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Applications of Statistics

• Statistics is like a catalyst - like and add on. As Mahalanobis
had once remarked,

“Statistics is neither a Science nor an Arts discipline, but it 
is used in all disciplines for appropriate and accurate analysis”.

• Statistics has been used in a wide variety of application areas
over the last 100 years - most notably in the areas of:
– Survey sampling and design of experiments (agricultural/clinical trials)
– Forecasting
– Statistical Quality Control
– A relatively newer area of application is in the area of finance

• Interestingly, the first real usage of probability and statistical techniques in
finance can be traced back to about the early 1700’s – that was the usage
of such techniques in the determination of insurance premium that the
then Dutch government had to provide for its citizens
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Two schools of thought

Time Series based

• History repeats itself, i.e. an event
in the past has some probability
of recurring in the future.

• Belief is that any event in the
financial markets shall repeat
itself at some point of time in the
future.

• “History” might not be just short
or long - the length of time of the
“history” could be significantly
long as well.

Stochastic Process based

• Believes that the probability of
recurrence of past events is very
small and that there is no
“history” that is retained - in a
sense the underlying process
follows a purely “Markov”
process.

• Under this assumption, the only
relevant information is the
current information - any other
information is not relevant for
any future prediction purposes.
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Some Typical Problems

1. Testing whether financial markets are weak-form informationally efficient.

2. Testing whether the CAPM or APT represent superior models for the
determination of returns on risky assets.

3. Measuring and forecasting the volatility of bond returns.

4. Explaining the determinants of bond credit ratings used by the ratings
agencies.

5. Modelling long-term relationships between prices and exchange rates

6. Determining the optimal hedge ratio for a spot position in oil.

7. Testing technical trading rules to determine which makes the most money.

8. Testing the hypothesis that earnings or dividend announcements have no
effect on stock prices.

9. Testing whether spot or futures markets react more rapidly to news.

10. Forecasting the correlation between the returns to the stock indices of two
countries.
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Some special characteristics of financial data

• Frequency & quantity of data
– Market prices are measured every time there is a trade or

somebody posts a new quote.

• Quality
– Recorded asset prices are usually those at which the

transaction took place. No possibility for measurement
error but financial data are “noisy”.
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Some Main Techniques used

• Regression techniques

• Univariate and Multivariate modelling

• Moving Averages

• ARCH / GARCH

• Long term relationships – Cointegration / ARDL

• Event Study
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Overview 

• The study examines a panel data for 46 Indian banks with 31 bank specific
financial ratios over eight years (2007 to 2014).

• These ratios reflect operating, liquidity, solvency, profitability, capital
adequacy and business development capacity aspects across Indian banks
that affect NPAs.

• The data was analyzed using a GMM model that dealt with endogeneity
issues present in the data.

• This model captured NPA with an R2 of 85%.

• We find:

– A negative significant relationship between intermediation cost ratio, Return
on Assets and NPAs.

– A positive relationship between NPAs and Asset growth, lagged NPAs, total
liabilities by total assets.
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Description 

• Non-recovery or partial recovery of loans has an impact on
the banks balance sheet and income statement items in the
form of:
– Reduction in interest earned on loan assets

– Increase in provision on NPAs

– Increase in capital requirement

– Lower profits.

• Rising NPAs are a concern for a bank and determinants of
NPAs should be identified prior to loans turning into NPAs.

26 July 2019 Sankarshan Basu, IIM Bangalore 11



Methodology – 1

• In order to deal with the exogeneity problem introduced by the lagged
dependent variable and the lagged return on assets, we have used the
Arellano-Bond (1991) two-step General Method of Moments (GMM)
approach to resolve errors and biases.

• With numerous panels and limited periods and under the assumption
of no correlation between idiosyncratic errors εi,t, this GMM estimator
eliminates the panel specific heterogeneity by conducting the first
difference of the regression equation.

• We calculate robust standard errors with reference to serial correlation
(Arellano (1987), White (1980)). We select the White period as the Co-
efficient covariance method with no degrees of freedom. Thereafter, it
uses lags of the endogenous variables and the first differences of the
exogenous variables as instruments.
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Methodology – 2

The model specification under the GMM approach is specified as:

Yit= Yi,t-1+ β'Xit+ ρ'zi+αi+εi,t

Where
– i=1,…,46 and t=1,…,8

– Yi,t is the Net NPA to Net Advances ratio; i.e. NNPAi,t banks  for the ith

bank, i =1, …, 46 and tth year, t = 1, …., 8
– αi=the unobserved individual bank effect for the ith bank, i =1, …, 46 
– Xit are financial ratios of banks  for the ith bank, i =1, …, 46 and across 

t, t = 1, …., 8
– Zi is a vector of time-invariant explanatory variables 
– εit error term with E(εit)= 0 
– Also, E(εit εjs)= σ2 if j = s and t = s and E(εit εjs) = 0 otherwise.

