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This paper analyses the interaction of monetary policy (both domestic and
global), risk aversion and uncertainty for a set of advanced and emerging
economies in vector autoregressive (VAR) framework. Variance risk premium
(VRP) is used as a measure of risk aversion and computed as the difference
between the risk-neutral and the physical expectation of the return variance.
VRP is positive on average for all economies and exhibits significant
inter-temporal variation. Results reveal that expansionary monetary policy leads
to a short-term increase in risk aversion and a decrease in uncertainty. Central
banks respond by reducing the policy rate in response to risk aversion and
uncertainty shocks. Both risk aversion and uncertainty exhibit a higher
magnitude of response to domestic as compared to the global monetary policy
shocks. Further, we find that risk aversion positively affects risk premium and
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I.  Introduction

Prior to the global financial crisis of 2008, the importance of ensuring
financial stability through monetary policy, which is traditionally used
as a tool to minimize business cycle fluctuations and ensure price
stability, was less recognized. However, in the aftermath of the crisis,
it is widely acknowledged that accommodative monetary policy pursued
by central banks of advanced economies for a prolonged period led to
increased financial instability in the global economy. It is believed that
low interest rates amid expansionary monetary policy for a protracted
period encouraged excessive risk-taking behaviour among international
investors and financial institutions as they substituted safer investments
with riskier portfolios. This is referred to as the ‘search for yield’
hypothesis (see Brunnermeier, 2001; Rajan, 2006), which asserts that
investors and financial institutions having abundant liquidity at their
disposal engage in risky investments to earn excess returns in a low
interest rate environment. Low interest rates due to accommodative
monetary policy reduce the risk aversion of investors by positively
impacting investment valuations, income and cash flows (see Borio and
Zhu, 2012). They reduce the opportunity cost of holding reserves,
hence, increasing the leverage (see, Adrian and Shin, 2010). Low
interest rates trigger credit boom and create adverse selection problem
as banks relax their lending standards and disburse more credit to risky
borrowers because they lose incentives to screen and monitor bad loans
(see, Dell’Ariccia, Laeven, and Suarez, 2017; Paligorova and Santos,
2017). Akerlof and Shiller (2009) highlight that investors’ appetite for
risk rises as they take more risk to earn excess returns during periods of
low interest rates due to money illusion.1

Monetary policy can affect investors’ risk aversion and uncertainty
in the financial market, which in turn may feedback on macroeconomic
and financial conditions. Large risk exposure can potentially undermine

1. Money illusion refers to the tendency of investors to undertake investment decisions
in nominal terms rather than real terms as they mistakenly perceive an increase in the nominal
value due to an increase in the general price level as a rise in the real purchasing power.
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the stability of the financial sector of the economy, thereby requiring
prudent policy action on the part of monetary authorities. In this light,
the present study is an attempt to examine the relationship between
monetary policy and risk aversion in an international context. We study
the interaction between monetary policy, risk aversion and uncertainty
in a Structural Vector-autoregressive (SVAR) framework for a set of
advanced and emerging economies during the period January 1999 to
May 2019. Further, we augment our SVAR model by including global
monetary policy variable, which we proxy by US monetary policy, to
study the plausible impacts of global monetary conditions on risk
aversion and uncertainty in the given economy. We employ the SVAR
model with two alternative identification schemes-recursive ordering
implemented with Cholesky decomposition of the variance-covariance
matrix and sign-restrictions approach of Uhlig (2005) and Mountford
and Uhlig (2009). To reinforce the results obtained from
country-specific SVAR estimation and exploit the cross-sectional
dimension of our data, we apply the Generalized Method of Moments
(GMM) Panel VAR (PVAR) approach using our panel data of advanced
and emerging countries.

The identification strategy that we use to uncover risk aversion is
similar to that of Bekaert, Hoerova, and Duca (2013) in which they
disentangle unobserved risk aversion from the risk-neutral option
implied volatility by constructing a measure of uncertainty. We extend
the analysis of Bekaert, Hoerova, and Duca (2013) to examine the
impact of monetary policy on risk aversion and uncertainty in an
international setting. Investors’ risk aversion is measured by the
variance risk premium, which is fundamentally the compensation
demanded by investors for bearing the unpredictable future variance.
Following Bekaert, Hoerova, and Duca (2013), we define variance risk
premium as the difference between risk-neutral and physical (actual)
expectation of the return variance. Risk neutral expectation of the return
variance is approximated by the squared implied volatility index, while
actual variance is approximated by the conditional forecast of the
realized variance under the data generating process. Positive variance
risk premium indicates that volatility risk is unfavourable for investors
as they are willing to pay a premium to hedge against it.

Our results reveal that expansionary monetary policy leads to an
initial increase in the risk aversion of investors, which starts declining
in the subsequent periods. In addition, monetary policy expansion
mitigates uncertainty in the stock markets. The rise in investors’ risk
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aversion and stock market uncertainty evokes central banks to respond
by easing the monetary policy. The interactions of monetary policy, risk
aversion and uncertainty are broadly consistent with the existing
literature. However, Bekaert, Hoerova, and Duca (2013) report that risk
aversion declines due to lax monetary policy in the medium to long run
after an initial increase in the pre-crisis period. Our results reveal that
expansionary monetary policy leads to an initial increase in the risk
aversion of investors, which falls subsequently. In contrast to their
finding, we do not find evidence of a decrease in risk aversion due to
monetary policy expansion. Based on our results, the hypothesis that
expansionary monetary policy promotes risk-taking behaviour among
investors does not hold for the larger set of economies and the recent
data period.2 Concerning the spillover impact of global monetary policy,
we find that both risk aversion and uncertainty exhibit a higher
magnitude of response to domestic monetary policy as compared to the
global monetary policy shocks. In addition, we establish the relationship
between risk aversion and risk premium and find that risk aversion
positively affects return risk premium. It implies that the level of risk
aversion plays a significant role in explaining the inter-temporal
variation in the excess returns in the market.

Our study makes several important contributions to the literature.
We investigate the linkages between monetary policy, risk aversion and
uncertainty across a set of advanced and emerging economies. Prior
work on this strand of the literature focuses mainly on select advanced
economies, including the US and the Eurozone area. Results reveal that
expansionary monetary policy leads to a short-term increase in risk
aversion and a decrease in uncertainty across the economies. We also
investigate the risk-averse behaviour of investors and uncertainty in the
equity markets contributed by global monetary policy changes. Results
suggest that both risk aversion and uncertainty exhibit a higher
magnitude of response to domestic as compared to global monetary
policy shocks. Further, prior work on this strand has relied on simple
recursive ordering implemented through Cholesky decomposition of the
variance-covariance matrix to identify the structural parameters of the
SVAR model. We provide results based on recursive ordering as well
as the sign-restrictions approach to alternatively identify the SVAR
model along with PVAR estimation to capture the cross-sectional

2. Bekaert, Hoerova, and Duca (2013) undertake the analysis for the pre-crisis period.
However, our data period covers the pre as well as the post crisis period up to May 2019.
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dimension of our dataset. Our results remain robust to the alternative
identification approaches of the country-specific SVAR model as well
as the PVAR model.

The study has important implications for international investors and
policymakers. It will help investors in asset allocation and risk
management. Understanding risk aversion may help investors in
hedging financial securities to avoid excessive risks. The study will also
provide important insights to the policymakers about the risk-taking
channel of the monetary policy transmission operating through changes
in risk aversion and uncertainty in financial markets. This has
implications for the stability of the financial sector as well as the
economy as a whole and, therefore, will be relevant in formulating
effective policy decisions. The study will also contribute to the
literature regarding the dynamic behaviour of investors’ risk aversion
and equity market uncertainty in relation to the monetary policy actions,
as well as the feedback responses of central banks due to changes in risk
aversion and uncertainty.

The rest of the paper is structured as follows. We begin by providing
a brief review of the literature in Section II. Section III presents the
description of the data along with the estimation strategy of the variance
risk premium and its preliminary analysis. The methodological
framework of the study is outlined in Section IV. Section V discusses
the empirical results with regard to the relationship between monetary
policy, risk aversion and uncertainty obtained from the country-specific
SVAR model and GMM-PVAR approach. Section 6 presents the results
on the relationship between risk aversion and risk premium. The final
section provides concluding remarks and policy suggestions.

II.  Related Literature

The risk-taking channel of monetary policy has garnered ample
academic attention in the wake of the global financial crisis. Abundant
literature studies the relationship between monetary policy and
risk-taking by banks (see, for example, Altunbas, Gambacorta, and
Marques-Ibanez, 2010; Altunbas, Gambacorta, and Marques-Ibanez,
2012; Borio and Zhu, 2012; Jiménez et al., 2012; Angeloni, Faia, and
Duca, 2015; Bruno and Shin, 2015; Drakos, Kouretas, and Tsoumas,
2016; Chen et al., 2017; Delis, Hasan, and Mylonidis, 2017;
Dell’Ariccia, Laeven, and Suarez, 2017; Paligorova and Santos, 2017;
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Neuenkirch and Nöckel, 2018; Djatche, 2019) and document that
monetary expansion increases the bank leverage and thus, induces them
to assume more risk. However, little empirical research has been
undertaken on investigating the impact of monetary policy on the risk
aversion of financial investors. Bernanke and Kuttner (2005)
demonstrate that the impact of an easier monetary policy on stock prices
in the US can largely be attributed to falling risk premium associated
with holding stocks, which may be reflected in decreasing volatility or
rising appetite of investors to bear the risk. Therefore, examining the
empirical links between monetary policy, risk aversion and financial
volatility can help uncover the risk-taking channel of monetary policy
transmission.

