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into Domestic Infiation:
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This paper aims at estimating the exchange rate pass-through (ERPT) for the Czech Republic. The ex-
isting empirical literature does not come to aconsensus about the degree of pass-through to Czech in-
flation. Since there is no unique approach regarding how to measure ERPT, we use various specifica-
tions found in the pass-through literature for the Czech Republic. In addition, we estimate the pass-
through along the distribution chain in the spirit of McCarthy (2007). We try to explore the proper-
ties of exchange rate shock transmission into Czech consumer prices by comparing impulse responses
among 11 specifications estimated on data transformed in monthly differences and in annual rates.
Equilibrium pass-through is estimated with the help of the VEC model. In addition, we try to account
for possible variation in time. The simplest approach is a re-estimation of VAR models on two sub-
periods. Our second strategy is the estimation of the error correction equation with the Kalman filter.
Finally, we explore how the pass-through differs between tradable (3 sub-groups) and non-tradable
goods. We find that the speed of exchange rate shock transmission to all prices is quite high. Howev-
er, in absolute terms, ERPT does not exceed 25 — 30%.

Nontechnical Summary

The choice of the optimal monetary policy for the new EU members is not straightforward. On the
one hand, future participation in the ERM-II and euro adoption require exchange rate stability vis-
a-vis euro. On the other hand, the catching-up process induces real exchange rate appreciation.
Furthermore, the exchange rate in the new member states still represents an instrument of adjust-
ment to various shocks. Together with Hungary and Poland, the Czech Republic is in the last group
for euro adoption among the new member states of the 2004 wave of enlargement, and assessment
of exchange rate pass-through is important on its road toward the euro.

Understanding the pass-through mechanism is also crucial for CPI inflation targeting. As a small
open economy, the Czech economy can be sensitive to external shocks. At the same time, the empir-
ical literature finds low pass-through in a low inflation environment or when a country has inflation
targeting. In case of a significant exchange rate shock, it is important to know how strongly domes-
tic prices will react to this shock, in other words, how far inflation might deviate from the target and
how quickly prices might return to the equilibrium level. Under inflation targeting, the monetary
authority tends to maintain price stability, which should reduce the pass-through effect. Finally,
understanding exchange rate pass-through could be a useful element for inflation prediction and,
more generally, for prediction of real sector behavior.

The paper aims to provide a better understanding of how domestic consumer prices respond to ex-
change rate shocks. The proposed empirical analysis tends to answer how strong and how fast is the
exchange rate pass-through to domestic inflation, whether it changes over time, whether it has the
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same magnitude for tradables and non-tradables, how it is different from the reaction of import
and producer prices, and how robust the results are when alternative specifications are used.

Existing pass-through studies for the Czech Republic report short-run exchange rate pass-through
varying from o to almost 40 percent. Applying alternative specifications and econometric proce-
dures to two datasets (m-o-m changes and y-o-y changes), we find that the pass-through to the CPI
is close to the upper bound of the existing results during 1996—2001, and is almost at the lower
bound during 2002-2006. The speed of exchange rate shock transmission to all prices is quite
high, which is usual for a small open economy. However, in absolute terms, the peak impulse re-
sponse does not exceed 25%, and the total reaction to the exchange rate shock is likely to be less
than 30% for the estimations performed on the whole sample. The estimations obtained from the
whole sample are more significant than those performed on two sub-periods. Longer time span and
lower volatility in the data are possible explanations of this result. Notice that it is difficult to find
meaningful results when static and time varying vector error correction models (VECM) are used
instead of VAR. Finally, in line with the theory, we find that tradable goods react more to an ex-
change rate shock than do non-tradable goods. Furthermore, the magnitude of the exchange rate
pass-through decreases from the initial stage of production to final goods. We found that the pass-
through to producer prices is lower than that to consumer prices. High competition on the domestic
market or high pass-through to imported goods in the consumption basket could be a possible ex-
planation for this result.

1. Introduction

By joining the European Union, the new EU members take on an obligation to adopt the euro at
some point. This is preceded by a required minimum two-year membership in the ERM-II, which
imposes certain exchange rate stability criteria. At the same time, the catching-up process in the
new member states is reflected in higher productivity growth vis-a-vis the euro area, which, in turn,
entails real exchange rate appreciation. Also, the exchange rate still represents a useful instrument
of adjustment to various shocks. The new member countries that join the ERM-II might be viewed
as balancing their monetary policy between low inflation, as required by the Maastricht criteria,
and a stable exchange rate vis-a-vis euro, as imposed by the ERM-II. In this context, the link be-
tween the exchange rate and inflation, or, more precisely, the pass-through effect of a variation in
the nominal exchange rate on domestic inflation, receives particular attention. In the context of
euro adoption, high sensitivity to exchange rate shocks may increase the benefits of earlier euro
adoption. As a small open economy, the Czech Republic can be sensitive to external shocks. At the
same time, the empirical literature finds low pass-through in a low inflation environment or when a
country has inflation targeting.

From a policy perspective, understanding the transmission mechanism of exchange rate shocks
into domestic inflation is vital for the implementation of a country’s monetary and exchange rate
policies. In case of a significant exchange rate shock, it is important to know how strongly domestic
prices will react to this shock, in other words, how far inflation might deviate from the target and
how quickly prices return to the equilibrium level. Under inflation targeting (which is the case of
the Czech Republic), the monetary authority tends to maintain price stability, which should reduce
the pass-through effect. Finally, understanding exchange rate pass-through could be a useful ele-
ment for inflation prediction and, more generally, for prediction of real sector behavior.

The proposed empirical study contributes to the clarification of exchange rate shock transmission
into domestic inflation. The aim of the present paper, therefore, is to assess the dynamics and mag-
nitude of exchange rate pass-through. Given the high interdependence of economic factors, the
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transmission mechanism of an exchange rate shock into the domestic economy does not appear
simple. It is not surprising that there is no unique model to measure the pass-through effect, and
the results vary significantly across studies and across countries.

The existing empirical literature on pass-through for the Czech Republic reports estimates varying
in the short run between 0% and almost 40%. The diversity of the previous results gives additional
motivation to this study. Furthermore, many of the papers are already out of date. The literature on
exchange rate pass-through comes to a consensus that the pass-through to domestic inflation is
incomplete. However, the reasons are quite diverse. The low reaction of domestic prices is ex-
plained by strong competition, pricing to market, currency invoicing, degree of openness, and other
factors. Since it is not clear which factor dominates, the present paper estimates ERPT using nu-
merous specifications; then the results are discussed.

The paper has the following structure. The first section gives a definition of pass-through and dis-
cusses its properties. In the second section, we explain the different approaches to modeling ERPT
and take corresponding examples from the literature on ERPT to consumer prices estimated for the
Czech Republic. The third section explains the estimation methods. The data and preliminary tests
are described in the fourth section. Section five shows the results. The main empirical findings are
summarized in the conclusion.

2. Definition and Properties of ERPT

Traditionally, exchange rate pass-through is defined as “the percentage change in the local currency
price of an imported good resulting from a 1 per cent change in the nominal exchange rate between
the exporting and importing countries.” Menon (1995) makes a survey of empirical studies on ex-
change rate pass-through conducted between 1974 and 1994. Most of these studies analyzed pass-
through effects to export and import prices, estimated for large developed economies. Later, the
analysis of exchange rate pass-through was extended to consumer and producer prices. Starting
from McCarthy (1999), the majority of the ERPT studies focusing on domestic inflation base their
analysis on the so-called distribution chain: input prices, intermediate prices, and prices of final
goods. The main advantage of this approach is its ability to compare the reaction of prices to an ex-
change rate shock at different stages of the distribution process.

