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ABSTRACT

Abstract

This paper explores the spillover effects of external shocks
on inflation and gross domestic product in Croatia. Impulse
responses and variance decomposition of the estimated VAR
model with block-exogenous restrictions point to external factors as the main determinants of domestic inflation and domestic economic activity. On the other hand, domestic shocks
only slightly influence the movements and fluctuations of domestic variables. The VAR model estimation results show that
the relevance of external shocks must be taken into account in
theoretical modelling of domestic economic activity and prices.
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1 INTRODUCTION

1 Introduction
The literature about small open economies shows that their
aggregate supply, aggregate demand and hence also their economic activity and price movements greatly depend on the dynamics of large economies. Figure 11 suggests that this could
also be true of the Croatian economy; the correlation between
quarterly GDP growth rates2 in the European Union and Croatia is as high as 0.71, and the correlation between the quarterly growth rates of the index of world raw materials prices3
and the Croatian consumer price index is 0.45.
In order to quantify the relative importance of external vs.
domestic factors for the variation in and movements of domestic inflation and GDP, we estimated a model of prices in
the distribution chain as in McCarthy (2007). This model has
a representation of the vector autoregressive (VAR) model.
The model estimation makes it possible to analyse the impact
of external shocks on inflation in each phase of an imported
product sale in a distribution channel consisting of importers,
producers and consumers. While McCarthy (2007) analyses
large open economies that are capable of influencing the external factors, we assume that Croatia is a small open economy
that cannot influence external variables, so that the model of

prices in the distribution chain is estimated as a VAR model
with block-exogenous restrictions (for external variables).
Our conclusions about the critical role of external shocks
correspond with those presented in similar papers on small
open economies in both developed and developing countries.
The model estimation results suggest that the change in world
prices produces significant spillover effects on producer and
consumer price indices (both direct, and indirect through a
change in producer prices). World prices account for the largest proportion of domestic price variation, including the producer and consumer price indices. In addition, domestic economic activity, the volatility of which can, to a largest extent,
be accounted for by foreign GDP-induced shocks, only barely
explains the domestic price variation.
The remainder of the paper is organised as follows: Section
two gives a summary of a simple model of prices in the distribution chain and its VAR representation with block-exogenous
restrictions. Section three provides the description of data. The
estimated model results are presented in Section four. The last
section provides the conclusions of the analysis.

Figure 1 GDP of the EU vs. Croatia, the Croatian consumer price index and the index of world raw materials prices
quarterly growth rates in percent, seasonally adjusted and standardised data
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2 A literature overview
Among early papers dealing with the influence of large, developed on small, open economies (primarily developing countries) is Dornbusch (1985), which analyses the impact of large
economies on world prices and, consequently, on business cycles in developing countries. Calvo, Leiderman and Reinhart
1
2
3

(1993) first launched the idea of external shocks being directly
accountable for small open economies’ dynamics. Their results
suggest that external shocks account for most of the real exchange rate variance in the Latin American countries. Reinhart and Reinhart (2001), and Frankel and Roubini (2001)

As we are interested in comovements of variables, the growth rates are standardised i.e. normalised to the same scale (the value of each observation for each variable is reduced by its average and divided by standard deviation).
Quarterly growth rates are non-annualised growth rates of a variable in a given quarter relative to the value of the same variable in the previous quarter.
The index of world raw materials prices has been calculated on the basis of the prices of 30 main raw materials (4 crops – 3%, 6 oleaginous plants – 3%, 4 raw
materials for beverage production – 4%, 14 industrial raw materials – 23% and 2 energy raw materials – 68%) traded in the world market, and is expressed in
kuna. The monthly index is calculated by the Hamburg Institute of International Economics (HWWI).
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detected negative effects of the US interest rate changes on
GDP in developing countries. In recent theoretical literature,
emphasis is laid on the importance of foreign interest rates for
business cycles in developing countries (Neumeyer and Perri,
2004, Uribe and Yue, 2003). Cushman and Zha (1997) assess
the impact of world prices and key variables in the US, as external factors, on economic activity in Canada. They conclude
that external shocks account for most of the economic activity
variance in Canada. Del Negro and Obiols-Homs (2001) arrived at the same conclusion for Mexico. The authors of both
papers use the estimated VAR model with block-exogenous restrictions ((for external variables). Canova (2005), Uribe and
You (2003) and Maćkowiak (2007) estimate the effects of US
monetary policy, concluding that the Fed’s monetary policy
produces quick and significant effects on interest rates in Latin American countries and that the largest proportion of the
fluctuations in these economies can be attributed to external
shocks.
Korhonen (2003), Fidrmuc and Korhonen (2003),
Maćkowiak (2006), as well as Horváth and Rusnák (2009)
estimate the VAR model by means of the Blanchard-Quah