• We assume that E(αi) = 0 E(αiXit) = 0 
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Results

• Under the GMM (2SLS) cross-section weight model the explanatory
power was at 85.9%.

• As stated earlier, the dynamic model was representative of the
issue of endogeneity faced due to the lagged dependent variable
considered under the model.

• The co-efficient for non-interest income to total assets and
intermediation cost to total assets were significant under the GMM
model.

• The non-interest income, business per employee, total assetst to
total assetst-1 and return on assets were significant.

• Non-interest income signified diversification of the bank business.
The coefficient that this variable had was positive.
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Results under the GMM model

26 July 2019 Sankarshan Basu, IIM Bangalore 15



Sankarshan Basu, IIM Bangalore 16

Assessing Performance of Liquidity Adjusted Value-
at-Risk Models

26 July 2019



• Risk management has become more important in recent years due to rapid

expansion of financial markets & rising global interdependencies

• VaR is a widely used risk measure popularized by RiskMetrics (1994)

• Bervas (2006) – VaR is calculated based on the following assumptions 

1. the positions concerned can be liquidated or hedged within a fixed and a fairly short 

timeframe

2. the liquidation of positions will have no impact on the market 

3. the bid-ask spread will remain stable irrespective of  position size

• A complete evaporation of liquidity during financial crisis and the subsequent 

global recession of 2008-2012 led to collapse of many institutions
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• Large and random security price movements during financial crises cause

liquidity gaps and most hedging strategies tend to fail

• Prior studies (Bangia et al 1999, Stange & Kaserer 2011 etc) have analyzed the

importance of liquidity risk using a comprehensive liquidity measure in a VaR

framework

• However, the assumed distributional properties of asset returns & liquidity

measures are a major issue in all liquidity risk models

• According to Ernst et al (2012), most financial asset returns are non-normally

distributed displaying fat tails & skewness; this argument holds equally for

liquidity costs.
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• The objective of this study is to formulate a portfolio-level Liquidity Adjusted

Value at Risk (LVaR) model using Cornish-Fisher expansion technique to

account for non-normality in liquidity risk

• The model is tested using emerging markets’ data since liquidity premium is an

important feature of this data
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• VaR of an asset over a 1-day horizon with % chance that the actual loss

in the asset’s value does not exceed the VaR estimate is computed as:
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Research Methodology

• Where asset returns rt are computed as the log difference of mid-prices

𝑃𝑚𝑖𝑑,𝑡 (the average of bid ask values of the asset at time t) & the α% worst

case value assuming normal returns is 𝑃𝑡+1

• Bangia et al (1999) incorporate the exogenous cost of liquidity based on

average spread plus a multiple of the spread volatility Ƹ𝑧𝛼 𝑆 𝜎𝑆 in the above

VaR estimate to account to liquidity risk



• It is, however, inaccurate to use standard normal percentile 𝑧𝛼 if

returns/liquidity costs distribution is non-Gaussian

• Cornish & Fischer (1937) were the first to modify the standardized

percentiles of a normal distribution to account for higher moments.

• Using the first four moments (mean, variance, skewness and kurtosis), the

Cornish-Fischer expansion approximating the α-percentile ǁ𝑧𝛼 of a

standardized random variable is calculated as:
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Skewness: Kurtosis:



• Following earlier literature (Cornish & Fischer 1937, Ernst et al

2012), the univariate LVaR estimate is defined as follows:
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• Where ǁ𝑧𝛼 𝑟 is the percentile of the return distribution accounting for its

skewness & kurtosis, ǁ𝑧𝛼 𝑆 is the corresponding spread distribution

percentile.

• To calculate multivariate LVaR measure, portfolio level bid & ask series

is computed by taking weighted sum of the bids & asks of the instruments

(Bangia et al 1999). The univariate methodology above is then used to

adjust the pure market risk for liquidity risk
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• The accuracy of the new (multivariate) LVaR measure is demonstrated

using emerging markets’ data.

• According to Bekaert et al. (2007) research on liquidity that primarily

focuses on emerging markets yield powerful tests & useful independent

evidence as liquidity premium is an important feature of these data.



