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Credit Dynamics and Non-performing Loans in the Czech
Republic: Bayesian Approach’

Monika SULGANOVA

Abstract

The paper deals with the relationship between igex\ credit and non-per-
forming loans (NPL) in the Czech Republic (CR)thie period 1994 — 2016 the
CR experienced both periods of rapid credit groald the transition to market
economy followed by a strong convergence procdss.aim of the paper is to
investigate the effects of credit growth on the Mlyhamics. The selected method
is Bayesian estimation with instrumental variablResults demonstrate positive
relationship between the credit growth and the NBiamics; however, esti-
mated posterior mean values are rather small anglynthat the credit growth
influenced the accumulation of credit risk and tvégination of the NPL in
a modest way. Moreover, the effects are strongathéCR compared to the
prior value (close to zero), which is calculatedsed on the information ob-
tained from the international empirical studies.

Keywords: Bayesian estimation, credit-to-GDP gap, credit gilmwnon-perfor-
ming loans

JEL Classification: G21, C20, E44

Introduction

Non-performing loans (NPL) represent an ex-padicitor of credit risk mate-
rialization. The global financial crisis of 2007 cathe subsequent economic
downturn increased volume of the NPL in some céesttin the Czech Republic
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(CR) there was a significant rise in the NPL obsedrparticularly in years 2009
and 2010, see Figure 2 depicting the annual groatés of NPL.

The rise in the NPL adversely affects credit psmn through lower profita-
bility, higher capital requirements and the incesh$unding costs of banks.
Hence, the persistently higher level of the NPLu$ supply of credit, and the
following deleveraging process constraints econognaavth. In the real econo-
my, demand for credit decreases with another adveffects on banks. The
spillover effects between real economy and thenfir@ (banking) system, in
other words the macro-financial feedback loop,cammonly studied by models
of vector autoregression (VAR) or vector error eotion (VEC); for the recent
studies see e.g. Konstantakis, Michaelides, andd(2016) or Kjosevski and
Petkovski (2016). However, this paper attempts rieneer the question how
credit growth influences problem loans, it does aiot to focus on the simulta-
neous effects of these variables.

A rapid credit growth (credit boom) increases tremtGDP ratio, and might
be associated with financial deepening and longeeonomic growthHowever,
an abnormal (excessive) credit growth would indicatmoral hazard problem
causing subsequent loan losses. Therefore, thesxeeredit growth is consider-
ed to be an important leading indicator of futurelgbems in the financial sector,
and stands in the centre of an interest of the opaadential analysis.

A rapid credit growth does not necessarily represacessive credit provi-
sion. This is particularly the case of convergingl aleveloping economies,
where strong economic growth is accompanied by heglding dynamics. In
the surveyed period 1994 — 2016, the Czech ecorexpgrienced both periods
of the rapid credit growth and its transition torket economy followed by
the strong convergence process. Therefore, theoftire paper is to investigate
the effects of the credit growth on the NPL dynasniit the CR in the period
1994 - 2016.

The empirical analysis is broken-down to the pisis period and the period
consisted of the crisis and the post-crisis tinfee Breakpoint is identified as the
beginning of the economic downturn in CR which tet@drat the end of 2008. It
was related to the decrease in demand in the gkdfmdomy in reaction to the
global financial crisis of 2007. This breakpointgmi represent an important
change with the potential effect on the relatiopdbetween provided credit and
problem loans. The novelty of this paper is twadfdirst, the paper uses the
Bayesian method of estimation with a priori infotima obtained from interna-
tional empirical studies; and second, the papecgdezs the global financial
crisis of 2007 as an altering event and dividesstimgeyed period into two sub-
periods (1994 — 2008Q3 and 2008Q4 — 2016).
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1. Literature Review

When answering the question how the credit gramftbences problem loans
and the quality of loan portfolios, economic thepays attention to the determi-
nants of market, which stimulate higher lendingaiwits. Keeton (1999) argues
that the credit growth driven by banks’ willingnasslend (i.e. the shift in the
market supply) is conducted through reduction mdieg rates and/or by easier
credit standards. The common causes of this betmavidiich might increase the
likelihood that borrowers will default on their lz&in future, are higher market
competition, euphoria in economic booms or myogmincern for the short-term
reputation. Conversely, the faster credit growtlkedr by demand and producti-
vity shifts might not lead to higher loan lossesha future. These changes in the
lending dynamics are not related to borrowers’ itnaatthiness, drive lending
rates upwards and tighten the credit standards.eideryin the case of produc-
tivity shifts, the bank can relax its credit star$awhen it is presumed that bor-
rowers will fully repay their debt due to the highgoductivity of investment.
Generally, both shifts in the lending dynamics,veni by either demand or
productivity determinants, might ensure greateutsty of loan applicants, re-
duce the occurrence of adverse selection, and hdecesase the probability of
future loan losses.

