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ABSTRACT
THE MANAGEMENT OF CONTINGENCY AND

ESCALATION IN CONSTRUCTION

e

W.E. Taylor

»
v

. T
The objectives of this'major technical report are; to describe
o:léarly'tﬁe riqti'orgs of contingency and escalatiqn as sea

throughvthe eyes of owners and engineering project managers;
to identify the significance of contingency and escalation in

the different phases of the project development life cycle; to

L3

describe«h@\w contingency and -escalation are incorporated into

the cost control program for a construction project; \éﬁd/to

identify.areas where further work should be directed.
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.1 ’INTR(yDUCTION . ’ N
Over the last few yea;sf,“particularly since 1973 when the
oil embargo fostered a spectacular 'rise in f'uel costs,’ material and
N ’ labour costs have l\:een increasing annually to 'the extent that careful
met;hods must now be used to carry c;ut: cost forecasts and estimates on
‘large scale ‘projects. The design' and construction of large scale
projecr:s (project;s in the 'miliion and multi-million do‘llar range)
T . require the expenditure of money over a period of several years and
warrant careful cash flow managelﬁent and scheduling. These projects
may- invol‘\'/e complex technology (which in some cases may be unproven),

+

. / and innovations in construction technology. Thus a project may be

comprised of many uncertainties that necessitate s¢gfie type of risk
evaluatdon with respect to cost. These projects generate ve;ry hi.gh
carrying charges, especially_ with the high interest rates that are
,prevélent today. As well, ever rising constructi?n costs Imake ite
diff?.l»c'ult to predict costs for a pr‘oject of long qurgtion.

, ’ |

Tables 1-1 and 1-2 segve to 1llustrate ti;le rise of construc=
tic;n wage ‘indices and construction project cost ir‘[xd:/ices. Table 1-1
shows the construction workers' wage indiceg for 1977 and 1978.
Not‘ice that% with few exceptions, wages increased from 1977 to 1978.
The base index in all cities for all trades was 100 in 1967. Careful
observation of the table will indicate that wages have increased

. substantially .since 1967, clearly demonstrating;r,he effect of high

_annual inflation rates.

.
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Table 1-2 contains an index of construction costs for,various

s

large scale project items and activities. The increasing Ebsts have 48

-

r$been‘recorded from 1972 to 1978 for each entry and .lndicate that costs

have increased from 65. to 90 percent over 1972 co%ts. Theée tables .

demonstrate the order of magnitude of cogt increases~forlmater151

and labour ana.place in perspective-the need for careful planning and
managemenﬁ of project costs when the construction industry is faced

with inflation. : d
¢ ’ . , _/
The effects of tight money, foreign exchange, uncertain -

.

technology, high interest rates and inflation on capital constructign*

projects are likely to remain serious in the years ahead. Thus in
. .
of&er to estimate the costs of large and complex construction projects
' '
to a reasonable degree of accuracy, it has become necessary to utilize,

available methods to account for these previopsi§.mentioned effects.

i . '
Various methods to improve the accuracy of cost estimates
Y . )

have been used for‘uany years but recently more emphasis has been.

s

put into determining ways and means of forecasting cost increases

and allowances for uncertainties to account for the relentlesslty

s “ . 2

increasing inflationmary spiral. Methods for predicting and managing

escalation and contingency and how they relate to’coé%trucqion form -

W &

-

the focus of this paper.

iy ' The objectives of this report are: .o . .

-




. , . , 'Am: 1-2

U.s. aureau Qf Reclamacion Conscruccion Costs

- ¢ N

- : . % chg. % chg.
) . October z . 7478 ‘10/77
1972 1973 1974 L 1975 197% 1977, 1978 10778 10/78
»
COMPOSITE INDEX 1.0 ° 1.49 ® ~ 2.20 2.36 +~1.7 +7.3
o~ . Daxs ’ ’ ‘
. » Earth 1.41 1.49 2.13 2.26 +1.4 +5.2
Structures, 1.35 1.43 2.04 2.13 +0.9 b4
¢ . Spillway " l.44 1.53 2.18 2.31 +2.2 +6.0
OQutlet works 1.52 1261 . 2,29 A5 +2.1 +7.0
Concrete 1.37 1.46 2.16 2.32 +2.2 +7.%
Diversion 1.38 1145 2.18 2.33 vo#1.3 +6.9
7 PLMPING PLANTS . . -
e Building and equipment 1.50 1.48 2.24 2,41 +1.7 +7.6
' Structure, reinforcement . e ; .
concrete & improvemencs 1.32 1.39 v 2.16 2.32 +11‘ +7.4
Equipment 1.53 1.61 2.36 2.55 +L.2 +8.1
. pumps & prime equipmenc 1.52 1.60 2.45 2.67 +1.3 +9.0
accessorv electrical - . s
. & miscellaneous . ¢
' equipment 1.55 1:63 2.2 2.39 "+0.8 +6.7
STEEL PENSTOCKS, 3J¥S5CHARGE T v
PIPES" : 1.49 1.58 229, 2.51 +1.2 +9.9
CANALS 1.36 L.44 ,2.18 2:31 +1.8 s 46,0
Earthwork 1.41 1.48 2.17 2,29 +1.8 +5.5 -
Structures 1.33 1.61 2.19% 2.35 +2.2 ' +7.3
. CONDUITS (tunmnels, concrete= ’ .
lined) . 1.35 1.45 2.18 2. +1.7 +7.8
LATERALS AND- DRAINS 1.33 1.40 2.06 ° 2 +1.4 +5:3
Zarthwork 1.39 1.45 2.05 2 +0.9 “+3.9 ¢
' Structures 1.29 L.39 2.08 +1.4 +5.8
POVER PLANTS, HYDRO : =
“ R Building and equipment 1.41 1.47 2.21 2.36 +1.3 +6.8
' Structure, reinforcement ' o i ’ “ .
concrete & improvements 1.32 1.40 W1.75 1.94 2.04 2.17 2.33 +2.2 +7 .4
Equipment 1.46 1153 “1.75.  1L.98 2.11 2.25 2.40 +1.3, +6.1
turbiné and generacors 1.48”7 1.54 1.73 2,00 .12 2.26 2.41 +1.3 H6.6
accessory electrical : ‘ ) ;e
& miscellaneous , \ . ) *
. equipment ., 1.45 1.53 1.77 1.95. 2.06 2.18 2,34 +1.3 +7.3 \
PIPELINE, concrete 1.31 1739 1e6 N.sh 1.96 2.02° 2.22 2.3 % +9.9
SWITCHYARDS & SUBSTATIONS 1.38° 1.44 1.74 ,1.91 2.01 2.13 2.28 +1.3 +7.0
TRANSMISSION LINES . ) . , . 4
-~ Wood poles, 115 kV 1.40 1.54 1.89 1.96 2.09 2,33 2,52 +1.2 +8.2 '
poles and fixtures - 1.51 1.74 2.12 2.16 2.1 2.58 2.82 +1.8 . 4+9.3
- conductors, devices 1.32 1.36 r.66 1.78 1.88 2.09 2.24 +0.9 +7.2
Steel tower, 230 kV 1.39 1.45 1.82 1.98 2.08 2.25, 2.48 +1.6 +8.8
GENERAL PROPERTY - BUILDINGS- 1.48 1.61 1.89 2,00 2.12 w28 2.49 +1.6, +9.2
ROADS, primary 1.34 1.42 1.79 '1.99 2.09 2.22 2.39 +1.7 +7.7
‘secondary T 1.33 1.40 1.71 1.96 2.02 2.11 2.32 +2.7 © 1 +10.0 '
BRIDGES, steel 1.1, 1.8 1.77 1.99 2.11 2.23 2.42 +2.1 +8.5
SOURCE: U.S. Bureau of ReclamaE;Lon.Denver. Colo. , Base: 1967 = 1.0.
@ v
* Project cost to federa’J. government of BuRec projects in 18 western states including Alaska.
, SOURCE: Engimeering News Record, December 21, 1978. . - ‘ . ’

. [




L. To describe clearly the notions of escalation and
contingency\ and the éignificance of their roles in

the different phases of the project development life’ o

“

cycle ; . A

i+

£

. 4 v
) (2) ' To describe the state of the art with respect to how

. ) escalation and contingency are estimated, how they.ard’
. “. . . [ - 4
y _— ‘.incorporated into the cost control program for a project,

. and how they can be- managed;
/ + rd ‘

. : . (3) To identify* the areas where further resedrch work

should be directia\d . . ‘
. . +*

The point of view expressed throughout this .papér shall be
that of the project manager and his staff who, as a group, represent

the owner and h.jl,s interest's. Thus this report should be of 1ntgrest ‘

to owners and project managers employed by integréted engineering

firms. : T - ’
&2 ' ' b ' * N '
Escalation can be defined as a dollar allowance to proiide
for future increases in costs (for materials and labour) that are . '

likely to‘occpr due to the difference in time betwe'en design of a o

project and the procurement or construction of its components. 4

Contingency is the specific provision fox" unforeseeable

/ @ elements or uncerctainties

. Changes in scope are not addressed and a change of scope %ould result
o L B
° \ in a change in tl}éic budget. ,

v
s <A B
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Total Project Cost = . Actual - ~ . l

’_-at Conception . -

| + budget overrun - . !
- ‘ L - budget saving ,“ o , ]
> — (2) %%
— Contingency Allowance Predicted————J E ‘![
: o
. . T U
.y — i
. L :
— Escalation Provisign
z e\ / ‘ :
| .
} .
i .
- Basic, Budget in Constant ,
Dollars including IDC¥* . :
. o ‘
: ) /
; . : SR
. { o ¢
B ’ 4 -
1 L . I
+ Time K . . -
}——- Conception . N Completion ——-’-{ :
* IDC - interest during L . " .
construction Figure 1-1: Components of total project
. . cost
%% @ or 2 denote the ‘ + ! - \
. PpProject cost at ' '
completion .
. \' Most projects require several years from the initial ‘conception, .

_ through design and construction to completion. By referriﬁg toy Figure

.

1-1, which shows the estimated total capital cost at conception and two

possible total costs at cStppletion'élong with the initial escalation

provision and contingency allowance, it becomes clear that contingency

y N
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~

" and escalation amount to a substantial portion, of the total.project ‘
cost at conception and Eust be accounted for in as precise a manner
as possible. 1In particular, the final cost at completio; may‘come
over as denoted by i,'or under as denoted by 2, the original dapi al
cost as shown at the right of Figure l—lf Should.the final cost be
over the original estimate, (assuming that the basic budget was estimated
correctly) then the initial escalation provision and/or contingency
allowance as applied were inadequate and conversély if the final cost”
was less th;n the original cost, then tge project had too high a -
contihgency allowange and/or escalation provision. Obviousiy, the

second case would be preferable to the project manager, as an overall"

project cost saving would be realized.

&

' Contingéncy shall be dealt with in détai%hjn Chapter 2 and i

Escalafion shéil be similarly treated in Chapter

.

[N -
Chapter 4 will contain a sample calculation incorporating

. B

both contingencyland escalation into a cost budget.

1

Chapter 5 will discuss recommendations for further redearch

and outline the conclusions-of the paper. "




CHAPTER 2

CONTINGENCY .




YT

" experience relating estimates and actual costs has shown that,

2.1 INTRODUCTION A

Contingency is defined by Webster's dictionary as 'that .
which is likely, but not certain to happen; possible happenings by

¢

chance or unforeseen causes'.

The American Association of Cost Engﬁneers defines contingency
as;the "specific provision for unforeseeable elements of cost within

the defined project scope; particularl} important where previous

statistically, unforeseeable events which will increase costs are

likely to occur”.(as) ' '

For the purposes of this paper, this definition shall be -

further clarified by emphasizing that contingency is an allowance
; N ,

for uncertainties, unforeseens, intangibles and minor omissions or

errors. It is never an allowance for changes that have already

occurred and is not intended to cover changes in the project scope
(i.e. changes in owner philosophy, revisions to basic designs and
process systems). A contingency allowance is only included for
normal estimate uncertainties. An estimate that is extremely
conceptual and based upon little or no actual design information has

a large possible cost variance and should include an appropriately

high contingency allowance. On the other hand, if no uncertainty
exists with regard to a particuiar segment of the estimate; no

contingency should be included.




X

.
’

It must be poinﬁed out‘that this paper as§umesAthe viewpoint
of the project m;nager and his staff as representatives of the owner.
" The viewpoint éor conﬁingency across a frojectﬂﬁife cycle is‘différent
s for‘the ownér and the contraétor. These two view?oints are depicted‘ih

Figure 2-1.