The standard distribution chain specification contains import prices, producer prices, and consumer
prices. Import prices transmit an exchange rate shock into domestic inflation indirectly, via inputs and
intermediate goods for domestically produced products, or directly, via imported goods, which consti-
tute a part of final consumption. Consequently, an exchange rate shock affecting one stage of production
is transmitted to consumer prices. Since the production and distribution process takes some time, the
transmission mechanism is not likely to be immediate. Farugee (2006) and Choudhri et al. (2005) esti-
mate one of the longest distribution chains. The authors use the three aforementioned price indices, unit
labor costs, and export prices. By and large, ERPT is expected to decline along the distribution chain,
i.e., consumer prices are expected to react much less than import prices. When the reaction to a shock is
less than the initial shock, the pass-through is incomplete.

Most empirical studies find incomplete pass-through. A class of the New Open Economics Models
(NOEM) assumes that exchange rate pass-through may be endogenous to the country’s monetary
policy and the country’s inflation performance. Starting from Taylor (2000) numerous empirical
studies find that exchange rate pass-through declines if the inflation environment turns low-
inflationary, because this causes a “decline in the expected persistence of cost and price changes.”

1 Bailliu and Fujii (2004)



Choudhri and Hakura (2006) test this relation empirically in a sample of 71 countries over 1979—
2000. The authors argue that ERPT tends to be low in economies where inflation is low and mone-
tary policy is more credible. This finding is also proved by Bailliu and Fujii (2004) and Gagnon and
Thrig (2004) in the long run. The authors use a macroeconomic model and Monte-Carlo simula-
tions for parameterization of their model. Then, the model is fitted for 20 industrial countries using
quarterly data over 1971—2003. Flamini (2004) proposes an analytical framework for incomplete or
delayed pass-through to CPI inflation in a small-open economy. His approach is based on a dynam-
ic stochastic general equilibrium model. Coricelli et al. (2006) explain differences in the complete-
ness of pass-through also by differences in exchange rate regimes: countries with inflation targeting
and flexible exchange rate arrangements have much smaller pass-through that those with less flexi-
ble exchange rate regimes. The authors find complete pass-through in Slovenia and Hungary. The
impact of an exchange rate shock is smaller in Poland and the Czech Republic. The other possible
explanations of low pass-through include a low share of imported goods, price stickiness of non-
tradable goods in the consumption basket, the substitution effect (Burstein et al., 2002), the pres-
ence of intermediaries between exporters and consumers, currency invoicing and local distribution
costs (Bacchetta and van Wincoop, 2003),! and slow adjustment of consumer goods prices in a
highly competitive environment. The signal from the exchange rate can also be distorted by menu
costs and contracting costs (Devereux and Yetman, 2002) or firms’ pricing-to-market strategy
(Corsetti and Dedola, 2005). Notice, however, that changes in domestic prices are not necessarily
caused by changes in the exchange rate. For this reason, Darvas (2001) proposes to decompose
price changes into pass-through and price convergence effects.

Pass-through estimates on the aggregate consumer price index assume that pass-through is the same for
all goods in the consumption basket. Parsley (1995), cited in Darvas (2001), criticizes the use of aggre-
gated price indices for the estimation of exchange rate pass-through. Inference from the disaggregated
level has some advantages. For example, different industries may have different sensitivities to inflation
changes. One explanation for this fact is a different degree of competition among market segments. The
use of disaggregated price indices can, furthermore, let us take into account that prices of non-tradables
grow faster than prices of tradables. However, due to data availability, most of the existing studies use
aggregated price indices, and only a few studies, mostly performed on US data, analyze pass-through
using disaggregated data. For developed countries this question was addressed, for example, in Pollard
and Coughlin (2003). For transition economies, to our knowledge, there are only two studies on disag-
gregated pass-through. Dabusinskas (2003) estimates disaggregated pass-through for Estonia, and
Bitans (2004) shows impulse responses of various CPI sub-groups for Latvia. According to these results,
the level of price aggregation affects the estimates of pass-through. Last but not least, ERPT is not nec-
essarily symmetric and constant over time.2

Based on the general pass-through properties, we expect that the ERPT to Czech inflation is far
from complete. This is due to both a low-inflation environment and inflation targeting. Import
prices constitute about 25% of the CPI. Furthermore, according to the CNB Inflation Report
(2004), in the second quarter of 2004 only 18% of imports were designated for final consumption,
as against 63% for intermediate consumption. On the contrary, pass-through to import prices is
likely to be very high for at least two reasons. First, the Czech Republic is a small open economy
with a ratio of exports/imports to GDP exceeding 60%. Second, according to Kamps (2006), during

1 If foreign exporting firms, e.g., euro area firms, establish their prices in euros, and domestic firms, e.g., non-euro area
firms, assembling imported goods and selling final products to consumers set their prices in local currency, one can expect
the pass-through to consumer prices to be lower than the pass-through to import prices (see Bacchetta and van Wincoop,
2003, and Bailliu and Fujii, 2004, for a discussion about exchange rate pass-through to producer and consumer prices in
industrialized countries).

2 See, for example, Bussiére (2006) for asymmetric pass-through and Darvas (2001), Rincon et al. (2005), and Sekine
(2006) for time-varying pass-through estimates.
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1999—2004 around 90% of contracts for imported goods were denominated in foreign currency
(mostly in euro). In the empirical sections of the paper, we address most of the properties of ERPT,
namely, the speed and magnitude of its transmission into domestic inflation. In addition, we try to
test whether the pass-through varies over time. We show how different the reaction of price indices
is along the distribution chain, and how different the results are when more disaggregated data are
used instead of the aggregated index.

3. Approaches to Modeling ERPT: The Case of the Czech Republic

Pass-through to consumer prices is less transparent than pass-through to import prices. In its most
basic form, the pass-through is obtained from interactions among the exchange rate, domestic con-
sumer prices, and the most important transmission channel — import prices. Due to data problems,
import prices are sometimes replaced by foreign consumer prices, reflecting the influence of the
external economic environment. The advantage of such a model is its simplicity, which preserves
the degree of freedom when the time series is short. However, it can suffer from misspecification
due to neglect of the possible pass-through determinants. This criticism, however, can also be ad-
dressed even at sophisticated pass-through models.

Despite the relatively simple definition of exchange rate pass-through, in practice it is approx-
imated and estimated by various different approaches. One possible method is a simple one-
equation regression. However, the most commonly applied method is VAR or structural VAR
(SVAR).* VAR models account for endogeneity and allow the magnitude and dynamics of the pass-
through to be measured. Here it is important to distinguish between long- and short-run pass-
through. In a VAR framework, short-run pass-through is measured as an impulse response to a giv-
en shock?, which allows us to infer the magnitude and dynamics of the pass-through. The accumu-
lated impulse responses can be interpreted as long-run pass-through if the time horizon is suffi-
ciently long. In this paper, by short-run pass-through we mean the instant impulse responses and
the accumulated impulse responses for the period up to one year. The cointegrated VAR or error
correction model allows us to measure equilibrium pass-through. Some time equilibrium pass-
through is also called long-run pass-through. According to the definition of the error correction
term, equilibrium pass-through represents the equilibrium to which the exchange rate coefficient
tends to converge. The advantage of the VEC approach is that it keeps the information in levels tak-
ing into account causal relationships and non-stationarity issues.3

To sum up, the variety of applied procedures makes it difficult to find any encompassing approach.
In addition, there is no single model for measuring pass-through. The pass-through studies for the
Czech Republic cover a large spectrum of econometric procedures, including simple univariate me-
thods and more complex systems of equations, such as autoregressive models or models with pre-
estimated parameters (e.g., the Quarterly Prediction Model of Benes et al., 2003). Table 1 shows the
variables used in pass-through studies for the Czech Republic. For comparison and further analysis,
we also include in Table 1 three specifications with a distribution chain, estimated on a sample con-
taining the euro area countries. In the spirit of McCarthy (2007), we split all the variables into six
groups: distribution chain, exchange rate shock, supply, demand and external shocks, and mone-
tary policy variables.

