Ann Finance (2010) 6:33-49
DOI 10.1007/s10436-009-0128-8

RESEARCH ARTICLE

Rating systems, procyclicality and Basel II: an
evaluation in a general equilibrium framework

Chiara Pederzoli - Costanza Torricelli -
Dimitrios P. Tsomocos

Received: 2 February 2009 / Accepted: 17 June 2009 / Published online: 10 July 2009
© Springer-Verlag 2009

Abstract The introduction of Basel I has raised concerns about the potential impact
of risk-sensitive capital requirements on the business cycle. Several approaches have
been proposed to assess the procyclicality issue. In this paper, we adopt a general
equilibrium model and conduct comprehensive analysis of different proposals. We set
out a model that allows to evaluate different rating systems in relation to the procycli-
cality issue. Our model extends previous models by analysing the effects of different
rating systems on banks’ portfolios (as in Catarineu et al. in Econ Theory 26:537-557,
2005) and the contagion effects relevant to financial stability (as in Goodhart et al. in
Ann Finance 1:197-224, 2005). The paper presents comparative statics results com-
paring a cycle-dependent and a neutral rating system from the point of view of banks
profit maximization. Our results suggest that banks’ preferences about point in time
or through the cycle rating systems depend on the banks’ characteristics and on the
business cycle conditions in terms of expectations and realizations.
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1 Introduction

The introduction of Basel II has raised concerns about the possible impact of risk-
sensitive capital requirements on the real economy: since it is widely recognised that
credit risk factors are affected by economic conditions (see e.g. Bangia et al. 2002;
Nickell et al. 2000), risk-sensitive capital requirements fluctuate over the business
cycle, potentially causing an amplification of the cycle through the lending channel.
Concerns about procyclicality have been expressed by several authors (e.g. Daniellson
et al. 2001; Borio et al. 2001; Repullo and Suarez 2008). In particular, the concerns
focus on the possible exacerbation of recessions due to credit shortage'.

Most studies on financial stability and procyclicality in connection with Basel II
have focused on the role of the rating system: the debate has basically developed
around the comparison between through the cycle (TTC) versus point in time (PIT)
rating systems and several proposals have been made to deal with the procyclicality of
the capital requirements (e.g. Kashyap and Stein 2004; Pederzoli and Torricelli 2005;
Gordy and Howells 2006). Gordy and Howells (2006) highlight three possible ways
to deal with procyclicality under the Internal Rating Based (IRB) Basel framework.
They mention either smoothing the input to the capital function (mainly adopting a
TTC rating philosophy) or flattening the capital function itself (by reducing the sen-
sitivity to the default probability). These two approaches have partly been followed
in moving from the first to the last version of the document by the Basel Committee
on Banking Supervision (see BCBS 2006). However they both lead to a loss in risk
sensitivity, since they rely on the trade-off between risk-sensitivity and procyclical-
ity. Gordy and Howells (2006) suggest smoothing the output of the capital function
for regulatory purpose and allows to avoid losses in terms of transparency. Pederzoli
and Torricelli (2005) propose an alternative approach where a business cycle fore-
cast is included into the estimation of default probabilities: this is consistent with the
views expressed by Borio et al. (2001) that risk is built up during expansions and
the high default rates observed during recessions are just a manifestation of that risk.
According to this view, a risk measure should be high in expansion before a recession
and low at the bottom of the cycle in anticipation of an expansion. Hence a capital
requirement based on such a risk measure would decline at the bottom of the cycle
helping the economy out of the recession and act as a build-in-stabilizer in the banking
sector.

However, the trade-off between procyclicality and risk-sensitivity of capital require-
ments, emerging from the dependence of credit risk factors on the business cycle, needs
to be analysed further. A few papers have provided an evaluation of the different rat-
ing proposals in terms of procyclicality. Gordy and Howells (2006) compare different
rating philosophies by considering banks with different exogenous investment strat-
egies and thus disregard the feedback mechanism of capital requirements on banks
lending behaviour and, hence, on the economy. In order to overcome this limitation, a
general equilibrium model is the appropriate framework for a comprehensive analysis

! Recent papers stress the importance of setting up an appropriate framework for monitoring procyclicality,
e.g. Masschelein (2007).
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of the procyclicality issue. Catarineu-Rabell et al. (2005) analyse the procyclicality
issue by comparing different rating systems from the banks’ profitability point of
view: within a 2-periods, 2-states GE model with one bank, one corporate and one
household, they find that banks would prefer PIT rather than TTC rating system, with
dangerous consequences in terms of procyclicality. However they do not account for
the heterogeneity of agents, while we think this is an important feature in this context.
The model used in Catarineu-Rabell et al. (2005) stems from the general theoretical
model presented in Tsomocos (2003). Goodhart et al. (2004) present a smaller ver-
sion of the original model (Goodhart et al. 2006), which allows to obtain numerical
solution while Goodhart et al. (2005) simplify the non-banking agents problems to
reduced-form equations in order to perform a calibration against real UK banking data.
In sum, models proposed so far in the literature do not allow consideration of both
the effects of different rating systems on banks’ portfolios (as e.g. Catarineu-Rabell
et al. 2005) and contagion effects relevant to financial stability (as e.g. Goodhart et al.
2005).