- -

A

FIGURE 2-1

Project,Life Cycle and Contingepcy - ’ .

viewpoint of -

g ..
' owner . | - viewpoint .
|\ of contractor
| :

!
v

!
‘ feasibil~ Pre-desigﬁ} design construction ’ ’ I

Contingency Allocation

ity : .
| procurement o

The owner allots funds to contingency at the start of the project
. . , N fut

- [ IS AT
and expects these funds to deplete to zero or remain in reserve by

the completion date. The contractor who comes in at the beginning -

of the construction stage assigns his own contingencies which may be

higher dk lower than the contingency allowed by the owner for this

stage. .




u

t

the contractor's Viewpoint on/ contingency may be summed up as follows:
3 .
3 ’ LY “
. Owner/Consultant:
y \\‘ - . / !
. 1. Designer: }The desigqér may consider contingency as an
F .
‘ ﬁextra fund from which cgverage can be obtained
' \
\ "for underestimated and bmitted items.
. , | /
\\ 2, Estimator: The estimator may consjider/ contingency as a |
i 1, |
- ; / fund that is capable of covering the lack of
& i i
} / definition, lack of experfience in estimating
f ﬁdr the préject or activity type,and the
1\ 4
\ o multitude of other items|connected with 1
)
\ ‘v\ | !
\ ¢ cost estimating. |
14 1’
{ \ 1 "(l
\ 3. Management: i Management may view [contingency as money that /
1 - .
\\ . will not be spent and will become profit. %
\ ’ However, management |assumes ultimate respons- /
. k . ibility for allocatilon of contingency if /
x . , consensus is not Teached between the desigper | ,
. ’ < f /
and estimator. Il
\ ' !
\ I
\\ Contractor: . /J
| Gt |
L] ' R \ t ’r/,}
- \ The Contractor should view contingency as a fund that must be L

accurately allocated to cover for lack of experience, lack of
' o

definition and lack of contractual agreement in order to allow



s A

him to bid successfully againét others,| while at the same time
. giving him a reasonable chance to assume at least a break-even

conclusion to a project. -

{ .
the uncertai tﬁes invblved, types of contingency, cost reports and

/
s

contingency,|cantingency depletion and appropriation, contingency and

contracts and ethodslof calcdulating contingency. )

2.2  UNCERTAINTY

L

construction projects that are currbﬁ(&z\beiug buile,

till in the discussion stage involve a large degree of

n of an estimate consists essentially of identifying the

t relevant to the final outcome of a given course of action

and the ¢orresponding costs that are reflected by this outconre. .

|From the owner's point of view, uncertainty may be reflected ;

in one gr| any combination of the following considerations:

()

Market trends;

11~
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"231

(2) Material, equipment and labour shortages;

"(3) Labour productivity;

4) Escalation due to aspects of inflation;

. , £
% Political stability in foreign countries; ‘

(6) . E‘stimating omissions;

(7) Errors in base costs estimated (costs supplied by othets);
(8)  Changes in design due to engineering refinement;
(9) Changes in interest rates.

Ag was mentioned in the introduction, some aspects of
contingency are viewed differently by owners and contractors. However,
contingency is an essential element in project estimating and must not

be omitted, neglected or most important of all - misunderstood.

-

2.3 . CONTINGENCY -~ GENERAL

INTRODUCTION

The contingency allocated to a project cost estimate does
. -
not provide protection against’costs incurred by .scope ckanges unless

a special built-in amount is specificaliy set aside for this possibility.

.

12
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Some of the conditipns that may ogccur during a project life

cycle that are not accounted for in the estimate by the estimator

acting on behalf of the owner are as follows:

(1)
(2)
(3)
(4)

AN
(5)
)/
)
(8)
(9)

. (10)

7

Should _any of the above occur during the project life cycle, adjustments

Change in concept (such as mat versus piles);

New licensing,tenvironmental or safety requirements;

Site conditiond other than those assumed;

Accidents, catdstrophies;

L]
Force majeure (lconditions beyond contractor's control);

\

" New work rules (Union or Government); .

Strikes-abnormal (those that affect schedule);

Weather
Changes
Changes

Changes

(abnormal) ;
in work week from that anticipated;
in schedule due to itéms (7) and (8);

in tax rates.

L\

would have to be made to the satisfaqtion of all parties regardless of

v

the contract

type.

»

Most projects, however, do have areas of concern such that

a contingency appropriation is necessary to cover for uncertainties.

* Table 2-1 denotes five particular areas of concern during estimating,

13

7z



what the concern stems from and a practical example of what the
"" .
corresponding contingency allocation must cover. These five ‘areas

come under either process design, detailed system design or market

trends as described in Section 232.

i

The usual practice in conting%ncy apbropriation is to first
examine the individual categories in the estiﬁate. By doing this, the
edtimator attempts/to-assqss,‘by some means or other, the degree of
uncertainty surrounding each element or activity. When éhis degree
has.been established within a r;;sonable ragge, a realistic percentage
to cover contingency issapplied to the specific item. The total

contingency then’ becomes the sum of the individual contingencies

(should contingency be calculated in this manner).

232 ° TYPES OF CONTINGENCY .

Y

For the purposes of this paper, contingency is grouped

'

under three separate headihgs as follows:

1) Contingency on Pracess and Techmology Design

Process design can be defined as a package éystem considered as
an entity in itself (such as a boiler, turbine or pump). For the
case of proven designs, the amount of contingency to cover uncer-

tainty will be small or negligible, generally in the order of

0—32(2). However, if the designer is  jless familiar with the

process, the contingency could be as high as 151(2)._ In the

[

event that a design is unproven, the contingency could approach

) ' ‘ ‘

3

100%

14
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Evd

. : design could be defined as the deéign required to integrate 'two

‘“
- 2
~ ¢, =
B .

(2) Contingency on Detailed System Design - . - .

+ N -

Generally the specific requirements for these systems afe set ’ .

“oug by & code or codes! The more that is kﬁoqn, the smaller
‘ AN

the fictor of ignorance reqdired. There are no set ;ﬁxs of : i
. . . \ ®
thumb percentages to apply to these elements, which comprise ‘

A
.

. civil and nom-process design. The experience‘of the designer N " '
" ) % ‘. - s ' !
\ and estimator together shou'l.d be the necessany fngredients to . MR

» '

ascertain an appropriate contipgeﬁcy alloqgtion. Detailed system

or more process design packages to achieve a workable system.

¢

r - L@ ! .
(3) Contingency to Account for Markét Trends ‘ ' . T °

A4 .

Al

This is the most important contingency allowance to be considered.

e This type reﬁuirea‘much judgement and foresight,bléng with a . §

v wealth of learned experience. Many factors)are obviously affected ,
by market trends and any shift.in the norm will upset an estimate

'

. - . ’
if the items affected.have not been analyzed for uncertainty. ’ :
’ ' g
From the owner's viewpoint some of these factors are as follows:

.(a) Coﬁpeﬁit;zgness ~ will the bidders for this type of contract

be busy or idle?‘

) Commodity - how do these prices fluctuate over a
. Prices . . - , )
- period of time compared to ‘what they were o
- - E - .
when the estimate was made. Foreign { ot

) : . ; ’

'exchange fluctuation may have to be ) ;

considered.

. . ' : L e




| . .

3 () Productivity '~ what will bidders use relative to assﬁmptiéns

o , ‘ . . : : taken and what will be the“éffecq of new " .
" .

4

- ] labour agreements. .If unemployment is low

or high during .the construction phase; how

-

will this affect productiyity?

v

(d)-. Escalation’ - what will the going escalation rates be

- ) <dur1ng the constructi$h phase, how does

one account for a change in the forecast
b
- ! and actual escalation used 'and what are

. . 7 the contract clauses regarding escalation?

-

() -~ Interest Rates - how to account for changes imn forecast

¥ « .
%

ks iy

> . and actual interest rates. .
{ , 1
Table 2-2 shows the phases in a project 1life cycle and the
. o
- types of expected contingency for each phase. The degree of uncertainty

t

' :
4 decreases as the preject proceeds. However, one observes that for

process and technology design contingency, the uncertainty is yirtually
eliminated at 'the procurement stage (barring some 'scope change).
Similarly, detailéd system design (which compromides ‘the civil, 4

L) .
- gtructural, electrical, and other systems) varies from a high

contingency at feasibility to near zero contingency at the

development étage: The near zero, terminology 1s used because minor
design changes could océur due to unforeseeable prdblems during the
constructisn stage. Therefore some degree of contingency should be

allocated at the construction phase. -

&
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I T A

. = . Types of Contingency
Phase . Process Design Detailed Design Market Trends

" o . @
Feasibility X X X 2
Programming . X X X . 8

, 3]

. Conceptual Design X X X -‘%
Design Development X X X 'E
Procurement X X 28

. vl a5

1Construction - ‘ - . X X, e

-~ N N ~ -
Commissioning X "E

. ) . / “ . - , |
s TABLE 2-2 ‘ , o

Table Showing Applicable Coutingericy Types to PrOJect 4
Life Cycle Phases

AN

With respect to market trends, the uncertainty decredses
with project development Definitely, there is a high degree of

uncertainty at the feasibility phase concerning virtually every

aspect of the planned project. The uncertainty varies 1itt1e until-

the procurement stage. Through this phase and the next two, construction

¢
-

and commissiohing, market trends play a major role in the contingency

-

appropriaqioﬁ. Productivity, escalation and interest rates could be

expected to vary ftoﬁ the piedicted figures and therefore proper
contingency monitoring should be mandatory to review and effectively

manage these changes to avoid mis~allocation of the contingency funds.
. ; . .
{

.

CONTINGENGY ALLOCATIONS BASED ON EXPERIENCE

Throﬁgh years of experience in evaluating and monitoring costs

.

on large construction projects, many englineering firms have come up with

cd

'
}
YL :-‘-»w<t.irﬁ&'
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percentages that apply to particular circumstances’ for contingency.

3 ¢ '

The following figures przyoéed‘by Zeanah were applicable in 1973, but
.o K

‘may be somewhat on the’ 13w side in 1979.

The following percentages have been selected as being

1) ‘

representatiyé for t?e purposes of this paper:

Good engineering definitigh and purcﬂhsev‘

order ‘data ‘ - ... add 5% , ;
- j ~ +

Good engineering definition and no - . ! "

puréhase\order data ® . ) " .... add 10%

\ Y i ° 'r

Conception engineering - no purchase
. . , : ‘

order data [ ... &dad 20% ro 30%

It should be noted that large unique projec%/ like the Alaska pi ;»ine,

f

for which little or no past experience data'ﬁn‘contingency were available,

r,experienced contingencies mucﬁ highef than the above.

The following two Eigure;, 2-2 and é—3,%dep1ct(£he relation-,.
ship between the committeé amoﬁnt for each segment of the project and
the contingency allowance for the remaining uncommitted 1tems (i.e.
those still in the estimated category). As shown on Figure 2-2, at

‘the project's inception when no monies are committed, the contingency

, allowance is 15 pércent for the remaining uncommitted items. §ince

all items are uncommitted, the overall contingency is also 15 percent.

At 50 percent committed, the total contingency becomes 12.5 percent.

N
.
. '
. I
N +
.
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FIGURE 2-2

Contingency Analysis Curve for Equipment

v
"100 =
* //
80 r,//://”‘ b
e
w o
; ///(/////// |
b
60 .
E ' <
QO /
: /
= ‘ . ‘
$ 40
i¥]
o .
= 1] ' .
’0 . - a
* 20 T 7777 ‘
h ]
0 ’ -
15 20 .25 30 35 . 40 . 45
Percent Contingency onh Uncommitted Items(l)
(1) . Assume constant 5% contingency'on Committed 1tkms
A. At 07 committed: Total Contingency
' v.
B. At 507 committed:
. contingency on. committed = (.03)(.5) = 2.5Z2 -
contingency on uncommitted = (.20)(.5) = 10.0% °
C. At 90% committed: ‘ .
‘ contingency on committed = (.05)(.9) = 4.5%
contingendy on uncommitted = (.40)(.1) = 4.0%
Note:  The above curveAand that of Figure 2-3 were derived

using numbers gleaned from actual projects.

‘o

Source: Criterion for Analyzing Countingency and Escalationm,

. ~

R. €ook, AACE Trans. 1978.

= 15%
= 12.5%

= 8.5%



Percent Committed

»

FIGURE 2-3

s

Contingency Analysis Curve for Bulk Materials

-

¢

100 + T
80 //
60 ///,/’/(‘ :
// —
.40 / : o .
20 |—£
A .
/ P
0 / : { .
15 16 17 18 19 20 21
Percent Codtingenéy on Uncommitted Items(l)
L Assume constant 10% contingency on Committed items
A. At 0% ‘committed: Total Contingency.
B. At 50% committed:
contingency on committed = (.10)(.5) = 5%
contingency on uncommitted-= (.16)(.5) =+8%
4
C. At 907 committed: ' e
contingency on committed = (.10)(.9) = 9%
contingency on uncommitted = (.20)(.1l) = 2%
Source:

Criterion for Analyzing Contingency and Escalation;

R. Cook, AACE Trans. 1978.

L]

15%

13%
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At 90 percent committed, the total contingency is 8.5 percent. These
numbers show that the rate of decrease of project contingency is slower

than. the rate of completion of the project.

This approach eliminates one of the most common pitfalls
in analyzing contingency. Most estimates reduce contingency early
in the project based upon receiving information on major items which
tend to confirm the original estimate figures and ignore the fact that

“

these items were in the category of activities which should have lower

uncertainties than the overall average due to early design and procure-
!

ment. Later in the project, large variances are encountered.on items

because the averaée contingency is insufficient for these activities.

These figures should gerve as a guide for estimating an
applicable contingency. Deviations from these figures are possible
depending on particular circumstances. Table 2-4 in Section 2.4
outlines contractor's and owner's contingency appropriation for

specified contract types.