1 Pass-through estimates can also be obtained from a calibrated structural model. On the one hand, the advantages of this
model include its theoretical foundations and the inclusion of monetary policy or central bank reaction functions. On the
other hand, one criticism of the structural models concerns the presence of pre-calculated parameters, frequently chosen on
an ad-hoc basis.

2 Shocks are usually normalized to one percent or to one standard deviation.

3 Notice that the VAR approach is criticized by Coricelli et al. (2006) for inconsistency with the definition of pass-through. In
particular, the authors emphasize that any type of shock can cause co-movements between the exchange rate and prices.



Table 1: Pass-through Estimates for the Czech Republic and the Euro Area

author short-run variables included in the model

g < ex- mone-

b= 2 and supply demand distribution tern. tary

E%  [long-

g g run] shock shock chain shock policy

ERPT pmell gap dgp S W _pm_ pxX py pc pct m i
EURO AREA
McCarthy (1999,
2007) VAR od X X X X X X Xa  Xa
Farugee (2006) VAR 0.02 X X X X X X
Hahn (2003) VAR 0.08 X X X X X X X
CZECH REPUB-
LIC
Bitans (2004) VAR  0.21;013 X X X X X X
CaZorzi (2007) VAR [0.61;055] X X X X X X
Campa Goldberg
(2006) OLS 0; [0.60] X X X X
Campa Goldberg
(2006) SVAR ¢} X X X X
Coricelli et al.
(2006)P CVAR [0.46] X X X X
VARE 0-0.04;
Darvas (2001) C 045 X X X
Darvas (2001) TVEC 0.10;0.15 X X X
Korhonen Wachtel
(2006) VAR 0.03;0.09 X X X X
Mihaljek Klau
(2001) OLS 0.06 X X X X
Benes et al. (2003) 0.35-0.37 Structural mo del
pmel - oil prices W - unit labor costs
m - broad money pm - import prices
i - interestrate px - export prices
gap - output gap py - producer prices
dgp -real GDP pc - consumer prices
s - exchange rate pct - foreign CPI

Note: « McCarthy (2007) only. ® Coricelli et al. (2006) use inflation and interest rate differentials. Therefore, it is difficult
to compare the model and the results with other estimations. ¢ Darvas (2001) also estimates an equilibrium real ex-
change rate model with time-invariant parameters: The original model was estimated for industrialized countries.
The impulse response of the CPI to an exchange rate shock is insignificant for the majority of the euro area coun-
tries included in the sample.

The different econometric methodologies and specifications lead to a variety of pass-through esti-
mates. Short-run pass-through varies from o to almost 40 percent (column 3 in Table 1). For com-
parison, the ERPT to the euro area HICP varies between 2 percent (Farugee, 2006) and 8 percent
(Hahn, 2003). It is mostly insignificant in McCarthy (1999 and 2007). Long-run pass-through is
found to be around 0.5—0.6, which is far from complete. Studies with cross-countries analysis find
the lowest pass-through for the Czech Republic among the Central European countries (Coricelli et
al., 2006, and Darvas, 2001) or the emerging economies (Mihaljek and Klau, 2001). In addition,
Mihaljek and Klau (2001) find high inflation inertia for the Czech Republic (the highest in the sam-
ple). Most studies estimate pass-through using the effective exchange rate, but others, e.g., Mihal-
jek and Klau (2001), prefer the bilateral exchange rate, which is more transparent for firms in com-
parison with the effective exchange rate. Korhonen and Wachtel (2005) estimate pass-through
using the euro and dollar exchange rates. Pass-through is found to be higher when the euro is used.

It worth mentioning that such variation in the exchange rate pass-through results may be due to
different estimation periods and differences in definitions of pass-through, as well as to different
frequency of the data (monthly and quarterly). It may also be partially due to variation in the un-
derlying price indices. For example, Benes et al. (2003) and Darvas (2001) exclude food, energy,
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and administered prices from the aggregated price index. Coricelli et al. (2006) and Mihaljek and
Klau (2001) use the aggregated index of CPI inflation.

4. General Estimation Strategy

None of the aforementioned approaches can be considered the best. Therefore, the alternative me-
thods should rather be viewed as complementary to each other. With a few exceptions* we replicate
the specifications already applied to the Czech Republic data. In addition, we estimate McCarthy-
type specifications with a distribution chain (see Table 1). If oil prices and the interest rate are in-
cluded in the model, we consider them first as exogenous and then as endogenous. Therefore, we
obtain about 20 specifications, but only 11 passed the stability test. Only stationary specifications
are used for the pass-through analysis. These 11 specifications are listed in Table 2.

Table 2: Estimated VAR Specifications

VAR endogenous exogenous
No. variables variables
1 S pm px pY pc w
2 pmoil gap s pmp»on oil Py pc
3 gap s pmnon oil Py pc pmoil
4 gap s pmzuon oil py pc pmoil i
5 gap s pmpnon oil pc pmoil i
6 gap S pc pcEv
7 s pm pc pctV
8 S pc pcEY
9 pmoil s pc pCEU
10 S pc pcEU  pmoll
11 gap S pm pc
pmeil - oil prices W - unit labor costs
pmroneil - oil prices pm -import prices
i -interest rate px - export prices
gap - output gap py - producer prices
s -exchange rate (NEER) pc - consumer prices -CPI

pcEV - euro area CPI

All 11 specifications are estimated for five consumer price indices: pc — aggregated CPI, pctt — tra-
dables only, pct — food only, pcte — other tradables (excluding food and beverages), and pc* — non-
tradables excluding regulated prices. The majority of pass-through studies use the data trans-
formed into month-on-month changes. This data, however, may contain additional noise. For this
reason, we complement the estimations on month-on-month changes with estimations done on the
data transformed into annual growth rates: (Xi-Xii2)/Xi12¥100 (here and after year-on-year
changes). Estimates are performed for three periods: the whole period and two sub-periods. In to-
tal, this gives us 11*5%2*3=330 estimated VAR models. Price indices and the exchange rate are
transformed into log-differences for the month-on-month (m-o-m) estimates and one-period dif-

1 We do not use, for example, broad money. Also, we do not replicate the model of Coricelli et al. (2006), estimated with
inflation and interest rate differentials. Finally, Darvas (2001) estimates the time-invariant equilibrium real exchange rate,
but there is no unique approach to estimating the equilibrium exchange rate (for different strategies of equilibrium exchange
rate estimation for transition economies, see Egert et al., 2006). In addition, it is not necessarily the case that the
equilibrium exchange rate is stable over time. Therefore, we do not follow this approach.



ferences for the year-on-year (y-o-y) estimates. The interest rate is transformed into one-period
differences in the y-o-y VARSs.

A VAR process is generally described asy, =C, +C (L)yt_1 +u, , where y is a vector of endogenous

variables in first log differences or in annual rates. Short-run pass-through is computed as an impulse
response from the VAR model. To compute the impulse responses, Cholesky ordering is selected. Cho-
lesky decomposition implies a predetermined ordering of the impulse responses: in the first period the
first variable is affected only by its own shock, the second variable is affected by the first variable’s shock

and its own shock, etc., and the last variable is affected by the shocks from all the variables. Let ) be a

vector of n endogenous variables in log differences. The relation between the variables follows an auto-

regressive process of the form: By = 4, A(L)y where B is an #Xn matrix with unitary elements

Lter
along its diagonal, A(L) is a lag polynomial of order p (we select p=2), A, is a vector of constant terms,
and g denotes a matrix of disturbance terms. The reduced-form VAR is obtained by multiplying both

sides by B -1: y =C0+C(L)y +ur,where C=B'4> C =4 and u=B ¢ are reduced-form resi-

duals, given by the shocks from all six variables. B is not observed directly (with unrestricted VAR we
can estimate only the C, and C coefficients). If B is not diagonal, innovations u; will be correlated with
each other. This does not allow us to pick out shocks from a particular variable. To ensure orthogonality
of the innovations in the model with n variables, at least (n2 — n)/2 restrictions should be imposed (for
example, for Farugee’s 2006 specification with six endogenous variables the number of restrictions is
equal to (62—6)/2=15). One possible way to do so is to transform the symmetrical residual covariance
matrix into a Cholesky lower triangular matrix. Thus, we obtain the following recursive system:

&1~ Culhy

& :_02151+022u2

&3 :—03151_03282+C33u3

P :—C4151_C4282_C43€3+C44u4

Es :—05181_C5282_C5383_Cs4g4+Cssu5

& :_Cnlgl_CWZSZ_CnSEB_Clr4g4_Cr7585+crmu”

Notice that the ordering of the endogenous variables matters. In practice, it is difficult to test all the
possible combinations, e.g., a system of 6 variables gives 6!=720 possibilities for ordering the va-
riables. We selected the ordering of variables which corresponds to the distribution chain hypothe-
sis. In the spirit of McCarthy (1999 or 2007) we place variables approximating demand and supply
shocks before the distribution chain.

