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CHAPTER 1

Introduction

The importance of monetary economics as a field of research lies in the potential monetary
policies have in shaping real economic outcomes. Monetary policy decisions implemented by
central banks have the capacity to affect aggregate variables such as output, inflation, cost of
borrowing, among others; and thus, affect households’ and firms’ economic decisions. How-
ever, these shifts in monetary policy are endogenous responses to the state of the economy,
where central banks set their monetary policy in a forward-looking manner in anticipation
to future events, e.g. lowering (raising) their policy rate when expecting a recession (boom).
Therefore, most of the literature in empirical monetary economics is concerned with identi-
fying how much of the variation in their policy instruments are systematic responses to the
state of the economy (endogenous responses) and how much is non-systematic (exogenous).

It is therefore of primary interest to understand and identify the exogenous component
of monetary policy as it plays a role as an independent source of influence on aggregate
variables. Christiano et al. (1999) formally introduce the concept of a monetary policy shock
by relating the ”setting” of the policy rate to its systemic and non-systemic components as

follows:

Sy = f() + ou€}. (1.1)



In eq. (1.1), the monetary policy instrument S; is set as a function of the central bank’s
information set €2; and the exogenous component, os€;. In this regard, the latter represents
the monetary policy shock.

Since the seminal contribution from Sims (1980), vector autoregressive models (VARs)
have become a predominant statistical tool to perform economic forecasts and recover the
structure of the macroeconomy from the data. In this regard, monetary economics appears
as one of the strands of the literature where VAR models have been widely applied to the
analysis of the macroeconomic effects of unexpected shocks. We can therefore characterize

the standard structural vector autoregressive model as:

p
Boyys = v + Z Biyi—i + €, e ~ N(0, I), (1.2)

i=1
where v, = (Y14, ..., Yit)' represents the K x 1 vector of endogenous variables, v is a vector of
constants of dimension K x 1, B; is an K X K matrix of structural coefficients with i =1, ...,p
and ¢, represents the structural innovations. Thus, premultiplying eq. (1.2) by By' yields

its reduced-form representation counterpart:

p
Yy =c+ Z Aiyr—i +ug, up ~ N(0,%,), (1.3)

i=1
with A; and u; representing the reduced-form coefficients and innovations, correspondingly.
Thus, the core empirical strategy of this thesis lies on finding a linear mapping between the
unorthogonalized reduced-form errors and the structural shocks from equation (1.3) from the
identity u; = By '€, satisfying the condition: By'(By') = %,, with X, representing the
reduced-form variance-covariance matrix.

The impact matrix, By, contains the contemporaneous (causal) relationship among the
variables of the system. Given the symmetry of ¥, we can only uniquely identify K (K +1)/2

out of the K? parameters in By, leaving the model with K (K —1)/2 unrestricted parameters.



This condition is commonly known in the literature as the identification problem.

The very nature of the identification problem lies on the assumptions placed on the
matrix By to recover the unobserved structural responses from the estimated reduced-form
counterpart. Thus, an important amount of literature has focused on motivating innovative
ways of recovering the structural responses, i.e. identification strategies.

This thesis consists of four self-contained chapters. Although, each of them addresses
independent research questions, they are intertwined by the aim of providing a better under-
standing of the transmission of economic shocks and the channels through which monetary
policy affects the economy. The empirical strategy used throughout this dissertation builds on
some extension of the standard VAR model and thus, the underlying identification problem.

Chapter 2 is concerned with the effects of uncertainty shocks on the inflation expectations
formation process among economic agents. The seminal contribution from Bloom (2009) gave
rise to an active field of research on the effects of uncertainty shocks on the economy (Baker
et al., 2016; Leduc and Liu, 2016; Bachmann et al., 2019). This chapter contributes to the
literature by obtaining an estimate for monetary policy uncertainty (MPU) and estimating
its effects on macroeconomic variables. We proxy monetary policy uncertainty as the second
moment of the central bank policy rate. To do so, we follow Mumtaz and Zanetti (2013) and
estimate a structural vector autoregressive model with stochastic volatility-in-mean for the
United States (U.S.).

Our results suggest that MPU shocks have a contractionary effect on output and a nega-
tive response on short-run inflation expectations. However, the magnitude of the response of
inflation expectations is lower compared to inflation, suggesting rigidity in the inflation ex-
pectations’ formation process. Furthermore, we observe that long-run inflation expectations
are not affected by changes in MPU.

Considering that important changes have occurred in the U.S. economy during the last

decades, from the great moderation to the global financial crisis, we relaxed the modeling
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assumption of constant coefficients and extended the methodology to include time-varying
parameters and thus, capture the evolving responses of inflation expectations to changes in
the MPU. We observe that, despite having an important effect throughout most of the sample,
MPU shocks have affected short and long-run inflation expectations in the last decade, even
when accounting for the zero lower bound.

Chapter 3 investigates the degree of commonality in the bank lending rates and credit
volumes across the euro area. To achieve that, we estimate a multi-level dynamic factor model
(DFM) with time-varying factor loadings. The multi-level structure allows us to differentiate
between fluctuations explained by common components and those that are driven by country-
specific factors while the time-varying component in the model enables us to obtain the
share which is explained by each of these components over time. Our results show that the
common factor accounts for the highest share in explaining fluctuations in the bank lending
rates. However, this degree of commonality has decreased since the sovereign debt crisis and
remained below its previous level. On the other hand, the share explained by the common
factor in the credit sector has remained stable throughout the sample, increasing only during
periods of high financial volatility. Furthermore, our results suggest a difference in the relative
importance of the common factor in countries which experienced fiscal or financial stress
during the sovereign debt crisis, pointing at an increase in financial fragmentation within the
euro area with respect to their members’ financing conditions.

In Chapter 4, we introduce a novel identification strategy for structural vector autoregres-
sive models. The method proposed combines information from the forecast error variance
(FEV) with classical sign restrictions. Our methodology aims to overcome frequent short-
comings of purely sign-identified models. Namely, restrictions on the sign responses alone
lead to accepting a broad range of equally likely models with different shapes and magni-
tudes of the variables responses. All of this together results in wider error bands compared

to alternative identification methods, causing uninformative conclusions about the economic
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consequences of unexpected shocks.

Results from a Monte Carlo simulation show that the method proposed successfully recov-
ers the true data generation process (DGP) responses while delivering sharper identification.
Furthermore, we illustrate the applicability of the method proposed with two applications
on the effects of a monetary policy tightening. For the first application, the monetary policy
model for the U.S. economy, we show that uninformative responses of prices to a contrac-
tionary monetary policy are explained by retaining draws which are associated with a low
contribution of the monetary policy shock to inflation FEV. When identifying the model
with the proposed identification scheme we observe that this is no longer the case and thus,
resolve retaining puzzling responses of prices to a tightening in the policy rate. The second
application, the case of the U.K. economy, shows how failing to exclude draws that have
a contribution to the FEV close to zero on the variable of interest can potentially lead to
conclude that the persistence of the shock is shorter lasting and of lower magnitude. This
can be alleviated when applying the proposed identification method.

Building on the latter, Chapter 5 reevaluates the effects of a shortfall in oil supply ex-
ploiting the advantages of the identification method developed in the previous chapter of this
thesis. We re-estimate some of the benchmark models in the oil market literature updating
the dataset from Kilian (2009). Therefore, we can observe that contrasting magnitudes in the
responses of real prices to flow supply shocks can be explained by differences in the contri-
bution of this shock to oil prices FEV. Thus, in order to consider estimation uncertainty, we
incorporate bounds on the contribution of oil supply shocks to real oil prices FEV following
results from Caldara et al. (2019). Our baseline results suggest that there is a substantial
response of oil prices to a disruption in oil supply. These results contrast with models that
ad-hoc assume a contribution close to zero of oil supply shocks to oil prices FEV, either via
incorporating zero restrictions or by setting an upper bound on the price elasticity of oil

supply, and thus observe a very mild response of oil prices to a cut in oil supply flow. We

12



then consider a medium-scale model for the oil market, similar to Lippi and Nobili (2012)
and Kénzig (2021), accounting for additional sources of fluctuations in oil prices. When
comparing our baseline results with classical sign restrictions we observe that allowing, in
the set of retain draws, rotations that are associated with a close to zero contribution of oil
supply shocks to oil prices FEV, leads to a higher degree of uncertainty around the median
response of oil prices to a shortfall in oil supply. Therefore, our identification method stands
as an appealing method to obtain more informative results in terms of the magnitude and
persistence of the responses.

Although each of the following four chapters in this dissertation deals with different
research questions, their common objective is to provide a better understanding of crucial

topics in the realm of empirical macroeconomics.
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CHAPTER 2

Monetary Policy Uncertainty and
Inflation Expectations

Abstract
Do inflation expectations react to changes in the volatility of monetary policy? They do,
but only until the global financial crisis. This paper investigates whether increasing the
dispersion of monetary policy shocks, which is interpreted as elevated uncertainty surrounding
monetary policy, affects the inflation expectation formation process. Based on U.S. data since
the 1980s and a stochastic volatility-in-mean structural VAR model we find that monetary
policy uncertainty reduces both inflation expectations and inflation. However, after the Great

Recession this link has disappeared, even when controlling for the Zero Lower Bound.

Published in Oxford Bulletin of Economics and Statistics, DOI: 10.1111/OBES.12516

Co-author: Boris Blagov

Keywords Monetary policy uncertainty, inflation expectations, SVAR volatility-in-mean,
time-varying coefficients.



1 Introduction

“Inflation targeting, at least in its best-practice form, consists of two parts: a policy framework
of constrained discretion and a communication strategy that attempts to focus expectations
and explain the policy framework to the public. Together, these two elements promote both

price stability and well-anchored inflation expectations.” - Bernanke (2003)

The seminal contribution of Lucas (1976) has highlighted the importance of expectations
for the effectiveness of economic policy. Inflation expectations play a key role for wage and
price setting (Clarida et al., 2000; Svensson, 2000). As a consequence, over the past 40
years, the conduct of monetary policy has markedly changed with increasing emphasis on
communication and transparency (Bernanke and Woodford, 1997; Blinder et al., 2008). For
example, in 1994 the Federal Open Market Committee (FOMC) began releasing statements
regarding their monetary policy decisions and in 2012 the U.S. Federal Reserve (FED) offi-
cially adopted an inflation target of 2%. Since the global financial crisis, the main monetary
policy instrument - the federal funds rate (FED funds) - has been constrained by the zero
lower bound (ZLB). Recent literature has looked at the relevance of the zero lower bound in
light of unconventional monetary policy. While Swanson and Williams (2014) and Debortoli
et al. (2019) suggest that the ZLB has not been particularly binding due to the effectiveness
of forward guidance, Ikeda et al. (2020) find strong evidence that the constraint has been
empirically relevant in the U.S. and Japan. Therefore, managing inflation expectations has
become even more important for the transmission mechanism of monetary policy.

The effectiveness of monetary policy relies in part on the ability of economic agents to
anticipate monetary policy movements. Consequently a large part of monetary economics has
dealt with studying the effects of unanticipated monetary policy shocks. However, a growing
literature has also considered a different take on the relationship - how does unpredictability of

monetary policy affect the economy? This is referred to monetary policy uncertainty (MPU).
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Although MPU has been studied not least due to its relevance for central bank credibility
(e.g., Stulz, 1986; Swanson, 2006; Neely, 2005), it has gained considerable emphasis since the
global financial crisis, along with other types of uncertainty.!

A commonality across the empirical MPU literature findings is that, irrespective of the
chosen proxy, an increase in monetary policy uncertainty suppresses economic activity, in-
creases unemployment and leads to a decline in prices. The theoretical underpinnings of
these findings suggest that the consumption channel plays an important role - risk averse
agents hold back consumption, which creates a decline in demand (Mumtaz and Zanetti,
2013). Essentially, MPU shocks are a materialization of negative demand shocks and hence
propagate through the expectations of economic agents. However, the focus of the inflation
expectations literature has mostly been on the effects of monetary policy shocks, not on mon-
etary policy uncertainty shocks (e.g., Leduc et al., 2007; Canova and Gambetti, 2009; Leduc
and Sill, 2013). Not controlling for the uncertainty component might overlook an important
aspect in the inflation expectation formation process. Hence, in this paper we investigate
empirically the link between monetary policy uncertainty and inflation expectations.

To do so, an important question is how to measure monetary policy uncertainty. MPU
has been typically defined as some function of the ability of economic agents to forecast
monetary policy instruments, i.e. interest rates. One example is measuring surprises to agents
via options and yield curve movements (e.g., Swanson, 2006; Bauer et al., 2012; Chang and
Feunou, 2014). More recently, natural language processing (less formally text analysis) has
also been employed to create monetary policy uncertainty proxies, either through newspaper-
based articles (Baker et al., 2016; Husted et al., 2020) or the FOMC meetings (Hansen et al.,
2018).

A further example, popular in structural models, is to postulate specific distributional

See for example Bauer et al. (2012); Kang et al. (2014); Chang and Feunou (2014); Mumtaz and Zanetti
(2013); Istrefi and Piloiu (2014); Mumtaz and Theodoridis (2015); Sinha (2016); Creal and Wu (2017); Kurov
and Stan (2018); Hansen et al. (2018); Istrefi and Mouabbi (2018); Husted et al. (2020); Bauer et al. (2019);
Alessandri and Mumtaz (2019).
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assumptions on key target central bank variables, either the money supply (Stulz, 1986) or,
more recently, the interest rates (Mumtaz and Zanetti, 2013; Creal and Wu, 2017; Alessandri
and Mumtaz, 2019). In these contributions MPU is modelled in the second order moment, i.e.
the variance of the central bank policy instrument. An increase in MPU is then defined as an
increase of the variance of monetary policy shocks. The hypothesis is that larger monetary
policy shocks worsen forecasts of economic agents and thus make it harder to anticipate the
correct movements of the target variable.

We incorporate monetary policy uncertainty following the latter approach and estimate a
structural VAR (SVAR) with stochastic volatility-in-mean to study the interaction between
monetary policy uncertainty and inflation expectations. Capturing the joint dynamics of
inflation, inflation expectations and economic activity is natural in the framework of SVARs.
Our work is related to the growing literature which focuses on the effects of economic policy
uncertainty on the economy (Bloom, 2009; Baker et al., 2016; Mumtaz and Zanetti, 2013;
Bachmann et al., 2019). We focus specifically on monetary policy uncertainty, departing
from recent works which look at the macroeconomic effects of changes in broader measures
of uncertainty (Istrefi and Piloiu, 2014; Fernandez-Villaverde et al., 2015).

In a sample spanning from 1982 to 2019 we find that, on average, in the U.S. short run
inflation expectations do indeed decline following a MPU shock, although not in the same
magnitude as inflation, suggesting that expectations are rigid. On the other hand, long-
run inflation expectations, which are typically found not to react to monetary policy shocks
(Canova and Gambetti, 2009), do not seem to be affected by MPU shocks. Furthermore, we
show that the relationship between monetary policy uncertainty and inflation expectations
has not remained stable over time. Since the great recession, short run inflation expectations
have not reacted to MPU shocks, while inflation has. These findings suggest that, while
MPU might have been important in the past for the expectation formation process, this has

not been the case over the past decade even when we control for the zero lower bound.
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The reminder of this paper is structured as follows. The next section lays out the method-
ology used in this article. Section 3 is devoted to the summary of the data set. Sections 4

and 5 discuss the results and Section 6 concludes.

2 Modeling monetary policy uncertainty

This section presents the adopted empirical strategy for estimating the effects of uncertainty
on inflation expectations. We follow the approach of modeling monetary policy uncertainty
as a second moment shock to the monetary policy instrument (e.g. Stulz, 1986). We adopt the
framework of Mumtaz and Zanetti (2013), estimating a stochastic volatility-in-mean SVAR,
which has already been employed for the analysis of monetary policy uncertainty on economic
activity (Mumtaz and Zanetti, 2013; Alessandri and Mumtaz, 2019). In this setup, MPU is
captured by the time-varying variance of monetary policy shocks, which are extracted from
the central bank interest rate series. In the spirit of Swanson (2006) an increase in the
variance lowers the ability of economic agents to forecast interest rates.? For the remainder
of this paper, we will use the terms uncertainty and volatility interchangeably.?

An appealing property of the model is that it constitutes a one-step procedure in modelling
uncertainty, i.e. both the coefficients and the uncertainty measure are estimated jointly from
the data, thus providing an important feedback loop. This is in contrast to a model where
the proxy is constructed first from an exogenous source and then put into a model as it avoids

potential measurement errors.*

2This definition of uncertainty is popular in the literature. For example Jurado et al. (2015) frame financial
and macroeconomic uncertainty as the variance of a time-varying forecast error from a dynamic factor model.

3We do acknowledge that there is a difference between implied and realized volatility. Our results draw
on a measure based on realized interest rate volatility. See Bachmann et al. (2019) for a discussion on the
subject.

