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RISK PREMIUM IN THE ERA OF SHALE OIL
by Fabrizio Ferriani*, Filippo Natoli*, Giovanni Veronese* and Federica Zeni†
Abstract
The boom in the production of shale oil in the United States has triggered a structural
transformation of the oil market. We show, both theoretically and empirically, that this
process has significant consequences for oil risk premium. We construct a model based on
shale producers interacting with financial speculators in the futures market. Compared to
conventional oil, shale oil technology is more flexible, but producers have higher risk
aversion and face additional costs due to their reliance on external finance. Our model helps
to explain the observed pattern of aggregate hedging by US oil companies in the last decade.
The empirical analysis shows that the hedging pressure of shale producers has become more
important than that of conventional producers in explaining the oil futures risk premium.
JEL Classification: G00, G13, G32, Q43.
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1

Introduction1

The advent of shale technology has radically altered the supply of crude oil in the United
States and its effects have reverberated across the global oil market. Between 2006 and
2018, the US has almost doubled its oil production becoming the second largest world
producer, mostly on account of the output from shale wells (Figure 1.1, left panel). Shale
firms differ from conventional oil producers on both the technology and financing sides.
Fracking and horizontal drilling allow producers to respond more quickly to higher oil
demand; however, the adoption of the new technology has required a massive expansion
in capital expenditure and exploration which was accompanied by an increasing amount
of debt in the oil sector (Figure 1.1, right panel).
While a growing literature explores the impact of the shale revolution on oil prices and
the economy, it mainly focuses on producers’ technology disregarding the financing side,
which can be even more important in oil pricing: indeed, small and indebted shale firms
may have a higher desire of hedging their production against future price drops using
financial contracts. If not fully accommodated by other investors in the market, such upward hedging pressure would then result in higher risk premiums paid by producers.
However, the joint evidence on hedging and risk premiums during the shale boom period seems puzzling: on one side, newly collected data show that the share of hedged
production in the US has risen steadily after the crisis but dramatically collapsed thereafter (Figure 1.2); on the other side, the risk premium on the WTI oil, which has increased
during the shale boom while the Brent risk premium remained constant, continued to
rise even when hedging pressure in the US almost vanished (Figure 1.3). While variations in the exposure of financial investors in US markets can be partly responsible of this
behavior, the overall picture remains unclear.
In this paper we aim at reconciling the evidence on hedging and prices by considering
both technology and financing characteristics of shale producers within a unified model.
Our analysis is both theoretical and empirical. First, we model shale producers interacting
with financial speculators in the oil futures market, building on Acharya et al. (2013) (ALR
henceforth), and show that the peculiar characteristics of shale producers crucially alter
the transmission of demand shocks to prices. Second, we empirically examine the drivers
of the futures risk premium, i.e. the premium required by investors in oil futures, before
1 We

are very thankful to Alessio Anzuini, Pietro Catte, Paolo Conteduca, Riccardo Cristadoro, Lars
Lochstoer, Taneli Makinen, Celine McInerney, Marcello Miccoli, Marcello Pericoli, Tarun Ramadorai, Andrea Tiseno, to seminar participants at the 2018 Irish Academy of Finance conference, Banca d’Italia, and
NCB4 meeting for helpful comments and suggestions. The views expressed in this paper are those of the
authors and do not necessarily reflect the views of the Bank of Italy. All remaining errors are ours.
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Figure 1.1: Oil production and producers’ leverage. Left panel: US total vs. shale oil production, milion barrels per day (source: US Energy Information Administration). Right panel: median leverage (total
liabilities/total assets) of the US oil sector (Exploration and Production companies with SIC code 1311).

and after the advent of shale oil: by identifying conventional and shale producers in the
US oil industry, we show that in the shale era the upward pressure on the risk premium
has increased, mostly on account of the activity of US shale producers.
Our producer-speculator model is designed as follows. The oil endowment in the economy is finite and agents live two periods. The producer is a shale firm which, with respect
to a conventional one, has a more flexible supply schedule but higher risk aversion and
non-negligible production costs, which he finances by a collateralized loan. He is risk
averse, and hedges future profits by storing oil inventories and selling futures contracts.
The speculator, who buys futures from the producer and lends money to him, is capital constrained and cannot satisfy his hedging demand fully (limits-to-arbitrage friction).
With respect to a model in which the producer is conventional, the limits-to-arbitrage
friction is amplified along two channels: (1) the higher risk aversion generates higher
hedging pressure raising the futures risk premium, i.e. the premium required by the
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Figure 1.2: Hedging ratio vs. production in the US oil sector. For each company, the hedging ratio is
the market value of all financial hedging contracts divided by 12-month ahead forecasted production (both
hand-collected from 10-K filings, see Section 4). The sectoral hedging ratio is the average of the hedging
ratios. Oil production is total production of US Exploration and Production companies in the sample.

speculator to accommodate the producer hedging demand (risk aversion channel), and (2)
the more flexible supply schedule allows producers to sell more oil in the initial period in
case of positive demand shocks: provided that supply is finite, this reduces the amount
of oil to sale next period, lowering the number of barrels to be hedged but also raising the
variance of (all possible) prices next period. This entails, in equilibrium, further upward
pressure on the futures risk premium (uncertainty channel). A comparative simulation of
the shale-speculator and conventional-speculator models shows that in the former the
demand for financial hedging might be higher due to a higher producer’s risk aversion,
or lower due to the mechanics of collateral-based lending: lending requires oil barrels
as collateral that, in bad states, are transferred from the producer to the creditor thereby
reducing the quantity to be hedged by the producer (collateral channel).
Empirically, we test the predictions of the model on the WTI futures risk premium by
regressing the latter on a measure of default risk of oil producers, controlling for the
time-varying risk absorption capacity of speculators. On the producer side, we construct
the default risk measure using firm-level balance sheet data; on the speculator side, we
include the indicator of US broker-dealer risk aversion of Etula (2013) and construct a
measure of commodity-related exposure using bank-level data. The sample is split in
7
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Figure 1.3: Futures risk premium on WTI and Brent. The two risk premiums have been estimated using
the model of Hamilton and Wu (2014).

two subsamples (pre- and post-2000) to separate the pre- and post-shale era and the (almost concomitant) pre- and post- financialization of commodity markets.2 In the pre-2000
sample, we regress the risk premium on a single default risk indicator (for the whole oil
sector) without speculator controls; in the post-2000 sample, we include two separate
measures of default risk for shale and conventional producers based on their production
growth during the years of the shale boom, and control for the presence of speculators.
Results show that, in the last two decades, the default risk of shale producers has become
a more relevant driver of the futures risk premium than that of conventionals, reflecting
the recomposition of the oil industry. Our result is complementary to those on the financialization of the oil market, which highlighted the role of speculators in driving pricing
since the year 2000s. In this perspective, the shale revolution, which has peaked after
the great financial crisis, has brought back producers at the heart of the price discovery
mechanism.
2 The U.S Energy Information Administration (EIA) started to record shale production in 2000; in the
same years, financial institutions started to invest massively in commodity markets, the so called financialization of commodities.
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This paper contributes to the literature in three ways. First, concerning pricing, it offers evidence in favor of the normal backwardation theory, which postulates that the risk
premium is determined by the interaction between different types of investors, with respect to the theory of storage, which focuses on the role of the convenience yield of holding
inventories.3 Second, it accommodates two theories of optimal risk management predicting different hedging behavior of firms. On one side, Froot et al. (1993) state that firms
funding their business through external finances hedge more (if those funds are more expensive than internal ones) to not miss profitable investment opportunities; on the other
side, Rampini and Viswanathan (2010) and Rampini and Viswanathan (2013) predict that,
if both borrowing and hedging are collateralized using current net worth, when the latter
is low then financing needs predominate over hedging, so indebted firms hedge less to
catch profitable investments. Using a hand-collected dataset on firms’ hedging contracts,
we calibrate our model and capture both the surge in aggregate hedging before 2013 due
to the higher hedging pressure of shale firms (coherent with Froot et al., 1993) and the
marked fall in 2014-15 following the oil price decline (reflecting the collateral effect described in Rampini and Viswanathan, 2010, Rampini and Viswanathan, 2013). Third, we
give insights on the equilibrium implications of reserve-based lending, a lending practice in which the collateral (i.e., oil reserves) is the key asset of the firm to access external
funds.
The paper is organized as follows. Section 2 reviews the theoretical and empirical contributions related to our study. Section 3 explains the theoretical model, and Section 4
comments on the main predictions obtained via model simulation. Section 5 proposes
an empirical validation of the model looking at the effect of producers’ default risk on
futures risk premium. Section 6 concludes.

2

Literature review

A growing literature investigates the impact of the shale revolution on U.S. production
and the economy. With respect to conventional producers, shale firms have different
technology and financing structure. On the one hand, greater drilling responsiveness and
higher productivity from unconventional wells have the potential to magnify the price
response of US production (Newell and Prest, 2017). Bjørnland et al. (2017) use well-level
data from North Dakota – a region that has recently gained a crucial relevance for the
3 The

theory of normal backwardation has been pioneered by Keynes (1923) and generalized by Hirshleifer (1988, 1989, 1990); for the theory of storage, see Kaldor (1939), Working (1960) and Deaton and
Laroque (1992).
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overall US unconventional production – and show that firms using shale oil technology
are more flexible in allocating output inter-temporally, thus suggesting a production pattern more consistent with Hotelling’s theory of optimal extraction. Anderson et al. (2018)
recast the traditional Hotelling model as a drilling problem and present a similar outcome
using detailed well-level data from Texas. However, they find only drilling activity to respond dynamically to price incentives while production, being constrained by decaying
reservoir pressure, exhibits a more limited price responsiveness.
Domanski et al. (2015) document how the shale boom was financed by a rapid increase
in debt in the U.S. oil and gas producing sector. This expansion occurred in a period of
historically low interest rates with fairly stable oil prices positively affecting the value of
oil reserves, i.e. the firms’ main source of collateral to access external funds. This buildup
in leverage was not inconsequential for producers: according to Gilje et al. (2017) it materially affected firms’ output and investment decisions, with firms potentially sacrificing
long run project value, and could ultimately have made the oil market more exposed to
financial shocks (Dale, 2015).
Few papers study the price effects of the shale revolution. Belu Manescu and Nuño (2015)
employ the general equilibrium model proposed in Nakov and Nuño (2013) to assess the
impact of shale production on global oil prices, finding that price effects are muted by the
contraction in non-shale oil supply, largely from Saudi Arabia. Via counterfactual analysis
Kilian (2017) investigates the effect of the shale revolution on Arab oil producers and finds
a marginal impact of the fracking boom on global oil prices and the 2014-15 oil slump. A
similar finding is presented in Baumeister and Kilian (2016) who construct price forecasts
for oil spot prices using a VAR model, finding that global supply factors (among which the
shale revolution) are only partially responsible for the 2014 price decline. Bornstein et al.
(2017) construct a general equilibrium model of the oil sector with OPEC and non-OPEC
producers: by including fracking producers with more flexible technology and shorter
lags between investment and production, they argue that oil price volatility is bound to
decline.
Some papers investigate other aspects linked to the advent of shale oil. Gilje (2017) proposes an identification strategy based on shale oil discoveries to examine how changes
in local credit supply affect the real economy. Hunt et al. (2015) examine the macroeconomic impacts of the shale revolution and their effects for the US economy both in terms
of GDP and the trade balance. Kilian (2016) describes how increasing shale production
led to the oil glut in Cushing and widened the Brent-WTI spread in 2011. Gilje et al. (2016)
use news on US shale production to measure the spillovers of shale technology shocks on
10

