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Abstract 
Cost overruns on oil and gas projects are a common. Due to limited data availability, project investment 

size has become one of the few frequently used explanatory variables in econometric modelling of 

cost overruns. However, project size has proven itself to lend inconsistent results in the literature by 

splitting between positive, insignificant and negative effect.  In this article, we attempt to shed light on 

this non-conforming consensus by suggesting an overriding non-linear model.  Our dataset consists of 

160 oil and gas development projects between 1988 and 2016 from the Norwegian continental Shelf. 

With locally weighted regression and multivariate fractional polynomial modelling we find evidence of 

a nonlinear relationship between cost overrun and project size. We find an initial declining relation 

between cost overruns and projects size, which later reverts into an increasing but marginally declining 

relation.  We find that this shape of the curve is the result of a trade-off between several essential cost 

drivers and modifiers, for instance, diversification and complexity.  

mailto:sindre.lorentzen@uis.no
mailto:petter.osmundsen@uis.no


2 
 

1.0 Introduction 
This paper investigates the empirical relationship between cost overruns and project investment size. 

This is achieved using data on cost overruns in offshore oil and natural gas development projects on 

the Norwegian Continental Shelf (NCS). Delivering at or below the estimated cost is considered a 

pivotal criterion, alongside quality, delivery on schedule and production attainment, for evaluating the 

success of project execution. Cost overruns, to the extent they represent a cost estimation bias, can 

have a negative impact on profitability through causing a distortion in the profitability ranking of the 

companies’ portfolio of available investment projects – which can lead to non-optimal decisions.  

Cost overruns in projects have been studied extensively throughout the decades. However, this 

research has been predominantly contained to performing case studies of a limited sample. Among 

studies applying a more empirical approach, the econometric methodology tends to be simplistic – i.e. 

univariate ordinary least square (OLS) regressions are commonplace. This is likely due to the difficulty 

in getting access to data. The perhaps most frequently used explanatory variable in econometric 

studies is project size.   This might be due to the fact that the estimated and realized size of the project 

are required to compute the cost overrun in the first place, hence it is easily available. From a 

theoretical perspective, project size is often regarded as being a proxy for the complexity of the 

project. More complex projects are regarded as more difficult to control and plan for, thus there ought 

to be more cost overruns. However, the empirical literature has not formed a consensus regarding the 

effect of project size on cost overrun. While many studies indeed find a positive relation, a significant 

proportion of other studies finds either an insignificant relation or a negative relation between these 

variables.  

In this article, we assess the relation between cost overruns and projects investment size by utilizing a 

more rigorous econometric methodology which allows for nonlinearities. Specifically, in our 

econometric approach we utilize locally weighted regressions and multivariable fractional 

polynomials. We hypothesize that there are nonlinearities in this relation, which are caused by several 

underlying determinants such as diversification, complexity, project aggregation and heterogeneity in 

operator experience. If there indeed is a nonlinear relationship, then samples confined to different 

segments of projects size might yield differing results regarding the sign and size of the beta.  

The remainder of this article is structured as follows. Section 2 reviews previous literature on cost 

overrun and project size. The data is presented in Section 3. Results from the econometric analysis are 

presented and discussed in Section 4 and 5. Finally, Section 6 concludes.  
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2.0 Literature Review 
The oil and gas sector is of pivotal importance for the Norwegian economy. With a large contribution 

to GDP and megaprojects with the potential of large environmental impact, the sector is constantly 

under scrutiny by many governmental and nongovernmental organizations. Regarding cost overruns 

in oil and gas projects on the NCS, there are several noteworthy studies. For instance, the Investment 

Committee (appointed by the Ministry of Petroleum and Energy) conducted a detailed examination of 

13 projects on the NCS between 1994 and 1998. Further, Norway’s Office of the Auditor General 

conducted similar analysis of three different projects selected from 1995 to 1996 and the Norwegian 

Petroleum Directorate draws a sample of five projects from 2006 to 2008. While these reports are case 

studies and thus offers little support on establishing an empirical relation between cost overrun and 

project size, they offer valuable insight regarding the dynamics of project execution on the NCS. Based 

on these reports a consensus appear to have been established regarding some of the drivers of cost 

overruns. First, the initial project plans and budgets appears to be riddled with unrealistic assumptions 

driven by excessive optimism.  This finding is not unique to the NCS, Flyvbjerg et al. (2004) note similar 

results for transportation infrastructure projects. Second, project management had an inadequate and 

insufficient understanding of the risk and uncertainties related to the projects. Third, insufficient 

planning prior to project execution. Fourth, underestimation of the availability of bottleneck resources 

such as rigs and skilled workers. Finally, failure to take into account challenges represented by 

advances in technology.  

