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ABSTRACT

The am of this paper isto andyse how banking firms set their capitd ratios, that is, the rate of equity
capital over assets. In order to tudy this issue, two theoretical models are developed. Both models
ded with the existence of an optimd capitd ratio; the first one for firms not affected by capitd
adequacy regulation, the second one for firmswhich are. The models have been tested by estimating
a disequilibrium mode using data of Spanish savings banks.
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1. Introduction

Although capita generdly accounts for a smal percentage of the financia resources of
banking inditutions, it plays a crucid role in their long-term financing and solvency position and
therefore in public credibility. In the event of a crigs, the lower the leverage rétio is, the lower the
probability that abank will fail to pay back its debts. This fact would justify the existence of a capita
adequacy regulation in order to avoid bankruptcies and their negative externdities on the financid
system athough banks may respond to this regulation by incressing their risk exposure®. On the other
hand, too tight a regulation may lead banks to reduce their credit offer and, as aresult, giveriseto a
fal in productive investment?. All these arguments judtify studying the way banks set their capitd to
assetsretio.

This topic is of specid interest in Spain where from the late 1980s an important process of
financiad deregulation has coexisted with a supervisory re-regulation. In fact, it was not only 1985
that risk- based capitd adequacy requirements were introduced in Spain. The severe banking criss
suffered during 1978-1983 together with the internationa trend towards the application of risk-
based capital rules seem to lie behind the 1985 risk- based capitd legidation. The Spanish Capita
Adeguacy Regulation Act of 1985 imposed two Smultaneous minimum capital retios: a globa or
generic ratio and a selective or risk- based capitd ratio. The former stated that capital had to be a
minimum percentage of total investment net of provisons and depreciation. The latter stated a risk-
weighted capita requirement, where capital had to be superior to the sum of different assets or off-
baance sheet exposures, weighted according to ther reative risk, making this last requirement
specific for each bank.

Thislegidation may have affected Spanish banking inditutions (private banks, savings banks,
credit co-operative societies) in different ways depending on their capita structure. This paper
focuses only upon the andlysis of the effectiveness of capital adequacy regulation on Spanish saving
banks, which account for over 30% and 44% of total assets and deposits, respectively, of the
Spanish banking sector during 1988-1992.

! See K oehn and Santomero (1980), Lam and Chen (1985), Lackman (1987), Kim and Santomero (1988) and Rochet
(1992). In contrast with this idea, Furlong and Keeley (1989) and Keeley and Furlong (1991) state that capital
adequacy reguirements reduce incentives to increase risky assets, thus decreasing the probability of the bank's
bankruptcy.

? See Santomero and Watson (1977).



Spanish savings banks, as non-profit foundations, hold a principle of management based on
socia and economic criteria. They are subjected to strong supervision by public authorities and their
earnings are destined to ensure the future of the ingtitution and to raise afund caled the Socid Work
Fund. Loca governments, corporations, depostors, founding members and employees make up
their executive organs (Genera Assembly). In spite of this important presence of public indtitutionsin
these executive organs the evidence suggest that Spanish savings banks has not escaped the
discipline of externd market test of their comparative efficiency and performance. The greater
competition in the Spanish banking sector has made that variables like managerid qudity and
productive efficiency are relevant indicators for these ingtitutions.

Spanish savings banks were characterised by providing its clients with traditionad banking
products (retail banking), the proximity to the client through a wide network of branch offices being
one of its main Strategies. With regard capitd regulation, this seems to have been gtricter for Spanish
savings banks than for private banks in terms of the capitd insruments that both type of ingtitutions
can employ®. They do not have share equity and the main source of their capitd is congtituted by
accumulated reserves. Thisimplies that in a period of recession too tight a regulation can reduce the
growth- rate of these ingtitutions, Since it decreases the level of retained earnings. Other components
of bank capitd are hybrid debt-capitd instruments and subordinated debt’. The increasing
importance of subordinated debt can be observed from its contribution to savings banks capital that
has grown from 1.7% of total capita in 1985 to 11.2% in 1993. In this context, savings banks
management has less legdl possibilities for increasing capital than in the case of private banks, which
in turn, dso reduces the leaway that this management has with regard to augmenting capitd.

The purpose of this sudy is to determine whether regulatory capital requirements induce
banks to hold higher capitd ratios that would have otherwise been the case. In the literature, savera
studies on the effectiveness of capital requirements on US banks answer this question including in
empirical modes a proxy for regulatory capita®. Variables such as the ABC ratio (ratio of observed
accounting capita to the amount of the capital desired by the regulator) or binary variables (1 for

% See Carbo (1993).

* The hybrid debt-capital instrument for Spanish saving banks called participation capital was introduced in 1988.
However, no saving banks had issued any participation capital during period of study.

