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Abstract

This paper investigates multiscale causal relations between consumer and producer prices in eight
emerging Eastern European countries. We use wavelet coherence to measure the multiscale
nexus between inflation types, and wavelet-based Bayesian quantile regression (BQR) to inspect
the spillover effect. Wavelet coherence plots indicate low coherence in the short time horizon
(up to two months) and higher coherence in the longer time horizons, particularly from four
mounts onwards. Areas of very high coherence are found around the Global Financial Crisis and
the COVID-19 pandemic. Bidirectional spillover effect exists in all the countries except Poland
and Hungary. In the Czech Republic, Slovakia, Estonia and Slovenia, producer prices have
the upper hand over consumer prices, and this effect is stronger in the longer time horizons, which
is in line with the wavelet coherence results. Only in the case of Lithuania, we find that consumer
prices have a stronger effect on producer prices than vice versa, and this happens in the short
term. In the case of Latvia, the BQR results are inconclusive because both inflation types have
a precedence, but in different time horizons.

Keywords: Consumer and producer prices, spillover effect, wavelet coherence, Bayesian
quantile regression, emerging East European countries

JEL Classification: C82, E32, C11

Citation: Zivkov, D., Puragkovi¢, J., Ljubenovi¢, S. (2023). Multiscale Interdependence Between Consumer
and Producer Prices in Emerging Eastern European Countries. Politickd ekonomie, 71 (3), 319-341,
https://doi.org/10.18267/j.polek.1390

Copyright: © 2023 by the author(s). Licensee Prague University of Economics and Business, Czech Republic. 319
This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution License (CC BY NC ND 4.0).


https://orcid.org/0000-0003-2357-3250
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://polek.vse.cz/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Articles Multiscale Interdependence Between Consumer and Producer Prices in Emerging Eastern European Countries

1. Introduction

The connection between producer and consumer prices is one of the hot topics in macroeconom-
ics, while the price transmission mechanism is the key issue of economic analysis (Zhang and Liu,
2018). This is important because high inflation has strong repercussions on high interest rates,
reduction in investment and influences on the labour market and living standards (Kandil, 2015;
Khan et al., 2018). Monetary authorities need to realize what types of factors influence inflation
to achieve better inflation forecasts and implicit (explicit) inflation targets (see, e.g., Reigl, 2017,
Michl, 2019; Bilgili et al., 2022). Thus, understanding the relationship between consumer and
producer prices plays a significant role in this process. Tsiaplias (2008) explained that consumer
prices measure changes in the prices of goods or services acquired or utilised by households for
consumption purposes, while producer prices are used to measure the change in output prices
owing to changes in the basic prices received by producers. From the theoretical point of view,
causality between consumer and producer prices can be bidirectional. Tiwari et al. (2014) as-
serted that if causality runs from producer to consumer prices, it can be referred to as cost-push
inflation, where changes in producer prices in the initial stage of the supply chain are transmitted
to the later consumer stage. This process has its foundation in the so-called moderate inflation
model (see Pujol and Griffiths, 1996). Different factors can be responsible for this scenario —
higher wages, exchange rate devaluation (depreciation), increase in VAT and higher inflation ex-
pectations. On the other hand, demand-pull inflation implies that causality runs from consumer
price index (CPI) to producer price index (PPI), where changes in consumer prices can galvanize
arise in input prices, which eventually affect producer prices. Factors that might induce inflation
from the demand side are cuts in interest rates, increased money supply and higher wages. Figure
1 illustrates which factors affect cost-push and demand-pull inflation. Experience suggests that
interdependence between producer and consumer prices is not straightforward; thus, knowing
the leading (lagging) role of the particular inflation type can help monetary policymakers ade-
quately formulate measures to tackle inflation. However, the empirical literature in this area is
still inconclusive about the nature of the link between PPI and CPI for developed and developing
countries, according to Tiwari et al. (2014), so further research in this area is necessary. This is
the source of our motivation for this research.

According to the above, this paper investigates the relationship between producer and con-
sumer prices from two aspects: multiscale interdependence and multiscale spillover effect. We
examine eight Central and Eastern European countries (CEECs) that became members of the Eu-
ropean Union in 2004: Poland, the Czech Republic, Hungary, Slovakia, Lithuania, Latvia, Estonia
and Slovenia. All these economies registered relatively high growth rates in the past two dec-
ades, but, at the same time, the accompanying problem was to successfully curb rising inflation.
Understanding the relationship between consumer and producer prices could contribute to this
process. Various factors, such as structural reforms in the price, trade liberalisation and currency
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devaluation (depreciation) caused an increase in the inflation rate (Tiits et al., 2008), while all
the countries recorded double-digit inflation at some point in the last two decades. Figure 2 jointly
presents empirical dynamics of producer and consumer prices from January 1998, where we can
see that consumer prices recorded very high values at some instances. On the other hand, producer
prices remained relatively low.

Figure 1: Causes of cost-push and demand-pull inflation
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Source: Authors’ own elaboration

Unlike most papers in this area that have examined only time domain, we apply a somewhat
unconventional approach that addresses both time and frequency perspectives of the relationship.
This approach can provide a richer insight into the nexus between consumer and producer prices
because policymakers can learn about the relationship not only from the empirical frequency level,
but also from longer time horizons. This is useful because it provides more possibilities for mon-
etary authorities to devise proper and workable measures to keep inflation within predetermined
boundaries. For this task, we use a wavelet technique, which is a powerful signal processing tool
capable of calculating the time—frequency relationships between the observed variables. In other
words, this model-free approach allows researchers to test the dynamic dependence at different
time horizons, circumventing the problem of sample size reduction at the same time. As far as we
know, the only studies that have used a wavelet approach for CPI vs PPI investigation are Tiwari
et al. (2013) and Tiwari et al. (2014). The former investigated the case of Romania, while the lat-
ter focused on the case of Mexico, and both papers used one specific wavelet technique: wave-
let coherence (WTC). WTC indicates the strength of coherence between two variables in colour
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plots, across time and wavelet scales, where warmer (cooler) colours indicate stronger (weaker)
coherence. However, this methodology lacks exact numerical estimates in the contour plot, which
makes WTC results rather an indicator than an exact estimator.

