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ABSTRACT 
 

This study extends the economic framework used by Bichsel and Blum (2002) in 
examining the relationship between bank capital and default risk. An option-based default 
metric is computed for Jamaican banks using a Merton-type model. This indicator 
accurately tracks the default experience for Jamaican banks over important periods in the 
1996 to 2004 sample. However, the study does not uncover a significant relationship 
between either bank capital and asset risk or bank capital and the likelihood of default. 
Additionally, contrary to previous research, it is found that a higher volatility in equity 
prices is associated with a lower default probability. This may be explained by the fact 
that, during the sample period, higher bank equity volatility has occurred in instances of 
an upward trend in bank share prices. 
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1. Introduction 
It is a widely accepted fact that risk-taking behaviour is a requisite feature of 

banks given the nature of their asset transformation role. Bank leverage, measured by the 

capital-asset ratio, represents the extent to which the risk in assets is covered. Assuming 

the bank’s asset value is allocated between equity and zero-coupon debt, Merton (1974) 

proposed that equity and debt could be viewed as European-type options on a bank’s 

asset. Bank equity prices contain useful information about the market’s forecast of the 

bank’s asset risk.  In particular, a bank’s equity has embedded option characteristics, 

which may be valued using the Black-Scholes (1973) and Merton (1974) option-pricing 

framework. This framework utilizes equity prices to extract important market information 

on banks’ risk that is not contained in historical balance sheet information. In this study, 

equity prices for publicly listed Jamaican banks are used to compute an option-based 

default indicator. It is discovered that the evolution of the indicator accurately reflects the 

onset of bank fragility during the sample period.  This provides support for its use by the 

Bank of Jamaica to supplement available accounting information in its ‘early warning’ 

assessment of banking sector crisis. 

Some recent empirical studies concerning banking sector fragility in both 

developed and developing countries provide evidence that greater capital requirements 

may have the unintended effect of inducing banks to increase their risk exposure. Since 

capital is costly, banks may incur higher risks in order to maximize the return on equity. 

The regulatory intent, however, is that capital regulation will not only be binding, but will 

result in banks taking on less risk, as opposed to increasing risk levels to maximize 

profitability. Therefore, a ‘buffer stock’ effect is desired for regulative purposes. This 

achieved when the banks incentives to minimize its default risk decreases with the 

amount of costly capital it risks losing in the event of a default.  

Bichsel and Blum (2002) derive the market value of assets for publicly listed 

Swiss commercial banks and the associated default risk indicator using Merton’s option 

pricing framework. They then estimate a simultaneous equation system using two-stage 

least squares to examine the impact of capital on the banks’ risk-taking behaviour. They 

measure risk as the volatility per unit of the market value of assets and an option-based 

measure of the probability of default. 
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This paper provides an important variation of the Bichsel and Blum (2002) study, 

which found a positive relationship between bank capital and risk taking for Swiss banks 

based on data between 1990 and 2002.  In particular, this paper strengthens their original 

economic and empirical framework. A critical drawback of their study is the inclusion of 

the capital to assets ratio as an exogenous variable, which underpins the assessment of 

banks’ risk-capital relationship, is likely to induce an endogeneity bias in their two-

equation system. Kopcke (2001) indicates that this problem is created because the capital 

ratio is itself a dependent variable in a wider simultaneous equation system and, as a 

consequence, this variable will be correlated with the errors in the equations. To address 

the endogeneity of this variable, Kopcke’s idea to explicitly model the capital ratio the 

simultaneous equation system is adopted. The research design of the capital regression 

reflects factors which theory predicts are significant in the choice of capital. The choice 

of exogenous variables in this study includes proxies for market discipline such as a 

deposit insurance dummy variable and the relative deposit exposure to other banks. These 

variables typically reflect moral hazard in bank regulation. For instance, deposit 

insurance creates important incentive problems.1 In particular, Furlong (1988) and others 

have examined whether the value of a bank is positively related to risk taking and the 

degree of leverage due to flat-rate deposit insurance.2 Additionally, a bank will withdraw 

its deposits from other banks if it perceives an increase in their default risk.  

