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Abstract

We analyze the loan pricing implications of the reform of bank capital regulation known as
Basel Il. We consider a perfecttpmpetitive market for businessdns where, as in the model under-
lying the internal ratings based (IRB) approach of Basel I, a single risk factor explains the correlation
in defaults across firms. Our loan pricing equation implies that low risk firms will achieve reductions
in their loan rates by borrowing from banks adopting the IRB approach, while high risk firms will
avoid increases in their loan rates by borrowing from banks that adopt the less risk-sensitive stan-
dardized approach of Basel Il. We also show that only a very high social cost of bank failure might
justify the proposed IRB capital charges, partly because the net interest income from performing
loans is not counted as a buffer against credit losses. A net interest income correction for IRB capital
requirements is proposed.
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1. Introduction

The Basel Accord of 1988 consolidated capital requirements as the cornerstone of bank
regulation. It required banks to hold a minimwverall capital equal to 8% of their risk-
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weighted assets. As all business loans weckided in the full weight category, 8% became

the universal capital charge for corporagading. Following widespread criticism about

the risk-insensitiveness of these regments, as well as recent advances in risk mea-
surement, the Basel Committee on Banking Supervision (BCBS) has recently approved
a reform, known as Basel I, whose primary goal is “to arrive at significantly more risk-
sensitive capital requirement@®CBS, 2004, p. 2)

Basel Il introduces a menu of approachiesdetermining capital requirementsThe
standardized approach contemplates the use of external ratings to refine the risk weights
of the 1988 Accord (henceforth, Basel ), but leaves the capital charges for loans to unrated
companies essentially unchanged. Tiiernal ratings based (IRB) approach allows banks
to compute the capital charges for each expefum their own estimate of the probability
of default (PD) and, possibly, the loss given default (LGD).

This paper provides an analysis of this reform along the lines that would first come to
the mind of an economist or a financial analyst: How will the new rules alter the pricing of
bank loans? How will the effects be distributed across credit risk categories? Will banks be
safer under the new regulation? Does the megulation reasonably trade off the benefits
and costs of capital requirements?

We address these questions in the context of a perfectly competitive market for business
loans. Importantly, we assume that loan default rates and, thus, banks’ credit losses are
determined by the sansinglerisk factor model that is used for the computation of capital
charges in the IRB approach of Basef Banks have zero intermediation costs, are funded
with fully insured deposits and equity capital, and supply loans to a large number of unrated
firms with risky investment projects. Although bank shareholders are risk-neutral, the cost
of capital is assumed to be greater than the cost of degoaitingle factor of systematic
risk explains the correlation in defaults across firms and, hence, the proportion of bank
loans that default and the probability of bank failure. By limited liability, the final payoff
of a bank’s shareholders igjeal to the bank’s net worth (gross loan returns minus gross
deposit liabilities) if it is positive, and zero otherwise. The competitive equilibrium interest
rate for each class of loans is determinedabgero net (marginal) value condition that
makes each loan’s contribution to the exgectiiscounted value of shareholders’ final
payoff equal to the initial equity contribution that the loan requires.

1 The exact implementation of the new agreement may vary across countries. Some countries may choose just
one of the approaches, while others may leave the choitke banks, subject to supervisory approval. Some
countries may impose the new capital regulation to thele/universe of banks, while others may apply the new
rules to their internationally active banks only; $erguson (2003fpr a discussion of US plans in this respect.

2 Specifically, two variants of the IRB approach aregwsed. In the foundation IRB banks provide an estimate
of the PD of each borrower and a formula gives the corresponding capital charge. In the advanced IRB, banks
also input their own estimate of the LGD.

3 As shown byGordy (2003) this is the only model for which theoatribution of a given asset to value-
at-risk (and hence the corresponding itapcharge) is portfolio-invariant, that is, depends on the asset’s own
characteristics and not on those of the portfolio in which it is included.

4 This can be rationalized by reference to explicit agency problems E®lmstrom and Tirole (19979r
Diamond and Rajan (2000The same assumption is made Bglton and Freixas (2000andHellmann et al.

(2000) among others.
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There are a number of reasons to argue that our setup constitutes an adequate bench-
mark with which to start. The assumption of perfect competition allows us to abstract from
the important but rather tangential discussion on what model of imperfect competition is
most reasonable in banking. Also it allows us to make the best case for capital require-
ments, since banks with market power get sethiat provide a buffer against failure and,
in a multiperiod setting, may give banks an additional incentive to remain soivét.
examining an economy that conforms to the single risk factor model embedded in the new
regulation, we give this regulation the best chance to demonstrate its internal consistency.
Finally, this model is good for tractability, iding simple closed-form solutions for the
distribution of credit losses.

Unlike in models where the distribution of the returns of bank assets has an unbounded
support® in our setting the support is realistically bounded above by the principal and
interest payments established in loan contracts. Moreover, the variability of the returns
comes from credit losses that can be directly related to the PD, the LGD, and the exposure
to systematic risk of the corresponding loans. Thus, our loan pricing equation allows us to
derive analytically the dependence of equilibrium loan rates on these parameters as well as
on the capital requirement and the cost of bank capital.

These results are used to assess the qualitative and quantitative implications of the move
from Basel | to Basel Il. We predict that lowsk firms will concentrate their borrowing
in banks that adopt the IRB approach and will enjoy lower loan rates. This follows imme-
diately from the fact that, for these firnthie IRB capital charges are lower than both the
8% of Basel | and the constant charge for loans to unrated companies of the standardized
approach of Basel Il. In contrast, high risk firms may find more attractive loan rates at the
banks that adopt the standardized approach (or remain under the Basel | regime), in which
case their interest rates will not change relative to the current situation. At the quantitative
level, our simulations (based on a cost of bank capital of 10% per annum over the risk free
rate) show that adopting the IRB approach may imply a reduction in loan rates (relative to
Basel 1) of 65 basis points for loans with a PD of 0.10%, and an increase of about 125 basis
points for loans with a PD of 10%.

Under the IRB approach, banks’ probabilities of failure are extremely low, with the
lowest probabilities coesponding to the banks whosentng is concentrated in high
risk loans. The reason for this is that, on top of their capital buffer, these banks enjoy a
greater net interest income buffer which is not credited for when the capital requirement is
computed, but clearly reduces the probability of failure. To address this issue, we derive a
closed-form solution for a corrected IRB capital requirement that takes into account the net
interest income earned on performing loans. This correction leads to a reduction in the IRB
capital requirements of almost 1 percentage point for a PD of 1% and almost 4 percentage
points for a PD of 10%.

5 In contrast, under perfect competition there are no seitst so focusing on a static model implies no loss of
generality in this dimension. Of course, in this setupoaanot capture frictions that are dynamic in nature, such
as costs of issuing equity following the accumulation ofl@réosses. Modeling these frictions seems a natural
next step in the analysis.

6 For example, the geometric brownian motion processlanton (1977) the normal distribution irRochet
(1992) and the lognormal distribution iklarshall and Prescott (2001)
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Our simulations also show that, under th@I&pproach, the probdhies of bank failure
are so low that the equilibrium rates for each class of loans are very close to the corre-
sponding actuarially fair rates. In other words, the easy-to-compute rate that equates the
expected payments of a loan to its weighted marginal funding cost (from deposits and
capital, depending on how much of the latter is required by regulation) provides a precise
approximation to the solution of our pricing equations.

