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STRUCTURAL DIFFERENCESAND
ASYMMETRIC SHOCKSBETWEEN THE CZECH
ECONOMY AND THE EURO AREA 12

Martin Slanicay?

Introduction

Asymmetric shocks and structural differences aganmded as the main causes of a
potential suboptimality of common monetary poliégymmetry of shocks is defined as

differences in timing, magnitude or persistencestfictural macroeconomic shocks.
Structural differences are then defined as diffeesnin propagation mechanisms of
structural shocks. In case of asymmetric shocks (and structural differences in a

monetary union, applied monetary policy facing stimual shocks must be suboptimal
for some countries. Therefore, analysis of asymmehocks and structural differences
plays an important role in evaluating benefits aosts of common currency.

The goal of this paper is to investigate the asytrimehocks and structural differences
between the Czech economy and Euro Area. A New &&gn DSGE model of a small
open economy developed by Justiniano and Pres@i0}ds used for this purpose. The
model is built on the framework of Gali and Mondicgl005), and Monacelli (2003),
who developed an elegant model of small open ecgnwith price rigidity modelled in
Calvo style, see Calvo (1983). The latter papeitdimg directly on the former, extends
the former by introducing an incomplete pass-thtounother extension is brought by
Justiniano and Preston (2010a) who extended thimdwork by allowing for habit
formation, price indexation and incomplete assetkata The model of Justiniano and
Preston (2010b) used in this study extends theiqusvone by introducing wage
rigidity modelled in Calvo style, following a benulark for staggered wage contracts
from Ergeg, Henderson and Levin (2000). | haveredtehis model in a few aspects.
Following Adolfson et al. (2008), | have modifiebet uncovered interest rate parity
condition (UIP condition) by giving a positive wéigto the lagged real exchange rate.
Following Kolasa (2009), | also allow for corretats between corresponding shocks in
both economies.

Asymmetric shocks and structural differences araméred in two ways. Firstly, |
examine asymmetry of shocks and sources of stalctlifferences, using model
comparison based on a Bayes factor. In the comEXRSGE models, we can view
structural differences (asymmetric shocks) as @it differences in values of some
structural parameters (parameters related to shoEkdlowing Kolasa (2009), | use
Bayesian approach for testing significance of thédferences. A difference in
parameter value is regarded as significant if thea dit of models which allow for
different values of this parameter in both econanaiee better than the data fit of those
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models with common value of this parameter in lEmtbnomies. The data fit measure is
a Bayes factor (BF) calculated from marginal likelbd, which are acquired from
estimation. Secondly, | examine how structural etéhces and differences in
persistence and volatility of structural shockduehce behavior of both economies. |
analyze differences in responses of the main maormamic variables in both

economies to corresponding shocks in these ecospmising impulse-response
functions.

Related Papers

Much economic research deals with these issuesubecaf their important role in
evaluating benefits and costs of common curren@ueP (1996) provides a non-
technical overview of a role of asymmetric shoaksidebate about benefits and costs
of common currency.

Several authors try to determine to what extenttlageshocks within EU asymmetric.
Bayoumi and Eichengreen (1992) find that shockssageificantly more idiosyncratic
across EU countries than across US regions, whaphimdicate that the EU will find it
more difficult to operate a monetary union. On thker hand, Verhoef (2003) shows
that symmetries of demand and supply shocks inereasr time within EMU.

Some studies deal with an adjustment process tmrasyric shocks. Alexius and Post
(2008) examine how floating exchange rates respgonaisymmetric shocks, and find
out that exchange rates display some stabilizingpgnties but can mainly be
characterized as disconnected from the rest oftb@omy. Amisano, Giammarioli and
Stracca (2009) examine the adjustment processytarastric shocks in Italy and argue
that joining EMU does not alter the adjustment psscto idiosyncratic demand and
cost push shocks, and that the EMU system is ndtyhidiosyncratic monetary shocks
anymore. Driver and Wren-Lewis (1999) try to quintthe costs imposed by
asymmetric shocks under EMU compared to free figatiTheir results suggest that
these costs are significantly higher under EMU thader free floating.

Several papers discuss the presence and relatpartaimce of asymmetric shocks and
structural differences. Jondeau and Sahuc (20008)2@st the structural heterogeneity
within Euro Area and come to the conclusion thatnasetric shocks are the main

sources of a different behavior of countries indEArea, while structural differences

play almost no role. Kolasa (2009) investigatescstiral heterogeneity between Poland
and Euro Area and finds out that volatility and dymonization of shocks hitting both

economies are the main sources of structural regaeity. Pytlarczyk (2005) estimates
a two country DSGE model of Germany and the re&wb Area. He finds out that the

unrestricted model with the stochastic heteroggneitd a different composition of

consumption and investment baskets across the nedits the data better than the
restricted model with the stochastic homogeneitgt a&entical composition of these

baskets.

