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Chapter 8

 A MACRO-PRUDENTIAL ASSESSMENT FOR SRI LANKA

By

Dr. Chandranath Amarasekara1

“Central banks certainly did not ignore issues of financial stability

in the decades before the recent crisis, but financial stability policy

was often viewed as the junior partner to monetary policy. One of

the most important legacies of the crisis will be the restoration of

financial stability policy to co-equal status with monetary policy.”

(Bernanke, 2011)

1. Introduction

There is now broad agreement amongst central banking circles that effective

central bank policy must include monetary policy, micro-prudential policy as well

as macro-prudential policy to ensure price and economic stability while

maintaining the stability of the financial system as the three policies would

reinforce one other when used together (Borio and Shim, 2007). In contrast to

monetary policy, where the objective is to ensure price stability and the objective

of micro-prudential supervision, which focuses on the safety and soundness of

individual institutions as well as consumer protection, the key objective of macro-

prudential policy is to mitigate systemic risk, which is defined as “the risk that

ûnancial instability becomes so widespread that it impairs the functioning of a

financial system to the point where economic growth and welfare suffer

materially” (European Central Bank, 2009). In order to identify risks to the

financial system, analytical tools have been devised over time, of which early

warning systems (EWS) for early identification and assessment of forms of
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systemic risk and stress tests to predict distress and assess its possible impact

have proved to be two important tools to be used by central bankers regularly.

(Bank of England, 2009, Caruana, 2010,  Clement, 2010, Galati and Moessner,

2011 for comprehensive reviews on various aspects of macro-prudential policies.)

This paper seeks to apply the Contingent Claims Approach (CCA) as a

modern market based macro-prudential indicator to measure the probability of

default of commercial banks in Sri Lanka. The method, that was initially

developed by Black and Scholes (1973) and Merton (1973, 1974), assesses the

ability of a firm (or the banking system) to honour its debt obligations given the

value of its assets at a given period in time. The three principles that govern

the analysis are as follows: (i) the value of liabilities flows from assets, (ii)

liabilities have different seniority, and (iii) there is a random element to the way

asset value evolves over time. (Gapen, et al, 2004)

As recent examples, the CCA methodology has been used by van den End

and Tabbae (2005) on the Dutch banking system; Gray, et al (2008) on the

Chilean banking system; Lewis (2010) in the measurement of insolvency risk

and the effect of the global financial crisis on the Jamaican financial system;

Antunes and Silva (2010) in the assessment of the stability of the Portuguese

banking system; and Budina, et al (2011) in the explanation of the strength of

the Israeli financial system amidst the global financial crisis, as well as by some

researchers such as Gray, et al (2007) in the measurement and management of

sovereign credit risk.

1.1 Sri Lanka – A Brief Overview

Prior to embarking on the analysis, a brief overview of the Sri Lankan

economy could be useful to the reader.  The analysis focuses on the period

from the year 2000 to 2010, and by the end of this period Sri Lanka has graduated

from a low income economy to a lower middle income economy with a per

capital GDP of US$2,399. Since early 1980s, the Sri Lankan economy lagged

behind the global economy mainly due to the internal armed conflict. Several

episodes of cessation of hostilities between the warring parties were observed

during 2000s, and the Sri Lankan government forces annihilated the menace of

terrorism in May 2009. Since then, the economy has witnessed a remarkable

recovery with economic growth rates of over 7% recorded continuously in each

quarter, and a GDP growth rate of 8% was witnessed in 2010 with contributions

from all sectors as well as all regions. (This growth momentum continued in the

year 2011 with provisional estimates indicating a growth rate of over 8% for the

year.) The annual average inflation has continued to remain low at single digits
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for a considerable period of time, with improved domestic supplies. The exchange

rate has been largely stable in 2010 and 2011 while the budget deficit and public

debt as a percentage of GDP have been improving continuously since the end

of the conflict. The capital markets improved substantially, with the Colombo

Stock Exchange (CSE) being named one of the best performing stock markets

in the world in 2010. With low and stable interest rates, broad money growth

and credit extended to the private sector by commercial banks, which had slowed

down substantially in 2009, picked up and recorded robust growth in 2010 and

thereafter.