More rigorous empirical approaches have been applied to cost overruns on the NCS in Dahl et al. 

(2017), Oglend et al. (2016) and Lorentzen and Osmundsen (2016). Based on their research, cost 

overrun appears to be rule rather than the exception. Based on panel data regression a significant 

relation between cost overruns and the business cycle is found. Worth noting, it appears that while 

economic activity has a significant impact, what really matters is the extent to which the change in 

economic activity is unexpected.  Further, while cost overruns on the NCS appears to be prevalent both 

in frequency and extent, Lorentzen and Osmundsen show that cost overruns on the NCS is not worse 

than overruns in other sectors and countries.  

Taking a step back from the oil and gas industry on the NCS, Table 2 shows a selection of different 

articles on cost overruns and project size. As observed, all outcomes ranging from significant to 

insignificant and positive to negative relation between cost overrun and project size have been 

obtained in the empirical literature. Interestingly, as pointed out by Jørgensen et al. (2012), estimated 

project size tends to give negative coefficients while realized size tend to result in positive coefficient. 

Further analysis by Jørgensen et al. (2012) show that applying alternate project size proxy rarely results 

in conforming conclusion regarding the relation. As further demonstrated by their research, the 

conflicting results appears to be, at least partly, driven the statistical artefact of imperfect correlation 

been estimated and realized investment size of the projects.  
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Table 1: Literature review 
 
Research on the relation between cost overrun and project size. Article, project size proxy (either 
estimated or realized), sample size, type of project and the observed relation between cost 
overrun and project size is reported. Additionally, the analysis was repeated on the dataset from 
several of the articles by Jørgensen et al. by using the alternate proxy.  
  

Author Proxy Sample size Project Relation 

Creedy (2006) Estimated 231 Road ↓ 
     
Dantata et al. (2006) Actual 37 Rail ↑ 
     
Flyvbjerg et al. (2004) Estimated 131 Rail − 
     
Gray et al. (1999) Actual 77 Software ↑ 
     
Hatton (2007) Actual 957 Software ↑ 
     
Heemstra & Kusters (1991) Actual 388 Software ↑ 
     
Hill et al. (2000) Estimated 506 Software ↓ 
     
Moløkken-Østvold et al. (2004) Actual 42 Software ↑ 
     

Odec (2004) Estimated 620 Road 
↓ 

 
     
Pickrell (1989) Estimated 10 Rail − 
     
Sauer et al. (2007) Actual 412 IT ↑ 
     
Van Oorshot et al. (2005) Estimated 108 Software − 
     
Yang et al. (2008) Actual 112 Software ↑ 
     
Oglend et al. (2016) Actual 79 Petroleum ↑ 

 

Based on the researched reported in Table 2, when regressing cost overrun on project size, it is linear 

relations that are almost exclusively tested. However, in the presence of a non-linear dependence, 

restricting the model specification to linear regression model might yield misleading results. We find 

two noteworthy examples of allowing for nonlinearity. In Oglend et al. (2016) cost overruns for 

petroleum projects on the NCS is considered. For testing of for a relationship between cost overrun 

and the realized project size, they improve the explanatory power by taking the inverse of project size. 

Project size is found to have a positive and significant effect on cost overruns. In Sovacool et al. (2014) 

electricity production projects are considered. Applying simple polynomials and logarithmic trends to 

various projects types (nuclear, hydro, wind, solar, etc.) they identify significant nonlinear relations for 

some of the project types.  
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3.0 Data 
Our dataset consists of 160 offshore oil and gas projects between 1988 and 2016 on the NCS. Data was 

extracted from the Norwegian Petroleum Directorate, the Investment Committee, Office of the 

Auditor General of Norway and the Norwegian National Budget. We define cost overruns for a given 

project 𝑖 as the inflation adjusted relative difference between the ex ante estimated project 

investment size (𝑃𝐷𝑂𝑖), at the time of the project sanctioning, and the ex post realized project 

investment size (𝐶𝐶𝐸𝑥𝑖). The project size is measured in billion NOK at the time of the project sanction. 

