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The aim of this article is to propose several possible forecasting approaches for the develop-
ment of the volume of bank loans to corporates and to discuss their suitability for macro
stress testing purposes. Proposed model specifications are based on the error correction
framework with main macroeconomic data as explanatory variables. Our results show that
a possible structural break on the lending market after the outbreak of the financial crises
cannot be rejected. Results also show that corporates with the largest volume of loans have
asignificant impact on the development of the volume of bank loans and are difficult to
predict. We propose some possibilities how to deal with this group of clients. Then, we make
a comparison of forecasting properties of proposed specifications. Ultimately we select the
most suitable approach for stress testing purposes.

MorTIvATION

Given the traditional business model of Slovak
banks, lending is the most important activity of the
Slovak banking sector and the interestincome is the
main source of profit for banks. Loans to corporates
account for a significant part of total loans granted
by domestic banks. Therefore, an estimation of a fo-
recasting model linking the development of the
total volume of corporate loans to main macroe-
conomic variables is essential, since the dynamic
balance sheet assumption is adopted in the macro
stress testing framewaork of the Slovak banking sec-
tor. The volume of bank loans to corporates is then
used for calculation of both, credit losses stemming
from the corporate portfolio and the interest inco-
me from the portfolio of corporate loans. The chan-
ges of the volume of loans are also reflected in the
changes of the risk weighted assets.

There are several issues and limitations which
stem from either some structural changes or spe-
cific characteristics of Slovak lending market when
it comes to estimation. First limitation is the data
availability, given the restructuralisation of the bank-
ing sector in the early 2000's connected with the
massive balance sheets clean-up. Some structural
changes could have occurred after the outbreak
of the financial crisis in the sense of the relation-
ship between GDP and the volume of corporate
loans. While up to 2009/2010 the movements of
GDP were more or less followed by the dynamics
of banks loans, after 2010 this relationship does
not seem to hold further. These changes can be at-
tributed to both, demand and supply side of the
lending market. The size of the lending market also
plays an important role. Slovak corporate lending
market is quite small with limited number of clients,
especially large ones. However, these large clients,
despite their small number, are affecting the overall
volume of corporate loans to a large extent while
their behavior is difficult to estimate.

Currently used models have some forecasting
limitations, thus the aim of this article is to discuss

possible approaches for forecasting the develop-
ment of the overall volume of bank loans to cor-
porates.

METHODOLOGY AND ESTIMATION RESULTS
For the estimation of corporate loans, we used
quarterly data from the credit register from the
last quarter of 2003 until the last quarter of 2014.
As the main goal is to estimate corporate loans for
stress testing purposes, we used in all cases the
natural logarithm of the seasonally adjusted no-
minal volume of corporate loans. As explanatory
variables, we included into the regressions macro
variables that based on the economic theory can
help explaining the development of corporate lo-
ans and that are available also for the purposes
of stress testing. The list of macro variables used
includes the GDP of Slovakia and the euro area,
the HICP inflation in Slovakia, the 3-month EU-
RIBOR interest rate, the average interest rate on
corporate loans granted by domestic banks and
the spread between the yield on Slovak and Ger-
man 10-year government bonds. Due to the fact
that all variables can be treated as non-stationary
variables integrated of order 1 and in case of all
relevant combinations the hypothesis of cointeg-
ration between the variables cannot be rejected,
we used the error-correction framework that is
relatively common also in the literature’.

As mentioned above, there are several caveats
when estimating the volume of corporate loans due
to the fact that, especially in case of large corporates,
the market in Slovakia is relatively small and the vol-
umes can be influenced by the decision of a few
larger players. Furthermore, a structural brake in the
behavior of corporates could have occurred after
2009 in the form of a switch from domestic loans
to other sources (like foreign loans, funding on the
capital markets directly or indirectly through mother
companies, etc), as mentioned also in the Analysis
of the Slovak financial sector for the year 2010 or in
the November 2012 Financial Stability Report.

1 The findings, interpretations and
conclusions presented in this article
are entirely those of the authors and
do not necessarily represent the of-
ficial opinion of the National Bank of
Slovakia.