We also examine whether the cost of the IRB capital requirements of Basel Il can be
justified in terms of a reduction in the social cost of bank failures. We construct a social
welfare function by adding the expected payoffs of the four types of agents in the econ-
omy: entrepreneurs, bank shareholderpodéors, and the government. For simplicity, the
governmentbears the depositinsurance payasitvell as an additional social cost of bank
failure, which we assume proportional to the initial assets of the failed banks. Our welfare
measure turns out to be equal to the expected net return of firms’ investment projects minus
the cost of the capital required for providing their loans and the corresponding expected
social cost of bank failure. We characterine tsocially optimal capital requirement for
banks specialized in different classes of loans, and then we ask for what level of the so-
cial cost of bank failure the charges of the IRB approach would be optimal. We show that
this cost is remarkablincreasing in the PD, reaching impisibly high values for high PD
loans. This suggests that the IRB charges are too high, especially for high risk loans. We
briefly discuss possible causes for this apparent flaw in the new regulation and show that
our proposed net interest income correction would partly alleviate the problem.

Finally, we use our model to discuss two related important issues. First, we study the
implications of Basel Il for the volume of bank lending, which required us to extend
the model by incorporating interest-rate-sensitive loan demands. With negatively sloped
demand functions, all previously mentioned effects on loan rates would translate into
opposite-sign effects on loan volumes. Second, we consider the case in which the cost
of bank capital is determined by demand and supply considerations, a relevant situation
for the discussions on the potential procyclicality of Basel Il, that is on whether the greater
risk-sensitivity of capital regulation rght exacerbate business cycle fluctuations.

The paper is organized as follows. Sectpresents the model. Secti@rderives the
main results on equilibrium loan pricing. Sectibnses these results to discuss the qualita-
tive and quantitative implications of the transition from Basel | to Basel I, and derives a net
interest income correction for the IRB requirements. Sedipresents our welfare analy-
sis of capital requirements. Secti6itomments on two possible extensions, and Segtion
offers some concluding remark&ppendix Adiscusses the approximation of equilibrium
rates by actuarially fair rateg\ppendix Bextends the analysis to the case of positive in-
termediation costs, anéippendix Ccontains the proofs of the results stated in the main
text.

2. Themode

Consider a risk-neutral economy with two dates; 0, 1, and a singléactor of system-
aticrisk, z ~ N(0, 1). There is a continuum of measure of one of firms, indexed, laynd
a large number of banks.
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2.1. Firms

Each firmi has a project that requires a unit of investment-at0, and it is owned by
a penniless entrepreneur who finances the required investment with a bank loan 1At
the project yields a gross returntla if it succeeds and % A if it fails. The project is
successful if and only it; < 0, wherey; is a latent random variable defined by

xi=pi+/pz+v1-pei, 1)

ande; ~ N (0, 1) is independently distributed across firms and independentfRdrameter
wu; € R measures the financial vulnerability of firmwhile parametep € [0, 1] captures
its exposure to the systematic risk factor.

There are two observable classes of firms that differ in the value of the financial vul-
nerability parametetow risk firms haveu; = u;, andhigh risk firms haveu; = uy,, with
w1 < up. With a slight abuse of notation, we will use the subscyipt /, 4 to identify the
variables that refer to the risk class of an individual firm

From(1) we have that the unconditional distribution of the latent variaple N (u;, 1),
so the unconditiongdrobability of default (PD) of firms of class is

pi=Pruj+/pz+v1—pe >0)=d(u)), (2)
where® denotes the cumulative distribution function of a standard normal random vari-
able. Sinceu; < up, low risk firms have a lower PD than high risk firms, thatps < py,.

From (1) we also have that the distribution of the latent variableonditional on the
realization of the systematic risk factois N (u; + /p z, 1 — p), so the conditional prob-
ability of default ordefault rate of firms of class; is

-1 =
pj(Z)ZPI'(/Lj-F\/;Z-F\/l—p&'>0|Z)=¢<%+p\/ﬁz>, 3)
where we have usg@) to write the financial vulnerability parametgr; as a simple non-
linear transformation of the PIZD,—l(ﬁ.,'). Hence the default ratg; (z) is increasing in the
PD p; and in the realization of the systematic risk factor

To lighten the notation, in some of the derivations below we will pge= p;(z) to
denote the default rate of the firms of clgssThe cumulative distribution function gf;

is given by

Jl—paﬂ(m)—aﬂ(ﬁn) @
NG )

where we have usg@®) and the fact that is a standard normal random variable. Obviously,
the mean of the distribution of the default ratg is the PD of the corresponding class of
loans,p;, while the variance is entirely determined by (and increasing in) the exposure to
systematic riskp.®

Fj(pj)z Pr(pj(Z) gpj) :®<

7 Notice thatp is also the correlation between the latent Valéa that determine the success or failure of any
two firms.

8 Actually, the fact thap Fi(p;)/dp > Qifandonlyifp; < ®(uj+/T— p) implies that increasing produces
amean-preserving spread in the distributiorpof
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2.2. Banks

Loans to firms are supplied by perfectlympetitive banks that are funded with deposits
and equity capital, and for simplicity have zero intermediation co&ank deposits are
insured by a government-funded deposit insurance scheme, and they are in perfectly elastic
supply at an interest rate which is normalized to Z&Banks’ equity capital is provided
by a special class of agents, called baskeho require an expected rate of retdrix 0
on their investment. A strictly positivé captures either the scarcity of bankers’ wealth or,
perhaps more realistically, the existence of a premium for the agency and/or asymmetric
information problems faced by thehh.

By limited liability, bankers receive at= 1 each bank’s net worth (that is, gross loan
returns minus gross deposit liabilities) if it is positive, and zero otherwise. Bankers max-
imize the expected value of this payoff discounted at the dad@d net of their initial
contribution of capital. Prudential regulatioequires banks to hold some minimum equity
capital, according tochemes that will be specified below.

Specifically, consider a bank with a loan portfolio of size one-a0, and lety € [0, 1]
denote the proportion of its lending that is allocated to low risk firms. Since each firm’s
class is observable, the bank charges a loanrfatelow risk firms and a loan rate, to
high risk firms. When a firm of class=, 1 succeeds the bank gets-Ir;, while when it
fails the bank gets % 1, so parametex measures thoss given default (LGD).22 If k is
the fraction of the bank’s portfolio that is funded with equity capital, then the value of the
bank’s net worth at = 1 conditional on the realization of the systematic risk fagts

() =y[(1- pi@)L+r)+ pi()(L—1)]
+A=[(1=pr@)A+r) + pr@DA—N] — A —k), (5)

wherep; (z) and p;,(z) are the default rates of low and high risk loans, respecti&The
firstterm in(5) is the expected payment from low ri§kms, the second term is the expected
payment from high risk firms, and the third term is the amount owed to the depositors.
The bank’s objective is to maximize the expected discounted value of@x0} net of

9 We relax this assumption iAppendix B

10 |ntroducing a positive, flat deposit insurance premium wantrease the cost of deposits but if, realistically,
they remain cheaper than banks’ equity capital, thissestist would be reflected in loan rates in an obvious way,
without qualitatively altering any of our main results. Rs#nsitive premia would require a more careful analysis.
If they were designed so as to be actuarially fair unagr@ossible bank risk profile, our discussion below about
the effects of bankers’ limited liability would have to be modified. In essence, loan pricing would boil down to the
actuarially fair loan rates defined in Hd.3). But the quantitative implications obtained in Sectidrend 5would
remain virtually unchanged since, at the levels of solvency induced by both Basel | and Basel Il, the equilibrium
loan rates that we compute happen to be almost identical to the actuarially fair rates.

