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Abstract
This paper proposes a forward-looking modd for time-varying capitd requirements
which finds gpplication within the New Basd Cagpitd Accord (NBCA) framework. The
model ams at reconciling two somewhat contrasting objectives of the NBCA proposa:
introducing risk-sendtive capital  requirements and avoiding a the same time
procyclica effects The mode rests on the reaionship exiging between default rates
and the business cycle phases and proposes a moddisation of the default probabilities
which is based on a busness cycle forecas over the credit horizon. The modd is
applied to US data over the forecasting period 1971-2002: despite a failure in predicting
the early nineties recesson, the objective of raisng the capitd requirements in
anticipation of a recessons is in generd satisfied. The results obtained are interesting as
they suggest that there is room for dampening procyclicaity of capita requirements

even within arisk-sengtive framework.
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Introduction

In April 2003 the Basd Committee published the last proposa for the New Basd
Capitd Accord (NBCA), which innovates over the 1988 accord (Basdl Capital Accord,
BCA) and is based on the so cdled three pillars: i) Minimum capita requirements; ii)
Supervisory review process, iii) Market discipline.

As for the firg pillar, the main objective is to make the capitd requirements more risk-
sendtive, i.e. more representative of the actud banks risk profiles. The increased risk-
sengtivity of capita requirements under the NBCA has raised concerns about a possible
procyclicdity sde effect due to the dependence of credit risk on the business cycle
Procydicdity is commonly meant as the phenomenon of busness cycle amplification
due to the reduction in credit avalability in recesson periods (and vice versa in
expandon periods). Procyclicdity is a some degree inherent to bank activitity: if the
capitd  requirement is risk-sendtive, it is likdy to increase during recessions and
decrease during expansions, hence exacerbating procyclicdlity.

The present paper proposes a smple modd, which can be used to tackle the
procydicdity issue by defining the capitd requirements in a forward-looking way, so
that capital requirement changes in anticipation of the busness cycle rather than as a
consequence. The mode essentidly rests on the predictability view of the business
cycde and on some stylised empiricd facts emerging in the business cyde literaiure. The
paper is organised as follows. Section 1 andyses the reationship between credit risk
measurement and the business cycle so as to highlight how the procydlicdity issue
emerges within the NBCA risk measurament framework. In Section 2, the modd is st
up and its theoreticd and empirica underpinnings are discussed. Section 3 applies the
modd to US data The last Section concludes. The Appendix reports the capita

requirement formulain the Basel Capitd Accords.



1. Credit Risk Measurement and the Procyclicality issuein the NBCA

Credit risk is determined both by idiosyncratic risk factors related to the single obligor
features and by systemdtic risk factors affecting the creditworthiness of dl the obligors.
Systematic risk, being not diverdfiable, is of uttermost importance in the assessment of
credit risk a a portfolio level and is generdly dependent on macroeconomic conditions.
The relationship between credit risk measurement and the business cycle has given rise
to a wide literature (see Allen and Saunders (2003) for a survey), aso fostered by the
NBCA proposals.

In the following subsections, we will recal the main issues that we condder to be
rdavant in setting up a modd for capitd requirements, which is conssent with the
NBCA.

1.1 Thetimedimension of risk

The reationship between credit risk and the business cycle is supported both by the
empirica evidence (e.g. Fons (1991), Wilson (1997), Nickell et d. (2000) or Bangia et
a. (2002), Carey (2002)) that shows the increase in default rates during recessons and
by severd theoreticd models of the red business cycle, which support a negative
correlation between credit risk factors and output (eg. Williamson (1987), Kwark
(2002)). The andyss of the time dimenson of risk, i.e. the reationship between the
credit risk and the business cycle, differs depending on whether risk is measured when it
materiaises or when it accumulates.

While the existence and the nature of the relaionship between the rea activity and the
default rates (as a measure of the materiaised risk) is not controversd, the debate is
dill open as for the rdationship between risk accumulation and the economic
conditions. In fact, while risk is generdly consdered countercyclicd (i.e. higher during

recessons and vice versd), some authors believe that risk may be highest a busness



cycle pesks. In particular, Borio e d. (2001) maintain that the high default rates during
recessons are just a materidisation of the risk that has been built up during booms,
epecidly if astrong expangon combines with the creation of financid imbaances.

Borio et d. (2001) argue that these different views about the risk dynamics over the
busness cycle eventudly reflect different opinions about the nature of the economic
process underlying the business cycle. In fact two are the main and mogt digant views
of the busness cycde the “predictability view”, i.e. the business cycle is a predictable
regular sine wave and the “random walk view”, i.e. the business cycle is too irregular to
be predicted. While in the former view, macroeconomic forecast can be consdered in a
credit risk modd, in the latter one the current conditions are considered the best forecast
for the next period.

The direct consequence of these two different views of the business cycle dynamics on
risk measurement is the timing of the increase/decrease of the risk measure. According
to the random wak view, the measured risk reflects the current economic conditions
and hence it increases during recessons and decreases during expansions. By contrag,
in the predictability view, the risk measure should increase if a recesson is going to
happen over the credit horizon (and vice versd) and the measured risk can increase
during an expangon.