Figure 2: Empirical dynamics of producer and consumer prices in eight CEECs
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Note: Higher-level inflation (black line) indicates consumer prices, while lower-level inflation (grey line) deno-
tes producer prices.

Source: Authors’ own calculation

Unlike the aforementioned papers, we go one step further in the analysis. In other words, we
measure the strength of the interdependence via wavelet coherence, which was seen in the afore-
mentioned studies, but we also calculate the spillover effect between the two inflation types in dif-
ferent wavelet scales, which has never been done before to the best of our knowledge. This is done
by merging two different methodologies, which in combination allow us to estimate parameters
at different frequency levels and in different economic conditions: downturn (lower quantiles),
normality (median quantiles) and economic prosperity (upper quantiles). In other words, we cou-
ple the maximum overlap discrete wavelet transformation (MODWT) approach with the Bayesian
quantile regression (BQR) model. MODWT is used to decompose empirical inflation time series
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into three wavelet signals, which represent the short-term, medium-term and long-term horizons.
Compared to the traditional quantile regression of Koenker and Bassett (1978), the BQR method
is an upgrade because it applies Bayesian inference, i.e., Markov Chain Monte Carlo (MCMC)
algorithm, to estimate quantile parameters. According to Benoit and van den Poel (2017), BQR
has an advantage over traditional QR approach because it produces accurate quantile parameters,
which are highly statistically significant and unbiased if confidence intervals are narrow. In other
words, the Bayesian QR methodology decreases the length of credible intervals and increases
the accurateness of quantile estimates, and this is the reason why BQR is chosen over the tradi-
tional QR.

We contribute to the international literature in several dimensions. Firstly, this is a rare paper
that considers this topic in Central and Eastern European countries. Secondly, this paper is the first
to study the connection between consumer and producer prices by using several elaborate time-
frequency methodologies: wavelet coherence and wavelet-based Bayesian quantile regression.

The remainder of the paper is structured as follows. Section 2 provides a brief review of related
studies. The wavelet methodology and the Bayesian quantile regression are explained in Section 3.
Section 4 introduces the dataset and preliminary findings. Section 5 presents and explains the results
of wavelet coherence and wavelet-based BQR. Section 6 contains concluding remarks.

2. Literature Review

The available studies offer diverse and sometimes conflicting findings regarding the interdepend-
ence between consumer and producer prices. For instance, Shahbaz et al. (2012) investigated
the direction of causality between PPI and CPI in Pakistan using monthly frequency data and cov-
ering the period 1961-2010. They found that a unidirectional causal relationship runs from CPI
to PPI, and they concluded that CPI should be a leading indicator for important fiscal or monetary
policy decisions in Pakistan. Tiwari (2012) studied the Granger-causality between producer and
consumer prices in Australia. The results showed that consumer prices Granger-cause producer
prices at an intermediate frequency level reflecting medium-run cycles, whereas producer prices
do not Granger-cause consumer prices at any frequency level. Caporale ef al. (2002) examined
the causal relationship between wholesale and consumer prices in G7 countries and reported that
wholesale prices Granger-cause consumer prices. Huang and Liu (2005) investigated how optimal
monetary policy should be set when monetary authorities do not know the exact sources of ri-
gidities. They concluded that monetary policy that does not take into account PPI inflation tends
to generate larger welfare losses in comparison with the policy rule that targets both CPI and PPI
inflation.

Clark (1999) studied the US case and found that monetary tightening could cause producer
prices to fall more rapidly and by a larger amount than consumer prices. He argued that PPI is
usually more volatile and less persistent than CPI, which implies that PPI could be used as a short-
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term indicator of CPI inflationary trends. McKnight (2011) suggested that central banks should
adopt interest rate rules that focus on CPI. He claimed that targeting CPI is preferable to PPI
targeting, because terms-of-trade fluctuations can help stabilize the economy under CPI targeting
by preventing self-fulfilling expectations. Contrary to the findings of McKnight (2011), some
studies have proposed that central banks should avoid targeting CPI, because it could destabilize
the economy by generating self-fulfilling expectations (see, e.g., Linnemann and Schabert, 2006;
Leith and Wren-Lewis, 2009; Llosa and Tuesta, 2008). Blomberg and Harris (1995) investigated
short- and long-run relationships between PPI and CPI in the USA, and disclosed that PPI infla-
tion has predictive power in explaining CPI inflation.

Very few papers have used the wavelet methodology for CPI vs PPI causality investigation.
For instance, Tiwari ef al. (2013) analysed the Granger-causality between the return series of CPI
and PPI in Romania, using monthly data from January 1991 to November 2011. They decom-
posed the time-frequency relationship between CPI- and PPI-based inflation using a continuous
wavelet approach. The wavelet coherence results revealed that both variables were in phase dur-
ing the studied period, but with changing leading (lagging) relationships. Tiwari et al. (2014)
studied the causality between CPI and PPI in Mexico for the period from January 1981 to March
2009, by decomposing the time frequency relationship using continuous wavelet methodology.
They reported the existence of a bidirectional relationship between CPI and PPI. Particularly,
in the short-time period (1 to 7 months) they found that CPI is leading PPI, while for longer peri-
ods (8 to 32 months) PPI is the leading variable.

3. Research Methodologies

3.1. Wavelet coherence

We study the time-frequency interdependence between consumer and producer prices from two as-
pects: strength of coherence and spillover effect. Wavelet coherence' is used to determine strength
of coherence across the wavelet scales and the observed sample. Wavelet coherence (WTC) meas-
ures the local linear correlation between two stationary time series on each scale, and it is equiva-
lent to the squared correlation coefficient in linear regression (see Tao et al., 2018). Torrence and
Webster (1999) argued that WTC can be presented as a squared absolute value of the smoothed
cross-wavelet spectra normalized by the product of the smoothed individual wavelet power spec-
tra of each selected time series. The cross-wavelet transform of two time series, x(¢) and y(?), is
defined as ny(u, s) =W (u, S)VK*(u, s), where W_and Wv are the wavelet transforms of x and y,
respectively. The symbol u represents the position index, s denotes the scale, while the symbol *
indicates a complex conjugate. The squared wavelet coherence coefficient is presented in the fol-
lowing equation:

1 Wavelet coherence is calculated using the “WaveletComp” package in R software.
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where S(.) stands for a smoothing operator and s indicates the wavelet scale. The squared wavelet

R*(u,s)= (1)

coherence coefficient is within the range 0 < R* (u, s) < 1, where values near zero point to weak
correlation, while values near one indicate strong correlation.

