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The Case of the Czech Republic
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Abstract

In this paper, we 1) examine the interactions of financial variables and the macroeconomy
within the block-restriction vector autoregression model and 2) evaluate to what extent
the financial variables improve the forecasts of GDP growth and inflation. For this
reason, various financial variables are examined, including those unexplored in previous
literature, such as the share of liquid assets in the banking industry and the loan loss
provision rate. Our results suggest that financial variables have a systematic and
statistically significant effect on macroeconomic fluctuations. In terms of forecast
evaluation, financial variables in general seem to improve the forecast of macroeconomic
variables, but the predictive performance of individual financial variables varies over
time, in particular during the 2008-20009 crisis.
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Nontechnical Summary

The recent financial crisis has intensified the interest in exploring the interactions between
monetary policy and financial stability and raised new challenges for central bank policies, in
particular how to operationalize the issues related to financial stability for monetary policy
decision-making.

This paper wants to take a step in this direction using the data from the Czech Republic. We
examine how various financial variables — more specifically, credit, bank liquidity, loan loss
provisions, the share of non-performing loans, and the PX stock market index — interact with
prices and GDP in a dynamic empirical model (the so-called block-restriction vector
autoregression model) consisting of Czech and euro area series. Next, we evaluate to what extent
the inclusion of financial variables delivers more precise forecasts of the macroeconomy.

The results show that there are sizeable interactions between the macroeconomy and financial
sector developments, with a more stable financial sector contributing to higher economic growth.
The results also indicate a well-functioning monetary transmission mechanism in the Czech
Republic, with monetary shocks having their peak effect on the macroeconomy after a year or so.
In addition, a monetary tightening causes a credit contraction, a fall in bank liquidity, and an
increase in provisions for loan losses. Except for credit, the effect of monetary policy on financial
variables is much faster as compared to inflation and GDP and reaches its peak/bottom in much
less than one year. More generally, the results suggest that a monetary contraction induces more
prudent bank behavior.

Next, we compare the forecasting performance of two empirical models. The first one consists of
Czech and euro area macroeconomic variables only, while the second one additionally includes
Czech financial variables. We find that the forecasting performance of the second model often
dominates that of the first. In other words, financial variables improve the forecasts of
macroeconomic variables. Nevertheless, it has to be emphasized that the performance of the
individual financial variables varies over time, and good performance in one period does not
necessarily guarantee good performance in the following period.
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1. Introduction

The recent financial crisis has increased the interest in exploring the interactions between the
macroeconomic environment and financial sector developments and created several challenges
for central bank policies, in particular how to operationalize the issues related to financial
stability for monetary policy decision-making and how to build models that are able to give some
guidance in situations of financial instability (Goodhart et al., 2009).

This paper seeks to quantify the interactions between various financial variables and the
macroeconomy in the Czech Republic and particularly to evaluate the predictive content of
financial variables. While some previous research examined the predictive power of asset prices
for inflation and real activity, it typically focused on a particular set of financial variables such as
term spread (Estrella et al., 2003), various short-term interest rates (Forni et al., 2003), housing
prices (Goodhart and Hoffman, 2000), or the default rate (Jacobson et al., 2005). This paper aims
to examine the predictive power of a different set of financial variables, especially those related
to credit or liquidity risk such as bank liquidity, loan loss provisions, or the share of non-
performing loans (together with some more widely applied variables such as equity prices).
According to the authoritative survey of Stock and Watson (2003) on the predictive ability of
asset prices for inflation and GDP growth, none of the nearly 100 surveyed articles has examined
the predictive content of the variables that we focus on in this paper. In addition, we investigate
the predictive content of financial variables during the recent 2008—2009 economic and financial
crisis in order to assess which financial variables, if any, matter particularly in turbulent periods.

We believe that one of the preconditions for building general equilibrium macroeconomic models
with a financial sector that would be of some guidance for monetary policy decision-making is
first to verify empirically whether financial variables convey any useful additional information.
To shed light on this issue, we compare the forecasting performance of two empirical models.
The first forecasting model will consist of macroeconomic variables only (hereinafter referred to
for convenience as the macroeconomic model), while the second model will in addition include
financial variables (hereinafter referred to for convenience as the macro-finance model). The
empirical framework we apply is a two-country vector autoregression (VAR) model with block
restriction, as in Zha (1999), consisting of two economies — the Czech Republic and the euro area.
The block restriction is introduced in such a way that the euro area variables can influence the
Czech variables, but not vice versa. In addition to examining whether the financial sector helps
predict the macroeconomic environment, our framework allows us to assess the transmission and
relative importance of euro area developments for the Czech economy.

Our results suggest that financial variables have a systematic and statistically significant effect on
the domestic economy. In terms of forecast evaluation, financial variables in general seem to
improve the forecast of macroeconomic variables, but the predictive performance of the
individual financial variables varies over time, and good performance in one period does not
necessarily guarantee good performance in the following period. In other words, the results
broadly confirm the findings of Stock and Watson (2003) in the sense that some financial
variables predict well either inflation or output growth in some periods, but do not predict them in
different periods, while in these different periods some other financial variables are important. An
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exception to this empirical regularity is the stock market index, which seems to consistently
improve the forecast of both GDP and prices.

In addition, our results document a well-functioning monetary transmission mechanism as well as
considerable interactions between the macroeconomy and financial sector developments. Among
other things, our results indicate that an increase in credit boosts GDP as well as prices. A
monetary tightening contributes to credit contraction, a fall in bank liquidity, and an increase in
provisions for loan losses.

The paper is organized as follows. Section 2 briefly discusses the related literature. Section 3
describes the data and empirical methodology. The results are given in Section 4. Concluding
remarks are provided in Section 5. An Appendix with additional results follows.