Sri Lanka’s financial sector is regulated by the Central Bank of Sri Lanka

(CBSL), Securities and Exchange Commission (SEC), and Insurance Board of

Sri Lanka (IBSL). The Central Bank regulates and registers licensed commercial

banks (LCBs), licensed specialised banks (LSBs), registered finance companies

(RFCs), and specialised leasing companies (SLCs). According to the Monetary

Law Act, which governs the operations of the Central Bank of Sri Lanka, the

bank has two core objectives, namely, (a) maintaining economic and price stability

and (b) maintaining financial system stability, with a view to encouraging and

promoting the development of the productive resources of Sri Lanka. These

objectives have necessitated the Central Bank to be responsible for the conduct

of monetary policy, micro-prudential as well macro-prudential policy in the country.

2. Elements of Macro-prudential Policy Framework

As explained in the Financial System Stability Report (2010) and the Central

Bank of Sri Lanka Annual Report (2010), the Central Bank conducts macro-

prudential surveillance to identify systemic risks to the financial sector and to

assess its capacity to withstand such threats. This involves the analysis of

macroeconomic and financial market developments and the risk exposures of

banking and other financial institutions. A comprehensive set of aggregate

Financial Soundness Indicators is compiled on a periodic basis to monitor the

health of key financial institutions, while work has also been initiated to develop

a database on corporate sector borrowers to assess their financial strength and

debt repayment capacity, which can be developed into a network analysis of

macro stress testing.
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The Banking Soundness Index (BSI, base: 2006Q3=100) published by the

Central Bank of Sri Lanka indicates that the soundness of the banking sector

has been stable and sound over the medium term. The BSI is based on selected

financial soundness indicators representing capital, asset quality, profitability,

liquidity and sensitivity to market risk. The financial indicators are weighted

based on the market share of each bank. The Central Bank conducts regular

stress tests on banking institutions and the banking sector to assess their capacity

to cope with extreme but plausible shocks and these also indicate that currently

the banking sector is resilient to withstand shocks.

3. Macro-Prudential Policy Objectives, Instruments and Intervention

As explained earlier, the prime objective of macro-prudential policy is to

limit the systemic risk addressing risks arising within and amplified by the financial

system. In recent years, the possible need for the implementation of macro-

prudential policies in Sri Lanka can be discussed at least in relation to three

instances. First, with global easing of monetary conditions due to persistent

economic and financial crisis, and resultant foreign capital movements, excess

Figure 1

Banking Soundness Index (2006Q3=100)



177

liquidity in domestic money markets in the Asian economies increased rapidly.

Sri Lanka was also no exception to this trend in 2010 and early 2011. Excess

liquidity conditions can result in excessive credit growth, and monetary policy

needs to be tightened in order to avoid the adverse effects of high excess liquidity.

However, if only few banks hold excess liquidity, then monetary policy tightening

itself may affect the entire banking system adversely, and implementing macro-

prudential policies such as imposing higher reserve requirement only on banks

which hold excess liquidity may be a policy option that could have been considered

by the Central Bank of Sri Lanka. The second such example relates to the high

growth of credit extended to the private sector by commercial banks. Again,

conventional monetary policy toolkit advocates tightening of monetary policy,

but if the excessive credit is created by a few banks, the Central Bank of Sri

Lanka could consider using macro-prudential policies to address credit creation

by these banks while ensuring that overall credit growth is at desirable levels.

The third instance is the recent rapid increase in credit granted in pawning of

gold jewellery. Although commercial banks consider pawning as low risk credit,

the future riskiness depends on gold price movements in the international market,

and pawning activity may need to be streamlined by using macro-prudential

policies to ensure continuous soundness of the banking system.