1.2 Capital requirements and the business cyclein the NBCA

The NBCA ams a defining risk-sendtive capitd requirements, i.e. capitd requirements
which vary with the riskyness of the banks portfolios. The risk-sengtivity of capitd
requirements implies tha the latter vary with the business cycle as the actua risk
changes. It follows that the procyclicd effect of compulsory cepita requirements is

likely to be amplified if the same are risk-sengitive.



The NBCA, andogoudy to the current regulation (BCA), imposes banks to hold the
capitd réio (i.e the raio of capitd over the sum of risk-weighted assets) above the
solvency coefficient of 8% agangt credit risk (see the Appendix). In the BCA the
weights are congtant over time, hence only the numerator changes over the business
cycle: in periods of recesson, the capital would decrease due to default losses (because
of increased default rates), reducing the capital ratio and consequently forcing banks to
dternatively reduce lending (i.e. risky assets) or increase capitd in order b comply with
the capita requirement. In the NBCA, paticularly in the Internd Rating Based (IRB)
Approach, as the weights are made risk-senstive, dso the denominator is likey to
change over time if the risk-weighted asset increase during recessions, this effect will
enhance the effect of the numerator implying a further reduction in the capitd retio.

From a macroeconomic point of view, the diffused fear (see eg. Danidsson et 4.
(2001)) is that a co-movement in capitd requirement and the business cycle, may induce
banks to further reduce lending during recessons due to the high capitd requirement to
comply with. The opposite would hgppen in  economic booms. This mechanism would
eventualy exacerbate the business cycle pesks and troughs. As highlighted by Leaven
and Mgnoni (2002), the risk of a ‘cgpital crunch’, i.e a dtuation of Smultaneous
shortage of capital and contraction in the supply of new loans, can sem from the joint
working of high capita reguirements and economic dowdown.

This concern is paticularlly reevant if the ‘random wak view’ of the business cycle
prevalls a rik sendtive capitd requirement is in fact likdy to fluctuate over the
busness cycde, and, especidly if a ‘random wak’ view is adopted, it will be higher
during recessons and lower during expansons. By contrast, if the “predictability view”
is accepted, the capital requirement can be forced to increase a the pesk of the business

cycle in anticipation of a recesson and to decrease a the trough in anticipation of an



expangon. This would smooth the business cycle sine wave turning points compared to
the former Stuation.

1.3 Credit risk variables and the business cycle

The busness cycle can enter a different levels by affecting the main variables, which
characterise a credit risk messurement framework, i.e. :

1. Rating;

2. Probability of Default (PD) (and Trangtion Matrices (TM));

3. Loss Given Default, LGD;

4. Exposure a& Default, EAD,;

5. Corrdations among PD, LGD and EAD,;

6. Correlations of PDs across borrowers.

Given the focus of the modd proposed in the present paper, we redtrict the attention to
the firs two variables', which correspond to the two phases characterisng a rating
system: the rating assignment, which classfy obligors by rating classes, and the rating
guantification, which associates a PD to each rating class.

In order to capture the time dimenson of risk, either the ratings or the corresponding
PDs need to be moddled so as to account for economic conditions prevailing over the
credit horizon. In line with the literature, we will refer to the PDs dependent on a
paticular sate of the business cycle as ‘conditional PDs, as opposed to the
‘unconditional PDs which are independent of the particular sate of the business cycle.

The rating assgnment and the raing quantification overlgp a a certan degree snce
models to estimate the PD of a single obligor can be used both to assgn a rating and to
contribute to the definition of the PD rdative to a certain rating class. In fact, the PDs

can be estimated in four different ways by means of:

! For acomplete treatment of the link between the risk components listed above and the business cycle,
werefer to the survey by Allen and Saunders (2003) and to the article by Lowe (2002).



- Statigica methods based on obligors specific features (mainly accounting data);

- Structura models based on equity market data;

- Reduced form models (typicdly moddling the default intengty rather than the annud
PD) based on credit spread market data;

- PDsimplied from ratings based on hitorica default data.

In the firgt three cases, the rating assgnment and quantification can overlap, in tha a
PD edimated for the sngle borrower can be used both to assign the rating and to
caculate the rating class PD as an average.

Moreover, the rating systems can follow a point in time (pit) logic or a ‘through the
cycle’ (ttc) logic. The former assigns ratings according to the ability of the borrowers to
fulfil obligations over the credit horizon and is likely to change over the business cycle;
the latter condders this ability independently of the business cycle, i.e. consders a fixed
scenario: the ratings assigned through the cycle are built to be stable over the business
cycle, changing only with the idiosyncratic factors. The choice between these two
conceptudly different rating assgnments depends on what type of risk the raings are
meant to represent, i.e. relaive vs. absolute risk of borrowers. If only the rdative
riskyness is conddered in the rating assgnment, ratings represent an ordind ranking of
borrowers, regardless of the dimenson of risk. By contrast, ratings accounting for
absolute risk condder the actua leve of risk and hence aso its time dmendon, i.e. the
way it varies over the busdness cycle Ratlings assgned pit consder the absolute
dimenson of risk, incduding the time dimengon, and hence they will fluctuate over the
busness cycle. Raings assgned ttc indead are meant to neutralize the business cycle
effects in order to isolate the relative riskyness of borrowers. Amato and Furfine (2003)
ague that credit ratings “are intended to distinguish the relatively risky firms (or

specific bonds) from the relatively safé’ and hence ratings should be assigned ttc.