2 See, eg.: Plasil, M, Radkovsky, S.,
Rezdbek, P (2012): Modelling Bank
Loans to Non-Financial Corporations,
Financial Stability Review 2012/2013,
Czech National Bank, pp. 128 - 136.
Sarensen, Ch. K., Ibdriez, D. M., Rossi,
C. (2012): Modelling Loans to Non-
Financial Corporations in the Euro
Area, Bank of Italy, Working Paper
no.857.
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3 The estimation of the cointegrating
vector is presented in the table, which
means that if an explanatory variable
enters the vector with a negative co-
efficient, the increase of this variable
yields in the increase of the volume of
corporate loans.

4 Based on the LR test, the coefficient
for the inflation in case of the full
period is significantly different from 0.

The first question we address is therefore if such
a change in the development of corporate loans,
or a possible switch in the behavior of corporates,
can be identified. For this purpose, first of all, we
estimated an error-correction model including
the total volume of corporate loans granted by
domestic banks using the full period available
and also using a shortened period until end-2010,
it means without the period when the possible
switch in the behavior could have occurred. Esti-
mation details are presented in Table 1.

When estimating the error-correction model
on the full period available, best estimates were
achieved using the domestic GDP, 3M EURIBOR
and the domestic HICP inflation (column “Full pe-
riod”). In line with the expectations, an increase in
domestic GDP and a decrease in interest rates yield
in an increase of the volume of corporate loans?.
On the other hand, the coefficient for the GDP can
be assessed as relatively large in absolute terms.
The inflation enters the cointegrating vector with
a positive coefficient, which means that the model
expects an increase of the volume of corporate
loans in case of a decreasing inflation. While this
is in contradiction with the economic theory, it is
hard to decide whether this relationship can be
interpreted as causality or more as a correlation.
Our interpretation is that the sign of the coefficient
is affected by the period used for the estimation,

Table 1 Estimation of the volume of corporate loans granted by

domestic banks

Cointegrating equation

Domestic loans, total

GDP. domestic
EURIBOR 3M
HICP

Adjustment coefficient

aR?
No. of lags
Source: NBS.

Full Short Full
period period period 2
1.000 1.000 1.000
-2.857 -1.723 -13.076
0.025 0014 -3.797

0.034
-0.302 -0.396 -0.001
68% 70% 56%
1 2 2

Table 2 Estimation of the total volume of financial liabilities

of corporates
Cointegrating equation Full period Short period
Financial liabilities, total 1.000 1.000
GDP domestic -1.377 -1.029
EURIBOR 3M -0.021 -0.051
Spread, 10Y 0.050 0.475
Adjustment coefficient -0.329 -0.126
aR? 57% 54%
No. of lags 2 2
Source: NBS.
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when the positive development of corporate loans
until 2009 took place in an environment of positive
economic development and decreasing inflation.
The adjustment coefficient is slightly more than
30%, which means that in case there is a deviation
of the volume of corporate loans from their long-
term equilibrium level relative to the explanatory
variables, approximately one-third of this deviation
is corrected within one quarter.

The specification that gives the best estimates us-
ing the shortened period (column “Short period”)
is slightly different from the one described above.
While the inflation does not enter the specifica-
tion in this case’, the coefficient for the GDP is more
plausible as its value is much lower and the speed
of adjustment is higher (nearly 40%). Based on the
different specification, the significantly different co-
efficient for the GDP and the different adjustment
coefficient the hypothesis of the switch after 2010
cannot be rejected. This outcome is further sup-
ported by the last estimation (column “Full period
2"), where the specification estimated using the
shortened period was estimated using the full pe-
riod. In this case, none of the estimated coefficients
is plausible and is significantly different from the co-
efficients estimated using the shortened period.

As the hypothesis of a change in the develop-
ment of the volume of corporate loans granted
by domestic banks cannot be rejected based on
a relatively simple methodology described above,
the next question is whether this change, or the
possible switch, is presentalsoin the development
of the overall financial liabilities of corporates (it
means not just domestic loans, but including oth-
er sources of funds like loans from non-resident
banks or funding on capital markets). To address
this question, an error-correction model was es-
timated again, including in this case the overall
volume of financial liabilities of the corporate sec-
tor and using the full and the shortened period.
Estimation details are presented in Table 2.