2.4  CONTINGENCY AND CONTINGENCY APPROPRIATION
' IN CONSTRUCTION CONTRACTS i -

N,
The owner, through his engineering consultant prepares on

the b;sis of available resources and knowledge, designs, plans, specifi-

cations and a cost estimate that has been formulated ;s accurately as

possible at the pre-award stage. The owner then sends out invitations

to bid to prospective contractors. Whether a negotiated or competitive
. \

N\

,,.\,\_.\:

22



contract system i5 used depends on many factors. For either, estimates

of cost have to be made by each prospective contractor. After review

of the documents, the contractor (if he accepts to bid) doces his own
estimate and submits his proposal. In specific contractual arrangements
between an owner and a contractor, no allowAnce is made in the contract
for the contractor's contingency irrespective of the contract type as
seen in Table 2-3.

TABLE 2-3

Major Types of Construction Contracts and ;
Their Contingency Provision

Type of , Contingency
) Contract Comments Provision
T
Fixed Price Contractor must include all known
< contingencies with his bid none

Cost Plus All incurred costs are billable

directly to owner not required
Unit Price Contractor must build in contingencies {

to his bid unit prices none

1

The owner's designated estimator has determined, prior to the -

issuing of. invitations to bid, the project direct costs, pre-award
contingencies and escalation, and deve'loped a full cost estimate

based upon the known scope at the time. However, information received
from the contractor may cause the owner's estimator to rethink some of

. 1

his figures and as a result & post-award revised cost estimate may be

-

necessary on the part of the owner.



o

¢

Table 2-4 gives a comprehensive breakdown of contractor and

owner circumstances and total estimate formation corresponding to a

particular circumstance. This table ﬁay not be relevant in all cases
- but it should serve as a guide. However, the contingency allowance |

gap has widened since 1971 when this article was published. ‘

After the award of the contract, the owner and contractor !

‘monitor actual costs that are generated. Continuous comparisons

between actual costs and base estimates are made. Original estimates ,
are modified to include actual costs as the costs become available.

In this way new projections and modified estimates are made of the
remaining portions of the ;;roject. This process 1is repeated through

the life of the proj;act by the owner and through the construction }
stage by the contractor. The recording and analysis of actual costs

is a valuable process 1if th; quality of ’the estimates and job performance

is to be improved. The next section looks in detail at contingency in

Q
cost control. . .

24
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TABLE 2-4 ‘

Table of Contractor's and Owner's Contingency Appropriation
For Contract Types

E]

Total Estimate
Estimate Relative
Circumstances Formation¥ Index
Contracto‘r Bidding, Lump Sum Contr. Est. + 57 105
Contractor Bidding, Lump Sum
. (Hungry) (Optimistic) Contr. Est. + 2% 102
Contractor Bidding, Reimbursable
Cost Contract Contr., Est, + 10% -110
Owner Interested in Owner's Est. + 15% 15
Appropriating (to provide let's '
/ ® say 1 chance in 10
” of 10%Z overrun)

Owner's Expected Cost Owner's Est. + 10% 110

Owﬁer Thinking of Project as , )
R&D ‘ Owner's Est. % 30% . 130

* Assuming all have identical estimating capabilities but various
personal experlences as to contingency requirements to meet their
own end uses. .

SOURCE: "Contingency" - Cost Control Committee N.J. Section - AACE
Trans., 1971. -



2.5 CONTINGENCY AND COST CONTROL

251 GENERAL

Cost monitoring is an instrument of cost control.” It is done

/ on a predetermined periodic basis during the phases as iﬁdica&ed in

Table 2-5.
! - TABLE 2-5
Project Phases and Corresponding Cost’
Monitoring Sequences
b, 3
Phase Cost Monitoring Sequence .
Conceptual Design on estimate based on design solution or solution

alternatives

Design Development on each bid package at certain percentages of
and Documentation “completion (say 30%, 60%, and pre-bid); also on
overall ré—estimate (if done)

Procurement on analysis of bid
Construction at regular time intervals (generally monthly)

inclusive of tabulation of costs incurred and
estimate of costs remaining to be incurred

Contingency is incorporated into the basic budéet as indicated
in Table 2-6. Contingency itself must be analyzed throughout the project
duration to ensure proper interpretation of the total forecast of costs;
By analyzing.contingency on a periodic basis, the revise& forecast values

Bl

will yield the net effect of the project estimate. The result may

26



1 . -

indicate that the contingency has been reduced (or increased) by some /
dollar amount. This change 1s du? to a change in uncert‘ainty as the
project progresses.

TABLE 2-6

L]

Tabular Format for Incorporating Contingency , -
' into the Basic Budget

-

Basic Budget’ Contingency , New Budget in
Element Cost Allocation Current Dollars*.,

Labour- 250,000 6% 265,000

Material Cost .
a) Machinery 125,000,000 107 137,500,000
b) Equipment 30,000,000 15% 4 ‘ 34,500,000

-

* The new budget in current dollar figures should be used in the deter— -
mination of escalation as discusséd in Chapter 3. '

I3 ]

Table 2-6 is included for illustrative purposes only and the 1

com:ingency\ allowance may of course, vary substantially from that given.

€

The new budget in current dollars then allows for uncertainty in the

“cost of tuhe elen;ents considered. .

The effective use of perigdic cost reports indicates the -
conf:ingency reserve status, that is, how much of the contingency
provision remains undepleted. These reports will also assess what
cogtiqgency_ provision is still required on each item of uncompleted

work.




Table 2—7 illustrates a project estimate status report for
o)ﬁe project. The table is divided into two parts. The first part
*(A) denotes the determination of the original cost estimate by
incorporating contingency and escalation into the base const‘ruction
cost. The second part (B) shows how contingency and escalation are
accounted for in a project status report at a specified time when work
is in progress. Part B has the costs shown by contract package for a
sewage treatment pl..ant.' Each package has a detailed breakdown of
contingency and escalation for periodic ac\:counting purposes,. Both
contingency and escalation have an original allowance. “This amount
may be in excess of or less than the required amount as determined
by computation. Tl‘%e reserve amount is calculated and the forecasit
to complete 1is predicated. The sum of these two indicates the amount
Inecessary (at the time of compi‘ling the report) to complete the project.
The variance is the difference between the required amount and the
original amount. VThe projected final cost then becomes the algebraic
sum of the original cost estimate plus the contingency variance plus
the escalatibn variance. The ‘total cost line denotes the sum of the
contract packages unde; each respective heading. This type of project
status report can be useful in monitoring the project as we},l as giving
the project manager a quick overview of the projedt status. A report

of this type could be computerized to facilitate its periodic gene:-

ation.



TABLE 2-7

' t
- 7 X Project Estimace Status Report o 2 . .
” [l
/A) Determination of Original Estimate Cost
- Base :
Construction Engineering - Project Centidgency Escalatiom Original
s Contract Package Cost Design Management Allowance Provision Cost Estimage
.‘ . g N
Work Not “Started .
Sewage Treatment Plant .
(Civil) 24,80 ¢+ 1,20 1.25 1.25 3.75 32.25
2 1 -
P » .
- 8) Project icatus with Contingency and Escalation accounting T
Contingency
Original . Forecast
. Cost Original Committed to Required
Contract Package Estimate Allowance to Date Reserve Complete Allowance Variance
«York in Progress (1) ’ a (2)
jewage Treatment Plant B
Civil 32,25 1.28 0.50 0.75 0.85 1,35 +0.10 -
Mechanical . 121.00 4,61 1.25 | 3.36 0.55 3.91 -0.70
H 0
Electraical 62,50 2.63 0.87 1.76 0.47 2.23 =0.40
Total Cosc 215.75 8.49 12.62  5.87 1.87 7.49 1.00
8) (Cont'd) PR
™ Escalaction
w Forecast Projected
- Original Committed to Required Final
' Contract Package Provision to Date feserve Complete Provision Variance Cost Variance
‘Work 1n Progress ' (&)] (L)+(2)+(3)  (2)+(3)
Sevage Treacmest Planc . :
' “
Cival 3.75 1.95 1.80 2,05 4.00 +0.'25 32.60 +0.35
Mechanical’ A " 13.25 6.75 6.50 7.21 13.71 +0.46 120.76 -0.24
* Electrical 6.95 = 2.95 4.00, 2.47 6.47 -0.48 61.62 -0.88
~—— -
Total Cost 23.95 11.65 12,40 11.73 24.18 .0.23 2164.98 =077
< i

NOTE; + indicates an overrun, - indicates a surplus.

N
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252 DEPLETION AND APPROPRIATION OF CONTINGENCY

v

Figﬁie 2-4 and Figure 2-5 éhow the Eriginal.baéic budget,

h ® -
plus eécalation, plus IDC and‘the.original contingen%y provisi?n “
for a project life cycle. Fiéure I-4 ingicates that the. projett
alway§ has ;‘contingency in reserve even at cQTmissioningﬁ This
reserve opv&ousiy delights the pfoje;t manager and owner since they

term this savingé a profit. For both figures, the éommit;ed contingency .°

a

fund is referred to as the "Depletion of Contingency" and the reserve

© H

fund is called the "Contiﬁgency in Reserve'. Figur@ 2-5, however,

shows that the\;:iginal, appropriated fund was insufficientfor the

project and that additional funds weré~required. Tﬁese addditional
' Iy
funds are referred tv as "Appropriations". An apprapriation is

2

‘basically an amount to cover for uncertainties that were poorly «
. . / :
estimated or neglected or to cover intangibles and unforeseens that

may be required to complete the work of the contract. It is imﬁlicit~
here that mohitoring contingency is done activity by activity as shown

in Table 2-7. The basis of any contingency appropriation is’ done

.

strictly by activity. It is important to note that the contingency

in reserve funds should not be tampered with because any misuse or

- v

reallocation of funds may result in insufficient contingency remaining

during the project phase and sﬁhsequent phases to cover for the ™
potential uncertaingies for which it was originally planned. An
appropriation of funds must be closely scrutinized;and the project

manager, who acts on the aﬁthority of 'the owner, should be the only

[#}

individual who possesses the authority to order such a procedure.




v

FIGURE 2-4

Depletion of Contingency

0
4N "

i

“e ° « ]
' contingéncy - . 17T .
original in ‘reserve R .
c:z&;:&zgcy . . r.depletion of .
P : " contingeney ’ final
1 - [ project
. A cost |
+ N v ’ -
basic e 0
budget
including
escalation ‘ .
and IDC ’ - : B . s
' FIGURE 2-5
) Appropriation, of Contingency
N b |—-_-
: : !
. i
‘contingency A ’ i .
origina; -0 in reserve ~i~ J C cbntingency
contingency , " appropriation -
provision . depletion ’v'h final
- of contingency project
. = ~ cost

basic
budget
including
escalation -
and IDC




T 2.6 ME'H:IODS' OF CALCULATING CONTINGENCY

"(1) Overall Percentage

This method is- very ‘popular'(although not the method used in .

appropriation above, nor the 'recommended method to use on more

. [y

- tﬁan a few ~activii:ies) and is widely used among contractors,
consultants and bwners. It is a simple teci’mique which takes the
" least amount of time of all methods. This method is-essentially ’

. .
one that has an overall percentage applied to the bare cost
A~

estimate. The determination of the percentage Nt_o be applied
is primarily .that of past experience. Actual costs are compa're&t

‘to.estimated costs for completed projects in order to obtain the

o

required percentages. ’ The final percengtage to be applied to the -
* estimate is viewed in light of “'special knowledge acquired" or

‘the l')ack thereof. . . ‘ >

Example.:

Cost of Water Purification Plant

L3

e Base' Cost Estimate
Divisions Excluding Escalation : .

1 - Civil Works : ~$ 500,000.
2 ~ Mechanical Works ) . 2,62_5,000.
3 = Electrical Works 120,000.

4 - Indirect Costs 300,000, ¥
Total éost in Current Dollars =  $3,545,000.

¥

Apply Contingency of 15% ’ =

532,000.

-

Total Forecast Cost “ =  $4,077,000.

» !



THis example illustrates the overall percentage method. The

degree of aLcCuraéy of this method (except for small projects)

is questionable. - .

S - (2)  Detailed Percei’xtagg

The detailed perce‘ntage method {s similar to the overall percentage
in that every estimated cost has anhallowénr:e for uncerta‘inty.
Hov;ever, the similarity ends here.. The detailed percentage .
method considers each item or activi;:y independently and provideg

] for an appropriate contingency allowance to each one individually.
N .o . , -

By studying completed projects, the estimator should be able

to derive percentages for each item. .

Example:
|

N ) Considéf the Water Purification Plant
’ : (a simple breakdown by division)

Base Cost Estimate

' Divisions . Excluding Escalation ’ 'Contingency' New Cost
1 - Civil Works - $ 500,000. ‘ 10%° $ 550,000.
2 - Mechanical Works 2,625,000. 15% 3,019,000,
3 - Eléctrical Works 120,000. T 107 132,000,
4 ~ Indirect Costs 300,000. ©20% 360;000.

) Total Forecast Cost = $4,061,0b0.




N s
y
i

If the percentages above were based on past experience, the

difference between the two ﬁéthods‘would be small indeed.

-

However, these two examples are hypothetical and variation

in the order of 10% or more could result between the two methods

°
-
\

for some projects.