Crouhy et a. (2001) suggest that ttc reings are preferable for invesment (lending)
decisons, while pit ratings should be used when dlocating capitd and defining reserves
(hence capitdl requirements). 2

As for the NBCA, the banks adopting the IRB Approach are required to use a time
horizon longer than one year in assgning ratings and to assess ratings according to the
“borrower’s ability and willingness to contractually perform despite adverse economic
conditions or the occurrence of unexpected events’ (BCBS (2003), par 376): in such a
way the NBCA implicitly requires a ttc rating system. Moreover the NBCA requires
PDs to be edimated as long-run averages, hence tendentidly congtant. These choices,
which are in line with the raing agencies methodology, respond to the willingness of
smoothing capita requirements over the different phases of the business cycle to avoid

or reduce the procyclicd effect, but they tend to reduce risk-senstivity.

2.The proposed M odel

2.1 Aim and set up

From the previous section, it emerges that the main NBCA objective of introducing
risk-sendtive capital requirements is at odds with the concern about procyclicdity. In
fact, by essentidly requiring a ttc logic in both risk assgnment and risk quantification,
risk-sengtivity is sacrificed in favour of areduction in procydicdlity.

In our opinion, a way to reconcile these two somewhat contrasting needs would be to
use a ttc logic in the rating assngment and to account for business cycle effects with a
forward-looking perspective in the rating quantification (i.e. PDs esimation). The
forward-looking approach alows to smooth capita requirements over the business cycle

without giving up the risk sensitivity of the very same.

2 Note, in fact, the the main rating agencies (e.g. Moody’s, Standard& Poor’ s) follow the ttc logic. As for
bank practice, many banks use rating system based on balance-sheet data, which are pit and ‘ backward-



To this end the mode proposed in this paper takes the predictability view of the
business cycle and ams a increasing capita requirements in anticipation of a recesson
and to lower them in anticipation of a boom. Specificaly, the modd suggests measuring
cepital  requirements in  a forward-looking way by cdibraing PDs on the
macroeconomic conditions expected to prevail over the credit horizon.

Two are the main underpinnings of the model proposed.

The fird one, which underlies the forward-looking nature of our modd, is the
theoreticd argument put forward by some authors that risk builds up before recessions
(i.e. during expandons) and materidises during recessons. Specificdly, Borio e 4.
(2001) and Segoviano and Lowe (2002) among others, stress that measured risk can be
unduly procyclicd due to a misperception of risk over the busness cycle. During
recessons the high default rates determine a high perceived risk, but according to Borio
et d. (2001) such an increase is just a materidisation of the risk built up before the
recesson, i.e. during the economic boom. A risk measure should incresse if a recesson
is going to occur over the (future) credit horizon conddered, and not if the current
economy is facing a recesson at the time of the measurement. In the latter case, capita
requirement would tend to increase when a recesson has dready settled, hence when
not only it is too late to prevent losses but the increase in capitd requirements can dso
exacerbate the ongoing recession.

The increese in the capitd requirement in anticipation of a recesson (eg. point A in
Figure 1) dlows banks to adjust the levd of capitdization when the economic
conditions are ill good. Anaogoudy, the reduction in the capita requirement a the
end of a recesson (eg. point B in Figure 1), i.e in anticipation of an expandon, adlows

banks to expand lending and hence helps the economic recovery.

looking' by nature. See BCBS (2000) for a survey of the most diffused bank practice.



Figure 1 Business Cycle: the timing of capital requirements changes

A

K

The second underpinning of our modd, which underlies the PDs moddisation, is

represented by the empirica evidence of regimes in the PDs over the business cycle.

In fact, some recent literature has presented evidence of regimes exiging in the PDs
(and trangtion probabilities) corresponding to the business cycle regimes. Bangia e 4.
(2002) andyse the US Standard& Poor’s default and trangtion data and they estimate an
expanson matrix and a recesson matrix according to the NBER chronology on
quaterly rating/default data They find clear evidence of the existence of two regimes,
with the recesson matrix presenting higher default and downgrading probabilities.
Nickel et d. (2000) present smilar evidence on Moody's data, but they define three
regimes. pesks, troughs and norma times. Both Bangia e d. (2002) and Nickell et 4.
(2000) dtress that the PDs are especiadly sendtive to the business cycle compared to the
other trangtion probabilities: this is important dnce the ‘default class is the only one

that is not affected by the rating agency subjectivity®.

3 In fact, even if the rating are assigned ttc, they are likely to embed some residual procyclicality (as
shown for example by Amato and Furfine (2003)) and anyway depend on the rating agency judgement,
while the default classis objective sinceit is based just on historical default data.



Supported by this evidence, the default rates are modelled as dependent on two discrete
states of the business cycle, namely expansion and recession.

