use of escalation
clauses. This chapter examines the use of escalation clauses in allocating

escalation risk.
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5.2 Merits of various risk allocation policies
5.2.1 Advantages of owner bearing escalation risk

Oneof the main disadvantages of the contractor bearing the risk of escalation
as Stukhart (1982) states, is “the owner will be paying contingency costs that
may be more than they are really worth to the owner because the contractors
contingency reflects a different utility function from the owners." Other

ages of the contract ing the risk of are:
1. The contractor includes a contingency figure to cover the possi-
bility of loss. The contractor, however, usually resorts to litiga-
tion with its attendant delay and legal ‘costs to the owner in the
event the amount included in the contract sum proves inadequate
(ASCE., 1979). The contractor may also attempt to recoup losses
through substandard work or substitution with cheaper materials.

Competition when bidding may be reduced because financially
secure or reputabl may not bid ing to be un-
dercut by risk taking contractors or contractors who are not fully
aware of the risks (Carr, 1977) or contractors who inadequately
appraise the cost of escalation involved.

If the owner is government, or any other large organization the
owner may have access to better information than the contractor
and therefore be in a Letter position to more accurately forecast
escalation costs (Stukhart, 1982).

The owner still has to pay the amount included in the contractors
bid to cover escalation even when the amount of escalation is less
than predicted (Stukhart, 1982)

Though the contractor may reap a windfall if predicted costs turn
out lower, he may not be in a financial position to cover costs in
the case of higher than predicted costs. As Carr (1977) puts it
“the owner is left holding the bag”. In this case, “the contingency
paid by the owner is not justified” (Erickson et al, 1978).

As Erickson and O’Connor (1979) assert, when a contractor must
assume rigk, smaller contractors who are otherwise technically
competent and competitive may not be in a financial position
to bid competitively without exposing themselves to the possibil-
ity of catastrophic loss. However, if the owner assumes the risk,
smaller competent contractors may bid and increase competition.

»

&

-

il

The owner wishes to get a job well done and have a good con-
tractor available for future work (ASCE, 1979). If costs turn out
unexpectedly high, however, the otherwise good contractor could
go bankrupt and be unavailable for future work.
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The above outlined disadvantages of the contractor bearing the risk of es-
calation are the principle reasons why measures are sought to transfer the risk
of cost escalation from the contractor to the owner. The author recommends
use of escalation clauses to avoid these disadvantages if the disadvantages of

the owner bearing the risk of cost escalation can be obviated.

5.2.2 Disadvantages of owner bearing escalation risk

There are a number of disadvantages in the owner bearing the risk of esca-
lation. The risk of escalation is transferred from the contractor Lo the owner

by use of escalation clauses. The disadvantages of using escalation claus

are:

. The owner for various financial or political reasons may need to
have a firm or fixed final cost (Levitt et al., 1980) which is not
possible when escalation clauses are incorporated in a contract.

Detailed escalation clauses are required to effectively account for

escalation, and these may be difficult or expensive to structure,
develop and maintain (Erickson et al, 1978).

»

©

. Monitoring, inspection and approval of claims submitted by the
contractor to the owner for escalation costs will increase adminis-
trative costs (Stukhart, 1982).

. The escalation clause may not accurately compensalte for the amount
of escalation (Warszawski, 1982b).

The contractor may not perceive that his risks have been signif-

icantly reduced, and therefore may not sufficiently decrease the
mount of contingency included in his bid (Erickson et al, 1978).

The contractor will have a reduced incentive to control or keep

costs down (Erickson et al, 1978). This may induce cost escalation.

IS

o

L

For these reasons, escalation clauses are not incorporated in all contracts.
Many of these disadvantages can be obviated by the use of properly struc-
tured escalation clauses. Cost escalation is not the sole cause of price uncer-
tainty at a contracts prebidding stage and therefore use of escalation clauses

should not deter an owner from starting a construction job due to financial
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reasons. The owner should set up a contingency fund, not included in the
contractors contract sum, to cover cost escalation and other reasons for price
change such as design inadequacies, change orders, and unforeseen changes
after tender award. Escalation clauses should be used wherever the particular

conditions of a given construction project warrant.

5.3 Guidelines for the use of escalation clauses

The guidelines to follow when considering whether or not to use escalation

clauses can be summarized as follows:

An escalation clause may not be required for a project with a
duration of less than one to two years if a predictz ble and small
escalation rate is foreseen (ASCE, 1979).
. The individual risk preferences of both the owner and the con-
tractor should be examined (Warzawski, 1982b). In cases where
the owner is risk neutral and the contractor is risk averse, means
of lr':ns[emng the risk of cost escalation to the owner should be
sought.
The risk of cost escalation should wherever possible rest with the
party that can best control or influence it. For example, if the con-
tractor is able to control labour costs through labour agreements,
then the contractor should bear the risk of escalating labour costs.
If the contractor is unable to control or influence any component
of cost ion, then the risk involving that should
remain with the owner.
. The risk of escalation should be borne by a party that is financially
able to bear the costs of the worst possible outcome (Erickson et
al, 1978).
Consideration should be given to the administrative cost of pro-
cessing claims for cost escalation. Escalation clauses which are
expensive to administer should be avoided.

»

»
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Generally, other than in short projects expected to be built in stable
conditions, some or all the risk of cost escalation should be transferred to the

owner using properly structured and efficient escalation clauses.



5.4 Required attributes of escalation clauses

Many of the disadvantages discussed for using escalation clauses can be over-

come by properly structuring the escalation clause. The required attributes

of escalation clauses necessary to most of the

been summarized by Fellows (1984) as follows:

s have

1. “accuracy of recompense and fairness between the parties™
2. “simplicity, clarity and low cost of operation”
3. for, but not ind of”

Not all the methods of price adjustment or escalation clauses available

satisly the above criteria.

5.5 Price adjustment methods

The methods by which certain contracts allow for adjusting the contract price
to recompense for escalation can be generally classified into three categories
namely: the cost-plus method, the British traditional fluctuation method,

and formula escalation.

5.5.1 Cost-plus method

The cost-plus method is the method of price adjustment used in cost-plus-
fee types of contracts where the owner is contractually obliged to reimbnrse
the contractor for all costs incurred in execution of the contract including
escalation costs (Peurifoy and Ledbetter, 1985). The cost-plus method, albeit
simple, clear and accurate, offers no incentive to the contractor to keep down
d

costs, It can therefore be an i for lati Furth it

requires a lot of documentation on the part of the contractor and verification
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on the part of the owner, which makes it expensive to operate. Use of the
cost-plus method solcly as a means of managing escalation should therefore

be avoided.
5.5.2 British traditional fluctuation method

In the British traditional fluctuation method, the contract specifies that cer-
tain increases in costs over base costs included in the contract be reimbursed
(Fellows, 1984). The net difference between the costs at the time of valuation
and the base costs included in the contract is recoverable by the contractor
for specific items.

