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Abstract

Have U.S. oil market policy interventions succeeded in lowering the price of crude oil? This
paper uses a structural vector autoregression (VAR) model of the U.S. oil market to estimate
the effect of the Strategic Petroleum Reserve (SPR) on crude oil prices. In contrast to
existing literature, I show that unanticipated oil releases from the SPR have no measurable
effect on oil prices. However, unanticipated oil purchases for the SPR raise oil prices 1.5
percent. I confirm these estimates with two alternate VAR identification strategies that use
external information, rather than the traditional recursiveness assumption. First, the SPR
purchase schedule is used as an instrument in the VAR model to identify the effect of SPR
purchase shocks on oil prices. I verify the statistically significant purchase effect and show
that standard identifying assumptions have a downward bias. Second, I identify SPR release
shocks with high-frequency futures market data. Using several futures contracts to estimate
unanticipated SPR policy shocks, I find that SPR releases do not have an effect on oil prices.
To explain this puzzle, I estimate an interacted VAR with time-varying policy effects. This
model shows that SPR purchases only increase oil prices when uncertainty is high, but SPR
releases do not lower oil prices at any level of uncertainty.
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1 Introduction

The Strategic Petroleum Reserve (SPR) was created in response to the 1975 Arab Oil

Embargo, and was intended to, “Store petroleum to reduce the adverse economic impact

of a major petroleum supply disruption to the United States” (U.S. Congress, 1975). Since

the SPR was constructed in 1977, over 150 million barrels of crude oil have been released

from the reserve. During these releases, crude oil from the SPR made up 5 to 12 percent of

weekly domestic oil supply. The government has purchased over 850 million barrels of crude

oil for the reserve, which accounted for between 2 to 4 percent of U.S. crude oil consumption

during purchase weeks.

Despite this long history of purchases and releases, little is known about the effect of

the SPR on crude oil prices. Much of the existing literature on the SPR focuses on optimal

purchase and release strategies, and does not directly estimate the effect of the SPR on

crude prices (see Tolley and Wilman, 1977; Nichols and Zeckhauser, 1977; Teisberg, 1981;

Chao and Manne, 1983; Zhang et al., 2009). These papers generally assume a SPR crude

oil release during a supply disruption will lower oil prices, but SPR purchases when the

oil market is calm will not affect prices. Unsurprisingly, these models show that under

optimal management, the benefits of the SPR far outweigh the costs of construction, oil

acquisition, and storage. The estimated benefits of the SPR are even higher when the

negative macroeconomic effects of oil price spikes are taken into account (Weimer, 1982;

Bohi and Toman, 1996; Leiby and Bowman, 2000). When Congress recently approved plans

to expand the reserve from its current level of 727 million barrels to 1 billion barrels, SPR

proponents praised its ability to lower oil prices and stabilize the economy during oil supply

disruptions (Government Accountability Office, 2006; Congressional Research Service, 2006).

The few empirical estimates of the SPR price effect vary widely: SPR releases are esti-

mated to lower the price of crude oil by 3 to 32 percent, while SPR purchases are estimated

to increase the price of crude oil by 0.4 to 32 percent (U.S. Senate, 2003; Verleger, 2003;

Considine, 2006). The lack of consistency among these estimates is evidence that identifying

the effect of SPR policy on oil prices is difficult. Some SPR crude oil releases occurred in

response to severe oil market supply disruptions (e.g., 1991 Desert Storm sale) while others

occurred because oil prices were relatively low and stable (e.g., 1996 sales to reduce the

deficit). Similarly, the largest SPR purchases were a response to high oil prices caused by

the Arab Oil Embargo. Purchases for the SPR were also made in the late 1980s, while there

was excess capacity in oil markets and prices were relatively low.

Isolating the effect of SPR policy is challenging because the policy depends, in part, on

the state of the oil market. Changes in the price of oil following an SPR policy action reflects
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both the policy and market conditions to which the policy is responding. The endogeniety

of crude oil supply, crude oil demand, and SPR policy has likely led to the widely varying

estimates of the SPR’s effect on the price of oil.

Given these difficulties, I use several structural vector autoregression (VAR) models of

the U.S. oil market to estimate the effect of SPR policy. Since Kilian (2009), structural

VAR models have been used to model both the global and U.S. oil markets (Apergis and

Miller, 2009; Lippi and Nobili, 2012; Baumeister and Peersman, 2013b; Jo, 2014). This

paper contributes to this literature by adding oil market policy variables to the VAR model,

following the voluminous monetary policy literature (Bernanke and Blinder, 1992; Sims,

1992; Bernanke and Mihov, 1998; Christiano et al., 1999). As a starting point, I identify

SPR policy effects by restricting the structural shocks through the recursiveness assumption.

For example, the exclusion restrictions in this model imply that oil supply and oil demand

respond only with a lag to SPR policy shocks. To justify this assumption, I estimate the

model with weekly data, rather than the monthly or quarterly data typically used in the oil

market literature. In this benchmark model, an unanticipated SPR purchase raises the price

of the price of oil 1.5 percent over 20 weeks following purchase, but an unanticipated SPR

release does not have a statistically significant effect on the price of oil.

Though VAR models in both the oil market and monetary policy literature are identified

by assuming recursiveness (see Kilian, 2009; Christiano et al., 1996), this identifying assump-

tion is controversial (Rudebusch, 1998). Papers on oil markets have increasingly relied on

sign restrictions to identify structural shocks (Baumeister and Peersman, 2013b; Kilian and

Murphy, 2012). I take a different approach and identify policy shocks using information that

is external to the VAR model, but correlated with unanticipated policy actions (Stock and

Watson, 2008; Olea et al., 2012). Following work by Romer and Romer (1989), who use the

minutes from Federal Reserve meetings to identify monetary policy actions that were exoge-

nous with respect to market conditions, many papers have constructed external instruments

to identify structural shocks (Stock and Watson, 2012). I construct two separate instruments

to partially identify the effects of SPR purchases and releases in a VAR framework.

First, I use the SPR purchase schedule as an instrument to identify unanticipated SPR

purchases. From 1999 to 2010, the Department of Energy (DOE) hired private contractors

to purchase oil for the SPR. These contractors were required to deliver a specified amount

of oil over a fixed time period (e.g., a contractor would agree deliver 9.4 million barrels

of oil from April to July 2005). The purchase schedules were not immediately announced

and exemptions from the schedule were rarely granted, which makes the purchase schedule

correlated with unanticipated SPR purchases. The schedule was also set well ahead of the

delivery window, so the purchase schedule is uncorrelated with other structural shocks at
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the time of purchase. Using the purchase schedule as an instrument to partially identify the

VAR model, I estimate that SPR purchase shocks cause crude oil prices to rise 6 percent

over 15 weeks following purchase.