• The empirical evidence shows that modified LVaR measure provides the

highest risk estimates at portfolio-level.

– Backtesting results also demonstrate the superiority of the modified LVaR estimate.

• Overall, the results prove that neglecting liquidity risk or assuming

Gaussian distribution leads to a severe underestimation of the total risk.

• The Cornish-Fisher is simple to implement in practice, fast & traceable

but it gains accuracy with the length of the estimation horizon hence

future research could address this limitation.
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Corporate Hedging and Value Maximization in the 
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Background

• Firms use derivatives for risk management, in order to obtain funding and
for investment purposes with banks being the major counterparties.

• Existing studies show that hedging with derivatives increases firm value.

• Traditionally, Indian firms were not allowed to use derivatives. The
economic liberalization of the early 1990s facilitated the rapid growth of
FX market in India. Permissions were expanded & major changes were
observed in the period 2002 – 2013.

• Surveys indicate that among the firms using derivatives foreign-exchange
risk is the most commonly managed risk with derivatives (Bodnar, Hayt
and Marston 1998).
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Milestones in the Indian Derivative Market 

• 1969 – Prohibition of forward trading under section 16 of SCRA 1956
• 1991 – Liberalization process initiated
• July 1999 – Interest rate swaps/Forward rate agreements allowed by RBI
• 2000 – SEBI gives permission to NSE & BSE for index futures trading
• 2001 – Index Options, Stock Options & Stock Futures launched at BSE & NSE
• July 2003 – Foreign currency rupee options allowed by RBI
• August 2008 – Currency futures allowed RBI
• August 2008 – Launch of currency futures at NSE; October 2008 – currency futures at MSEI
• August 2009 – Launch of interest rate futures at NSE
• October 2010 – Introduction of currency options at NSE
• November 2013 – Launch of Currency Derivatives BSE CDX
• January 2014 – Launch of Interest Rate Futures BSE IRF
• December 2015 – RBI permits cross-currency futures and exchange traded cross-currency

option contracts
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Growth of foreign exchange trading in India 
between 1996 and 2014 (RBI’s Data Warehouse )
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Research Methodology

• Computational method of two stage least squares is used for estimating linear
equations that link the leverage and hedging decisions of firms

• Model used:

• Equation 1 represents an Ordinary Least Squares (OLS) model for the leverage
decision, whereas the equation 2 models a firm’s hedging (foreign currency
derivatives) decisions

• Dependent variable (hedging) is defined based on the firm’s binary decision of
whether or not to use derivatives for hedging foreign currency risk. The leverage of
the firm is defined as the ratio of total liabilities to the book value of total assets.

• To investigate the effect of high levels of leverage on hedging, sqrleverage is
included as an additional explanatory variable in equation 2

• X and Y represent control variables (such as firm size, quick ratio, modified Z-score
etc.) affecting firms’ leverage and foreign currency hedging decisions, respectively.
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Data

• The firm data required is collected from the database DataStream for the non-
financial firms listed on S&P CNX 500 in the period from 2002 to 2013.

• Data on net sales, leverage and market capitalization is required to be available for
a firm to be included in the sample.

• Different criteria are used to classify a firm as being exposed to foreign currency
risk specified in the following two cases:
– It reports foreign currency sales (FSALE) or operates in multiple geographical locations (SEGNO)

around the world

– It reports foreign currency borrowing or foreign currency sales (FSALE) or operates in multiple
geographical locations (SEGNO) around the world

• A firm is classified as being a derivative user if it is exposed to foreign currency risk
and amount of ‘foreign exchange transactions’ reported by the firm is not zero.

• It is important to note that the foreign exchange transactions data is used because
a uniform measure was required for the period 2002-2013 and it was the closest
available approximation for foreign currency derivatives use of a firm on the
database Datastream
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Number of data points
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Findings

• The results are consistent with the prior literature and show that
after regulatory reforms in India (2004 – 2005) a positive
relationship exists between hedging and leverage for moderately
leveraged firms and it reverses for highly leveraged firms but are
not very significant.

• Further, it is observed that firms exposed to a moderate increase in
leverage increase their hedging positions and firms exposed to a
very high increase in leverage decrease their hedging intensities.

• However, the results change when foreign currency borrowers are
included in the sample showing that there is further scope for
foreign currency borrowers to hedge their currency risk effectively.