The rapid credit growth is commonly associatechwiite build-up of credit
risk during the economic boom, and its materialiratn the downturn. The
economic theory postulates that potentially NPLgiodte in an expansionary
phase of the business cycle when banks have ovienistfic expectations about
borrowers’ future ability to repay their debts, saré more likely to grant loans
to less creditworthy agents. A number of studies idantified a positive rela-
tionship between the credit growth and the nongrering loans ratio (NPLR),
see e.g. Salas and Saurina (2002), Jiménez anth&4R006), Espinoza and
Prasad (2010), FeétiKavkler and Repina (2011) or Castro (2013).

On the other hand, some studies show a negaiatoreship between credit
growth and NPLR (e.g. Guy and Lowe, 20CLrak, Pepur and Poposki, 2013;
or Beaton, Myrvoda and Thompson, 2016). Accordimg/ithessonthi (2016),
normal credit growth associated with standard bankiperations may reduce
NPLR. The author investigates the relationship 8ase the evidence from
Japan in the period 1993 — 2013. The identifiecetirarying relationship for
Japanese economy revealed that the credit growshpasitively related to the
problem loans prior to the onset of the crisis @2, and negatively afterwards.
Lowering of interest rates in order to stimulate #tonomic growth may repre-
sent the potential risk for banking systems, as #@n incentive for banks to rise
credit supply. However, the empirical evidence frdgampan, which represents an



544

economy facing prolonged deflationary pressuresletstores that the credit
growth does not necessarily lead to the highermekiof the NPL.

Several papers studied the relationship betweencthdit growth and the
problem loans in the CR. Babik and Jafar (2005), with the help of the VAR
model, investigated effects of macroeconomic shackshe assets’ quality in
the period 1995 — 2004. Among others, they focusheninteraction between
the NPLR and the credit growth, and results implweak feedback effect.
Frait, Gersl and Seidler (2011) researched theitcgeowth using the data for
a 30-year period (1980 — 2010). Authors concluds the CR experienced the
credit boom before the crisis; however, its featuaad quality were different
compared to the experiences of other convergingaoees. This was because
of prudent macroeconomic policies and tough mogetanditions (e.g. sus-
tained nominal currency appreciation, which didogdl wage dynamics and
constrained optimistic expectations about futu@grsl et al. (2012) analyse the
effect of monetary loosening (decrease of politggpon the banks’ risk-taking.
Authors conclude that monetary loosening motivatesks to grant riskier loans,
however, the lower interest rates decrease thatsaduring the life of loans.
Havranek, Horvath and Mgt (2012) with a help of the block-restricted VAR
also imply the existence of the risk-taking charofehonetary policy loosening,
and show that tighter monetary conditions are aagatwith credit contraction,
the more cautious behaviour of commercial banksthadlecrease in the NPL.
Konesny (2014) researches interactions between finaacidlreal sectors using
the threshold Bayesian VAR with block restrictiargoss the different interest
rate regimes. The author concludes that the logrést rate regime weakens the
incentives of agents to take on new loans becausecertainty and lack of con-
fidence. Further, the procyclicality of the NPLthis regime (mostly represented
by the crisis environment) is lower.

Generally, financial intermediation positively edts the economic growth
(e.g. Levine, Loayza and Beck, 2000, or Beck, Levaimd Loayza, 2000). Fi-
nancial distress, e.g. after the asset prices bulnist, causes economic down-
turn, which might be deeper and/or prolonged, whiie following recovery
tends to be weaker. On the contrary, the recovasgaated with higher lending
dynamics and a quick rise in property prices isallgwstronger. Therefore, the
interrelations of various phases of economic andntial cycles, and the degree
of financial markets development play an importate (Claessens, Kose and
Terrones, 2012). Gould, Melecky and Panterov (20déhtion the rising skep-
ticism regarding the economic benefits of financiaépening, and point out to
the fast transmission of the last global finanagtis throughout the global
economy. Arcand, Berkes and Panizza (2015) estitietethreshold level of
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financial depth (i.e. credit to private sector t®Rsratio reaches 80 — 100%)
which seems to start having negative effects oret@momic growth. Kasselaki
and Tagkalakis (2014) conclude that the high degfdaancial intermediation
and the rapid credit growth are likely to be batkaxiated with the deterioration
in asset quality.

The excessive credit growth could be defined dewaation from its equilib-
rium level, however, this equilibrium level is anabserved benchmark, and its
estimation is a challenging tagkccording to the guidelines of international and
European regulatory bodies, the excessive credivtyr could be identified as
a positive credit-to-GDP gap (i.e. positive deviatof credit-to-GDP ratio from
its long-run (HP filtered) trend, see BCBS (2010) &SRB (2014).

This methodology is employed e.g. by CottarelilIDAriccia and Vladkova-
-Hollar (2003) for the group of CESE countries. Hwer, as the authors point
out, this methodology might not be appropriatetfa transition countries, and
a positive deviation might capture financial deepgras well. The credit boom
naturally increases the credit-to-GDP ratio ant i robust cause of the eco-
nomic growth (Kraft and Jankov, 2005). Buncic andl&tky (2014) analyse 49
high and middle-income countries, and conclude timatcredit-to-GDP ratio is
not the appropriate measure of the equilibrium ll@fecredit, and the country
specificities of developing economies need to lxertainto account. For other
studies dealing with the equilibrium/excessive tredEuropean countries, see
e.g. Egert, Backé and Zumer (2006), Kiss, Nagy \4manak (2006) or Jakubik
and Moinescu (2015).