The Central Bank of Sri Lanka uses a mix of policy instruments to achieve

its objectives. In terms of banking soundness, recent examples of policy tools

include, requiring licensed banks to increase their capital on a staggered basis

to support the growth momentum of the economy and to have enough buffers

to mitigate risks, imposing general provision on performing and selected categories

of loans and advances to mitigate credit risk in addition to specific provision

requirements, imposing limits on bank exposure to stock market activities by

placing limits on margin trading and issue of guarantees for IPOs to promote

the safety and soundness of the banking system, and requiring banks to adopt

appropriate risk management standards to mitigate risks arising from possible

volatility and price bubbles of assets. In addition, the recent monetary policy

decision (February 2011) to raise the policy interest rates and to limit bank-wise

year-on-year credit growth to a range of 18-23%, can be seen as a mix of

policy tools in ensuring monetary stability, external sector stability as well as the

stability of the financial system.
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4. Methodology: Framework for Assessing Systemic Risk of Major

Financial Institutions2

4.1 Theoretical Concept

The Contingent Claims Approach is a structural model based on the Black-

Scholes and Merton model.  Consider a case of firm with assets, V, which are

financed by debt obligation, F, and Equity, E.  The value of the firm’s assets is

simply the sum of the firm’s debt and equity:

Vt = Ft + Et (1)

The value of the firm’s debt obligation is also known as the default barrier,

DB.  The probability of default (Vt+1 < Ft+1 or DB) exist as long as it is greater

than zero.  This implies that at time t+1, the market value of assets, Bt, is lower

than the yield to maturity of the debt, Fe–rT.  In this simplified firm structure,

the risk is a function of the leverage ratio, LR = Fe–rT / Bt, the volatility of the

rate of return of the firm’s assets, ov, and the time to maturity of the debt, T.

Thus, for a creditor who extended a loan to this firm must purchase a put option

to eliminate the risk on the loan3.  The value of the put option, Po, on the market

value of the firm assets, Bt, for the term of the debt must have a strike price,

S, equal to the face value of the loan. The creditor can completely eliminate the

credit risk and convert the risky loan into a riskless loan. If the riskless interest

rate is r, then in equilibrium it should be that:

Bt + Po = Fe–rT (2)

In applying the Black-Scholes and Merton model, the value of the put can

be written as:

Po = –N(d1) Bt + Fe–rT N(-d2) (3)

________________

2. Section 4 was compiled by the Team Leader for the collaborative Project, Mr. Eufrocinio

M. Bernabe Jr.

3. A put option is a contract between two parties to exchange assets for an agreed amount

(strike price) at a specified future date.  The buyer of the put, has the right but not the

obligation to sell the asset at the strike price.  The seller has the obligation to buy the

asset once the buyer exercises his right.
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Where Po, is the current value of the put, N(.) is the cumulative standard normal

distribution, µ is the expected return on the assets, and    is the standard deviation

of the rate of return of the firm’s assets.

(4)

(5)

The numerator measures the distance between the expected one-year ahead

market value of the firm’s assets and the distress barrier.  The denominator is

used to scale the numerator with respect to units of standard deviations. Thus,

the probability of Default, (Vt+1 < Ft+1 or DB) is as follows:

(6)

Using equation (5), the expected return on assets, µ, can be computed as

follows:

(7)

where r, is the one year Treasury Bill rate and T, is set to one year so that

the probability emerging out of the assessment is the one year ahead probability

of default on an ex ante basis.

Moreover, the equity of the firm, Et, is itself a contingent claim on the firm’s

assets.  Since equity holders have a junior claim on the residual value of the

assets, the value of the equity can be viewed as a call option.  This means that

equity holders receive the maximum of market value assets minus the default

barrier or nothing in case of default.  Given that the firm’s equity behaves like

a European call option on the firm’s assets, the Black-Scholes and Merton model

can be used to compute the equity value.  The equation for valuing equity as

a European call option is:

Et = Vt N(d1) - Fe–rT N(d2) (8)
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4.2 Estimating Financial Institution Risk Using the Contingent Claims