The purpose of this paper is to build on these models in order to develop a framework
to evaluate different rating proposals in conjunction with the procyclicality issue.

The structure of the paper is as follows. In the following section we present the
model and the agents’ optimization problems. Section 3 presents the model solution
(i.e. the initial equilibrium) and Sect. 4 is devoted to the evaluation of different rating
systems by means of comparative statics analysis. The last section concludes.

2 The model

The model we propose is a general equilibrium model of an exchange economy with
money and banks. Following the structure of the general model in Goodhart et al.
(2006) and adopting some simplifications along the lines of Catarineu-Rabell et al.
(2005), three sectors are considered: the banking sector, the corporate sector and
the household. The model includes corporate loans, interbank, and deposit markets;
moreover, corporates and household trade perishable goods on the commodity mar-
ket. While banks maximize a function of their profit, corporate and households aim at
maximizing their intertemporal consumption. The model is characterized by hetero-
geneity of the agents, limited participation, and endogenous default. The structure of
the model is as follows:

(1) Two periodst =0, 1

(2) Two states of the world int = 1: s = 1 (expansion) or 2 (recession)

(3) Two banks: bank y is a net borrower in the interbank market; bank § is a net
lender in the interbank market; both banks maximize expected profits in t = 1
subject to penalties on default;

(4) Two corporates «, B: each corporate borrows from a single prespecified bank
(limited participation hypothesis) and its payoff is the expected utility of con-
sumption minus a default penalty;

(5) One household ¢: the household deposits in a single bank and its payoff is the
expected utility of consumption;
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36 C. Pederzoli et al.

(6) Central bank/regulator exogenously determines money supply”> M, minimum
capital requirements in terms of capital adequacy ratio K (such as the 8% imposed
by Basel II), default penalties A.

The optimization problems of the agents are presented in the following subsections.

2.1 Banks’ optimization problem

Both banks maximize the expected profits and are subject to a capital requirements
constraint in the Basel II style. The banks differ with respect to their clients. Bank
y lends to corporate o whereas bank § to corporate 8. Moreover, they play different
roles in the deposit and interbank markets.

In order to formalize the problem for bank y, let the relevant variables be defined
as follows.

(1)  ps = probability of state s;
(2) m} =loan extension to corporate «;
(3) ¥ = money borrowed on the interbank market;
4) vl = repayment rate of bank y in state s;
(5) v =repayment rate of corporate « in state s;
(6) c(])/ = capital of bank y int = 0;
(7) AY = default penalty for bank y;
(8) p =interbank interest rate;
(9) r}, = interest rate on corporate loans;
(10) kY =bank y’ capital ratio;
(11)  w = Basel II credit risk weight;
(12) m) = profit of bank y in state s;
(13) a” =bank y coefficient of risk aversion;

A(x) = difference between right hand side and left hand side of inequality x.

The profit of bank y in the generic state s is defined in Equation 1 : it results as the
difference between the amounts of money received and paid by bank y in t = 1 plus
the money at hand from the first period.

14

nﬁ’:v?‘(l+r%)mg—vfuy+( K’

Y _ Y 1
T+p 0 m"‘) M

The bank y optimization problem is defined as follows:

max IIY = ZPS {rrsy —a’ (7157/)2 — AY max [,uy (1 — v;/) , O]} 2)

v vy
Mg, 1Y,V ,0;

2 We could have used the reverse policy, i.e., setting the interbank interest rate and letting the money supply
to vary. However, the results would be qualitatively the same but the absolute levels would be bigger since
the price effect of the interbank market would be more pronounced.
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S. t.
724 y
m/! < —— +¢ 3
= Q4p 0 S
vt <o (1+rp)ml+A3) s=1,2 4)
kY > K (%)

The bank maximizes its expected payoff, as defined in Equation 2. In particular, the
payoff in state s is defined by a quadratic function of state s profit less a penalty in case
of default on the interbank debts. The bank chooses the amount of money to borrow
from the interbank market («”), the amount of money to invest in loans to corporate
(ml) and the repayment rates (v%’, v)z/ ) subject to budget and capital requirements
constraints. We also set p; = 0.5 for s = 1, 2 in order to find the initial equilibrium.
Had we used different state probabilities, e.g., p; = 0.9 and p, = 0.1, we would have
only exacerbated the results presented in Sect. 4. In r = 0 investments are limited by
money availability, as from the budget constraint in Equation 3. Equation 4 states that
revenues from investments in = 1 must cover the repayments to creditors. The cap-
ital requirements constraint, defined in Equation 5, mimics the Basel II requirement
and applies in r = 0. Since credit risk for banks arises from corporates defaultability,
the capital ratio, defined in Equation 6, accounts for investments in corporate loans.

