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Abstract: This research is the first attempt to calibrate default ratezaaofportfolios with the

useof raw data on nonperforming loans and some additional information on the maturity struc-
ture of the loan portlms. We apply a simple model of loan quality, controlling for loan ma-
turities and dynamics of loan supply. Results for nine national aggregate indices of nonperform-
ing housing loans in the Czech Republic, Greece, Ireland, Hungatwa, Poland, Portugal
Romania, and Spain reveal strong differences in the dynamics of calibrated default probabilities
between countrie€alibrated default rates are correlated with macroeconomic factors, but the
linkages depend on the markets investigated.



1. Introduction

In this paper we propose a simple method to derit@utteatesof loan portfoliosfrom the
time series of nofperforming loansThe ron-performing loan (NPL) ratia.e. the ratio of non
performing loans to total loans in the portfolis,a standard measure of loan quality widely
used in research analyzing performance of banking seaoltheir customerge.g., Meeker
and Gray, 1987, i zal and Hasanjand&Vvall, 2004;0POdpiera, 2006; Mendoza and
Terrones, 2008Aman and Myazaki, 2009F e st i ¢, Repi na, and Kavkl
Schaeck, 2010; Whalen, 2010; Xanagaretnam, aricdbbo, 2011). The weltknown problem
of this measure is tHe me ¢ h adepesdencecof its values on the rate of growth of the loan
portfolio, which often forbids crossectional and intetemporalcomparisonge.g. Tornell and
Westermann, 2002, p.22; Coricelli, Mucci, and Revoltella, 20@81pther drawback of the
NPL rateasa measure of loagualityis that it is a backwartboking variable, i.eit evaluaés
the historical performance of the loan portfolio. Nmerforming loans often stay in the
portfolios for several quarters or even years, affectind\fRk ratio but hauwng no impact on
the current financial performance of credit institutidnscontrast most analysts are interested
in the presenstandingof the portfolio andthe present performance of the debtors. One
alternativevariablethatdescribeshe current peiormance of loans and does not automatically
depend on the dynamics of the loan portfolia efaultrate(DR) of that portfolio.

Defaultrate quantifieshe rate at which borrowers default on the amount of funds they owe
to the bankn agiven (e.g., mst recent) periadDefault rateis often weighted with thealues
of analyzed loans so that defaults of large loans weigh more im#asureMoreover, the
historical default rate may be considered as a realizatiarpopular forwardooking measure
of credit risk, namely probability of default (PD). Therefore, default rates are oftsed to
predict valus of loan portfolios.

One important problem is the lack of publicly available dai@d®?Ds and DRof loan
portfolios, while timeseries of NPL rabs at the aggregate country leak published by
international central banks and financial supervisory authoritieshis study we aim at
deriving timeseries of default rates from historical data of NPL rates. We applqnple
method to calibratene termstructure of loan portfolios proposed by Serwa (2013) to analyze
changes in the quality of loans in nine European banking sectors.

We focus here on the aggregate portfolios of housing loans bettaas® loans are
relatively most uniform in compeson to other types of banking loans. Moreover, the housing
loans are longerm contracts and even bad quafitgrtgagesemain in thdoan portfolio for

long periods and influence the NPL ratiathe longrun. Analyzing the aggregate default rates
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of howsing loans provides a valuable information about the average financial performance of
households involved in mortgages.

In the next section, we describe the method to calihatelefault rates, given minimum
informationonthe term structure of the loartfolio. In Section 3we present empirical results
of estimated default rates for nine courtiggregates of housing loans. The last section

concludes.

2. Term-structure of loans and default rates

Our description of the model of a loan portfadimictly follows the one by Serwa (2013).
Let¢ be the maximum maturity of a loan contract in a given portfdhe loan portfolict at
time 0 consists of aggregated loan cohasig; supplied to borrower&periods ago and
maturing in’oeriods where’Q T, p, &, pandQ p, ¢, &, respectivelyThe non
performing loans are part of this portfolio and the aggregatedbaldy (norperforming) loan
cohorts are denoted 8s;;;. The tranches of goeduality loars "Qx;, arecomputedas Qs
ORf OFf.

The nonperforming loan ratio is the share of bad loans in the portfolio:

B B AR
B B hh ' (1)
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We introduce the following simplifying assumptions to operationalize derivation of default
rates. The important characteristics of loan contracts cannot be changed while |pseseaite
in the analyzed portfolio. dans arenly removed from the portfoliafter reaching maturity.

The goodquality loans pay interest while the nparforming loans do not. The interest paid

on loans in each period is not included in the portfolio. All new loans added to the portfolio at
time 0 are of good qualityThe goodquality loans are repaid by borrowers in equal tranches
betweereach period' Q] "Qand the badjuality loans are not repaid until maturigssuming

other repayment schedules does not change our general rfEseltdove assumptions are the
same a in Serwa (2013).