Approach

In the theoretical concept, it is shown that the Black-Scholes and Merton

model can be applied to calculate risks in the financial system by showing the

distance of institutions from the default barrier and estimate the probability the

default.  In cases where the debt and equity are both traded, the market value

of assets, V, can be reconstructed by adding the market values of both debt and

equity as stated in Equation (1).  However, practical problem arises in cases

where firm debt is not traded and only equity is traded or vice versa.  For this

project, the data on the Top Big Banks are limited only to institutions where

there are available equity prices.  Since most of the participating economies are

constrained by market data availability of debt, the default barrier (Fe–rT) is

determined as a function of the short-term debt and long-term liabilities of the

firm. (Crouhy, 2001)

Figure 2

Probability Distribution of Asset Value and the Default Barrier

________________

4. The most popular commercial model is the Kealhofer, McQuown and Vasicek (KMV)

model.

According to the Vasicek and Kealhofer empirical model,4 firms default

when the asset value reaches a level that is somewhere between the value of

the total liabilities and the value of the short-term debt.  Therefore, the tail of

the distribution of asset values below the total debt may not be as accurate as



181

a measure of actual probability of default.  The loss of accuracy may result

from the non-normality of the asset return distribution or the firm is able to draw

on lines of credit (unobservable).  Thus, the default barrier is computed as the

sum of short-term debt plus half of the long-term debt.

For the market value of equity, , it is equal to the number of outstanding

stocks multiplied by the closing stock price as of the balance sheet date.  To

calculate a single systemic risk indicator, an aggregation technique based on the

weighted average market value of assets is used.

5. Data

The choice of commercial banks for the current analysis is performed as

follows: Of the 22 commercial banks in Sri Lanka as at end 2010, 11 banks are

locally incorporated while 11 banks are branches of foreign commercial banks.

Within the domestic banks, Bank of Ceylon and People’s Bank are owned by

the government. Since a crucial piece of information for the CCA methodology

is derived from the share market information on individual banks, it is essential

that the commercial banks chosen are listed in the domestic stock market. This

criterion reduced the choice to the nine private banks, out of which the five

private commercial banks listed in the Colombo Stock Exchange (CSE) before

2000 were selected for the analysis.

Figure 3

The Choice of Commercial Banks for the Analysis

5.1 Micro Level Data

While information on outstanding shares of stock and their market price

pertaining to the selected commercial banks are utilised to compute the market

value of capitalisation of commercial banks, from their balance sheets, information
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on their borrowings is obtained. Although the general method in this research

project treats short-term and long-term debt differently in the analysis, due to

the absence of a readily available breakdown of short-term and long-term debt

of commercial banks, total borrowings are used instead. Data from the stock

market are available daily, while the balance sheet data are available monthly,

but in line with the availability of most macroeconomic data series as discussed

below, quarterly data are used in computing default probabilities as well.

The process of calculating default probabilities is summarised in Figure 4

below.

Figure 4

The Process of Calculating Default Probabilities
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Figure 5

Summary Statistics for Default Probabilities

The summary statistics for default probabilities of the Sri Lankan banking

sector obtained using the process discussed above are given in Figure 5. The

statistics show that default probabilities have always been in the lower 50% of

the probability spectrum, reporting default probabilities close to zero in most

quarters. Both the mean and median default probabilities lie in the range of 11-

16%, thus displaying a strong leftward skewness in the distribution.

5.2 Macroeconomic Data

Several indicators of domestic macro and micro financial conditions are

used for the analysis, and these include Gross Domestic Product (GDP), Colombo

Consumers’ Price index (CCPI, spliced), All Share Price Index (ASPI) of the

Colombo Stock Exchange (CSE), total liabilities to total assets (leverage) ratio

of the commercial banking system (LIAASSRT), total capital of the commercial

banking system (TOTCAP), total deposits of the commercial banking system

(TOTDEP) and non-performing loans of the commercial banking system (NPL).
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Figure 6

Macroeconomic Data - Levels
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Log levels of all series are tested for unit root using Augmented Dickey

Fuller (ADF) test after adjusting for seasonal factors. However, except for the

liabilities to assets ratio (LIAASSRT), all other series are non-stationary at log

levels. The stationarity of non- performing loans are tested both on log levels

(LNPL) as well as on the non-performing loan ratio of the commercial banking

system (NPLRT). While LNPL is found to be I(1), NPLRT is non-stationary

at both the level and the fist difference. The details of the unit root tests are

given in Table 1.

