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Extending the forward systemic risk measure: Do
sector level variables matter?

Hasan Hanif%?*, Muhammad Naveed® and Mobeen Ur Rehman®

Abstract: Systemic risk is of concern for economic welfare as systemic financial
crisis has the potential to inefficiently lower the supply of credit to the nonfinancial
sector. Conventional systemic risk measures are parsimonious in nature and are
used to assess the current systemic risk contributions of financial institutions and
does not highlight future systemic risk. In order to overcome the limitations of
conventional systemic risk, ACoVaR® is used predict future systemic risk and the
literature outlines the use of firm and state level variables in the computation. This
study contributes to the existing body of knowledge by providing empirical evidence
on improved computation of forward systemic risk by corroborating the distinctive
impact of sector’s nature: munificence, dynamism and level of concentration. The
comparison of conventional and proposed forward CoVaR provides interesting
insights into the role of sector level variables in the buildup of systemic risk. The
results highlight that the forecasting ability of forward ACoVaR predicted with sector
level variables is reasonably higher than that of predicted without sector level
variables. The study provides guidelines to the policy makers by providing an
improved measure of future systemic risk that can that can help to avoid procycality
pitfall by introducing countercyclical policies before the happening of systemic
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source of providing impetus to investment by
mobilizing savings and channelizing them to meet
much needed capital requirements of other sec-
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can potentially deprive the depositors from their
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also get useful information about the contagious
events that can put the whole system in the crisis.
This study can enlighten the general public about
the risk that can potentially jeopardize the whole
economy and how it can be curbed. Moreover,
analyzing forward systemic risk of financial insti-
tutions risk is very important as introducing poli-
cies based on contemporaneous systemic risk can
further aggravate the repercussions of systemic
event.
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event. The results present new insights on the drivers of financial instability and
provide implications for the micro- and macroprudential regulations of the banks.

Subjects: Economics; Finance; Business, Management and Accounting

Keywords: ACoVaR; forward ACoVaR; munificence; dynamism; concentration
Subjects: G21; G32; G38

1. Introduction

The global financial crisis unveiled that inadequate analysis of the risk can annihilate the financial
system and repercussions can encompass the whole economy. The managers of the financial
institutions were not able to measure and predict the risk exposure of the financial institutions and
the cascade destroyed the whole system. Consistent with this purview, Lee et al. (2019) postulate
that overconfidence of chief executive officers contributed significantly to the 2008-2009 financial
crisis. After the global financial crisis, risk assessment in the financial sector has become
a prominent topic in the banking literature. Consistent with these arguments, Avramidis and
Pasiouras (2015) emphasize that in the aftermath of global financial crisis, there is a dire need
of efficient measurement and prediction of risk.

The fragility of financial system can be avoided by adequately analyzing the risk exposure of the
financial institutions (Andries et al,, 2018). The risks faced by the organizations are broadly
categorized as systematic and idiosyncratic risk along with the comparatively novel manifestation
of systemic risk. Systematic risk is embedded in the system whereas idiosyncratic risk emanates
from bank specific activities. Systemic risk refers to the spillover effects that result from the fall of
one financial institution or a bank in supply chain and the cascade encompasses the whole
financial system. Systemic risk has three pivotal characteristics namely contagion, externality
and universality. Contagion effect rises due to interlinkages between financial institutions. The
loss of large segment of the market is categorized as universality whereas negative externality
refers to the spillover effect from one financial institution to others.

Despite a large number of published studies, there is no single consensus definition of systemic
risk. For instance, Huang et al. (2009) shed light on systemic risk as a phenomenon in which large
financial institutions default simultaneously. Bartram et al. (2007) define systemic risk as collapse
of sizeable financial institutions with large social and economic costs. Acharya (2009) defines
systemic risk in the context of the correlation of returns on the asset side of bank balance sheets
resulting in joint failure risk. In addition to that, Billio et al. (2012) also explicated that systemic risk
jeopardizes the stability or public confidence in the financial system.