identification (the former two works), and by means of blockexogenous restrictions (the latter two papers), in order to
analyse the impact of external shocks on economic activity in
numerous transition economies. These researchers confirm
the findings from studies on the significant influence of large
economies on small open ones.
The contributions of this paper are the following. To our
knowledge, apart from the paper by Belullo, Šonje and Vrbanc
(2000) on the close correlation of business cycles in the Republic of Croatia and Germany before 2000, no other research
addresses the determinants of Croatian economic activity. The
results of our model, obtained by using a different approach,
confirm the findings of Belullo, Šonje and Vrbanc (2000)
about the crucial impact of the European Union’s GDP on domestic GDP fluctuations (even after 2000). With the exception
of Jankov et al. (2008), research papers on domestic inflation
determinants rely on the literature dealing with large economies4 and do not take into account the potential external factor
effects on domestic inflation. The findings of this paper show
that external shocks must be taken into account in domestic
inflation modelling.

3 Empirical model
This model assumes that the distribution chain of the sale or
production of a certain good or service consists of two phases
of production i.e. sale. In the first phase, producers buy finished or intermediate products on the world market, at world
prices. After having set the prices of their products (producer
prices), the producers sell these products to traders who, in the
next phase, sell the same products to consumers (at consumer
prices). Therefore, the price change in each phase depends on
a number of factors. The first among them is the expected inflation rate in a particular phase, based on total information
available at the end of the previous period (). Additional elements constituting the price depend on the effects of supply
and demand shocks in that phase: external demand shock, external supply shock and domestic GDP. Other factors influencing inflation in a particular phase include the shock of inflation
in the previous phase of the distribution chain and own shock.
As in McCarthy (2007), it is assumed that external demand
shock can be identified by EU GDP movements. The demand
shock has been identified through movements in world raw
materials prices (expressed in kuna), taking into account the
external demand shock. These two shocks are parts of the exogenous block of the VAR model that is not influenced by domestic variables, but contains real GDP of the European Union
and the index of world raw materials prices expressed in kuna.
The domestic demand shock has been identified on the basis
of the domestic GDP dynamics after the identification of external shocks. This shock is a constituent part of the domestic
block of variables influenced by the variables in the exogenous
block. The domestic block includes Croatian GDP, producer
4
5

price index (PPI) and consumer price index (CPI).
Given this structure, the model can be considered as a recursive VAR model with the effects of structural shocks identified by means of Cholesky decomposition of the variancecovariance matrix of reduced-form shocks. Consequently, the
impulse responses of the consumer and producer price indices
and GDP to orthogonal external and domestic shocks show
the estimated effects of changes in external and domestic variables on domestic prices and domestic economic activity. In
addition to the estimation of the effects of shocks on domestic inflation and domestic GDP, a calculation has been made
of the proportion of domestic price index and GDP variations
that can be attributed to external and domestic shocks.
The described structure and the standard model derived from
it (as in McCarthy, 2007) assume the interrelationship of all
variables in the system. In other words, each variable influences
all the remaining variables. However, this assumption is inappropriate in modelling a small open economy in which domestic
variable shocks are unlikely to influence a large economy, in our
case the EU economy. Therefore, we applied the VAR methodology with block-exogenous restrictions that prevents the influence of domestic variable shocks on exogenous variables.
Below is a description of a VAR model assessed later in the
text. The exogenous block of the model includes real GDP of
the EU and world prices expressed in kuna, whereas GDP of
the Republic of Croatia and the producer price and consumer price indices constitute the domestic block. Given the small
number of observations, the inclusion of a larger number of
variables in the VAR model would be problematic.5

See Basarac (2009), Botrić (2005), Botrić and Cota (2006), Družić, Tica and Mamić (2006), Payne (2002), Pivac and Grčić (2005), Šergo and Tomić (2003),
and Vizek and Broz (2007).
See CNB (2008) and Jankov et al. (2008) for a similar VAR model with alternative variables. The results of these VAR models, which can be considered as a
robustness check of model results in this paper, are very similar to those obtained here, regardless of the difference in the world price measurement (as in Jankov
et al., 2008), and regardless of an alternative choice of variables (as in CNB, 2008).
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Without imposing any restrictions, we can estimate the VAR
model in its reduced form. Given that the estimated reducedform VAR model parameters do not have interpretation, the
model estimation results will be summarised according to impulse responses and variance decomposition. However, this
analysis requires identification of the structural VAR (SVAR)
model:
p