The recursive formula for the value of aparforming loans is as follows:

Wik ® F R OY s 5 QR & ()
whereO'Y | istheaveragalefaultratebetween tim@& p andofor the loanghathave
belongedto the portfolio sincéQ p periods andhave beeexpected to mature i@ p periods
attimed p. Since we aim at constructing a single indedeffault rate, we compugas average

default rate for all cohorts of loanko simplify computationsweassume thdD Y;; OY



is the same for all maturities and cohorts at timé&ow, the aggregate value of all ron
performing loans is equal:

B B op; B B o O'YiB B "Gy (3)
and the aggregate value of gequaility loans equals:

B B "y B Qs p OYiIB B Gy t—. 4)
Deriving'O Y from (3) and (4)s complicated by the fact that data for neitBer B ORh
B B "y ,orB  "Qpp are publicly available.

One idea to overcome the problem of unobservable cohorts of loans in the portfolio is to
calibratethe term structure of the loan portfolio using thdormation about the maximum
available maturity of loans, the growth rate of loahg, nonperforming loan ratioand the
distribution of new loans entering the portfoliogach periodThen the rate of default can be
recursivelycomputed from equatior3):

B B hh B B AR
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where®y; and'Q;; are theapproximatedialues oftruer; and’Q;; , respectively
derived from equations (3) and (4) for the tilie p. The initial valuef @y and Qs as
well asthe new loan¥2;; should be either known or assumkruthe latter caseSerwa (2013)
proposed to ussome artificial distributions ofn i t i a lin’the poafalinasd to perform
robustness analysis afterwards.
We considertwo distributions of new loans with respect to their maturity. The first
approach assumes that all new loaresequally distributedrhe second approach controls for
the situation whemew longterm loans are more frequent thaew shortterm loansand the
distribution of new loans is triangular
The initial distribution ofgood and bad loans in the portfolio is calibratedaniichthe
initial ratio of nonperforming loans. We calculate recursively kveg-termlevels of @ and
“Qq i for 0 approaching infinityassuminghe st sa dy e’ g r @ wholeportfadia, e o f t
the constandistribution of new loans with respect to maturity, éimelconstant rate of default
of loans In practice 500 recursive computationsogf; and“Q;;, from equations (3) and (4)
|l ead to stable *‘steady s iGadOadependantlyottise intifl t hes

values.



3. Default rates of housing loans in nine European economies

We consider nine European banking sectors for which we were able to obtain the time
series of nosperforming loan ratios, the growth rates of lqaas thevalues of maximum
avail abl e (nmtrity for all doank in ghe isamplg. We focus on the aggregate
portfolios of housing loans in each country, because these loans have long maturities and they
are more homogenous than other typdeans. The analyzed countries are the Czech Republic,
Greece, Hungary, Ireland, Latvia, Poland, Portugal, Romania, and $paisample begins in
2002 and ends in 2009 for the Czech Republic and it starts in 2004 and ends in 2010 for Hungary
(both samplesontain annual data). For other countries the data are quarterly and samples equal:
2005Q12011Q4 for Greece, 2009€2911Q3 for Ireland, 2007Q@3011Q4 for Latvia,
2004Q42011Q4 for Poland, 1998@2012Q2 for Portugal, 2008G&11Q4 for Romania, and
1999Q12012Q1 for Spain.

Figures 1 to 9 present fluctuations of the nonperforming loan ratios in time and the
intermediate changes in the business cycles of respective economies. For most of the countries,
one can observe rising unemployment and slowing incamgtly during the global financial
crisis of 20082009.In the calm periods wage growth is higher and the unemployment rate is
lower.However it is difficult to distinguish between crisis and Roiisis periods by obseing
nonperforming loan ratidsecaue they contaimombinednformation about credit growth rates
and credit default rate3hese two combined factors provide rather nomssages on credit
risk. For instance he pace of credit growtim many countriesvas still high at the beginning
of the resent global financialrisis while the economic fundamentals weheadyweakand
the credit risk was rising

In turn, the loandefault rates should possibly reawbre rapidlyto changing economic
conditionsthan did the NPL ratiosFigures10 to B present changes in default rategime
for each analyzed countryhese default rates have been calibrated using the model presented
in Section 2The default rates shown these figures are validr the two scenarigs.e.when
all new loans are equally distributed across remaining maturities (DR1) and when more new
loans have longelerm maturities (DR2). It can be seen that the differences between the two
estimates are relatively small and they do not affect the gel@a@lusiongother distributions
of new loans in the portfolio are also possible, but they do not change the results significantly)

There are strong differences in the vol ati
for different countries. Fosome countries, like Hungary, Latvia or Spain, the estimates are
relatively smooth. However, the series for Portugal and Poland are coarse. It is possible that the

latter default rates contain more economic information or they simply contain more random
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noise.lt is clear from the figures that the large increases of default rates are observed during
the global financial crisis of 2068009 (for Greece later as well) for all countries. For some
countries, like Spain, the crisis period is also the mostilmiatterms of changes in the default
rates. Surprisingly, default rates vanish to very small values in calm periods for some markets.
The rates of default are also rather small for most portfolios, therefore the calibrated indices
should be treated asgxies of credit risk rather than precise estimates of credit risk. Our new
measures are likely to provide a valuable information on changes of credit risk over the business
cycle rather than the information on the levels of risk.