>

Allowing for Estimate Error

Exber}ence has shown that. in estimating, the chance of omitting

4
soffyportionxpf the work is far greater than the chance of

-

double~counting some portion. Furthermore, while some detail
may be incomplete, another will not be overcomplete. Therefore
the 1ikelihood of undeiest@mating is greater than overestimating.

An article titled "Bigding Contingencies and Probabilities" by

(41)

M. Gates sets forth the following précedure for allowing

for estimate error.

If the quantity of units of work is represented by: Q:

.

(100 - sZ)q <q < (100 + g%)q
100 100 .

the most likely quantity
the estimated quantity
the greatest possible error

-

the smallest possible error; not zero.

Assume that Q = (1 + g)q will occur as often as Q =>(1 - 8)q,

and that these deviations are triangularly and symmetrically




|

distributed about Q rather than q, and that the smaller error

s is 1/3 of the larger error g. - ' ﬂ
. s {
Qz(l—s)q;(l+g)q=q(l+s) . . .

Standard: deviation &’ is:

o= L +2)g - (1 -s)a _4qg » 98
5 15 4

—

Coefficient of variation VQ is:

L

vQ = 2
L+ 3)

By L}
Cousider this example:

\ i . . ; i
The number-of bricks required for/a certain project is calculated
as follows: 62,000'sq ft of wall x 6.5 bricks per sﬁ fr x 1:03
) ‘guzaste = 415,000 pieces. Assume that this method of determining
brick quantities has been found, from past experience, te err-By
as much as 1QZ due to variation in joint thickness, pilferage,

> failure to include all work shown on the.plans and other

unidentified reasons. -

N
R3]

Most probab¥e value Q is [1 + (0.10/3)] x 415,Q00 = 429,000.
Standard deviation & is (1/4) 'x 0.10 x 415,000 = 10,400 pieces
and coefficient of variation V is 10,400/6429,000 x 100% = 2.4%

~

or (0.75 x 0.10)/(3.00 .+ 0.10) = 2.4%.




The above example shows that a 10 percent contingency has been
applied to this singular estimate asldétermined from past
experience and the resulting standarq deviation yielded 10,400
pleces with a coefficlent of vafiatién of 2.4 percent. This
small variation indicates the magnit&de of uncertainty in the
es%imate, but not the range of uncertainty as can be found by

using method number (5).

(4 Risk Analysis P

This is a more sophisticated technigue ang has the following

benefits: ‘ ) .

(é) Individual cost variables are assessed by the estimator

o
-

and project team as to probability of underrunning and
overrunning the base estimated costs, thus leading to a

more objective and collective probability.

®) Management can bé presented with a formal statement that
expresses the resultant range of risk, the most probable

:

cost and the contingency (and attendant risk) selected by

v

the project team. -

\

From the above data, management decisions can be made intelligently
in light of the business gnvironment and competitive market. Thus,
when management decides to proceed with a project at a forecast
cost, it knows within reasonable limits, the risk in meeting that
cost in terms of both dollars and probability. This can be

observed from Figure 2-6.
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Graph of Contingency versus Probability of Overrun

. Estimate:
. Est. cost excl. contingency $15,600

: i i’;ﬁ/’WMM“ Accuracy excl. contingency = +11% - 3%
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} I '
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Source: Risk Analyses - D.W. Campbell
Bechtel Corporation, AACE Bulletin, Vol. 13

The contingency graph above i1s the way the cost engineer
presents his valuation. The sample shows that the estimated
cost excluding contingency is $15,000. The two scales on the

left express contingency in percent and dollars with each percent,

for this example, equal to $150. The most probable cost is

_ presented as $15,600, assuming a symmetric distribution:' The

sloping line equates the probability of overrun of the estimated
cost with different levels of contingency. Management then
decides what contingency to use based on the risk they are

willing to take. For this example, management decided to take

a 307% probability of overrun. The dashed line shows that the




(5)

-which qualifies the uncertainty relative to the project estimates

" Bf the project as they would become too cumbersome to assist in

contingency required is 8% or $1,200. The accuracy of the
estimate is defined as +3% - 11%. The sloping line ranges

from about -37 to +11% or a spread of 14%. The 8% contingency
' 7

used, leaves a possibility of a 3% overrun and ar 117 underrun,

thus an accuracy of +3% - 11%. These bounds assume that they

have no more than a 15 percent probability of being exceeded.
Fyds,

Risk analy&fs is actually a comprehensive statistical technique

and thereby enables the owner to select an original contingency

provision which will have a satisfactory probability of being

sufficient. These analyses techniques represent complex —

correlations between interdependent resources and commodities. /\\>

This tends to limit their use to the earlier estimating stages
¢

*

ost control unless computer assistance was available.

Application of Pert Principles to Contingency Determination !

For particular estimates that have items or activities that
involve uncertainty, an exbert assessment should be able to-
determine a lower and upper bound for contingency appropriation.

Somewhere between the two extremes a most likely value can also

be determined.

These three values are illustrated in Figure 2-7.
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FIGURE 2-7

Beta Distribution of Variables

Co = optimistic
Cp = pessimistic

M Ce = expected value
Cm = most likely

Cm Ce
{ ]

Co

O

Lo,

f i > Estimated contingency
l‘ . percent
| o .

range of uncettainty i

-

The most pessimistic or upper bound for contingency represents
the percentage appropriation, should the most unfavourable

consequences occur. Conversely, the optimistic or lower bound

»

contingency represents the appropriation should the most

favourable outcome occur. |

The three contingency estimates can be fitted to a beta distri-

¢

bution which has convenient mathematical properties and which
can adopt a wide range of shapes. The basis for adoption of
this distribution is to allow coﬁputation of the expected

cEntingency Ce. Figure 2-7 has Qe plotted. This expected

value can be more or less than the mdst likely value. Ce is

the centroid of the distribution and results tend to gravitate

. toward it. It is essentially an average.

' Y



As used by Pert (Program Evaluation and Review Technique) the

value Ce can be expressed as follows:

‘ ' -
Co + 4 Cm + Cp -

Ce = 3 . \

The variance S2 Ce which is a measure of the dispersion of the
probable occurrence about the expected value is expressed as
follows: : -

2. 2

ST Ce = 92—%—99‘;

(
(

This variance increases as the range between Co and Cp increases

and vice versa. ) \\\ ‘

Example: \

Let's consider labour as an activity forﬁa package to which a

contingency need be applied to allow for uncertainty.

Thé estimator feels that because of recent labour unrest in
the locaiity, and rumblings about future strike action over
unrésolved contract disputes, that an upper bound contingency
for labour cost would be 25 percent. On the other hand, should
labour negotiations clear up some of the grievances, a:contingencyi
of 10 percent would b& applicable. However, the most likely
contingency is estimated at 15 percent. Figure 2-8 represents

| . ”

the beéta distribution plot of the frequencles of these percentages

which result in the unsymmetrical curve as shown.

.



" FIGURE 2-8

Beta Distribution for .Labour Contingency

*
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v

fﬁ_{énge of uncertainty

The three estimates, rather than one estimate express the °

céntingéncy for a particular activity, which in this case is
labour. The probability of either the lower bound or dﬁper
bound c;ntingency being attained is about 0.0l. Thus, the

. conéingency that is closest to\fhe expected is the most likely
one. In this example the probahili;§/6f the ;ontingéncy being

'hlﬂ percent or 25 percent is 0.01, Therefore, the expected

contingency should be near 15 percent.

Ce = 10 + 4(25) + 25 16 .

.The expected contingency is therefore 16 percent,: ‘ .




The variance is computed as follows:

2 _ (25 -10)% _

5 ey =625

S = 2.5

The variance which describes the uncertainty is small in this
case, - If it is lérge (when lower and upper bound vaiues are

far apart), there exists great uncertainty about the expected .

.contingency,
©

e

Should several activities have their contingencies determined
in this way, the expected contingency for the group of activites
and the resulting probability distribution may be determined by

use of the "central limit theorem". This theorem enables the’

estimator to approximate a single probability distribution called

the "normal distribution". The normal distribution may closely

approximate the likely path of any contingency occurrence as
deviation occurs away from the mean valuel.

-contingency CE can be found using the forjula:

3
e

n .
CE = I CejL for n activities
i=1

[N

The total variance = S?"

for n activities




FIGURE 2-9 -

Normal Distribution Curve
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Source: "A System for Managing Escalation and Contingency ,
K.C. Carrier, AACE Trans. 1977. .

’
9

Ihe\goncingency that is most likely, Cm is the sum of the

values arrived at for activities considered. |

. . j
: ™ L

-

The above figure represents a typical nprmal,distribution curve.

It denotes the pefcentage areas under the curve that lie between

various limits. The above limits aréudefined in'termé of standard

.

deviatign (s).

R Seanh ]
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substafntial deviation between costs at twoﬁdifferegt times has

escalation célculatio‘. and methods of forecasting escalation rates.

3.1  INTRODUCTION °

«

o

In order to evalﬁate,,monitoi and forecast the tg‘al cost

.

of a pzqgect as constryction proceeds, it is necessary to analyze

escalation and'contingency (discussed in Chapter 2 of this paper) as (
A

well as girect costs. Too often, escalation and contingency are

treated as perpetual reservoirs from which to draw monies in order
. ) A f ~
to vover cost overruns. This is a misuse of these funds and -

.

frequently provides misleading results. Inflation, By itself,

[

has a tremendous impdct on project costs and as ogten as not any

0

been blamed on inflation. This excuse has been poorly receive& -

by owners who subscribe tq the point of view that inflation is often
.
used’ as an excuse to cover—up for pegr cost estimating, cost control

and -project management. ' ' . i !

- 7

This -chapter on escalation will define escalation and review

the role of escalation in the different phases of ﬁroject develppment.b

a

A discussion of inflation to the detall réquired to ensure an under—

»

standing of the role it plays in price and cost increases ‘will-be

»

included. Einél;y, the papef will discuss escalation and contracts,

- .

I 14
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'

INFLATION

Yo,
v -,

A thorough understanding of {nflation and its affects is

necessary prior to discussion of escalation. '

Basically inflation is said to occur when more and more

-t

A

money is required to purchése some representative bundle of ‘goods

s .
and services. It is a sustained fall in the purchasing power of

money, or, what comes to exactly the same thing, a sustained fise

in the general lével of prices: The above definition is important

since in everyday conversation it can be heard- that a particular

x

cost has risen and, the eveht'is attributed to inflation. This

statement might be correct if the price is realiy a typical one

and if most prices have been rising in terms of money. However,

the description need not be true even if therd%were no inflation

¢

at all; if the price of a representative bundle of ‘goods and services

»

were absolutely flat, it could still be thQ; the price of wood,
Eéel or property is risiﬁg while seme equally significant price of

automobiles, generatirs or steel is falling. In any live economy,

P

the prices of goods are expected to'éhangé in terms of each other,

-

because relative costs of production change, fdshions change, or a
cartel forms. Though these changes in reliﬁﬁve prices may have
gomething to do with the éeneration of inflation, they are not the

v

same thing as inflation. Inflation occurs only when some represent-

. ative average of prices 1s rising in terms of mdney.

4

. :.n,‘m«,’p-n" -~

L
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\ . i .

< This distinction between relative prices and the general
| ( price level is important to grasp. A pure inflation can be defined
! .
as an inflation in which all prices are rising at exactly the'same

- rate, the ratio of any one price to any other particular price

. d -

remaining the saqg.j/lf actual inflation were like pure inflation -

no confusion would arise. In reality, both things happen at once;

- 3

prices rise on the average and some prices rise faster than others.

The following example will further develop an understanding

of this phenomenon. Between December 1976 and December 1977 the

-

consumer price index (which is the cost of one of those representative
@ .

'

bundles of goods and services) rose by 6.8 percent. In those same

3

12 months, the price of clothes rose by 4.2 percent, while the cost

v

of medical care went up 8.8 percent. Th}s reflects that those in

the medical care field were much more fortunate than those in the
clothing induséfy. What is often férgotten in everyday discussion

is that those in the meéical profession and those in the clothing .
industry would have been in the same relative position if there had
been no infiation at all (the consumer price index femaining unchaﬂé\d)
while the cost of medical cdare went up 2 percent and the price of

€

clothing went down by 2.6 percent. This firmly distinguishés between

[

relative costs and the general price level, which may be connected
5ut are definitely not the same. Inflation itself, has to do with
absolute prices, in money terms. The following sections will expoun&

on the different causes of inflation.




COST-PUSH INFLATION
. }

323

This type of inflation is essentially one where too much

money spending (i.e. consumption, investment and government spending).

bids for the limited supply of goods and labour available at’'an '

employment level and pushes up prices and wages. If, for example,
. v .

a demand for higher wages is met, the wage increases will increase

the cost of production which sends up the prices that firms charge

for their goods. The result is a form of cost;push inflation. ff
sellers, whether of labour or of property services or of goods
negotiate.and determine their prices to try to get among them more
than 100 percent of the total nationai product, thén the result
cannot help but be an upward push in the price level - a case of
selfgrs' inflation. To clamp down on monetary aﬁd fiscal policy

. R N S— *
to fight such inflation will only result in unemployment and
stagnatién. But not to‘act is to acceptucreeping inflation that

-

may accelerate.