• Since the banks are the major counterparties to the firms in
question, the results are also applicable to them in terms of product
design and market exposure as well as risks taken
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Introduction – 1
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• Banks differ from other financial or non-financial institutions as

– Banks offer transaction accounts

– Banks are the backup source of liquidity for all other institutions; and

– Banks are the transmission belt for monetary policy

• Currently, banking activities are not limited to traditional roles but non-traditional
activities also constitute a significant part of their books of accounts. Banks may

– On one hand, offer saving deposit facility and advances (traditional activities); and

– On the other hand, offer dematerialized accounts and write derivative contracts (non-
traditional activities)

• Further, banks are not restricted to the country of origin and are exposed to
fluctuations in global markets.

• Governments and regulatory institutions (usually central banks) put many checks
and balances to ensure a stable banking system.

• As a result banking sector is the most regulated sector worldwide, but at the same
time is most vulnerable. This vulnerability makes it necessary to device a
mechanism to analyse the bank performance from time to time.



Introduction – 2
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• Fethi and Pasiouras (2010) argue that banking activities directly or indirectly
impact the economic stability. Also, any bank failure can result in systemic crisis.

• Tarashev, Borio, and Tsatsaronis (2010) argue that a number of factors contribute
to financial institutions’ system wide risk like bank size, institutions’ specific
probability of default and various risk factors that interact in non-linear fashion.

• Berger and Humphrey (1997) argue that the performance analysis can be used for:
evaluating the impact of various policy measures like mergers of banks, the impact
of deregulation or changes in market structure on bank performance, and; can
help in improving managerial performance of the banks by identifying and
encouraging the best practices.

• In this paper we attempt to review the bank productivity and efficiency studies
since the earlier review work of Berger and Humphrey (1997).



Themes studied

• The themes looked at are:
• Comparison
• Environmental factors
• Off balance sheet activities
• Stock performance
• IT investment
• Regulation and supervision
• Risk and uncertainty. 

• Each theme was further sub – divided under the following three heads:
– Comparison based on methodology 
– Multi-country study 
– Comparison over a period
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Thematic classification

S No. Theme Subtheme Number of articles

1 Comparison

Ownership 21

Over the period 11

Cross country 4

Methodology 5

Branches 3

Before and after merger 1

Multiple criteria 2

2 Environment 3

3 Off balance sheet Activities 2

4 Stock performance 3

5 IT investment 2

6 Regulation and supervision

Deregulation 20

Regulatory restriction 5

7 Risk and Uncertainty 7

Total 89
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Analysing the bank performance: Methodology variants
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25%

Index
10%
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21%

Regression
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Methodology variations



Analysing the bank performance: Input Out Approaches
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Findings

• Cross border differences in performance have been analysed but given the differences in the
macroeconomic environment, a lot more can be done.

• Branch level analysis has started gaining the interest of researchers, but this theme is still
developing. Branch level analysis can also be studied by employing the undesirable output
(non-performing loans) into consideration.

• Off balance sheet activities of the banks are rising due to increased exposure to non-
traditional activities. It would be interesting to study the impact of individual components on
the bank performance.

• The impact of Basel norms have been studied, but to a limited extent in the case of
performance analysis. Different types of risks have been studied in the case of banking, but in
terms of performance and efficiency, studies are largely limited to credit risk

• Efficiency and productivity studies provide an opportunity for the banks to analyse
performance with respect to the best performers in the industry – they can identify the
issues related to the below average performance as well as utilize the opportunities created
by increased efficiency for governments and regulatory institutions to identify the best
practices and promote them to the rest of the banking industry.

• Finally, the impact of any policy change can be studied by analysing the change in
performance of the banking sector.
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Research Question

• Is there a difference in the stock market reaction to rating
announcements for bank-based and market-based
instruments?

• Does the market reacts more to downgrade announcement of
bank loan rating compared to downgrade announcement of
market instrument?
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Bank and Market based Instruments

Category Downgrade Upgrade Reaffirm Total

Bank-based Instruments 46 34 203 283

Market-based Instruments 54 20 156 230

Total 100 54 359 513

Data Sample: Most recent long-term rating change announcement by
CRISIL with enough stock returns observations in the event and estimation
window
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Stock price response to rating revisions on bank-based 
instruments

