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Abstract
This paper presents a study of cost escalation in unit price road construction contracts. The aim is to investigate why the final
cost of contracts differs from the agreed contract cost following tendering, both to identify causes of observed discrepancies
and to suggest measures that could improve the planning and delivery of future projects. Road projects often consist of sev-
eral contracts and as they account for the biggest costs of the projects, cost escalation in the contracts may increase the risk
of project cost overrun. Even if contract cost performance is an important indicator of project success, it may be too simplis-
tic to equate this with project success. It is quite possible to deliver a project within budget even if contract costs escalate, as
long as the project cost contingency is adequate to cover such escalations. However, escalations in contracts increase the risk
of project overrun and may lead to other problems such as conflicts and delays. The results show that most of the studied
contracts experienced cost escalation. The main cause of the escalation was change orders to the scope that were not cov-
ered by the original contract. In addition, the results indicate that complexity represented by contract size, duration, and
urban location increases the risk and size of cost overrun. Based on these findings, the paper presents some recommenda-
tions on how contract delivery can be improved as well as some implications for future research.

The construction industry accounts for a large share of
gross domestic product and employs many people in all
developed countries. The industry’s size suggests that its
efficiency is important to the overall performance of the
economy. Thus, both client organizations and contrac-
tors should work to reduce wasteful practices.

The literature on cost overruns is extensive, and per-
haps especially so in the transport industry. However,
beyond demonstrating poor cost performance, many of
the studies are repetitive and often demonstrate a lack of
insight into how large and complex projects are orga-
nized (1). Most of the research to date has been on proj-
ect cost overruns, leaving the exploration of contract
overruns largely unexamined.

A road project may consist of a single contract
awarded to a contractor, or it may consist of many con-
tracts awarded to several contractors. The cost of the
contracts will affect the performance of a project. As
contracts normally account for the biggest costs in proj-
ects, the cost performance in contracts is important for
successful project delivery. If contracts are not delivered
on time and according to agreed costs, both the client’s
value for money and the contractor’s profits are affected.

Traditionally, project success has been measured against
targets for time, cost, and quality. In recent decades, the
academic literature has recognized that a wider range of

criteria is needed for measuring project success, but effi-
cient project management to convert resources into results
still remains at the heart of project-based organizations (2).
Although certain changes to the scope of a project may be
expected, major changes to a contract can indicate poor
project management. Additions through change orders
often result in cost escalations in contracts and may ulti-
mately cause cost overruns at the project level.

Cost escalations in contracts can have different causes.
They can be a result of wrong assumptions in the descrip-
tion of the works, which in turn may result in changes
and additions to what was originally agreed (3). Cost
escalations may also be a result of unforeseen external cir-
cumstances that need to be considered and budgeted for,
or when the client requires changes to the agreed scope to
achieve an intended function. Cost estimation is not an
exact science. Therefore, contingency is needed so that,
for example, changes to the scope do not automatically
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result in cost overruns (4). By adding contingency, cost
overruns in contracts may be absorbed so that project
overruns are avoided.

It is possible that the final cost of contracts will be
higher than originally agreed and that an acceptable
result at the project level still will be achieved. However,
knowledge of past contract cost performance may be
useful when estimating the costs of projects and in par-
ticular the necessary contingency that is needed to cover
inaccuracies in estimates or unforeseen events.

The purpose of this paper is to investigate the extent
to which original agreed contract prices differ from the
final cost in construction contracts. This in turn enables
an exploration of some of the causes of the observed
escalations and suggests measures that could lead to
improvements in the planning and delivery of future
projects.

The paper is organized as follows. Section 2 reviews
some previous studies of cost escalation in construction
contracts. Section 3 briefly describes some crucial ele-
ments for managing and delivering construction con-
tracts and projects. Section 4 describes the data and
methodology used in the paper, and Section 5 reports
the results. Section 6 presents some conclusions.

Previous Studies

Many studies have documented that cost overruns in
projects are a challenge in most countries and in most
industries. The reasons for the overruns vary, and different
authors seem to have completely different theories as to
why projects exceed their budgets. Flyvbjerg et al. (5)
argued that overruns are because of deliberate underesti-
mation, fraud, and optimism bias. According to
Siemiatycki (6), Flyvbjerg et al. received much attention
for their sensational accusations at the time, but their
work has since received a lot of criticism for relying on
secondary data sources and for comparing estimates pre-
pared at different stages of project development. Other
authors, such as Love et al. (7) and Love and Ahiaga-
Dagbui (8), have therefore claimed that project-internal
issues such as changes in scope, ground conditions, and
weak project management are the main reasons for
overruns.

