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1 Introduction

In view of the volatile oil prices experienced over the past decades, understanding the
impact of oil price fluctuations on economic activity has been important. When oil prices
fell by more than 70% between 2014 and 2016, a natural question therefore quickly rose as
to what extent this massive oil price decline would stimulate U.S. economic growth. After
all, such a decline in oil prices should be good news to both consumers and producers in
an oil importing country: the cost of producing domestic output should decrease, while
demand for other goods and services should pick up as consumers have more money to
spend, all else equal.! Little evidence, however, has been found to back up such claims.
In fact, according to an IMF Survey (March 2016), cheap oil doesn’t seem to have given
the expected boost to U.S. real economic activity.

Why didn’t growth in the U.S. pick up following the decline in oil prices? One hy-
pothesis is that the U.S. has dramatically reduced its dependence on petroleum imports
as its own production of oil has surged. Throughout the 2000s, horizontal drilling and
hydraulic fracturing led to a massive boost in the production of oil from shale rock deep
underground. Thus, when oil prices declined in 2014, U.S. oil producers were instead
hurt, affecting the overall economy negatively.

Yet, recent studies analyzing whether the shale boom has fundamentally changed the
way oil price shocks are being transmitted to the U.S. economy, have not found evidence
of such effects. In particular, Baumeister and Kilian (2016) analyze the effects of the
recent oil price decrease on the U.S. economy using simple regressions, and conclude that
while real investments in the oil sector did decline, private real consumption and non-oil
related business investments were positively stimulated by the oil price decline, offsetting
the negative drawback from the oil sector. Thus, according to Baumeister and Kilian
(2016), nothing has really changed: the U.S. still responds to the oil price shocks as a
typical net oil importer: when oil prices rise, U.S. activity falls, and vice versa when oil
prices fall.

We challenge this claim on two grounds. First, we believe that the transition U.S. is
experiencing, i.e., gradually changing from being a net oil importer to being the world’s
largest oil producer,? does not happen by itself. Such a transition requires capital, technol-

ogy, labor, skills, and, most importantly, learning by doing (LBD) over a prolonged period

1See for instance Hamilton (1983) for a seminal paper and e.g. Hamilton (2009), Kilian (2009), Kilian and
Vigfusson (2011), Lippi and Nobili (2012), Peersman and Robays (2012), Cashin et al. (2014), Aastveit
(2014), Aastveit et al. (2015) and Stock and Watson (2016) for some recent studies emphasising different

sources of shocks and identification methods when analysing the effects of oil price changes.
2While the United States is still a net oil importer, it is expected that by 2020 the U.S. will export more

petroleum and other liquids than it is importing, see EIA’s Annual Energy Outlook (AEO) from 2018.
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Figure 1. Rolling correlation between the real price of oil and manufacturing industries, sample period
1974:Q2-2016:Q4, Moving Window 40 quarters. The correlation coefficient from each rolling sample is
plotted in the end of each sample. Hence, the last observation is the rolling sample from 2006Q4-2016Q4.

of time. In fact, the seed of the shale gas boom was planted already in the 1970s when the
U.S. government decided to fund R&D programs and provide tax credits to enterprises
interested in developing unconventional natural gas. Still, it was not before the private
entrepreneurship of Mitchell Energy, who experimented with new techniques for drilling
shale in the early 2000s, i.e., combining horizontal drilling with hydraulic fracturing, that
the process escalated and the natural gas boom spread to o0il.> Hence, when analyzing the
effects of the recent oil price drop on the U.S. economy, allowing for changing dynamics
related to the development of the shale oil boom seems imperative. And indeed, Figure
1 motivates such a a claim. It displays rolling correlation coefficients between the real
price of oil and production in some key U.S. industries such as, manufacturing, electrical
equipment and machinery. The figure clearly shows that the correlations have changed,
from being negative in the 1970s and 1980s, to being positive after 2000. We hypothesize
that these changes signal more than just correlations: they signal a structural change in
how the U.S. economy is affected by oil price shocks following the shale oil boom.
Second, during such a transition process, there may be productivity spillovers between
the oil-related and non-oil related industries. To the extent that these spillovers are
important, it could imply wider benefits for the economy, cf. Bjgrnland and Thorsrud
(2016) and Bjornland et al. (2019) for theoretical arguments and empirical applications
to resource rich countries such as Australia and Norway. In particular, Bjgrnland et al.