The direction of the correlation as well as the lead-lag relationship between consumer and
producer prices in different time horizons is determined by phase arrows in WTC plots. Following
Torrence and Webster (1999), the wavelet coherence phase difference is defined as follows:

. ’J{S(s_lny (u,s))}

%{S(S’IWZW (u,s))}

where ny(u, s) =W (u, S)Wy(u, s) is the cross-wavelet transform of two time series, x(¢) and y(¢),

)

&, (u,s) = tan

whereas ¥ _and W are the wavelet transforms of x and y, respectively. I and R are the imaginary
and real parts of the smooth power spectrum, respectively. The arrows pointing to the right (left)
in WTC plots indicate that the time series are in phase (anti-phase) or are positively (negatively)
correlated. If arrows point up, the first variable is leading the second one, whereas if phase arrows
point down, the second variable is leading the first one.

3.2 Maximum overlap discrete wavelet transformation

The multiscale spillover effect between consumer and producer prices is calculated using a com-
bination of the wavelet-decomposed series and the Bayesian QR model. Generally speaking,
discrete wavelet methodology can decompose empirical time series into their time-frequency
components. Wavelet theory distinguishes two basic wavelet functions: the father wavelet (¢)
and the mother wavelet (). Father wavelets augment the representation of the smooth or low-fre-
quency parts of a signal with an integral equal to 1, and mother wavelets are helpful in describing
the details of high-frequency components with an integral equal to 0. The long-term trend over
the scale of the time series is portrayed by the father wavelet, while the mother wavelet delineates
fluctuations in the trend. The most commonly used wavelets are orthogonal ones, and the approx-
imation to a continuous signal series y(¢) in L*(R) is given as follows:

y() = ZSJ,k¢J,k () +Z dJ,k'//J,k (?) +Z dJ—l,kl//J—l,k @+..+ Z dl,kl//l,k () (3)

where the symbol J denotes the number of multi-resolution components or scales, and k ranges
d, ,..d

s ..
JR IR > Tk
stand for the wavelet transform coefficients that can be approximated by the following integrals:

from 1 to the number of coefficients in the corresponding component. The coefficients
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Syu jy(t)¢J,k (1)dt, (4)
d ~ [ yOy, 0dt,  j=1,2,..,J (%)

These coefficients calibrate the contribution of the corresponding wavelet function to the to-
tal signal. The functions ¢, and y,  are the approximating wavelet functions, that is, the scaled and
translated versions of ¢ and y. Generally, these functions are generated from ¢ and y in the fol-
lowing way:

9, ()= 2J/2¢(t _2% kj, v, ()= 2J/2W[f —22J kJ ©

According to Equation (4), the scale or dilation factor is 2/, whereas the translation or lo-
cation parameter is 2’k. As much as J grows, so does the scale factor 2/, which is a measure
of the width of the functions ¢, ,(7) and y,(¢), and it affects the underlying functions to become
shorter and more dilated. Besides, when J increases, the translation steps automatically get larger
in order to accommodate the level of the scale parameter 2”.

Most frequently used types of wavelet transformations are the discrete wavelet transformation
(DWT) and the maximum overlap discrete wavelet transformation> (MODWT). The former utilizes
orthonormal transformation of the original series, while the latter is based on a highly redundant
non-orthogonal transformation. For our research, we use MODWT, which is a linear filtering
operation that transforms series into coefficients related to variations over a set of scales. A number
of researchers have used wavelet methodology for analysis of various economic phenomena
(see, e.g., Daj¢man, 2013; Zivkov et al., 2019; Bhuiyan et al., 2019; Compains et al., 2021).

3.3 Bayesian quantile regressions

The created wavelet-decomposed signals of consumer and producer prices are embedded in the
Bayesian quantile regression® framework. Generally speaking, quantile regression extends
the mean regression model to conditional quantiles of the response variable. More specifically,
QR provides a more complex and informative view of the relations between regressand and re-
gressors. In other words, QR estimates how a set of covariates affects the different parts of de-
pendent variable distribution.

The interdependence between y and x is shown in Equation (7), where y and x are both con-
tinuous variables:

2 Maximum overlap discrete wavelet transformation is done via R software, using the “waveslim” package.

3 Bayesian quantile parameters are calculated using the “bayesQR” package in R software.
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yi:/u(xi)"_gi (7)

In Equation (7), y, can be both consumer or producer wavelet-based inflation, while x, is an
opposite counterpart of y . According to Benoit and van den Poel (2017), the regression coefficient
in the case of all quantiles can be estimated by solving Equation (8):

A

B(r)=argminY p, (v, ~x8); BeR ®)

i=l

where 7 € (0, 1) is any quantile of interest, while p_(z) = z (r — I (z < 0)) and I(*)denotes
the indicator function. The loss function p_assigns a weight of 7 to positive residuals and a weight
of (1 — 7) to negative residuals. The quantile ﬁ(r) is called the 7" regression quantile, while
7= 0.5 corresponds to median regression. In the Bayesian procedure, QR parameters are estimated
with the MCMC algorithm. An important characteristic of this process is that all estimated
quantile parameters are regarded as statistically significant, while their reliability depends on their
confidence intervals. In other words, if confidence intervals are narrower (wider), the reliability
of the estimated BQR parameters is higher (lower). Kruschke and Liddell (2018) explained that
the Bayesian estimation process produces an explicit distribution of credibilities, which is called
the posterior distribution across the parameter values. This type of distribution is subsequently
used to determine which parameter values are most credible, that is, what range of parameter
values covers the most credible values. This means that the posterior distribution can be directly
interpreted, where the most credible parameter values can be read off, so there is no need for
p-values and p-value-based confidence intervals, because measures of uncertainty are based
directly on posterior credible intervals.

