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Chapter 1

FRAMEWORK FOR MACRO-PRUDENTIAL POLICIES FOR

EMERGING ECONOMIES IN A GLOBALIZED ENVIRONMENT

INTEGRATIVE REPORT

By

Eufrocinio M. Bernabe, Jr.1

1. Introduction

The global financial crisis of 2008 has shown that a seemingly insignificant

shock stemming from one financial institution can cause serious contagion and

financial crises when amplified in the global financial system.2  The lesson

suggests the importance of a macro prudential policy that deals with measuring

and containing systemic risk.  This lesson prompts us to find and build additional

diagnostic indicators to identify and measure in advance potential financial risk

across the financial system and contain build up of systemic risk.  This indicator

has to capture the risk that evolves endogenously within the system, and to

identify it at the build-up stage.  In order for a systemic risk indicator to function

effectively, we propose that it should satisfy several criteria.  First, it should be

able to signal warning of a build-up of systemic risk in advance.  A financial

authority may set thresholds to trigger warning signals.  Second, the systemic

risk indicator should be forward-looking with at least one year ahead of the real

business cycle.  Third, the indicator should be available in a timely manner to

let financial authorities make timely decisions.  It is believed that these criteria

are satisfied by this collaborative research in the following manner: first, the

proposed methodology would provide an indicator called the Distress Barrier

(DBs) and Distance-To-Distress (DTD) to serve as the threshold and trigger

signals respectively.  Second, the methodology would be based on the option

pricing model which theoretically and empirically has proven to incorporate

forward looking expectations.  Third, the methodology can be constructed on a
________________

1. The author is Bank Officer V at the Center for Monetary and Financial Policy of the

Bangko Sentral ng Pilipinas (BSP).  The views expressed in this paper are that of the author

and do not reflect the views of the BSP or The SEACEN Centre.

2. The Financial Stability Board (FSB) later defined this kind of institutions as Global

Systemically Important Financial Institutions (G-SIFIs) whose disorderly failure based on

its size, complexity, systemic interconnectedness would cause significant disruption to the

wider financial system and economic activity.
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daily frequency since it will use financial market data such as stock and bond

prices.  The calibration of bank balance sheets and risk indicators is presented

in Figure 1.

Figure 1

Calibration of Bank Balance Sheets and Risk Indicators

It is important to emphasise that macro-prudential policy is a key element

of a broader framework of financial stability.  While there are no specific

guidelines and related literature prescribing a criteria for the design of a macro-

prudential policy, it is observed that a macro-prudential framework has two pillars:

the surveillance and monitoring of risks and the strengthening of the system’s

absorptive capacity to withstand risks. Policymakers broadly agree that the

purpose of macro-prudential policy should be preventive in its orientation that

is distinct from financial crisis management policy.  Generally, macro-prudential

policies can be categorised into three aspects namely: the analysis of financial

system structure, the analysis of the financial system soundness and the

robustness of financial system to shocks.  Figure 2 describes the framework of

financial stability analysis generally executed across the global and regional

economies.
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2. SEACEN Economies Experience in the Use of Macro-prudential

Instruments

2.1 Instruments and Intervention

A survey among the SEACEN economies participating in the research,

reveals that a number of them have used policy instruments to address aspects

of systemic risks for quite some time.  The macro-prudential instruments most

commonly employed are reported in Box 1.

Figure 2

Framework of Financial Stability Analysis

Box 1:  Common Macro-prudential Instruments

Tools to address threats from excessive credit expansion in the

system

• Time varying capital requirements

• Ceilings on credit

• Caps on Loan-to-Value (LTV) ratio

• Caps on debt-to-income (DTI) ratio

• Reserve requirements

Tools to address key amplification mechanisms of systemic risk

• Caps on foreign currency lending

• Limits on net open currency position

• Restrictions on foreign currency mismatch
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Most of the instruments in use apply to banks.  This reflects a focus by

authorities on institutions that sit at the core of the SEACEN financial system

and already subject to both micro-prudential regulation and supervision and liquidity

management interventions by central banks.  Some economies have used macro-

prudential instruments to address financial stability risks associated with large

capital flows even to the extent of introducing capital controls.

Most emerging Asian economies have a long experience with macro

prudential tools than most advance countries.3  According to Lyons et al. (2011),

experiences from Asian economies have been quite successful in preventing

valuation booms and credit bubbles.  Lyons cited that Korea’s caps on loan-to-

deposit ratios and tightening of reserve requirement ratios in 2007-08 was

accompanied by slowdown in private-sector credit growth.  The author also

claimed that similar outcomes were experienced by India and China in their

respective implementation of measures curbing excessive credit growth.

