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Abstract 

The valuation of bank deposi t guarantees depends crucially on the point at which 

troubled financial institutions are closed. Under different assumptions about  regula

tory policies, we use data on the equity value and deposits of eight large U K  banks to 

value their deposit insurance. The models we implement i nclude standard Merton

style audi t  models of deposit guarantee valuation , an endogenous closure rule model , 

and a model wi th endogenous subsidies in which equity-holders remain in control of 

the financially troubled bank .  
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PRICING DEPOSIT INSURANCE IN THE UNITED 

KINGDOM 

1 INTRODUCTION 

Th ost to governments of d posit i nsuranc d pends crucially on the bank closure 

rule applied by regulators. In this pap r, using data on large publicly-quoted UK 

banks, we  implement empirically a series of  models that allow us to  explore the 

impact of different approaches to bank closure. 

1 . 1  Theoretical Models of Closure 

Closure rules have been t he subject of much recent  theoretical study. This research 

has ,  i n  part , been stimulated by widespread crit icism of the slowness with which 

US Savings and Loans regulators closed i nsolvent thrifts in the 19 80s. Kane ( 199 0) 

has argued that regulators are frequently captured by the i ndustry in  their charge 

and hence close t roubled institutions long after they have zero net worth. Boot and 

Thakor ( 199 3) provide a formal treatment of capture in a reputational model of a 

bank regulator. 

An alternative interpretation of apparently late closure rules is provided by Fries et 

al ( 199 4). Bank regulators concerned about dead-weight social costs associated with 

bank failure (ei ther interior or exterior to the bank concerned) may wish to postpone 

liquidation for as long as possible. But delaying liquidation benefits equity-holders, 

so r gulatory capture may be hard to distinguish empirically from the behavior of 

'social-planner' regulators concerned about possible dead-weight losses to the financial 

syst m as a whole. 

Whatever t heoretical mod I of bank closure one finds most persuasive, in practice, 

the valuation of deposi t i nsurance is all the more difficult because closure rules clearly 

vary over t ime in a complex, state-contingent manner . For example, Georg ( 199 3) 

emphasises that the Bank of England's decision to support a failing bank heavily 

d p nds on the current stat of the rest of the banking system. 
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1.2 Valuation of UK Deposit Insurance 

Using time series data on the equity market capitalisations and deposits of eight large 

UK banks, w estimate the parameters of mod Is embodying different assumptions 

about the bank closure rules . Of the various approaches we implement, Model 1 

consists of Merton's classic ( 1977 )  model of deposi t i nsurance as slightly extend d 

and implemented empirically by Ronn and Verma ( 1 986) . In this framework , closur s 

occur on exogenously given (annual) audit dates if the bank's underlying assets are 

less than total insured deposits .  

The second model we implement ( Model 2) allows for an Endogenous Closure Rule 

(ECR).  Regulators , concerned about lump sum bankruptcy costs ,  possibly exterior 

to the bank concerned, allow ailing institutions to continue in operation as long as 

equity-holders are willing to meet operating losses. Thus, equity-holders ' incentives 

to replenish the bank's capital limits the degree to which closure can be postponed. 

In this framework, closure may well occur long after the unlimited liability value of 

the bank's equity is  negative. 

Model 3 extends Model 2 by supposmg that regulators can subsidise troubled 

banks ,  thereby prolonging their life. Such subsidies that are endogenously determined 

within the model support equity-values and enable regulators to postpon liquidation 

until the social costs of bankruptcy are minimised. Again ,  the bank is likely to have 

substantially negative net worth by th time it is closed. Our approach to stimation 

differs from that of past empirical work in this ar a in that we fully allow for the 

continuous-time nature of the models and consistently apply full maximum likelihood 

techniques. 

1.3 Guarantee Coverage 

The second important determinant of the cost of deposit insuranc is th cov rage 

provided. Countries vary widely in the maximum percentage of a given d posi t that 

can be paid out and in the extent to which formal guarante s extend to large d posit 

holders [see CDIC ( 1993) for a surv yJ. It is  important, howev r ,  to distinguish 

between the formal coverage implied by the pre is rules of a deposit insurance scheme 

and informal, effective coverage which may be much greater . 

For example, in the United Stat s the ostensible ceiling of $100 ,000 for in ur d 

deposi ts has in  the past contributed lit tle towards limiting th authoriti ' liability 
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ill the v nt of bank failures .  The reason is that the Federal Deposit Insurance 

Corporation ( FDIC)  has pursued a policy of so-called Purchase and Assumption by 

which t roubled banks have b n preserved as going conc ms, effectively indemnifying 

notionally uninsur d d positors. 

In the present s tudy, we shall calculate deposit insurance values assuming that 

all deposits are effectively covered. Since all the banks concerned are large, publicly 

quoted institutions, this approach could be justified by suggesting they are 'too big 

to fail'. Otherwise, our estimates should be regarded as upper bounds for deposit 

insurance liabilities. 

1.4 Organisation of the Paper 

The paper is organised as follows. Section 2 contains a description of the UK deposit 

insurance system. Section 3 outlines the models used for t he guarantee valuation. 

Section 4 describes our empirical methodology, discussing the derivation of likelihood 

functions for discretely sampled data within our continuous-time models. Section 5 

describes the data and estimation procedures. Section 6 analyses the results of t he 

estimations, which can be found in tabular form at the end of the paper . The final 

section concludes. 
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2 DEPOSIT INSURANCE IN THE UNITED KINGDOM 

2.1 The Formal Deposit Insurance System 

The system of deposit insurance in the United Kingdom, known as the Deposit P ro

tection Scheme ( the Scheme) ,  was established under the 1 979 Banking Act and later 

revised by the Banking Act of 1 987 .  It covers all UK authorised banks and is ad

ministered by the Deposit Protection Board (DPB) .  The Board is chaired by the 

Governor of the Bank of England and includes three other Bank representatives and 

three members selected from contributory institutions . 

The Scheme, which began operating in 1 982 ,  provides cover to depositors who 

have "protected" deposits .  These are defined as the principal plus accrued interest 

on sterling deposits, held in the name of the depositor with UK offices of the autho

rised bank in question immediately before the insolvency occurred. Secured deposits, 

deposits with an original maturity of more than five years, and deposits by other 

banks are not covered . Depositors become eligible for payments when a winding-up 

order or an administration order is made against the bank.  

The Scheme allows for some co-insurance (in the sense that both t he insured and 

the insurer suffer some loss in  the event of a claim), namely a coverage ceiling and 

fixed proportional sharing . The coverage ceiling-the maximum value of individual 

protected deposits-currently stands at £20,000 ( raised from the figure of £ 10,000 

following the 1987  Banking Act ) .  The ceiling reflects the Scheme's emphasis on 

the protection of small depositors, the argument being that these depositors lack 

the capacity and information required to assess risk when allocating r sources be

tween deposi t-taking insti tutions .  The fixed proportional sharing element restricts 

the payout to 75% of the protected deposi t ,  which, given the coverage ceiling, yields 

a maximum payout of £ 15 ,000 per deposit hold r .  

2.2 Funding for the Formal System 

Funding for the Scheme is provided by UK authorised banks, each of whi h is  re

quired, on authorisation , to make a one-off initial contribution to a standing fund 

the Deposit Protection Fund ( the Fund) . The initial contribution is levi d in relation 

to the bank's sterling deposit base (excluding s cured and long-t rm deposits and 

interbank deposits) and is subject to a minimum of £10 ,000. Further contribution 
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(at  th nd of the Board's financial y ar) may be required to maintain t he Fund 

at th £5-6 million level and there is a maximum contribution ( ini tial plus further 

contributions) of £300,000. 

A special contribution from each authorised bank may be levied at any time if 

payments from the Fund are likely to exhaust its cash resources .} There is an overall 

l imit on each institution 's aggregate contribution (net of any repayments)  of 0.3% of 

its sterling deposit base (as defined for deposit protection purposes) at the time that 

a particular call is made. In order to meet its liabili ties during the period between 

the announcement of a call and receipt of funds, the DPB is empowered to borrow 

from the Bank of England , with interest levied at the Bank's base rate.2 

Since bank failures are paid for through levies on other banks , the Scheme may be 

thought of as a mutual insurance arrangement resembling those currently operating 

in Germany [see Schmid ( 1 987)]  and France [see GAO ( 1991 )] .  It is interesting to 

note that similar arrangements were adopted by regional groupings of US banks in 

the 1 9th  century [sce Calomiris ( 1990)] and persisted until the introduction of federal 

deposi t i nsurance. 