11 seeHolmstrom and Tirole (1997and Diamond and Rajan (200@)r explicit models of whys might be
positive.

12 we are implicitly assuming that the firms’ net success resisnsufficiently large, so that > r; for j =1, h.

13 Notice that, by the law of large numbers, the defaaterof each class of loans coincides with the actual
proportion of those loans that default.
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bankers’ initial infusion of capital, that is,

1 1
V=—k+—E 0| =—k+—— do(2), 6
+ 1 [max{r(z), 0}] ti | T@deE (6)
—00
wherez denotes the critical value af for which 7 (z) = 0 (or oo, if 7(z) is positive for
all z).
From here it is immediate to show that
oV ®(2)
T 18 0

so the bank will hold the minimum possible amount of capital, which is the one required
by regulationt* Thus, from now onwards;, will denote the minimum capital requirement.

2.3. Basel capital requirements

Under Basel |, the capital requirement applicable to all business loans is &#sso
a constant. This is also the case for loans to unrated firms under the standardized approach
of Basel Il, while under the internal ratings based (IRB) approach of Basel II, bank cap-
ital must cover the losses due to loan defaults with a probability (or confidence devel)
Specifically, for a bank that invests a proportigiof its portfolio on low risk loans and the
rest on high risk loans, the IRB capital requirement has the additive form

k(y)=yki+ (1 —y)kn, (7)
where

¢—1 = (p—l
kj=)upj(Za)=)»¢( (p’)t:/’_)p (“)). (8

In the last expression, denotes ther-quantile of the distribution of the systematic risk
factor, that is, the value that satisfi@$z,) = Pr(z < z4) = «, and the last equality is ob-
tained from(3). By construction, Rip; < p;(z«)) = . Hence, the IRB capital charg8)
for loans of clasg is the capital required to absorb the credit losses (per unit) of these
loans with probabilityr.1°

Maturity adjustments aside, E(B) is the Basel Il formula for the computation of the
IRB capital requirement on loans with a I?D.le Clearly, p; < p, impliesk; < kj, so the

14 Notice that, iz < oo, thend V /dk < 0 obtains even wheh= 0, that is, when bankers do not require a higher
rate of return than depositors. This is due to the factdleabsits would still be a cheaper source of finance, since
they are covered by deposit insurance in case of bank failure.

15 Basel Il establishes that the expected lossgs, should be covered with general loan loss provisions, while
the remaining chargeyp;(zo) — Apj, should be covered with capital. From the perspective of our analysis,
provisions are just another form of equity capital ahdstthe distinction between the expected and unexpected
components of loan losses is immaterial.

16 |n the Basel Il formula, the PD also determines the value to be imputed to the paranwterposure to
systematic risk. This is based on empirical studies (for exaniyolpez, 2003 which suggest the existence of a
negative relationship between PDs (typically larfmrsmall and medium sized firms) and the exposure to the
risk factorz (typically smaller for those firms).
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capital charge for low risk loans is smaller than the charge for high risk loans. The IRB
requiremen(8) is proportional to the LGD. and is increasing in the confidence lewel
Moreover, one can show that the derivativekgfwith respect to parameter is positive
whenever

o(Jp@ p))>1—a, 9)

a condition that is easily satisfied for high values of the confidencedevel

Notice that the additive expressidid) for the capital requirement of a bank with a
proportiony of low risk loans is trivially valid also under Basel | and the standardized
approach of Basel Il, which impose the same charges for low and high risk lpang;, .

3. Equilibrium loan pricing

This section derives a loan pricing equation that characterizes the equilibrium interest
rates for the different classes of loans. The analysis is simplified by the following special-
ization result which follows from the convexity in the banks’ objective function implied by
limited liability.

Lemma 1. With additive capital requirements and zero intermediation costs, it is optimal
for banksto specialize in either high risk or low risk lending.

Intuitively, banks specialized in either high risk & 0) or low risk lending { = 1) take
advantage of limited liability whenever the systematic risk fagtisrhigh enough for such
lending to yield negative net worth

(@) =(1-pj@)A+r)+pj@A-21) —1L—kj)
=kj+rj—pj@Q*+r)), (10)

wherej =1, h denotes the loan class in which the bank specializes. In contrast, for a bank
with a mixed loan portfolio (O< y < 1), there will generally be a range of realizationg of

for which one of the loan classes makes a positive contribution to the bank’s net worth,
while the other makes a negative contrilouti Clearly, bankers would prefer to hold each
loan class as a separate corporate entity rather than netting the profits of the first class with
the losses of the second.

With positive intermediation costs that imply some complementarity in the provision
of the various classes of loans, the bank’s portfolio problem may have an interior solution
(0 <y < 1), but we show irAppendix Bthat our equilibrium analysis remains essentially
unchanged.

3.1. Loan pricing equation

Now, specializing the bank’s objective functi¢®) to the case in which the bank spe-
cializes in loans of clasg, and using10) and the cumulative distribution functiqd) of
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the default ratg;, the net value of such bank can be written as

pj

/[kj+rj—Pj()»-i-rj)]dFj(pj), (11)
0

Vi=—kj+——
/ ’+1+8

wherep; is the bankruptcy default rate defined by

ki+r;
3 Emin{ )\-’:rj’,l}. (12)
To explain(12), notice that in the normal case whére< X the bankruptcy default rate is
obtained by solvingr; =k; +r; — pj(A +r;j) =0, sop; < 1, while in the case where
k; > A the bank’s capital covers the credit losses even when all its loans default, so we set
pj=1.

Under perfect competition, thegjuilibriumrate * for loans of clasg is determined by
the zero net value condition V; = 0. Otherwise, the market for this class of loans would
not clear, since banks specialized in these loans would like either to infinitely expand their
loan portfolio (if V; > 0) or not to lend at all (ifV; < 0).

In the special case where the bank’s capital covers the credit losses even when all its
loans defaultk; > 1), the bank’s net value can be written as

1 _ 1 _ _
Vi=—kj+ g5k +ri = pj0+rp] = 75 (A= pdrj = Pk — 0kj].
Thus the net value of the bank equals the discounted value of the expected net income
from its loan portfolio minus the opportunity cost of the required capital. In this case it is
possible to explicitly solve the zero net value conditih= 0, which gives thectuarially
fair rate

_ DjA+3k;

rj=—/——.
1-p;

This rate is also the one that would obtain if bankers had unlimited liability, or if depositors

were not insured and demanded proper comp@nrstor the losses in case of bank failure,
or if the government charged actuarially fair deposit insurance premia.