Benoit and van den Poel (2017) asserted that BQR estimation begins with formatting
of a likelihood comprised of independent asymmetric Laplace densities with « = . The quantile
of interest (7) has to be specified and priors should be put on the model parameters f and o.
Accordingly, the resulting posterior distribution has the following form:

v (B, oly, x, 7)o (3, O')ﬁALD(yl.|xl.T,B, o, r) 9)

where 7 (f, o) is the joint prior on the regression parameters.

4. Dataset and Preliminary Findings

We use monthly data of the consumer and producer prices of eight CEECs. The data are retrieved
from the OECD statistics website, and all samples range from January 1998 to March 2022. All
inflation time series are seasonally adjusted, using the filter-based methods of seasonal adjust-
ment, also known as the X11 style method. Table 1 shows descriptive statistics of the empirical
consumer and producer prices.
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The average consumer price inflation is significantly higher than its producer price counter-
part. Also, the variability of the consumer prices is much higher than the variability of the pro-
ducer prices. All the prices have positive skewness, except the producer prices of Hungary. This
means that most empirical observations are to the right of the mean; only in the case of producer
prices of Hungary, they are to the left of the mean. On the other hand, the presence of outliers is
more visible in the producer prices, as the kurtosis suggests. This applies particularly for the cases
of Hungary and Poland. The reason for these findings probably lies in the recent developments,
where energy commodities, i.e., natural gas and oil, have recorded a significant rise due to the war
in Ukraine. These happenings spill over to producer prices almost immediately in energy-im-
porting countries. This can be seen in Figure 2. According to Table 1, none of the time series has
normal distribution, which justifies the use of wavelet methodology, since wavelets are capable
of dealing with outliers, but they can also remove noises in original data (see Tabak and Feitosa,
2009; Jammazi, 2012).

Table 1: Descriptive statistics of consumer and producer prices of selected CEECs

Consumer prices Producer prices
Mean | St.dev. | Skew. Kurt. JB Mean | St.dev. | Skew. Kurt. JB
POL 3.343 3.180 1.243 4.442 100.2 0.257 0.808 2.595 | 24.570 | 5967.8
CZE 2.784 2.504 2.104 8.562 589.7 0.165 0.661 1.234 | 12.856 | 1251.6

HUN 4.992 3.493 0.827 3.954 44.3 0.427 1142 | -2.659 | 28.548 | 8256.7

SLK 3.918 3.535 1.288 4.870 122.9 0133 0.677 0.223 4919 47.1
LIT 2.639 3.052 1.498 5.773 202.1 0.266 1.517 0.321 7.488 249.2
LAT 3.558 3.841 1.490 5.837 205.3 0.297 0.776 1.248 6.979 267.5
EST 3.551 3.104 0.796 3.991 42.7 0.247 0.741 2.057 | 15.243 | 2022.6
SLO 3.251 2.909 0.646 2.300 26.1 0.261 0.451 1.484 7.523 354.8

Note: JB stands for Jarque-Bera test of normality.

Source: Authors’ own calculation

Most empirical time series have a unit root, but these results are not presented in Table 1
because we do not work with empirical time series, but with wavelet signals, which are stationary
by default. In order to be as concise as possible, we present in Figure 3 three levels of the Polish
wavelet-decomposed time series of both inflation types. Wavelet-decomposed inflation of the oth-
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er countries can be obtained on request. Utilizing wavelet methodology, we can observe causal
interdependence between consumer and producer prices at the three different scale levels, which
corresponds to the following time horizons: scale 1 (2—4 months), scale 2 (4—8 months) and scale 3
(8—16 months). We treat the first scale as the short time horizon, the second scale is the medium
term, while the third scale is considered the long time horizon.

Figure 3: Wavelet-decomposed series of Polish consumer and producer prices
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After construction of the wavelet-decomposed time series, we embed them in the Bayesian
QR framework. We can check the validity of the estimated Bayesian QR parameter by inspect-
ing a visual presentation of the MCMC chain convergence. In order to save space, we present
three trace plots of the Polish case, where consumer prices affect producer prices, in Figure 3.
The three median quantile plots represent different wavelet scales. Figure 4 shows the evolution
of the MCMC draws over the iterations, and we use 10,000 iterations for our computations, which
is significantly longer than the length of the empirical time series (291 monthly observation).
In addition, we use 200 burn-in observations. We use a relatively long MCMC chain because
more reliable quantile parameters are estimated when the MCMC chain is longer. As can be seen
in Figure 4, all MCMC chains converge very quickly, which implies the absence of large bias
of the estimated parameters (see Zivkov et al., 2020). This means that the estimated BQR param-
eters can be regarded as trustworthy.
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Figure 4: Trace plots of median quantile for Poland
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5. Empirical Results

5.1 Wavelet coherence results

This subsection presents the wavelet coherence results for the selected CEECs, and Figure 5 con-
tain these plots. Wavelet coherence lacks exact numerical estimates so we consider it an auxiliary
method to the wavelet-based BQR approach, which can produce accurate numerical parameters.
Wavelet coherence shows how strongly consumer and producer prices are connected in different
time periods and wavelet scales. We use the two different methodologies for this study because
the presence of high coherence could imply that the spillover effect is also high. Although this
connection is not straightforward, some authors have found their existence (see, e.g., Daj¢man,
2012; Gulzar et al., 2019). In this sense, wavelet coherence can serve as a complementary analysis

and also as a robustness check.

Wavelet coherence plots show two dimensions simultaneously: time and frequency, i.e.,
the time component is placed on the horizontal axis, while frequency is represented by the levels
of wavelet scales on the left vertical axis (see Njegi¢ et al., 2017). Wavelet scales indicate differ-
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ent time horizons, which are expressed in months, i.e., from 1 month to 16 months. The strength
of the coherence between the two inflation types is depicted via a colour surface, where a light-
grey shade indicates a low level of coherence, while a dark-grey shade points to a high coherence.
The delineated dark-grey areas indicate very strong coherence between variables, while phase ar-
rows in these areas show the direction of the coherence. The right vertical axis contains the colour
palette that ranges from 0 to 1, connecting strength of coherence with a particular colour.

