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Overview
Development projects in the oil industry often have cost overruns. Through analysis of data from Norwegian development projects in the petroleum industry, we will explain the main causes of overruns. An important and often underestimated cost driver we will analyse is the effect of the business cycle. Lack of capacity and expertise in a tight supplier market yield cost inflation and difficulties in managing projects. Unlike previous analyses of cost overruns, we analyse projects over a long time period to capture cyclical effects. Proxies for the business cycles are oil and natural gas prices. Having access to detailed annual project data, we are also able to test how cost overruns are distributed over the project execution time.  
Methods
Unique data availability is an essential ingredient here. Oil companies operating in Norway have to report annual cost details of development projects to Norwegian authorities. Existing work on oil investment on the Norwegian continental shelf relates only to exploration. It has focused on the relationship between drilling activity and such investment drivers as the oil price, recoverable resources and licensed acreage (see, for example, Mohn and Osmundsen, 2008; 2011 and Mohn 2008). Drilling activity is modelled in terms of an error-correction model, where investment drivers are assumed to be uninfluenced by drilling activity. Using the concept of co-integration (Engle and Granger, 1987; Hendry and Juselius, 2000), the error-correction model has the benefit of explicitly separating short-run adjustments from the long-run equilibrium relationships. We will extend the current literature by analysing development projects. We examine how total investments depend on various investment drivers. This allow us to capture important interactions between total investments, for example, recoverable resources and policy variables. Carefully separating investment variables determined within the investment model from exogenous investment determinants will allow us to formulate a fuller representation of oil investments. This allows us to address important questions such as how total oil investment responds to oil price movements or other investment drivers, both in the short term and in the long run.

Results
A common cause of cost overruns is underestimating cost increases directly related to the business cycle.  Better estimation of aggregate investment in the petroleum industry would thus improve planning and investment decisions by the companies. The table below shows results from panel data estimation on 95 investment projects from 2000 to 2013. The dependent variable is cost overruns, measured as the percentage difference between initial estimates and updated cost estimates. Independent variables are percentage completion of project and oil (Brent) and natural gas (European import price) prices. We separately estimate the price effects due to the strong cross-correlation in prices.     

Table 1. Estimation results
	
	
	
	
	
	
	
	
	

	Variable
	Coefficient
	t-value
	
	Coefficient
	t-value
	
	Coefficient
	t-value

	% completed
	0.3017
	3.7600
	
	0.2484
	3.1300
	
	0.2482
	3.0500

	Oil price
	-
	-
	
	0.0024
	2.1400
	
	-
	-

	Natural-gas price
	-
	-
	
	-
	-
	
	0.0188

	2.6100


	
	
	
	
	
	
	
	
	

	R2 (overall)
	0.0057
	
	
	0.0340
	
	
	0.0353
	


Note: Random effects estimates with robust standard errors. 

We find that the largest cost overruns take place late in project implementation. Cost overruns are higher in periods of high oil and natural gas prices, of which the natural gas price has a slightly larger explanatory power than the oil prices 

Table 2. Correlations between key investment cost variables
	
	Oil price
	Gas price
	Rig rates
	Investments
	Wages
	Employees

	Oil price
	1
	
	
	
	
	

	Gas price
	0.9734
	1
	
	
	
	

	Rig rates
	0.9498
	0.9259
	1
	
	
	

	Investments 
	0.8963
	0.8754
	0.9318
	1
	
	

	Wages 
	0.8804
	0.8435
	0.9101
	0.9789
	1
	

	Employees
	0.9003
	0.8640
	0.9321
	0.9701
	0.9946
	1


Note: Rig rates are refer to average rig rates for floaters, USD per day, on the Norwegian continental shelf (source: RS Platou). Investments are total petroleum related investments on the Norwegian continental shelf (source: SSB). Wages are wages for employees related to Norwegian petroleum activities (source: SSB), and employees are number of employees related to Norwegian petroleum activities (source: SSB). 

Table 2 shows correlations between oil and gas prices and key variables related to investment costs on the Norwegian continental shelf. The strong correlation illustrates the importance of cost increases related to the business cycle. With higher energy prices, projected revenues from projects increase, putting pressure on capacity and project development services in a tight supplier market. The strong correlation also highlights the difficulty in isolating effects of individual cost related variables on cost inflation.
Conclusions
Estimation of future investment levels in the petroleum industry is challenging. A rigorous econometric approach singles out key drivers for investment levels. These enable oil companies and governments to establish consistent plans in which the expected investment and cost level correspond with the expected oil and natural gas prices. Results indicate that cost overruns are higher in later project implementation, and that percentage overruns are higher when oil and natural gas prices are high.
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