Gersl and Seidler (2011) or Frait, Ger3l and ®ei@2011) investigate the
credit boom in the CR, and conclude that in conwgrgconomies, where the
strong credit growth is coupled with a dynamic esroit growth, rapid lending
might not necessarily represent the excessive tcggdivth. The evidence of
convergence in the levels of credit across Europeantries is provided e.g. by
Bahadir and Valev (2017), while the process is tified as particularly strong
for a group of transition countries.

2. Data

The credit-to-GDP ratio and its deviation from the filtered long-run trend
for the CR in period 1993 — 2016 is captured irufédlL® The higher values of the
positive credit-to-GDP gap were evidenced in théopel993 — 1997. The positive
values were calculated from the year 2008 as \Meilvever, as was mentioned
above, the credit-to-GDP gap might not be the apjat® measure of the excessive
credit growth for transition and/or converging emmies. In the case of the CR,
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the long-run (HP filtered) trend of credit-to-GD&tio is influenced by the occur-
rence of the banking crisis in the late 90s. Thea3® experienced its transition to
market economy and a strong convergence procdbs surveyed period. There-
fore, the Czech National Bank (CNB) has employd@nal (additional) measures
to assess the position of Czech economy in thadiahcycle. These measures are
the expansionary credit gap and the financial cyaeator (CNB, 2017).

Figure 1
Credit-to-GDP Gap
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Source:Self-elaboration based on BIS data.

The quarterly data for the CR in the period 1993¢2016Q4 are obtained
for the purposes of estimation. The NPL repredamiex-post indicator of credit
risk materialization. The credit growth (CG) is madhted as an annual growth
rate of total client loans provided to residentd aon-residents by banks operat-
ing in the Czech banking sector. The real econgrogvth (REG) is calculated
as an annual growth rate in GDP in constant priC&3.deflates both the NPL
and total loans. The dataset is obtained from N8 @ith an exception of CPI.
For a more detailed description of data, see Tallldn Appendix. Figure 2

3 According to ESRB (2014), when calculating the stadized credit-to-GDP gap, the credit
represents a broad measure of the stock of crediitet non-financial sector (i.e. it includes loans
both from banking and non-banking sectors and ésitigations). However, due to the scarcity
of data for the CR, the credit is measured as tdiritdoans provided by the banking sector. As
pointed out by Hajek, Frait and PlaSil (2017), ttendardized credit-to-GDP gap is considered
when regulatory bodies are taking decisions orvéthee of countercyclical capital buffer (CCyB).
This macroprudential instrument is aimed at thekbvansector, thus, it is reasonable to monitor
stability of credit provided by the banking secsrwell.
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plots the real economic growth and the annual droate in the non-performing
and the total loans. As the selected variablestramsformed to the annual
growth rates, the dataset covers the period 19316.

Figure 2
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Figure 2 shows that the volatility of providedditas higher than the volatili-
ty in economic activity. There were four economisvhturns while the severest
one was caused by the global economic recessioithvdifected the Czech
economy at the end of 2008. The credit dynamicsheh two peaks in the peri-
ods 1997 — 1998 and 2007 — 2008 when the annuatiyrate in total loans was
higher than 25%. The highest decrease in the pedvittedit (approximately
—16%) was observed in 2002. This significant declingranted loans was asso-
ciated with the adverse effects of the bankings;righich hit the Czech banking
sector before the millennium. From 2008 — 2010crelveas a strong decrease in
provided credit related to the economic slowdowntHe last few years, the
credit growth has been relatively stable and hashed values roughly about
5%. Regarding the dynamics of the NPL, there wee periods of credit risk
materialization. These periods of the high positimaual growth rate in the volu-
me of the NPL are 1994 — 1995 and 2008 — 201(hdriitst period, a significant
amount of problems loans was in the form of quaans, which were granted
in the socialist period. The second period of thegemalization of credit risk
was caused by the strong economic downturn retatéke global financial cri-
sis of 2007. In contrast, in the period 2000 — 2@® annual growth rate in
the NPL was negative because the banks’ balanetssivere being “cleaned up”
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(i.e. a significant amount of problem loans wastten off from banks’ books
and transferred to the Czech Consolidation Ageh&gx. a more detailed descrip-
tion of macroeconomic and credit conditions in @, and the resolution of the
NPL, see e.g. MatouSek and Sergi (2005) or Fraitsand Seidler (2011).