There are several differences when comparing
the estimation of the volume of domestic loans and
the volume of total financial liabilities. Opposite to
domestic loans, the development of total financial
liabilities can be captured with the same specifica-
tion relatively well using both the full and the short-
ened period. While the inflation does not enter the
specifications in case of total liabilities, the spread on
10-year government bond yields proved to be a sig-
nificant explanatory variable using both periods.
The coefficient for the GDP has the expected sign,
its value is plausible using both periods and there
are not so significant differences between these
two estimation results. An interesting difference is
that the interest rate enters the cointegrating vector
with negative sign using both the full and the short-
ened period. Our interpretation of this result is that
a negative impact of the increasing interest rates on
the volume of loans is captured by the spread on
governmentbondsandtheinterbankinterest rate is
in this case more an approximation of the econom-
ic cycle — the central bank increases its key rate in
the period of economic expansion associated with
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increasing inflation and increasing volume of loans,
while this monetary contraction is reflected almost
immediately in the increasing interbank rates.

To sum up, while there are differences in the
estimation results for the total volume of financial
liabilities using the full and the shortened period,
mainly in case of the coefficient for the GDP and the
adjustment coefficient, these differences are much
lower than in case of the domestic loans. Further-
more, the development of liabilities can be cap-
tured relatively well using the same specification
for both periods. It means that while the hypoth-
esis of the changing development, or the switch in
the behavior of corporates, cannot be rejected in
neither cases, its presence is much more significant
in case of the volume of domestic loans.

Due to the fact that medium and small enterpris-
es are much more constrained in terms of financ-
ing than large corporates — their possible source of
external financing is almost exclusively loans from
domestic banks - it is expectable that the change
in the development of domestic loans relative to
macroeconomic fundamentals can be mainly at-
tributed to large corporates. As in the credit regis-
ter there is no information about the size of corpo-
rates, we approximated this categorization by the
size of loans — we divided domestic loans into small
(with the volume of loans up to €250 thousand),
medium (between €250 thousand and €1 mil)
and large (above €1 mil.). While the total volume
of large loans has the highest share in the overall
volume of domestic loans (more than 70 %), the
category of small and medium sized loans is more
homogenous with a significantly higher number
of loans. Again, the error-correction model for the
respective categories was estimated using the full
and the shortened period. Estimation details are
presented in Table 3.

Estimation results confirmed to alarge extent our
expectations. In case of small and medium sized
loans there are just small differences in the estima-
tion results between the full and the shortened
period. The coefficient for the GDP is plausible in all

cases as is around 1 in absolute terms. The speed
of adjustment is around 23% in case of small and
32% in case of medium sized loans. In case of small
loans the largest difference is that when the error-
correction model is estimated using the full period
the spread on 10-year government bond yields
can be used as a significant explanatory variable.
Our interpretation is that this variable in this case
captures the increased credit risk due to the overall
macroeconomic uncertainty that became signifi-
cant after the outburst of the financial crisis. This
uncertainty is present when using the full period
but missing when focusing just on the shortened
period. In case of medium sized loans the inflation
can be used as an explanatory variable when esti-
mating the regression using the full period. Again,
it is a question whether this relationship can be in-
terpreted as a correlation or causality.” The largest
differences are in case of large loans. Similarly to the
estimation of the overall volume of domestic loans,
the coefficient for the GDP is relatively large using
the full period — more than 3 in absolute terms. This
coefficient is significantly lower and more plausible
using the shortened period, while the goodness of
fit (measured by adjusted R?) also improves and the
speed of adjustment is significantly larger.

As the change in the development of corpo-
rate loans relative to macroeconomic fundamen-
tals can be detected mainly in case of large loans,
there are several possibilities how to estimate the
development of corporate loans for stress testing
purposes. The first is to use a shorter time period
for the estimation of large loans that doesn't in-
clude years 2004-06, when the volume of corpo-
rate loans increased significantly due to the small
base as a result of the restructuralization of the
banking sector and the clean-up of the banks'bal-
ance sheet at the early 2000's.

Estimation results (presented in Table 4) con-
firmed the feasibility of such an approach. An
interesting outcome is that when using the short-
ened period from the last quarter of 2007, it is the
GDP of the whole euro area that can be used as

Table 3 Estimation of the volume of corporate loans granted by domestic banks, by loan size

Small Medium Large
Cointegrating equation Full Short Full Short Full Short
period  period period period period period
Domestic loans, total 1.000 1.000 1.000 1.000 1.000 1.000
GDP. domestic -0.943 -0.988 -1.348 -1.169 -3.390 -1.255
Interest rates on corporate loans  -0.023 -0.038 0.016 -0.033
Spread, 10Y 0.028 0.010 0.040
HICP 0.009 0.035 -0.025
EURIBOR 3M -0.074 -0.064
Adjustment coefficient -0.241 -0.231 -0.315 -0.339 -0416 -0.939
aR? 90% 90% 91% 87% 71% 84%
No. of lags 2 2 2 2 2
Source: NBS.

