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Abstract

This paper examines the advantages and drawbacks of alternative methods of estimating
oil supply and oil demand elasticities and of incorporating this information into structural
VAR models. | not only summarize the state of the literature, but also draw attention to a
number of econometric problems that have been overlooked in this literature. Once these
problems are recognized, seemingly conflicting conclusions in the recent literature can be
resolved. My analysis reaffirms the conclusion that the one-month oil supply elasticity is
close to zero, which implies that oil demand shocks are the dominant driver of the real
price of oil. The focus of this paper is not only on correcting some misunderstandings in
the recent literature, but on the substantive and methodological insights generated by this
exchange, which are of broader interest to applied researchers.
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1. Introduction

Since Kilian and Murphy (2012), it has been known that the value of the impact price elasticity
of oil supply in structural VAR models of the global oil market determines the ability of oil
supply shocks to explain fluctuations in the real price of oil. In recent years there has been a
heated debate about how to estimate this elasticity and the corresponding impact price elasticity
of oil demand based on extraneous information. Some of this work has focused on estimating oil
supply elasticities at the microeconomic level, while other studies have focused on estimating
global or regional oil supply and oil demand elasticities (e.g., Newell and Prest 2019; Bjgrnland,
Nordvik and Rohrer 2019; Caldara, Cavallo and lacoviello 2019).

At the same time, there is a closely related debate about how to utilize extraneous
elasticity estimates in estimating structural VAR models of the global oil market. Approaches
have ranged from imposing estimates of the price elasticity of oil supply directly in estimating
the VAR model, as in Kilian (2009), to imposing bounds on the oil supply and/or oil demand
elasticities, as in Kilian and Murphy (2012, 2014), or minimizing the distance between VAR
elasticities and extraneous oil demand and oil supply elasticity estimates (Caldara et al. 2019), or
explicitly specifying informative elasticity priors (Baumeister and Hamilton 2019). These
competing approaches imply a wide range of oil demand and oil supply elasticity estimates and
conflicting results about the relative importance of oil demand and oil supply shocks for the real
price of oil.

It is important to note that what we care about in oil market VAR models is typically the
magnitude of the one-month price elasticities of oil supply and demand. At longer horizons, the
elasticities are left unconstrained. The purpose of this paper is to examine the advantages and

drawbacks of alternative methods of estimating these one-month oil supply and oil demand



elasticities and of incorporating this information into structural VAR models. | not only
summarize the state of the literature, but also draw attention to a number of econometric
problems that appear to have been overlooked in this literature. | make the case that, once these
problems are recognized, seemingly conflicting conclusions in the recent literature can be
resolved. | also show how additional information can be used to assess the economic plausibility
of elasticity estimates reported in the literature. My analysis reaffirms the conclusion that the
one-month oil supply elasticity is low, which implies that oil demand shocks are the dominant
driver of the real price of oil.

The remainder of this paper is organized as follows. Section 2 reviews the identification
problem in the global market for crude oil and explains why extraneous elasticity estimates are
crucial for estimating oil market models. Section 3 reviews the microeconomic evidence on the
U.S. price elasticity of oil supply. While these estimates provide a useful benchmark, it is
important to recognize that the supply elasticities of other oil producing countries such as Saudi
Arabia, may be larger than the U.S. elasticity. Ultimately, we are interested in the global price
elasticity of oil supply rather than in regional elasticities. Section 4 explains in detail the
construction of the bound on the global oil supply elasticity originally proposed in Kilian and
Murphy (2012) and addresses recent critiques of this approach. Section 5 examines the IV
approach to estimating global oil supply and oil demand elasticities proposed by Caldara et al.
(2019). Section 6 systematically evaluates the credibility of recent VAR estimates of oil demand
and oil supply elasticities. Section 7 discusses subtle differences in the elasticity concept

employed in recent VAR studies and their implications. The concluding remarks are in section 8.

2. The Identification Problem in Models of the Global Market for Crude Oil

As noted by Caldara et al. (2019), the same set of unexpected changes in oil production and in



the real price of oil can be explained by many different combinations of short-run oil supply and
oil demand curves with different slopes. A model with a vertical short-run supply curve and a
downward sloping short-run demand curve, for example, may explain the residuals of a reduced-
form VAR for the global market as well as a model with an upward sloping supply curve and a
downward sloping demand curve. These slopes are captured by the impact price elasticities of oil
supply and oil demand. Being able to pin down at least one of these elasticities based on
extraneous data helps estimate the other elasticity. Alternatively, one may be able to bring
extraneous information on both of these impact elasticities to bear.

The conventional approach to estimating these elasticities is to rely on an exogenous

instrument. For example, the identification of the impact price elasticity of oil demand (%)

requires an instrument that shifts the global supply curve along the global demand curve. Such
exogenous instruments have been developed by Kilian (2008a), for example.! However,
evidence in Kilian (2008a,b) and Montiel Olea, Stock and Watson (2020) suggests that all
existing oil supply shock instruments are weak in the econometric sense, which explains why
this approach has been largely abandoned. Similarly, the identification of the impact price

elasticity of oil supply (°) requires an instrument that shifts the global demand curve along the

global supply curve. Since suitable demand instruments for the global oil market are hard to find,
this approach has not received much attention.?
Given the difficulty of estimating global impact price elasticities directly, the literature

has evolved in three directions, each of which is discussed below: (1) the estimation of the price

! An alternative ad hoc approach to this problem is discussed in Hamilton (2003).