® See Pdltzman (1970), Mingo (1975), Heggestad and Mingo (1975), Dietrich and James (1983) and Marcus (1983).
Carbo (1993), following the methodology of Dietrich and James (1983) presents a similar study in the context of
Spanish banking system.



savings banks with adequate capitad and O otherwise) are examples of this regulatory pressure. In the
cae of being Satigticaly significant the capital regulation will be effective®. Conversdy, Wal and
Peterson (1987, 1995) speculate on whether the adoption of fixed minimum capita requirements led
US bank holding companies (BHCs) to maintain higher capital ratios than those market forces would
have led to. Both works propose the classfication of inditutions into two regimes. a regulatory
regime and a market regime. If regulatory guiddines exceed market requirements, then the regulation
is binding and the bank is operating in the regulatory modd. Otherwise, the bank is operating in the
market model. The disequilibrium estimation technique is used in both works. Following this
gpproach this work will present two modes caled the market and the regulatory regimes. However,
novelties in relation to Wal and Peterson works are very substantia. They will be presented
throughouit this paper.

Does an optimal market capital ratio for banks exist?. There are two different answers from
two aternative theoretical approaches. The Modigliani -Miller theorem’ (henceforth MM) has shown
that, provided competitive capita markets and in the absence of bankruptcy cogts, corporate income
taxation or other market imperfections, the vaue of afirm is independent of its financid sructure. On
the other hand, the classic thes's Sates that, restoring one or more of these excluded conditions, the
vaue of the firm may reach an internd maximum with pogtive equity in its financid dructure. In
supporting the idea of an optima capitd ratio for banking inditutions, some authors have
contemplated severa exceptions to the theorem of MM: bankruptcy and agency codts, liquidity
sarvices and operations costs associated to deposits and deposit insurance. In those Stuations they
have shown that the market vaue of a bank is not independent of the way it is financed; in the
absence of regulation an optima capita ratio may exist. Nevertheless, even accepting such optimal
market capitd ratio, banks are obliged by regulation to kegp a minimum capita ratio to mimimize the
socid cogt derived from a banking criss. This condraint is binding only for banks with an optimd
market capitd ratio lower than the minimum standard, it being irrdlevant for banks with optima
capital postions above the regulatory minimum. These two Stuations dlow us to dassfy banks in
two different modes or regimes. the market model and the regulatory modd. As far as there are
banks operating with capital postions above the regulatory minimum (capital regulation is non-

® These types of proxies introduce some problems in the estimation model. For a more detailed explanation see
Jackson and others (2000).
" See Modigliani and Miller (1958).



effective) one can suspect that market forces are a work undermining the dominance of insured

deposits over equity as a source of financing.

This paper is organised as follow. In section 2 two theoretical models (the market and the
regulatory regimes) analysing banks behaviour in setting capitd ratios are developed. Both models
demondrate the existence of an optima capitd ratio and point out the variables determining it. In
section 3 an econometric model for markets in disequilibrium is proposed to digtinguish between
these two regimes. The empirical results (using data of Spanish Savings Banks during the period
1985-1991) are showed in section 4. Section 5 presents a summary and concluding comments.

2. Theor etical background: the determinants of capital sructure decisons,

In this section we develop two theoretical models to explain the way banks set their capital
to assets ratio in a context in which the authorities establish a (minimum) capital adequacy regulation
and enforce the rule by means of sanctions. In both models the existence of a desired capitd to
asatsratio will be shown. The first one describes the behaviour of firms not affected by regulation as
they have optima market cepitd to assets ratios higher than the regulated one. This mode
gynthesizes in a theoretical formulation the issues proposed in the banking literature to judtify an
optima capita sructure (liquidity premium, operations costs associated to deposits and deposit
insurance). Conversely, Wall and Peterson (1987, 1995) built an empirical modd based on factors
discussed by their contemporary authors. The second model explains the behaviour of banks whose
optima capitd ratio lies bdow the minimum one their decison will congst in maintaining not just the
minimum regulated ratio but one a bit higher (capitd cushion). The idea of a capitd cushion,
established as a caution againgt contingencies, was mentioned initidly in Wal and Peterson (1987)
athough these authors provide only an intuitive explanation of this phenomenon. We show below that
banks will set this cushion whenever the capita ratio is not totaly controllable (or sochastic) and
when important sanctions to enforce the capita rule exist. In this case, banks would maintain this
cushion to prevent the stochadtic capitd ratio from reaching vaues below the permitted minimum in

order to avoid being sanctioned.

2.1 Market moddl

The assumptions are the following:



S1 Savings banks, as foundations, are the investment project of a group of investors called founding
members and depositors. Investors are wedthy risk neutrd agents who can invest in persond
account at the risk freerate (r;). In the event of bankruptcy their responghility is limited to the value
of ther invesment in the firm, which is protected by the standard limited ligbility provison of
contracts. They seek to maximize the expected present vaue of a savings bank in one period
economy. This vaue is defined as the sum of the expected present vaue of the savings bank for
capita owners and the accounting vaue of deposits.

S2 The liability sdeis made up of depodits (D) and capitd (K). Thus, the balance sheet isA=D+K.