The British traditional fluctuation method is simple and clear but does

not tely for cost This is because only increases

in the costs of the items specified in the contract and not all increases in cost
are reimbursed.

In the British traditional fl ion method, the has to present

wage sheets and invoices with his claims. These supporting documents in-
clude not only the contractors own documents which would be easy to ob-

Lain but also proprietary d ion from the

which would be more difficult for the contractor to collect. A general con-
tractor who uses the services of several subcontractors would therefore find
difficulty in claiming for reimbursement for escalation under the British tra-
ditional fluctuation method

In the use of this method, the contractors incentive to keep costs down
for the basic escalation recompensable items is reduced. If the number of
recompensable items is great, the traditional method is expensive to admin-

ister for both the contractor who submits the claims and the owner who has
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to verify them.
5.5.3 Formula escalation

Formula escalation is used when a formula usually incorporating indices, is
written into the contract (ENR, 1989). The contract price is adjusted by
an amount calculated using the formula which depends on the change in the
formula inputs.

In the use of formula escalation, the contractor does not have to substan-
tiate his basic prices at the time of entering the contract. The contractor
also does not have to produce his own or his subcontractors invoices when
making claims. The amount of verification by the owner is reduced and this
reduces administrative costs.

With formula escalation, if the contractor buys well ( that is, if he im-
proves on the quotations for construction elements which he obtained at
tender stage), he will not have to pass on to the employer the benefits of his
improved buying policy. As a result, the contractor still has incentives to
keep costs down and therefore formula escalation does not induce escalation.

The accuracy of formula escalation depends on the manner in which the
formula is structured and applied (Fellows, 1984). Formula escalation is

simple, clear, and i to admini Of all methods of

price adjustment, formula escalation is the best method to use in escalation

clauses provided the formulae are properly structured and applied.

5.6 Application of formula escalation

An insight into the way formula escalation is structured and applied can be

obtained by examining typical formulae used for computing escalation. One
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example of the formulae typically used to compute escalation is the formula
used in Kpong Hydroelectric Project, Ghana which was of the form (Acres,
1977):
S Cai .

5 = O.BSAEa‘Z’: (5.1)
Where:
6, = Adjustment due to escalation.
A = Total unadjusted value of work executed.
a; = Weight of commodity i.
Cui = Cost index of commodity i at time of valuation.

C\i = Cost index of commodity i at date of tender.

This formula was intended to compute escalation in foreign material and
labour costs and was based on the main commodities contributing to these
costs. Eight commodities were included in the formula, namely: cement,
steel, Lires, explosives, plant, salaries, shipping and miscellaneous products.

1 s od ind dentlv oublish

In using this formula, d indices for each

of these eight commodities were used in the computation of the adjustment
due to escalation. The factor 0.85 was used in the formula so as to exclude
the contractors profit and certain overhead items from the escalation cost
computations.

This formula was found to work quite well throughout most of the project.
As the project neared completion, however, it was found that inaccuracies
occurred in the application of this formula. For example, increases in, the cost
of explosives would cause the same increase in escalation costs regardless of
whether a large amount or a relatively small amount of explosives were used

for a given amount of measured work. This inaccuracy was due to the fixed

96



weighting used for the various commoditics provided related commoditi

were used since the time of the last interim valuation. Such inaccur:

bound to occur in formulae structured in this manner and has to be avoided.

Another example of formulae typically used to compute escalation is

the NEDO formula for price adjustment in use in Britain (Shaw, 197:).
In Britain, the National Economic Development Office (NEDO) introduced
their first formula series for adjustment of fluctuations in respect of building
works in June 1974. These series divide the total building contract works
as measured in the Bills of Quantities into a number of work categorics.
For each category an index is published monthly for use with the formula.
The increase or decrease in a given period is calculated by summing up the
increases or decreases of all work categories. The way in which increases
or decreases is computed for each work category is exemplified in Table 5.1
which uses the work category and index for substructure works.

With formulae structured like the NEDO formula, the amount of reim-
bursement due to escalation for a particular category is proportional to the
amount of work executed in that category. The inaccuracy discussed in for-
mulae structured as the formula given in Equation 5.1 with fixed category
weightings is therefore avoided.

Fellows (1984) describes some inaccuracies in the use of the NEDO for-
mula for escalation reimbursement in Britain. These inaccuracies are mainly
due to not having all resources accurately represented by the indices used,
and also due to formulae in use in Britain using national indices which are
average in character thus not reflecting local factors and project individual
characteristics.

These inaccuracies are mainly due to the indices used and are not due to
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Table 5.1: Example of application of NEDO Formula Method

SUBSTRUCTUKE WORKS

-Calculation of Effect of Escalation

A. Values of Cost Index for substructure Works
At base date

At dates of valuations

B. Effect of Escalation

March 1989
April 1989
May 1989
June 1989
July 1989
August 1989
September 1989  150.0

Index
136.0-basic
137.6
135.0
140.0
1440
147.0

Valuation | Period covered | Amount | Price | Increase | Increase | Decrease
in Index | or decrease in in
Pounds over Basic | Pounds | Pounds
1 14.4.89 to0 10.5.89 | 25,000 | 137.6 ;ﬁ—o 294 -
2 11.5.89 to 14.6.89 | 35,000 | 135.0 o5 287
3 15.6.89 to 10.7.89 | 15,000 | 140.04 ) 441 -
4 11.7.89 t0 12.8.89 | 10,000 | 144.0 s 588 -
5 13.8.89 10 10.9.89 [ 7,500 | 147.0 e 606
6 11.9.89 t0 5.10.89 | 5,000 | 150 b 514 -
Totals to date | 97,500 2443 257

98



the formulae per se. These inaccuracies can therefore be abated by the use
of more representative indices. The formulation and structure of appropriate

cost indices is discussed in the next chapter.

Bills of Quantities as part of the contract documents and regularly §
lished relevant indices are a prerequisite for the use of formula escalation.
Properly structured formula escalation using the NEDO type of formulae is

the best method to use in escalation clauses.



Chapter 6

DISCUSSION OF
RECOMMENDED
METHODS

Various alternate methods available to quantify construction cost escalation
have been reviewed in the preceding chapters. Suitable methods have been
recommended from the available alternatives. The attributes of the rec-
ommended methods have been demonstrated using case studies and other
examples. The general procedure followed in applying the recommended
methods has been outlined. The main purpose for the use of case studies
and other examples has been to illustrate the benefits and limitations of the
recommended methods. As a result, some criteria and procedural steps used
in applying these methods, in particular, the use of cost indices, may not be
obvious. This chapter discusses elements of procedure and some criteria that
should be used in applying the recommended methods of quantifying cost

escalation which were not ifically add: d in the ding chapters, in

particular, the use of cost indices.
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6.1 Reasons for quantifying escalation

The amount of escalation has to be quantified for two principle purposes
namely:

L. To forecast the amount of escalation prior to the execution of a
construction contract. The owner and project consultants require
forecasts of the amount of escalation for budgetary and
piiroesda, ‘Thid coieraetor mathly teqiives s foraeass of L. aoney
of escalation at the bidding stage of a contract.