2 Examples of oil demand instruments are discussed in Kilian and Hicks (2013) and Kénzig (2019). The former
study focuses on exogenous changes in flow demand, whereas the latter focuses on exogenous changes in storage
demand (see Kilian and Zhou 2020c). Neither of these instruments is available for extended time periods, however.
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elasticity of oil supply using U.S. firm-level or well-level data; (2) bounds on the global price
elasticity of oil supply constructed from natural experiments; and (3) the estimation of the global

price elasticities of oil supply and oil demand using country-level panel data.

3. Microeconomic Estimates of the Oil Supply Elasticity

Microeconomic estimates of the oil supply elasticity are informative for the identification of oil
market models because they constitute extraneous evidence. Whereas some earlier studies
focused on U.S. oil producer data from selected regions such as Texas or North Dakota, Newell
and Prest (2019) for the first time included data from all major oil producing regions in the

United States, making it the most comprehensive study to date and a natural starting point.

The Evidence in Newell and Prest (2019)
Newell and Prests’s preferred estimate of the one-quarter oil supply elasticity for conventional
crude is 0.017 (with a standard error of 0.006) also provides an upper bound on the one-month
elasticity. Their estimate is close to the benchmark provided by the theoretical analysis in
Anderson, Kellogg and Salant (2018) who showed within an equilibrium model that the short-
run oil supply elasticity is zero if adjusting oil production is costly, as tends to be the case in
practice.

One might think that this conclusion would be changed when incorporating the one-
month supply elasticity of shale oil producers. A common view is that the latter elasticity is at
least as large as that for conventional crude oil. There are two points that must be kept in mind,
however. One point is that even for shale oil the one-quarter supply elasticity is negligible.
Newell and Prest (2019) report an estimate of -0.022 (with a standard error of 0.013) for U.S.
shale oil producers. This estimate is close to zero and not statistically significant. This result does

not contradict the widely held view that shale oil producers are nimbler in responding to market



conditions than conventional producers. It simply means that this response takes more than one
month for shale oil producers and conventional producers alike. Even if a producer wants to
complete an existing shale well in response to higher oil prices, it typically takes at least four
weeks to start production.® The view that the one-month shale oil supply elasticity is effectively
zero is also consistent with survey evidence for oil producers in the 11" Federal Reserve District
published by the Federal Reserve Bank of Dallas, as summarized in Golding (2019).*

The other point is that shale oil production did not exist for much of the estimation period
considered in oil market studies. It only took off in late 2008 from a very low level and
accounted only for a small share of world oil production even in the years after 2008, so we need
to consider appropriately weighted averages in inferring the implied global oil supply elasticity.
If we take the U.S. estimates as representative for oil producers in the world, given a share of 6%
for shale oil production in global oil production in 2019, this implies a global one-month oil
supply elasticity of under 0.016.°> We do not know the covariance of the elasticity estimates for
conventional oil and for shale oil, but even after accounting for estimation uncertainty the upper
bound of a confidence interval for this global oil supply elasticity estimate is unlikely to be much
larger.

The Evidence in Bjgrnland et al. (2019)
The evidence in Newell and Prest (2019) has been called into question by Bjgrnland et al. (2019)

and Bjgrnland (2019), whose estimate of the one-month price elasticity of oil supply for

3 Note that what matters in measuring this elasticity is not how much time has passed before a new shale well is
completed, but how much time it takes for a well to be completed in response to an unexpected change in the price
of ail.

* Golding (2019) reports that “the average horizontal well pad in the Permian Basin takes four to six months from
the commencement of drilling to production coming online.” Moreover, even a “drilled-but-uncompleted well ...
may take one to three months to go into production”. In other words, industry contacts are unanimous that the one-
month price elasticity of shale oil supply is zero.

> Specifically, 0.94x 0.017 + 0.06 x 0 = 0.016, where we treat the shale oil supply elasticity as zero rather than
using the point estimate of -0.022.



conventional oil producers, obtained by regressing the change in conventional oil production in
the Bakken on the change in the real price of oil and on the change in the oil futures spread, is
0.1 and statistically insignificant.® Their corresponding baseline estimate of the one-month
supply elasticity for shale oil is 0.7 (with additional estimates ranging from 0.3 to 0.9).

A closer look at their regressions, however, raises a number of econometric concerns.

The model is

AQ, = BAP, + BA(p — D) +...+e,, 1)
where g, denotes the log of oil production, p, is the log of the spot price of oil, and f®is the log
of the 3-month oil futures price. Equation (1) may be equivalently rewritten as

AG, = a,Ap, + a,Af D + .+ e, (2)
where o, = S, + f3,. Bjgrnland et al. suggest that o represents the price elasticity of oil supply.

Given that the oil futures spread is clearly stationary, it is unclear why the authors include

the first difference of this spread in their regression.” This specification choice has important
consequences because it amounts to augmenting Ap, in regression (2) by the regressor Af,®.A
high correlation between these regressors is problematic because it creates multi-collinearity and

undermines the identification of ;. As Table 1 shows, for the estimation period of 1990.2-

2017.6 used in this study., the correlation between Ap, and Af,® is 98%. The high correlation

& This estimate is higher than that obtained by Newell and Prest (2019), but also has a larger standard error,
reflecting the smaller estimation sample and the existence of multicollinearity.
7 Bjgrnland (2019) insists that the oil futures spread is integrated of order 1, making it necessary to difference the
spread. This view is at odds with a large literature in empirical finance on modeling futures spreads. A plot of

f® — p, suggests that the three months oil futures spread is mean reverting. This visual impression is confirmed by
a formal ADF test based on bootstrap critical values computed using the residual wild bootstrap to allow for
conditional heteroskedasticity. Notwithstanding the low power of ADF tests in finite samples, the null of a unit root
can be rejected at the 10% level.



between these regressors is the likely reason that including Af,>among the regressors changes the
estimate of ¢, substantially compared to setting «, = 0. Thus, the chief concern with regression
specification (1) is not about using futures prices instead of spot prices. Table 1 makes it clear
why it does not make much difference, in practice, whether we use Ap, or Af™. The concern is

that the elasticity should relate to the spot price or the futures price, but not to both prices.