When the PD for a given rding dass is edimated as a long-run average of redised
default rates (as in the NBCA and in the raing agencies practice), the implicit
underlying assumption is that the default rate DR is a stochedtic varidble with gable
probability digtribution f(DR) and expected vaue E(DR)=PD.

In the present modd the one period default rate DR for each rating class is moddled as
a dochadtic varidble with a probability digribution dependent on the date of the
busness cycle: the probability distribution of DR over a given period is f_(DR) if the
period is of expanson and f.(DR) if the period is of recesson. The modeling of the
DR conditiond on the date of the busness cycle implies a different interpretation of the
observed (redised) default rates. If a unique distribution is assumed to represent the DR
over the busness cycle, the actud default rates observed on different periods are
interpreted as random draws from the gable digribution: high and low vaues of the
default rate, which likey cluster over different generad economic conditions, are just
bad and good redisgtions of the same didribution. Alternaively, if two didtinct
digributions are assumed to hold over expanson and recesson periods, low and high
observed default rates can be seen as redizations of these two distributions. Figure 2
represents the assumption consdered: point A, an observed default rate, could be an
extreme (very rae) redisation of an unconditiond digribution f(DR) or it could be a

‘normal’ redlisation of arecesson digribution f;(DR).

* The proprietary model CreditPortfolioView (CPV), for example, models dependence of the PDs on the
business cycle by using macoreconomic variables as explanatory ones. This essentially implies
dependence on an infinite number of states.

10



Fig. 2 Conditional and unconditional default rate distribution

__

A DR
‘R stands for recession distribution f,(DR): ‘U’ standsfor unconditional distribution f(DR)

While the agpplication of the two-regime modd would be sraightforward if the busness
cycle state over the time horizon consdered were known, this is clearly not the case,
and the probabilities of each state need to be considered. Bangia et d. (2002) propose to
use congtant regime switching probabilities from the Hamilton (1989) modd.

By contrast, in the present model we propose to use time-varying forward-looking
regimes probabilities estimated within an econometric binary choice modd. While the
congant regime probabilities am a representing the dynamics of the business cycle
date in the long-run, the time-varying probabilities account for a forecast of the date
prevailing over the time horizon of interes. The introduction of this forward-looking
element is centrd to our moddling of the default rate over a future horizon, since it
alows to address the procyclicdity issue.

2.2 A formal representation

The modd is based on the following assumptions.

Al. The modd is a one-period modd and the period length is equa to the credit
horizon.

A2. The business cycle sate S over the period is abinomid variable:

11



_1E P(E)

S= )
iR P(R)
where:
E = expangon;

R = recession;
P(E) = probability of an expansion over one period;
P(R)=1-P(E) = probability of arecession over one period.
A3. The probability of the two states P(E) and P(R) are time-varying and predictable.
Given the current information |, available in t, the recesson probability in period t+K is
defined as
RS« =R =P(§. =R[l)=f(b'x) 2
where:
x. = explanatory variables for the business cycle regime;
b = coefficients of the explanatory varidbles,
f (b'x) = probit/logit function.
P(S., =R) represents the probability of a recesson occurring in t+k given the
information available in t. The expansion probability isjust its complement to one.
A4. The raing are assigned through the cycle and the default rate DR for each rating

classisagtochadtic variable with state- dependent distribution:

ORI ) eOR) if S=E
ORISI=L; bRy if s=R

3
By combining the hypotheses A2 and A4, the prior (hence unconditiona) digtribution of
the DR over one period can be moddled as a mixture of the two conditiona
digtributions:

f (DR) = P(E)" f_(DR)+P(R)" f.(DR) 4)



By defining the PDs as the means of the two conditiond digtributions

L PD, = E.(DR) = (PR (DR)dDR

|

| %)
f PD, = EL(DR) = c‘prR(DR)dDR

the unconditiona PD can be obtained as

PD = E(DR) = c‘pr (DR)dDR = P(E)” PD. + P(R)” PD, (6)

It has to be noted tha the definition of the unconditiond PD in (6) is dso conggtent
with the NBCA definition (long-run average) if the regime probabilities P(E), P(R) are
estimated as sample proportions of redised expansions and recessions respectively®.
However, by consdering A3, the regime probabilities are forward-looking, i.e. clearly
different from the sample proportions.

The prior digribution of the default rate over the horizon t+k given the information in t
isamixture of two digtributions defined as

f.(DR) =R, (E)" fe(DR)+ R, (R)" f;(DR) ()
where

R (E)=P(S. =EIll) and R, (R) = P(S., =R[1)).

While the busness cycle dates defines only two possble conditiona digtributions, the
ex-ante digribution varies over time with the time-varying regime probabilities.

The associated time-varying PD, estimated in t for the horizon t+Kk, is

PD, = E(DR.) = R (E)" PDc + R, (R)" PDg (8)

® If the conditional PDs in (5) are estimated as averages of expansion and recession default rates
respectively, their combination by the sample proportion of expansions and recessions gives the long-run
unconditional average.

13



The PD in (8) is unconditiona from a datigtica point of view. Even if it depends on the
currently available information, its cdassfication as unconditiona is conggtent with the
definition of conditional and unconditional PDs given in Gordy (2002)°.