4This is not to say that one-step approaches do not come without drawbacks. For example, model mis-
specification would undermine the generated regressors (the uncertainty indicators). The choice of one versus
two-step approaches presents a trade-off between internal consistency and robustness to misspecification. For
discussion of one-step versus two-step estimations of uncertainty indices see Bianchi et al. (2018).
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2.1 SVAR with stochastic volatility in-mean

The framework of Mumtaz and Zanetti (2013) may be summarized by the following key

equations. The VAR is given by:

P M
Zi=c+ Y BiZij+ Y Amheom+ Y%, e~ N0, Ix), (2.1)

j=1 m=0

where Z; is a vector of endogenous variables of dimension K x 1 and the vector iNLt =
[, - . . hi] contains the log volatilities of the K structural shocks. The shocks are extracted
from the reduced form variance-covariance matrix €); using an orthogonal decomposition
0, = APH, A" and A~! collects the contemporaneous relationships between the variable.
H,; is a diagonal matrix with emp{ﬁt} on its diagonal. The processes for the log-volatilities

are assumed to be autoregressive of first order, of the form:

hy=Ohy_y +m, m~N(0,E), Elem) =0, (2.2)

such that © is a K x K diagonal matrix and 7, = [ny, . .., nk¢|’. Furthermore we assume
that the first and second moment shocks are uncorrelated.’

Let r; denote the monetary policy instrument in the vector of endogenous variables, Z;.
Then h,; is our MPU measure, which affects the levels of the rest of the variables through
the v coefficients. The innovations 7; in eq. 2.2 are the uncertainty shocks in our framework
with 7,; being the MPU shock. An increase in 7,; means that the monetary policy instrument

may take a wider range of values as the shock dispersion increases.

5This assumption eases the computational burden but it may be relaxed, as for example in Alessandri
and Mumtaz (2019).
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2.2 Model with time-varying coefficients

This model captures the average response to uncertainty shocks over the full sample. Through-
out the last 40 years the U.S. economy has experienced significant events, from the great mod-
eration to the global financial crisis, which could have contributed to changes between the re-
lationships of economic variables. Furthermore, it has been shown that inflation expectations
depend on the own experience of the economic agents, i.e. people that lived through periods
of high inflation expect, on average, higher inflation (Malmendier and Nagel, 2016; Draeger
and Lamla, 2018). Finally, a large part of the literature on uncertainty has shown that the
relationship between uncertainty and economic activity might be non-linear (Caggiano et al.,
2014; Alessandri and Mumtaz, 2019), and specifically monetary policy shocks (Castelnuovo
and Pellegrino, 2018). Therefore, we deem important to investigate whether the inflation
expectations formation process has evolved over time and how the link between monetary
policy uncertainty and expectations has behaved throughout different periods.

To do so we estimate an extended version of the model by allowing the coefficients to
change over time, along the lines of Primiceri (2005) and Mumtaz and Theodoridis (2020).
Thus our analysis falls in a broad class of studies analyzing the time-variation of economic
shocks (Benati and Surico, 2008; Mumtaz and Zanetti, 2015; Liu et al., 2019).

We introduce time-varying parameters (TVP) for the coefficients of the estimated VAR,
and v, thus capturing potential changes among the economic variables and how uncertainty is
perceived over time. Equation (2.1) is modified to incorporate time-variation in the following
way:

P M
Zi = ¢+ Z ﬁj,tthj + Z ’Ym,tht—m + Qi/Qet, €t ~ N(O7 [K)7 (2-3)

j=1 m=0

We postulate a random walk process for the coefficients:

By = Bi_1 + vy, v ~ N(0,Q) (2.4)
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where B; =[5, 1)’ and @ governs the amount of time-variation in the parameters.

2.3 Estimation strategy

Due to the presence of the volatility terms in eq. (2.3) the conventional maximum likeli-
hood approach is not applicable. The model is estimated via Bayesian methods with Gibbs
sampling, i.e., drawing the parameters iteratively from their conditional distributions.

The estimation procedure for the TVP and no-TVP specification is mostly the same. The
parameters may be divided into several blocks based on their distributional assumptions.
The reduced-form coefficients B = [3,7], and B, = [f;, 7] in the TVP case, respectively,
along with the ) matrix, the stochastic volatility block H = {Hj, ..., Hp}, where H is a
diagonal matrix containing the ﬁ, the parameters © in the equation, and the contemporaneous
responses A.

In order to simplify the exposition we introduce notation ¥ = {A, B,Q,H, 0}, which
collects the different blocks of parameters. Let W~ denote the exclusion of the i-th block
such that V=8 = {4, Q,H, ©}.

To conduct inference we draw the i-th block from the conditional probability distribution
p(i|¥~"), which is derived as a function of a conjugate prior distribution p(i). The prior for
the reduced-form coefficients B and A is based on a GLS estimation on a training sample.

For arbitrary starting values the estimation proceeds in the following iterative procedure:

1. Conditional on H, A may be drawn as a linear regression from p(A|¥~4), given the

form in eq. (4.2) in conjunction with the algorithm of Cogley and Sargent (2005).

2. The reduced-form parameters, B, are obtained from a linear regression with het-
eroskedasticity and may be estimated via GLS. Following Carter and Kohn (1994a) we
introduce stochastic volatility via a matrix ), employ the Kalman filter for ¢t = 1,...,T

to get Brr and ypyr and draw the parameters from p(SBrr, yrr|Q, ¥~57).
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3. Conditional on the draws for B, () may be drawn from an inverse Wishart distribution.

4. For the stochastic volatility estimation we follow Cogley and Sargent (2005), where the
draws for H may be obtained using a Metropolis-Hastings algorithm conditional on the

model parameters.

The only notable difference when estimating the TVP specification is that the time vari-
ation in the model is governed by the process given in (2.4), for which the specification of
@ is of importance. The constant parameter version is nested here for extremely low values
of (), while high values permit larger jumps in the parameters. Given that the random walk
process introduces potential explosiveness, exceptionally high values could make inference
impossible. To deal with this issue, in the seminal contribution of Primiceri (2005), @ is
scaled a-priori via an additional parameter, kg. This choice is of specific importance. Our
goal is to find the appropriate amount of time-variation without imposing overly strong re-
strictions on the parameters movement nor running into estimation difficulties. In Primiceri
(2005) kg is chosen using a grid-search with the aim to maximize the marginal likelihood
of the model with an optimal value of kg = 0.01 for U.S. data. However, our data set is
monthly, hence there is no guarantee that this is an appropriate choice for our application.

We follow recent advancements in Bayesian computation of TVP models and treat kg as
a hyperparameter to be estimated from the data as in Amir-Ahmadi et al. (2018) by using a
random walk metropolis hasting algorithm with an inverse gamma distribution as a prior. We
plot the posterior densities of kg in the Appendix, Section B. The corresponding estimates
of kg lead to a median value of 0.063. We use this median of the posterior density of kg to

calculate the impulse response functions of the TVP model.
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3 Data and estimation

Our data set consists of five macroeconomic variables: the civilian unemployment rate, the
long-run and short-run inflation expectations, the consumer price index (CPI) inflation rate
and the monetary policy rate. Given that our measure of uncertainty relies on the volatility
of the variables, the Zero Lower Bound presents a significant issue. For this reason we choose
the shadow short rate (SSR) as a proxy for the main monetary policy instrument. Thus, we
also capture the unconventional monetary policy measures which are reflected in the SSR.
For robustness we also consider the model with federal funds rate (FED Funds).

The key variables of interest in our study are the inflation expectations. Therefore, we
use the proxies developed in Haubrich et al. (2012), where expectations are extracted using
a term-structure model of the interest rates. This data has several appealing properties.
First and foremost, the financial sector is a crucial channel for the expectations of economic
agents, thus proxies based on interest rate data should provide timely adjustment of inflation
expectations. Second the expectation measures are available both for short and long-term
(one year ahead and five years ahead), starting in 1982. In contrast, the long run expectations
of the Survey of Professional Forecasters (SPF) only starts in 2005. Third, the data is at a
monthly frequency. This increases the degrees of freedom in our highly parametrized non-
linear model. Finally, the term-structure model accounts for liquidity and risk-premia. This
is an important difference to other measures of inflation expectations based on interest rate
data, like the treasury inflation-protected securities (TIPS) that do not account for such
premia. However, this comes at a cost, as the proxy is an outcome of a term-structure
model, hence carries model uncertainty, which cannot be incorporated into the analysis.
For example, misspecification could lead to an over- or underestimation of our probability

intervals - a different inflation expectations measure might exhibit different dynamics.® Figure

5We have also explored an alternative specification, where the one year ahead SPF data has been interpo-
lated using a Mixed Frequency VAR as in Schorfheide and Song (2015). We find that our conclusions remain
the same. Results are available upon request.
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2.1 plots the quarterly aggregated measure from Haubrich et al. (2012) versus the SPF.
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Figure 2.1: One-year ahead inflation expectations from the Survey of Professional Forecasters
and from Haubrich et al. (2012). Quarterly frequency. Source: Federal Reserve Bank of
Philadelphia and the Federal Reserve Bank of Cleveland.

The unemployment rate, CPI inflation, and the FED Funds were obtained from the
Federal Reserve Bank of St. Louis Database. The shadow short rate (SSR) was obtained
from Wu and Xia (2016).” Finally, we use the estimations from Haubrich et al. (2012) for
the long-run and short-run inflation expectations taken from the Federal Reserve Bank of

Cleveland. The sample ranges from January 1982 to June 2019.

3.1 Statistical identification and inference

To determine the optimal number of lags in eq. (5.1) we employed information criteria tests

on the reduced-form specification without stochastic volatility terms.The proposed lag lengths

7Our findings are robust to the choice of SSR as we have also considered the alternative measure from
Krippner (2013).
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are 2 and 12 for BIC and AIC, respectively. We choose 2 lags for the baseline specification as
to prevent parameter proliferation in the time-varying case. In the constant parameter case
we also test 12 lags and find that the results are robust to that specification.®

Following the estimation strategy from Section 2.3 we initialize the model estimation
using the first 10 years as training sample. Thus, after accounting for the lag length the
effective sample begins in March 1992. We use 100 000 iterations of the Gibbs sampler, of
which the first 95 000 are discarded as burn-in. We test for the convergence of the chain with
standard procedures and discuss the results in Appendix D.

To identify the monetary policy shocks we use Cholesky decomposition with a lower tri-
angular matrix, where following the sticky-information literature (Castelnuovo and Surico,
2010), we order inflation expectations above inflation. Thus, we assume that they do not
respond within the same month to new information regarding the interest rates or inflation.”
Apart from that we follow standard ordering of unemployment, inflation and the monetary
policy rate (Christiano et al., 1999). Nevertheless, we test our results to different specifica-
tions and find that they are consistent to the baseline. This is due to the fact that we are
interested in the impulse responses following a shock to the stochastic volatilities, . Thus,
a major determinant of the effects of uncertainty shocks are the v coefficients and variable
ordering plays a secondary role. This holds as long as the estimated stochastic volatilities A
remain the same across orderings. This is an advantage of the framework over setups where

the uncertainty measure is an additional series whose level is shocked (e.g. Istrefi and Piloiu,

2014).

8The results available in the Appendix.
9This has been found to be true for SPF data, see Coibion and Gorodnichenko (2015).
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4 Estimated uncertainty measures

Figure 2.2 plots the MPU series implied by the two models, the TVP and the constant pa-
rameter specification, respectively as well as an array of other popular uncertainty indicators
from the literature. The measures from the two models are highly similar, with the constant
parameter specification giving a bit more weight on the MPU at the height of the financial
crisis as well as during 2013 - the year of the “taper tantrum”. Other than that, mone-
tary policy uncertainty is estimated to have been particularly high during the early '90s and
following the events of the dot-com bubble. These dynamics mirror closely the estimated

monetary policy volatility of Mumtaz and Zanetti (2013), whose sample ends in 2010Q4.
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Figure 2.2: Measures of monetary policy uncertainty. Top left: estimates from the time-
varying parameter (TVP) and constant parameter models with probability intervals (shaded).
Top right: Model implied MPU versus the indices MPU indices from Baker et al. (2016) and
Husted et al. (2020), standadrised. Bottom left: Macro uncertainty from Jurado et al. (2015),
standardized. Bottom right: financial uncertainty from Jurado et al. (2015), standadrised.

On the top right of Figure 2.2 the model implied measure is plotted against the MPU index
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from Baker et al. (2016) and Husted et al. (2020). All time series have been standardized
to facilitate comparison. The latter two are based on newspaper data and are much more
volatile, compared to the model estimate. Apart from the differences in smoothness, the three
series appear to follow similar dynamics throughout the 1990s. However, since the early 2000s
there are notable differences. The model implies that the highest peak of monetary policy
volatility was surrounding the global financial crisis. The measure of Baker et al. (2016) -
during the dot-com bubble and its aftermath, while the index of Husted et al. (2020) suggests
that MPU was highest throughout the first years of the Trump administration.!® The model
estimate is by construction smoother; its dynamics are given by the autoregressive process
in eq. (2.2). Tt is also based on the estimated stochastic volatility of the monetary policy
shocks identified using our SVAR, hence tightly related to the underlying shadow short rate
series and our identification assumptions.

Since economic shocks are by assumption unforecastable, the measure of Mumtaz and
Zanetti (2013) is in spirit much closer to the approach taken by Jurado et al. (2015) where
uncertainty is related to the second moments of a forecast distribution. We plot both macroe-
conomic and financial uncertainty based on Jurado et al. (2015) in the bottom panels of Figure
2.2. While all three measures display elevated uncertainty surrounding the global financial
crisis there appear to be notable differences in the other periods. Macro uncertainty displays
lower but more prolonged peaks around the turn of the millennium and has even fallen during
the “taper tantrum” periods. Similarly, financial uncertainty also does not fluctuate post the
financial crisis and on average appears to follow two long cycles throughout the sample as
opposed to MPU, which is estimated to have peaked shortly and only during specific events.!!

Next, we report the volatility of the shocks to short and long run inflation expectations,

0This is valid for our data span, which cuts short right before the index of Husted et al. (2020) reaches
its historical maximum in August 2019 of 407 (long run mean 110).

Ve control for financial uncertainty by extending our model with the returns from Standard and Poors’
Index. We compare the estimated financial uncertainty from that model and report that it matches the
Jurado et al (2015) measure much more closely. See Appendix C.2.
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Figure 2.3: Measures of inflation expectations uncertainty from a time-varying parameter
model and a constant coefficients specification. Median responses (solid and dashed line)
and 68% probability intervals (shaded area).

which could be interpreted as uncertainty surrounding the inflation expectations. They are
plotted on Figure 2.3 for each specification. The estimates are overlapping almost per-
fectly. Notably, long run inflation expectations display a low and stable level of uncertainty,
while short run inflation expectations uncertainty increased during the Great Recession and
remained elevated compared to the period before the 2008 crisis.'? Long run inflation ex-
pectations appear to be well anchored as their uncertainty level does not fluctuate even
through dramatic events such as the global financial crisis. These estimates may also be seen
through the lens of central bank credibility. Constant uncertainty surrounding the long run
expectations suggests trust in the monetary authority - a crucial condition for an efficient
transmission of monetary policy. These findings are in line with the inflation gap literature
that establishes low volatility of trend inflation (Cogley and Sbordone, 2008; Cogley et al.,
2010; Coibion and Gorodnichenko, 2011). However, long run interest rates have been shown
to respond to economic news (Guerkaynak et al., 2005), which suggests that higher volatil-
ity of long run inflation expectations could also be expected. The model, however, recovers
the large volatility swings in the short run inflation expectations only. Given the similarity

between the two series, this raises the question whether the model always recovers the true

2The estimated volatilities in the model with FED Funds are almost identical to the ones obtained with
the SSR. Estimates are shown in the appendix, Figure B.1.
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peaks in the volatilities.

To test this hypothesis we conduct a Monte Carlo exercise using artificially generated data.
First, we generate data from a model in which short run inflation expectations volatility hsg
fort =1,...,T is extremely low, while long run inflation expectations volatility is high. Then
we estimate the model on that data set to see whether it would recover the volatility series
correctly. We mirror this setup with artificially generated data where the opposite is true, in
the data generating process short run inflation expectations volatility is high and long run is
low. We generate the data 200 times, 100 for each setup and estimate correspondingly 200
times the model on the artificial data set. We find that in both cases the model correctly
attributes the volatility to the correct scenario. Further details as well as a plot of the

estimates may be found in Appendix, Section B.

5 The effects of monetary policy uncertainty shocks

Next we will examine the responses of the variables to a one standard deviation monetary
policy uncertainty shock. Overall am MPU shock manifests as a negative demand shock, as
documented by Mumtaz and Zanetti (2013) and Alessandri and Mumtaz (2019). Namely, an
increase in MPU leads to a contraction of the real sector due to risk aversion and consumption
smoothing behaviour and a decline in economic output (Mumtaz and Zanetti, 2013), as well
as a fall in prices and the interest rate. With our monthly data set we observe the same
effects, unemployment increases while inflation and interest rates decline. However, when
we allow for gradual evolution of the relationships between the variables we find interesting
developments, especially in relation to inflation expectations.