2. Related Literature

There are several recent contributions that investigate the links between the macroeconomy and
the financial sector within various vector autoregression (VAR) models. Jacobson et al. (2005)
estimate the aggregate default rate for Sweden and include it along with other Swedish
macroeconomic variables. Their results suggest that the default rate influences inflation as well as
GDP growth and that there can be a conflict between monetary policy and financial stability, as
stricter monetary policy causes lower inflation but increases the default rate.

Using data from developed countries, Assenmacher and Gerlach (2008a,b) investigate whether
monetary policy should stabilize asset prices within a panel VAR framework. Their results
indicate that asset price stabilization via monetary policy would be accompanied by sizable
effects on economic activity, and bursting asset price bubbles would result in a large drop in
economic activity.

Goodhart and Hofmann (2008) study a VAR model consisting of standard macroeconomic
variables, housing prices, credit, and money in a set of industrialized countries. They document a
significant multidirectional link between all these variables and that the effects of money and
credit are especially important when there is a boom in the housing market.

Elbourne and Haan (2006) examine the interactions between the financial structure and monetary
transmission in Central and Eastern European countries up to 2004. They fail to find any
significant link. In this paper, however, we want to focus on the interactions between financial
stability and the macroeconomic environment rather than on the financial structure.

Stock and Watson (2003) analyze whether asset prices improve the forecasting performance of
inflation and GDP growth using a large panel dataset of seven OECD countries covering the
1959-1999 period. Their conclusions are somewhat mixed. Asset prices help improve forecast
performance in some countries and in some periods. Stock and Watson (2003) show that it is
difficult to draw general lessons concerning forecasting performance, since good performance of
a financial indicator in one period is largely unrelated to its predictive power in the future.
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As regards the previous research for the Czech Republic, Baboucek and Jancar (2005) examine
within a VAR model how the quality of the bank loan portfolio interacts with the macroeconomic
environment. As compared to Baboucek and Jancar (2005), we analyze a richer set of financial
variables, explicitly investigate the effect of the euro area economy on the Czech economy, and
provide pseudo-out-of-sample forecasting for two competing models, the first including
macroeconomic variables only and the second including macroeconomic as well as financial
variables. Other related research has examined the effects of monetary policy on the real
economy within a VAR model (Holub, 2008; Borys et al., 2009) or focused on stress testing the
Czech banking system (Cihék et al., 2007).

3. Estimation Methodology and Data

The VAR system is employed to model the interactions between the macroeconomy and the
financial sector in the Czech Republic, controlling for euro area developments. We begin with a
general specification, assuming that the economy is described by a structural form equation
which is of linear, stochastic dynamic form (omitting constant and other deterministic terms):

Ay = &),

where A(L) is an m x m matrix polynomial in the lag operator (with non-negative powers), y(?) is
an m x 1 vector of observations, and &(z) is an m x I vector of structural disturbances or shocks.
&(t) is serially uncorrelated and var(e(t)) = A, and A is a diagonal matrix where the diagonal
elements are the variances of the structural disturbances.

We divide the model into a euro area block and a Czech block. Therefore, we have

_ A, (L) A,(L) N () & (®)
A= |:A21 (L) 4, (LJ 0= L’z (t)} o0 |:82 (t)} |

The model contains m; domestic variables in a small open (Czech) economy vector y,;(z) and m;
variables exogenous to the small open economy in vector y,(?), i.e., the euro area variables. The
dimension of 4;(L) is m; x mj, y;(t) and &;(?) each of dimension m; x 1.

The vector of Czech variables consists of a measure of economic activity (xtcz ), a measure of the
aggregate price level ( ptc 7, the short-term interest rate (itC %), the exchange rate (etc ZKIEURY and
a financial variable ( fin ). Obviously, it is not easy to determine which variables capture the
Czech financial sector most accurately (see also Jacobson et al., 2005, for a related discussion of
this issue for Sweden). As the Czech financial sector is primarily bank-based and has been
characterized by high credit growth (CNB, 2009), our list of variables for proxying the financial
stance is as follows: total credit, bank liquidity (the share of liquid assets), the share of non-
performing loans, loan loss provisions, and the Prague stock market index:

" CcZ CcZ .CZ CZK | EUR CcZ
yl (t) - (xt pt lt ez ﬁnt )

. . . . .. EU
The vector of foreign variables comprises a measure of euro area economic activity (x, ), the
euro area aggregate price level ("), and the euro area short term interest rate (i ):

y@)= 2 pr i)
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As the Czech Republic is a small economy, its shocks are unlikely to have a significant effect on
the euro area economy and, therefore, we accordingly restrict 4,;(L) to 0. This is the so-called
block exogeneity restriction and it has been employed by studies of small (open) economies
before (e.g., Cushman and Zha, 1997; Mackowiak, 2006). As claimed by Zha (1999), failing to
impose the block exogeneity restriction may result in misleading conclusions.

The shocks are identified by the Cholesky decomposition. Following Mojon and Peersman
(2001) and Goodhart and Hofmann (2008), we order the variables in each block as follows: a
measure of economic activity, the price level, the interest rate, the exchange rate, and the
financial stance (the last two variables for the Czech block only).

Next, after estimating and identifying the shocks in the aforementioned VAR model, we provide
the impulse responses with bootstrapped confidence intervals. The core of our exercise is to
perform out-of-sample forecasts. To do so, we estimate the VAR models using data up to 8/2006,
8/2007, and 8/2008, and produce the corresponding out-of-sample forecasts for the following 12
months. We evaluate the forecasting performance for each of these three periods separately as
well as jointly by averaging the individual forecast performance over these years for particular
forecast horizons.