Many authors examine structural differences al@enigno and Lopez-Salido (2006)
find differences in inflation dynamics between Gany on the one side, and France,
Italy, the Netherlands and Spain on the other. Tdisgover that inflation dynamics in
Germany is characterized by a forward-looking reataf price setting and average
duration of prices of about 5 quarters, while tteeo group of countries is characterized
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more by a backward-looking nature of price setiamgl average duration of prices of
about 8 quarters. Fabiani and Morgan (2003) exardifferences in the relationship
between wage growth, inflation and tightness of lddgor market across Germany,
France, Italy, the Netherlands and Spain. Theyideoempirical evidence that there
exist large differences even across these "conefitcies. Angeloni and Ehrmann (2004)
try to explain why differences in national inflatisates and growth rates arise within
the Euro Area. They find out that the main explammatan be ascribed to differences in
inflation persistence. Campa and Gonzalez Ming@&0g) investigate exchange rate
pass-through in Euro Area countries. They find suttfal differences across Euro Area
countries in the way how a common exchange rateemewt gets transmitted into
prices. Most of these differences are caused bigtinct degree of openness of each
country to non-euro area imports rather than bgrogeneity in the structure of imports.
Demertzis and Hugues Hallett (1998) investigatéedéhces in unemployment rates in
Europe. They show that disparities in unemploymatgs are brought about mainly by
differences in labor market fundamentals causirtigrahrate of unemployment to differ.
Asymmetric shocks and policy differences, both gayslifferences in unemployment
gap, play a limited role in explaining unemploymetisparities. Cecchetti (1999)
provides the evidence that differences in a finglrstructure influence the transmission
mechanism of the monetary policy. He shows thaht@s with poorer direct capital
access, less concentrated and less healthy baskatgms display a greater sensitivity
of inflation and output to policy changes.

M odel

Derivation of the model from microfoundations canfbund in Justiniano and Preston
(2006, 2010b). The model is in the log-linear fosn, all variables are in the form of

log-deviations from their respective steady stdtemally X =log X, —IOQY,
where X is a steady state value. Variables and paramet#hnsthe superscript “*”
hold for the foreign economy.

Domestic Block

Log-linear approximation of Euler equation for imésmporal decisions of domestic
households is in the form

1-h,
6 —hG, = EG., —hg —T(It ~ETL HEE, o Eyy), 1)

whereC,, 1,77 is consumption, nominal interest rate and inflatio the periodt, E,

denotes expectations in the peribd h is a parameter of habit formation in
consumption,J is an inverse elasticity of intertemporal sub&tits in consumption

and &;, is a preference shock in the peribdn the form of AR1 process. Goods
market clearing condition requires

(1-a)c =y, —(an +an(l-a))s -an ¢, —ay,, )
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where y, , y: ,S denotes domestic and foreign output and termsadgtin the period,

a is a parameter of the openness of a domestic empm?,ﬂ* is an elasticity of

substitution between domestic and foreign goodd,(p, is a law of one price gap
defined as

Ye =(8+ p:)_ Pe»

where € is a nominal exchange rat@, is a foreign price index an@d. , is a price

index of imported goods. Terms of trale are defined standardly & = P- /P, ,,
and after log-linearizing and time differencing get

As =71 7, )

where 77, is inflation of imported goods an#f, , is inflation of domestic goods.
Terms of trades, law of one price gag/, , and the real exchange raig are related
in an identity

0, :wF,t+(1_a)St' 4)

Firms maximize their profits subject to a set ehnd constraints and to the Calvo
constraint on the frequency of price adjustmentokding to the Calvo constraint, only

1- Hp portion of producers reset their prices optima&lery period, while a fraction
Hp adjust their prices according to an indexation erul
logR, (i) =logR, 4 (i) + 9,7, ,_,- The result of optimal price settings of firmsais
rule for development of domestic inflation
Ty — 5p]TH 1 :BEt (]TH T a-pr[H ,t) + Ep (\Nt +§ +l//t) + Ept (5)
where
_(1-6,)1-56,)
8 (1tweE,)

l//t = (1+ wp)ga,t - a)p yt’ (6)

Hp is a parameter of domestic price stickina§§,is a parameter of domestic price
indexation, S is a discount factor¢‘p is an elasticity of substitution among domestic

goods, &, = —f"?/(f )?>0, f is a production function of domestic producers

which satisfies usual Inada conditions, is a real wageg, , is a domestic technology
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shock in the form of AR1 process, a#g,, is a firm’'s cost-push shock in the form of
IID process, added for estimation purposes.