2.3 Discretionary Policy and the Lender of Last Resort 

The existence of t he formal Scheme described above should not be allowed to ob

scure the importance of the informal deposit insurance provided by the central bank 

through its lender of last resort activities . Prior to the 1979 Banking Act , the UK au

thori ties from time to time assisted ailing financial institutions . This would typically 

involve a collaborative effort by the Bank of England and solvent commercial banks 

to recapitalise the troubled institution in question. Often the Bank of England would 

guarantee loans by commercial banks to the institution in difficulty. At other times, 

it would encourage full take-overs or commit its own capital directly. A description 

of t he approach taken by the authorities in assisting troubled banks over the last 20 

years is contained in Appendix A .  

1 In 1992, t o  cover the costs o f  BCCI, the banks made a special contribution to the Fund (the first such 

ca)) to be m ade) amounting to £80.3 million [see Deposit Protection Board (1993))' 

2The borrowing facility currently stands at £35 million but peaked at £125 million during 1992, following 

the collapse of BCCr [see Deposit Protection Board (1993, 1994)). 
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The introduction of the Deposit Protection Scheme in a sense placed t he obliga

tions of healthy banks to contribute to the rescue of weaker institu tions on a statutory 

basis; but it would be a mistake to imagine that this very substantially liminated the 

authorities ' liabilities . As mentioned in the Introduction, during times of financial 

stability, the Bank of England typically prefers to deal with small-scale bank failures 

by closure, financing losses through the Deposit Protection Scheme. Even when fairly 

large losses are involved the Bank may prefer this approach, so long as there is no 

chance of contagion effects that might harm the banking system more generally. 

However, even if the ailing bank is small, when the failure could provoke worries 

about o ther institutions the Bank often prefers to support t he troubled institution. A 

good example would be the small banks rescued through Bank of England intervention 

in 1 99 1  [see Peston ( 1993) and Bank of England ( 1993a) ] . In that case, the authorities 

guaranteed loans by the clearers to the group of small banks. The ultimate cost to the 

Bank is not yet known but its 1 994 accounts provided for losses of £ 105 million.3 Of 

course, an important feature of lender of last resort activities is that they effectiv ly 

indemnify a much larger proportion of the stake-holders in the bank than would be 

allowed for in the formal Deposit Protection Scheme. 

In the event of a major bank experiencing problems (say one of the clearers ) ,  it 

is quite implausible to suggest that the authorities would require the other major 

banks to assume the costs. In this sense, the informal deposit insurance implicit in 

the Bank 's lender of last resort role remains the bulwark against a major financial 

crisis. Furthermore, even though, under the formal Scheme, the authorities do not 

bear the costs of bank failures , their effective liabilities may be considerable. 

3 A provision of £ 115 million was disclosed in the Bank's 1993 accounts (of which, £25 million was 

provided , but not disclosed in 1992). £10 million of this provision has since been wri tten back [see Bank of 

England (1993b, 1994»). 
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3 PRICING MODELS 

Wc hall xaminc thr. diff r nt mod Is of d p sit guarant valuation . Mod 1 1 is 
M rton's ( 1977 )  European- tyl option or audit modcl . This was slightly xt nd d 
and impl ment d mpirically on US data by Ronn and Verma ( 1 986 ) .  Our appli ation 
will improve upon Ronn and Verma's study in that w allow, in our approach to 

timation , for th n n-stationarity of quity volatility implied by the mod I and 

ignor d in th ir estimations .  Mod 1 2 i th Ameri an option or Endogenous Closure 

Rul Mod I ( ECR) d scrib d in Fri s et al ( 1994 ) and implem nted on US data by 

Fri s and P rraudin ( 1 993 ) .  Mod 1 3 i th Endog nous Subsidy ( ES )  model also 

analys d in Fri s et at ( 1994 ) .  In the latt r mod I,  th authorities are assumed to 

r apitalise th ailing bank without closing it down so that equity-hold rs' claims ar 

not whol ly written down. 

3.1 Model 1 :  Merton 

M rton ( 1 977 )  show d how, under simple assumptions ,  the value of a d posit guaran

tee qual that of a European put option written on the bank's assets.4 The maturity 

of th option i int rpr t d as the time of th n xt audit by the insuring ag ncy. Th 

guarantor is assum d to nforce closure if a bank is found to have negative n t worth 

on the audit dat . Th value of the guarante , th refore, arises from the possibility 

that th bank's net worth may turn negative betwe n audits. 

If the bank's underlying asset value follows a g ometric Brownian motion with 

i nstantan ous volatility param ter , (1s, from th analysis of Black and Scholes ( 1 973 ) ,  

th value of the guarantee, Nt , simply equals th following expression for the price of 

a European put: 

= 

Yt 

Dt �(Yt + (1s VT) - exp( -8T)St �(Yt )  
In[Dt / St exp( -8T)] - (1�T /2 

(1sVT 

( 1 )  

(2) 

wher Dt is the current value of total insured deposits, St is the unobserved , post

insurance value of th bank's assets, (1 is the unobs rved , instantaneous standard 

d viation of the rate of r turn on the value of th bank's assets, T is th tim until 

• Merlon's ( 1977) work Wall xtended and implemented empirically by Merton (1978), Marcus and Shaked 

(1984), Ronn and Verma (1986), P nnacch i  (1987a,b), and Drumbaugh, arron and Litan (1989). 
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th n xt audit, fJ is the! per period dividend flow pe!r pou nd of the> bank's assets, and 

�(.) is th llInlllativ cli trihution fun tion f a standard normal rand m variable. 

The p r pound deposit insuran e pr mium is Nt/ Dt . 

On should note, first, that the risk-fr e! inte!rcst rat do s not appear in th ab v 

option pricing expression . This is b 

that all d bt is issu cl at th risk-fr 

aus , following Ronn and Vcrma, we assume 

rat . II n , th strik pri c appears without 

dis ounting in th above formula. Second, one may asily cxt nd th abov mod I 

to allow for sto hastic int rest rat s. How v r, Ronn and Verma find that guarante 

values arc littl aff et d by this extension and w , thercfor ,Ce I justifi -d in using the 

simpl r mod I with onstant int rest rates. 

Equations ( 1) and (2 )  arc diffi ult to implem nt empiri ally sin n ithcr SI, the 

value of the bank's und dying ass ts, nor (7s, its instantaneous volatility, is obs rv

abl . Ronn and Verma ta kl this diffi ulty by using th fa t that, und r th abov 

assumptions, th quity of a bank,  Ut , is a 'all option on th valu of th bank's assets, 

with th same maturity as the bank's d bt, and with a strik pri qual to th ma

turity value of the debt. Ther for , again und r th assumptions of the Black-S hol s 

model , and noting that, as the recipient of divid nds, equity is dividend prote t d ,  

thc value of th quity is: 

U(xt }  = St <I>{Xt + (7svT) - (Dt <I>{xt )  
In[St / (( Dt )] - (7�T /2 

(7sVT 

( 3 ) 

(4) 

where ( is a param ter r presenting the willingn ss of the insur r to intcrv ne to ave 

a failing bank that is explained b low. 

It might se m natural to assum that th losure rule of th insurer would be 

SI < Dt , ie n gative net present valu on th dat of an audit. Suppo , how v r ,  

that instead of  closing the bank ,  th insur r i nj ts capital until SI = Dt , r turning 

th bank to solv ncy. Further, suppose that the insur r 's gen rosity i l imit d 0 
that it i njects capital only if St lies betwe n D,  and (D,  wh re ( ::; 1 .  This alt r th 

boundary condition to b applied to the quity, and valuation may th n b arri d out 

as if the insur r's losur rule (expr ss d in units f insur d d posit ) wer S < (D.  

As Ronn and V rma not , ( is a poli y param t r whi h is difficult if not impos ibl 

to observ . In what follows, w shall adopt th sam valu s for ( as R nn and V rma, 

ie ( = 0.97 ,  although w also r port stimat for � = 1 .  To n ur on i tenc wi th 
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R n n  and Verma, w also assume an audit frequency of one year . Note, however, 
that this value is arbitrary, its sole advantage being that it yields annualised deposit 

preffila. 