The choice to employ a relatively simple block-restriction VAR model is motivated by the fact
that the previous experience with more advanced VAR-type models, such as factor-augmented
VAR, did not yield promising results when applied to the Czech data and the sign-restriction and
simple VAR models delivered largely similar results (Borys et al., 2009). For example, Borys et
al. (2009) apply various VAR models including factor-augmented VAR, and while some VAR,
structural VAR, and Bayesian VAR models give sensible impulse response, the impulse
responses from the factor-augmented VAR model exhibit large confidence intervals and often a
sign of response that is at odds with economic theory.

Data

We use monthly data from 1999:1 (the creation of the euro area) onwards (the last observation is
2009:9). Both the Czech and euro area GDP and price series are in log levels, as is the Czech
credit to the private sector series. Since the GDP data are available at quarterly frequency, they
are interpolated using the quadratic match method. These interpolated data are used for the VAR
models in the inflation forecasting exercise only. When we forecast GDP, VAR models with
quarterly frequency series are employed. The log of the net price level (administrative prices are
excluded from this price index) is used as the measure of prices. The Czech and euro area 3M
money market rates are used as interest rates. The log of the nominal CZK/EUR rate is used as
the exchange rate. The source of the Czech macroeconomic data is the Czech National Bank’s
publicly available ARAD database, and the source of the euro area data is Eurostat.

As regards the financial variables, we use total credit to Czech residents and non-residents, which
is available in the ARAD database. The data on the ratio of non-performing loans to total loans to
clients, the ratio of loan loss provisions to total assets, and bank liquidity (defined as the ratio of
liquid to total assets of Czech banks) were obtained from the internal supervisory databases of the
Czech National Bank (CNB). In addition, the PX index, available at the Prague Stock Exchange’s
website, is used. All financial data are available on a monthly frequency.
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In most cases, we use the series in log-levels to achieve stability of the VAR system. As
Liitkepohl (2006) suggests, stationarity or strong cointegration of the series in a VAR model is
not necessary as long as the system is stable as a whole. Moreover, Stock and Watson (1998)
suggest exploiting the additional information contained in levels rather than in differences.

Financial Series Description

The financial series was selected based on data availability and on the fact that the Czech
financial system is largely bank-based, with the stock market playing only a minor role. This is
reflected by the choice of variables: credit, liquidity, loan loss provisions, and non-performing
loans relate to the banking sector, while the PX index reflects the information available on the
stock market.
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Figure 1: The Evolution of the Financial Series Used in the VAR Analysis
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Figure 1 shows the evolution of the financial variables over time. The volume of total credit was
slowly but steadily declining during the late 1990s and early 2000s, reflecting the prudent
behavior of Czech banks in the late 1990s associated with the restructuring of the Czech banking
industry (Barta and Singer, 2006). In the same period, the ratios of loan loss provisions and non-
performing loans to total loans peaked, before falling after the banking sector consolidated. Soon
after, the ratio of liquid assets began to soar. Then, in 2003, the volume of credit started rising,
embarking on a world-wide upward trend fuelled by a stable macroeconomic environment and
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low interest rates. At the same time, loan loss provisions and non-performing loans fell to
historical lows. Bank liquidity stabilized in that period, before modestly declining in connection
with the recent global financial crisis. We can see that the Czech banking sector has remained
largely stable during the crisis period and the credit risk or liquidity risk measures were much
better than during the bank consolidation around 2000. The PX index closely follows foreign
equity prices and peaks in the second half of 2007.

All this is also summarized in the Financial Stance series, which is constructed as the first
principal component of all the financial series described above.' This joint indicator of financial
soundness catches up in the early 2000s, grows steadily later on, peaks in the second half of 2007
before the financial crisis, and remains at broadly the same level afterwards.

4. Results

First, we present the impulse responses of our two-country VAR models to assess the nature of
the transmission mechanism between monetary policy decisions and the real economy. Second,
we evaluate the performance of financial variables in forecasting inflation and GDP growth.

4.1 Estimation of Block-Restriction VAR Models: Impulse Response Analysis

Due to degrees of freedom considerations, we include the financial variables one after the other
and investigate their effects separately. In other words, we run separate block-restriction VAR
models with each individual financial variable and report the respective impulse responses.

We start with the model that includes credit as the financial variable. In addition to the impulse
responses which concern the financial variable, we report the responses of the macroeconomy to
euro area shocks as well as to domestic monetary policy shocks. In the models that include the
other financial variables, we report only the impulse responses regarding the respective financial
variable, as the external and monetary policy effects are roughly similar to the case with credit
(these additional results are available upon request). Finally, we construct a joint financial stance
indicator by calculating the first principal component linear combination of all the financial
variables used, which captures 70% of the sample variation. Note that it is strongly correlated
(correlation coefficient 0.99) with the simple average of the (normalized) financial variables.

Seasonal dummies are included for each month. The lag length is selected with respect to the
Hannah-Quinn information criterion, which suggests using two lags of the explanatory variables.

All impulse responses in the following figures are generated by the VAR models using data from
1999:1 to 2007:7, and after each estimation we test the stability of the system (the results are
available on request). The end period is chosen with respect to the beginning of the financial
crisis. Indeed, when the entire available time span is used (up to 2009:9), the VAR systems are
less stable. The data for the 2007:8-2009:9 period are used for out-of-sample forecasting
evaluation in the second part of this paper.

! For this purpose, the variables were standardized and the loan loss provisions and non-performing loans series
were multiplied by -1.
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Credit

We start by presenting the impulse responses of the block-restriction VAR model with credit as
the financial variable in Figures 1-3. Figures 1-2 present the impulse responses among the Czech
and euro area macroeconomic variables, while Figure 3 reports the impulse responses related to
credit.