A concise way to highlight the time-variation in the responses is to show the average
responses of the model variables to a monetary policy uncertainty shock during four different

periods: i) 1993 as the first full year of impulse responses after accounting for the training
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sample and the lag values, ii) 2003 as a boom period after the recovery of the dot-com crash,
iii) 2008 to look to the effects during the Great Recession and iv) 2018 the last full year of
estimates. We do this on Figures 2.4 through 2.8. For comparison we also plot the responses
from the constant parameter model, which by construction would be the identical over the

chosen periods.
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Figure 2.4: Impulse response of long run inflation expectations following a monetary policy
uncertainty shock, yearly averages. Solid line denotes the median response and shaded area
is the 68% probability intervals for the time-varying parameter model. The dashed line is
the response from a constant parameter case.

Figure 2.4 shows the response of long run inflation expectations to a monetary policy
uncertainty shock. We find that with the exception of the beginning of the sample, the
response of long-run inflation expectations is close to zero. The 68% probability intervals
bands suggest that this response is not different from zero for the remaining part of the
sample. The median response has evolved from slightly negative towards showing no link to
reacting to monetary policy uncertainty. The constant parameter specification also captures

a negative median response of the long run inflation expectations, naturally with a tighter
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probability intervals due to the higher degrees of freedom. These findings are of particular
interest since long run inflation expectations are associated with the level of credibility the
central bank maintains. This is a especially important for monetary policy effectiveness in a
context where forward guidance and other unconventional measures have been implemented.
Along with the estimated low long run volatility these results reinforce the notion that long

run inflation expectations are well anchored.

Response of Short Run Inflation Expectations
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Figure 2.5: Impulse response of short run inflation expectations following a monetary policy
uncertainty shock, yearly averages. Solid line denotes the median response and shaded area
is the 68% probability intervals for the time-varying parameter model. The dashed line is
the response from a constant parameter model.

Short run inflation expectations, depicted in Figure 2.5, respond somewhat differently.
The constant parameter model shows a negative response with the zero line falling outside
of the probability intervals, in contrast to the long run expectations case. In the TVP
version we see that these findings are driven primarily by the response of the short run
expectations throughout the first half of the sample. The median response of the TVP case

(solid lines) lies below the constant parameter case (dashed lines) in 1993 and 2003 while it
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is less negative after the global financial crisis. Correspondingly the 68% error bands show
a decline in the short run inflation expectations not only in the beginning of the sample,
as long run expectations do, but also before the financial crisis. After the beginning of the
Great Recession the negative response to MPU shocks has dissipated, indicating a distinct

pre- and post-financial crisis dynamics of inflation expectations.
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Figure 2.6: Impulse response of inflation following a monetary policy uncertainty shock,
yearly averages. Solid line denotes the median response and shaded area is the 68% proba-
bility intervals for the time-varying parameter model. The dashed line is the response from
a constant parameter model.

Next, we look at the response of inflation, shown in Figure 2.6, which is also negative.
It is, however, different than the response of inflation expectations in Figures 2.4 and 2.5 in
several key aspects. First, both the TVP and no-TVP model suggest a median estimated
(including the error bands) outside of the zero line throughout almost the entire sample with
the exception of the very last periods - inflation declines following an MPU shock. Given the
lack of a strong response of both expectations series post the financial crisis, it appears that

the transmission mechanism is not through the expectations channel. Second, the response
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of inflation has always been several magnitudes stronger than that of inflation expectations,
indicative of a rigidity in the expectation formation process when it comes to MPU shocks.
This is in contrast to the dynamics following an uncertainty shock to the real variable,
unemployment, which is also a negative demand shock. In that case all three variables react
in a similar magnitude (See Appendix B).

To highlight these points we present an alternative view of the MPU effects in Figure 2.7.
It contains a cross section of the median responses of inflation and inflation expectations at
specific horizons following an MPU shock - from 12 to 60 months ahead. The figure shows
the gradual transition towards the flat response throughout the last decade of low interest
rates. Combined with the low estimated volatilities this evidence points toward a strong

anchoring of inflation expectations.
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Figure 2.7: Cross section of the median impulse responses at specific horizons after the shock
- from h = 12 months to h = 60 months.

Figure 2.8 depicts the responses of unemployment and the monetary policy rate. Unem-
ployment has always increased following an MPU shock, albeit in different magnitude. By
far the strongest response is estimated to be during the financial crisis, a result probably
exacerbated through omitted variable bias as additional information is needed in the model
to capture the sharp increase in unemployment during the crisis. Nevertheless, even in good
times, a standard deviation shock in MPU increases unemployment by about 0.2 percentage
points.

Following an MPU shock, the response of the monetary policy rate mimics the dynamics of

inflation - it has declined throughout the first half of the sample. However, post the financial
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crisis interest rates do not seem to react any more. Thus, it appears that the importance
of MPU shocks has declined in recent years. Mumtaz and Theodoridis (2018) also show
highlighted that uncertainty shocks, namely macro uncertainty, have become less important
over time, specifically towards real and financial variables. However, they do not find this
for prices. Our results suggest that, at least monetary policy uncertainty has become less
important for inflation, yet only in the recent periods not covered by their sample. A further
distinction is that our real variable, unemployment, reacts stronger to an MPU shock during
and post the GFC, which is in line with other contributions in the literature, such as Angelini
et al. (2019) and Alessandri and Mumtaz (2019).

These findings may also be related to a large strand of the literature on state dependent
effects of uncertainty (e.g. Caggiano et al., 2014, 2017; Castelnuovo and Pellegrino, 2018;
Liu et al., 2019)."® These contributions show that uncertainty shocks have had different
effects throughout time, nonetheless by highlighting that the impact is more pronounced in
recessionary periods. However, we find diminishing effects of MPU shocks over time (as for
example also Mumtaz and Theodoridis (2018) do, albeit with respect to macro uncertainty).
In part, this is explained by our model choice - we allow for a gradual parameter evolution to
capture long run changes of the macroeconomic dynamics. The state dependent literature,
on the other hand, utilizes models that allow for large and sudden parameter breaks, such as
change-point, threshold and smooth-transition approaches.

Furthermore, the VAR structure imposes that all variables are interconnected - as the
monetary policy rate reacts less to MPU shocks over time, the other variables might do
so as well. For example, Liu et al. (2019) show that first moment demand shocks suppress
prices and interest rates, while unemployment rises.'* However, we show that second moment

shocks matter also on their own - the median response of the monetary policy rate is almost

13See Castelnuovo (2019) for an overview of the literature.

14The original paper reports the results to a positive demand shock from a change-point VAR model
identified via sign restrictions conditioning on the regime. Thus, the model should preserve its signs following
a negative demand shock.
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Figure 2.8: Impulse responses unemployment and monetary policy rate following a monetary
policy uncertainty shock, yearly averages. Solid line denotes the median response and shaded
area is the 68% probability intervals for the time-varying parameter model. The dashed line
is the response from a constant parameter model.

flat towards the end of our sample 2018, while inflation and unemployment continue to react
to MPU shocks.

Finally, the model is robust with regard to different specifications. We have explored
robustness with respect to the number of lags, the variables included and their ordering.
Notably, given the importance of the macro-financial nexus we test for a possible omitted
variable bias by including a financial variable, namely, the S&P500 returns. We find that
controlling for financial uncertainty does not alter the estimated proxy for monetary policy
uncertainty shocks, neither it affects the impulse response analysis. Moreover, the model
implied financial uncertainty from the S&P500 appears to match rather well the financial
uncertainty index by Jurado et al. (2015). These findings are reported in the Appendix,
Section B. Furthermore, changing the order of the variables, a prominent issue with SVAR
models with Cholesky decomposition and even more so with TVP-VARs, does not lead to

different conclusions (Section B in the Appendix).
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6 Concluding remarks

In this paper we investigate the evolution of monetary policy uncertainty on the economy,
with a special focus on the consequences unexpected increases of MPU on inflation expecta-
tions. Using monthly data for the US we estimate a SVAR with stochastic volatility-in-mean.
Starting with a constant parameter specification we find further evidence that MPU shocks
act as negative demand shocks with rising unemployment and decreasing price level. More
importantly, we find that inflation expectations react negatively to an increase in the mone-
tary policy uncertainty with a different magnitude for long and short inflation expectations.

Considering the evidence that inflation expectations differ across age groups and personal
experience, we then estimate a model where we allow the parameters among the model
variables to change over time. We treat the question of how much parameter evolution is
allowed in the model as open and estimate it from the data.

This extension allows us to observe that long run and short run inflation expectations
have reacted differently to MPU shocks in the 90s as opposed to today. Long run inflation
expectations have remained mostly robust and unperturbed by MPU shocks apart from
the beginning of the 90s. On the other hand, short run inflation expectations have had a
pronounced negative response up to the Great Recession. After the 2008 crisis, short run
inflation expectations have become less and less affected by MPU shocks. This finding is
surprising given that most episodes associated with high MPU have occurred post 2008.
This distinction between long and short run inflation expectations suggests a level of rigidity
surrounding long run inflation expectations associated with a credible central bank. Contrary
to short run inflation expectations, inflation reacts negatively throughout the whole sample
and more strongly than the inflation expectations in the short run Jurado et al. (2015).

Overall we find that MPU shocks have become less important over time. This is true
not only for inflation expectations and inflation but also for unemployment and the interest

rate. These findings suggests that monetary policy uncertainty might be less obstructing
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for the conduct of monetary policy than perceived. Neither interest rates react nowadays to
MPU shocks as they did in the past, nor inflation expectations appear to respond as much

as historically observed.
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B Appendix
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Figure B.1: Log-volatilities of short and long run inflation expectations based on a model
with the SSR (solid line) and a FED Funds model (blue dashed line) with 68% probability
intervals.
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Monte Carlo simulation

The data generating process (DGP) for the Monte Carlo simulations is given by

P M
Zt = é + Z 6]Zt—] + Z ’Y;nht—m + Uy, U ~ N(O, Qt)a (25)
7=1 m=0

with €, = A'H,A~Y where H is specified as in the original setup as being a diagonal
matrix with & on the diagonal. The parameters of the DGP are set at the posterior mode
from the estimation of the model based on real data, which ensures a stable VAR process.
We then proceed to draw a series of shocks for u; for ¢ = 1,...,500, which is in line with
the sample size we have in practice. To draw from N(0, Qt) we need to specify a series for
h:. The shapes of the true volatility series are inspired by the estimates with the real data -
we clone the first 250 observations from our model twice, thus creating a data set with two
large crises. This results in a couple of large peaks in long-run inflation volatility in the first
setup (MC1), while we force short run inflation volatility to be extremely low with a mean at
0.005. Correspondingly in the second setup (MC2) we adopt a low long-run volatility series,
similar to the one in the real data.

We then proceed to draw 200 data sets, 100 for each setup and estimate the model 200
times. After each estimation we have an uncertainty measure for long and short run inflation
expectations and its probability intervals. On Figure B.2 we plot the median volatility
estimates for each data set (100 per setup) along with the true DGP from which said data
set was created. We find that the model correctly captures the shape of each special case.
Note that each gray line on the graph is the median outcome of one data set, for ease of

readibility we omit the probability intervals surrounding each run.
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Figure B.2: True versus estimated volatility from 200 Monte Carlo simulations. Left: Monte
Carlo setup 1 (MC1) with high long run inflation volatility and low short run inflation
volatility. Right: Monte Carlo setup 2 (MC2) with high short run inflation volatility.

40



Robustness Section
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show the 68% probability interval.

Figure B.3 plots the impulse responses of the constant parameter models the Federal funds
rate with 12 lags. The only quantitative difference is the case of long-run inflation expec-

tations with the SSR, where the response is significant, while the FED Funds model shows

Robustness to the lag specification
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Figure B.3: Median responses to a monetary policy uncertainty shock. Model with shadow
short rate (solid line) and model with the federal funds rate (dashed line). The shaded areas

identical behavior to the 2 lag SSR specification.
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Extending the model to control for financial uncertainty
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Figure B.4: Solid blue line depicts the median estimate of the stochastic volatilities of the
baseline model. Dashed red lines are the median estimates of the stochastic volatilities of
the alternative financial specification. Shaded areas show the corresponding 68% probability
intervals.

Figure B.4 indicate that our baseline stochastic volatility estimates, from which our monetary
policy uncertainty measure is derived, are unaffected by including the S&P 500 returns as
in Mumtaz and Zanetti (2013) to account for financial uncertainty. Additionally, one can
observe that despite the fact that the monetary policy uncertainty from the financial model
follows very closely the estimates from the baseline one, the estimated volatility of the S&P

500 returns differs significantly from the monetary policy uncertainty measure. Moreover,
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Financial uncertainty from a model with S&P 500 returns
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Figure B.5: Comparison between financial uncertainty estimated from the model by extend-
ing it with S&P 500 returns and plotting the stochastic volatility to its shocks versus Jurado
et al. (2015).

figure B.5 shows the associated financial uncertainty from the model the alternative financial
model of figure B.4 appear to coincide well with the financial uncertainty index of Jurado

et al. (2015).
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Robustness to the variable order
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Figure B.6: Solid blue line depicts the median responses to a monetary policy uncertainty
shock of the baseline model at different time periods. Dashed red lines are the median
responses to a monetary policy uncertainty shock of the alternative ordering specification.
Shaded areas show the corresponding 68% probability intervals.
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Impulse responses: unemployment uncertainty shock
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Figure B.7: Solid blue line depicts the median responses to a unemployment uncertainty
shock of the baseline model. Shaded areas show the corresponding 68% probability intervals.
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Convergence
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Figure B.8: Recursive means of the VAR coefficients.

Stochastic Volatilities
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Figure B.9: Recursive means of the volatilities.
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To ensure convergence of the Gibbs sampler, we estimate the recursive means of the retained
draws for the time-varying parameters and stochastic volatilities of the baseline model. Figure
B.8 and B.9 present the recursive means for every 20 draws of the vectorized time-varying
parameters and stochastic volatilities. Both graphs suggest convergence in the Gibbs sampler
given that along the different draws, the recursive means remain stable and do not depict

any sudden increase among the different draws.
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TVP model

The posterior density of the kg parameter is plotted on Figure 3.2.
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Figure B.10: Posterior densities of the time-variation parameter kg. Left: Shadow short rate
model. Right: Federal funds rate model.

The strong evidence for time-variation in the data is also supported in the estimated
stochastic volatilities. As the relationship between the variables change, the degrees of free-
dom for the model to fit the data increase, hence the stochastic volatility declines. We find
that while the most important events of the estimated MPU remain the same across both
specifications, the MPU estimated under the TVP model is markedly lower after the dot-com

bubble.

Monetary Policy Uncertainty

{7 === Constant Parameter
0.14 |— Time-Varying Parameter|

0.12—

0.1

1 = 1
2010 2015

Figure B.11: Median estimates of Monetary Policy Uncertainty
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CHAPTER 3

Financial integration or financial
fragmentation? A euro area
perspective

Abstract
In this article we address the question of how strongly bank lending rates and credit volumes
co-move across the euro area. Following the breakdown in the interest rate pass-through
across the euro area, we aim to disentangle the relative importance of country-specific and
common components in explaining the variance of the macro and financial variables by using a
time-varying two-level dynamic factor model. Our results show that a high share is explained
by the common component. However, we find a persistent decline in the importance of the
common factor in the bank lending rates, indicating the presence of financial fragmentation.
Furthermore, we find persistent heterogeneity across member states, specifically those hit

hard by the sovereign-debt crisis.

Published in Economic Modelling, DOI: 10.1016/j.econmod.2022.105902
Co-author: Boris Blagov
Keywords Co-movements, financial fragmentation, dynamic factor model
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1 Introduction

The period during and after the Global Financial Crisis was characterized by a profound and
synchronized decline in economic activity. The rapid spread of the financial crisis globally
highlighted the importance of the analysis of financial cycles and degree of interconnected-
ness among financial sectors. Financial cycles are broadly referred to as common dynamics
of financial variables within or across countries. For example, stock prices, house prices
and credit demand typically increase during expansions. The existence of a medium-term
global financial cycle has been strongly supported by recent literature (Rey, 2015; Miranda-
Agrippino and Rey, 2020), which reinforces the importance of studying the degree of common
dynamics (henceforth commonality) within the financial sector across countries. Originally,
co-movement was referred to as patterns of positive correlation (Baur, 2003). However, more
recent contributions have taken this concept to the analysis of common underlying drivers
that explain a high fraction of the changes in the macro-financial variables (Del Negro and
Otrok, 2008; Mumtaz and Surico, 2012; Mumtaz and Musso, 2021).

The concept of financial cycles is highly important for the euro area. Higher synchroniza-
tion, especially in financial variables, could imply efficacy of monetary and macroprudential
policies as a centralized action would be sufficient to dampen economic shocks. Cross-country
heterogeneity, however, be that due to differences in financial regulation, fiscal policies or
country specific shocks, reduces the commonality across macro-financial variables (Corsetti
et al. (2020)). Therefore, financial fragmentation increases, leading to businesses and eco-
nomic agents facing different financing conditions and divergent prices for otherwise similar
assets, rendering a one-size-fits-all solution ineffective.!