One reason why both the size of the overruns and the
supposed causes vary so much between different studies is
that the basis for comparison varies. Some studies com-
pare final costs with the first estimate, most studies com-
pare final costs with the formal budget, and others
compare final costs with the contract cost agreed with the
contractor. Consequently, different comparisons can
cause huge variations in reported results. Surprisingly,
professional associations such as the Project Management
Institute and the Association for Project Management do

not provide clear definition of cost overruns (9). Probably
the most common definition of cost overruns is the one
used by Flyvbjerg et al. (5), namely the difference between
final costs and the cost estimate at the time of the decision
to build. Flyvbjerg et al. (10) argued that this is the most
relevant point of departure for comparisons of cost per-
formance because it measures the accuracy of the infor-
mation that was available to decision makers and how
well-informed they were when they made their investment
decision. If, instead, one was to compare the final cost
with estimates produced while projects were in the earliest
stages of project development, when the uncertainty
about scope and design is large, the deviation might range
from tens of percent (11) to several hundreds of percent
(12). Siemiatycki (13) reviewed 13 studies conducted by
researchers and auditors and found that one-third of the
studies compared final costs with contracts, whereas the
other two-thirds compared costs with the budget.

Different cost estimates are prepared throughout the
development of a project. The expected accuracy of esti-
mates varies according to, among many things, the
extent of project definition and the degree of effort made
to prepare the estimate. AACE International provides a
classification of estimate classes from concept screening
(Class 5) through to estimates for bid/tender (Class 1).
Through the stages, the expected accuracy range
decreases from 250%/+100% to 210%/+15% (14).
Thus, any evaluation of cost estimates should consider
the stage at which the estimate has been prepared.

Changes in the contract scope is a source of uncer-
tainty in most projects. If the client requests changes and
additions beyond the agreed scope of the contract, the
contractor will normally require compensation for carry-
ing out such work. If contractors speculate on change
orders for profits, this may give unfortunate incentives
to contractors to produce unrealistically low tenders
(15). Burnett and Wampler (16) argued that in tenders in
which the lowest bid is crucial to winning, such as in unit
price contracts, the contractor must not only calculate
the cost of carrying out the specified works according to
the client’s description but also estimate likely changes to
the contract that could increase their profit margins.

Although most studies of cost overruns compare the
project’s costs with the budget, some studies have investi-
gated cost escalation at contract level. Thurgood et al.
(17) studied 499 road construction contracts in Utah
from 1980 to 1989 and found that the average deviation
between final cost and agreed contract price ranged from
0% to 10%. Hinze et al. (18) reviewed 468 unit price con-
tracts in projects undertaken in the state of Washington
between 1985 and 1989 and found that the average esca-
lation was 5.1%. Ellis et al. (19) studied 3,130 road proj-
ects in Florida and examined whether unit price
contracts were more vulnerable to escalations than other
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forms of contracts. They found that there was a differ-
ence, although small: unit price contracts were on aver-
age 9% more expensive than the agreed contract price,
whereas the corresponding figure for other types of con-
tracts was 8%. The North Carolina Department of
Transportation found similar results: in 390 road proj-
ects, the payment to the contractors averaged 7% over
the original contract price (20).

The identified causes of escalations in the above-
discussed studies in the United States varied, but in all
cases the authors pointed to changes in contract volume
as an important source of uncertainty and escalations.
Furthermore, strong competition and price pressure,
insufficiencies in the contract documents, and poor
capacity and competence in the client organization were
considered important reasons for escalations. These find-
ings are similar to those of Williams et al. (21), who sug-
gested that cost escalations in contracts in the United
States and the United Kingdom were caused by unrealis-
tically low bids, poor project management, deficient
design requiring change orders, design difficulties, and
unforeseen external events.

Cost escalation in contracts has also been studied in
Australia. In a study of 67 construction contracts, Love
et al. (3) found that the deviation between the agreed
contract price and the final cost was on average 23.8%.
They did not find any connection between deviations and
project size, type of project, or type of contract. The main
reasons for the deviations were changes in the agreed
project scope.

Furthermore, escalation in contracts is linked to the
wider issue of disputes between contractors and clients,
which is a global problem that causes significant costs
and may lead to industry inefficiencies. Sabri et al. (22)
investigated conflicts in the Norwegian construction
industry and found that tender specifications and differ-
ences in understandings of contracts were among the
main reasons why the conflicts occurred.

Managing and Delivering Construction
Contracts and Projects

The contract strategy is an important element in a con-
struction project. The contract strategy should describe
how to ensure appropriate competition in the selection
phase, how to allocate tasks, responsibilities and uncer-
tainties, and which contractual instruments should be
established to support governance during the implemen-
tation phase. Most large client organizations have a
general, overall strategy for contracts, which in turn pro-
vides the premises for the contract strategy for the indi-
vidual projects. The purpose of the contract strategy is to
achieve the best possible value for money in the contracts,
considering the market situation, the characteristics of

the contract, and the maturity of the plans, as well as the
client’s expertise and capacity. The contract strategy can
have major impacts on the timescale and cost of projects
(23, 24), and therefore the choice of contract is important
when making investment decisions.