The next step after the short-run pass-through estimates is to estimate the equilibrium pass-
through. The latter is based on VECM estimates. The cointegrated equation shows the equilibrium
to which the integrated variables will converge. Therefore, the equilibrium pass-through is com-
puted as the inverse of the coefficients from the cointegrated equation.

We also try to assess the time-varying pass-through. First, time-varying results can be obtained
from a simple break-up of the sample into two sub-periods. The relatively short sample size pre-
vents us from experimenting with more than two sub-periods. An alternative strategy is to estimate
a time-variant model. There are three possibilities for estimating the time-varying coefficients: a
Kalman filter, a Markov switching process and smooth transition threshold autoregression (STAR).
Darvas (2006) argues that the Kalman filter is the best technique, since it preserves flexibility. By
contrast, a smooth transition between the beginning and end of the period and the particular path
assumed by the STAR model or the several regimes with the possibility of returning to a previous
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regime (Markov switching) seem to be unrealistic or too restrictive for countries like the Czech Re-
public. We therefore build a state and space model where changes in the CPI index are explained by
changes in the exchange rate and the error correction term. By applying the Kalman filter, we allow
the exchange rate coefficient to vary over time.

9. Data Description and Preliminary Tests

Aggregated CPI, export, and import prices are obtained from the Czech Statistical Office. The nominal
effective exchange rate! and the 3-month interest rate are taken from the ARAD database, while pro-
ducer prices, labor costs, GDP, and the HICP for the euro area come from Eurostat. Sub-components of
the Czech CPI are estimated by CNB staff. GDP, available on a quarterly basis, was converted to monthly
frequency. The output gap is estimated from GDP data using the Hodrick-Prescott filter. In order to
keep as much information as possible, we start with the estimations over the whole period. Then the
data are split into sub-periods: 1996:1—2001:12 and 2002:1—2006:12. The second interval encompasses
the period of CPI inflation targeting. We do not divide the second sub-sample into the pre- and post-EU
accession periods, in order to keep the time series relatively long.

The original series, apart from GDP and the interest rate, are expressed in indices equal to 100 for
the base year 2000. For the CPI, export, and import price indices, there was a methodological
change in 2001: the number of representative price categories increased by approximately 20%.
Since there is no obvious way of combining the two methodologies, we merge the pre-2001 and
post-2001 series using 2000 as the base year.2

Before starting the econometric estimations, some commonly used procedures are applied to test
the data properties. First, the series are checked for stationarity. Generally, the number of lags for

1

4

the unit root test is based on the following formula: £__ =int| 4 *% , where T is the number of

observations and A is equal to 12 for monthly data. However, this gives us up to 13 lags. That is too
much for a small sample. The unit root tests are estimated with the maximum number of lags set to

6.3 Tables 3 and 4 summarize the test statistics for the ADF and KPSS tests. For additional unit root
tests, see Annex 1 and 2.

By and large, all the variables except the output gap are non-stationary in levels and stationary in
first difference. The output gap is stationary by construction. For the interest rate, the ADF and
KPSS tests generate controversial results. The unit root test estimated on the sub-sample is less
conclusive. Notice that in short samples unit root tests can lack power to reject the null of non-
stationarity. Also, as noted by Enders (1995, Chapter 4), the Dickey-Fuller and Phillips Perron tests
(see Annex 1 and 2) are unable to distinguish between unit roots and non-linear trends. Since in the
majority of pass-through studies the interest rate and the output gap are estimated in levels, we
also include these variables in the VAR models in levels. The other variables are estimated in log
differences (m-o-m data) or first difference (y-o-y data). According to common practice, it is also
possible to have some non-stationary variables if the whole model passes the stability test.

1t The weights account for trade with 23 principal trade partners.

2 The same approach was applied in the Emerging Market Database (EMED) to construct the series of Czech export and
import prices.

3 Estimation with 2, 4, or 8 lags gives quite similar results.



Table 3: ADF and KPSS Tests on m-o-m Data in Log-levels and Log-differences

whole period 1996—2001 2002—-2006
ADY PSS %gfmationlglses\lels ADE PSS
S -2.32 0.27  F¥* -2.14 0.17 *¥ -1.55 0.20 **
px -1.96 0.25 F¥* -1.93 0.08 -1.96 0.16 **
pm -2.20 0.19 ** -2.16 0.11 -4.01 ** 0.09
pmpronoil -2.48 0.17 ** -2.27 0.12 -3.54 ** 0.08
pmoil -1.86 0.16 ** -1.39 0.20 ** -2.22 0.17 **
py -2.18 0.23 ¥¥¥ -1.60 0.11 -2.39 0.11
pc -1.69 0.33 *¥¥ -1.12 0.24 *¥* -2.61 0.18 **
pcEv -1.35 0.22 *¥¥ -0.58 0.20 ** -2.42 0.20 **
pctt -1.84 0.34 *** -1.98 0.17 ** -3.33 * 0.10
pctf -2.48 0.22 F¥¥ -2.03 0.13 * -3.60 ** 0.09
pcte -1.49 0.35 *¥* -1.09 0.23 *¥¥ -3.62 ** 0.08
pent -1.52 0.33 *** -0.84 0.26 *¥¥ -1.91 0.20 **
pcre -1.75 0.36  *¥¥ -1.21 0.26  *¥* -1.31 0.14 *
w -2.35 0.7 ** -2.17 0.10 -2.78 0.13 *
i -1.69 0.14 * -2.01 0.15 ** -3.06 0.20 **
gap -2.78 0.07 -4.52 *** 018 ** -2.10 0.19 **
Estimation in first difference
S -6.38 ***  0.04 -6.30 ***  0.05 -7.37  ***  0.08
px -6.82 ***  0.04 -3.66 ** 0.08 -5.85 *** o012 ¥
pm -7.42  ***  0.05 -4.59 ***  0.11 -5.79 ***  0.11
pmpronoil -7.30 ***  0.05 -4.60 ***  0.09 -5.01  *** 0,11
pmoeil -0.98 ***  0.06 -7.03 ***  0.12 -5.61  *** 011
py -4.85 ***  0.08 -7.08 ***  0.09 -2.32 0.14 *
pc -10.87 ***  0.09 -7.42 *** 0.08 -7.03 *** 0.09
pcEv -11.58 ***  0.09 -7.49 *** 017  ** -8.27 ***  0.09
pctt -0.02 ***  0.08 -6.57 ***  0.12 -5.00 ***  0.10
pctf -8.59 ***  0.06 -6.26 ***  0.12 -4.94 *** 015 *¥
pcte -4.80 ***  0.08 -8.25 ***  0.06 -5.12 *** 0,06
pent -12.85 *** 013 * -0.41 ***  0.09 -8.31 *** o0.10
pcre -0.89 ***  0.08 -6.54 *** o0.10 -7.42  *** 0,08
w -7.60 *** 019 ¥*¥ -4.75 ***  0.06 -10.23 ***  0.10
i -8.80 *** 0.15 ** -6.14 ***  0.13 * -5.82  *** 0,09
gap -4.35 ***  0.09 -2.63 0.12 * -2.60 0.08

Note: @ see Table 2 for the definition of the variables.