global equity prices, detailing different transmission channels from the oil industry to
other productive sectors.
Our model investigates the shale market from a broader asset pricing perspective, including both the financing and technology features of shale production, and drawing microfounded predictions for equilibrium spot and futures prices. In this perspective, we show
via simulation that our framework can accommodate two optimal risk management theories predicting opposite hedging behavior of firms (see Carter et al., 2017 for an up to date
review on this topic). On the one hand, in good states less-capitalized shale firms hedge
more than conventional firms due to a higher risk of default, coherently with Froot et al.
(1993). On the other hand, in bad states the expected profits of shale firms can be so low
– due to high debt burdens and decreasing net worth levels – that their hedging demand
is lower than that of well-capitalized conventional producers. This last effect occurs as
a consequence of collateral constraints affecting the dynamic trade-off between external
financing and risk management, as predicted by modern theories of risk management
(see Rampini and Viswanathan, 2010, Rampini and Viswanathan, 2013 for the theoretical
framework and Rampini et al., 2014 and Rampini et al., 2018 for empirical applications).
We capture this collateral constraint by modeling the common practice of reserve-based
lending in the oil sector (see Azar, 2017 for details) and that of linking together producers’
hedging and borrowing strategies (see Mello and Parsons, 2000).

3

Model

In this Section we describe our consumption-based model of crude oil, in which prices
are determined in equilibrium from the interaction between an oil producer and a financial speculator. We first characterize all the agents in the economy; then, describe the
optimization problem of producer and speculator and compute the equilibrium.

3.1

The agents in the economy

Our framework is a consumption-based model with two periods and three agents: a representative consumer, the manager of an oil producing firm and the manager of a financial
institution investing in oil futures. The interaction between the risk-averse producer and
the capital-constrained speculator gives rise to a limits-to-arbitrage friction that impacts
equilibrium oil prices.
The model has two periods: t = 0, 1. The consumer has CES preferences over a con-
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sumption good (C) and oil (Q). The consumption good is supplied exogenously to the
consumer and is lognormally distributed:
∆ log Ct = µ + σc ηt

ηt ∼ N(0, 1)

where µ and σc are the drift and volatility of the process, respectively. In equilibrium, the
consumers’ inverse demand function is given by

St = ω

Ct
Qt

1/e

where St is the commodity spot price, Qt is the commodity supply, ω and e are positive
constants where the former identifies the share of oil consumption in the utility function
and the latter the inter-temporal elasticity of substitution between C and Q.
In the following section we introduce two types of producers, a conventional and a shale
producer, as well as a financial institution (speculator) that not only invests in the futures
market (as in the ALR framework) but also provides credit to the producer. We first build
our model, which features the shale producer interacting with the speculator; then, we
compare our results with those obtained in the conventional producer-speculator economy outlined in ALR.4
3.1.1

Oil producer

The total oil endowment in the two periods is finite, and oil endowment in each period
is denoted by g0 , g1 . The oil production firm is run by a risk-averse manager who aims
at smoothing profits over time. At time 0, when aggregate demand shocks C0 hit the
economy, he stores optimally part of his endowment as inventories (i∗ ) and sells futures
contracts (h∗ ) to hedge against low oil prices next period (S1 ). A time 1, a new aggregate demand shock C1 hits the economy: the manager sells the hedged part of his oil
endowment at the futures price F0 , while the remainder at S1 .
The oil firm can be of two types: conventional (p) or shale (s).

3.1.1.1 Conventional producer The conventional firm has a predetermined production schedule which allows it to extract precisely gt in each period. At time 0, it saves an
4 For

further details on the latter, see ALR.
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p

amount i0 ≥ 0, so oil supply to the consumer is
p

p

p

p

q 0 = g0 − i 0
q 1 = g1 + i 0

p

At the same time, it sells an amount of futures contracts h0 to hedge part of next period
supply. Denoting the consumer’s frictionless stochastic discount factor5 as Λt , profits as
p
πt , the coefficient of relative risk aversion of the conventional firm’s manager as γ p , and
the price of futures contracts as Ft , the problem of the conventional producer is6
p

p

max
π0 + E0 (Λ1 π1 ) −
p p

{i0 ,h0 }

γp
p
Var0 (π1 )
2

with profit function
p

p

π 0 = S0 ( g0 − i 0 )
p

(3.1)

p

p

π1 = S1 (i0 + g1 ) + h0 ( F0 − S1 )

(3.2)

and subject to the constraint
p

p

q0 ≤ g0 ⇐⇒ i0 ≥ 0

(3.3)

3.1.1.2 Shale producer The shale producer has different preferences, profits and technology. His salient characteristics are incorporated through three fundamental model
assumptions laid out in the following paragraphs.

Flexible technology US shale producers have a flexible production technology, so
they can quickly adjust production levels to accommodate temporary spikes in crude oil
demand; they do so both by increasing the drilling activity in oil producing fields, as
well as starting production in new fields (see, in this context, Bornstein et al. (2017)). To
allow for a more flexible production schedule while keeping our finite oil supply setting
we assume that, at time 0, the shale producer can increase supply by extracting a further
5 The

one prevailing under the assumption of no frictions.
loss of generality, we assume that the one-period depreciation rate of oil inventories is zero or,
more generally, that there are no storage costs.
6 Without
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amount e0s from next period endowment. Oil supply at time 0 becomes
q0s = g0 − i0s + e0s

(3.4)

where e0s can be positive in case of positive demand shocks.7 When demand is high at
time 0, the shale producer exploits such technology-embedded opportunity and supplies
more than a conventional producer, whose technology does not allow to extract oil at the
same time from g1 reserves; conversely, at time 1, the shale producer has less barrels left
to sale, so his supply is lower than that of a conventional producer. The higher flexibility
in the time profile of oil supply for shale producers may alter the transmission of demand
shocks to oil prices.
Reserve-based financing The shale technology has non-negligible (relatively to conventional oil) operational costs related to installation of facilities, drilling, and transportation equipment, that shale producers need to pay upfront. In the model, all these costs
are summarized into a non-negative fixed cost
D0
which is financed externally by the capital-constrained speculator. Consistent with a specific feature of debt financing in the shale oil sector, D0 is collateralized on the value of
current reserves, S0 g0 .8 Debt is paid back at time 1, and the interest-rate charged is the
risk-free rate r. If the collateral value is lower than the amount granted, i.e.
D0 > S0 g0
the shale producer also incurs an extra payment in term of oil barrels detracted (by the
speculator) from next period supply. Considering both the technology and external financing features, oil supply at time 1 becomes
q1s = g1 + i0s − e0s − ψg1
7 Obiously,

inventories are accumulated in case of negative demand shocks, while additional barrels are
supplied in case of positive shocks, so i0s and e0s cannot be both positive at the same time.
8 The producer needs to pledge g as collateral for the loan, as g can be considered as proved reserves.
0
0
Proved reserves are valued 100% of their market value. The reserve-based lending scheme proposed in this
model is a simplification of the existing reserve based lending agreements in place between shale producers
and lenders, which also distinguish between producing and non producing reserves, as well as developed
and undeveloped ones. For further details on reserve-based lending, see Azar (2017).
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where ψ ∈ [0, 1] is the fraction of next period supply given to the speculator. In equilibrium, ψ is such that the expected loss for the latter (in terms of lower value of the collateral
with respect to the credit granted) is fully offset9 , that is
ψ=

[ D0 − min( D0 , S0 g0 )]
E0 [Λ1 S1 g1 ]

(3.5)

where we impose that D0 < S0 g0 + E0 (Λ1 S1 g1 ), i.e. shale producers’ total profits are
never fully absorbed by debt. Introducing reserve-base lending in the model makes both
the producer’s and speculator’s appetite for futures contracts strongly related to the current level of spot prices. In other words, it creates a collateral channel which alters the
amount of financial hedging made by the producer. The crucial assumption such that
hedging and debt are contracted by the producer with the same counterparties finds empirical evidence from oil producers’ 10-k reports.10 Tables 1 and 2 summarize the behavior
of the two types of producers at time 0 and 1.
time 0

time 1

spot

sell g0 − i at S0

sell g1 + i − h at S1

futures

short on h futures

sell h at F0

markets

Table 1: Timeline of a conventional oil producer.

Managerial Risk-Aversion As to prefences, shale producers are modelled as more
risk averse than conventionals. Specifically, we assume that
γs > γ p
9 Put

(3.6)

differently, ψ verifies
ψ E0 (Λ1 S1 g1 ) = D0 − S0 g0

10

when

D0 > S0 g0

For example, a statement in the 2015 10-k report of Whiting Petroleum Corporation affirms that “Counterparties to the Company’s financial derivative contracts are high credit-quality financial institutions that are lenders
under Whiting’s credit agreement”; similarly, in the 2013 10-k report of Carrizo Oil & Gas Inc., “The Company
uses only credit agreement participants to hedge with, since these institutions are secured equally with the holders of
the Company’s bank debt”.
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time 0

time 1

low demand
markets
spot

sell g0 − i at S0

sell g1 (1 − ψ) + i − h at S1

futures

short on h futures

sell h at F0

credit

receive D

pay S0 g0 (1 + r )

high demand
markets
spot

sell g0 + e at S0

sell g1 (1 − ψ) − e − h at S1

futures

short on h futures

sell h at F0

credit

receive D

pay D (1 + r )

Table 2: Timeline of a shale oil producer.
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In Appendix A, we make use of the extensive literature on corporate risk management, as
well as of an empirical analysis on oil producers at firm-level, to motivate this modeling
choice. In particular, we identify three key differences between shale and conventional
producers concerning firm structure, manager compensation and financing, for which
shale firms should have stronger incentives to hedge against oil price risk.
To sum up, by including the three aforementioned features, the problem of the shale
producer reads as
max π0s + E0 (Λ1 π1s ) −

{ x0s ,h0s }

γs
Var0 (π1s )
2

where x0s = i0s − e0s and
x0s ≥ − g1

(3.7)

The profit function is
π0s = S0 ( g0 − x0s )
π1s = S1 ( x0s + g1 ) + h0s ( F0 − S1 ) − min( D0 , S0 g0 )(1 + r ) − ψg1 S1

With respect to the conventional producer, the shale producer has a relaxed technology
constraint, a state-contingent liability and a higher gamma.
3.1.1.3 Speculator. The financial institution (indexed by f ) is a speculator in the oil
futures market and creditor to the shale producer. It is ruled by a risk-neutral manager
and subject to capital constraints that are proportional to the variance of time 1’s profits.11
At time 0, the financial institution lends D0 to the shale producer and chooses the optimal
number of long positions h f in the crude oil futures market. The speculator’s objective
function reads
γf
f
f
f
max π0 + E0 (Λ1 π1 ) −
Var0 (π1 )
f
2
h
0

with profit function
f

π0 = − D0
11 A capital constraint of this type is coherent with a value-at-risk limit. This formulation is taken from
ALR, and is observationally equivalent to the case (that we do not consider in this setting) of a risk-averse
manager with no capital constraints.
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f

f

π1 = h0 (S1 − F0 ) + min( D0 , S0 g0 )(1 + r ) + ψg1 (S1 )

A “pure speculator”, which is modeled in ALR, shares the same characteristics of the
financial institution described above; however, its business is limited to investing in commodity futures, with no lending activity. Hence, the profit function of a pure speculator
f
f
f
reduces to π0 = 0 and π1 = h0 (S1 − F0 ).

