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Slovak Economy in a Period of Recession:
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Abstract

In this paper, we study the dramatic changes edtiucture and behaviour
of the Slovak economy in a period of the accessiome Euro area and the
Great Recession and subsequent return to the langgrowth equilibrium. This
small and very open economy is represented by memilidynamic stochastic
model of a general equilibrium with financial aceeltor. The development of
time-varying structural parameters is identifiedngsthe second order approxi-
mation of a nonlinear DSGE model. The model isrestd with the use of non-
linear particle filter. Analogous model was estigthtfor the economy of the
Euro area. It is our goal to identify the most imjamt changes in behaviour and
underlying structure of the Slovak economy. In ptdedistinguish the country
specific changes from broader Europe-wide trendsalge compare the time-
varying estimates of the Slovak economy and the &ua.
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Introduction

Slovakia became a member of the Euro area on dahpa009 in a period of
global economic difficulties and general downtufreoonomic activity that is
today called the Great Recession. This extraordicanfluence of events that
are critical to the development of this small ogeonomy calls out for closer
investigation of possible short-term and long-tetmanges in the structure of the
Slovak economy. The aim of this paper is to idgrtie most important changes
of the structural parameters during and after theaGRecession and to interpret
these changes in terms of behaviour of represeatationomic agents. We also
seek to find out to what extent did the structafa@nges of the Slovak economy
follow the common trends in the Euro area and wiaaie its unparalleled specifics.

In this paper, we estimate a DSGE model of thegk@mall open economy
with time-varying parameters and an analogous motlehe economy of the
Euro area. We perform a filtration of a nonlineardel with the use of nonlinear
particle filter (NPF) to identify the unobservea@jéctories of the time-varying
structural parameters.

The results presented in this paper are an outobradine of research whose
earlier results were published in Tvrz, Tonner &abicek (2012), Tvrz and
Vasicek (2013; 2014). In this paper, we further elab®rat our previous re-
search and present a comprehensive set of empigsalts with focus on the
Slovak economy and the economy of the Euro area.

1. Model

Since we focus on the period of financial and sgbsnt economic crisis,
a DSGE model with financial frictiofss used for the analysis. In our paper we
use the model framework developed by Shaari (20€@8)incorporates financial
accelerator mechanism proposed by Bernanke, Gerl@iGilchrist (1999) into
the small open economy setting of Justiniano ardtBn (2010) and Gali and
Monacelli (2005). This tractable medium-sizedodel of a small open economy
incorporates important real as well as nominadiiigis and allows us to describe
the Slovak economy in a reasonable detail. Streaifithe model is quite standard,
therefore, we will describe only the most importgeaitures of the model.

2 The implications of the financial frictions foretmonetary policy of the Czech small open
economy are investigated in detail in RySanek €Rai12).

% The model contains 25 endogenous variables (imjudl observables), 8 exogenous varia-
bles, 20 structural parameters (of which 5 arebcailed and 15 are estimated and considered time-
-varying), exogenous processes are described @ngstimated parameters (8 standard devia-
tions, 4 AR(1) parameters, 12 parameters descriteéggfo SVAR(1) block).
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The model contains households, entrepreneursjerstacentral bank and
foreign sector. The households receive wages fpplgd labour, government
transfers, profits made by retailers and domesticfareign bonds returns. Domes-
tic bonds pay fixed nominal return in domestic enay while foreign non-con-
tingent bonds give a risk adjusted nominal retienaiminated in foreign curren-
cy. The debt-elastic risk premium contains exogenmdR(1) component of risk
premium or uncovered interest parity (UIP) shocke households then spend
their earnings on consumption and domestic andgdiodgonds acquisition.

1.1. Entrepreneurs

The entrepreneurs play two important roles inrtleglel. They run wholesale
goods producing firms and they produce and owrcépatal. Market of interme-
diate goods as well as capital goods market isnasdito be competitive. The
wholesale goods production is affected by domesticluctivity AR(1) shock
and the capital goods production is subject totahpdjustment costs. Entrepre-
neurs finance the production and ownership of ahfit by their net worth\;
and borrowed funds. Cost of borrowed funds is grilced by borrower's lever-
age ratio via external finance premium

EFF?=[ N J 1)

QK

where
Q: — real price of capital or TobinG,
x — financial accelerator parameter.