The costs of carrying out a project are made up of dif-
ferent elements, depending on the contract strategy of the
client organization. Traditionally, the most common con-
tracts in the construction industry have been design–bid–
build unit price contracts. This type of contract is based
on estimated quantities of items and unit prices (e.g.,
hourly rates, rate per unit work volume) set out by the
client in the tendering documents. As such, the risk of
inaccurate estimation of quantities has been removed
from the contractor. In general, the contractor’s over-
head and profit are included in the rate. Consequently,
some contractors may submit an ‘‘unbalanced bid’’ when
they discover large discrepancies between their own esti-
mates of quantities and the owner’s estimates. Depending
on the contractor’s own estimates and risk propensity,
the contractor may slightly raise the unit prices on the
underestimated tasks and lower the unit prices on other
tasks. If the contractor is correct in its assessment, it can
increase its profit substantially as the payment is made
on the actual quantities of tasks; if the reverse is the case,
the contractor can lose on this basis (25).

The final price of the project depends on the actual
quantities needed to carry out and complete the work.
Contracts allow the client flexibility in that the scope can
be changed to accommodate for changes in needs and
unforeseen circumstances. They also provide transpar-
ency, particularly when the client is trying to procure the
contractor with the lowest bid. The difference between
estimated and actual quantities represents a risk to both
owners and contractors and may affect a client’s costs
and a contractor’s profit (26). Thus, unit price contracts
are best suited for projects with well-known elements but
unknown quantities.

A shortcoming in traditional contract arrangements is
that contractors who carry out the contracts are not
involved in developing them, even in cases when contrac-
tors may have better construction knowledge and experi-
ence than the clients or designers (27). This may increase
the risk of changes to the agreed contract scope, which
may come at an additional cost to the client. Molenaar
et al. (28) claimed that unit price contracts and similar
traditional practices have led to diminished trust between
clients and contractors, inhibited innovation and effi-
ciency, and contributed to cost and schedule overruns.

A budget in a construction project may consist of sev-
eral elements (Figure 1). In Norway, where costs are esti-
mated by stochastic cost estimation, the budget in large
projects is normally set at the P85 level, meaning that
the risk of overrun should be no more than 15%.
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Construction projects in Norway include a contingency for
uncertainty and for ‘‘known-unknowns’’, the client’s own
costs of organizing and managing the project, the costs of
ground acquisition, and the costs of the different contracts
needed to deliver the project. The contingency is reserved at
project manager or project owner level. The cost of the con-
tracts is estimated by deterministic methods with no contin-
gency for unforeseen events outside the agreed contract
scope. The agreed contract cost with the contractor may
differ from the client’s own contract estimate and the final
cost depends on the completion of the works.

Some projects are based on just one contract with one
large contractor, whereas others are based on many con-
tracts with several small contractors. As shown in Figure
1, even if the total cost of the project is made up of the
costs of the individual contracts, escalations in the indi-
vidual contracts may not result in project overrun if proj-
ect contingencies are adequate to cover contract cost
uncertainties. In a large project, a client may also diver-
sify risk between different contracts so that escalations in
one contract are offset by decreases in others.

However, large changes to a contract may indicate
that the descriptions of works have been poor, and that
the management of the project and the costs have been
inadequate. In addition, major changes may pose
challenges to staffing, progress, and costs for both the
client and the contractor. This may result in lower
cost-efficiency, and there is a broad agreement in the
industry that this should be avoided (22).

Projects are delivered differently throughout the con-
struction industry, but with the growth of increasingly
more complex projects there has been a development

toward early contractor involvement and toward trans-
ferring a larger proportion of the risks to contractors. In
such situations, contractors may be forced to factor in
the risk of changes and additions in their bids, which will
lead to greater cost certainty for clients, but may require
a risk premium.

Figure 1 shows a project organized through traditional
design–bid–build contracts. The client awards contracts
to separate companies for the design and construction.
The project consists of different elements that need to be
managed to ensure successful project delivery. If the sum
of the cost of all elements in Figure 1 exceeds the budget,
the project will overrun its budget.

Data and Methodology

This paper is based on data from the Norwegian Public
Roads Administration (NPRA) and a study of 712 dif-
ferent contracts tendered between 2009 and 2014 and
completed between 2012 and 2016 (29). The contract
prices varied from USD 35,000 to USD 195million and
covered typical highway engineering works such as tun-
nels, bridges, groundworks, and water drainage.