Mullings (2003) provides important findings on banks’ responses to leverage 

(capital to assets) and risk-based capital requirements in Jamaica. The study finds that 

banks prefer to maintain a high buffer on risk- based capital requirements so as to avoid 

regulatory costs. This suggests that regulatory capital requirements are binding for banks. 

In addition there is weak evidence that these regulations generated a credit crunch owing 

to the comparative attractiveness of default free assets relative to risky assets (loans). 

However, this finding is biased by the fact that although the high-return Government of 

Jamaica bonds may contain significant credit risk, it is assigned a zero risk weight by 

                                                 
1  Using cross-country evidence on 61 countries, Demirguc-Kunt, Ash and Edward J. Kane (2001) presents 
findings that deposit insurance is associated with a greater probability of banking crisis.  
2  Using data for the US on 98 publicly trade bank holding companies (BHC) for the period 1975-1986, 
Furlong (1988) finds evidence to the contrary. 
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regulators. In the capital to assets requirement, however, the study finds that banks prefer 

to minimize the capital buffer. 

The rest of the paper is organized as follows. The next section describes the 

empirical framework used to examine the empirical relationship between bank capital 

and default risk. Section 3 generates indicators of the publicly listed banks’ unobserved 

market value of assets and default risk by modelling the banks’ equity as a call option on 

their assets. Section 4 addresses some important concerns about the Bichsel and Blum 

(2002) economic framework and provides an explicit empirical variation of their model. 

This section also outlines the econometric methodology used in this study. The empirical 

results are presented in section 5. Section 6 provides some concluding remarks. 

 

2. The Empirical Model 
The specification used in this paper to model the relationship between bank 

capital and default risk in Jamaica is a variation of the approach proposed by Bichsel and 

Blum (2002) and Hovikimian and Kane (2000).  

Equation (1) relates changes in the riskiness of bank assets, Vσ , to changes in the 

capital ratio at time t , , and the volatility of the banks’ stock index at time , tc t
tBSIσ . 

Equation (2) relates the banks’ default risk indicator, , to the same exogenous variables 

specified in equation (1). However, the fact that the capital ratio itself represents default 

risk will introduce a bias in the simultaneous equation system.  

tz

This paper extends this two-equation system by adding equation (3) to account for 

the endogeneity of the capital ratio. By modelling the capital ratio explicitly and by 

estimating the system using an appropriate econometric technique,3 the correlation 

between the capital ratios and the regression errors from equations (1) and (2) should be 

removed. 

0 1 2 tt t BSc I tσ α α α σ ε+∆ = + ∆ + ∆     (1) 
 

0 1 1 tt t BSz c I tβ β β σ∆ = + ∆ + ∆ +ν

                                                

     (2) 
 

 
3 The three stage least squares (3SLS) estimation technique is used in this paper.  3SLS will be discussed in 
the section 4. 
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0 1t tc tγ γ∆ = + Γ +ψ       (3) 
 

The hypothesis underlying  the specification of equation (3) is that banks choose 

their capital ratio as a function an exogenous vector of macroeconomic and 

microeconomic factors, , which were chosen from a broad coverage of explanatory 

factors proposed by Nier and Baumann (2003). As mentioned earlier, the error terms 

Γ

tε , 

 and tv tψ  are probably not independently and identically distributed. As noted by 

Kopcke (2001), the errors are likely to follow a mixed distribution with occasional jumps 

given that the risk of assets and the default risk indicator typically exhibit highly 

correlated and sudden changes in their levels and variances. Kopcke (2001) suggests that 

the inclusion of could address these issues. Γ

Positive values for 1α  and 1β  indicate that increases in bank capitalization are 

correlated with increases in the market’s perception of bank risk and the probability of 

default risk, respectively. The correct estimation of these key coefficients are essential to 

the conclusions of this study. 