Table 1 shows the correlation coefficients of pladrs of selected variables.
The selected period is broken-down into two sulbeplsrwith the breakpoint of
the fourth quarter of 2008. In the period 1994 1&@all correlations between
selected variables are statistically significantha&t 5% level. There are positive
correlations between the CG and the NPL (0.39)taadCG and the REG (0.19).
The correlation coefficient between the NPL and RE&G is negative with the
value of —0.29. In the pre-crisis period, both etations between the CG and the
NPL, and the CG and the REG are stronger andtgtalig significant. However,
the correlation coefficient between the NPL and &G is —0.01 and is not
statistically significant. In the period from thadceof 2008 up to now, there has
been one statistically significant correlation betw the NPL and the REG
(—0.59) which is stronger compared to the onetfervthole period.

Table 1
Correlation Matrix in Selected Period and Sub-Perials
1994 Q1 — 2016 Q4 1994 Q1 - 2008 Q3 2008 Q4 — 2D46
NPL | CG | REG NPL | CG | REG NPL | CG | REG
NPL 1 NPL 1 NPL 1
CcG 0.39 1 CcG 0.47 1 CcG -0.003| 1
(0.00) (0.00), (0.98
REG | -0.29| 0.19 1 |REG | -0.01| 0.29 1 |REG | -059| 0.04 1
(0.00)| (0.06) (0.96) (0.02) (0.00) (0.82)

Note NPL denotes annual growth rate in volume of nerfggming loans. CG is credit growth and REG id rea
economic growth. The numbers in brackets are peglu

Source Author’s calculations.

3. Methodology

The NPL show some persistence and are commonlelieddas a dynamic
process. Therefore, the dynamic form of model $pation is used, i.e. the
lagged value of the dependent variable is includeithe right-hand side of the

4 One needs to be aware of the structural changé®if€zech economy and its financial sys-
tem, which took place mainly at the beginning af gurveyed period. Therefore, the empirical
analysis was conducted also in the shorter pef@@2 2 2016 which was not influenced by turbu-
lent times of the transition to market economy,lthaking crisis, the changes in methodology, etc.
Estimated results are similar to those for thequefi994 — 2016 with the exception of the parame-
ter of the credit growth which is statistically nsignificant. We favor the usage of the whole
dataset that enables us to divide the period 1982116 into two sub-periods.
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model equation. This inclusion controls fimiertial and seasonal components,
which are not captured by other explanatory vaesbFurther, it helps to limit
serial correlation in the residual component (Gampb2000). The chosen dy-
namic model specification is defined in the equafib):

NPL =a NPl + 5,CG- 3, REG+¢, (1)

where the NPL is the annual growth rate in the mawf non-performing loans
and the NPL; is its lagged value. The CG and the REG denoterédit growth
and real economic growth, respectively. Paramgteasidf, capture the contem-
poraneous effects of the credit and real econonaetlp on the NPL dynamics,
respectively. The credit growth is included in #relysis because it may add to
the accumulation of the credit risk, particulaflytis excessive or if it is associat-
ed with the higher willingness of banks to graskier loans. The real economic
growth is considered as the important determin&prablem loans as it affects
the financial condition of agents and their abitiyrepay debts.

The NPLR was investigated as an indicator of agmee credit risk as well.
However, due to the different time lags with whitle changes in explanatory
variables influence the nominator and the denoraimaitthis ratio, the preferred
form of explained variable is an annual growth ratéhe volume of the NPL.
We favour this transformation of data as its intet@tion is more intuitive.

For the purposes of econometrical estimationjdlmsyncratic component of
the model equatiok: is perceived to be a residuum with a process ibestby
the following equation:

£ = HE L+ @)

where
U — autoregressive parameter,
«) —i.i.d. shock with the distributioW (0, o).

Due to a potential endogeneity of changes in tigdivision and economic
activity given the dynamics of NPL, the model isiraated with the help of in-
strumental variables, as defined in the equatipn (3

CG =0CG, +7, (3)

where
o — autoregressive parameter,
9: —i.i.d. shock with the distributio (0, ay).

The economic growth is instrumented in the suggkstay as well. The
Bayesian estimation method of instrumental vargb{see e.g. Lubik and
Schorfheide, 2007) enables us to take into accaumbtential endogeneity of
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economic and credit growths vis-a-vis the NPL. Mwez, this method uses
a priori information obtained from the publishedemational studies which
helps to improve the identification of estimatedgpaeters beyond the scope of
information gained from empirical data of econory. create a priori assump-
tions about the probability distribution of regressparameters 9 relevant em-
pirical studies with dynamic specification are ugsele Table A2 in Appendix).
These studies contain estimated parameters, apectege standard errors (s.e.)
or t-statistics of selected variables. The mediapublished parameters reflects
the centering of probability distribution. The aage value of s.e. is calculated
as the median of respective s.e. of parametergh&sts. This value captures
dispersion of probability distribution. The finalexage values of parameters and
standard errors represent a priori assumptionsrdggathe parameters of the
model equation (1) see the last two rows in Table 2