Is there any justification for including the oil futures spread? One argument is that
changes in the futures spread may affect oil production directly if producers respond to higher
expected oil prices by storing oil below the ground rather than extracting it. For conventional oil,
for technological reasons, this is not an option (see Newell and Prest 2019). For shale oil,
producers could conceivably drill, but not complete a well in anticipation of rising prices. A
simple testable implication of this argument is that the number of drilled, but not yet completed
shale oil wells (known as DUCs) should increase, when the oil futures price rises above the spot
price, making it more attractive to delay completions. However, the correlation between the

growth in the number of DUCs in the Bakken, as reported by the EIA, and the 3-month WTI oil

futures spread, defined as f® — p,, where lower case denotes logs, is only 0.03, suggesting that

this effect is negligible. Using alternative data on the number of DUCs in the Bakken by Rystad
Energy, the correlation in question is even of the wrong sign. As shown in Figure 1, during
2008.1-2017.6, the correlation is -0.15. As the estimation period is shortened, the correlation
becomes more negative.

The fact that shale producers appear unable in the short run to adjust the number of DUCs
in response to the futures spread is also consistent with the survey evidence in Golding (2019).

Shale oil producers in this survey cite frictions in setting up well completions as the reasons for



not responding sooner to price signals. This evidence also suggests that the theoretical analysis in
Anderson et al. (2008), which is based on adjustment costs to oil production and predicts a zero

short-run oil supply elasticity, applies both to conventional oil and to shale oil.

4. Bounding the Global Oil Supply Elasticity
The fact that the U.S. one-month price elasticity of oil supply is near zero does not necessarily
mean that the same is true of the corresponding global one-month price elasticity, which is of
primary interest in oil market VAR models. Intuitively, it seems plausible that oil producing
countries with spare capacity such as Saudi Arabia or Kuwait may have a higher oil supply
elasticity than the United States.

Kilian and Murphy (2012) addressed this concern by constructing an upper bound on the
global one-month price elasticity of oil supply based on the natural experiment of August 1990,
when Iraq invaded Kuwait and oil production in these two countries ceased. Since there has been
much confusion in the literature about the construction of this bound, it is useful to explain the
rationale in more detail. The invasion of Kuwait was clearly an exogenous event with respect to
the oil market and by all accounts unanticipated. The oil supply disruption of August 1990
boosted the demand for oil produced outside of Irag and Kuwait. These countries’ oil-demand
curve was further shifted by a sharp rise in storage demand, reflecting expectations that Iraq
would invade Saudi Arabia next. This reasoning may seem to suggest that the ratio of the percent

change in oil production outside Irag and Kuwait (Aq) to the percent change in the real price of
oil (Ap) in August 1990 can be thought of as an estimate of the global one-month price elasticity

of oil supply.
However, there is one complication. Saudi Arabia’s supply also expanded in response to

this geopolitical event, as part of Saudi Arabia’s long-standing commitment to respond directly



to geopolitically driven oil supply disruptions in other OPEC member countries, possibly along
with other OPEC oil producers.® The simultaneous shift in Saudi Arabia’s supply curve in

August 1990 created an additional increase in Agq and a decline in Ap, causing the ratio Aq/Ap

to be larger than would have been the case in response to the demand shift only. Kilian and

Murphy therefore interpreted the ratio Aq/ Ap =0.026 as an upper bound on the one-month

price elasticity of oil supply rather than an estimate of this elasticity.

Not all OPEC oil producers outside of Irag and Kuwait raised their production in August
1990. In the United Arab Emirates (UAE) notably, oil production fell. One view is that this
production decline reflected increasing pressure from OPEC members for the UAE to adhere to
its OPEC production quota and was unrelated to the invasion of Kuwait. An alternative view,
suggested by Caldara et al. (2019), is that this decline was caused by a speech by Saddam
Hussein on July 17, threatening retribution if unspecified OPEC countries did not reduce their oil
production. The latter view implies that the decline in UAE’s oil production in August 1990 was
caused by an exogenous geopolitical event not unlike the invasion of Kuwait and hence has to be

excluded when constructing the endogenous production response Ag, which would increase the

upper bound on the one-month oil supply elasticity from 0.026 to 0.045.

This alternative bound, however, is not persuasive for two reasons First, the UAE already
agreed to lower its oil production at the OPEC meeting in Jeddah on July 11 several days before
Saddam Hussein’s speech, casting doubt on a causal link. Second, at no point was there an

immediate military threat to the UAE, which has no direct border with Irag. In fact, Iraq lacked

8 It is important to stress that this commitment does not mean that Saudi Arabia feels compelled to offset
fluctuations in the demand of oil. For example, Saudi authorities made it clear in the 2000s that they would not
respond to oil price increases driven by what they perceived to be shifts in speculative demand for oil, although they
have always been willing to respond to exogenous oil supply disruptions driven by geopolitical events.
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the ability to effectively project military force across the Persian Gulf to the UAE by air or sea,
given the presence of U.S. and other opposing forces in the region. Thus, the UAE must be

included in constructing the oil supply elasticity bound.