During execution and after completion of a project, the amount
of escalation has to be quantified in order to track its effect on the
contract and to adjust the contract sum to cover cost escalation
if escalation clauses are used.

Lo

For both these purposes, the methods recommended in the preceding
chapters all measure the level of cost escalation using cost indices. In fore-
casting construction cost escalation, the values of an appropriate cost index
have to be forecast. In tracking or adjusting the contract sum for increases in
costs, use of a formula based on cost indices has been recommended. As such,
it is essential in quantifying escalation for any of the above purposes Lo ob-
tain data on appropriate construction cost indices. An understanding of cost
indices is therefore a prerequisite to proper use of the methods recommended

for quantifying escalation.
6.2 Cost indices

A cost index is a ratio of the cost of a resource or composite of resource
costs at one period of time, and the cost of the same resource or composite
at a specific previous date or period called the base period. The cost index
indicates the percent change in cost that has resulted from escalation between
the base period and the later date. Cost indices are mainly used for the

following purposes:
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. To obtain new estimates from historical data (Ahuja and Camp-
bell 1988).

For property valuation (ENR 1989)

To provide for contract escalation (Ahuja and Campbell 1988)

. To serve as historical data for future projects.

=

6.2.1 Classification of indices

Indices can be classified according to the manner in which they treat the

weights of the various (W and We 1984). The
most common type of indices are the Laspeyres type in which the weights are
fixed and determined by the initial component mix. Another type of index is
the Paasche type in which the weights of the components vary. This index is
based on the later and not the initial component mix. The geometric mean
of a Laspeyres and Paasche index is called a Fisher index. Indices in which
the base year changes are called Chain indices. The formulation, sources and

of indices iate to ion are given in the sections of

this chapter that follow.

For purposes of ing the amount of ion cost ion, one

is interested in the change in the cost of construction elements when com-
pared to the initial cost of elements in the original contract sum. Therefore,
Laspeyres type of indices, in which the weights are fixed and determined
by the initial component mix, are most appropriate for use in quantifying

construction cost escalation.
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6.2.2 Index formulation

Laspeyres type of cost indices are generally formulated as follows (Abuja and

Campbell 1988):

n
L= 3 WiPo)i (6.1)
i1
where:
= price index at time ¢.
(P.o)i = ratio of prices of commodity i between
the time base period 0 and period t.
W; = weight or relative importance of commodity i,
i=lton

A summary of the information required to develop the weights of a construc-
tion cost index is illustrated in Table 6.1 (Public Works Canada, 1989, repro-
duced with the permission of the Minister of Supply and Services Canada,

1990). Table 6.1 depicts the construction element breakdown of a typical new

road ion with all costs das ap of total element or
construction costs. The index for new road construction could be based on
the costs of the five main elements: clearing, drainage, subgrade, surfacing
and miscellancous. Each element could also be divided into its components
of labour, equipment and material as shown in Table 6.1. An index could be
developed for each element and a composite index for new road construction
formed as a combination of the element indices combined using the weights

indicated,
6.2.3 Sources of indices

There are a multitude of indices published by various sources at regular
intervals. One of the better known sources of construction cost indices in
North America s the Engineering News Record (ENR). The ENR publishes

selected material, labour and plant indices for both individual elements or
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‘Table 6.1: Construction element breakdown of typical new road construction
(from Public Works Canada, 1989, Reproduced with the permission of the
Minister of Supply and Services Canada, 1990).

ELEMENT | WEIGHT | Labour | Equipment | Material | Total
% % d d d
Clearing 4 35 65 100
Drainage 5 40 20 40 100
Subgrade: 100
-Earthwork 15 30 70 - 100
-Borrow 40 30 70 - 100
-Rock 10 35 65 100
Surfacing
-Hot mix 16 25 45 30 100
Miscellaneous 10 40 40 20 100
TOTAL 100
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inputs and ites. Two monthly p

composite indices are the
Building Cost Index (BCI) and the Construction Cost Index (CCI). The
BCI and the CCI are Laspeyres type composite indices representing twenty
U.S. cities average hourly wage rate for common labour, mill price of stecl
shapes, price of portland cement and lumber. The two indices differ in the
weights given to the various components and the make up of the costs of
the labour component. A detailed description of these indices, their history,
formulation and use can be found in ENR (1989). The CCI and the BCI may
not adequately reflect escalation of construction costs for some construction
projects because the mix of resources only partially reflects the mix in any
construction project and because plant costs have been excluded.

The BCl and CCI are general purpose indices since they are not, prepared
for a specific type of construction project or a specific element of construction.
In most cases, general purpose indices will be found to be too general for
use in determining the effect of escalation on a particular project. Specific
indices prepared for a particular construction project type or construction
element, with selected resources to represent the types of resources used in
the project or element, are necessary for effective determination of the effect
of escalation. An important source of specific construction cost indices in
Canada is Statistic Canada.

Statistics Canada publishes monthly in its Catalogue 62-007 (Statistics
Canada, 1990), a number of specific indices— specific in the sense that the
indices are prepared for specific types of construction projects or particular

construction elements. The indices published by Statistics Canada will, in

general, be useful in f i ion cost lation (as d d

in the examples given in Chapter 3) but can be found to have some short-
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comings if used for price adj in lation clauses or for

the effect of escalation on a specific project. The main possible shortcomings
in the use of these indices are:

1. There may be a time lag of up to four months between the time
that cost escalation is experienced and the time relevant indices
are published by Statistics Canada and available to the general
public.

. Some indices appropriate to specific types of construction pro ]ecu
or elements of construction are published quarterly or annuall f’
whereas escalation tracking and price adjustment will normally
be required at least monthly during the execution of a given con-
struction project.

»

Among the many other indices available in North America are the Boeck
building cost index published by E.H. Boeck Co., and Means City Cost Index
published by R.S. Means Co. The method of formulation and the frequency
of publication of any index should be examined before use is made of any
index in forecasting and tracking the effects of cost escalation. Large organi-
zations, both private and public, involved in construction would benefit from
maintaining cost indices specific to their type of construction for purposes of
quantifying escalation.