A recent strand of the literature investigates the potential link
between monetary policy and investors’ risk aversion in the US and the
Euro area (see Bekaert, Hoerova, and Duca, 2013; Nave and Ruiz, 2015;
Inekwe, 2016; Hahn, Jang, and Kim, 2017; Jang, 2020). Bekaert,
Hoerova, and Duca (2013) measure risk aversion by computing variance
risk premium from option-based implied volatility (i.e., VIX index) and
examine its response to changes in Federal Reserve’s monetary policy.
They find that expansionary monetary policy leads to an initial rise and
a persistent decrease in risk aversion in the medium run in the pre-crisis
period. Hahn, Jang, and Kim (2017) extend the analysis of Bekaert,
Hoerova, and Duca (2013) to the post-crisis period when interest rates
reached zero-lower bound in the US. Using ‘shadow interest rates’ as a
proxy for unconventional policy measures by Federal Reserve, they find
that monetary policy affects risk aversion even in the post-crisis period.
In a similar vein, Nave and Ruiz (2015) analyse monetary policy stance
and risk aversion in the Euro area and find evidence of an increase in
the risk aversion of Eurozone investors to the lax monetary policy of
both the Federal Reserve and the European Central Bank when they
account for simultaneity between monetary policy and stock market
behaviour. They postulate that the relationship between monetary policy
and risk aversion established in the previous literature is subject to the
assumption that monetary policy does not react contemporaneously to
stock market uncertainty. They document that the response of risk
aversion is in the opposite direction of monetary policy shock in the
Euro area. Inekwe (2016) investigates interlinkages between monetary
policy, risk aversion and uncertainty in the financial sector as well as
the aggregate economy. The study reports that contractionary monetary
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policy induces an increase in risk aversion and uncertainty in both the
financial sector and the aggregate market; however, the response of
financial sector risk aversion and uncertainty are of greater magnitude.
Jang (2020) studies the effects of monetary policy on risk aversion and
uncertainty by identifying monetary policy shocks with high-frequency
external instruments. In contrast to the findings of Bekaert, Hoerova,
and Duca (2013) and Hahn, Jang, and Kim (2017), the study shows that
risk aversion and uncertainty increases instantaneously to monetary
policy shock. Overall, the limited literature on monetary policy and
investors’ risk aversion also confirms the existence of the risk-taking
channel in the financial sector.

Risk aversion is considered as an important driver of asset price by
the traditional capital asset pricing models. However, these models
mainly focus on characterizing the premium for equity risk and fail to
capture the premium associated with variance risk, which is the
uncertainty regarding the return variance. A large strand of the literature
employs variance risk premium measure as a proxy for risk aversion
(see, among others, Bollerslev, Gibson, and Zhou, 2011; Bekaert,
Hoerova, and Duca, 2013; Bekaert and Hoerova, 2014, 2016; Lonodo,
2015; Bali and Zhou, 2016; Fassas and Papadamou, 2018). Variance
risk premium is the compensation demanded by the market participants
for bearing the variations in future realized volatility and hence, is used
to characterize risk aversion of the investors. Bekaert, Hoerova, and
Duca (2013) use risk-neutral or option implied stock market volatility
to obtain the measures of risk aversion and uncertainty. The
option-implied variance is decomposed into actual expected volatility,
which is associated with uncertainty and a residual, which is the
so-called risk aversion. Risk aversion or the variance risk premium is
calculated by taking the difference between the option-implied variance
and the uncertainty component. A large number of studies investigate
the role of variance risk premium in predicting equity returns (see, for
example, Bollerslev, Tauchen, and Zhou, 2009; Bollerslev et al., 2014;
Bekaert and Hoerova, 2014; Lonodo, 2015; Bali and Zhou, 2016; Fassas
and Papadamou, 2018; Zhou, 2018) and demonstrate that it exhibits a
robust predictive power for excess stock returns. Recent literature
examining the impact of monetary policy on risk aversion has also
employed variance risk premium to proxy the latter (see, among others,
Nave and Ruiz, 2015; Inekwe, 2016; Hahn, Jang, and Kim, 2017; Jang,
2020).
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III.  Data

A. Market Indices and Macroeconomic Variables

We consider the Group of 20 (G-20) member countries to analyse the
interdependence between monetary policy, risk aversion and
uncertainty. G-20 club constitutes major advanced and emerging
economies that organize meetings of Finance Ministers and Central
Bank Governors regularly to develop joint policy responses to issues
such as global economic development, monetary policy and financial
market supervision (Hung and Ma, 2017). Hence, working on the G-20
member countries provides an excellent testing ground for examining
linkages between monetary policy and risk aversion in an international
context. Owing to the data constraints (discussed subsequently), we
select a total of 12 member countries of the G-20 group for our analysis.
Our sample comprises of 7 advanced countries - Canada (CAN), France
(FR), Germany (GER), Italy (ITL), Japan (JPN), the United Kingdom
(UK) and the United States (US), and 5 emerging economies including
Brazil (BRZ), China (CHI), India (IND), Mexico (MEX), and South
Korea (SKOR).

The key policy rate set by the central banks of the sample economies
to target output and inflation is a primary instrument of monetary
policy; hence, it is taken as a proxy for monetary policy. To obtain our
measure of risk aversion (variance risk premium) and uncertainty
(conditional volatility), we use the daily benchmark stock price index
of the sample countries and their underlying implied volatility index. In
practice, intraday price data (i.e., prices sampled every 5 minutes,
including open and close price) is used to compute variance risk
premium as it is found to perform better than the low-frequency data.
However, due to the unavailability of the intraday data for all the sample
stock indices, we rely on daily data to compute our measures of risk
aversion and uncertainty. The sample period under the study is guided
by the availability of the underlying implied volatility index of the
benchmark stock index for the sample countries, which is limited by the
development of their options market. The launch date of the implied
volatility by the index provider of the sample stock markets, thus,
determines the start date of our sample period, which runs till May
2019. Table 1 lists the policy rate, the benchmark equity index, the
underlying implied volatility index along with the sample period
considered for each country. All the data has been sourced from
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Bloomberg.
The relationship between monetary policy and risk aversion may be

driven by a common set of macroeconomic factors. Hence, we account
for the plausible macroeconomic factors like real GDP and consumer
prices as control variables in our model. The following variables are
considered in our empirical model for each country: industrial
production index, consumer price index, policy rate, variance risk
premium and conditional variance as a proxy for real output (Yt), price
index (Pt), monetary policy rate (Rt), risk aversion (RAt) and uncertainty
(UCt), respectively. The model input variables and their descriptions are
provided in table 2. The industrial production index and the consumer
price index for sample countries are retrieved from Bloomberg at
monthly frequencies and adjusted for seasonality using the X12-ARIMA
procedure. All the variables in the model are expressed in natural
logarithm except the policy rate.

To account for the plausible current systematic impact of the US
monetary policy on the global markets, we include the US monetary
policy rate as an exogenous factor in the model for the rest of the
sample economies. Since the US Federal Reserve relied on
unconventional policy strategies like Quantitative Easing and Forward
Guidance to revive the economy in the aftermath of the global financial
crisis, we use the shadow fed funds rate proposed by Wu and Xia (2016)
to proxy US monetary policy stance. Using the shadow rate allows us to
examine the impact of the unconventional monetary policy stance of the
Federal Reserve when the federal funds rate was constrained by zero
lower bound. In the same spirit, we use the shadow rate of the UK and
the European Central Bank (ECB) to capture their unconventional
monetary policy strategies4 during the zero lower bound environment
provided by Wu and Xia (2016).3, 4

B. Variance Risk Premium and its Measurement

Variance risk premium captures the compensation that investors demand
for being exposed to variance risk, which is essentially the unexpected
movement in the return variance (Fassas and Papadamou, 2018). Hence, 

3. European Central Bank (ECB) conducts the monetary policy operations for Eurozone
countries, including France, Germany and Italy that are the sample economies for this study.

4. Shadow rate of Wu and Xia (2016) for the US, the UK and the ECB are retrieved
from https://sites.google.com/view/jingcynthiawu/shadow-rates (accessed on June 13, 2019).
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the measure of variance risk premium allows us to capture the risk
aversion of investors. It can be quantified as the difference between
ex-ante risk-neutral expectation and physical (objective) expectation of
the return variation over the next month, that is, between period t and
one month forward t +1.

(1)   , 1 , 1
Q P

t t t t t t tVRP E V E V  

Risk-neutral volatility (or variance), , is the option implied , 1
Q
t t tE V 

stock market volatility (or variance) with a horizon of 30 calendar days.
It differs from the actual expected volatility (or variance), , , 1

P
t t tE V 

in the sense that it uses actual state probabilities to measure the physical
expected volatility while the probabilities adjusted for the pricing of risk
are used to compute the risk-neutral volatility (Bekaert, Hoerova, and
Duca, 2013).