3.2 Model 2: Endogenous Closure Rules (ECR) 

An alternative pricing model that one may apply to value deposit insurance is the 

Endogenous Closure Rule Model of Fries et al (1994). The Merton model of deposit 

insurance attributes a crucial role to audits by the banking authorities . If audits 

were costless then banking regulators could observe the value of the bank's assets on 

a continuous basis and insist on closure as soon as that value reaches zero . In this 

case, deposit guarantees would have zero value. Thus, the authorities' liability stems 

entirely from the possibility that the bank 's net worth could deteriorate between 

exogenously given audit dates . s  

In  contrast , the ECR model assumes that the authorities allow the bank to con

tinue after its net worth is zero in order to postpone bankruptcy costs such as dis

ruption to the financial system. In the basic ECR model, the extent to which the 

banking regulators can put off reorganisation is then constrained by the willingness 

of bank equity-holders to inject capital to cover operating losses . The trigger point at 

which this occurs and the bank is closed depends on the parameters of the stochastic 

processes driving the model and is, in that sense, endogenous. 

A more detailed derivation of the ECR model is given in Appendix B. Here 

we provide just a summary of the basic results. Assume that the bank's net cash 

flow available to equity-holders equals: 9t - (r + "() Dt where 9t is a latent variable 

measuring the flow of income earnt on the bank's assets, r is the interest rate, and "( is 

the deposit insurance premium rate. Suppose that 9t and Dt are geometric Brownian 

motions with instantaneous drift and standard deviation parameters, Ilg, llD, (Jg, and 

(JD respectively and correlation coefficient p. The authorities ' liability implied by this 

model, denoted N(kt , Dt), is then: 

Dt {[� _ 
r + "( _ C(If*)] (k!)�l + 

r - Ilg T - J-LD If (5) 

wh re kt == 9t/ Dt. 1£* is the constrained closure rule for the state variable, ie the lowest 

bIn some models, cg Pennacchi (1987b), the audit dates are the jump times of an exogenous Poisson 

process. Though stochastic, such audit dates arc still exogenous to the basic deposit guarantee model. 
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level of kt that the authori ties can choose onsistent with  equi ty-holders' incentives to 

accept losses and replenish bank capi tal. Finally, c(1£) equals lump-sum, bankruptcy 

costs per pound of deposits . 

As in the Merton model implementation described above, an econometrician em

ploying the ECR model to value guarantees must obtain estimates both of the param

eters of the model state variables, kt and Dt , and of the level of the latent variable, 

kt , at the relevant point in time. To accomplish this, we shall again use t he fact 

that the value of equi ty in this model resembles a call-option-like claim on the bank 's 

underlying assets. Total equity value may, in fact , be written as: 

= Dt { [_kt 
_ 

r +,] _ [_kt 
_ 

r + , ] (�) AI} r - /-lg r - /-lD r - /-l9 r - /-lD k· 
(6 ) 

Figure 1 (a ) , below , illustrates the ECR model, showing both the equity value per 

pound of deposi ts, V(kd == U(kt ,  Dd/ Dt , and the authorities' total net liabil i ty per 

pound of deposits, L(kd == N(kt , Dd/ Dt . As one may see, for high levels of the state 

variable, kt , the bank is far from bankruptcy and the equity value per deposi t pound 

approximates to its unlimited liability value, kd (r -/-l9) - (r + ,) / (r -/-lD)' Similarly, 

for high kt the authorities' liability per deposit pound roughly equals ,/ (r -/-lD), ie 

the discounted value of the deposit insurance premium income flow. 

Note that at the closure point ,  k·, V equals zero but also, importantly, has a 

zero slope. Consider the family of curves made up of V( kt ) solutions for different 

closure rules in the neighborhood of k·. It turns out that any V solution for a closure 

point ,  ko, such that ko < k'* has the property that V is downward-sloping at ko. 

I t  then follows that such solutions cut below the horizontal axis and are, therefore, 

incompatible with l imited liability on the part of equity-holders. The V solution 

corresponding to 1£* is in fact the lowest f asible closure point bank regulators can 

choose under our present assumptions. 
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3.3 Model 3: Endogenous Subsidy (ES) 

The third model we investigate in the current paper is the Endogenous Subsidy (ES)  

Model of  Fries e t  al ( 1 994 ) .  In this model the authorities, as  in  the ECR model , have 

some closure level , k" at which they would prefer to close the bank so as to minimise 

social , dead-weight bankruptcy costs. However, we now assume that bank regulators 

have access to tax revenue that they can employ to subsidise financially distressed 

banks . 

The ability to pay subsidies means that regulators can implement a given socially 

optimal closure rule, closing a bank when kt reaches if even if if is less than the 

minimum feasible closure rule without subsidies, K*. In this sense, the ES model is a 

direct extension of the ECR model to the case in which bank regulators have access 

to tax revenues that they can use to support banks. 

Fries et al ( 1 994) investigate different subsidy policies that can implement a given , 

socially preferred closure rule . An obvious subsidy policy on which to focus is the 

policy which minimizes the bank regulatory a u thori ties ' guarantee liabili ty. As Fries 

e t  al ( 1 994) show, this policy consists of paying zero subsidies for kt > K* and meeting 

the bank's entire operating losses for all kt below this point . Let s(kt) denote t his 

subsidy policy. An interesting feature of s(kt) is that the value of equity turns out to 

be exactly the same as in the ECR model of the last subsection . 

The liability minimizing subsidy policy, s(kt), is , in fact ,  a special case of a broader 

and quite tractible class of policies in which the authorities inject sufficient funds to 

maintain the per pound of deposit equity value of the bank greater than or equal to 

a linear function , ie V( kd � (( kt - if) for some constant ( .  Such a subsidy scheme 

yields an equity solution equal to ((kt - if) in an interval , [if, k8J. Here, ks is not 

freely chosen but instead is implied by the condition that the derivative of V(kt) be 

continuous at ks. 

Figure 1 (b ) ,  above, shows the solutions for p r-pound-of-deposit equity and guar

antee liability values in the ES model , As one may see, closur is enforced at the so

cially preferred point , if, which is less than th constrained no-subsidy losur point ,  

k·. I n  the Lk., ksJ interval , the equity-deposit ratio ,  V ,  is linear with slope, (,  while 

above that point it curves up, asymptoting ev ntually along the unlimited liability 

value. 
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4 ESTIM ATION APPROACH 

For our different models , estimat s of the parameters of the underlying driving pro
c ss s were obtained using maximum likelihood te hniques . This section of the paper 
sketches the derivation of th probability densities used to construct the likelihood 

functions and describes in broad terms how estimation was carried out .  

4.1 Model 1 

The Merton model as implemented empirically by Ronn and Verma assumes that the 

value of the bank 's assets, St, follows a geometric Brownian motion. In consequence, 

discrete time changes in the log of St are normally distributed. But ,  as mentioned in 

th last section, the bank 's equi ty value per pound of deposits ,  Uti Dt, is related to 

its underlying assets per d posit pound, St/ Dt, by a known function. It is , therefore, 

simple to derive a likelihood function for the equity value as the latter is just a non

linear transformation of a random variable with a known density. 

Note that since St is effectively a latent variable while the per deposit pound 

equity  value is observed, to calculate the likelihood , we must invert expressions ( 3 )  

and ( 4) to  obtain the underlying state variable. This inversion must be  performed 

for each observation in the sample every time that the likelihood is evaluated in the 

maximum likelihood estimation. Furthermore, since the relationship between St/ Dt 

and Ut! Dt depends on the parameter to be estimated , O"s, the likelihood function 

must be multiplied by a Jacobian adjustment term . 

This full maximum likelihood econometric approach differs substantially from that 

of Ronn and Verma. In their study, the standard deviation of the bank's equity value, 

O"V, is estimated from discretely sampled data as though it is a constant parameter . 

The equation: O"v = O"s( St/ lit )av,./ aSt that links the instantaneous volatility of equi ty 

and underlying asset values is then used to infer o"s. The problem with this procedure 

is ,  of course, that while o"s is constant according to the assumptions of the model, O"v 

is not .  

Compared with their methods, the exact maximum likelihood technique described 

above has two advantages. First ,  it allows for the non-constancy of O"V;6 and, second , 

eRonn and Verma discuss the non-stationarity of (TV, but do not give results for individ ual banks calcu

lated on this basis. 
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i t  allows us to calculate asymptotic standard errors for our parameter estimates and 

deposit guarantees,  rather than simply to quot point estimates .  