y
)

W=— 0
w(1+r%)mg

(6)

The term w represents a credit risk measure for corporate loans and is modelled as
an increasing function of the corporate o’ probability of default. Specifically, Equa-
tion 7 defines the risk weight w for exposure towards corporates as a function of the
corporate’s probability of default (PD) which mimics the Basel IT formula’.

w = 1.2PD — 1.9PD? @)
In Equation 7, PD, which is the input to the Basel capital function, represents the
expected default rate over the second period horizon. In order to model a forward-

looking* PIT rating system, the corporate a’s PD is defined in Equation 8, where p;
is the recession probability (and the expansion probability is p; = 1 — p»)

PD=E(1—vY)=pi (1 =of)+p2(1—09) ®)

3 The formula used for the risk weight is a proxy for the Basel II formula (M = 1, LGD = 45%): the
introduction of the actual Basel formula would be intractable from a computational point of view when
solving the optimization problem. However, we believe the distorsion is not relevant as the main features
of the Basel function are preserved, i.e., the function we use is in fact concave and it reaches the maximum
at the same point. The function is decreasing in the default probability from a certain level onward, as the
unexpected loss in Basel II. However, the function is increasing for realistic values of the PD.

4 Forward looking in that it accounts for a forecast of the business cycle rather than for current economic
conditions.
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Therefore, the PD depends on the business cycle forecast over the horizon consid-
ered through the recession probability and on the corporate’s endogenous default in
the two states.

On the contrary a TTC rating system does not consider any dependence either on
forecast or on current economic conditions. The risk weight is again defined as in (7),
but the PD in (8) is defined by fixing the state probabilities to 0.5 (i.e. no biased fore-
casts are considered) and the endogenous repayment rates to the equilibrium values.
Therefore in the comparative statics analysis changes in the recession probability do
not affect risk weights under the TTC rating system.

We now turn to the second bank’s optimization problem. Bank § is a net lender
on the interbank market and it also collects deposits from household. We assume
that the bank cannot default on deposits®. Moreover, while corporate « is the coun-
terpart of bank y, corporate B is the counterpart of bank § (limited participation
hypothesis).

In order to formalize the bank § optimization problem, let the relevant variables of
bank § be:

m‘sﬂ = credit extension to corporate S;

d® = credit extension to bank V;
1% = money from deposits;

8

r;, = interest rate on loans to corporate;

5 — it .
ry = deposit interest rate;

vf = repayment rate of corporate f to its creditor in state s;

cg = capital of bank § int = 0;
k® = bank 8’ capital ratio;
r{f = profit of bank § in state s;

a® = bank 8 coefficient of risk aversion.

As for bank y, the profit of bank § in state s (f = 1) is defined by the net revenues
in Equation 9.

s
0
ns‘s=vf(1+rfn)m5ﬁ+v§’d8(1+p)—uf1+(—l+dr5 +c8—m%—d‘s) 9
d

The bank § optimization problem is defined as follows:

max 1% = Zps [nf —a (nf)z] (10)

m,py.d

5 This hypothesis is equivalent to having a very high default penalty on deposits. Put differently, even
minimal default on deposits is commensurate to bankruptcy and closure of the bank.
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S. t.
m;
my+d® < L 4} (11)
I+ry
uhy < vf (L4rd)my +00d> 1+ p)+ AU s=1,2 (12)
K> K (13)

Bank 6 maximizes its expected payoff, which is a quadratic function of profits as
it is shown in Equation 10. Equation 11 represents the budget constraint in t = 0 and
Equation 12 states that revenues in t = 1 plus money at hand from ¢ = 0 must cover
debts. The capital requirements constraint in Equation 13 applies in t = 0. The risk
weighted assets for bank § (Equation 14) include both exposures towards corporate
and bank y.

K = 4 (14)
w (14 rd) md, + w(l + p)d®

The risk weights w and w are increasing functions of the default probability of
corporate B and bank y respectively. The same considerations as in Equations 7 and
8 hold.