(13)

3.2. Determinants of loan rates

We discuss now the properties of the equilibrium loan ratender both Basel | (or the
standardized approach of Basel IlI) and the IRB approach of Basel Il, focussing on the
realistic case G< k; < A. The following result refers to the first regulatory framework,
where the capital requiremehy is constant across all classes of (unrated) corporate loans.

Proposition 1. Under Basel | (or the standardized approach of Basel 11'), the equilibrium
loan rate r* satisfies 0 < r¥ < 7; and isincreasing in the capital requirement & ;, the PD
pj,theLGD 2, and the cost of capital §, and decreasingin p.
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Not surprisingly,r; increases with the PD and the LGD of the loan, which increase
expected credit losses, as well as witle ttost and the required level of capitdlThe
effect of the exposure to systematic rigks somewhat more intriguing, but it is explained
by the subsidization coming from the deposit insurance system, which is increasing in the
variability of bank profits (which rises witp). Under perfect competition, the subsidy is
passed on to firms in the form of cheaper loans.

Obviously, if the IRB capital requirement happens to coincide with the constant capi-
tal requirement of Basel |, then both regulatory regimes will lead to the same equilibrium
loan rater;. However, under the IRB approach, the loans’ PD and LGD, as well as the
exposure to systematic rigk have an indirect effect on loan pricing, via the capital re-
quirementk ;, determined by8). These indirect effects add to the (direct) effects described
in Proposition leading to the following result.

Proposition 2. Under the IRB approach of Basel 11, the equilibrium loan rate r* is more
sensitive to changesin the PD p; and the LGD A than under aninitially equivalent Basel |
capital requirement. Moreover, if the confidence level « is sufficiently high, r}k may be
increasing in p.

The indirect effects of the PD and LGD paraers reinforce their direct effects since
both affect positively the capital requirement, which in turn affects positively the equilib-
rium loan rate. Changes in the exposure to systematicaipkoduce ambiguous effects
on r;k since for high values of the confidence lewe(specifically, when(9) holds), the
IRB requirement is increasing in. Indeed, numerical simulations show that, for realistic
parameter values, the positive indiredeet dominates the negative direct effect.

4. Implicationsof Basel 11

This section uses the analytical framework developed above to discuss the qualitative
and quantitative effects of the adoption of B&sel Il reform of bank capital regulation. In
view of some of the results, we develop a net interest income correction for the IRB capital
requirements.

4.1. Qualitative effects

As we have already pointed out, Basel ladsished a common capital requirement for
all business loang! = 8%, while Basel Il allows banks to choose between the standardized
approach, in which all loans to unrated firms carry a constant capital chiargand the
IRB approach under which each class of lognsarries a different capital charge*®,
computed using8). Clearly, our previous results imply that the equilibrium interest rate
for each class of loans will be determinedthe approach for which the capital charge is
the lowest.

17 Interestingly,k; has a positive impact or}" even wher$ = 0. This is because requiring capital reduces the
subsidization of credit losses by the deposit insurance system.
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For the purposes of illustration, we focus on unrated uncollateralized corporate loans for
which the capital charge of the standardized approach of Basel Il equals to that of Basel |,
that is,kS = k' = 8%. Hence, if all banks were to adopt the standardized approach, moving
from Basel | to Basel Il would produce no change in equilibrium loan rates.

On the other hand, for any given values of the L&he exposure to systematic rigk
and the confidence level, one can identify a unique PD

P = 0(VI=p & Hk/3) ~ V5o (@)

such that the IRB formuléB) yields a capital charge equal k8. Then, assuming that the
PDs of our low risk and high risk loans fall qgsctively below and above such threshold,
P < p° < pn, we have

KRB < kS < kGR8.

Hence banks adopting the IRB (standardized) approach of Basel Il would be able to of-
fer better rates to low risk (high risk) firms than banks adopting the standardized (IRB)
approach. This allows us to state the following result.

Proposition 3. Under Basel 11, the equilibrium rates of low risk loans will be determined
by the capital charges of the IRB approach and will be lower than under Basel I, while
the equilibrium rates of high risk loans will be determined by the capital charges of the
standardized approach and will be same as under Basel 1.

This result is due to the advantageous (disadvantageous) treatment that low risk (high
risk) lending receives in the IRB approach relative to Basel | (and the standardized ap-
proach of Basel Il for unrated corporate loans). The implication under specialization is that
banks that lend to low risk firms will adopt the IRB approach, while banks that lend to high
risk firms will adopt the standardized approdéh.

The asymmetric effects of the reform on the equilibrium rates of low risk and high risk
loans should not be read as a reflection of distortions introduced by Basel Il. Rather, they
reflect the correction of (possibly more worrying) distortions that prevailed under Basel |.
A reform that allows banks to save capital on low risk loans may be justified if the previous
regulation could not discriminate between different classes of loans and was conservatively
targeted to guarantee a minimum degree of solvency for banks specialized in riskier loans.
According to this view, the main defect of Bal | would have been the excessive capital
charges (and consequently excessively high interest rates) on low risk loans.

An interesting implication oProposition 3s the increase in the probability of failure of
the banks specialized in low risk lending(Pr> p;) = 1— F;(p;). To see this, notice that,
by (12), the bankruptcy default ratg is increasing in the capital requiremeéntand the
loan rater;. Sincek]RB < k' andr/RE < 7/, the result follows. Intuitively, after adopting the
IRB approach, these banks will have a lower capital buffer and will charge lower rates, so

18 I intermediation costs like those iAppendix B made banks non-specialized, then banks with a higher
proportion of low risk (high risk) loans would adopt the IRB (standardized) approach of BasePlpposition 3
would still hold.
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the net interest income earned on performing loans will also be lower. Both effects imply
a higher probability of failuré?

4.2. Quantitative effects

In order to assess the quantitative importance of our results, we now consider a realis-
tic parameterization of the model. In pattlar, we look at the equilibrium pricing under
Basel | and the IRB approach of Basel Il of various classes of uncollateralized corporate
loans that differ in their PDs, and we compute the levels of bank solvency to which they
lead, measured by the probability of failure of banks specialized in each of them.

The reference economy we consider is characterized by the parameters for corporate
loans with one year maturity set in Basel Il, which are a LGB 0.45 and an exposure to
the systematic risk factor which is deasing in the PD according to the function

1—exp(—50x ﬁj)>
1 — exp(—50) ’

so thatp(0) = 0.24 andp(1) = 0.12. In addition, we set the cost of bank capitaqual
to 10%.