/ As ys = ft

(1)

s=0

where y is the vector of all variables in our model. This vector
will be divided into two blocks of variables: vector y1 includes
world prices and GDP of the EU, and y2 is the domestic variable vector (Croatian GDP, producer price index and consumer
price index). Matrices Aj are the structural coefficient matrices
interconnecting all the variables up to a given period p. Vector
ft is the vector of independent, normally distributed random
errors (with distribution MVN(0, I)). Given the distribution
of endogenous variable vectors, the assumption that domestic
variables cannot influence the external ones is reflected in the
zero block of each matrix Aj:
Aj = =

A11j A12j
G, j = 0, ..., p.
A21j A22j

The form of A j, i.e. of the block-exogenous restriction
A12j = 0 , relies on the idea that external shocks influence a
small open economy, but not vice versa.
After multiplying the SVAR model by A0-1 (A0 is the coefficient matrix connecting variables in the same period), the reduced form of the VAR model to be estimated can be written
as follows:
y=

p

/ Bs yt - s + ht

(2)

s=1

where A0-1 ft = ht: MVN (0, Rh) and B j = A0-1 A j for j = 0,..., p.
It can be shown (see Lütkepohl, 2005) that the coefficient Bs
matrices inherit the form with block-exogenous restrictions:
Bj = =

B11j 0
G, j = 1, ..., p.
B21j B22j

It should be noted that this is identical to the assumption
that the domestic block of variables does not influence, in
Granger terms, the external block of variables, which can be
tested (see Lütkepohl, 2005). In other words, variables from
the domestic block are of no help in predicting external variables.
Given the estimated residuals of the reduced-form VAR
n (n + 1)
model h t with its covariance matrix R h (having
2
unique elements) estimated by means of reduced-form coefficients and the Cholesky factor, impulse responses and variance
decomposition have been calculated.
The Cholesky factor has been calculated on the basis of
Cholesky decomposition of the residual covariance matrix for
the reduced-form VAR model:
Rh = A0-1 Al0-1
6
7

For the identification of matrix A0, and hence, of structural
n (n - 1)
shocks ft=A0ht,6 we must introduce at least
of addi2
tional restrictions. Cholesky decomposition Rh enables an accurate identification, given that A0 is the lower-triangle matrix.
The reduced-form VAR model parameters have been estimated by FGLS. For more details about the model estimate
and structural analysis of the VAR process with block-exogenous restrictions, see Lütkepohl (2005).

3.1 Data
The model has been estimated on seasonally adjusted quarterly data for the period from the second quarter of 2000 to
the first quarter of 2010. The data on the movements of the
index of world raw materials prices (expressed in US dollars)
are from the Hamburg Institute of International Economics
and are adjusted for the HRK/USD exchange rate movements.
The data on GDP for 27 EU Member States have been taken
over from Eurostat, and the values of variables in the domestic
block from the Central Bureau of Statistics.
The choice of the GDP of the European Union instead of
some other variable, e.g. benchmark interest rate, as a basis
for identifying the foreign demand shock in the external block,
has the following rationale. A VAR model specification which
simultaneously contains EURIBOR and/or GDP of the European Union does not contribute to the interpretation of results
relative to the specification containing the EU GDP only. That
is to say, both EURIBOR and EU GDP constitute the same,
real external shock, which arises from the Taylor rule followed
by the European Central Bank. The Taylor rule gives a weight
to the EU inflation rate and the EU GDP gap in an interest
rate reaction function. Therefore the results of estimated impulse responses have the same interpretation, regardless of
whether the external block of the VAR model includes EURIBOR or EU GDP. Consequently, in a further analysis, the external block contains only one variable, EU GDP. On the other
hand, the domestic block of the VAR model contains domestic
GDP, the producer price index and consumer price index.
Jankov et al. (2008) analyse the separate effects of world
prices expressed in US dollars and of the USD/EUR (or dollar/kuna) exchange rates.7 Given the applied definition of
world prices, our analysis covers only the cost effects of external shock spillover to domestic prices. The reason for not
separating world price effects from exchange rate effects lies
in the different aims of the two analyses. Among other things,
Jankov et al. (2008), explore the spillover effects of changes
in the USD/EUR exchange rate under different exchange rate
regimes. They find that the management of the kuna/euro exchange rate is not sufficient to halt the spillover of external
shocks, because the kuna/US dollar exchange rate can have
a decisive influence on the movement and variation of prices under regimes of a strictly controlled domestic currency/
euro exchange rate. However, the problem of such an analysis is that the USD/EUR exchange rate actually reflects the
movements of numerous variables that influence the changes