It is obvious that strength of coherence differs across time and wavelet scales, which justifies
the use of this methodology. The same pattern repeats on the all WTC plots. In other words, in the very
short time horizon, up to two months, light-grey shades dominate, which means that the connection
between consumer and producer prices is weak in the short term. These results are expected because
idiosyncratic factors that affect the two inflation types come to the fore in the short term, and these
factors are not usually synchronized. Therefore, weak coherence exists in all WTC plots up to two
months. On the other hand, in the longer time horizons, particularly from four mounts onwards,
dark-grey shades prevail. In longer time horizons, fundamental factors play a more important role
than idiosyncratic ones, and these factors affect both inflation types concurrently. This assertion can
be verified by looking at the delineated areas of very high coherence. Most of the high-coherence
areas are placed around the Global Financial Crisis (GFC) and the coronavirus pandemic, and these
crises affected both inflation types to move in the same direction synchronically. In other words,
before the GFC, both consumer and producer prices recorded an upsurge because the global econo-
my was in expansion, and demand was rising. After the onset and spreading of the GFC, the global
economy went into recession, demand fell, and this caused a significant drop in both inflation types
(see Figure 2).

On the other hand, when the pandemic erupted in 2020, which was followed by the Ukraini-
an war in 2022, the upsurge in prices in all the CEECs was caused not by the demand side, but by
the supply side. Factors such as broken supply chains, counter-pandemic measures, government
assistance to the people in the form of helicopter money and a significant rise in energy prices
due to sanctions against Russia, induced a notable rise in producer prices, which was followed by
a rise in consumer prices as well, in all the CEECs (see Figure 2). These developments galvanized
the prices to move in the same direction, and this is why we find very high coherence around the pe-
riod 20202022, particularly in Slovakia, the Baltic States and Slovenia.

Our distribution of coherence coincides very well with Tiwari ef al. (2013) and Tiwari
et al. (2014), who also found higher coherence in the longer time horizons and lower coherence
in the shorter time horizons. In addition, one more thing in WTC plots should be mentioned, and
that is the direction of the phase arrows. The majority of the phase arrows point down, which
means that producer prices play a leading role in the periods of high coherence, because producer
prices are the second variable in the WTC computation process. Cushing and McGarvey (1990)
explained that primary goods are used as input with a lag period in the production process of con-
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sumption goods; hence, producer prices lead consumer prices, which is in line with our higher-

-coherence results in the longer time horizons.

Figure 5: Wavelet coherence results for selected CEECs
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5.2 Wavelet-based Bayesian quantile estimates

Wavelet coherence can indicate the strength of the multiscale nexus between consumer and pro-
ducer prices, but this is not enough for a thorough analysis because WTC plots do not contain
numerical estimates and say nothing about the spillover effect. In an effort to be more compre-
hensive in our research, we estimate the wavelet-based Bayesian quantile regression. Table 2 con-
tains the estimated wavelet-based BQR parameters calculated from both directions. The estimated
BQR parameters do not have asterisks because they are all regarded as statistically significant
as long as their confidence intervals are relatively narrow. Figures 6 and 7 present quantile plots
for the Visegrad countries and the Baltic States and Slovenia, respectively, regarding the spillover
effect from CPI to PPI. All the confidence intervals are set at 90% probability.

Figures 6 and 7 show the spillover effect from consumer to producer prices; figures for
the opposite effect are not presented due to space constraints, and they can be obtained by request.
We estimate the spillover effect under five different quantiles: 0.05, 0.25, 0.5, 0.75 and 0.95,
where the first two quantiles indicate low inflation, the median quantile represents moderately
high inflation, while the last two quantiles correspond to high inflation. According to Table 2,
Bayesian QR estimates both positive and negative parameters. Positive parameters imply that
a rise in one inflation type increases the other inflation type, while negative parameters indicate
that the receiving inflation type decreases when the transmission inflation type increases. Nega-
tive parameters essentially mean that the spillover effect between inflation types does not exist, so
these parameters will not be commented on, only the positive ones.
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Table 2: Estimated bidirectional Bayesian quantile parameters

Panel A: From consumer to producer prices Panel B: From producer to consumer prices

po | pa | s | o | o | ps | ps | ps | ps | e
Poland Poland

D1 -0.039 | -0.027 | -0.015 | —0.006 0.050 | -0.008 | -0.006 | —0.013 | —0.013 | —0.025

D2 -0.157 | -0.119 | -0.134 | -0.134 | -0.256 | —0.102 | —0.059 | —-0.064 | —-0.086 | —0.122

D3 -0.110 | -0.051 | —0.015 | -0.004 | —0.005 0.006 | —0.028 | -0.033 | —-0.018 | —-0.113

Czech Republic Czech Republic

D1 0.179 0.1 0.018 0.057 0.092 0.075 0.046 0.034 0.020 0.060

D2 0.165 0.063 0.062 0.046 0.085 0.110 0.063 0.060 0.086 0.080

D3 0.022 0.066 0.141 0.197 0.308 0.320 0.251 0.224 0.146 0.169
Hungary Hungary

D1 -0.107 | -0.073 | —0.010 | —0.034 | —0.217 | —0.003 0.008 0.017 0.011 | —0.024

D2 —-0.154 | -0.040 | -0.014 | —-0.017 | —-0.142 | —0.051 0.025 0.023 0.006 | —0.093

D3 -0.081 | —-0.002 0.024 | -0.027 | —-0.102 | —-0.102 | —0.039 0.020 0.018 | —0.062
Slovakia Slovakia

D1 0.024 0.115 0.140 0.161 0.070 0.041 0.046 0.047 0.051 0.050

D2 0.088 0.079 0.078 0.091 0.150 0.154 0.076 0.072 0.075 0.189

D3 0.006 0.009 0.028 0.056 0.066 0.096 0.033 0.087 0.206 0.333
Lithuania Lithuania