Importers maximize their profits subject to a setl®@mand constraints and to the Calvo
constraint on the frequency of price adjustmentcokding to the Calvo constraint,

every period onlyl— HF portion of importers reset their prices optimaliyhile a
fraction HF adjust their prices according to the indexation leru
logP- (i)=log P ,(i)+ 7, . The result of optimal price settings of
importers is a rule for development of importedatibn

Ty = OcThe oy = BB (The 11y = Op T ) + el + 4 @)

where

— (1_6F)(1_ ﬁHF) ,

& 5

9,: is a parameter of import's price stickineé;;, is a parameter of import's price
indexation ands , is a cost-push shock in the form of AR1 process.

Households maximize their utility function subjeata set of labor demand constraints
and to the Calvo constraint on the frequency of evadjustment. According to the

Calvo constraint, onlyl—t?W portion of households reset their wages optimaltgry
period, while a fraction@W adjust their wages according to the indexatiore rul

logW, (k) = logW,_, (K) + J,,7T._; . The result of optimal wage settings of households
is a rule for development of wage inflation

ITt‘N_a—Wm—l:lBEt(lﬂl_a—wm)-'-gw(vt_Vvt)' (8)
where
£ - (1-6,)0-56,)
vTg,(1+ g8,
V=B~ &) +—2—(y, ~hy) ©
t Ye ~ & 1-h Yi Yia)s

HW is a parameter of wage stickines%v is a parameter of wage indexatigh,is an

inverse elasticity of labor supply, , is a labor supply shock in the form of AR1
process. Price inflation, wage inflation and thel igage are connected in an identity

W, =7 = 75+ W (10)
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Terms of trade, inflation of domestic goods andralfeglomestic inflation are connected
in an identity

T =TT, +als. (11

Following Adolfson et al. (2008) | used a modifiedrsion of the uncovered interest
rate parity conditioh

(i~ E7%) — (i ~E7%..) = (1-9)EAG., —@AG — xa + £, (12)
where Y is an elasticity of foreign interest rate to dqq;,is a parameter of modified

UIP condition, &, is a risk premium shock in the form of AR1 procasd &, is a real

net foreign asset position expressed as a fracfi@omestic output steady state which
has to satisfy flow budget constraint conditiorttia form

c+a, :%—c«s e )+ (13)

Domestic block of the model is completed with a etany policy rule in the form of
modified Taylor rule, for the evolution of domestiominal interest rates

it :piit—1+(1_pi)[¢nm +wyyt]+£M,t* (14)

where 0, is a parameter of interest rate smoothighty, is an elasticity of interest rate

to inflation, (//y is an elasticity of interest rate to output, af\gl, is a monetary shock
in the form of 11D process.

Foreign Block

Foreign block is a closed economy version of thrasented above. All variables and
parameters have the same interpretation as in thestic economy, and are
distinguished from those of domestic economy byessgript "*. Intertemporal
decisions of foreign households are described bgriaquation

- T Y s , . .
h Vi = Eth+1_h Yi _T(H -Em,t El£g,t+1_£g,t)- (15)

*

Yi
Price setting behavior of foreign firms is descdliy the price Phillips curve
7 = 0,7, = P Ty = 0 75) + &, (W, +4 ) ey, (16)

where

Lif 1 set ¢7q = 0 | obtain the usual UIP condition.
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. (1-6)(1- 6.
5[,*:( 0)(1-56,)

0,1+ w,¢,)
W, =1+ w,)e,, ~w,Y;. (17)

Wage setting behavior of foreign households is iilesd by the wage Phillips curve

" = 0,5 = PE(TL ~ 0,78 ) + &, (v, — W), (18)
where

£ = (1-8,)01-58)
YT g,a+4's,)
* * * * 0-* * * *
Vi :¢ (yt _gl,t)+m(yt —h yt—l)' (19)

Inflation, wage inflation and the real wage in foeeign economy are connected in an
identity

W= 7R W (20)
Foreign block of the model is completed with thenetary policy rule in the form of

modified Taylor rule, for the evolution of foreigrominal interest rates

i = Al (U= p)WE + Y1+ @

Estimation
Data

Quarterly data of CZ and EA 12 froni' huarter 1999 to '8 quarter of 2010 were
downloaded from the database of Eurostat, httpeieopa.eu/eurostat. Figure 1
displays demeaned data which enter the estimation.