Table 2
A Priori Assumptions about Probability Distribution of Regression Parameters
Study NPLR CG wx EG x
EC S. €. EC s.e. EC s.e.
1| Salas and Saurina (2002) 0.52% 0.071 0.003 0.002-0.115 0.015
2 | Jiménez and Saurina (2006) 0.552 0.089 0.go4  10.00 -0.140 0.020
3 | Espinoza and Prasad (2010) 0.86pb 0.059 0.104 50.05-1.950 1.140
4 | Guy and Lowe (2011) 0.796 0.068 -0.022 0.018  -0.1500.020
5 | Castro (2013) 0.956 0.109 0.024 0.005  -0.026 (.01
6 | Curak et al. (2013) 0.103 0.050 -0.0011 0.005  -0.1700.077
7 | Alhassan et al. (2014) 0.298 0.091 0.004 0.002 .03a | 0.490
8 | Kasselaki and Tagkalakis (2014) 0.847 0.063 -0.0010.009 -0.132 0.073
9 | Beaton et al. (2016) 0.825 0.012 -0.002 0.001 <40.00 0.004
Median 0.838 0.002 -0.135
Standard error 0.063 0.008 0.066

Note If the study includes several models (estimadiotiee median of published parameters and the mexfia
respective standard errors are calculated forntiwidual study. The final values of the median atehdard
error (in bold) are calculated as the median ofliphbed parameters and standard errors from alctsle
studies. EC denotes estimated coefficient. The NRLRon-performing loans ratio, the CG is creditvgth
and the EG is economic growth.

Source Self-elaboration.

Table 2 shows that the majority of selected stdapture the medium or the
high persistence of the NPLR. On the contraryvthak persistence is estimated
in studies byCurak, Pepur and Poposki (2013), and Alhassan, Kyate
-Coleman and Andoch (2014). These studies covesithgar surveyed period,
the former one 2003 — 2010, and the latter one 20B310. The estimated coef-
ficients of effects of the credit growth are ratlsenall (close to zero), while
5 studies report positive values and 4 studiesucaptegative values, i.e. there is
no prevalence of either a positive nor negativati@hship between the credit
growth and the NPLR. In the case of economic growih differences among
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reported values are bigger; however, all selectiediess demonstrate a negative
relationship, which is in line with the theory. 8tes by Espinoza and Prasad
(2010), and Alhassan, Kyereboah-Coleman and And@6i4) in particular
imply the stronger effect of the economic growth tbe NPLR compared to
other analyses.

The type of distribution of parameters CG and RE®ormal. An a priori
assumption about the parameter of the lagged vafluexplained variable is
specified by the beta distribution. The model equaimodels the stationary
process and the respective parameter should remitivp values lower than 1.
Similarly, other autoregressive parameters fromatheliary equations (2) and
(3) have the beta distribution. The moderate sematelation of the residual
component is assumed. In the case of an a prisangstion about the standard
errors of shocks from the model and auxiliary eipuat the inverse gamma
distribution is selected (see e.g. Melecky, 2012).

The combination of the likelihood function of tkgamined model with de-
fined a priori assumptions about the probabilitgtrdloution of parameters de-
terminesposterior probability densityBased on the a priori distributi@ﬁé’),

where @ is the vector containing model parameters, theégpos density is pro-
portional to the multiplication of likelihood furion L(Q/Y) and a priori distri-

butionp(8) (West and Harrison, 1997):

p(e/Y) 0O LETY) /O) (4)

The posterior probability density of parametewrfrequations (1), (2) and (3)
is a function of parametefis and it is maximized by the Monte-Carlo (Markov
Chain Monte-Carlo, MCMC) optimization algorithm afumeric optimization
available in the software platforBynare which runs on the top of the software
Matlab.

4. Discussion of Empirical Results

Table 3 reports parameters’ priors (i.e. type,te@mg and dispersion of
probability density) and the results of basic Bégmsstimation in the selected
period and its sub-periods. Moreover, Figure 3 kicglly describes the prior
and posterior probability densities of selectedapaaters. The prior distribution
is marked with a grey colour and the posterior &itilack one. The dashed vertical
line shows the posterior mode, i.e. the most likellue of the posterior proba-
bility density. The scaling factor is set to théuea0.65, and leads to the ratio of
acceptance (of random samples within two chaingemged for the purposes of
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calculations), which ranges from 31% to 36% for edlimated periods. The
overall explanatory power of the model is satisiactas the model's estimates
accurately copy actual data. Convergence diagnostibe basic estimation for
the period 1994 — 2016 is plotted in Figure Al jppandix’