D1 0.325 0.419 0.500 0.262 0.107 0.018 0.044 0.045 0.049 0.058

D2 0.361 0.410 0.231 0.258 0.095 0.027 0.051 0.070 0.084 0.098

D3 0.188 0.057 0.093 0.157 0.340 0.124 0.049 | -0.003 0.022 0.157
Latvia Latvia

D1 0.204 | —-0.003 | —0.055 0.019 0.282 0.021 | —-0.005 | —0.007 0.016 0.077

D2 0.096 0.038 0.050 0.119 0.146 0.121 0.023 0.001 0.025 0.120

D3 0.016 0.056 0.048 0.046 0.048 0.047 0.013 | -0.002 0.139 0.163
Estonia Estonia

D1 0.059 0.022 0.041 0.032 0.141 0.054 0.032 0.014 0.008 0.029

D2 0.096 0.062 0.067 0.063 0.094 0.059 0.104 0.097 0.087 0.112

D3 0.044 0.073 0.084 0.090 0.126 0.105 0.094 0.071 0.129 0.206
Slovenia Slovenia

D1 -0.046 | -0.059 | -0.105 | -0.111 | —-0.145 | -0.114 | —0.033 | -0.043 | —0.094 | —0.155

D2 -0.059 | -0.030 |-0.032 | -0.018 | -0.055 | —-0.137 | —-0.121 | -0.083 | —-0.112 | —-0.112

D3 0.036 0.039 0.029 0.024 0.054 0.265 0.219 0.127 0.069 0.010

Source: Authors’ own calculation
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Figure 6: Estimated BQR parameters for Visegrad countries
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Observing the Visegrad countries, it can be seen that only negative parameters are present
in the case of Poland, while in the case of Hungary they are either negative or very low. This means
that the transmission effect between consumer and producer prices does not exist in these coun-
tries in the all wavelet scales and all the market conditions. In the case of the Czech Republic, we
find relatively high BQR parameters only in the long time horizon, while in the first two wavelet
scales, these parameters are below 10%. Khan et al. (2018) asserted that CEE countries have adopt-
ed various approaches to manage inflation, and inflation targeting policy is one of them. However,
the responses of the Czech Republic, Hungary and Poland were quicker compared to the remaining
economies. This might be the reason why the spillover effect does not exist or is very low in these
countries.
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Figure 7: Estimated BQR parameters for Baltic States and Slovenia
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The wavelet coherence findings are in line with the BQR results in a sense that high-coher-
ence areas in these countries are very limited, and this is particularly true for the plot of Hungary.
In other words, neighbouring inflation is not significantly responsible for the rise of consumer
or producer prices in these countries, but arguably some other factors are causers. Stoica and
Damian (2013) contended that the EU accession and the exchange rate of the Czech Republic,
Poland and Hungary have contributed to CPI variations, since international trade of the countries
relies significantly on commercial relationships with other EU countries. In addition, these three
Visegrad countries do not conduct a fixed exchange rate regime, so exchange rate fluctuations are
reflected in the prices of imported commodities, which plays a further major role in the formation
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of CPI, according to these authors. Beside these three Visegrad countries, Slovenia also reports
only negative BQR parameters in the first two wavelet scales, which means that the spillover
effect does not exist in the short and medium term. In the long-term horizon, the spillover effect
is stronger from producer to consumer prices, than vice versa, and this effect is stronger when
inflation is lower, which is represented by the lower BQR parameters.

As for Slovakia and the Baltic States, almost all BQR parameters are positive, while only
in a few cases in Latvia, these parameters are negative. This means that consumer and producer
prices interact in different time horizons and economic conditions. This effect is the strongest
in the case of Lithuania, where the parameters go even beyond 40% when inflation spills over
from consumer to producer prices. As a matter of fact, Lithuania is the only case where consumer
prices have a stronger effect on producer prices than vice versa. It is also interesting that this effect
is particularly strong in the short and medium term.

In the cases of Slovakia and Estonia, we find the highest spillover effect from producer
to consumer prices in the long time horizon, at the highest quantile parameters, which means that
the effect comes to the fore in cases when consumer prices reach the peak. In the case of Slovakia,
this increase was mainly caused by an adjustment in energy prices and changes in value added
tax and regulated prices for households (see Khan et a/., 2018). All these changes increased input
costs, and this is why we find positive and relatively high BQR parameters in the case of Slovakia
(see Panel B). In the case of Latvia, we find that producer prices have a higher effect on consumer
prices in the longer term, whereas in the short and medium term, the situation reverses. Therefore,
in the case of Latvia, the situation is inconclusive as to which inflation type has the upper hand.

Looking at the overall results, a bidirectional spillover effect exists between the two inflation
types in all the countries except Poland and Hungary, which coincides with conventional wisdom
(see Shahbaz et al., 2010). In the cases of the Czech Republic, Slovakia, Estonia and Slovenia, pro-
ducer prices have the upper hand over consumer prices, which is in line with the moderate inflation
model. This theory indicates that producer prices play a pivotal role in the formation and fluctuation
of consumer prices, i.e., the cost-push inflation has the upper hand over the demand-pull inflation.
Also, this effect is stronger in the longer time horizons, when fundamental factors play a crucial role
in shaping domestic inflation. Only in the case of Lithuania, we find that consumer prices strongly
affect producer prices, and this happens in the short term. In the case of Latvia, the BQR results are
inconclusive because both inflation types have a precedence, but in different time horizons.

6. Summary and Conclusion

This paper investigated the multiscale interdependence and spillover effect between the consum-
er and producer prices of eight emerging CEECs. For the research purposes, we used several
elaborate methodologies. In particular, we used wavelet coherence to inspect the multi-frequency
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nexus between the inflation types, while we combined the wavelet-decomposed time series and
the Bayesian quantile regression to calculate the spillover effect.

We have several noteworthy findings to report. Firstly, wavelet coherence results indicate
that the multiscale nexus between the inflation types is time-varying and scale-varying, where we
find low coherence in the short term and higher coherence in the longer time horizons, particularly
from four mounts onwards. Areas of very high coherence are visible around the crisis periods, i.e.,
the GFC and the COVID-19 pandemic. The reason for such findings lies in the fact that fundamen-
tal factors come to the fore in the longer time horizons, and these factors affect both inflation types
at the same time.