To maximize profit, the entrepreneurs choose titeral level of capital and
borrowed funds. Each period a proporti@n— ANW)C of entrepreneurs leaves

the market and their equil@— ANW)C\4 is transferred to households in a form

of transfers.A™ is a shock in entrepreneurial net worth. It infloes the devel-

opment of net worth by changing the bankruptcy dcftentrepreneurs and its
positive innovations increase the survival rateenfrepreneurs. Its logarithmic

deviation from steady state is assumed to evoleerding to AR(1) process.
¢ is the steady-state bankruptcy rate.

1.2. Retailers

There are two types of retailers in the model méa@oods retailers and for-
eign goods retailers. Both types of retailers asimed to operate in conditions
of monopolistic competition. Home good retailersy domestic intermediate
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goods at wholesale price and sell the final homalgdo the consumers. Foreign
good retailers buy goods from foreign producethatwholesale price and resell
the foreign goods to the domestic consumers. Tffereince between foreign
wholesale price expressed in domestic currencyfiad foreign goods price,
i.e. deviation from law of one price is determirtadexogenous AR(1) law of
one price (LOP) shock. By Calvo-type price settamgl inflation indexation of
the retailers the nominal rigidities are introduasid the model.

1.3. Central Bank

The central bank determines the nominal interag m accordance with
following forward/backward-looking Henderson McKihbTaylor interest rate
rule (small letter variables denote deviations fisieady state, i.e. gap)

i =p|]t—1+(1_'0) Eﬁﬂ”[ﬂf(ﬂ;ﬂ)+@y [E(y‘+1)]+£‘MP (2)

where
r, —nominal policy interest rate,
£ — asmoothing parameter,

B, — weight parameter of expected inflati&f{z,,) ,

©, - weight parameter of expected output g&y,,,) -

Deviations of interest rate from the interest natle are explained as mone-
tary policy i.i.d. shocks " .

1.4. Foreign Sector

The foreign economy variables — real output, cor&uprice index (CPI)
inflation and nominal interest rate, are modellsohg a structural VAR(1) model
as described in equation (3).

. . y
Yol [Py Pii Pyi || Ya 10 of&
=\ Py Pap Pay || T || Ty, 1 0j¢ 3)
I Py Prp Pr M g, o, 1 g

1.5. Time-varying Parameters

All the estimated model parameters are considéred-varying with the
exception of shock autoregression parameters amtatd deviations. Time-
-varying parameters are defined as unobserved endag variables with fol-
lowing law of motion
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g =(1_atg)m—1 +at3 @+Vtg (4)
where
6, — a general time-varying parameter,
6 — initial value of this parameter,
a’ — atime-varying adhesion parameter common fdn@&lremaining time-

-varying parameters,
v/ ~N(0,0°) - exogenous innovation in the value of paraméter
Setting of the adhesion parametet influences the tendency of the time-
-varying paramete, to return to its initial valued . With al =0, the time-
-varying parameter would be defined as random watile with a’ = 1, the

parameter would be white noise centred aroundrtitialivalue 8 . For the pur-
poses of this paper, we set the initial value efadhesion parameter to a value
of af = 0.25" Since the adhesion parameter is also consideresiarying we

calibrated its adhesion to a fixed value of 0.05.

2. Estimation Technique

Nonlinear particle filter (NPF) is used to ideptihe unobserved states of the
DSGE model, including the time-varying parametershis paper. In this sec-
tion we briefly describe the main principles ofsthionlinear particle filter.

2.1. Nonlinear State-space Model
In this subsection we introduce the notation usedescribe the nonlinear
state-space system. The state transition is deskthi the transition equation
% =9( X0 W) (5)

where
x, O R* — the vector of unobserved states,

w, 0 R* —the process noise with covariance mafrix

Observations are related to the unobserved digith® measurement equation

4 The choice of the calibration of adhesion parametf does not qualitatively change the

results. Sensitivity analysis was performed withugaof this parameter set to 0.01, 0.05, 0.10, 0.25
and 0.50. The persistence of the identified trajges of the time-varying parameters is larger for

the lower values of adhesion. However, main chargstics of the identified development (such as

direction and timing of major shifts in the valuegiven parameter) stay more or less the same.
From the point of view of interpretation in termfstloe changes in the behaviour of the representa-
tive agents, the main conclusions remain valid.
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Y =h(x, v) (6)
where
y, OR" —the vector of observations,

v, OR"Y —the measurement noise with covariance m&rix

2.2. Nonlinear Particle Filter

Unlike basic Kalman filter that is optimal onlyrfiinear systems with Gaussian
noise, the nonlinear particle filter is a more gsptated tool that can be used
even for nonlinear state-space systems with nors§amn noise. In this section,
we provide only the basic principles of the aldorit A detailed description can
be found for example in van der Merwe et(a000) or Haug (2005).