The sovereign debt crisis was a prime example. Financial fragmentation manifested,

among other ways, in divergent dynamics of bank lending rates across member states. While

LA good discussion on various aspects of the term financial fragmentation can be found in Claessens
(2019).
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the European Central Bank (ECB) lowered and then kept the policy rate at record low
levels, lending rates for businesses and consumers in some countries stagnated and even
increased. As a consequence of fiscal and financial stress the interest rate pass-through broke
down in Italy, Spain, Ireland, Portugal and Greece, reducing investment demand and stifling
the recovery (Ciccarelli et al., 2013; Blagov et al., 2015). These countries have since then
recovered (before the world plunged in the recession triggered by the pandemic). However,
how has the degree of financial fragmentation in bank lending rates evolved? Is it a cyclical
phenomenon? Has the commonality, which declined throughout the sovereign debt crisis as
evident by the breakdown in lending rates pass-through, increased again?

To answer these questions, we analyze the evolution of the co-movement in the bank
lending rates and credit volumes in the euro area using a large monthly dataset for seven
euro area countries that account for more than 70% of the euro area GDP. To this end, we
employ a sectoral multi-level dynamic factor model (DFM) with time-varying factor load-
ings. The sectoral aspect is that we group macro and financial variables by categories which
permits attaching an economic interpretation to the factors. The multi-level feature of the
DFM allows for a differentiation between fluctuations driven by a common component for all
countries and those that have a local origin, i.e. driven by country-specific dynamics. The
time-varying factor loadings allow for a dynamic variance decomposition analysis, i.e., we can
capture the evolution of the explanatory power of common and country-specific fluctuations
over time. The combination of these features allows us to quantify the extent to which the
dynamics of the bank lending rates and credit volumes are explained by common drivers and
how this has evolved throughout the past 20 years.

We find that overall the common component explains on average a high share of the
variance in the bank lending rates and credit volumes, ranging between 34% and 53% for
the former, and 26% and 50% for the latter. However, we find a clear downward trend

in the relative importance of the common factor with respect to bank lending rates. The
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commonality has declined throughout the sovereign debt crisis and never returned to pre-
crisis levels. This result holds when we look into the different categories of lending rates.
For the credit sector, the common factor explains a high share of the variation in the data,
increasing in periods of high financial volatility. In contrast, with the bank lending rates
we do not observe a trend in the relative importance of the common component within this
category. Finally, we observe a clear distinction with regard to the common factor importance
in the countries which experienced fiscal or financial stress throughout the crisis, i.e. Italy,
Spain, Portugal, and Ireland compared to Germany, France and the Netherlands. These
findings suggest that financial fragmentation in the euro area has persistently increased, at
least with respect to firms’ financing conditions. Large heterogeneity and a “north-south”
divide appear to continue to exist.

The remainder of this article is organized as follows: the next section lays out the empirical
method and estimation procedure, as well as the data used in this article. Sections 3 discusses

the results. Section 4 concludes.

2 Methodology

In order to capture the degree of commonality and investigate the main drivers of the varia-
tions in the macro-financial variables, we estimate a two-level DFM as in Kose et al. (2003)
and incorporate the contributions by Del Negro and Otrok (2008) by including time-varying
factor loadings and stochastic volatilities. By employing this methodology we capitalize on
an extensive data set while reducing the number of explanatory variables to a small set of
factors. Another characteristic is that the multi-level structure allows us to disentangle the
explanatory characteristics associated with each individual country from the ones that are

common to all of them. The following equations characterize the model:
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Yy, = BYFE + BEEF + . (3.1)

The observational equation (3.1) relates the matrix of endogenous variables Y;; to a set
of K¢ unobserved country-specific factors F¢, a set of K¥ unobserved common factors F'F
and the wu; idiosyncratic components. Yj; contains all the N macroeconomic and financial
variables with ¢ = 1,...,N and ¢t = 1,...,T. Additionally, indices C' and E stand for
“country-specific” and common “European”, respectively.

We collect the factors in a matrix F; of size 1 x (NY x K¢+ K¥), where N is the number
of countries. Given the orthogonality of the factors, we can describe the VAR(p) process for

F, in the following transition equation describing each of the k* columns of F:

P
Fkt =cCi + Z bkijt—j + 0',1{261%, Crt ™~ N(O, 1) (32)

j=1

The idiosyncratic components of the observational equation (3.1) follow an AR(q) process

q
Uit = Z dijuit—j + hilt/gvita Vit ~ N(0> 1) (3-3)

=1

The stochastic volatilities of the factors and idiosyncratic components oy, and h;; are, corre-

spondingly, modeled as AR(1) processes:
Inoy =Inog_q + g,i/gekt, exe ~ N(0,1) (3.4)

Inhy =Inhy_1 + G0 M ~ N(0, 1) (3.5)

We model the time-variation in the factor loadings following Del Negro and Otrok (2008).

The law of motion characterizing the time-variation in the factor loadings is described by a
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random walk

By = Bj—1 + Q;ﬂ%a 7 ~ N(0, ]2K(KP+1)) (3.6)

where the matrix B;; collects the corresponding factor loadings associated with the com-

mon components, B, and with the country-specific ones, BS.

2.1 Priors and starting values

We first set the initial values of the factors using principal components over a training sample
Ty, obtaining F, and setting its variance to an identity matrix. Making use of the initial
estimate for the factors Ft, we estimate the equation Y;; = Biﬁ} + u;, obtaining the initial
values for the factor loadings B; . The prior for the factor loadings, P(B;) ~ N (B, V), is
assumed to be normal with mean B, o and covariance V; g, both set using the OLS estimates
from the training sample Ty period.

The prior for the transition equation of the factor loadings, ();, has an inverse Wishart
distribution with a scale parameter Qo; = var(B;) x Ty x . The hyperparameter x, which
determines the amount of time-variation, is set as in Cogley and Sargent (2005) at k =
3.5 x 10~ to ensure gradual parameter changes and thus capture long-term structural shifts.

The time varying coefficients of the transition equation of the factors, equation (3.2), have
a normal prior distribution P(8f) ~ N(BL, V'), where 85 = (e, bk, ..., bEp)" and its prior
variance is equal to an identity matrix . Similarly, the coefficients of the transition equation
for the idiosyncratic component also follow a normal prior distribution P(5y) ~ N(8§, Vi),
with 8 = (d, ..., d},)".

Finally the prior for the stochastic volatilities of the factors and idiosyncratic component,
gr and G; correspondingly, follow an Inverse Gamma distribution P(gx) ~ IG(go,d,) and
P(G;) ~ IG(Gy, D,), where both scale parameters gy and G are set to 0.01. d, and Dy are

the corresponding degrees of freedom. The initial conditions for the stochastic volatilities,

oo and hy, are set following Del Negro and Otrok (2008) to address the issue of unidentified
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scale of the factors. The authors highlight that the corresponding sign of the factors and
their loadings are not identified independently. This is not an issue here since our analysis
relies on the variance decomposition, which, as a product of the two, is invariant to the sign

identification.

2.2 Estimation

The estimation is carried out via the Gibbs sampler, the steps can be summarized as follows:

1. Conditional on the draw of the factors and stochastic volatilities, the time-varying
factor loadings are drawn from the conditional posterior distribution using the Carter

and Kohn (1994b) algorithm.

2. Similarly using the Carter and Kohn (1994b) algorithm, conditional on the factor load-

ings, the stochastic volatilities 0;{2 and h,/?

i, and the autoregressive coefficients by;, we

obtain the draws from the conditional posterior distribution of the factors Fj;.

3. Finally, conditional on the factors, the stochastic volatilities of the model: In oy, and

In h;; are drawn using the particle Gibbs sampler following Lindsten et al. (2014).

We use 35,000 iterations discarding the first 25,000 as burn-in to ensure convergence of

the algorithm.

2.3 Data description

The data set is composed of 30 monthly macroeconomic and financial variables spanning
from January 2003 until December 2020, for each of the seven countries analyzed: Germany,
France, Ireland, Italy, the Netherlands, Portugal and Spain. The selection of countries is
mainly motivated by data availability since we aim to consider a balanced panel containing

a wide range of macroeconomic and financial variables. Furthermore, another important
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consideration in the data selection was to include a representative sample of stressed and
non-stressed countries as mentioned in Altavilla et al. (2020). In that regard, we consider
the following two groups: Germany, France, and the Netherlands as the non-stressed group
and Ireland, Italy, Portugal, and Spain as the group of countries that experienced significant
periods of financial and fiscal distress.

We use the Monetary and Financial Institutions (MFI) data set from the European Cen-
tral Bank (ECB) that collects harmonized financial variables. This allows us to examine
different categories of credit volumes and lending rates while ensuring that they are directly
comparable. Another advantage, besides direct comparability, is the level of disaggregation
of the different components of interest rates and credit volumes; for example, one can observe
how much common European factors affect variation in credits to house purchase in contrast
with credits to consumption.

To preserve stationarity in the dataset, some variables are transformed. In this regard,
we log difference credit volumes, stock prices, imports, exports and industrial production.

Furthermore, we look at the first difference of Government Bonds and sentiment indicators.

57



GERMANY FRANCE ITALY

; F ' ; . ¢ o ¢
E
FReatsector Fmterestrates FC‘r‘edits FPTL'ces FForwaTd
Looking

Figure 3.1: An example for Germany, France, and Italy of the categorization and common
factor extraction for the first level of the Dynamic Factor Model. The full dataset includes
also Spain, the Netherlands, Portugal and Ireland.

Figure 3.1 illustrates the corresponding five categories for Germany, France and Italy that
are used to extract the common components of the model, i.e. the first level of the DFM
(in the model we use all seven countries). At the second level of the DFM we obtain the
country-specific dynamics of the categories. We do so by estimating a linear regression on
the common components per country and category, thus orthogonalizing the country-specific
datasets to the common factors.?

Figure 3.2 shows the estimated common factors together with the observed time series
of each of the categories. The interest rate factor exhibits a downward trend following the
Great Recession, these results are in line with Del Negro et al. (2019) who find a downward
trend in interest rates among industrialized countries. The estimated factors for the real

sector and forward-looking categories seem to capture mostly the business cycle dynamics,

2A visual interpretation with both levels is available in the Appendix, Figure C.1
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as evident by their particular movements around the crisis periods, both the global financial
crisis and the recent pandemic. Notably, the real sector factor appears to follow primarily
the developments of the unemployment rates, which increased sharply in 2008 and even more
so in 2020. The common credit volume factor does not exhibit notable volatility around the
crises. Finally, the prices common factor fluctuates throughout the entire sample, showing

an important decrease during the Great Recession.
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Figure 3.2: Estimated common factors. Blue line shows the median estimate of the common
factors. Gray lines are the observed time series of the corresponding categories.

2.4 Model specification

To determine the lag order of the factors in equation (3.2), we follow the results from the
Bayesian Information Criteria which suggests a lag order of 6. The number of factors in factor
models is always a subject for careful consideration. We have allocated the variables in our
dataset to five categories with the purpose of being able to attach an economic interpretation
to the factors. The hierarchical structure of the two-level DFM induces proliferation in

the factor count. For example, assuming one common and one country-specific factor per
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category results in 5 common factors (1 per category) and 35 country-specific factors (7
countries in total, each with 5 categories), while a “two-two” factor setup would result in
80 factors. Our dataset consists of 30 variables per country, which dictates our choice for
a more parsimonious specification. Therefore we set the number of common and country
specific factors to one per category.

Another route is to use formal testing. For example, the test of Bai and Ng (2002),
performed on the whole dataset without conditioning on any number of categories, suggests
the use of 6 factors. Hence, our choice of 5 factors (while categorizing the data) does not

appear disconnected.

3 Results

To answer the question of how important the common latent factors within the euro area are
in explaining the volatility in the bank lending rates and credit volumes, we calculate the

variance decomposition for each series as:

var(Yy) = (Bi)O7 (BL) + (BE)O7 (Bi)' + var(ui), (3.7)

where ©] = diag(var(F})) with j = [C, E]. Equation (3.7) captures the fraction of the

variance of the observed variables which is explained by the common components SF =

(BfHer (B
var(Yit)

(BR)OF (BG)

var (V) It is worth mentioning

and the country-specific component S¢ =
that the time variation in the variance decomposition comes from the specification of a law
of motion for the idiosyncratic component and not from the time-varying factor loadings.
The incorporation of time-varying factor loadings in the model specification is motivated by
increases in explanatory power, as our aim is to capture the biggest share of the observed

variance in our dataset. As a robustness check and to ensure that the overall results from

the variance decomposition are not driven by the specification of the time-varying factor
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loadings, we considered an alternative specification with a one-third smaller hyperparameter
k (which accounts for the amount of time variation in the factor loadings), therefore, we
suppress the amount of time variation close to being fixed and observe that the results are
not sensitive to this specification®.

We obtain a variance decomposition for each series, i.e. the index 7 in equation (3.7) runs
from 1 to 210. Thus, the model allows for a broad spectrum of analysis since the variance
decomposition can be aggregated across various dimensions. We will begin the analysis
by first taking averages across all countries per category before diving into more granular
data: decomposition per individual time series, such as short or long-term interest rates and

decompositions across the country dimension.
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Figure 3.1: Average variance decomposition per category. Solid red line shows the con-
tribution of the common component. Solid blue line represents the contribution from the
country-specific component. Median estimates are plotted with their corresponding 68%
probability intervals.

Figure 3.1 depicts the relative contribution of each of the factors in explaining the average

3Results are shown in Appendix B.
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variance of the data in each of the categories for all countries. We present the median estimate
for each of the contributions to the variance decomposition, together with the 68% credible
setst.

For all categories we observe that the common factors are the main component explaining
a high share of the variation in the data relative to the country-specific one. The top panel
of Figure 3.1 shows how the importance of the common factor has evolved on average over
all lending rates in our dataset. There is a clear downward trend which starts around the
global financial crisis and continues throughout the sovereign debt crisis up until around
2015. Notably, the average contribution of the common component has not returned to the
pre-crises levels. The common factor now explains approximately 35% of the variation of
the interest rates compared to the 52% in the pre-crisis period. This finding illustrates that
financial fragmentation has on average increased during the sovereign debt crisis, at least
when it comes to the financing conditions that businesses face. More importantly, however,
it has remained elevated ever since. This suggests that this was not a cyclical phenomenon.
While financial fragmentation did increase, it did not decline endogenously as the economies
recovered out of the crisis.

In contrast, credit category depicts an important share of the variation explained by
the common factor throughout the whole sample analyzed, increasing during the periods
of high financial volatility. In addition to the latter, country-specific factor explains on
average around 12% of the variation of the credit volumes with an important increase in
the recent downturn driven by the pandemic. The real sector exhibits high commonality
during recessionary periods, raising its importance up to 50% of the variance explained by
the common factor and with the country-specific factor ranging from 5% to 15%. Similarly,
the forward-looking factor follows very closely the dynamics displayed in the real sector

category, with the distinction that it presented an even higher level of commonality during

4We display the average contribution of the country-specific and common components for each member
state in Figure C.1 of the Appendix.
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the global pandemic, with a common component explaining up to 69% of the variance in this
category. The country-specific components exhibit a smaller contribution to the variance
decomposition compared to the common component.

For the credit category, the country-specific component reaches the highest level during
the current Covid-19 pandemic. Throughout the first half of 2020 the country-specific compo-
nent explained up to 25% of the variance. For the real sector and forward-looking categories,
the country-specific component explains between 10% to 15%. For nominal variables, i.e. the
interest rate and price categories, the country factors do not seem to explain a considerable
amount of the variation in the data.

We exploit the richness of the harmonized data set from the MFI by analyzing the dynam-
ics within the different types of bank lending rates and credit volumes. Figure 3.2 displays
the average contribution of the common factors across different categories of interest rates
and credit volumes. Figure 3.2a shows a clear downward trend in all categories of the in-
terest rates. This trend begins around the global financial crisis and continues throughout
the sovereign debt crisis with varying slopes for the different rates. The average contribution
of the common component has not returned to the pre-crisis level for any of the time series
considered, suggesting that this was not a cyclical phenomenon.

In terms of magnitude, we observe that lending rates to house purchases exhibit the
highest level of commonality throughout the entire sample analyzed. These results contrast
with the findings by Breitung and Eickmeier (2016) who find low levels of co-movements in
the housing market. Additionally, we observe that lending rates to non-financial corporations
- both short and long term - co-move more in comparison with other categories of composite
cost of borrowing. It is worth mentioning that the decline in the relative contribution of the
common component in the bank lending rates has not been compensated by an increase in
the country-specific component but rather a higher proportion explained by the idiosyncratic

component. Therefore, we analyze the overall model fit and present an example in Figure
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C.2. Overall, we observe that, while the common factors fit quite well the dynamics of
different lending rates (especially for non-stressed countries), common components have failed
to follow closely recent developments in lending rates, mainly among countries that suffered
from financially stressed periods.

Similarly to the result observed in the lending rates, Figure 3.2b shows that within dif-
ferent categories of credit volumes, small credits (below one million euros) to non-financial
corporations present the highest level of commonality. This is not the case for large credits to
non-financial corporations which can be explained by the specifics of how large firms obtain
funds. To minimize risk, banks may group with other banks to give out a large credit to
one corporation. In general, market forces play little role with credits of such magnitudes.
Overall, the credit volumes showed a high fraction of the variance explained by the common
factors throughout the time period analyzed, with increases in the importance during periods

of high financial volatility.
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Figure 3.2: Contribution of the common component in the interest rates and credit volumes
categories per component. NFC stands for “non-financial corporations”. Small credits are
below one million euros. Short and long term refer to maturities below and above one year,
respectively.