In a recent study, Adrian and Brunnermeier (2016) argue that conventional systemic risk
measures are parsimonious in nature and are used to assess the current systemic risk contribu-
tions of financial institutions and does not highlight future systemic risk. The global financial crisis
has also highlighted the need to predict forward systemic risk to minimize the adverse effects of
systemic event. Adrian and Brunnermeier (2016) postulate that the regulations introduced during
the time of crisis make the event worse. This lays down foundation for introducing counter-cyclical
policies, i.e. controlling the systemic risk when it is building. The forward measure of Adrian and
Brunnermeier (2016) can be used to measure the build up of systemic risk during the expansion
periods. According to Adrian and Boyarchenko (2012), low volatility in booms entices the managers
of financial institutions to take more risk which eventually makes them more vulnerable to shocks.

The banking sector of Pakistan has shown robust growth in the recent times. The happening of
systemic event can adversely affect the phenomenal growth achieved during the recent times. This
warrants a need to estimate the forward systemic risk of financial institutions as forward ACoVaR
addresses the issue of procyclicality and lays down a solid foundation to introduce countercyclical

Page 2 of 12



Hanif et al., Cogent Business & Management (2020), 7: 1809944 O;K-: cogent P b us | Nness & mana ge me nt

https://doi.org/10.1080/23311975.2020.1809944

macroprudential policies. Moreover, the role of sector level variables in building forward CoVaR is
not assessed till date which warrants a need for examination. The comparative analysis of forward
CoVaR predicted with and without sector level variables can elucidate the significance of sectoral
environment in comprehending the risk dynamics. Similarly, the analysis of forward systemic risk
allows the policy makers to address the issue of procycality and introduce countercyclical regula-
tions before the happening of systemic event. The results present new insights on the drivers of
financial instability in Pakistan and provide implications for the micro- and macroprudential
regulations of the banks including the Pigovian tax.

2. Literature review

This section starts with literature on contemporaneous and forward systemic risk measures that is
followed by description of sector level variables that are expected to influence the prediction of
forward systemic risk. A brief account of the relationship between forward and contemporaneous
CoVaR is also elucidated.

2.1. Systemic Risk measures

2.1.1. Contemporaneous CoVaR

Adrian and Brunnermeier (2011) introduced conditional value at risk (CoVaR) to measure systemic
risk contribution of an individual financial institution. They define CoVaR as the value at risk (VaR)
of the market returns conditional on the distress of a financial institution. It is one of the most
flexible measures as it can be used to examine systemic risk contributions of countries, markets
and institutions. This measure is used by many researchers since it is proposed by Adrian and
Brunnermeier (2011). For instance, Lee et al. (2019) apply ACoVaR to analyze systemic risk of the
banking sector in Korea. Furthermore, Kleinov and Nell (2015) apply ACoVaR to assess the systemic
risk of European banks.

2.1.2. Forward ACoVaR

Later on, Adrian and Brunnermeier (2016) argue that conventional CoVaR measure is parsimonious
in nature and is used to assess the current systemic risk contributions of financial institutions and
does not account for the volatility paradox. Implementing the regulations on the basis of con-
temporaneous CoVaR can be counterproductive as it can further aggravate the problem and
expose the economy to procycality pitfall. To overcome this limitation of conventional CoVaR,
Adrian and Brunnermeier (2016) introduce forward ACoVaR® to predict future systemic risk.

2.2. Sector level variables

2.2.1. Concentration (HHI Index)

Industry concentration refers to the level of competitiveness with more concentration referring to
less competition and vice versa. Previous literature presents mixed evidence on banking concen-
tration. For instance, Kleinov et al. (2017) report that concentration increases stability and reduce
systemic risk. Similarly, Beck et al. (2006) postulate that increase in competition can increase the
fragility of the financial system. Meanwhile, Jiménez et al. (2013) also divulge that low competition
(high concentration) reduces risk taking. Concomitantly, Anginer et al. (2014) use Hirschmann-
Herfindahl Index to measure concentration and report insignificant impact on systemic risk. HHI is
the sum of the squares of the market shares (assets) of each bank in the financial system.