DEMAND-PULL INFLATION

If the total of consumption plus investiment plus government

spending exceeds the value of what the economy can produce'at full
employment, demand dollars will beat against the limited supply of
producible goods and services and will bid up their prices. Since

labour is a service and since at such times the labour market has

w

become very tight, the bidding up of wages is also part of the process.

The direction of the above cause is definite; it proceeds fro% démand




-
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A3

to inflation.. Essentially then, too much money chasing after a

limited supply of goods constitutes demand—puli inflatipn.'

1)

u

»
INTEREST~-PUSH INFLATION

[ }

As individuals and companies come to anticipate a steady
rate of inflation, they build into their interest rate supply and
- IS * N
demand schedules an allowance for inflation. If an allowanceais

#
{

built in, a corresponding cost increase is built in as well. °

FOREIGN TRADE AND INFLATION

The channels through which foreign inffatian-can spill over

go domestic prices are many and their mechanisms quite distinctive.
* ¥
Essentially, inflation is imported when domestic price levels rise.

The casual link may be direct or indirect depending upon’how changes
iq prices of individual commodities abroad lead to changes iﬂ these
same commodities at home. Inflation basically refers to a sustained
increase in prices and requires as a necessary condition an accom-

panying increase in the domestic money supply. Without such support,

. - -

increases in prices will eventually result in marked disequilibria

which in turn will require a reversal of the increases to restore

equilibrium. If the initial price increases arise from foreign

-t

pressures, the foreign exchange market will suffer from disequilibrium
as loné as the exchange rate is pegged by government action. If the

money supply is not increased, this disequiliﬁrium can only’ be removed

e
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©

/

by altering the exchange rate so that the foreign price changes are

exactly offset and domestic prices of foreigq%goods are unchanged.
8
If foreign inflation is continuous, then the exchange rate
must rise continpously'tq preserve equilibrium. Alt;rnatively, the
money supply.may be permitted to expand and domestic prices will rise
in step with foreign prices with no effect on individual markéts within

the country, provided- that all agents buy and sell with full knowledge

of the oﬁgoing inflation.

If the foreign exchange rate is not free to fluctuate or if
domestic markets are not perfectly adaptive to foreign price changes,
then inflation abroad will spill over to the domestic economy and
place upward pressure on domestic prices.

v ’

The foreign exchange market may also be qut of equilibrium
if prices at home and abroad are not rising together. Under this
condition, purchasers of some commodities, both at home and abroad
will switch to suppliers at home, creating an excess supply of
foreign exchange. This offsets the reduction in output but reinforces
the disequilibrium in the domestic money market because monetary
authorities must neutralize the influx of fofeign exchange to prevent
an "inflationary" expansion of the money supply.

/ S

3.3 ESCALATIbN IN PROJECT DEVELOPMENT

The following figure, Figure 3-1, illustrates a typical

project life cycle from the feasibility stage to commissioning and

Table 3-1 establishes the framework of how escalation is incorporated

into the project basic budget.




l— Scope change allowance in basic budget

Total cost esti-
mate Q@r project
life cycle . ' -
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o L Escalation provision in basic budget

- Contingency allowance in basic budget

| | Estimated project basic budget including direct costs
indirect costs and interest during construction

Y t
Program- Conceptua Design Procurement: Construc— Commigsioninﬁ
ming Design |Developmen - tion Cg
‘ and }
Feasibility Documentation Activities of project life cycle
N )
FIGURE 3~1:

Total Cost Estimate for Project Life Cycle®

TABLE 3-1 ' '

Table Used to Incorporate Escalation into the Base Cost Budget

‘ Base Cost Budget* Adjustment for Escalation New Budget in
abonrg Material | Equipment | Total Labour | Material |" Equipment| Current Dollars
i
100 50 300 450 +87% +10% +15% 508
. .
A\
Q

% The base cost budget in this table should include the contingency
allowance as discussed in Chapter 2. _ ™

- i )




This project life cycle as shown in Figure 3-1, outlines each
stage in the project development, A basic budget is determined for
the project at the initial stage] At this early stage (feasibility)
a contingency allowance is appii d for uncertainties (as discussed
in Chapter 2), an escalation provision, as calculated by using "
Table 3-1 is applied to account flr higher expected costs and
thirdly, a scope change allowance &\is provided (in some circumstances).
It is obvious that as the project épproaches completion and the number
of uncertainties diminish, the scope change allowance and contingency
allowance will be either depleted or supplemented. For long life
projects (i.e. several .&ears) the esca‘lation provision will ﬁave to
be readjusted periodically. Accounting for escalation is shotm on

Table 2-7. ' 2

In order to do proper financial planning, the project
management team must have more than just the total estimated cost
of construction at today's prices. They must know how many dollars
will be required and when in time they will be spent. Such infornzation
is provided based on practical detailed schedule and cash flows. It
is very import§nt to hav'e a well thought out,project schedule in order

to ascertain th‘kg project life and assign dollar wvalues to aspects of
b

the project in accordance with the time value of money concept.
-~

The project cash flow is generated from cost information

provided from labor, material and/equipment details in the estimate.

For example; material and equipfent payments are based on scheduled

delivery dates; labour payouts/ are based on the time period in which

activit;’y takes place,

i
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Table 3-2 illustrates a typical project cash flow,.
Generally a detailed cash flow is calculated for each year of the

project. . The direct costs are those for tangibles aﬁd indirect
Ed

costs cover such items as engineering, project administrationm,

quality assurance, owners expense, personnel training and other

intangibles. This type of cash flow allows the project manager ‘
\

and owner to qffectively monitor performance on the project. -The

*

— .

, .
cash flow incorporates direct and indirect costs to account for the

basic budget and then includes escalation, contingency and scope

AR Sl

change allowances as well as interest to the Owner during construc-
tion. Note that the period of escalation is from the date of estimate

to the scheduled dollar expenditure.

To compute periodic escalation adjustments, a series of j
escalation indices must be selected for the project. These indices

will cover such items as labour, materials and energy. It is important %

that both the ownerYand the project manager agree on the figures chosen.
These indices shculd be based on published data from various reputable
sources. Where some elements of the project cannot be satisfactorily

assgoclated with a basic index, a composite indey composed of a precisely f

specified mix of two or more standard indices]can be incorporated.

Periodic reviews of the indices should be made ’ reglster the actual

(published) values and to revise forecast values.

e
‘ The following tables will better endble the reader to
visualize the extent of escalation during the last few yeara\ ‘
¢ r’
”~




- TABLE 3-2

Detailed praject cash flow of budget cost (in thousands) e - )
1979 ' Jan, Feb. Mar. Apr. May June 3uly " Aug. Sept. Oct, Yov. Dec, -
Direct Cost v 82 0 0 0 0 0 0 0 0 0 0 b '
C 3200 3200 3200 3200 3200 3200 1200 3200 3200 3200 3200 3200
Labour 0 0 0 ’ ¢ !
200 200 ’
Material 20 30
600 630
Equipment 45 55 A
320 575 ,
Total Direct Cost 895 85
. 3095 4180 - ,
[ndirect Expensss - 100 110
450 560
B ( ‘
Total Direct and Indirect Cost 995 195 ) . , /"
4195 4390 /
Contingencies - B
L/abour ) A 1 2 . .
. 20 22 g ‘ . s
Material 4 4 .
. 120 124
Equipment : 7 7 '
. 78 85 . " ‘
Escalation : N ' . » ) - |
= r
Labour . .1 1 ) o
. . 18 19
Material -3 4
115 119 . : .
Equipment 6 .10 ' .
) 85 715 . ‘T,
Scope Change Allowance 2 3 ,
; ° 4 7 !
- . . < - ° - r
Sub-Tatal 1019 « 226 ' . .
4219 4445 . \
Billing. T 4219 226 . -
. ’ o . * '
Retainer 422 23
) - ' .
Total P¥diect Payment 3797 203 N -
Int, During Construction N 380 20 ' . ‘“’ . . '«‘
Grand Total Cost . 4599 4B4S - , . N K
o 4 . . N
M - Monthly .
C - Cumulative " - |
* ]
Mote: The above shows figures for two months for a hypothetical project for {lluscrative P |
purposes only. In a real cash flow all months would be tabulated.
Source: Impact of Escalation on Power Plant Cost Estimates, R.A. Barry, Sargent and Lundy, ) ! kl
Engineers, Chicago, U.S.AK ) 2‘
. . '




Table 3-3 and Table 3-4 denote the historic price indices |

for hydroelectric plants and steam electric plants respectively.

’

Table 3-5 contains the builders construction cost indices

4

. ‘
from 1974 to December 1978.

Table 3-6 sh;a;as the variation in consumer prices for several
wé‘stei'n nations from 1962 to 1976. This particular table was inserted
";.t:o give tl{e reader an idea of the order of magnitude of cost increases
being experienced in othe'r western nations relative to Canada and the
United States (which stay nearly the same in terms of ;ela(tive chariges

in annual cost increases).’ '

There are many sources of construction cost indices. - Some

of these'are listed below:

Canada: (1) Consumer Price Index (CPI);
.(2) Non—-Residential construction price index (NRCI);
(3) Non—Residential construction labour index;
(4) Non—Residential construction material index.
!
U.S.A.: (1) Exxon Rei)ort;
‘ (2) Mobil Report;
' (3) U.S. Government Bureau of Labor Statistics;
(4) . U.S. Government Department of Commerce;
(5) Nelson Inflation Index; .
(6) Chemical Engineering Plant Cost Index;
(7) Marshall & Swift Equipment Cost Index;
\ (8) Engineering News-Record Construction Cost Index;
(9) Miscellaneous Publications from Other Sources.

E

Since escalation indices are available, it 1is possible to
develop the expected escalation for each item of a specific work

package (activity) given the time and cost information. The estimator

must calculate the escalated amounts on a month by month basis over

the planned duration of the activity, based on the anticipated cost
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TABLE 3-6

Consumer Prices in Selected Countries
Percentage Changes from Previous Period,
N not Seasonally Adjusted

'

At Annual Rate

- ’ . 12 Months
Average . to O
1962-72 - ) October 1976

Canéhab. . .- : 3:3l
Uhited étates

' Japan

Frénce .

Ge;ﬁany

Italy .

Unitgd Kingdom --

ToTAL “0ECD )

Organization for Economic. Cooperation and DeveLopment - includes
24 non-communisp countries

[}
.

OECD,,Economié Outlook, Degember 1976.




o ' P
.
value of the activity completion during the montg in question,

9

2 ! assuming that ‘the/total cost of the activity is ibuted unifofmly

over the duration of its working déys. The sum  total of the individ-. ,

SR ’ -ually calculated monthly escalated amounts less the unescalated

N -

amounts ylelds the estimated escalation.

| ' ' One area of concern in applying indices is the manner in

. - whicl} the i)roject bésic' budget cost base was determined. In "otherwords,

L the cost base of all items should be in terms'dB equivalent dollars.

" Care should be exercised ‘to avoid mixing costs from pre-award ‘contract
b
o S . '

packages and others which may have been re-estimated. ¥

Normally on a small project, different escalation indices ‘
° ) 4 . L 3 N

| . would not -be used but a general construction index that would satis\

l-v factorily covgrbfor activities of minor cost would be applied. \f‘
NHowever, on a 1argerk‘ projg\gt, the' extra work‘ involved in applying
individual escalation ‘ir'ldic\es would be well warranted especially
if th“efe- is a reason to.believe that there will be a si/gnificant

™
difference between' the rate of inflation on specific items over an ~ -
' &

) estimated period of time. 2 : ., RN 736
’ ' N ) ’ : . |
a2 ) . , ‘
. .\_/// , L . ‘
ot ¢ 3.4 ESCALATION AND CONTRACTS |
'—7 . ' “ . A\ 3 J
. ! - . - . 3 |
’ ¢ . . b -
. < | . |
N Some contracts’‘may contain an escalation clause that allows -
¢ the individual or company who has entereq into a cofltract with an
> / © owner to adjust a previously determined cost in a manper agreed.to . o

— N

by both the owner and cont}'actor/ However, some contracts d% not .&
N o Y

| o

. . - ¥




&

o’

¢

contain su&h a clause and in the circumstance where this occurs

9

the contractor must consider a contingency to allow for potential

-

2

unforeseen cost increases. /
>

&

Clauses in owners contracts between owners and contractors

vary from company to company and from contract to ontract, but mast

of them include the following:

(1)

(2)

(3)

4)

(3

|

A description of the specific elements of cost

4

_contributing to the determination of the initial

contract costs that are not subject to cost escalation;
o

A description of the specific elements of cosg contri-

but:f.ng to the determination of the initial contract

M }
costs that are subject to cost escalation;
. Y !

A}

A stipulation of the index or indices from which changes

) dre to be measured;

in the cost of the.elements }
- ~ |

° -

An indication of the frequency with which the basic

a

contract price will be adjusted to take into account

n
Bt . -
changes in the relevant cost_elements;

- N =

A definition of possii:!le limits to which the cost
elements subject to escalation may be increased or

decreased (should“this b case) during specific

periods or over the length of the cofxtract;
v , . .