S3 Savings banks can increase their capital ratios by ether reducing assets or increasing capitd.
However, snce we are interested in obtaining an optima capital structure for each vaue of the firm
we will assume initidly that the assets leve is fixed. Consequently, the savings bank can only modify
its capita ratios by changing capitd.

A Capitd is stochadtic. It evolves by

K=K*+U Q)
where K* is under control of the bank and U (capita shocks) is a stochadtic disturbance term
normally distributed U ~N(0,s ?) . The uncertainty of saving banks' retained earnings (extraordinary
losses, variability of interest rates) is the source of randomness of capitd. Since the assats levd is
given, deposits are stochastic too:

D=A-K=A-K*-T. )

S5 Saving banks assets yield a gross revenue X= R, A (interest and principa repayments), where R,
isthe grossreturn of the risky assets portfolio.

S6 Depodts are fully insured (principal and interest promised to depositors) by a deposit insurance
agency. They yield arater, that does not depend on default risk. At the end of the period deposits

generate ligbilitiesto the amount [B = (1+1,) D ].
S7 In addition, deposits cause the savings bank to incur in two other cogts: the deposit insurance

premium (Z) and operations costs’ [C(D)]. Both are paid a the end of the period. Insurance

premium (Z) Is an under-priced proportion of the payments to depositors in the event of bankruptcy

® Intermediation costs due to the provision of transaction services attached to deposits.



(Z =bD ), b being avariable rate premium that is a negative function of (K*/A). On the other hand,
operations costs depend on deposits such that [C(D) =c D], ¢ being a positive linear function of

the mean of depogts.
c=c, D=c (A -K¥) (3)

The existence of these operations costs adlows deposits to be raised in equilibrium at interest rates
below (), even if market is perfectly competitive and agents are risk neutrd. The difference between
both rates (n¥r-ry) condsts in a liquidity premium pad for liquidity services provided by
intermediaries. This premium represents what depostors are willing to renounce in terms of

profitability in exchange for liquidity services.

S8 In practice, in the event of bankruptcy, the deposit insurance agency will pay for dl debts and
losses of saving banks’.

Risk neutraity and the probability of investing in persond account a the risk free rate dlow
investors to maximize the expected present vaue of the savings bank (4). For andytica convenience

we will define dl variables as ratios per unit of assetsin equation (4):

E(V/A) = (1+1, )R, +1 [1- (K*/A)]- ¢, [1- (K*/A)] 2 - EGIA)}=

= E(VYIA) +(1+1,) i EDIA) - E[CO)/A]}- V(GIA) 4)
where E() is the expectation of each variable and c,= c; A isaconstant parameter.

The expected present value (per unit of assats) of a levered savings bank E(V/A) can be
expressed as the sum of the expected present value of an unlevered savings bank E(V'/A), plus the

expected present value that depositors assign to liquidity services {(1+r)™ [ mE(I5/A) 1}, plus the
expected present value of the deposit insurance subsidy net of premium [- V(G/A) ], minus the

expected discounted value of operations costs per unit of assets { (1+r)™* E([C(I5)] IA )} .

The value (per unit of assets) of the deposit insurance [- V(G/A) ] depends on the quantity

insured (B ), on other payment commitments [C(D) ] in the event of bankruptcy, on the probability

° The history of Spanish Deposit Insurance Corporation (SDIC) is full of this type of interventions. Only recently
invery few cases (only small private banks) did the SDIC paid off the bank”sinsured depositors.



of bankruptcy F(s), on the insurance premium (Z) when the saving bank is solvent and on the

expectancy of assets recovery after bankruptcy (R, f (U,) dU, . Therefore:
-y

VEm =) de B+C(5)>/A}-Ra]fwl)d‘u'l-B’Z/A)fm'l)dmg:

~

Q)

=@+r)’

+'KO_."’

¥ ..
Ddlier, +o1- K * A BA) - R, £ @,) o, - beyDIA) f(fjl)dﬁlg
7 :
where s=[1- (K*/A)]- {1+r, +b+c, [L- (K*/A)]} ' R, define a critical value such that net

worth of the savings bank is postiveif and only if U, = (U/A) 3 s.
Rewriting equation (5) we can obtain expresson (6):

€3¢ K" 00 o ko
- V(G/A) (I+r) " éqd+r, +b+cz|1- — u(s u,) f (u,)du,y- b|1- — (6)
g«de g b ?;EI

which is postive since we have assumed that the deposit insurance premium is under-priced™

(assumption S7).

From expression (4) we can deduce that present value of a savings bank is not independent
of its cgpitd Structure. However, this is not enough to demondrate the existence of an optima
market capitd ratio. The firgt order condition for a maximum in (V/A) establishes that the capita to
assetsratio (K*/A) will be increased until margind revenue equas margina cost (7). Consequently,
the diminution in operations costs and the insurance premium derived of a greater solvency as result
of a smdler leverage™ is compensated by a lower deposit insurance subsidy and liquidity premium,
thet is

1- E[Gal- Ecdyal

1K IA) - =0 )

or equivaently,



{1- (K'IA)}3 [1 O]

2¢,{1- (K'IA} [1- FO)- ¢, 52 f(s)+§) i /A) .

b
msi f(s) = m+(1+r,) K9

where f () and F() are symbols of density and distribution function and sjl isthe variance of U, .