As concerns Figure 1, Czech GDP reacts positively to a euro area GDP shock, with a peak after
about 10 months. This is not surprising, as the euro area is a major trading partner for the Czech
Republic and about two thirds of Czech exports are directed to euro area countries. The Czech
economy is also found to import inflation from the euro area, as the impulse in the form of higher
euro area prices is associated with higher domestic prices. The reaction is almost immediate. This
reflects the fact that import prices constitute about 25% of Czech consumer prices (Babecka-
Kucharcukova, 2009). The effect of an exchange rate shock on Czech GDP is statistically
insignificant. In line with the previous evidence on exchange rate pass-through in the Czech
Republic (Babecka-Kucharcukova, 2009), an exchange rate depreciation is associated with higher
prices with a peak at 7 months.
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Figure 2: The Effect of Euro Area and Exchange Rate Shocks on Czech GDP and Prices —

Impulse Responses

Euro Area GDP => Czech GDP

q_lngdp_ea_s —»> g_Ilngdp_cz_s
5 T T

Vi T T T T T

x 1072
\
/

Euro Area GDP => Czech Price Level

q_Ingdp_ea_s —> Inp_net_cz

x 1073

N
—1.5 L L

15 20 25 30 35 40 45 50

CZK/EUR => Czech GDP

Inex —> g_Ingdp_cz_s

x 1072

x 1073

Euro Area Price Level => Czech Price Level

Inp_ea —> Inp_net_cz

Euro Area Price Level => Czech GDP

Inp_ea —> g_Ingdp_cz_s

CZK/EUR => Czech Price Level

Inex —> Inp_net_cz

Note: Orthogonal impulse responses to one standard error shocks. Bootstrapped Hall (1988) 95%

confidence intervals.



12 Tomas Havranek, Roman Horvath and Jakub Mateju

Figure 2 gives the impulse responses of Czech and euro area monetary policy for Czech GDP,
prices, and the exchange rate vis-a-vis the euro. The results document a well-functioning
monetary transmission mechanism in the Czech Republic. A monetary tightening is associated
with a lower degree of economic activity, bottoming out after about one year. We find that prices
fall after a monetary tightening and bottom out after 15 months or so. This is in line with the
targeting horizon of the CNB, which is considered to be between 12 and 18 months. Our results
point to a delayed overshooting in exchange rate behavior, i.e., a rather persistent appreciation of
the domestic currency after a monetary tightening (bottoming out after about 6 months). All in
all, the results confirm the previous evidence on the effects of Czech monetary policy (Borys et
al., 2009).

The response of Czech economic activity to a euro area monetary policy shock is positive, but
surrounded by a large degree of uncertainty. The positive impact of a foreign monetary tightening
on Czech GDP is likely to be driven by depreciation of the Czech currency, which could in turn
boost net exports or, more generally, aggregate demand and thus increase output (Parrado, 2001,
and Horvath and Rusndk, 2009, report similar findings for Chile and Slovakia, respectively). The
response of the Czech price level to a European Central Bank monetary tightening is found to
fluctuate over time and is again surrounded by a large margin of uncertainty.
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Figure 3: The Effect of Czech and Euro Area Monetary Policy on Czech GDP, Prices, and the

Exchange Rate — Impulse Responses
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Figure 3 shows that an increase in credit boosts GDP as well as the price level, both with a peak
after 7 months. A monetary tightening is found to lead to a credit contraction, with the strongest
effect after about one year.

Figure 4: The Effect of Credit on Czech GDP and Prices and the Effect of Monetary Policy on

Credit — Impulse Responses
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Note: Orthogonal impulse responses to one standard error shocks. Bootstrapped Hall (1988) 95%

confidence intervals.

Bank Liguidity

The effect of bank liquidity on domestic GDP is not statistically significant, as reported in
Figure 4, and the effect on the price level is mixed: it is counter-intuitively negative in the first
half-year and positive between the first and the second year. On the other hand, the response of
bank liquidity to a monetary policy tightening is as expected. A monetary restriction leads to a
fall in the share of liquid assets held by domestic banks as the opportunity cost of holding money

and other liquid assets rises (Lucchetta, 2007).
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Figure 5: The Effect of Bank Liquidity on Czech GDP and Prices and the Effect of Monetary
Policy on Bank Liquidity — Impulse Responses
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Loan Loss Provisions

The provisions that banks set aside to hedge against future loan losses do not significantly affect
real economic activity, and their effect on prices also seems to be statistically insignificant (see
Figure 5). We find that tighter monetary policy is associated with more cautious behavior of
commercial banks, as the banks increase their provisions for loan losses. Therefore, the results
broadly support the evidence for the risk-taking channel of monetary policy, where low monetary
policy rates may induce banks to take on extra risk (Jimenez et al., 2009).
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Figure 6: The Effect of Loan Loss Provisions on Czech GDP and Prices and the Effect of
Monetary Policy on Loan Loss Provisions — Impulse Responses
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Non-Performing Loans

The share of non-performing loans is a backward-looking indicator, in contrast to loan loss
provisions, which in principle have a rather strong forward-looking element. The results in
Figure 6 indicate that the effects of non-performing loans on the macroeconomy are surrounded
by uncertainty. There is a marginally significant positive response of GDP in 6—12 months, which
may be related to macroeconomic cyclicality: when the losses are realized, output recovers in
about a year. Monetary policy seems to marginally influence the extent of non-performing loans:
a monetary tightening decreases the proportion of non-performing loans with a peak in about
1 year.
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Figure 7: The Effect of Non-Performing Loans on Czech GDP and Prices and the Effect of
Monetary Policy on Non-Performing Loans — Impulse Responses
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Prague Stock Exchange PX Index

