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Forecasting models for non-performing loans
in the EU countries
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Abstract

This paper estimates panel data models that use macroeconomic and macro-
financial variables to forecast the ratio of non-performing loans to total loans.
The panels consist of either all EU countries or various subgroups, and the
time sample is 1997Q4 to 2017Q1. The estimations show that macroeco-
nomic and macro-financial variables have important roles in forecasting non-
performing loans. The ratio of non-performing loans exhibits substantial
persistence and higher GDP growth, lower inflation and lower debt are robust
leading indicators of the ratio of lower non-performing loans. The current
account balance and real house prices are important indicators for Western
Europe but are less important for Central and Eastern Europe.
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Non-technical summary

This paper estimates panel data models that use macroeconomic and macro-
financial variables to forecast the ratio of non-performing loans. The forecast
horizon in the baseline models is eight quarters, so the lagged dependent
variable and the independent variables are included with lags of eight quar-
ters. The analyses consider the sample of essentially all the EU countries, a
sample consisting of the Western European EU countries and a sample con-
sisting of the Central and Eastern European EU countries.

The estimations show that the ratio of non-performing loans exhibits sub-
stantial persistence, implying that the current ratio is important for fore-
casting the ratio eight quarters ahead. However, several of the macroeco-
nomic and macro-financial variables also provide important information on
the future dynamics of the ratio of non-performing loans. Higher GDP
growth, lower inflation and lower debt are robust leading predictors of a
lower ratio of non-performing loans in the future. The current account
balance and real house prices are important predictors for Western Europe
but arguably less so for Central and Eastern Europe. The effect of the un-
employment rate differs across the two country groups, possibly reflecting
different properties in the business cycles in the two regions.

The analyses show that the specific choice of loan exposure may be of
little importance. The forecasting models that used total private loans, house-
hold loans and mortgage loans were qualitatively very similar.

The importance of the forecasting horizon is considered in some detail.
The existing ratio of non-performing loans becomes less and less important
as the forecasting horizon gets longer. The horizon is generally of relatively
little importance for the macroeconomic variables, but it is of greater impor-
tance for the macro-financial variables, especially total loans. There are some
differences between the Western European countries and the Central and
Eastern European countries, which in all likelihood are a reflection of the
different economic structures and dynamics in the two regions.

The results are robust to numerous changes in the specification and the
sample. It is notable however that the removal of total private loans from the
specification has a noticeable impact on the estimated coefficients of other
macro-financial variables. This shows the key importance of the stock of total
loans, or alternative measures of loan exposure, for the future dynamics of
non-performing loans.

The analyses confirm the usefulness of key macroeconomic and macro-
financial fundamentals in forecasting non-performing loans in panels of EU
countries. The findings may thus be useful for surveillance of the banking
sector and for assessments of possible threats to financial stability. The analy-
sis reveals however that the forecasting models include more variables and
are more robust for the group of Western European countries than they are
for the group of Central and Eastern European countries.
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1. Introduction

A high or increasing ratio of non-performing loans in the banking sector may
threaten financial stability, impede the intermediation of funds from savers to
borrowers, and possibly lower investments with implications for long-term
growth. This makes it important to identify the drivers of non-performing
loans and how the drivers affect non-performing loans in the future.

This paper estimates panel data models for forecasting the ratio of non-
performing loans in the EU countries using macroeconomic and macro-
financial variables. One particular focus is on possible differences between
the EU countries in Western Europe and those in Central and Eastern Europe.
The importance of the length of the forecasting horizon is also considered in
some detail. The results of the analysis are of importance both in academic
terms and for policy-making.

We find that macroeconomic and macro-financial variables have impor-
tant roles in predicting future developments in non-performing loans. The
ratio of non-performing loans exhibits substantial persistence, implying that
the current ratio is important for forecasting the ratio eight quarters ahead.
Higher GDP growth, lower inflation and lower debt to GDP are robust
predictors of a lower ratio of non-performing loans across all country groups.
The current account balance and real house prices are important predictors
for the group of Western European countries, but play less pronounced roles
in Central and Eastern Europe. The unemployment rate has different signs in
predicting non-performing loans for the two country groups, maybe because
of different timings and volatility of the cycles. The importance of the fore-
casting horizon varies across the country groups and the indicators con-
sidered; some variables are important for short horizons while others are im-
portance for longer horizons.

Financial stability has been at the forefront of economic analysis and
policymaking since the global financial crisis and the ensuring recession.
National and international authorities have done much work to monitor de-
velopments at the microeconomic and macroeconomic levels to detect signs
of imbalances and problems surfacing. They have in their toolboxes various
regulatory and direct measures that they may use to strengthen the resilience
of the financial sector and to avert future instability.

Many measures designed to ensure financial stability operate with long
lags and so they need apposite forecasting of developments in financial mar-
kets. Countercyclical capital buffers for instance need time for statistics to be
collected, for the decision-making process to be followed, and for the banks
to be given enough notice to change their operations, this all totalling perhaps
eight quarters or more.

A number of models have been created for use in forecasting future
developments in financial markets (Demirgii¢c-Kunt and Detragiache 2005).
Multivariate models are typically preferred for forecasting a continuous
variable, and they may comprise either one equation or a system of equations,
like in VAR and VECM models. There are both microeconomic and macro-



economic models and both types may consider one or more countries. A
tangential literature deals with early warning models that use one or more
variables to forecast a discrete event, such as a financial crisis properly
defined.

The literature on non-performing loans is limited and largely consists of
studies produced after the global financial crisis. This paper contributes to the
literature on financial stability by estimating forecasting models for non-
performing loans. The existing literature typically focuses on explaining the
dynamics of non-performing loans, not on forecasting future developments,
with the main difference lying in the lag structures used in the different
models.