2.2.2. Munificence

Beard and Dess (1984) define munificence as the capacity of an environment to maintain
a persistent growth. According to Almazan and Molina (2005) high munificence leads to higher
level of opportunities which can eventually augment the financial performance of the organization.
Extant literature attributes higher growth in banking sector to the buildup of systemic risk. The
empirical research on credit booms and financial crises divulge positive impact of credit expansion
on financial stress (Crowe et al., 2011; Dell’Ariccia et al., 2014). The relevance of credit volume is
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also highlighted by Zeda and Kannas (2017). They espouse that during good times the lending
activities of the banks grow which results in amplification of systemic risk.

2.2.3. Dynamism

Generally, dynamism measures the extent to which an environment is stable or unstable (Smith
et al, 2014). By definition, more dynamic environments are less stable. Firms operating in
a dynamic environment tend to deal with more uncertainty regarding growth (Boyd, 1995). As
discussed earlier systemic risk builds up in tranquil times. In contrast, dynamism refers to the
situation in which the environment is less stable. Moreover, Adrian and Boyarchenko (2012)
explicate that low volatility in booms entices the managers of financial institutions to take more
risk which eventually makes them more vulnerable to shocks. Resultantly a proposition can be
developed.

2.3. Forward and Contemporaneous ACoVaR

According to Adrian and Boyarchenko (2012), systemic risk breeds in tranquil times. If policy
makers don’t address that volatility paradox, it might expose the financial system to procycality
pitfall. Consistent with these arguments, Adrian and Brunnermeier (2016) highlight the need to
analyze the forward systemic risk as contemporaneous ACoVaR does not divulge the buildup of
systemic risk. They introduce forward ACoVaR® to predict future systemic risk. The main factors
that were considered to predict forward ACoVaR® are size, leverage, maturity and market to book
value. The results divulge that size, leverage and higher equity valuation as factors significantly
influencing ACoVaR® one quarter, one year and two years later. Furthermore, Adrian and
Brunnermeier (2016) propose that other balance sheet variables can also be linked to for-
ward ACoVaR®. Besides that, they also use forward ACoVaR® to predict realized ACoVaR during
the crisis and divulge that two year ahead forward ACoVaR® as of the end of 2006Q4 was able to
explain over one third of the variation of realized ACoVaR during the crisis.

3. Data and methodology
This section sheds light on the data collection and data analysis techniques used in the study.

3.1. Sources of data and sample population

As discussed in the introduction section only financial institutions are source of contagion and
Souza et al. (2015) even state that contagion is only generated by banks so only financial sector is
included in the analysis. According to state bank of Pakistan nonbanking financial institutions of
Pakistan are only 6% of the banking sector. These figures dilute the systemic importance of non-
banking financial institutions in Pakistan and good part of systemic risk literature also highlights
that only banks are a source of contagion. In the light of these arguments only banks are included
in the sample. There are 35 scheduled banks operating in Pakistan. All the listed banks with data
availability are included in the sample. This makes the sample of study 20 banks. The reason
behind selecting the listed banks is requirement of stock prices to compute measures of systemic
risk. In the absence of stock price data these measures cannot be estimated.

The data on country level variables is extracted from Publications of State Bank of Pakistan, IMF,
World Bank Governance and Development Indicators, Economic Surveys and Federal Bureau of
Statistics. Weekly data on share prices of the banks listed at Pakistan Stock Exchange is retrieved
from Brecorder.com. The frequency of state variables and bank returns is weekly to be computed
for the calculation the contemporaneous ACoVaR. In order to match the frequency of institution
and sector level variables, annual Geometric mean of the weekly ACoVaR is computed and is
multiplied by market value of Equity of financial institution and divided by cross-sectional average.
Forward ACoVaR of 2006 and 2007 is computed using the methodology mentioned in the paper
and is used to predict variation in contemporaneous ACoVaR in 2008. The frequency of state
variables, institution characteristics and sector level variables is set at annual (annual average of
state variables is calculated) to compute forward ACoVaR.
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3.2. Variables

The following section provides the measurement of dependent and independent variables along
with the empirical evidence on the measurement. The discussion of measurement of contempora-
neous and forward systemic risk is presented below.