5. Macroeconomic Estimates of the Global Oil Demand and Oil Supply Elasticities
Motivated by the analysis in Kilian and Murphy (2012), Caldara et al. (2019) focus on the
response of oil production in a given country to supply disruptions in other oil-producing
countries, under the maintained assumption that all oil producers have the same supply elasticity.
Their instrument for the real price of oil consists of a time series of oil supply disruptions in the
United States, Mexico, Venezuela, Norway, Iran and various Arab oil producing countries that
are classified as exogenous based on the authors’ reading of the narrative evidence. In addition to
an estimate of the global oil supply elasticity, the study also reports disaggregate oil supply
elasticity estimates for Saudi Arabia, for OPEC excluding Saudi Arabia, and for non-OPEC
countries.

It is useful to review this approach in more detail. Ignoring country-fixed effects, for
expository purposes, the first-stage IV regression is

Ap;, = )/Zi't +& ¢

where Z,  is the instrument for oil-producing country i constructed by interacting declines in

oil production growth that take place in other oil-producing countries with a dummy indicating

whether this decline is driven by exogenous events such as weather, strikes or wars. The fitted

value from the first stage, ZBH, is used in the second-stage 1V regression
Aqis,t = USApi,t + uis,t
to identify the one-month price elasticity of oil supply, where Ag;, denotes oil production growth

10



in country 1i.

Caldara et al. report estimates for a narrow instrument including only oil supply
disruptions of at least 2% of global oil production and a broad instrument including in addition a
number of smaller oil supply disruptions. After excluding the August 1990 decline in UAE oil

production from Z. ., their estimate of the one-month price elasticity of oil supply is 0.029 based

it
on the narrow instrument and 0.056 based on the broad instrument. This compares to supply
elasticity estimates of 0.054 and 0.081 for the narrow and the broad instrument, respectively,

when the UAE is included in Z,,.

Even the estimates obtained after excluding the UAE from Z. ., however, are

it
problematic. The first problem relates to the instrument relevance. Although the narrow
instrument passes an F-test for weak instruments in the first stage, when regressing the percent
change in the real price of oil on an intercept and the instrument for 1985.1-2015.12, the broad
instrument (with or without the UAE) does not. In fact, after excluding the August 1990 episode
from the broad instrument, the first-stage F-statistic drops below 0.9 (see Table 2).

The second problem relates to the exogeneity of the instrument. Since Saudi Arabia aims
to directly offset geopolitical disruptions, both its oil supply curve and its oil demand curve shift

in response to such an event, which violates the exclusion restriction required for IV estimation.

The use of Z,, is not only a problem when interpreting the Saudi elasticity estimate; the same

concern also applies to other OPEC producers with spare capacity such as Kuwait and the UAE
that have at times acted in line with Saudi Arabia in offsetting geopolitical oil supply disruptions.
Not surprisingly, the elasticity of non-OPEC countries, which is not affected by this problem, is

essentially zero (-0.004) with a standard error of 0.023.
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A simple back-of-the-envelope calculation based on a specific episode of exogenous
variation in the real price of oil helps illustrate this point. Between June 2014 and December
2014, the price of oil fell by 44%. There is a debate about the extent to which this price decline
was caused by the unexpected rise of U.S. shale oil versus unexpected declines in global
demand. Either way this unexpected decline was exogenous from Saudi Arabia’s point of view.
Given that Saudi Arabia did not respond to any exogenous geopolitical events during this half
year, the Saudi production response can be used to identify the oil supply elasticity. Given the
cumulative decline in Saudi oil production of 0.6%, the implied semi-annual Saudi oil supply
elasticity is -0.6/-44 = 0.014, which is much lower than the supply elasticity estimate of 0.212 for
Saudi Arabia in Caldara et al (2019). The corresponding semi-annual oil supply elasticity
estimate for OPEC is also zero for all practical purposes.

For the estimation of the corresponding one-month oil demand elasticity, Caldara et al.

(2019) propose a similar 1V approach. Consider an instrumentZ; , for the oil-consuming country

J, consisting of exogenous foreign oil production disruptions. Events that are associated with an

exogenous shift of both oil demand and oil supply in a given country such as Hurricanes along
the U.S. Gulf coast that affect both refining and off-shore oil production are excluded. The first-

stage regression

Ap“ = }/Zj't +&j,

yields the fitted value ﬁ)” , Which is used to estimate the price elasticity of oil demand from the
second-stage IV regression

AQ?,t = 77d Apj,t 'H//Xj,t +uj'j,t'

where Aqf,t denotes petroleum consumption in country j and X, denotes controls for the state

of the oil market and the global economy. It is assumed that all countries have the same demand
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elasticity.

An additional problem with this elasticity estimator is that the second-stage regression for
demand requires data for oil consumption. Such data do not exist. The “oil consumption” data
reported by the International Energy Agency, for example, do not measure consumption of crude
oil, but the consumption of refined products such as diesel, gasoline, jet fuel, bunker fuel and
other residual products in refining. This means that the demand elasticity in the second-stage 1V
regression is not the own price elasticity of the demand for crude oil, but a cross-price elasticity

of the demand for refined products.

How plausible are the 1V elasticity estimates for the global oil market?