«
| .o TN - )

14



5
{, (6) In the,case of foreign contracts involving payments in

two or more currencies,“,,é prior agreement must be reached
on the method of calculating the effects of inflation‘on

\ foreign exchange rates. -

~

{

Table 3-7 below lists the major types of construction

contracts and the way escalation is handled in each.

8
TABLE 3-7 .

Major Types of Construction Contracts and Their Escalation Provision

-

-Type of
Contract Requirements for Use ) Escalation Provision
_Fixed Price Complete plans, specifications and Buidt into contract

, scope of work well defined. "y
Cost Plus Scope of work does not have to be Escalation is included

. - clearly defined. ' in billings
5y ' .

Unit~Price Con’plete plans, specifications and Built into contract

- scope of work well defined with
approximate quantities knowm.

(R}
‘

It should be mentioned here that inadequate consideration ©

of the often detailed and complicated supporting explanations for

escalation provisions in contracts has been the cause of frequent

&

disputes and legal action concerned with whether or not and in what ’

~

manner a clause may be invoked.

' . . e f !

In order to further clarify the type of escalation clauses

o

.+ used in typical contracts for large projects, the following pages

have beerr included to denote what is currently being used by most

[

by

P}

¢ ) ' 5 61



owners and confultants acting on behalf of owners. These clauses

have been selected from ''Montreal Engineering Company, Limited" .

e, COTILTACE specifications and are direct quotes from the source.

w

ESCALATION - GENERAL

Escalation is the amount by which the Tendered Amount of the
Contract Prjce will be adjusted for variations in the cost of

‘Fabour and material, in the manner specified herein.

Escalation Period

s .
- /
Escalation will be calculated for three month periods, hereinafter
, d ‘
referred to as Escalation Period, the first Period starting the

date of award of Contract; and subsequent periods starting at

3 month intervals thereafter.

4 \
Local and Foreign Currency -

- Escalation will be calculated separately for the local currency
component of the Tendered Amount of the Contract Price and for
each foreign currency component of the 'Tendered Amount of the

Contract Price.
-
Indices ‘

The Base Indices used to calculate escalation shall be the.
published indices at’the latest date specified for receipt of

‘Tenders in the Instructions to Tenderers. Proposed indices

shall be published by.an approyed source which shall be a

& .

—

. a \



Escalation as a
[cumulative percentage
of project cost

-

recognized national agenc&yin the countrj of origin of the

material to be supplied. For local labour and locally obtained
L 3

materials, indices issued by or approved by the local government,

shall be used.

The Cost ‘Indices used to calculate escalation shall be the

average of the published indices at the beginning and end of

.

©

the Escalation Period. »

End of contract quote.

-

[ 4 , I

Figure 3-2 Graﬁh of Eipected Escalation versus
Actual Escalation during Construction

publishing escalation indices from their foreca

Time (months)

Phase
- Expected escalation ; ) 4
12 4 —— - - T e o s e - - - ] P
9 Actual escaIation —_ *1 ;
) 3 r | y—
6 4 - - ! ' 1 | Final expected
3 4'__'“__ i ' r § o * lproject base cost ~
! I | A ) : J . plus escalation
[ ; [ | ! | :
, l 1 !
: Base cost :a K i / n
! of project ' ;a+b 1 , '
. 1 | Ll | i Y P2 I A Y
T T T T T T .
3 6 9 12 15 )21 24
|

a = cumulative escalatloﬁrln 12th month.

(v
|

‘

This last clause deserves some comment The time ‘lag in - 7

t dates is an important
"~

consideration. For example, a contractor may codnsider an index number

~- .

relatlng to a particular date to be An force un il the day preceding

~ a

[}

= cumulative escalation in lSth month. j
2
[ 63



e

¢

the date of the next publishéa index and m&y calculate a weighted
average of cost indices over the escalation period which is the

number of months or days that the index is presumed to be in force. -° .
Referring to Figufé 3-2, which shows the expected escalation curve
against time, it can be seen that for the period beginning in the 12th
and 15th months (assuming indices are published every 3 monthsj that

the actual escalation is in excess of the projected escalation for these

1

two consecutive time periods. Also, the cumulative escalation percentage

published in the 15th month is greater than the cumulative escalation
percentage published in the 12th month. The actual cumulative escala-

tion percentage over the interval between the 12th and 15th month

should be the average, 'actual escalation', of both. In this case

N

3-2 as

a;b. The rates determined from the E%E cumulative percentages

should then be applied to the costs being billed for the period between
the 12th and 15th months.

Continuation of contract clauses

- Method of CQalculation ‘ ‘ ;.

Escalation will be calculated separately for the material

component, the shop labour ¢component and f’f—the Site labour
- )
v component of the prices entered in the quedule of Prices.
L.
‘ L]

The escalation on any amenament to the Contract that is negotiated
in respect of changes in the Works shall be based on the date of
quotation of the amendment unless the amendment is quoted either

as. not subject to escalation or as a firm price or as escalated

on same basis as Congract prices. \

/N

the value is the mean of the line joining a to b and 1s denoted on Figure



e =

3.5 ESCALATION. CALCULATION '

~

Calculations for a project are usually done by the weighted

average method. This method is shown for a project eséélation

schedule shown on Table 3-8. Firstly, each item for a project
<*

package is assigned an escalation rate. The base cost of each itenm
is determined and the Pct. of Total column denotés the percentage of
the total package cost for the particular item. The weighted escalation )

then becomes the pct.(of total-cost Fimes theqépecific escalation rate -
for a known time period. fhe sum of the weighted escalation figures
multipliéﬁ by the base cost estimate plus the original base cost .

estimate gives the éurrent cost figure. The advantage of this method ‘
is obvious in that eacq item has an individgally assigned e;calation

v

rate which results in much more accurate project cost reporting.

3

Table 3-9 illustrates a table of actual and forecast
escalation rates as they apply to hoists and cranes. With reference
to this table, the multiplying factor or escalation rate between two

dates can be obtained by dividing the’ index for the end date by the

N . ’
index sﬂfxz;e starting date. ; :

r

“The percentage escalation is calculated by the following “

. /
formula: (

v

Escalation Percent = (multiplier - 1)' x 100.

k% éxamgle

What is the percent escalation for the 1000 Account between

July 1975 and October 19807 (Refer to Table 3-9).

‘ ‘ ‘ 65
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-
Y r'
Index for 1000 Account J'ully 1975 = 143.4 ‘
' hY
Index for 1000 Account OetdBEr 1980 = 189.6
* 189.6
 Multiplier = J75%7 = 1.3221

lv

K

Escalation Percent = (l{.3221 - 1) x 100 = 32.2% .,

\

The arithmetic average differs’ from the weighted average

in the following manner. To illustrate this, consider ‘?able 3-8 for

1973. | o : n

Ex. 1 Weighted Average -

¢

Total Basic Cost 19,400 ’ ' o

Wtd. Escalation . 3.26 -~

[

Revised Cost 19,400 (1.0326) = 20,032

Arithmetic Avérage ‘
¢
. v / ) ]

Total Basic Cost’ 19, 400

L]

Escalation as Pct. = 17.3

]

Revised Cost 19,400 (1.173) = 22,756

Thé above two examples give results differing by more than

12 percent with the arithmetic average on the high side.

This example ‘clearly shows why the weighted average is
used for packages with jany items possessing different escalation

rates. Clearly, when items. have large differences in their pct. of

* total cost and in their escalation rate percentage, the arithmetic a

"average will give a distorted outcome.

~
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However, some contracts still maintain the use of $he
——

arithmetic aver}age method. The following pages will show the

continuation OE‘i typical contract clauses.

|
1
1 .

i
Material Escalation Calculation

Symbols used in this Clause shail have the following meanings:

- ‘ v
»

(1) APM (Amount of present price representing material) =

,

.

/

material content of price as listed in Appendix I - Schedule

of‘ Bid Information.

.
4 R t .y

(2) MBI (Méterial Base Tndex) = % «

(3 PgAR (Piéterial Actual Rate{r. *

.- Changes ino pi:e’s‘ent prices nres‘uI_Lt:ing from escalation of material
shall be = AiX’M times MAR - MBI. !
" MBI

: . 15 .
For material the Material Actual Rate (MAR) wil];)lge the arith-

g

Y ‘ .
interval. Price changes will be calculated atithree-month

-~ . \

intervals and will be applied” to payments for t{or completed .
| N - !

during such 1nterval\$. Payments due becLuse of e cah{tion will
% : .

be made when the spec}‘ific indices become available. ’ Cy

I
. o [

Shop Labour Escalatibn Calculation
/ 1
. / ) ‘ ’ ‘
Symbols used in t:h/:(s Claude shall have the foll¢wing meanings:
/

*



¢ '
N o /-.
'

(1) : APS (amount of present price representing shop labour) =
. ‘ 0

shop .labour content of prige as listed in Appendix I - '

Schedule of Bid Information:

o

(2) SBI (Shop Labour Base Index) = *

(3) SAR (Shop Labour Actual Rate) = *

k4

4 phanges in present prices resulting from escakation of shop

labour shall be = APS times SAR - SBI.
. ‘ SBL

For shop, labour the Shop Labolr Actual Rate (SAR) will be the

arithmetic average of the specified monthly index over a three-
month interval. Price changes will be calculated at three-mongth

»

intervals and will Be applied to payments for work completed \\
during such #ntervals. Payments due because of escalation

will be made when the spécified indices become availadble.

@t

Site Labour Escalation Calculation

Y

Symbols used in this clause shall have the following® meanings:

k]

(L) APL (Amqpnﬁiof preseﬁt price representing Site labour) ="

Site laboﬁr content of pfice as listed in Appendix.I of

’

Schedule of Bid Informatiom.
. 5
(2) LBI (Site Labour Base Index) = the Total Wages for each

3

(s

A

month calculated from the wages including payroll overhead ’

e,

N

entered in Appendix II of the Schedule of Bid Information

\ - .

(Q;—?\ - . . "



in accordance with Contractor's Collective Labour A%&‘-

, % e NREE
ments, and the proposed number of manhours to be worked

at Site entered in Schedule of Bid Information.

N

3 LARv(Site Labour Actual Rate) = thg‘lotal wages for each

month caldulated‘from the wages including payroll overhead

o

.

based on Contractor's Collective Labour Agreements in

force at time escalation is calculated and the same a

number of manhours as for LBIL.
Dd-
Chapges in present prices resulting from escalation e Site
Labour shall be = APL times LAR - LBI. . . - <
I - . T LBI , . - Lt

“ 4

Price changes resulting from escalation of Site Labour will be
calculated and take effect on the date that new wage rates come }
into effect in accordance with Contractor's Collective Labour *

Agreéments. Pricgikhanges will be calculgted monthly thereafter

and inc¢luded in the antractor's progress payments.

S

Escalation for Local Labour and Materials ° - -

@ ‘ .
" Escalation for Local Labour and Materials will be calculated by : '

3 - _ using tﬁg following formula. ' ' :
. A . a
& ’ . !

EA + LA :

SA " PA
+ f x LO) - 1] -

Do , ﬁaPL[(ax 1+b§)-+c Po+d”3¢—-+ x =
In which: ' " : .

N : ‘ b

N, AR t - :EL = Adjustment to the Contkact Price, calculated\for an
. ( . ' o )

Escalation Period. : '

\ ' ' @
s f




‘TPL = Thé total chal cdrrency cbm nent of the tender&d . contract
bﬁ
‘value of the Wdrk executed duri g the«ﬁscalation Period as
recorded on the interim certificahes .issued by ‘the - Engineer,
. ! X

g increased by the local currency c&mﬁonent of advance payments
c‘i;-‘? N ’ :
- forsCongtructional Plant §nﬁ‘decrea5ed by repayment of such

1

adbances,-aézspecifigqﬂah~§§ause 3.5 of Sbecial'Copditions.

4
L}

. o
. ' - A - ' &
CA = Cosc Index of Cement
-

CO = Base Index of Cement' -~

’ J ~

SA = Cost Indéx of Steel

K

S0 = Baée Index of Steel

© PA = Cost Index oﬁ Petroleum Producgts

" PO ='§;Fe Index of Petroleum Products

(]

?A = Cost Index of Lumber

b

TO -= Base Index of Lumber

-

EA =, Cost Index of Eleosives

. Frer s -

0 < Base’f;dex of Explosives

LA = Cost Index of Labour .

L0 = Base Indéx of Labour

. ' o

. . , . . s

a, b, ¢, etc. = are percentages for,material and labour portions
N = 8 [ e s )

;.

" ' of *qral price.

1
)

«Escalation for fcréign Labour %nd'Matgrials’

h S

‘Escalation for Foreign Labour and Materials will be caleuydated *
. ' . /

by using the following formula for each.type of foreign currency

! . » . . l’ ,

quoted in the Tender:

3




v

t v
=PF [(ax—+b1x5A+c FA+<1~~;r‘i“i+e_-xg“i+f -

sa FO } EO ‘
‘fﬂ . R \' § -v . .

S T I L B

N _ KO 1 . Ll

In which: . L : S, .
y .

»

JEF = Adjustment t:o the Contract Price, calculated for an

~ A

\ ' ’, o,

:iscal‘ation Period.
‘V A ’ 'l . ‘“:_ -

PF = The total currency component for a foreign currency before

adJustment of the tendered contract value of the work
4 -
executed during the Escalation Period, as recorded on the

. ¢

interim certificate issued by the Enginecr, increased bgr

» .