By second order condition, margina costs should increase faster than margina revenues. In
order to guarantee this result the model should verify one of these conditions or both jointly:
parameter b (deposit insurance premium per unit of cover) and the expected val ue of operations cost
per unit of assets are both decreasing and convex functions of the expected capital ratio™. (K*/A).
Therefore:

~

M: 'li’ - —ﬂZb ) d -
smy - L O @) O - 2¢, [1- F(9)]
©)
s of
(41, +b) (9 ﬂ(K [1+r rb+cfi- K /A)}]f(s)ma)é

where [fls/ (K * /A)] <0.

Even under the previous conditions, expression (8) falls to be negative for al parameter
vaues. However, by carrying out a smulation exercise on first and second order conditions with
quadratic operations cods, flat rate premium (Spanish case) and parameter values smilar to those of
Spanish banks we observe expression (8) remains negative. Moreover this smulation alows us to

gpproximate the first order condition to the following linear equation which can be estimated:
(KIA* = -G+ Gib- @ +Gla+ QG- G(C)°+G S, ©)

where g are podtive parameters.

% An actuarially fair premium will cancel out this expression.

! Remember that assumption S7 statesthat b is anegative function of (K*/A).

2 First and second derivatives with respect to the expected capital ratio (K*/A) are negative and positive,
respectively. It can be shown that if {C(IZ~))/A} is a constant proportion of deposits, that is, {C(f))/A} =cD,

where c is a constant parameter and the deposit insurance premium is flat, the saving bank maximizes (V/A)
increasing its leverage to the limit.

10



Optima market capital ratio increases with b, ry, c; and s jl . It decreases with ry. This fact

reflects that a high level of banking demand for capitd will be associated with high costs of deposits
and a high variability of capitd ratio. For a given risk-free interest rate, the higher the deposit interest
rate is, the lower will be the liquidity premium depositors are willing to pay. This would reduce for
banks the incentive to capture debt. Operations costs are a good indicator of efficiency and
probability of bankruptcy (Berger 1995). The sign of the variability of capitd ratio indicate that the
greater disperson of retained earnings (main source of capita in saving banks) of the company is, the
greater the issues of other capita instruments (subordinated debt, hybrid debt- capital instruments) in
order to avoid the firm becoming bankrupt.

2.2. Regulatory mode

Assumptions are the following:

R1 Optima market capita to assetsratio (K/A)* is below the regulatory minimum capital R.

R2 In order to enforce the rule, two types of sanctions payments are established if (K/A)< R (graph
1): afixed one (J) if the bank operates below the regulation and a variable one which is proportiona
to the square of the difference between regulated and actua capital ratio™. As aresult, the vaue of a
savings bank per unit of assets (V/A) moves away from the pure present vaue of the firm when the
capita ratio moves away from the regulatory minimum to the left (V/A),. On the contrary, it remains

unchanged when the capital ratio moves away to the right (V/A),..

R3 Banks cannot control totaly (K/A) since it is stochadtic and can diverge from the regulatory

minimum in arandom way.
(GRAPH 1)

Under these conditions, the value of the bank per unit of assetswill be:

I (VIA), =(1+1,) H{(VIA), - d [(KIA)- R]?} if (KIA)® R
VIA =i (10)

Lviny, =@+r)Yvin), - 3- q [(K/A) - R} if (KiA) <R

3 The sanctions scheme in Spain is similar to that pattern.

1



where:
(V/A)r= the vdue of the saving bank per unit of assets when capitd ratio equasR.
d, q arepostive parametersand d £ g

The actud (ex-post) cepitd ratio (K/A) will be the sum of the dedred capitd ratio
(K/A)'(R) plus astochestic disturbance term (€ )*. Conversdly to the market moddin this modd we
assume that the randomness of the capital to assets ratio is focused on the quotient (11), not only on
capitd. The divergence of the optima market capital to assets ratio respect the regulatory minimum
can be a consequence of the uncertainty of earnings (extraordinary losses, the variability of interest

rates) of the firm or due to a great variability in its assets (a more or less aggressve drategy in

capturing loans).
(KIA)=(K/IA)*(R)+ € where €~N(0, s&) (12)

The capitd ratio target in the regulatory model is the amount of capita required to satisfy the
capitd guiddine R plus a possible capital cushion as a caution againgt contingencies H.

(KIA*(R)=R + H (12)

Subdtituting equations (11) and (12) into (10) the present value per unit of assets of the
savings bank (V/A) may be rewritten as.