Next, I use crude oil futures data to identify the effect of SPR releases on crude oil

prices. This method follows work by Bagliano and Favero (1999) and Cochrane and Piazzesi

(2002), who estimate monetary policy shocks with Federal Funds futures data. In these

models, the change in futures prices immediately following a policy announcement is used

to estimate the unanticipated component of the policy. For example, an unanticipated SPR

release announcement would be immediately followed by a drop in the crude oil futures price,

whereas a wholly anticipated SPR release announcement would elicit no response from the

crude oil futures market. Using the benchmark U.S. crude oil futures contract, West Texas

Intermediate (WTI), to estimate policy shocks confirms that unanticipated crude oil releases

from the SPR do not lower the price of crude oil.

To ensure the change in oil futures prices following an SPR release reflects only the policy

effect, and not other shocks to the oil market, I construct a novel financial instrument: the

spread between the U.S. (WTI) and Canadian (WCS) crude oil futures. Given the similarities

and proximity of the U.S. and Canadian crude oil markets, a drop in the U.S. crude futures

price relative to Canadian crude futures immediately following a SPR release announcement

should capture only the effect of SPR policy, and not other shocks to the oil market. This

instrument also shows that unanticipated SPR releases do not lower the price of crude oil.

Under a variety of empirically plausible identifying assumptions, SPR purchase shocks

raise oil prices, but SPR release shocks have no measurable impact on prices. The asymmetric

effect of SPR policy is puzzling. Following the growing uncertainty literature (Aastveit et al.,

2013; Bekaert et al., 2013), I augment the VAR model with an uncertainty variable and

policy-uncertainty interaction terms, which allows SPR policy to have time-varying price

effects. I find that an unanticipated SPR purchase has no measurable effect on prices when

oil market uncertainty is low, while an unanticipated purchase increases the price of oil 3

percent when oil market uncertainty is high. The price of crude oil is unaffected by SPR

release shocks at all levels of oil market uncertainty. These results are robust to using

alternate measures of uncertainty based on stock market volatility and policy uncertainty.

The asymmetric effect of SPR purchases under uncertainty is consistent with the literature

on the value of real options under uncertainty (Dixit and Pindyk, 1994; Bloom, 2009).

The central result of my paper–SPR release shocks do not lower oil prices but SPR

purchase shocks raise oil prices–is at odds with the academic literature and has a number of

implications for SPR management. First, SPR purchases should be avoided during periods

of high oil market uncertainty. Though policymakers tend to be interested in filling the
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reserve when oil markets are volatile (Government Accountability Office, 2006), I find those

purchases have a large, immediate cost and have no measurable effect on prices when the

oil is eventually released. Second, crude oil releases from the SPR should not be relied on

to lower oil prices. A policymaker facing a spike in oil prices should explore other policy

options to lower the price of crude oil.

The remainder of the paper is organized as follows. Section 2 provides an overview of the

related literature. Section 3.1 presents a benchmark VAR model of the U.S. oil market with

SPR policy variables. Sections 3.2 and 3.3 show that the results of the benchmark model hold

under alternative identifying assumptions that incorporate external information. Section 4

presents an uncertainty model with time-varying policy effects. Concluding comments are

contained in Section 5.

2 Literature Review

The increasing frequency of oil supply disruptions from the 1950 to the 1970s led

economists to propose a government controlled crude oil reserve to protect the economy from

insecure oil suppliers (Cabinet Task Force on Oil Import Control, 1970; National Petroleum

Council, 1973; Nordhaus, 1974). These calls for the U.S. government to create a publicly

managed crude oil reserve intensified during the Arab Oil Embargo (Tolley and Wilman,

1977). The theory behind these policy proposals is simple: the government could offset sup-

ply disruptions by increasing oil supply with the SPR rather than by restricting oil demand

with unpopular quotas, tariffs, or taxes. Since oil price spikes had consistently preceded

economic downturns in the postwar economy (Hamilton, 1983), a policy mechanism that

controlled oil prices had broad political appeal (Weimer, 1982).

Much of the early work on the SPR focused on optimal management strategy (Teisberg,

1981; Balas, 1981; Chao and Manne, 1983; Samouilidis and Berahas, 1982). Most of these

papers assumed that crude oil released from the SPR during a supply disruption would lower

prices, but crude oil purchases during normal market conditions would not significantly raise

prices. These assumptions could not be tested with data available at the time. Few additional

papers were written on the topic until China began building its strategic oil reserve in 2004,

and economists estimated optimal management strategies for China’s strategic reserve using

similar, untested assumptions (see Wu et al., 2008; Zhang et al., 2009; Bai et al., 2012).

Only a few papers have directly estimated the effect of strategic reserves on crude oil

prices. Considine (2006) used a simultaneous equation model of the SPR to estimate its

effect on oil prices between 1992 and 2005. Consistent with the assumptions in the literature,
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Considine found that filling the reserve increased prices imperceptibly (0.4 percent), while

releasing oil during a supply shock can lower prices by 3.5 percent. Other estimates, which

use models of the forward price curve, find that SPR purchases and releases have a symmetric

effect on prices and can change the price of oil by as much as 32 percent (Verleger, 2003).

The key difficulty in the empirical literature is to isolate the effect of SPR policy from the

state of the oil market to which the policy responds. I contribute to the literature by using

a structural VAR model of the U.S. oil market to disentangle these effects. Beginning with

Killian’s (2009) structural VAR model of the global oil markets, VAR models have been used

to study country-level oil markets (Peersman and Van Robays, 2009, 2012; Baumeister and

Peersman, 2013a; Kilian and Murphy, 2014), volatility in oil markets (Van Robays, 2012;

Baumeister and Peersman, 2013b; Jo, 2014), and storage in oil markets (Kilian and Murphy,

2014). I extend these models by explicitly including oil market policy variables in a VAR

model of the U.S. oil market.

To estimate the effect of SPR policy in a VAR framework, I rely on the extensive work on

VAR models of monetary policy (see Christiano et al., 1999). In this literature, the effects

of monetary policy have been estimated using many different identification strategies and

estimation methods (Sims, 1986; Bernanke and Blinder, 1992; Leeper et al., 1996; Bernanke

and Mihov, 1998). Applying the time series models developed in this field to oil markets

allows me to answer the question, “How do oil prices respond to unanticipated SPR purchases

and releases?” with several sets of plausible identifying assumptions.