5 Both in case of small and medium
sized loans, LR tests confirmed that

the coefficient for the spread and the

inflation, respectively, is significantly

different from zero.
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6 These corporations were excluded
from the entire sample — from all
observations.

7 Based on the LR test, the coefficient
for the spread of government bonds
in case of the full period and of the
shortened period is significantly dif-
ferent from 0.

an explanatory variable instead of the domestic
GDP. The rationale behind this result can be the
fact that as Slovakia as an export oriented small
open economy is reliant on the overall macroeco-
nomic development, the development of corpo-
rate loans, mainly the larger ones, is influenced
indirectly by the macroeconomic situation in the
euro area. This is just amplified by the fact that the
main export partner for Slovakia is Germany. Be-
side the GDP of the euro area, the interest rates
on corporate loans and the spread on 10-year
government bond turned out to be significant
explanatory variables.

By comparing the absolute value of the coef-
ficient for the GDP of all above mentioned esti-
mation results it is clearly visible that large loans
or large corporates have a significant impact on
the development of the corporate loan portfo-
lio. This is confirmed by higher absolute value of
the coefficient for the GDP in case of the estima-
tion of large loans (Table 3) and of the total vol-
ume of loans (Table 1). The question then arises
whether a significantly higher volatility of the

Table 4 Estimation of the volume of large loans

Cointegrating equation

Domestic loans, total

GDP. domestic
GDP euro area

Interest rates on corporate

loans
HICP
Spread, 10Y

Adjustment coefficient

aR2
No. of lags
Source: NBS.

Full period Short period
1.000 1.000
-3.390
-0.603
0.016 -0.084
0.035
0.011
-0416 -0.190
71% 77%
2 1

Table 5 Estimation of the volume of total loans granted by domes-

tic banks

Cointegrating

equation

Domestic loans,

GDP domestic
EURIBOR 3M
Spread, 10Y
HICP

Adjustment
coefficient

aR2
No. of lags

Source: NBS.

Full period Short period
Aulll - f il Adjusted sample
sample sample
total  1.000 1.000 1.000
-2.857 -1.741 -0.651
0.025 -0.107 -0.080
0.067 0.007
0.034
-0.302 -0.064 -0.157
68% 82% 81%
1 2 2
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sample where large loans are included can be at-
tributed to the whole category of large loans or
some adjustment can be made in terms of exclu-
sion of the biggest players from the sample. Using
credit register data we were able to follow this ap-
proach by identifying corporate clients that have
been significant outliers in terms of aggregate
volume of loans per company. Therefore this ap-
proach is applicable only to loans granted by do-
mestic banks. We excluded from the total volume
of domestic loans every corporation whose total
volume of domestic loans exceeded €400 mil. at
least in one observation®. While only 6 firms were
excluded, they accounted for slightly more than
10 % of total domestic loans on average. Again,
similar to the above described case presented in
Table 4, an error-correction model was estimated
for the adjusted volume of domestic loans using
the full and shortened period (from the last quar-
ter of 2007 until the last quarter of 2014). Table
5 presents estimation results and its comparison
with estimation results using the full - not adjust-
ed - sample.

Based on estimation results there are clear signs
of the improvement using the adjusted sam-
ple. While the sign of the coefficient for the GDP
remains negative, it is more plausible in terms of
absolute value. On the other hand, the difference
is that the development of the interbank rates has
opposite effect on the volume of domestic loans
and also the spread of government bonds can
be used as a significant explanatory variable’. Our
interpretation is again that the interbank interest
rate can rather describe the economic cycle and a
negative impact of the raising interest rate can be
captured by the spread of government bonds. Us-
ing the shortened period we ended up with model
specification similar to the estimation of large loans
presented in Table 4. Main difference between
these two estimations is that while in case of the
adjusted sample, the domestic GDP and EURIBOR
3Mare used instead of the GDP of the euro area and
the interest rates on corporate loans. But in terms
of signs of coefficients and its absolute values these
two model specification behave quite similarly. The
speed of adjustment using the adjusted sample is
slightly higher than 6% in case of the full period
and around 17% in case of the shortened period.
The appropriateness of this adjustment is also vis-
ible from the goodness of fit measured by adjusted
R? as it's higher than 80 % in both cases.