4.2 Models 2 and 3 

In many ways , our approach to estimating Models 2 and 3 resembles that mployed 

in the case of the Merton model. Again, the observed bank equity  value per pound 

of deposits is a function of a latent variable, in this case kt. However, we may wish 

to estimate the deposit process parameters as well as those of kt to calculate the 

authorities ' liabili ty. If the joint density of kt and Dt can be obtained, full maximum 

likelihood estimation can be carried out, inverting V(kd at each evaluation of the 

likelihood function as described in the last subsection. 

However, it is somewhat more difficult to obtain the joint density of t he kt and 

Dt processes than of the Sd Dt process in Model 1 .  As discussed in Fries and Per

raudin (1993 ) ,  in ECR models, bank closure can occur at any time between a given 

pair of dates, tl and t2. If we observe that a bank is still in operation at t2, however, 

i t  follows that the driving process, kt cannot have fallen below the trigger level, k. 

Hence, to construct the likelihood function for a given observation, we need to 

condition on the fact that the sample paths lie wholely above the level k. Fries and 

Perraudin ( 1993 ) derive the joint density of a bivariate Brownian motion when one of 

the two processes is absorbed at a barrier , conditional on absorption not yet having 

taken place.7 This is the density required for estimation of the ECR model described 

above. 

7For the univariate case, the density is weB known. 
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5 DATA AND ESTIMATION 

UT tudy employs we kly data on eight large UK banks over the period January 

1 98 3  to June 1 994 .  Data for two of the banks were only available for the latter parts 

of the sample period. Also, another ceased to be quoted late in the sample period. 

W kly market value and dividend yield data were taken from Datastream. Weekly 

deposi t-base data were obtained from the Bank of England's Monetary and Financial 

Statistics Division from unconsolidated , balance she t data submitted by individual 

authorised banks on form Wl. The deposit data were consolidated to give group 

figures onsi s tent wi th the qui ty data for the quoted enti ties . Weekly stock market 

price indices were obtained from Datastream. 

Estimation was performed using algorithms writ ten in  GAUSS .  As already noted, 

in both models the underlying driving processes were not observed . Hence, at each 

evaluation of t he likelihood, i t  was necessary to invert the non-linear relationships be

tween the observed and unobserved variables , for each observation. This was compu

tationally feasible because, in general , successive evaluations of the likelihood occurred 

at only slightly diff rent sets of parameter values . Hence, by storing and updating 

starting values for the inversion procedure, i t  was possible to carry out inversions at 

very high speed . 
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6 RESULTS 

6.1 Descriptive Statistics 

In  Table 1 ,  we present descriptive statistics for differences in the logarithms of the 

total equity value and deposits of each bank,  all expressed in nominal terms . The 

equity series appears free of the negative skewness that one frequently finds in such 

data although excess kurtosis (greater than the level of thr e characteristic of normally 

distributed random variables) is in evidence. 

The differenced log deposit data exhibit considerable kurtosis, suggesting these 

series are far from being normally distributed . This was not , however , a major concern 

as the deposit series showed very little volatility so our results are likely to be quite 

insensitive to their  stochastic properties . 

6.2 Merton Model Results 

Table 2 reports the results of estimating Merton-type audit models along the lines 

of Ronn and Verma ( 1 986 ) .  An important initial point to make is that audit model 

premia represent per annum payments, in contrast to the ECR values given above 

which correspond to once-and-for-all payments .  An implicit assumption in t he Merton 

model calculations is that liabilities associated with default in future years may be left 

out of account . This approach is valid if one supposes that at the end of each year the 

deposit guarantee premium rate is adjusted so that the bank is fairly charged for the 

deposit insurance it receives. Of course, this is  not the case in the United Kingdom 

or in any other country at the present time and so can only be justified as an extreme 

simplifying assumption. 

Turning to the results given in  Table 2 ,  the guarantee values implied by the Merton 

model seem implausibly large. Average guarantee premia are of the order of 2%. Thi 

somewhat exceeds typical spreads on good quality corporate d bt and is far higher 

than the deposit insurance premia typically charged in countries with deposit in ur

ance. Ronn and Verma argue that the model should be used more for establishing t he 

relative pattern of deposit i nsurance premia for a cross-section of banks and should 

not be taken as a guide of the absolute level. They stress this point particularly b -

cause of the difficulty in  establishing an appropriate I vel for the parameter , � ,  whi h 

measures the authorities ' willingness to bailout troubl d banks. But , th implau ibly 
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high est imates one obtains imply the point would hold even if � were fully known.  

Table 2 provides guarantee prices both for the value of � adopted by Ronn and 

Verma, 0 .97 ,  and for � equal to unity. As one may see, lowering � significantly 

increases the fair guarantee premium although the impact is  not as great as found 

by Fries et al ( 1 993 )  for the ase of Japanes banks. The premia reported in the 

Table may be explained first by the estimated volatil ities ,  as, and second by the 

level , calculated for the very end of our sample, of the value to deposits ratio , lit. For 

xample, banks 2 and 4 have similar volatilities but quite different guarantee values 

because bank 2 has a much low r i mplicit net worth according to the model . 

A nother way in  which one may see that the Merton model results are somewhat 

implausible is in the relative size of as and the asset-deposits ratio for individual 

banks. Since the driving processes involved are geometric, the appropriate way to 

measure the 'distance' from a barrier in probabilistic terms is through ratios . For 

typical banks, assets exceed deposits by around 1 5% while volatility estimates re

ported on an annualised basis are of similar magnitude. The implication is that , 

according to the model, the banks are relatively close to bankruptcy, far closer in  fact 

than one could plausibly argue. 

6.3 ECR and ES Model Results 

Tables 3 and 4 give the parameter estimates and the premium results for the ECR 

model . Bankruptcy costs are assumed to be 8% of deposits.s To interpret the guar

antee val ues, note that if real interest rates are 3%, a claim representing say 1 0% of 

the deposit values would correspond to a perpetual flow of income of 30 basis points .  

While the guarantee value percentages given in the Table appear high they are not , 

therefore, substantially out of l ine with actual premia charged in  the United States 

for example. They are also, it should be stressed, much lower than those implied by 

our Merton model estimations. 

It is i nteresting to note that in some cases the ranking of banks differs signifi

cantly between the Merton and the ECR model . For example, bank 7 which appears 

one of t he riskiest according to the Merton model guarantee calculations, is close to 

the average among the ECR results. This finding underlines the difficul ty involved 

in using such models for practical policy applications although the results may give 

SThi!; seems reasonable given the estimates of James (1991). 
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broad guidance. Al though there are cases like bank 7 for which the model speci

fication significantly affects the rankings, the latter do in general show reasonable 

concordance. 

The ECR results suggest that most of the banks are quite far from their closure 

points. Again, the ratio of kt /Is. provides a measure of the 'probabilistic '  distance 

from closure. Comparison wi th <7k suggests that the banks are typically six 'annual 

standard errors ' from closure. (One may get a rough idea of what such magnitudes 

imply if one recalls that the random variables involved are standard normal, and so 

the probability weight associated with values more than two standard errors from the 

mean is roughly five per cent . )  

The ES  model we employ, and for which premium results appear in  Table 5, 

assumes that subsidies are designed to minimize the authorities' deposit i nsurance 

liabilities while implementing the socially optimal closure rule. This means that the 

equity value is  the same as in the ECR model and hence we can use the parameter 

estimates given in Table 3. We also assume for simplicity that the optimal closure 

rule is extremely low, ie if = O. 

As Table 5 shows, the ES results we obtain  closely resemble the premia implied 

by the ECR model . Given our assumptions, the difference between the two sets of 

premia is just that the ECR model results reflect an additional liability associated 

with the expected, discounted bankruptcy cost, comprising 8% of bank deposits at 

closure. Through endogenous subsidies, the deposit insurance corporation can put off 

reorganisation and hence spare itself this additional cost . 
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7 CONCLUSIONS 

Thi paper has pr s nt  d estimates of the valu of d posit guarantees in the Unit  d 

Kingdom using pricing models based on the approach s of Merton ( 1 978)  and Ronn 

and V rma ( 1 986 ) ,  Fries and Perraudin ( 1993 ) ,  and Fri s e t  al  ( 1 994 ) .  

Our implementation of these models has i n  vitably abstra ted from many im

portant as pe ts of th U K  system of banking r gulation . In particular, we suppose 

that all deposi ts are ov red by the insuran and that the regulatory authorities 

(rath r than other banks through th ir Deposi t Protection Fund contributions) bear 

th entir costs of failur . 