Table 3 summarizes the key oil supply and oil demand elasticity estimates generated by this IV
approach. The authors’ preferred estimates based on the broad instrument are in the first row of
Table 3. Since this instrument is weak, the most plausible estimates are those based on the narrow
instrument excluding the UAE. The latter approach yields a one-month oil supply elasticity
estimate of 0.03, close to the bound derived in Kilian and Murphy (2012).°

In assessing the oil demand elasticity estimates in Table 3, we can draw on additional
evidence. There have been major methodological advances in estimating the one-month price
elasticity of gasoline in recent years. State-of-the-art estimates based on data from the United
States and Japan agree that this elasticity of demand is near -0.36 (e.g., Coglianese, Davis, Kilian
and Stock 2017; Levin, Lewis and Wolak 2017; Knittel and Tanaka 2019).1° Hamilton (2009)

argues that the price elasticity of oil demand should be approximately half as large as the price

® Including the UAE in the instrument inflates this estimate to near 0.05, which is close to the revised bound that can
be derived under the same assumption.

10 Whereas the demand elasticity in Coglianese et al. (2017) has a large standard error, the demand elasticity in the
other two studies is precisely estimated. For example, Knittel and Tanaka (2019) report a standard error of only

13



elasticity of gasoline demand, given the cost share of oil in producing gasoline. If we take this
argument at face value, the oil demand elasticities reported in Caldara at el. (2019) seem too low

to be economically plausible.

6. Structural VAR Estimates of the Global Oil Supply and Oil Demand Elasticities

An alternative approach to estimating the impact price elasticities of oil supply and oil demand is
by estimating structural VAR models. This requires restricting at least one of these elasticities. It
IS important to emphasize that pinning down one of these elasticities is not necessarily enough to
infer the other, as illustrated by the example of Kilian (2009) who restricted the impact price
elasticity of oil supply to zero in estimating a model of the global market for crude oil that
includes global oil production growth, an index of cyclical variation in the global business cycle,
and the real price of oil.! In that model, the impact price elasticity of oil demand cannot be
defined explicitly. Attempts to compute this elasticity ignoring changes in inventories, as
proposed by Baumeister and Hamilton (2019), will produce nonsensical estimates of the demand
elasticity.

The reason is simple. In a global oil market model, the amount of oil produced in a given
period may be consumed in a refinery or put into storage (see Kilian and Murphy 2014). Since
oil is a storable commodity, defining the oil demand elasticity based on an accounting identity
that equates oil production with oil consumption at each point in time is obviously incorrect. This
problem arises even when using the alternative definition of the oil demand elasticity favored by

Baumeister and Hamilton (2019), as discussed in section 7, because the structural model they use

0.03. An overview of this literature that explains why recent estimates of this elasticity differ dramatically from
earlier IV estimates such as Hughes, Knittel and Sperling (2008) can be found in Kilian and Zhou (2020a).

11 Kilian (2009) motivates this restriction by observing that OPEC historically has been slow to respond to cyclical
demand fluctuations. Given that shifts in global oil demand are difficult to estimate reliably in real time and that
changing oil production is costly, it makes sense for oil producers to delay production responses.

14



to interpret the Kilian (2009) estimates is misspecified due to the omission of oil inventories.
Similar comments apply to Baumeister and Hamilton’s reinterpretation of the sign-identified oil
market models of Kilian and Murphy (2012) and Inoue and Kilian (2013) that bound the price
elasticity of oil supply. It is easy to show that when augmenting this and similar structural
models to include oil inventories, as in Kilian and Murphy (2014), the oil demand elasticity is

much more reasonable than the estimates reported in Baumeister and Hamilton (2019).

Kilian and Murphy (2014)
The first VAR study to jointly estimate the price elasticities of oil supply and oil demand was
Kilian and Murphy (2014). The approach taken by this paper was to bound the one-month

price elasticity of oil supply by 0<#* <0.026. Kilian and Murphy also bounded the one-month

price elasticity of oil demand to be lower than the long-run price elasticity of oil demand, which

can be proxied for by microeconomic estimates of long-run price elasticity of gasoline demand in
Hausman and Newey (1995) and Yatchew and No (2001) such that —0.8 <n° <0. These

elasticity bounds in conjunction with sign and narrative inequality restrictions allow the
estimation of the impact price elasticities of oil demand and oil supply using standard
econometric methods for sign-identified models (see Antolin-Diaz and Rubio-Ramirez 2018).
Table 4 shows alternative elasticity estimates for this model based on different
econometric methodologies and estimation periods. The correctly computed oil demand
elasticity is inferred from the responses of the real price of oil and of oil consumption, defined as
oil production adjusted for the change in oil inventories, to an oil supply shock. The incorrectly
defined elasticity is based on equating oil consumption with oil production. As the first row in
Table 4 shows, this model implies an estimate of the one-month oil supply elasticity of 0.01.

More importantly, the correctly computed one-month oil demand elasticity is -0.26, whereas the

15



incorrectly computed demand elasticity is much higher. There are two key takeaways here. First,
contrary to the claims in the recent literature, a low oil supply elasticity need not imply a high oil
demand elasticity. Second, it is essential to define the price elasticity of oil demand correctly.
The incorrect estimate is much larger than the corresponding extraneous estimates of the price
elasticity of gasoline demand, whereas the correctly defined oil demand elasticity is much
smaller and hence more consistent with the extraneous evidence.

