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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, even though it strengthens during the
2008-2009 crisis. The results give some support for the risk-taking channel of
monetary policy, as the level of the monetary policy rate is positively associated
with the loan loss provision rate of commercial banks. Finally, a more stable
financial system is found to contribute to faster economic growth.
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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 Hofmann 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 influential 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 of nested
models (Clark and West 2007), financial variables in general seem to improve the
forecast of macroeconomic variables, but the predictive performance of the
individual financial variables varies over time—even though it strengthens during
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the 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 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 exception to this empirical regularity is the
stock market index, which seems to consistently improve the forecast of GDP.

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 Sect. 4. Concluding remarks are provided in Sect. 5.

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 industri-
alized 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 de 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
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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.

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 Morgese et al. 2009) or
focused on stress testing the Czech banking system (Cihak 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):

A(L)y(1) = &),

where A(L) is an m x m matrix polynomial in the lag operator (with non-negative
powers), y(f) is an m x 1 vector of observations, and &(f) is an m x 1 vector of
structural disturbances or shocks. &(f) is serially uncorrelated and var(e(r)) = 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
o= aol o=[0) o-[a0)

The model contains m; domestic variables in a small open (Czech) economy vector
y1(#) and m, variables exogenous to the small open economy in vector y,(?), i.e., the
euro area variables. The dimension of A;(L) is m; x m;, y{(?) and &(f) 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 (p©%), the short-term interest rate (i?), the

exchange rate (etCZK/ EUR), 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
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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:

yi(t) = (xtCZ pet (7 (CHKIEUR G Cz )
The vector of foreign variables comprises a measure of euro area economic activity
(xEY), the euro area aggregate price level (p£V), and the euro area short term interest
rate (ifY):

n(0) = (v pv i)

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
A (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 Morgese et al. 2009). For example, Borys Morgese
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.

3.1 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 (seasonally adjusted) GDP and
price series are in log levels, as is the Czech credit to the private sector series. Since
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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 3 M 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.

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. The stability can also be indirectly
checked from the impulse response analysis, as the shocks vanish off and do not
have permanent effect.

3.2 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.

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 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.
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Fig. 1 The evolution of the financial series used in the VAR analysis

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. The development in our Financial Stance series
corresponds to anecdotal as well as empirical evidence provided in the Financial
Stability Report (2010) of the Czech National Bank. The Report documents largely
stable domestic banking sector maintaining high liquidity as well as capital without
any government support. The stress tests available in the Report indicate that the
Czech banking sector is likely to withstand large negative shocks. Finally, the

! 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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Report shows that global financial crisis materialized in the Czech economy via a
substantial fall of foreign demand for the Czech exports, i.e. via real economy
channel rather than through direct financial shocks.

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.

4.1.1 Credit

We start by presenting the impulse responses of the block-restriction VAR model
with credit as the financial variable in Figs. 2, 3, 4. Figures 2, 3 present the impulse
responses among the Czech and euro area macroeconomic variables, while Fig. 4
reports the impulse responses related to credit.

@ Springer



Econ Change Restruct (2012) 45:135-155

143

Euro Area GDP => Czech GDP

q_-Ingdp_ea_s —> q_Ingdp_cz_s

Euro Area Price Level => Czech Price Level

Inp_ea —> Inp_net_cz

w S ————— w30
2 4 // T-— S 260\
x ~ x 1\
4 S~ 2294
/
/
21y
|/
-~ 7~
v
o N
N
4 AN
N
~N
72 \\
-3
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Euro Area GDP => Czech Price Level Euro Area Price Level => Czech GDP
g-Ingdp_ea_s —> Inp_net_cz Inp_ea —> gq_Ingdp_cz_s
, 3.0 w 5
I - < [
2 25 // N 2 .
~ 4 -
x ; N x -
2.0 N -
’ e
3 _-"
-
~
- -
= 2y e
/ PR
0.0 147 e
7/ - / /
-0.5 -~ -
,/ N o - _
-10) S~_ - P
N
-1.5 -1
5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
CZK/EUR => Czech GDP CZK/EUR => Czech Price Level
Inex —> gq_Ingdp_cz_s Inex —> Inp_net_cz
12
o -«
x 0.8 / N 1
/ \
/ \ 1
0.4} <
/ ~ P |
_ook A _-
\— \\ L
AN s
-1.2 T -1.0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 5(