For this economy, and for PDg; in a range from 0.03% (which is the minimum
contemplated in Basel Il) to 10%, we compute the equilibrium loan ra;t-:sand the
probabilities of bank failure, Rp; > p;) =1 — F;(p;), under two different capital re-
quirements. The first one corresponds to Basel | (or the standardized approach of Basel Il
for unrated corporate loans) so tfké)t: 8%. The second one corresponds to the IRB for-
mula (8) for corporate loans with maturity of one year, with= 0.45, « = 0.999, and
p(p;) given by(14). The results are shown fable 1

p(pj) = 0.12<2 - (14)

Table 1
Quantitative effects of Basel Il (all variables in percent)
Loan rates Failure probabilities
Dj Basel I, or IRB Basel |, or IRB
standardized Basel Il standardized Basel Il
0.03 081 008 000 008
0.05 082 011 000 007
0.10 085 020 000 007
0.20 089 034 000 007
0.50 103 067 000 006
1.00 126 109 002 005
2.00 173 179 006 004
4.00 270 307 023 003
7.00 423 503 085 002
10.00 583 7.06 201 001

19 Notice that despite the reduction in the solvency of theks specialized in low risk lending, the simulations
below show that Basel Il will keep them safer than thenks specialized in high risk lending that adopt the
standardized approach.
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Since we have normalized to zero the interest rate on (fully insured) deposits, the interest
rates inTable 1should be interpreted as spreads over a risk-free’Padoreover, these
spreads do not incorporate any component of intermediation or origination costs, since we
have assumed them to be zero.

For PDs of about 2%, the two regulations imply very similar capital charges and hence
very similar loan rates. Yet, as statedRroposition 2loan rates are more sensitive to PDs
under IRB capital requirements than under Bdsedquirements, so for smaller (larger)
PDs the rates implied by the former are smaller (larger) than those implied by the latter.
Our analysis identifies two reasons for this different behavior. First and foremost, IRB cap-
ital requirements are increasing in the PDddranks pass the cosgonding additional
financing cost on to the borrowers in the form of higher loan rates. Second, under Basel |
the probability of bank failure and hence the implied deposit insurance subsidy is increas-
ing in the PD, and under perfect competitiomka transfer it to the borrowers in the form
of lower rates, partly offsetting the direct positive effect of PDs on loan rates.

According toTable 1, adopting the IRB approach may imply a reduction in loan rates
of 65 basis points for loans with a PD of 0.10%, and an increase of about 125 basis points
for loans with a PD of 10%. These numbers illustrate the quantitative significance of the
interest rate savings that, as predictedPbgposition 3will make low risk (high risk) firms
prefer to borrow from banks that adopt the IRB (standardized) approach of Basel II.

The flat 8% capital requirement of Basel | translates into a probability of failure of
virtually zero for banks specialized in low PD loans, while it leads to a significantly positive
probability for banks specialized in high PD loans. On the other hand, it is interesting
to note that the probdliiies of bank failureunder the IRB approach are lower than the
benchmark of 0.1% associated with the confidence level of 99.9%.

To explain this result, observe that by the definitid2) of the bankruptcy default
rate p;, together with the fact thaf' > 0, we have

Apj(zq) +r¥

pi=———+2L>pja).
A+ ri

which implies that the actual solvency probability implied by the IRB formula is greater
than the target confidence lewe) that is, F;(p;) > «. This is due to the fact that the
net interest income earned on performing loans (partially) covers the losses incurred on
defaulting loans, an effect that is not taken into account in the construction of the IRB
capital requirement. This effectis more significant when loan rates are high, which explains
why in Table 1the banks specialized in riskier loans exhibit lower probabilities of failure.

20 reality there could be a positive spread between iglefree rate and the deposit rate, reflecting either
monopolistic rents in the deposit market or charges due to the costs of the liquidity and payment services associ-
ated with deposits. Yet, if there is a (collateralized) ingark market, then under certaonditions banks’ deposit
taking and lending activities would be separable, andriterthank repo rate would be the appropriate reference
rate for the pricing of bank loans.
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4.3. Anetinterest income correction

Correcting the excessive capital charges for high risk loans implied by the IRB approach
of Basel Il is straightforward. It simply requires deducting the net interest income of non-
defaulting loans from the losses associated with defaulting loans. In particular, one could
require banks with loans of clagsto hold a minimum capitat; such that their net worth
is positive with a target confidence leve| that is, F;(p;) = « or, equivalently,p; =
Fj’l(a) = p;(zo). Using the definitior{12) of p; then gives

kj=1pj(za) —ri[1—pj(za)]. (15)

The first term in(15) is the IRB capital requirement of Basel I, and the second is the
appropriate net interest income correction. This correction is based aendoantile of

the distribution of the default ratgs;(z,), because what matters for ensuring solvency

with a confidence levet is the net interest income when no more than such a fraction of
loans default.

Since the equilibrium loan rate’ depends on the capital requiremént obtaining a
closed-form expression fdr; requires solving simultaneousl$%) and the zero net value
conditionV; = 0. Integrating by parts ifl1) and using the fact that the integrand is zero
for p; = p;, we can rewrite this condition as

. P

+ J

it s
0

Solving forr;‘ in (16), substituting the resulting expression(itb) and using the fact that
by constructionp; = p;(z4), gives the following explicit formula for the corrected IRB
capital requirement

b= ’Jg" " Fi(pj) dp;

J = (Za .
L+ 81— pj)l+ [T Fi(pj) dp;

In order to avoid the numerical computation of the integral(17), we can ob-

tain an approximation to the proposéd by noting that forp; > p;(z,) we have
Fj(pj) > Fj(pj(z«)) = a. Thus for values of the confidence levetlose to 1, we have

[l Fi(pj)dp; ~1— p;(z4), SO We can write

(17)

Pj(za)
Pj(za) 1 1
/Fj(Pj)dpj=/Fj(pj)de— / Fj(pj)dpj >~ pj(za) — Pj-
0 0 Pj(za)

Substituting this approximation in{d7) then gives
. AMpjze) — pjl
T piGa)l+1—pj

The same approximation can be obtained frd®) if the equilibrium loan rate* is re-
placed by the actuarially fair ratg defined in(13). This is just a consequence of the fact

(18)
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Table 2
Net interest income correction of IRBqeirements (all variables in percent)
Capital charges Loan rates

pj Original Corrected Original Corrected
0.03 062 055 0.08 007
0.05 092 082 011 010
0.10 154 136 020 018
0.20 249 220 034 031
0.50 440 385 067 061
1.00 631 545 109 100
2.00 856 722 179 165
4.00 1151 939 307 285
7.00 1524 1214 503 469

10.00 1856 1466 7.06 663

that, as shown i\ppendix A for high values of the confidence lewe] the equilibrium
and the fair rates are almost identical.

Simulations parallel to those described above, which are summariZatbia 2 reveal
that the net interest income correction leads to a reduction of the IRB capital requirement
of almost 1 percentage point for a PD of 1% and almost 4 percentage points for a PD
of 10%. The resulting impact on equilibrium loeates (relative to the rates obtained under
the original IRB requirements) is very small for low risk loans, but raises up to about 40
basis points for loans with a PD of 10%.

Interestingly, the corrected IRB requiremda®), as well as its approximatiof18),
is decreasing in the cost of capitél This is explained by the fact that, under perfect
competition, a higher cost of capital is borne by the borrowers in the form of higher loan
rates, which add to the net interest income buffer. Thus, in contrast with the invariance
of the original IRB requirements, market conditions that lead to a higher cost of capital,
such as imperfect capital markets or economicessions, will ceteris paribus lower the
corrected IRB requirements—a consideration that can be relevant for the discussions on
procyclicality.