3.2

Optimization problem of the producer

We consider an economy composed by the consumer, the shale producer and the financial institution accommodating both producer’s hedging and borrowing needs. From the
shale producer problem, the FOCs with respect to x0s and h0s yield

x̂0s

−S0 + E0 (Λ1 S1 ) + λs
− g1 (1 − ψ) + ĥ0s
=
s
2
γσ

(3.8)

and
ĥ0s = g1 (1 − ψ) + x̂0s −

E0 [Λ1 (S1 − F0 )]
γs σ2

(3.9)

where λs is the shadow price of the stock-out constraint for the shale producer, i.e.
x0s ≥ − g1

(3.10)

 
and σ2 is the variance of the spot price.12 Note that x̂0s ĥ0s depends negatively (positively) on γs , meaning that the higher risk aversion of shale producers with respect to
conventional producers predicts a lower desired quantity of oil 
barrels
 to carry over and
s
s
a higher desire of hedging future sales. At the same time, x̂0 ĥ0 depends positively
12 As

consumption is assumed to be lognormal with parameters µ and σc , in partial equilibrium the spot
price is also lognormal




µ
σc
−1
St ∼ log N
+ log ωQt e ,
e
e
with mean
and variance

1

− µ 1 σc
E0 (S1 ) = ωQ1 e e e + 2 ( e )
− 2e

Var0 (S1 ) = σ2 = ω 2 Q1



2


2µ
σc 2
σc 2
e( e ) − 1 e e +( e )

In equilibrium, the variance of the spot price σ2 depends negatively on Q1∗ , so on x0∗ .
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(negatively) on the liability term ψ, meaning that the higher borrowing needs of shale
producers with respect to conventional producers predict a higher desired quantity of oil
barrels to carry over and a lower desire of hedging future sales. In particular, it is interesting to note that the collateralized debt financing in the shale oil sector has an important
effect on the producers’ risk-management decisions: when the debt cost D0 is high with
respect to the value of proven reserves S0 g0 , i.e. ψ > 0, shale producers are forced to
give up a share of their next period supply as an additional cost for undercollateralized
loans. As a consequence, they face a lower quantity of risk to hedge, which entails a
lower hedging pressure. In line with a recent theoretical and empirical study in Rampini
and Viswanathan (2010) on dynamic risk management in the airline industry, our model
introduces a direct link between financing and risk management decisions of the firm,
triggered by binding collateral constraints on the producers’ reserves.
Combining (3.8) and (3.9) yields an expression for futures prices as a function of the spot
price
F0 = (S0 − λs )(1 + r )

(3.11)

where (1 + r ) = 1/E0 [Λ1 ] is the gross one-period risk-free rate and λs accounts for the
convenience yield of holding oil barrels at time 0, following the definition of the basis as in
ALR.13 In a model with a shale (instead of conventional) producer, one needs larger positive shocks in order for the convenience yield to be positive, as the stock-out constraint
becomes binding only when the shale producer has run out of all of its oil reserves.

3.3

Optimization by the speculator

From the FOC of the financial institution one gets
f

ĥ0 =
13 The

E0 [Λ1 (S1 − F0 )]
− ψg1
γ f σ2

(3.12)

basis is defined as
S0 − F0
r+δ
= y−
F0
1−δ

where y is the convenience yield of holding oil barrels at time 0, and δ is the cost of storage (which we
normalize for simplicity to 0). Combining this expression with equation 3.11, one gets an explicit relation
between y and the shadow price λ as
λ 1+r
y=
S0 1 − δ
Note that the risk-free rate, i.e. the rate at which consumers discount future consumption, is constant
because of the joint assumption of CES preferences, lognormal consumption and partial equilibrium.

19

The tighter the capital constraint γ f , the lower the number of futures contracts the speculator can afford to buy. At the same time, the higher the oil price risk to which next
period profits are exposed (induced by the shale producers’ liability term ψ), the lower the
number of futures contracts the speculator is willing to hold.

3.4

Equilibrium results

The equilibrium solution for x and h can be found by applying the condition of zero net
supply of futures contracts
f

h0s = h0

(3.13)

By recalling (3.9) and (3.12), we observe that a drop in producers’ hedging pressure generated by ψ > 0 is perfectly offset by an equivalent drop in speculators’ appetite for futures
contracts. This because, by inheriting a portion of the shale producers’ next period supply, speculators become naturally exposed to oil price risk. As a consequence, producers’
borrowing needs and the degree of collateralization have no role in shaping equilibrium prices. The
(expected) futures risk premium is

E0


γ f γs
σ
S1 − F0
2 Q1
= −(1 + r )Corr0 (Λ1 , S1 )Std0 (Λ1 ) + f
(
1
+
r
)
σ
F0
F0 γ + γs
F0

(3.14)

with
F0 = (S0 − λs )(1 + r )

(3.15)

With respect to the one obtained in a conventional producer - pure speculator model, the
futures risk premium has a higher risk aversion parameter γs ≥ γ p (Assumption 1) and a
relaxed stock-out constraint λs ≤ λ p (Assumption 2). Next period (aggregate) output Q1
is given by Q1 = x0∗ + g1 , and the equilibrium quantity x0∗ is retrieved implicitly. The first
term on the right-hand side is a covariance component, which depends on the correlation
between the consumer’s stochastic discount factor and the oil spot price, and the second
one is the limits-to-arbitrage component. Combining the risk aversion of producers – which
motivates the financial hedging pressure – with the capital constraint of speculators generates a limits to arbitrage friction: there are limits for the hedging demand of producers
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to be satisfied. Put it differently, the frictionless stochastic discount factor Λt is not the
one which clears the futures market: the expected discounted payoff of a long futures
position is greater than zero, reflecting the fact that speculators demand a compensation
to fully accommodate producer’s hedging needs.
The equilibrium futures risk premium described above is higher with respect to that obtained in a conventional producer problem, mostly due to a higher limits-to-arbitrage
component. This is because the three features which characterize the shale producer alter
the transmission of aggregate demand shocks to prices along two channels:
• Risk-aversion channel: the higher risk aversion of shale producers generates a
higher hedging pressure that, for a given capital constraint of speculators, makes
the futures risk premium higher than in the conventional-pure speculator world.
• Uncertainty channel: following a positive aggregate demand shock, shale producers can boost production at time 0 which instead conventional producers are prevented from doing: this entails a lower quantity of next period supply to hedge
but, in equilibrium, also a higher expected variance (across states) of spot and futures prices, which both negatively depend on the reduced, future oil supply. The
increased quantity of risk prevails, entailing a higher futures risk premium.
Also, the model introduces an important collateral channel: lending requires oil barrels as collateral that, in bad states, are transferred from the producer to the creditor
thereby reducing the quantity to be hedged by the producer. However, the lower demand for futures contracts by the producer is perfectly matched by an equivalent drop
in speculators’ appetite for them: the risk premium is unchanged at the conventional-pure
speculator level.
It is worth noting that, while the risk aversion effect exists no matter the aggregate demand of oil, the technology effect is state-contingent, and materializes only in times
of high demand. Putting all these effects together, our model predicts a futures riskpremium in equilibrium which is always positive and higher than the one generated by an
economy of only conventional producers.

4

Simulation

In this Section we simulate our model for two purposes. First, we compare the shalespeculator model with the conventional-pure speculator model: by doing so, we keep
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the same parameters for the two models except for the producer’s risk aversion, and
discuss comparative statics for temporary demand shocks of opposite sign. Second, we
use historical spot prices as input to the model and generate a stream of predicted hedging
ratios (i.e., the ratio between amounts hedged and oil supply) of the oil sector during
the last 12 years, which we then compare with historical figures provided by our handcollected dataset.

4.1

Calibration

In both simulations, the calibration is made as follows. Some parameters are chosen as
in previous contributions: µ and σc are estimated from the time series of aggregate GDP
growth; e = 0.1 and ω = 0.01 are such that (1) the two goods are complement for the
consumer, (2) the standard deviation of futures return is about 20 percent per quarter and
(3) the share of oil expenditure on total expenditure on other goods is 10 percent.14
The predetermined supplies gt are chosen such that the equilibrium spot price in response
to a zero demand shock is equal to 1. The shale producers’ debt D0s is set equal to the
collateral value in presence of a zero demand shock, i.e. D0s = S0 g0 = g0 , while the
p
conventional producers’ debt D0 is set equal to 0. For illustrative purposes, we specify
the shale producers’ risk aversion parameter as γs = γ p (1 + α), with α the representative
fraction of shale oil in the market. In the simulation made in Section 4.2, we set α = 1 and
obtain γs = 2γ p ; in Section 4.3, we let α vary so to match the share of shale over total U.S.
production in the last 12 years.
Parameters

Values

µ
σc
ω
e

0.004
0.02
0.01
0.10

g0
g1

0.63
0.63

D0s
p
D0

0.63
0

Table 3: Parameter table.
14 See

also the online Appendix of ALR.
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4.2

Comparative statics

We report model simulations for different levels of producer’s risk aversion. Results from
the shale-speculator model are reported in red, while those from the conventional-pure
speculator model in black. The following figures display the optimal amount of hedging, inventories and the futures risk premium as functions of the producer risk aversion
(namely, the fundamental hedging demand of the producer). For each model, we compare producers’ responses to large positive and large negative demand shocks, corresponding to the 75th and 25th percentiles of the distribution of log consumption growth,
respectively.
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Figure 4.1: Hedging ratio of shale vs. conventional producers. Model-implied equilibrium hedging
ratio as function of producer’s risk aversion. Comparative statics for shale producers (red lines) and conventional producers (black lines) in case of positive shocks (solid lines) or negative shocks (dashed lines).

Figure 4.1 displays the model-implied hedging ratio of conventional producers and shale
producers. Solid lines represent cases of large positive demand shocks, while dashed lines
represent large negative demand shocks. In case of large positive shocks, the stock-out
constraint λ p binds for conventional producers but not for shale: by anticipating part of
future supply, the latter have less oil to sell in the future so, in equilibrium, lower hedg23

ing needs (for same level of risk aversion) than conventionals. In case of large negative
shocks, on the other hand, the borrowing constraint ψ binds for shale producers but never
for conventionals: loan is undercollateralized so shale producers are forced to give up a
fraction of future supply and have less oil to hedge than conventionals, thereby causing,
again, lower hedging pressure. To sum up, both cost and technology effects do determine
a lower hedging demand than conventionals; however, as the difference is almost negligible in case of positive shocks (the black and red solid lines are almost coincident), it is
very large in case of negative shocks. Note that, in order to finally assess whether shale
producers hedge more or less than conventionals in equilibrium, it is important to also
take into account the risk aversion effect: if the latter is material, hedging needs can be
higher than those of conventional producers, more than offsetting the previous channels.
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Figure 4.2: Inventories of shale vs. conventional producers. Model-implied equilibrium inventories as
function of producer’s risk aversion. Comparative statics for shale producers (red lines) and conventional
producers (black lines) in case of positive shocks (solid lines) or negative shocks (dashed lines).