3.2.1. A CoVaR (Contemporaneous systemic risk)

The CoVaR sheds light on the return of the financial system when value at risk of the individual
institution is breached. Adrian and Brunnermeier (2016) introduce ACoVaR and applied quantile
regression as an estimation approach. Koenker and Bassett (1978) introduced quantile regression
technique and later on augmented the initial contribution (Koenker, 2005). It is a comparatively
more refined form of ordinary least squares regression as OLS results divulge conditional mean of
the response variable, whereas quantile regression unveils the conditional median or any other
quantile of the response variable. This makes quantile regression more suitable for the analysis as
1% value at risk is to be calculated for computation of CoVaR.

Adrian and Brunnermeier (2016) define CoVaR)' as the VaR), of institution j (or of the financial

system) conditional on some event C(R!) of institution i. Then CoVaR)' is the g quantile of the
conditional probability distribution of returns of j.

P(R < CovaR)|c(R)). (3.1)

The CoVaR of the financial institution is applied in five stages. The first stage is to assess the
returns of institution “i” as a function of state variables as referred by Adrian and Brunnermeier
(2014).

R = af + 7pMi_1 + €y (3.2)

This analysis incorporates value from publically available data hence, Ri(Return, Losses) are
computed as

—'ARQ

Ri1

R, =

In equation (3.1) o is the constant, M;_,is the vector of lag of state variables and ei is the error
term. After that 1% quantile of market returns is estimated using quantile regressions.

In the second stage 1% Value at risk of every financial institution is computed. All the insignif-
icant variables in Equation (3.2) are eliminated and only significant variables are incorporated in
Equation (3.3).

VaR' =, + 7;M; 1 (3.3)
In Equation (3.3) & and 7 are estimates from Equation (3.2).

In the third step return of financial system (portfolio consisting of all the banks listed at Pakistan
stock exchange) will be computed using equation (4).

System Systeml|i ystem|i pi Systeml|i System|i
Rt =aq + ﬁg Rt + Yq Mt—l + eqt (34)

In Equation (3.4) a¥stemli is the constant, f%**liis the contribution of financial institution i to the
returns of financial system, M;_1is lag of the set of state variables and efysre"’“

After that, 1% quantile of returns is computed using quantile regressions.

is the error term.

In the fourth stage CoVaR will be computed that is VaR of the system conditional on value at risk

of individual financial institution “i” at 1% quantile. In order to compute CoVaR, value at risk (1%)
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from Equation (3.3) and all the significant state variables from Equation (3.4) will be computed in
Equation (3.5).

CoVaR} = a®stemli . py=temliyaRl 4 ystemlipg,_, . (3.5)

In the last stage ACoVaR is estimated. It is the difference between CoVaR of the system at 1% and
50% quantile. The calculation of 50% CoVaR is similar to that of 1% quantile

ACoVaRi(q) = CoVaR(1%) — CoVaRi(50%) (3.6)
— pem (VaRy . — VaRl,)

In addition to that, Adrian and Brunnermeier (2016) introduceA®CoVaR that also considers the
size of institution “i.” The utility of this measure largely increases while making cross-sectional
comparisons institutions with different size. Adrian and Brunnermeier (2016) quantify size by
market value of equity and calculate ASCoVaRas

ASCoVaRY*™™ — Size! . CovaRy*™". (3.7)

State Variables

According to Adrian and Brunnermeier (2016), state variables are used to condition the mean
and variability of risk measures and should not be construed as systemic risk factors. The first
function of state variables is to capture the time variation in certain conditions. Furthermore, they
are also liquid. The lags of state variables are used in estimations. In order to calculate time
varying VaR and CoVaR following state variables are used.

« A Three months yield The data is published by State Bank of Pakistan. The weekly change in
three-month Treasury bill rate is used as change captures the extreme returns better than
level.

+ Weekly Market Returns The weekly market return is calculated from KSE100 Index.