e My =y -y, ., =¥, -y, ,: demeaned 100*log differences of real GDP per

capita. As a measure of GDP "Gross Domestic Produddarket Prices, Millions of
Euro, Chain-linked Volumes, Reference Year 2000 Za&D0 Exchange Rates),
Seasonally Adjusted and Adjusted Data by Working€as used, and as a measure of
population "Total Population” is used.
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« %77 = 71,°7f = 7T : demeaned 100*log differences of price index, rdeulying
index "HICP (2005=100), All Items" is used. Seaslynadjusted by Tramoseats, using

Demetra software.

o 7" = 7",°7" = 1 : demeaned 100*og differences of wage index. An

underlying index for wage inflation is "Labour Cdatlex (Nace Rev.2) (2008=100) -
Wages and Salaries, Business Economy, Seasonajlystdd and Adjusted Data by
Working Days". This index starts at 1.Q 2000 sofits four values are computed from
"Labour Cost Index (2000=100) - Wages and Salahnekjstry and Services (excluding
Public Administration), Seasonally Adjusted and ysdgd Data by Working Days".

« 9, =i,,°9, =i : demeaned data of nominal interest rate (quartatlii.e. divided
by four), as the measure "Money Market IntereseRa®-Month Rates" is used.

obs

* 0, =0, —Q,_,: demeaned 100*log differences of real exchange, t&uro/ECU

Exchange Rates - Quarterly Data, Average, Nati@hatency (including 'euro fixed'
series for euro area countries), Czech Koruna"sisduas the measure of nominal
exchange rate.

. Obsst =§ —S_,: demeaned 100*log differences of terms of tradenis of trade are

calculated as a ratio of the deflator for impoxsetxports, "Exports of Goods and
Services, Seasonally Adjusted and Adjusted DataWmyking Days, Price index,

2000=100, Based on National Currency (includingdefixed' series for euro area
countries)" is used as the measure of export prices a measure of import prices
"Imports of Goods and Services, Seasonally Adjusted Adjusted Data by Working

Days, Price index, 2000=100, Based on National €y (including ‘euro fixed' series
for euro area countries)" is used.

Calibration and Priors

The model is formed by equations (1) - (21) andaios 21 endogenous variabl¢s, ,

W

Yoo loo @, O S0 78 Ty ey, Yy W 7,

economy andy; , i, , 7Z , W, , ¢, , 71", V;} in the foreign economy. The model

, Vi, ¢} in the domestic

also contains 8 AR1 processes for exogenous sHagks £, &, ¢ Eg s £;t \

gt
é‘;‘t, &} and 4 shocks in the form of IID process,, . &y . Ecpt s Eép’t}. There
are 45 parameters in the model. Interpretationhef garameters is presented in the
Table 3. Except six parameterg ( Epr Eyr X Wy and @ ) which are difficult to
identify, all parameters are estimated using MatliggHastings algorithm (using
Dynare toolbox for Matlab). Discount factg is calibrated to be 0.9975, which

implies an annual steady state real interest rifi@® This value roughly corresponds
to the long term mean of an annual real interdst iraboth economies. Elasticities of

substitution between various gooa§ and labor inputst,, are both set equal to 8,
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following results reported in Woodford (2003, ch.a®d imply average price and wage
mark-up of 14%. Following Benigno (2009), the paesen ¥ governing the debt

elastic interest rate premium is fixed at 0.01.aRwmterw, is calibrated to be 0.33,

following Justiano-Preston (2010b). Parameter &mess of the Czech econom@y is
calibrated to be 0.35, according to the share pbexto the production

Prior setting of estimated parameters as well @is &stimated values in the unrestricted
variant are presented in Table 4. Prior means fdvdparameters of price and wage

stickinessd,, , G-, 6, 6, and 8. are set to be 0.6, which implies average price

(wage) contract duration of 7.5 months. Becaus@&mimicroeconomic evidence on
price and wage indexation | set very loose priansthese parameters, prior means

equal to 0.5 and prior std. deviations equal to. Garametery, in modified UIP

condition is estimated with prior mean equal to &@ prior std. deviation equal to 0.1.
Priors for parameters in Taylor rule are set caesttyy with Taylor (1999). Although

prior means for elasticities of interest rate td:pum//y and(//; are set to be a little bit

higher (0.2 instead 0.125) and thus take into aticolanges in the behavior of central
banks in recent crisis. In my opinion, at this ticentral banks (ECB and CNB) pay
more attention to development in output than thelybeéfore crisis. Inverse elasticities

of intertemporal substitutio? ¢ are estimated with relatively loose priors witfiopr
means set to be 1.0, following Gali (2008), andmpstd. deviations equal to 0.7.

Inverse Frisch elasticities of labor supmly ¢ are estimated with prior means set to
be 2.0 and std. deviations equal to 0.7, which \akes commonly found in the

business cycle literature. Parameters of habit &ion h andh™ are estimated with
prior means set to be 0.7 and prior std. deviatensal to 0.1, as in Smets and Wouters
(2003). Backward-looking parameters in AR1 procesk® exogenous shocks are
estimated with very loose priors, prior means eqod.5 and std. deviations equal to
0.2.