Announcement Window No of obs CAR % t-stat p value

[-2,2] 283 -1.129%*** -2.721 0.007

[-1,1] 283 -0.597%* -1.810 0.071

[0,1] 283 -0.504%** -2.030 0.043

Downgrade

Announcement Window No of obs CAR % t-stat p value

[-2,2] 46 -2.825%** -2.020 0.049

[-1,1] 46 -1.321% -1.380 0.174

[0,1] 46 -1.182%* -1.800 0.078

Upgrade

Announcement Window No of obs CAR % t-stat p value

[-2,2] 34 0.841% 0.650 0.523

[-1,1] 34 1.788% 1.490 0.145

[0,1] 34 0.690% 0.750 0.456

Reaffirm

Announcement Window No of obs CAR % t-stat p value

[-2,2] 203 -1.074%** -2.510 0.013

[-1,1] 203 -0.832%** -2.410 0.017

[0,1] 203 -0.551%** -2.030 0.044
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Stock price response to rating revisions on 
market-based instruments
Announcement Window No of obs CAR % t-stat p value

[-2,2] 230 -0.507% -1.200 0.232

[-1,1] 230 -0.800%** -2.380 0.018

[0,1] 230 -0.253% -0.960 0.338

Downgrade

Announcement Window No of obs CAR % t-stat p value

[-2,2] 54 -1.707% -1.580 0.119

[-1,1] 54 -2.542%*** -2.700 0.009

[0,1] 54 -1.116% -1.470 0.148

Upgrade

Announcement Window No of obs CAR % t-stat p value

[-2,2] 20 -1.338% -1.010 0.324

[-1,1] 20 -1.172% -1.440 0.165

[0,1] 20 -0.023% -0.030 0.976

Reaffirm

Announcement Window No of obs CAR % t-stat p value

[-2,2] 156 0.015% 0.030 0.974

[-1,1] 156 -0.150% -0.430 0.668

[0,1] 156 0.017% 0.060 0.950
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Results

• The overall market reaction to rating revisions is more pronounced for
bank-based instruments compared to market-based instruments.

• The negative market reaction to downgrades of bank-based ratings is
greater in magnitude as against market instruments.

• The market reacts negatively to even rating reaffirmations of bank loan
ratings.

• This could be due to the limited information availability of bank
instruments as opposed to market instruments.

• The greater information disclosure by rating agencies / banks will help the
market participants to gauge the credit risk in these instruments.
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Shadow banking in India: Do bank run Asset
Management Companies (AMCs) perform liquidity
transformation through exposure to Non-Banking
Finance Companies (NBFC) in their debt – oriented
schemes and will this increase the systemic risk of a
bank due to a possible joint exposure to NBFCs?
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Introduction

▪ Global financial markets suffered due to the sub-prime crisis in 2008-2009
▪ A number of financial institutions such as Bear & Stearns, Lehmann

Brothers, Merrill Lynch faced an exposure to debt instruments that were
backed by poor quality mortgage assets.

▪ Bear & Stearns High-grade structured credit fund and Bear and Stearns
High-grade structured credit enhanced leveraged fund had an exposure of
US$1 billion and US$600 million respectively. (90% of the value wiped off)

▪ Lehmann underwrote US$85 billion mortgage backed securities. (4 times
its shareholders equity)

▪ BNP Paribas had an exposure of US$2.2 billion to US sub-prime mortgage
assets and froze withdrawals for 20 days (35% of their fund exposure)

▪ Reserve Primary Fund held US$785 million in Lehmann issued securities.
▪ These hedge funds, mutual funds and financial institutions had undertaken

liquidity and maturity transformation similar to a traditional bank. i.e.
Shadow Banking (Poszar et al., Dec 2013, FRBNY Economic Policy Review)
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What is the issue in India?

▪ Indian banking sector has
reported Gross Non-
Performing Assets (NPAs)
worth INR. 9,899 billion
(Mar 2018)

▪ INR. 9,728 billion (Owed to
Industry) belong to
Scheduled Commercial
Banks (SCBs) – 98% of
Gross NPA

▪ 11.60% of gross bank
advances (INR.85,343
billion)

▪ Banks under Prompt
Corrective Action (PCA)

Bank Amount 
(INR. Bn)

Bank Amount
(INR. Bn)

Bank Amount 
(INR.Bn)

Top 3

SBI 2,015.00 Punjab 
National 
Bank (PNB)

552.00 IDBI Bank 445.42

Other
SCBs

Bank of 
India 
(BOI)

434.74 Bank of 
Baroda (BoB)

416.49 Union Bank
of India

380.50

Canara 
Bank

377.90 ICICI Bank 338.50 Indian 
Overseas 
Bank

317.20

Central 
Bank of 
India

324.90 UCO Bank 243.10 Allahabad 
Bank

231.20

Andhra 
Bank

215.99 Corporation 
Bank

218.18 Total 14
banks

6,493 billion

14 banks contribute 77% to Gross NPA (INR.8,409 bn)

Source: Excerpts from Minister of State for Finance, Shiv Pratap Shukla based on RBI data, March 2018, published in 
Live Mint
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What is the issue in India?