The second row shows that this estimate is quite robust to changes in the estimation
period and in the econometric methodology. It shows updated estimates of this model from
Herrera and Rangaraju (2020), evaluated under Dirac delta loss (see Inoue and Kilian 2013,
2019). Using the same specification as Kilian and Murphy (2014) produces an estimate of 0.01
for the oil supply elasticity and a demand elasticity of -0.28 (correctly defined) and -0.51
(incorrectly defined), confirming the robustness of the original results.

The third row shows similarly updated estimates in Inoue and Kilian (2020) who recently
re-estimated this model using a state-of-the-art Bayesian methodology that allows us to evaluate
the posterior of the structural impulse response vector under absolute loss. They also relaxed the
upper bound on the oil supply elasticity to 0.04 and replaced the indicator of global real
economic activity, as proposed in Zhou (2020). The implied estimate of the price elasticity of oil
supply is 0.01 and that for the (correctly defined) oil demand elasticity is -0.18, which is about
half as large as extraneous estimates of the gasoline price elasticity. The estimate for the
incorrectly defined elasticity of oil demand that equates oil production and oil consumption is
-0.47. As Table 4 shows, none of these estimates are very far from the original estimates reported

in Kilian and Murphy (2014).

Caldara, Cavallo and lacoviello (2019)
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An alternative approach proposed by Caldara et al. (2019) is to minimize the Euclidian distance
between the VAR admissible impact elasticities and the elasticities estimated by the IV approach
discussed in section 5. After expressing the demand elasticity as a function of the supply

elasticity and the reduced-form error covariance matrix, X, this problem reduces to

~S A~S

n° d S ~d d S ~d
n'(m*,2)-n n‘(mZ)-n

~ ~d
where 775 and 7 denote the IV elasticity estimates and W is a diagonal weighting matrix with

the diagonal entries correspond to the variances of the 1V elasticity estimates.
There are two caveats. First, all the concerns raised earlier about the 1V estimator extend

to the VAR elasticity estimator. Second, the validity of this estimator depends on the function

n° (n°, %) which reflects the VAR model structure. The structure of the oil market model used to

derive 7% (n°,X) in Caldara et al. (2019) is inconsistent with the structure of the global oil

market because their global market clearing condition equates oil production with oil
consumption in every period, ignoring that oil is storable. The correct market clearing condition
is that the quantity of oil produced in the world equals the quantity of oil consumed by refiners
plus the accumulation of oil inventories. Since the structural VAR model does not account for
the fact that countries can reduce oil stocks to deal with oil production shortfalls in addition to
reducing oil consumption, there is an omitted variable problem (see Kilian and Murphy 2014).1?
The estimates reported in Caldara et al. (2019) utilize the IV elasticity estimates obtained

using the broad instrument that does not pass the weak instrument test, which suggests additional

12 Caldara et al. (2019) acknowledge this problem, but insist that oil inventories are not important. As discussed in
section 7, however, estimates of the supply and demand elasticities implied by structural models that account for oil

inventories are inconsistent with the relationship 7® (r°,%) derived in Caldara et al.
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caution in interpreting the estimates. As Table 5 shows, the implied VAR elasticity estimates are

0.1 for the oil supply elasticity and -0.14 for the oil demand elasticity.

Baumeister and Hamilton (2019)
An alternative approach in the literature has been to rely on Bayesian methods that allow us to
specify explicit priors on the one-month price elasticities of oil demand and oil supply (see
Baumeister and Hamilton 2019) .13 Baumeister and Hamilton argue that the magnitude of the oil
supply elasticity estimates in the literature and the uncertainty surrounding these estimates
justifies their choice of a diffuse oil supply elasticity prior which allows for oil supply elasticity

values in the range [0, ]. Specifically, they appeal to Bjgrnland et al.”’s (2019) regional shale oil

supply elasticity estimates of 0.3-0.9. They also appeal to the global supply elasticity estimate in
Caldara et al. (2019) based on the broad instrument. The drawbacks of these estimates have been
discussed in detail in earlier sections.

Baumeister and Hamilton make the case that we also need to account for uncertainty

about extraneous elasticity estimates. This argument is sensible, but does not justify an
unbounded prior distribution for 7°. For example, if we add two standard errors to Caldara et

al.’s (2019) estimate of the supply elasticity bound based on the narrow instrument including the
UAE, we obtain an upper bound of about 0.09, which is far from oo and well below the posterior
supply elasticity estimate of 0.15 reported by Baumeister and Hamilton (see Table 5). Herrera
and Rangaraju (2020) show that bounding the oil supply elasticity by 0.1 reduces the posterior

median estimate of the supply elasticity in Baumeister and Hamilton’s model from 0.15 to 0.08

13 As shown in Inoue and Kilian (2020), this approach implies highly unrealistic priors on the impulse response
functions. For a more detailed review of the econometric approach of Baumeister and Hamilton (2019) and its
drawbacks see Kilian and Zhou (2020c) and Kilian (2020). For a discussion of the related debate about how to
measure oil inventories and global real activity the reader is referred to Kilian and Zhou (2018, 2019), Funashima
(2020) and Kilian (2019, 2020).
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and raises the oil demand elasticity estimate to -0.53. This bound is still conservative in that the
UAE has not been excluded from the instrument.