¥ said fof(eign cuffe’nc;&\omponent of advance payments for

5 N

" Constructjdnal Plardt and decreased by repayment of such

-
>

' advances in“that currency as specifiéd.
. e, .

o i

- -

»

Indexifor Cesnent\“f v “ ' e

3

Index for Cement : o im e, L
Index ,.f.or' Steel ° . Lk ' '
' A t “ '}%
Index for Steel _ . "
€ i , [ -
Index for Comstructlidowgl Plant and Spare Parts other
tires . s . “ /5 C .

Index for Constructional Plant,and Spare Parts other¢ -
tires : SR .
Index for Tites SR

v Al i A n “ ’
Index for Tires o : "
s o '] . \‘\‘

Index for,Explosives -

Index for Explosives




* f

LA =<Cost

LO = Base
KA = Cost
KO = Base

End of contract

, ) , A )
The above all represent price adjustment practices in

Y < . i

Index for Salaries of'‘'expatriate staff
¥

Index for Salaries of expatriate staff

Index for Shipping -

Index fo¥ Shipping ‘

clause quote. ™~

-

Y

B .
accordance with pride adjustment formulae in light of changes in

n

labBour and matérial price indices after the date of the original

w quotation. These
. Pl

|

-

-

-4

) { ¢ , | 3 N
”%rmulae are not intended for use in forecasting.
. -«

o/

It should be nﬁteﬁ that these formulae vary.somewhat in

sl

their use throughOutrthe world. Th%‘forﬁulag‘used in the United <

<\ States are similar to those mentioned and are outlined on the

<

as fo¥Xgows:
I

- R

~foliowing ﬁage.

v xr ' -
In the United States the ,generally

(13)

U.S.A.

A1

bﬁotéd Prices - Usually "subjeet to esci}ation{

~ \

\

4
A o
> ]

¢ ' *&Q -
. { - *

- -

.
an 1 . < 3
=4

Ne

D> . a : .

' ‘ '} - [ ¢ .
Type of escalation formula - EP = QP (a MZAM1,+ b
- " “ N , N

L4

YELre

¢

2

1)

>

accepted formula is

74 s
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’ ]
1 N - .
- . ) - . . ' ) ~
OP = Origi al qugvted ptice : - N . ,
, : . ,
2 . ( - '
'M2 = Material wholesale pri@dgindex (four dig‘it industr,ial
- ‘ class) (publlshed monthly by Bureau of Labour Statisticg), ¢ .
' at date of shipment. L — . . i :
é . S .
' .&&' M1 = Similar index at date qf quotation e ~ N -
E . /"m... ‘ . . N 2 v
. ( L2 = Average hourly earnings (standard industrial code) (published
\ >
‘ < * monthly by Bureau of Labour ’Statist1cs), at da}ﬁe of shipment.
N . » - v
“ ol t ‘ i L 4 « ’ M . 4 »
Ll = Similar index at date o\( quotation. - R
’ - . ®
. v - ! , T .
. a-and b ar'/e"ge/;centages for material and’ labour. port‘i‘.ons“,of total 7
. . > .
. » . . : :
q / - price. T P A - L. = .

~ . 5 Ay .e ' !

- - ! .
-Buying out of edcalation - Possible$ but ve&ry expensive (can be . *

. ] o v
+ up to 20%) and not recommended as altergafe to open escalation :

‘. ,Aiith formula. - - - ' . l Y v
' . ‘ M. T < “
. ‘ .
\ l ° - EN ’ P f
, | N ;.., 4 \ )} .
’ 3.6 FORECASTING ESCALATION RATES :
~ . B U
. . . . ’ (\\-
© The' preparation of an escalation index 61’ escalation rate
over.a, specific”tipe period is. no simple task. ‘l’here is a»dichotomy‘. ’ >

bgtween the mathematical approach, and the p.urely intuit“ive method that

many believe to be Jltst as accurate. The optimal approach is a combin-
s, ~ »
ation of the two, Most companies and fikrms do not’possess the res&:ces ) ‘)

.

T o

to prepare analyses of_trend ampcz‘cgﬁll seasoﬁal and itre&{kar ' '
‘ . ) ) . ’ . v e
~ , v - : . N -




‘\ e I - .
variations ‘in, order tp compute their own indices. Consequently, mosﬂ)
’ i . -
‘firms rely on indices published by select groups which are made

-avail®ble to the public. The kind of assumptions made in preparing
. ; ’
these forecast rates deala with such matters as percentage wag'q. increases

. o
in the light of government policy and union activity’ the effect of

currency fluctuations on,materials prices; the level gf optimism in
: [

. Lt;he industQi:y, and thﬂ estimated exﬁent,: to which tenderers will pass on
. . ) \

. increases in costs in their tender rates.

-

¥
] a

‘. . There is one particular ar‘falytical method of determining

-

: (‘ escalation indices that analyzes costs as‘ being dependent on a -number
%/ , of factors. Cost§ for a building are influenced by sdch factors as
. - the building size, number of floors, location, quality, market , .
» . conditions and many more. The difficulty is in determining exactly "
4, \ .
e & what factors cause variations in costs and in what proportions. Ie' ”
. this regard, vatious models Have been examined by Isotalo(“). T . f
. , actual construction costs of various building types were compared . X
-~
“r ’ ' ' ]
* with those obtained “Using each of the moddls and the standard devi- -
\ ation of thée difference between achal and estimated escalation rates T
. Wwere found. The results were as follows: . —
. - AN 3
) - .
Mo'c!el .
lﬁ e ,.;/ 2 ) ° / ‘
Building .cOSts per n . ’
4 / A
. Building costs p\er gxz with/elimination
. > of local cost differences . A . 11.7
k_); / * Id ‘2 . .
- . * Simple model with four variables and - . . , . o .
-, elimination of local cost differences 10.0 \\ ' Ve
- p ; - . N . /
e Lodn evaluatioh model with 120, variables e .-
. (Swedish Minigtry of Housing) = | 3 , 6.3 = J -
‘ * I ' : s “

% ‘ hd




- / '
A simqle observation of t@ﬁ~qbove indicates that the most

sucéessfu%tpredictive model®is tHe one containing the most variables.
N

M ] I ' . . k )
The most common mathematical approach in the statistical interpretation
« - I -
J of factors used in determiningwindices is "Regression fAflalysis"._ The

. technique used is based on the’ 'premise that if sufficient data ‘g;#

gathered for two or more variables,,6 i} may be possible to.derive an

v

equation which relates th?se variables in a qbn%%?tent way. The
. — o
simplést form of regression analysis occurs where there are only two
m variables and they may be graphed against one another. The trend of

the points on a graph may be appgpximated by a curve that gives the

best fit. This curve represents the approximate relationehip between

k]

the two’variab%es. If the two variables are dengted as x and y and

. ¢ )
vEurve %}lowé‘us to estimate y from x, then it is ‘called the \

the

regression curve of<y.on4;é Problems fnwblving more than”two variables
. . ) )

can be treated in an analogous manner. If, however, the. number of -

’

variables exceeds three, geometric ,intuition is lost and groups of
L N s - -

a

- simultaneous equations must be solved in order tﬁwrelaQe the variableszr

By using derived equations, indices could Be constructed for
\ ) R :

individle projects or for project types on a local,’national or inter-
. a ;
. . . ) <
pational basis. The difficulty of ¢gmpiling these indices over a

period of say, longer than one yéar,.is the Pon-stability(of the effeiﬁ/
3 7 LY | -

i \ A 4 v/
gf the' variables-and in some cases for variaLles such as grchange rate

W . '

1 -

fluctuations, updgting wouldzbe ideal on a nimum monthly basis. The - =

use of multiple regre§§;on analysiss in [index construction has ingreased

»

manégemgnt knowladge about the importarce of certain variables in

U
' & : ',’-’!

. - 4 v ﬁ ."d “ . e
n @
oy . r"'r' -
» <

7 s . -

M‘J’—-Mi - . N L



¢ determining particular costs. Many firms who produce indices today .

follow a procedure similar to that discussed above. ’
‘ Ry
‘ 8]

, Another method for cost in ex‘@etermination is the analysid

af the "Time Series'". A time series is a set of observations taken

at specific times, usually at equal intprvals. In a time series a

variéble, usually called y, is a function of time, t. (y = £(t)).. A

cost index is therefore a time series. By analyzing 3 time series of

-

historic.data, forecasts about the future can be made. Experience -

gained' in.such techniques has revealed that there are certain-

N °

characteristic movements or variations in a time series, some or all

of which may,bé present jin varying dggrees. ese components may be o

classified into four types: long term or sec\%ar movements, cyclical ¢

movements, seasonal movements and irregular or random movements.

- - -

Long term or séCulgg movements (T) refer to the general trend /
of the time&hgries. 1f a graph is ‘drawn of the time series, a '"tre
line'" can be fitted to it. This trend line best approximates the

general direction of the plotted data. This is similar to the

i

previZ?sly described procedure
A] 'r/ Q

z
two variables. A trend line is usually shown as a straighe line, as

adopted for regression aﬁalysis\with\

- ' in Figure 3-3, although it may also be curved.

Cyclical movements or variations (C) refer to long-term
N 8 - ¢ 4 - ‘ PO
‘oscillations or swin§s about a trend line or curve. An important
) - Nt
e*ample of cyclical movement is the "business cycles", representing

=

°

intervals of prosperity, recession, depression and recovery.

i 19

N .

All

[ 4
e



i B ‘ L

of thesk parameters have an important influence on the construction

! —

« industry. Cyclical movements can be regarded as such if they occut

at intervals of greater than one year.

v

-y R
: ‘ , .
(a) Long—term Trend ! (b) Long-term Trend and
/ . Cyclical Movement. .
» ® . ) Figure 3-3: Graphical Illustration
of Time series Ana]:ysis(4l) AN

¥
-

»> (¢) Long-term Trend, S b ,
Cyclical and Eeasonal . e
. Movement . '
/ ! LS .
. ‘ i / .
o . LN . \—*’—\ (\
. v o ] i
Ly o “ . -
' { p - . K
‘ . Seasonal mOijents (S) refer to the almost identical patterns
i w r I

| which a.time series appears to follow from year to year sych as a
“ N g ] "
/! jump in escalation every January firgt as the terms of wage agreements

-

are fulfillgd. Seasonal movements may also occur over sh¥ter.periods

‘ry \
and even weekly movéménts may be regarded as seasobnal. .
~ - {
. ’ ~ o " s
.Irregular or random mpvements (I) refer to sporadic differen-
N Tz . PR — \

, . . ) - " . . . .
' tials of the time seriks ,resuftiqg from’chancg eventsf such as strikes

®




i

and increases in the price of energy. If the time séries () is
regarded as a product of the four components described, then, (Y)
may be described by an additive or multiplicative model of the
ﬁ variables T, C, S and I, i.e., Y = T+C+'S+I.orY=TxChIxSxI,
e whichever works better. Analysis of a time series involves isolation

B Vo
’:ﬁ of each of these fac&ars and is often re%erfﬂ to as a decomposition

of a time series. Apart from the freehmthod of curve fitting

¢ < described previously there are various mathematical techniques for °

!
v

estimation of trends. Cyclical, seasonal and irregular patterns may
o

y be eliminated by using moving averéges pof appropriate grders. Moving
-averéges are arithmetic means of groups of months which give a new

index series when calculated sequentially. MoYing averages have the

'

\ : propéftx, that they /tend t% smooth out the amount of variation in a
set of data. By adjusting the size of the groups of months averaged,

A { 7 d’ifferent variations can be smoothed out. The use of moving and
other averages allows the isolation by turns of each of the variables . -y

>

T, C, S and I. o

! -
" S It must, however, be realized that the mathematical treatment .
Vo 7
~ of data to determine indices is not in itself complete. Judgement,

. .
inge_nuity,:common sense and experience coupled with appropriate use of f

| " available economic,forecasts (such as those produced by the Bank of
l y
- ‘ & ————————FLanada and Statistics Canada) remain invaluable supplemegts to _such o

1 ——

\
mathematical analysis. The preceeding description of the two mathema-— '

b : .
tical methods is brief but illustrates the méthods involved.

- é\;\‘} a | ’( | ) ﬂ | | ol

4
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L , ‘ 4.1 INTRODUCTION

Until now, contingency ald escalation 'have been treated

L]
v “~
. separately. In reality, one cannot be regarded without due consider- °
‘ by -
. A
| > . ation of the other with respect to any project estimate. The above

statement holds, if. for no other reason, because ¢eontingency takes
] .
q

into account fluctuations in the estimated.escalation rate and

escalatien is applied to the sum of direct costs and'contingency.