(2019) have shown that by developing a dynamic three sector model that incorporates

3Natural gas from shale could now be economically produced, which led to dramatic increase in natural gas
production, and consequently lower prices of natural gas in the U.S. In 2009, when oil prices were relatively
high, firms began to experiment with shale technology to extract oil. Several firms were successful in
adopting shale technology in oil basins and production of shale oil increased significantly (see Wang and

Krupnick (2013) for the review of history of shale gas development in the United States).



the productivity dynamics from the spending as well as the resource movement effect,
the growth effects of natural resources are likely to be positive and affect many industries
outside oil. Hence, we may expect both direct and indirect spillovers of oil on the wider
economy. Allowing for these spillovers seems therefore important when analyzing the
effect of a resource boom on the U.S. economy. In fact, claims for local spillovers are
already being backed up by a recent branch of literature using primarily cross-section or
panel data, see, e.g., Weber (2012), Allcott and Keniston (2018), Feyrer et al. (2017),
and Gilje et al. (2016) among others. Applied to regional data in resource abundant U.S.
states, these studies consistently find that energy booms benefit local non-oil employment,
wages and production.

Common to these recent (panel) data studies, however, is the fact that they focus on
activity at the local level in resource abundant U.S. states. Hence, while accounting for
instantaneous spillovers in certain geographical areas, little is known about the dynamic
effects on the aggregate economy outside the resource rich areas. Our hypothesis is that
the oil boom has had positive spillovers to many different industries across the U.S., and
that these spillovers have changed over time, consistent with the pattern seen in Figure
1. For this purpose, we need a time-series framework that also allows for geographical
dispersion. Previous times series studies addressing this issue have typically been aggre-
gate and focus on only a few macroeconomic variables. Furthermore, most often they rely
on time-invariant regressions. Thus, their maintaining assumption is that the effect of an
oil price shock has not changed over time, and that the role of the oil sector is of little
importance when analysing the dynamic effects of oil prices on the U.S. economy.

We address all of these shortcomings. In particular, we analyse the effects of oil price
shocks on the U.S. economy taking into account spillovers from oil to various industries
and employment across the U.S. states, while also allowing these dynamics to vary over
time. In so doing, we investigate whether the effects of an oil price shock has changed
during the last two decades. For this purpose we specify and estimate a time-varying
parameter (TVP) factor-augmented VAR (FAVAR) model with stochastic volatility, see
e.g. Korobilis (2013), Bernanke et al. (2005), Primiceri (2005) for seminal contributions.

Doing so, we find substantial changes in the way an oil price shock is transmitted to
the U.S. economy. In contrast to previous studies, our analysis suggests that an increase
in the oil price has now positive spillovers to the aggregate U.S. economy, effects that
were not present before the shale oil boom. In particular, we find non-oil nonresidential
business investments, as well as non-oil employment in both oil-producing and many
manufacturing-intensive producing states to increase following an oil price rise. What’s
more, there are positive spillovers to real personal income, and, to some extent, to personal

consumption. Hence, the U.S. responses to an oil price shock now more resemble those



of an oil exporter rather than those of an oil importer. Assuming symmetric effects
(c.f., Kilian and Vigfusson (2011)), our results imply that an oil price decline will have
negative effects on the U.S. economy. This explains the puzzle that has preoccupied IMF
recently: namely why did the U.S. not experience a boom following the steep decline
in oil prices between 2014 and 20167 The answer is simply that the U.S. has increased
its reliance of oil, not as a consumer, but by becoming the world’s largest oil producer.
Going forward, policymakers needs to take into account that the transmission of an oil
price shock has changed with the shale oil boom. An oil price increase may now actually
be good news for many industries and states in the U.S. economy. This should have far
reaching implications for both fiscal and monetary policy.