See Equation (1) for the operationalization of cost overruns. 

 
𝐶𝑜𝑠𝑡𝑂𝑣𝑒𝑟𝑟𝑢𝑛𝑖 =

𝐶𝐶𝐸𝑥𝑖
𝑃𝐷𝑂𝑖

− 1 (1) 

 

While the timing can be contested, the last available estimation prior to sanctioning is used in order to 

ensure that cost overrun is relevant for evaluation of decision-making – which appears to be the 

consensus in the literature. Cost overruns are informative of cost estimation bias and project 

managers’ ability to execute projects according to plans. However, it should be noted that cost overrun 

as a measure possesses several shortcomings.  For instance, if the scope of the project changes then 

the initial estimate becomes invalidated and the overrun becomes biased. Further, cost overrun is a 

one-sided focus on the cost side of the projects and fails to consider the income aspect of a project, 

timing and strategic considerations.  

 

4.0 Empirical analysis 
As a point of departure, we begin our analysis by applying an Ordinary Least Square (OLS) regression 

with cost overrun as the dependent variable and project investment size as the independent variable. 

The regression model is specified in Equation (1).  

 𝐶𝑜𝑠𝑡𝑂𝑣𝑒𝑟𝑟𝑢𝑛𝑖 = 𝛼 + 𝛽 ⋅ 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒𝑖 + 𝑢𝑖 (1) 
 

Figure 1 shows the regression results and corresponding distributions of the dependent and 

independent variables. As observed, the distribution of cost overruns exhibits both a positive mean 

and positive skewness, which suggests a deviation from the normal distribution. A Jarque-Bera 

normality test confirms that cost overruns are not normally distributed (p-value = 0.00). Offshore 

development projects have an average cost overrun of 18 per cent. As implied by both the mean and 

skewness, more projects are realized with overruns than underruns – specifically 114 out of 160 or 71 

per cent of the projects overspent their budget. These results show that cost overruns are the norm 

rather than the exception. Dahl et al (2017) and Oglend et al (2017) find similar results for cost overruns 

on offshore oil and gas development projects on the NCS. Analogously, Flyvbjerg et al. 

(2004;2005;2006) and Sovacol et al. (2015) reach similar conclusions for transport infrastructure 

projects, electricity production and distribution projects. It should be noted that cost overruns are here 

derived from a point estimate. However, it is commonplace for firms to operate with a contingency 

budget. As such, an overspending constituting a cost overrun might not cause any issues during project 

executions if it is within the contingency budget. The various petroleum companies use different 

confidence levels for their point estimates, but with a contingency budget of 20 per cent above the 

estimate, as much as 31 per cent of the projects experienced cost overruns beyond this level. Further, 

project size appears to follow a lognormal distribution, this is further confirmed by a Shapiro-Wilk test 

as the null hypothesis of lognormality is not rejected (p-value = 0.94).  
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Based on regression results, the relation between cost overrun and project size appears to be 

insignificantly (p-value = 0.14) different from zero. This finding suggests that there is no linear 

relation between these two variables. Either the lack of significant results is caused by a genuine lack 

of relation between cost overrun and projects size, or that the econometric approach is unable to 

capture the relation due to a violation of OLS assumptions. Examples of the latter is 

heteroscedasticity and statistical outliers. With a Breusch–Pagan and Cook–Weisberg tests we find 

evidence of heteroscedasticity in the dataset (p-value = 0.07). The presence of statistical outliers is 

further confirmed by applying a leverage versus residual test to the regression model from Equation 

(1). An alternative explanation to the lack of a significant relation between cost overrun and project 

size is a misspecification of the functional form. In other words, there might be a nonlinear 

relationship between cost overrun and project size. To assess this possibility, we apply two different 

approaches: (1) an iterative locally weighted regression, and (2) multivariable fractional polynomial. 

Both methods are complementary but possess different strengths and weaknesses. The former can 

be considered more as a data filtering technique but can be a good point of departure for later 

model fitting. The latter follows the more traditional econometric model fitting methodology. We 

apply both to ensure robustness of the results, which is achieved when both approaches conform in 

their results.  