The upper scripts for the CPI denote the following sub-groups: no

upper script — aggregated CPI, tt — tradables only, tf — food only, to — other tradables (excluding food and beve-
rages), and nt — non-tradables excluding regulated prices.
b Ho in the ADF test assumes non-stationarity of the series. Ho in the KPSS test says the variables are stationary.
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Table 4: ADF and KPSS Tests on Data Transformed into Annual Changes

whole period 1996—2001 2002—-2006
ADF KPSS ADF KPSS ADF KPSS
Estimation in levels

S -3.52  ** 0.06 -3.27 * 0.06 -2.60 0.11
px -3.71  *¥ 0.05 -2.69 0.07 -2.12 0.13 *
pm -3.20 * 0.06 -2.44 0.10 -2.33 0.10
pmpron ol -3.53 *¥ 0.05 -2.74 0.10 -2.84 0.10
pmoeil -2.75 0.06 -1.79 0.12 * -0.50 0.13 *
py -3.93 ** 0.09 -2.36 0.10 -3.12 0.16  **
pc -2.42 0.14 *¥ -1.71 0.12 -1.45 0.15 **
pcEV -2.32 0.08 -1.83 0.21 ** -1.97 0.17 **
pctt -3.35 * 0.12 -2.52 0.15 ** -1.68 014 *
pctf -2.03 0.10 -2.16 0.17 ** -2.24 0.15 **
pcte -2.29 0.12 * -1.31 012 * -1.99 0.07
pent -1.99 0.13 * -1.84 0.11 -1.56 0.14 **
pcre -3.03 0.09 -1.74 0.11 -2.71 0.14 **
w -313 ¥ 0.08 -2.10 0.18 ** -4.28 ***  0.09

Estimation in first difference

S -5.85 ***  0.04 -3.61 ** 0.07 -6.45 *** 0.12 *
px -4.66 ***  0.04 -3.41 * 0.09 -5.26 *¥** 0.18  **
pm -4.84 ***  0.04 -3.89 ** 0.11 -5.84 ***  0.06
pmnon oil -4.63  ***  0.04 -3.68 ** 0.10 -5.64 ***  0.10
pmoeil -3.36 * 0.05 -2.67 0.15 ** -5.75 ¥** 016 *¥
Py -4.31  ***  0.04 -4.52 *¥¥ 0.10 -2.74 0.10
pc -5.83 ***  0.04 -5.09 ¥¥¥ 0.11 =711 *** 0 0.06
pcEY -11.66  ***  0.08 -6.54 *** 0.13 * -7.83 *** 012 *
pctt -5.37 *** 0.04 -2.54 0.11 -5.73 *** 0.10
pctf -4.97 *** 0.04 -2.75 0.09 -5.21 *** 018 **¥
pcte -10.76  ***  0.04 -5.14 *** 014 * -6.32 ***  0.07
pent -11.41 ***  0.06 -7.33 *** 0.17 ** -7.11 ¥ 0.09
pcre -9.25 **¥*  0.04 -5.99 ¥¥¥ 014 * -1.81 0.10
w -6.83 *** .29 F¥¥¥ -4.02 ** 0.08 -4.58 ***  0.05

Note: @ see Table 2 for the definition of the variables. The upper scripts for the CPI denote the following sub-groups: no
upper script — aggregated CPI, tt — tradables only, tf — food only, to — other tradables (excluding food and beve-
rages), and nt — non-tradables excluding regulated prices. b Ho in the ADF test assumes non-stationarity of the se-
ries. Ho in the KPSS test says the variables are stationary.
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Table 5: Lag Length Selection

VAR No.:

1 2 3 4 5 6 ~ 8 9 10 11
m-o-m
AIC 6 6 6 6 7 6 6 6 6 6
SIC 1 2 1 2 2
y-0-y
AIC 8 8 8 8 8 8 6 6 6 6 8
SIC 0 2 2 2 2 2 1 2 0 2 2

Note: AIC — Akaike information criterion, SIC —Schwarz information criterion. The numbers in the
table show the number of lags in the VAR suggested underthe selected information criteria.

Table 5 shows the optimal number of lags for each VAR based on the Akaike and Schwarz informa-
tion criteria. The Akaike information criterion suggests 6—8 lags. According to the Schwarz infor-
mation criterion, the number of lags should not be greater than 2. Since for short samples the
Schwarz criterion is preferred, we estimate all the VAR models with 2 lags. All 11 VAR models
passed the stability test.

The measure of pass-through is based on the approach described in section 3. First, we show the
results from the VAR models. Then we present calculations based on VECM. Finally, we discuss
possible time variation and asymmetry in the pass-through.

The impulse responses based on VAR models show incomplete and fast short-run pass-through.
The effect of the exchange rate shock to the CPI attains its maximum after roughly 6 months, and at
least half of this effect occurs during the first 3 months. In other words, if we consider the accumu-
lated impulse response after 12 months as a complete response, the ERPT after 3 months accounts
for at least 50% depending on the specification chosen. In order to check how sensitive our results
are to the selected specification, we put the results obtained from different specifications in the
same figure. Figures 1 and 2 plot the peak impulse response for each specification estimated for 5
CPI indices! over 3 periods. The numbers from 1 to 11 on the horizontal axis correspond to the VAR
numbering in Table 2. In other words, each small graph in Figures 1 and 2 shows 11 peak impulse
responses and their confidence intervals estimated from the 11 different VAR models.

According to our expectations, the magnitude of the pass-through is not the same for tradables and non-
tradables. For non-tradables it is the smallest and is almost insignificant, in line with the theoretical lite-
rature. Among the three groups of tradable goods (total index, food, and other tradables), the peak im-
pulse response has more or less the same magnitude. The year-on-year estimates produce more signifi-
cant results than the estimates done on month-on-month changes. Estimated on the whole sample, the
peak impulse response of the y-o-y CPI is between 7% and 12%. For some specifications it is slightly
higher during the first period, but it becomes insignificant in the second period. The m-o-m estimates
report a peak response of around 10% for the estimates done on the whole sample. In the first period,
only the aggregated index and selected specifications for other tradables have a statistically significant
impulse response (around 10%—15%). In the second period, the peak impulse is significant in half of the
specifications with the total tradables index.

1 We assume that the exchange rate shock may be transmitted through intermediate inputs that do not necessarily belong to
the same group as the final product. Therefore, we keep all other variables unchanged when the disaggregated consumer
price index is used instead of the aggregated one.
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Figure 1: Peak Impulse Response to a 1% Exchange Rate Shock; m-o-m Data
whole period
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Note: The upper scripts for the CPI denote the following sub-groups: no upper script — aggregated CPI, tt — tradables
only, tf — food only, to — other tradables (excluding food and beverages), and nt — non-tradables excluding regu-
lated prices. The numbers from 1 to 11 on the horizontal axis denote the specification number as in Table 2. The sol-
id line shows the peak impulse response from each specification. The dashed line is the 95% confidence interval. The
peak impulse response is observed in the 2nd month for the sub-period 2002—2006 for all prices except other tra-
dables. Otherwise, the peak impulse response occurs in the 3rd month.




Figure 2: Peak Impulse Response to a 1% Exchange Rate Shock; y-o-y Data

whole period
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Note: The upper scripts for the CPI denote the following sub-groups: no upper script — aggregated CPI, tt —tradables
only, tf — food only, to — other tradables (excluding food and beverages), and nt — non-tradables excluding regu-
lated prices. The numbers from 1 to 11 on the horizontal axis denote the specification number as in Table 2. The solid
line shows the peak impulse response from each specification. The dashed line is the 95% confidence interval. The
peak impulse response is observed in the 2nd month for the sub-period 2002—2006 for all prices except other tra-
dables. Otherwise, the peak impulse response occurs in the 3rd month.