2.2 Corporates’ optimization problem

The economy is one without production and stochastic endowments play the role of
production output. In order to motivate trade, we will consider the case in our simu-
lations that the corporates are poor in t = 0 and they receive stochastic commodity
and money endowments in ¢ = 1. Therefore they borrow in # = 0 in order to smooth
intertemporal consumption. The additional relevant variables for both corporates, indi-
cating with & either corporate « or 8 and with b either bank y or é respectively, are as
follows:

i’ = commodity endowment in ¢ = 1;

h _
mg =

e
monetary endowment in t = 1;

bg = expenditures for commodities in ¢ = 0;
qsh = quantity of commodity to sell in # = 1;

u" = borrowings from the assigned bank;
h_

v/ =repaymentrate in t = 1;

alh (I =0, 1,2) = corporate h coefficient of risk aversion (in + = 0 and in the two
states in t = 1);
80, 81, &2 = commodity prices in period t = 0 and in the two states of period t = 1

respectively.
xé’ = corporate 7 commodity consumption in ¢ = 0;
xﬁ’ = corporate 7 commodity consumption in = 1.
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The last two variables, representing consumption in the two periods, are defined
respectively as x{)’ = bg /80 (commodity expenditures over commodity price) and x‘ﬁl =
eﬁ’ — qﬁ’ (commodity endowment minus commodity sale). The two corporates differ
in endowments and risk aversion and they solve the following optimization problem:

2
max Uh = x{)’ — ag (xé’)
bataz vy o

3 fat -t (s8) = [ (1-ut) o]} 09

S. t.
h
W
ph < 2 16
0 = ]+r111’1 ( )
vhut < A16) 4 gog" +m! s =1,2 (17)

Equation 15 states that the corporate chooses the amount of money borrowing to
buy commodity in # = 0, the commodities to sale in # = 1 and the repayment rates
to the bank in order to maximize its utility from consumption subject to a penalty for
defaulted loans. The constraints to the optimization problems state that the amount
spent for commodity in # = 0 is bounded by the amount of money borrowed from the
bank (Equation 16) and that the repayed amounts in # = 1 are bounded by revenues
from commodity sales plus monetary endowments (Equation 17).

2.3 Households’ optimization problem

The households (indicated by ¢) are rich agents in period t = 0 while they have no
endowments in = 1: in the first period they sell part of their commodity and deposit
money in order to smooth consumption over the second period. Based on the fact that
banks which are net lenders in the interbank market collect most of the deposits, we
simplify the model by assuming that the household deposits its whole money endow-
ment in bank §. In the following the relevant variables and the optimization problem
are presented:

eg; = commodity endowment in ¢t = 0;

mg = monetary endowment in ¢ = 0;

d? = deposits in bank §;

b}p = expenditures for commodities in t = 1;

qg’ = commodity sales in t = 0;

u = fixed money expenditures;

al‘p (I = 0,1,2) =household coefficient of risk aversion (in ¢ = 0 and in the two
states inr = 1);

xg = household commodity consumption in ¢ = 0;

x? = household commodity consumption in ¢ = 1.
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The last two variables, representing consumption in the two periods, are defined

respectively as xg’ = eg — qg’ (commodity endowment minus commodity sale) and

xg’ = bg’ /gs (commodity expenditures over commodity prices).

max U? =x? —a? (x + [ x¢ 2] (18)
Py 0~ % ( o) ZPA (xf)
S. t.
@d® <mf (b)q) <el (19)
b < A(19—a)+ghql +d* (14+73) —u s=1,2 (20)

Equation 18 states that households choose commodity trades and deposit in order
to maximize the utility from consumption in both periods. The constraints in t = 0
(Equation 19) bound the deposit and the commodity sale to the money and com-
modity endowments respectively. The constraints in + = 1 (Equation 20) bound the
expenditures for commodity to the revenues from sales and interests from deposits in
t=0.

3 The initial equilibrium

The initial equilibrium is obtained by simultaneously solving the optimization prob-
lems for all the agents and satisfying the market clearing conditions (21)—(24).

go=bgzbg & = ab‘? 5 s=12 21
90 qy +qs
1+r,£=:1—j 1+r,f,=Z—i (22)
1+r3=Z—§ (23)
T 24)

Equation 21 states commodity market clearing conditions for prices in the two periods
and in all states. Equation 22 states the loan market clearing conditions for interest rates
applied by bank y and bank § to corporate « and g respectively. Equation 23 states the
deposit market clearing condition for the deposit interest rate and Equation 24 states
the interbank market clearing condition for the interbank interest rate.

An equilibrium occurs when all agents maximize their expected payoffs/utilities
and the market clearing conditions are satisfied. Let P = (g0, g1, 82, ', 'Sy, 75, P).
DY(P) = {(my, 1, vf, vy) :(3)=(6) hold}, D*(P) = {(m}, d°, puf):(11)~(14)
hold}, D" = (B}, q"', ", v/, v1):(16)~(17) hold} for h = a, B, D¢’(P) = {(d¢’ b?,
qg ):(19)—(20) hold}. An equilibrium is defined as the vector (ma , vi’ s v2 , d 8
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1, b2, g%, ne v us b gl P P of a® b? q?: g0, g1, 82, r e 3, )
such that:

)] (mfy’, Y, v%/, v%’) € Arg Max,» v ¥ W) )eDr (P) I

s 18 .8 s
2) (mﬂ,d 7“d) € Argmax(maﬁ’w’ﬂg)em(m I1
3) (bg, qsh, /Lh, vi’, vé’) € Argmax(bg’q!,#hw{., oh)eDh(P) U h=a, B
) (d‘f), bg’, qg) € Arg max(
(5) (21)=(24) hold.