Risk-neutral implied volatility embodies critical information about
the expectation of the market participants regarding the future price
movements of an underlying asset as well as their appetite for bearing
risk. Hence, following Bekaert, Hoerova, and Duca (2013) and Bekaert
and Hoerova (2014), we decompose the option implied expected

TABLE 2. Description of the Variables

Variable
Real Output

Price Index

Monetary Policy Rate
Implied Variance
Realized Variance

Conditional Variance

Variance Risk Premium
Risk Aversion

Uncertainty

Label
Y

P

R
IV
RV

CV

VRP
RA

UC

Description
Log(Index of Industrial Production), adjusted for
seasonality using X12-ARIMA procedure
Log(Consumer Price Index), adjusted for seasonality
using X12-ARIMA procedure
Key policy rate set by the central bank (refer table 1)
Squared implied volatility index, VIX2/12
Sum of squared returns over a month (approx. 22
trading days)
Fitted values from the projection of future realized
monthly variance onto predictor variables
Implied Variance - Conditional Variance
Log Variance Risk Premium
i.e. Log(Implied Variance) – Log(Conditional
Variance)
Log(Conditional Variance)
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volatility of the sample countries into two components to obtain the
measure of investors’ risk aversion and stock market uncertainty. The
option implied variance is decomposed such that we get actual expected
volatility, which is associated with uncertainty and the residual, which
is the so-called risk aversion. We calculate the variance risk premium
(a proxy for risk aversion) as the difference between the model-free
option-implied variance and the actual expected variance, which are
both not directly observable. In practice, the risk-neutral expectation,

 is approximated by implied variance,  and physical , 1
Q
t t tE V  , 1t tIV 

expectation,  is approximated by realized variance, , , 1
P
t t tE V  , 1t tRV 

both observable at time t.
The model-free implied variance  is computed using a , 1t tIV 

weighted average of European-style put and call options that straddle a
30-day maturity covering a wide range of strikes and doesn’t hinge on
an option pricing model.5 On the other hand, conditional variance,
which is associated with uncertainty, is taken as a proxy for the actual
expected variance. Estimating variance risk premium, thus, requires
plausible estimates of the conditional variance of the stock market
returns. To select an optimal model, we consider five volatility
forecasting models with a different set of predictors, including monthly
realized variance, squared implied volatility index, dividend yield and
three-month treasury bill rate. We evaluate the models with four
different criteria i.e., root-mean-squared error (RMSE), mean absolute
error (MAE), mean absolute percentage error (MAPE) and Adjusted R2.
Following Bekaert, Hoerova, and Duca (2013), the five models
considered are estimated using ordinary least squares (OLS) regression
(with Newey-West heteroscedasticity and serial correlation consistent
standard errors) of realized variance on (one-period) lagged predictor
variables viz. (i) realized variance, (ii) implied variance, (iii) realized
variance and implied variance, (iv) realized variance, implied variance
and dividend yield, and (v) realized variance, implied variance, dividend
yield and three-month T-bill rate. In contrast to the two-variable model
(Model 3) chosen by Bekaert, Hoerova, and Duca (2013),6 our
procedure yields a one-variable model for the UK where realized
variance is used as an independent variable (i.e., Model 1) and a

5. Chicago Board Options Exchange (CBOE) pioneered the model-free methodology
of estimating implied volatility index (VIX) based on the prices of S&P 500 Index options
in 2003. This methodology is generally adopted by other providers of implied volatility index
based on different stock index options.

6. Refer Bekaert, Hoerova, and Duca (2013) for an extensive discussion.
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four-variable model for the rest of the economies where realized
variance, implied variance, dividend yield and three-month T-bill rate
are used as predictors (i.e., Model 5). The statistics of the model
evaluation using four different criteria (RMSE, MAE, MAPE and Adj.
R2) are presented in appendix A. In addition, the time series of the fitted
values obtained from estimating the five regression models are
illustrated in appendix B. 

We obtain conditional variance by projecting realized monthly
variance onto lagged predictor variables chosen on the basis of model
selection criteria. Future realized monthly variance (RVi,t) is calculated
as the summation of daily squared log-returns of the benchmark stock
index over the next month (30 calendar days),7 as in,

(2) 2
, ,1

,t

ii

N
i t i tt

RV r




where are the daily log returns within month t., ii tr
The fitted values of the following regression equation generate the

estimates of conditional variance of the stock market returns (CVi,t)
which is our measure of uncertainty:

(3)
0 1 , 1, 2 , 1, 3 , 1 4 , 1 ,

, , 1

0 1 , 1, ,

,
                                                            for all except UK

, for UK

i t t i t t i t i t i t

i t t

i t t i t

RV IV DIV TBILL e
RV

RV e

    

 

   





    
 
  

The estimation results of the regression equation (3), including the
estimated coefficient and their robust t-values for all sample economies,
are presented in table 3.

The uncertainty component, thus obtained, is subtracted from
squared implied volatility index (implied variance) to obtain the
variance risk premium, which is our measure of risk aversion, i.e.:

(4), , , 1 , , 1i t i t t i t tVRP IV CV  

7. In practice, intraday 5-minute squared log-returns are used to calculate daily realized
variance. Monthly realized variance is, then, computed by summing over the daily
observations (i.e., the summation of 5-minute squared log returns in a day) in a month.
However, due to the unavailability of the intraday data, we rely on daily log returns to
compute realized volatility.
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We define log variance risk premium i.e.  as ,log i tVRP
 or . A positive log variance   , , 1log logi t i tIV CV   , , 1log i t i tIV CV 

risk premium suggests that market participants are willing to pay a
larger premium on an average to hedge against a rise in the variance.

C. Preliminary Analysis

Table 4 provides the summary statistics of implied variance, conditional
variance and the variance risk premium for the sample economies. The
mean and median of implied variance, as well as the conditional
variance, are highest for Brazil and lowest for Canada. The volatility of

TABLE 3. Estimation Results of Conditional Volatility Regression

, 1 0 1 , 2 , 3 , 4 , ,i t i t i t i t i t i tRV RV IV DIV TBILL e          

γ0 γ1 γ2 γ3 γ4

CAN 27.6215*** 0.5608*** 0.0384 –7.9686** 0.2627
(2.98) (10.31) (0.60) (–2.23) (0.14)

FR –24.5434* 0.6089*** –0.1355 11.3162*** 9.7129***
(–1.83) (6.84) (–1.04) (2.62) (3.16)

GER –11.3235 0.61103*** –0.0289 7.5891 6.2327***
(–0.76) (8.05) (–0.26) (1.36) (2.88)

ITL 16.3579 0.3815*** 0.1312 1.5577 3.5682
(1.39) (4.24) (1.15) (0.43) (0.85)

JPN 19.6843*** 0.4169*** –0.0909 6.3423 60.5334**
(3.09) (3.31) (–0.89) (1.22) (2.25)

UK 10.9395*** 0.6296*** - - -
(6.07) (7.72)

US 14.9679 0.7465*** –0.4445 0.3009 0.6908
(1.17) (6.07) (–0.93) (0.05) (0.82)

BRZ 49.5859** 0.4655*** 0.0049 –7.2794*** 0.5291
(2.25) (3.56) (0.20) (–2.77) (0.73)

CHI 46.2677*** 0.5506*** 0.0396 –19.0285*** 5.1495*
(5.13) (8.28) (1.15) (–4.76) (1.84)

IND 24.6951 0.3804*** 0.3853*** –46.8515 6.5265*
(1.17) (3.52) (3.93) (–1.57) (1.83)

MEX –2.3672 0.5856*** 0.0674 –1.7772 2.6671***
(–0.36) (4.55) (0.96) (–0.62) (3.58)

SKOR –11.1829* 0.6303*** –0.1069 1.1069 9.4009***
(–1.65) (4.13) (–0.99) (0.41) (4.27)

Note:  The table reports the estimation results of the regression equation (3). ***/**/*
indicate significance of the estimated slope coefficient at .01/.05/0.10 level. Figures in
parenthesis ( ) denote robust t-statistics computed using Newey-West heteroscedasticity and
serial correlation consistent standard errors.
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FIGURE 1.— Time Evolution of Implied Variance and Conditional
Variance 
Note: The figure displays the time evolution of implied variance and conditional variance of
the sample advanced and emerging countries. CAN, FR, GER, ITL, JPN, UK and US denote
Canada, France, Germany, Italy, Japan, the United Kingdom and the United States,
respectively which are the sample advanced economies. BRZ, CHI, IND, MEX and SKOR
denote Brazil, China, India, Mexico and South Korea, respectively which are the sample
emerging economies. Implied variance is plotted on the primary axis and conditional variance
is plotted on the secondary axis. The horizontal axis displays time (in years). Source: Authors’
calculations.