Parsimony should be exercised in developing and maintaining cost indices.
This means that the minimum number of indices each with the minimum
number of weighted commodities and categories should be used consistent
with the required accuracy. The indices should be kept as simple as possible

to enable swift and timely computation.
6.3 Forecasting the amount of escalation

In chapters 3 and 4 it is recommended that the amount of escalation for a

given construction project be forecast by initially forecasting the values of an
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appropriate cost index. From the forecasted values of the cost indices, the
rate of escalation is then obtained and applied to the cash flow projections of
the construction project generated by an appropriate cost flow model based
on regression analysis. Further to the preceding discussion on cost indices,
it is necessary to clarify the following with regard to forecasting the amount
of escalation:

1. The cost index and the cost flow model used nced not be for the en-
tire construchon project. Indices and cost flow models for various
ork or trades iated with the construc-
tion pm]ect may be used to forecast the amount of escalation in
the various elements, work categories or trades. The escalation
amount for the whole project is then obtained by summing up the
amount of escalation in all the various elements, work categories
or trades,

©

Cost flow models can be developed for the construction activities,
elements or trades using polynomial regression in the same way as
described in Chapter 4 regarding the models which are developed
for the entire construction project. Published results by Carr ct al.
(1974), Singh (1984) and Christian and Kakouris (1990) document
the use of cost-flow models in modelling the cumulative cost flow
of particular construction activities.

7

Ifa publlshed mdex is used in forecaslmg escalation i
an inde: and d by the g
forecasting, then the historical change in the published cost index
should be examined and compared with the historical change in
the costs of the construction project type, element. work category
or activity. This is to ensure that the index propcily reflects the
change in costs being forecast.

6.4 Escalation tracking and price adjustment

In Chapter 5 it is recommended that in order to track the amount of escala-
tion during construction and to adjust the contract sum to cover escalation
costs to the contractor, a formula based on indices for the various work cate-
gories be used. Further to the preceding discussion on cost indices, it should
be noted that the indices developed and maintained for use in formula esca-

lation need not include all the items which contribute to the cost of a given
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element. Twenty percent (20%) of the items of most cost estimates con-
tribute cighty percent (80%) of the total costs (Ahuja and Campbell, 1988)
and many construction elements escalate at similar rates. Therefore, use
of indices which adequately represent the rate of cost increase of the major
cost items for a given construction project will suffice for most escalation
computation purposes.

It should also be noted that indices used in any escalation clause should
be published by an independent body. Any dealings between the parties
to the contract and the independent body should be at arms-length. The
independent body publishing the indices should be contacted prior to the
contract to determine if there are any upcoming major revisions which are
likely to affect the indices selected. The producing agency should be asked to
notify the parties to the contract if the selected indices are about to undergo

any major alterations.

6.5 Escalation treatment in the third world

In most countries of the third world, there exists a dearth of indices ap-

propriate for the treatment of construction cost escalation. As a result, the

methods ded herein for the of escalation cannot be easily
applied.

There is, however, dire need for rational treatment of escalation given the
high, double digit, fluctuating escalation rates experienced in such countries.
For example, in Mexico, the level of inflation was 59% in 1982, approximately
80% in 1983 and approximately 60% in 1984. These high levels of inflation
were reflected in the continual increase in the prices of materials, labour and

and drastically affected the ion industry there ( De La
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Garza and Melin, 1986).
In Uganda, whose conditions the author is familiar with, there are hardly
any construction cost indices available let alone regularly published. Very

high rates of escalation are experienced but are not properly documented by

ities. The G of Uganda, which i. ihe nations

largest initiator of construction projects, still uses the British traditional

fi method in where ; clauses are utilized. In

Uganda, and in other countries with similar conditions, the effect of escalation
could be ameliorated if an appropriate agency regularly published relevant
cost indices and if a formula method, similar to the NEDO formula discussed

in Chapter 5, were adapted.



Chapter 7

SUMMARY AND
CONCLUSIONS

Amounts allowed for escalation of construction costs account for a substan-
tial part of many construction project cost estimates. Drastically changing
escalation rates can have adverse effects nn the financial success of these
projects.

Escalation can be caused by a variety of factors some of which include in-
flation, changing market conditions, changing tax rates, schedule alterations,
contract risk allocation, and major events such as the outbreak of war. Some
of these factors are by their very nature unpredictable. As such, the main
effect of escalation is that it causes risk and uncertainty regarding a project’s
costs.

The amount paid to cover escalation by an owner of a construction project
will depend on the attitude towards risk of the party to the construction con-
tract that bears the risk of cost escalation. An assessment of this amount
under various risk allocation scenarios can best be arrived at using the con-
cept of expected utility value. From a purely expected utility value point

of view, financially stable contractors (who are normally risk averse) will in-
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clude in their prices more than the cost which the owner (who is more likely
to be risk neutral) would be willing to pay for the same risk.

A forecast of the amount of escalation is required for budgetary and bid-
ding purposes. To forecast the amount of escalation for a given construction
project, it is necessary to forecast the applicable escalation rate (measured
by means of cost indices) and apply this rate to the estimated expenditure
cash flow. With the availability of user friendly forecasting software, many
complex statistical forecasting techniques can now be used to forecast con-
struction cost escalation rates. This can be done provided the practitioner

can interpret the results produced by these software packages.

The statistical techni used and applicable to construction cost indices
are either univariate or multivariate methods. Univariate time series methods
are based on the assumption that existing patterns in the data will continue.
They therefore will not usually predict turning points or changes in trend
since they assume existing trends will continue. Univariate methods are not
recommended if there is reason to believe existing conditions will change
dramatically.

Multivariate forecasting meth.ds are dependent on the accuracy of the
explanatory variables used in the forecasts. One of the main difficultics in
their use is the identification and acquisition of data on statistically sig-
nificant explanatory variables. The accuracy of the multivariate forecasts
produced depend on the accuracy of the explanatory variables used to make
the forecasts.

The analytical forecasting techniques reviewed are only valid for short
term forecasting. This is so because all analytical methods reviewed, both

univariate and multivariate, are base on empirical relationships derived from
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historical data which can only be rationally assumed to hold in the short term.

In theli reviewed, no analytical i ique has been found

capable of forecasting cost indices for a construction project lasting two years
or more.

The expenditure cash flow of a project to which the forecasted escala-
tion rate is applied, can be estimated by use of either a planned progress
schedule or a cost flow model. Use of a planned progress schedule to es-
timate a project expenditure cash flow requires a detailed breakdown of a
contract’s costs. This may not be possible in many estimating situations.
Use of planned progress schedules are more involved computationally than
the use of cost flow models. Published results indicate that detailed compu-
tation of costs from planned progress schedules do not necessarily give more
accurate estimates than the use of cost flow models.