After 6 months, the ERPT is mostly transmitted into consumer prices. Figures 3 and 4 show the
accumulated impulse response in the 6th period. We display the results in the same manner as in
figures 1 and 2. The ERPT to the aggregated CPI does not exceed 25% for the m-o-m estimates and
fluctuates around 30% for the y-o-y results. It is found to be higher in the first period (up to 40%—
50%) and lower and insignificant in the second period. The lower pass-through in the second pe-
riod is in line with the gradual decrease of the target level of inflation during 2002—2005. However,
it is very unlikely that there is no ERPT to domestic inflation in the small open economy with a sig-
nificant share of imported goods in the consumption basket. In case of the estimations done on two
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sub-periods, shorter data set and possible volatility in the data may hide the true magnitude of the
pass-through. For this reason, estimations performed on the whole sample seem to provide more
reliable results. Notice that an insignificant accumulated impulse response means that the shock
has already been transmitted and no longer affects the variable of interest. However, it can also be
insignificant if all the instant impulse responses are insignificant.

Figure 3: Accumulated Impulse Response after 6 Periods; m-o-m Data

whole period
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Note: The upper scripts for the CPI denote the following sub-groups: no upper script — aggregated CPI, tt — tradables
only, tf — food only, to — other tradables (excluding food and beverages), and nt — non-tradables excluding regu-
lated prices. The numbers from 1 to 11 on the horizontal axis denote the specification number as in Table 2. The solid
line shows the peak impulse response from each specification. The dashed line is the 95% confidence interval.




Figure 4: Accumulated Impulse Response after 6 Periods; y-o-y Data

whole period
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Note: The upper scripts for the CPI denote the following sub-groups: no upper script — aggregated CPI, tt — tradables
only, tf — food only, to — other tradables (excluding food and beverages), and nt — non-tradables excluding regu-
lated prices. The numbers from 1 to 11 on the horizontal axis denote the specification number as in Table 2. The sol-

id line shows the peak impulse response from each specification. The dashed line is the 95% confidence interval.

Finally, we show the pass-through evolution along the distribution chain. The vertical axis on Table
5 shows the magnitude of the pass-through (accumulated impulse responses) to import prices, pro-
ducer prices, and consumer prices. The horizontal axis displays the periods of time. We show the
results from the two VAR models where there is an aggregated import price index and the ERPT to

consumer prices is significant. The estimations are done on the whole sample.
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Figure 5: Pass-through Along the Distribution Chain (accumulated impulse response)
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Note: pc is the aggregated consumer price index, py is the producer price index, and pm is the import price index. The
numbers 1 and 11 in the legend denote the specification number as in Table 2. The periods (months) are plotted on
the horizontal axis.

The results are in line with the general findings of a fading pass-through effect along the distribu-
tion chain: the highest — close-to-complete — pass-through is found for import prices; the pass-
through is much lower for the PPI and CPI. The pass-through to import prices is around 85% on
the m-o-m data, which is close to Farugee (2006) for the euro area. The pass-through is lower, and
the distance between the accumulated impulse responses of import and consumer prices is much
narrower, when year-on-year changes are used instead. Interestingly, the reaction of producer pric-
es to the exchange rate shock is lower than the reaction of consumer prices to the same shock. Bac-
chetta and van Wincoop (2003) explain the high pass-through to import prices and the low pass-
through to domestic prices by high competition in the domestic market. In other words, foreign
exporting firms sell intermediate goods to domestic firms and set their prices in the foreign curren-
cy. Domestic firms produce final goods, which include foreign components. If the degree of compe-
tition among local producers in the local market is high, the domestic firm prefers to set its prices
in the local currency, which leads to a high pass-through to import prices and low pass-through to
consumer prices. Therefore, the main absorption of the exchange rate shock occurs during the pro-
duction process. The higher pass-through to consumer prices relative to producer prices in this case
is a result of the foreign component in the consumption basket.

Table 6: Number of Cointegrated Equations Based on Johansen Cointegration Test

m-0-m y-0-y
ECM
No. PC PCIT PCIF PCTO PCNT PC PCIT PCIF PCTO PCNT
1 2 1 2 2 2 2 2 2 2 2
2,3 1 1 1 1 1 4 3 4* 3 3
4 2 1 1 2 2 3* 3 3* 3 3
5 3 2% - 3 2% 3* 3% - 3 3
6 2 2% 2 3 2% 3* 3% 3* 3 3
7 2 2 1 2 2 2% 1* 2% 1 1
8 1 1 o) 1 1 1 1 1 0 1
9,10 2 2 1 2 2 4 1* 4 1 1
11 1 1 1 1 1 4 2 4 1 1

Note: The upper scripts for the CPI denote the following sub-groups: no upper script — aggregated CPI, tt — tradables
only, tf — food only, to — other tradables (excluding food and beverages), and nt — non-tradables excluding regu-
lated prices. The numbers from 1 to 11 in the first column denote the specification number as in Table 2. Initial test
assumptions: a linear trend in the data, but only with an intercept and no trend in the cointegrated equations. * de-
notes the number of cointegrated equations selected under the different test assumptions.




The majority of VAR-type pass-through estimates are taken in first differences, due to non-
stationary of the variables in levels. However, as pointed out by Elbourne et al. (2001), if series are
non-stationary in levels but cointegrated, the vector error correction model may be more appropri-
ate. Before proceeding to the VEC estimate, we test for a number of cointegrated equations in each
specification using the Johansen cointegration test. The results are summarized in Table 6.

Since the interpretation of equilibrium pass-through becomes very difficult when the number of
cointegrated equations is greater than one, we compute the equilibrium pass-through from the spe-
cifications where the Johansen cointegration test detects only one cointegrated equation. There-
fore, the equilibrium pass-through is estimated for specifications 2, 3, 8, and 11 on the m-o-m data.
The results are summarized in Table 7.

Table 7: Equilibrium Pass-through

No. PC PCTIT PCTF PCTO PCNT
whole period

2 0.00 0.00 0.28 0.82 0.00

3 -1.01 -0.54 0.66 -1.09 -1.96

8 1.12 0.89 0.65 1.31 1.03

11 -0.64 0.00 -0.36 0.31 -1.15
1996—2001

2 0.00 0.22 0.00 0.33 0.97

3 1.11 0.42 0.65 0.70 1.28

8 0.98 0.45 0.00 0.00 0.00

11 -1.14 -0.43 -0.42 -0.82 -2.42
2002—2006

2 0.00 -0.42 -0.20 -0.61 0.82

3 -0.27 -0.45 -0.20 -0.45 1.31

8 0.00 0.00 0.00 0.00 0.00

11 0.00 0.00 -0.52 0.00 0.00

Note: The upper scripts for the CPI denote the following sub-groups: no upper script — aggregated CPI, tt — tradables
only, tf — food only, to — other tradables (excluding food and beverages), and nt — non-tradables excluding regu-
lated prices. The numbers in the first column denote the specification number as in Table 2.
In the strict sense, we cannot interpret the coefficients from the cointegration equation as elastici-
ties, since the relation of the causality is not explicitly accounted for. However, the cointegrating
relationship represents some equilibrium state to which the series tend to converge. Hence, it may
be interpreted to some extent as the long-run pass-through. Long pass-through is computed as the
inverse of the long-run cointegrating coefficients. The estimated equilibrium pass-through is found
to be sensitive to the specification and time period selected. It is also not uniform across different
CPI groups. One possible explanation of this result could be instability of equilibrium pass-through
over time. We do not test this due to the short time series.

We apply the Kalman filter to the exchange rate coefficient in the equation where changes in the CPI are
explained by changes in the exchange rate and the error correction equation. The time-varying coeffi-
cient is found to be insignificant in all specifications. Notice that the pass-through is also found to be low
or insignificant when the time-varying procedure is applied (see, for example, Darvas, 2001).