Figure 1: Relation between cost overrun and project size for oil and gas projects on the NCS 

 
Scatter plot showing relation between cost overrun (%) and project size (bn NOK) with a fitted regression 
line. The distributions are approximated through a histogram and Epanechnikov kernel density plot. Data 
consist of 160 offshore oil and gas projects between 1988 and 2016 on the NCS 

 

To assess the possibility of nonlinearity between cost overruns and project size, we begin by applying 

a locally weighted smoothing procedure to the data. This is accomplished by running a regression for 

each pair of observations (𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒𝑖, 𝐶𝑜𝑠𝑡𝑂𝑣𝑒𝑟𝑟𝑢𝑛𝑖) of cost overrun and project size as the 

central point and a few surrounding observations. The subsample used at each iteration of the 

smoothing procedure ranges from max(1, 𝑖 − 𝑘) to min(𝑖 + 𝑘,𝑁), where the parameter 𝑘 is given 
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by ⌊(𝑁×𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ − 0.5)/2⌋. The weighting (𝑤𝑗) is based on Cleveland’s (1979) tricube weighting 

function, where observations farther away from the central point receive a lower weight based on 

the distance absolute distance from the central point (|𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒𝑗 − 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒𝑖|). The 

weighting function is given in Equation (2). 

 
𝑤𝑗 = {1 − (

|𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒𝑗 − 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒𝑖|

Δ
)

3

}

3

 (2) 

 

Figure 2 compares the OLS regression line to the smoothed line obtained from the locally weighted 

regression. As observed, the locally weighted regression line appears to deviate from the OLS 

regression line. This suggests that there might be nonlinearity in the relation between cost overruns 

and project size. The locally weighted regression line appears to exhibit three phases. First, it is 

initially declining at the lower percentiles of project size. Second, at the midsection of project size, 

the regression line then reverts and begins to increase at a declining rate. Finally, at the higher 

percentiles of project size the regression line begins to weakly decline.  

Figure 2: Locally weighted scatterplot smoothing for cost overruns and project size 

 
 

Based on the preceding findings obtained from the locally weighted regressions, there is some 

evidence to suggest a nonlinear relation between cost overruns and project size. To investigate this 

possibility further, we apply a multivariable fractional polynomial model approach. Rather than 

obtaining a set of 𝑁 disjointed predictions, the MFP approach provides a single regression model with 

a functional form that balances the trade-off between in-sample explanatory power and specification 

parsimony. Fractional polynomials are derived from raising the independent variable to a power from 

the following set of exponents: {−2, −1, −0.5, 0, 0.5, 1, 2, 3}. Based on the defined fractional 

polynomials, the final model is specified by backward elimination. This methodology is robust to model 

fitting challenges caused by concurvity and collinearity between the variables. See Royston and Altman 

(1994) for further details.  
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Figure 3: Multivariable fractional polynomial 
 

 
Figure shows fitted nonlinear relation between relative cost overruns (%) from offshore oil and gas 
development projects and project investment size (bn NOK) using a multivariable fractional polynomial 
model approach. The obtained model is specified through backward elimination. 

 

Figure 3 shows a scatter plot between cost overruns and projects size and the fitted multivariable 

fractional polynomial model. The obtained nonlinear function is specified in Equation (3) and the 

regression results are reported in Table 2.  

 𝐶𝑜𝑠𝑡𝑂𝑣𝑒𝑟𝑟𝑢𝑛𝑖 = 𝛼 + 𝛽1𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒
−2 + 𝛽2𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒

−2 ⋅ ln(𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒) + 𝜀𝑖  (3) 
 

As seen, we have that the best trade-off between goodness of fit and model specification parsimony 

is a multivariable fractional polynomial model with two variables: 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒−2 and 

𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒−2 ln(𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒). Given the obtained functional form, the relation between cost 

overruns and project size is initially declining and convex.  Thereafter, the regression line begins to 

increase albeit at a marginally declining rate. As such, the relation between cost overruns and project 

size moves through the whole spectre from negative to positive and finally to no relation. In short, the 

effect of project size appears to depend on the size of the project size.  
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Table 2: Multivariable fractional polynomial 

VARIABLES Coefficient 

  
𝑋−2 − 93.17: 𝑋 = 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒/100 -0.004*** 
 (0.000) 
𝑋−2 ⋅ ln 𝑋 + 211.23: 𝑋 = 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑧𝑒/100 -0.001*** 
 (0.000) 