Our paper relates and combines several approaches already developed in the liter-
ature, but in a separate manner. First, although different in methodology and focus,
our paper relates to a recent literature showing that shocks to certain sectors can have
a large impact on aggregate macroeconomic fluctuations. In particular, using network
theories, Acemoglu et al. (2012) show that sectors with a small factor share that are
highly complementary to other inputs can have a large impact on aggregate macroeco-
nomic fluctuations. Gabaix (2011) shows similar results when the firm size distribution
is sufficiently heavy-tailed and the largest firms contribute disproportionally to output.

Second, we relate to a large literature that analyses the effect of oil price shocks on
the U.S. economy, see e.g. Hamilton (2009), Kilian (2009), Edelstein and Kilian (2009),
Lippi and Nobili (2012) and Aastveit (2014) among many others. However, in contrast to
these papers which analyze the effect of oil price shocks on the U.S. economy using linear
models, we allow for changing dynamics. Furthermore, while these studies typically focus
on aggregate macroeconomic variables, we explicitly include the oil sector and disaggregate
state level data into the analysis to account for the potential new spillovers due to the
shale oil boom. For this purpose, we use a FAVAR model with a large data set and time
varying parameters.

Third, our TVP framework builds on a growing literature allowing for stochastic
volatility when analysing the effect of oil price shocks (i) on the U.S. macroeconomy
(e.g. Baumeister and Peersman (2013b) and Bjgrnland et al. (2018)), (ii) on the inflation
passthrough (e.g. Clark and Terry (2010)), (iii) on the U.S. stock market (e.g. Kanga
et al. (2015) and Foronia et al. (2017)) and (iv) on the oil market (e.g. Baumeister and
Peersman (2013a)). While we also control for stochastic volatility, our main focus is to
examine if the dynamic effects have changed over time following the shale oil boom.

Fourth, we relate to a branch of the literature that has documented important hetero-
geneous effects in the transmission channels of oil price shocks to disaggregate industries,

see e.g. Bresnahan and Ramey (1993), Davis and Haltiwanger (2001), Lee and Ni (2002)



and Herrera (2018). However, while these papers have primarily studied how the negative
effects of an oil price shock are transmitted to industries when the U.S was an oil im-
porter, our focus is to unravel potential heterogeneous effects due to the shale oil boom, at
both the industry level and across U.S. states. For this reason, the oil sector is explicitly
included into the model, as well as employment at the state level.

Finally, and as discussed above, we relate to the recent literature using panel data
studies that have consistently found that energy booms benefit non-oil employment at
the local level in many resource abundant U.S. states, c.f. Weber (2012), Allcott and
Keniston (2018), Feyrer et al. (2017), and Gilje et al. (2016) among others. In contrast
to these papers, however, we focus on the geographical dispersion of the oil price shocks
across all U.S. states, allowing also for time varying changes.

The TVP-FAVAR model is particularly useful when it comes to answering our research
questions. First, it allows us to distinguish between different types of shocks affecting the
oil market. Second, we are able to simultaneously estimate direct and indirect spillovers
between the different sectors of the economy. Third, we can estimate responses to a large
number of variables that is not possible with standard multivariate time series techniques
due to the curse of dimensionality. Lastly, we are able to take into account the time
variation and investigate how the effects of shocks have changed over time. To the best of
our knowledge, this is the first paper that models the interaction between the oil market
and the U.S. economy in a large data environment, allowing also for time-varying changes
during the fracking revolution.