]
d¢,b§?’,qg’)eD¢(P) v

As for the computation of the equilibrium®, in line with the related literature we
guess the first one by making hypotheses on interest rates and prices and numerically
solving the five optimization problems’.

In order to solve the model we need to specify values to the exogenous variables.
Even though the model is not calibrated with real data, we choose values that generate
a reasonable equilibrium. The initial equilibrium is depicted in the Table 1 showing
the equilibrium values of exogenous and endogenous variables.

The model is parametrized so that the capital requirements constraint for both banks
is binding. As for the corporates, they have different risk features. Corporate g is riskier
than corporate « in the sense that it has a lower coefficient of risk aversion and its com-
modity and money endowments are more dispersed (m?, ei’ h=«a,BinTable1). Asa
consequence its repayment rate is lower and more dispersed in the initial equilibrium
(vﬁ' h = «, B in Table 1). According to the riskiness of corporates, the loan interest
rate r,, applied to corporate « is lower than the rate r,‘sn applied to corporate § in equi-
librium. The model is solved assuming equal probability for expansion and recession
for the second period: therefore the initial equilibrium represents a “neutral” situation
in the sense that no biased forecasts about the business cycle is considered. We assume
that the PIT and TTC rating systems give the same risk weight and we consider this
situation as the starting point for our comparative statics. Table 2 shows the conditional
and unconditional utilities/payoffs in equilibrium. The conditional utilities/payoffs in
expansion are obviously higher than the ones in recession for all agents.

4 Evaluation of rating systems

In this section, we present the model results as for the evaluation of different rating
systems within economic scenarios defined in terms of the state of the business cycle.
In order to account for different rating systems, the risk weight on risky assets in the
capital ratio formula is modelled in Equation 7 as an increasing function of the PD
mimicking the Basel II formula. The final aim of this paper is to compare two rating
systems: one business cycle neutral (i.e. resembling a TTC rating) and the other busi-
ness cycle dependent (i.e. resembling a PIT rating). Specifically, the comparison of

6 For the existence of the equilibrium we refer to the more general model in Tsomocos (2003).

7 The problem is solved with the Matlab Optimization Toolbox.

@ Springer



Rating systems, procyclicality and Basel II

43

Table 1 Initial equilibrium values

Exogenous variables and parameters

c())/ cg
0.13856 0.33412
& m?
6 2.0446
ef 5
2.9 2.1
o o
3 2
Endogenous variables
mY w
1.4374 1.4288
m ud
1.4603 2.0855
b§ ne
1.4374 1.8687
bg pf;
1.4603 2.0152
ah o
2.8978 3.3763
Interest rates and prices
o "
0.3 0.38

a¥

0.08

v
0.97087
dB
0.9185

o

9]
1.4216

41
1.3920
¢
by
3.3694

0.02

1.3169
9
1.2749
a¢
2.0446

p1
0.5

¢
o
0.06
ag
0.09914

B
4o
0.0778

vy

0.93965
B

V1

0.85619

80

P2 M
0.5 0.38042
¢ ¢
aq a
0.04 0.04
af ay
0.115 0.182
af ab
0.102 0.187
vy
0.92151
B
Y2
0.82495
81 82
1.2 1.3

Table 2 Utilities/payoffs at the initial equilibrium

Bank y Corporate o Corporate Household ¢
Mg 0.3187 Ulg 1.1649 1.1819 2.497
g 0.2868 Ulg 0.5908 0.4288 2.323
I 0.3027 0.55095 U 2.1105 2.0998 4.935

the two rating systems is performed both from the banks’ point of view and from a
welfare perspective.

We define a PIT rating system as the one where the PD in Equation 7 and hence
the risk weight changes according to the recession probability, while a TTC rating
system as the one where the PD does not change. In order to reproduce these two
rating systems we assume that banks first estimate their obligors’ PD in a situation of
equally likely expansion and recession as in the initial equilibrium. When the recession
probability changes, the PD under the PIT system changes according to Equation 8

whereas the PD under the TTC remains constant.
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Table 3 Directional changes due to an increase in recession probability under the TTC rating system

Banks decision variables

mY 124 vi’ vg m® “2 dé

1 1 ! ! ! ! 1

Corporates decision variables

I R S R A S A

t ~ { ! ! ! { { b ! ! {

Household decision variables

¢ ¢ ¢
40 by by a?