▪ Low non-food bank credit growth over the past 2 
years.

▪ Restructured asset window was closed in 2013, 
banks had to report NPAs.

▪ Curtailment of Standard banking operations.

SCB: PCA and removal of Restructured Assets leads to low lending

NBFC: Complement to Indian Banks

▪ Loan book increased to INR.18,585 billion

(Mar 2018), up 156.93% over six years.

▪ NBFC loan to Total lending: 16.1% (Mar 2018)

compared to 14% (Mar 2012)

▪ 249 (- 2% of total NBFC) NBFCs contribute to

86% of total lending (Mar 2018)
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Drastic dip in lending growth
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NBFC loan growth Vis a Vis SCB loan growth

Created by authors, Compiled from RBI Bulletin

Created by authors, Compiled from RBI Bulletin and Financial Stability Reports

50



What leads us to Shadow Banking in India?

▪ Share of NBFC lending increasing in the
total lending pie – 16% in Mar 2018

▪ 249 NBFCs lend 86% of this INR.18,585
billion

▪ NBFCs are not convergent under regulation
of Reserve Bank of India (RBI) like SCBs

▪ NBFCs undertake traditional functions of a
bank such as lending

▪ Without RBI funding facility

▪ Without Deposit Insurance Guarantee
facilities

▪ Undertake liquidity, maturity and credit
transformation (Shadow Banking –
Poszar et al., Dec 2013, FRBNY Economic
Policy Review)

▪ NBFCs lend by borrowing from banks,
mutual funds and insurance companies

INR. Billion March 

2012

March 

2013

March 

2014

September 

2014

March 

2015

March 

2016

March 

2017

March 

2018

Banks (Net) 1513 1453 2919 1495 1595 2029 3739 4909

AMCs (Net) 83 624 756 312 1008 1489 3208 3818

Insurance 

Companies 

(Net)
780 880 965 1023 1760 1038 1898 2917

Source: Created by authors, Reserve Bank of India, Financial Stability Report, 2013, 2014, 

2015, available on the internet at, https://rbi.org.in/Scripts/FsReports.aspx, accessed on 

15 Aug 2018
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Net Exposure of Banks, AMCs and Insurance Cos to NBFC

▪ This creates a joint exposure in the system

▪ Financial Stability Board (FSB) and
European Systemic Risk Board (ESRB) focus
on stability of a financial system compared
to individual banks and financial
institutions – Focus on Systemic Risk

https://rbi.org.in/Scripts/FsReports.aspx


Research Gap

• Previous studies have not considered how dual exposure to a credit
intermediation firm such as a Non-banking Financial Company (NBFC)
at the bank level and through a banks’ mutual fund arm may result into
higher systemic risk for the entire financial system.
– A bank has a direct exposure through loan and investment to a Client

– A bank has an off-balance sheet exposure through Stand by Letter of Credit (SBLC) to Client

– A bank sponsored mutual fund has exposure to Clients’ (debt securities)

– A bank and its mutual fund arm have an exposure to a NBFC that has an exposure to the Client

– Other banks and their mutual fund arms have an exposure to the Client

• Previous studies have not reflected upon the interdependency
between the Non-Banking Financial Companies and Banks that may
have exposure to a common borrower and to other peer financial
institutions and how this also adds to the systemic risk in the system.
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Three Propositions

Proposition I:
• Does joint exposure exist for a bank and its bank sponsored AMC

to NBFC/s?
Proposition II:
• Do bank sponsored AMCs undertake liquidity transformation?
Proposition III:
• Does consolidated bank systemic risk increase using joint

exposure to a particular NBFC (bank sponsored or corporate
sponsored) through direct bank exposure and indirect bank
exposure (through the bank sponsored AMC or through SBLC
issued to them for the commercial paper and debentures issued)
to corporate and bank sponsored NBFCs.
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Methodology

• To test Proposition II, the methodology used in this study is the use of General

Moment of Methods (GMM) Technique and Least Squares with Bai – Perron

(1998) tests identified L+1 sequentially determined break model. These tests

preclude the presence of trending regressors. This test is helpful in the changes

present and also it endogenously determines the points of break with no prior

knowledge. More details about the model are available Bai – Perron (1998)

• Such a measure appeals for several reasons:

– The relationship between the portfolio composition and cash holdings is assumed to

change over the period. A simple least square might be unable to capture this

dynamic relationship.