Rinaldi and Sanchis-Arellano (2006) use aggregate or country-level data
to estimate panel VECM models on seven euro area members to study the
dynamics of non-performing loans in the household sector. They conclude
that lower indebtedness and higher house prices are associated with a lower
ratio of non-performing loans. Nkusu (2011) uses yearly data for a small
panel of advanced countries in a VAR model with only a few variables and
finds that higher GDP growth, lower unemployment and higher house prices
are associated with a lower ratio of non-performing loans in the short term.
Skarica (2014) uses a very short panel from 2007Q3 to 2012Q3 for Central
and Eastern European countries, but nevertheless finds that GDP growth,
unemployment and inflation have short-term effects on non-performing
loans.

There is some evidence for heterogeneity in the relationship between the
non-performing loans and macroeconomic aggregates the across countries.
Beck et al. (2015) use a comprehensive dataset with annual data for 75
countries over the decade 2000-2010 and seek to uncover some key determi-
nants of non-performing loans. The paper considers contemporaneous and
one-year lagged effects and finds that GDP, share prices, the nominal effec-
tive exchange rate and the lending interest rate have explanatory power.

Klein (2013) estimates the dynamics of non-performing loans in a panel of
Central, Eastern and Southern European countries and finds that banking-
sector factors are much less important than the overall macroeconomic condi-
tions both contemporaneously and with a lead time of up to two years. Marki
et al. (2014) consider the aggregate ratio of non-performing loans in a panel
of 14 EU countries in the pre-crisis years 2000-2008. The number of
observations is very small but even so they find that bank-specific variables
are important alongside macroeconomic variables, either contemporaneously
or lagged by one year.

Some papers use bank-level data. One example is Anastasiou et al. (2016),
who use bank data for the EU countries and a limited set of macroeconomic
variables not including house prices. They estimate VECM models and con-
sider generalised impulse responses for 10 quarters after a shock in the
macroeconomic variables. They find that higher economic growth and higher
credit growth lead to lower levels of non-performing loans in the short term.
However, none of the variables used in the analysis have any relationship
with the ratio of non-performing loans in the longer term, as most of the



effects die out within one and a half years. There appear to be some differ-
ences between the dynamics of banks in the core of the euro area and those of
banks in the periphery.

Messai and Jouini (2013) study the determinants of non-performing loans
in 85 banks in Italy, Spain and Greece. They find that GDP growth, un-
employment and the real interest rate are important determinants but so are
bank-specific variables such as the profitability of banks and their loan loss
reserves. Kjosevski and Petkovski (2016) study the role of bank-specific
factors and macroeconomic variables for non-performing loans in a panel of
Baltic banks. Their paper finds that macroeconomic variables such as GDP
growth, inflation and the private credit stock are important, but so are a
number of bank-specific variables.

With its focus on forecasting non-performing loans, this paper comple-
ments the growing literature on early warning models for banking distress
and financial crises.' It is notable that this literature largely ignores the role of
non-performing loans; see for example Hollo et al. (2012) or Vermeulen et al.
(2015). There are several papers though that use non-performing loans as an
early warning indicator for financial distress; see for example Messai and
Gallali (2015).

This paper contributes to the literature on financial stability by estimating
forecasting models using panel data that seek to identify macroeconomic and
macro-financial factors that may be used for forecasting non-performing
loans several years into the future. We use country-level data as it is the
effects of macroeconomic developments on non-performing loans in the
economy overall that are being analysed. The advantage of using data on
non-performing loans at the country-level rather than at the bank level is that
the ratio expresses the non-performing loans for the entire economy, as it
aggregates the non-performing loans by banks and divides them by the
aggregate loans of the country.

The models include macroeconomic and macro-financial variables but do
not include variables that capture the exposure or performance of the banking
sector. This choice is made because including banking sector variables would
lead to a lot of observations being lost, especially for the Central and Eastern
European EU countries, and also because the literature generally finds that
banking sector variables have very little forecasting power in models using
aggregate data for the entire economy (Klein 2013; Ghosh 2015).

The focus on EU countries is pertinent because the banking sector is a
particularly important intermediator of funds between borrowers and savers
in the EU. Besides the estimations for a sample consisting of all the EU
countries, we also run estimations to find possible differences in the
forecasting model for non-performing loans in Western Europe and in
Central and Eastern Europe; in this way this paper extends the discussion of
possible sources of heterogeneity in the European Union.

! See for example Alessi and Detken (2011), Betz et al. (2013), Babecky et al. (2012),
Behn et al. (2013), Bussiere and Fratzcher (2006), and Demirgiic-Kunt and Detragiache
(1998).



The baseline estimation results are for a forecasting horizon of eight
quarters, meaning that the explanatory variables are lagged by eight quarters.
The long forecasting horizon is chosen to take account of the fact that the
authorities need sufficient time to react to changes in the macroeconomic
environment and introduce measures to improve financial sector stability.
The results with different forecasting horizons from four to 12 quarters are
also considered.

The main contribution of this paper is the estimation of models explicitly
meant for forecasting non-performing loans several years ahead. Unlikely
early warning models where the dependent variable is typically discretionary,
the non-performing loans variable is a continuous variable and no informa-
tion is therefore thrown away. The paper is to the best of our knowledge the
first express forecasting model for non-performing loans.

The paper also contributes to the literature in other ways. First, we con-
struct relatively long quarterly time series of non-performing loans for all the
EU countries by splicing existing series. Second, we use a large number of
macroeconomic macro-financial variables in the analysis, including the
current account balance, which is seldom used in studies of financial stability
and non-performing loans. Third, we consider the projection results for the
full panel of EU members, but we also investigate how far Western Europe
and Central and Eastern Europe are different. Finally, we investigate in detail
the importance of the forecasting horizon, which may matter when super-
visory and regulatory measures are constructed.