It should be noted that the transformed shocks are orthogonal, because E 6 ft ft l@ = E 6 A0 ht htl A0l@ = A0 E 6ht htl@ A0l= A0 Rh A0l= I.
As the variation coefficient of world prices in USD is 153 times the variation coefficient of the HRK/USD exchange rate, it cannot be that our VAR model estimation results are predominantly influenced by the exchange rate and not by the prices of world raw materials themselves.
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in the exchange rate (e.g. interest rate expectancy in the USA
and EU, the USA and EU economic activity statuses, prices
of raw materials, etc.). Therefore, a high correlation between
the USD/EUR exchange rate and inflation rate arises not only from a direct exchange rate spillover to prices, but also, in
large part, from the effects of all other variables changing the

exchange rate. Therefore, we only analyse the cost effects of
world prices expressed in kuna, in order to avoid further complications that may arise from separating the effect of world
prices expressed in US dollars from the exchange rate effect on
domestic prices and the economic activity.

4 Model estimation results
This section presents the VAR model estimation results. We
analyse the impulse responses of domestic variables on domestic and external shocks (in the amount of 1 percentage point
for all variables), and the proportion of the variance (of prediction error) of domestic variables accounted for by these
shocks. Apart from measuring the size of the accumulated influence of unit shocks on the observed variables, the analysis of
impulse responses also enables an estimate of the duration of
shock absorption and of the significance of a particular shock’s
influence on domestic variables.
The variables observed are non-stationary at levels, so that
the VAR model is estimated in first differences. The unit root
test results are given in Appendix 1. As we are interested in
short-term spillover effects of external shocks on domestic variables, long-term connections between variables are not in the
foreground. Moreover, given the short sample, it is not desirable
to analyse the long-term connections between variables. Also,
the vector error-correction model (VECM), which estimates not
only the short-term connection parameters, but also the cointegration parameters, requires a large number of observations.
Before estimating the model, we tested the block-exogenous
restriction, in order to check the validity of the assumption that
the domestic economy cannot influence the world economy.
As already mentioned, the block-exogenous restriction test
is equal to the test of the influence of the domestic block, in
Granger terms, on the external block. Under the null, Wald’s
test that the domestic block does not, in Granger terms, influence the external block (Table 1) confirms that the a priori selection of block-exogenous restrictions is correct.
Due to the small number of data, the number of lags in
the VAR model has not been selected on the basis of any formal criterion, but has been specified by discretion, using a lag
length of 1 (p = 1). We also made a formal check that our ad
hoc selection of the number of lags does not contradict one of
the VAR model assumptions: by using a Portmanteau test we
tested the hypothesis that additional lags are not “hidden” in
errors, which would lead to an autocorrelation of errors. The
results of the Portmanteau test of autocorrelation of errors for
the estimated VAR model show that there is no autocorrelation

between errors, which leads to the conclusion that our choice
of the lag number is not incorrect.
Furthermore, given that the calculations of impulse response and variance decomposition are correct only in the
case of a stable VAR model, the stability of the assessed model
should be tested. For this purpose, we calculate the modulus of
root. The root of the VAR model is larger than 1 in modulus,
which suggests that our VAR model in differences is stable.

4.1 An analysis of impulse responses
Based on the estimated VAR model parameters, we calculated cumulative impulse response functions of domestic variables (PPI, CPI, GDP) to shocks (the impulse) of all one-percentage-point variables (Figures 2 to 4).
The directions of domestic variable reactions to both external and domestic shocks are in line with conclusions in the literature on small open economies. The impulse response functions of domestic prices (Figures 2 and 3) show that the world
prices shock influences domestic prices through a number of
channels. The spillover effect of a 1% increase in world prices
on domestic prices is reflected in a positive, significant reaction of the producer price index (Figure 2, upper right panel)
and consumer price index (Figure 3, upper right panel). Positive reactions of the PPI in the first phase of the distribution
chain and of the CPI at the end of the distribution chain to
the positive shock of world prices is likely to be the result of
large imports of intermediate goods or finished products from
abroad. In the second phase of the distribution chain, the positive shock to the PPI is incorporated into the finished products
prices, which leads to their increase (a rise in CPI), for an increase in world prices by 1 percentage point within a period
of two years leads to an increase in PPI by 0.17 percentage
points, and to an immediate increase in CPI by 0.07 percentage points. While the estimated reaction seems weak at first
glance, it should be borne in mind that world prices are much
more volatile than the CPI and PPI.8 An increase in PPI by
1 percentage point leads to a rise in CPI by 0.52 percentage

Table 1 Autocorrelation test, Granger causality test and model stability
Wald test (null hypothesis: domestic block does not influence external
block in Granger terms)

Portmanteau test (null hypothesis: no
autocorrelation until lag = 8)

Root (modulus)

p-value

p-value

(minimum)

0.18

0.73

1.98

Source: Authors’ calculation.