Observations 160 
R-squared 0.565 

Robust p-value in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
 

Results from the MFP modelling approach appear to coincide with results from the locally weighted 

regression, which is a good indication of the robustness. To further verify the robustness of the model 

we perform a misspecification test and an outlier analysis. First, through applying a link test (Pregibon, 

1980), regressing cost overrun on the residual and squared residual of the MFP model, we find no 

evidence of misspecification of the model (p-value = 0.79). Second, by comparing the observations 

leverage (measured as deviations from the independent variables mean) against their squared residual 

we can gain insight to whether there are outlier observations impacting the regression results. As seen 

in Figure 4, only two observations fall within the upper left quadrant. The functional form of the MFP 

model is robust to dropping these outliers. 

Figure 4: Analysis of outliers for mfp model 

 
 

5.0 Discussion 
To summarize, the results from both the locally weighted regression and multivariable fractional 

model fitting appear to conform with our ex ante expectations. The overall picture contains a 

negative sloped section, i.e., where increased project size reduces the problem of cost overruns, and 

a positive section where the opposite holds true. Thus, the findings of the current literature are 

special cases of our overriding, non-linear approach. The shape of the curve is the result of a trade-

off between several essential cost drivers and modifiers, for instance: diversification and complexity. 

First, regarding diversification, larger projects can be considered as a portfolio of many small 
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projects. Through diversification, the idiosyncratic risk is reduced or removed in larger projects. This 

might explain the larger variability in cost realisations for smaller projects and the opposite for large 

projects. Thus, this is an argument for a decreasing schedule. Second, regarding complexity, project 

size serves as a proxy for project complexity, which is an argument for larger projects having larger 

cost overruns, i.e., an increasing schedule.  Larger projects rely on critical co-ordination between 

different subprojects, often manufactured in different countries, thus increasing the probability of 

overruns. The convexity of cost overruns versus project size can thus be seen as a trade-off between 

diversification and complexity. When the size of a project increases, there is the benefit of 

diversification, thus reducing the cost risk. We are now on the downward sloping part of the 

schedule. When project size increases further, the diversification effect is dampened and the 

complexity effect kicks in. After a while, the complexity effect dominates, and we are on the 

increasing segment of the curve. However, the effect of complexity on cost overruns exhibits 

diminishing returns, which causes the schedule to become concave. 

Further, in our conversations with oil companies and the construction industry we were made aware 

of additional factors that may help explain why the curve does not have a regular U-shape. One 

insight is that experience could represent an omitted variable. Inexperienced operators tend to 

undertake smaller projects compared to more experienced operators. This may help to explain the 

larger cost overruns for smaller projects, but also helps to explain why larger and presumably more 

complex projects are not associated with exponentially increasing cost overruns, as the largest 

projects on average are implemented and operated by the most experienced and resourceful 

companies. The experts also ask us to pay attention to the disaggregation of projects in the data set. 

A project with a large cost overrun is more probable to be rejected or stopped when it is a stand-

alone project compared to it being a crucial part of a larger project. If a small and critical project is 

part of a larger project, but defined and accounted for as an individual project, the cost overrun may 

be insignificant seen from the perspective of the large project. What counts may be to deliver on 

time, so speed is the priority. Cost control may be at a higher priority of the larger parts of the 

project.  This may explain larger cost overruns on some small projects. 

6.0 Conclusion 
This article addresses the inconsistencies found the literature regarding the relation between cost 

overruns and project size. This is achieved by introducing a nonlinear model. As the literature finds 

both negative and positive relations as well as no significant relation, our nonlinear approach is able 

to reconcile these seemingly conflicting results by providing an overriding model in which other 

models become a special case. By utilizing offshore oil and gas development projects from the 

Norwegian Continental Shelf, we identify an initial declining relation between cost overruns and 

project investment size, where an increase in size decreases the tendencies of cost overrun. Further, 

the relation between these two variables changes such that an increase in size is associated with an 

increase in cost overruns. We find that these findings fit well the theory of diversification and 

complexity. The initial declining schedule can be explained through diversification, larger projects can 

be considered a portfolio of many small projects such that smaller projects possess more 

idiosyncratic risk. The increasing schedule can be explained by project size being a proxy for project 

complexity. As complex projects tend to be more difficult to estimate than simpler projects, complex 

projects should experience more cost overrun ceteris paribus. 
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