5. Optimal capital requirements

Requiring banks to hold capital increases their funding costs. Under perfect competi-
tion, these additional costs are transferred to the borrowers in the form of higher loan rates.
To justify this social cost of regulation one needs to introduce some social benefit, for ex-
ample in the form of a reduction in the probability (and hence the expected cost) of bank
failures. In what follows we assume that the failure of a bank entails a social cot
per unit of loans. We consider a regulatory system that allows to impose a different capital
requiremenk; to each loan clasg, and we compute the level of the casfor which the
IRB requirement of Basel Il would be optimal.
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5.1. A social welfare function

In our risk-neutral economy, social welfare may be evaluated by simply adding the
expected payoffs of the four classes of agents: entrepreneurs, bankers, depositors, and the
government. For convenience, we will express these payoffs-if terms. Since bankers
and depositors get expected returns that just cover the opportunity cost of their funds, their
net expected payoffs are zero.

The entrepreneurs of each clgsappropriate their firms’ returns in excess of equilib-
rium loan repayments in the event of success, r;, and get zero in the event of failure,
so their expected payoff is

Ui=QQ—=pj)[d+a)—(1+r))]=Q=pj)(a—r]). (19)
The corresponding expected payoff of the governmentis

Gj = E[min{r;(2),0}] - s[1— F; (5],
where the first term is the liability that a bank of size one specialized in lending to firms of
classj imposes on the deposit insurance system (the expected value of the negative part of
the bank’s net worth), while the second is the expected social cost of bank failimesé
the corresponding probdity). Using the properties of the mfir; (z), 0} function and the
definition(10) of 7 (z), the first term can be written as

E[JTj(Z) — maX{n’j(Z), O}] =kj -|-}’;-< - Dpj ()\ + V;k) — E[maX{JTj(Z), 0}]

But the bank’s zero net value condition implies that, in equilibrilgfmax(;(z), 0}] =
(1+8)k;, so we can simply write

Gj=1—pj)rj—pjr—8kj—s[1—F;j(p))]. (20)
Social welfare is measured by the sum of tkpexted payoffs of the entrepreneurs and
the government, and it is clear that it can be additively decomposed into the contribution
from each class of firms. Usin@.9) and(20), we can express the contribution per unit of

loans to firms of clasg as

WjZUj+Gj=(1—]3j)a—ﬁj)n—5kj—s[l—Fj(ﬁj)], (21)
that is, the expected net returns of firms’ projeciss- p;)a — p;A, minus the cost of the
capital required by their loansgk;, minus the expected social cost of the corresponding
bank failuress[1— F; (p;)].

The optimal capital requirement for each loan classan be obtained by maximiz-
ing (21)with respect td ;. An interior solution is characterized by the first order condition
dp;
Fl(p )Pl _s. 22

§ ](P,;) dkj ( )
whereFJ’. (p)) is positive since itis the density function of the default rafeand from(12)
we have

dﬁj 1 R 3}’7
—=—14+A-p))—|,
dk ; A.+r;~<[ +( pj)akj
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which is also positive sincér?/dk; > 0 by Proposition 1 Condition(22) simply equates
the marginal social benefif bank capital (increasing; increases the bankruptcy default
rate p; both directly and throughj‘, and thus reduces the probability of bank failure) to
its marginal cost (increasing increases the cost of financing firms’ projects).

5.2. Quantifying the trade-off

Condition(22) implicitly defines the level of the social cost of bank failuréor which
any given capital requiremehf would be optimak! Table 3shows this implicit social cost
for the economy considered in Sectidr? and the two IRB capital requirements already
used inTable 2 the original requirement for corporate loans with maturity of one year and
its correction for net interest income.

Table 3shows that the social cost of bank failure implicit in the IRB capital require-
ments of Basel Il is remarkably increasing in the PD. While it is moderate for low PDs,
it becomes implausibly large for PDs abd¥&%, exceeding several times the size of the
bank’s balance sheet, which suggests that IRB capital charges are to@ Kighrecting
for net interest income reduces significantlg implicit social cost, but the steep increase
with the PD is troubling.

To interpret these results, notice that (82) the implicit social cost of bank failure
is inversely proportional to the marginal reduction in the probability of bank failure that
can achieved by increasirig at the required levels of capital. It turns out that, with the
confidence levels of Basel Il, the marginal effectkgfon bank solvency is tiny for high
PDs, and only a huge social castnay justify the size of these capital requirements.

The striking results immable 3are explained by the fact that both the original and the
corrected capital requirements are based on @lpatatistical criterion, namely that capital
should cover the gross or the net (of interesbime) credit losses with a given confidence
level @. By construction, such a criterion is not justified in terms of explicit costs and

Table 3

Implicit social cost of bank failure (all variables in percent)

pj Original IRB Corrected IRB
0.03 3389 2394
0.05 4835 3348
0.10 7643 5116
0.20 11657 7469
0.50 19082 11143
1.00 26517 13665
2.00 37340 15377
4.00 59258 16821
7.00 96457 18909

10.00 134649 20745

21 Obviously, one needs to check that the solution corresponds to a maximum.
22 Notice, however, that this problem may have little practical incidence if high PD firms turn to banks that
adopt the standardized approach of Basel II.
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benefits, which means that the same confidence level may imply very different economic
trade-offs across loan risk classes. Moreover, the criterion is independent of relevant pa-
rameters such as the cost of bank equity capital, which may not be the constant over time
and across countries.

These results suggest that it would be desirable to base the discussion on the design
of capital requirements on explicit economiade-offs. Our preceding analysis is just a
first attempt since issues such as moral hazaadk panics, and caagion might require a
treatment that goes beyond introducing a reduced-form cost of bank failure.

6. Discussion

In this section we comment on two simple extensions that expand the set of predictions
that can be derived from our analysis and, after proper calibration, would allow a finer
guantification of the effects of Basel Il.

6.1. Banklending

Assuming that the demand for each classa#ns is inelastic implies that changes
in regulation only have an effect on loan rates, leaving the volume and composition of
lending unchanged. Implicatns for quantities could be easily derived by introducing het-
erogeneity in entrepreneurs’ reservation utilities. Specifically, if wenlgtU;) denote
the measure of potentially borrowing entrepreneurs of cjasgose reservation utility
is less than or equal t&/;, then the market demand for loans of clgsés given by
L.,'(r;‘) =m;(1—-pj)a— r}k)), because only the entrepreneurs with reservation utili-
ties below the expected paycﬁtf‘ =1-pj)a— r}k) in (19)will want to undertake their
projects. Sincel ; (r) is decreasing, it follows that chges in parameters that affect the
equilibrium loan rater;.‘ will produce variations of the opposite sign in the corresponding
volume of lending?® Accordingly, by Proposition 1 under Basel | (or the standardized
approach of Basel Il) equilibrium lending will be decreasing in the PD and the LGD of the
corresponding class of loans, as well as in the capital requirement and the cost of capital.
And, by Proposition 3 moving to Basel Il will increase the volume of low risk lending,
leaving high risk lending unchanged.