The use of cost flow models requires the availability of similar, past
project’s S-curve shaped cost flow profiles. Of the various cost flow mod-
els examined and from the literature reviewed, models based on polynomial
regression were found to be the most versatile, in that they can be applied
to construction projects with cash flow profiles that give any form of S-curve

shape. The model of a i jion cost flow model

can be estimated using readily available computer programs or spreadsheet
software packages. Application of these models indicates that they have an
accuracy consistent with the accuracy required for detailed estimates. Poly-

nomial ion can therefore be used for ion purposes

for any kind of estimate be it preliminary, elemental, unit price, or detailed.
Parsimony dictates that a more complicated or detailed method be used

for estimating only if it undoubtedly provides better estimates than a simpler
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method. This is due to limits of available data and the frequent necess

%
of obtaining estimates in the shortest possible time. Since the accuracy of
polynomial regression models has been shown to be consistent with the ac-
curacy required for a detailed construction cost estimate, (which is the most
thorough, exhaustive and accurate method of estimating costs for a project).
use of detailed schedules, or any other models, cannot be undoubtedly more
accurate. Polynomial regression models are therefore recommended for os-
timating the expenditure cash flow of construction projects for escalation

computation purposes if required past project cost flow profiles are available.

! does not elimi

Being able to give itative forecasts of
the risk caused by cost escalation. This is so because none of the discussed
techniques can forecast escalation caused by unpredictable occurrences which
include government action or major events like the outbreak of war. The ana-
lytical methods available are only useful in forecasting for short construction
projects in stable conditions. Construction cost escalation, with or without
the use of these forecasting methods, still remains a risk to be undertaken
by either the contractor , the owner or both depending on the terms of the
construction contract.

The effect of escalation can be minimized by carefully allocating the risk
of escalation to the various contracting parties. Needless allocation of esca-
lation risk to the contractor in accordance with the standard conditions of
some contracts benefits neither the owner nor the contractor. Various factors
should ve considered in deciding which party bears the escalation risk.

Generally, other than in short construction projects to be built under
stable conditions, means of transferring some or all the escalalion risk to

the owner should be sought. The best method to transfer escalation risk
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to the owner is by the use of an escalation clause incorporating a formula
based on cost indices. The prerequisites for effective use of formula escalation
are the inclusion of Bills of Quantities in the Contract Documents and the
maintenance of regulaly published relevant indices. Maintenance of regularly
published indices would not only provide for contract cost escalation but
would also be useful in updating past historical costs and in other estimating
situations.

or the use of ilizati can abate the effect of

Prep:
escalation but results into an increase in the cost of interest during construc-
tion. There is need for further research into prepayments ability to minimize

the combined cost of escalation and interest during const:uction.
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Appendix A

MODELLING COST
EFFECTS OF ALLOCATION
OF ESCALATION RISK

The cost effects of the allocation of escalation risk can be modelled by ap-
plying the principles of the cardinal utility theory. Such modelling assumes
that a party attempts to maximize its expected utility value and is indifferent
to assignments with equal expected utility values. This example quantifies,
using the expected utility theory, the cost effects of complete allocation of
escalation risk of a given construction project o the contractor as compared

to the complete allocation of the risk to the owner.

A.1 Assumptions

It is assumed that the owner is risk neutral and thus values any risk at its
expected monetary value. It is assumed that the contractor is risk averse
and that the contractors utility function has been determined in the manner
described in Chapter 2. The above mentioned utility function of the contrac-
tor is listed in Table A.1 and depicted in Figure A.1. The contractors utility

function shows that the contractors marginal utility for each additional $
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1,000,000 profit decreases sharply after the first § 4,000,000 profit. It is fur-

ther assumed that both the owner and the cor. “ractors perception of possible

b

s

of

escalation rates and their resp.

is the same.

Table A.1: Contractors utility function over relevant range of profits

Profit Utility
in in

Dollars Utiles
0 0
1,000,000 | 15
2,000,000 30
3,000,000 | 46
4,000,000 | 60
5,000,000 | 62
6,000,000 | 64
7,000,000 | 66
8,000,000 | 68
9,000,000 | 70
10,000,000 | 72

A.2 Project description and escalation sce-

narios

A construction project with an unescalated cost of $40,000,000 to the contrac-

tor is used. To this is added the contractors required markup of $4,000,000

and the cost of escalation. The cost of escalation to be included in the con-

tractors bid or the owners budget depends on who bears the escalation risk.

The project is to be built over a period of three years starting three

months from the date of tender. Three possible escalation scenarios are
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Figure A.1: Contractors utility function over relevant
range of profits
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predicted namely:

Re.

A mean escalation rate of 3% with a 25% chance of occurrence.
This would cause a possible $2,000,000 increase in construction
costs.

A mean escalation rate of 7% with a 50% chance of occurrence.

This would cause a possible $6,000,000 increase in construction
costs.

. A mean escalation rate of 10% with a 25% chance of occurrence.

This would cause a possible $8,000,000 increase in construction
costs.

The project cost characteristics under the various escalation scenarios are

summarized below:

Unescalated construction costs $ 40,000,000
Contractors markup $ 4,000,000
Probability of 3% escalation rate 0.25
Increased costs due to 3% escalation rate $ 2,000,000
Probability of 7% escalation rate .

Increased costs due to 7% escalation rate $ 6,000,000
Probability of 10% escalation rate 0.25

Increased costs due to 10% escalation rate $ 8,000,000

A.3 Evaluation of costs when escalation risk

is assigned to owner

‘The contractors utility function depicted in Figure 1 indicates that a profit

of $4,000,000 has a utility of 60 utiles. When the owner assumes the risk

of escalation, the contractors profit of $4,000,000 is certain and thus has a

probability of occurrence of unity (1). The expected utility value to the con-

tractor is thus:

EUV= ZU(z;)* P(z;

(2i)
U(4,000,000) + P(4,000,000)
= 60%1 = 60
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The owner is risk neutral and thus the costs are valued by the owner at

s the costs of

their expected monetary valte. The owner therefore as

escalation as:

EM

&l

zi * P(xi)
, 000,000  0.25 + 6.000. 000 + 0.5 + 8,000,000 + 0.25
.500,000

oo

The total budgeted costs to the owner when he bears the escalation risk

would therefore be:

Unescalated construction costs § 10,000,000

Contractors markup $ 4,000,000
Expected escalation costs $ 5,500,000
Total costs to owner $49,500,000

A.4 Evaluation of costs when escalation risk
is assigned to contractor

The contractor, in an attempt to maximize his expected utility value, will
charge a premium for the risk of escalation such that the expected utility
value of the contract with escalation risk is the same as the expected utility
value of the contract without escalation risk (Erickson and O’Connor, 1979).
From an iterative search using the contractors utility function, the contractor
would have to charge $7,000,000 for escalation costs and the risks involved
in order for the utility value of the contract to the contractor when the
contractor bears escalation risk to equal 60 utiles, which is the utility value
of the contract to the contractor when the client bears the escalation risk.
The expected utility value of the contract to the contractor is determined

as follows:
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EUV= SU(z)+ P(x:)