 

3. The Application of Option Pricing Theory 
 

From the perspective of bank capital regulation and bank risk, an important use of 

option pricing theory lies in the estimation of the market value of assets and its associated 

asset risk. Importantly, with the values derived from the Black-Scholes formula, a metric 

known as the distance-to-default can be constructed. This measures the number of 

standard deviations of the market value of bank assets from the ‘default point’. The 

usefulness of this option theoretic framework in measuring banks risk lies in recognition 

that equity prices contain additional information on banks outside of balance sheet data. 

Merton (1973) proposed the idea that the equity value of a firm can be modelled 

as a call option on its assets, with the book value of its liabilities being interpreted as the 

strike price (default point) of the option.  Consider a firm with a simple capital structure 

containing equity, E , and zero coupon debt, X , which promises to pay D dollars at 
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maturity date T . Equity holders have a junior claim on the bank’s assets. The firm’s 

market value at any point in time is: 4 

    V Dt t Et= +   

Option pricing theory may be used to frame the behaviour of investors holding the 

banks’ debt and equity. In essence, bondholders can be viewed as owning the bank’s 

assets and giving shareholders the option to repurchase the assets at maturity. However, 

the expiration date pay-offs are not without risk as depicted in Chart 1 below. 

 

Chart 1. Payoffs for Equity and Debt Holders 

    Case V X≤  Case XV >  

  Debtholders   V            X

  Shareholders   0                             V X−  

  Sum of Stakeholders        V0V =+        X VXV =−+  

 

When the debt matures at time, t , the value of the firm’s assets may either lie 

above or below the value of its liabilities. The liabilities constitute a claim by debtholders 

with a maturity date of one year.5 If the bank is in good standing at maturity, owner’s 

equity will be V , which will make it profitable for them to exercise their option to 

purchase the firm. Alternatively, if the bank is insolvent, equity holders will surrender 

control of the bank to debtholders and incur losses equal to the amount of their 

investment. This model is described as a contingent claims model because the maturity 

pay-off is dependent on the solvency of the firm.  

X−

More generally, the value of equity on the date of debt maturity is  

max  (0,  )TE V X= −  

The asset value dynamics of firm may be modelled using an Ito process 6 

 V V
dV dt dZ
V

µ σ= +       (4) 

                                                 
4  The firm does not pay dividends 
5  As in Marcus and Shaked (1984), it is assumed that bank audits are conducted annually and in this way it 
is reasonable assume a debt maturity of one year. 
6  This model of asset price dynamics is also referred to as a geometric Brownian motion 
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where Vµ  and Vσ  are the instantaneous average return and instantaneous volatility of the 

firm’s assets, respectively. The former is a deterministic drift component and the latter is 

random diffusion component. The change  is called a Weiner process with a drift rate 

of zero and a unit variance. Asset prices are assumed to exhibit a stochastic process, 

which may be accurately captured by the above stochastic differential equation. With 

knowledge about the process followed by equities, the stochastic process of any option 

with the same underlying asset is also known. This link paves the way to computing the 

market value and market volatility of the bank’s assets. 

dZ

   According to the Black and Scholes (1973) and Merton (1974) option pricing 

theory, the equity call option written by debt holders to shareholders may be valued by 

solving the following second-order linear partial differential equation (PDE): 

    
2

2 2
2

1
2

E E ErE rV V
t V V

σ∂ ∂
= − −

∂ ∂
∂
∂

 

subject to the boundary conditions: 

    and ( , ) [ ,0T
TE V T Max V X= − ] (0, ) 0E t = . 