Figure 4.2 shows the optimal fraction of current reserves that producers carry over to increase next period output. Solid lines represent cases of large positive demand shocks,
while dashed lines represent large negative demand shocks. In case of negative demand
shocks, the stock-out constraints λ p , λs are both slack and the producers hold equally
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profitable technologies. As a result, they wish to carry over the same number of oil barrels for next period output.15 In case of large positive shocks, on the other hand, shale
producers exercise their option-like technology by extracting oil from reserves otherwise
designated to future production16 - thereby showing in the figure as negative inventories
- while conventional producers face a binding stock-out constraint.
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Figure 4.3: Futures risk premium of shale vs. conventional producers. Model-implied equilibrium
futures risk premium as function of producer’s risk aversion. Comparative statics for shale producers (red
lines) and conventional producers (black lines) in case of positive shocks (solid lines) or negative shocks
(dashed lines).
Figure 4.3 displays the equilibrium futures risk premium for conventional producers and
shale producers. First of all, it is worth recalling that, independently of current demand
levels, the risk-aversion effect induced by γs > γ p would always entail a higher futures
risk premium for shale producers than conventional producers.17 However, following a
positive demand shock a second effect also comes into play, triggered by a fundamental
difference in producers’ stock-out constraints. With positive demand shocks, shale pro15 To

be precise, shale producers’ inventories are slightly higher due to the discussed marginal effect of
the liability term ψ on x̂0s , but the difference is negligible.
16 Oil reserves unaccessible to conventional (vertical drilling) technologies.
17 Follows immediately from the specification in Equation B.1.
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ducers can boost production at time 0, unlike conventional producers: as observed from
figure 4.1, this entails a slightly lower quantity of next period supply to hedge for shale
producers but, in equilibrium, also a higher expected variance of spot and futures prices.
The second effect of an increased quantity of risk prevails, entailing a higher futures risk
premium for shale producers with respect to conventional producers. Following a negative demand shock, the liability term ψ comes into play generating a consistent drop
in shale producers’ hedging ratio (dashed red line in figure 4.1) and a negligible rise in
shale producers’ inventories (dashed red line in figure 4.2). As the former is offset by an
equivalent drop in speculators’ appetite for futures contract, the liability term ψ affects the
futures risk premium only through the inventory channel, thereby generating the same
negligible differences on the equilibrium outcome.

4.3

Model-implied and historical dynamics of the hedging ratio

In this Section we test the ability of our model to replicate the dynamics of financial hedging in the United States for different price levels. In particular, we construct the time
series of aggregate hedging contracts held by the oil sector and compare it with the one
obtained in equilibrium using the appropriate calibration of our model.
To this end, we rely on a new hand-collected firm-level dataset providing detailed information on hedging contracts signed by “Exploration and Production” (E&P) companies
between 2006 and 2016. The data set is constructed starting from annual company reports (10-K) available from the EDGAR website of the US Security Exchange Commission
(SEC), and it provides information on the type of derivative instruments as well as on the
notional amount of each hedging contract. We restrict the analysis to E&P companies
with Standard Industrial Classification (SIC) code equal to 1311, which includes firms
involved in “Crude Petroleum and Natural Gas” exploration and production activities.18
Our data set details the 12-month ahead hedging exposure of each company by type of
instrument, and is richer than others employed in the literature. It consists of an unbalanced sample of 102 firms accounting for approximately 30% of overall US oil production
and observed over an 11 years time period. The sectoral hedging measure is constructed
18 We first retrieve from the Wharton database the full list of companies with SIC code equal to 1311.

Then
we filter out firms for which either the 10-k was not publicly available on EDGAR or the number of 10-k
filings was smaller than five during the period 2006-2016. We further exclude smaller reporting companies
that are not required to disclose information as their market risk is considered as negligible and firms where
risk management activities cannot be reclassified in terms of quantitative data as they are essentially not
reported in tabular form in item “7A. Quantitative and Qualitative Disclosures about Market Risk”. Please
notice that so-called “major companies” are not included in our final sample as they are generally classified
with SIC code 2911 (Petroleum refining).
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by aggregating the value of all hedging contracts and summing across the whole sample
of firms. Figure 1.2 displays the dynamics of the average 12-month ahead hedging ratio
between 2006 and 2017 and the total oil production of firms included in our sample.
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Figure 4.4: Historical vs. model-based hedging ratio. Historical hedging ratio: black line, right y-axis;
model-based hedging ratio: red line, left y-axis.

The model is simulated once for each quarter, calibrating the shock at each point in time
to obtain the average WTI oil spot price observed over the same time span. Results are
displayed in Figure 4.4. The model makes a good job in matching the amount of hedging
contracts in the period of the shale boom. By accommodating multiple theories of corporate risk management at once19 , it captures both the increase in hedging demand before
2013, as well as the fall thereafter. In particular, the model both predicts the increase
in aggregate hedging pressure following the introduction of "fundamentally" more riskadverse shale producers in the market20 , as well as the sharp drop in hedging pressure
following the 2014 slump in crude oil prices, the latter being triggered by binding collateral constraints on the shale producers’ reserves.
19 We

refer, in particular, to the study in Froot (1992) and Rampini and Viswanathan (2013) on the relationship between corporate risk management and financing needs.
20 See the detailed discussion outlined in Appendix B. In modeling terms, the effect is given by an increasing risk-aversion parameter γs = γ p (1 + α), where α varies over time with the representative share of shale
producers in the US oil market.
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5

Empirical estimates

The previous Section provided a theoretical underpinning for the link between futures
risk premium, shale producers’ fundamental hedging demand, and speculators’ capital
constraints. In this Section we empirically test this interplay and analyze how the recent
recomposition in the oil industry has affected futures risk premiums. Our exercise starts
from the model equilibrium condition presented in Equation B.1, and we estimate the
following model as its empirical counterpart:
FRt+1 = α + β FHDt + δ Controlst + ut+1

(5.1)

where FR are crude oil excess returns on futures, FHD is our measure of fundamental
hedging demand by producers, and Controls are additional variables to account, among
others, for the US business cycle and other characteristics of commodity markets at the
time of the forecast; t denotes time measured in quarters. Similar to ALR we test model
predictions by running forecasting regressions of crude oil futures returns, which represent our proxy for the futures risk premium. However, we restrict the analysis to oil
prices and most importantly we split the sample into two periods to offer an accurate
representation of the new producers emerged with the advent of the shale revolution. Indeed, while in the first part of the sample shale technology did not exist (or, at least, was
not yet adopted in the oil sector), since the year 2000 shale producers – albeit at a slower
pace – entered commodity markets. Therefore, to forecast risk premiums in the second
part of the sample, we estimate the following regressions:
FRt+1 = α + β 1 FHDConvt + β 2 FHDShalet + δ Controlst + ut+1

FRt+1 = α + β 1 FHDConvt + β 2 FHDShalet + β 3 SPcct + δ Controlst + ut+1

(5.2)

(5.3)

where FHDConv is the fundamental hedging demand of conventional producers, FHDShale
is that of shale producers and SPcc is a measure of financial investors’ capital constraints;
provided that speculators invest not only in one asset class (as it is in the model), in the
set of controls of Equation 5.3 we also include a measure of speculator preference for
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commodity futures, disregarded in standard oil regressions. In the following, we present
additional details on the variables that are adopted in the empirical analysis.
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Figure 5.1: Crude oil futures returns. Returns are computed at quarterly frequency using prices of WTI
Light Sweet Crude Oil quoted at NYMEX.

The variable FR is constructed using data from Bloomberg for the prices of WTI Light
Sweet Crude Oil front-month futures contracts quoted at the New York Mercantile Exchange (NYMEX). Following Gorton et al. (2013), we obtain 3-month rolling commodity
futures excess returns as the one-month difference in the nearest to maturity contract, that
would not expire during the next month, i.e. as:
Ft+1,T − Ft,T
Ft,T

(5.4)

where Ft,T is the futures price at the end of each month t on the nearest contract, with
expiration date T which is after month t + 1, and Ft+1,T is the price of the same contract at
the end of month t + 1. Quarterly returns are computed as the product of futures returns
within each quarter. The quarterly series, starting in 1983Q3 due to data availability, is
shown in Figure 5.1.
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5.2

Producers’ fundamental hedging demand

The fundamental hedging demand of producing firms is tightly linked to their distance
to default. Following previous contributions, we proxy producers’ fundamental hedging
demand with a measure of sectoral default risk for the oil sector. For this purpose, we
construct a balance sheet-based indicator by aggregating information from the financial
statements of all US firms classified with SIC code 1311. For our analysis we proxy the default risk of oil producers with the Altman (1968) z-score, the most common accountingbased indicator of a company strength and financial conditions. We retrieve quarterly
accounting data from Compustat for the whole period covering the availability of crude
oil futures returns; our sample has a time varying composition due to sample attrition, but
it consists on average of more than 200 oil producers per quarter. For each company, we
construct the default risk measure De f Risk by using the definition of the Altman (1968)
z-score for manufacturing firms:

De f Risk = 1.2 ∗ (Working capital/Total assets) + 1.4 ∗ ( Retained earnings/Total assets)

+3.3 ∗ ( Ebit/Total assets) + 0.6 ∗ ( Market value o f equity/Total liabilities)
+0.999 ∗ (Sales/Total assets)
(5.5)
The sectoral proxy for De f Risk is obtained by taking the median value across firms in
each quarter; a higher value of De f Risk indicates a lower sectoral probability of default.
We consider a unique indicator of De f Risk during the period from 1983Q3 up to 2000Q1,
using as a cut-off date the time in which data on shale production are recorded for the
first time by the U.S. Energy Information Administration (EIA). Starting from 2000Q1,
we need to compute two distinct measures of De f Risk, distinguishing between shale and
conventional producers. However, the identification of shale and conventional producers
is an open question in the literature, because data detailing the type of crude oil production technology are not available at the firm level.
To address this issue we propose an identification strategy that exploits the dynamics of
crude oil production in the US, as reported in Figure 1.1 (left panel). Since 2008-2009 total
crude oil production has been trending up; the graph clearly shows how the increase was
completely driven by the upsurge in the shale oil production. In view of this evidence,
we classify as shale producers those firms whose cumulated growth in production between 2009Q2 and 2018Q2 was higher than the median of the entire US oil sector in the
30
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Figure 5.2: Actual vs. estimated shale oil production. Both series are measured in mbd; estimated
production is scaled by the share of shale over total US oil production.

same period. We consider the 2009Q2 as the beginning of the shale revolution, being the
fourth quarter in a row in which shale production, highly volatile since then, accounted
for at least 10% over total US crude oil production. In this way, we limit possible classification inconsistencies due to a marginally material and quite volatile shale production;
other contributions in the literature propose a very similar starting date (see Kilian, 2017).
Our classification of shale and conventional firms also extends to the pre-shale revolution
period (i.e., since 2000Q1), meaning that oil companies that are classified as shale are assumed to be more active in shale than conventional production also between 2000 and
2009. This seems reasonable provided that, in order to reach high levels of production,
shale technology required, at the first stage, long periods of exploration and technology
development. However, drilling from shale wells was obviously slow in the early 2000s,
which explains why our identification based on production dynamics needs to rely only
on data from 2009 onwards.
Figure 5.2 compares the time series of official shale oil production by the EIA with the
one constructed by aggregating production from our identified shale producers, where
production from each shale producer is weighted by the market share of shale oil production at each point in time.21 The graph shows that, while our estimates only account
21 By weighting production of the identified shale producers we avoid overestimates of shale production
in the first part of the sample, when conventional extraction was still made by companies experimenting
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for half of the total shale production, we are able to track very well the unconventional
production dynamics during the shale revolution era.
The aforementioned firm classification allows to construct our specific indicators of
default risk: a unique series FHDt for the period 1983Q3-1999Q4 and two distinct series, FHDConvt and FHDShalet for conventional and shale producers respectively during 2000Q1-2018Q2. Figure 5.3 shows the unique pre-shale indicator (upper panel) and
the two indicators for conventional and shale companies (lower panel), where small values indicate high default risk. The lower panel shows that the Altman z-scores have been
trending down since the late 2000s for both types of producers, and these trends accelerated between 2013 and 2015, i.e. during the latest oil slump.