Fig. 2 The effect of euro area and exchange rate shocks on Czech GDP and prices—impulse responses.
Note: Orthogonal impulse responses to one standard error shocks. Bootstrapped Hall (1988) 95%
confidence intervals

As concerns Fig. 2, 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
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Fig. 3 The effect of Czech and euro area monetary policy on Czech GDP, prices, and the exchange
rate—impulse responses. Note: Orthogonal impulse responses to one standard error shocks. Bootstrapped
Hall (1988) 95% confidence intervals

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
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Fig. 4 The effect of credit on Czech GDP and prices and the effect of monetary policy on credit—
impulse responses. Note: Orthogonal impulse responses to one standard error shocks. Bootstrapped Hall
(1988) 95% confidence intervals

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.

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 1 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 Morgese 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,
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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.

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 1 year.

4.1.2 Bank liquidity

The effect of bank liquidity on domestic GDP is not statistically significant, as
reported in Fig. 5, 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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Fig. 5 The effect of bank liquidity on Czech GDP and prices and the effect of monetary policy on bank
liquidity—impulse responses. Note: Orthogonal impulse responses to one standard error shocks.
Bootstrapped Hall (1988) 95% confidence intervals
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4.1.3 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 Fig. 6). 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 (Jiménez et al. 2009).

4.1.4 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 Fig. 7 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
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Fig. 6 The effect of loan loss provisions on Czech GDP and prices and the effect of monetary policy on
loan loss provisions—impulse responses. Note: Orthogonal impulse responses to one standard error
shocks. Bootstrapped Hall (1988) 95% confidence intervals
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Fig. 7 The effect of non-performing loans on Czech GDP and prices and the effect of monetary policy
on non-performing loans—impulse responses. Note: Orthogonal impulse responses to one standard error
shocks. Bootstrapped Hall (1988) 95% confidence intervals

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.

4.1.5 Prague stock exchange PX index

The results depicted in Fig. 8 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 environ-
ment. 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
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Fig. 8 The effect of the stock market index on Czech GDP and prices and the effect of monetary policy
on the stock market index—impulse responses. Note: Orthogonal impulse responses to one standard error
shocks. Bootstrapped Hall (1988) 95% confidence intervals

comprises only large international companies, which are less affected by domestic
monetary policy.

4.1.6 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 that although the typical

2 This means that non-performing loans and loan loss provisions are multiplied by —1.

@ Springer



150 Econ Change Restruct (2012) 45:135-155

Financial Stance => GDP Financial Stance => Price Level
pc —> g—Ingdp_cz_s pc —> Inp_net_cz
, 1.8 v 6
S o ==
- P 4 / N\
X 44 / N N (AN N
/ N N~ \
2 —
/ N N -
ol / \ . - ~=-
! h N / ~ _ -
/ ~ L / ~_ P
0.6 ~ o -2 / -
! ~_ \ ,
] ~ Al
i RN 4 /
0.2 !
. N \
/ ~ -6 -7
\ /— =~ =~ - -
-0.2 — <=7 _8 P
0 5 10 15 20 25 30 35 40 45 50 0O 5 10 15 20 25 30 35 40 45 50
Monetary Policy => Financial Stance Financial Stance => Financial Stance
i_cz —> pc pc =2 pc
0.02 0.14
0.01 --<
~ ~
000 L o T T - T 0.10
e ——— =
—0.01
-0.02 0.06
-0.03
—0.04 / 0.02
\ /
—0.05|~ _/ T
-0.06 ~0.02 -
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 5(

Fig. 9 The effect of the stock market on Czech GDP and prices and the effect of monetary policy on the
stock market—impulse responses. Note: Orthogonal impulse responses to one standard error shocks.
Bootstrapped Hall (1988) 95% confidence intervals

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
(Fig. 9).