The contracts were all unit price contracts. The
NPRA is increasingly using contract strategies whereby
contractors are responsible for the design and in some
cases the maintenance of the road over a specified time,
but the initial dataset only contained a handful of such
projects, so they were omitted for purposes of data
consistency.

To gain an overview of the cost performance of the
contracts, first the main features of the data were sum-
marized through descriptive statistics. Traditional statis-
tical measures such as average escalation, the median,
standard deviation, and min and max were used. To mea-
sure cost escalation, both the size and probability of esca-
lation were examined.

The escalation from agreed contract to final cost was
defined as:

Escalation=
X

Adjustable items+
X

Change orders
� �

�Agreed contract

The total cost in a unit price contract is normally made
up of non-adjustable items such as items that are easy to
specify, adjustable items that are difficult to specify and
for which quantities can be adjusted at an agreed price,
and change orders beyond the description of works and
at a higher price. Lump sum/non-adjustable items made
up a very small proportion of the total cost in the study
data and therefore their costs were merged with the
adjustable items.

Ideally, the deviation between agreed contract and
final cost should be zero, but as the purpose of unit price

Figure 1. Traditional organization of a construction project.
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contracts is flexibility, some degree of cost deviation
should be expected. Errors in the description of work
can occur and changes to the description can add value
to the contract even if this results in a cost escalation.

An escalation beyond the agreed contract does not
have to be above the client’s own estimate. Hinze et al.
(18) found that even when the contracts in their sample
overran by an average of 4.68%, the total cost of the con-
tracts was close to the engineer’s own estimate, as bids
were usually below this.

Nevertheless, final costs in contracts should be reason-
ably close to the agreed contract. AACE International
expects the accuracy of estimates prepared for the bid/
tender stage to be within the range from 210% to
+15% (14). Although the agreed contract might differ
from the (unknown) client’s own estimate, this was used
as a proxy for target accuracy.

Additionally, the data were used to develop a best-fit
cumulative distribution function (CDF) to determine the
probability of escalation. A CDF F(x) is a mathematical
equation that describes the probability that a random
variable X is less than or equal to x:

F xð Þ=P X ł xð Þ

The probability density function can be determined from
the CDF by differentiation:

f xð Þ= dF xð Þ
dx

The CDF can be expressed as an integral of its probabil-
ity density function:

F xð Þ=
ðx

‘

f tð Þdt

The distribution can be tested for best fit, for example,
by using the chi-squared statistic (x2):

x2 =
Xk

i= 1

Ni � Eið Þ
Ei

where N is the observed frequency for bin i and E is the
expected frequency for bin i (30).

The CDF is useful when historical data are accessible.
If past results are considered likely to be representative of
future events, the CDF can be used to estimate the neces-
sary ranges around estimates of different cost elements,
so that the total project cost necessary at different levels
of probability can be estimated.

The data allowed for the testing of several contract
features such as the impact of contract size, contract
duration, and geographical location (urban versus non-
urban). The sources of escalation were also investigated

by examining whether the escalations were the results of
changes in quantities through adjustable items in the
contracts or change orders to the contract scope.

All costs were adjusted to real prices using the con-
struction cost index developed by Statistics Norway (31).
The contract accounts were made up of three elements:
the original contract price, changes in agreed scope (i.e.,
different quantities), and change orders to the scope.
Generally, changes to the scope were priced higher than
changes to the agreed scope.

Results

This section presents the results of the research.

Cost Escalation Overview

The cost escalation of the contracts in the study sample
is summarized in Table 1. On average, the contracts that
the NPRA was responsible for turned out to be about
17% more expensive than the agreed price. The statisti-
cal dispersion shown in Table 1 is large, ranging from
46% under the agreed contract price to 185% over. Only
37% of the contracts had deviations within 6 10% of
the original contract. There was a relatively large differ-
ence between the median (P50) and the mean, which
indicated a high number of large escalations.

Half of the contracts experienced escalations of more
than 10%. The NPRA factors in the risk of contract
escalations through projects’ contingencies, but if escala-
tions at the contract level are too large, this can lead to
cost overruns at the project level.

The results for contract cost escalation differ from
the results for project cost overrun. The average over-
runs against the P50 estimate in large (.USD 60mil-
lion) Norwegian road projects is relatively small, ca.
1%–2% (32). Average overruns in all Norwegian road
projects, large and small, are somewhat larger. The
yearly average overrun for road projects completed
between 2007 and 2018 was 5.8% (33). The relatively
large escalations in contracts, as shown in Table 1, may
explain the consistent overruns in projects. If the con-
tracts overrun in a project, a higher contingency will be
required to deal with the overruns. The results in Table
1 indicate that the cost performance in contracts may
be a source of project risk, for which budgets need to
be adjusted.