The results depicted in Figure 7 indicate that the Prague Stock Exchange Index (PX) is an
important indicator for Czech GDP. An increase in the PX index is followed by a significant
increase in GDP. This is probably not because the Prague Stock Market, given its rather limited
size, has a strong causal effect on the economy, but rather because the stock prices aggregated by
the PX index seem to acceptably foresee future economic developments. The effect of the stock
market on prices is insignificant, which is to a certain extent expected, as the stock market
reflects the expected present discounted value of future earnings, which do not have to be
robustly correlated with inflation dynamics, especially in a low inflation environment. The impact
of monetary policy on the stock market is found to be statistically insignificant. This is probably a
consequence of the fact the Czech stock market comprises only large international companies,
which are less affected by domestic monetary policy.
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Figure 8: The Effect of the Stock Market on Czech GDP and Prices and the Effect of

PX Index => GDP
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Financial Stance Indicator

The financial stance indicator is calculated as the first principal component linear combination of
all the financial variables used above, capturing 70% of the sample variation. Prior to the
calculation of the principal component, the variables are transformed in such a way that the
increase in the resulting indicator represents an improvement in the overall financial stance.” The
first principal component is significantly correlated with the simple average of the transformed

variables (the correlation coefficient is 0.99).

According to our results, an improved financial stance fuels economic growth, but its effect on
prices is found to be statistically insignificant. A monetary restriction leads to a significant fall in
the financial stance throughout the first year, with a bottom effect after 6 months. This suggests

* This means that non-performing loans and loan loss provisions are multiplied by -1.
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that although the typical transmission lag of monetary policy to the real economy is about 1—
2 years, the effect on many financial variables is rather faster and peaks in about half a year.

Figure 9: The Effect of the Stock Market on Czech GDP and Prices and the Effect of
Monetary Policy on the Stock Market — Impulse Responses
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4.2 Comparison of Forecasting Performance

confidence intervals.

This subsection gives the results on the forecasting performance of two generic models — the first
one with macroeconomic variables only (referred to as the macroeconomic model) and the second
one with macroeconomic as well as financial variables (referred to for convenience as the macro-
finance model). We focus on out-of-sample forecast evaluation, as Stock and Watson (2003)
show that in-sample Granger causality tests provide a poor guide to forecast performance.
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One-to-twelve months ahead out-of-sample forecasts are compared to the actual data and the
corresponding squared errors of the forecasts are obtained for each foresting horizon. The squared
errors are then averaged over the forecasting horizon to obtain mean squared errors. The
predictive accuracy of the macro-finance model is then compared to the performance of the
macroeconomic model using a relative mean squared error statistic. This exercise is carried out
on three data samples. First, the VAR models up to 2006:7 are estimated and out-of-sample
forecast comparisons are conducted on the 2006:8—2007:8 data. Second, the VAR models up to
2007:7 are estimated and the forecasts for 2007:8-2008:8 are compared to the actual data. Third,
the VAR models up to 2008:7 are estimated and the forecasts for the 2008:8-2009:8 data are
compared to the actual data. This is a similar methodology to the Stock and Watson (2003, 2008)
recursive estimation, while our exercise contains three recursive steps. Above the Stock and
Watson methodology, we test the forecasting performance at multiple horizons: from 1 to 12
months.

Therefore, we have three out-of-sample periods over which we compare the one to twelve months
ahead forecasting performance of the simple macroeconomic model to the macro-finance model.
Moreover, these periods cover the turbulent period immediately before and during the 2008—-2009
financial crisis, when signals from the financial sector were of utmost interest.

The performance of the various models in forecasting GDP and CPI inflation is examined. The
baseline results are presented in Figures 8-9 (the forecasting performance is averaged over three
samples — 2006:8-2007:8, 2007:8-2008:8, and 2008:8-2009:8, as explained above). The stock
market index is found to improve the GDP forecast for the entire forecasting horizon. The same
goes for the share of non-performing loans and bank liquidity two quarters ahead. The size of the
contribution of the stock market index for GDP forecasting is substantial and ranges from 25 to
50%. As regards prices, loan loss provisions, credit, and the stock market index are found to
contribute to better predictability of prices for the entire forecasting horizon, although the
contribution of the stock market index is rather marginal. The size of the contribution of the two
former variables is about 10% on average. The results of the forecasting performance of the
macro-finance models differ a lot between the forecasts of GDP and inflation. Credit and loan
loss provisions improve the forecast of prices, but not the forecast of GDP.
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Figure 10: Do Financial Variables Improve the Forecast of GDP?
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Figure 11: Do Financial Variables Improve the Forecast of Prices?
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Note: The forecasting performance of the VAR models with individual financial variables is compared to
that of the VAR model with macroeconomic variables only. Values of the relative mean square error
below one indicate that the financial variable improves the forecasts of prices.

It has to be emphasized that these results are to a large extent driven by the fact that we are trying
to forecast out of sample over the rather turbulent years 2007-2009. When we restrict our
forecasts to 2006:8-2007:8, i.c., the period before the financial crisis, liquidity, non-performing
loans, and the PX index consistently improve the forecasts for both GDP and inflation. In the
2007:8-2008:8 period, non-performing loans, liquidity, and the PX still help to improve the
forecasts of GDP, but the results become mixed for inflation. This may be due to the external
food and oil-price shocks hitting the economy in late 2007. See the Appendix for forecast
performance comparisons in the three one-year periods separately.

Importantly, the Prague Stock Exchange PX index helps predict both inflation and GDP in all the
observed periods, including during the crisis. Although the volumes traded on the Prague Stock
Exchange are relatively low, the PX index seems to be a consistently good predictor of future
economic developments.