Figure 6

Non-performing Loans (Level and Ratio)
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The GDP series in Sri Lanka displays a quarterly pattern, which cannot be

corrected through seasonal adjustment, and this pattern is aggravated when first

differences are used, distorting results. To address this issue, as well as to ensure

that the results are easily interpretable, year-on-year changes (D4) of non-

stationary variables are used instead of quarter-on-quarter changes. Year-on-

year changes used for the analysis are displayed in Figure 7.

Table 1

Unit Root Tests

Augmented Dickey-Fuller test statistic (Prob Value).

Automatic Lag Length Selection based on SIC, Max Lags=9.
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Figure 7

Year-on-year Growth Rates
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The summary statistics for the final transformed series used in the analysis

are given in Table 2.While liabilities to assets ratio has been on average around

79% in Sri Lanka during 2000-2010, year-on-year growth of both capital and

deposits have been slightly below 11%, on average. Non-performing loans of

commercial banks have been declining on average by around 0.5% year-on-

year. The ASPI has shown a significant improvement of over 23% year-on-

year, which could be due to the remarkable recovery of the stock market

following the end of the civil conflict in Sri Lanka in 2009. This is confirmed

by the high standard deviation recorded for ASPI. Sri Lanka’s year-on-year

inflation has been around 10% on average, while GDP growth has been around

5% on average, based on the statistics presented in the Table.

6. Empirical Results: Assessment of Systemic Risk in Sri Lanka

6.1 Vector Auto Regression (VAR) Analysis

To analyse the effect of macroeconomic disturbances on the probability of

default on the Sri Lankan banking system, a panel Vector Autoregression (Panel

VAR) model is utilised. In addition to the variables discussed above, a constant

and dummy variable that represents the period after the end of the internal

conflict (PEACE, 2009Q3 onwards=1) is also included. Due to the short time

Table 2

Summary Statistics
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series used, the Panel VAR is conducted with only one lag, although the lag

order selection criteria indicate that more lags may be necessary to strengthen

the results. (See Table 3)

Irrespective of the shorter than statistically recommended lag length used,

the estimated panel VAR satisfies the stability conditions as shown by Figure

8.

VAR Lag Order Selection Criteria

Endogenous variables: DEFPROB LIAASSRT D4LTOTCAP D4LNPL

D4LTOTDEP D4LASPI D4LCCPI D4LGDP 

Exogenous variables: C PEACE 

Sample: 2000Q1 2015Q4

Included observations: 185

Table 3

Possible Need for More Lags

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion
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The results of the panel VAR estimates are given in Annexure I.

6.2 Assessment of Systemic Risk

Having estimated a panel VAR model for the economy, a stress test is

carried out to assess the systemic risk. To be comparable with the other country

studies included in this Volume, the ordering of the endogenous variables are as

follows: (1) DEFPROB; (2) LIAASSRT; (3) D4LTOTCAP; (4) D4LNPL; (5)

D4LTOTDEP; (6) D4LASPI; (7) D4LCCPI; and (8) D4LGDP.

6.2.1 A Bank-run Shock

First, a bank-run shock is imposed on the estimated system. This shock

aims to assess whether the banking system could withstand a sudden withdrawal

of bank deposits.

Figure 8

Stability of the Panel VAR
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Figure 9 displays the effect of a 10% sudden decline in bank deposits (a

run on the banking system) on the probability of default of the banking system.

Accordingly, the default probability increases for two quarters following the bank-

run shock by around 4-5% each quarter, before it declines thereafter. The forecast

error bands are significantly wide, and the reasons for this will be discussed

later.