Distribution Fit

The large sample size (712 projects) of this study enabled
the authors to determine the probability of cost escala-
tion expressed as CDF.
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The CDF was produced using the ‘‘best fit’’ command
in Palisade’s @Risk software. The distribution of final
costs to the awarded contracts is shown in Figure 2.

The data shown in Figure 2 have a right skew. Based
on these historical data, there is strong probability that
final costs in construction contracts will be significantly
higher than the awarded contract price. For example, the
probability of an escalation between 10% and 50% is
40%, whereas the probability of a large escalation
(.50%) is 10%.

The best fit for the data is the log-logistic distribution,
which is a typical right-skewed distribution with a heavy
tail. Ideally, the deviations should follow a normal distri-
bution with a mean of zero, but that was not the case for
data relating to road construction contracts.

Cost estimation practices vary between industries and
countries, and accounting for risk may vary from a sim-
ple uplift to more sophisticated methods aimed at identi-
fying the main risk drivers and quantifying risk in

individual projects. Knowledge of past contract perfor-
mance and their distributions may be useful when apply-
ing probability-based cost estimation.

Contract Size

The study data allowed to test cost escalations using
some contractual characteristics. First, contract size may
give an indication of the complexity of the work and thus
the likelihood of escalation. At the same time, cost esca-
lation in large contracts may have bigger impact on a
project’s financial success, as even small escalations may
cause considerable monetary cost overruns.

Table 2 provides a summary of the results when con-
sidering small contracts (łUSD 2million), medium-sized
contracts (between USD 2million and USD 12million)
and large contracts (.USD 12million). Although most
of the contracts were small, the dataset was sufficiently
large for a statistical comparison of the categories.

Although the risk of cost escalation increased with
contract size (from 66% for small contracts to 86% for
large contracts), the escalation percentage was larger for
the smaller contracts (17% for small contracts versus
14% for the largest contracts). This was even more evi-
dent when only the contracts with a cost escalation were
considered: small contracts on average experienced a
32% escalation, whereas large contracts only experienced
an 18% escalation on average. These results are similar
to those of Odeck (34), who found that the mean over-
run in small road projects was 10.6% and that large proj-
ects experienced a mean underrun of 22.5%.

The effect might be a result of better project manage-
ment in the larger projects, as cost escalations in large
contracts are prioritized in Norway, and damage control,
incentives, or both, in the contracts allow for a better
outcome when a cost escalation occurs. Furthermore,
large projects generally have more client resources at
hand, with which to follow up the contractor more
closely. Large contracts are also more complex, which is
why they have a greater probability of cost escalation
compared with smaller contracts.

Contract Duration

Contracts with a long duration may be more vulnerable
to escalations than contracts with shorter durations.
Time may be an indicator of complexity, and delays may
be caused by inefficiencies on the part of the client or the
contractor. A total of 44% of the contracts in the dataset
had a duration of less than 1 year, 41% had a duration
between 1 and 2 years, and 15% had a duration of over
2 years. The differences in escalation between different
durations of the contracts are listed in Table 3.

Shorter contracts had on average lower escalations
than medium and long contracts, and long contracts had

Table 1. Summary of Cost Escalations in the Road Construction
Contracts Tendered Between 2009 and 2014

Description Statistic

Number of contracts 712
Mean escalation 17%
Median 10%
Standard deviation 31%
Minimum 246%
Maximum 185%
P10 212%
P90 59%
Share of contracts with escalation 72%
Share of contracts with escalation .10% 50%

Figure 2. Cumulative distribution function for cost escalation.
Note: Blue line, input data; red line, best fit.
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a higher probability of escalation. However, the average
escalation was the same, regardless of duration.

Geographical Location

It is widely acknowledged that civil engineering projects
in urban areas are high-risk ventures, as demonstrated
by, for example, Crossrail in London, Boston’s Big Dig,
and a range of light rail transit projects worldwide.
Welde (32) found that large governmental projects in
urban areas experienced significantly higher overruns
than other projects (which, on average, experienced
underruns). Ideally, increased risk should be covered by
a higher contingency in the budget, but the estimates for
urban projects did not take the increased risk of such
projects fully into account, as shown in Table 4.

Among the 554 projects for which the authors were
able to distinguish between an urban location and non-
urban location, the escalation in urban contracts was
significantly higher than in non-urban areas. The prob-
ability of escalation also appeared to be higher but was
not significant.

Sources of Cost Escalation

Cost escalation in contracts can arise from two sources:
changes in quantities through adjustable items in the con-
tract and change orders to the scope beyond the descrip-
tion of works in the contract. The impact of the two
sources of changes for cost escalations in the studied road
construction contracts is shown in Table 5.