Model Comparison

Asymmetry of shocks and structural differences ¢@n seen (in our context) as
significant differences in values of some strudtygarameters. The question is when
some difference can be regarded as significant.adtpt the approach presented in
Kolasa (2009) which is based on a model comparissing Bayes factor. The idea
which lies beneath this approach is as followsicstral parameters can be modeled as
common for both economies, or as different for betbnomies. If there truly exists a
significant difference in values of some parametéhsin models which allow for
difference in these parameters should fit the degdier than models with common
values of these parameters. | can compare untestrimodel with restricted model
where selected parameters are modeled as commbheane find out which model fits
the data better. If | find that the unrestricteddalofits the data better, | can say that

! http://www.czso.cz/csu/tz.nsf/i/statistika_uprgenpredstavy_o_otevrenosti_ceske_ekonomiky
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there exist structural differences in those parametNext subsection describes the
method adopted for the model comparison.

Bayes Factor

The model comparison is based on the Bayes faBtey. The Bayes factor is a specific
case of posterior odds (PO), when prior probaegitof competing models are set as
equal. The Bayes factor of modeland | (BF”) is a Bayesian statistic calculated

from (log) marginal likelihood(acquired from Bayesian estimation) as

BF, = % = exp(log(p(Y; [M,)) —log(p(Y; M) @)

where p(Y; | M,) is a marginal likelihood of modél and log( p(Y; | M;)) is a log
marginal likelihood of modei .? The Bayes factor shows us how much more probable
modeli is than modelj . DeJong and Dave (2007, p. 242) show an interjiwefaof

BF values

» 1-3 —"very slight evidence"

» 3-10 - "slight evidence"

* 10-100 - "strong to very strong evidence"
» 100 and higher - "decisive evidence"

This interpretation shows us how strong the evideotthe Bayes factor about that
whether model explains the data better then modeb. It is obvious that it holds

BF, =1/BF,;.

Sources of Structural Differences

Table 1 displays calculated Bayes factors of unptetl model versus restricted
variants, where selected parameters are modeleghamon.

We can see that there is almost no evidence inrfat/dheterogeneity in structural
parameters related to household preferences. Ajth@ayes factor slightly favors the
unrestricted variant before the variant with resion on the inverse elasticity of labor
supply ¢ (BF=1.29) and before the variant with restrictiom the elasticity between

domestic and foreign goodp (BF=1.15), these values of Bayes factor bring osgy

slight evidence in favor of heterogeneity in thgseameters. Moreover, Bayes factor
also favors the variant with restriction on all @aeters related to household

! calculation of log marginal likelihood is based be t.aplace approximation.

2|t is more convenient to use log marginal likebdobecause their numerical computation is
much easier. In the following text | display myuks using log marginal likelihood.

3 Similar interpretation can be found in Jeffreys@1Por Kass and Raftery (1995).
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preferences before unrestricted variant (BF=0.Z8)s value of Bayes factor brings
slight evidence in favor of homogeneity in housdhmieferences.
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Table 1: Bayes Factorsand Log Marginal Likelihood - Structural Parameters

[ restriction BFy; log(p(Y+|My))
0. | unrestricted 1 -417.16
L lo=0 -inv elasticity of intertemporal subs. 0.61 -416.67
2. | g=¢" -inv. elasticity of labor supply 1.29 -417.42
3. | h=h" - habit formation in consumption 0.49 -416.44
4. n 217* - elasticity between dom. and for. goodé'15 -417.30
5. | household preferences (1-4) 0.28 -415.88
6. g, = 9; - price stickiness 1.34 -417.46
7. 5p = 5; - price indexation 5.41 -418.85
8. | g,=8, - wage stickiness 1.96 -417.84
9. | g, =9, - wage indexation 1.23 -417.37
10.| price formation - stickiness and indexatiofY(6| 2.29 -417.99
11.| wage formation - stickiness and indexatiof)8, 2.56 -418.10
12.| price and wage formation (10,11) 6.06 -418.96
13. P = ,Oi* - interest rate smoothing 3.32*10' | -425.27
14. W, =y, - elasticity of interest rate to inflatiop 2.28 -417.99
15. ¢, = (,l/; - elasticity of interest rate to output 0.70 -416.80
16.| monetary policy rule (13-15) 2.31°10-424.91