This paper also applies identification methods recently developed to incorporate external

information in VAR models (Stock and Watson, 2008; Olea et al., 2012; Stock and Watson,

2012). Beginning with Romer and Romer (1989), who used minutes from Federal Reserve

meetings to identify unanticipated monetary policy actions, many papers have constructed

exogenous instruments to identify structural shocks (Ramey and Shapiro, 1999; Barro and

Redlick, 2011; Stock and Watson, 2012; Mertens and Ravn, 2013). However, oil market VAR

models are typically identified using recursive timing or sign restrictions. These models rely

on restrictions on the coefficients or residuals in the model–what Stock and Watson (2008)

call “internal restrictions.” I construct two separate external instruments to partially identify

the effects of SPR purchases and releases in a VAR framework, without internal restrictions.

A final contribution of this paper is an analysis of SPR policymaking under uncertainty.

The uncertainty literature has shown the effects of economic policy vary with uncertainty

(Bloom, 2009; Bekaert et al., 2013; Baker et al., 2013; Aastveit et al., 2013). Specifically, the

stimulative effect of monetary policy can be dampened by high economic uncertainty when

producers face non-convex adjustment costs. I extend VAR models of oil market uncertainty

(Jo, 2014; Baumeister and Peersman, 2013a) by including SPR policy variables and policy-
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uncertainty interaction terms. This model allows me to show that unlike other economic

policies, the effect of SPR purchases is amplified by uncertainty.

3 Vector Autoregression Models

3.1 Benchmark Model

In this section, I use a system of equations to model the U.S. oil market that include SPR

policy variables. Endogeneity between SPR policy and other oil market variables complicates

estimation. The exogenous components of SPR policy, SPR policy shocks, are identified using

restrictions on the contemporaneous effects of oil market variables. These exogenous policy

shocks are then used to estimate the effect of SPR policy on crude oil prices.

The SPR policy function is modeled as:

SPRt = P (Ωt) + εSPRt (1)

where SPRt represents the government’s oil market policy instruments: crude oil purchases

and crude oil releases. Following Christiano et al. (1999), SPR policy at time t is related

to the policymaker’s time t information set, Ωt, by some linear function P . The portion of

SPR policy that reflects the policymaker’s systematic reaction to changes in the oil market is

given by P (Ωt). The residual component of SPR policy that is not accounted for by changes

in the oil market is the SPR policy shock, εSPRt . This unanticipated component of policy is

assumed to be exogenous to the information set, Ωt.

In the remainder of the paper, I rely on this distinction between SPR policy shocks and

SPR policy actions (Bagliano and Favero, 1999). A SPR policy action is determined by the

state of the oil market through the policy function. A SPR policy shock is the component of

observed SPR policy that is not predicted by the policy function. Since SPR policy shocks

are deviations from the policy rule that are exogenous to the state of the oil market, they

can be used in causal analysis. Observed SPR policy is the sum of a SPR policy action and

a SPR policy shock.

There are several economic interpretations of these SPR policy shocks (Christiano et al.,

1999). The shocks could reflect an exogenous change in policymaker preferences. For ex-

ample, a new presidential administration could change the weight given to oil supply shocks

relative to oil demand shocks in their policy function. An exogenous policy shock could also

reflect the policymaker’s response to market expectations of SPR policy. If the President

announced an SPR release due to private sector expectations, rather than oil market condi-

7



tions, that would reflect an exogenous SPR shock in this model. Finally, policymakers may

rely on preliminary oil market data that is measured with error. The exogenous variation in

the policymaker’s reaction function induced by measurement error would be an exogenous

policy shock. Regardless of interpretation, these shocks are the exogenous component of

SPR policy that will be used to identify the effects on the oil market.

To estimate SPR policy shocks, the vector of oil market variables, Yt, is partitioned as

follows,

Yt =

Y
slow
t

SPRt

Y fast
t

 (2)

These vectors are contained in the policymaker’s information set, Ωt. I assume the variables

in the Y slow
t vector do not respond contemporaneously to SPR policy shocks, and SPR

policy does not respond immediately to the variables in the Y fast
t vector. But, the response

of the variables in the Y fast
t vector to policy shocks is unconstrained. These recursive timing

restrictions are the key assumptions to identify policy shocks in this model, but will be

relaxed in Sections 3.2 and 3.3.

The U.S. oil market is modeled with variables that capture on crude oil supply, demand,

and prices (Kilian, 2009). The Y slow
t vector contains the oil supply and demand variables for

the U.S. market. Oil supply is the sum of domestic oil production and imports, expressed as

a log difference. This measure of oil supply captures domestic and foreign supply disruptions.

Oil demand is measured by the Aruba, Diebold, and Scotti (ADS) business conditions index

published by the Philadelphia Federal Reserve (Aruoba et al., 2009). This index combines

high- and low-frequency economic activity measures into a daily estimate, and is regularly

used to estimate economic activity at high-frequencies (Berge and Jordà, 2011; Andreou

et al., 2013; Monteforte and Moretti, 2013).

The SPRt vector, plotted in Figure 1, contains separate policy variables for SPR pur-

chases and releases. Since the SPR opened in 1977, more than 850 million barrels have been

purchased over 769 weeks, which covers 46 percent of the sample period. There have been 19

separate SPR releases that have taken place over 243 weeks, about 15 percent of the sample

period. The variables in the SPRt vector are the log differences of the SPR inventory during

purchases and sales, respectively. Finally, the Y fast
t vector contains the oil price variable.

The price of crude oil is measured by the log spot price of West Texas Intermediate (WTI)

crude, deflated by the Consumer Price Index.
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The vector of oil market variables is modeled as a finite order structural VAR:

A0Yt = α +
40∑
i=1

AiYt−i + εt (3)

where εt are mean zero and serially uncorrelated structural shocks,

E(εt|Yt−1, Yt−2, . . . ) = 0 (4)

E(εtε
′
t) = Σε =

[
σ2
1 0

...
0 σ2

5

]
(5)

This benchmark model is estimated with 40 lags using weekly data from August 1, 1983

through October 5, 2014.1 The 9 month lag length is consistent with Hamilton and Herrera

(2004), who show the importance of long lag length in models of oil markets. Other VAR

models of oil markets use lag lengths ranging from 4 months (Baumeister and Peersman,

2013b; Jo, 2014) to 24 months (Kilian, 2009; Kilian and Murphy, 2014).

The reduced form of the model,

Yt = A−10 α︸ ︷︷ ︸
β

+
40∑
i=1

A−10 Ai︸ ︷︷ ︸
Bi

Yt−i + A−10 εt︸ ︷︷ ︸
et

(6)

can be estimated with standard least-squares methods. However, the reduced form coeffi-

cients (β’s) and residuals (et) cannot be used to estimate the causal effect on SPR policy on

oil prices because each of the reduced form residuals is a weighted average of all structural

shocks. Parameter values from the structural model are required to estimate causal effects.