I (VA =(+r) {(viA), - d H?- d & - 2d& H} i &3 -H
VIA =1 (13)
Lovimy, =@+r)H{via), - 3-q H?-q & - ;4 & H} if E<-H

and, taking expectations

E(VIA) = (1+1,) ' [(VIA) - d H2 [1- F(- H)]- qH? F(- H) - d E[&°]%]
(14)

- qE[€’] .} - 2d HE@)", - 2qHE(@) ! - JF(- H)]

' Capital shocks that affect savings banks in the market model and in the regulatory model cannot be identical,
hence the need to attach different institutions to each one of the two regimes.

12



The leve of the capita cushion per unit of assets which maximizes the expected present
market value will be':

_scfflcHys bla-dl,  ffl-Hrs. ]

“d+F[(Hys.]la-d]  d+2F[-AYs,][a- dJs, 13

where f and F are digribution and dendty functions of a sandard norma random varigble. The
optima capital cushion will depend on Jand on s, (capita ratio volatility). Three specia cases are
worth pointing out: i) if g>d, H is pogtive (even if J=0), ii) if g=d and J=0, H will be zero and iii) if
g=d and J>0 expression (15) is reduced to:

R (LN |
2ds

e

(16)

Comparative datic exercises show that H will be higher, the higher J, s and q >d are.
However, since the didribution function is normd and its integration limits depend on H, an explicit
function of H cannot be obtained: it is necessary to use Smulation techniques. We further assume (in
order to amplify and without greet loss of generdity) that g = d (expresson 16). This dlows for a
reduction in the number of parametersto 2 (s. and Jd). As a result of the Smulation exercise, we

obtain that optimal capital cushion can be gpproximated to:

H=-a;+a,(Jd)-as(Jd)?+asSc-asS¢ +asSe (17)

where a; are pogitive parameters. Therefore, the desired capitd ratio can be estimated by using the
following linear equation:

(KIA)*(R)=R - ai+a,(Jd)- az(Jd)’+asSe-asS&+asSe (18)

3. Empirical reaults

3.1 Specification

> The second order condition is always met.



Accepting that changes in capitad ratios involve some costs (transaction costs associated to
issue of cgpitd ingruments and the cogts of adjugting capitd postion to equilibrium leve) and
assuming these to be quadratic, the dynamic behaviour of banks in both regimes can be described by
the following partial adjustment equations'®

(KIA) i (M) =F 1 (KIA)* + (1- Fq) (KIA) 1+ Wiy Wi ® N(O,s%) (19
(KIA) i (R) =F 2[Rt +Hif + (1- F2) (KIA)it1+ €ix  €i:® N(0,s%) (20)

where the subscript “i” refers to firms while subscript “t” refers to time period and O<F <1 (i=1,2)
are the rate of adjusment coefficients to desred capita-to-assets ratios in both regimes. By
assumption we condder that the disturbance terms are uncorrelated. Next, by plugging equation (9)
and (18) into (19) and (20) respectively and alowing for pure individua and pure time effectsin the

market modd we obtain:

(K/A) it (m) =-F 1% + Gh F 1b + (1— F l) (K/A)i,t—l + F 1hi - F 1(rf)t + F 1ht +
BF 1 (ra)it tuF 1 (&)t - B F1 (sz)i,t +gF 1 (S 51 Yt t O F i Xig Wiy (22)

(if bank i belongs to the market moddl)

(K/A) it (R) =- anl + (1— F 2) (K/A)i't.]_ + Fz Ri,t+ F 2do (\:Vd) it- ang (\]/d)ziyt +
Foa4(Seit- Foas(Se)it+Foas(Se)it+ €iy (22)

(if bank i belongsto the regulatory moddl)

where g; is avector of parameters and X ; a vector of variables, h; and h; represent individua and
time effects respectively.

Individua effects dlow the control of some non-observable specific characteristics of each
bank. These are assumed to be congtant over the time but varigble across individuas. Time effects
dlow to control for macroeconomic variables such as the evolution of interest rates, outpuit,
employment and changes in banking legd rules (gpart from capita regulation). As variable r¢ is
congtant across firms but not over time, it will be included into time effects. On the other hand,

variable b is aso congtant over time and o it will be part of the congtant term. We dlow regulation

'® The origin of this methodology can be found in the seminal paper of Peltzman (1970). This has been used in
almost all of the research on effectiveness of banking capital regulation.

14



(Ri ) to show both cross-section and time series variability. The vaue of R is gpproximated by the
maximum between two minimum capita ratios imposed in the Spanish Capita Adegquacy Regulation
Act of 1985: the globa or generic ratio and the selective or risk asst ratio. The former is defined as
the minimum percentage (4% until 1987, 5% after) of capitd on tota assats The second is
cdculated by firgt obtaining for each savings bank the necessary minimum capitd to cover the
sdective ratio (numerator) and afterwards dividing this quantity by tota assets (denominator). This
last requirement is specific for each savings bank because the numerator is the regulatory minimum
capital ratio times the different categories of assets or off- balance sheet exposures weighted
according to thelr rdative risk. The vaue of R presented in estimations will be the maximum between
the generic ratio R, (congtant across individuas) and sdective ratio R, ; (variable across individuds
and over time). It is obvious thet the risk strategy of the savings bank is present in the definition of
R. , which can change capital requirements by modifying its risky assets portfolio™.