8

Thus, in the reference period, the rates of change in the world price index showed a standard deviation of approximately 10%. Therefore, in the case of a “common” foreign price shock of one standard deviation, given that the model is linear, PPI would go up by slightly more than 2 percentage points and CPI by slightly
more than 1 percentage point.
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Figure 2 Accumulated impulse responses of the unit shock (impulse) on the rate of change in PPI, with 68% and 95%
confidence intervals
Impulse: GDP (EU)
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Note: The horizontal axis measures the number of quarters (the shock occurs in the first quarter) and the vertical axis is expressed in percentage points.
Source: Authors’ calculation.

Figure 3 Accumulated impulse responses of the unit shock (impulse) on the rate of change in CPI, with 68% and 95%
confidence intervals
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Note: The horizontal axis measures the number of quarters (the shock occurs in the first quarter) and the vertical axis is expressed in percentage points.
Source: Authors’ calculation.
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Figure 4 Accumulated impulse responses of the unit shock (impulse) on the growth rate of domestic GDP, with 68% and
95% confidence intervals
Impulse: GDP (EU)

Impulse: World prices

6.0

0.12

5.0

0.08

4.0

0.04

3.0
0.00
2.0
–0.04

1.0

–0.08

0.0

1

2

3

4

5

6

7

8

9

1

Impulse: PPI

2

3

4

5

6

7

8

9

2

3

4

5

6

7

8

9

Impulse: CPI
2.0

0.4
0.2

1.5

0.0
1.0
–0.2
0.5

–0.4
–0.6

0.0

1

2

3

4

5

6

7

Impulse response

8

9

1

68% confidence interval

95% confidence interval

Note: The horizontal axis measures the number of quarters (the shock occurs in the first quarter) and the vertical axis is expressed in percentage points.
Source: Authors’ calculation.

points (see Tables 3 and 4 in Appendices 1 and 2).
The impulse response functions of domestic GDP (Figure
4) point to EU GDP as the key determinant of the domestic
activity dynamics. A one percentage point increase in foreign
GDP causes an approximately equivalent increase in domestic
GDP as early as after one quarter, and a double increase after
two years, when the effect of the initial GDP-induced shock is
almost fully absorbed. There are numerous reasons for such a
strong effect of foreign GDP on domestic GDP.
First, the great openness of the Croatian economy (in the
last ten years, total imports and exports accounted for about
90% of GDP on average9) certainly contributes to a direct
spillover of foreign GDP shocks onto domestic economic activity.
Secondly, given the huge external debt, domestic output is
strongly influenced by the price of foreign borrowing, which
in turn depends on the EU’s monetary policy and economic
activity. With the employment of similar methodology, it has
been shown in the CNB (2010) that the movement and volatility of domestic GDP can be accounted for not only by foreign
GDP, but also by the price of foreign borrowing and domestic
credit activity.
Thirdly, Čeh, Dumičić and Krznar (2010) point to credit
potential as one of the key determinants of credit supply. The
former depends primarily on foreign capital inflows, which are
in turn the result of the economic situation in the EU. This fact

represents another possible transmission mechanism of external shock spillover onto domestic economic activity.
Fourthly, Bokan et al. (2010) identify an additional external
shock transition mechanism that can account for the economic
situation in Croatia during the recession since the mid-2008,
i.e. a negative shock on exports and a positive shock on the
price of external borrowing.
The growth of domestic producer prices negatively affects
the domestic GDP growth rate (Figure 4, lower left panel),
which can be explained by the effects of higher costs on output
as such. However, these effects are insignificant. On the other hand, a positive shock on the consumer prices side results
in domestic GDP growth, which is also statistically significant
(Figure 4, lower right panel). The effects of producer and consumer price shocks on GDP suggest the comparative importance of the price change effects on the supply side relative to
those on the demand side. This actually points to a possibility
of a New Keynesian Phillips curve10 (as confirmed in Krznar,
2010).
The reactions of domestic prices (both the CPI and PPI)
on the domestic GDP shock are insignificant (Figure 2, lower left panel and Figure 3, lower left panel). Different reaction
sources (domestic GDP reacts to the foreign GDP shock, and
domestic prices react to the world price shock, where the foreign GDP and foreign prices are moderately correlated) suggest that the domestic business cycle and domestic inflation

9 By way of illustration, in the last five years, the degrees of openness of closed economies were about 25% (USA), about 45% (EU), and about 30% (Japan).
10 The new Keynesian Phillips curve explains inflation movements by a time lag in the inflation rate itself, future inflation expectations and the marginal cost measure. It is the marginal cost measure that emphasises the influence of the supply-side factors on the change in the price index.
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Table 2 Variance decomposition
Shock
Variable