Table 2. Cost Escalations and Contract Size

Description Statistic Small Medium Large

Contract size (in USD) All <2 million <12 million .12 million
Number of contracts 712 406 234 72
Average escalation (%) 17 17 18 14
P (cost escalation) (%) 73 66 80 86
Average escalation (for contracts with cost escalation) (%) 28 32 25 18

Table 3. Cost Escalation and Contract Duration

Description Statistic Short Medium Long

Duration (in months) All \12 12–24 .24
Number of contracts 712 310 294 108
Average escalation (%) 17 13 20 21
P (cost escalation) (%) 73 64 77 84
Average escalation (for contracts with cost escalation) (%) 28 27 29 27

Table 4. Selected Projects’ Cost Escalation in Relation to Urban and Non-Urban Locations

Description Statistic Urban Non-urban T-test

Number of contracts 554 50 504 na
Average escalation 16% 25% 15% 0.015
P (cost escalation) 72% 78% 70% 0.169
Average escalation (for contracts with cost escalation) 27% 34% 26% 0.049

Note: na = not applicable.

Table 5. Sources of Cost Escalation

Description N Mean (%) SD (%) Median (%) P10 (%) P90 (%)

Adjustable items 712 21 25 23 226 23
Change orders 712 18 20 12 2 41

Note: SD = standard deviation.
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The results listed in Table 5 are interesting for the fol-
lowing reasons. All the escalations were caused by
change orders to the contracts. Unit price contracts are
based on items for which quantities can be adjusted
according to an agreed fixed price. In line with the inten-
tion of such contracts, the variation with respect to the
expected value is normally distributed with a mean close
to zero. However, client-initiated change orders account
for a significant increase in the cost of the contracts. Just
10% of the contracts had change order costs of 2% or
less. The cause of the escalation was work that was not
included in the description of works.

Conclusions

This paper studied cost escalation in unit price contracts
in the Norwegian road construction industry. There are
many studies of project cost overruns in the transport lit-
erature, but as argued in this paper, there is a need for
more knowledge of the impacts of the cost performance
of the contract that make up the project as this will have
implications for project performance.

The results of the analyses revealed that contracts for
road construction projects tendered between 2009 and
2014 experienced higher escalations than reported in
most studies from the United States, where most of the
reported escalations have been in the order of 0%–10%.

The average escalation in the dataset was 17%, and
the dispersion of the data indicates that there are large
risks remaining at the time when contracts are agreed.
The results are well beyond the target accuracy range
suggested by the AACE International (14) and may
explain why final costs in Norwegian projects are consis-
tently skewed to the right.

The poor cost predictability and the right skew of the
distribution of final costs should be a cause for concern
for project managers and project owners, and may ulti-
mately lead to project cost overruns, unless the project
cost contingency is large enough to account for these
uncertainties. Even if some changes to the scope of
works may be necessary to accommodate changing needs
and to deliver higher benefits, the volume of escalations
may indicate a risk of poor efficiency because of delays,
opportunistic behavior, and conflicts.

Our results revealed that some road construction con-
tracts are more at risk of escalations than others. Large
and complex contracts have a higher probability of esca-
lation even if their average escalations are lower than for
small contracts. The same relationship was found for
contracts with a long duration, and therefore project
managers are advised to treat such contracts with cau-
tion, especially in urban locations where both the prob-
ability of escalation and average escalation is higher than
in other locations. The main source of escalation was

change orders. This indicates that in many cases the
description of works was inadequate.

One can only speculate as to why the results from
Norway differ so much from the results from Utah
(17), Washington (18), Florida (19), and North
Carolina (20). The studies in the United States suggest
that factors such as project size, the client’s staff skills,
and a competitive bidding process may affect overruns.
The studies also found that change orders were a major
source of risk. The suggested causes in those studies are
similar to those of the present study; however, as Hinze
et al. (18) argued, relatively little can be explained from
large sample studies that use independent variables that
are easily observed. For more specific knowledge, it is
probably necessary to conduct in-depth studies of con-
siderable magnitude.

However, and as argued by Williams et al. (21), unit
price contracts create a competitive environment in which
contractors may have a lot to gain by submitting unrea-
listically low bids and deliberately misinterpreting the
contracts, which in turn will lead to costly change orders.
Therefore, in a lot of countries there has been a develop-
ment toward contract arrangements that require closer
alignment of the incentives of clients and contractors.
The Norwegian experience suggests that Norway, too,
may have something to gain from exploring the use of
contracts in which the contractors are responsible for
parts of the design.