5.3

Financial speculators

To account for the presence of financial speculators interacting with oil producers, we
include a measure of speculator risk aversion γs . We follow Etula (2013) and construct
a measure of effective risk aversion based on broker-dealer and household balance sheet
data from the US Flow of funds. This indicator is negatively correlated with speculators’
capital constraints and previous contributions have shown its substantial effectiveness to
predict commodity futures returns.22
In addition, we also include a measure of speculators’ preference for investments in the
commodity markets (SPcc) based directly on banks’ regulatory reporting. This indicator
is more closely related to the commodity market than the previous measure. We source
the Federal Reserve banks’ micro data from Compustat and construct our indicator as
the ratio between the market value of banks’ off-balance sheet commodity exposure and
total trading assets.23 In each quarter, the bank-level indicator of commodity preference
is therefore as follows:
SPcct =

∑ Commodity f inancial derivatives in the trading book t
Total trading assetst

(5.6)

new production technologies.
22 The effective risk aversion measure is as follows
Broker-dealer equityt
ERAt = 1 +
Household equityt



Broker-dealer leveraget
1−
Market leveraget



For details on how each term is constructed, see Etula (2013).
23 Federal Reserve micro data provide information on the contract amount for all derivative contracts
committing the reporting entity to purchase or sell commodities such as agricultural products (e.g., wheat,
coffee), precious metals (e.g., gold, platinum), and non-ferrous metals (e.g., copper, zinc).
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Figure 5.3: Altman z-score of the oil sector before and after the advent of shale. Standardized median of
the Altman z-scores of each US E&P companies. Firms’ z-scores have been winsorized to exclude outliers.
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Figure 5.4: Banks’ risk aversion and commodity exposure. The effective risk aversion measure (green line)
proposed by Etula (2013) extended to 2017 (here not detrended). The commodity exposure (orange line) is
the median of each US bank’s off-balance sheet exposure in commodity derivatives.

where the numerator sums across financial derivatives whose underlying is either a single
commodity or a commodity index that are valued in the trading book of the bank. In the
following analysis we use an aggregate measure of commodity exposure corresponding
to the sectoral median of SPcct across reporting banks.
The two measures are displayed in Figure 5.4. The Broker-Dealer (BD) effective risk aversion (green line) grew substantially in early 2000’s and remained quite stable thereafter,
indicating the ample liquidity of U.S. banks; since 2010, it progressively decreased as a
consequence of stricter financial conditions with the global financial crisis. On the other
hand, the exposure in commodity derivatives (orange line) increased steadily since 2006
– the beginning of the financialization era – and peaked in 2012; in mid-2012, due also
to stricter regulatory frameworks limiting the proprietary trading of derivatives by US
banks, the commodity exposure started to decline, albeit remaining well above the prefinancialization levels.
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5.4

Results
(1)
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BD commodity exposure
Kilian Index

0.049
(0.11)

0.034
(0.02)

0.026
(0.03)

0.036
(0.02)

0.026
(0.03)

3m T-Bill

0.047
(0.03)

0.011
(0.04)

0.038
(0.05)

0.015
(0.04)

0.033
(0.06)

Futures basis

-0.148
(0.18)

-0.028
(0.02)

-0.040∗
(0.02)

-0.030
(0.02)

-0.040∗
(0.02)

GDP forecast

0.011
(0.10)

0.080∗
(0.05)

0.100∗∗
(0.05)

0.085∗
(0.05)

0.100∗∗
(0.05)

SP&500-WTI correlation

0.076
(0.07)

0.057∗
(0.03)

0.076∗∗
(0.04)

0.068∗
(0.04)

0.077∗
(0.04)

-0.127∗∗
(0.05)

-0.147∗∗
(0.06)

-0.138∗∗∗
(0.05)

-0.148∗∗
(0.06)

Inventories
Credit lines - shale

-0.028∗∗
(0.01)

-0.028∗
(0.02)

Credit lines - conv.

-0.012
(0.01)

-0.006
(0.02)

Table 4: Results from the regressions of crude oil futures returns on fundamental hedging demand proxied by default risk measures and controls. In column 1 the time span is 1983Q1-1999Q4, in columns 2-5
it is 2000Q1-2018Q2. Altman scores account for producers’ fundamental hedging demand as described in
Section 5.2. BD effective risk aversion is the (non-detrended) measure introduced in Etula (2013), BD commodity exposure is US banks exposure in commodity derivatives. The controls in the regression include
Kilian Index, risk-free rate, futures basis, GDP growth forecast, S&P500-WTI price 6M rolling correlation,
% of available credit lines/total liabilities, OECD oil inventories (these last two series are restricted to the
second time span because of data availability). Inventories and the two BD measures are in first difference.
Standard errors in parentheses are robust for heteroskedasticity and autocorrelation. * Denotes significance
at the 10% level, ** denotes significance at the 5% level, and *** denotes significance at the 1% level.
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Empirical estimates for Equation 5.1, 5.2 and 5.3 are reported in Table 4. We empirically examine the drivers of the risk premium embedded in WTI futures contracts before and after the advent of shale oil. Equation 5.1 is estimated between 1983Q1 and
1999Q4 with results reported in the first column of Table 4 while equations 5.2 and 5.3
are estimated between 2000Q1 and 2018Q2 and the corresponding results are displayed
in columns 2-5 of the same table. The first column shows that, in the pre-shale and prefinancialization period, the producer side of the oil market had a key role in the fluctuations of the futures risk premium, which was tightly linked to hedging decisions of oil
companies. In line with the model predictions, a higher fundamental hedging demand (a
higher default risk) leads to a widening of the risk premium.
During the 2000s, the interplay between an increasing speculative activity in oil market
and the expanding demand for hedging by shale producers had a material effect on the
risk premiums. On the producer side, columns 2-5 show that, once separately identified,
only the default risk of shale producers remains significant and exerts a negative pressure
on futures risk premiums. As predicted by the model, shale producers have on average
higher hedging needs than conventionals, and their reliance on external debt determines
higher pressure on financial derivatives. This result also emerges when we include, as an
additional control, the degree of financial soundness in terms of credit lines available to
the company to cover its liabilities (columns 3 and 5). On the other side of the market,
the commodity exposure of speculators becomes relevant in our extended sample that
includes years in which leverage and commodity exposure varied markedly. Note that,
for a given level of financial constraint, the specific exposure of speculators in commodity markets, which may depend on the regulatory framework on derivatives as well as
on investment preferences, is relevant to capture their overall effect on risk premiums
(columns 4 and 5).
All in all, the empirical evidence in Table 4 suggests that the hedging pressure from producers remains a relevant driver of the futures risk premiums. However, despite the increasing pressure coming from the rise of shale producers, the risk premiums are curbed
by the offsetting buying pressure from financial intermediaries taking long positions in
oil derivatives.24
24 We

find similar evidence of a compression in the risk premium using a model based estimate of the
“ex-ante” risk premium from the term structure model of (Hamilton and Wu, 2014), which we update until
the end of our sample. Results are available upon request.
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6

Conclusions

The advent of shale oil in the United States induced a structural transformation in the oil
market. We show, both theoretically and empirically, that this process has relevant consequences on oil prices. We construct a consumption-based model with shale producers
who interact with financial speculators in the futures market. Compared to conventionals, shale producers have a more flexible technology, but higher risk aversion and additional costs due to their reliance on external finance. Our shale model helps to explain
the observed pattern of aggregate hedging by US firms in the last decade. A comparative simulation of the shale-speculator and conventional-pure speculator models reveals
that, on average, an oil sector populated by shale producers demands a higher amount
of financial hedging contracts, creating more pressure on the sell side of the derivatives
markets and amplifying the arbitrage friction (and thus also the futures risk premium).
The empirical analysis also shows that, in the era of shale oil, the hedging pressure of
shale producers can be more relevant than that of conventional producers in explaining
the oil futures risk premium. Our paper offers evidence in favor of the normal backwardation theory, which postulates the importance of financial trading in affecting prices
through the futures risk premium; moreover, it reconciles two theories of optimal risk
management predicting different hedging behavior of firms. Both shale producers and
speculators are tightly linked to fluctuations in the credit cycle: the investigation of their
joint dynamics is left as avenue of future research.
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Appendices
Appendix A
In our theoretical framework shale oil producers are designed as more risk averse with
respect to conventional oil producers, which in turn generates a higher hedging pressure and, for a given capital constraint of speculators, raises the equilibrium futures riskpremium. To support our modeling assumption, in this section we present some empirical evidence in favor of the higher risk aversion of shale oil producers. In principle, if we
limit the analysis to commodity risk management both categories of producers should
exhibit a similar hedging demand, being exposed to the same risk factor, the oil price.
However, this exercise would be quite reductive as it disregards the different operational
structure of shale and conventional producers; moreover, it would confine the rationale
for hedging to a single specific motivation, while the literature has established several
factors behind firms’ risk management decisions.
A first evidence of shale firms’ higher risk aversion concerns their business model that
is traditionally specialized in exploration and production (E&P) activities, and does not
extend to the downstream services, such as refining. On the contrary, conventional producers are generally large vertically integrated companies that encompass both upstream
and downstream activities so that their company-wide cash flows are less sensitive to oil
price fluctuations, see Kumar and Rabinovitch (2013) and Boyer and Filion (2007). Moreover, and probably more interestingly, vertical integration could represent a substitute
for risk management strategies as discussed in Mackay and Moeller (2007) who study the
relation between risk management and firm value in the oil sector and find that vertically
integrated and diversified firms generally display lower hedging ratios as they benefit
from natural hedges.
Additional empirical underpinning to the higher risk aversion of shale firms emerges
from the literature analyzing the interplay between managerial stock ownership and corporate risk management, see for example Smith and Stulz (1985) and Tufano (1996) for
two seminal contributions. To understand this point, let’s first consider that managers
with insufficient wealth diversification are more likely to hedge in order to reduce fluctuations of their expected utility. Under this assumption, the manager’s decision to engage
in risk management either on his own or through the firm itself essentially depends on
cost motivations. The theoretical model in Smith and Stulz (1985) predicts that managers
owning a significant portion of the firm are more likely to hedge to compensate the poor
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Mean
Small producers
% stock compens.
% stock compens.
Major companies
% stock compens.
% stock compens.