6.2. Cost of capital and procyclicality

Taking the cost of bank capitélas an exogenous parameter is equivalent to assuming a
perfectly elastic supply of bank capital at such rate. In this context, shocks to the different
parameters of the model may induce fluctuations in the aggregate demand for bank capital
but there are no feedback effects on loan rateloén volumes). Yet, these feedback effects

23 Quantitatively, the importance of these effects would depend on the elasticity of the demand for loans, which
would be proportional to the density ofteepreneurs at the reservation utilibzf‘.
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are a great concern in the discussions on the potential procyclicality of B&&el Himple
way to accommodate them is to introduceiacreasing supply of bank capité,(5). With
inelastic demands for each class of loans,apgregate demand for bank capital is simply
lk; + (1 — 1)k, wherel denotes the proportion of low risk firms. The equilibrium cost of
capital §* is then determined by the market clearing conditiots*) = lk; + (1 — Dky,
and its variations recursively affect the girig of bank loans according to the results in
Proposition 172°

Thus, under Basel | (or the standardized approach of Basel Il), the cost of capital would
be increasing in the capital requirement and decreasing in the shocks to the supply of bank
capital, inducing variations of the same sign in loan rates. And under the IRB approach of
Basel Il, the cost of capital would be decreasing in the shocks to the supply of bank capital
and increasing in the confidence lewelln this setting, if there is a positive correlation
between the factors that stimulate aggregate economic activity and bank capital, and a
negative correlation between these factors eaygital requirements, then (unless there is
a fully offsetting cyclical pattern in the demand for loans) the cost of bank capital would
tend to be high in recessions and low in expansions. Obviously, moving to Basel Il may
exacerbate this procyclicality since its capital requirements are more sensitive to risk than
those of Basel ¢ On the other hand, according®soposition 3Basel Il may reduce the
overall demand for bank capital and, consedlyeits cost, leading to lower average rates
for both high and low risk firms.

7. Concluding remarks

We have analyzed the loan pricing implicas of capital requirements in a credit mar-
ket where, as in the model underlying the imi@rratings based (IRB) approach of Basel Il,
loan default rates are driven by a single factor of systematic risk. We have focused on the
effects of the transition from Basel |, with a common capital charge for all business loans,
to Basel Il, which allows banks to choose between a standardized approach (which treats
all loans to unrated firms essentially as in Basel 1) and an IRB approach (which makes
capital charges a function of the bank’s estimate of the PD).

The relatively advantageous (disadvantageous) treatment that low risk (high risk) lend-
ing receives in the IRB approach implies thainlzs specializing in low risk (high risk)
lending will tend to adopt the IRB (standazdd) approach. Accomdgly, the equilibrium
rates of low risk loans will be lower than und®asel I, while the equilibrium rates of high
risk loans will be roughly the same as under Basel I. For the same reason, one might expect

24 see, for exampld,owe (2002)

25 With elastic loan demands, the recursivity of the system breaks down. An incre&gecirases the rates
applied to each class of loans. If, consequently, theatel for loans decreases, so does the capital required by
banks, introducing a further equilibrating force in thenket for bank capital. Clearly, this mechanism would
imply translating part of the adjustment to the equilibrium volumes of lending.

26 Notice that our net interest income correction woudttly compensate this eftt, since the resulting IRB
requirements are less sensitive to risk and also decreasing in the cost of capital.



R. Repullo, J. Suarez/ Journal of Financial Intermediation 13 (2004) 496-521 515

that the non-specialized banks that adopt the IRB approach will now have an incentive to
securitize their high risk portfolios.

We have computed the level of the social cost of bank failure that could justify the IRB
capital requirements of Basel Il. The implausibly large size of this cost suggests that the
current design implies too high charges, especially for riskier loans. The resultis partly due
to the fact that Basel Il does not take into account the net interest income from performing
loans, which provides a buffer, in addition to capital, against credit losses. We have derived
a simple closed-form formula that incorporates a net interest income correction in IRB
capital requirements.

An interesting quantitative finding (confirmed by the resulppendix A) is that, with
the levels of solvency implied by the IRB approach of Basel I, the deposit insurance sub-
sidy is very small, and hence has a negligible effect on loan priifis is also the case
under Basel | for banks with relatively safe portfolios, which is somewhat surprising in
view of the vast literature on the risk-shifting effects of deposit insurance. In our econ-
omy, the distortions to the allocation of credit that such subsidy may cause are virtually
zero (actually, they are replaced by distortions of an opposite sign due to the cost of bank
capital). Of course, IRB requirements relyigcrucially on attributing to each loan an un-
biased estimate of its PD. Our results suggest that the literature on moral hazard in banking
should now focus on the incentives for banks to properly estimate and truthfully report
the risk of their loans, that is, on the system of penalties and/or rewards that would ensure
compliance. This is precisely the subject of the supervisory review process (or Pillar 2) of
Basel Il, whose analysis by academics has only st&fted.
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Appendix A. Equilibrium and actuarially fair rates

This appendix shows that the difference between the actuarially fairfeded the
equilibrium loan ratef;.‘ satisfies

27 This also implies that the actuarially fair deposisurance premia for banks adopting the IRB approach
would be very small.
28 SeeDecamps et al. (2004)
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A—k)1—Fi(p;
0<fj—r;~‘< ( il - ](P])]. (A1)
1-pj))
To prove this, notice that the fact that mjax0} = = — min{r, O} allows us to rewrite
the zero net value conditiov;; =0 as

1
—kj+ mE[k.,' +ri—pi(A+7r7)]

1 H * *
which, multiplying by 14 § and reordering, implies

(1—pj)rf— pjr—8kj=E[min{k; +r; — p;(x+r7),0}] <0.
On the other hand, integrating by parts, and using the defir(ti2yof p; we have

1
E[min{k; + 7 — p;(h+77), 0} =k; — A+ (1 +77) / Fi(p;)dp;
pj
>kj =2+ (A+r5) A= p)Fj(p))
=(kj —M[1-F;(p))]

Putting together the two inequalities implies

(ki —M[1-Fj(pp)] < (1—pjri—pjr—38k; <0,

which, given the definitiorf13) of the actuarially fair rat;, proves the result.

Computing the upper bound ifA.1) requires knowledge of the bankruptcy default
rate p; and hence the equilibrium rat¢. An alternative less tight bound can be derived
by noting thatp; > k; /A so

o A=k = Fikj/M)]
rj — Vj < — .
1- Dj)
Moreover, in the IRB approach we hakg= Ap;(za), SOF;(kj/1) = F;(p;(za)) =, SO
usingp;(zq) > p; the upper bound further simplifies to
Fi—ri < M= p; (Za_)](l %) <A(1-0a). (A.2)
' 1-pj)

The positive difference between andr? is due to the fact that, under perfect compe-
tition, the deposit insurance subsidy is transferred to the borrowers in the form of lower
equilibrium rates. The upper bounds (A.1) and (A.2) provide approximations to the
pricing error incurred if this effect is igned. For most values of the failure probability
1— F;(p;) in Table 1 the upper bound iifA.1) is very small. In the Basel | case, this
bound is effectively zero for low PDs. In the IRB case, as clearly show(ALR), the
confidence level of 99.9% also implies a tiny difference betwgeamdr.
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Appendix B. The case of non-specialized banks

This appendix extends our results to the case where the bank’s portfolio problem has
an interior solution. We first relax the assumption of zero intermediation costs, and show
how the presence of complementarities inltlaak’s cost function may counterbalance the
convexity that limitediability introduces in the bank’sbjective function. Then, assuming
that the bank makes both classes of loans, we show that the comparative statics summarized
in Proposition 1still hold.