The rest of the paper is structured as follows. Section 2 discusses the
methodology and data used. Section 3 presents the results of the baseline esti-
mations. Section 4 considers the importance of different forecasting horizons
for the results. Section 5 presents some robustness checks. Finally, Section 6
concludes.

2. Methodology and data

2.1. Forecasting model

The paper uses macroeconomic panel data for the EU countries to estimate
projection or forecasting models with potentially long forecasting horizons.
The forecasting model regresses the percentage share of non-performing
loans to total loans, NPL, on its lagged value, on the lagged macroeconomic
and macro-financial variables, and on the country fixed effects. The fixed
effects control for time-invariant and country-specific differences in the mean
of the NPL. The baseline specification is given in eq. (1), where i indicates
the country, ¢ is the quarter and 4 is the projection or forecasting horizon,
which is the number of quarters of the projection:

NPL,, =p, +aNPL,,_, + [?)XLH1 +€,, (D

where the term NPL,, is the ratio of non-performing loans to total loans at
time ¢ in country i, a is the autoregressive coefficient, pu, depicts the country



fixed effect, X,,, is a vector of macroeconomic and macro-financial vari-
ables at time 7 — &, B is the vector of coefficients to be estimated, and ¢, is the
error term.

The model specification is inspired by several papers in the literature
which estimate panel models with cross-sectional fixed effects. Klein (2013)
uses a fixed effects model to estimate the dynamics of NPL in a panel of
Central, Eastern and Southern European countries. The setup is also moti-
vated by the early warning literature that seeks to forecast financial crises
years before they happen. The long forecasting horizon mitigates possible
problems of reverse causality as the dynamics of NPL two or three years
ahead are unlikely to affect the contemporaneous values of macroeconomic
and macro-financial variables. The approach does nevertheless identify the
causal effect of the variables on NPL; the interpretation is instead similar to
the local projection in Jorda (2005) where the impulse response functions are
estimated using separate models for each horizon.

Our use of country-level data for the non-performing loans stands in
contrast to the use of NPL data for individual banks. Aggregating the loan
portfolios before calculating the ratio means we get the average effect of
macroeconomic factors on non-performing loans in the country, not the
average effect on individual banks.

The right-hand variables are macroeconomic and macro-financial vari-
ables which have been found to be important in the literature (see Subsection
2.2). The macroeconomic variables comprise GDP growth, the unemploy-
ment rate and inflation. The macro-financial variables are total private loans,
the current account balance and real house prices. In some estimations we
replace total private loans with private housing loans or household loans to
test whether the specification of the debt measure matters.

The quarterly data run from 1997Q4 to 2017Q1 but the panel is un-
balanced as some observations are missing at the beginning or the end of the
sample. The baseline models assume a forecasting horizon of eight quarters,
so all the macroeconomic and macro-financial variables are lagged by eight
quarters. We estimate the model using least squares with country fixed
effects. Besides the baseline specification, we also carry out analyses with
different specifications of the forecasting model to ascertain how important
the forecasting horizon is.

Our panel consists of all the EU countries except Luxembourg and the
United Kingdom, in total 26 countries.” Analyses are carried out on the full
EU sample and often also on two different groupings of EU countries. The
group labelled WEST consists of 15 EU members from Western European,
including Cyprus and Malta but excluding Luxembourg and the United
Kingdom. The group labelled CEE is the 11 countries from Central and
Eastern Europe which joined the EU in 2004, 2007 or 2013. 3 We believe that

? Luxembourg is excluded because of its status as a financial centre. The United
Kingdom is excluded because it is a financial centre and because data on total private non-
financial loans are not available in the ECB database.

? The group WEST is made up of Austria, Belgium, Cyprus, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Malta, Netherlands, Portugal, Spain and Sweden. The group



it is of interest to consider not only the whole EU but also the two groups
separately as they may have different economic institutions, different finan-
cial sectors and different business cycles (Epstein and Jacoby 2014). The
issue is whether these differences cause the forecasting properties of various
macroeconomic variables to differ across the country groups.

2.2. Data

The data come from various data sources; Table Al in Appendix A lists the
variables and the data sources. Non-performing loans, NPL, are measured as
a percentage share of total loans. The quarterly data from the ECB start in
2003Q1 for many countries, though later for some. We augment the quarterly
data with yearly data from the World Bank with the first observation of the
non-performing loans at the end of 1997. We use these data wherever they
are available and interpolate the missing quarters with cubic splines.

As the baseline models are for forecasts eight quarters ahead, the inter-
polated data are used for a relatively short period in most cases. Using splines
introduces autocorrelation in the short-run dynamics, but here we use the data
only for longer term forecasts, and this limits the problem to a minimum.

The final interpolated data on non-performing loans in per cent of total
loans, NPL, are shown in Figure 1. It is notable that NPL and its dynamics
vary substantially across countries. NPL is generally higher and its variability
larger for the CEE countries than for the West European countries, but there
are exceptions such as the dramatic increases in NPL in Greece, Cyprus or
Ireland after the crises they experienced following the global financial crisis.

The rate of GDP growth depicts the dynamics of household and corporate
income, which may be used to service debt obligations. Strong growth
generates income and lowers the loan to income ratio for the economy condi-
tional on the dynamics of loans and real estate. There could potentially also
be a negative relationship if strong GDP growth is a signal of an economic
boom which is unsustainable and lead to financial disruptions in the future.”

Unemployment is another measure of the cyclical stance of the economy.
Unemployment leads to lower incomes and more uncertainty at the house-
hold level and especially in households where more one than member has lost
their job.5

CEE is made up of Bulgaria, Croatia, the Czech Republic, Estonia, Hungary, Latvia,
Lithuania, Poland, Romania, Slovakia and Slovenia.