If, instead, we start with the conventional view that the one-month oil supply elasticity is
positive, but close to zero, a much tighter bound is obtained. For example, the posterior estimate
of 0.15 in Table 5 is 22 standard errors above the point estimate for the United States in Newell
and Prest (2019). As observed by Zhou (2020), even adding four standard errors to the Newell
and Prest (2019) estimate results in a supply elasticity bound of only 0.04, which would reduce
Baumeister and Hamilton’s supply elasticity estimate from 0.15 to 0.03 (see Herrera and
Rangaraju 2020).14

In short, there is no justification for the supply elasticity priors underlying the analysis in
Baumeister and Hamilton (2019) and their posterior supply elasticity estimate is highly sensitive
to imposing tighter bounds based on extraneous information. Likewise, the corresponding
posterior elasticity estimates reported in Table 5 are difficult to reconcile with extraneous
gasoline demand elasticity estimates. For example, the estimate of -0.35 for the oil demand
elasticity is at odds with Hamilton’s (2009) rule of thumb that the oil demand elasticity should be
half as large as extraneous gasoline demand elasticity estimates, regardless of what extraneous
estimate one appeals to. Section 7 discusses in more detail why coming up with elasticity priors
that are informed by extraneous elasticity estimates is particularly difficult in Baumeister and

Hamilton’s framework.

7. Alternative Definitions of the Global Price Elasticities

4 In related work, Bornstein et al. (2019) estimate the one-year global price elasticity of oil supply. Since the one-
month elasticity cannot be larger than the one-year elasticity, their estimate of 0.18 is fully consistent with a one-
month elasticity near zero, but casts doubt on the view that the one-month global oil supply elasticity could be as
large as 0.15.
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An interesting point that calls for discussion is the difference in the definition of the elasticity
concept used in Baumeister and Hamilton (2019) and related studies, on the one hand, and that
used by studies building on Kilian and Murphy (2014), on the other. My discussion of this point
focuses on the one-month price elasticity of oil supply for expository purposes.

Baumeister and Hamilton define the oil supply elasticity as the impact response of oil
production to an increase in the real price of oil triggered by an exogenous demand shift, holding
constant not only the remaining structural shocks, but also all other variables in the model such
as global real economic activity and oil inventories. In contrast, Kilian and Murphy (2014)
define the one-month price elasticity of oil supply as the ratio of the impact response of oil
production to the impact response in the real price of oil triggered by an exogenous demand shift,
with all other structural shocks set to zero. This allows global real activity and oil inventories to
respond contemporaneously to the exogenous demand shift. The latter changes in turn may affect
the quantity produced. Clearly, these elasticity concepts in general are neither numerically nor
conceptually equivalent.®®

The key difference is that Baumeister and Hamilton’s elasticity definition is a theoretical
construct that one is not likely to observe in reality since both global real activity and oil
inventories will in general move on impact in response to a demand shock. Most extraneous
elasticity estimates reported in the literature are not constructed to be consistent with this
elasticity definition. For example, the elasticity bound derived by Kilian and Murphy (2012) or

the IV supply elasticity estimator in Caldara et al. (2019) do not hold constant the remaining

15 A practical difference is that Baumeister and Hamilton’s approach ensures by construction a unique estimate of
the oil supply elasticity, whereas Kilian and Murphy’s approach produces two estimates of the oil supply elasticity
that need not be identical, one in response to the flow demand shock and one in response to the storage demand
shock. Given that these estimates in practice tend to differ only by one second decimal point, however, there is little
loss in generality in reporting an average estimate as in Table 4.
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model variables. The same is true for the microeconomic estimates of the oil supply elasticity in
Newell and Prest (2019). Thus, it makes sense to choose an elasticity definition that corresponds
to empirical elasticity estimates in the literature, which is what Kilian and Murphy (2014), along
with many other researchers, have done. This approach ensures the consistency of the internal
and the extraneous elasticity estimate. In contrast, Baumeister and Hamilton cannot appeal to
these extraneous elasticity estimates (or elasticity bounds) to motivate their prior specification
because these estimates are inconsistent with their own elasticity definition. It is unclear how to
work around this problem when designing the elasticity priors within their framework.

The distinction between these elasticity concepts also matters for understanding the
relationship between oil demand and oil supply elasticities. For example, if we adopt the
elasticity concept of Baumeister and Hamilton (2019), the relationship between the oil supply
and the oil demand elasticity may be derived analytically from the underlying structural oil
market model. In general, small positive oil supply elasticities are associated with large negative
oil demand elasticities. This relationship forces the value of the oil supply elasticity to be quite
high, if we want to avoid generating large negative values for the oil demand elasticity.'® In
contrast, given the elasticity concept in Kilian and Murphy (2014), oil supply elasticities close to
zero (say, 0.01) may coexist with quite small oil demand elasticities (say, -0.18), after taking
account of the response of oil inventories (see Table 4). The latter values can also be matched
against extraneous elasticity estimates in the literature, whereas extraneous elasticity estimates

that satisfy Baumeister and Hamilton’s elasticity definition are harder to come by, making it

16 The precise tradeoff is model-specific. For example, according to the theoretical relationship between 7° and 7,°

derived in Caldara et al. (2019, Figure 2), which underlies their VAR minimum distance elasticity estimate, an oil
supply elasticity of 0.15 should be associated with an oil demand elasticity of about -0.1. In contrast, Baumeister and
Hamilton’s estimate of the oil demand elasticity in Table 5, which is based on a model that includes oil inventories,
with -0.35 is much higher than -0.1, illustrating that the relationship derived in Caldara et al. (2019) does not hold in
general.
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difficult to evaluate their elasticity estimates.!’