As the main motivation is to discuss possible ap-
proaches for forecasting the development of the
total volume of domestic loans, the last part of this
article is focusing on the comparison of the fore-
casting ability of selected model specifications.
For this purpose we've selected four model speci-
fications: the regression including the adjusted
volume of domestic loans using both the full and
shortened period entitled hereafter as “total do-
mestic loans adjusted — full period” and “total do-
mestic loans adjusted — shortened period’, respec-
tively. In these cases we use a simple assumption
that the total volume of loans granted to compa-
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nies excluded will remain constant over the fore-
casting period. Further, the regression including
the aggregate volume of domestic loans using the
full period presented in Table 3 is selected, entitled
hereafter as “categorisation based approach - full
period”. The last regression selected is the one in-
cluding the aggregate volume of domestic loans

Chart 1 Development of total volume of domestic
loans by different specifications and scenarios®

Baseline scenario

2014 Q1
201402
2014 Q3
201404
2015Q2
201503
2015 Q4
2016 Q1
2016 Q2
2016 Q3
2016 Q4

Adverse scenario 1

2014 Q1
2014 Q2
201403
201404
2015Q1
2015Q2
2015Q3
2015Q4

2016 Q1
2016 Q2
2016 Q3
2016 Q4

Adverse scenario 2

2014 Q1
2014Q2
2014Q3
2014 Q4
2015Q1
2015Q2
2015Q3
2015Q4
2016 Q1
2016 Q2
2016 Q3
2016 Q4

total domestic loans adjusted - full period

- total domestic loans adjusted - shortened period
— categorisation based approach - full period

—— categorisation based approach - GDP of EA

Source: NBS.

and the GDP of the euro area as an explanatory
variable presented in Table 4 and entitled as “cat-
egorisation based approach — GDP of EA”. For stress
testing purposes three different scenarios are used;
the baseline scenario and two adverse scenarios®.
The development of the total volume of domestic
loans is forecasted over a two year horizon from
the first quarter of 2015 to the last quarter of 2016.
Chart 1 shows a comparison of the annual dynam-
ics of the total volume of domestic loans for all se-
lected specifications and for all scenarios used.

The categorisation based approach using the
full period is not suitable for its rapid increase in
case of the baseline scenario as well as for its se-
vere decline in both adverse scenarios. This behav-
jour can be attributed to the very high sensitivity
to movements of the GDP in case of large loans.
Estimated development of the adjusted volume
of domestic loans using shortened period and the
categorisation based approach using the GDP of
the euro area have also some disadvantages. They
give reasonable predictions under the baseline
scenario but in case of adverse scenarios they fore-
cast only a mild shock to the volume of domestic
loans. The specification using the adjusted volume
of domestic loans using the full period shows plau-
sible forecasting properties for stress testing pur-
poses as it predicts a quite reasonable increase of
the loan volume in the baseline scenario and a suf-
ficient decline of the total volume of loans under
severe conditions. Ultimately, this specification was
chosen for stress testing purposes.

ConcLusIONS

In this article, we discussed possible approaches
for construction of the forecasting model for the
development of the total volume of loans to cor-
porates. We addressed several modeling issues
stemming either from structural changes or mar-
ket specificities. Based on estimation results, the
presence of the structural break in the behavior of
domestic banking loans in 2009/2010 cannot be
rejected. This result is less obvious in case of the
total financial liabilities, which can be attributed
to the fact that some portion of financing activity
was switched to abroad after the outbreak of the
financial crisis. Estimation results also confirmed
our expectations that the change in the deve-
lopment of domestic loans relative to macroe-
conomic fundamentals can be mainly attributed
to large corporates. This problem was addressed
by shortening of the time horizon and by using
the GDP of the euro area instead of the domestic
GDP as an explanatory variable. Another option
is to exclude the largest market players from the
estimated sample. From the perspective of stress
testing the forecasting properties of respective
specifications are particularly important. From
this point of view, the estimation of the adjusted
volume of domestic bank loans to corporates
using the full period was selected, owing to its re-
asonable prediction under the baseline scenario
and the ability to reflect a sufficient shock under
adverse scenarios.

8 A detailed description of scenarios

used in the stress testing framework is
available in the Analysis of the Slovak

financial sector for year 2014.

9 Different paths of the volume of do-

mestic bank loans in 2014 are a result

of the fact that two different samples
were used — the full sample and the

adjusted one.
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