both implied variance and conditional variance, as reflected by standard
deviation, is also highest for Brazil and lowest for Canada. The variance
risk premium is positive on average for all countries suggesting that the
average option-implied variance exceeds the average actual expected
variance for all countries. Positive variance risk premium confirms
risk-averse behaviour in the sample financial markets. It suggests that
variance buyers are willing to accept negative average excess returns by
taking a long position in the variance swap to hedge against high stock
market volatility as they regard increases in the volatility as undesirable
for their investment opportunities (Carr and Wu, 2009). The highest
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FIGURE 2.— Time Evolution of Variance Risk Premium
Note: The figure displays the time evolution of the variance risk premium of the sample
countries, obtained as the difference between implied variance and conditional variance.
CAN, FR, GER, ITL, JPN, UK and US denote Canada, France, Germany, Italy, Japan, the
United Kingdom and the United States, respectively which are the sample advanced
economies. BRZ, CHI, IND, MEX and SKOR denote Brazil, China, India, Mexico and South
Korea, respectively which are the sample emerging economies. Source: Authors’ calculations.

mean and median of variance risk premium is found in the case of
Brazil, followed by Canada, while the lowest mean is found in the case
of France and the lowest median in the case of China. The standard
deviation of the variance risk premium is found to be highest for Brazil
and lowest for Canada. All series are characterized by positive skewness
and excess kurtosis, hence are non-gaussian as per Jarque-Bera test
statistics. Further, all series exhibit high serial correlation, as suggested
by Ljung-Box Q-statistic (at 12th lag). 

Figure 1 illustrates the time series of implied variance and
conditional variance for all countries considered. Both implied variance
and conditional variance vary considerably over time and exhibit abrupt
volatility spike around the global financial crisis. The evolution of the
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variance risk premium is presented in figure 2. As is evident from the
figure, the variance risk premium also exhibits significant
time-variation. The variance risk premium is generally positive for most
of the periods and displays certain episodes of high volatility. A
pronounced spike in variance risk premium is observed around the
global financial crisis of 2008 for all markets (for which the data is
available). The onset of crisis marks a shift in the investors’ sentiment
as they become more risk-averse and demand a large premium for
compensating variance risk.

IV.  Methodology

This section describes the empirical strategy pursued in the paper to
examine the relationship between monetary policy, risk aversion and
uncertainty. We employ the Structural VAR model to investigate their
interactions and use two different approaches to recover the structural
shocks - recursive identification scheme and sign restrictions approach.
We also estimate the Panel VAR model to exploit the cross-sectional
dimension of our data and examine the robustness of our results. 

A. Structural VAR

The SVAR model, estimated separately for each country, comprises the
following vector of variables: where, , , , , ,US

t t t t t t tZ R Y P R RA UC 
is the US monetary policy rate, Yt is the real output, Pt is the priceUS

tR
index, Rt is domestic policy rate and RAt is (log) risk aversion and UCt
is (log) uncertainty. Domestic variables are treated as endogenous in the
system and are affected by the global exogenous variable but not
vice-a-versa. US monetary policy rate  representing the global US

tR
monetary policy is employed as a foreign variable in the model for all
sample economies under investigation. The SVAR model estimated for
the US does not include the foreign variable.

The structural representation of VAR of order p takes the following
form:

(5)
1

p
t i t i ti

BZ Z 
   

where, Zt is (K×1) vector of endogenous variables, γ is the vector of
parameters, B denotes K×K contemporaneous coefficient matrix and Γi
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denote K×K autoregressive coefficient matrices. εt is (K×1) vector of
serially and mutually uncorrelated structural disturbances. The SVAR
approach assumes that εt are orthogonal structural shocks such that
structural disturbances are uncorrelated and variance-covariance matrix
(Σε) is constant and diagonal, .  t t KE I     

Assuming that  B–1 is known, the reduced form representation of (5)
can be written as:

(6)
1

p
t i t i ti

Z A Z e 
  

where, , , and et is a vector of reduced-form1B  1
i iA B 

innovations that are linear combinations of structural errors εt, where
, and are assumed to be white noise processes i.e.1

t te B 
. Therefore, the dynamic structure represented by 0,t ee N 

structural VAR can be calculated from the reduced-form coefficients
and the structural shocks (εt) can be derived from the estimated residuals
(εt = Bet).

Firstly, we base the identification of the structural parameters on the
Cholesky decomposition of the variance-covariance matrix (i.e.
short-run restrictions) which is achieved by imposing restrictions on the
contemporaneous matrix, B–1 such that the number of unknown
structural parameters becomes equal or less than the number of
estimated parameters in the residual variance-covariance matrix,

.   1 1 1 1
e t t t tE e e B E B B B           

The system requires a total of n2 restrictions to achieve the
identification of the structural parameters. The structural shocks are
assumed to be orthogonal and normalized to have unit variance, which
is equivalent to imposing  and n restrictions, respectively.  1 2n n 
SVAR model, thus, requires remaining  restrictions to  1 2n n 
achieve exact identification. For instance, 36 restrictions must be
imposed on our 6-variable SVAR model. The assumption of the unit
variance of orthogonal structural shocks puts 21 restrictions, and
additional 15 restrictions are required for the exact identification of the
system. Placing arbitrary restrictions like Cholesky decomposition
distorts the estimated dynamic behaviour of the system and may lead to
misguided results (Neaime, Gaysset, and Badra, 2018). The Structural
VAR approach of Sims (1986) imposes restrictions on the estimated
residuals based on the economic theory to recover the underlying
structural disturbances.

The identification approach for our structural VAR model is based
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on recursive ordering. Recursive structure, guided by economic theory,
is imposed on the contemporaneous relationship between reduced form
VAR innovations and underlying structural disturbances, that is B–1 such
that, et = B–1εt.

(7)
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where, εt and et are the vectors of structural and reduced-form
disturbances, respectively.  is the US monetary policy or global

USR
t

monetary policy shock,  is referred to as output shock,  is referredY
t

P
t

to as price shock,  is domestic monetary policy shock,  isR
t

RA
t

referred to as risk aversion, and finally,  is uncertainty shock.UC
t

The identification scheme for our SVAR model broadly follows the
recursive ordering in standard monetary policy SVAR literature (see,
among others, Bjornland and Leitemo, 2009; Singh and Pattanaik, 2012;
Iglesias and Haughton, 2013; Abouwafia and Chambers, 2015; Suhaibu,
Harvey, and Amidu, 2017) and particularly takes account of the
literature on the interaction of monetary policy, risk aversion and
uncertainty (see, Bekaert, Hoerova, and Duca, 2013; Nave and Ruiz,
2015; Inekwe, 2016; Hahn, Jang, and Kim, 2017). US monetary policy
is assumed to be exogenous as it is a foreign variable to the domestic
economy. Thus, change in the domestic variables does not alter the US
monetary policy rate. Real economic activity and consumer prices are
assumed to respond with a lag to changes in other domestic variables.
Domestic monetary policy, on the other hand, is permitted to respond
instantaneously to changes in real output and consumer prices. Risk
aversion and uncertainty, which are the stock market variables, are
allowed to contemporaneously react to monetary policy, while monetary
policy responds to them with a lag. Lastly, uncertainty responds
contemporaneously to risk aversion, while the latter responds with a lag
to the former. This restriction, however, has little relevance with regard
to the objective of our study. Hence, we remove this restriction later to
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check the robustness of our results.
We follow Uhlig (2005) and Mountford and Uhlig (2009) to

alternatively identify the SVAR model.8 The sign-restriction approach
involves recovering the structural shocks by imposing restrictions on the
signs of impulse response functions while remaining agnostic about the
variables of interest. While the recursive ordering approach is easy and
straight-forward to implement, it requires a logical sequence of
causation, which may not be theoretically plausible. Contrastingly, the
sign restrictions approach is invariant to the ordering of the variables.
It permits endogenous interaction between variables without
determining the series of causation. Further, unlike the identification
achieved through the Cholesky decomposition approach, the sign
restriction strategy doesn’t involve a complete decomposition of
one-step-ahead prediction errors into all components due to underlying
structural shocks. Hence, it allows for agnostic identification of the
structural shocks by imposing minimal structure on the impulse
responses. The sign restriction approach accounts for the possible
endogeneity among variables by allowing contemporaneous responses
to structural shocks. Therefore, it is more suitable than the traditional
approach based on exclusion restrictions, which requires the
informational ordering of the variables.

We identify four impulse vectors characterized as global monetary
policy shock, domestic monetary policy shock, risk aversion shock and
uncertainty shock for all economies (except the US) via the standard set
of sign restrictions. For the US, we recover three domestic shocks i.e.,
domestic monetary policy, risk aversion and uncertainty shocks. We
restrict the contemporaneous response of real output and prices to be
negative following a domestic (expansionary) monetary policy shock
(see, among others, Baumeister and Benati, 2012; Beckers and Bernoth,
2016; Neuenkirch and Nöckel, 2018; Furlanetto, Ravazzolo, and
Sarferaz, 2019), while the response of risk aversion and uncertainty are
left unrestricted. In other words, an unanticipated expansionary
monetary policy shock lowers the policy rate while stimulating output
and increasing prices. Further, the response of all variables to risk
aversion and uncertainty shocks are also left unrestricted. In addition,
we combine sign-restrictions with zero restriction on the
contemporaneous matrix by restricting the instantaneous response of

8. See Uhlig (2005) and Mountford and Uhlig (2009) for a detailed description of the
methodology.
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global monetary policy variable i.e., shadow federal funds rate to be
zero due to domestic monetary policy, risk aversion and uncertainty
shocks. Table 5 summarizes the two different identification schemes
i.e., Cholesky decomposition and sign restrictions.