= /(51,000,000 — 42,000,000) * P(51,000,00 — 42.000. 000)+
(51,000,000 — 46,000,000)  P(51,000,00 — 46,000, 000)+
(51,000,000 — 48,000,000) * P(51,000,00 — 48,000, 000)
1(9,000,000) * P(9,000,000)+
U(5,000,000) * P(5,000,000)+
1/(3,000,000) + P(3,000,000)
= 70%0.25+62+0.5+46+0.25 = 60

With the contractor bearing the escalation risk, the total contract sum

and the total costs to the owner would therefore be as follows:

Unescalated construction costs $ 40,000,000
Contractors markup $ 4,000,000
Escalation costs and risk as charged by contractor $ 7,000,000
Total contract sum and costs to owner $51,000,000

A.5 Interpretation

Use of the cardinal utility value theory predicts that the risk averse contractor
would appraise the costs due to escalation at $7,000,000 whereas the risk
neutral owner appraises the escalation costs at $5,500,000. Therefore the
owner would pay a premium of $1,500,000 for the contractor to assume the
risk of escalation. From purely expected utility value considerations, the

owner would save § 1,500,000 if he bore the risk of cost escalation.
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Appendix B

LISTING AND PLOTS OF
INDICES

This appendix contains the data used in illustrating the various methods of
forecasting cost indices discussed in Chapter 3. The data consists of lists of
the monthly values from January 1983 to September 1989 of various indices
extracted from Statistics Canada’s Construction Price Statistics, Catalogue
62-007, Third quarter 1989, pp. 11, 16, 22, and 24, and Third quarter 1986,
pp. 11, 16, 22, and 24, reproduced with the permission of the Minister of
Supply and Services Canada, 1990. This appendix also includes the plots of
the monthly values of these indices with time. In the tables and plots that

follow, the following abbreviations are used for the various indices:

PWBIIL Prefabricated Wooden Building Industry Index
UWRI Union Wage Rate Index

CBMPI Construction Building Materials Price Index
CBLR Commercial Bank Lending Rate Index
S&PMPI Sawmill and Planing Mill Products Index

AMI = Architectural Materials Index
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Table B.1: Monthly values of selected indices

Month-year
1-1983

2-1983
31983
4-1983
5-1983
6-1983
7-1983
8-1983
9-1983
10-1983
11-1983
12-1983
1-1984
2-1984
3-1984
4-1984
5-1984
6-1984
7-1984
8-1984
9-1984
10-1984
11-1984
12-1984
1-1985
2-1985
3-1985

PWBII [ UWRI [ CBMPI | CBLR [ S&PMPI
1052 | 116.2 | 107.3 | 62.2 106.7
1059 | 116.2 | 107.7 | 59.6 106.3
1059 | 116.2 | 108.9 | 59.6 108.2
107.6 | 116.2 | 109.5 57 110
107.7 | 126.1 | 1108 57 119.6
107.3 | 126.1 | 1128 57 1284
109.7 | 1262 | 1144 57 126.1
110 | 126.2 | 1135 57 1124
1102 | 1263 | 112 57 1047
1104 | 1264 | 112 57 105.3
1105 | 1274 | 1122 57 1027
1109 | 1272 | 1127 57 106.9
1116 | 127.2 | 1135 57 108.2
1115 | 127.2 | 1143 57 1138
1117 | 127.2 | 1149 | 59.6 116.2
110.7 | 127.2 | 1156 | 59.6 1141
1108 | 127.9 | 1147 | 622 107.5
1108 | 127.9 | 1144 | 64.8 102.8
1112 (1279 | 1147 70 102
1114 | 127.7 | 1149 | 674 104.2
1114 | 1277 | 1148 | 674 101.4
112 | 1277 | 1158 | 64.8 100.9
111.8 | 1278 | 1156 | 62.2 1013
1119 | 127.8 | 1158 | 58.3 103
1128 | 127.8 | 116.2 57 105.5
112.9 | 1278 | 1174 | 59.6 1055
112.9 | 1278 | 1178 | 60.9 106.3

AMI
(10456 |
105.1
106.2
106.6
107
108.6
111.4
11
109.9
109.8
110.7
110.5
m.1
111.6
112.3
113.4
1132
113.6
113.9
1139
1145
116
116.1
1158
1157
17
117.6




Table B.2:

Monthly values of selected indices (cont'd)

Month-year [ PWBII [ UWRI | CBMPI | CBLR [ S&PMPI | AMI
4-1985 1138 | 127.8 | 1182 | 557 1054 | 1183
5-1985 1138 | 132.1 | 1188 | 544 1102 | 118.6
6-1985 114 | 1321 120 Fa.4 1126 | 1194
7-1985 1142 | 1321 | 1204 | 544 1117 | 1205
8-1985 1143 | 1321 | 1212 | 531 1094 | 120.4
9-1985 1143 | 1321 | 1213 | 531 108.6 122
10-1985 | 115.1 | 1322 | 121.6 | 51.8 106.7 | 1229
11-1985 1153 | 1322 | 121.7 | 518 1043 | 1235
12-1985 1153 | 1322 | 121.9 | 518 1068 | 123.1
1-1986 1163 | 132.2 | 1242 57 1085 | 1244
2-1986 1165 | 132.2 | 125.1 | 674 1085 | 1256
3-1986 117.2 | 132.2 | 126.5 | 62.2 1174 | 126.1
4-1986 1181 | 132 | 129.6 | 583 1229 | 129.2
5-1986 119.1 | 1328 | 129.8 | 53.1 1202 | 129.3
6-1986 120 | 1345 | 1296 | 53.1 1148 | 1294
7-1986 1194 | 135.2 | 139.5 | 50.5 1148 | 129.2
8-1986 119.5 | 1353 | 130.3 | 50.5 1207 | 130.1
9-1986 1196 | 136.6 | 131.3 | 505 1248 | 1307
10-1986 119.6 | 136.8 | 131.6 | 50.5 1224 | 1314
11-1986 119.8 | 136.8 | 131.6 | 50.5 1194 | 1319
12-1986 119.8 | 136.8 | 133 50.5 1165 | 132.6
1-1987 1206 | 136.9 | 1324 48 1148 134
2-1987 120.7 | 136.9 | 131.8 48 18 133
3-1987 1233 | 136.9 | 1323 | 454 1171 | 1326
4-1987 125 | 136.9 | 133.2 48 1173 | 1335
5-1987 1252 | 140.7 | 1334 | 492 1169 | 133.1
6-1987 125.2 | 140.7 | 133.6 | 49.2 1189 | 1329
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Table B.3: Monthly values of selected indices (cont'd)