One might justify this approach by the usual ' too big to fai l '  argument , ie that the 

banks in qu stion are too important within the UK financial system for the authori ties 

to p unit their failure .  Furth rmore, bank rescues that involve maintaining banks as 

going concerns generally spare any depositors s rious losses and hence imply that 

th coverage of guarantees is broader than nominally allowed for in deposit i nsurance 

schemes. 

Readers who find the too big to fail argument unconvincing should regard the 

d posi t i nsurance estimates here provided as upper bounds on the authorities ' true  

liabil it ies. 
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8 APPENDIX A: REGULATORY INTERVENTIONS 

8 . 1 The Secondary Banks ( 1 973-75) 

In 1973 ,  several secondary (smaller, unregulat d)  banks and financ hous s suff r d 

heavy deposit wi thdrawals .  As a resul t , the institu tions found thems Ives unabl to 

roll ov r their money mark t borrowings . The Bank of England, fearing that a risis 

of confidenc could spread to fully recognised banks, organis d a res ue op ration . 

The Bank immediately sought several sources of financing in  an effort to avoid 

injecting new money into the system. The Bank approached the clearing banks and 

asked them to form a 'lifeboat ' ,  agreeing to contribute 1 0% of the pooled funds.  In 

collaboration with other m mbers of the lifeboat , the Bank also sought other sour s 

of financing for the secondary banks. Some of the largest shareholders , for xampl , 

were asked to provide addi tional funds, with the Bank sometim s adding support 

in the form of indemnities. In some cas s t he Bank pressuris d banks and other 

creditors to forgo their right to foreclosure, and shareholders agr ed to dilut th ir 

shareholdings. The Bank provided dir ct assistance to selected secondary banks by 

means of various types of credit arrangements ;  and i t  also arranged for many of th 

troubled banks to be merged with,  or acquired by, healthy institutions. The Bank 

i tself eventually acquired two large secondary banks. 

At  this time, of course, the United Kingdom did not hav a formal sy tern of 

deposit insurance.9 It is interesting to note, though, that no ( non-shar holding) 

depositor lost funds during this crisis . The Bank, how ver, is beli ved to hav 10 t 

£ 1 00 million .  For a description of this crisis see Bank of England ( 1978 ), Reid ( 1 982),  

and Corrigan ( 1990 ) .  

8 .2  Johnson Matthey ( 1984 ) 

In October 1 984 the Bank mounted a r scue op ration for Johnson Matth y Bankers 

Ltd ( JMB) ,  one of five m mbers of the London gold fixing. JMB was in troubl du 

to a severe deterioration in the quality of its loan book, and th Bank was onc rn d 

that JMB 's failur would trigger problems elsewher . 

9The secondary banking crisis prompted the 1919 Banking Act which introduced the formal DepOSit 

Protection Scheme and strengthened the Bank's su p rvisory role. 
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Th Bank was unable to find a purchas r for JMB and the parent company ould 
not provide all t he upport r qui red be aus it was itself in financial difli ulty. How-
ver , th Bank did p rsuad the parent ompany to inject £50 million into JMB 

and the  Bank bought JMB for a nominal £ 1 .  Support was then sought from banks 

and oth r members of th gold mark t. Th Bank provid d JMB with an i ndemnity 

of £ 1 50 million ,  and the banks and other members of the gold mark t agreed to 

ounter-ind mnify the Bank for 50% of any loss s. 

Th B ank  reorganised the board of directors,  installed new management and im

pI mented a new system of internal controls . In April 1 986 the Bank disposed of 

th bulk of i ts  holding in  JMB, enabling i t  to recoup a proportion of its costs and 

ha since recov red th remainder . Again ,  no depositor of JMB lost funds during the 

crisis .  For a description of this crisis see Bank of England ( 1 985) ,  Corrigan ( 1 990) , 

GAO ( 1 99 1 ) ,  and Hall (1 987a,b ) .  

8 . 3  BCCr  ( 1 991 ) 

In July 1 99 1 ,  following the detection of large-scale fraud, the Bank enforced the clo

sure of the Bank of Credit and Commerce International (BCCI) .  Depositors received 

compensation from the Deposit Protection Scheme, which needed to levy a special 

contribution on th other banks totalling £80.3 million .  See Bank of England ( 1 992) 

for a description. 

8 .4  Small Banks ( 1 990-91 )  

The Bank placed a number of small banks under close review during 1 990-9 1. This 

followed the closure in mid- 1 990 of the Bri tish and Commonwealth Merchant Bank 

and the closure of a number of small banks later that year . This contributed to 

n rvousness in the whol sal funding market and the Bank was concerned that this 

ould spread and pose a systemic threat . By mid- 1 99 1  the Bank took the view that 

the situation was serious enough to warrant i t  providing liquidity support .  This took 

the form of the Bank providing indemnities against loss to those large UK banks which 

h lped to fund certain  small banks. The Bank's provision for losses in this operation 

currently stands at £ 1 05 million [see Bank of England ( 1 994 ) ] . A description of this 

crisis i s  given in  Bank of England ( 1 993a),  George ( 1 993) ,  and Peston ( 1 993 ) .  
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9 AP PENDIX B :  PRICING MODELS 

9 . 1 Endogenous Closure Rule Models 

This subsection develops an Endogenous Closur Rule (ECR) mod I in  whi h th 

authorities ' choice of when a bank is reorganised is determined by their desir to 

minimise the discounted value of lump-sum bankruptcy costs .  Our results will dep nd 

upon the important assumption that regulators cannot directly subsidise banks so as 

to maintain th m as going concerns. In Section 2, we investigate the consequ nces of 

relaxing this assumption. 

9 . 1 . 1  Basic Assumptions 

Let the total net cash flow available to bank qui ty-holders be: 

9t - (r + ,)Dt ( 7 )  

Here, Dt  is  the bank's total deposits ,  , i s  the deposit insurance premium i t  pays the 

insurer (for the moment , assumed constant ) ,  and r is the safe rate of in terest .  For 

simplici ty, we shall suppose that safe loan and deposi t rates are identi al . Finally, 

9t is a latent variable that represents the risky in terest i ncome on th bank 's loan 

portfolio plus new deposits net of new loans extended. I D  

In  most past studies , the value of  the bank 's assets rather than n t cash flow has 

been the main state variable. To a great extent ,  the two approaches are equivalent , 

as the discounted, unlimited-liabili ty value of our cash flow will turn out to be simple 

monotonic functions of the cash flow processes th mselves. How v r ,  an important 

difference between our formulation and that adopt d in past research [s , for xampl , 

Pennacchi ( 1 987b) ] , is that we allow cash disbursem nts to shareholders to b ome 

negative in some stat s of the world. l l  We th reby capture the notion that apital 

injections by equi ty-holders may be required in ord r to maintain  th bank as a going 

I ONote that we model the bank's cash flow here in a reduced-form manner. One may think  of the proces 

as representing cash How after the bank has optimally adjusted its assets and liabil ities given the current 

levels of g, and D, . 
1 1  Pennacchi, like other authors , assumes that the flow of payouts to equity-holders IS a po it iv fra llOn 

of a value process which fol lows a geometric Brownian motion and hence is non-negative. 
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ne rn . 1 2 This is the basic modelling devi that nabl s us to study th int  raction 
f api tal r pI ni  hm nt and bank closur rules . 

Suppo e that 9t and Dt ar corr lated , geom tric Brownian motions,  i 

d9t = /1-g9tdt + Ug9tdwl t 

dDt = /1-o Dtdt + uo Dtdw2t 

( 8 )  

( 9 )  

wher /1- i ,  U. ,  i = 9, D ar  constant param t rs , Wgt and WOt are standard Brownian 

motions and dWltdw2t = pdt for a constant correlation oefficien t ,  p. 

Let Ut denot th mark t value of the bank's equity and suppose that agents are 

risk neutral. In equilibrium, the required return on bank equity, rUt, must equal the 

flow of income to equity-holders plus expected capital gains , 13  

( 10) 

9 . 1 . 2  Bank Equity Va l uation 

To obtai n  an expression for the bank's equity as a function of the state variables, 9t 

and Dt , suppose that is can be wri t ten as a twice, continuously differentiable function 

U (9t , Dt ) .  Applying !to's I mma inside the expectations operator in equation (10), 

on obtains th  partial differential equation : 

= 

( 1 1  ) 

U (9t, Dc ) also satisfies boundary conditions. Let kt denote the ratio of the cash flow 

variable to d posi ts, i kt == 9t/ Dt . We shall suppose, first , that the authorities close 

th bank when the kt , hi ts some level 1£. 1 4  (B low , we shall discuss in detail what 

migh t determin 1£. ) Since closure of the bank requires its shareholders to relinquish 

1 2 We su ppose that such capital replenishment are required over and above any optimal actions by the 

bank to overcome l iquidity short-fall s. 