* The GDP growth rate has been used in almost every paper estimating non-performing
loans, including Anastasiou et al. (2016), Beck et al. (2015), Kjosevski and Petkovski (2016),
Klein (2013), Louzis et al. (2012), Makri et al. (2014), Messai and Jouni (2013), Nkusu
(2011), and Skarica (2014).

> The variable has also been used by Anastasiou et al. (2016), Kjosevski and Petkovski
(2016), Klein (2013), Louzis et al. (2012), Makri et al. (2014), Messai and Jouni (2013), and
Nkusu (2011).
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Figure 1: NPL, non-performing loans in per cent of total loans

The final macroeconomic variable is the inflation rate, the year-on-year
change in the consumer price index.’ Higher inflation can measure potential
booms in consumption and investment that could cause NPL to rise in future,
though it also reduces the real value of debt already accumulated, making
debt repayments cheaper.

The macro-financial variable includes total private loans in per cent of
GDP. We also show the results when total private loans and mortgages are
included in the estimations, though total private loans is the variable with the
widest coverage in the sample countries.’

® The variable has been used in many papers considering NPL developments, including
Anastasiou et al. (2016), Kjosevski and Petkovski (2016), Klein (2013), and Makri et al
(2014).

7 Credit variables have been used in many studies including Anastasiou et al. (2016),
Klein (2013), Makri et al. (2014) and Messai and Jouni (2013), Rinaldi and Sanchis-Arellano
(2006), and Skarica (2014).
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House prices may be useful for predicting the future dynamics of NPL.
Higher house price growth might reflect a boom and signal future problems,
and low house prices may or may not incentivise households to pay loans
back in time.”

The current account balance is a measure or proxy of international finan-
cial flows. A current account deficit means that a country receives capital
inflows, while a surplus shows it is a source of outflows. The capital flows
may or may not be reflected in the dynamics of lending from the domestic
banking sector (Cuestas and Staehr, forthcoming).’

3. Baseline results

This section presents the baseline results of the forecasting model with a
forecasting horizon of eight quarters for the three different country samples,
the full EU, the WEST and the CEE. The models contain the lagged depen-
dent variable, macroeconomic and macro-financial variables, and country
fixed effects. Table 1 shows the estimation results of the baseline model for
the three country groups, where the debt variable is total private loans in per
cent of GDP.

Table 1: Estimation of the baseline forecasting model

(1.1) (1.2) 1.3)
EU WEST CEE
0.670%** 0.734%%% 0.485%%#%*
NPL (-8) (0.031) (0.036) (0.051)
—(.297 3k —().259%%* —0.211%%**
U I ¢ (8 0.252%#%* 0.417%%* —0.381%%**
nemployment (-8) (0.045) (0.055) (0.073)
. 0.585%%%* 0.534%#%%* 0.539%#%%*
Inflation (-8) (0.054) (0.082) (0.072)
‘ 0.050%* 0.037%%* 0.140%**
Total private loans (-8) (0.004) (0.004) (0.014)
. -0.752 —3.4]13%%* -1.210
Real house prices (—8) (0.701) (0.886) (1.011)
—0.175%# —0.245% %% 0.010
Current account (-8) (0.033) (0.044) (0.051)
R 0.655 0.757 0.663
Countries 26 15 1
Observations 1287 848 439

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses,
% p <0.01, ** p <0.05, *p<0.1.

8 The variable has also been used by Nkusu (2011) and Rinaldi and Sanchis-Arellano
(20006).

 We have not uncovered any other studies using the current account balance to forecast
non-performing loans.
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The coefficient of the lagged dependent variable is positive and a bit
below 0.7 for the full sample, suggesting substantial persistence. Nonethe-
less, many of the independent variables are also leading variables that help
forecast the ratio of non-performing loans eight quarters ahead.

Among the business cycle factors, annual GDP growth being 1 percentage
point higher is followed by NPL being 0.3 percentage point lower eight
quarters ahead. This result is in line with the shorter-term relationships found
in other studies.'® An increase in unemployment of 1 percentage point is re-
lated to a climb of 0.3 percentage point in NPL eight quarters ahead. The sign
is as expected and the magnitude of the coefficient is reasonable. Some of the
unemployed may have savings that let them keep servicing their debts, while
some can rely on relatives and friends, and some may be able to renegotiate
their debt or get payments suspended for a period of time."' The coefficient
of the inflation rate is positive and very precisely estimated. An increase of 1
percentage point in the inflation rate is associated with an increase of 0.6
percentage point in non-performing loans eight quarters ahead, which is
arguably a sizeable effect.'

The results for the macro-financial variables are somewhat varied. The
debt-to-GDP ratio is an important leading variable of NPL, as total private
debt-to-GDP being 1 percentage point higher is related to NPL being
0.1 percentage point higher."” This tells us that high debt levels can cause
repayment problems at a later time. The current account balance also seems
to be an important predictor of NPL for the full EU sample. An improvement
of 1 percentage point in the current account balance is associated with a
decrease in NPL of 0.2 percentage point eight quarters ahead. This may arise
because countries that face large capital inflows have difficulties using these
additional resources prudently. Finally, house prices are negatively related to
NPL but the coefficient is not statistically significant.14

It is informative to compare the results for the Western European group of
countries and those for the CEE group. The results for WEST in Column
(1.2) are very similar to those for the fully pooled EU sample with the
exception of real house prices, which appear to be particularly important in
the WEST in both economic and statistical terms. The differences are larger
for the CEE countries, as shown in Column (1.3). Surprisingly, the sign of

' A negative short-term negative relationship is found in Anastasiou et al. (2016),
Kjosevski and Petkovski (2016), Louzis et al. (2012), Makri et al. (2014), Messai and Jouni
(2013), Nkusu (2011), and Skarica (2014). Beck et al. (2015) find a contemporaneous
negative relationship but a positive relationship when GDP growth is included with a one-
year lag.