If the regime probabilities are correctly forecast, the capitd requirement (ceteris
paribus) increases when a recesson is going to occur over the credit horizon and vice
versa,

When gpplying the modd defined by (1)-(8) to estimate the PDs as input to credit risk
models, an issue to be solved is the time inconsstency between the credit horizon, that
is typicdly one year, and a senshle period length for business cycle measurement, that
is one month or a most one quarter. Figure 3 shows a typicd dtuation: the busness
cycle dtate is represented by four binary variables, one on each quarter, while the PD
needs to be defined over a one-year horizon.

Fig. 3 Different periods length

S1 S2 S3 4

The regime probabilities should in principle be esimated for each quarter and then
combined to define the unconditional yearly PD. In the gpplication presented, however,
the choice is to edimate only the regime probability over the fourth quarter, i.e. to

modd S, : the reason lies in the find purpose of the modd, thet is to estimate PDs in a

®« An obligor’s unconditional default probability, also known asits PD or expected default frequency, is
the probability of default before some horizon given all information currently observable. The conditional
default probability is the PD we would assign the obligor if we also knew what the realized value of the
systematic risk factors at the horizon would be. The unconditional PD is the average value of the
conditional default probability across all possible realizations of the systematic risk factors. ”, Gordy
(2002).

14



forward-looking way in order to anticipate the busness cycle and hence smooth the

procyclicality effect when estimating the capita requirements.

3. Application to US data

In this Section the model presented in Section 2 is gpplied to a Smple atificid portfolio
of US obligors. The gpplication of the modd condgts in three phases, detailed in the
following subsections:

1. Identification of the expanson and recesson regimes in the default rates and
estimation of regimes PDs (PD. and PD,,) for each rating class;

2. Busness cycle forecast: edimation of the recesson probability for each period
according to equation (2) of the modd;

3. Edimation of the time-varying PDs according to equation (8) of the modd and
cdculaion of the capitd requirements through the NBCA formula for the IRB
approach.

3.1 Expansion and recession PDs

As for the edimation of PD. and PDg, the results by Bangia et d. (2002) are
exploited. Bangia e d. (2002) ded with full trandtion mairices in the gpplication
presented in this paper, consgently with the NBCA requirements, only the PDs, i.e. the
last column of the trangition matrix, are consdered.

Bangia et d. (2002) use Standard & Poor's default data’ over the period 1981-1998 to

compute both conditiond and unconditiond quarterly trandtion marices. The two

" Bangia et a. (2002) use a CreditPro database containing issuer credit ratings history for 7328 companies
from January 1981 to December 1998. While the database contain obligors from several countries, the
88% on average of the obligors are from US. Bangia et a. 2002) focus on US obligors when dealing
with the business cycle. The model proposed in this paper applies to banks dealing with obligors
belonging to the same country or to countries obeying to the same business cycle (e.g. possibly European
Union). If foreign obligors are considered, clearly different business cycles chronology and forecasting
need to be considered.

15



conditiond matrices, shown in Tables 1.a and 1b, are edimated as averages over
expansion and recession sub-periods according to the NBER classificatior?.

Table 1a US Expansion quarterly transition matrix

AAA AA A BBB BB B ccCC D

AAA  [0.9821 0.0166 0.0011 0.0002 0.0002 0.0000 0.0000 0.0000

AA  |0.0015 0.9808 0.0161 0.0012 0.0001 0.0003 0.0001 0.0000

A 0.0002 0.0053 0.9806 0.0121 0.0011 0.0006 0.0000 0.0000

BBB |0.0001 0.0007 0.0147 0.9694 0.0125 0.0022 0.0002 0.0002

BB  (0.0001 0.0003 0.0019 0.0193 0.9531 0.0225 0.0016 0.0012

B 0.0000 0.0002 0.0007 0.0010 0.0170 0.9591 0.0131 0.0088

CCC |0.0005 0.0000 0.0019 0.0023 0.0047 0.0357 0.8732 0.0817

D 0 0 0 0 0 0 0 1

Source: Bangia et al (2002)

Table 1b US Recession quarterly transition matrix

AAA AA A BBB BB B CCC D

AAA 10.9799 0.0176 0.0025 0.0000 0.0000 0.0000 0.0000 0.0000

AA  |0.0018 0.9689 0.0279 0.0005 0.0009 0.0000 0.0000 0.0000

A 0.0002 0.0088 0.9644 0.0259 0.0007 0.0000 0.0000 0.0000

BBB (0.0004 0.0004 0.0111 0.9631 0.0233 0.0007 0.0000 0.0011

BB |0.0000 0.0006 0.0006 0.0139 0.9498 0.0272 0.0042 0.0036

B 0.0000 0.0006 0.0006 0.0011 0.0072 0.9502 0.0272 0.0177

CCC |0.0000 0.0000 0.0000 0.0000 0.0000 0.0120 0.8560 0.1320

D 0 0 0 0 0 0 0 1

Source: Bangia et al (2002)

Bangia et d. (2002) prove that the dements in the grey cdls are Sgnificantly different
a the 5% levd from the unconditiona matrix. Moreover the volaility of each dement
is strongly reduced in the two conditiona matrices compared to the unconditional one.