In the end what matters for choosing between these elasticity definitions is what question
we are interested in. For example, if the question is how much oil consumption responds to an
exogenous supply disruption raising the real price of oil, the approach of Kilian and Murphy
(2014) provides the correct answer. If we are interested in how oil consumption responds to the
same shock, holding constant global real activity, Baumeister and Hamilton’s definition is
appropriate (with the important caveat that applications of their definition to oil market models
excluding oil inventories are invalid).!8

Either approach, in principle, may be used to constrain the VAR impulse responses to
ensure the economic plausibility of the VAR impulse response estimates. What matters is that
the elasticity concept used in estimating the structural model matches that in constructing the
extraneous estimates used to constrain the model estimates. At this point, the existence of
extraneous elasticity estimates and bounds that are estimated without holding constant the other
oil market model variables makes it easier to apply and evaluate the Kilian and Murphy (2014)

approach.

8. Conclusion
The value of the price elasticities of oil supply and oil demand in structural VAR models of the

global market for crude oil largely determine the relative importance of oil supply and oil

17 In this context, it should be also noted that Caldara et al.’s claim that the relative contribution of oil demand and
oil supply shocks to the variation the real price of oil sharply varies, as the oil supply elasticity is increased
modestly, is at odds with the findings in a range of other studies including Kilian and Murphy (2012) based on their
elasticity definition.

18 Baumeister and Hamilton maintain that this is not a problem since inventories in their view are quantitatively
unimportant. This view is at odds with the evidence presented in Kilian and Murphy (2014) and several related
studies including Kilian and Lee (2014), Kilian and Zhou (2020b), and Cross, Nguyen and Tran (2019). Indeed,
even the evidence in Baumeister and Hamilton (2019) suggests that accounting for oil inventories has a substantial
effect on the oil demand elasticity, controlling for the definition of the oil demand elasticity.
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demand shocks. In this paper | examined alternative econometric approaches to estimating one-
month price elasticities of oil supply and oil demand. The discussion focused on
microeconometric estimators of the U.S. price elasticity of oil supply, the construction of bounds
on the global price elasticity of oil supply, and IV estimators and VAR estimators of the global
oil supply and oil demand elasticities.

I showed that some of these methodologies suffer from drawbacks that call into question
the estimates they generate. | also illustrated how extraneous information may be used to judge
the economic plausibility of oil supply and oil demand elasticity estimates. My analysis suggests
that recent findings of rather large one-month oil supply elasticities are misleading, which
implies that oil demand shocks are the dominant driver of the real price of oil and that the
recessionary effect of oil supply shocks is more modest than suggested by some recent VAR
studies. My analysis also raises questions about many estimates of the one-month price elasticity
of oil demand reported in the literature. Some of these estimates are shown to be implausibly low
in absolute terms, while others are implausibly high. Finally, | explained the rationale for the use
of alternative elasticity definitions in the literature and discussed the trade-off between these
definitions.

The insights of this paper are by no means restricted to the oil market. Indeed, the global
oil market model in many ways resembles a traditional textbook model of demand and supply.
Very similar econometric problems arise in many applications in empirical macroeconomics and
related fields. For example, elasticity estimates and elasticity bounds may be used in constructing
fiscal multipliers. They also naturally arise in labor economics and may be used in studying labor
market responses to demand and supply shocks. Another example are macroeconomic studies of

the effects of demand and supply shocks at the aggregate level.
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Table 1: Correlations between Ap, and Af", 1990.2-2017.6

h Corr(Ap,, Af,™)
1 0.999
2 0.989
3 0.977
4 0.967

NOTES: All data are from the U.S. Energy Information Administration and transformed to logs.
The estimation period matches that in Bjgrnland et al. (2019).

Table 2: Weak instrument diagnostics for Caldara et al. (2019), 1985.1-2015.12

First-stage F-statistic

Narrow instrument Original 13.93
UAE excluded 13.08
Broad instrument Original 8.83
UAE excluded 7.87
August 1990 shock excluded 0.87

NOTES: Based on regressions of the percent change in the WTI spot oil price on an intercept
and each of the instruments provided in Caldara et al. (2019, Table 2). Given one endogenous
variable, a standard rule of thumb is that the weak instrument null can be rejected if the first-

stage F-statistic exceeds 10.

Table 3: 1V Global Elasticity Estimates

Instrument n’ 77d (incorrectly
defined)
Caldara et al. 2019 Broad®¢ 0.08 -0.08
Caldara et al. 2019 Narrow? 0.05 -0.03
Caldara et al. 2019 Narrow® 0.03 Not reported

4Including UAE in instrument
b Excluding UAE from instrument
¢Based on instrument that does not pass weak 1V test
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Table 4: VAR Global Elasticity Estimates based on Kilian-Murphy (2014) Framework

n° n° (correctly n° (incorrectly
defined) defined)
Kilian and Murphy 2014 0.01 -0.26 -0.44
Herrera and Rangaraju 2020 0.01 -0.28 -0.51
Inoue and Kilian 2020 0.01 -0.18 -0.47

Table 5: VAR Global Elasticity Estimates Based on Other Frameworks

S d

n n
Caldara et al. 20192 0.10 -0.14
Baumeister and Hamilton 2019 0.15 -0.35

2 Using IV elasticity estimates based on broad instrument that fails weak IV test

Figure 1: Growth in the Number of Drilled, but Uncompleted Shale Oil wells (DUCs) in the
Bakken and the WTI QOil Futures Spread, 2008.1-2017.6

0.2 : -
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NOTES: The price data were obtained from the U.S. Energy Information Administration. The
Bakken DUC counts are courtesy of Rystad Energy. The estimation period ends in June 2017, as
in Bjgrnland et al. (2019) and starts in January 2008, before the start of the U.S. shale oil boom.
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