5

Basically the cost control of a project, which deals with :
both funds simultaneousily warrants a concurrent unde;standing of the

¢ \ \

s means by which the basic cost estimate was formulated and the methods

used in'the project life cy'f':le forecast for both continfency and ,

escalation. ~ x
- L
In order to effectively monitor a project as c:”truction '
'proceeds, it is necessary to analyze both contingency and escalati'on
as well as d:iréct costs. Often, through poor management contr/ol and
L ( lack ofnexperienc? on the p;art of mallhagement staff, contingenc;y andn ‘ '
' eécalation \approp{'iations a;e treated as open ended funds from\which

sufficient funéls may be attaineci.to cover cost overruns in the direct

cc}st accounts. This 1s a misuse of these funds and frequently, if not
. always, cigates major difficulties for both the project manager and

the owmer. Th% following example will attempt to clarify t‘he

L .
procedure for analyzing costs with time .and uncsrtainty.

shall describe calculationg involved in
alation analysis in conjunction- with a
\ s . .

€~




‘ :

) I

SAMPLE CALCULATION CONSIDERING CONTINGENC
B AND ESCALATION

(s .
» "

N
'

let's assume for illustrative purposes that. the estimated
. cost of ;31 conveyor system’ (CS) is $300,000 in July 1978\dollars. ’
The uncertain‘t‘:y for ghis equipment has beer; deterr_nined t(; arrant a
contingency alldc@tion of 15 percent and esdalation has been calcuiat:ed

r A

to be 10 percent pef year compouncied. The scheduled equipment deilivery 2

"

date is July 1980; two years hence.

4 [

The following cont‘ingencyb rate shall apply to these examples:

- L e T .
Condition | : Contingency ’ 9
’ . . (percent) . -
| . .
i ¢ Completed item ' 0
\ |
) Committed items . 5 : ’
. N i N & ?
1 Estimated items 15
| | . -
- Case 1 ’ ) a . LT
& S ———— € v
3 p >
If a purchase order is w:ritt;fn for |the CS-in Januaty 1979, .
: v ' ; :
for $430,000 and thg price is firm for delivery; what is the impact
. . - 1
: . on the estimate?. In this' case the contingency shall be § fercen ‘ AN

L]
since the uncértainty in the estimate-decre jes after the purchgdse ,

. ‘ order has been written. ” ’ . ) \ ‘ . }
\ o \ . o Prran - . o
B X . ' :

) Case 2 " N
¢ - X . b ‘ cs

'foi: $340',000 but the price is éubje'ct to escalation f£xom the date of

R ,Q" .«
R
e

"o




[

-

- ship between contingency.and escalation.’

. - date of July 1980; What is the impact on the estimate? Again, the-

-

the purchase order at 8% per year compounded to the scheduled delivery -
- 3 5

contingency. shall be 3 percent since the purchase order has been
written. S

-~

Figure 4-1 shows the calculations which are performed for

the contingency and escalation analysis in cas€ 1.

N

For this examplé and that of Case 2, the calculations are
ke

straightfﬁrward and do not require any sophisticated métk}ematical N
tedchniques or. computer assistance. However, on large projects, the -

control ofi costs is much more involved as has been shown in Parts 2

]

< ’
and 3. ';I'hese examples serve strictly to illustrate the interrelation-

= 2
'fhe results of the analysis for Case 1 allow a comparisf’\ of

budgeted and committed ‘costs in order to determine the appropriate

~

cost . forecast. Figure 4-—2 shows that this procedure can also be used

s 4
-

to incorporate different escalation rates and different periods,fpr

«
escalation. ’ f .

o FIGURE 4-1

Contingency and Escalation Analysis - Case 1
[ i

N N \ . . A
(1) Budget Dollars . {m Direct Cost Estimated in the M
\ Initial Budget
(2) Badget Contingency = (Budget Dollars) X (Applicable Contingency
@ Rate for This Item)
’
(3) Budget. Escalation = (Budget Dollars + Budget Contingency) X

(Applicable Escalation Rate Compounded to -
‘This Item's Delivery Date from the Base
Date of the Initial Estimate)

o

e .
i LI el m);" ¢?’ ’P ‘ ’
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. FIQURE 4-1 (Cont'd)

te -~

S : - —_— :
Thenefo.re, ' . o- ) | N !
“ ’ , ’ , 'f © )/ Fa
(1) Conveyor System (CS) Budget Dollars .= $300;090
. -~ [ . - r
(2) CS Budget Contingency = ($300,000) x (.:15) = 45,000
(3)‘ CS Budget Escalation =:($300, 000 + $455000) x (.21) ' o
* where 21% is'the Escalation Rate at 107 per Year '
. __Compounded for Two Years ,‘ . . = 72,450 '
" 4 . - , .
. . ' . Total Budget Costs v $417,450
men, . N LY W ',' ———
(4) Committed Dqllars L s = Dollar Amount of / Equipment Purchase Or:d;~'/
- (5) (’mmitted Contingency ‘= (Committed Dollars) x (A icable Contin-
' - , gency Rate for This Item). Note: This
. . . Contingency Rate will usually be different .
. ' - from the Rate for the Budget Item due to
a S T different uncértainties. ¢ .
-~ w . ‘ ' g ~ '
.- (6) Committed Escalation * ,, = _0_for Firm Price Purchase Order - . .
« ' . ) . - Lt . 2 . . ¢
" , ) . = (Committed Do;lar52,+ Committed Contingency)
. ’ x (Applicgble Escalation Rate Compounded
- to this Item"s Delivery Date from ‘the Base
- ’ ' Date of the Purchase Order). Notk: The
* C " : Escalation Rate and the Period of Escal-
. ) . ~ation Will usually be different from the .
o ) ' * 7 Budgeted Rate and Period of Escalation.
- ‘ . . ~ Ton
’ Thus, . /\\—"
P . ' ' N . , ,
(4) CS Committed Dollars - oo : . "= $430,000
i ' ' .
) (5) cs Committed COncing q = (3430,000) x (0.05) % - & § 21,500

M -

. 6) cs ca%micced Es’gql{cion = Fimm Price o . ’ 0

- g

- a e

. Total Committed Costs $451,500

s et
'~

By'c,bmparing the Total Budgeted Costs (?5417 450) to thé Total Committed ;

,  readily be detetmined. a—

-

: i
. Note: .Committed Dollars is the dollar value at the time the purchase order is
written. - . \ : @ ;
Source: Criteria for Analyzing Contingency and Escalation, R.sCook, ‘ .
— AACE Trans. 19780 3 « v

)
0 . ; ]
v u

Costs '($451,500)," the impact on the budget of ‘an increase of $37,050 can . (
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(- ' FIGURE %-2 e

Contingency and Escalation\Analysis - Cas§'2“'

7

-~ A -~
(1), (2) -and (3) The Total Budgeted Dollasg are the same as in Case 1 or
$417,450 \ N ‘ < SN
y . . - ﬁt; }
\ However, . .
e ) )
(4) CS Committed Dollars . - * T . = $340,000»
- | . ~ o
(3) Cs Committeg Contingency = ($340,000) x {.05) = $ i7,000
! - N *
: (6) CS Committed Escalation = ($340,000 + $17,000) x (.122) % = $ 43,550 -
% ~ where 12.2% is the Escalation Rate at 8% per Yea + )
i ) Compounded for 1-1/2 years \( .
otal Committed Costs * ' $400,550
By comparing the Total Budgeted C sts [$417,450) to the Total Committed ‘
Costs ($400,550) the impact on th¢ b et of a decrease of $16 000 can . .
readily be determined.
“ Source: Criteria for'Analyzing Contingency and Escalation, R. Cobk,
i AACE Trans. 1978.
/- ' . ' . ’
1 N ,. -

‘r» It may be beneficiak to further clarify the distidbtion

-

between contingency and escalation analysis versus usage. The , . !
procedure presentedxﬂetg provides a specific, detailed method for
calculating revised estimates for concingency and escalation whenever

8 new information indicates that re-evaluatz%n is necessary.

. ’ \
: After contingency and escalation estimates are revisei, a
comparison of the budgeted values and the latest forecast values will
'yieid the net effect on the project estimatqat\The result may also

indicate that  contingency has been reduced (or increased) by some

¢« dollar amount. ,This change is due to a change in uncertainty as no
. . § ‘

" i - —
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— - contingency has been.used to cover cost varifnces in the direct
‘ \ accounts. As indicated in Figure 4~1, contingency was used to
a offset all ofgyany part of Jhe direct cost increase but escalation

was not. These items were re-evaluated based upon new information) ™
. N .

. 'h Thé combined change of the gkrectecosts and the re-evaluation
gf contingencies and escalation provides the overall impact of.tﬁ; cost
vgriances.u5Thése indﬁrecc accoynts were re-evaluated bécause of new ’
~information pertaining to committmenht, i.e., purchase order (because

of firm quote, reduction in contingency ig because of committment and _

%

escalation changes with time frame), not because the direct costs

[

. / indréhsed (or decreased). For 9xample, if‘the uncertainty had not

o
- changed in Figure 4-1, the initiET‘contingéiﬁies would have increased

- "by 519,500 to $64,500 ($430,000 x 0.15) and the budget impact would .

have been increased by $77,050 instead of $37,050. Thus, it should

be evident that contingency is not “used'" to cover cost overruns in \

’ ~ the direct accounts but is increased or decreased only, due to changes 4

in uncértainty. Normally, thg;pncertainty of the items in the estimate
. . i 2

continually decreases with a corfesponding increase in information
\ .
about these uncertainties. However, the decrease in contingency is

% not depeqdenf on any cost changes in the direct accounts but due to a

. ® \

) \

*!Afirming of the information (i.e. a purchase order).

The same philosophy is true for escalation. In Figure 4-2,
escalation costs chadged because the rate and period to -apply escalation
7, ] ; : . N ']

) changed - not because the dirpct <osts were revised. If, in fact, the

‘rate and period had remained unchanged, escalation would have increased

»




it is evident thaé these ~costs were

information. The following Table 4-1 summarizes

<

compufations. :
- e . ~ N
- ' ‘ - TABLE 4-1 ,
Summary of Exampleg?;ﬁéulations
~ Direct ' - : Total .
Case N Cast Contingency Esc;i?tion Costs -
. ‘ o
.Estimate (Budget Cost) 300,000 45,000 72,&?@ 417,450
Case 1 (Qapm%ted Cost) 430,000 21,500 0. 451,500
N :
- » .
o Case 2 (Committed Cost) . 340,000 17,000 43,550 400,550
’ ‘e o
L ) . ) Yo
]
| . 4.3  CONCLUSION | ., R
. . ‘ ! .
‘§ o | .
¢ As a project proceeds along its life'cycle, it is essential {,
to analyge and re-forecast*contingency and escalatdon as well as direct
‘ n
«costs. The above procedure allows for an ordérly method of analyzing
all project costs with time. '
\ v < ! '.
’ * - .
1 . . I
[ \ ¢ . 3
v . . . Q!
- 1 . b41
. - A e
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CHAPTER 5

- CONCLUSIONS AND RECOMMENDATIONS




5.1 CONCLUSIONS o -\

4 ] : ' « !

o v

The paper has attempted to point out.the importanée qf'
. basic definitions and proper application and control of contingen\
and escalation. WNo estimator or manager should be dealing with

escalation and contingency on large projects without possessing
some fundamental knowledge about these two important aspects of
. y
large projects. : . o

-

It is the intent of aﬁg triter that the information -

r S gathered zim} presented in this paper should be of prime importance
ry those ix;}/iduals who work for developers, cogsultants or any

other nqn—contracting construction organiza'ttion. thc;ugh the

i

- - ' paper was not written from the contractors ‘point of vdew, contractors *

. and their representatives should find .it to be a worthwhile reference

. . - . /
. PR . document. '

-

e 5.2  RECOMMENDATIONS
0 - \/,

v

} In any subject or field, there is always room for improve-

. ment or further study. Contingency and escalation have recently %1"' "
" become subjects of great concern in project life cycle estimating
because oF projects both large in cost and duration. However,' there

. 1s some lack of knowledge on the part of owners and consultants

regarding how to estimate and control contingency and escalation

' allowances such that a proper budget may be established and maintained. K




) Py ? s
3 ! ,‘ . A
s ‘ , During the courge of’this ?aper, no study was found dealipg )
‘ with the post moréum analysis of a project n‘vherebyi‘ the final contin- <
‘ gency was determined per activity and then compared to the original
esti)mated activity. If such analyses were carried out by méjor i
consultants both they, and other companies with access,to their
data, would benefit because of the ability to est:‘ablgish more g
. ‘ . | accurate contingem‘iy allowanées,thereby achieving more.acc)ii'ate ’ o
_ cost estimates. . -
44
' - ‘ ‘\ Escalation is easier to managle tharlﬂ contingency, since the

. L]
use of specific available indices permits simple arithmetic calcula-

3 -

. tions to determine the escalation allowance. However, it is

recommended that Knowledgeable persons select the appropriate index

! -

or better still, combination of indices for a particular project.

1

The monitoring of escalation and contingency 1is not easily

L

done on a large project that has a durgtion of years. The use of
computer programs ;,nables the quick updating of costs overiw\ified
time periods. However, little work has been done to incorporate into
: programs the capability of periodic contingency and escalation

adjustments and{ mbnitoring.

\\nv-

<
Large consultants and owners would probably benefit .

-

immensely from the use of a computer program enabling them to

monitor and adjust contingency and-: escalation.



¢

.

. . . .
Jfre 'researcﬁ cou:ld be done on making practical analytical "

metheds to calcula%:e contingency available to estimators. Many

N
-

analytical methods are long and tedious and might warrant computer

assistance for their quick dete‘rmination.'

>
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