Period

GDP (EU)

World prices

GDP (Croatia)

PPI

CPI

GDP (EU)

World prices

External
variables

GDP (Croatia)

PPI

CPI

1

1.00

0.00

1.00

0.00

0.00

0.00

4

0.83

0.17

1.00

0.00

0.00

0.00

8

0.83

0.17

1.00

0.00

0.00

0.00

1

0.15

0.85

1.00

0.00

0.00

0.00

4

0.18

0.82

1.00

0.00

0.00

0.00

8

0.18

0.82

1.00

0.00

0.00

0.00

1

0.45

0.02

0.48

0.52

0.00

0.00

4

0.49

0.05

0.53

0.40

0.02

0.05

8

0.49

0.05

0.54

0.40

0.02

0.05

1

0.07

0.34

0.41

0.01

0.58

0.00

4

0.11

0.49

0.60

0.01

0.38

0.01

8

0.11

0.49

0.61

0.01

0.38

0.01

1

0.00

0.44

0.44

0.00

0.02

0.55

4

0.03

0.39

0.42

0.00

0.07

0.51

8

0.03

0.39

0.43

0.00

0.07

0.50

Source: Authors’ calculation.

should not be closely connected. This shows that a traditional
Phillips curve11 is not likely to exist in Croatia, as confirmed in
Krznar (2010).

4.2 Variance decomposition
While an impulse response analysis provides information on
the size of external shock spillover effects on domestic variables, a variance decomposition (Table 2) shows the extent to
which these shocks are responsible for the volatility of variables
(of prediction errors) observed in the last ten years. Variance
decomposition estimates suggest that external shocks are the

key variability determinants of domestic variables. In this connection, the world price shock accounts for the major part of
domestic price volatility (49% of the PPI growth rate variation and 39% o the CPI growth rate variation after two years),
whereas a significant portion of the domestic GDP growth rate
variation (49%) can be attributed to EU GDP shocks. In addition to being affected by world prices, the CPI rate of change
variation is, to a somewhat lesser extent, caused by producer
price shocks (7% after two years). The insignificance of the
proportion of domestic price variance accounted for by the
domestic GDP shock confirms the aforementioned hypothesis
that a traditional Phillips curve does not exist in Croatia.

5 Conclusion
In this paper we analyse the relative importance of domestic and external shocks for the movements and volatility of domestic inflation and domestic GDP. The estimation results of a
VAR model with block-exogenous restrictions lead to the conclusion that the effect of the world price shocks to producer
and consumer prices (both direct and indirect through changes
in producer prices) is important. World prices account for the

largest proportion of domestic price variation, including both
producer and consumer price indices. Moreover, EU GDP
shocks are the key determinants of the domestic economic activity reaction and the main source of Croatian GDP fluctuations. The model results suggest that all future research on
domestic economic activity and domestic inflation must take
account of the relevance of external factors.

11 The traditional Phillips curve explains the inflation movements by a GDP gap and time lags in inflation itself.
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APPENDIX 1 UNIT ROOT TESTS

Appendix 1 Unit root tests
Table 3 Variable unit root tests at levels and in first differences
Levels

First differences

ADF statistic

p-value

ADF statistic

p-value

GDP (EU)

–1.50

0.52

–3.57

0.01

World prices

–1.11

0.70

–5.43

0.00

GDP (Croatia)

–1.95

0.31

–4.61

0.00

PPI

0.10

0.96

–3.93

0.00

CPI

0.20

0.96

–4.79

0.00

Source: Author’s calculation.

The table shows the results of the Augmented DickeyFuller test checking the presence of a unit root in variables
included in the estimated VAR. The results obtained confirm
the presence of a unit root at levels in all the variables and the

non-presence of a unit root for the pertaining first differences.
The length of the time lag in the test has been selected according to the Akaike criterion.

Appendix 2 Impulse responses
Table 4 Accumulated impulse responses of the unit shock (impulse) on the rate of change in PPI, with 68% and 95%
confidence intervals in percentage points
Number of quarters

GDP (EU)

World prices

GDP (Croatia)

CPI

0

0.40 (*)

0.05 (**)

0.12

0.00

1

0.80 (*)

0.11 (**)

0.14

0.18

4

1.34 (*)

0.16 (**)

0.15

0.41

8

1.45 (*)

0.17 (**)

0.15

0.44

Note: (*) – 68% confidence interval, (**) – 95% confidence interval.
Distributions of impulse response functions have been calculated on the basis of 1500 bootstrap replications.