B. Panel VAR

Originally developed by Holtz-Eakin, Newey, and Rosen (1988), Panel
VAR (PVAR) model is a hybrid econometric approach that applies
panel data techniques to the standard VAR model. PVAR model permits
us to exploit the cross-sectional dimension of the data and reinforces the
results obtained from country-specific SVAR estimation. The model
builds an endogenous system by allowing endogenous interaction
between the variables and produces estimates that are consistent and
asymptotically efficient while accounting for the unobserved individual
heterogeneity as fixed effects.

Following Love and Zicchino (2006), PVAR model can be specified
in the following form:

(8)   , , ,1
; 1, , , 1, ,p

i t j i t j i i t ij
Z A Z f i N t T 

       

where, Zi,t is a vector of endogenous variables consisting of five
variables  and fi is a vector of , , , , , ,, , , ,i t i t i t i t i t i tZ Y P R RA UC 
time-invariant fixed effects or individual heterogeneity between
cross-sectional units. Aj denote autoregressive coefficient vector that is
to be estimated. εt is a vector of idiosyncratic disturbances such that

TABLE 5. Identification Schemes

Cholesky Decomposition Sign Restrictions

Global Monetary Policy 0
Real Output +
Consumer Prices +
Domestic Monetary Policy –
Risk Aversion ?
Uncertainty ?

Note:  The left column summarizes the Cholesky ordering for recursive identification of
the structural shocks in the SVAR model. The right column illustrates the sign restrictions for
an expansionary monetary policy (i.e. decrease in the policy rate). The restrictions are
assumed to hold on impact. ‘?’ indicates that the response variable is left unrestricted.
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. The innovations are assumed to have the following , 0,i t iiid N 
characteristics:  and  for all   , , ,0,i t i t i tE E      , , 0i t i sE   

.t s
Estimating the parameters of equation (8) through a standard mean

differencing procedure to eliminate fixed effects may yield biased
estimates due to the potential correlation between fixed effects (fi) with
regressors that are lagged dependent variables (Nickell, 1981;
Holtz-Eakin, Newey, and Rosen, 1988). To remove individual country
fixed effects, we estimate Panel VAR based on the Generalized Method
of Moments (GMM) using forward mean differencing (orthogonal
deviations) or Helmert transformation proposed by Arellano and Bover
(1995). Forward mean differencing preserves the orthogonality between
the transformed variables and the lagged regressors so that the latter can
be used as valid instruments to estimate GMM coefficients. It removes
the mean of all available future observation instead of using deviations
from past realizations as in first differencing (Anderson and Hsiao,
1982), and thus, limits data losses. We use Cholesky decomposition of
the variance-covariance matrix to obtain the dynamic responses of a
variable to shocks in other variables. The recursive structure imposed
on the PVAR model is similar to the one described in equation (7) for
each-country SVAR identification.

V. Relationship between Monetary Policy, Risk Aversion and
Uncertainty

A. Empirical Results from SVAR

In this section, we present our results obtained from the SVAR model
based on two alternative identification schemes - Cholesky
decomposition and sign restrictions. We first report our results based on
recursive ordering and later reinforce the results with the sign
restrictions approach. Impulse response analysis is done to examine the
relationship between monetary policy, risk aversion and uncertainty in
the sample economies. The orthogonalized impulse responses are
generated using Monte Carlo integration with probability bands at 0.16
and 0.84 fractiles based on 1,000 replications. The optimal lag order of
the SVAR model is selected on the basis of the Schwarz Bayesian
Criterion (SBC) while ensuring the absence of residual autocorrelation
at the selected lag length. The responses of real output, consumer prices,
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risk aversion and uncertainty to monetary policy shock up to 60 months
are presented in figure 3(a-d). The monetary policy shock is normalized
such that it leads to one percentage (100-basis points) decrease in the
policy rate, thereby reflecting expansionary monetary policy shock. We
find that expansionary monetary policy leads to dampening of the real
economic activity in all major advanced economies as well as China
(refer figure 3(a)). While the economic activity worsens upon impact,
it tends to recover in the short to medium run, suggesting that
accommodative stance by monetary authorities of advanced economies
and China stimulates the economic activity (with a lag) in the medium
to long run. For the emerging economies (except China), the effect of
monetary policy expansion on real output is positive over the entire time
horizon. On the other hand, the impact of expansionary domestic
monetary policy shock on price level is mainly inconsequential in all
advanced and emerging economies except Brazil and Mexico where it
causes persistent inflationary and deflationary pressures, respectively
(refer figure 3(b)).

Concerning the impact of domestic monetary policy shock on risk
aversion, we find that expansionary monetary policy (decrease in the
policy rate) increases the risk aversion of investors upon impact in most
of the economies (refer figure 3(c)). Risk aversion starts falling
thereafter in 2-3 months but remains positive for the majority of them
until the impact recedes. The exceptions are Germany and Japan, where
risk aversion becomes negative due to expansionary monetary policy in
the medium to long run, as well as China, where monetary policy easing
leads to a significant reduction in risk aversion. Overall, the response of
risk aversion is found to be immediate and persists at least for about 2-3
years for most countries. Our result is in contrast with the findings of
Bekaert, Hoerova, and Duca (2013) who report a decrease in the risk
aversion due to lax monetary policy in the US in the medium to long run
with an initial increase in the short-run. Risk aversion rises due to lax
monetary policy in the short run and subsequently starts falling, which
is in conjunction with Bekaert, Hoerova, and Duca (2013); however,
monetary policy expansion does not reduce risk aversion in the medium
to long run. Akin to our result, Nave and Ruiz (2015) report that the
response of risk aversion is in the opposite direction of monetary policy
shock in the Eurozone. Expansionary monetary policy may be an
indication of a worsening economic outlook, which makes low-risk
bonds more attractive compared to high-risk equities. Lower policy rates
and the consequent trickle-down effect in interest rate creates a greater
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FIGURE 3.— Impulse Responses due to Domestic (Expansionary)
Monetary Policy Shock obtained from SVAR Model with Recursive
Ordering
Note: Panel a-d of the figure display impulse responses (solid lines) of real output, consumer
prices, risk aversion and uncertainty, respectively to domestic (expansionary) monetary policy
shock for the sample countries obtained from SVAR model with recursive ordering. The
dashed lines represent probability bands at 0.16 and 0.84 fractiles which correspond to one
standard deviation and are estimated using Monte Carlo integration. Monetary policy shock
is normalized such that it leads to a one percent decrease in the policy rate, implying
expansionary monetary policy shock. Impulse responses are plotted for 60 time horizons
(represented on the horizontal axis).

 capital appreciation potential for bonds, thereby making them relatively
more attractive than equities. This induces investors to increase their
bond exposure, thereby leading to wealth redistribution. The drive
towards bonds during the uncertain economic environment is probably
reflected in the rising risk aversion of investors. As production expands
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and economic conditions improve due to monetary policy expansion in
the medium to long run, there is an improvement in the value of assets,
which encourages investors to seek investments in growth firms and
promotes risk-taking behaviour.

Results also suggest that expansionary monetary policy shock
induces an instantaneous increase in the uncertainty for most of the
economies, only except the US and China, where the impact is
insignificant over the entire period (refer figure 3(d)). Nevertheless, the
impact of policy rate on uncertainty becomes positive for the majority
of them by the 3rd or 4th month and remains significant for a period of at
least 2 years before the effect starts to recede. Investors perceive
expansionary monetary policy as a signal of unfavourable
macroeconomic conditions leading to an increase in the stock market
uncertainty, which is reflected in the initial rise in uncertainty in
response to a reduction in the policy rate. As the economy recovers and
investors’ sentiment on market condition improves, lax monetary policy
is able to mitigate uncertainty in the equity markets.