The coefficients of the structural model (Ai’s) cannot be recovered, but the structural

shocks (εt) can be estimated using the reduced form residuals. I assume A0, and by extension

A−10 , is lower triangular, so the reduced form errors can be decomposed using et = A−10 εt,

et ≡


eoil supply

eecon activity

eSPR purchase

eSPR release

eoil price

 =


a11 0 0 0 0

a21 a22 0 0 0

a31 a32 a33 0 0

a41 a42 a34 a44 0

a51 a52 a35 a45 a55




εsupply shock

εdemand shock

εpurchase shock

εrelease shock

εprice shock

 (7)

1Though the SPR purchases began in 1977, weekly data on the SPR are only available beginning in
1983. These results are robust to including weekly SPR data interpolated from the monthly 1977–1982 data
series.
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The restrictions on A−10 are called the recursiveness assumption (Christiano et al., 1999).

This assumption identifies the model by limiting the simultaneous responses among variables.

For example, oil supply and demand are assumed to take at least one period to respond to

SPR policy shocks.

The recursiveness assumption used to identify the elements of A−10 cannot be tested

directly in this VAR model; rather, its validity comes from economic theory. As shown in

equation 2, these exclusion restrictions divide the oil market variables into three categories:

slow-moving variables, policy variables, and fast-moving variables. As in Killian (2009), oil

supply and oil demand are slow-moving with respect to other variables in the model. U.S.

oil supply (the sum of domestic production and imports) is fixed at the weekly level with

respect to aggregate demand, SPR policy, and oil price shocks. This assumption is consistent

with the high costs of short-term changes to oil production and import schedules. Similarly,

U.S. oil demand (domestic economic activity) can respond immediately to oil supply shocks,

but does not respond within a week to SPR policy or oil price shocks. These assumptions

are reflected in the zeroes in the first two rows of A−10 .

SPR policymakers can respond immediately to unanticipated shocks to oil supply and

economic activity, but are assumed to respond to oil price innovations with a one week

lag. Since SPR policy decisions are the products of meeting-filled political processes, this

assumption is reasonable. Purchases are usually scheduled well ahead of actual delivery and

releases typically take more than one week to approve. The fastest SPR response to a specific

oil supply disruption occurred on September 2, 2005 in response to Hurricane Katrina, seven

days after the Hurricane entered the Gulf of Mexico and oil prices spiked. The zeroes in the

rows three and four of A−10 reflect these assumptions. Finally, the fast-moving variable of

the model, the price of oil, can immediately respond to all shocks, hence there are no zeros

in the last row of A−10 .

Table 1 summarizes the SPR policy shocks over time. During the initial SPR fill (1983–

1989), the average purchase shock was somewhat negative (-0.02) and the average release

shock was negligible. During this period, crude oil deliveries to the SPR were slowed be-

cause of construction delays, which made the market overestimate the amount of oil to be

purchased. And the only crude oil release during this period was a small test sale in 1985.

Negative purchase shocks continued into the 1990s, though the SPR releases during the first

Gulf War (1990–1993) were somewhat larger than markets anticipated. In the 2000s, pur-

chase shocks were nonnegative. During that period, SPR purchases were consistently larger

than market expectations and SPR release shocks were mixed.

The impulse response functions in Figures 2 and 3 display the causal effect of an unan-

ticipated SPR policy shock over time, holding all other structural shocks constant at zero.
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The 95 percent confidence interval is included in the figures, and is constructed with the

semiparametric fixed-design wild bootstrap, accounting for conditional heteroskedasticity of

an unknown form (Goncalves and Killian 2004). The paths plotted in these figures are robust

to reordering the variables within Y slow
t and SPRt vectors.

Figure 2 shows the impulse response function for a one-standard deviation unanticipated

SPR purchase. SPR purchase shocks have a sustained, statistically significant effect on

the real price of oil which peaks at 1.5 percent 20 weeks after purchase before declining.

However, Figure 3 shows that an unanticipated SPR release has a small (less than 0.25

percent) negative effect on the real price of oil that is not statistically significant. These

estimates can be scaled to give the oil price response in terms of dollars per barrel released

or purchased for the SPR. The peak effect of a one-million barrel unanticipated SPR purchase

raises the price of a $100 barrel of oil by $1.76, while an unanticipated SPR release of the

same magnitude lowers the price of a $100 barrel of oil by $0.28.

3.1.1 The SPR and Private Crude Oil Stocks

Early work on the SPR pointed out that increases in public oil storage could influence

behavior of private oil storers (Wright and Williams, 1982). If private crude oil stocks

declined in response to SPR acquisitions, or rose in response to SPR releases, the effect

of SPR policy could be dampened. The gradual decline in private petroleum storage since

the SPR opened in 1977 suggests that the SPR growth has been offset by private storage

declines. But, there has been no empirical work on the relationship between the SPR and

private storage. I use the policy shocks from the VAR model to estimate the causal effect of

SPR purchases and releases on private stocks.

Firms purchasing oil from, or for, the SPR pay the transportation cost to, or from, the

delivery sites in the Gulf Coast. The SPR is directly connected to the oil pipeline network

that runs throughout the Midwest (PADD 2) and the Gulf Coast (PADD 3).2 Transporting

oil to, or from, the SPR through these pipelines is fast and relatively inexpensive. However,

other PADDs can only move oil to, or from, the SPR by ship, which is more expensive and

takes 8 to 24 days. In the most recent SPR releases, over 90 percent of SPR sales were

delivered to oil companies in the Gulf Coast or Midwest. Likewise, oil purchased for the

SPR tends to come from oil companies in PADD 2 and PADD 3. For this reason, I examine

the effects of SPR purchases and releases on PADD 2 and PADD 3 stocks.

PADD 2 and PADD 3 stock data are only available at the monthly frequency over the

2Data published by the Energy Information Administration (EIA) divides the U.S. into five Petroleum
Administration for Defense Districts (PADD): East Coast (PADD 1), Midwest (PADD 2), Gulf Coast (PADD
3), Rocky Mountain (PADD 4), and West Coast (PADD 5).
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entire 1983 to 2014 time period. Following Kilian (2009), I convert the weekly policy shock

series estimated in the VAR model into a monthly series, η̂m, by averaging the weekly shocks

by month,

η̂ Purchase
m =

1

4

4∑
j=1

ε̂ Purchase
j,m (8)

η̂ Release
m =

1

4

4∑
j=1

ε̂ Release
j,m (9)

where the week j structural shock in month m is given by ε̂j,m. These monthly policy shocks

can be used to estimate the causal effect of SPR policy on private stocks if they are exogenous

with respect to private stocks. The process used to construct the weekly shocks in Section

3.1 guarantees endogeniety with respect to all variables in Yt. Since private stocks are not

in the information set, additional assumptions are required to use the monthly shocks to

estimate the causal effect on stocks.