As for the spillover effect, the results are heterogeneous. In other words, a bidirectional spill-
over effect is found between the two inflation types in all the countries except Poland and Hunga-
ry. In the Czech Republic, Slovakia, Estonia and Slovenia, producer prices have the upper hand
over consumer prices, which is in line with the moderate inflation model. This effect is stronger
in the longer time horizons, when fundamental factors play a crucial role in shaping domestic in-
flation, which is in line with the wavelet coherence results. Only in the case of Lithuania, we find
that consumer prices have a stronger effect on producer prices than vice versa, and this happens
in the short term. In the case of Latvia, the BQR results are inconclusive because both inflation
types have a precedence, but in different time horizons.

The results of this study can be useful for policymakers to learn whether and how producer
prices affect consumer prices. In the cases of the Czech Republic, Slovakia, Estonia and Slove-
nia, the results can be helpful because producer prices affect consumer prices significantly. These
results would imply that central banks need to take care about producer prices in order to control
consumer prices. However, there are some thoughts that this process is not easy to implement. For
instance, McKnight (2011) contended that central banks in open economies would be ill-advised
to shift from consumer to producer price targeting, because CPI helps to prevent self-fulfilling
expectations. In addition, Gautier (2008) asserted that unlike consumer prices, producer prices are
by definition unobserved because there are no retail outlets where they can be measured, which
makes consumer prices a more preferable and more practical measure to pursue. Therefore, the re-
sults of this paper should be used rather as a means of raising awareness about the connection
between the two inflation types than as a solution to inflation controlling.

References

Benoit, D. F,, Van den Poel, D. (2017). bayesQR: A Bayesian approach to quantile regression. Journal
of Statistical Software, 76(7), 1-32, https://doi.org/10.18637/jss.v076.i07

Bhuiyan, R. A., Rahman, M. P, Saiti, B., et al. (2019). Co-movement dynamics between global sukuk
and bond markets: New insights from a wavelet analysis. International Journal of Emerging
Markets, 14(4), 550-581, https://doi.org/10.1108/ijoem-12-2017-0521

Politicka ekonomie, 2023, 71 (3), 319-341, https://doi.org/10.18267/j.polek.1390 338



Articles Multiscale Interdependence Between Consumer and Producer Prices in Emerging Eastern European Countries

Bilgili, F.,, Unli, F., Gencoglu, P, et al. (2022). Modeling the exchange rate pass-through in Turkey
with uncertainty and geopolitical risk: a Markov regime-switching approach. Applied Economic
Analysis, 30(88), 52-70, https://doi.org/10.1108/AEA-08-2020-0105

Blomberg, S. B., Harris, E. S. (1995). The Commodity-Consumer Price Connection: Fact or Fable?
Federal Reserve Bank of New York Economic Policy Review, 1, 21-38.

Cai, Y. X,, Gong, Y. L., Sheng, G. Y. (2021). The gold price and the economic policy uncertainty
dynamics relationship: the continuous wavelet analysis. Economic Computation and Economic
Cybernetics Studies and Research, 55(1), 105-116, https://doi.org/10.24818/18423264/55.1.21.07

Caporale, G. M., Katsimi, M., Pittis, N. (2002). Causality Links between Consumer and Producer
Prices: Some Empirical Evidence. Southern Economic Journal, 68(3), 703-711,
https://doi.org/10.1002/j.2325-8012.2002.tb00448.x

Clark, T. E. (1999). The responses of prices at different stages of production to monetary
policy shocks. The Review of Economics and Statistics, 81(3), 420-433,
https://doi.org/10.1162/003465399558355

Compains, J. M., Carreio, I. R.,, Gencay, R., et al. (2021). Recovering cointegration via wavelets
in the presence of non-linear patterns, Studies in Nonlinear Dynamics and Econometrics, 25(5),
255-265, https://doi.org/10.1515/snde-2018-0120

Cushing, M. J., McGarvey, M. G. (1990). Feedback between wholesale and consumer price
inflation: a reexamination of the evidence. Southern Economic Journal, 56(4), 1059-1072,
https://doi.org/10.2307/1059891

Daborowski, T. (2011). Slovakia’s Economic Success and the Global Crisis. CES Commentary: Centre for
Eastern Studies No. 19.

Daj¢man, S. (2012). The dynamics of return comovement and spillovers between the Czech and
European stock markets in the period 1997-2010. Finance a uvér — Czech Journal of Economics
and Finance, 62(4), 368-390.

Daj¢man, S. (2013). Interdependence between some major European stock markets — A wavelet
lead/lag analysis. Prague Economic Papers, 22(1), 28-49, https://doi.org/10.18267/j.pep.439

Gautier, E. (2008). The behaviour of producer prices: evidence from French PPl micro data. Empirical
Economics, 35(2), 301-332, https://doi.org/10.1007/s00181-007-0160-3

Gulzar, S., Kayani, G. M., Xiaofeng, H., et al. (2019). Financial cointegration and spillover effect
of global financial crisis: a study of emerging Asian financial markets. Economic Research -
Ekonomska istrazivanja, 32(1), 187-218, https://doi.org/10.1080/1331677X.2018.1550001

Huang, K. X. D,, Liu, Z. (2005). Inflation targeting: What inflation rate to target? Journal of Monetary
Economics, 52(8), 1435-1462, https://doi.org/10.1016/j.jmoneco.2004.08.008

Jammazi, R. (2012). Cross dynamics of oil-stock interactions: A redundant wavelet analysis. Energy,
44(1), 750-777, https://doi.org/10.1016/j.energy.2012.05.017

Politicka ekonomie, 2023, 71 (3), 319-341, https://doi.org/10.18267/j.polek.1390 339



Articles Multiscale Interdependence Between Consumer and Producer Prices in Emerging Eastern European Countries

Kandil, M. (2015). Monetary shifts and co-movements in spending, growth, and inflation: Evidence
from developing and advanced countries. Borsa Istanbul Review, 15(2), 76-92,
https://doi.org/10.1016/j.bir.2015.02.001

Khan, K., Su, C.-W.,, Tao, R, et al. (2018). Producer price index and consumer price index: causality
in Central and Eastern European countries. Ekonomicky ¢asopis (Journal of Economics), 66(4),
367-395.