Note: Own calculations

Nevertheless, we should be careful to interpres tieisult as an evidence of quite
homogenous household preferences. Parametersdrétateousehold preferences are
known to be weakly identifiable, and the resulhofmogeneity can be just a reflection
of common priors. A look on credible intervals dfete parameters, see Table 4,
confirms this weak identifiability of parameterslated to household preferences,

especially in the case of inverse Frisch elastisitf labor supply and ¢ Therefore,

results should be rather interpreted as | did mat fubstantial evidence in favor of
heterogeneity in household preferences.
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| found out that there are some differences betvikerCzech economy and Euro Area
in the price and wage formation (BF=6.06), theatgst one being the degree of price

indexation 5p, as suggested by Bayes factor (BF=5.41) and bylifference in their

estimated values in the unrestricted variaﬁg(: 0.17 in CZ vs.é?z 0.51 in EA). It

seems that Czech firms index their prices less thein foreign counterparts do. It also
suggests that inflation dynamics in the Euro Argamiore adaptive and backward-
looking while inflation dynamics in the Czech ecanpis more characterized by
forward-looking nature of price setting. Althouglaygs factor favors the unrestricted
variant before all variants with some restrictiom jprice and wage formation, these
values provide only slight evidence in favor of dregeneity in price and wage
formation.

As regards monetary policy rules, | find substdrdifference in the degree of interest
rate smoothing. Bayes factor brings the decisivédemce for this conclusion
(BF=3.32*10), although estimated values of this parametehéunrestricted variant

do not differ so much @, = 0.93 in CZ vs.pi*= 0.84 in EA). It seems that the ECB
does not smooth their interest rates as much askiBdoes.

Asymmetry of Shocks

Table 2 presents results for restrictions connewii#iul structural shocks. Bayes factors
bring strong evidence for difference in volatiliof labor supply shocks (BF=39.62),
and a very slight evidence for difference in vditgtiof preference shocks (BF=2.95).
These two differences also contribute to almosingirevidence in favor of overall

heterogeneity in volatility of structural shocksH#9.97).

The results for persistence of structural shocksrather mixed. Estimated values of
these parameters in the unrestricted variant seebe tsubstantially different between
both economies, see Table 4. Nevertheless, Bagts flavors variants with restriction

on the persistence of structural shocks beforeutirestricted variant, which should
suggest that there are no differences in persistaricstructural shocks. However,
adding restriction on persistence of structuralckboto the variant which also has a
restriction on volatility of structural shocks sificantly worsens the empirical data fit

of this variant and leads to decisive evidence (BB8*1() in favor of the unrestricted

variant. It seems that there are substantial diffees in overall persistence and
volatility of structural shocks, however, this rigeveals itself only in testing this joint

hypothesis.

Table 2: BayesFactorsand Log Marginal Likelihood - Structural Shocks

i | Restriction Bb; log(p(Y|M))
0. | Unrestricted 1 -417.16

1. g, = J; - volatility of technology shocks 0.83 -416.98

2. 2.95 -418.25

g, = U; - volatility of preference shocks
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3. g = Jl* - volatility of labor supply shocks 39.62 -420.84

4. Oy = U*M - volatility of monetary shocks 0.17 -415.39

5 Op = J;p - volatility of cost-push shocks 041 -416.27

6. | volatility of shocks (1-5) 9.97 -419.46
7. P, = ,0; - persistence of technology shocks0-49 -416.45

8. Py = ,0; - persistence of preference shocl D43 -416.33

9. p = ,0,* - persistence of labor supply shodk8:72 -416.83
10. | persistence of shocks (7-9) 0.17 -415.37
11.| persistence and volatility of shocks (4,10) .88210° | -429.73
12. | no correlations of shocks 168.29 -422.29
13.| almost perfect correlations of shocks 7.76%10529.73

Note: Own calculations

| also compare the unrestricted variant with theava, where corresponding shocks in
both economies are modelled as uncorrelated, atidtiaé variant where corresponding
shocks in both economies are modelled as almoseqilr correlated. Bayes factor
favors the unrestricted variant before the vansitth uncorrelated shocks (BF=168.29),
and also strongly favors the unrestricted variaiote the variant with almost perfectly
correlated shocks (BF=7.76*1). It seems that allowing for correlations between
corresponding shocks in both economies (and estighdéihese correlations) improves
the data fit of DSGE models significantly.