Identifying the causal effect of SPR policy on private stocks requires the assumption that

the monthly policy shocks are exogenous with respect to private stocks. In other words,

there can be no feedback between policy shocks and private stocks within a month. Though

this cannot be directly tested, evidence can be provided by comparing unanticipated policy

changes to innovations in private stocks. Again, following Kilian (2009), I model private

stocks as an autoregressive process, and find the residuals are uncorrelated with SPR policy

shocks. Since this correlation is low, I assume SPR policy shocks are fixed at the monthly

level with respect to private stocks.

The response of private stocks, st, to policy shocks, η̂m, is modeled as,

st = γ +
9∑

m=1

φmη̂m + θm (10)

where φm is the month m stock response and θm is the residual. The coefficients in these

regressions give the response of private crude oil stocks in PADD 2 and PADD 3 to SPR

purchase and release shocks. The impulse response functions based on these coefficients are

plotted in Figures 4 and 5, along with the 95 percent confidence interval.

Unanticipated SPR purchases have no measurable effect on private stocks in PADD 2

and PADD 3. Given the transportation costs discussed above, unanticipated SPR purchases

are likely filled by domestically produced or imported oil and not private oil stocks in PADD

2 and PADD 3. However, private storers respond to unanticipated SPR releases by raising
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stocks nearly 2 percent, and this effect is statistically significant at the 90 percent level. This

model shows that private storers dampen the immediate effect of SPR releases by increasing

their reserves.

3.2 Identification Using External Instruments

Though the estimated SPR policy effects are robust to alternate specifications that in-

clude private stocks and reordering variables within Y slow
t and SPRt, this approach is still

subject to Rudebusch’s (1998) critique of VAR model of policy shocks. Namely, the policy

shocks estimated from linear, time-invariant functions with a small information set may not

be related to actual unanticipated policy changes. Alternate identifying assumptions used

to model the oil market, like sign restrictions, are subject to the same critique. In Sections

3.2 and 3.3, I depart from the oil market literature by using external information, which is

related to unanticipated policy changes, to identify SPR policy shocks (Stock and Watson,

2008). These instruments confirm the key insights from this benchmark model: unantici-

pated SPR releases do not have a measurable effect on oil prices but SPR purchase shocks

have a statistically significant, positive effect on oil prices.

The recursiveness assumption identifies unanticipated policy changes by restricting the

transmission of structural shocks in the oil market. If, for example, oil production responds

immediately to policy shocks, structural shocks could not be identified. Even if the recur-

siveness assumption holds, the SPR policy function in equation 1 could be misspecified by

omitting variables. If policymakers used unmodeled variables in their “true” policy function,

the policy shocks estimated in Section 3.1 would not be exogenous. In either case, the policy

shocks estimated in Section 3.1 would confound the effects of SPR policy changes and the

oil market conditions that cause the policy changes, and could not be used to estimate the

causal effect of policy shocks (Rudebusch, 1998).

To address these issues, I partially identify the VAR presented in equation 6 with an

external instrument for SPR purchases. This identification method follows the narrative

approach developed by Romer and Romer (1989, 2004, 2010) to identify monetary policy

shocks, which has been used regularly in subsequent research (see Ramey and Shapiro, 1999;

Barro and Redlick, 2011; Olea et al., 2012). The omitted variables and simultaneity critiques

do not apply to the policy shocks identified in this model if the instrument is correlated with

unanticipated purchases and uncorrelated with other shocks. This approach only identifies

the effects of SPR purchase shocks; in the next section I use a separate instrument to identify

SPR release shocks.

Identifying the causal effect of SPR purchases on oil prices requires an instrument with
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the following properties: the instrument is not included in Yt, the instrument is correlated

with unanticipated purchases, and the instrument is uncorrelated with contemporaneous

oil market conditions (excluding policy effects). The SPR purchase instrument exploits the

procedures used by the Department of Energy (DOE) to acquire crude oil for the SPR. From

1999 to 2010, DOE did not directly purchase crude oil from the SPR, rather they negotiated

contracts with private companies to purchase and deliver crude oil to the SPR (U.S. Senate,

2003; Congressional Research Service, 2006).

The DOE’s crude oil acquisition procedure gives the purchase schedule two useful prop-

erties: the schedule is correlated with unanticipated SPR purchases but uncorrelated with

other structural shocks. The DOE deliberately kept oil market participants in the dark

about the timing and amount of SPR purchases. If information about the purchase schedule

were available to market participants, speculators could front-run the contractors and drive

up prices. Since it was in the interest of the DOE and its contractors to purchase crude

cheaply, it is reasonable to assume that the purchase schedule is correlated with unantici-

pated purchases.

The purchase schedule is assumed to be exogenous with respect to oil market conditions

at the time of purchase because the schedule was set well in advance of actual purchases.

The DOE rarely granted contractors exemptions from the schedule when the oil market

tightened, so contractors were forced to provide oil for the SPR despite their requests to

postpone purchases (Government Accountability Office, 2006).

These data are collected and coded from several official sources. To start, I obtained

data on DOE purchase contracts from 1999 to 2010 through a Freedom of Information Act

request. I confirm these data using the documents submitted pursuant to the 2003 Senate

hearing on the SPR (U.S. Senate, 2003) and information on the DOE website. In these

documents, a purchase schedule specifies the total amount of crude oil to be purchased and

the time period of delivery. For example, in early 2005, DOE contracted for 9.4 million

barrels of oil to be delivered from April to July 2005. These schedules are converted into a

weekly series by assuming purchases are divided evenly over the delivery window.3

Between 1999 and 2010, the SPR grew by 154 million barrels and I have contracts for 126

million of those barrels.4 Figure 6 plots SPR purchases along with the constructed purchase

schedule, which shows that the purchase schedule has reasonable predictive power for SPR

3The delivery window gives contractors some flexibility in purchasing crude oil. However, the physical
infrastructure of the SPR limits the maximum amount of oil that can be delivered in a single day. Typical
crude oil deliveries take place over several months, even when filling the SPR at the maximum daily rate.

4The DOE also acquires crude oil for the SPR via short-term oil loans that are repaid with interest. The
repayment of loans are not subject to the same procedures as SPR purchases and are not included in this
instrument.
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purchases. A regression of SPR purchases on the purchase schedule gives an R-squared of

0.35.