The present study is not without limitations. The
dataset was large, but it could not be used to differenti-
ate clearly between the types of work (e.g., rehabilitation,
resurfacing, reconstruction, bridges). Most contracts are
classed as ‘‘mixed.’’ More detailed data could have
allowed for further testing of the relationships explored
in this paper. Furthermore, the NPRA has not provided
information on their own estimate of the contract costs,
only the agreed contract price, which may be either
below or above their own estimate. In a tender process,
bids are often very dispersed and may create incentives
for low bidding. Therefore, it may very well be the case,
as also suggested by Hinze et al. (18), that that the real
deviation between final cost and the client’s estimate is
lower than the observed escalations. Finally, intuitively,
contract cost escalation can be expected to correlate with
project cost overrun, but that is beyond the scope of this
study. In future studies, it would be worth mapping con-
tract performance against project performance. The
knowledge gained from such mapping could allow better
modeling of cost performance to improve estimation and
project delivery in future projects.

Author Contributions

The authors confirm contribution to the paper as follows: study
conception and design: M. Welde; data collection: R.E. Dahl

Welde and Dahl 1013



and M. Welde; analysis and interpretation of results: R.E. Dahl
and M. Welde; draft manuscript preparation: M. Welde. All
authors reviewed the results and approved the final version of
the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Ahiaga-Dagbui, D., P. E. D. Love, S. D. Smith, and F.

Ackermann. Toward a Systemic View to Cost Overrun

Causation in Infrastructure Projects: A Review and Impli-

cations for Research. Project Management Journal, Vol.

48, 2017, pp. 88–98.
2. Pollack, J., J. Helm, and D. Adler. What Is the Iron Trian-

gle, and How Has It Changed? International Journal of

Managing Projects in Business, Vol. 11, 2018, pp. 527–547.
3. Love, P. E. D., Z. Irani, M. Regan, and J. Liu. Cost Per-

formance of Public Infrastructure Projects: The Nemesis

and Nirvana of Change-Orders. Production Planning and

Control, Vol. 28, 2017, pp. 1081–1092.
4. Dysert, L. Is ‘‘Estimate Accuracy’’ an Oxymoron? Cost

Engineering, Vol. 49, No. 1, 2007, p. 32.

5. Flyvbjerg, B., M. K. Skamris Holm, and S. L. Buhl.

Underestimating in Public Works Projects: Error or Lie?

Journal of the American Planning Association, Vol. 68,

2002, pp. 379–295.
6. Siemiatycki, M. The Making and Impacts of a Classic Text

in Megaproject Management: The Case of Cost Overrun

Research. International Journal of Project Management,

Vol. 36, 2018, pp. 362–371.
7. Love, P. E. D., D. D. Ahiaga-Dagbui, and Z. Irani. Cost

Overruns in Transportation Infrastructure Projects: Sow-

ing the Seeds for a Probabilistic Theory of Causation.

Transportation Research Part A: Policy and Practice, Vol.

92, 2016, pp. 184–194.
8. Love, P. E. D., and D. D. Ahiaga-Dagbui. Debunking

Fake News in a Post-Truth Era: The Plausible Untruths of

Cost Underestimation in Transport Infrastructure Projects.

Transportation Research Part A: Policy and Practice, Vol.

113, 2018, pp. 357–368.
9. Invernizzi, D. C., G. Locatelli, and N. J. Brookes. Cost

Overruns: Helping to Define What They Really Mean.

Proceedings of the Institution of Civil Engineers: Civil Engi-

neering, Vol. 171, 2018, pp. 85–90.
10. Flyvbjerg, B., A. Ansar, A. Budzier, S. Buhl, C. Cantarelli,

M. Garbuio, C. Glenting, M. Skamris Holm, D. Lovallo,

D. Lunn, E. Molin, A. Rønnest, A. Steward, and B. van

Wee. Five Things You Should Know about Cost Overrun.

Transportation Research Part A: Policy and Practice, Vol.

118, 2018, pp. 174–190.
11. Welde, M., and J. Odeck. Cost Escalations in the Front-

End of Projects: Empirical Evidence from Norwegian Road

Projects. Transport Reviews, Vol. 37, 2017, pp. 612–630.
12. Andersen, B., K. Samset, and M. Welde. Low Estimates–

High Stakes: Underestimation of Costs at the Front-End

of Projects. International Journal of Managing Projects in

Business, Vol. 9, 2016, pp. 171–193.
13. Siemiatycki, M. Academics and Auditors: Comparing Per-

spectives on Transportation Project Cost Overrun. Journal of

Planning Education and Research, Vol. 29, 2009, pp. 142–156.
14. AACE International. Cost Estimation Classification Sys-

tem: As Applied in Engineering, Procurement, and Construc-

tion for the Building and General Construction Industries.

AACE International Recommended Practice No. 56R-08,

[online]. https://web.aacei.org/docs/default-source/toc/toc_

56r-08.pdf. Accessed March 22, 2021.