Koenker, R., Bassett Jr., G. (1978). Regression quantiles. Econometrica, 46(1), 33-50,
https://doi.org/10.2307/1913643

Kruschke, J. K., Liddell, T. M. (2018). Bayesian data analysis for newcomers. Psychonomic Bulletin &
Review, 25(1), 155-177, https://doi.org/10.3758/s13423-017-1272-1

Leith, C., Wren-Lewis, S. (2009). Taylor Rules in the Open Economy. European Economic Review, 53(8),
971-995, https://doi.org/10.1016/j.euroecorev.2009.04.009

Linnemann, L., Schabert, L. (2006). Monetary Policy and the Taylor Principle in Open Economies.
International Finance, 9(3), 343-367, https://doi.org/10.1111/j.1468-2362.2006.00189.x

Llosa, L.-G., Tuesta, V. (2008). Determinacy and learnability of monetary policy rules in small open
economies. Journal of Money, Credit and Banking, 40(5), 1033-1063,
https://doi.org/10.1111/j.1538-4616.2008.00145.x

McKnight, S. (2011). Should central banks target consumer or producer prices? International
Finance, 14(3), 445-479, https://doi.org/10.1111/j.1468-2362.2011.01291.x

Michl, A. (2019). Penize a inflace: Ztracena kointegrace. Politickd ekonomie, 67(4), 385-405,
https://doi.org/10.18267/j.polek.1255

Njegi¢, J., Zivkov, D., Damnjanovi¢, J. (2017). Business cycles synchronization between the EU-15
and selected Eastern European countries — The wavelet coherence approach. Acta Oeconomica,
67(4), 539-556, https://doi.org/10.1556/032.2017.67.4.3

OECD (2023). OECD statistics. Paris: OECD. Available at: https://stats.oecd.org/

Pujol, T. Griffiths, M. E. (1996). Moderate inflation in Poland: A real story. IMF Working Paper,
No. 1996/057.

Reigl, N. (2017). Forecasting the Estonian rate of inflation using factor models. Baltic Journal
of Economics, 17(2), 152-189, https://doi.org/10.1080/1406099x.2017.1371976

Shahbaz, M., Wahid, A. N. M., Haider, A. (2010). Empirical psychology between wholesale price and
consumer price indices: The case of Pakistan. The Singapore Economic Review, 55(3), 537-551,
https://doi.org/10.1142/50217590810003882

Shahbaz, M., Tiwari, A. K., Tahir, M. 1. (2012). Does CPI Granger-cause WPI? New extensions from
frequency domain approach in Pakistan. Economic Modelling, 29(5), 1592-1597,
https://doi.org/10.1016/j.econmod.2012.05.016

Politicka ekonomie, 2023, 71 (3), 319-341, https://doi.org/10.18267/j.polek.1390 340



Articles Multiscale Interdependence Between Consumer and Producer Prices in Emerging Eastern European Countries

Stoica, O., Damian, M. (2013). The analysis of inflation rate dynamic in Central and South-Eastern
Europe’s states in the context of the EU accession. International Journal of Economics and
Finance, 5(2), 102-110, https://doi.org/10.5539/ijef.v5n2p102

Tabak, B. M., Feitosa, M. A. (2009). An analysis of the yield spread as a predictor of inflation in Brazil:
evidence from a wavelets approach. Expert Systems with Applications, 36(3), 7129-7134,
https://doi.org/10.1016/j.eswa.2008.08.073

Tao, R, Li, Z.-Z., Li, X.-L., et al. (2018). A Reexamination of Friedman-Ball's Hypothesis in Slovakia -
Evidence from Wavelet Analysis. Journal of Economic Forecasting, 21(4), 41-54.

Tiwari, A. K. (2012). An empirical investigation of causality between producers’ price and consumers’
price indices in Australia in frequency domain. Economic Modelling, 29(5), 1571-1578,
https://doi.org/10.1016/j.econmod.2012.05.010

Tiwari, A. K., Mutascu, M., Andries, A. M. (2013). Decomposing time-frequency relationship between
producer price and consumer price indices in Romania through wavelet analysis. Economic
Modelling, 31, 151-159, https://doi.org/10.1016/j.econmod.2012.11.057

Tiwari, A. K., Suresh, K. G., Arouri, M., et al. (2014). Causality between consumer price and producer
price: Evidence from Mexico. Economic Modelling, 36, 432-440, https://doi.org/10.1016/j.
econmod.2013.09.050

Tiits, M., Kattel, R., Kalvet, T., et al. (2008). Catching up, forging ahead or falling behind? Central and
Eastern European development in 1990-2005. Innovation: The European Journal of Social Science
Research, 21(1), 65-85, https://doi.org/10.1080/13511610802002254

Torrence, C., Webster, P. J. (1999). Interdecadal changes in the ENSO-monsoon system. Journal
of Climate, 12(8), 2679-2690, https://doi.org/10.1175/1520-0442(1999)012<2679:icitem>2.0.co;2

Tsiaplias, S. (2008). The CPI and other measures of Australian inflation. Australian Economic Review,
41(1), 105-113, https://doi.org/10.1111/j.1467-8462.2008.00491.x

Zivkov, D., Njegi¢, J., Pe¢anac, M. (2019). Multiscale interdependence between the major
agricultural commodities. Agricultural Economics — Czech, 65(2), 82-92,
https://doi.org/10.17221/147/2018-agricecon

Zivkov, D., Kovacevi¢, J., Papi¢-Blagojevi¢, N. (2020). Measuring the effects of inflation and inflation
uncertainty on output growth in the Central and Eastern European countries. Baltic Journal
of Economics, 20(2), 218-242, https://doi.org/10.1080/1406099x.2020.1846877

Politicka ekonomie, 2023, 71 (3), 319-341, https://doi.org/10.18267/j.polek.1390 341




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