To identify the effect of SPR purchases on oil prices using this instrument, I estimate

the model in equation 6 with standard least-squares methods. Then, following the approach

outlined by Stock and Watson (2008), I partition the data into the into SPR purchases (St)

and the other variables (Xt),

Yt =

[
Xt

St

]
(11)

where Xt is a (4 × 1) vector and St is a scaler. The order of variables within Xt is not

relevant because the recursive timing assumptions (used in Section 3.1) are not used in this

model. The structural errors and reduced form residuals are similarly partitioned,

et =

[
eXt

eSt

]
, εt =

[
εXt

εSt

]
(12)

Analogous to the A0 matrix in the benchmark model, I assume there exists some matrix

Q, such that Qet = εt, where Q can be partitioned as

Q =

[
QXX QXS

QSX QSS

]
(13)

Solving Qet = εt for the reduced form errors yields,

eXt = −Q−1XXQXSe
S
t +Q−1XXε

X
t (14)

eSt = −Q−1SSQSXe
X
t +Q−1SSε

S
t (15)

There are four steps to recover the structural purchase shock, εSt in equation 15, from

this system of equations. First, the purchase schedule (Zt) is used as an instrument for etS
in equation 14. This gives an unbiased estimate of −Q−1XXQXS because the instrument is,

by assumption, uncorrelated with all other structural shocks (E(Ztε
X
t ) 6= 0) and correlated

with unanticipated purchases (E(Zte
S
t ) 6= 0). Next, εxt is estimated up to scale using, ε̂Xt =

eXt + ̂Q−1XXQXSe
S
t . This estimate of εXt is then used as an instrument for eXt in equation 15,

which gives an estimate of ̂−Q−1SSQSX . Finally, exogenous purchase shocks are estimated, up

to scale, using ε̂St = eSt + ̂Q−1SSQSXe
X
t .

With these estimated structural shocks, the dynamic causal effect of unanticipated SPR
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purchases on the price of oil can be estimated. The impulse response function plotted in

Figure 7 shows the positive, statistically significant effect of SPR purchases on oil prices

identified using the purchase instrument is quite similar to the effect identified with the

recursiveness assumption. Both effects are estimated to peak around 20 weeks, though the

effect estimated with the instrument is somewhat larger than the effect estimated in the

benchmark model–6 percent as opposed to 1.5 percent. In this partially identified model,

a one-million barrel unanticipated SPR purchase raises the price of a $100 barrel of oil by

$7.12.

Though the SPR purchase effect identified with the instrument is larger than the purchase

effect identified in Section 3.1, it is important to keep in mind that this instrument is only

available between 1999-2010. During that period, oil prices jumped sharply, then collapsed

during the financial crisis and recession. Excluding the commodity price boom and financial

crisis from the sample, by dropping data from 2006 to 2010, lowers the peak effect on oil

prices to about 3.5 percent.

It is also important to note that this method assumes that there is no heterogeneity

among SPR purchase shocks. That is, an unanticipated SPR purchase shock during the

2003 Iraq War has the same effect as an unanticipated purchase while oil markets were

calm in the late 1990s. If purchase shocks are heterogenous, then this model estimates the

local average treatment effect of SPR purchase shocks, not the average treatment effect. I

address the issue of heterogenous policy shocks in Section 4, where the effect of SPR policy

is modeled as a function of oil market uncertainty.

3.3 Identification Using Daily Futures Market Data

As a robustness check of the SPR release effect estimated in Section 3.1, I use crude oil

futures market data to identify SPR release shocks. This section offers a different approach

to the simultaneity and omitted variables problems discussed in Section 3.2. Recall that the

identification restrictions used in the benchmark model do not allow SPR policy to respond

within a week to oil price shocks. If policymakers respond immediately to oil price changes,

the release effect estimated in Section 3.1 would be biased. The benchmark VAR model also

assumes a simple SPR policy function that only takes into account oil supply, demand, and

price. All other factors that determine SPR policy (e.g., political opinion polling or gasoline

prices) are omitted. Though monetary policy functions are similarly modeled (Christiano

et al., 1999), there are concerns that these policy functions omit key variables used by

policymakers (Rudebusch, 1998).

Following Bagliano and Favero (1999) and Cochrane and Piazzesi (2002), I use daily oil
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futures data to overcome these difficulties. Crude oil futures market expectations incorporate

far more information about oil markets than could be modeled in a VAR. This identification

strategy uses changes in crude oil futures prices immediately after SPR release announce-

ments to estimate whether the policy announcement was unanticipated. This structural

shock estimate is then used to construct an impulse response function.

This model for estimating unanticipated SPR releases has two key assumptions: intraday

changes in the crude oil futures price measure SPR policy shocks and the SPR release shock is

the only oil market shock at the time of announcement. The first assumption is based on the

idea that futures prices aggregate information relevant to oil prices and futures prices only

respond to unanticipated information. If the market anticipated some portion of the SPR

release prior to announcement, I assume that would be included in the futures price. The

second assumption is based on the idea that at a small enough time interval, the SPR release

announcement is the only shock to the oil market. This assumption may not hold if the SPR

release announcement reveals information about the government’s view of the oil market.

This method places no other restrictions on the determinants of oil price expectations or oil

market dynamics.

Figure 8 illustrates this method with two examples from the WTI futures market around

two SPR release announcements: the 1996 deficit reduction sales and the 2011 Libya sale.

On April 25, 1996, one day prior to the deficit reduction sale announcement, the one-month

WTI futures contract closed at $14.20 (Figure 8b). The futures price did not respond to the

April 26 release announcement, closing the day at $14.28, which suggests the futures market

anticipated this release. Since this SPR sale was ordered by Congress to reduce the deficit

and the release amount and approximate timing had been discussed publicly for months, it

is not surprising that the release was already priced into futures contracts.

On June 22, the day before the 2011 SPR release announcement, the WTI futures market

closed at $42.27. Following the 9:30 am release announcement, the futures price dropped

sharply, and the market closed at $40.32 on June 23 (Figure 8a). This release came at the

end of the Arab Spring after Libyan oil production dropped sharply. Though there was

speculation about the release, the size and timing were not clear prior to the announcement.

The nearly $2 drop in the crude oil futures price suggests this policy announcement was

unanticipated by the market.

The validity of the assumptions relies on the choice of futures contract. Two financial

instruments are used to estimate the structural SPR release shocks. The first is the one-

month WTI futures price. An unanticipated SPR release occurs when the WTI futures

price falls following the announcement. Since the movements in the WTI futures price could

reflect any oil market supply or demand shock, I use another financial instrument to isolate
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the SPR effect: the one-month US-Canadian crude futures (WTI-WCS) spread. The U.S.

and Canadian oil markets are similar and subject to similar shocks. However, only the

U.S. has a strategic oil reserve, and Canadian oil companies cannot purchase oil from the

SPR. Differencing U.S. and Canadian oil should remove the effects of non-SPR supply and

demand shocks to the North American oil market, which allows me to directly estimate the

magnitude of the SPR release shock.