Figure 4(a-d) illustrates the response of real output, consumer prices,
policy rate and uncertainty to risk aversion shock, while the responses
of real output, consumer prices, policy rate and risk aversion due to
uncertainty shock are presented in figure 5(a-d). The responses
displayed are up to 60 months for all economies. The risk
aversion/uncertainty shock is normalized such that it leads to a one
percent increase in the risk aversion/uncertainty. Results suggest that
central banks respond by decreasing the policy rate after a positive risk
aversion shock in most of the economies. Risk aversion shock,
therefore, evokes monetary authorities to undertake expansionary
monetary policy in the majority of the countries. However, the response
of the policy rate in the case of Canada, China and Mexico remains
insignificant throughout the horizon. The feedback response of
monetary authorities due to uncertainty shock is similar to the risk
aversion shock. We find that central banks respond by reducing the
policy rate in response to the uncertainty shock in all economies. The
response of monetary policy is found to be statistically significant and
persistent in the long run for all economies. This suggests that central
banks respond prudently through expansionary monetary policy to
stimulate the economy in times of high uncertainty. Deteriorating
economic conditions amid an uncertain environment are reflected in the
negative response of real output and prices due to uncertainty shock in
most of the economies. Therefore, an increase in uncertainty has
implications for long-term macroeconomic outlook, which increases the
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FIGURE 4.— Impulse Responses due to Risk Aversion Shock
obtained from SVAR Model with Recursive Ordering
Note: Panel a-d of the figure display impulse responses of real output, consumer prices,
policy rate and uncertainty, respectively to risk aversion shock for the sample countries
obtained from SVAR model with recursive ordering. The dashed lines represent probability
bands at 0.16 and 0.84 fractiles which correspond to one standard deviation and are estimated
using Monte Carlo integration. Risk aversion shock is normalized such that it leads to a one
percent increase in risk aversion. Impulse responses are plotted for 60 time horizons
(represented on the horizontal axis).

likelihood of monetary authorities responding to such an environment.
With regard to the interaction of risk aversion and uncertainty, we

find that a positive risk aversion shock is followed by a significant
contemporaneous decrease in the equity market uncertainty in all
economies. For economies like France, Germany, Italy, Japan, the UK
and India, the response of uncertainty becomes positive shortly
thereafter and reaches its maximum by the 3rd month. Overall, the effect
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FIGURE 5.— Impulse Responses due to Uncertainty Shock
obtained from SVAR Model with Recursive Ordering
Note: Panel a-d of the figure display impulse responses of real output, consumer prices,
policy rate and risk aversion, respectively to uncertainty shock for the sample countries
obtained from SVAR model with recursive ordering. The dashed lines represent probability
bands at 0.16 and 0.84 fractiles which correspond to one standard deviation and are estimated
using Monte Carlo integration. Uncertainty shock is normalized such that it leads to a one
percent increase in the uncertainty. Impulse responses are plotted for 60 time horizons
(represented on the horizontal axis).

of risk aversion shock on uncertainty is temporary and starts to recede
within a year. On the contrary, the response of risk aversion to
uncertainty shock is found to be significantly positive for all economies.
The response reaches its peak in the 3rd or 4th month and starts to fall
thereafter. High uncertainty, therefore, drives the risk aversion of
investors as it deters the investors from taking investment decisions and
potentially reduces the economic activity. Pessimism of market
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participants regarding economic outlook during uncertain times results
in their risk-averse behaviour.

The responses of real output, consumer prices, domestic policy rate,
risk aversion and uncertainty to US monetary policy (shadow federal
funds rate) shock up to 60 months are presented in figure 6(a-e). The US
monetary policy shock is normalized such that it leads to one percentage
(100-basis points) decrease in the shadow federal funds rate, thereby
reflecting expansionary US monetary policy shock. The response of risk
aversion of investors following US monetary policy shock is largely
mixed. An expansionary US monetary policy shock is followed by an
increase in the risk aversion in most economies. An increase in the level
of risk aversion may be due to the contractionary effect of US monetary
policy expansion on real output in these economies leading to a rise in
investors’ risk sentiments. Considering the response of uncertainty, we
find that expansionary US monetary policy induces a decrease in the
uncertainty in most economies; however, the impact is significant only
for Canada, Italy, Japan, Brazil, China, India and South Korea. Results
suggest that global monetary policy also induces significant spillover
effects in the majority of the economies by altering the risk-bearing
capacity of international investors and equity market uncertainty.
Nevertheless, both risk aversion and uncertainty exhibit a higher
magnitude of response to domestic monetary policy as compared to the
global monetary policy shocks indicating that domestic policy decisions
play a substantial role in influencing risk aversion and uncertainty in an
economy as compared to  global monetary policy.

We examine the robustness of our results by estimating our SVAR
model with the alternative ordering of the variables in the Cholesky
decomposition approach. We switch the ordering of risk aversion and
uncertainty in the alternative model specification such that risk aversion
responds contemporaneously to uncertainty, while the latter responds
with a lag to the former. Hence, the vector of variables with the
following ordering is considered: where,  , , , , ,US

t t t t t t tZ R Y P R UC RA 
 is the US monetary policy rate, Yt is the real output, Pt is the priceUS

tR
index, Rt is domestic policy rate, UCt is (log of) uncertainty and RAt is
(log of) risk aversion. The responses of risk aversion and uncertainty
due to US monetary policy as well as domestic monetary policy shocks
with the alternate ordering of variables are qualitatively similar to the
responses obtained from benchmark model specification, thereby
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FIGURE 6.— Impulse responses due to Global (Expansionary)
Monetary Policy Shock obtained from SVAR Model with Recursive
Ordering
Note: Panel a-e of the figure display impulse responses of real output, consumer prices,
policy rate, risk aversion and uncertainty, respectively to Global (expansionary) monetary
policy shock for the sample economies obtained from SVAR model with recursive ordering.
The dashed lines represent probability bands at 0.16 and 0.84 fractiles which correspond to
one standard deviation and are estimated using Monte Carlo integration. Global monetary
policy shock is normalized such that it leads to a one percent decrease in the shadow federal
funds rate, implying expansionary Global monetary policy shock. Impulse responses are
plotted for 60 time horizons (represented on the horizontal axis).
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strengthening our main results.9 Further, the response of policy rate due
to risk aversion and uncertainty shocks remain largely invariant to the
ordering of the variables. The alternate ordering of the variables,
however, alters the dynamics of the interaction between risk aversion
and uncertainty. The response of uncertainty due to risk aversion shock
becomes positive for all economies with the new ordering of the
variables. Risk aversion now responds negatively due to uncertainty
shock; nonetheless, it rises in the subsequent periods to become positive
in response to high uncertainty in all economies, except Brazil, China
and India. It can be concluded that the interaction of risk aversion and
uncertainty is mainly contingent on their ordering thereby implying the
possible simultaneity between the variables. Nevertheless, the
interaction of risk aversion and uncertainty with the rest of the variables
remains consistent with different ordering of the variables.

We further test the robustness of our results by employing the sign
restrictions approach based on Uhlig (2005) and Mountford and Uhlig
(2009) for identifying the structural parameters of the SVAR model
(refer Section IV, Part A for identification strategy). In our
sign-restriction strategy, an unanticipated expansionary domestic
monetary policy lowers the policy rate while increasing the output and
prices. In addition, the sign-restrictions are combined with zero
restrictions by restricting the instantaneous response of global monetary
policy variable to be zero due to the identified domestic shocks. Our
results remain robust to the use of alternative identification achieved
through the sign restrictions approach. The impulse responses obtained
due to US monetary policy, domestic monetary policy, risk aversion and
uncertainty shocks are presented in appendix C. Results suggest that
expansionary domestic monetary policy shock that reduces the policy
rate and stimulates output and price level leads to an instantaneous
increase in the risk aversion of investors in most of the economies.
Uncertainty, on the other hand, declines following an expansionary
monetary policy for the majority of the economies (except Canada,
China and India). Considering the feedback response of monetary
authorities, results indicate that monetary authorities respond by
contracting the monetary policy in response to both risk aversion and
uncertainty shock in most of the economies, but the response is largely

9. The impulse responses of US monetary policy, domestic monetary policy, uncertainty
and risk aversion shocks estimated from the new SVAR model with alternate ordering are not
presented due to brevity of space but are available on request.
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insignificant. The sign restrictions approach allows for the simultaneous
interaction between risk aversion and uncertainty in contrast to the
recursive ordering scheme. Results suggest that uncertainty falls due to
risk aversion shock in most of the economies, including France, Japan,
UK, US, Brazil, China, India and South Korea, whereas it rises in
Canada, Germany, Italy. Uncertainty reduces the risk aversion of
investors instantaneously, but their risk appetite falls gradually as risk
aversion rises in the short run. Subsequently, risk aversion becomes
positive in response to high uncertainty in Canada, France, Japan, the
US and South Korea. In the case of Germany and Italy, uncertainty
shock induces risk-averse behaviour among investors upon impact.
Concerning the impact of expansionary US monetary policy, risk
aversion rises and uncertainty falls following a reduction in the federal
funds rate in most of the economies. These results are principally in line
with the results obtained from the Cholesky decomposition approach.