The remainder of the paper is structured as follows. Section 2 describes a framework
for analysing spillovers of oil and learning by doing in an resource rich economy while
Section 3 describes the TVP-FAVAR model and the dataset. Empirical results are dis-
cussed in Section 4, focusing on, among others, the effects of an oil price shock on various
industries, the general macroeconomy and geographical dispersion of shocks to state level

employment. In Section 5 we analyse extensive robustness while Section 6 concludes.

2 Theoretical framework: Oil booms - a blessing or

a curse?

The history of the petroleum industry in the United States goes back to the early 19th
century. Petroleum became a major industry following the discovery of oil at Oil Creek,
Pennsylvania in 1859, and for much of the 19th and 20th centuries, the U.S. was the
largest oil producing country in the world. However, after production peaked in 1970, the
U.S. has experienced decades of production decline. Over time, the country has become

increasingly dependent on imports of oil, and in 1973, the U.S. government banned firms
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Figure 2. US: Net import of petroleum and crude oil vs. crude oil production

from exporting oil.

The empirical oil-macroeconomic literature, which took off after the seminal contri-
bution of Hamilton (1983), has typically analyzed the effect of oil price shocks on the
U.S. economy focusing on the period when the U.S. was a net oil importer. In line with
this, scholars have also found that the U.S. economy responds negatively to an oil price
shock that increases oil prices, as both consumers and producers have to pay more for the
imported energy products and for the complementary products to energy; again, see, for
instance, Hamilton (2009) and Kilian (2009) among many others.

The shale oil boom may have changed this relationship. By 2015 the U.S. oil produc-
tion had surpassed Russia and Saudi Arabia to become the worlds biggest producer of oil
and gas. By the end of that year, the export ban was lifted, and the U.S. is on its way to
become a net oil exporter. Figure 2 illustrates the transition. It shows how net import of
crude oil has plummeted from 2005/06 as the shale oil boom sparked a strong recovery
in the production of crude oil.

In line with this increased production, the oil-producing industry has also grown, with
potential spillovers to other industries. The spillovers can, of course, be of any form,
crowding in or crowding out other industries. In particular, traditional theories suggest
that energy booms often lead to a ‘crowding out’ of other tradable industries, such as
manufacturing. The idea is that gains from the boom largely accrue to the profitable
sectors servicing the resource industry, while the rest of the country, including traditional
manufacturing, suffers adverse effects from increased wage costs, an appreciated exchange
rate, and a lack of competitiveness as a result of the boom. In the literature, such a

phenomenon is commonly referred to as Dutch disease, based on similar experiences in



the Netherlands in the 1960s, see e.g. Corden and Neary (1982) and Corden (1984) for
influential early contributions.

Traditional theories of Dutch disease, however, do not account for productivity spillovers
and learning by doing (LBD) between the booming resource sector and other non-resource
sectors. Instead, they emphasise that labour would be transferred from strong (tradeable)
to weak (non-tradeable) LBD sectors, and therefore reduce overall growth, see e.g. van
Wijnbergen (1984), Krugman (1987), Sachs and Warner (1995), Gylfason et al. (1999)
and Torvik (2001) among others. However, more recently, some studies have shown that
oil endowment may not necessary be a curse, but can instead be an engine for growth.
For instance, Bjgrnland et al. (2019) have shown that by developing a dynamic three sec-
tor model (non-traded, traded, and oil service sector) that incorporates the productivity
dynamics from the spending as well as the resource movement effect of oil, the conclusions
proffered by earlier models of LBD and the Dutch disease are altered dramatically. In
particular, the resource movement effect implies that the growth effects of natural re-
sources are likely to be positive, reversing previous growth results in the literature. The
wider benefits for the economy are particularly evident when taking account of produc-
tivity ‘spillovers’ and ‘learning-by-doing’ from the oil-related (service) industry to other
traded and non-traded industries, as has also been shown empirically for the resource
rich countries Australia and Norway, see Bjgrnland and Thorsrud (2016) and Bjgrnland
et al. (2019). In particular, learning-by-doing may strengthen the spillovers between the
sectors, thus enforcing growth in the overall economy.