The US-Canadian crude futures spread identifies unanticipated releases that were not

followed by a decline in the WTI futures price. For example, the WTI futures price edged

up $0.40 (1.6 percent) following the Hurricane Ivan release (Figure 9). This SPR announce-

ment would not be considered an SPR release shock using the WTI futures price. However,

the WCS futures price rose $2.05 (5.3 percent) following the release announcement. Since

the futures trends pre- and post-announcement are nearly identical, the change in the fu-

tures spread indicates the WTI futures price rose less than expected. Since WTI became

less expensive, relative to WCS, following an SPR release announcement, the release was

unanticipated according to the WTI-WCS spread.

There are two steps to estimate the causal effect of the SPR releases in this model. First,

SPR release shocks are estimated for the entire sample of 19 SPR releases and the shock

variable is set to zero on weeks with no announcement.5 I construct the structural shock

variable by taking the difference between the futures price at market close the day prior the

announcement and the futures price at market close the day of the announcement.6 Using

the WTI futures contract, seven SPR releases were unanticipated, while the WTI-WCS

futures spread estimates that eight of the releases were unanticipated. Second, I regress the

change in the spot price of crude oil, Pt+j − Pt, on the series of estimated structural shocks,

εreleaset . The coefficients of this regression give consistent estimates of the causal effects of

unanticipated SPR releases on the price of oil, which I use in the impulse response functions.

Figures 10 and 11 plot the impulse response functions using the SPR release shocks

estimated using WTI futures and the WTI-WCS futures spread, respectively, along with

the 95 percent confidence interval. Consistent with the results from the benchmark model

in Section 3.1, unanticipated SPR releases do not have a statistically significant, negative

effect on the price of oil using either futures contract. In fact, the effect of unanticipated SPR

releases increases the price of oil nearly 2 percent using shocks identified with the WTI-WCS

futures spread. This is similar to the results from Cochrane and Piazzesi (2002), who show

5To ensure that the release announcement is the only effect on crude futures, I drop any SPR release
announcements that occur during OPEC meetings or on days when the Energy Information Administration
releases oil market data.

6To allow for information leaks preceding the announcement, the two-day change was also used. The
results are qualitatively identical.
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that unanticipated monetary policy shocks, as measured by futures prices, that are intended

to drive down interest rates can have the opposite effect.

4 Uncertainty Model

In this section I explore the mechanism driving the SPR purchase and release effects.

I begin by testing whether the effect of SPR policy varies with uncertainty. The growing

empirical literature on uncertainty has shown that uncertainty shocks dampen the effects of

monetary and fiscal policy (Bloom, 2009; Bekaert et al., 2013; Baker et al., 2013; Aastveit

et al., 2013). These results are built on real options theory which has shown that uncertainty

lowers the value of options when investments are not reversible (Dixit and Pindyk, 1994).

This section presents a framework for SPR policy effects to vary with oil market uncertainty

by augmenting the model VAR in Section 3.1 with an oil market uncertainty variable and

policy-uncertainty interaction terms.

I cannot directly measure oil market uncertainty, so I use several different variables to

capture uncertainty regarding oil prices, economic policy, and economic activity. The 90-day

average volatility of the WTI spot price is my primary measure of oil market uncertainty.

This common index of oil market uncertainty is the 90-day moving average of the standard

deviation of intraday spot oil price changes. The volatility of oil prices is an imperfect

measure of oil market uncertainty, so I also use other indices of policy and overall economic

uncertainty that have been proposed in the literature. Baker et al. (2013) construct an index

of policy uncertainty using a variety of news-based uncertainty measures. This variable is

designed to capture uncertainty regarding economic policy. I also use an index of stock

market uncertainty, VXO, which estimates market volatility based on S&P 500 options

prices, to capture general economic uncertainty. These uncertainty indices are plotted in

Figure 12.

It is important to note that oil market uncertainty is not always associated with high

prices. For example, oil price volatility spiked following the 2007 financial crisis, but oil prices

were at their lowest level in five years. SPR releases have also not been restricted to times of

high-uncertainty. Crude oil has been released through several different programs, including

emergency drawdowns, infrastructure test sales, sales to reduce the deficit, and short-term

leases. Some sales have occurred during severe global oil market supply disruptions with

high uncertainty (e.g., 1991 Desert Storm sale), while others have occurred during localized

supply disruptions with low uncertainty (e.g., 2004 Hurricane Ivan release). SPR releases

have also been conducted while oil prices were relatively low and stable in 1985 to test the
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SPR infrastructure and in 1996 to reduce the Federal deficit. Likewise, crude oil purchases

have occurred during periods of high and low oil market uncertainty. This variation in SPR

policy and oil market volatility is used to estimate whether the effect of SPR policy on oil

price fluctuates with uncertainty.

I formalize this approach by including oil market uncertainty and SPR policy-uncertainty

interaction terms in the benchmark VAR model from Section 3.1. These uncertainty terms

add flexibility to the model allowing the effect of oil market interventions to vary over time

with uncertainty, which can shed light on puzzling asymmetric response of oil prices to SPR

purchases and releases. Unlike other studies of oil markets with time varying coefficients

(Baumeister and Peersman, 2013b), the time varying effects of SPR policy shocks are driven

by a specific exogenous variable, uncertainty.

Following Aastveit et al.’s (2013) work on monetary policy under uncertainty, I include

an exogenous uncertainty variable, Vt, and uncertainty interaction terms for SPR purchases

and releases in the oil price equation:

A0Yt = α +
40∑
i=1

AiYt−i + CiVt Yt−i +DVt + εt (16)

where Vt is the uncertainty measure and Vt Yt is the policy-uncertainty interaction term. To

study the effect of uncertainty on the SPR policy effect on prices, the coefficients on both

the volatility and volatility interaction variables are constrained as follows,

C =

[
04×2 04×1 04×1 04×1

01×2 c1 c2 0

]
, D =

[
04×1

c

]
(17)

The C matrix limits the uncertainty interaction terms to the SPR policy variables in the oil

price equation. The D matrix limits the uncertainty terms to the oil price equation. Given

the sample size, these constraints are necessary to restrict the number of variables in the

model.

The reduced form of this model,

Yt = A−10 α︸ ︷︷ ︸
β

+
40∑
i=1

A−10 Ai︸ ︷︷ ︸
βi

Yt−i + A−10 Ci︸ ︷︷ ︸
Gi

Vt Yt−i + A−10 D︸ ︷︷ ︸
H

Vt + A−10 εt︸ ︷︷ ︸
et

(18)

is estimated with standard least-squares methods. As with the VAR model in Section 3.1, the

coefficients in the structural model (Ai, Ci, and D) cannot be recovered, but the reduced form

residuals (et) can be converted into structural shocks (εt) with recursive timing restrictions.

These estimated shocks are used to construct impulse response functions.
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The SPR policy effects shown in the impulse response functions in Figures 13 and 14

use oil market volatility to capture uncertainty and are similar to those estimated in the

benchmark model without uncertainty.7 In both models, SPR purchases increase the price

of oil 1 to 2 percent and SPR releases have a small negative, but not statistically significant,

effect on oil prices.