Table 5 Accumulated impulse responses of the unit shock (impulse) on the rate of change in CPI, with 68% and 95%
confidence intervals in percentage points
Number of quarters

GDP (EU)

World prices

GDP (Croatia)

PPI

0

–0.01

0.04 (**)

–0.01

0.10 (*)

1

0.09

0.04 (**)

–0.05

0.27 (*)

4

0.34

0.06 (**)

–0.04

0.49 (**)

8

0.41

0.07 (**)

–0.04

0.52 (**)

Note: (*) – 68% confidence interval, (**) – 95% confidence interval.
Distributions of impulse response functions have been calculated on the basis of 1500 bootstrap replications.

Table 6 Accumulated impulse responses of the unit shock (impulse) on the rate of change in domestic GDP, with 68% and
95% confidence intervals in percentage points
Broj tromjesečja

BDP (EU)

Svjetske cijene

PPI

CPI

0

1.19 (**)

–0.02 (*)

0.00

0.00

1

2.00 (**)

0,00

–0,27 (*)

0.70 (**)

4

2.55 (**)

0.03 (*)

–0.18

0.80 (**)

8

2.63 (**)

0.03 (*)

–0.16

0.82 (**)

Note: (*) – 68% confidence interval, (**) – 95% confidence interval.
Distributions of impulse response functions have been calculated on the basis of 1500 bootstrap replications.

Ivo Krznar and Davor Kunovac

The following Working Papers have been published:
No.

Date

Title

Author(s)

W–1

December 1999

Croatia in the Second Stage of Transition, 1994–1999

Velimir Šonje and
Boris Vujčić

W–2

January 2000

Is Unofficial Economy a Source of Corruption?

Michael Faulend and Vedran Šošić

W–3

September 2000

Measuring the Similarities of Economic Developments in Central Europe: A
Correlation between the Business Cycles of Germany, Hungary, the Czech
Republic and Croatia

Velimir Šonje and
Igeta Vrbanc

W–4

September 2000

Exchange Rate and Output in the Aftermath of the Great Depression and
During the Transition Period in Central Europe

Velimir Šonje

W–5

September 2000

The Monthly Transaction Money Demand in Croatia

Ante Babić

W–6

August 2001

General Equilibrium Analysis of Croatia’s Accession to the World Trade
Organization

Jasminka Šohinger,
Davor Galinec and
Glenn W. Harrison

W–7

February 2002

Efficiency of Banks in Croatia: A DEA Approach

Igor Jemrić and
Boris Vujčić

W–8

July 2002

A Comparison of Two Econometric Models (OLS and SUR) for Forecasting
Croatian Tourism Arrivals

Tihomir Stučka

W–9

November 2002

Privatization, Foreign Bank Entry and Bank Efficiency in Croatia: A FourierFlexible Function Stochastic Cost Frontier Analysis

Evan Kraft, Richard
Hofler and James Payne

W–10

December 2002

Foreign Banks in Croatia: Another Look

Evan Kraft

W–11

October 2003

The Impact of Exchange Rate Changes on the Trade Balance in Croatia

Tihomir Stučka

W–12

August 2004

Currency Crisis: Theory and Practice with Application to Croatia

Ivo Krznar

W–13

June 2005

Price Level Convergence: Croatia, Transition Countries and the EU

Danijel Nestić

W–14

March 2006

How Competitive Is Croatia’s Banking System?

Evan Kraft

W–15

November 2006

Microstructure of Foreign Exchange Market in Croatia

Tomislav Galac,
Ante Burić, Ivan Huljak

W–16

December 2006

Short-Term Forecasting of Inflation in Croatia with Seasonal ARIMA Processes

Andreja Pufnik and
Davor Kunovac

W–17

February 2008

Modelling of Currency outside Banks in Croatia

Maroje Lang, Davor Kunovac,
Silvio Basač and Željka Štaudinger

W–18

June 2008

International Business Cycles with Frictions in Goods and Factors Markets

Ivo Krznar

W–19

December 2008

Use of the Hedonic Method to Calculate an Index of Real Estate Prices in
Croatia

Davor Kunovac, Enes Đozović,
Gorana Lukinić, Andreja Pufnik

W–20

May 2009

Contagion Risk in the Croatian Banking System

Marko Krznar

W–21

October 2009

Optimal International Reserves of the CNB with Endogenous Probability of
Crisis

Ana Maria Čeh and
Ivo Krznar

W–22

December 2009

The Impact of the Financial Crisis and Policy Responses in Croatia

Nikola Bokan, Lovorka Grgurić,
Ivo Krznar, Maroje Lang

W–23

April 2010

Habit Persistence and International Comovements

Alexandre Dmitriev and Ivo Krznar

W–24

April 2010

Capital Inflows and Efficiency of Sterilisation – Estimation of Sterilisation and
Offset Coefficients