That the shale oil boom has had implications for economic growth at the local level
in the oil producing U.S. states, was pointed out in the introduction above. In particular,
Allcott and Keniston (2018) examine county-level data to investigate the local spillover
effects of boom-bust cycles in natural resource production, Weber (2012) examines county
level direct effect of drilling, Maniloff and Mastromonaco (2015) study the effect of the
number of wells on local economies, Fetzer (2014) estimates the effect of any drilling
activity after 2007 on economic outcomes at the local level, while Feyrer et al. (2017)
measure the effect of new oil and gas production on income and employment at the
county and regional level. Despite different methods, measures of oil and gas activity,
areas of study, and time frames, these studies consistently find that energy booms benefit
local or regional employment in the resource rich states in the U.S.*

However, little, if anything, is known about the spillovers of the shale boom to em-

ployment outside the oil rich states, and ultimately, to the aggregate U.S. economy. In

4In addition, Gilje et al. (2016) analyze in a recent study the effect of shale oil development on asset
prices. Using the shale oil discovery announcement as their measure of technology innovation the authors
find that in the period from 2012 to 2014 these technology shocks explain a significant component of

cross-sectional and time series variation in both asset prices and employment growth.



particular, to what extent will a resource boom stimulate investment, production, em-
ployment, and wages beyond those at the local level in the energy rich states? If there is
LBD between industries, one should expect some positive spillovers for the wider econ-
omy. However, are these positive spillovers sufficiently strong so as to offset any negative
effects for consumption and investment when oil prices increase? According to Baumeis-
ter and Kilian (2016), the answer to this question is no. They find no spillovers from
oil-related investment to non-oil related investment. In fact, they argue that the recent
U.S. economy’s response to oil price changes has not been fundamentally different from
that observed after the oil price decline in 1986.

Based on this, we re-address the question of whether the shale boom has changed
the transmission of oil price shocks, focusing in particular on the potential spillovers
from the oil industry to other industries, and the extent to which these spillovers have
changed the transmission of oil price shocks to the U.S. economy over time. To do so, we
specify a model that can account for (i) heterogeneous responses in employment to the oil
price shocks across U.S. states; (ii) spillovers between industries; and (iii) time-varying

responses. We now turn to describe the econometric model in detail.

3 Empirical Modeling Framework

Many recent papers, including those cited above, have used SVAR models to study the
effects of oil price shocks on the aggregate U.S. economy. As we want to consider the role
of the oil industry for the dispersion of oil price shocks to economic activity, we augment
the standard VAR model with estimated factors that reflect information from both oil
and non-oil variables. To that end, we specify a factor-augmented vector autoregressive
(FAVAR) model that includes four factors. The factors will be driven by shocks that have
the potential to affect all sectors of the U.S. economy. First, we include a measure of global
activity and the real price of oil as two separate factors in the model. These are included
to capture, respectively, international business cycle conditions and developments in the
oil market that are relevant for the U.S. economy. This allows us in turn to identify two
foreign shocks: a global activity shock and an oil price shock, both of which can affect
the real oil price, though with potentially very different macroeconomic implications.
Second, to take into account the fact that there may be heterogeneous responses to
the oil price across U.S. industries, we estimate two separate latent factors for the U.S.
economy. The inclusion of latent factors also enables us to simultaneously estimate direct
and indirect spillovers between different industries and states in the U.S. The simultaneous
spillovers between different sectors at different geographical levels can not be captured

by including only observable variables in a small panel of data and have therefore not



been taken into account in previous studies.” While we do not impose any identifying
restrictions on these factors, we find that the factors capture different aspects of the U.S.
economy related to oil and non-oil, see Section 3.4.