p25

p50

p75

(board directors)
(CEO)

0.33
0.34

0.04 0.34 0.54
0.00 0.34 0.57

(board directors)
(CEO)

0.18
0.17

0.00 0.00 0.36
0.00 0.00 0.31

Table 5: Share of stock ownership over total compensation for board directors and CEOs. Small producers include firms as described in Section 4, major companies include Chevron, Exxon, Total, Repsol,
Petrobras, BP, Statoil, Royal Dutch Shell, and Eni. Annual data from Bloomberg in the period 2004-2016.

diversification of their portfolios. To test this hypothesis we collect data on stock compensation from Bloomberg for the sample of E&P firms described in Section 4 and for some
major oil corporations. Table 5 reports descriptive statistics on the share of stock ownership over total annual compensation for board directors as well as for the company’s
CEO. The likelihood of risk management activities driven by portfolio diversification intents seems particularly relevant for small independent E&P companies that exhibit a
significantly higher fraction of stock ownership in the hands of executive directors.
Finally, we investigate the degree of managerial risk aversion of oil producers also with
respect to their reliance on external financing. Froot et al. (1993) introduce a theoretical
framework to motivate risk management as a result of costly external financing. If a firm
does not hedge, it may be exposed to some variability in its cash flows and ultimately in
the amount of funds that are necessary to finance new investments.

KZ index - small producers
KZ index - major companies

Mean
0.87
-1.06

p25
0.10
-1.06

p50 p75
1.00 1.78
-0.36 0.28

Table 6: Kaplan and Zingales (1997) index. The index is computed for all E&P companies with SIC code
1311 available in Compustat, and for major companies Chevron, Exxon, Total, Repsol, Petrobras, BP, Statoil,
Royal Dutch Shell, and Eni. Quarterly data in the period 2000-2018. The Kaplan and Zingales (1997) index
is computed according to the version discussed in Lamont et al. (2001).
This outcome is clearly undesirable and could be mitigated by external financing, but only
up to some extent if “the marginal cost of funds goes up with the amount raised externally”, for
instance because of informational asymmetries or bankruptcy costs. On the contrary, by
hedging, firms ensure they have sufficient internally generated funds when attractive
investment opportunities arise so as to temper underinvestment. To test the relevance of
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external financing for managerial risk aversion we adopt the index introduced by Kaplan
and Zingales (1997) which is based on five accounting ratios; higher values of the index
are associated with more binding financial constraints. According to evidence provided
in Table 6 the reliance on external financing is more compelling for smaller independent
E&P companies that also frequently face a more limited access to financial markets to
raise capital.

40

Appendix B
We provide a sketch proof to show that, for any value of the demand shock C0 ∈ [C, C ],
our shale producer-speculator variant of the ALR model yields a limits-to-arbitrage friction
γf γ
q1 σS2
(B.1)
E[Λ(S1 − F0 )] = f
γ +γ
which is at least as severe as the one implied by the baseline ALR model. We avoid indeterminate solutions by excluding extremely high shocks C above which the shale producer
is willing to extract all of its next period supply at time 0, as well as extremely low shocks
C below which the shale producer is forced to give up all of its next period supply (to the
speculator) at time 0. That is, we analyze the cases in which
a. c < C0 < C:

{ x0s ∈ (− g1 , 0), ψ = 0}
b. c < C0 < c:

{ x0s ∈ (0, g0 ), ψ = 0}
c. C < C0 < c:

{ x0s ∈ (0, g0 ), ψ ∈ (0, 1)}
Case a). Recalling the expression (3.4) for the shale producer’s output in period 1, we
have that
p
(B.2)
q1s = g1 + x0s < g1 = q1
A reduced output in the next period q1s reduces the quantity to be hedged by the shale
producer h0s , which in turn reduces the limit-to-arbitrage friction (B.1) in equilibrium.
However, it also makes spot prices more sensitive to unexpected demand shocks in the
next period, i.e. it increases the spot variance in (B.1) as
p

σS2 = k (q1s )−2/e > k (q1 )−2/e

(B.3)

Provided e < 2 (which is indeed the case in our calibration), this term predominates and
the limits-to-arbitrage friction is higher in the shale producer-speculator model then the
ALR model.
Case b). This case is trivial as the shale producer’s profit function differs from the one
in ALR only for a constant term − D0 (1 + r ) (debt repayment to the speculator). First
order conditions with respect to the choice variables x0s , h0s are not affected by the shale
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producer’s features and yield the same equilibrium limits-to-arbitrage friction as the baseline ALR model.
Case c). When the collateral constraint ψ is binding, the producer’s output in period 1
reads
q1s = g1 (1 − ψ) + x0s
(B.4)
the remainder of the shale producer’s supply ψg1 is transferred to the speculator at time
0, which in turn sells it to the market at time 1. Such physical transfer lowers equally the
f
optimal hedging ratio h0s in (3.9) as well as the speculative ratio h0 in (3.12): the collateral constraint ψ cancels out from the market clearing condition (3.13), yielding the same
limits-to-arbitrage friction as in (B.1). Accounting for both the shale producer and the
speculator shares of supply, total output in the next period reads
q1s + ψg1 = g1 + x0s

(B.5)

It is simple to show that the optimal inventory choice x0s in (3.8) solves the same first order
condition as the one in the ALR model (the counteractive effects of a reduced supply
next period and a reduced quantity be hedged cancel out). Again, the limits-to arbitrage
friction takes the same value as the baseline case with conventional producer.

42

References
Acharya, Viral V., Lars A. Lochstoer, and Tarun Ramadorai (2013), “Limits to arbitrage
and hedging: Evidence from commodity markets.” Journal of Financial Economics, 109,
441–465.
Altman, Edward I. (1968), “Financial ratios, discriminant analysis and the prediction of
corporate bankruptcy.” The Journal of Finance, 23, 589–609.
Anderson, Soren T., Ryan Kellogg, and Stephen W. Salant (2018), “Hotelling under pressure.” Journal of Political Economy, 126, 984–1026.
Azar, Amir (2017), “Reserve base lending and the outlook for shale oil and gas finance.”
Baumeister, Christiane and Lutz Kilian (2016), “Understanding the Decline in the Price of
Oil since June 2014.” Journal of the Association of Environmental and Resource Economists,
3, 131–158.
Belu Manescu, Cristiana and Galo Nuño (2015), “Quantitative effects of the shale oil revolution.” Energy Policy, 86, 855–866.
Bjørnland, Hilde C, Frode Martin Nordvik, and Maximilian Rohrer (2017), “Supply Flexibility in the Shale Patch: Evidence from North Dakota.”
Bornstein, Gideon, Per Krusell, and Sergio Rebelo (2017), “Lags, Costs, and Shocks: An
Equilibrium Model of the Oil Industry.” National Bureau of Economic Research.
Boyer, M. Martin and Didier Filion (2007), “Common and fundamental factors in stock
returns of canadian oil and gas companies.” Energy Economics, 29, 428 – 453.
Carter, David A., Daniel A. Rogers, Betty J. Simkins, and Stephen D. Treanor (2017), “A
review of the literature on commodity risk management.” Journal of Commodity Markets,
8, 1–17.
Dale, Spencer (2015), “New Economics of Oil.” Society of Business Economists Annual Conference, London.
Deaton, A. and G. Laroque (1992), “On the behaviour of commodity prices.” Review of
Economic Studies, 59, 1–23.
Domanski, Dietrich, Jonathan Kearns, Marco Lombardi, and Hyun Song Shin (2015), “Oil
and debt.” BIS Quarterly Review.
43

Etula, Erkko (2013), “Broker-dealer risk appetite and commodity returns.” Journal of Financial Econometrics, 11, 486–521.
Froot, Kenneth A., David S. Scharfstein, and Jeremy C. Stein (1993), “Risk Management:
Coordinating Corporate Investment and Financing Policies.” The Journal of Finance, 48,
1629–1658.
Gilje, Erik P., Robert Ready, and Nikolai Roussanov (2016), “Fracking, drilling, and asset
pricing: estimating the economic benefits of the shale revolution.” NBER Working Paper
No. 22914, 1–29.
Gilje, Erik P. (2017), “Does local access to finance m atter? e vidence f rom u .s. o il and
natural gas shale booms.” Management Science, 0, null.
Gilje, Erik P., Elena Loutskina, and Daniel Murphy (2017), “Drilling and Debt.”
Gorton, G. B., F. Hayashi, and K. G. Rouwenhorst (2013), “The fundamentals of commodity futures returns.” Review of Finance, 17, 35–105.
Hamilton, James D. and Jing Cynthia Wu (2014), “Risk premia in crude oil futures prices.”
Journal of International Money and Finance, 42, 9–37.
Hirshleifer, D. (1988), “Residual risk, trading costs, and commodity futures risk premiums.” Review of Financial Studies, 1, 173–193.
Hirshleifer, D. (1989), “Futures trading, storage and the division of risk: a multiperiod
analysis.” Economic Journal, 99, 700–719.
Hirshleifer, D. (1990), “Hedging pressure and futures price movements in a general equilibrium model.” Econometrica, 58, 411–428.
Hunt, Benjamin, Dirk Muir, and Martin Sommer (2015), “The Potential Macroeconomic
Impact of the Unconventional Oil and Gas Boom in the United States.”
Kaldor, N. (1939), “Speculation and economic stability.” Rev. Econ. Stud, 7, 1–27.
Kaplan, Steven N. and Luigi Zingales (1997), “Do investment-cash flow sensitivities provide useful measures of financing constraints?” The Quarterly Journal of Economics, 112,
169–215.
Keynes, J. M. (1923), “Some aspects of commodity markets.” Manch. Guard. Commer. Reconstr. Eur., 13, 784–86.
44

Kilian, Lutz (2016), “The Impact of the Shale Oil Revolution on U.S. Oil and Gasoline
Prices.” Review of Environmental Economics and Policy, 10, 185–205.
Kilian, Lutz (2017), “The impact of the fracking boom on arab oil producers.” The Energy
Journal, Volume 38.
Kumar, Praveen and Ramon Rabinovitch (2013), “Ceo entrenchment and corporate hedging: Evidence from the oil and gas industry.” Journal of Financial and Quantitative Analysis, 48, 887–917.
Lamont, Owen, Christopher Polk, and Jesús Saaá-Requejo (2001), “Financial constraints
and stock returns.” The Review of Financial Studies, 14, 529–554.
Mackay, Peter and Sara B. Moeller (2007), “The value of corporate risk management.” The
Journal of Finance, 62, 1379–1419.
Mello, Antonio S. and John E. Parsons (2000), “Hedging and liquidity.” The Review of
Financial Studies, 13, 127–153, URL http://dx.doi.org/10.1093/rfs/13.1.127.
Nakov, Anton and Galo Nuño (2013), “Saudi Arabia and the Oil Market.” The Economic
Journal, 123, 1333–1362.
Newell, Richard and Brian Prest (2017), “The Unconventional Oil Supply Boom: Aggregate Price Response from Microdata.” Technical report, National Bureau of Economic
Research, Cambridge, MA.
Rampini, Adriano A., Amir Sufi, and S. Viswanathan (2014), “Dynamic risk management.” Journal of Financial Economics, 111, 271–296.
Rampini, Adriano A. and S. Viswanathan (2010), “Collateral, risk management, and
the distribution of debt capacity.” The Journal of Finance, 65, 2293–2322, URL https:
//onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-6261.2010.01616.x.
Rampini, Adriano A. and S. Viswanathan (2013), “Collateral and capital structure.” Journal of Financial Economics, 109, 466–492.
Rampini, Adriano A., S. Viswanathan, and Guillaume Vuillemey (2018), “Risk management in financial institutions.” revised and resubmit Journal of Finance.
Smith, Clifford W. and Rene M. Stulz (1985), “The determinants of firms’ hedging policies.” The Journal of Financial and Quantitative Analysis, 20, 391–405.