1 30ne may introduce risk aversion straightforwardly by replacing the operator, E, C) ,  with an expectations 

operator based on risk-adjusted probabilities [see l Iarrison and Kreps (1979)). 

1 4  Note that a reorganisation rule based on k, is entirely equivalent to a rule based on the level of the bank's 

und rlying val ue per dollar of deposits, since, as we show below, the two quantities are li nearly related. 
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their laim to th bank's earnings str am, in th absense of arbitrage, i t  must b the 

ase that V(k) = O. 

Ruling out bubbles in the equity solution implies a second boundary ondi tion. 

Since the probabil ity of bankruptcy djsapp ars as kt b corn s larg , i t must tru that :  

To solve ( 1 1 )  subj ct to these boundary condi tions , one may exploi t th homog n i ty 

of the differential quation and the boundary conditions, looking for solutions of the 

form: U(gt , Dd = V(gt / Dc ) Dt for a function V( . ) . By a minor abuse of notation, we 

shall henceforth wri te Ut as a function of th variables kt == gt/ Dt and Dt , so this 

becomes: U(kt , Dd = V(kd Dt .  This yields the following result :  

Proposition 1 The value of the bank 's equity, Ut , equals U(kt ,  Dd = V(kd Dt where: 

V(kt ) = _kt 
_ _  r + I _ [� _  r + I ] ( kt ) A I  

( 1 3 )  r - Ji-9 r - Ji-D r - Ji-g r - Ji-D k 

) 1]  is the negative root of ),, 2CTU2 + )"(Ji-g - Ji-D - CTU2) - (r - Ji-D)  = 0, and CTk == 
/ CT5 + CTb - 2pCT gCT D is the instantaneous standard deviation of kt . 

Proof of Proposition 1 :  Assume that wh n the bank is closed, qui ty-hold rs 

receive nothing. Assume that Ut can be written in the form Ut = V( kdDt and th n 

confirm this by constructing a solution. Begin by evaluating th d rivatives of Ut : 

aUt 
agt 
aUt 
aDt 

a2ut 
ag; 
a2 ut 
aD2 t 

a2 ut 
aYt aDt 

Hence: rUt 

= ( 1 4 )  

( 15) 

= ( 16 )  

= 

= 
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S lving this ODE subj t to V(k) = ° yi lds the solution in the Proposition . Q.E.D.  

Assum ption A Bank regulators cannot  bailout banks through direct subsidies and 

can just select the closure point k. 

Th i mportance of this assumption is that if regulators cannot inject subsidies to 

maintain an ailing bank as a going concern, the willingness of equity-hold rs to re

capi tali e troubled financial institutions may become a binding constraint on banking 

policy. 

To ee this ,  note that if regulators act as social planners, they will select k to 

minimise discounted , expected lump-sum bankruptcy costs, ignoring the additional 

cost to the i nsurance corporation of taking on the bank's portfolio of deposits and 

10ans . I S  Let us then define the unconstrained socially optimal closure rule if as: 

.rgmin { c(k) 
(i r } ( 2 1  ) 

If if is sufficiently low and Assumption A holds, however, i t  may not be possible for 

regulators to implement such a closure rule as equity-holders may be unwilling to 

continue injecting new capital as long as is required . A simple case to consider is 

that in  which c i s  independent of k so that if = 0, ie regulators wish to postpone 

reorganisation indefinitely. I6 Then , one may obtain :  

P roposition 2 Under Assumption A ,  if c > ° is independent of k,  regulators will b e  

unable to  implement the closure rule if and the constrained, socially optimal closure 

rule will equal: 

k* = � 
r - J.lg 

(r + ,) 
1 - .A I r - J.lD 

whe re k* is the closure rule that maximises the bank '8 equity value . 

( 22 )  

Proof of Proposition 2:  For a given closure rule k,  the current discounted value of 

the bankruptcy cost is -c(k) ( kt /  k)>'I .  An actuarially fair i nsurance rate is obtai ned 

by solving the equation :  

V(ko) -
ko 

(r - fLg) 

(r + ,) 

r - J.lD 

[ k (r + , ) ] ( ko ) >. \  
(r - fLg) r - fLD k 

(23)  

I bThis is , of course, only one possibility. Dreyfus, Saunders and A lien (1994) ,  for example, suppose that 

ban k regulators seek to min imise thei r total deposit insurance liabili ty. 

1 6Since k, is the ratio of two geometric Brownian motions it is a geometric Brownian motion i tself. Such 

processes h i t  zero wi th a zero probability in any fi n i te time. 
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ko r ( k  ) Al 
- c(k) 

k

O 

r - /-LD 
(24 ) 

Here, the RHS represents the value of the bank 's income flow exclusive of deposit in

surance premia and without limited liability minus the discounted value of bankrupt y 

costs .  Rearranging gives the fair deposit insurance premium, , f '  in closed form. 

Q.E .D .  

As  a final result in this section , one can derive the value o f  the authorities' deposit 

insurance liabili ty, M(kt ,  Dd : 

P roposition 3 The authorities ' liability under A ssumption A and with closure rule 

k* is M(kt ,  Dt ) = L(kt ) Dt where:  

L(kd = 
' 

+ 
[� _ r + , _ C(k* )] ( k�)

A I 
r - /-LD r - /-Lg r - /-LD k 

(25 ) 

Proof of P roposition 3 :  Simple application of methods used in  Proof of Proposi

tion 1 .  

Here again ,  one may interpret the expressions as the sum of the value of an annuity 

proportional to deposits, ,Dt ! (r - /-LD) ,  plus bracketed terms that equal negative the 

value of the put option that the authorities have effectively written for equi ty-holders 

by providing the guarantee to take over the bank and meet bankruptcy costs. 

9.2 Endogenous Bailout Models 

Now, suppose that Assumption A does not hold,  ie that regulators do hav access 

to tax revenue that they can use to support ail ing banks . Suppose that the social 

planner 's unconstrained problem yields a strictly positive optimum, ie k > O. In  this 

section, we shall consider different state contingent subsidy rules that support k. 

First , i t  is interesting to ask , what is the subsidy or bailout policy that imple

ments the closure k while minimising the authorities' financial l iability? Consider the 

following candidate per- £-of-deposit subsidy policy, s . ( kt ) :  

s . ( kt )  == { 0 

- kt + (r + , )  + /I 

V kt � k* 

V kt E [k, k"] 
(26) 

where /I > 0 is an arbitrarily small number. 
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P roposition 4 The value of the equity and the deposit insurance liability when the 

authorities adopt the subsidy policy s . ( kt )Dt are Ui( kt ,  Dt ) = V; ( kt )Dt and 

Mi ( kt , Dt ) = Li (  kt )Dt i = 1 , 2  respectively for the two intervals It == [k, 1£*L 12 == 
[1£* , + ] where VI ( kd = 0 for kt E [k, 1£* ] while "2 ( kd is as in Proposition 1 for 

kt E [1£* , +ooL and 

r _ c( k ) (�t ) A
I for kt E [k, 1£* ] r - J.lg r - J.lD 

-
1£ 

I + [� _ r + I ] ( k
�) 

A l _ c( k ) (�t ) A I  
r - J.lD r - J.lg r - J.lD 1£ - 1£ 

for kt E [1£* , +00] 

(27 )  

(28)  

Proof of P roposition 4 :  Let VI ( kd and "2(kt )  denote the equity solu tions on 

i ntervals [k, 1£· ]  and [1£* ,  +00] and similarly Ll ( kt } and L2 ( kt } .  The hypothesised 

solutions satisfy the differential equations corresponding to the equilibrium conditions 

while the boundary conditions Lt (1£* ) = L2 (1£* ) , L; (1£* ) = L� (1£* ) , VI (1£* ) = "2 (1£* ) ,  

11;'(1£* ) = V{(1£* ) also hold .  Q . E . D .  