Apart from the consistently positive effect of the PX index, our results broadly confirm those of
Stock and Watson (2003), who find that some financial variables help predict the development of
the macroeconomy in some periods, but that their historical performance is largely unrelated to
their current performance.
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5. Concluding Remarks

In this paper, we estimated block-restriction VAR models for the Czech and euro area economies
in which euro area macroeconomic variables can influence Czech variables, but not vice versa,
and used this type of model to examine the predictive content of various financial variables for
GDP and prices. As compared to the previous literature summarized in Stock and Watson (2003),
we use a different set of financial variables, such as bank liquidity, the non-performing loan ratio,
and loan loss provisions, along with more standard ones such as credit and the stock market
index. An additional feature of our paper is an examination of the forecasting performance of
these financial variables during the 2008-2009 financial crisis, when signals from the financial
sector were of utmost importance for understanding macroeconomic developments.

Our results indicate that financial variables have a systematic effect on the macroeconomy and
often improve the forecast of GDP and prices, but the predictive performance of the individual
financial variables varies over time, in particular during the 2008—-2009 financial crisis, and good
performance in one period does not necessarily guarantee good performance in the following
period. In other words, the results broadly confirm the findings of Stock and Watson (2003), in
the sense that some financial variables predict either inflation or output growth in some periods,
but do not predict them in different periods, while in these different periods some other financial
variables predict either inflation or output growth. The exception to this empirical regularity is the
stock market index, which seems to consistently improve the forecast of both GDP and prices.

In addition, our results document a well-functioning monetary transmission mechanism with a
hump-shaped response of GDP to a monetary policy shock bottoming out after one year or so,
and a hump-shaped response of inflation to a monetary policy shock with a bottom after
18 months. Moreover, euro area shocks are important for the Czech economy. For example, the
response of Czech GDP to a euro area GDP shock is hump-shaped and significantly positive in
the 5—-15 months after the shock.

Impulse response analysis also uncovers considerable interactions between the macroeconomy
and the financial sector. An increase in the volume of credit is found to boost GDP as well as
prices, both with a peak after 7 months. A monetary tightening contributes to a credit contraction,
with the strongest effect after about one year. A monetary restriction also leads to a fall in the
share of liquid assets held by domestic banks, as the opportunity cost of holding money, as well
as other liquid assets, rises (Lucchetta, 2007). Similarly, our results indicate that tighter monetary
policy is associated with more cautious behavior of commercial banks, as the banks increase their
provisions for loan losses. Therefore, the results broadly support the evidence for the risk-taking
channel of monetary policy, where low monetary policy rates may induce banks to take on extra
risk (Jimenez et al., 2009).

As for future research, we believe that researchers could focus on nowcasting exercises explicitly
dealing with the issue of ragged edges in the data.
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Appendix: Comparison of Forecasting Performance in Three One-Year
Periods Separately
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Relative mean squared error

Forecast performance compared to the purely macroeconomic model
(1-year forecast of GDP, VAR 1999:1 - 2008:7)
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Forecast performance compared to the purely macroeconomic model
(1-year forecast of price level, VAR 1999:1 - 2007:7)

= credit =—liquidity =&—oan loss provisions non-performing loans == px index
1,6
1,4 —@— \

1,2

0,8

Relative mean squared error

i

44

L 4

L 4

L 4

L 4

L 2

06 W
0,4
0,2
0
1 2 3 4 5 6 7 8 9 10 11 12
Forecast horizon in months
Forecast performance compared to the purely macroeconomic model
(1-year forecast of price level, VAR 1999:1 - 2008:7)
=—credit == liquidity =&—oan loss provisions non-performing loans =& px index
5 —1
4,5
!
: \ /
T 3,5
ael
(9]
g 3
g
c 25
©
(0]
€ 2
[
2
& 15 o
(V]
2’
1
0,5 —9
0
1 2 3 4 5 6 7 8 9 10 11 12

Forecast horizon in months




CNB WORKING PAPER SERIES

6/2010  Tomas Havranek Do financial variables help predict macroeconomic environment?
Roman Horvéath The case of the Czech Republic
Jakub Matgju

5/2010  Roman Horvath Does money help predict inflation?
Lubos§ Komarek An empirical assessment for Central Europe
Filip Rozsypal

4/2010  Oxana Babecka A Gravity approach to modelling international trade in South-
Kuchar¢ukova Eastern Europe and the Commonwealth of Independent States:
Jan Babecky The role of geography, policy and institutions
Martin Raiser

3/2010  Tomas Havranek Which foreigners are worth wooing? A Meta-analysis of vertical
Zuzana IrSova spillovers from FDI

2/2010  Jaromir Baxa How does monetary policy change? Evidence on inflation
Roman Horvéath targeting countries
Boiek Vasicek

1/2010  Adam Gersl Relationship lending in the Czech Republic
Petr Jakubik

15/2009  David N. DeJong Efficient likelihood evaluation of state-space representations
Roman Liesenfeld
Guilherme V. Moura
Jean-Francois Richard
Hariharan
Dharmarajan

14/2009  Charles W. Calomiris Banking crises and the rules of the game

13/2009  Jakub Seidler The Merton approach to estimating loss given default: Application
Petr Jakubik to the Czech Republic

12/2009  Michal Hlavacek Housing price bubbles and their determinants in the Czech
Lubo$§ Komarek Republic and its regions

11/2009 Kamil Dybczak Changes in the Czech wage structure: Does immigration matter?
Kamil Galuséak

10/2009  Jifi B6hm Percepion is always right: The CNB"s monetary policy in the
Petr Kral media
Branislav Saxa

9/2009  Alexis Derviz Funding costs and loan pricing by multinational bank affiliates
Marie Rakova

8/2009  Roman Horvath Heterogeneity in bank pricing policies: The Czech evidence
Anca Maria Podpiera

7/2009  David Kocourek The impact of early retirement incentives on labour market
Filip Pertold participation: Evidence from a parametric change in the Czech

Republic

62009  Nauro F. Campos Reform redux: Measurement, determinants and reversals
Roman Horvath

5/2009  Kamil Galus¢ak The determination of wages of newly hired employees: Survey