+ A Slope of the yield curve The weekly change in slope of yield curve is calculated by taking the
difference between long term bond and Treasury bill rate. This data is also retrieved from the
publications of State Bank of Pakistan.

+ Inflation rate Consumer Price Index is incorporated in the analysis as a proxy for the inflation
rate of Pakistan. Monthly inflation rate (Chen, Wu, Jeon & Wang, 2017) is extracted from the
website of State Bank of Pakistan and data frequency is collapsed in to weekly.

+ Equity volatility Equity volatility is calculated as the 22day rolling standard deviation of the
weekly KSE100 index equity market return.

+ Credit Spread The change in credit spread is weekly difference between Moody’s Baa rated
bonds and ten-year treasury bond rate.

3.2.2. Forward CoVaR

In a subsequent study, Adrian and Brunnermeier (2016) argue that conventional CoVaR measure is
parsimonious in nature and is used to assess the current systemic risk contributions of financial
institutions and does not highlight future systemic risk. To overcome this limitation of conventional
CoVaR, Adrian and Brunnermeier (2016) introduce forward ACoVaR® to predict future systemic risk.
Forward systemic risk is computed as a function of firm characteristics i.e. size, leverage, maturity
mismatch and a boom indicator and state variables. Forward ACoVaR® can be used to predict
realized systemic risk that makes it an important development in the analysis of systemic risk.
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Adrian and Brunnermeier (2016) compute forward ACoVaR for each firm by regressing the
A®CoVaR on institution i’s characteristics and state variables. More specifically, for a forecast
horizon h = 4 and 8 quarters (1 and 2 years), the estimated regressions are

ASCOVaR ™ = g + cMy_p + bX]_p, + 1} (3.8)

In equation (8), XLh is set of institution i characteristics, M;_j, is set of state variables lagged “h”
quarters and 7} is the error term.

The h quarters (years) predicted value is termed as forwardA®*CoVaR.
AR™dCoVaRl, = &+ EM;_, + bX]_, (3.9)

Adrian and Brunnermeier (2016) emphasize that systemic risk breeds in tranquil times when
contemporaneous volatility is low and growth rate is rising in the credit market. This lays down
a solid foundation to use munificence and dynamism as predictors of forward systemic risk.
Literature also highlights concentration as important determinant of contemporaneous systemic
risk (Kleinov et al., 2017; Strobl, 2016). Therefore, this study also incorporates sector level variables
in addition to state and firm level variables to predict the forward CoVaR that modifies the
Equations (3.8) and (3.9) to,

ASCOVaRY™™ = a + cMy_p + bX{_p, +dS|_p, + 1} (3.10)

APCoVaRl, =+ EM;_, + bXi_, +dSi_, (3.1)

The results of forward CoVaR computed with and without sector level variables are used to
forecast realized ACoVaR. The forecast horizon in the study is 1 and 2 years.

Institution’s Characteristics
+ Leverage is calculated as debt to equity ratio

« Size is calculated as logarithm of total assets

+ Market-to-book, defined as the ratio of the market to the book value of total equity (Adrian &
Brunnermeier, 2011).

Sector Level Variables Proposed in This Research
+ Munificence

+ Dynamism

« Concentration
State Variables

State variables are same as mentioned in the calculation of ACoVaR.

Sector Level Variables Formulation and Expected Influence on Systemic

Risk (3.1)
3.3. Data analysis techniques
Consistent with the aforementioned arguments the study attempts to examine the ability of
forward ACoVaR to predict the realized ACoVaR. For that purpose, forward ACoVaR is calculated
for each bank. Two-year forward CoVaR is calculated up to 2006 and one year forward ACoVaR up

to 2007 using the variables specified by Adrian and Brunnermeier (2016). In addition to that,
forward CoVaR is also calculated by incorporating sector level variables in the model of Adrian and
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Variable

Measurements

Empirical Evidence

Expected Influence

Sector Level Determinants

Munificence

1. Regressing time
against the Sales of

Boyd (1995), Kayo and
Kimura (2011)

Positive

sector over the period of
study, and

2. Taking the ratio of the
regression slope
coefficient to the mean
value of sales over the
same period.

Standard error of
munificent slope
coefficient divided by the
mean value of sales over
the same period.