The unique solution to this PDE is the celebrated Black-Scholes-Merton option pricing 

formula:  

 
 
   1 2( ) ( )rTE VN d Xe N d−= −     

where 
2

1
ln( ) ( 2)v

V

V X r Td
T
σ

σ
+ +

=       

 

   
2

2 1
ln( ) ( 2)v

v
V

V X r T
T
σ

σ
σ
+ −

= =d d  T−

 
 

Assuming a debt maturity of one year (T 1= ), the Black-Scholes-Merton formula is 

rewritten as: 

1( ) ( )2E VN d XN d= −    (5) 
 

where 
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2

1
ln( ) 2v

V

V Xd σ
σ
+

=       

 

    
2

2 1
ln( ) 2v

v
V

V X σd d σ
σ
−

= = −  

 

Additionally, from equation (4), the value of assets at maturity is lognormally distributed 

as expressed by the following equation: 

    
2

ln [ln ( ) ,  ]
2

T V
V VV N V T Tσ

µ σ+ −∼  

where  denotes the cumulative normal probability density function,  ,is the risk free 

interest rate used to discount the bank’s debt and T is the time remaining until maturity of 

the debt.  

( )N • r

One of the assumptions underlying the Black-Scholes-Merton model is that asset 

returns are constant and invariant over the option’s duration. This assumption yields a 

risk neutral probability measure in the sense that the average return of asset, Vµ , is 

replaced with riskless rate, . The principle of risk neutral valuation is a key concept 

underlying the Black-Scholes-Merton model. It reflects the idea proposed by Merton that 

a portfolio of stocks and options with a riskless payoff must also earn the risk free rate.

r

7 

Given the assumption on the continuous time process followed by the equity 

process, stochastic calculus is applicable to the derivation of the option’s properties. By 

Ito’s Lemma, the volatility of the diffusion component of E  is:  

1( )E V V
EE V VN
V

σ σ σ∂
= =

∂
d      (6) 

Values for V and Vσ , the unobservable parameters for bank’s asset value and volatility of 

assets, respectively, can be found by solving (5) and (6), simultaneously. These values 

are inputs in the calculation of the probability of default.  

Studies, including Boyd and Graham (1986) and Furlong (1988), have derived a 

default indicator based on the probability that some measure of profitability falls below 

the capital position of a firm. Since the default indicator is expressed in standard 
                                                 
7  This riskless rate, which may be approximated by the yield on Treasury Bills, was also shown to be 
independent of investors’ risk preferences. This synthetic portfolio is a theoretical construct, which uses 
option contracts to perfectly hedge the risk associated with the price volatility of financial assets. 
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deviation terms, it provides a measure of the number of standard deviations that the asset 

returns would have to fall below the default point.8 As discussed earlier, Gropp et al 

(2001) and Bichsel and Blum (2002) improves on this risk indicator by incorporating the 

option value of equity. They use equity prices and balance sheet data to compute an 

option-based bank vulnerability indicator. 

By the lognormal assumption, the asset returns dynamics in equation (4) may be 

rewritten as:  
2

ln ln ( )
2

T
VV V r Tσ σ ε= + − + T     (7) 

whereε  represents the uncertainty component and is a random drawing from a standard 

normal variate, (0,  1)φ . In an option theoretic framework, the default point is set equal to 

the nominal value of total liabilities. At maturity, the distance from the default point is 

. Using this metric, a bank is considered to have defaulted if the value of 

its assets falls below the default point. That is: 

ln ln−Td V= X

  

          Pr ( )ln ln 0TV X− <   =Pr ( )2ln ( 2) ln 0vV r T T Xσ σ ε+ − + − <  

      =Pr 
2ln ( 2) 0

v

V X r T T z
T
σ ε

σ

 + −
+ = <

 
    

=Pr
2ln ( 2) 0

v

V X r T T z
T
σ ε

σ

 + −
− − = <
 
    

The risk neutral probability of default is given by ( )N z− , where  is expressed as:  z

     
2ln( ) 2

v

V Xz σ
σ
+

= −      (8) 

The standard normal variate, , is the default measure, which indicates the probability 

that that a variable, defined by the above asset value process, falls below the default 

point.  

z

 

 

                                                 
8  Furlong (1988) improved on the approach of Graham (1986) by using estimates of the market value of 
standard deviation of equity returns and standard deviation of asset returns in the computation of Z values 
instead of book values. 
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4. Data, Estimation Design and Market Based Indicators 
 