Next, we disaggregate the relative contribution of the common factors among countries
and categories. We find a clear distinction between stressed countries (Ireland, Italy, Portugal

and Spain) and countries which did not face a financial stress period (Germany, France and
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the Netherlands).

This difference is shown in Figure 3.3 where we plot the relative importance of the common
factors for the stressed countries in pale blue color and the non-stressed countries in black.
We observe a high degree of country heterogeneity in the interest rate, the real sector and
the forward-looking categories. The first subfigure decomposes the interest rate category
per country. We draw attention to the countries that experienced financial stress, which
all exhibit much lower commonality than the rest. In the cases of Portugal and Spain,
the dynamics of lending rates can be explained only about 20% to 30% by the variance of
the common component. Italy and Ireland also appear detached from the common European
dynamics, however, to a smaller extent. Notably, for all countries classified as “non-stressed”,
namely Germany, France and the Netherlands, the common component explains a much
larger fraction of the variance of the interest rates, which goes as high as 75%. However,
even for Germany, France and the Netherlands a downward trend in the interest rate category
is evident °.

It is of particular interest, that a pronounced downward trend in the commonality in the
interest rates category is visible for the sovereign debt crisis period and how there is almost a
kink around 2015 in all countries, where the trend flattens. The economic explanation behind
the downward trend may be primarily attributed to the decrease in the interest rate pass-
through, which was well documented in that time - an increase in the financial fragmentation
(e.g. Ciccarelli et al., 2013). The flattening of the common component is evidence that,
despite the reforms following the crisis, financial fragmentation remained.

Similar developments are also present in the price category in Figure 3.3. Naturally,
the peak of the explanatory power of the common component dynamics was during the
global financial crisis, when many macroeconomic variables, including prices, jointly plunged.

However, in the years afterwards, the importance of the common component has gone down

5Figure C.4 in the appendix shows how this result is present across different types of interest rates and
for all member states considered.
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in all countries, similarly to the interest rates category. In the case of prices, however, we do
not find a distinction between stressed or non-stressed member states.

While in most cases the contribution of the common component to the variance decreased
or remained flat, in few instances, such as the credit category, we see an upward trend. This
indicates a convergence in the dynamics of the growth of credit volumes across the countries.
Notably the not financially distressed countries, Germany, France and Netherlands, and to
a lesser extent Portugal and Ireland, show a gradual increase in the explanatory power of
the common component relative to the country and idiosyncratic components since the mid
2010s. One possible economic explanation behind this finding is that growth of the volume
of credits was similar because all countries experienced an expansion phase following the
sovereign debt crisis.

Another plausible cause could be the changes in banking regulation following the Great
Recession. In 2012 the euro area members agreed to allow the European Stability Mechanism
to give out loans directly to stressed banks rather than going through each individual member.
The ECB also stepped into the role of a bank regulator by forming a deposit insurance
program in addition to national programs. This could have fueled common credit volume
growth dynamics across countries.

These findings are particularly relevant during times of expansive monetary policy and
a low and stable interest rate environment. A prolonged period of unchanged interest rates
would ideally translate into stable lending rates for businesses and consumers alike as well as
stable price dynamics. Nonetheless, we find that the opposite is the case - the idiosyncratic
component has gained much more relevance compared to the late 2000s across all possible
dimensions: countries, categories and individual interest rate series. A plausible explanation
for this aspect is the composition of the dataset. While we profit from monthly observations
which are comparable across countries, we may overlook information from lower-frequency

variables such as: government spending, tax policies, among others. If these variables are
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relevant for explaining variations in the data, incorporating them will attenuate the relevance

of the idiosyncratic component in the model.
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Figure 3.3: Country-wise relative contribution of the common component in each category.
The black lines group the stressed countries while the light blue lines indicate countries
which did not experience severe financial stress during the sovereign debt crisis.

Our results are in line with the findings of Breitung and Eickmeier (2016) who observe high
commonality in stock prices and interest rates. However, given the time-varying feature of
our approach, we observe that this commonality has decreased in recent years across different
types of lending rates. Nonetheless, this is not the case for stock prices, as shown in Figure

3.4. In contrast with Breitung and FEickmeier (2016), we find that common drivers have
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a fairly high contribution in explaining the variation in credit volumes, although, it varies
across different credit categories. Furthermore, findings of heterogeneity patterns are aligned
with the ones from the WGEM Team on Real and Financial Cycles (2018). In this article,
the authors find evidence of a “north-south” division, as the one discussed previously. We
observe this division primarily in the interest rate, real sector and forward-looking categories.
However, in contrast with their findings, we do not rely on aggregate measures of interest
rates but rather look into different categories of lending rates. This allows us, not only to
observe differences depending on maturities, but also to observe sector specific behaviors.
For example, to compare lending rates for house purchase with respect to lending rates for
non-financial corporations.

Finally, we find neither a distinction of stressed versus non-stressed member states nor
particular trends in the other categories. Perhaps a somewhat unexpected finding is the
low commonality across the variables associated with the real sector. One may expect that
a more integrated euro area should lead to synchronized business cycles. However, high
synchronization seems to arise only during large recessions as all variables exhibit large

(mostly downward) movements.
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Figure 3.4: Top row: relative contribution of the common component for variables selected.
Bottom row: observed time series of the variables selected, raw data. Black lines group the
stressed countries while light blue lines indicate countries which did not experience severe
financial stress during the sovereign debt crisis.

4 Conclusions

We use a two-level dynamic factor model to investigate the relative importance of the com-
mon factors in explaining the variations in the bank lending rates and credit volumes for the
euro area between the period of January 2003 to December 2020. We observe that the com-
mon factors explain a high share of the variations in the data for all five categories analysed.
Within the interest category we recognize a downward trend in the relative importance of
these common factors in explaining the variation in the data. This decrease in the commonal-
ity started after the Great Recession and has not returned to the pre-crisis level, implying an
increase in the financial fragmentation among the euro area countries. The trend is evident
across all dimensions of the data: across countries, across categories and at an individual

level.
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When comparing the financially stressed countries with their non-stressed counterparts,
we observe a clear heterogeneity in the fraction explained by the common factors in the
interest rate, real sector and forward-looking category. The heterogeneity is mostly visible
when it comes to the lending rates, where the commonality is extremely low in Spain, Italy,
Ireland, and Portugal. The fraction of the variance of the rates explained by the common
component is only between 20% to 40%, versus 40% to 60% for Germany, France, and the
Netherlands. Such a large divide suggests continued impairment of the monetary policy
transmission presenting potential avenues for future research.

We do not find such heterogeneities when it comes to the amount of credits as measured
by the credit volumes or in the price category. There does not appear to be a particular
divide between the two groups of countries. Finally, the real sector, as well as the forward-
looking variables that reflect mostly the economic situation, exhibit an expected increase in
the level of commonality during recessionary periods. Otherwise the degree of co-movement
appears surprisingly low. During expansions the common business cycle factor explains only

about 20% of the variation of the variables.
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C Appendix
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Figure C.1: Average variance decomposition by country. Solid red line shows the contribution
of the common component. Solid blue line represents the contribution from the country-
specific component.
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Figure C.2: Fitted values using the common factor. Black line plot the short term composite
cost of borrowing and red lines plot the fitted values using the common component.
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Figure C.3: Summarizes the structure of the model where the country-specific factors are
obtained after extracting the effects of the common factor at a country-level.
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Figure C.5: Average variance decomposition per category under alternative specification.
Solid red line shows the contribution of the common component. Solid blue line represents
the contribution from the country-specific component. Median estimates are plotted with
their corresponding 68% probability intervals.

One plausible concern is that the results derived from equation 3.7 are mainly driven by
a priori beliefs on the amount of time variation the factor loadings are allowed to exhibit.
To ensure that the results are not sensitive to this specification, we estimate an alternative
specification reducing the amount of time variation in the factor loadings of the observational
equation 3.1. We do so by reducing to one third the scaling parameter x from the variance of
the transition equation of the factor loadings B;;. Figure C.5 shows that the average variance
decomposition across categories present very similar patterns as the ones showed in figure
3.1.

In contrast with Mumtaz and Musso (2021), we do not set the priors for the coefficients in
equation 3.2 using dummy observations. Instead, we use a training sample to set the initial

values. In this regard, we estimated the model with different choices of the training sample
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Ty and observed that the results were not sensitive to this specification.
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CHAPTER 4

Improving structural identification in
sign-identified VAR models via
forecast error variance

Abstract
This article discusses the benefits of using information from the forecast error variance as an
additional restriction in sign-identified models. We show with a Monte Carlo simulation that
our method successfully recovers the true Data Generating Process while narrowing down
the set of admissible models and thus provides sharper identification. We exemplify the
usefulness of this approach for the case of a contractionary monetary policy shock applied to
the U.S. and U.K. economy. For the former, we show that uninformative responses of prices
to a monetary policy shock are explained by retained draws with a low share of the forecast
error variance explained by this shock. We provide evidence that the uninformative responses
are no longer present when our approach is applied. The latter application illustrates how
sharper identification lead to more informative results for the response of inflation to a

monetary policy tightening.

Keywords Structural vector autoregressive model, identification problem,
sign restrictions, forecast error variance.
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1 Introduction

Sign restrictions has become one of the predominant approaches to identify shocks in struc-
tural vector autoregressive models (SVAR). First introduced by Faust (1998), Canova and
De Nicolo (2002), and Uhlig (2005) sign-identified models offer the advantage of placing a set
of commonly accepted signs, motivated by economic theory or previous empirical evidence,
which reflect conventional views on the variables responses to exogenous shocks.

On these lines, sign restrictions appear as a less restrictive approach than exclusion restric-
tions on the impact effects. However, this identification method entails different drawbacks.
The identification scheme suffers from the risk of allowing different types of models in the
set of retained draws. This is translated into including potentially contradicting models
that imply impulse responses which are inconsistent with each other, different timing of the
strongest response and which deliver different estimates in the historical decomposition (HD)
and forecast error variance decomposition (FEVD). Thus, allowing potentially implausible
or problematic responses in the retained set will not only result in imprecise estimations but
additionally hinder determining the true responses after an exogenous shock.

Recent literature has proposed different approaches to circumvent the deficiencies of
purely sign-identified models. Kilian and Murphy (2012) point out that they will deliver
an implausibly high oil-supply elasticity. Thus, the authors exploit the idea that the elas-
ticity of oil supply with respect to the real price of oil should be rather small and hence, by
setting an upper bound on the elasticity value, narrow down the set of admissible rotations.
Arias et al. (2019) combine sign and zero restrictions to identify the effects of a monetary
policy shock observing that, in contrast with the results from Uhlig (2005), a monetary policy
tightening has contractionary effects on output. The authors observe that, while keeping the
sign of output response to a monetary policy shock unrestricted, adding exclusion restrictions
reduces the set of structural parameters retained and therefore exhibits a drop on output.

Antolin-Diaz and Rubio-Ramirez (2018) propose an alternative identification to the pure
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sign-identified SVAR by imposing restrictions on the historical decomposition. They place
restrictions on shock contributions to specific historical events, leaving out models in which
shocks challenge the conventional narrative in those periods.

This article proposes an alternative identification scheme combining sign restrictions with
information from the forecast error variance (FEV). We suggest that in most applications,
the researcher is interested in investigating the effects of an exogenous shock j on variable 4.
Therefore, employing information about the contribution of shock j on variable i regarding
its share to the FEV as an additional restriction improves the identification of the shock of
interest. In practice, information from the FEV has been applied in the context of sign-
identified models (Faust, 1998; Uhlig, 2003; Barsky and Sims, 2011; Francis et al., 2014).
This approach, also known as Max-Share identification, identifies a shock that maximizes its
contribution to the FEV on the target variable. Commonly applied to identify technology
shocks, the Max-Share identification suffers from confounding shocks (Dieppe et al., 2021).
More recently, Volpicella (2021) imposes bounds on the FEV to identify the structural shocks
and therefore avoids the shock labeling problem present in the Max-Share identification
scheme.

Our approach is closer in spirit to Antolin-Diaz and Rubio-Ramirez (2018) in aiming
to reduce the set of admissible rotations by incorporating an additional restriction to the
sign-identified SVAR. However, in contrast with Antolin-Diaz and Rubio-Ramirez (2018),
we narrow down the set of admissible models by evaluating the condition that the shock of
interest should be informative in terms of its contribution to the FEV to the target variable(s).
In this sense, our approach still possesses the advantages of sign-identified models, while
overcoming limitations like the large and disperse responses. Furthermore, our approach
does not suffer from the shock labeling limitation of the Max-Share approach, as we do not
identify a unique shock that maximizes the FEV but rather set the restriction such that the

shock of interest on the target variable should be the most informative in relative terms.
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We exemplify the advantages of this approach with a classical application in the literature,
namely the effects of a monetary policy tightening. We investigate the effects of a monetary
shock for the United States (U.S.) and for the United Kingdom (U.K.) economy. For the first
example, we impose the restriction that the monetary policy shock should be informative, in
terms of the FEV, for the response of inflation, avoiding ruling out a-priori the possibility of a
price puzzle, i.e. a positive response of prices after a contractionary monetary policy. In our
second application we add the restriction that the contribution of the monetary policy shock
on prices should be at least bigger than 5% during the first quarter and illustrate how we can
narrow the responses and thus, provide more informative results in terms of the magnitude
and persistence of the responses.

The benefits of our alternative approach are supported by a simulation exercise where we
compare the results of the proposed identification method to commonly employed identifi-
cation schemes in recovering the impulse responses from a Data Generating Process (DGP).
The Monte Carlo study allows us to observe that the proposed identification method success-
fully recovers the structural responses generated by the DGP. The simulation exercise shows
the improvements with respect to conventional identification methods.

The remainder of this article is structured as follows. Section 2 describes the methodol-
ogy. Section 3 present the results of the Monte Carlo simulation. Section 4 illustrates the
usefulness of this approach with two applications to the analysis of a monetary policy shock.

Finally section 5 concludes.

2 Methodology

Consider the following structural vector autoregressive model (SVAR) with p lags given by:

p
Boy; = v + Z Biyi—i + €, e¢ ~ N(0, ), (4.1)

i=1
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where v, = (Y14, .-, Yre)' 18 @ K X 1 vector of endogenous variables. v is the K X 1 vector of
constants. B; is a K x K matrix of structural coefficients with « = 1, ..., p. The reduced-form

counterpart of equation (4.1) is represented by:

P
Yp=c+ Z Aiyr—i + i, wp ~ N(0,E,), (4.2)

i=1
with A; = B, 'B; and u; = By le,. Thus we aim to find a linear mapping between the reduced-
form and structural errors such that By'(By') = ¥,. Under stationary conditions, there
exists a moving average representation MA(co) of equation (4.2) such that y, = A(L)uy,
where A(L) is a matrix polynomial in the lag operator L. The MA(oco) representation of
equation (4.1) is given by y, = B(L)e;; therefore, we aim to find a linear mapping between
the reduced-form and its structural counterpart such that: u; = By 'e; and the impact matrix
By satisfies the condition By '(By') = ¥,. Under full invertibility one plausible solution
for the decomposition of the covariance matrix ¥, is to obtain By by using the Cholesky

decomposition of ¥,,.

2.1 Sign Restrictions

One commonly applied identification strategy is to impose sign restrictions on the IRF's
according to previous knowledge coming from either economic theory or previous empirical
evidence. Following Uhlig (2005), this is achieved by first obtaining an orthonormal matrix,
also referred as rotation matrix, ) such that QQ’ = Ix. @ is obtained with a probability ¢,
which does not contain information about (). The set of drawn rotations belong to the space
of orthonormal matrices @) € ©(K). Therefore, the identification strategy will only imply
set-identification, where the set of sign restrictions of shock j at horizon A can be expressed

by Shj-
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2.2 Max-Share

A strand of the literature has proposed identifying the rotation that is associated with the
highest share of the FEV on the target variable (Uhlig, 2003; Barsky and Sims, 2011; Francis

et al., 2014). Defining the h-step forecast error of equation (4.1) is as:

h
Yerh — Br1Yign = Z BiBoQérin (4.3)
=0

where By = ByQ and Q corresponds to the orthonormal rotation matrix. Hence, one can
make use of a K x 1 selection vector e¢; and thus, obtain the shock that maximizes the share

to the FEV of variable ¢ at horizon A by solving the following maximization problem:

Qi 5(h) = eg(Zlh:o Bi,lBO’Y’Y/B(l)Bz{,l)ei
s 62(2?:0 Bi,lZuBz{,z)ei

where v denotes the selection vector choosing the jth column of (). Hence, the impulse

, st.yy=1 (4.4)

vector associated to the jth column of the orthogonalization is contained in the K x 1 vector
Bofy. The selection vector e; chooses the ith row of the matrix of MA coefficients B, .