It worth noting that the assumption of asymmetry in price adjustments could be important for the pass-
through estimates. In general, prices can be more rigid downward (see the menu-cost model of Ball and
Mankiw, 1994, for possible theoretical explanations of asymmetric price adjustments in the presence of
positive trend inflation, and Pollard and Coughlin, 2003, for estimates of asymmetric pass-through to
import prices). This implies that the reaction to exchange rate appreciation is not the same as that to
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exchange rate depreciation. The standard approach to the estimation of impulse response functions ig-
nores this issue; for example, ERPT is calculated from impulse responses to a negative exchange rate
shock, which corresponds to exchange rate depreciation. However, in the case of impulses of the same
magnitude but of the opposite sign (exchange rate appreciation), the responses would also have the op-
posite sign and the same magnitude. In fact, this VAR structure implicitly assumes that prices react to
exchange rate appreciation and depreciation with the same magnitude. Some preliminary results ob-
tained from the 3-variable VAR (exchange rate, import prices, and consumer prices) estimated on the
whole period with two coefficients for the exchange rate for periods of appreciation and depreciation
show very low pass-through (around zero) in the case of exchange rate appreciation and around 9%—
12% in the case of exchange rate depreciation. It is not clear, however, how to define periods of apprecia-
tion and depreciation and how to distinguish temporary and permanent changes. We already have a
broad range of pass-through estimates, and we found a very low pass-through during 2002—2006.
Therefore, the results from the time-varying model are in line with the pass-through estimates for the
second period. A simple asymmetric model is not sufficient to draw a conclusion on the magnitude of
the asymmetric pass-through, and the results obtained do not significantly contribute to the main con-
clusion. We expect to develop an asymmetric model in the future.

1.Conclusion

In this paper, we measure the dynamics and completeness of the pass-through for the Czech Re-
public by applying alternative specifications and econometric procedures to two datasets: m-o-m
changes and y-o-y changes. The speed of the exchange rate shock transmission to all prices is
quite high (at least 50% of the shock is transmitted during the first 3 months and 100% after 6
months), which is usual for a small open economy. However, in absolute terms, the peak impulse
response does not exceed 25%, and the total reaction to the exchange rate shock is likely to be
less than 30% for the data estimated on the whole sample. The pass-through is found to be
somewhat higher than 30% during 1996—2001, but it is mostly insignificant between 2002 and
2006. Insignificant pass-through is also found when the time-varying model is used instead of
VAR. Shorter time-series and possible volatility in the data may be responsible for insignificant
pass-through estimates. Since it is very implausible that pass-through to domestic prices is zero
for the Czech Republic, results based one the whole sample estimates seem to provide more reli-
able results. We also find that tradable goods react much more to an exchange rate shock than do
non-tradable goods, in line with the theoretical foundations. Furthermore, the magnitude of the
exchange rate pass-through decreases from the initial stage of production to final goods. Howev-
er, we found lower pass-through to producer prices than to consumer prices. High competition
on the domestic market or the presence of imported goods in the consumption basket could be a
possible explanation for this result.
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Appendix 1: Unit Root Tests on m-0-m Data

whole period 1996—2001
DFGLS PP ERS NP DFGLS PP ERS NP
Estimation in levels
neer -1.75 -1.76 13.47 -7.28 -216 -1.64 6.80 * -14.89 *
px -1.36 -217 21.09 -4.81 -218 -1.65 5.41 ** -17.53 ¥¥
pm -1.88 -2.12 10.52 -9.50 -2.35 -1.59 3.03 *** .29.74 ***
pmnonoil -1.53 -2.55 11.28 -5.56 -2.39 -1.71 7.06 -22.66 **
pmoil -1.76 -1.94 14.36 -6.42 -1.38 -1.39 22,092 -3.89
5)% -1.34 -2.45 18.77 -5.61 -1.64 -1.36 9.80 -10.14
pc -0.14 -1.69 106.30 -0.15 -0.81 -1.13 30.76 -1.64
pcEU -1.38 -1.37 22.21 -3.96 -0.81 -0.70 38.53 -1.81
pett -0.22 -2.03 88.95 -0.42 -1.31 -1.87 27.37 -3.75
petf -1.38 -2.49 24.64 -4.23 -1.68 -1.96 17.75 -5.62
pcto 0.36 -1.53 149.58 0.45 -0.68 -1.01 38.08 -1.47
pent -0.25 -1.52 76.36 -0.70 -0.66 -0.77 55.29 -1.16
pcno -0.26 -1.75 65.51 -0.83 -0.96 -1.03 37.75 -2.20
w -2.40 -6.31 *** 882 -10.32 -2.09 -4.41  *** 1240 -713
i -1.42 -2.68 21.74 -4.04 -1.21 -2.58 29.64 -3.06
gap -2.08 -2.67 11.59 -8.56 -4.89 *** -1.08 10.55 -11.16
Estimation in first difference
neer -Q0.75  *¥* o _qu73 *F¥ Q4R **¥* _68.33 *** -6.22 *** _636 *¥¥ 161 *¥¥*¥ _goq0 *¥¥
pPX -3.67 *¥* _-6.80 *** 248 **¥* _-24.65 *** -3.72  **¥* _g361 ** {02 ** -2026 **
pm -3.86 HH¥ -7.45 HH¥ 1.99 KK -25.54 XX —4.64 XX -4.59 XK 3.70 HH¥ —25.66 HH¥
pmnonoil -3.37 ** -7.31 *** 253 ¥¥*¥ _p9gof ** -4.63  *** -4.62 **¥* 368 *** .o5g55 *¥¥
pmoil -10.03 *** -10.00 *** 1.31 *¥** -69.02 *** -7.08 *** _7.04 *** 263 *** _-3412 ***
py -2.02 Q.71 *** 647 *  -4.60 -3.54 **¥* -710 *** 308 *¥* _16.64 *
pC -10.87 XK -10.86 * XK 1.30 * XK -70.44 * XX -7.47 * X% -7.39 * X% 2.60 X XK -,’%4.60 XK
DCEU -11.09 HH¥ -11.58 HH¥ 1.36 *H¥ -70.66 XX -7.47 XX -7.49 *X¥ 2.71 *H¥ -34.59 HH¥
pctt -8.37 *¥** -9.02 *** 157 ¥*¥*¥ _62.92 *¥* -6.66 *** -658 *** 266 ¥¥* _ggqa5 *¥¥¥
pctf -7.82 ¥*¥*  _862 ¥*¥* 183 *¥* _poa2 *¥* -6.30 *** -6.26 *** 288 *** _gopg[g *¥¥
pcto -4.50 *** 1054 *** 221 *¥* _3088 *¥** -8.24 *** _826 ¥**¥* 277 F¥X _gq098 **¥
pent -12.89 *** -1282 *¥** 1029 *¥* _7Qpo *¥¥* -0.34 *** _gq1 *** 267 *** _34.51 ***
pcno -9.92 K% -9.88 X% 1.33 %% -68.77 FN¥ -6.50 FN¥ -6.53 N ¥ 2.78 F% % -32.96 K%
w -2.61 -24.67 *** 299 ***  -197 -2.53 -14.58 ***  8.81 -1.67
i -5.33 **¥* 1214 *** 0.08 *** -66.39 *** -6.22 **¥¥ _788 ¥¥* (.31 *** _g0757 ***
gap -3.20 ** 487 *** 11.68 -5.92 -1.59 -2.43 8.28 -5.35
2002—2006
DFGLS PP ERS NP
Estimation in levels
neer -1.62 -1.75 17113 -5.11
pPX -1.82 -2.07 13.78 -7.05
pm -2.46 -3.27 ¥ 9.64 -12.19
pmnon -2.33 -3.39 % 11.10 -10.81
pmoil -2.12 -1.62 9.52 -9.75
Py -2.14 -2.02 7.32 -14.09
pC -1.81 -2.61 22.38 -5.11
pcEU -1.04 -2.39 1717 -6.16
pctt -2.43 -2.88 10.27 -11.46
petf -2.35 -2.90 11.47 -11.53
pcto -3.74 *** -3.02 3.19 *** _30.26 ***
pent -1.70 -1.84 19.07 -5.05
pcno -1.37 -1.34 21.02 -4.06
w -1.57 -6.36 *** 1702 -4.40
i -1.53 -2.38 10.89 -6.28
gap -1.72 -2.24 12.90 -9.39
Estimation in first difference