In spite of these encouraging experiences by Asian economies, there are

still issues and risks that must be considered.  For instance, unlike macro

prudential regulation, monetary policy has a clear, defined, measurable objective

of price stability; and decision making is supported by extensive experience and

academic research.  Thus, better monitoring tools and analytical frameworks

are needed so that regulators can identify emerging systemic risks.

To illustrate, financial authorities used historical balance sheet data (e.g.,

bank credit, maturity mismatches and currency risk) and macro data such as

M1 to GDP, M2 to GDP and credit-to-GDP ratio as an indicator of systemic

risk buildup in the banking system.  These systemic indicators served as guide

to financial authorities in setting macro prudential policies mentioned in Box 1.

________________

3. A BIS report counted 39 macro-prudential measures in the Emerging Market Economies

(EMEs), but only eight in the advanced economies (see Table 3, page 10 in BIS-2010).
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Figure 3 shows that credit-to-GDP has some capability as a stress indicator.

The ratio maintains its level before the 2008 crises and then drops during the

crisis period.  However, the credit-to-GDP has limitations.4  For instance, the

ratio did not identify potential risk but simply reflect the risk already revealed

in the markets.  Therefore, they fail to function as early warning signals.  They

only issue warning signals after the crisis has hit which means they can only

be contemporaneous indicators.  Making matters worse, data compiled for this

statistics come with a significant lag which makes diagnostic analysis of the

financial and economic situations belated.  Drawing from this illustration, the

available approaches currently being adopted by central banks may not be

sufficient in assessing financial system soundness.

The focus of this research is on developing a more forward looking and real

time macro-prudential measure to serve as a building block in analysing financial

system soundness. Traditionally, financial fragility of financial institutions has

focused on historical information such as non-performing loans, earnings and

profitability, liquidity and capital adequacy ratios.  However, given that balance

sheet information is only available on a relatively low frequency basis and often

with a significant lag, there have been growing efforts to measure the soundness

of the financial system based on financial markets information.  This market

based measure is expected to provide a timely and continuous information since

it will be available on every trading day.  It is also forward looking since asset

Figure 3

Credit to GDP and Real GDP Growth

 

Data: Average aggregated data for all SEACEN Economies participating in the

research computed by the author.

Data Source: Bloomberg.

________________

4. Philip Turner (2011) reported that the credit/GDP ratio was not a very good variable for

EMEs.  He argued that financial innovation and the rise of new industries mean that models

based on past behaviour can be misleading, BIS Paper No. 62 (2011).
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price movements reflect changes in market anticipation of future performance

of the underlying securities.  In turn, this allows changes in financial system

risks to be identified as it occurs.

To construct the proposed macro-prudential measure, an option-pricing model

will be employed to provide guidance on the determinants of risk and put forward

the necessary structure to extract information from prices derived from equity

markets.  This paper uses Contingent Claims Approach (CCA) based on the

option pricing model by Black and Scholes (1973) and Merton’s (1977) extension

of the Black-Scholes model.  A contingent claim is any financial asset for which

payoff depends on the value of another asset.  The prototypical contingent claim

is an option - the right to buy or sell the underlying asset at a specified exercise

price by a certain expiration date.

3. Literature Review

Altman (1968) and Ohlson (1980) used balance sheet data to derive

probability of default metrics.  For instance, the Altman’s Z-score is a linear

discriminant model where borrowers are classified into either high or low default

risk categories.  Although the framework does not directly give a probability of

default, the results can be mapped to a credit rating system which would in turn

yield the desired estimates.  Similar to Altman, Ohlson uses linear discriminant

analysis to derive the probability of default of a firm.  The framework utilised

the maximum likelihood techniques to estimate a logit model of probability of

default of various firms.

There are reasons an accounting based method may be weak in estimating

probability of default.  While a probability estimate are statements about future

events, financial statements are designed to measure past performance, and

thus may be less informative about the future status of the firm.  Also, financial

statements are formulated under the going-concern principle which limits the

assessment of default.  The conservatism principle used in preparing financial

statements often causes asset values to be understated relative to their market

values.  This is particularly true for fixed assets.  The downward biased asset

valuations will cause accounting based leverage measures to be overstated.

These aspects of the accounting system will limit the performance of any

accounting based insolvency measure.  Another important limitation of accounting

based measure is that it does not take into account asset volatility.  Volatility is

a crucial variable in default analysis because it is a key component in computing

the likelihood that an entity will unable to repay its debt within a specific time

horizon.  All things being equal, the probability of default is increasing with volatility



7

and therefore two firms with identical financial ratios can have substantially

different credit risk depending on their asset volatilities (Hillegeist, et al. 2003).

In contrast to the balance sheet approach, the Merton Model is a structural

model.  The probability of default of a firm is captured as an endogenous process

and is a measure of the likelihood that a firm’s assets in the future are likely

to fall below its liabilities.  The Merton Model and the CCA is based on three

principles: (i) the value of liabilities flows from assets; (ii) liabilities have different

seniority; and (iii) there is a random element in the way an asset’s value evolves

over time.