We investigate how our magure of credit risk is correlated with macroeconomic factors.
Results are shown in Table 1. We find that default rates were often strongly correlated with
macroeconomic variables in the investigated samplesiever, the pattern of correlations is
not peffectly clear and strongly depends on the investigated courltitesestingly, the default
rates measured at timeweremore correlated with the unemployment rates in the upcoming
quarter(measured at time+-1) rather tharthose measured iime presenguarter(at timet) in
six out of nine cases. For the growth of wages, correlations were more neigativade more
sense) between present defaults and the future growth of wages in five out of nine cases.
Similarly, correlations were more negative betw@resent defaults and the future interest rates
in five out of nine cases. Wmuld expect a negative link between present default rates and
future interest rated central bank adjused the interest rate to worsening or improving
economic conditionproxied by default rates. ¥\conclude that there is no strong evidence that
default rates can predict macroeconomic variables well, but at least the contemporaneous

linkages of credit risk and macroeconomic factors are strong in many countries.

4. Conclusions

Deriving probabilities of default from raw indices of nonperforming loans is a difficult task
when only limited information is available. Depending on the country, the computed default
rates are volatile or smooth but they are always more irregulaotiginal nonrperforming
loan ratioslt may suggest that economic fluctuations and their effects on the loan quality are
volatile. Banks tend to smooth their economic performéace the nofperforming loan ratio)
by controlling their loan supplyobviously, there are several factdtat influence changes in
the nonperforming loan ratios independentlytbé changing rates of default. For example,
sellingsome parts adloan portfoliowill significantly affect the terpstructure of the aggregate
loan patfolios. Changing accounting regulations, and changing policies of banks with respect

to new loan supply and old ngrerforming loansvould also affect our resultdn practice,
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more information abouthe structure of the loan portfolio improves precisiohcalibratd
default rates.

Further analyses should compare our proxy of credit risk for a loan portfolio with the true
values of default rateis bank loan portfolios. Currently, this task is complicated by the fact
that only few banks publish estimatd#sPDs cyclically.

One direct extension of our results could be regrassmalyses of maceconomic factors
affecting credit risk in different countries. Possibly, the combined macroeconomic variables in
regression models may explain a large share dafitcrisk volatility. This may lead tonore

efficientmodelsusedto predict credit risk.
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Figure 1: The NPL ratio and macroeconomic data for the Czech Republic
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Figure 2: The NPL ratio antiacroeconomic data for Greece
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Figure 3: The NPL ratio and macroeconomic data for Ireland
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Figure 5: The NPL ratio and macroeconomic data for Latvia
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Figure 6: The NPL ratio anthacroeconomic data for Poland
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Figure 7: The NPL ratio and macroeconomic data for Portugal
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Figure 9: The NPL ratio and macroeconomic data for Spain
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Figure 10: Calibrated default raties the Czech Republic
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Figure 11: Calibrated default rates for Greece
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Figure 12: Calibrated default rates for Ireland
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Figure 13: Calibrated default rates for Hungary
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Figure 14: Calibrated default rates for Latvia
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Figure 15: Calibratedefault rates for Poland
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Figure 17: Calibrated default rates for Romania
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Table 1: Correlations of loan default rates with nonperforming loan ratios and macroeconomic

variables
NPL | NPL | unemploymen{ unemployment{ wage | wage | interest| interest
() | (t+1) rate rate growth | growth | rate rate
(®) (t+1) M | 1) | © | (1)
Czech Rep| 0,32 | 0,87 -0,40 0,40 -0,10 | 0,91 | 0,39 | -0,72
Greece 0,75 | 0,77 0,62 0,65 -0,40 | -0,62 | 0,10 | 0,04
Ireland 0,92 | 0,93 0,94 0,87 -0,07 | 0,45 | 0,79 | 0,91
Hungary 1,00 | 0,98 0,95 0,86 0,19 | 0,40 | 0,53 | -0,30
Latvia -0,42 | -0,26 -0,20 0,04 0,09 | 0,12 | 0,45 | 0,24
Poland 0,17 | 0,14 0,17 0,20 -0,30 | -0,18 | 0,00 | 0,08
Portugal 0,10 | 0,10 -0,07 -0,01 0,07 | 0,00 | 0,10 | 0,10
Romania | 0,03 | 0,20 -0,15 -0,16 0,16 | 0,01 | 0,10 | -0,02
Spain 0,33 | 0,41 -0,01 0,06 0,10 | 0,45 | 0,42 | 0,37

Note: Default rates are measured at time t wiiéeothervariables are measured at time t or
t+1 (as denoted in the first row).

17