Mary Keeney
Daphne Nicolitsas
Frank Smets
Pawel Strzelecki
Matija Vodopivec

evidence on internal versus external factors



4/2009  Jan Babecky Downward nominal and real wage rigidity: Survey evidence from
Philip Du Caju European firms
Theodora Kosma
Martina Lawless
Julian Messina
Tairi R6Om
3/2009  Jiri Podpiera Measuring excessive risk-taking in banking
Laurent Weill
2/2009  Michal Andrle Implementing the new structural model of the Czech National Bank
Tibor Hlédik
Ondra Kamenik
Jan Vicek
1/2009  Kamil Dybczak The impact of population ageing on the Czech economy
Jan Babecky
14/2008  Gabriel Fagan Macroeconomic adjustment to monetary union
Vitor Gaspar
13/2008  Giuseppe Bertola Openness, financial markets, and policies: Cross-country and
Anna Lo Prete dynamic patterns
12/2008  Jan Babecky Survey on wage and price formation of Czech firms
Kamil Dybczak
Kamil Galuséak
11/2008 Dana Hajkova The measurement of capital services in the Czech Republic
10/2008  Michal Franta Time aggregation bias in discrete time models of aggregate
duration data
9/2008  Petr Jakubik Stress testing credit risk: Is the Czech Republic different from
Christian Schmieder ~ Germany?
8/2008  Sofia Bauducco Monetary policy rules with financial instability
Ales Bulir
Martin Cihak
7/2008  Jan Bruha The origins of global imbalances
Jiti Podpiera
6/2008  Jifi Podpiera The price effects of an emerging retail market
Marie Rakova
5/2008  Kamil Dybczak The effect of oil price shocks on the Czech economy
David Vonka
Nico van der Windt
4/2008  Magdalena M. Borys  The effects of monetary policy in the Czech Republic:
Roman Horvéath An empirical study
3/2008  Martin Cincibuch Central bank losses and economic convergence
Tomas Holub
Jaromir Hurnik
2/2008  Jiti Podpiera Policy rate decisions and unbiased parameter estimation in
conventionally estimated monetary policy rules
1/2008  Balazs Egert Determinants of house prices in Central and Eastern Europe
Doubravko Mihaljek
17/2007  Pedro Portugal U.S. unemployment duration: Has long become bonger or short
become shorter?
16/2007  Yuliya Rychalovska  Welfare-based optimal monetary policy in a two-sector small open

economy



15/2007  Juraj Antal The effects of anticipated future change in the monetary policy
FrantiSek Brazdik regime

14/2007  Ales Bulit Inflation targeting and communication: Should the public read
Katefina Smidkova inflation reports or tea leaves?
Viktor Kotlan
David Navratil

13/2007  Martin Cinncibuch Measuring the financial markets' perception of EMU enlargement:
Martina Hornikova The role of ambiguity aversion

12/2007 Oxana Babetskaia- Transmission of exchange rate shocks into domestic inflation: The
Kukharchuk case of the Czech Republic

11/2007  Jan Filacek Why and how to assess inflation target fulfilment

10/2007  Michal Franta Inflation persistence in new EU member states: Is it different than
Branislav Saxa in the Euro area members?
Katefina Smidkova

9/2007  Kamil Galuséak Unemployment and inactivity traps in the Czech Republic:
Jan Pavel Incentive effects of policies

8/2007  Adam Gersl Foreign direct investment and productivity spillovers:
Ieva Rubene Updated evidence from Central and Eastern Europe
Tina Zumer

7/2007  Tan Babetskii Financial integration of stock markets among new EU member
Lubo§ Komarek states and the euro area
ZlatuSe Komarkova

6/2007  Anca Market power and efficiency in the Czech banking sector
Pruteanu-Podpiera
Laurent Weill
Franziska Schobert

5/2007  Jiti Podpiera Bad luck or bad management? Emerging banking market
Laurent Weill experience

4/2007  Roman Horvéath The time-varying policy neutral rate in real time: A predictor for

future inflation?

3/2007  Jan Briha The convergence of a transition economy:
Jiti Podpiera The case of the Czech Republic
Stanislav Polak

2/2007  Tan Babetskii Does reform work?
Nauro F. Campos An econometric examination of the reform-growth puzzle

1/2007  lan Babetskii Measuring and explaining inflation persistence:
Fabrizio Coricelli Disaggregate evidence on the Czech Republic
Roman Horvath

13/2006  Frederic S. Mishkin  Does inflation targeting make a difference?
Klaus Schmidt-
Hebbel

12/2006  Richard Disney Housing wealth and household indebtedness: Is there a household
Sarah Bridges ‘financial accelerator’?
John Gathergood

11/2006  Michel Juillard Measures of potential output from an estimated
Ondrej Kamenik DSGE model of the United States
Michael Kumhof
Douglas Laxton

10/2006  Jiti Podpiera Degree of competition and export-production relative prices