P roposi tion 5 The subsidy policy s
* 
( kt )  is the policy which implements k while yield

ing the smallest financial liability to the deposit insurance corporation. 

P roof of Proposition 5: For a given closure rule k, the total value of the bank 

( including the authorities l iability) is a given function of kt . Hence, minimising the 

authorities' deposit insurance liabil ity is equivalent to minimising the equity value 

of the bank subject ( i )  to the liabil ity constraint ,  V(kt }  2: 0 V kt 2: k and ( i i )  the 

possibility of subsidies s (kt }  2: O .  Let A denote the set of piecewise continuous subsidy 

functions satisfying ( i )  and ( ii ) .  For any SO E A, let VO (kt )  denote the corresponding 

equity value. Now, VO(k) = V(k) = 0 while l imk, -++oo VO (kd 2: limk, -++oo V(kt ) .  

Hence, i f  there xists some ko such that VO( ko) < V( ko ) then by continuity there 

exists kl ' k2 (wh re k2 is possibly +00) such that V kt E [kt , k2] VO ( kt }  < V(kd and 

VO (kd = V(kt } , VO ( k2 )  = V(k2 ) .  But if V(kt )  > VO (kt }  for given kt then V(kt )  > 0 

or Is l imited liabili ty would not be satisfied . But when V(kd > 0 s (kt )  = O .  

sO ( kt }  2: s ( kt )  V kt E [kJ , k2 ] .  But i t  i s  easy t o  show that { sO ( kt )  2: s ( kd 

V kt E [ kl , k2J ,  VO( k) ) = V(kd, and VO(k2 )  = V(k2 )  } � { VO (kd 2: V(kd 

V kt E [ kt , k2] } , ie a contradiction. Q.E .D .  

Although s
*
( kt } is  the minimum financial liability subsidy function that imple

m nts  k, it may be more realistic to consider subsidy functions that support the 
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equity value to a greater degree. Consider s{ ( kd where se ( kd is the subsidy function 

such that , while subsidies are paid ,  V(kt )  = � (kt - i) for some constant � > O. 

Proposition 6 Suppose the authorities adopt subsidy policy s{ ( kd . There exists a 

scalar ks such that: 

o V kt � k. , and 

[� (r - /-Lg ) - l ] kt + r + 1 - (r - /-LD )�i 

(29 ) 

V kt E [i, k. ]  (30 )  

The value of the equity and the deposit insurance liability are defined as  Ui ( kt , Dd = 

V; ( kdDt and Mi ( kt ,  Dd = Li ( kdDt J i = 1 , 2  respectively for the two intervals I, == 
[i, ksL 12 == [ks , +00] where :  

V, (kd = 

V2(kd = 

L , ( kd = 

L2(kt) = 

�(kt - kJ ( 3 1 ) 
kt -- -

r - /-Lg 

r + ,  
r - /-LD 

[_k_s _ r + ,  ] (�r 'l + �(k. - k) (� r ' l (32) 
T - /-Lg r - /-LD k. k. 

kt T -- -
r - /-Lg r - /-LD 

• . kt ( ) 
� l 

- �(kt - Is.) - c(ls.) 
k 

, + __ 8 _ _ r + ,  � _ c(k) �t 
[ 

k 

1 t ( r r - /-LD r - /-Lg r - /-LD ( k. - Is. 

( k ) � 1 
- �(ks - k) 

k: 
and k. = [ r + ,  _ � k] / [_1 

_ �] r - /-LD r - /-Lg 

(33) 

( 34)  

( 35) 

Proof of Proposition 6: Vt ( kd and V2 (kt )  may be derived simply using usual 

techniques. L,  ( kd and L2 (kd may then be obtained by substracting V; ( kt )  i = 1 , 2  

from the total firm value. k. is  obtained from the smooth-pasting condition Y;' ( ks )  = 

V{( k. ) Q . E . D. 
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Table 1 :  DESCRIPTIVE STATISTICS 

JANUARY 1 983 - JUNE 1994 

Bank � Log Equity Value � Log Deposits 

Mean Std .D Skew. Kurt . Mean Std .D Skew . Kurt .  

1 2 . 83  25 . 78 0 . 74 5 . 1 9  1 . 1 5 6 .36  0 .27  1 5 . 7 1  

2 3 . 29 24 . 6 1  0 . 58 7 . 40 2 .45 1 8 . 1 4  4 . 72 69 .55 

3 2 . 29 30 . 14 0 . 54 7 .44 1 . 37  1 3 . 1 4  0 . 55 3 . 1 3  

4 2 . 79 30 .09 0 . 06 4 . 55  1 . 59 1 8 .60 0 . 07 1 2 .08 

5 2 . 4 1  29 .33 0 . 23 6 . 78 1 .48 1 4 . 82 0 .56 3 . 52 

6 0 .88 26 . 70 0 . 1 7  3 . 99 1 . 23 1 1 .49 0 .37  4 . 19 

7 2 . 32 32 . 1 6  1 .2 1  1 5 .00 1 .43  1 7 .46 0 . 48 3 . 1 5  

8 3 . 04 30 . 84 0 . 1 6  5 . 25 2.40 2 1 .93 7 . 99 1 33 .62 

Note:  data are nominal, weekly, log changes . 

Means and standard deviations are scaled by y'52x100 .  
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Table 2:  MODEL 1 ( M ERTON) : PREMIUM RESULTS 

(� = 0 .97 ) 

I Bank 

Guarantee 0 . 29 5 .38 1 .68 2 . 1 4  

Standard error ( total ) 0 .47  1 7 .90 3 . 78 6 . 1 7  

Volatility (0"5 ) 7 . 2 1  20.95 1 5 .00 2 1 . 05 

Standard error 0 . 4 1  0 . 78 0 . 58 0 . 78  

Equi ty 13 .60 1 5 .23 1 8 . 75 27 . 75 

Assets/ deposits ratio 1 . 1 0 1 .08 1 . 1 5  1 . 23 

I Bank 5 I 8 1 
Guarantee 3 .29 0 .96 6 . 0 1  5 .56 

Standard error ( total) 9 . 1 9  2 . 28 23 .96 1 9 .99 

Volatility (0"5 ) 1 7 . 1 9  1 2 .24 20 .68 24 .65 

Standard error 0 .66 0 .57 0 . 84 0 .88  

Equi ty 1 5 . 96 1 8 . 13  1 3 .29 1 9 . 7 1  

Assets/ deposits ratio 1 . 1 1  1 . 1 5 1 .06 1 . 1 2  

Note: ( i )  entries are percentages of deposits unless 

otherwise indicated. 

Standard errors of the guarantees are x 10-4 . 

Note: (ii ) i tems are defined as follows: 

Guarantee - value of put option on bank assets. 

Volatility - standard deviation of the bank 

asset value. 
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Table 2 :  M ODEL 1 ( MERTON ) :  PREMIU M RESULTS (Ctd . )  

(( = 1 ) 

I Bank 

Guarantee 0 . 1 3  4 . 6 1  1 .27  1 . 79 

Standard rror ( total )  0 . 1 6  1 6 .45 2 .90 5 . 1 9  

Volati lity (as ) 7 .25 2 1 . 04 1 5 . 1 0  2 1 . 1 5 

Standard error 0 .42 0 . 78  0 .59 0 . 78 

Equity 1 3 .60 1 5 . 23 1 8 . 75 27 . 75 

Assets / deposi ts ratio 1 . 1 3 1 . 1 1  1 . 1 8 1 . 26 

I Bank 

Guarantee 2 .66 0 .66 5 . 1 4  4 . 89 

Standard error ( total) 7 .88  1 . 52 22 . 1 1  1 8 . 54 

Volatility ( as ) 1 7 .29 1 2 .35 20.74 24 . 74 

Standard error 0 .67  0 . 58 0 .84 0 . 88 

Equity 1 5 . 96 1 8 . 1 3  1 3 .29 1 9 . 7 1  

Assets/ deposi ts ratio 1 . 1 3 1 . 1 8  1 .08 1 . 1 5 

Note: ( i )  entries are percentages of deposi ts unless 

otherwise indicated. 

Standard errors of the guarantees are x 1 0-4 . 

Note: ( i i )  i tems are defined as follows: 

Guarantee - value of put option on bank assets. 