Vector X includes some other variables used in previous research on effectiveness of
capitd adequacy regulation'®. This dlows us to reflect more accurately the Spanish redity and to
relax some of the assumptions of the theoretical models, such as constant assets level and one-period
economy. These variables are: bank size TE (proxied by natura log of total assets), expected rate of
return on assets ER (proxied by its current rate), the ratio of loans over assets CR, provisions for
loans default to total loans ratio PC, liquidity risk AC (proxied by the ratio of cash accounts over
total assets) and, findly, tax rate PF (proxied by the ratio of taxes over incomes lagged one period).

Bank sze is present in the market modd in the parameter ¢, of the operations costs
function™. Furthermore, it may have a negative impact on capital levels due the fact that alarger size
can guarantee grester possibilities of diverdfication and of access to capita markets or because the
“too big to fail* policy guarantees the bail out of large banks that run into trouble®. With respect to
ER, the larger this varigble is, the smdler the capitd necessary to safeguard these banks from
insolvency crises”t. CR and PC are both publicly available measures of loan portfolio quality. The
credit risk level is pogtively correated with the bankruptcy probability so the effect of both variables

' On the other hand, Wall and Peterson (1987, 1995) and Carbo (1993) include in their estimations only the generic
or global ratio.

18 See Peltzman (1970), Mingo (1975), Heggestad and Mingo (1975), Dietrich and James (1983), Marcus (1983),
Dahl and Shrieves (1990), Shrieves and Dahl (1992), Carbo (1993) and Wall and Peterson (1987,1995).

® Remember c,=c; A

% See footnote number 9.



on the capita ratio should be postive. Neverthdess, if we interpret the provisons as a postive
indicator of the capacity of banks to generate incomes the sign of PC will be ambiguous. AC reflects
liquidity risk. Non-liquidity, rather than the lack of capital per se, is a primary cause of banking
crises, so we could say that a high liquidity level could reduce the need for capitd. Findly, (PF) isa
proxy for fiscd shied. By dlowing interests on debt to be tax-deductible this fiscd shield provides an
incentive for firms to subditute debt for equity in their financia structure. The expected sign of this

vaiableis negative,

Other variables of equations (21) and (22) are proxied as follow: s u21 by the variance of

return on assats in the previous five years, (4 ) by average financid costs, (¢;) by the ratio of
operations costs over assets, (Jd) by the naturd log of totd deposits, indicating that sanctions and

pendlties to enforce capital rule affect to a greater extent to big savings banks? and (s &) by the

variance of observed capitd ratio in the previous five years. The use of different proxiesfor s jl ad

s & is based on the fact that we have assumed randomness in the market modd to be associated to

earnings uncertainty and in the regulatory modd to the quotient of capitd retio.

Traditiond estimation techniques rely on single equation regressions (ordinary least squares,
linear dynamic panel data). These methodol ogies assume implicitly that only one mode describes dll
banking organisations capital decisons, not alowing for regulation to be binding on some banks
while market determines decisions of others. Disequilibrium estimation overcomes this problem since
it dlows each observation to come from one of the two regimes (regulatory and market model)
without a priori classification. Moreover, the probability that an observation came from the first (or
second) regime may be estimated®. This disequilibrium framework implies that we can only obsarve
the dependent variable (K/A) which is the greater (maximum) vaue of both vaues obtained from
each regime. This mode’s latent structure includes equations (21) and (22) while the observation
mechanismis

(KIA)i ¢ = max| (K/A)i «(m), (K/IA) (R)] (23)

2t AsMyers (1984) suggests: ” capital instruments issues are more costly than funds raised internally”.

# The bigger asaving bank is, the larger the systemic crisis in the banking system, if this savings bank were go to
bankruptcy.

% See Maddala and Nelson (1974), Maddala (1983) and Wall and Peterson (1987) for amore detailed explanation of
this methodol ogy.
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Thus, (K/A); «(m) and (K/A)i (R) are unobservable since we can only observe (K/A), ;. The

crucid fact for this uncertainty is the existence of the above noted capitd cushion since, otherwise,
we would be able to identify al observations above the regulation as coming from the market modd.

3.2 Reallts

Table (1) shows the results of the disequilibrium estimation. Equations are estimated in atime
series and cross section framework (unbaanced panel data). Seventy-six Spanish savings banks
were selected from 1985 through 1991 (annual data)®. The obsarvable dependent variable is the
capitd to red and financid investments (net of provisons and depreciation) ratio. It is caculated in
book terms to correspond to regulatory measures. Bank capitd is defined as the sum of foundation
funds plus accumulated reserves plus socid work funds plus subordinated debt (until the permitted
level maximum) plus current reserves obtained from retained earnings minus past and current losses.
The dependent variable and the proxy for regulatory guiddines are caculated usng exactly the same
accounts of balance sheets. Not only is the denominator of the capitd ratio in both variables tota
asts but dso the definition of capita is the same. However, they differ because observed and
required capitd cannot be the same. In this way, the modd can fully capture savings banks' capita
adjustment towards their capita requirements.