45

Tufano, Peter (1996), “Who manages risk? an empirical examination of risk management
practices in the gold mining industry.” The Journal of Finance, 51, 1097–1137.
Working, H. (1960), “Speculation on hedging markets.” Food Res. Inst. Ser., 1, 185–220.

46

RECENTLY PUBLISHED “TEMI” (*)
N. 1193 – The effect of grants on university drop-out rates: evidence on the Italian case, by
Francesca Modena, Enrico Rettore and Giulia Martina Tanzi (September 2018).
N. 1194 – Potential output and microeconomic heterogeneity, by Davide Fantino (November
2018).
N. 1195 – Immigrants, labor market dynamics and adjustment to shocks in the Euro Area, by
Gaetano Basso, Francesco D’Amuri and Giovanni Peri (November 2018).
N. 1196 – Sovereign debt maturity structure and its costs, by Flavia Corneli (November
2018).
N. 1197 – Fiscal policy in the US: a new measure of uncertainty and its recent development,
by Alessio Anzuini and Luca Rossi (November 2018).
N. 1198 – Macroeconomics determinants of the correlation between stocks and bonds, by
Marcello Pericoli (November 2018).
N. 1199 – Bank capital constraints, lending supply and economic activity, by Antonio M.
Conti, Andrea Nobili and Federico M. Signoretti (November 2018).
N. 1200 – The effectiveness of capital controls, by Valerio Nispi Landi and Alessandro
Schiavone (November 2018).
N. 1201 – Contagion in the CoCos market? A case study of two stress events, by Pierluigi
Bologna, Arianna Miglietta and Anatoli Segura (November 2018).
N. 1202 – Is ECB monetary policy more powerful during expansions?, by Martina Cecioni
(December 2018).
N. 1203 – Firms’ inflation expectations and investment plans, by Adriana Grasso and Tiziano
Ropele (December 2018).
N. 1204 – Recent trends in economic activity and TFP in Italy with a focus on embodied
technical progress, by Alessandro Mistretta and Francesco Zollino (December 2018).
N. 1205 – Benefits of Gradualism or Costs of Inaction? Monetary Policy in Times of
Uncertainty, by Giuseppe Ferrero, Mario Pietrunti and Andrea Tiseno (February
2019).
N. 1206 – Machine learning in the service of policy targeting: the case of public credit
guarantees, by Monica Andini, Michela Boldrini, Emanuele Ciani, Guido de
Blasio, Alessio D’Ignazio and Andrea Paladini (February 2019).
N. 1207 – Do the ECB’s monetary policies benefit Emerging Market Economies? A GVAR
analysis on the crisis and post-crisis period, by Andrea Colabella (February 2019).
N. 1208 – The Economic Effects of Big Events: Evidence from the Great Jubilee 2000 in Rome,
by Raffaello Bronzini, Sauro Mocetti and Matteo Mongardini (February 2019).
N. 1209 – The added value of more accurate predictions for school rankings, by Fritz Schiltz,
Paolo Sestito, Tommaso Agasisti and Kristof De Witte (February 2019).
N. 1210 – Identification and estimation of triangular models with a binary treatment, by
Santiago Pereda Fernández (March 2019).
N. 1211 – U.S. shale producers: a case of dynamic risk management, by Fabrizio Ferriani and
Giovanni Veronese (March 2019).
N. 1212 – Bank resolution and public backstop in an asymmetric banking union, by Anatoli
Segura Velez (March 2019).
N. 1213 – A regression discontinuity design for categorical ordered running variables with
an application to central bank purchases of corporate bonds, by Fan Li, Andrea
Mercatanti, Taneli Mäkinen and Andrea Silvestrini (March 2019).
(*) Requests for copies should be sent to:
Banca d’Italia – Servizio Studi di struttura economica e finanziaria – Divisione Biblioteca e Archivio storico – Via
Nazionale, 91 – 00184 Rome – (fax 0039 06 47922059). They are available on the Internet www.bancaditalia.it.

"TEMI" LATER PUBLISHED ELSEWHERE

2017
AABERGE, R., F. BOURGUIGNON, A. BRANDOLINI, F. FERREIRA, J. GORNICK, J. HILLS, M. JÄNTTI, S.
JENKINS, J. MICKLEWRIGHT, E. MARLIER, B. NOLAN, T. PIKETTY, W. RADERMACHER, T. SMEEDING,
N. STERN, J. STIGLITZ, H. SUTHERLAND, Tony Atkinson and his legacy, Review of Income and
Wealth, v. 63, 3, pp. 411-444, WP 1138 (September 2017).
ACCETTURO A., M. BUGAMELLI and A. LAMORGESE, Law enforcement and political participation: Italy 186165, Journal of Economic Behavior & Organization, v. 140, pp. 224-245, WP 1124 (July 2017).
ADAMOPOULOU A. and G.M. TANZI, Academic dropout and the great recession, Journal of Human Capital,
V. 11, 1, pp. 35–71, WP 970 (October 2014).
ALBERTAZZI U., M. BOTTERO and G. SENE, Information externalities in the credit market and the spell of
credit rationing, Journal of Financial Intermediation, v. 30, pp. 61–70, WP 980 (November 2014).
ALESSANDRI P. and H. MUMTAZ, Financial indicators and density forecasts for US output and inflation,
Review of Economic Dynamics, v. 24, pp. 66-78, WP 977 (November 2014).
BARBIERI G., C. ROSSETTI and P. SESTITO, Teacher motivation and student learning, Politica
economica/Journal of Economic Policy, v. 33, 1, pp.59-72, WP 761 (June 2010).
BENTIVOGLI C. and M. LITTERIO, Foreign ownership and performance: evidence from a panel of Italian
firms, International Journal of the Economics of Business, v. 24, 3, pp. 251-273, WP 1085
(October 2016).
BRONZINI R. and A. D’IGNAZIO, Bank internationalisation and firm exports: evidence from matched firmbank data, Review of International Economics, v. 25, 3, pp. 476-499 WP 1055 (March 2016).
BRUCHE M. and A. SEGURA, Debt maturity and the liquidity of secondary debt markets, Journal of
Financial Economics, v. 124, 3, pp. 599-613, WP 1049 (January 2016).
BURLON L., Public expenditure distribution, voting, and growth, Journal of Public Economic Theory,, v.
19, 4, pp. 789–810, WP 961 (April 2014).
BURLON L., A. GERALI, A. NOTARPIETRO and M. PISANI, Macroeconomic effectiveness of non-standard
monetary policy and early exit. a model-based evaluation, International Finance, v. 20, 2, pp.155173, WP 1074 (July 2016).
BUSETTI F., Quantile aggregation of density forecasts, Oxford Bulletin of Economics and Statistics, v. 79,
4, pp. 495-512, WP 979 (November 2014).
CESARONI T. and S. IEZZI, The predictive content of business survey indicators: evidence from SIGE,
Journal of Business Cycle Research, v.13, 1, pp 75–104, WP 1031 (October 2015).
CONTI P., D. MARELLA and A. NERI, Statistical matching and uncertainty analysis in combining household
income and expenditure data, Statistical Methods & Applications, v. 26, 3, pp 485–505, WP 1018
(July 2015).
D’AMURI F., Monitoring and disincentives in containing paid sick leave, Labour Economics, v. 49, pp. 7483, WP 787 (January 2011).
D’AMURI F. and J. MARCUCCI, The predictive power of google searches in forecasting unemployment,
International Journal of Forecasting, v. 33, 4, pp. 801-816, WP 891 (November 2012).
DE BLASIO G. and S. POY, The impact of local minimum wages on employment: evidence from Italy in the
1950s, Journal of Regional Science, v. 57, 1, pp. 48-74, WP 953 (March 2014).
DEL GIOVANE P., A. NOBILI and F. M. SIGNORETTI, Assessing the sources of credit supply tightening: was
the sovereign debt crisis different from Lehman?, International Journal of Central Banking, v. 13,
2, pp. 197-234, WP 942 (November 2013).
DEL PRETE S., M. PAGNINI, P. ROSSI and V. VACCA, Lending organization and credit supply during the
2008–2009 crisis, Economic Notes, v. 46, 2, pp. 207–236, WP 1108 (April 2017).
DELLE MONACHE D. and I. PETRELLA, Adaptive models and heavy tails with an application to inflation
forecasting, International Journal of Forecasting, v. 33, 2, pp. 482-501, WP 1052 (March 2016).
FEDERICO S. and E. TOSTI, Exporters and importers of services: firm-level evidence on Italy, The World
Economy, v. 40, 10, pp. 2078-2096, WP 877 (September 2012).
GIACOMELLI S. and C. MENON, Does weak contract enforcement affect firm size? Evidence from the neighbour's
court, Journal of Economic Geography, v. 17, 6, pp. 1251-1282, WP 898 (January 2013).
LOBERTO M. and C. PERRICONE, Does trend inflation make a difference?, Economic Modelling, v. 61, pp.
351–375, WP 1033 (October 2015).