{ { { =
Equilibrium prices/interest rates
I o ré p 20 g1 2
{ { { 1 T b {
Utilities/Payoffs

nr é U Up U?
2 2 2 | |2

In order to perform the comparison between the two rating systems, we consider a
change in the recession probability and evaluate the utilities/payoffs under the neutral
rating system, where the change in the recession probability does not affect the capital
requirements, and under the cycle-dependent system where the change in the reces-
sion probability changes the risk weights. We obtain new equilibria corresponding
to different probabilities of recession by means of a comparative statics analysis and
compare conditional and expected utilities/payoffs.

The focus of our analysis is on the assessment of the two rating systems rather than
on the possibility that a bank would switch from the PIT to the TTC rating system.
This might be the case if we start from an expansionary state of the world and subse-
quently a recessionary one occurs. However, the banks would not be allowed by the
regulators to do so since that would be commensurate to “cheating”. This possibility
merits further consideration®. The analysis of this case requires the extension of our
model to three periods.

Under the TTC rating system, the recession probability change does not affect the
risk weights. Table 3 shows the directional changes due to an increase in recession
probability.

The increase in the recession probability makes consumption more preferable in
t = 0, therefore commodity sales by the household in t = 0 (qg ) decrease to allow

for higher consumption and, therefore, expenditures in ¢ = 1 (bf) decrease. Conse-
quently, commodity prices increase in ¢t = (0 whereas they decrease in both states in
t=1.

8 We are grateful for this observation to Charles Goodhart.
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Table 4 Directional changes due to an increase in recession probability under the PIT rating system

Banks decision variables

mY 124 vi’ v; m® “2 dé
ool tooy

Corporates decision variables

I R S R A S A

{ ! { ! 1 1 1 { v i 1 t

Household decision variables

¢ ¢ ¢
490 by by a?

{ { { =
Equilibrium prices/interest rates
I o ré p 20 g1 2
{ { { ! T b {
Utilities/payoffs

nr é U Up U?
0 2 2 | |2

From the corporates’ point of view, the increase in go implies a decrease in con-
sumption (x{)‘) and lower second period prices, together with lower expected endow-
ment, produce less commodity sales (g Sh). The reduction in revenues results into lower
repayment rates to banks in both states at + = 1. Bank y, which is net borrower on
the interbank market, reacts by reducing repayments to bank § (net lender) in order to
sustain its profitability. Moreover, since it cannot diversify, its demand for interbank
loans () increases and it invests more in corporates. Hence the interbank interest
rate increases while the loan interest rate decreases (this allows for the satisfaction of
the capital requirements constraint). As for bank 4, both investments become less prof-
itable due to lower repayment rates, but the higher interbank rate leads to switching
from loan to corporates to interbank deposits. Recalling that bank § collects deposits
from households, deposit demand (,u‘;) decreases and thus the deposit interest rate
decreases too, which again reduces second period revenues for household. The loan
rate for corporate 8 decreases despite the reduced supply since the demand decreases
as well. In terms of utilities/payoffs, the increased recession probability induces a
welfare reduction of all the agents. The opposite effects hold for a reduction in reces-
sion probability.

We now move to analyse the new equilibrium under the PIT rating system. Table 4
shows the directional changes of the endogenous variables following an increase of
the recession probability.

The main difference lies in the effect of recession probability on Basel II risk
weights. Under the PIT rating system, the increase in the recession probability for
both banks means an increase in the risk weights. This induces a direct effect on
banks’ portfolio in stark contrast with the TTC rating system. Recalling the limited
participation hypothesis, the risk weight of bank § is affected more strongly due to
the higher dispersion of corporate 8’s default rates. On the other hand, bank y, which
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cannot diversify, is forced to reduce its credit extension to corporates, and this reduction
is associated to a decrease in interbank borrowings, that in turn lowers the interbank
interest rate. Moreover, the increased expected penalty for default produces an increase
in repayment rates, that is enhanced further by increased corporate repayment rates
(as clarified later), which more than compensates the negative effect of higher risk
weights on credit extension of bank § in the interbank market. The reduced interbank
interest rate induces bank § to switch from these to corporate loans. Given the reduced
profitability of these activities, bank § reduces deposit demand thus causing a reduction
in the deposit interest rate. However, this effect is much weaker than under TTC.

The reduced deposit interest rate means less liquidity in # = 1 for households, who
reduce expenditures for commodities implying lower prices. Moreover, since con-
sumption in ¢ = 0 becomes relatively more preferable, commodity sales in t = 0 and
expenditures for commodities in + = 1 decrease, having similar effects on prices as
under the TTC. The reduction in second period commodity prices and the decreased
expected commodity endowment cause corporates to reduce commodity selling and
money borrowing. However, the increased expected default penalty more than compen-
sates the effect on repayments which ultimately increase. The risk weights, however,
are still higher than in the initial equilibrium. The total effect on interest rates for
corporate loans is a reduction which is more pronounced for corporate S/bank §. The
increase in the recession probability generates a welfare reduction for all agents except
bank y. This seemingly counterintuitive effect is due to two reasons. The first reason
is the increase in corporates repayment rates and the second one is the reduction in
the interbank interest rate. The opposite effects hold for a reduction of the recession
probability.