Dynamism Boyd (1995), Kayo and

Kimura (2011)

Negative

HHI is the sum of the
squares of the market
shares (assets) of each
bank in the financial
system

Concentration Anginer et al. (2014)

Chen et al. (2017)

Negative

Brunnermeier (2016). Afterward, the realized ACoVaR of 2008 is regressed against the two year
and one year forward ACoVaR estimated with and without sector level variables. Equation (3.12)
includes forward CoVaR with bank and state level variables whereas in Equation (3.13) bank, sector
and state level variables are incorporated to compute. forward CoVaR.

Firm and State Level Variables

ACOVaR], 5008 = @ + AR™COVaRY, 500 + ALY COVARY, 5007 + € (3.12)
Forward CoVaR with Firm, State and Sector Level Variables
ACOVaRY, 5008 = @ + AF™COVARL, 5006 + AR“COVARL, 2007 + elgt (3.13)

The results of both the models will be used to draw comparison as if incorporation of sector level
variables improve the forecasting ability of forward CoVaR.

4. Results and interpretations

4.1. Summary statistics

Table 1 presents the summary statistics of the state variables used in the analysis to compute
ACoVaR. The difference between long-term and short-term treasury rate is showed by Term spread
and difference seems to be sizeable. The mean value of Change in yield of T-bill is not high that
shows low volatility in short-term risk-free rates.

Table 2 shows average Munificence of the banking sector is high at 10.11 highlighting the robust
performance of banks. Dynamism is also high with mean value of 2.96. The environmental
dynamism was at its peak during 2008-2009.

4.2. Predicting forward CoVaR using contemporaneous CoVaR

Consistent with the objectives of the study, the issue of procycality can be addressed by analyzing
a forward-looking measure of systemic risk. As discussed previously, Adrian and Brunnermeier (2016)
suggest inclusion of bank and country level variables to determine forward ACoVaR. Table 2 shows the
summary statistics of firm and sector level variables. Firstly, size CoVaR is regressed on bank and country
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Table 1. Descriptive statistics of state level variables

Variable Obs Mean Std. Dev. Min Max
Term Spread 911 1.4624 1.2417 -3.2191 4.3208
Change in T-bill 911 0.0032 0.3207 —-3.7503 2.6294
Rate

Market Return 911 0.3590 3.0743 -18.2103 11.5575
Rolling SD 911 0.6306 0.9811 0.0104 5.1289
Inflation 911 2.0464 0.9930 0.3212 4.7307
Change Spread 911 -5.0045 2.1590 - 8.6500 0.3200

Note: The table shows weekly statistics of state variables incorporated for the measurement of ACoVaRys*™.

Table 2. Summary statistics of institution and sector level variables

Variable Mean Std. Dev. Min Max
Munificence 0.1101 0.0662 0.1031 0.1201
Concentration 997.027 32.990 932.721 1061.274
Dynamism 0.0212 0.003 0.0201 0.0213
Size 8.442 2.735 8.124 8.753
Leverage 0.8162 0.7793 0.7904 0.8229
Market to book 1.638 0.5563 1.4283 1.889
Value

level variables to compute forward CoVaR. Two-year forward CoVaR is calculated by incorporating two
years lag of bank and country level variables discussed in section three. The predicted value is two years
forward CoVaR. The two-year forward CoVaR is calculated up to year 2006. Subsequently, one-year lag of
bank and country level variables are computed to predict one-year forward CoVaR. Once the forward
CoVaR is calculated, the predicted value is used as independent variable to assess as if forward CoVaR
explains any variations in realized CoVaR of 2008 (crisis CoVaR). The dynamic model highlights the
significance of lag of ACoVaR as significant predictor of current ACoVaR but analysis of forward CoVaR
brings more sophistication and clarity in the examination. The results in Table 3 suggest that forward
CoVaR significantly explains variations in realized CoVaR. Two-year forward CoVaR explains nearly 26%
variation in realized CoVaR, whereas one-year forward CoVaR explains more than 33% variation in realized
CoVaR.