Marie Rakova

when the exchange rate changes: Evidence from a panel of Czech



exporting companies

9/2006  Alexis Derviz Cross-border lending contagion in multinational banks
Jifi Podpiera
8/2006  Ales Bulif The Maastricht inflation criterion: “Saints” and ““Sinners™
Jaromir Hurnik
7/2006  Alena Bi¢akova Fiscal implications of personal tax adjustments in the Czech
Jifi Slacalek Republic
Michal Slavik
6/2006  Martin Fuka¢ Issues in adopting DSGE models for use in the policy process
Adrian Pagan
5/2006  Martin Fuka¢ New Keynesian model dynamics under heterogeneous expectations
and adaptive learning
4/2006  Kamil Dybczak Supply-side performance and structure in the Czech Republic
Vladislav Flek (1995-2005)
Dana Hajkova
Jaromir Hurnik
3/2006  Ales Krejdl Fiscal sustainability — definition, indicators and assessment of
Czech public finance sustainability
2/2006  Kamil Dybczak Generational accounts in the Czech Republic
1/2006  Ian Babetskii Aggregate wage flexibility in selected new EU member states
14/2005  Stephen G. Cecchetti  The brave new world of central banking: The policy challenges
posed by asset price booms and busts
13/2005 Robert F. Engle The spline GARCH model for unconditional volatility and its
Jose Gonzalo Rangel global macroeconomic causes
12/2005  Jaromir Bene$ An economy in transition and DSGE: What the Czech national
Tibor Hlédik bank’s new projection model needs
Michael Kumhof
David Vavra
11/2005 Marek Hlavacek The application of structured feedforward neural networks to the
Michael Konak modelling of daily series of currency in circulation
Josef Cada
10/2005  Ondfej Kamenik Solving SDGE models: A new algorithm for the sylvester equation
9/2005  Roman Sustek Plant-level nonconvexities and the monetary transmission
mechanism
8/2005  Roman Horvath Exchange rate variability, pressures and optimum currency
area criteria: Implications for the central and eastern european
countries
7/2005  Balazs Egert Foreign exchange interventions and interest rate policy
Lubos Komarek in the Czech Republic: Hand in glove?
6/2005  Anca Podpiera Deteriorating cost efficiency in commercial banks signals an
Jifi Podpiera increasing risk of failure
5/2005  Lubos§ Komarek The behavioural equilibrium exchange rate of the Czech koruna
Martin Melecky
4/2005  Katefina ArnoStovd ~ The monetary transmission mechanism in the Czech Republic
Jaromir Hurnik (evidence from VAR analysis)
3/2005  Vladimir Benacek Determining factors of Czech foreign trade: A cross-section time

Jiti Podpiera

series perspective



Ladislav Prokop

2/2005  Kamil Galus¢ak Structural and cyclical unemployment: What can we derive
Daniel Miinich from the matching function?
1/2005  Ivan Baboucek Effects of macroeconomic shocks to the quality of the aggregate
Martin Jancar loan portfolio
10/2004  Ales Bulif Exchange rates in the new EU accession countries: What have
Katefina Smidkova  we learned from the forerunners
9/2004  Martin Cincibuch Beyond Balassa-Samuelson: Real appreciation in tradables in
Jiti Podpiera transition countries
8/2004  Jaromir Benes Eigenvalue decomposition of time series with application to the
David Vavra Czech business cycle
7/2004  Vladislav Flek, ed. ~ Anatomy of the Czech labour market: From over-employment to
under-employment in ten years?
6/2004  Narcisa Kadl¢akova Credit risk and bank lending in the Czech Republic
Joerg Keplinger
5/2004  Petr Kral Identification and measurement of relationships concerning
inflow of FDI: The case of the Czech Republic
4/2004  Jifi Podpiera Consumers, consumer prices and the Czech business cycle
identification
3/2004  Anca Pruteanu The role of banks in the Czech monetary policy transmission
mechanism
2/2004  Ian Babetskii EU enlargement and endogeneity of some OCA criteria:
Evidence from the CEECs
1/2004  Alexis Derviz Predicting bank CAMELS and S&P ratings: The case of the

Jiti Podpiera

Czech Republic

CNB RESEARCH AND PoLIcY NOTES

1/2008  Nicos Christodoulakis Ten years of EMU: Convergence, divergence and new policy
prioritie
2/2007  Carl E. Walsh Inflation targeting and the role of real objectives
1/2007  Vojtéch Benda Short-term forecasting methods based on the LEI approach: The
Lubos Ruzic¢ka case of the Czech Republic
2/2006  Garry J. Schinasi Private finance and public policy
1/2006 ~ Ondfej Schneider The EU budget dispute — A blessing in disguise?
5/2005  Jan Strasky Optimal forward-looking policy rules in the quarterly projection
model of the Czech National Bank
4/2005 Vit Barta Fulfilment of the Maastricht inflation criterion by
the Czech Republic: Potential costs and policy options
3/2005  Helena Stivova Eligibility of external credit assessment institutions
Eva Kozelkova
David Zeman
Jaroslava Bauerova
2/2005  Martin Cihak Stress testing the Czech banking system:

Jaroslav Hefmanek

Where are we? Where are we going?



1/2005  David Navratil The CNB’s policy decisions — Are they priced in by the markets?

Viktor Kotlan
4/2004  Ales Bulif External and fiscal sustainability of the Czech economy:
A quick look through the IMF’s night-vision goggles
3/2004  Martin Cihak Designing stress tests for the Czech banking system
2/2004  Martin Cihak Stress testing: A review of key concepts
1/2004  Tomas Holub Foreign exchange interventions under inflation targeting:

The Czech experience

CNB EcoNoMIC RESEARCH BULLETIN

November 2010
May 2010
November 2009
May 2009
December 2008
April 2008
December 2007
August 2007
November 2006
August 2006
November 2005
May 2005
October 2004
May 2004
December 2003

Wage adjustment in Europe

Ten years of economic research in the CNB
Financial and global stability issues
Evaluation of the fulfilment of the CNB’s inflation targets 1998-2007
Inflation targeting and DSGE models

Ten years of inflation targeting

Fiscal policy and its sustainability

Financial stability in a transforming economy
ERM Il and euro adoption

Research priorities and central banks
Financial stability

Potential output

Fiscal issues

Inflation targeting

Equilibrium exchange rate







Czech National Bank
Economic Research Department
Na Ptikopé¢ 28, 115 03 Praha 1
Czech Republic
phone: +420 2 244 12 321
fax: +420 2 244 14 278
http://www.cnb.cz

e-mail: research@cnb.cz
ISSN 1803-7070