Igor Ljubaj, Ana Martinis
and Marko Mrkalj

W–25

April 2010

Income and Price Elasticities of Croatian Trade – A Panel Data Approach

Vida Bobić

Guidelines to authors
In its periodical publications Working Papers, Surveys and Technical Papers, the Croatian National Bank publishes scientific
and scholarly papers of the Bank’s employees and other associate contributors.
After the submission, the manuscripts shall be subject to peer
review and classification by the Manuscript Review and Classification Committee. The authors shall be informed of the acceptance or rejection of their manuscript for publication within
two months following the manuscript submission.
Manuscripts are submitted and published in Croatian and/or
English language.
Manuscripts submitted for publication should meet the following requirements:
Manuscripts should be submitted via e-mail or optical storage
media (CD, DVD), accompanied by one printed paper copy.
The acceptable text format is Word.
The first page of the manuscript should contain the article title,
first and last name of the author and his/her academic degree,
name of the institution with which the author is associated,
author’s co-workers, and the complete mailing address of the
corresponding author to whom a copy of the manuscript with
requests for corrections shall be sent.
Additional information, such as acknowledgments, should be
incorporate in the text at the end of the introductory section.
The second page should contain the abstract and the key words.
The abstract is required to be explicit, descriptive, written in
third person, consisting of not more than 250 words (maximum 1500 characters). The abstract should be followed by
maximum 5 key words.
A single line spacing and A4 paper size should be used. The
text must not be formatted, apart from applying bold and italic
script to certain parts of the text. Titles must be numerated and
separated from the text by double-line spacing, without formatting.
Tables, figures and charts that are a constituent part of the pa-

per must be well laid out, containing: number, title, units of
measurement, legend, data source, and footnotes. The footnotes referring to tables, figures and charts should be indicated by lower-case letters (a,b,c…) placed right below. When
the tables, figures and charts are subsequently submitted, it is
necessary to mark the places in the text where they should be
inserted. They should be numbered in the same sequence as
in the text and should be referred to in accordance with that
numeration. If the tables and charts were previously inserted
in the text from other programs, these databases in the Excel
format should also be submitted (charts must contain the corresponding data series).
The preferred formats for illustrations are EPS or TIFF with
explanations in 8 point Helvetica (Ariel, Swiss). The scanned
illustration must have 300 dpi resolution for grey scale and full
colour illustration, and 600 dpi for lineart (line drawings, diagrams, charts).
Formulae must be legible. Indices and superscript must be explicable. The symbols’ meaning must be given following the
equation where they are used for the first time. The equations
in the text referred to by the author should be marked by a serial
number in brackets closer to the right margin.
Notes at the foot of the page (footnotes) should by indicated by
Arabic numerals in superscript. They should be brief and written in a smaller font than the rest of the text.
References cited in the text are listed at the last page of the
manuscript in the alphabetical order, according to the authors’
last names. References should also include data on the publisher, city and year of publishing.
Publishing Department maintains the right to send back for the
author’s revision the accepted manuscript and illustrations that
do not meet the above stated requirements.
All contributors who wish to publish their papers are welcomed
to do so by addressing them to the Publishing Department, following the above stated guidelines.

The Croatian National Bank publications:
Croatian National Bank – Annual Report
Regular annual publication surveying annual monetary and general economic developments as well as statistical data.

Croatian National Bank – Working Papers
Occasional publication containing shorter scientific papers
written by the CNB employees and associate contributors.

Croatian National Bank – Semi-annual Report
Regular semi-annual publication surveying semi-annual monetary and general economic developments and statistical data.

Croatian National Bank – Surveys
Occasional publication containing scholarly papers written by
the CNB employees and associate contributors.

Croatian National Bank – Quarterly Report
Regular quarterly publication surveying quarterly monetary
and general economic developments.

Croatian National Bank – Technical Papers
Occasional publication containing papers of informative character written by CNB employees and associate contributors.

Banks Bulletin
Publication providing survey of data on banks.

The Croatian National Bank also issues other publications
such as, for example, numismatic issues, brochures, publications in other media (CD-ROM, DVD), books, monographs
and papers of special interest to the CNB as well as proceedings of conferences organised or co-organised by the CNB, educational materials and other similar publications.

Croatian National Bank – Bulletin
Regular monthly publication surveying monthly monetary and
general economic developments and monetary statistics.

ISSN 1331-8586 (print) • ISSN 1334-0131 (online)