Let C(L, H) denote the intermediation costs that a representative bank incugs @t
when it lends an amout to low risk firms and an amour#{ to high risk firms. Assume
thatC(L, H) is linearly homogeneous, increasing, and convex. By homogeneity we can
write C(L, H) = (L + H)c(y), wherec(y) is a function of the ratioy = L/(L + H).

In this case, the marginal costs of low risk and high risk lending satisfy

aC(L,H .
Ci(y)= % =c(y)+A—-y)c(y),
dC(L,H ,

Cn(y) = % =c(y) —yc(y),

which imply

cy)=yCi(y)+ A —y)Ch(y) and c'(y)=Ci(y) — Cn(p).

Also, the convexity ofC (L, H) impliesc”(y) > 0.
For a loan portfolio of size one (that i4, + H = 1), the objective function of the
representative bank becomes

V(y)=—[vki+Q—y)kn] —c(y)

Z

+15 | rm@+A-nm@]dee), (B.1)

—00

where the critical valué is implicitly defined by

ym(2) + (1= y)mp(2) =0. (B.2)

The first term in(B.1) is linear iny, the second is concave (sinc&(y) > 0), and the

third is convex (see the proof demma ). Hence we may have corner solutions (like in
the model with zero intermediation costs) or interior solutions. In what follows, we assume
that the concavity of the intermediation cost term dominates and there is an interior solution
characterized by the first order condition

/ / 1
Vi(y)=(kn — ki) —c'(y) + 153 [71(2) — mh(2) ] dP (2) = 0. (B.3)
—0oQ
In this situation, a competitive equilibrium would be characterizedBg) together
with the zero net value conditioi,(y) = 0, and the market clearing condition that equates
the supply of low risk loansy, to the proportion of low risk firms in the economy, denoted
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by l. Let us define

Vi=—kj—Cij()+ 1—15 / 7;(z) dd(2),
—00

for j =1, h. Substituting’(y) = C;(y) — Ci(y) into (B.3), settingy = I, and rearranging
givesV, = V,, and substituting(y) = yC;(y) + (1 — y)Ci(y) into (B.3), settingy =1,
and rearranging givegV, 4 (1 — y)V, = 0. These two equations impwjf =0, forj =
1, h, which one can take as the loan pricing equations for the non-specialization case.

The new loan pricing equation for loans of clgds identical to that of the specialization
case, except for the fact that

(i) itincludes the marginal cost ter; (/), and
(i) the critical valuez is defined by conditioB.2) instead ofr;(z) = 0.

Its interpretation is straightforward: the marginal benefit of making one additional loan
to a firm of classj must compensate the bank for thexjuired capital and the marginal
intermediation cost.

The comparative statics of the equilibrium loan rq.”[enay be obtained by differentiat-
ing the conditionV,f = 0. Specifically, we have

art 1- 5100 + 1P 4]
okj A7 11— p;()]dd (@) + 7 (2)")/(2)3872} |

The problem in signing this expression is thaiz) may be positive or negative: we only
know thatr;(z) > 0 if and only if 7, () < 0. However, for the confidence levels implicit
in the current and the proposed Basel regulat@®fiz) is very small, so we have

1 ~
ary _ 1-52@)

Ok ik [F 1= pi(2)]do(2)
Alternatively, wherg — oo the conditionV]f =0 becomes

> 0.

A—=pjrj—pjr—=258k;j—(1+86)C;() =0,
which, solving forr;, yields the actuarially fair rate
;= pjr+ 8k + (_1+ HC; M)
' 1-p;
As in the model with zero intermediation costs, for latgiae equilibrium ratezr}k is arbi-
trarily close tor;, and
or; 8
dkj  1—p,
so we conclude thatf must also be increasing #y. The rest of the comparative statics
may be obtained in a similar way, replicating the resultBrioposition 1

>0,
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Appendix C. Proofs

Proof of Lemma 1. Substituting the capital requiremg) into (5), and using the defini-
tion (10) of 7 (z), the bank’s objective functiof6) can be written as

1
V) ==[rk+Q=yk] + o5 E[maxym (@) + (1 = y)mi(2). 0}]-
Now, since makr, 0} is a convex function, while both the expectations operator and the
capital requirement are linear, the functi@ity ) is convex and hence satisfies
V) <yVD)+A—-y)V(O0) <maqV(0), V(D},

which proves the result. 0

Proof of Proposition 1. To prove that the zero net value conditiGh6) has a unique
solution that satisfies @ r¥ < r;, observe that for; = 0 we have

pj

/Fj(pj)dpj <—kj+x1<0,

0

while forr; =7, by the definition(13) of the actuarially fair raté; we have

kj+ *

1
1 _ _
0= —k; + m/[kj +7j — piG+ )] dF; ()
0
pj

1 _ _

<_kj+—1+8 [kj—i-rj—pj()»—i—rj)]dFj(pj)
0
A7 f

+rj

=—k; + —1+5] /Fj(pj)dpj.
0
SinceV; is continuous and increasing in the result follows?
Differentiating(16) and using the definitiongl) and(12) of F;(p) andp; gives

pj

an 1 )L—kj

= | FE.(pH: Fi(p)dp; 0,

ar; 1+8[}\+r, ’(p’)+/ iP5 p’}>
0

29 Notice that withk ; = 0 we would havep; > 0, and thusV; > 0, for all ; > 0. Hence the zero net value
condition(16) could only be satisfied for;'.‘ = 0. In this case we would hayg; = 0, which would imply that the
bank fails with probability one.



520 R. Repullo, J. Suarez/ Journal of Financial Intermediation 13 (2004) 496-521

av; 1
CAS R Wy 0,
ok 1o 1P <

m _ Atrj ¢(«/ PP~ (p] )dp‘<0
J k]

A (1+5)f0 VP

FN% 1 [ f

8—;=—m ﬁij(ﬁj)—/Fj(Pj)de] <0
- 0

FN% 1 [ “ 1

J J

= Fi(pdp; |=———k; <0,

35 11s| 140 ) PP p-’} 17"
- 0

which impliesar*/ak > 0, ar*/aﬁj > 0 (recall thatp; = @(uj)), ar*/a)\ > 0, and
dr;/08 > 0. Flnally, since an increase jminduces a mean-preserving spread on the dis-

trlbutlon of p;, and the upper bound; does not depend op, the characterization of
second-degree stochastic domina(iRethschild and Stiglitz, 1970jnplies

Vi Atr; Sy’ Fi(pj)dp;]
dp  1+36 ap
Soar;‘/ap<0. O

>0,

Proof of Proposition 2. By the chain rule, the total effect of any parameteon the
equilibrium loan ratef*.‘ is

dr;.k E)r;.k or’t i ok
dy  ay 8k 3y’

where the signs oﬁr*/ay and ar*/ak are obtained fronProposition 1 and the sign
of dk; /0y from the comparatrve statrcs of the IRB capital requirement give(BhyThe
reference to a sufficiently high confidence lewetelates to the fact that; is increasing
in p wheneve(9) holds. O

Proof of Proposition 3. The result follows immediately from the fact thgf® < k> =
K <kRB. o
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