15. Ewerhart, C., and K. Fieseler. Procurement Auctions and

Unit Price Contracts. The RAND Journal of Economics,

Vol. 34, 2003, pp. 569–581.
16. Burnett, J., and B. Wampler. Unit Price Contracts: A Prac-

tical Framework for Determining Bid Prices. Journal of

Applied Business Research, Vol. 14, 1998, pp. 63–72.
17. Thurgood, G. S., L. C. Walters, G. R. Williams, and N. D.

Wright. Changing Environment for Highway Construction:

The Utah Experience with Construction Cost Overruns.

Transportation Research Record: Journal of the Transporta-

tion Research Board, 1990. 1262: 121–130.
18. Hinze, J., G. Selstead, and J. P. Mahoney. Cost Overruns

on State of Washington Construction Contracts. Transpor-

tation Research Record: Journal of the Transportation

Research Board, 1992. 1351: 87–93.
19. Ellis, R., J. H. Pyeon, Z. Herbsman, E. Minchin, and K.

Molenaar. Evaluation of Alternative Contracting Techniques

on FDOT Construction Projects. Florida Department of

Transportation, Tallahassee, FL, 2007.
20. State Auditor of North Carolina. Performance Audit:

Department of Transportation Highway Project Schedules

and Costs. Office of the State Auditor, Raleigh, NC, 2008.
21. Williams, T. P., J. C. Miles, and C. J. Moore. Predicted

Cost Escalation in Competitively Bid Highway Projects.

Proceedings of the Institution of Civil Engineers: Transport,

Vol. 135, 1999, pp. 195–199.
22. Sabri, O. K., O. Lædre, and A. Bruland. Why Conflicts

Occur in Roads and Tunnels Projects in Norway. Journal

of Civil Engineering and Management, Vol. 2, 2019,

pp. 252–264.
23. Bower, D. Contract Strategy. In Management of Procure-

ment (D. Bower, ed.), Thomas Telford, London, 2003,

pp. 58–73.
24. Lædre, O., K. Austeng, T. I. Haugen, and O. J. Klakegg.

Procurement Routes in Public Building and Construction

Projects. Journal of Construction Engineering and Manage-

ment, Vol. 132, 2006, pp. 689–696.
25. Hendrickson, C., and T. Au. Project Management for Con-

struction Fundamental Concepts for Owners, Engineers,

Architects and Builders. Prentice Hall, New Jersey, 1998.

1014 Transportation Research Record 2675(9)



26. Hyari, K. H., N. Shatarat, and A. Khalafallah. Handling
Risks of Quantitative Variations in Unit-Price Contracts.
Journal of Construction Engineering and Management, Vol.
143, 2017, p. 04017079.

27. Wondimu, P. A. Early Contractor Involvement (ECI)

Approaches for Public Project Owners. Doctoral thesis at
NTNU, Trondheim, Norway, 2019.

28. Molenaar, K. R., J. E. Triplett, J. C. Porter, S. D. DeWitt,
and G. Yakowenko. Early Contractor Involvement and
Target Pricing in U.S. and UK Highways. Transportation
Research Record: Journal of the Transportation Research

Board, 2007. 2040: 3–10.
29. Welde, M., R. E. Dahl, O. Torp, and T. Aass. Kostnads-

styring i entreprisekontrakter [Cost Performance in Con-

struction Contracts]. Concept Report No. 55. Ex ante
akademisk forlag, Trondheim, Norway, 2018.

30. Palisade. @RISK, Risk Analysis and Simulation. Add-In for
Microsoft Excel, Palisade Corporation, Ithaca, NY, 2016.

31. Statistics Norway Construction Cost Index for Road Con-

struction [Online]. https://www.ssb.no/en/priser-og-prisin-

dekser/statistikker/bkianl. Accessed November 4, 2020.
32. Welde, M. Kostnadskontroll i store statlige investeringer

underlagt ordningen med ekstern kvalitetssikring [Cost Per-

formance in Large Government Investment Projects That

Have Been Subjected to External Quality Assurance]. Con-

cept Report No. 51. Ex ante akademisk forlag, Trondheim,

Norway, 2017.
33. Statens vegvesen. Samledokumentasjon 2018. For utbygging-

sprosjekter avsluttet 2018 [Summary Documentation 2018. For

Construction Projects Completed in 2018]. Report No. 252.

Statens vegvesen Vegdirektoratet, Oslo, Norway, 2019.
34. Odeck, J. Cost Overruns in Road Construction: What Are

Their Sizes and Determinants? Transport Policy, Vol. 11,

2004, pp. 43–53.

Welde and Dahl 1015

https://www.ssb.no/en/priser-og-prisindekser/statistikker/bkianl
https://www.ssb.no/en/priser-og-prisindekser/statistikker/bkianl

