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• “If energy prices will trend higher, you invest one way; if energy prices will be lower, you invest a 

different way. But if you don’t know what prices will do, often you do not invest at all.”

– Lawrence H. Summers, 2009.

• “Uncertainty is seen to retard investment independently of considerations of risk or expected return. 

Introduction of uncertainty can be associated with slack investment, resolution of uncertainty with an 

investment boom.’

– Ben Bernanke, 1979 PhD thesis
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Theory and Existing Evidence

• Macro-level – extensive theoretical and empirical literature

– Fernández-Villaverde and Guerrón-Quintana (2020) surveys literature on equilibrium business cycle 

models of uncertainty shocks, suggesting focus on two sources - financial and macroeconomic.

– Equilibrium macro-finance models show energy uncertainty generates contractions (Gao et al. (2021)).

– Proxies for uncertainty include newspaper counts (Bloom, 2009) and composites (Jurardo et al 2015).

• Firm level – Theory suggests several channels, but we think about capital budgeting with real options

– Firms jointly decide which investment projects and when to invest.  

– Uncertainty increases value of waiting   (Henry (1974), Pindyck (1991), Dixit and Pindyck (1994)).

– Requires some level of irreversibility, but not restrictive, and may include investment/consumption, 

manufacturing facilities, equipment with impaired secondary market, goods costly to store, labor.

• Firm level empirical evidence is limited

– Difficult to link micro-investment decisions with uncertainty due to data constraints

– Behavior of mine closings in Brazil (Moel and Tufano (2002)).

– Conventional drilling in Texas declines with oil volatility, prior to 2003 (Kellog (2014)).  
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Our approach

• Data

– We use data on weekly number of onshore rotary rigs exploring for oil.

– Oil prices measured by spot WTI  (Alquist and Kilian (2010)). 

– Uncertainty measured by 6-month implied volatility from options on oil futures.

– Baseline sample 2012 to 2020 to capture tightest link between prices and drilling.

– Robustness 

• longer samples 

• Model oil supply/demand VAR Kilian (2009), with BDI transformed as suggested by Hamilton (2021). 

• measure uncertainty by MGARCH, return on delta-neutral straddles.

• Identifying restrictions

– Weekly data permits simple VAR identifying restrictions. 

• Sample (2012-) corresponds to rise in hydraulic fracturing and rapid increases in technology and efficiency.

– Gilje, Ready, and Roussanov (2016) 

– Surge in production not forecasted by EIA or markets – EIA see Annual Energy Outlook.

– Oil field services firms experienced abnormal returns.
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Results 

• We find that drilling is tightly linked to both the level of oil prices and oil price uncertainty.

– We describe institutional features which permit drilling activity to respond quickly to oil prices.

– We show that oil production responds relatively quickly to oil price shocks.

– One std dev increase in oil price causes drilling rigs to increase by about 1% after just 3 weeks; and about 

5% after 12 weeks; and we do not measure intensity

– This matters for a large literature on the propagation of oil shocks.

– The number of onshore rotary rigs declines in response to rising uncertainty about oil prices

– One std dev increase in uncertainty reduces drilling rigs by up to 4%, controlling for level of oil price.
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Domestic Energy Extraction

• Domestic (U.S.) employment in oil and gas extraction.  

– Operating and developing oil and gas field properties, such as exploration for crude oil and natural 

gas from conventional vertical wells, oil shale and oil sands (eastern Utah). 

– Bakken, Eagle Ford, Macellus and Permian fields. 

• Site preparation (~6% of costs onshore), such as road construction and surface equipment 

– storage tanks, separators and hook-up to gathering systems. 

• Drilling (~31% costs) to total depth with a rig.  

– Casing, liner, drill bits, rig hire fees, cement, mud and drilling fluids and fuel costs. 

– Firms hold inventory of Drilled but Uncompleted Wells (another paper).

• Completion (~63% costs) by frack crews and a workover rig. 

– Well perforations, fracking and fluid supply and disposal.

• Operating activities consist of well maintenance and occasional workover activities and other costs up 

to the point of shipment from the producing property. 
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Oil Prices and Drilling Rigs during Covid
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Empirical Model

• Vector Autoregession with and without MGARCH-in-Mean

– Measure oil volatility by implied volatility from options on oil futures, GARCH, zero-cost straddle.

– Flexible empirical model that summarizes relevant dynamics and captures uncertainty effect.

– Goal is to identify an uncertainty shock, orthogonal to contemporaneous information set.

– Oil volatility is variance of the forecast error, conditional on contemporaneous information set.

– Simple identifying restrictions.

– Byt = C + 1yt–1 + 2yt–2 + ··· + pyt–p +  diag(𝑯𝒕
1/2) + t,

–

– 𝑑𝑖𝑎𝑔 𝑯𝒕 = 𝐶 + 𝑑𝑖𝑎𝑔 𝜺𝒕−𝟏𝜺𝒕−𝟏′ + 𝑑𝑖𝑎𝑔 𝑯𝒕−𝟏

– 𝑦𝑡 =

𝑅𝑖𝑔𝑠𝑡
𝑂𝑖𝑙𝑡
𝑉𝑜𝑙𝑡

for homoscedastic VAR 

– 𝑦𝑡 =
𝑅𝑖𝑔𝑠𝑡
𝑂𝑖𝑙𝑡 for SVAR with MGARCH
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Figure 4
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Conclusions
• We find that drilling is tightly linked to both the level of oil prices and oil price uncertainty.

• We describe institutional features which permit drilling activity to respond quickly to oil prices.

• We show that oil production responds relatively quickly to oil price shocks.

– One std dev increase in oil price causes drilling rigs to increase by about 1% after just 3 weeks; 

and about 5% after 12 weeks; and we do not measure intensity

– This matters for a large literature on the propagation of oil shocks.

• The number of onshore rotary rigs declines in response to rising uncertainty about oil prices

– One std dev increase in uncertainty reduces drilling rigs by up to 4%, controlling for level of oil 

price.
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