The main advantage of the CCA/Merton Model is that it uses observable

balance sheet and financial market data along with volatility to construct a

measure of default risk.  The ability to translate continuously adjusting financial

market price information into current market value estimates is important given

the speed with which economic conditions change relative to the time span

between releases of balance sheet information.  Furthermore, the CCA combines

the capital structure of the balance sheet with current market price information

from financial markets to construct a market value estimate of the current

balance sheet along with forward looking indicators of vulnerability.  In addition,

the CCA distinguishes itself from other vulnerability analysis by recognising the

important role of volatility in determining default probabilities.  By capturing

volatility, the CCA accounts for the fact that entities with the same capital

structures may have different Distance-to-Distress (DTD) and Probabilities of

Default (PD). The CCA methodology also incorporates nonlinearities which yield

significant improvements over traditional linear relationships in vulnerability

analysis.  In option pricing theory, the value of the option is dependent on changes

in the underlying asset.  The nonlinearity of the Black-Scholes-Merton

methodology allows for more accurate description of changes in vulnerabilities

arising from large changes in asset prices.  On the other hand, linear relationship

is limited as it may understate the evolution of risk over time as result of exogenous

shocks.
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4. Methodology: Framework for Assessing Systemic Risk of Financial

Institutions

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 historical 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 distress 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, where r is the discount rate used

to arrive at the present value of debt.  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 loan5.  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)

where Po, is the current value of the put, N(.) is the cumulative standard normal

distribution, Bt is the market value of assets, and Fe–rT is the present value of

debt.

________________

5. 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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To derive d1 and d2 we make the following transformation presented in

equation 4 and 5,

(4)

(5)

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

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

Probability of default =

(7)

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

follows:

(8)

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 subordinated 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 option6 on the firm’s assets, the Black-Scholes and Merton

  )

________________

6. European call option an option for the right to buy a stock or an index at a certain price

on a certain date prior to expiration date. This differs from the “American style call option”

which can be exercised at any date prior to expiration.
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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) (9)

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 distress 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 distress barrier (Fe–rT) is

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

firm.7  Thus, the transformation of historical balance sheets of banks to market

value terms using CCA employs the hybrid of both the Black-Scholes-Merton

Model and Vasicek and Kealhofer Empirical Model.

According to the Vasicek (1968) and Kealhofer (2000) Empirical Models,

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 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.   Figure

4 describes Vasicek and Kealhofer empirical model.

For the market value of equity, Et, 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.

______________

7. Crouhy, Michel et al., (2001), “Risk Management”, pages 371 to 374, First Edition.
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Figure 4

Vasicek and Kealhofer Model

5. Empirical Results

5.1 Assessing Risk to the Banking System Using the Contingent Claims

Approach (CCA)

Using time series data of market capitalization and liabilities of the Top 10

banks in their respective economies, each SEACEN researcher applied the CCA

to produced a useful banking risk indicator such as Distance-to-Distress (DTD).

The common result suggests that the highest-risk period was in the year 2008

during which negative news in the global markets started to emerge.8  The CCA

can also produce the risk-neutral Probability of Default (PD) for each of the

Top 10 banks in the SEACEN economies.  The overall PDs for most of the

SEACEN economies peaked around the time of the 2008 global financial crisis.9

________________

8. March 2008 is the period of the news announcement of Bear Sterns takeover by JP Morgan

Chase.  September 2008 is the period when Lehman Brothers declared bankruptcy.

9. Based on observations from researchers output, the interpretation of estimates of the level

of probability of default should be treated with caution since estimates for some economies

pertain to only a relatively short sample period.  Among eight (8) SEACEN economies that

participated in the research, only four (4) actually applied the CCA methodology namely

Indonesia, Nepal, Philippines and Sri Lanka.
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For this empirical experiment, monitoring banking risk through the CCA

model is a useful tool for policymakers but relating the banking risk to the effect

of changes in the macroeconomic environment and individual bank ratios provides

a more important insight.  The Vector Auto Regression (VAR) analysis is

employed to provide evidence on how the CCA produced indicator respond to

macroeconomic variables of each economy.  In the VAR analysis performed by

most researchers, the PDs are negatively and significantly affected by the return

in the stock market index and Gross Domestic Product (GDP) growth.  This

suggests that the deterioration in the financial markets and economy as a whole

increases the defaults of entities.  As expected, leverage and non-performing

loans have a positive and significant effect on PDs.  So in general, the PDs

allow a strong feedback effect from the banking system to the macro economy

and the general financial market.

It is noteworthy that an advantage of using VAR is that many factors that

need to be modeled separately by other estimation process – including international

spillovers and the role of monetary policy, are implicitly incorporated.  However,

since statistical relationships are estimated from historical data, they may not be

fully informative about how economic actors will respond to future policy changes

(the Lucas critique).