– The portfolio composition has evolved over a period of time due to the regulations

imposed in the industry. Hence, a simple least square method is unable to justify the

relationship.
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Methodology

• To test Proposition III, we have used the vector auto-regressions (VAR), with
network connectedness measures based on variance decompositions (Diebold
and Yilmaz (2009), Diebold and Yilmaz (2012), and Diebold and Yilmaz (2014)).

– Such connectedness measures are appealing for several reasons; namely:

– First, they make obvious intuitive sense, answering a key question, which at the
most granular pairwise level is “How much of bank “a” s future uncertainty (at
horizon h) is due to shocks arising not with bank “a”, but rather with bank “b” or
NBFI “x”.

– Second, connectedness measures based on variance decompositions allow
connectedness to differ across horizons, facilitating examination of a variety of
horizons and selection of a preferred horizon if desired. This is important because,
for example, 1-day connectedness may be very different from 10 or 30 – day
connectedness.

– Third, Diebold and Yilmaz (2014) show that connectedness measures based on
variance decompositions are closely linked to modern network theory, in particular
the degree distribution and mean degree, and that they are also closely linked to
recently-proposed measures of systemic risk, such as marginal expected shortfall
(Acharya et. al. (2010)) and CoVaR (Adrian and Brunnermeier (2008))
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Data Sources

The data has been sourced from:
• The Reserve Bank of India database  - Warehouse for NBFCs, Scheduled Commercial banks, 

RBI Bulletin, Financial Stability reports
• Micro Finance Institutions Network (MFIN) publications, 
• NBFC annual and quarterly report, 
• Securities Exchange Board of India (SEBI) deployment of debt funds monthly reports,
• News articles, 
• Thomson Reuters database, 
• Association of Mutual Funds in India (AMFI), 
• Asset Management Companies Monthly Portfolio Disclosure, 
• Monthly CBLO data from Clearing Corporation of India Limited (CCIL) 
• ACE Mutual Fund Database (Courtesy Indian Institute of Management, Bangalore). 
• Bank Pillar 3 disclosures
• AMFI Commissions disclosure
• Monthly portfolio data was considered and the relation between cash holdings and the 

portfolio composition was studied during the period 2012 till January 2018.
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Preliminary Results on Joint Exposure: AMCs to Banks

• Mutual fund scheme
exposure exists to Public and
Private sector banks.

• HDFC has the highest
exposure to its subsidiaries
under its scheme portfolio
compared to ICICI and Axis.

• Exposure is higher to private
banks compared to Public
sector banks.

**Exposure to Government owned entities is not subject to investment caps and neither sectoral norms

Created by authors, Compiled from AMC Portfolio Monthly Disclosure
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% of Total Scheme Assets Under Management 
(AuM)

ICICI Axis HDFC

AuM under scheme as on Mar 2018 (INR. Bn) 1,194 365 1268

AMC exposure to Parent Banks and Parent banks  
subsidiary NBFC

1.86% 1.56% 8.48%

Other Bank exposure (Public Sector banks + Private 
Sector banks – Parent banks)

18% 17.68% 20.73%

Other Private Sector Banks 14% 13.2% 8.32%

Top 5 Private Sector Banks 
(Axis Bank, Indusind Bank, IDFC Bank, South Indian 
Bank, ICICI Bank, RBL)

12.4% 10.28% 6.65%

Other Public Sector Banks 4% 4.22% 11.96%

Top 5 Public Sector Banks 
(Bank of Baroda, Union Bank of India, Vijaya Bank, 
SBI, UCO Bank, Punjab National Bank, Andhra 
Bank)

3.47% 3.98% 8.37%

AMC exposure to Banking sector



Preliminary Results on Joint Exposure: NBFC sector

• Mutual fund scheme exposure exists to RBI supervised and regulated NBFCs and other NBFCs.

• Funds have the highest exposure to NABARD

• ICICI, Axis and HDFC have the highest exposure to HDFC, PFC, Indiabulls LIC, and Dewan Housing debt

securities (bonds and commercial paper).