This evidence is stronger for the recesson matrix, indicating that trangtion probabilities

8 The NBER classification is monthly. Bangia et al. (2002) label each quarter as expansion or recession
according to the NBER definitions.
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ae more dable during recessons. The default probabilities display most clearly the
exigence of the two regimes. they incresse strongly during recessons and ther
coefficients of varigtion decresse more than the other dements of the trangtion matrix
(by at least 40%).

According to the NBCA, the reference credit horizon is one year: hence we have
converted the quarterly matrices into annua ones. Assuming tha the credit
migration/default process is a time-homogeneous Markov chain, the annua matrix can
be obtained by taking the fourth power of the quarterly matrix®.

3.2 Recession for ecast

In order to have a recesson forecast, equation (2) of the mode has to be estimated. In
the present application we do that within a probit model’®, i.e.

P(S.« =RI1)=R(R, =D =F(b'x) ©)

where:

X, = explanatory variables, including the congtant;

b = coefficients on the explanatory variables;

F = cumulative normd digtribution function;

R., = recesson indicator k-periods ahead defined as

1 if t =recesson

D m— —

R:

0 otherwise

® The transition matrices estimated by rating agencies as historical averages rely on a time-homogeneous
Markov chain assumption: such a property allows to collect data over different years to obtain estimators
for the transition probabilities. Under the time-homogeneity hypothesis transition probabilities over
multiple horizons can be derived as P(0,T) =(P(0,2))" with P(01) = P(1,2)...= P(T - 1,T). While
in estimating the unconditional matrix the migration process is assumed to be a time-homogeneous
Markov chain over the entire sample, the hypothesis restricts to the two recession/expansion sub-sample
when estimating the conditional matrices.

911 line with most of the literature on recession probability forecast, a probit model is chosen. M oreover,
alogit model (as used e.g. in Artis et al. (2002)) has been estimated on the same data set and the results
arevery similar.
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We st k equal to four quarters to obtain a four quarters ahead forecast. We take the

redized vdue of R to be defined by the NBER quarterly classfication. The NBER

turning points on the period of interest (1951-2002) are listed in Table 2.

Table 2 NBER classification**

Peaks Troughs

Jul-53 May-54
Aug-57 Apr-58
Apr-60 Feb-61
Dec-69 Now-70
Now-73 Mar-75
Jan-80 Jul-80
Jul-81 Nov-82
Jul-90 Mar-91

Mar-01 Nov-01

As for the explanatory variables, in the present paper we consder the term spread
between the ten years treasury bond and the three months treasury bill rate and the
Standard& Poor’ s equity price index.

Many economic and financia varidbles have been tested in the literaiure on business
cycle forecadting. Financia varigbles are appeding for forecasting purposes since they
contain predictive information and ae immediatdy avalable, while macroeconomic
vaiables are genegrdly avalable with some delay. Specificdly, there is a consensus on

the usegfulness of the interest rate term Spreads and equity prices in predicting the

1 The conversion from the monthly chronology to the quarterly one is preformed according to the
following criterion:

-if the turning point occurs in the first month of the quarter ® the quarter is classified according to the
regime prevailing at the end of the quarter;

-if the turning point occurs in the third month of the quarter ® the quarter is classified according to the
regime prevailing at the beginning of the quarter;
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business cycle!?. The forecasting power of stock prices is related to their interpretation
as expected present values of future dividend streams. Moreover, it could be argued that
agents in financid makets have access to additiord private information, which
provides them with a forecasting power eventudly embedded in equity prices. The
sporead is related to a forward interest rate and can be decomposed into a red and an
inflation component. While the expected red rate embeds expectations on monetary
policy, the expected inflation component is relaed to future red growth, since inflation
tends to be positively related to red activity'>.

The choice of thee two financid variables is supported by empiricd evidence. In
paticular, Edrela and Mishkin (1998), andyse the US busness cycle from 1959 to
1995 by means of a probit mode consdering many macroeconomic and financid
variables and find that the term spread is the best predictor at least from two quarters
ahead onwards. Moreover the equity index price gives good results when combined
with the term spread, particularly for horizons longer than two quarters™.

The series for the explanatory variables consdered in this paper have been downloaded
from DataStream. The estimation over the full sample (1951-2002) gives coefficients
which reflect the expected theoretical relation: a negative relationship between the

recesson probability and the equity index, suggests a postive relation between the latter

-if the turning point occurs in the second month (i.e. in the middle) of the quarter ® the quarter is
classified according to the regime prevailing at the beginning of the quarter.

12 There is a wide econometric literature on business cycle forecasting based on financial variables, in
particular on the interest rate term spread, as predictors. While most of it use linear regression-based
techniques to forecast the output growth rate, some authors (e.g. Estrellaand Hardouvelis (1991), Estrella
and Mishkin (1997), (1998)) estimate instead the likelihood of future recessions by means of binary
choice models.

13 Rendu de Lint ad Stolin (2003) present a theorethical model to explain the predictive power of the term
spread for output. Estrella et a. (2000) briefly present several possible explanations for the positive
empirical relationship between the slope of the yield curve and real activity.