" A positive sign for short forecasting horizons has previously been found by Anastasiou
et al. (2016), Kjosevski and Petkovski (2016), Klein (2013), Louzis et al. (2012), Makri et al.
(2014), Messai and Jouni (2013), and Nkusu (2011).

'2 The sign cannot be due to the denominator of NPL increasing when the inflation rate
increases as this denominator effect would have resulted in a negative effect.

3" A positive sign for the level has also been found by Klein (2013) and Makri et al.
(2014).

' A negative sign is found between the change of house prices and NPL in the short term
by Nkusu (2011) and Rinaldi and Sanchis-Arellano (2006).

12



the coefficient of the unemployment rate is negative for the CEE, suggesting
it perhaps reflects different features of the business cycles in Western Europe
and in Central and Eastern Europe. The estimated coefficient of private loans
is somewhat larger for the CEE than for the full EU sample and the WEST.
Moreover, the coefficients of real house prices and the current account
balance are not statistically significant. This may be because both house
prices and the current account balance are very volatile in many of the CEE
countries (see also Section 5).

The estimations presented in Table 1 used a broad measure of debt, taking
total loans in per cent of GDP. This variable is clearly important for fore-
casting NPL but this raises the question of how other debt measures would
perform. We consider household loans and mortgage loans and include them
in separate estimations, given the substantial correlation between the different
debt measures.

Table 2 shows the results when household loans in per cent of GDP are
used instead of total loans. The main change is that the coefficient of mort-
gage loans is approximately three times as large as that of total loans in Table
1. Including household loans changes little in qualitative terms. The only
other consequence of using household loans as a measure of debt is that there
are moderate changes in the estimated coefficients of the unemployment rate.

Table 2: Estimation of the baseline forecasting model, household loans

Q2.1 (2.2) 23)
EU WEST CEE
0.684 %% 0.743%#%* 0.618*%**
NPL (-8) (0.030) (0.035) (0.049)
—0.24(% —0.204% %% —0.2907%**
GDP growth (-8) (0.026) (0.040) (0.035)
U I ‘(-8 0.156%%* 0.2747%** —0.397%#%*
nemployment (-8) (0.046) (0.057) (0.076)
. 0.546%** 0.493%** 0.544%3%*
Inflation (-8) (0.052) (0.080) (0.076)
0.141%** 0.118%** 0.1571%#%*
Household loans (—8) (0.010) 0.011) (0.023)
. -0.909 —3.866%** L.151
Real house prices (—8) (0.682) (0.882) (0.023)
—().]188:%k* —0.216%** 0.010
Current account (—8) (0.032) (0.044) (0.054)
' 0.670 0.768 0.618
Countries 26 15 1
Observations 1289 838 451

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses,
% p <0.01, ** p<0.05, *p<0.1.
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Table 3 shows the results when mortgage loans in per cent of GDP are
used instead of total loans. The results are qualitatively very close to those
from the other debt measures. The coefficient of mortgage loans is positive,
statistically significant and of broadly the same size for the three country
groups considered. The coefficients of real house prices and the current
account attain statistical significance in this specification, but only at the
10 per cent level and with a somewhat smaller sample than in the specifi-
cations with total debt and household debt.

The baseline estimations in this section give several notable results. The
first is that there is substantial persistence of non-performing loans in all
three country groups, suggesting that it is important to take the current ratio
of non-performing loans into account when forecasting the future ratio.
Second, the results for several variables are consistent across the groups of
countries. This applies to GDP growth and inflation among the macroeco-
nomic variables and the debt stock among the macro-financial variables. The
exact definition of the debt variable does not appear to be very important for
its forecasting properties. Third, real house prices and the current account
appear to be important for the Western European sample, but not so for the
Central and Eastern European sample. Finally, the unemployment rate enters
with different signs for the two country groups, arguably reflecting the
different dynamics of the unemployment series in the two groups.

Table 3: Estimation of the baseline forecasting model, mortgage loans

3.1 (3.2) (3.3)
EU WEST CEE
0.683#%%* 0.757#%* 0.609%%**
NPL (-8) (0.032) (0.036) (0.057)
—0.309%** —0.253%%%* —0.312%#%
GDP growth (-8) (0.029) (0.040) (0.041)
0.217%** 0.3427%** —0.370%**
Unemployment (-8) (0.049) (0.059) (0.090)
. 0.513%%%* 0.513%** 0.586%%*
Inflation (-8) (0.059) (0.083) (0.091)
0.130%* 0.107%%* 0.172%#%*
Mortgage loans (—8) (0.013) (0.013) (0.043)
. -0.187 —3.552 % 2.419%
Real house prices (-8) (0.779) (0.916) (1.246)
—(). 142 —(.258%#* 0.106*
Current account (—8) (0.036) (0.045) (0.064)
' 0.643 0.755 0.546
Countries 26 15 1
Observations 1235 838 397

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses,
% p <0.01, ** p<0.05, *p<0.1.
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4. Forecasting horizon

The results so far have been for a forecasting horizon of eight quarters, as this
horizon is highly relevant for policy making. It is helpful however to consider
the results for other forecasting horizons, so we have run the baseline estima-
tion in Table 1 for forecasting horizons from four quarters up to 12 quarters.
This exercise may provide useful information for policy making that needs
forecasts at various horizons, and it may also give some indications of the
robustness of the baseline results.