B. Empirical Results from Panel VAR

We generate orthogonalized impulse response functions representing 5
percent and 95 percent confidence bands estimated through Monte
Carlo simulation with 1000 iterations based on the Panel VAR model.
The optimal lag length of the PVAR model is selected on the basis of
moment and model selection criteria (MMSC) developed by Andrews
and Lu (2001) for GMM models based on Hansen’s J statistic for
over-identifying restrictions that are analogous to maximum likelihood
(ML) based model selection criteria i.e., Bayesian Information Criteria
(BIC), Akaike Information Criteria (AIC) and Hannan-Quinn
Information Criteria (QIC). We select first order panel VAR model as
the optimal model based on MMSC. Further, our estimated model
satisfies the stability condition, which requires moduli of the
eigenvalues of the dynamic matrix to lie within the unit circle.10 Figure
7 depicts the impulse responses obtained through our PVAR model with
GMM-style instruments. PVAR estimation results suggest that
contractionary monetary policy shock increases uncertainty and reduces
risk aversion in the short-run (responses up to 10 months are plotted).
The feedback response of monetary authorities to risk aversion and
uncertainty shock is mainly inconsequential. Further, results suggest

10. The results of lag selection and Eigenvalue stability condition are not presented due
to brevity of space but are available on request.
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FIGURE 7.— Impulse  Responses  obtained  from  Baseline  PVAR
Model
Note: The figure displays orthogonalized impulse responses of policy rate, risk aversion and
uncertainty to Monetary Policy, Risk Aversion and Uncertainty shocks obtained from the
baseline PVAR model. Impulse responses are plotted for 10-time horizons (represented on
the horizontal axis).

that risk aversion shock reduces uncertainty in the stock market,
whereas, uncertainty shock induces risk-averse behaviour among
investors. However, the interaction of risk aversion and uncertainty is
governed by the ordering of the variables as alternating the order of risk
aversion and uncertainty yields different results. The impulse responses
obtained from the estimation of the PVAR model with the alternative
ordering of variables is presented in appendix D. While the response of
other variables remains consistent, uncertainty rises in response to risk
aversion shock. Nevertheless, uncertainty induces risk aversion among
investors in about 3 months after an initial reduction. This indicates that
high stock market uncertainty induces risk-averse behaviour among
investors as it reflects a deteriorating economic environment. During
times of high uncertainty, investors lower their present consumption to
increase precautionary savings as a hedge against unexpected future
changes in stock market volatility, thereby resulting in risk-averse
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behaviour. Therefore, the pessimism of market participants regarding
economic outlook during uncertain times results in their risk-averse
behaviour. Overall, our PVAR estimation results corroborate the results
obtained from individual country SVAR results.

VI.  Relationship between Risk Aversion and Risk Premium

Risk aversion of an investor is influenced by the degree of uncertainty
in the stock price movements as well as the macroeconomic
environment. During an uncertain environment, investors require higher
expected excess returns to hold each unit of risk. When risk aversion
rises, the expected return to compensate investors for holding the risky
asset, i.e., the risk premium should also rise. This is because investors
regard an increase in the return variance as unfavourable shock and
hence, require a large premium to offset the risk associated with adverse
shifts in market volatility. We verify the relationship between risk
aversion and risk premium by analysing whether variance risk premium
accounts for any substantial variation in excess returns. If there is risk
aversion in the market, expected excess returns should reflect the
exposure to variance risk i.e. variance risk premium should explain
return risk premium in the market. To demonstrate this, we formally test
the role of risk aversion measured by the variance risk premium in
explaining return risk premium i.e. the market price of risk among the
sample economies. The foundation of our analysis is provided by
Bernanke and Kuttner (2005) which highlight that the impact of
monetary policy on stock prices is majorly ascribed to risk premium
associated with holding stocks. Hence, our analysis can help in
revealing important insights into the monetary policy transmission
mechanism. Additionally, our analysis can help in analysing the extent
of compensation or premium required by market participants to bear
volatility risk. This has implications for understanding the sensitivity of
excess returns to changes in market volatility, which is critical for
market participants in developing trading and risk management
strategies.

We estimate the following simple linear regression of return risk
premium on our measure of risk aversion (i.e., variance risk premium).

(9), , ,i t i i i t j i tER VRP    
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ERi,t is the excess stock return or the return risk premium defined as:
, where  is the benchmark stock market index return of the, ,

m f
i t i tR R ,

m
i tR

sample economy and  is the risk-free rate of that economy. VRPi,t,
f

i tR
corresponds to the variance risk premium, which is our measure of risk
aversion. The optimal lag (j) of VRPt in the regression is selected based
on the Akaike Information Criterion (AIC), Schwarz Information
Criterion (SIC) and Hannan-Quinn Criterion (HQC). The significance
of the estimated slope coefficient (β) is determined by the robust
Student’s t-statistic constructed from Newey-West heteroscedasticity
and serial correlation consistent standard errors.

We use the 3-month Treasury bill rate as a proxy for the risk-free
rate. Hence, the monthly return risk premium is computed by
subtracting the 3-month Treasury bill rate from logarithmic return on
the benchmark stock index for the sample countries. The results of the
regression, including the estimated coefficients at jth lag, robust
t-statistic, along with the AIC, SIC and HQC for 0 to 6 month lags for
all economies, are presented in table 6.

All three criteria (AIC, SIC and HC) select no lag for Italy, Japan,
UK and Brazil, implying that the effect of risk aversion on the risk
premium is instantaneous. Lagged effects of risk aversion on return risk
premium are observed for the rest of the economies, with 1 lag selected
for Canada, France and US, 2 lags for India, 4 lags for Germany, China
and Mexico, and 5 lags for South Korea. The estimated coefficient at
the optimal lag is found to be significant for all economies, except the
UK. Results suggest that variance risk premium positively affects return
risk premium (excess returns) in all economies, except Italy, Japan and
the UK, where the impact is found to be negative. This implies that the
level of risk aversion plays a significant role in explaining the
inter-temporal variation in the excess returns in the market. Our results
are consistent with the standard financial theory that assumes the
rational behaviour of investors while making investment decisions.
Investors having risk-averse preferences require high compensation for
taking risks, hence demand high-risk premium. The positive impact of
risk aversion on excess returns, as revealed by our results, suggest that
investors’ decisions exhibit risk preferences that are consistent with
rational behaviour. On the other hand, inconsistent risk preferences of
investors not complying with rational behaviour in Italy, Japan and the
UK may be explained by the recessionary nature of the macroeconomic
environment or bearish market conditions in these economies, leading
to the irrationality of investors’ decisions.
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In a panel framework, we further examine the impact of risk
aversion on risk premium by estimating panel regression of excess
returns on variance risk premium with fixed effects to account for
unobserved individual heterogeneity. The results obtained from the
panel regression are presented in appendix E. Our results suggest that
variance risk premium indeed positively impacts return risk premium,
and thus, accounts for a substantial variation in excess returns.

VII.  Conclusion and Policy Implications

The risk-taking channel of monetary policy was largely neglected prior
to the global financial crisis of 2008. There was a dichotomy of
monetary policy and financial stability as monetary authorities did not
incorporate financial frictions in their monetary policy framework. It
was believed that price and output stability would stabilize asset prices,
and thus, ensure financial stability. However, the crisis demonstrated
that accommodative monetary policy may promote excessive risk-taking
and lead to build-up of financial risk, which can potentially undermine
macroeconomic and financial stability. The crisis has, therefore, drawn
the attention of policymakers and academicians to understand the
interaction of monetary policy and risk-taking. Against this backdrop,
the paper examines the empirical links between monetary policy, risk
aversion and uncertainty for a set of advanced and emerging economies.
We study the risk-taking behaviour of investors and uncertainty in the
equity markets contributed by both domestic and global monetary policy
changes. The variance risk premium, which is the compensation
required by the investors for hedging the risk associated with changes
in volatility, is used as a measure of risk aversion. It is obtained by
decomposing implied variance into two components - one which reflects
the stock market uncertainty and other, the residual, which is the
variance risk premium. Hence, the variance risk premium is computed
as the difference between the risk-neutral expectation and the physical
expectation of the return variance. Results reveal that variance risk
premium is positive on average for all economies suggesting that the
investors regard variance risk as undesirable and are willing to accept
negative average returns in order to hedge against variations in the
returns. Further, the variance risk premium exhibits significant
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inter-temporal variation with the magnitude of risk aversion
experiencing peaks during the periods of market turmoil.

We employ the Structural VAR model with two alternative
identification schemes - recursive ordering and sign-restriction approach
to examine the interaction of monetary policy, risk aversion and
uncertainty across 12 advanced and emerging economies over the period
January 1999 to May 2019. To reinforce the results obtained from
country-specific SVAR estimation and exploit the cross-sectional
dimension of our data, we apply the GMM Panel VAR approach using
our panel data of 12 economies. Our results confirm significant
interactions between monetary policy, risk aversion and uncertainty. We
find that expansionary monetary policy leads to an initial increase in the
risk aversion of investors, which starts declining in the subsequent
periods. In addition, monetary policy expansion mitigates uncertainty
in the stock markets. The rise in investors’ risk aversion and stock
market uncertainty evokes central banks to respond by easing the
monetary policy. Further, we find that high uncertainty induces
risk-averse behaviour among investors. We not only study the impact of
domestic monetary policy but also investigate the risk-averse behaviour
of investors and uncertainty in the equity markets contributed by global
monetary policy changes. Global monetary policy also induces
significant spillover effects in the majority of the economies by altering
the risk-bearing capacity of international investors and equity market
uncertainty. Nevertheless, both risk aversion and uncertainty exhibit a
higher magnitude of response to domestic monetary policy as compared
to the global monetary policy shocks. Our results are robust to the
alternative identification approaches of the country-specific SVAR
model as well as the PVAR model. In addition, we establish the
relationship between risk aversion and risk premium i.e., market price
of risk by investigating whether risk aversion measured by the variance
risk premium can explain return risk premium. Results reveal that risk
aversion positively affects return risk premium in the market, thereby
implying that level of risk aversion plays a significant role in explaining
the inter-temporal variation in the excess returns in the market.