% In the in-sample analysis Estrella and Mishkin (1998) find that there are several variables with good
explanatory power, that are the ten years bond — three months bill spread, the stock index (NY SE or
S& P500), the real monetary base and the Stock-Watson leading index. While the spread outperforms all
the other variables at |east from the third quarter ahead, both the two real variables perform better than the
stock index over most of the horizons. However, if the two economic variables are combined with the
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and red activity. Andogoudy, the negdive rdationship between the recesson
probability and the term spread, suggests a positive corrdation between the latter and
red activity. However, an analyss based on the McFadden R? and on the Schwartz
Information Criterion suggests to drop the S&P from the regresson™. Hence we used
the spread as the unique predictor.

The period 1951-1970 is conddered as the initid estimation period, while 1971-2002 is
the forecasting period. Over the forecasting sample the parameters are estimated by
updating the sample year by year'®.

Figure 4 shows the out-of-sample quarterly forecast recesson probability as a series

from 1971 to 2002.

Fig. 4 Quarterly Recession Probability Forecast
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The black line is the recession probability predicted four quarters ahead. The grey bars represent the

actual recessions.

spread, they lose their significance beyond the first quarter. On the other hand, the equity index remains
significant on several horizons. Thisresult is confirmed in the out-of-sample analysis.

15> The results of the estimation are available upon request.

16 | deally the estimation window should be updated every quarter, while in this work it is updated only
yearly. The reason is that, since the credit horizon requires a one-year horizon, the parameters are updated
following the credit horizon. A 19 years rolling estimation window is used in this work. Estrella and
Mishkin (1998) use instead an incremental window. Chauvet and Potter (2002) individuate a structural

break in the first half of the eighties. The use of arolling window makes the problem of structural breaks
less stringent: for example, Chauvet and Potter (2002) stress how the recession probability over the 2001
recession changes when accounting or not for the structural break: in our case, the length of the moving
window is such that the parameters estimated for the 2001 recession forecast are almost entirely based on
data after the structural break.



The recesson probability profile is very smilar to the one obtained in Edrela and
Mishkin (1998) for the common period of edtimation, i.e. 1971-1995. Figure 4 shows
that the recession probability forecast is high over recesson periods, as it is desirable!’.
However, it has to be noted that the 1990/91 recesson forecast is very wesk: EStrela
and Mishkin (1998), who find a amilar result, judtify it by saying that tis recesson was
widely unpredictable since it was drictly relaied to the invason of Kuwat. Over the
period not covered in Edtrella and Mishkin (1998), the recesson probability correctly
increases with the 2001 recesson. There are some irregular increases in the recesson
probability around 1996-97 and 1999: they may be linked to specific episodes, namely
the Asatic criss and Russian debit criss.

3.3 Time-varying PDs and capital requirements

Based on the edimation results of the previous sections, the time-varying PDs are
cdculated for eaech raing class as in equation (8). A smplified portfolio with a congtant
exposure on each rating class from BBB to CCC is considered™®: the exposures are
defined approximately according to the average ratings distribution of the S&P
database'®.

The capitd requirement are caculated by applying the NBCA formula for the IRB
approach (BCBS (2003), par. 239-241). The time-varying capitd requirement is

cdculated by using the modd PDs as input?®; this can be compared to the constant

17 Beyond the visual evidence, aformal measure of the goodness of fit can be computed by comparing the
predictions from the estimated model with the predictions obtained by using the constant as the unique
regressor (coefficients of the explanatory variables constrained to zero). The goodness-of-fit measure,
henceforth gof, on the prediction sample is gof =0.263, which is largely positive, even if far from one,

meaning that the forecasting model is preferable to the simple sample proportion criterion.

18 Since the PDs for ratings above A are generally very close to zero and since the NBCA imposes a
minimum PD of 0.0003 for every rating, here only rating classes from BBB downward are considered.

19 From the database used in Bangia et al. (2002), the relative percentage of the ratings BBB, BB, B, CCC
is approximately derived: the resulting portfolio has exposures of 156, 118, 118 and 8 respectively on the
four ratings over atotal exposure of 400. Actually the composition of the portfolio is not very relevant in
this context: however, this rough approximation aims at representing arealistic portfolio.

20 The LGD is fixed at 50% and the maturity M at 2.5. As in the current NBCA the PDs tend to be
constant over time, the correlation formula just discriminate among different rating classes. In order to
fulfil this purpose and not to mix the results of the time-varying PDs with a time-varying correlation, the
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capitd requirement obtained with the congant (long-run averages) PDs as input. Figure
5 compares the time-varying (quarterly revised) capital requirement and the constant
dandard one and displays the cepitd requirements conditiona on expanson and
recesson (i.e. caculated with expanson and recesson PDs), which define a lower and
upper bound respectively.