4.1 Data 
 

Monthly bank equity prices and balance sheet data were obtained from the 

Jamaica Stock Exchange and the Bank of Jamaica’s Bank Supervisory System (BSS), 

respectively. The sample is comprised of 10 publicly listed banks over the period January 

1996 to March 2004. The banking sector experienced a financial distress during the 

period 1996 to 1998, with systemic weaknesses enduring into 2001. Observations on 

three publicly listed banks in default during the sample period permitted an assessment of 

the usefulness of market-based indicators to signal the onset of banking fragility. Since 

the sample also includes observations on the merger of failed banks, as well as bank 

acquisitions, the issue of survivorship bias does not arise. As at March 2004, the sample 

represented 76 per cent of banking system assets or 7 banks in the population of 17 

banks.9 On the whole, the sample selection is representative of the banking system in 

Jamaica and permits broad inferences about the risk in banks’ portfolios based on equity 

performance. 

Following Bichsel and Blum (2002), the capital positions are measured using both 

book value and market value data. Book value capital, c , is defined as book value 

capital to total assets. Capital includes capital paid-up and assigned, share premium, 

reserves, retained earnings and unappropriated profits. Similarly, market value 

capital,

BV

MVc , is computed as the market value of assets minus total liabilities divided by 

the market value of assets.  

The research design for the capital regression reflects key variables chosen from a 

broad coverage of explanatory factors proposed by Nier and Baumann (2003). Banks’ 

capital choice is also assumed to be influenced by exogenous changes in the market share 

( ), the six-month Treasury Bill rate ( ), and the capitalized charter values 

( Q ).

Share TBill
10 Market share is defined as a listed bank’s asset size divided by total assets of listed 

                                                 
9 The population of banks includes commercial banks, merchant banks and building societies, but omits 
credit unions, which constitute a relatively small share of the financial system asset base. 
10  Consistent with the explanation of Nier and Baumann(2003), it is appropriate to treat a banks’ market 
share as being exogenous over a short horizon such as a year since it unlikely to be able to influence its 
industry position within this period. However, over longer time horizon, banks will be able to exert greater 
control. 
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and unlisted commercial banks and merchant banks. The proxy for banks’ charter value is 

given by the market value capital to equity.11 Based on the hypothesis as originally 

formulated by Keely (1990), large charter values are derived from banks’ market power, 

which is assumed to be positively related to their capital ratio. In accordance with theory, 

market discipline effects are presumed to be important in influencing bank behaviour. 

The presence of an explicit deposit insurance scheme ( DepIns ) and the deposit exposure 

to other commercial banks ( DepRatio ) represent proxy variables for the strength of 

market discipline. Market discipline imposed by investors in the inter-bank market is 

expected be greater, the higher the liability exposure, particularly given the absence of 

insurance for inter-bank deposits.12  

. .
Min
s t

VN E λ− =

1 2( )dσ λ=

σ

 

4.2 Estimation Design 

 The estimation steps to estimate the relationship between bank capital and default 

risk are outlined as follows: 

 

1. First, the following system of two non-linear equations is solved using the 

Newton-Raphson algorithm to derive the unknown variables consisting of 

the market based assets value, V , and volatility, Vσ , for the publicly listed 

banks in the Jamaican banking sector. The minimization problem is 

expressed as: 

    
2 2

1 2(| |)
 , 0V V

λ λ
σ

+
≥

    (9) 

 where    

1 2( ) ( )d DN d−    1

  and 

         E VE VNσ −  

 The variable ,  ,  ,  EX E T and are determined exogenously.   r

 
                                                 
11  Keely (1990) assumes that changes in capitalized charter values are reflected in market value changes, 
but not in book value changes. Thus, larger charter values are expected to be associated with higher market 
value capital to equity ratios.  
12  See discussion in Nier and Baumann (2003)  
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2.  A three-equation system is then estimated using the appropriate 

simultaneous equation technique, as well as, V and Vσ  from step 1. 