Figure 2 presents the results for the forecast horizons from four to
12 quarters for the full EU sample. The forecast horizon is on the horizontal
axis, and the coefficient estimates and the confidence interval computed as
* two standard deviations are on the vertical axis. Unsurprisingly, the coef-
ficient of the lagged dependent variable decreases in the forecasting horizon,
and it is around 0.9 when the horizon is four quarters and 0.4 when it is
12 quarters. The coefficients of the macroeconomic variables — GDP growth,
unemployment and inflation — remain very stable irrespective of the fore-
casting horizon. Among the macro-financial variables, total loans and the
current account balance appear to increase in importance with the forecasting
horizon, suggesting that these variables are particularly useful for longer-term
forecasts. The coefficient of the housing price variable does not attain
statistical significance whatever the forecasting horizon.

Figure 3 presents the estimated coefficients for different forecast horizons
for the sample of EU countries from Western Europe. The results follow
closely those for the full EU sample in almost all respects. The main excep-
tion is that the coefficient of the house price variable is now statistically
significant at all horizons, and it arguably becomes more important as the
forecasting horizon is lengthened.

Figure 4 presents the results for the sample of CEE countries. The auto-
regressive coefficient declines in the forecasting horizon and becomes very
small at longer horizons. In the CEE countries the NPL has very little in-
formation content for longer-term forecasts. GDP growth similarly appears to
become less and less important for NPL forecasts as the horizon is
lengthened, while the unemployment rate and CPI inflation retain or even
increase their importance as the forecast horizon is extended. Among the
macro-financial variables, total loans is the one that is statistically important
at any of forecasting horizons considered, a result which is in line with the
result for eight quarters shown in Table 1. The coefficient of total loans in-
creases as the forecasting horizon is lengthened.
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Eastern European sample

The results in this section provided important insights for the use of
macroeconomic and macro-financial variables for medium-term NPL fore-
casts. The existing value of NPL becomes less and less important as the
forecasting horizon gets longer. The horizon is generally of relatively little
importance for the macroeconomic variables while it is of greater importance
for the macro-financial ones, especially total loans. There are also differences
between the groups of countries from Western Europe and Central and
Eastern Europe, which can be considered to reflect the different economic
structures and dynamics in the two regions.
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5. Robustness

This section presents an array of robustness checks focusing on the dynamics
of the NPL variable, possible multicollinearity and the country composition
of the samples.

The volatility of non-performing loans varies a lot across the sample coun-
tries, as does the volatility of most other macroeconomic and macro-financial
variables. A way to ascertain whether the regression results could be driven
by certain countries that have data exhibiting particularly large volatility is to
standardise the data by first demeaning the data series and then dividing them
by their standard deviation."

Table 4 shows the results when the non-performing loans variable is
standardised but no other variables are. The most noticeable change is that
the estimated coefficients of the macroeconomic and macro-financial vari-
ables are now very similar across all three country groups. This suggests that
the very different variances of the NPL play some role in the results in
Sections 3 and 4. The results for the EU and the WEST are largely un-
changed in qualitative terms, as, unsurprisingly, the estimated coefficient of
the lagged dependent variable declines somewhat. The changes are larger for
the CEE countries, where the coefficient of the unemployment rate is still
negative and statistically significant, while the coefficients of the real house
prices variable and the current account balance now become statistically
significant.

The conclusion is that standardising the non-performing loans does not
change the results qualitatively, but it leads to more coefficients being statis-
tically significant for the CEE sample. We have also run estimations where
NPL are standardised as well as the macroeconomic and macro-financial
variables on the right-hand side. The results are comparable to those in Table
4 and so are not reported here.

The next robustness exercise seeks to establish whether individual
countries with particularly volatile NPL dynamics affect the results unduly.
The strategy is to repeat the baseline estimations from Table 1 but with the
volatile countries left out from the samples. Table 5 shows the results with
different countries excluded. Column (5.1) shows the results when four
countries in Southern Europe are trimmed from the EU sample. The qualita-
tive results are unchanged, though the coefficient of the unemployment rate is
lower for the trimmed panel than for the full sample of EU countries.

'3 The early warning literature on financial crises often proposes an indicator for financial
distress that is calculated from a set of standardised variables; see for example Vermeulen et
al. (2015) and Hollo et al. (2012).
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Table 4: Estimation of forecasting models with standardised NPL

@.1) 4.2) “.3)
EU WEST CEE
‘ 0.501 0.490%** 0.467%%*
Standardised NPL (-8) (0.026) (0.031) (0.051)
—0.059%* —0.048%** —0.047%%**
0.018%** 0.0527%%** —0.061#**
Unemployment (-8) (0.008) (0.012) (0.013)
. 0.112%%%* 0.116%%* 0.083#%%*
Inflation (-8) (0.011) (0.019) (0.012)
. 0.013%%* 0.011%** 0.028%**%*
Total private loans (-8) (0.001) (0.001) (0.002)
) _0.440%%% —0.635%%%* —0.641*%*
Real house prices (-8) (0.141) (0.227) (0.161)
—0.029%% —0.037*** —0.031***
Current account (-8) (0.007) (0.000) (0.008)
R 0.592 0.581 0.726
Countries 26 15 1
Observations 1287 848 439

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses,
*#k p <0.01, ** p<0.05, *p<0.1.

Table 5: Estimation of forecasting models with countries excluded

6D 5.2) 5.3)
EU* WEST® CEE’
0.596%* 0.686%** 0.486%**
NPL (-8) (0.029) (0.030) (0.053)
_0.24]%%* —0.106%* —0.195%*:*
U 1 t (-8) 0.126%** 0.207*%* —(0.289%*#*
nemployment (- (0.040) (0.038) (0.079)
‘ (0.529%k 0.160%** 0.571 %%
Inflation (-8) (0.046) (0.056) (0.080)
. 0.041 %% 0.032%%% 0.130%**
Total private loans (-8) (0.003) (0.003) (0.014)
) —0.972%* —D.748%%% -1.970%*
Real house prices (-8) (0.580) (0.610) (1.017)
—0.20] —0.230%** —0.118**
Current account (-8) (0.030) (0.031) (0.058)
R 0.618 0.740 0.671
Countries 22 13 ?
Observations 1287 848 439

* EU excluding Bulgaria, Cyprus, Greece and Romania; > WEST excluding Cyprus and Greece;
“ EU excluding Bulgaria and Romania.