Volatility - standard deviation of the bank 

asset value. 
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Table 3 :  MODEL 2 ( ECR) : PARA METER ESTIMATES 

Bank CTk CTM CTD �kM �kD f3kM 

1 1 . 70 14 . 58  6 . 36 63 .00 -22.53 7 . 36 

( 0 . 1 1  ) (0 .65 ) (0 .28 ) ( 3 . 7 1  ) (4 .64 ) (0 .68 ) 

2 2 .49 1 5 .96 1 8 . 28 43.53 -59 .80 6 . 79 

(0 . 1 1  ) (0 .47 ) (0 .53 ) (2 .70 ) (2 .40 ) ( 0 . 5 1  ) 

3 2 . 76 1 5 .93 1 3 . 1 5  5 1 .89 -36 .94 9 . 0 1  

( 0 . 1 2  ) (0 .46 ) (0 .38 ) (2 .84 ) ( 3 .09 ) (0 . 67  ) 

4 3 . 70 1 5 .97 1 8 .67 5 1 . 6 1  -48 .05 1 1 .96 

(0 . 1 7  ) (0 .47 ) (0 .55 ) (2 .67 ) (2 . 73 ) (0 .83  ) 

5 2 .87  1 5 .98 14 . 86 54.99 -39 .67  9 .88 

(0 . 1 3  ) (0 .47 ) (0 .43 ) (2 .68 ) (2 .95 ) (0 .67 ) 

6 2 . 6 1  1 6 .92 1 1 .50 37 . 1 8  -4 1 . 14 5 . 73 

( 0 . 1 4  ) (0 . 6 1  ) ( 0 . 4 1  ) (4 .02 ) (3 .93 ) ( 0 . 73 ) 

7 2 . 63 16 . 29 1 7 .25 39.28 -45 .68 6 . 34 

(0 . 1 4  ) (0 .52 ) (0 .55 ) (3 .45 ) (3 .33 ) ( 0 .67 ) 

8 3 . 72 1 5 .96 22 . 1 0  39 .43 -59.22 9 . 1 9  

(0 . 1 8  ) (0 .47 ) (0 .65 ) (2 .86 ) (2 .48 ) ( 0 . 79 ) 

Parameters are multipled by 1 00 .  S .E .s  app ar in  

brackets. CTk , CTM , and CTD are the instantaneous 

standard deviations of the state variable, kt , th market 

portfolio ,  Mt , and deposits ,  Dt , respectively. �kM and �kD 

are the correlation coefficients of the pairs, ( kt ,  Md and 

( kt ,  Dd, and f3kM is the 'CAPM beta' of th kt process 

with r spect to the market . 
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Table 4: M ODEL 2 ( EC R) : PREMIUM RESU LTS 

BANKS 1-4 

I Bank 

G uarantee value 6 .00 1 3 . 1 6  1 1 .03 1 5 .48 

S tandard error ( total ) 0 . 73  0 . 9 1  0 . 84 1 . 30 

Standard error ( partial )  0 . 76 0 .98 0 .88 1 .34 

Volatili ty (<Jk ) 1 . 70 2 . 49 2 .76 3 . 70 

S tandard error 0 . 1 1 0 . 1 1  0 . 1 2  0 . 1 7  

Equity 1 3 .60 1 5 .23 1 8 . 75 27 .75 

Guarantee! equi ty ratio 0 .44 0 .86 0 .59 0 .56 

Terminal value 1 5 .23 1 8 .75 27 . 75 1 5 .96 

Terminal kt / 1£ ratio 1 . 1 3 1 . 1 7  1 . 20 1 .30 

Shut-down point (1£) 23 .00 22 . 1 7  22.09 2 1 .2 1  

Standard error 0 . 1 0  0 . 1 1  0 . 1 1 0 . 1 5  

Note: ( i )  entries are % of deposits unless indicated . 

Note: ( i i )  i tems are defined as follows: 

Guarantee - non-linear term in stock price. 

Volatili ty - standard deviation of log(kt ) .  

Equi ty - value o f  bank equity. 

Terminal kt / 1£ - value at end of sample period. 

Shut-down point - trigger for bank closure. 
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Table 4: MODEL 2 ( ECR) : PREMIUM RESULTS ( Ctd . )  

BANKS 5-8 

I Bank 5 1 8 1 
Guarantee value 1 3 . 79 9 .44 1 3 . 40 20 .59 

Standard error ( total )  0 . 9 1  0 . 90 0 . 98 1 .46 

Standard error (partial) 0 .99 0 .94 1 .08 1 . 58 

Volatility (ak ) 2 .87  2 .6 1  2 .63  3 . 72 

Standard error 0 . 1 3  0 . 1 4  0 . 1 4  0 . 1 8  

Equity 1 5 . 96 1 8 . 1 3  1 3 .29 1 9 . 7 1  

Guarantee/equity ratio 0 . 86 0 .52 1 .0 1  1 . 04 

Terminal value 1 8 . 1 3  1 1 7 .23 1 9 . 7 1  89 .9 1 

Terminal kt / 1£ ratio 1 . 1 8 1 . 1 8 1 . 1 6 1 . 25 

Shut-down point (1£) 2 1 .96 22 .26 22 . 1 6  2 1 . 1 2 

Standard error 0 . 1 2  0 . 1 2  0 . 1 2  0 . 1 7  

Note: ( i )  entries are % of deposits unless indicated . 

Note: (ii ) items are defined as follows: 

Guarantee - non-linear term in stock price. 

Volatility - standard deviation of log( kt ) .  

Equity - value of bank equity. 

Terminal kt / 1£ - value at end of sample period. 

Shut-down point - trigger for bank closure. 
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Table 5 :  MODEL 3 ( ES ) :  P REMIUM RESULTS 

BANKS 1-4 

I Bank 

Guarantee value 4 . 1 3  1 0 . 4 1  8 .68  1 3 .02 

Standard error ( total )  0 .60 0 . 82 0 . 74 1 . 19 

Standard error (partial ) 0 . 63 0 .89 0 . 79 1 . 23 

Volatili ty ( O'k ) 1 . 70 2 .49 2 . 76 3 . 70 

S tandard error 0 . 1 1  0 . 1 1  0 . 1 2  0 . 1 7  

Equi ty 1 3 .60 1 5 .23 1 8 . 75 27 . 75 

Guarantee/equity ratio 0 .30 0 . 68 0 .46 0 .4 7  

Terminal value 1 5 .23 1 8 .75  27 . 75 1 5 .96 

Terminal kd If ratio 1 . 1 3  1 . 1 7  1 . 20 1 . 30 

Shut-down point  (If) 23 .00 22. 1 7  22 .09 2 1 . 2 1  

Standard error 0 . 1 0  0 . 1 1  0 . 1 1  0 . 15 

Note: ( i )  entries are % of deposits unless i ndicated. 

Note: (ii ) i terns are defined as follows: 

Guarantee - non-linear term in stock price. 

Volatility - standard deviation of log( kt ) .  

Equi ty - value of bank equity. 

Terminal kt /If - value at end of sample period. 

Shut-down point - trigger for bank closure. 

40 



Table 5 :  MODEL 3 ( ES ) :  PREMIUM RESULTS (Ctd . )  

BANKS 5-8 

I Bank 8 1 
Guarantee value 1 1 .02 7 .25 1 0 . 5 1  1 7 .46 

Standard error ( total ) 0 .83 0 . 79 0 . 88 1 .3 7  

Standard error (partial ) 0 . 9 1  0 . 83  0 .98 1 . 49 

Volatili ty (O"k ) 2 .87  2 .6 1  2 .63 3 . 72 

Standard error 0 . 13 0 . 1 4  0 . 1 4  0 . 1 8  

Equity 1 5 .96 1 8 . 1 3  1 3 .29 1 9 . 7 1  

Guarantee/equity ratio 0 .69 0 . 40 0 . 79 0 .89 

Terminal value 1 8 . 1 3  1 1 7 .23 1 9 . 7 1  89 .9 1 

Terminal k, /k ratio 1 . 1 8 1 . 1 8  1 . 1 6 1 . 25 

Shut-down point (1£) 2 1 .96 22 .26 22 . 1 6  2 1 . 1 2  

Standard error 0 . 1 2  0 . 1 2  0 . 12 0 . 1 7  

Note: ( i )  entries are % of deposi ts unless indicated . 

Note: (ii ) i tems are defined as follows: 

Guarantee - non-linear term in stock price. 

Volatili ty - standard deviation of log( k, ) .  

Equity - value o f  bank equity. 

Terminal kd 1£ - value at end of sample period .  

Shut-down point - trigger for bank closure. 
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