Noting that the variable c  in (10) reflects either book value or market 

value estimates of the capital ratio in the three-equation system is 

specified as:

,i t

 13 

 

   

,0 1 . 2 3 4 5 6 7

0 1 , 2 3 4 5 6 7

, 0 1 2 3 4 5

i t
t t

t

V i t BSI t t

t i t BSI t t t t

i t t t t t

c TBill DepRatio Q Share DepIns

z c TBill DepRatio Q Share DepIns

c TBill DepRatio Q Share DepIns

t t

t

σ α α α σ α α α α α ε

β β β σ β β β β β ν

γ γ γ γ γ γ

∆ = + ∆ + ∆ + ∆ + + + + +

∆ = + ∆ + ∆ + ∆ + + + + +

∆ = + ∆ + ∆ + ∆ + + t tψ+

 (10) 

  

The sign and significance of coefficients 1α  and 1β  reflect the influence of 

the capital ratio on bank default risk. 

  

4.3 Market-Based Indicators 

 As illustrated in the left panel of Chart 2, the occurrence of a financial sector 

crisis during the period 1996 to 1998, dominated the movements in the average book 

value and market value capital ratios for banks in the sample. The market value of capital 

ratio exhibited significant volatility, fluctuating between positive and negative values, at 

least one year before the book value ratio became negative. This occurred around the 

onset of the banking crisis. Further, the market value of the capital ratio remained 

negative even after substantial capital injection by the Jamaica government to restore the 

book value capital ratio to positive values to lie within the regulatory requirement. The 

market value of capital ratio returned to positive value only in 2000, almost a year after 

the book value capital ratio had returned to positive values. 

 As exhibited in the right panel of Chart 2, proceeding the period of bank distress, 

the excess of market value over book value capital ratio change from negative to positive 

values. This excess steadily rose in the post 2000 period indicating a strengthening of 

buoyant market perception, especially in relation to the financial sector.  

                                                 
13 Note that MV

V Xc
V
−

=  
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 The volatility estimates computed from equity prices and Black-Scholes-Merton 

asset prices are compared with the Jamaica Bank Index in Chart 3. Given that option-

pricing theory attributes risk in equity to unobservable risk in assets, a graphical depiction 

of the relationship is informative. The left panel of Chart 3 reveals that significant equity 

volatility spikes are associated with upward jumps in bank equity prices.14 One possible 

reason is that high volatility has been coupled with large capital gains during the sample 

period.  

In contrast the right panel of Chart 3 reveals that significant option-implied asset 

volatility spikes appear to be positively correlated with downward jumps in bank equity 

prices.15 This finding is consistent with theory because asset volatility spikes, which 

reflect the market perception, seem to correctly anticipate a build-up of bank risk and the 

occurrence of failures. This suggests that option implied asset volatility is an ideal proxy 

for the market assessment of asset default risk. 

 

                                                 
14  That is, there is a close correspondence between high volatility in share prices and bank’s upside profit 
potential. 
15  That is, there is a close correspondence between high implied volatility and bank’s downside risk. 
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Chart 4 presents the option-based indicator of default. Higher -values indicate a 

lower default risk. It is evident from the graph that the -values correctly depict the 

highest default risk occurring in the crisis period and the lowest default risk taking place 

in the region of the recent equity price boom. Keely (1988) argues that the z-values will 

likely overestimate the risk of default if its computation includes observations on banks 

with a negative net worth. This caveat applies to the dataset since, in the period when the 

book value capital ratios for some banks were negative, the z-values were relatively 

low.

z

z

16 

 

The option delta for the bank index, as well as interest rates are reported in Chart 5. The 

delta reflects the values for the cumulative normal distribution ( 1( )N d E= ∂ ∂V

                                                

). 17  The 

unequal relationship between the value of the option and the value of banks’ assets has 

 
16  Depositors’ interest and confidence in the financial system were important reasons why authorities used 
the recourse of placing insolvent institutions under temporary management instead the closure option.    
17  Specifically, it is a dollar measure of the sensitivity of the equity call price to a change in the underlying 
stock price. On the assumption that banks have similar sensitivities for calls, it is possible to extrapolate the 
results at the bank level. 
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supported rising deltas.18 As depicted in Chart 5, due to banks’ strong upside profit 

potential in recent years, options written on banks’ equity prices are more valuable to 

shareholders and this will be reflected in its price prior to the expiration date. The call 

option values are also a positive function of the rate of interest as shown by the jumps in 

call deltas coinciding with the upward adjustments in rates. 