(TABLE 1)

Coefficients indicating the rate of adjustmert to desired capitd levels(F ; and F ;) are found
to be sgnificantly postive and below unity (stationary conditions) in both modds. Furthermore, this
gpeed of adjustment is higher in the market regime (F ; around 0.8) in comparison to the regulatory
regime (F , dmost 0.3). This result can be explained by the fact that Spanish regulation alowed for a
trangtory period of adjustment to the regulatory minimum: savings banks were not forced to adjust
ther capitd ratio immediatdy.

In the market modd severd variables are Sgnificant and present the expected signs. Thisis
the case of operations cogts (¢,), initslinear and quadratic form, loans to assets ratio (CR), liquidity

* The time period finishesin 1991 because of: i) available accounting information (balance -sheets and profit and
loss accounts) changed presentation in 1992 and ii) a new capital adequacy regulation, that excludes the generic
ratio, was introduced in 1993.
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risk (AC) and bank size (TE). Providons for loan default (PC) are sgnificantly postive, a result

coherent with the interpretation of provisons as a sign of bad management.

Coefficients of variance of return on assats (s jl) and financid codts (rg) are sgnificantly

negeative, contrary to expectetions, while the lagged tax rate (PF) is negative but not datisticaly
ggnificant. The fact that the financid codts variable can be endogenous together with the possbility
that (rq) and (PF) can provide the same information (interests on debt are tax-deductibles) may help
to explain this result. The expected rate of return on assets is dgnificantly postive, contrary to
expectations. This can be explained by the smultaneity between the proxy for (ER), current returns
on assets and the dependent variable.

Time dummies are sgnificantly podtive and increesing over time. This reult reflects the
augmentation of capita demands during those years due to the increasing competition in the Spanish
banking system what required of those organizations a greater solvency in order to prevent
bankruptcies. The greater integration of internationd financid markets together with an important
process of deregulation in those markets may have led to this result. Asfar asthe regulatory model is
concerned, coefficients generally present the expected signs. Furthermore, the regulatory equation
meets the redtriction predicted by the heoretical modd: it cannot be regected that the sum of the
coefficient of variable R, and the coefficient of the lagged dependent variableis one.

All theseresultsdlow us to caculate the optimal capita ratio (market modd) and the capital
cushion (regulatory modd).

(KIA)*; (m)=0,612 - 0,25 (ra)i +2:49 (Co)i« - 30,25 (¢ - 26071 (S 2 )iy - 0,05 TE

- 0,0005 (TE?), +0,013 CR, +2,228 ER +0,08 PC - 0,026 AC; - 0,0082 PF; ..+h+ h,

H, =- 0,52 +0,075 (Jd); ; - 0,003 [(¥d)?;  + 6831 (S i - 60951 (S 2); ; - 304640 (S )i ¢

The average probability of belonging to each regime, market modd and regulatory regime is
0.6 and 0.4 respectively. This classfication scheme provides evidence of the dominance of the
market modd in our andyss. Neverthdess, the probability of belonging to the regulatory modd is
quite high, so we can deduce regulation had an important effect on the Spanish savings banks
behaviour. Table (2) shows the estimated probability of belonging to the market modd according to



level of observed capitd ratio. As a proof of the modd estimation adequacy, figures show that the
probability for one observation to come from the market modd is higher, the higher the observed
capitd ratio. Thisempirica result acts as atest to vaidate our theoretical modd.

Although our concluson that capita adequacy regulation could be effective for Spanish
savings banks coincide with that of Carbo (1993) and Wall and Peterson (1987) there are very
subgtantid differences among the three works. Carbo does not propose a theoreticad modd in his
analyss of the effectiveness of capital regulation in the case of Spanish banks (private and savings
banks). Moreover, the estimation technique used in hiswork does not alow us to distinguish exactly
what percentage of capita ratio exceeds requirements as a consequence of market pressure or
capitd guiddines. On the other hand, he computes as regulatory guiddines only the generic ratio, o
our results are not exactly comparable with those obtained in his work. With respect to Wal and
Peterson, both authors suggest a very interesting empirical model that include as determinants those
proposed in the literature to explain the evolution of the capita ratio. However, there is no theoretica
proposa regarding this. Furthermore, while they anayze this problem in the case of big organizations
(BCHSs), which are more likely to be subject to market discipline, and using cross -section data, we
sudy smdler indtitutions using a pand data. Asin Carbo, they compute as regulatory requirements
the generic ratio. Findly, our market model adjusts better to the data than the Wall and Peterson
model does.