In addition to the bank and state variables suggested by Adrian and Brunnermeier (2016), the study also
incorporates two-year and one-year lag of sector level variables munificence, dynamism and concentra-
tion to predict one and two years forward CoVaR. The forward CoVaR predicted with sector level variables
is used as an independent variable to assess variation in contemporaneous CoVaR. The results in Table 4
suggest that both one year and two years forward CoVaR are significant in explaining variation in realized
CoVaR. The forward CoVaR predicted without sector level variables is also significant in explaining

Table 3. Forward and contemporaneous CoVaR (without sector level variables)

2008 Realized CoVaR

2008 Realized CoVaR

2 Year Forward CoVaR

0.8917*** (0.0685)

1 Year forward CoVaR

2.0634*%(0.14754)

Constant

0.6583*%(0.3268)

0.9387*%(0.4183)

R2

0.2599

0.3306
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Table 4. Forward and contemporaneous CoVaR (with sector level variables)

2008 Realized CoVaR 2008 Realized CoVaR
2 Year Forward CoVaR 0.9877**(0.2701)
1 Year forward CoVaR 2.2400*** (0.3860)
Constant 0.4050***(0.1802) 0.84387***(0.2297)
R2 0.3887 0.4922

variation in realized CoVaR. The question arises whether the forward CoVaR predicted with sector level
variables is better at explaining the realized CoVaR or not. It can be discerned from Table 4 that two years
forward CoVaR explains nearly 39% variation in realized CoVaR. In order to make comparison, Table 3
show that two-year forward CoVaR predicted without sector level variables explains only 26% variation in
realized CoVaR. Moreover, Table 4 show that one-year forward CoVaR predicted with sector level variables
explain nearly one half of variation in realized CoVaR. The explanation power significantly jumps from
33.06% to 49.22%. The results confirm that sector level variables improve predicting forward CoVaR
along with bank and state level variables.

5. Conclusion

The study introduces an innovation drive by introducing sector level in the estimation of forward CoVaR.
Adrian and Brunnermeier (2016) incorporated bank and country level variables to predict forward CoVaR.
This study extends the work of Adrian and Brunnermeier (2016) by incorporating sector level variables
along with bank and country level variables to predict forward CoVaR. The results signify that forward
CoVaR (predicted with sector level variables) explains more variation in realized CoVaR than the one
estimated without sector level variables. The results augment the existing literature by providing empirical
evidence on the significant role of sector level variables in the modeling of contemporaneous and forward
CoVaR that revolves around bank and country level variables. The study introduces methodological
innovation in computation of forward systemic risk that can be used to introduce stability in the financial
system and economy as a whole. Analyzing forward systemic risk of financial institutions risk is very
important as systemic event has repercussions for whole economy. As the inclusion of sector level variables
improve the forecasting ability of forward CoVaR, regulators can rely on current innovation and also peruse
the role sector level variables in the build-up of systemic risk. This refers to having a close eye on
munificence, dynamism and concentration of banking sector. The 2008 financial crisis revealed that
systemic risk can quickly spread through the economy causing negative macroeconomic shocks. The
study lays down a solid foundation to predict the build-up of systemic risk and brings in complete hierarchy
of variables. Furthermore, analysis of forward systemic risk allows the policy makers to address the issue of
procycality and introduce countercyclical regulations before the happening of systemic event. It is very
important to address the issue of procycality pitfall as introducing stringent regulations during the crisis can
further aggravate the crisis. This study brings in the counter-cyclical aspect of systemic risk by introducing
methodological innovation that improves the forecasting ability of the forward systemic risk. The findings of
the study can be used to curb the build-up of systemic risk when the activities of financial institutions
appear to be normal or even showing growth. This could also include the imposition of Pigovian tax on
financial institutions with high forward systemic risk to minimize the negative cost of externalities.
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