 
4.4 Deficiencies of the Framework 

The measures of asset risk, the market value of assets and the default metric 

derived in the paper are based on a Black-Scholes-Merton interpretation of the liabilities 

of banks. However, this approach may not be entirely appropriate in describing the 

default risk and market value of banks’ assets. Although Bischel and Blum (2002) 

identify some of these limitations, further discussion is useful.  

The key assumptions of the option pricing method of log-normality, debt 

homogeneity, constant volatility and market efficiency may be flawed. First, the 

lognormality of assets is not unambiguously supported by empirical evidence. Kopcke 

(2001) argues that errors in the equation for asset risk and default probability may be 

characterized by a mixed distribution with occasional jumps.  This is because risk in 

banking may be dominated by structural and unpredictable changes in markets.  Second, 

it is assumed for simplicity that banks have a simple capital structure, characterized by a 

homogenous debt structure (i.e. zero coupon debt). In reality, the capital structure for 

banks is far more complex.  Third, it is assumed that asset volatility, Vσ , will not change 

until the debt matures in one year. However, the time series behaviour of asset volatility 

suggests that it can be highly variable. Gizycki (1999) indicates that in an efficient 

market the market capitalization reflects the market net worth of firms (i.e. market value 

of asset less liabilities). If efficiency is an issue, then the estimate of the market’s belief 

about future volatility may depart from its true value. Notwithstanding these caveats, the 

option-pricing framework is useful because it reflects forward looking information not 

contained in balance sheet statements. 

 

                                                 
18 In contrast, Bichsel and Blum (2002) report that the option’s delta is nearly constant for each Swiss bank 
at each point in time. 
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5. Estimation Results  
Simultaneous equation bias due to misspecification and endogeneity problems are 

two important empirical concerns in the theoretical framework used by Bischel and Blum 

(2002). First, if their two-equation system (equation (1) and (2)) were not adequately 

specified, then estimation using two-step feasible generalized least squares would yield 

biased estimates. Second, there is an endogeneity bias due to the correlation between the 

endogenous capital ratios and the error terms of the two equations. In addressing these 

weaknesses a capital ratio equation was added to the system and the three-stage least 

squares (3SLS) estimation procedure was employed to account for the endogeneity bias. 

This addition is important to the results because it is based on a sounder economic 

framework. The results from the 3SLS estimation were then compared to the Seemingly 

Unrelated Related (SUR) regression results, which does not tale account of endogeneity 

problems.  

Contemporaneous correlation in the errors may arise in simultaneous equation 

models due to the problem of misspecification. In the presence of contemporaneous 

correlation in the residuals, SUR is appropriate if all the regressors are exogenous. 

However, if any of the exogenously specified variables are, in fact endogenous, the 3SLS 

is the appropriate estimator. For comparison purposes, the SUR and 3SLS estimates are 

reported jointly. 

 

5.1 The SUR Estimation Results  
 

As shown in Tables 1 and 2, the SUR parameter estimates indicate statistically 

significant negative relationship between market asset volatility and both the book value 

and market capital ratios (see equation (1) in Table). This suggests that improvements in 

the capital ratio are unambiguously associated with reduced risk. Importantly, there is 

considerable difference in the magnitudes of the estimated parameters. The estimation 

using the book value measure of capital, , indicates that, on average, a one unit 

increase in the capital ratio associated with a 0.4 unit reduction in asset volatility. Using 

the market value measure, 

BVc

MVc , a one unit increase in the capital ratio is, on average, 

associated with 57 unit reduction in asset volatility. 
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There appears to be no statistically significant relationship between the amount of 

capital held and the odds of default when the using c  (equation (2)). However, the 

relationship is significant at the 10 per cent level when 

BV

MVc  is used. Further the sign of 

the coefficient suggests that an unintended consequence of a higher capital requirement is 

associated with a higher probability of default.  