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses,
*#k p <0.01, ** p<0.05, *p<0.1.



Column (5.2) shows the results when Cyprus and Greece are removed
from the WEST sample. The coefficients of the macroeconomic variables
change quite a lot, though they retain their sign and statistical significance.
This result is most likely to be a consequence of the very volatile macro-
economic environment in the two countries excluded. Interestingly, the coef-
ficients of the macro-financial variables do not change much.

The results in Column (5.3) reveal that little changes for the CEE sample
when Bulgaria and Romania are excluded. The only notable change is that
the coefficient of the current account balance is now negative and statistically
significant in the trimmed sample. This bears some resemblance to the
findings for the CEE sample, where the coefficient of the current account
balance is statistically significant when the standardised NPL is used.

The conclusion from the exclusion of the countries with extreme NPL
dynamics is that the baseline model is robust overall to the exclusion of coun-
tries with particularly volatile NPL dynamics. It is nevertheless clear that
some countries have a substantial influence on the results, suggesting that
studies of individual countries may be valuable.

The next robustness check is the exclusion of the macroeconomic and
macro-financial variables one at a time. This exercise is pertinent since the
variables may be interrelated, which would cause multicollinearity problems.
Tables B1-B3 in Appendix B present the results for the EU, WEST and CEE.
In each table the first column shows the baseline result from Table 1 and the
next columns show the results with the variables removed sequentially.

The results are overall quite robust to the exclusion of individual variables
with the exception of the removal of total private loans, which seems to have
a noticeable impact on the estimated coefficients of real house prices and the
current account balance. This is in all likelihood a reflection of the inter-
connectedness of financial markets and the three macro-financial variables
included in the baseline forecasting model.

The results are otherwise very robust for the Western European sample,
while removing individual variables reveals some instability in the Central
and Eastern European sample. This applies particularly to the real house price
variable and the current account balance variable, a result which is not sur-
prising given that the coefficients of these variables are statistically insignifi-
cant in the baseline specification.

The final robustness check is the inclusion of additional variables in the
form of year-on-year differences for total private loans and real house prices
(not shown). The estimated coefficients of the differenced variables are sensi-
tive to the particular specification but it is notable that the coefficients of the
other variables remain largely unchanged, suggesting that the baseline results
in Table 1 are reasonably robust.
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6. Final comments

This paper estimates panel data models that use macroeconomic and macro-
financial variables to forecast the ratio of non-performing loans. The forecast
horizon in the baseline models is eight quarters, so the lagged dependent
variable and the independent variables are included with lags of eight quar-
ters. The analyses consider the sample of essentially all the EU countries, a
sample consisting of the Western European EU countries and a sample con-
sisting of the Central and Eastern European EU countries.

The estimations show that the ratio of non-performing loans exhibits
substantial persistence, implying that the current ratio is important for
forecasting the ratio eight quarters ahead. However, several of the macro-
economic and macro-financial variables also provide important information
on the future dynamics of the ratio of non-performing loans. Higher GDP
growth, lower inflation and lower debt are robust leading predictors of a
lower ratio of non-performing loans in the future. The current account
balance and real house prices are important predictors for Western Europe
but arguably less so for Central and Eastern Europe. The effect of the
unemployment rate differs across the two country groups, possibly reflecting
different properties in the business cycles in the two regions.

The analyses show that the specific choice of loan exposure may be of
little importance. The forecasting models that used total private loans, house-
hold loans and mortgage loans were qualitatively very similar.

The importance of the forecasting horizon is considered in some detail.
The existing ratio of non-performing loans becomes less and less important
as the forecasting horizon gets longer. The horizon is generally of relatively
little importance for the macroeconomic variables, but it is of greater impor-
tance for the macro-financial variables, especially total loans. There are some
differences between the Western European countries and the Central and
Eastern European countries, which in all likelihood are a reflection of the
different economic structures and dynamics in the two regions.

The results are robust to numerous changes in the specification and the
sample. It is notable however that the removal of total private loans from the
specification has a noticeable impact on the estimated coefficients of other
macro-financial variables. This shows the key importance of the stock of total
loans, or alternative measures of loan exposure, for the future dynamics of
non-performing loans.

The analyses confirm the usefulness of key macroeconomic and macro-
financial fundamentals in forecasting non-performing loans in panels of EU
countries. The findings may thus be useful for surveillance of the banking
sector and for assessments of possible threats to financial stability. The
analysis reveals however that the forecasting models include more variables
and are more robust for the group of Western European countries than they
are for the group of Central and Eastern European countries.

This is the first paper seeking to use macroeconomic and macro-financial
variables to forecast non-performing loans several years ahead. There is evi-
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dently scope for further work in area to extend and refine the specifications.
It may be possible to include additional forecasting variables, such as various
kinds of international capital flows. It may be useful consider the inclusion of
changes, interaction terms and non-linear transformations of some or all of
the forecasting variables. These issues are left for future studies in the area.
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Appendix A

Table A1l: Data sources

Data Source
Non-performing loans to total gross loans and advances ECB
(NPL), quarterly

Bank nonperforming loans to total gross loans, yearly World Bank
Loans to domestic household and NFC private sector ECB

Loans to households, reported by MFI (stock) ECB
Mortgage loans as lending to households for house ECB

purchase, reported by MFI (stock)
Real house price index

CA balance

Consumer price index

Nominal GDP

Real GDP

Unemployment rate

ECB, Cesa-Bianchi et al. (2015)
Eurostat, ECB, IMF IFS

IMF IFS

Eurostat and Datastream
Eurostat and Datastream
Eurostat and Datastream
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Appendix B