Month-year | PWBII | UWRI | CBMPI | CBLR | S&PMPI | AMI
7-1087 | 1257 | 140.7 | 1344 | 492 | 1206 | 134
8-1987 | 1257 | 140.7 | 1361 | 518 | 123 [135.2
9-1987 | 126.1 | 1407 | 1362 | 518 | 1226 |135.7
10-1987 | 1265 | 140.7 | 137.7 | 505 | 1203 (1375
11-1987 | 1263 | 141 | 1371 | 505 | 1211 1362
121987 | 1264 | 141 | 137.4 | 505 | 1209 |[136.7
11988 | 130.6 | 1411 | 1401 | 505 | 1228 |139.1
21988 | 130.6 | 1411 | 139.8 | 505 | 1226 |[139.1
31988 | 1306 | 1411 | 1402 | 505 | 1221 | 139
4-1988 | 1307 [ 1411 | 1406 | 531 | 1225 (1397
5-1988 | 130.8 | 1466 | 1404 | 531 | 121 (1396
6-1988 131 | 48 | 1411 | 557 | 1255 | 140
7-1988 | 1316 | 1491 | 142 | 557 | 1261 |140.9
81088 | 1316 | 1492 | 1406 | 583 | 1226 |130.1
9-1988 | 131.8 | 149.2 | 140.1 | 609 | 1212 |1389
10-1988 | 1321 | 149.2 | 1403 | 609 | 1198 |139.4
11-1988 | 132.1 | 149.3 | 140.6 | 609 | 1199 |139.4
12-1988 | 1324 | 1493 | 140.7 | 635 | 1192 |139.4
11989 | 1354 | 1493 | 1411 | 635 | 122 1393
2-1989 | 1359 | 1493 | 1414 | 661 | 1226 [139.8
31989 | 1359 | 1493 | 142 70 | 1234 |1401
4-1989 | 1356 | 1493 | 1422 | 70 | 1237 1407
51989 | 1355 | 1571 | 1428 | 70 | 1243 1419
6-1989 | 135.6 | 157.1 | 144 70 | 1266 |1431
7-1989 | 1356 |157.2 | 1447 | 70 | 1287 |144.1
8-1989 | 1356 | 1572 | 1441 | 70 | 1282 [143.1
9-1989 | 135.6 [157.2 | 1439 | 70 | 127.8 |143.1
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Appendix C

RAW HOSPITAL COST
DATA

This appendix contains the data extracted from the clients copies of the

payment i used to di the ication of polynomial re-

gression models in Chapter 4. The data given is in its original form without

any adjustments.
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Table C.1: Data for Hospital 1

Original contract sum § 13 million
Project substantially complete at Certificate No. 28

Payment Months Cumulative
Certificate from value
Number start of of work
construction | complete
1 1 155350
2 2 245000
3 3 335480
4 4 1266580
5 5 1738720
6 6 2345870
7 7 3204921.
8 8 4340273.
9 9 5234001.
10 10 5885148.
n 1 6608810.
12 12 7735620.
13 13 8129956.
14 14 8617431.
15 15 8961876.
16 16 9468183.
17 17 9947017.
18 17 9947017.
19 18 10756753
20 19 11814260
21 20 12005940
22 21 12368831
3 22 12634591
2 23 12928998
25 2% 13007383
26 25 13159989
27 26 13267651
28 27 13318849
29 28 13318849
30 35 13318849
31 37 13366349




Table C.2: Data for Hospital 2

Original contract sum $ 11.5 million
Project substantially complete at Certificate No. 28

Payment | Months | Cumulative
Certificate from value
Number start of of work
construction | complete
1 1 259181
2 2 536245
3 3 1169099
4 4 2069483
5 5 3118400
6 6 3862482
7 7 4418447
8 7 5015363
9 8 5672905
10 9 5888905
11 10 6477067
12 1 7185887
13 1 7185887
14 12 8013210
15 13 8907365
16 14 9504248
17 14 9504248
18 15 9850414
19 16 10370475
20 17 10675430
21 18 10812876
22 19 10991294
23 20 11214905
24 21 11371251
25 22 11500362
26 23 11580990
27 24 11646605
28 24 11759010
29 28 11805187
30 3 11836419
31 30 11840149
32 31 11904449




Table C.3: Data for Hospital 3

Original contract sum $ 3.15 million
Project substantially complete at Certificate No. 13

Payment | Months | Cumulative
Certificate from value

Number start of of work
construction | complete

1 1 365420

2 2 690150

3 3 845880

4 4 1233835

5 5 1413143

6 6 1675685

7 7 2081034

8 8 2208072

9 9 2708912
10 10 2926057

11 1 3064554
12 12 3104526
13 14 3173972
14 15 3256173
15 19 3314965
16 31 3353463
17 55 3353463
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Table C.4: Data for Hospital 4

Original contract sum $ 6 million
Project substantially complete at Certificate No. 24

Payment Months | Cumulative

Certificate from value

Number start of of work

constructicn | complete

1 1 292921
2 2 899936
3 3 1043364
4 4 1157104
5 5 1512904
6 6 1701747
7 ) 1897501
8 8 2328792
9 9 2601125
10 10 2769282
11 1 3125603
12 12 3422026
13 13 3773018
14 14 4104366
15 15 4308812
16 16 4687583
17 7 5040172
18 18 5285645
19 19 5384220
20 20 5598562
21 21 5749942
22 2 5860455
23 2 5998638
24 26 6016123
25 30 6028000
26 36 6036879
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Appendix D

REGRESSION ANALYSIS
AND MODEL ACCURACY
COMPUTATION
SPREADSHEETS

‘This appendix consists of two sections, namely Section D.1 and D.2. Section
D.1 contains reproductions of the contents of LOTUS 123 spreadsheets used
to obtain the polynomial regression parameters for the four hospital projects
discussed in Chapter 4. The value of the work complete at various months
is obtained by adjusting the data extracted from the clients copies of the
payment certificates and given in Appendix C. The necessary adjustments
are discussed in Chapter 4.

Section D.2 consists of copies of computer printouts of the LOTUS 123
spreadsheets used to compute the amount of escalation estimated for each
hospital using various other hospital regression model equations. All data
used in these spreadsheets is extracted from the data given in section D.1 of
this appendix. Discussion of the necessary adjustments made and the results

of these computations is given in Chapter 4.
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D.1 REGRESSION ANALYSIS SPREAD-
SHEETS
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Regression analysis on actual cash flow for Hospital 1