Table 3
A Priori Assumptions and Results of Basic Estimatin

Parameters Prior distribution Posterior mean Posterior 90% Bayesian
confidence interval
1994 Q1 - 2016 Q4
a_npl(1) B(0.84; 0.06) 0.88 [0.8332; 0.9328]
a_cg N(0.002; 0.10H 0.18 [0.0535; 0.3016]
a_reg N(0.14; 0.07) 0.17 [0.0653; 0.2820]
r_cg(l) B(0.60; 0.10) 0.85 [0.7995; 0.9013]
r_reg(1) B(0.60; 0.10) 0.84 [0.7786; 0.8911]
p_npl(1) B(0.20; 0.10) 0.29 [0.1545; 0.4245]
1994 Q1 — 2008 Q3
a_npl(1) B(0.84; 0.06) 0.88 [0.8210; 0.9323]
a_cg N(0.002; 0.10) 0.17 [0.0458; 0.3045]
a_reg N(0.14; 0.07) 0.15 [0.0385; 0.2602]
r_cg(1) B(0.60; 0.10) 0.84 [0.7765; 0.8978]
r_reg(1) B(0.60; 0.10) 0.81 [0.7485; 0.3667]
p_npl(1) B(0.20; 0.10) 0.23 [0.0961; 0.0179]
2008 Q4 — 2016 Q4
a_npl(1) B(0.84; 0.06) 0.89 [0.8263; 0.9449]
a_cg N(0.002; 0.10) 0.05 [-0.1150; 0.2196]
a_reg N(0.14; 0.07) 0.17 [0.0663; 0.2891]
r_cg(l) B(0.60; 0.10) 0.61 [0.5027; 0.7155]
r_reg(1) B(0.60; 0.10) 0.75 [0.6517; 0.8451]
p_npl(1) B(0.20; 0.10) 0.29 [0.1296; 0.4617]

Note: B(a; b) and N(a; b)ienote beta and normal distribution where ‘a’ dniddetermine location and scale
parameters, respectively. Results in shaded areasaistically non-significant at the 10% level.

Source:Author’s calculations in Matlab.

The results confirm the high persistence of NPbhadyics in all selected
periods. The parameter of the lagged value of #peddent variablea( npl(1)
reaches values 0.88 and 0.89 at the 10% levelatibtstal significance. In Fi-
gure 3 we can observe the shift of posterior distidon to the right (compared
to the prior distribution), i.e. the significantflinence of information gained
from empirical data for the CR. As noted in literrat, the NPL show persistence
because they are not immediately written-off froemks’ books (Salas and
Saurina, 2002, or Jimenéz and Saurina, 2006). &zpiend Prasad (2010) associate

5 The rest of graphical outputs of all estimatioasvailable upon request due to the limited
extent of the paper.
% The median of published coefficients of creditwgito and the median of respective standard

errors are close to zero (see Table 2). Therefor@revent that the prior will be too tight, the
dispersion of prior distribution is determined Ibgrslard error with the value of 0.1.



553

materialization of credit risk and loan losses wtik time lag in reaction to the
business cycle, what implicates the persistentraatation of the NPL.

The parametea_cgcaptures effects of the credit growth on the Nhain-
ics. The estimated parameters are similar for thelevperiod (0.18) and the pre-
crisis period (0.17). The interpretation is asdai: if the credit growth increas-
es by 1%, the annual growth in the volume of thé- MHI rise by 0.18% and
0.17%, respectively. These results imply the pasitielationship between the
credit growth and the NPL dynamics in the CR inaheve mentioned periods.
From the graphical representation of the distrdoutdf the parametest_cgin
Figure 3, we can observe a significant shift of plosterior distribution to the
right. It captures the stronger effect of the dregowth on the NPL dynamics
compared to the prior information obtained from sedected empirical studies
(i.e. compared to the prior value which is close¢oo). In the period after the
year 2008, the estimated parametecgis smaller (0.05); however, it is statisti-
cally non-significant at the 10% level.

The influence of the business cycle on credit ngkterialization and the ac-
cumulation of the NPL is captured by the valueshaf parametea_reg The
estimated parameters are robust throughout altteeleoeriods and reach values
-0.17 and -0.15 (in the pre-crisis sub-sampl&hese results emphasize the
negative relationship between real economic grosn problem loans as is
assumed by theory and commonly confirmed by enailiterature. Figure 3
depicts small adjustment of posterior distributtmmpared to the prior one. The
prior value (median) calculated based on the plbtisparameters in interna-
tional studies is —0.14, thus, the effect of theGRE& similar to the effect estimated
for the CR.

Autoregressive parameters of credit growtlkeg(1) and the real economic
growthr_reg(1) reach high values, i.e. these variables show paykistence as
well. In the case of credit growth, the estimatetugs are 0.85 in the whole
period and 0.84 in the pre-crisis sub-sample. Reperiod after the end of 2008,
the value of the parameter decreases and readbiesAll results suggest that
the dynamics of credit provision depends on itvipres values. In the times of
credit boom, banks are more prone to grant loamdidats with a weaker credit
history what might lead to higher loan losses mftliture. If these losses are not
adequately covered by loan loss provisions theyetiefpanks’ capital, and con-
strain banks’ ability and willingness to lend. hetcase of real economic growth,
the estimated posterior mean values of autoregeeggirameters are similar to

" The relationship between the NPL dynamics andaeahomic growth is a priori modeled as
the negative one (based on the negative prior valtained from the empirical studies); see the
Table 2 and the model equation (1).
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the results of the credit growth. The economic ghoalso shows high persis-
tence with a modest decrease in the crisis angdsécrisis period when the
estimated value of the parametereg(1) is 0.75. The high persistence of both
credit and economic growth could be observed imutfgig8 where the posterior
distributions of estimated autoregressive pararpetieift to the right compared to
the assumed prior distribution. The autoregregsarameter of idiosyncratic com-
ponent p_npl(1) of the model equation reaches stable valuesliasvi 0.29 in
the whole period and the period of 2008 — 2016,@&84d in the pre-crisis period.
These results implicate a modest serial correldtiomsiduals. All discussed re-
sults of autoregressive parameters are statistisigiificant at the 10% level.