Table B1: Estimation of forecasting models with variables omitted, EU

(B1.1) (B1.2) (B1.3) (B1.4) (B1.5) (B1.6) (B1.7)
NPL (8 0.670%#* 0.652%# 0.758 % 0.649%# 0.673%# 0.704%5 0.643 %
-8) (0.031) (0.033) (0.027) (0.033) (0.027) (0.029) (0.031)
GDP arowth (8) —0.297% ~0.316%x —0.284 —0.462% ~0.305% —0.294
grow (0.026) - (0.026) (0.027) (0.026) (0.026) (0.026)
Unemol - 0.252%# 0.320%# 0.221 %% 0.261%%* 0.219%5# 0.239%5x
nemployment (-8) (0.045) (0.047) - (0.047) (0.042) (0.043) (0.045)
Inflation (_8 0.585%#* 0.558 % 0.566%#* 0.319%# 0.554%% 0.679%
nflation (-8) (0.054) (0.057) (0.054) - (0.051) (0.053) (0.051)
Total orivate o 0.050%# 0.069%#* 0.055%#* 0.049%# 0.050%* 0.052%
otal private loans (-8)  , () (0.004) (0.004) (0.005) (0.004) (0.004)
Real ices (_8) ~0.752 ~1.395% —1.430% ~1.395% 28345 0.761
cal house prices (0.701) (0.733) (0.698) (0.733) (0.614) (0.627)
c . ¢ —0.175%#* —0.174%% —0.160%** —0.295% ~0.117 ~0.164
urrent accoun (0.033) (0.035) (0.034) (0.033) (0.031) (0.029)
R 0.655 0.621 0.647 0.623 0.576 0.658 0.647
Countries 26 26 26 26 26 26 26
Observations 1287 1287 1287 1287 1484 1313 1304

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses, *** p < 0.01, ** p <0.05, * p <0.1.



Table B2: Estimation of forecasting models with variables omitted, Western European sample

(B2.1) (B2.2) (B2.3) (B2.4) (B2.5) (B2.6) (B2.7)
NPL (8 0.734%%% 0,708 0.866%+* 0.690%* 0.62 1% 0.765%% 0.716%%*
-8) (0.036) (0.036) (0.032) (0.036) (0.037) (0.035) (0.036)
—0.259% —0.325% —0.207 —0.370%** —0.289% —0.315%
GDP growth (-8) (0.039) - (0.040) (0.040) (0.040) (0.039) (0.038)
U . £ (8) 0.417#%% 0.495% 0.343 %% 0.61 1% 0.465%% 0.358 %%
nemployment (- (0.055) (0.055) - (0.055) (0.056) (0.053) (0.053)
Inflation (_8 0.534%5 0.465% 0.404 %% 0.373 % 0.569% 0.546%+*
nflation (-8) (0.082) (0.083) (0.083) - (0.088) (0.082) (0.083)
Total orivate | o 0.037#%% 0,047 0.045%#% 0.037#%% 0.033 % 0.040%*
otal private loans (-8) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Real b jocs (_8) 3,415 4387k —4.807% 3,840 ~1.277 ~1.188
cal house prices (0.886) (0.888) (0.888) (0.901) (0.855) (0.797)
c . ¢ 8) —0.245%%% 0,324 —0.165%#% —0.253%%% 0234k —0.179%%

urrent accoun (0.044) (0.044) (0.044) (0.045) (0.045) (0.040)
R 0.757 0.744 0.740 0.744 0.693 0.757 0.745
Countries 15 15 15 15 15 15 15
Observations 848 848 848 848 882 848 865

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses, *** p < 0.01, ** p <0.05, * p<0.1.
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Table B3: Estimation of forecasting models with variables omitted, Central and Eastern European sample

(B3.1) (B3.2) (B3.3) (B3.4) (B3.5) (B3.6) (B3.7)
NPL (8 0.485%% 0.420%% 0.356% 0.486% 0.661% 0.595% 0.486%
-8) (0.051) (0.052) (0.046) (0.054) (0.036) (0.040) (0.051)
—0.21 1% —0.18] %% —0.197%*x —0.470%* —0.25] #* —0.2] 1%
GDP growth (-8) (0.035) (0.036) (0.038) (0.033) (0.033) (0.035)
U . £ 8) —0.38 ]k —0.311 %% —0.364%%* —0.267%** —0.494% —0.379%*
nemploymen (0.073) (0.074) 0.077) (0.063) (0.067) 0.071)
Inflation (8 0.539%x 0.515%*x 0.5267%% 0.3445%x 0.4807#x 0.530%%x
nflation (-8) 0.072) (0.076) (0.075) (0.065) (0.070) (0.060)
Total orivate | o 0.140%%* 0.187%%% 0.146% 0.165%* 0122 0.140%
otal private loans (-8) (0.014) (0.012) (0.014) (0.014) (0.011) (0.013)
Real h ices (=8) -1.210 —1.266%* -1.271 ~1.417 3.005%% ~1.299
eal house prices (1.011) (1.035) (1.043) (1.073) (0.825) (0.906)
c . ¢ 9 0.010 0.012 -0.039 —0.208%%* —0.006 —0.002

urrent accoun (0.051) (0.054) (0.052) (0.045) (0.044) (0.045)
R 0.663 0.634 0.641 0.619 0.562 0.675 0.663
Countries 11 11 11 11 11 11 11
Observations 439 439 439 439 602 465 439

Notes: Panel data estimations with country fixed effects. Standard errors in parentheses, *** p < 0.01, ** p <0.05, * p<0.1.
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