‘We now turn to the welfare comparison between the neutral and the cycle-dependent
rating systems. We consider two different cases: one in which a recession is expected,
i.e. an increase in the recession probability, and the other in which an expansion is
expected (i.e. a reduction in the recession probability). When the recession becomes
more likely, the PIT system turns out to be more convenient for all the agents except
for bank §. This is mainly due to the fact that it suffers from the lower interbank interest
rate, which implies lower costs for bank y and profits for bank . In addition, under
the PIT system there is a stronger reduction in corporates interest rates and a lower
reduction in deposit rates with respect to the TTC system. This means higher utility for
corporates and household respectively at the expense of bank §. The opposite effects
prevail when an expansion is more likely. Therefore the preference for the PIT or the
TTC rating system depends on the point in the cycle the economy is. Put differently,
the crucial determinant for the rating system selection is the expectation relatively to
the evolution of the business cycle over the time horizon considered for the second
period.

We now focus on the comparison of the PIT and the TTC system from the banks
point of view. The net lender bank (§) would prefer the TTC rating system under a
pessimistic business cycle scenario, while it would prefer the PIT system under an
optimistic one; the opposite holds for the net borrower bank (y). Assuming that the
business cycle is correctly forecasted, so that a recession probability higher than 0.5
turns out in an actual recession in + = 1 (and vice versa for probability lower than
0.5), we can consider the case of high recession probability and compare conditional
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payoffs in case of realized recession. Clearly the recession payoffs are lower than the
expansion ones. However, bank § would be more satisfied (i.e. less damaged by reces-
sion) under TTC system since the risk characteristics of corporate  cause a strong
increase in risk weights (stronger than for corporate «), the deposit rate decreases
more strongly than under the PIT system and the interbank rate increases. However,
on the other hand and partly due to the same reasons, bank y (as well as the other
agents) achieves higher payoff under the PIT system. Similar considerations hold in
case of expansion.

We hasten to add that if banks were free to choose their rating system, their pref-
erence would change according to the state of the business cycle. We analyse the
direction of increases and reductions in payoffs moving from the TTC to the PIT rat-
ing system in the two different phases of the cycle. The increase in payoff is higher
than the decrease for bank y: this means that bank y would choose the PIT rating
system’. The preference is less clear cut for bank 8. This result is driven by the role
of bank § in the interbank and deposit markets and by the risk characteristics of its
debtors compared to bank y. Assuming again that the forecast of business cycle is cor-
rect, in case of recession (expected and realized) the payoff for bank y is higher under
PIT while it is higher under TTC for bank §; the opposite hold in case of expansion.
Moreover, by considering the other agents’ conditional utilities, they all are better
off under PIT in case of recession and the opposite holds in expansion. However, by
comparing the size of the utilities/payoffs in the two business cycle states, we can
draw a comparison on the whole cycle: it emerges that the increase is higher than the
decrease for bank y and for both corporates, while it is lower for bank § and for the
household. Consequently, these results suggest that, assuming correct forecasting, net
lender banks and depositors would be better off under TTC while net borrower banks
and corporates would be better off under PIT.

5 Concluding remarks

Recapitulating, in the light of the importance of the procyclicality issue related to the
introduction of Basel II, we evaluate different rating systems within a general equilib-
rium model. We set up a model with two heterogeneous banks, two corporates and an
household and we solve numerically the model to find an initial equilibrium. Then, we
evaluate a neutral and a cycle-dependent rating system. The main issue analysed is the
comparison between the two rating systems from the banks’ point of view. The prefer-
ence for PIT or TTC rating systems depends on the point in the cycle and on the bank’s
features. Specifically, based on the comparison of conditional and expected payoffs,
it emerges that the net lender bank, which also extends loans to the riskier corporate,
prefers the TTC rating, while the net borrower bank prefers the PIT system when a
recession is expected. The result is weaker, in particular the bank § preference is less
clear cut, over the whole cycle. These conclusions arise from the various interaction

9 The reason is that bank y would prefer either a procyclical or a countercyclical rating system depending
on the phase of the business cycle (consistently with Catarineu-Rabell et al. 2005). However, since the
countercyclical rating is not allowed, bank y chooses the TTC rating system when it would have chosen
the countercyclical one.
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channels that are at work in our model. The general equilibrium framework allows to
highlight and quantify the various effects and trade offs and, consequently, to focus
on the important ones.

Our results are consistent with the conclusion of Catarineu-Rabell et al. (2005), how-
ever, since we have introduced more heterogeneity, the mechanisms through which
they hold are more complicated. In addition, our model reveals the different behav-
iour between banks characterised by different portfolio composition and degree of
diversification. This point has already been emphasized in Goodhart et al. (2004).