This approach has been implemented for the analysis of technology shocks (Barsky and
Sims, 2011; Francis et al., 2014). In these examples, one can think of the maximization
problem in equation (4.4) as identifying a structural shock that maximizes the share to the
FEV of total factor productivity (TFP) and that it has no contemporaneous effect on TFP
(orthogonal). Ordering the target variable first (TFP for this example), the maximization

problem can be expressed as follows:

H
msxz Q2(h) sit. vy =1and y(1,1) =0 (4.5)
h=0
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2.3 Sign Restrictions + FEV

We exploit the property that the forecast error variance contains information about the
magnitude in which economically meaningful shocks explain variations in the variables of
interest. In this sense, it is therefore intuitive to focus on the set of models in which the
shock of interest is informative for the variables whose responses we want to analyze.

It is often the case that sign-identified VARs exhibit wide error bands leading to unin-
formative results. As highlighted in Kilian and Murphy (2012), pure sign-identified models
allow the risk of accepting, in the set of admissible rotations, implausible or potentially mis-
leading responses. Our approach aims to avoid that pitfall by narrowing down the set of
admitted rotations. To discriminate between different responses we not only restrict them
to those which satisfy the sign restrictions, but additionally are informative regarding the
contribution of, for example, shock j to variable ¢ to the FEV. The algorithm proceeds in

the following way:

Algorithm: sign restrictions + FEV

1. Obtain the reduced-form estimates of y; = A(L)u; and compute the Cholesky factor
By = chol(%,,).

2. Following Rubio-Ramirez et al. (2010), obtain M draws of an orthonormal rotation

matrix () and estimate By = BOQ, where B, satisfies BoB, = X,.

3. Evaluate whether the responses associated with the draw of By satisfy the S; signs

imposed.

4. Examine the FEVD corresponding to the draw of B, and check if the shock j is the most

informative in terms of its contribution to the FEV for variable ¢, formally: Q, ;(h) >
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Qi,s(h)a VS 7& ]
5. If B, satisfies both restrictions then retain this draw, otherwise discard it.

6. Repeat steps 2-5 M times.

Notice that if we exclude Step 4, the model reduces to a purely sign-identified model.

3 Monte Carlo simulation

3.1 Bivariate case

The Monte Carlo simulation in this section compares the performance of different identifi-
cation strategies to recover the true Data-Generating Process. The DGP comes from the

following structural model:

p
By, = Z Biyi—1 + €, ¢ ~ N(0,Ig) . (4.6)

=1

We set the lag order to p = 1 and generate 100 observations, repeating this process 500

times from the following DGP:

101 —2.12) [y —1.01 —2.02)\ [y1ss €1y
_|_

219 1.05 | \ 152 =03 | \ oy €2,

Table 4.1 describes the identification methods here considered to identify the structural
shocks from their reduced-form counterpart. We study four identification schemes: recursive
identification, pure sign restrictions, sign restrictions + FEV and Max-Share identification.

We assume the correct signs of the responses for the sign-identified and the sign restrictions
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+ FEV model. We do not explore the misspecification case in sign-restrictions that would

arise if imposing the incorrect signs on the contemporaneous response.

Table 4.1: Identification schemes

Identification I: Cholesky

Shock 1 Shock 2
Variable 1 1 0
Variable 2 1 1

Identification II: Pure Sign Restriction

Shock 1 Shock 2
Variable 1 *ok +
Variable 2 *k +

Identification III: Sign Restriction + FEV

Shock 1 Shock 2
Variable 1 oK +
Variable 2 ok +
FEV Dha(h) > Qa(h)

Identification IV: Max-Share

Shock 1 Shock 2
Variable 1 *k *%
Variable 2 *ok *ok

Max-FEV ~ max, ZhH:() Qia(h) st. vy =1landv(1,1) =0

We plot the median responses to a shock to the second variable in Figure 4.1. The solid
black line represents the true responses from the DGP while the solid lines with markers

depict the responses of the different identification schemes considered. All models, with
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the exception of the Cholesky model, correctly recover the true response of variable 1 to
an exogenous shock in variable 2. The recursive structure in the Cholesky identification
implies a negative response of variable 1 for the first 3 periods. In addition, the Cholesky
identification exhibits a response for the second variable more than twice as high than the
true response. Sign restrictions present a considerably higher response than the true IRF
but only on impact. On the other hand, the median estimate of the Max-Share identification

and sign restrictions + FEV depict a response fairly close to the true IRF.

Variable 1 Variable 2

0 2 4 6 8
= True IRF ===Cholesky --e- Max-Share =——=SR =#=SR+FEV

Figure 4.1: Median impulse responses to a shock to €s.

A more detailed analysis of the response of variable 2 to an exogenous shock to itself
is shown in Figure 4.2!. When considering the 68% error bands we can then observe that,
although with higher uncertainty, the true response is contained within the error bands for
the sign-restricted model. In contrast, the credible interval of the Max-Share identification

scheme excludes the true response on impact. Narrowing down the set of admissible rotations

!The response of variable 1 with its corresponding error bands is plotted in Appendix D.1.

87



by including an additional restriction from the FEV not only brings the median response

closer to the true IRF, but also avoids excluding the true DGP value.

Pure Sign Restrictions Max-Share Sign Restrictions + FEV
0.2 — P ; 0.2 : ; ; 0.27— ; —

0.18] | 018}
0.16 |
0.14 ]
0.12]

0.1
0.081 i
006l
0.04 |

0.02 -

Figure 4.2: Response of variable 2 to a shock in €5. Solid lines represent the median estimates,
dashed lines correspond to the 68% error bands. Solid black line represents the true DGP
response.

3.2 Three-variable case

In this subsection we now consider a Monte Carlo simulation for the 3-variable case. Following
the previous bi-variate case, we consider a VAR(1) as the true DGP. We obtain the impact
matrix By and the matrix of structural parameters By randomly from a normal distribution

with the only requirement that it satisfies the stability condition for a VAR. Thus, we generate
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M = 500 from the following DGP:

1.09 —1.66 —0.61) [y —0.705 —0.080 0.076 Y11 €1
0.96 —0.64 —0.57| [yos | =] 0407 —1.318 —0.884 | [ yoy1 [+ e |- (48)
—0.57 032 0.034 ) \ys, 0.066 0.679  0.41 Y3,-1 €3,

Median responses of the four identification strategies considered here are depicted in
Figure 4.3. As in the previous section, we consider four identification schemes along the true
DGP.2 Our results suggest that pure sign restrictions and sign restrictions with the additional
restriction from the FEV successfully recover the true response after an exogenous shock in
the third variable. It is worth noting that for the 3-variable case, Cholesky identification
and the Max-Share approach deliver similar responses. For the response of the first two
variables, Cholesky identification is bounded to be zero on impact by construction (recursive
assumption), however, the responses under the Max-Share identification present a similar
behavior without being constrained to zero on impact. A plausible explanation for this
behavior is the v(1,1) = 0 assumption of the Max-Share approach. In this sense, this
assumption seems to have a significant effect on the responses of the rest of the variables,

mirroring to some extent the dynamics of the Cholesky identification.

2The identification strategies are described in Table 4.5 of the appendix.
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Variable 1 Variable 2

wmmm Tr1e JRF ===Cholesky =-e- Max-Share ==#- SR =se=SR+FEV

Figure 4.3: Median impulse responses to a shock to e3.

4 Empirical applications

We illustrate the practicality of our methodology with two empirical applications on the
effects of a contractionary monetary policy shock. The macroeconomic implications of a
monetary policy shock (MP shock) have been largely investigated using SVARs with sev-
eral identification methods. Early contributions implied a recursive structure on the shock
propagation, for example Christiano et al. (1999). Nonetheless, to avoid the risk of placing
questionable timing restrictions on the contemporaneous responses, sign restrictions have
become a popular alternative strategy to map reduced-form shocks with their structural

counterparts.
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4.1 Monetary policy shock: U.S. application

We start this application by showing the results of a purely sign-identified model for the
United States. Our quarterly data span from 1982Q1 to 2019Q4. The set of endogenous
variables contains the one-year ahead inflation expectations measured by the survey of pro-
fessional forecasters, the growth rate of real gross domestic product (GDP), the consumer
price index (CPI) inflation rate and the Federal Funds rate. We set the VAR order to 4
following results from the Hannan-Quinn (HQ) and the Bayesian (BIC) information criteria.
The sign restrictions on the impact responses are shown on the first row of Table 4.2. Follow-
ing related studies, we restrict the sign of output to depict a negative response to a monetary
policy tightening. Furthermore, we do not want to rule out a price puzzle by imposing a sign
on the response of prices to a monetary policy shock. However, we aim to capture the effects
of an unanticipated change in the policy rate. Therefore, we impose a negative response of
inflation expectations to a tightening in the monetary policy in an attempt to avoid capturing
information shocks®.

Table 4.2: Identification restrictions

MP Shock Inflation Expectations GDP Inflation FED Funds
Sign Restriction - - oK +
FEV Restriction ok Qi 5(h) > Qis(h), Vs # ok

Note: #x indicates the unrestricted responses

The model estimation is carried out using Bayesian methods with uninformative priors.
Details on the estimation and inference are provided in section D of the appendix. The
effects of a contractionary monetary policy shock under a sign-identified model are depicted
in Figure 4.1. In the first place we can observe that an unexpected MP shock leads to a drop

in inflation expectations by -0.067%. The negative response is certainly restricted by the signs

3Campbell et al. (2012) highlight that monetary policy announcements convey two types of shocks: one
related to future commitment of monetary policy actions (Odyssean) and another shock which updates agents’
information about future economic outlook (Delphic).
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imposed in Table 4.2, nonetheless, the expectations response is characterized by exhibiting a
considerable level of uncertainty. GDP declines for the first two quarters, showing an impact
response of -0.27%. As indicated previously, we do not rule out the presence of a price puzzle
by imposing a sign on the impact response of prices to a MP shock, proceeding in that way

leads to an uninformative result of the response of prices.

Inflation Expectations GDP
0.2+
-0.05 / 0F
-0.2
0.1} ]
-0.4
0 10 20 30 0 10 20 30
Inflation Fed Funds
0.2} ] 0.2}
0.1 1
0 L |
0Ff g
-0.2 g 01l |
-0.2¢+
-0.4 ¢
0 10 20 30 0 10 20 30

Figure 4.1: Sign-identified model. Impulse responses to a monetary policy shock. Solid blue
line depicts the median responses. Shaded areas show the corresponding 68% probability
intervals.

We have a thorough look into the different responses of prices to an MP shock in Figure
4.2. Randomly, we select 5 responses associated to different draws, noticing that those
response which are associated to a positive response of prices (price puzzle) are also connected
to a low share of the FEV explained by the policy shock. On the other side, negative responses
of inflation to a contractionary monetary policy are linked to an informative MP shock in

terms of its contribution to the FEV.
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Figure D.2 of the Appendix shows that the biggest concentration of retained draws as-
sociated with uninformative monetary policy shocks for inflation, where the biggest mass of
the smoothed kernel densities for the posterior distribution of FEV is concentrated on lower

bound with a share of the MP shock explaining less than 10% after a year (h = 4).

Inflation response to MP shock

I I I
0.4 ]
0.2 4

0.4 e
0.6 Draw = 12 = Draw = (4 == Draw = 117 Draw = 304 Draw = 491
L ! ! ! ! ! ! ! ]
5 10 15 20 25 30 35 40
Contribution to FEV, draw = 64 Contribution to FEV, draw = 117
1 1

0.8 ||
0.6

0 0
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[ GDP Shock [l Expectation Shock [ ]Demand shock [Jlll Monetary Policy Shock

Figure 4.2: Top row: median response of the retained draws of inflation response to a mon-
etary policy shock. Bottom row: contribution to the FEV for selected draws.

Sign restrictions + FEV

As we are interested in exploring the effects of MP shocks on macroeconomic variables, among
them inflation, we consider undesirable to retain draws for which the contribution of the MP
shock to the FEV of inflation is low. In this regard, we now proceed to include an additional
restriction on top of the already imposed signs on the impact responses. In this sense, we
add the restriction that the monetary policy shock has to be the most informative shock for

inflation in terms of the FEV. This restriction is reflected on the second row of Table 4.2. We
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plot the responses to a MP shock under the sign restrictions + FEV identification strategy in
Figure 4.3. In contrast with the sign-identified model, a sharper identification now delivers
informative results with regards to the response of prices to a monetary policy tightening.
Inflation now drops by -0.53% on impact and remains negative for four quarters, thereafter,
the effect of an unanticipated increase in the policy rate dies out. Inflation expectations
now show a slightly stronger decrease, dropping to -0.08% after the first quarter. However,
the expectations response is now less persistent and only showing a negative effect for two
quarters. The weaker response on impact of the policy rate shapes a weaker response of
output to a contractionary monetary policy.

Figure D.2 from the Appendix shows that this additional restriction induces a more
uniform distribution of the share of the FEV explained by a monetary policy shock, where in
contrast with the sign-identified model, the contribution is now centered between 50%-60%
and, thus, avoiding accepting a majority of the rotations which are associated with a low

share of the FEV explained by the MP shock.
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Figure 4.3: Impulse responses to a monetary policy shock. Solid blue line depicts the median
responses to a monetary policy shock. Shaded areas show the corresponding 68% probability
intervals.

Sign restrictions + FEV: alternative specification

One advantage of using the FEV as a sharper identification mechanism is that it allows to
be applied to several variables when the focus of interest is on the response of more than one
variable. We illustrate this example by considering the case in which we aim to understand the
effects of a monetary policy tightening on inflation and inflation expectations. As mentioned
before, it is undesirable to allow rotations which present a low share of the FEV explained
by the MP shock. Table 4.3 exemplifies how this additional restriction is imposed on the
second row.

We restrict the set of structural shocks to fulfill the sign restrictions and for the monetary
policy shock to be informative (in terms of the FEV) to inflation expectations and inflation.

Similarly as in the case of the share of the FEV explained by the MP on inflation under the
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sign restrictions model, the MP shock also shows that a high share of the retained draws
are associated with a low contribution of the MP shock to the inflation expectations FEV.
Therefore, we then proceed to incorporate the restriction that the MP shock must be the
most informative shock. Figure C.3 of the appendix illustrates how this additional restriction
is reflected in a more uniform distribution of the smoothed kernel density of the posterior
distribution of the MP shock share of the FEV on inflation expectations. The sign-restricted
model groups most of this share on the lower bound whereas the sign-restricted + FEV model

allocates the contribution around 50%. The set of restrictions are described in Table 4.3.

Table 4.3: Alternative identification: sign restrictions + FEV

MP Shock Inflation Expectations ~ GDP Inflation FED Funds
Sign Restriction - + K +
FEV Restriction 91’4(}1) > Ql’s(h), Vs 7é 4 *x 9374(]1) > Qg7s(h)7 Vs §£ 4 *x

We plot the responses after a monetary policy tightening under the alternative specifica-
tion of sign restriction + FEV in Figure 4.4. Including the restriction that the MP shock is
the most informative in terms of the FEV for inflation expectations and inflation now provide
a sharper response in both variables while keeping the rest substantially unaffected. We now
observe that a MP shock triggers a stronger drop in inflation expectations. Moreover, the
effects of a contractionary monetary policy are longer lasting for inflation expectations that
under the purely sign-identified model. Interestingly, the inclusion of the FEV restriction on
inflation expectations do not alter the responses of inflation, as we observe they respond in

the same magnitude as in Figure 4.3.
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Figure 4.4: Impulse responses to a monetary policy shock. Solid blue line depicts the median
responses. Shaded areas show the corresponding 68% probability intervals.

4.2 Monetary policy shock: U.K. application

This section is concerned with the effects of a contractionary monetary shock for the U.K.
economy. We estimate a monthly VAR for the period 1992m01 to 2019m12. The set of
endogenous variables contain the one-year Gilt rate, CPI inflation rate, industrial production,
effective exchange rate, corporate bond spread and the mortgage spread. The one-year Gilt
rate is used as a risk-free alternative to the Bank Rate to account for the lack of variability
in the latter since 2009. We calculate the corporate bond spread as difference between the
Moody’s BAA corporate bond index and the U.S. 10-year Government bonds. Similarly, the
mortgage spread is calculated using the difference between the 30-year fixed rate mortgage
average in the U.S. and the U.S. long-term Government bonds.

In our baseline specification, we se the lag order following results from Information Criteria
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and select 3 lags as the VAR order. For this empirical application, we illustrate the flexibility
of the methodology proposed by incorporating the FEV restrictions in form of a threshold.
In this regard, we set the restriction that the monetary policy shock should account for at
least 5% of CPI inflation’s FEV for the first 3 months (A = 3). This restriction, in addition

to the sign responses, are shown in Table 4.4.

Table 4.4: Identification restriction: monetary policy shock

MP Shock | One-year Gilt CPI IP EER Corporate BS Mortage Spread
Sign Res. + - ok ; - *%
FEV Res. o Qo1(h) >0.05 HFF  ** ok ok

Note: ** indicates the unrestricted responses.