Figure 3

Prior and Posterior Probability Densities — Basic Btimation in the Period
1994 — 2016

a_npl a_reg a cg
6
10 4 4
5 : 2 2
0 0 0
07 08 09 1 -0.2 -02 0 02 04 06
p_npl r_cg r_reg
10
4 10
2 5 5
0 0 0
0 02 04 06 0.4 0.6 0.8 1 0.4 0.6 0.8 1

Source:Author’s calculations in Matlab.

4.1. Analysis with Alternative Priors

The model specified in the equation (1) is estadatith the usage of alterna-
tive a priori assumptions. Concretely, the standemmdr of the parameters is
doubled and the dispersion of the prior distributi® increased. The aim of this
alternative approach to setting the priors is t@lesninformation obtained from
the empirical data of the CR to a greater extentther words, it increases the
uncertainty of a priori assumptions and lowerswiegght of this information in
estimation of posterior probability density.

Table 4 reports the estimated values of paramétieesposterior mean) and
the 90% Bayesian confidence interval.
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Table 4
A Priori Assumptions and Results of Alternative Esimation
Parameters Prior distribution Posterior mean Posteri'or 90% Bayesian
confidence interval

1994 Q1 - 2016 Q4

a_npl(1) B(0.84; 0.12) 0.88 [0.8106; 0.9400]

a_cg N(0.002; 0.20) 0.32 [0.1416; 0.4726]

a_reg N(0.14; 0.14) 0.23 [0.0349; 0.4145]

r_cg(l) B(0.60; 0.20) 0.90 [0.8506; 0.9632]

r_reg(1) B(0.60; 0.20) 0.89 [0.8295; 0.9503]

p_npl(1) B(0.20; 0.20) 0.31 [0.1256; 0.4859]
1994 Q1 - 2008 Q3

a npl(1) B(0.84; 0.12) 0.86 [0.7887; 0.9394]

a_cg N(0.002; 0.20) 0.31 [0.1407; 0.4877]

a_reg N(0.14; 0.14) 0.19 [-0.0207; 0.4223]

r_cg(l) B(0.60; 0.20) 0.91 [0.8429; 0.9757]

r_reg(l) B(0.60; 0.20) 0.87 [0.8021; 0.9458]

p_npl(1) B(0.20; 0.20) 0.24 [0.0000; 0.4133]
2008 Q4 — 2016 Q4

a_npl(1) B(0.84; 0.12) 0.91 [0.8337; 0.9953]

a cg N(0.002; 0.20) 0.21 [-0.1386; 0.5203]

a_reg N(0.14; 0.14) 0.23 [0.0373; 0.4339]

r_cg(1) B(0.60; 0.20) 0.62 [0.4941; 0.7544]

r_reg(l) B(0.60; 0.20) 0.84 [0.7341; 0.9533]

p_npl(1) B(0.20; 0.20) 0.33 [0.0002; 0.5385]

Note: B(a; b) and N(a; b)ienote beta and normal distribution where ‘a’ dniddetermine location and scale
parameters, respectively. Results in shaded areasaistically non-significant at the 10% level.

Source:Author’s calculations in Matlab.

When compared to the basic estimation, the estidnpbsterior mean values
for the parametes_npl(1)are almost identical in all periods. These restdis-
firm the high persistence of the NPL growth (ilee thigh dependence on its
previous values). Regarding the persistence ofcthdit growth and the real
economic growth, the posterior values of the agi@ssive parameterscg(l)
andr_reg(1) are slightly higher, and implicate a slightly hégtpersistence, es-
pecially in the pre-crisis period.

The results related to the effect of the crediwngh on the NPL dynamics are
different compared to those estimated in the basitmation. These results
prove the positive relationship between respectaéables; however, the esti-
mated parameters are higher. For the whole petfiedposterior mean value of
a_cgis 0.32, and for the pre-crisis period, it is 0.Bbth results are statistically
significant at the 10% level, and suggest the gieorffect of credit growth on
the NPL dynamics when using the alternative priistrithution (i.e. using the
information from empirical data to a greater exterithe similar behavior
(i.e. stronger effect) is estimated for the secautperiod (2008 — 2016); however,
parameter is statistically non-significant at tl@84dllevel.
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In the alternative estimation, the effects of thal economic growth on the
NPL dynamics are higher than the one from basimasibn. However, the in-
crease in the estimated parameteregis smaller than in the case of a parameter
of the credit growth. The posterior mean valuesaaréllows: 0.23 in the whole
period, 0.19 in the pre-crisis period and 0.23im period from the end of 2008.
Results are statistically significant at the 10%ele with the exception of the
pre-crisis period.