Proposition I: Questions Ans

Parent bank sponsored AMCs have
exposure to a Parent bank – sponsored
NBFC

Yes

Parent bank sponsored AMCs have
exposure to other Banks

Yes

Parent bank sponsored AMCs have
exposure to other Bank sponsored NBFC

Yes

The AMC has exposure to individual banks
and NBFCs within RBI limits

Yes

Created by authors, Compiled from AMC Portfolio Monthly Disclosure

58

% of Total Scheme Assets Under 
Management (AuM)

ICICI Axis HDFC

AMC exposure to RBI regulated and 
supervised NBFCs (All India Financial 
Institutions) i.e. NABARD, EXIM, SIDBI

6.20% 5.01% 9.11%

Other NBFCs 33.00% 44.63% 28.58%

Top 5 NBFCs
(HDFC, Power Finance Corporation, 
Indiabulls Housing Finance, LIC Housing 
Finance, India Infoline Finance and 
Aditya Birla Finance, Dewan Housing 
Finance Ltd, Mahindra & Mahindra 
Financial Services)

14.7% 21.77% 14.27%

AMC exposure to NBFC sector



Preliminary Results on Liquidity Transformation

Proposition II: Cash holdings relation Period 1 Period 2 Period 3 Period 4
Jan 12 – Jul 13 Aug 13 – Feb 15 Mar 15 – Jun 16 Jul 16 – Jan 18

Bank Certificate of Deposit + - - +
Bank FD - + + -
Government Securities - - + +
NBFC securities + + + +
Real Estate + - - +
Others - + + -
PSU Bonds - + + -

Created by authors
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• NBFC debt securities have a positive relation with Cash holdings. This indicates that AMCs tend to

hold more cash when they increase their exposure to NBFC floated debt securities.

• This also indicates that NBFC debt securities may be less liquid than the other debt securities.



Preliminary Results on Risk & Dependence

• Results from Diebold and Yilmaaz

test: Interdependence

• The Spill overs: HFCs have the

lowest inward and outward spill

overs amongst the three

categories (Public sector banks,

Private sector banks HFCs.

• Within HFCs, we can see that

HDFC andLICHF have the highest

outward spill over as one would

expect as well. (spill over from

bank to HFC)

Public sector banks have the highest spill overs,
followed by Private sector banks (From banks)

Public sector banks have the highest spill 
overs, followed by Private sector banks to 
other FIs (To banks)

LICHF and HDFC have the highest spill over (From 
the banks)

LICHF and HDFC have the highest spill 
over (To banks)

Created by authors Created by authors

Created by authors Created by authors
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Preliminary Results on Risk & Dependence

Pairwise spill over between Bank and its NBFC

• Generally, there are net spillovers from HDFC to HDFC Bank; and from Canara Fin to Canara Bank (the blue

area is in the negative domain)

• In terms of the magnitude of the spillovers, the HDFC pair has seen a sharp increase off late, while that

between the Canara pair has declined meaningfully.

Created by authors Created by authors
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Preliminary Results on Risk & Dependence

Spill overs within the HFCs / private / public banks are displaying rising

concentration risk.

• Spill overs within sectors are in line with the Scenario 3, where the SBLC is an

off-balance sheet exposure that banks hold to clients and in case the client

defaults on commercial paper. The bank would be liable to pay for the amount

due. (Contingent liability)

• This is bound to increase the risk faced at the bank level.

• The mutual funds might face a temporary adverse effect on the Net Asset

values (NAVs) due to the downgrade of the client issued debentures.

• The reliance infrastructure default is an example of this and it will put a dent in

ICICI banks pockets to the tune of INR 5 billion.

Spill overs have reduced rather steadily in the last 1 
– 1.5 years, with some marginal bounce back off late

Created by authors
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Initial Findings

Proposition I: Joint Exposure

• NBFCs have an exposure to parent bank, other banks, other bank sponsored NBFCs

• The exposure is within RBI limits

Proposition II: Liquidity Transformation

• NBFCs display a positive relation with Cash holdings, indicating liquidity transformation

Proposition III: Interdependence and risk

• The spill over among private sector banks has increased. The same has occurred in public

sector banks and NBFCs.

• We have observed that bank sponsored NBFC and parent bank indicate a risk spill over.

• This indicates that the concentration risk has increased. However, the overall spillover

between private sector banks, public sector banks and NBFCs has reduced
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Final Comments

• A lot of applications possible

• Newer applications are being developed
regularly – some applications are actually ones
that have been developed for other areas and
are now being applied in Finance with suitable
modifications

– Long Memory

– Intertwining with stochastic models

26 July 2019 Sankarshan Basu, IIM Bangalore 64
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