Our starting point in capturing the effects of a tightening in monetary policy for the U.K.
economy is the classical sign restriction. When analyzing the set of retained draws one can
observe that majority of the accepted rotations have very little contribution of the policy
shock to inflation’s FEV. As shown in Figure D.4 of the Appendix, the biggest share of the
mass of the posterior density of the FEV contribution of the policy shock on inflation, is
concentrated close to the zero value. This motivates the inclusion of an additional restriction
on the share a contractionary monetary policy shock contributes to inflation’s FEV.

We compare the results from the proposed identification strategy with the classical sign
restrictions model in Figure 4.5. One can observe that the additional restriction on the FEV
yields more informative results in terms of the magnitude and persistence of the response
of CPI inflation to a tightening in monetary policy in comparison with the purely sign-
identified model. Under classical sign restrictions, one would conclude that effect of the
initial shock will die out after three months. In contrast, the sign restrictions + FEV model
shows that a contractionary monetary policy shock is more persistent, having an effect on
prices up to a year. Moreover, the magnitude of the response sits on the lower bound of the

possible responses under sign restrictions, concluding a stronger response of inflation under
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the proposed identification mechanism compared to classical sign restrictions.
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Figure 4.5: Impulse responses to a monetary policy shock. Solid blue line depicts the median
responses. Shaded areas show the corresponding 68% probability intervals.

5 Conclusions

In this article we propose an alternative identification strategy to overcome frequent limita-
tions of purely sign-identified models. More specifically, we intend to overcome the conjecture
that sign restrictions alone lead to accepting different responses across the retained draws
which ultimately lead to uninformative conclusions about the economic responses. This issue
can be alleviated by incorporating an additional restriction coming from the forecast error of
the shock of interest on the target variable(s). The usefulness of this additional restriction,
in comparison with other commonly applied identification methods is first introduced in a

Monte Carlo simulation where the gains of pursuing the alternative identification strategy
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here proposed, are rather noticeable. The Monte Carlo study shows that the proposed identi-
fication method successfully recovers the true response for the two-variable and three-variable
case. Furthermore, it demonstrates that the sharper identification achieved by the additional
restriction does not induce a credible interval that excludes the true DGP response.

We illustrate the usefulness of this method with two empirical applications for the case of
a tightening in monetary policy in the U.S. and U.K. economy. For the former, we observe
that a sign-identified model, without imposing a sign on the impact response of prices, leads
to an uninformative response of prices due to the inclusion, in the set of retained draws, of
responses which are associated with a low contribution of the MP shock to the prices FEV.
Restricting the model to retain only draws in which the MP shock is the most informative
in terms of the FEV for inflation results in a sharper response of prices. Moreover, the set of
retain draws now show a unique type of response in contrast with the purely sign-identified
model.

Finally, the application of a contractionary monetary policy shock for the U.K. economy
shows how this identification strategy can provide a sharper identification and therefore, more
informative responses in larger models. We observe how including an additional restriction
of this shock on the contribution to inflation FEV reduces the uncertainty over the response
of inflation and delivers a sharper response. Thus, the identification method here proposed

yields more informative results in terms of the peak effect and persistence of the response.
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D Appendix

Estimation and Inference

Let’s consider the reduced-form VAR in (4.2):

p
Yy =c+ Z Aiye—i +wy, up ~ N(0,%,)

i=1

We obtain the VAR coefficients using Gibbs sampling to draw from its posterior density.

Following Koop and Korobilis (2009), we re-write equation (4.2) in the following way:
y=Ix®X)a+U, (4.9)

with y = wvec(y:), X = vec(ci, Yit—1,Yit—2, - Yin—p), & = vec(c, Ay, Ag, ..., Ap) and U =

vec(ug). The priors for the VAR coefficients are assumed to follow a normal distribution:
a|X,y~N(a,XeV), (4.10)

where « denotes the prior mean and V states the variance of prior of the coefficients. We set
a conjugate prior for the covariance matrix ¥ following an inverse Wishart distribution with

S prior scale matrix and v degrees of freedom:
S|y~ IW(S,0) (4.11)

Hence, the posterior density of the VAR coefficients and the covariance matrix have the
following form:

al|S,y~N@xeV) (4.12)
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and

Y|y~ IW(S,), (4.13)
where
A=VV'A+ X'XA],
V=V'+Xxx]!
and

S=S+S+AX'XA+AVIA-A(V '+ X'X)A,
with @ = vec(A) and A = (X’X)"'X'Y denoting the OLS coefficient estimator. Hence, the
Gibbs algorithm can be summarized as follows:

1. Set the priors for the VAR coefficients and covariance matrix ¥. As mentioned above, we
set the prior for the coefficients to follow a normal distribution with mean a and variance
Y ® V. The prior for the covariance matrix follow an inverse Wishart distribution with

prior hyperparameters: S and 7.

2. Sample the VAR coefficients « from its conditional posterior density: «|3,y ~ N(a, X®
V).

3. Sample the covariance matrix ¥ from its conditional posterior distribution: 3|y ~

IW(S,v).

4. Repeat steps 2-3 M times.
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Figure D.1: Response of variable 1 to a shock in €5. Solid lines represent the median estimates,

0.45

0.25

0.2

0.15

0.1

0.05

-0.05

035§

0.3 -

Max-Share

dashed lines correspond to the 68% error bands

103

Sign Restrictions + FEV

0.45

04}

0.35 1

0.25 |

0.2

0.15

0.1

0.05

-0.05

0.3 d




Table 4.5: Identification schemes

Identification I: Cholesky

Shock 1 Shock 2 Shock 3
Variable 1 1 0 0
Variable 2 1 1 0
Variable 3 1 1 1

Identification 1I: Pure SR

Shock 1 Shock 2 Shock 3
Variable 1 K - ok
Variable 2 ok - ok
Variable 3

Identification III: SR + FEV

Shock 1 Shock 2 Shock 3
Variable 1 ok - ok
Variable 2 ok + ok
Variable 3 ok - ok

FEV Qi a(h) > Qa(h), i 2(h)
Identification IV: Max FEV

Shock 1 Shock 2 Shock 3
Variable 1 K o ok
Variable 2 ok ok ok
Variable 3 ok ok ok
Max-FEV  max, Y1 Qi2(h) s.t. vy’ = 1 and v(1,1) = 0
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200 ‘ ‘ ‘ ‘ ‘ 200
180 1801 i
160 160 - 1
140 140 7
120 120 - |
100 100
80 80
60 60
40 40
20 20
0 0
0.2

Figure D.2: Posterior density of the FEV contribution of a MP shock on inflation at horizon:
h = 6.
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Figure D.3: Posterior density of the FEV contribution of a MP shock on inflation expectations
at horizon: h = 6.
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Figure D.4: Posterior density of the MP shock contribution to inflation FEV at h = 3. Grey
bars represent the model under sign restriction. Blue bars correspond to the model with
additional restrictions to the FEV. Dashed lines are the corresponding median estimates
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CHAPTER 5

Reassessing the effects of oil supply
shocks: an alternative identification
strategy

Abstract
In this article we propose an alternative identification strategy to evaluate the effects of a
shortfall in global oil supply. Our baseline model combines information from the forecast
error variance (FEV) with classical sign restrictions. We compare the results obtained from
the baseline model with some of the benchmark models in the oil market literature. Overall,
we observe that differences in the magnitude of the response of oil prices to a drop in oil
supply can be explained by variations in the contributions of this shock to oil prices FEV.

Our results stand in the upper bound of how responsive oil prices are to oil supply shocks.

Keywords Oil market, SVAR model, identification problem, sign restrictions, FEV.
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1 Introduction

The Russian invasion of Ukraine in February 2022 has brought renewed attention to assess-
ing the potential impact of an unexpected reduction in global oil supply, highlighting the
importance of understanding the consequences of a sudden disruption in global production.
Accounting for approximately 10% of global oil production, an abrupt cut in Russia’s oil
supply raises concerns regarding the magnitude of the impact on real oil prices and global
economic activity. Figure 5.1 shows the behavior of the West Texas Intermediate (WTTI)
price of oil in real terms in comparison with the evolution of oil supply. The magnitude of
the cutback in Russian oil production can be observed in panel (b), where there is an evident
break-point in the amount of crude barrels produced after the first quarter of 2022.

Real Price of Oil Oil Production

6o

——Russian Oil Production
——World Oil Production

Figure 5.1: Panel (a) depicts the evolution of the WTT real price of oil. Panel (b) shows the
World and Russia’s total number of oil barrels produced. Shaded areas correspond to the
National Bureau of Economic Research (NBER) recession periods.

In the analysis of the macroeconomic consequences of fluctuations in the oil market, vec-
tor autoregressive models (VARs) have prevailed as a commonly used technique. Starting
with models that exploited short run (exclusion) restrictions (Kilian, 2008, 2009), the litera-
ture has progressively moved to employing restrictions on the signs of the contemporaneous
responses (Baumeister and Peersman, 2013; Lippi and Nobili, 2012). In this regard, sign re-

strictions stand as an appealing alternative to overcome limitations present under recursive
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identification. For example, using exclusion restrictions in the Kilian (2009) model implies
an expansionary effect after a negative oil-specific demand shock. Thus, it appears intuitive
to exclude positive responses of economic activity after an increase in oil prices. However,
recent literature has emphasized the risks of accepting potentially unlikely responses in the
set of retained draws in classical sign restrictions models (Kilian and Murphy, 2012, 2014;
Antolin-Diaz and Rubio-Ramirez, 2018).

We propose an alternative identification strategy that combines information from the
forecast error variance (FEV) with classical sign restrictions. To ease comparability, our
starting point is the classical 3-variable model from Kilian (2009). When comparing the
results of different identification strategies we therefore observe that differences in the real oil
price responses are importantly influenced by the underlying contribution the oil supply shock
has on real oil prices FEV. Instead of imposing a-priori restrictions on the price elasticity of
oil supply (as in Kilian and Murphy (2012)), we take into account estimation uncertainty and
incorporate bounds on the contribution of oil supply shocks to real oil prices FEV. We set
these bounds following results from Caldara et al. (2019) and observe that abrupt reductions
in the oil supply tend to have an important impact on the real prices of oil.

The contribution of this article is twofold. First, we shed some light on the underlying
differences in the magnitude of the responses of oil prices to cuts in oil supply. The magnitude
of the responses in all models considered ranges from 0.44% - 2.18% with the peak effect
usually occurring after 3 to 4 months from the initial shock. Our baseline model exhibits a
peak response of 1.62% after 3 months. Second, we propose a different method to identify
the shocks that combine conventional sign restrictions with an additional uncontroversial
restriction on the contribution to the FEV. In the second part of our results, we consider a
medium-scale oil market model as in Lippi and Nobili (2012) and Kénzig (2021). We thus
exemplify how draws that exhibit a close to zero contribution to oil prices FEV, notably

influence the median response of oil prices to a sudden shortfall in oil supply.
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The remainder of this article is structured as follows. Section 2 reviews the methodology
here considered. Section 3 revisits the effects of a negative oil supply shock and finally, section

4 contain the concluding remarks.

2 Methodology

The core empirical model used among different specifications is a structural vector autore-

gressive model (SVAR) with p lags given by:

p
Bogs =v+ Y Biyi+ e, €~ N(0,Ix), (5.1)

i=1

where the vector of endogenous variables y; = (yiy, ..., yxt) is of dimension K x 1, v
is a K x 1 vector of constants and B; is an K x K matrix of structural coefficients with
it = 1,...,p. Thus, the researcher is interested in finding a linear mapping between the
unorthogonalized reduced-form errors and the structural shocks from equation (5.1) from
the identity v, = B Le,, where u; corresponds to the reduced-form errors and B, represents
the impact matrix which satisfies the condition: By'(B; ')’ = ¥, with ¥, representing the
reduced-form variance-covariance matrix. Therefore, the identification strategy to recover
the structural responses from the reduced-form estimates depends on the assumptions placed
on the matrix By.

In the following subsections we will discuss the identifying assumptions used in the recent

oil market literature.

2.1 Recursive identification

Highlighting the importance of separating supply and demand shocks on the real price of oil,
Kilian (2009) relies on a recursive identification imposing a zero contemporaneous response

from oil production to shocks in economic activity and oil prices. This identification strategy
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is obtained by estimating the Cholesky decomposition of variance-covariance matrix ¥,,. This

identification method implies the following structure:

1 oil s l[)[)ly hock
U?ll Prod b 0 O 8t1 S ¢
Econ Ac — aggregate demand shock — B_1€ 5 f!

u?il Price 531 ggil—speciﬁc demand shock

b32 b33

As it is the case for all identification strategies achieved by a recursive structure, the
variable ordering is crucial for the responses the system exhibits after an exogenous shock.
Kilian (2009) motivates the ordering by assuming a vertical short-run oil supply curve which
implies placing the oil supply first, followed by a measurement for economic activity and real

oil prices placed last.

2.2 Sign Restrictions

Potential misspecifications derived from imposing incorrect exclusion restrictions can be alle-
viated by achieving identification based on the sign of the responses. The sign of the responses
are commonly motivated by economic theory. Following Uhlig (2005), identification by sign
restrictions can be achieved by employing an orthonormal matrix ), such that QQ’ = Ik.
. One commonly applied method for generating the rotation matrix ) was introduced by
Rubio-Ramirez et al. (2010), the authors show how this matrix can be obtained from a Haar-
uniform draw from Oy, treating all draws of Q equally likely!. The set of drawn rotations
belong to the space of orthonormal matrices @@ € O(K). Thus, the model will only imply
set-identification, where the set of sign restrictions of shock j at horizon h can be expressed
by Shj.

Following the tri-variate case from Kilian (2009), the set of sign restrictions imposed to

'Recently, Baumeister and Hamilton (2019) and Giacomini and Kitagawa (2021) have question the unin-
formativeness of this uniformly distributed prior on the reduced-form coefficients. Instead, Baumeister and
Hamilton (2019) impose explicit Bayesian priors on the elements of the impact matrix By.
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the oil market model can be summarized by the following table:

Table 5.1: Identification restrictions on the sign responses

Oil Production Economic Activity Real Price of Oil

Negative oil supply shock - - +
Positive aggregate demand shock + + +
Positive oil-specific demand shock + - +

2.3 QOil supply elasticity bounds

Kilian and Murphy (2012) argue that agnostic identification based on the sign responses
are insufficient to deduce how real oil prices will react to oil supply disruptions. Instead,
they impose an upper bound on the price elasticity of oil supply claiming that the set of
admissible models should be narrowed down only to draws that exhibit an oil supply price
elasticity inferior to 0.0258. This upper bound on the fraction by3/bs3 of the elements of
the impact matrix By, reduces the set of retained rotations from initially 30,860 draws that

satisfied the sign restrictions to 80 which satisfied both restrictions.

2.4 Sign Restrictions + FEV bounds

The baseline approach developed in this paper involves utilizing the property that the FEV
holds valuable information regarding the extent to which meaningful economic shocks account
for fluctuations in the variables of concern. From this perspective, it is intuitive to concentrate
on the set of models in which the shock of interest explains a plausible share of the variation
of the variable under analysis.

It is often the case that sign-identified VARs exhibit wide error bands leading to unin-
formative results. As highlighted in Kilian and Murphy (2012), pure sign-identified models
allow the risk of accepting, in the set of admissible rotations, implausible or potentially mis-

leading responses. Our approach aims to avoid that pitfall by narrowing down the set of

113



admitted rotations.

We first define the h-step forecast error of equation (5.1) is as:

h—1
Yirn — vi(h) = > BiBo€rin
i=0

h—1
= E @iwwhﬂ',
i=0

where By corresponds to the impact matrix. Thus, we can express h-step forecast error

(5.3)

for the j** element of 7, as:

K
Yjt+h — yj,t(h) = Z (ejk,owk,tJrh + -+ ejk,hqwk,tﬂ) (5.4)
k=1

Therefore, the contribution of shock k to the forecast error variance of variable j is:

h—1
2
0o+ Oy + -+ 05y = Z (eier)” . (5.5)

i=0
Finally, one can obtained the share explained by innovation k£ of the FEV of variable j,

dividing equation (5.5) by the Mean Square Error (MSE) of y;.(h):

o ngk,o + 932'1@,1 + Tt 932'1@,1%1
- K
Zk:l (9?'1@,0 +oet eyzk,hfl)

We do not just limit the retained set to those draws that meet the sign-response criteria

Qi ;(h) (5.6)

but rather reduce the set of retained draws by imposing bounds on the contribution to FEV
of oil supply shocks to real oil prices. The logic behind these bounds is to reflect estimation
uncertainty about the contribution of oil supply shocks to fluctuations in the real price of oil
and thus, avoiding placing exceptionally restrictive assumptions.

We use the estimation bounds from Caldara et al. (2019) model. In their approach, the

authors minimize the distance between the estimated cross-country equation elasticity of oil
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supply with the estimates derived from a VAR model. Thus, we set the lower bound of the
contribution of oil production to real oil price FEV to 24% and an upper bound to 46%.