While the estimation of the capital ratio regression did not reveal a significant 

relationship with any of the explanatory variables using , the six-month Treasury bill 

rate is significant and negative when 

BVc

MVc  was used. The Treasury bill rate is statistically 

significant and positive in the equation for asset volatility, when both  and BVc MVc  are 

used. The rate is also statistically significant and positive in the default risk case 

(equation (2)) when MVc  is used. These results suggest a prominent role for policy in 

encouraging capital market development as increases in the Treasury bill rate leads to a 

decline in the market value of capital ratio, greater market perception of default risk, as 

well as an increased likelihood of default. 

 

5.2 The 3SLS Estimation Results 

In the case of the asset volatility and default risk equations (equations (1) and (2)), 

the parameters estimates for the capital ratios become statistically insignificant, in the 

case of both c  andBV MVc .19 This suggests that there exists no explicit relationship 

between either risk and capital or the likelihood of default and capital.  

Using the book value measure of capital, , the 3SLS estimate of the impact of 

the Treasury bill rate on the asset volatility (equation (1)) has a statistically significant 

and positive impact, similar to that obtained in the SUR results. Additionally, for the 

equation estimating the odds of default (equation (2)), the coefficient on the Treasury bill 

rate is positive and significant (whereas it was insignificant for the corresponding SUR 

estimate).  The result implies that upward adjustments to interest rates have the effect of 

increasing the likelihood of default. However, this relationship does not hold when 

BVc

MVc  is 

used.   

                                                 
19 These results are also robust to changes in the specification of the model. 
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The statistical significance of ‘charter value’ (market power) emerges for the 

default probability and capital ratio equations (equations (2) and (3)) in the cases of c  

and

BV

MVc , respectively. The results suggest that banks with greater influence or market 

power have a lower probability of book value default and hold greater share of market 

value capital.  

A curious finding, however, is the statistically significant, negative coefficient on 

the volatility of the Jamaica bank stock index, BSIσ , in the estimation of probability of 

default using both c  andBV MVc .  The relationship is robust to changes in specification and 

the inclusion of lagged values of the default indicator. The explanation for this anomalous 

result was discussed earlier in the description of Chart 3.  In particular, if in the market’s 

assessment, high equity volatility is associated with the possibility of high capital gains, 

then contrary to the findings in similar studies (at least over the sample period), increased 

volatility should be correlated with a lower probability of default.  

 

5. Concluding Remarks 
The paper finds no explicit empirical relationship between risk and capital. The 

significance of the Treasury bill rate in the 3SLS estimation lends support to the negative 

influence of the high interest rates on bank risk.  The sign on this variable is significant 

and positive in the equations for asset volatility and the probability of default when 

market value capital is used. Additionally, high interest rates related to the Central 

Bank’s attempt to control high inflation in the early 1990s might have influenced a flight 

to the bond market and the tightening of the liquidity in the system. The confluence of 

these factors would work against the regulatory intent of controlling the balance between 

risk and capital and, hence, the probability of default. An important recommendation 

from this finding is that the use of interest rates to alleviate foreign exchange market 

pressures should be tempered against the possibility of negative effects on bank default 

risk. 

  The evolution of the default indicator is sensitive to the historical weaknesses in 

fragility and systemic instability. The Merton-type model, based on the excess of market 

value of assets over the book value liabilities in the sample, identifies the post 2000 

period as an important benchmark for Jamaican banks. This period marked a significant 
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improvement in the assessment of default risk. In particular, the default risk for banks is 

relatively low for the last three years of current history. The success of this measure of 

default widens the pool of available tools to conduct ‘early warning’ analyses of bank 

distress. 
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