4. Conclusions.

Above, we have developed and estimated two modes explaining the behaviour of banks
when they choose their capita to assets ratios. The first one — the market model- showed that there
exigs an optimd capitd ratio which maximises the market vaue of firms. Such aratio depends on a
st of variables (i.e. bank sze, operations and financia costs, expectancy and variance of return on
assets and credit and liquidity risks). However, banks with an optima market retio below a lega
regulation cannot establish this optimd ratio. The second —the regulatory mode- explains this
behaviour. The optimd financid decison for these companies consgts in setting a capitd ratio that is
the sum of the regulatory minimum plus a capitd cushion. The am of this cushion is to reduce the
probability that a shock reduces the capitd ratio to the extent that it drives it below the regulatory
one. The amount of this cushion depends on sanction cogts and on the current capitd ratio volatility.
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Both modds are estimated using an unbaanced pand data of Spanish savings banks from
1985 to 1991. Since we cannot a priori digtinguish banks following a market behaviour (those whose
optima capitd ratio is above the regulatory minimum) from those following a regulation rule (those
whose optimal capitd ratio is below the minimum) a disequilibrium technique is used to estimate both
equations. This method alows us to esimate jointly both models without a priori information about
which regime the observations beongs to, but knowing that what can only be observed is the

maximum vaue of the two.

The proposed partia adjustment modd is vaidated by empirica results in both modds. A
higher adjusment speed to the desired capitd ratio is observed in the market model than in the
regulatory one. The determinants of the optima market capitd ratio (the market modd) and the
regulatory desired capitd ratio (the regulatory model) are generdly significant and, as expected, they
have sgns accorded with those predicted in the theoretica model. On the other hand, data show that
banks affected by regulation would set a capita cushion above the regulated minimum. It is worth
mentioning that the calculated average probability of belonging to the market mode (0.6) is higher
than the one of belonging to the regulatory modd (0.4). Findly, a study of the estimated probabilities
of belonging to the market regime according to the observed capitd ratio dlows us to validate the
theoreticad mode proposed since the probability of coming from the market mode turns out to be
higher for banks with a higher observed capitd rétio.

We can conclude that the regulatory congtraint is one of the most important factors of capita
augmentations in Spanish saving banks but not the only one. The pressure of market forces pressure

has also made arelevant contribution to this process.
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TABLE 1
DISEQUILIBRIUM MODEL ESTIMATION

MARKET MODEL_(eguation 21)

Congtant= - F g, + g, F ;b 0.4970(8.0)*
Lagged dependent variable (K/A),.1 0.1887(4.9)*
Financial costs (r o) - 0.2016(- 4.4)*
Operationscosts(c,) 2.020(3.2*
Squar e of operations costs (c,)? - 24.534(- 3.1)*
Variance of return on assets S ;. - 2L144(- 2.5)*
L og of total assets(TE) - 0.0418(- 4.6)*
Square of thelog of total assets (TE)? - 0.0004(- 1.0)
Total loansover assets (CR) 0.0103(1.9)**
Expected rate of return on assets (ER) 1.8069(14.6)*
Provisionsfor loansdefault (PC) 0.0661(2.6)*
Liquidity risk (AC) - 0.0210(- 3.3)*
Lagged tax rate (PF);.1 - 0.0067(- 0.37)
Timedummies. Year 1987 0.008(11.9)*
Year 1988 0.014(10.1)*
Year 1989 0.025(12.8)*
Year 1990 0.032(14.9)*
Year 1991 0.038(14.3)*
REGULATORY MODEL (equation 22)
Congant=-F,a; - 0.13%(- 1.5
L agged dependent variable (K/A).; 0.7332(14.9)*
Regulatory minimum capital ratio (R;y) 0.5128(2.4)*
L og of total deposits (proxy for J/d) 0.0200(1.2)
Squar e of log total deposits[proxy for (J/d)?] - 0.0009(- 1.3
Standard error of observed capital ratio (Se) 1.824(1.7)**
Variance of observed capital ratio (s¢”) -16.274- 0.2)
Cube of standard error of observed capital ratio (s.) - 813.39(- 0.6)
s,. Egimated standard error of the market model 0.002(15.0)*
S.: Egstimated standard error of theregulatory model 0.013(19.7)*
Pm: Average estimated probability of belonging to market regime. 0.60
Pr: Average estimated probability of belonging to regulatory regime 040
InL: Log of likelihood function 1565
N: Number of observations 401

NOTAS: (a)Dependent variable is (K/A). (b) The market model has been estimated with firms and time
dummies.(c) t -student in parenthesis.(d) *=significant to 5%. **=significant to 10%.




TABLE 2
ESTIMATED PROBABILITIESOF BELONGING TO A MARKET MODEL ACCORDING TO OBSERVED
CAPITAL RATIO LEVEL

Aver age estimated probability of Number of observations
belonging to market model

0 £ Capital ratio< 0.04 0.456 23
0.04 £ Capital ratio< 0.05 0.589 56
0.05 £ Capital ratio < 0.06 0.591 124
0.06 £Capital ratio < 0.07 0.595 0
0.07 £ Capital ratio< 0.09 0.637 75
0.09 £Capital ratio 0.713 33
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