Figure 5 Capital Requirements (CR)

55 4
50 4
45 4
40 A

35

30

Mar-70
Mar-72
Mar-74
Mar-76
Mar-78
Mar-80
Mar-82
Mar-84
Mar-86 !
Mar-88
Mar-90
Mar-92
Mar-94
Mar-96
Mar-98
Mar-00

actual recessions —e— time-varying CR constant CR

------- recession CR ~ ------- expansion CR

Clearly the time-varying capitd requirement increeses when the probability of a
recesson over the next year increases. In particular, dnce the constant PDs are
edimated as averages over the period 1981-1998, the time-varying capitd requirement
is higher than the congant one when the forecast recesson probability is higher than the
sample proportion of recesson (12.5%). In genera the time-varying capitd requirement
behaves well in anticipating the business cycle. However, Figure 5 shows that in the
case of the 1990-91 recesson, the cepitd requirement changes only dightly, as the
recesson was just dightly sgndled by the probability forecast (Figure 4), due to the
gpecific features of this recesson. Even if the regime prediction mode did not produce

a grong forecad, the time-varying estimates of the PDs produce anyway a higher capita

correlations are calculated in the same way as the standard NBCA formula, i.e. as a function of constant
PDs. (Seethe Appendix for details on the capital requirement formula).



requirement than the one obtained from the standard congtant PDs in the period before
the recession.

These reaults contribute to the debate on procyclicaity. Clearly the capita requirement
cdculated by means of the modd proposed changes with the busness cyde, leaving
gpace to procyclica effects. However, snce the increases/decreases in  capita

requirement generdly anticipate the business cycle, peaks and troughs can be smoothed.

Conclusons

The NBCA, in innovating on the current regulation, ams a meaking the cepitd
requirement more risk-sendtive, i.e. more representative of the actud risk faced by
banks. As for credit risk, given the link between the latter and the business cycle, it may
well be that risk-sendtive capitd requirements produce procyclicd effects, which in
turn are likely to exacerbate recessions. In order to avoid these by-effects, the NBCA
requires banks adopting the IRB agpproach to follow a ‘through the cycl€ logic in
assgning and quantifying ratings so as to neutralise the busness cycle effects. Since the
busness cycle afects the sysematic component of risk, by neutrdizing it an important
risk factor is neglected.

In sum, two important objectives inherent in the NBCA, the risk-sengtivity of capitd
requirements on one sde and the reduction of procyclicaity on the other, appear
somehow contrasting.

The am of this paper is to propose a mode, which, by conddering the business cycle
effects in a forward-looking perspective, partly reconciles the two above mentioned
objectives. The mode proposed defines forward-looking capitd requirements by
modelling the PDs as time-varying according to a busenss cycle forecast. The default

rae is defined as a stochadtic variable, whose probability digtribution is a mixture of an
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expanson and a recesson digribution. In line with a vagt literature on busness cycle
forecasting, the expanson and recesson probabilities are edtimated using financiad
variables as predictors.

The modd is agpplied to quaterly US data over the forecasting period 1971-2002,
whereby the NBER chronology is adopted to date the business cycle phases. The
expansion and recesson PDs, based on a Standard& Poor’s database, are combined with
busness cycle dates probabilities estimated within a probit mode with the interest rate
term spread as the only predictor. The capitad requirement is then caculated according
to the NBCA formula Since the objective of the modd is that of producing a capita
requirement which varies in anticipation of the budness cycle, its peformance is
clearly related to the predictive ability of the busness cycle forecasting model adopted.
Despite the nineties recesson is only dightly signdled by the recesson probability
forecadt, the results over the whole period are encouraging since the capitd requirement
generdly increases/decreases in - anticipation of the recessongexpansons, with a
possible smoothing effect on the business cycle turning points.

The vdidity of the mode proposed can be further evaluated both from a micro- and a
macro-economic point of view. At a micro levd, the effects of the capitd requirement
on an individua bank performance can be assessed. Specificaly, the effects of the time-
varying capitd requirement vs. the congtant one can be gauged with respect to the bank
portfolio compogtion. This andyss could dlow to evduate the ability of the modd to
limit default losses. At a macro leve, the issue is to evauate the effects of the proposed
forward-looking capital requirements on the economy as a whole. The macroeconomic
consequences are quite difficult to assess, since they depend on the relationship between
output and lending. These two issues, which require a separate sudy, are left for future

research.

24



Appendix: Capital requirement in the Basel Accords
The capitd requirement in both the BCA and the NBCA is defined by a minimum level
for the capitd retio:

RC30 A]_
T A

RC =regulatory capitd;

A =risky activities,

W, =risk weights.

The denominator in (A.1) is the sum of the risk-weighted assets, which is made more
risk-sengtive in the NBCA, in paticular within the IRB approach. With reference to

corporate exposures, the computation of the risk weight for each activity is defined as

follows

r N.l(o_ggg)% 1+(M - 25 b(PD) (p 2
1T 5 1-15 b(PD)

W=125" LGD Ngﬁ’ N-1(PD) +
where:

LGD = Loss Given Default;

PD = Probability of Default;

M = Maturity;

b(PD) = (0.08451- 0.05898" In( PD))’* Maturity Adjustment

& - -50PD) 0 & 1- -50PD) 0
exp(- 50 )i+0-24' 3. exp(-50PD) 0

r =012 : -
é 1- exp(-50) g é 1- exp(-30) g

Asset Correlatio n.
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