Finally, the factors are used in a time-varying parameter (TVP) Vector Autoregressive
model with both time-varying coefficients and time-varying variance covariance matrix of
innovations. By allowing coefficients in the VAR augmented with factors to vary over
time we account for possible non-linearities or time variations between the oil price and
the U.S. economy. To account for possible heteroscedasticity of the structural shocks
and nonlinearities in the simultaneous relations among the variables we allow for multi-
variate stochastic volatility.® All together, this framework allows us to investigate if the
transmissions of oil price shocks have changed over time.

On a final note, we have chosen to use a TVP approach to capture smooth changes in
the transmission of shocks. This is important, as we believe the transmission from a net
oil importer to a major oil producer takes time and is therefore well approximated with

the TVP approach, rather than a framework that allows for discrete breaks.

3.1 Data

We use a large panel of domestic and international quarterly series, covering the sample
period from 1990Q1 to 2016Q4.7 In particular, to accommodate the effects of oil price
shocks on the U.S. economy, we include a broad range of domestic macroeconomic in-
dicators as observable variables (reported in Appendix A - Table 2). Among others, we
include consumer and producer prices, investment series, stock prices, personal income,
various IP series, consumption, and the short term interest rates. To account for local
effects we also include employment series in 50 states of the U.S, and distinguish between
oil-related and non-oil employment series. These disaggregate employment series are only
available since 1990, hence the choice of starting date for the sample.

We include two observable 'foreign’ factors; global activity and the real oil price. For
the global activity factor, we use an estimate of industrial production for the OECD
plus other major countries (Brazil, China, India, Indonesia, Russia, and South Africa)
published by OECD Main Economic Indicators, and extended from November 2011 by
Baumeister and Hamilton (2019), see also Hamilton (2018) for justification. However, we

also analyze extensive robustness to our choice of variable in Section 5 by, among others,

5As was shown by Aastveit (2014), the response of macroeconomic variables to different oil price shocks

can be considerably different when one jointly models the interaction among endogenous variables.
6As was documented by Baumeister and Peersman (2013a) and Baumeister and Peersman (2013b), there

have been changes in elasticities in the oil market in recent decades.
"The first 10 years of the sample are used as a training period to estimate priors, see Appendix B for

details.

10



using a factor that captures global demand proposed by Chiaie et al. (2017) instead of
the index suggested by Baumeister and Hamilton (2019). For the real oil price, we follow
Lee and Ni (2002) and Herrera (2018), among many others, and use the U.S. Refineries
Acquisition Cost deflated by CPIL.

In sum, this gives us a panel of 107 domestic and international quarterly series. All
the series were initially transformed to induce stationarity and demeaned, while the series

used to extract factors were also standardized.

3.2 The time-varying FAVAR Model

Our framework builds on the FAVAR model, first proposed by Stock and Watson (2005)
and Bernanke et al. (2005). Technically, the developed and employed model is most closely
related to the set-up used in Korobilis (2013). In particular, we use a two-step estimator
and replace the factors by the first principal components obtained from the singular value
decomposition of the data matrix, and consequently treat them as observables. These
factors are then used in a time-varying VAR model with both time-varying coefficients
and time-varying variance covariance matrix of innovations, see Primiceri (2005).

Still, we deviate from Korobilis (2013) in several important ways. First, while Korobilis
(2013) uses a framework based on Bernanke et al. (2005) and Belviso and Milani (2006)
to identify the factors, we follow Boivin and Giannoni (2007) since it is well suited to use
with quarterly data.® Second, to keep our model as parsimonious as possible, we do not
allow for stochastic volatility in the factor analysis regression. Finally, we stick to the
standard convention in the literature and model the random walk evolution of the VAR
parameters as in Primiceri (2005).

Now, let F; be a m x 1 vector of common factors assumed to drive the dynamics of the

economy. In our application, F} contains both observable factors y; of dimension [ x 1 and
unobservable latent factors, f; of dimension k£ x 1, such that F; = (%) and [ + k =m.