Conclusions

The paper evaluates the effects of the credit tiram the NPL dynamics in
the Czech Republic in the period 1994 — 2016. Testigate whether the global
financial crisis of 2007 represents the changéarélationship between provision
of credit and development of the NPL, the survesadple was broken-down into
the pre-crisis period and the period covering tisscand the post-crisis time.

Estimated parameters showed the positive reldtipnBetween the credit
growth and the NPL dynamics in the Czech Republie results were statisti-
cally significant in the whole period (1994 — 20E8)d in the pre-crisis period.
In the alternative estimation, with higher weighttbe information gained from
empirical data the effects of the credit growth the NPL dynamics were
stronger compared to the basic estimation. Predeagailts are in line with the
theoretical postulates of pro-cyclical credit psion, i.e. that credit risk is being
accumulated during the boom phase of the econowtle,cwhen the lending
dynamics is usually higher. The identified positredationship associates prob-
lem loans and potential loan losses to the credivth driven by banks’ will-
ingness to lend more and/or to the less creditwactients (i.e. the supply side
of the market played an important role in the syedeperiod).

However, estimated parameters of the credit gravate rather small and im-
ply that the credit growth in the CR influenced #uweumulation of credit risk and
the origination of the NPL in a modest way; desfie fact that the CR experi-
enced periods of the rapid credit growth (more tB&%) before the millennium
and before the financial crisis of 2007. Overadkults suggest that the observed
high lending dynamics was associated with the gtemonomic growth during the
convergence process, thus, did not represent ttessixe credit provision.

In the period from the end of 2008, both estimgtathmeters of the credit
growth (i.e. in basic and alternative estimatia#gahed smaller values and were
statistically non-significant at the 10% level. Titesults of correlation analysis
also suggest the change in relationship betweewrddit growth and the NPL
dynamics in the period covering crisis and postisttimes where the correlation
coefficient reached statistically non-significaatwe close to zero.
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Further, results suggest stronger effect of tleelicgrowth on the NPL dy-
namics in the CR compared to the prior informabbtained from the empirical
literature (mostly panel data studies) where theragye effect of the credit
growth on the NPLR was close to zero. This resldb &mphasizes the im-
portance of country-specific studies, above althiem case when the international
experience is mixed and economies face country{spéactors.

From the point of view of the policy, the concegésigned to identify equi-
librium and excessive credit growth as well as pbsition of economy in the
financial cycle need to be further developed anplieg for setting adequate
prudential measures ensuring financial stabilitgpeeially in converging and
developing economies.
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Appendix

Table Al
Data Overview

Variable Characteristic Source

CNB (ARAD and internal
data in 1993 — 2002)
CNB (ARAD and internal
data in 1993 — 1996)

Non-performing
loans (NPL)
Real economic
growth (REG)

Annual growth rate in total volume of NPL, CPI deéd

Annual growth rate in GDP, seasonally adj., in 2pfifes

Credit growth Annual growth rate in total client loans provided-ésidents
(CG) and non-residents, CPI deflated CNB (ARAD)
CPI Consumer price index (2005 = 100) CSO and CNB (internal

data in 1993 — 1995)
Note CNB, CSO denote Czech National Bank and Czedisttal Office, respectively.
Source Self-elaboration.

Table A2
Selected Studies and their Characteristics
Study Countries Period Frq.| Source
1 | Salas and Saurina (2002) Spain 1985 — 1997 A WQS
2 | Jiménez and Saurina (2006) Spain 1984 — 2002 A WQs
Bahrain, Kuwait, Oman, Qata,
3 | Espinoza and Prasad (2010) | Saudi Arabia, UAE 1995 — 2008 A |WP
4 | Guy and Lowe (2011) Barbados 1996Q1 —-2008] Q | REV
Greece, Ireland, Portugal,
5 | Castro (2013) Spain, Italy 1997Q1 — 2011Q WOS
6 | Curak et al. (2013) 10 South-eastern countries 20P310 A |SC
7 | Alhassan et al. (2014) Ghana 2005 - 2010 A |SC
8 | Kasselaki and Tagkalakis (201420 OECD countries 1997 — 2009 A SC
6 Eastern Caribbean Currency
99 | Beaton et al. (2016) Union countries 1996Q1 — 2015Q) D WP

Note: Two studies, which meet the required conditionstofly selection, are not included in the list op&yed

studies as they are published in the journals ifledss potential, possible, or probable predataryording to

the Beall's List. Moreover, one study publishessurally high value of standard error of estimation.
Source Self-elaboration.
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Figure Al
Convergence Diagnostics — Basic Estimation (1994016)
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Source:Author’s calculations in Dynare/Matlab.