The reduced form coefficients can be used to estimate the effect of SPR purchases and

releases during periods of high and low uncertainty. Having estimated equation 18, I use the

coefficients for V high and V low to simplify the model as follows,

Y high
t = D̂0

high︸ ︷︷ ︸
B̂+ĤV high

+
40∑
i=1

D̂i

high︸ ︷︷ ︸
βi+Gi

Yt−i + êt (19)

Y low
t = D̂0

low︸ ︷︷ ︸
B̂+ĤV low

+
40∑
i=1

D̂i

low︸ ︷︷ ︸
βi+Gi

Yt−i + êt (20)

These equations allow the impulse response functions to be calculated with fixed uncertainty

levels. Specifically, V high is defined as the 90th percentile volatility and V low is defined as

the 10th percentile volatility.

SPR releases have no measurable effect on oil prices at any either high or low uncertainty,

regardless of the uncertainty measure. However, Figures 15 through 20 show the effect of

SPR purchase shocks on oil prices increases with uncertainty, across all uncertainty measures.

When volatility is low, unanticipated SPR purchases do not have a statistically significant

effect on prices (Figures 15, 16, and 17). This confirms claims by the Department of Energy

that crude oil purchases during periods of low oil market volatility do not affect oil prices

(U.S. Senate, 2003). However, when uncertainty is high, SPR purchase shocks increase the

price of oil from 2 percent, using political uncertainty, to 4 percent, using oil market or

economic uncertainty (Figures 18, 19, and 20). Unfortunately, SPR purchases tend to occur

during periods of high oil market volatility.

5 Conclusion

This paper analyzes SPR policy in a time series model of the U.S. oil market. I begin with

the observation that much of the SPR literature has focused on optimal SPR management

and does not directly estimate the effect of SPR policy on oil prices. Rather, these papers

7The impulse response functions estimated using the stock market volatility and political uncertainty
indices are nearly identical and omitted.
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assume that SPR crude oil releases lower the price of oil during supply disruptions while

purchases only raise the price slightly, if at all. Contrary to these assumptions, I show in a

structural VAR model with recursive timing restrictions that an unanticipated SPR release

has no measurable effect on oil prices, while an unanticipated SPR purchase increases the

price of oil 1.5 percent over 20 weeks following purchase.

I explore alternate identification methods for SPR policy using information that is not

contained in the VAR model. Oil market VAR models are typically identified by restricting

the timing or signs of structural shocks (Kilian, 2009; Baumeister and Peersman, 2013a,b; Jo,

2014; Kilian and Murphy, 2014). I show that a VAR model of the oil market can be partially

identified under different, less restrictive assumptions. I begin by constructing an instrument

for SPR purchases from the purchase schedules set by the Department of Energy. These

schedules are set months ahead of actual purchases, making them exogenous with respect to

other oil market shocks at the time of purchase. The purchase schedules were not immediately

announced publicly and exemptions were rarely granted, so the schedules are correlated with

unanticipated SPR purchases. This instrument identifies SPR purchase shocks in the VAR

framework without other restrictions on the structural shocks. An unanticipated SPR crude

oil purchase, identified with the purchase schedule, increases the price of crude 6 percent

over 15 weeks following purchase.

I use a different model to identify the effect of SPR releases with high-frequency crude oil

futures data. The change in crude oil futures prices immediately following release announce-

ments is used to measure whether SPR releases are unanticipated by the market. Estimating

policy shocks with this method avoids problems with endogeneity and omitted variables that

have been raised concerning policy shocks estimated in traditional VAR models (Rudebusch,

1998). Several different crude oil futures contracts are used to isolate the unanticipated pol-

icy shocks. This model confirms that unanticipated SPR releases do not have a statistically

significant effect on oil prices.

Finally, I explore a mechanism driving the SPR purchase and release effects by testing

whether the effect of SPR policy varies with uncertainty. I augment the structural VAR with

an oil market uncertainty measure and policy-uncertainty interaction terms. This allows the

effects of SPR policy to vary over time with uncertainly. I find that SPR policy shocks

only impact oil prices when purchases are made during periods of high uncertainty. SPR

purchase shocks increase oil prices 2 to 4 percent when uncertainty is high, depending on

the uncertainty measure. Unanticipated purchases when uncertainty is low, and releases at

any time, do not have an effect on prices.

The main contribution of this paper is to develop a framework for estimating the effect

of U.S. oil market interventions on oil prices. I show that under a variety of identifying
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assumptions, SPR releases have not lowered the price of oil, while SPR purchases have

increased its price. These results have strong implications beyond the U.S. and global oil

markets. Over half of global crude oil stocks are held in government-controlled reserves in

more than 40 countries. Many of these countries are following the U.S. by expanding their

government-controlled crude oil reserves (International Energy Agency, 2014). In light of

these results, strategic reserve acquisitions should be limited to periods of low oil market

uncertainty to minimize the price impact, and unanticipated releases from these reserves

should not be expected to lower oil prices.
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Figure 2: SPR Purchase Impulse Response Function (Benchmark Model)
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Figure 3: SPR Release Impulse Response Function (Benchmark Model)
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Figure 4: SPR Purchase Impulse Response Function (Private Crude Stocks)
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Figure 7: SPR Purchase Impulse Response Function (Identified with External Instrument)
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Figure 10: SPR Release Impulse Response Function (identified using WTI futures)
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Figure 11: SPR Release Impulse Response Function (identified using the WTI-WCS futures
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Figure 13: SPR Purchase Impulse Response Function (Mean Oil Market Volatility)
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Figure 14: SPR Release Impulse Response Functions (Mean Oil Market Volatility)
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Figure 15: SPR Purchase Impulse Response Function (Low Oil Market Volatility)
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Figure 16: SPR Purchase Impulse Response Function (Low Stock Market Volatility)

43



0 5 10 15 20 25 30 35 40
−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

0.03

0.04

Weeks

SPR Purchase Shock → Crude Oil Price

1
Figure 17: SPR Purchase Impulse Response Function (Low Political Uncertainty)
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Figure 18: SPR Purchase Impulse Response Function (High Oil Market Volatility)
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Figure 19: SPR Purchase Impulse Response Function (High Stock Market Volatility)
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Figure 20: SPR Purchase Impulse Response Function (High Political Uncertainty)
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1983-1989 1990-1994 1995-2001 2002-2008 2009-2014

SPR Purchase -0.02 -0.07 -0.01 0.06 0.00
SPR Release 0.00 0.02 0.06 -0.05 0.1

Table 1: Average Structural Policy Residuals for Subperiods
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