According to the estimations of correlations betweerresponding shocks, see Table 4,
we can say that the most correlated shocks are tamynshocks (cor=0.39) and
preference shocks (cor=0.38). Correlations of tresecks are statistically significant
on the significance leval = 0.01. Correlations of other shocks are not staéilly
significant even on the significance lewel= 0.1. These results suggest that there exists
a big asymmetry between shocks in the Czech ecommmhythe Euro Area 12. However,
we should be careful with this interpretation. Eptcfor the monetary shocks and cost-
push shocks, the correlations are not between whbteks (represented by AR1
processes) but only between innovations in theseksh If | calculate correlations
between smoothed AR1 processes representing tihesiss | get slightly different
results. Correlations are now a little bit highreference shocks are now highly
correlated with correlation equal to 0.62, corielas of technology shocks and labor

! Almost perfect correlation means correlation eqwaD.95. It is impossible to estimate this
model (using all previously mentioned time serigith correlation of structural shocks equal to
1. | decided to use this approximation, followingl&sa (2009).
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supply shocks are also higher, and for technolbgglss it is equal to 0.34 and for labor
supply shocks it is equal to 0.21. However, theakies are still rather low which
suggest a big asymmetry between shocks in the Gaaiomy and the Euro Area 12.

Impact of Structural Differences

Structural differences can be also seen as diffeenn the behaviour of both
economies. | can compare the behaviour of both @o@s in responses to various
shocks, by using impulse-response functions. Figirelisplays impulse-response
functions of selected variables to various shotksstrict my analysis to the three most
important macroeconomic variables: output, inflatemd interest rate. Every subfigure
displays a response of the domestic variable taltimestic shock and a response of the
foreign variable to the foreign shock of the saryeef | find it more meaningful to
compare responses of domestic and foreign variableBocks of the same type, where
magnitude and persistence of these shocks is diyeheir estimated posterior means.
Loosely speaking, | compare responses to shockiseofame type, with their average
magnitude and persistence. This comparison coveustsral differences as well as
differences in persistence and volatility of struat shocks.

As regards preference shocks, it seems that thhereasubstantial differences in the
behaviour of the main macroeconomic variables. Algh magnitude of preference
shocks is two times larger in the Czech economy thahe Euro Area 12, responses of
examined variables show a very similar pattern. évineless, the initial response of
domestic output is larger than the initial respoméeforeign output, response of
domestic inflation is a little bit larger and mopersistent than response of foreign
inflation, and response of domestic interest rateilittle bit more persistent than
response of foreign interest rate.

On the other hand, responses of the main macroedongariables to technology

shocks show substantial differences. Responsesmgstic variables are much larger
and display more gradual and hump-shaped pattamrésponses of foreign variables.
Itis influenced by much larger volatility and pistence of domestic technology shocks.

Responses of the main macroeconomic variables bor lgupply shocks are also
different between both economies. Responses ofigforeariables are much more
gradual and sluggish than responses of domestigblas.

As regards monetary shocks, the response of theestamoutput is larger than the
response of the foreign output but the adjustmétiied domestic output is more rapid.
There is almost no response of the foreign inffatim foreign monetary shock while the
response of domestic inflation to domestic monetdgck displays substantial decline
followed by gradual recovery.

Volatility of cost-push shocks in the domestic emmy is much larger than in the
foreign economy. This contributes to the fact tlegponses of foreign variables to cost-
push shocks are larger and more volatile than resgsoof domestic variables.

1} consider the Czech economy as the domestic ecormmdyEuro Area 12 as the foreign
economy.
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Conclusion

| investigated asymmetric shocks and structurdédihces between the Czech economy
and the Euro Area 12. At first, | examined asymmneadf shocks and sources of
structural differences, using model comparison thasethe Bayes factor. | did not find
any substantial evidence in favor of heterogenigitiiousehold preferences. | did find
though some slight differences in price and wagemédion and a substantial difference
in interest rate smoothing. However, the main déffees are in timing, persistence and
volatility of structural shocks.

Apart from that, | also examined impact of struatudifferences and differences in

persistence and volatility of structural shockstlea behavior of both economies, using
analysis of impulse-response functions. As reggrdference shocks, | found no

substantial differences in the behaviour of themraacroeconomic variables. On the
other hand, | did find much larger volatility an@rpistence of domestic technology
shocks. This contributes to the fact that respon$etomestic variables to technology
shocks are much larger and display more gradual famdp-shaped pattern than
responses of foreign variables. | also found oat tesponses of foreign variables to
labour supply shocks are much more gradual andyslighan responses of domestic
variables. As regards monetary shocks, | discoviratthere is almost no response of
foreign inflation to foreign monetary shock whilesponse of domestic inflation to

domestic monetary shocks displays substantial meedbllowed by gradual recovery.