The next logical step in our research agenda is twofold. On one hand, we plan
to test the robustness of the results to different parametrizations of the model (e.g.
different levels of capitalization) and, to the extent that data availability allows it,
to calibrate the model on real data. On the other hand, in order to capture feedback
effects of capital requirements on the business cycle, it would be useful to add a third
period to the present model'?. Both these extensions would help to analyse the recent
crisis. The Basel I constant risk weights, as well as the Basel II risk weights under
the standardised approach, are consistent with a TTC rating system. However, our
analysis suggests that the adoption of a TTC rating system rather than a PIT system
by big banks would lead to higher defaults and low profits in recession. In conclu-
sion, a more pessimistic economic outlook coupled with the TTC rating system may
precipitate into financial fragility according to the definition suggested by Goodhart
et al. (2006). This observation sheds some light to the current financial crisis.

Acknowledgments The authors are grateful to Charles Goodhart and to seminar participants at the VIII
SAET Conference, the XXII EURO Conference, the Workshop on Credit risk models (Rimini), the Second
Workshop CEFIN, the BOMOPA Workshop, the Finlawmetrics 2008 conference and the XVII European
Workshop on General Equilibrium for helpful comments. Chiara Pederzoli and Costanza Torricelli grate-
fully acknowledge MIUR-PRIN 2005 and 2007 for financial support.

References

Bangia, A., Diebold, F., Kronimus, A., Schagen, C., Schuermann, T.: Ratings migration and the business
cycle, with application to credit portfolio stress testing. J Banking Financ 26, 445-474 (2002)

Basel Committee on Banking Supervision (BCBS): International convergence of capital measurement and
capital standards—a revised framework. June 2006 (2006)

Borio, C., Furfine, C., Lowe, P.: Procyclicality of the financial system and Financial stability: issues and
policy options. BIS Paper, 1 (2001)

Catarineu-Rabell, E., Jackson, P., Tsomocos, D.: Procyclicality and the new Basel accord: banks’choice of
loan rating system. Econ Theory 26, 537-557 (2005)

Daniellson, J., Embrechts, P., Goodhart, C., Keating, C., Muennich, F., Renault, O., Shin, H.S.: A academic
response to Basel II. London School of Economics, Financial Markets Group, Special Paper 130
(2001)

Goodhart, C.A.E., Sunirand, P., Tsomocos, D.: A model to analyse financial fragility: applications. J Finan-
cial Stab 1, 1-30 (2004)

Goodhart, C.A.E., Sunirand, P., Tsomocos, D.: A risk assessment model for banks. Ann Finance 1, 197—
224 (2005)

10 Herranz et al. (2008) consider a partial equilibrium model with many periods where firm owners have
heterogeneous risk aversion. Clearly both general equilibrium and intertemporal effects are important for
future research.

@ Springer



Rating systems, procyclicality and Basel II 49

Goodhart, C.A.E., Sunirand, P., Tsomocos, D.: A model to analyse financial fragility. Econ Theory 27, 107—
142 (2006)

Gordy, M., Howells, B.: Procyclicality in Basel II: can we treat the disease without killing the patient?
J Financial Intermed 15, 395-417 (20006)

Herranz, N., Krasa, S., Villamil, A.: The impact of owners and policy on small firms. Working Paper,
University of Illinois (2008)

Jokivuolle, E., Vesala, T.: Portfolio effects and efficiency of lending under Basel II. Bank of Finland
Research, Discussion Papers 13 (2007)

Kashyap, A., Stein, J.: Cyclical implications of the Basel II Capital Standards. Federal Reserve Bank of
Chicago Economic Perspective, 1st Quarter, 18-31 (2004)

Masschelein, N.: Monitoring pro-cyclicality under the capital requirement directive: preliminary concepts
for developing a framework. Natiolal Bank of Belgium, Working Paper Document 120 (2007)

Nickell, P., Perraudin, W., Varotto, S.: Stability of rating transitions. J Banking Financ 24, 203-227 (2000)

Pederzoli, C., Torricelli, C.: Capital requirements and business cycle regimes: forward-looking modelling
of default probabilities. J Banking Financ 29, 3121-3140 (2005)

Repullo, R., Suarez, J.: The procyclical effects of Basel II. CEPR Discussion Paper, 6862 (2008)

Tsomocos, D.: Equilibrium analysis, banking and financial instability. J Math Econ 39, 619-655 (2003)

@ Springer



	Rating systems, procyclicality and Basel II: an evaluation in a general equilibrium framework
	Abstract
	1 Introduction
	2 The model
	2.1 Banks' optimization problem
	2.2 Corporates' optimization problem
	2.3 Households' optimization problem

	3 The initial equilibrium
	4 Evaluation of rating systems
	5 Concluding remarks
	Acknowledgments


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