Percent Value Percent
Time of work | complete
Month P P P completed
[ 3] 0 0 0 0.00
3 3.85 14.79 56.90 155350 117
2 7.69 59.17 455.17 580480 4.36
3 11.54 133.14 1536.19 1268580 9.51
4 15.38 236.69 3641.33 1738720 13.05
5 19.23 369.82 7111.97 2345870 17.61
6 23.08 532.54 12289.49 3204922 24.08
7 26.92 724.85 19515.25 4340273 32.59
8 30.77 946.75 29130.83 5234001 39.30
9 34.62 1108.22 41477.01 5885148 44.19
10 38.46 1479.29 56895.77 6608811 49.62
11 42.31 1789.94 75728.27 7735621 58.08
12 46.15 2130.18 98315.89 8120956 61.04
13 50.00 2500.00 125000.00 8617432 64.70
14 53.85 2899.41 156121.98 8961876 67.29
15 57.69 3328.40 192023.21 9468184 71.09
16 61.54 3786.98 233045.08 9947017 74.68
17 65.38 4275.15 279528.90 | 10756753 80.76
18 69.23 4792.90 331816.11 11814260 88.70
19 73.08 | 5340.24 | 390248.07 | 12005940 90.14
20 76.92 5917.18 455166.14 | 12368832 92.87
21 80.77 | 6523.67 | 526911.70 | 12634592 94.86
22 84.62 | 7159.76 | 605826.13 | 12928998 97.07
23 88.46 | 7825.44 | 602250.80 | 13007383 97.66
24 92.31 | 8520.71 | 786527.08 | 13159990 98.81
25 96.15 | 9245.56 | 888996.36 | 13267652 99.62
26 100.00 | 10000.00 | 1000000.00 | 13318849 100.00
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Regression Output:

Constant -3.28027
Std Errof Y Est 2.120815
R Squared 0.996746
No. of Observations 27
Degrees of Freedom 2
Std Errof Y Est 3.104295

X Coeffcient(s)
Std Err of Coef.
Degrees of Freedom

1.08293572 0.011149 -0.00011
0.12619556 0.002964 0.000019
23
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Regression analysis on actual cash flow for Hospital 2

Percent Value Percent
Time of work | complete
Month P i P completed
) [ o [ [
1 4.17 17.36 72.34 259181 2.23
2 8.33 69.44 578.70 536245 4.60
3 12.50 156.25 1953.13 1169099 10.04
4 16.67 277.78 4629.63 2069483 17.77
5 20.83 434.03 9042.25 3118400 26.78
6 25.00 625.00 15625.00 3862482 33.16
7 29.17 850.69 24811.92 5015363 43.08
8 33.33 1111.11 37037.04 5672005 48.71
9 37.50 1408.25 52734.38 5888005 50.56
10 41.67 1736.11 72337.96 6477067 55.61
11 45.83 2100.69 | 96281.83 7185887 61.70
12 50.00 2500.00 | 125000.00 8013210 68.80
13 54.17 2934.03 | 158926.50 89073685 76.48
14 58.33 3402.78 | 198495.37 9504248 81.61
15 62.50 | 3806.25 | 244140.63 9850414 84.58
16 66.67 | 4444.44 | 206296.30 | 10370475 89.04
17 70.83 5017.36 | 355396.41 10875430 91.66
18 75.00 5625.00 | 421875.00 10812876 92.84
19 79.17 | 6267.36 | 496166.09 | 10991294 94.37
20 83.33 | 6944.44 | 578703.70 | 11214905 96.29
21 87.50 | 7656.25 | 660921.88 | 11371251 97.64
22 91.67 | 8402.78 | 770254.63 | 11500362 98.74
23 95.83 9184.03 | 880136.00 | 11580090 99.44
24 100.00 | 10000.00 | 1000000.00 | 11646605 100.00
Regression Output:

Constant -4.02075

Std Err of Y Est 2317829

R Squared 0.996178

No. of Observations 25

Degrees of Freedom 21

X Coefficient(s) 1.35345535 0.007714 -0.00011

Std Err of Coef. 0.14211349 0.003342 0.000021

146




Regression analysis on actual cash flow for Hospital 3

Percent Value Percent
Time of work | complete
Month P p? £ completed
b 7.14 51.02 364.43 365420 11.51
2 14.29 204.08 2915.45 690150 21.74
3 21.43 459.18 9839.65 845880 20.85
4 28.57 816.33 23323.62 1233835 38.87
5 35.71 1275.51 45553.94 1413143 44.52
6 42.86 1836.73 78717.20 1675685 52.79
7 50.00 2500.00 | 125000.00 2081034 65.57
8 57.14 3265.31 | 186588.92 2208072 72.40
9 64.29 4132.65 | 265670.55 2708912 85.35
10 71.43 5102.04 | 364431.49 2026057 92.18
2% 78.57 6173.47 | 485058.31 3064554 08.55
12 85.71 7346.94 | 629737.61 3104526 97.81
14 100.00 | 10000.00 | 1000000.00 | 3173972 100.00
Regression Output:

Constant 2.837277

Std Err of Y Est 2577911

R Squared 0.995687

No. of Observations 14

Degrees of Freedom 10

X Coefficient(s) 0.90217330 0.013598

Std Err of Coef. 0.18975080 0.004503 0.000029
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Regression analysis on actual cash flow for Hospital 4

Percent Value Percent
Time of work | complete
Month r P P completed
0.00 6.00 0.00 0 0.00
1 3.85 14.79 56.90 292921 4.87
2 7.69 59.17 455.17 899936 14.96
3 11.54 | 133.14 1536.19 1043364 17.34
4 15.38 236.69 3641.33 1157104 19.23
5 19.23 369.82 7111.97 1512804 25.15
6 23.08 532.54 12289.49 1701747 28.29
7 26.92 724.85 19515.25 1897501 31.54
8 30.77 946.75 29130.63 2328792 38.71
9 34.62 1198.22 41477.01 2601126 43.24
10 38.46 1479.20 56895.77 2769282 46.03
11 42.31 1789.94 75728.27 3125604 51.95
12 46.15 2130.18 98315.89 3422026 56.88
13 50.00 2500.00 | 125000.00 | 3773019 682.72
14 53.85 2899.41 | 156121.98 4104367 68.22
15 57.69 | 3328.40 | 102023.21 | 4308812 71.62
168 61.54 3786.98 | 233045.06 4687584 77.82
17 65.38 4275.15 | 270528.90 5040172 83.78
18 60.23 4792.90 | 331816.11 5285645 87.86
19 73.08 5340.24 | 300248.07 | 5384221 89.50
20 76.92 | 5017.16 | 455166.14 | 5598563 93.068
21 80.77 | 8523.67 | 526011.70 | 5749943 95.58
22 84.82 | 7T159.76 | 605826.13 | 5860456 97.41
23 88.46 | 7825.44 | 692250.80 | 5998639 99.71
26 100.00 | 10000.00 | 1000000.00 | 6016123 100.00
Regression Qutput:
Constant 3.562784
Std Errof Y Est 1.874430
R Squared 0.997107
No. of Observations 25
Degrees of Freedom 21
X Coefficient(s) 0.80118475 0.014197 -0.00012

Std Err of Coef. 0.11255961 0.002677 0.000017
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D.2 REGRESSION MODEL ACCURACY
COMPUTATION SPREADSHEETS
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