The algorithm to obtain the baseline estimations proceeds in the following way:

Algorithm: sign restrictions + FEV bounds

1. Obtain the reduced-form estimates of y; = A(L)u; and compute the Cholesky factor
By = chol(%,,).

2. Following Rubio-Ramirez et al. (2010), obtain M draws of an orthonormal rotation

matrix Q and estimate By = ByQ, where By satisfies ByB, = 2,2

3. Evaluate if the responses of the By draw satisfy the Sj; signs imposed and if the
associated FEVD is within the bounds: Qppper(h) < i ;(h) < Qupper ().

4. If B, satisfies both restrictions then retain this draw, otherwise discard it.

5. Repeat steps 2-4 M times.

3 The effects of a negative oil supply shock

To examine the impact of an abrupt disruption in the oil supply, and with the aim of
making the baseline results from the proposed identification strategy comparable to the
established literature, our data set consists of three commonly used monthly variables y; =

[Oil Prody,, EconAct;, RPOy] as in Kilian (2009), where OilProd; is the global supply of oil

2Despite recent attention on the use of uninformative Haar priors typically utilized in SVARs identified
using sign restrictions (Baumeister and Hamilton, 2019; Giacomini and Kitagawa, 2021), we follow Inoue and
Kilian, 2021 who argue that the effect of such prior is negligible in cases where sign restrictions are employed
in combination with additional restrictions.
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obtained from the U.S. Energy Information Administration (EIA), EconAct, is the Index
of Global Real Economic Activity proposed by Kilian (2009) and RPO; is the (WTI) Spot
Crude Oil Price deflated by U.S. consumer price index (CPI). Data spans from January 1968
until October 2022.

Our starting point in the analysis of the effects of a negative oil supply shock on real
oil prices is the recursive identification proposed in Kilian (2009)%. As it is well known, a
Cholesky identification implies strong assumptions on the contemporaneous responses of the
system. In this regard, the ordering of the variables, although motivated by economic theory,
will imply strong assumptions for the dynamics of the model. Namely, the model will assume
a vertical short-run oil supply. Moreover, this assumption conveys a price elasticity of oil
supply near zero.

In this respect, sign restrictions appear as an appealing alternative to exclusion (zero)
restrictions as they are not sensitive to the variable order. In Figure 5.1 we compare the
results from a sign-identified model based on the signs from 5.1 with respect to the model
based on exclusion restrictions.

One can observe that the response of real oil prices after an unexpected shortfall in oil
supply is markedly higher under the sign-identified model, by construction the response of
oil prices under the recursive identification is zero in the contemporaneous, however, signifi-
cantly lower and less persistent than under the sign restrictions model. For the former, the
initial effect of a negative oil supply shock dies out after 6 months in contrast with a longer
lasting effect of up to 16 months for the sign restrictions model. Another important difference
between these two models is the direction of the effect an oil-specific demand shock has on
economic activity. Under the recursive identification model a shock to oil prices has an ex-
pansionary effect on real activity, as opposed to the sign-identified model which excludes this

possibility by construction. Finally, it is possible to notice contrasting drivers in the changes

3Figure of the Appendix depicts the impulse response functions of the model identified by a recursive
structure.
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in real oil prices between these models. Under the model based on exclusion restrictions, real
oil prices are majorly driven by oil-specific demand shocks in contrast with a more important

contribution of the oil supply shock under sign restrictions.
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Figure 5.1: Impulse response: recursive identification and sign restrictions. Solid lines are
the median responses. Shaded areas represent the 68% error bands.

A prevalent finding in sign identified models is that being too agnostic in the identification
strategy can lead to retain draws that exhibit potentially implausible responses. In Figure
5.1 we can observe that the peak effect of oil prices to a cut in oil production spans from 1
percentage points to 2.29. When looking in more detail to the set of retained rotations, it is
possible to observe that different responses exhibit a substantially different share of the FEV
explained by oil supply shocks. Figure 5.2 shows how mild responses of real oil prices are
associated with a low contribution to the FEV explained by oil supply shocks. In contrast,
stronger responses of oil prices are linked to a higher share of the FEV explained by oil supply
shocks.
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Real Oil Prlce response to an Oil Supply Shock
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Figure 5.2: Top row: retained draw responses of real oil price to an oil supply shock. Bottom
row: contribution to the FEV for selected draws.

Kilian and Murphy (2012) take into account these concerns regarding the admission of
responses that exhibit an implausible response of oil prices to an oil supply shock by reducing
the set of retained draws to those that show a price elasticity of oil supply smaller than
0.0258. This reduces the initial number of draws from 1.5 million to 80 rotations that fulfill
the sign and price elasticity restrictions. As shown in Figure 5.3 this strong assumption on
the value of the price elasticity of oil supply leads to a response of real prices which is nearly
indistinguishable. Moreover, the contribution to the FEV of oil prices explained by the oil
supply shock after 6 months is 3.4% for the elasticity bounds approach compared to 1.9%
under the recursive identification. Both results reflect a significantly smaller contribution
compared to the sign-identified model which exhibit a contribution to the FEV of 34.6%
in the same horizon. As pointed out in Braun (2021), strong assumptions about the price

elasticity of oil supply leads to choosing from a set of equally likely models, predetermining
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the responses of oil prices that the identified model will exhibit.

Real oil price response to a negative oil supply shock
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Figure 5.3: Solid lines are the median responses. Shaded areas represent the 68% error bands.

In order to address both type of concerns: admitting potentially implausible responses or
restricting the set of retained draws a-priori, we propose an alternative identification strategy
combining restrictions on the sign of the impulse response functions with bounds on the FEV
contribution of the shock of interest to the variable under examination. To accomplish that,
we introduce an upper and lower bound on the oil supply shock contribution to the FEV
of real oil prices, derived from the estimates of Caldara et al. (2019). By incorporating an
upper and lower bound, we therefore account for estimation uncertainty while reducing the
set of admitted rotations.

Our baseline results are shown in Figure 5.4. On panel (a) we plot the response of real
oil prices to a negative oil supply shock in comparison with the purely sign-identified model®.

It can be observed that both responses are quantitative equivalent in terms of their median

4Figure E.2 of the appendix shows the complete set of responses under the baseline identification strategy.

119



response, nonetheless, our baseline identification strategy presents an important reduction
in the error bands which narrows down the dispersion among the retained set of responses
and brings down the uncertainty around the magnitude of the real oil prices responses in
comparison with classical sign restrictions. Panel (b) shows that including an additional
restriction in the form of FEV bounds, reshapes the contribution an oil supply shock has on
real oil prices FEV, centering the mass of the contribution around the median estimates of
this share and reducing the dispersion on the tails of the distribution.

These results suggest that incorporating an additional restriction to the sign responses in
the shape of restricting the bounds of the contribution to the FEV, lead to more informative
results as it reduces the dispersion in the magnitude of the responses without tilting the
responses beforehand by incorporating potentially over-restrictive assumptions.

Real oil price response to a negative oil supply shock FEV contribution
I T T T T
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—Sign Restrictions — Baseline Model
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Figure 5.4: Panel (a) Solid lines are the median responses. Shaded areas represent the 68%
error bands. Panel (b) shows the posterior density of the FEV contribution of an oil supply
shock on real oil prices at h = 6.

We now consider the case where the researcher knows in advance the driving forces behind
the movements in real oil prices. In other words, he/she has a-priori information about the
importance of oil supply and oil-specific demand shocks on real oil prices. We examine the
alternative scenario in which restrictions on the contribution of these two shocks are placed

as an additional restriction to conventional sign restrictions. Conceptually this implies a
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slight modification to the step 3 of the algorithm of the baseline identification. In this regard,
instead of setting bounds on the FEV €, ;(h), we now place the restriction that the oil supply
shock represents the biggest share of real oil price FEV. This restriction is represented as:
Q;;(h) > 5(h), Vs # j, where j represents the oil supply shock and s are the other shocks
excluding j and h is set for the first 6 months. Conversely, j will represent the oil-specific
demand shock for the oil demand driven scenario.

We compare both alternative scenarios in Figure 5.5. As expected the magnitude of the
real price of oil response to an unexpected shortfall in oil supply is larger under the supply
driven model. However, even under the model where the oil demand shock is the most impor-
tant contributor to the variance of the real price of oil, the response is substantially higher
compared to the models identified using a recursive identification and applying elasticity

bounds.
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Figure 5.5: Impulse response: supply driven and oil demand driven models. Solid lines are
the median responses. Shaded areas represent the 68% error bands.
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It is possible to observe that the size of the response of real oil prices to a cut in oil supply
is directly associated with the corresponding share of the oil supply shock to the FEV of oil
prices. Table 5.2 presents the share of real oil price FEV attributed to an oil supply shock
under the different identification methods. It is worth noticing that the similarities in the
responses between the exclusion restrictions model and the elasticity bounds by Kilian and
Murphy (2012) are mainly explained by the resembling contribution to the FEV. In contrast,
the remainder identification strategies present a significantly higher contribution to the FEV
and thus, depict a stronger response of real oil prices. Furthermore, it is possible to observe
in the last column of 5.2 that despite adding an additional restriction that the oil-specific
demand shock is the main driver of the variations in oil prices for the first 6 months, the
contribution of the oil supply shock is substantially higher than under recursive identification

and elasticity bounds, hence, the difference in the size of the response.

Table 5.2: Oil supply shock contribution to real oil price forecast error variance

Recursive KM  Sign Restrictions SR Bounds Supply Driven Demand Driven
h=1 0.001 0.010 0.380 0.350 0.661 0.211
h=6 0.019 0.032 0.346 0.316 0.592 0.234
h =12 0.024 0.035 0.290 0.258 0.505 0.204
h=24 0.036 0.045 0.230 0.202 0.412 0.181

Although neither the supply driven nor the demand driven models are as restrictive as the
elasticity bounds from Kilian and Murphy (2012), it is worth highlighting that they reduce
the set of admissible models substantially, where the acceptance rate (step 3 of the algorithm)

is 0.3% for the demand driven model and 5.6% for the supply one.

3.1 Medium-scale oil market model

In the previous section we investigated the effects shocks in the oil market employing the
three-variable system introduced by Kilian (2009). Making use of this small-scale model

facilitates the comparability of the baseline results with the existing literature. However, due
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to its simplicity, it potentially misses on important sources of fluctuations in the oil market.
In this regard, we now evaluate the effects of an unexpected shortfall in oil supply from
the perspective of a medium-scale model of six variables. To do so, we utilize the monthly
dataset from Kénzig (2021), spanning from January 1974 until December 2017. The six
variables contained in the SVAR are: the WTTI real price of oil, global oil production, global
oil inventories, world industrial production (IP), United States (U.S.) IP and U.S. consumer
price index (CPI) inflation rate. The lag order is set to 12 following Kénzig (2021).

We aim to highlight the benefits of combining restrictions on the contribution to the FEV
with classical sign restrictions. To do so, we start by obtaining the results of a purely sign-
identified model to a sudden cut in oil supply. The signs of the responses are summarized in

Table 5.3.

Table 5.3: Identification: oil supply shock

Oil Supply Shock | Real Oil Price Oil Prod Oil Inven 1P U.S.IP U.S. CPI

Sign Restriction + - * - - *

Note: * indicates the unrestricted responses

Our objective is to examine the consequences of an abrupt disruption in oil supply, we set
the sign of oil production, real oil prices, world IP and U.S. IP comparable to Table 5.1. On
the other hand, we leave the signs of world oil inventories and U.S. inflation rate unrestricted
as it is not clear the direction of the responses after an unexpected shortfall in oil supply.

The top row of Figure 5.6 presents the results derived from the purely sign-identified
model. In Panel (a) one can observe that the mass of the contribution of a negative oil
supply shock on the FEV of real oil price after 6 months is strongly concentrated in values
close to zero. Although, one could argue that oil disruptions contribute little to explaining the
fluctuations in real oil prices in the short-run (Kilian, 2009; Kilian and Murphy, 2012, 2014),
models with an associated oil supply shock that contribute zero to variations in oil prices

in the short-run appear rather implausible. In this regard, we set the additional restriction
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that the oil supply shock should explain at least 5% of real oil prices FEV within the first 6
months, €; ;(h) > 0.05.

The results of this alternative identification strategy are shown on the bottom row of
Figure 5.6. From Panel (c), it is possible to observe that this additional restriction leads to
the mass of the posterior density contribution to the FEV to appear more evenly distributed,
in contrast with Panel (a) where the mass was concentrated around zero. However, it is
important to highlight that this additional restriction is not heavily changing the median
values of the contribution of the oil supply shock to the FEV of real oil prices. Under the
sign restrictions model the median contribution after 6 months is 7.7%, when including the
additional restriction the median contribution is 12% in the same horizon. When comparing
the responses of oil prices to a negative shock in oil supply from the sign-identified model,
Panel (a), with the alternative identification strategy with additional restrictions to the FEV,
Panel (b), we can observe that the common conjecture that sign-identified models exhibit an
important dispersion in terms of the magnitude of the response (wider error bands) and thus,
occasionally lead to uninformative results, can be alleviated by introducing a rather weak
additional restriction on the contribution to the FEV®. Retaining draws associated with a
low contribution from the oil supply shock to real oil price FEV, lead to a rather weak and
short lasting response of oil prices. Under the alternative identification strategy, the response
is over a percentage point higher than under sign restrictions. Furthermore, the initial shock
is more persistent, having an effect for 6 months in contrast with only 3 months under the

sign-identified model.

5The complete set of responses to a negative oil supply shock is depicted in Figure E.5 of the Appendix.
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Sign Restriction Model Real oil price response: sign restrictions

(a) (b)

Sign Restrictions + FEV Real oil price response: sign restrictions + FEV

Figure 5.6: Left column shows the posterior density of the oil supply shock contribution to
real oil prices FEV at h = 6 for the sign-identified model, Panel (a), and the model with
additional restrictions to the FEV, Panel (c). Right column depicts the response of real oil
price to a shock in oil supply under sign restrictions, Panel (b), and sign restrictions + FEV
restrictions, Panel (d).

4 Conclusions

In this paper we have reevaluated the effects of an unexpected shortfall in global oil supply
using an alternative identification strategy for SVARs which combines information from the
FEV with classical sign restrictions. Our baseline identification method aims to overcome
the common finding that being too agnostic in the restrictions to the rotation matrix (i.e.
imposing only signs on the contemporaneous responses) lead to accepting a wide range of

potentially implausible models in the set of retained draws. In the least concerning case,
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this would be reflected in a broad set of different responses which exhibit contrasting magni-
tudes. Ultimately, the sign identified model presents wider error bands which often lead to
uninformative results about the magnitude and persistence of the responses to an exogenous
shock.

We alleviate this limitation, present in classical sign restrictions, by incorporating an
additional restriction in terms of the contribution to the FEV. In the first part of the results
we embody this restriction within the 3-equation model from Kilian (2009). In order to
account for estimation uncertainty, we use the bounds of the FEV derived from Caldara
et al. (2019). Our results suggest that mild responses of oil prices to a cut in oil supply are
associated with a low contribution of oil supply shocks to oil prices FEV. Draws that exhibit
a share of the FEV close to zero depict an oil price response similar to the one present under
recursive identification. Thus, the results in Kilian and Murphy (2012) produce analogous
responses to the recursive identification model by narrowing down the set of retained draws
to those which satisfies the price elasticity restriction. This additional restriction is analogous
to reducing the set to those rotations that present a contribution to the FEV close to zero.
When introducing restrictions in the form of bounds to the contribution to the FEV, we can
observe that the median response of real prices is almost identical to the purely sign-identified
model one. However, the baseline results exhibit an important reduction in the error bands,
leading to more informative results in terms of the magnitude of the response.

For the medium-scale model, we show how results can be heavily influenced by rotations
which exhibit an implausible contribution to the FEV. Essentially, draws that have no con-
tribution in terms of the FEV to real oil price have important implications in terms of the
median response of real oil prices to sudden oil disruptions. In this regard, we show how
combining sign restrictions with mild restrictions in terms of the contribution to the FEV,
lead to a significant decrease in the range of responses real oil prices exhibit to a negative oil

supply shock and thus provide more informative results.
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E Appendix

E.1 Figures
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Figure E.1: Solid lines are the median responses identified using a recursive structure. Shaded
areas represent the 68% and 90% confidence bands.
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Figure E.2: Solid lines are the median responses identified using sign-restrictions + FEV
bounds. Shaded areas represent the 68% and 90% confidence bands.
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Figure E.3: Solid lines are the median responses. Shaded areas represent the 68% and 90%
error bands.
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Figure E.4: Solid lines are the median responses identified using sign-restrictions + FEV.
Shaded areas represent the 68% and 90% confidence bands.

Table 5.4: Identification assumptions: oil supply shock

Oil Supply Shock | Real Oil Price Oil Prod Oil Inven 1P U.S. IP U.S. CPI
Sign
Restriction + - Hok - - Hok
FEV
Restriction Q1.9(h) > 0.05 Qa2(h) > 0.05 ok Qq(h) > 0.05 Q52(h) > 0.05 oK
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Figure E.5: Impulse response to a negative oil supply shock
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Supply shock contribution to real oil price FEV
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Figure E.6: Posterior mean of the oil supply shock contribution to real oil price FEV at
h = 6. Grey bars represent the model under sign restriction. Blue bars correspond to the
model with additional restrictions to the FEV. Dashed lines are the corresponding median
estimates.
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