Responses of foreign variables to cost-push shaokdarger and more volatile than
responses of domestic variables.
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Tablesand Figures

Table 3: Interpretation of Parameters

parameterl Interpretation restriction
B discount factor (0,1
a openness of the economy (0,1
£, elasticity of substitution among goods (1,0)
£, elasticity of substitution among labor types | (1, )
w, = fYI(f)? (0,)
X elasticity of interest rate to debt (0,)
g0 inv. elast. of intertemporal substitution (0,)
¢’¢* inv. elast. of labor supply (0,)
h,h’ habit formation (0,1
,7’,7* elast. of subst. among H/F goods (0,)
(gp’ (9; Calvo parameter for producers (0,1
gF Calvo parameter for importers (0,1
0,.6, Calvo parameter for households (0,1
5p,5,; indexation of producers (0,1
Or indexation of importers (0,1)
5W’ 5\:\, indexation of households (0,1
W, elasticity of interest rate to inflation (0,)
wy, (//; elasticity of interest rate to output (0,)
0.0 interest rate smoothing (0,1)
Lor P AR1 parameters for technology shocks (0,1)




Pg: Py AR1 parameters for preference shocks (0,1

O1s P AR1 parameters for labor supply shocks (0,1)

Dus AR1 parameter for importer’s cost push shock0, 1)

O AR1 parameter for risk premium shock (0,1

0,,0, std. dev. of technology shocks (0, )
0,,0, std. dev. of preference shocks (0, )
g,,0,. std. dev. of labor supply shocks (0,)
Oepr Oy std. dev. of producer’s cost-push shocks (0,)
Oy Oy std. dev. of monetary shocks (0, )
Oy std. dev. of importer’s cost push shock (0,)
g, std. dev. of risk premium shock (0,)
cor, correlation of technology shockg, , €, (-1
cor, correlation of preference shoclg ,, £, (-1.3
cor correlation of labor supply shoclg , é‘l*’t (-1,
cor, correlation of cost-push shoclé%r]’t,(ﬁ’;)’t -1.D
cor, correlation of monetary shockg , , £y , (-1
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Table 4: Estimated Parameters - unrestricted variant

par. prior | prior | prior | post. 90% cred.| post. | 90% cred.
mean | std. | dist. | mean interval mean | interval
dev. Cz cz EA EA
o, o 1.0 0.7 G 0.79 0.251.29 0.78 0.23 1.3
¢’¢* 2.0 0.7 G 1.75 0.802.66] 2.40 1.19 3.5
h, h' 0.7 0.1 B 0.81 0.690.93 0.79 0.690.8
,7’,7* 0.5 0.15| G 0.47 0.290.65 0.42 0.300.5
8.6 0.6 0.05| B 0.63 0.56 0.70, 0.67 0.60 0.7
p’~p
gF 0.6 0.05| B 0.67 0.610.73
8 .6 0.6 0.05| B 0.57 0.520.63 0.67 0.61 0.7
w?!¥w
5p'5; 0.5 0.2 B 0.17 0.020.31] 0.51 0.220.8
0 0.5 0.2 B 0.54 0.26 0.82
F
5w15\:v 0.5 0.2 B 0.54 0.240.84| 0.34 0.130.5
‘//n"//; 1.5 0.15| G 1.62 1.40 1.84 1.38 1.151.6
wy’()[/y 0.5 0.15| G 0.19 0.110.26 0.16 0.09 0.2
* 0.8 0.05| B 0.93 0.920.95 0.84 0.800.8
Pis P,
0.5 0.2 B 0.93 0.870.99] 0.54 0.220.8
pa’ pa*
0.5 0.2 B 0.58 0.340.82| 0.70 0.57 0.8
pg1pg*
O0s Pre 0.5 0.2 B 0.23 0.07 0.39] 0.36 0.17 0.5
0 0.5 0.2 B 0.88 0.82 0.94
cf
Yo, 0.5 0.2 B 0.93 0.88 0.98
S
0,,0, gg 00 | 3.71 2.37 4.98 1.03 0.11 2.58
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0,0, |60 | 7.91 3.6212.63 2.82| 1.554.1(
2.0

o .o 25.0 | o 37.66 | 27.7250.0 11.19 5.3317.02
T 1120

o o |005 | o 0.14 0.010.47 | 0.36| 0.210.4¢
®T 103

0,0, |01 | 0.10 0.080.11| 0.10| 0.080.1]

o 03 | o 0.97 0.64 1.28
cf

o, 05 | o 0.16 0.07 0.26

cor, 0 04 | N 0.21 -0.31 0.75

cor, 0 04 | N 0.38" [0.180.59

cor 0 04 | N 0.11 -0.11 0.33

cor,, 0 04 | N 0.19 -0.41 0.77

cor 0 04 | N 0.39° [0.190.58

Note: G — gamma, B — beta, | — inverse gamma, Nmabr
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Figure 1: Data
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Figure 2: I mpulse-Response Functions
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Note: solid line — responses of domestic varialtteslomestic shocks, dashed line —
responses of foreign variables to foreign shocks
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