To the extent that risk aversion and uncertainty are influenced by
monetary policy actions, risk-taking and stock market volatility are
important channels of monetary policy transmission. Monetary
authorities need to be aware of the impact of their policy decisions on
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the risk behaviour of investors and uncertainty in the stock market as it
has implications for longer-term macroeconomic outlook. It is crucial
for them to develop an approach towards risk management while setting
monetary policy. Improvement in central bank communication and its
predictability with regard to future policy decisions may help in
curtailing uncertainty in the stock market. Policymakers are also
confronted with the need to respond to fluctuations pertaining to risk
sentiments and uncertainty induced by global monetary developments.
As a result, international risk spillovers pose a serious challenge for
monetary policy going forward. Monetary policy decisions should be
supplemented with adequate macro-prudential regulation and enhanced
supervision to reduce risk-taking behaviour and build-up of financial
imbalances. The macro-prudential policy is particularly relevant in
restraining the undesirable effects of monetary policy in terms of
macroeconomic outcomes.

Accepted by:  Prof. P. Theodossiou, PhD, Editor-in-Chief , September 2020
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Appendix A. Model Evaluation Criteria

  Model 1 Model 2 Model 3 Model 4 Model 5
CAN RMSE 37.4347 12.0317 10.5246 10.3656 10.3653

MAE 14.8576 8.0327 6.7684 6.5978 6.5973
MAPE 81.8637 91.1597 73.2003 69.2044 69.2350
Adj. R2 0.5372 0.1407 0.3423 0.3615 0.3617

FR RMSE 44.1333 52.9977 45.2047 45.1998 43.7185
MAE 22.6240 27.2277 23.4133 23.4268 23.7372
MAPE 81.6853 104.8503 85.6244 85.8055 80.1737
Adj. R2 0.4165 0.1988 0.4170 0.4170 0.4545

GER RMSE 45.2225 51.8332 45.2125 45.2112 44.2604
MAE 23.5347 26.7149 23.4513 23.4459 23.7108
MAPE 76.4570 92.3122 75.8443 75.8503 72.8135
Adj. R2 0.4393 0.2633 0.4395 0.4394 0.4626

ITL RMSE 49.3607 44.3324 41.6063 41.5566 41.4764
MAE 26.6385 29.0413 26.2075 26.1876 26.0650
MAPE 90.5967 78.2245 67.4058 67.8654 66.2305
Adj. R2 0.2112 0.1676 0.2665 0.2680 0.2705

JPN RMSE 65.3377 70.5861 65.3187 65.3073 64.1026
MAE 27.7423 29.5427 27.8864 27.9983 28.3923
MAPE 87.3414 98.4777 88.4684 89.2619 87.1702
Adj. R2 0.1850 0.0487 0.1853 0.1854 0.2151

UK RMSE 35.3749 43.0663 36.1453 37.0114 36.5797
MAE 16.6806 20.1638 17.3248 17.3068 17.8880
MAPE 86.4460 113.0926 92.7854 94.7341 103.5894
Adj. R2 0.3963 0.1505 0.4015 0.4204 0.4337

US RMSE 39.6617 50.0078 39.2272 39.2246 39.1898
MAE 17.3953 21.1221 18.0079 18.0696 18.1036
MAPE 95.9787 121.5283 107.0488 108.0616 108.9099
Adj. R2 0.4907 0.1893 0.4931 0.4931 0.4934

BRZ RMSE 81.5508 93.2486 81.3166 67.6739 67.6566
MAE 34.8265 41.3737 34.2984 31.0477 31.0916
MAPE 63.0765 76.7397 59.9243 55.1917 55.1819
Adj. R2 0.2274 0.0252 0.2316 0.3116 0.3118

CHI RMSE 47.6900 57.0645 47.6307 47.2515 45.5243
MAE 31.6735 39.0385 31.6442 31.2237 29.7872
MAPE 100.1553 150.7569 99.3715 98.9913 92.1468
Adj. R2 0.3628 0.0909 0.3665 0.3764 0.4645

IND RMSE 56.8257 60.6070 56.7281 56.4734 55.7121
MAE 29.7271 26.9015 24.2788 24.0878 23.4780
MAPE 105.4426 100.1292 85.5619 83.1805 72.2998
Adj. R2 0.2112 0.2344 0.3290 0.3348 0.3523

( Continued )
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APPENDIX B.— Time Series of the Fitted Values of Five Volatility
Models

Appendix A. (Continued)

  Model 1 Model 2 Model 3 Model 4 Model 5
MEX RMSE 35.7242 43.0632 36.0494 36.0350 35.2313

MAE 19.2079 19.9328 16.8314 16.9234 16.7797
MAPE 80.2824 102.4620 77.3546 78.6024 75.1949
Adj. R2 0.4307 0.1712 0.4190 0.4193 0.4292

SKOR RMSE 52.4860 50.4951 42.5323 42.4501 41.1555
MAE 29.2177 22.1128 18.9103 18.9313 18.9138
MAPE 87.7378 90.0572 73.3242 72.1907 64.1768
Adj. R2 0.4594 0.1769 0.4159 0.4180 0.4528

Note:  The table reports model statistics i.e. RMSE, MAE, MAPE and Adjusted R2 for
the five volatility models considered for evaluation. Statistics in bold represent the chosen
model based on the given criteria. The five models considered are estimated using OLS
regression with Newey-West heteroscedasticity and serial correlation consistent standard
errors.
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APPENDIX C1.— Impulse Responses due to Domestic
(expansionary) Monetary Policy Shock obtained from SVAR Model
with Sign Restrictions
Note: Panel a-d of the figure display impulse responses (solid lines) of real output, consumer
prices, risk aversion and uncertainty, respectively to domestic (expansionary) monetary policy
shock for the sample countries obtained from SVAR model with sign restrictions. The dashed
lines represent probability bands at 0.16 and 0.84 fractiles which correspond to one standard
deviation and are estimated using Monte Carlo integration. Monetary policy shock is
normalized such that it leads to a one percent decrease in the policy rate, implying
expansionary monetary policy shock. Impulse responses are plotted for 60 time horizons
(represented on the horizontal axis).
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APPENDIX C2.— Impulse Responses due to Risk Aversion Shock
obtained from SVAR Model with Sign Restrictions
Note: Panel a-d of the figure display impulse responses of real output, consumer prices,
policy rate and uncertainty, respectively to risk aversion shock for the sample countries
obtained from SVAR model with sign restrictions. The dashed lines represent probability
bands at 0.16 and 0.84 fractiles which correspond to one standard deviation and are estimated
using Monte Carlo integration. Risk aversion shock is normalized such that it leads to a one
percent increase in the risk aversion. Impulse responses are plotted for 60 time horizons
(represented on the horizontal axis).
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APPENDIX C3.— Impulse Responses due to Uncertainty Shock
obtained from SVAR Model with Sign Restrictions
Note: Panel a-d of the figure display impulse responses of real output, consumer prices,
policy rate and risk aversion, respectively to uncertainty shock for the sample countries
obtained from SVAR model with sign restrictions. The dashed lines represent probability
bands at 0.16 and 0.84 fractiles which correspond to one standard deviation and are estimated
using Monte Carlo integration. Uncertainty shock is normalized such that it leads to a one
percent increase in the uncertainty. Impulse responses are plotted for 60 time horizons
(represented on the horizontal axis).
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APPENDIX C4.— Impulse Responses due to Global (expansionary)
Monetary Policy Shock obtained from SVAR Model with Sign
Restrictions
Note: Panel a-e of the figure display impulse responses of real output, consumer prices,
policy rate, risk aversion and uncertainty, respectively to Global (expansionary) monetary
policy shock for the sample economies obtained from SVAR model with sign restrictions. The
dashed lines represent probability bands at 0.16 and 0.84 fractiles which correspond to one
standard deviation and are estimated using Monte Carlo integration. Global monetary policy
shock is normalized such that it leads to a one percent decrease in the shadow federal funds
rate, implying expansionary Global monetary policy shock. Impulse responses are plotted for
60 time horizons (represented on the horizontal axis).
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APPENDIX D.— Impulse Responses obtained from PVAR Model
with Alternative Specification
Note: The figure displays orthogonalized impulse responses of policy rate, risk aversion and
uncertainty to Monetary Policy, Risk Aversion and Uncertainty shocks obtained from the
PVAR model with alternative ordering of risk aversion and uncertainty. Impulse responses
are plotted for 10-time horizons (represented on the horizontal axis).

Appendix E. Panel Regression of Excess Returns on Risk Aversion

Dependent variable: Excess Return
coef. t-stat

VRP 0.0163*** 8.90
Intercept –3.4243*** –26.52
No. of observations 2341
No. of countries 12
F-statistic 87.05***
Hausman test statistic 219.50***

Note:  The table presents the results of panel regression with fixed effects of excess
returns i.e. return risk premium on variance risk premium. *** indicates significance at 0.01
level.
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