4.2 Comparison of forecasting performance

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. Nevertheless,
Granger causality tests are useful as the first check whether the financial variables
are likely to have a systematic effect on the macroeconomic ones. The results on
Granger causality tests are available in Table 1. The null hypothesis—the financial
variable does not Granger cause domestic macroeconomic variables—is rejected in
all cases at 1% level.
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Table 1 Granger causality test

Variable Test statistic 1 P value

Financial stance 2.12 0.0094

o Credit 5.31 0.0000

The null hypothesis is that Bank liquidity 241 0.0028
financial variable does not o

Granger cause domestic Loan loss provisions 2.73 0.0060

macroeconomic variables. The Non-performing loans 3.00 0.0018

null is rejected in all cases at 1% gock market 545 0.0000

level

Note that we focus on point forecast evaluation rather than on density forecast
evaluation. Density forecast evaluation is especially fruitful within Bayesian VAR
models. In our frequentist model, we have checked the forecast variances from all
our forecasting models and found that they are very similar to each other. This
suggests that focusing on point forecasts is sufficient.

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
1-12 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. Since our macroeconomic and macro-finance models are nested, we
carry out the Clark and West (2007) test to evaluate the forecast accuracy that is
specifically designed to deal with nested models. Clark and West (2007) point out
that larger model introduces noise into its forecasts and the comparison of resulting
mean square errors has to be adjusted for the noise (labelled as the adjustment term).
More specifically, the test is defined as follows. Test statistic is equal to the MSE of
macroeconomic model minus the MSE of macro-finance model plus the adjustment
term, which is defined as the squared difference between the forecasts generated by
macroeconomic model and macro-finance model. Clearly, the higher test statistic
increases the chances of rejecting the null hypothesis of that the forecast accuracy of
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macroeconomic and macro-finance model are equal for an alternative of more
precise forecasts of macro-finance model.

The results are available in Table 2 for prices and Table 3 for GDP. As noted
above, forecasting performance is evaluated for three different samples—
2006:8-2007:8, 2007:8-2008:8, and 2008:8-2009:8, as explained above). The
results suggest that financial variables significantly improve the forecasts in many
cases, especially during the financial crisis period. Importantly, the Prague Stock
Exchange PX index helps predict 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 for GDP forecasting,
our results broadly confirm those of Stock and Watson (2003), who find that some

Table 2 Clark and West (2007) forecast evaluation test for nested models: Do financial variables
improve the forecasts of prices?

Forecasts for

Variable 2006:8-2007:7 2007:8-2008:7 2008:8-2009:7
Financial stance 3.28 31.81%* 24.63%*
Credit —2.78 81.75%* 67.78%*

Bank liquidity 13.47%* 7.78 10.55%*

Loan loss provisions —12.14 182.11%%* 12.75%*
Non-performing loans 2.75 —68.05 13.38%*
Stock market 0.75 3.27*% —7.44

The null hypothesis is that macroeconomic and macro-finance model forecasting accuracy is equal.
Rejecting the null suggest that adding financial variables improves the forecasts at 10% significance level
(*) or 5% significance level (**). The test statistic multiplied by 10° for convenience

Table 3 Clark and West (2007) forecast evaluation test for nested models: Do financial variables
improve the forecasts of GDP?

Forecasts for

Variable 2006:8-2007:7 2007:8-2008:7 2008:8-2009:7
Financial stance —12.09 —2.21 303.77%*
Credit —40.06 —289.84 —1,501.71
Bank liquidity —12.16 6.30%* —103.88
Loan loss provisions —114.69 —63.55 —21.22
Non-performing loans 53.07* 92.35%* —705.34
Stock market 17.50% 99.65%* 689.22%*

The null hypothesis is that macroeconomic and macro-finance model forecasting accuracy is equal.
Rejecting the null suggest that adding financial variables improves the forecasts at 10% significance level
(*) or 5% significance level (**). The test statistic multiplied by 10° for convenience
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financial variables help predict the development of the macroeconomy in some
periods, but that their historical performance is largely unrelated to their current
performance.

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—evaluated by the Clark and West (2007) test for nested models—of
the individual financial variables varies over time, even though it strengthens 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 1 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
1 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
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evidence for the risk-taking channel of monetary policy, where low monetary policy
rates may induce banks to take on extra risk (Jiménez 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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