neer -7.38  FF¥ gy ¥EE g1qQ ¥F¥ _28qR F¥¥
pm -5.67 *** 580 *¥** 381 *¥* -26.78 *¥**
pmnon -5.68 ¥** _5o1 **¥* 3099 *** _2676 ***
Dl’l’lOﬂ -5.70 e T -5.49 * ¥ K 3.35 e T -26.85 *%K*
py -2.45 -5.04 *** 9.99 -8.84
pC -710 *** 7,04 *¥* 310 *¥* -28.87 *¥*
pcEU -8.20 *** -8.29 ¥*** 3909 ¥*¥* _o874 FEX
pctt -5.01  *¥¥ 463 *¥* g 81 *¥* _04.64 *¥*
Dth -4.95 *R* -412 * XK 2.32 *R* -'%80'% * XK
pcto —5.58 XK ¥ -5.31 HH¥ 0.95 XK ¥ —26.75 HH¥
pent -2.48 -8.35 *** 369 ¥*** -574
pcno -7.54 < **¥*  _742 *¥¥* 306 *** _29,00 ***
w -4.68 *** -1350 *** 181 *** -13.04
i -3.72 * XK -5.()6 K% 3.93 * XK -18.40 *%
gap -2.35 -3.32 % 743 -11.33

Note: All tests are performed with an assumption of constant and trend in time series.



Appendix 2: Unit Root Tests on y-0-y Data

whole period 1996—2001
DFGLS PP ERS NP DFGLS PP ERS NP
Estimation in levels
neer -3.48 ** 287 3.17  **F 2840 FFF -288 % -2.39 4.27 ** 2068 **
*X¥ *X¥* *eHe* *X* *K*
Px -3.75 -2.70 2.30 -390.83 -2.58 -1.97 3.57 -30.66
pm -3.23  ** 248 3.27 O og61  FFF -2.54 -1.33 287 ¥ 3106 ***
pmnon oil -3.48 ** -2.69 2.84 *** -32025 F*¥ -280 * -1.50 2.37 ¥ 364 ***
pmeil -2.78 * -2.18 4.39 ** -20.58 ** -1.84 -1.33 7.32 -11.26
py -373 ¥ 257 135 ¥ -63.54 F*F -2.46 -1.61 350 2542
pc -2.45 -2.23 6.62 * -13.79 -1.66 -1.64 15.83 -5.68
pckv -2.13 -2.32 11.01 -8.55 -1.29 -1.90 39.30 -2.63
pett -3.24 ** 239 250 *** 3614 *** -2,12 -1.66 6.30 * -14.37 ¥
petf -2.84 * -2.38 4.97 ** -18.84 ** -2.22 -1.60 7.96 -11.75
pete -2.30 -2.45 9.15 -9.89 -1.52 -1.43 15.78 -5.41
pent -2.00 -2.12 11.85 -7.61 -1.50 -1.88 25.48 -3.89
pene -3.00 **  -259 3.41 ¥ -26.60 *** -1.63 -1.66 16.14 -5.70
w -2.55 -4.90 ***  09.46 -9.45 -1.98 -2.84 8.20 -10.69
Estimation in first difference
neer -5.88 944 * 216 R 4150 -3.63 *** -560 *** 511 ** -17.91  **
px -4.15  *** 598 g2y o884 FHF -3.46 ** 341 * 531 1669 *
pm '4.64 *X¥ '6.53 HeHe* 2.71 *X¥* _33.99 KKK _3.94 *** _3.85 *% 4.65 ** _19.70 **
pl’l’l“m"ﬂ -4.25 XK -6.04 KEK 3.17 *%F -20.59 KEK -3.74 ER —365 *% 484 *% -18.45 *%
pmeil -3.37 ¥ -9.58 *¥* 5o8 ¥ -16.86 * -2.69 -6.29 ***  9.01 -0.76
Py -3.81 X% -5.94 *%% 3.76 KR% -24.77 *%% -4.40 *%% -4.56 HHK 4.32 *¥ 01.81 *¥
pe -5.78 XX -867 KEK 2.03 *HK -44.17 KEK -5.18 ER -5.05 ER 3.49 *HF -25.23 *HF
pCF‘U -11.71 *X¥ -11.72 *¥% 1.39 *HH -6494 Kk -655 *kk -6.54 *¥K 3.23 *H¥ -28.38 *¥¥
pett -5.27 *** 845 *** 238 ***  _gy95 *** -2.68 -4.20 *** 8,86 -11.32
petf -4.90 X 7026 FF* 267 F** _gg3gg ¥ 275 ¥ -4.08 ** 7.52 -11.98
pcto -1077  *** _1076 ** 140 F* -64.81 *** -4.75 Y 514 FF 606 F -25.87 ***
pent -11.46 * %% -1141 *%% 1.39 * %% -64.99 *%% -7.37 * %% -7.33 * %% 3.24 * %% -28.99 * %%
pero -918 *%% -9.29 *%X 1.47 * %% -6215 *%X -6.08 *%¥ -5.99 *%¥ 3.31 *%% -2773 *%%
w -2.18 -1956 *** 4.07 *** -2.00 -1.81 -12.37 *** 14.42 -1.12
2002—2006
DFGLS PP ERS NP
Estimation in levels
neer -1.99 -2.70 19.25 -5.83
px -1.51 -2.35 25.20 -4.37
pm -2.00 -2.30 11.30 -10.48
pmnon oil -1.93 -2.90 16.70 -7.50
pmeil -0.88 -0.77 27.07 -2.43
Py -219 -1.55 0.82  F¥* -13.01
pc -217 -1.45 1.33  *** -6411  *FF
pcEU -2.13 -1.01 10.69 -8.43
pett -1.48 -1.74 3.03 **F -4.49
petf -1.50 -2.04 30.33 -3.63
pete -2.06 -2.22 11.71 -7.72
pent -2.23 -1.59 0.13  ***¥ -195.31 ***
pene -2.76 ¥ -1.49 0.84  F** -103.99 ***
w -2.34 -4.40  F¥¥ 4.65  ** -13.21
Estimation in first difference
neer -6.53  *¥* -6.45  *¥* 3.89 HEE -22.95 **
px -5.15  *** -5.28  *** 4.56  ** -21.28 **
pm -5.73 X K% —5.83 XK 4.23 *% -22.30 *%
pmpnon oil -5.54  *** -5.64  *¥** 4.28 ** -22.04 **
pmoﬂ -5.80 *K% -5.75 XK 4.01 233 -22.47 *¥%
Py -283 * -2.61 7.43 -12.14
pc -7.09 ¥ -7a1 FEE 4.05  *** -22.89 **
PpcEU -7.73 R -8.03 **¥ 418  *¥ -22.47 **
pCtt _586 %% -5.75 *%% 389 *%% -22.59 *%
petf -5.29  ¥** -5.21  F** 4.20 ** -21.82 **¥
pcto -6.39 ¥ -6.32
pC“‘ XK 3.92 XK -22.01 *%
pere -712 FF¥ -719  F¥¥ 3.98 Fx -22.88 **
w -1.86 -5.39  FE* 19.47 -4.45
-3.97  *¥* -11.79  ¥** 0.30  **¥ -8.71

Note: All tests are performed with an assumption of constant and trend in time series.
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