"TEMI" LATER PUBLISHED ELSEWHERE

MANCINI A.L., C. MONFARDINI and S. PASQUA, Is a good example the best sermon? Children’s imitation of
parental reading, Review of Economics of the Household, v. 15, 3, pp 965–993, D No. 958 (April
2014).
MEEKS R., B. NELSON and P. ALESSANDRI, Shadow banks and macroeconomic instability, Journal of
Money, Credit and Banking, v. 49, 7, pp. 1483–1516, WP 939 (November 2013).
MICUCCI G. and P. ROSSI, Debt restructuring and the role of banks’ organizational structure and lending
technologies, Journal of Financial Services Research, v. 51, 3, pp 339–361, WP 763 (June 2010).
MOCETTI S., M. PAGNINI and E. SETTE, Information technology and banking organization, Journal of
Journal of Financial Services Research, v. 51, pp. 313-338, WP 752 (March 2010).
MOCETTI S. and E. VIVIANO, Looking behind mortgage delinquencies, Journal of Banking & Finance, v. 75,
pp. 53-63, WP 999 (January 2015).
NOBILI A. and F. ZOLLINO, A structural model for the housing and credit market in Italy, Journal of Housing
Economics, v. 36, pp. 73-87, WP 887 (October 2012).
PALAZZO F., Search costs and the severity of adverse selection, Research in Economics, v. 71, 1, pp. 171197, WP 1073 (July 2016).
PATACCHINI E. and E. RAINONE, Social ties and the demand for financial services, Journal of Financial
Services Research, v. 52, 1–2, pp 35–88, WP 1115 (June 2017).
PATACCHINI E., E. RAINONE and Y. ZENOU, Heterogeneous peer effects in education, Journal of Economic
Behavior & Organization, v. 134, pp. 190–227, WP 1048 (January 2016).
SBRANA G., A. SILVESTRINI and F. VENDITTI, Short-term inflation forecasting: the M.E.T.A. approach,
International Journal of Forecasting, v. 33, 4, pp. 1065-1081, WP 1016 (June 2015).
SEGURA A. and J. SUAREZ, How excessive is banks' maturity transformation?, Review of Financial Studies,
v. 30, 10, pp. 3538–3580, WP 1065 (April 2016).
VACCA V., An unexpected crisis? Looking at pricing effectiveness of heterogeneous banks, Economic
Notes, v. 46, 2, pp. 171–206, WP 814 (July 2011).
VERGARA CAFFARELI F., One-way flow networks with decreasing returns to linking, Dynamic Games and
Applications, v. 7, 2, pp. 323-345, WP 734 (November 2009).
ZAGHINI A., A Tale of fragmentation: corporate funding in the euro-area bond market, International
Review of Financial Analysis, v. 49, pp. 59-68, WP 1104 (February 2017).

2018
ADAMOPOULOU A. and E. KAYA, Young adults living with their parents and the influence of peers, Oxford
Bulletin of Economics and Statistics,v. 80, pp. 689-713, WP 1038 (November 2015).
ANDINI M., E. CIANI, G. DE BLASIO, A. D’IGNAZIO and V. SILVESTRINI, Targeting with machine learning:
an application to a tax rebate program in Italy, Journal of Economic Behavior & Organization, v.
156, pp. 86-102, WP 1158 (December 2017).
BARONE G., G. DE BLASIO and S. MOCETTI, The real effects of credit crunch in the great recession: evidence from
Italian provinces, Regional Science and Urban Economics, v. 70, pp. 352-59, WP 1057 (March 2016).
BELOTTI F. and G. ILARDI Consistent inference in fixed-effects stochastic frontier models, Journal of
Econometrics, v. 202, 2, pp. 161-177, WP 1147 (October 2017).
BERTON F., S. MOCETTI, A. PRESBITERO and M. RICHIARDI, Banks, firms, and jobs, Review of Financial
Studies, v.31, 6, pp. 2113-2156, WP 1097 (February 2017).
BOFONDI M., L. CARPINELLI and E. SETTE, Credit supply during a sovereign debt crisis, Journal of the
European Economic Association, v.16, 3, pp. 696-729, WP 909 (April 2013).
BOKAN N., A. GERALI, S. GOMES, P. JACQUINOT and M. PISANI, EAGLE-FLI: a macroeconomic model of
banking and financial interdependence in the euro area, Economic Modelling, v. 69, C, pp. 249280, WP 1064 (April 2016).
BRILLI Y. and M. TONELLO, Does increasing compulsory education reduce or displace adolescent crime?
New evidence from administrative and victimization data, CESifo Economic Studies, v. 64, 1, pp.
15–4, WP 1008 (April 2015).

"TEMI" LATER PUBLISHED ELSEWHERE

BUONO I. and S. FORMAI The heterogeneous response of domestic sales and exports to bank credit shocks,
Journal of International Economics, v. 113, pp. 55-73, WP 1066 (March 2018).
BURLON L., A. GERALI, A. NOTARPIETRO and M. PISANI, Non-standard monetary policy, asset prices and
macroprudential policy in a monetary union, Journal of International Money and Finance, v. 88,
pp. 25-53, WP 1089 (October 2016).
CARTA F. and M. DE PHLIPPIS, You've Come a long way, baby. Husbands' commuting time and family labour
supply, Regional Science and Urban Economics, v. 69, pp. 25-37, WP 1003 (March 2015).
CARTA F. and L. RIZZICA, Early kindergarten, maternal labor supply and children's outcomes: evidence
from Italy, Journal of Public Economics, v. 158, pp. 79-102, WP 1030 (October 2015).
CASIRAGHI M., E. GAIOTTI, L. RODANO and A. SECCHI, A “Reverse Robin Hood”? The distributional
implications of non-standard monetary policy for Italian households, Journal of International
Money and Finance, v. 85, pp. 215-235, WP 1077 (July 2016).
CECCHETTI S., F. NATOLI and L. SIGALOTTI, Tail co-movement in inflation expectations as an indicator of
anchoring, International Journal of Central Banking, v. 14, 1, pp. 35-71, WP 1025 (July 2015).
CIANI E. and C. DEIANA, No Free lunch, buddy: housing transfers and informal care later in life, Review
of Economics of the Household, v.16, 4, pp. 971-1001, WP 1117 (June 2017).
CIPRIANI M., A. GUARINO, G. GUAZZAROTTI, F. TAGLIATI and S. FISHER, Informational contagion in the
laboratory, Review of Finance, v. 22, 3, pp. 877-904, WP 1063 (April 2016).
DE BLASIO G, S. DE MITRI, S. D’IGNAZIO, P. FINALDI RUSSO and L. STOPPANI, Public guarantees to SME
borrowing. A RDD evaluation, Journal of Banking & Finance, v. 96, pp. 73-86, WP 1111 (April 2017).
GERALI A., A. LOCARNO, A. NOTARPIETRO and M. PISANI, The sovereign crisis and Italy's potential output,
Journal of Policy Modeling, v. 40, 2, pp. 418-433, WP 1010 (June 2015).
LIBERATI D., An estimated DSGE model with search and matching frictions in the credit market,
International Journal of Monetary Economics and Finance (IJMEF), v. 11, 6, pp. 567-617, WP 986
(November 2014).
LINARELLO A., Direct and indirect effects of trade liberalization: evidence from Chile, Journal of
Development Economics, v. 134, pp. 160-175, WP 994 (December 2014).
NUCCI F. and M. RIGGI, Labor force participation, wage rigidities, and inflation, Journal of
Macroeconomics, v. 55, 3 pp. 274-292, WP 1054 (March 2016).
RIGON M. and F. ZANETTI, Optimal monetary policy and fiscal policy interaction in a non_ricardian economy,
International Journal of Central Banking, v. 14 3, pp. 389-436, WP 1155 (December 2017).
SEGURA A., Why did sponsor banks rescue their SIVs?, Review of Finance, v. 22, 2, pp. 661-697, WP
1100 (February 2017).

2019
CIANI E. and P. FISHER, Dif-in-dif estimators of multiplicative treatment effects, Journal of Econometric
Methods, v. 8. 1, pp. 1-10, WP 985 (November 2014).

FORTHCOMING
ACCETTURO A., W. DI GIACINTO, G. MICUCCI and M. PAGNINI, Geography, productivity and trade: does
selection explain why some locations are more productive than others?, Journal of Regional
Science, WP 910 (April 2013).
ALBANESE G., G. DE BLASIO and P. SESTITO, Trust, risk and time preferences: evidence from survey data,
International Review of Economics, WP 911 (April 2013).
APRIGLIANO V., G. ARDIZZI and L. MONTEFORTE, Using the payment system data to forecast the economic
activity, International Journal of Central Banking, WP 1098 (February 2017).
ARNAUDO D., G. MICUCCI, M. RIGON and P. ROSSI, Should I stay or should I go? Firms’ mobility across
banks in the aftermath of the financial crisis, Italian Economic Journal / Rivista italiana degli
economisti, WP 1086 (October 2016).

"TEMI" LATER PUBLISHED ELSEWHERE

BELOTTI F. and G. ILARDI, Consistent inference in fixed-effects stochastic frontier models, Journal of
Econometrics, WP 1147 (October 2017).
BUSETTI F. and M. CAIVANO, Low frequency drivers of the real interest rate: empirical evidence for
advanced economies, International Finance, WP 1132 (September 2017).
CHIADES P., L. GRECO, V. MENGOTTO, L. MORETTI and P. VALBONESI, Fiscal consolidation by
intergovernmental transfers cuts? Economic Modelling, WP 1076 (July 2016).
CIANI E., F. DAVID and G. DE BLASIO, Local responses to labor demand shocks: a re-assessment of the case
of Italy, IMF Economic Review, WP 1112 (April 2017).
COLETTA M., R. DE BONIS and S. PIERMATTEI, Household debt in OECD countries: the role of supply-side
and demand-side factors, Social Indicators Research, WP 989 (November 2014).
CORSELLO F. and V. NISPI LANDI, Labor market and financial shocks: a time-varying analysis, Journal of
Money, Credit and Banking, WP 1179 (June 2018).
COVA P., P. PAGANO and M. PISANI, Domestic and international macroeconomic effects of the Eurosystem
Expanded Asset Purchase Programme, IMF Economic Review, WP 1036 (October 2015).
D’AMURI F., Monitoring and disincentives in containing paid sick leave, Labour Economics, WP 787
(January 2011).
D’IGNAZIO A. and C. MENON, The causal effect of credit Guarantees for SMEs: evidence from Italy,
Scandinavian Journal of Economics, WP 900 (February 2013).
ERCOLANI V. and J. VALLE E AZEVEDO, How can the government spending multiplier be small at the zero
lower bound?, Macroeconomic Dynamics, WP 1174 (April 2018).
FEDERICO S. and E. TOSTI, Exporters and importers of services: firm-level evidence on Italy, The World
Economy, WP 877 (September 2012).
GERALI A. and S. NERI, Natural rates across the Atlantic, Journal of Macroeconomics, WP 1140
(September 2017).
GIACOMELLI S. and C. MENON, Does weak contract enforcement affect firm size? Evidence from the
neighbour's court, Journal of Economic Geography, WP 898 (January 2013).
GIORDANO C., M. MARINUCCI and A. SILVESTRINI, The macro determinants of firms' and households'
investment: evidence from Italy, Economic Modelling, WP 1167 (March 2018).
NATOLI F. and L. SIGALOTTI, Tail co-movement in inflation expectations as an indicator of anchoring,
International Journal of Central Banking, WP 1025 (July 2015).
RIGGI M., Capital destruction, jobless recoveries, and the discipline device role of unemployment,
Macroeconomic Dynamics, WP 871 (July 2012).
RIZZICA L., Raising aspirations and higher education. evidence from the UK's widening participation
policy, Journal of Labor Economics, WP 1188 (September 2018).
SEGURA A., Why did sponsor banks rescue their SIVs?, Review of Finance, WP 1100 (February 2017).