From the VAR analysis, researchers derive impulse-response functions that

are used to show how a shock to macroeconomic factors and bank ratios impacts

the assets of each of the banks.  Generally, the persistence of shocks to banks

is quite large.  A shock to non-performing loans (NPLs) and total deposits causes

a strong impulse response on PDs.  In effect, the results support the VAR

findings that a deterioration in NPLs and decline in deposits cause a rise in

PDs.

The results of VAR and Stress test analysis highlighted a number of

considerations one should keep in mind when interpreting the CCA output.  First,

individual bank default probability estimates are sensitive to estimates of the

volatility of the asset/liability ratio which, in turn, are sensitive to estimates of

the volatility of bank equity. This means that if a bank’s equity market volatility

had been unusually high (low) relative to equilibrium, the probability of default

would be biased upwards (downwards).  More importantly, if equity market

volatility during the sample period is excessive relative to the volatility implied

by economic fundamentals - there is “excess volatility” - then all estimates of

probability of default will be biased upwards.  Second is the issue on

measurement error.  The data inputs are market capitalisation and bank liabilities.

Whereas the former are forward-looking and reflect the market’s assessment
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of expected profits, the latter are backward-looking and are based on historical

cost accounting.  To the extent that historical cost accounting does not capture

the fair value of liabilities, this will result in inaccuracies of default probability

estimates.  Finally, option-based approach is built on the assumption that publicly

available information incorporate future prospect of insolvency into prices.

However, some studies suggest that the market does not always reflect all the

information in prices (the inefficient market hypothesis).

6. Policy Implications

Based on empirical results, the CCA banking risk framework provided some

indication of vulnerabilities prior to financial market volatilities which underscored

the framework’s ability to act as an early warning indicator.  For risk surveillance

purposes, the so called signaling approach would be the best way to use the

CCA banking risk indicator.  In this manner, the CCA framework should be

interpreted and assessed relative to the default threshold value.  If the distance

to the threshold is breached or close to be breached, this sets the warning light

flashing.  This serves not as a signal of an impending crisis but instead as a

prompt for a detailed assessment of that particular risk.

The CCA methodology offers policymakers a forward looking and high

frequency indicator of vulnerability but it is highly dependent on available daily

asset prices. Thus, economies for which financial markets are less developed

will have to rely on actuarial or reduced form approaches of measuring risk and

vulnerabilities.

7. Areas of Further Research

Furthermore, the strength of the CCA framework is its capability to be

integrated into a broader macro-prudential architecture.  The goal is to unify the

results of the CCA framework with other quantitative models (i.e. network model)

to sharpen risk assessment across the banking system.  The idea is to integrate

different sources of risk into a single model architecture that uses behavioural

rules to model bank’s behaviour that allows various feedbacks across banks.

The single model architecture is envisioned to map out the topography of risk

across the banking system.  This is an area of future extension of this research

study.  The modular construction of the macro-prudential architecture is shown

in Figure 5.
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Figure 5

Macro-prudential Architecture



15

References

Altman, E., (1968), “Financial Ratios, Discriminant Analysis and the Prediction

of Corporate Bankruptcy,” Journal of Finance.

Bank for International Settlements, (2010), “Macroprudential Instruments and

Frameworks: A Stocktaking of Issues and Experiences,” Committee on

the Global Financial System, BIS Paper, No. 38, May.

Black, F. and M. Scholes, (1973), “The Pricing of Options and Corporate

Liabilities,”  Journal of Political Economy No. 81.

Crouchy, M., et al., (2005),  The Essentials of Risk Management, The Mcgraw-

Hill Companies.

Hillegeist, S.; E. Keating and K. Lundstedt, (2003),  “Assessing the Probability

of Bankruptcy,” Review of Accounting Studies, Vol.9, March.

Kealhofer, S. and M. Kurbat, (2000), “Benchmarking Quantitative Default Risk

Models: A Validation Methodology,”  Research Paper, Moody’s KMV.

Lyons, Gerard.; M. Reinhart and K. Rogoff, (2011),  “Capital Controls: Myth

and Reality – A Portfolio Balance Approach,”  National Bureau of Economic

Research, No. 16805.

Merton, R.C., (1977),  “On Pricing of Contingent Claims and the Modigliani-

Miller Theorem,” Journal of Financial Economics, No. 5.

Ohlson, J., (1980), “Financial Ratios and the Prediction of Bankruptcy,” Journal

of Accounting Research, No. 18.

Turner, P., (2011),  “Macroprudential Policies in Emerging Market Economies:

Theory and Practice,” BIS Paper, No. 62, January.

Vasicek, O., (1968),  “An Equilibrium Characterization of the Term Structure,”

Journal of Financial Economics, No. 5.