6.2.2 A Financial Stability Shock

The second shock imposed on the estimated system of equations is a financial

stability shock. Figure 10 refers to the response of default probability of the

banking system to a 10% increase in non-performing loans. Default probability

increases by around 0.5% in the ensuing quarter and the effect of the shock

disappears by the 6th quarter following the shock. This effect is considerably

smaller than the effect of the bank-run shock discussed above. Similar to the

effect of the bank-run shock, for the financial stability shock also, the error

margins are substantial.

Figure 9

Effect of a Bank-run Shock



192

6.2.3 Macroeconomic Shocks

While the bank-run shock and the financial stability shock refer to the

disturbances that could arise within the banking system itself due to issues in

the financial system, the estimated Panel VAR can also be used to assess the

impact of macroeconomic shocks on the financial system. Figures 11 and 12

display the impact of a 10% decline of GDP growth and a 10% increase in

inflation on the default probability of banks. While the shock to GDP growth

affects the default probability counter-intuitively, and may need further

investigation, it is beyond the purview of this analysis. High inflation raises default

probability of banks, as shown by Figure 12.

Figure 10

Effect of a Financial Stability Shock
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Figure 11

Effect of an Adverse GDP Shock

Figure 12

Effect of an Adverse Inflation Shock
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7. Concluding Remarks

The impulse responses presented above with regard to shocks to financial

market provide some evidence that the Sri Lankan banking system is sufficiently

strong to withstand bank-run shocks and financial stability shocks. However, it

must be noted that the default probabilities were obtained using only 5 commercial

banks out of the 22 commercial banks that were operative in Sri Lanka at end

2010. The large error bands observed in impulse responses could be due to the

fact that there has been a low correlation between the default probabilities of

individual banks in the study.

As shown in Figure 13, while the Asset Weighted Default Probabilities

(AWDP) of the 5 banks selected appear to be largely in line with the Banking

Soundness Index (BSI, Base: 2006Q3=100) computed by the Central Bank of

Sri Lanka, for completeness, the study needs to be extended by including state

banks, foreign banks, and more recently established banks to capture the banking

Figure 13

Banking Soundness Index (BSI, 2006Q3=100) and Asset Weighted

default Probabilities (AWDP)
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sector as a whole.  In addition a higher frequency data series (monthly instead

of quarterly) could improve the results further. As it is, the framework adopted

in this analysis does not warrant including state banks and foreign banks, it

provides a useful analytical tool to assess banking sector vulnerabilities along

with other methods of analysis used by the Central Bank of Sri Lanka. Other

candidate variables that can be included in the analysis are foreign debt of

commercial banks, the exchange rate and the interest rate.

The recommendations of the Financial Policy Committee at the Bank of

England, as explained by Kohn (2011), are also applicable to Sri Lanka and

other countries in the Asian region: “Our recommendations have fallen into one

of two broad categories. One category encompasses acquiring information for

ourselves and for the public that we believe is necessary ... to monitor and take

actions to contain risks to financial stability. The second category has been a

series of recommendations to build additional resilience into the banking system

without impairing its willingness and ability to perform key intermediary functions,

and in particular to supply credit to households and small and medium-sized

enterprises.”

The methodology provided here can be used to stress test the financial

sector against the robust growth of credit currently experienced in Sri Lanka.

Specific uses of the methodology can be for the analysis of increased pawning

activities against international gold prices, assessing the effect of excess liquidity

conditions in the money market, assessing the impact of exchange rate fluctuations

on the stability of the banking system in the face of increased financial openness

in Sri Lanka, and providing a framework for dynamic provisioning for the banking

sector. Continuous efforts to strengthen alternative approaches to stress testing

as highlighted by a recent IMF working paper (Schmieder, et al, 2012) are essential

in the face of challenges posed by a rapidly evolving financial sector.
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Appendix 1

Vector Autoregression Estimates

Sample (adjusted): 2001Q2 2010Q4

Included observations: 195 after adjustments

Standard errors in ( ) & t-statistics in [ ]
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