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The only thing certain is that uncertainty will remain.The only thing certain is that uncertainty will remain.



Introduction Introduction 

Energy Economics Examples Energy Economics Examples 
When natural gas price increases, drilling activity When natural gas price increases, drilling activity 
may not follow.may not follow.

When refining margin rises, investment in the When refining margin rises, investment in the 
refining industry may not increase (refining industry may not increase (as it is NOWas it is NOW). ). 

Policy ImplicationsPolicy Implications

The effectiveness of policies designed to influence The effectiveness of policies designed to influence 
investment may be affected by uncertainty.investment may be affected by uncertainty.



IntroductionIntroduction

A hot debate in the literatureA hot debate in the literature
Theories have contradictory predictionsTheories have contradictory predictions

PositivePositive
Hartman (1972), Abel (1983), Abel and Hartman (1972), Abel (1983), Abel and EberlyEberly (1994).(1994).

NegativeNegative
McDonald & Siegel (1986), McDonald & Siegel (1986), PindyckPindyck (1988), (1988), DixitDixit and and 

PindyckPindyck (1994)(1994)
Positive for perfect competition, negative for Positive for perfect competition, negative for 
oligopoly. Caballero (1991)oligopoly. Caballero (1991)



IntroductionIntroduction

Empirical evidence  Empirical evidence  
General consensus using macro dataGeneral consensus using macro data
Less conclusive using micro dataLess conclusive using micro data

Two challenges to empiricistsTwo challenges to empiricists
How should uncertainty be captured?How should uncertainty be captured?
How should the economic value of capital and How should the economic value of capital and 
investment be measured?investment be measured?



IntroductionIntroduction

Accounting data Accounting data rarelyrarely allows a researcher to  allows a researcher to  
correctly measure the economic value of capital.correctly measure the economic value of capital.

Economic depreciation rateEconomic depreciation rate
Many investments are for replacement Many investments are for replacement 

““The empirical investment literature is full of The empirical investment literature is full of 
disappointments. disappointments. …… There are at least as complex, and There are at least as complex, and 
perhaps insurmountable data problems. perhaps insurmountable data problems. Both right- and 
left-hand side variables are seldom measured properly..””

-------- Caballero, Engle and Caballero, Engle and HaltiwangerHaltiwanger (1995)(1995)
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This paper confronts these This paper confronts these 
problems by studying problems by studying 
investment in the refining investment in the refining 
industry. industry. 

Construct uncertainty Construct uncertainty 
measures from forward measures from forward 
refining marginsrefining margins

Use capacity change to Use capacity change to 
measure investment rather measure investment rather 
than relying on account datathan relying on account data



Aggregate InvestmentAggregate Investment
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Fraction of Investment Fraction of Investment 
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Refinery Capacity Change DistributionRefinery Capacity Change Distribution
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The far left bar (-1) represents complete shut-down refineries.



Distribution of Durations between Distribution of Durations between 
Two Capacity ChangesTwo Capacity Changes
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Measuring Uncertainty

Uncertainty is subject to investorsUncertainty is subject to investors’’ mental judgment mental judgment 
about the distribution of future returns.about the distribution of future returns.

ForwardForward--lookinglooking
Corresponds to future profitabilityCorresponds to future profitability
SubjectiveSubjective

We construct uncertainty measures from forward We construct uncertainty measures from forward 
refining margins.refining margins.

Ma (1989): On average futures markets outperform Ma (1989): On average futures markets outperform 
econometric (time series) models for all the three petroleum econometric (time series) models for all the three petroleum 
commodities.commodities.
FujiharaFujihara and and MougoueMougoue (1997): Petroleum futures markets (1997): Petroleum futures markets 
are weak form efficient.  are weak form efficient.  



Measuring Uncertainty
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Forward Refining Margin and Forward Refining Margin and 

Uncertainty MeasureUncertainty Measure
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The Competing Risks FrameworkThe Competing Risks Framework

Focus on the effect of uncertainty on the timing of Focus on the effect of uncertainty on the timing of 
investment.investment.
Hazard: the conditional probability that a refinery will Hazard: the conditional probability that a refinery will 
invest or disinvest given it stays in inaction until invest or disinvest given it stays in inaction until tt

Survival variable: Duration of a refinery staying in inactionSurvival variable: Duration of a refinery staying in inaction
Two competing risks: investment and disinvestmentTwo competing risks: investment and disinvestment
Proportional hazardProportional hazard
Shared frailtyShared frailty

νλβλβλ )()'exp(),,,( 00 txxt =



The Competing Risks FrameworkThe Competing Risks Framework

Baseline hazard: Baseline hazard: WeibullWeibull
ρρ >1, positive duration dependence.>1, positive duration dependence.
ρρ=1, constant hazard, no duration dependence.=1, constant hazard, no duration dependence.
ρρ <1, negative duration dependence. <1, negative duration dependence. 

Other control variablesOther control variables
Capacity utilization rateCapacity utilization rate
Ownership changeOwnership change
Dummy for small refineriesDummy for small refineries

1
0 )( −= ρρλ tt



Estimation Result with 5% ThresholdEstimation Result with 5% Threshold
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Estimation Result with 5% ThresholdEstimation Result with 5% Threshold

DisinvestmentInvestment
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Estimation Result with 5% ThresholdEstimation Result with 5% Threshold

2χ
DisinvestmentInvestment
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ConclusionConclusion

Uncertainty measures have a significantly negative Uncertainty measures have a significantly negative 
impact on refiners decision to invest. impact on refiners decision to invest. 

Robust to investment thresholds and uncertainty measures.Robust to investment thresholds and uncertainty measures.
Support theories emphasizing irreversibility.Support theories emphasizing irreversibility.

Main contributionsMain contributions
Uncertainty measures Uncertainty measures 

Constructed from forward marketConstructed from forward market
Reflects uncertainties in both I/O pricesReflects uncertainties in both I/O prices

Capacity changes to measure investment episodes.Capacity changes to measure investment episodes.
Investment episodes are lumpy, supportive of nonInvestment episodes are lumpy, supportive of non--
convex costs of K adjustment.convex costs of K adjustment.