Figure 1
Nonlinear Particle Filter
Kalman
Filter
i A
Generating
Particles
Time
Update

Source Authors.

Figure 1 contains a diagram of the NPF algorithhma condensed form, the
NPF algorithm can be described as follows:

[.  Initialization:t = 0, set the prior meam, (steady state) and covariance
matrix P, for the state vectox.

Il. Generating particles: Draw a total Nf particles x”, i=1,...,N from
distributionp(x) with meanX, and covariance matri.

lll. Time Updatet =t + 1, for each particlei € 1, N, propagate the par-
ticle into future with the use of (nonlinear) traim and measurement
equation and calculate mean§,_;,, Y- and covariance matrices

Pun» Py P

t-0 “Oy)* " (xy)

IV. Kalman filter: Calculate Kalman gaiK, = P(XmF{yly)’l,

X = )_<(t|t—1) + Kt(yt - _y(tl-l)) and R= P(tlt—l) - K P(yly)( Kt)T P(J/Iy)(Kt)T'
V. Continue by step Il unttl= ta

In our application we performed 20 runs of the NMEh 30 000 particles
each for the second order approximation of the nonkif28GE model.
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2.3. Initial Values

Before the application of the NPF algorithm weireated the model with
constant parameters to obtain estimates of auessign parameters and stand-
ard deviations of structural shocks that are camsid constant even in the NPF.
Also, the posterior means of the structural pararsetere used as initial values
of the time-varying parameter# () in the NPF estimation. Standard deviations
of time-varying parameter innovations'{) were set proportional to the stand-

ard deviations of posterior estimates of the maasligh constant parameters.
Constant model parameters were estimated using dRantfalk Metropolis-
-Hastings algorithm as implemented in Dynare toelfts Matlab. Two parallel
chains of 1 000 000 draws each were generatedgltieestimation. First 50%
of draws were discarded as burn-in sample. Thee spatameter was set to
achieve acceptance rate around 30%.

3. Data

Quarterly time series of eight observables wesglder the purposes of esti-
mation. These time series cover the period betvileersecond quarter of 1999
and the third quarter of 2013 and contain 58 olaems. Input data expressed
in per cent deviations from steady state are degbict Figure 2.

Time series of real gross domestic product (GDRymonised consumer
price index (CPI), 3-month policy interest rate aedl investment are used for the
domestic economy. The foreign economy is repreddmnteéhe 17 Euro area coun-
tries in the case of the Slovak economy while #st of the world is represented
by the economy of the United States in the cadeuod area. Seasonally adjusted
time series of real GDP, CPI and 3-month policerest rate are used. Time
series of SKK/EUR and EUR/USD real exchange ratdsis used. These season-
ally adjusted time series were obtained from theo&mat, National Bank of Slo-
vakia, European Central Bank and Federal Reserm& 8&St. Louis databases.

The original time series were transformed prioestimation so as to express
the logarithmic deviations from their respectiveasty states. Logarithmic devia-
tions of most observables from their trends weteutated with the use of Ho-
drick-Prescott (HP) filtef. Time series of the domestic and foreign CPI iidlat
were demeaned.

5 Setting of the particle simulation is chosen asompromise between accuracy and time
demands of the calculation. By experimenting wite setting of the particle filter algorithm we
found out that the results do not change signiflgawhen the number of runs or the number of
particles is further increased.
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Figure 2
Observed Variables
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4. Calibration

We decided to calibrate several deep structunarpeters because they are
difficult to estimate. These parameters were assigralues commonly reported
in the literature. The value of discount factbof 0.995 implies real interest rate
of approximately 2% p.a., similar values are reguabrby Christensen and Dib
(2008) or Christiano, Trabandt and Walentin (20Cpital share in production
a corresponds to the national income share of dagita35. Values around one
third are usually used in the literature, see Agtwif Laséen and Villarf007)
or Christiano, Trabandt and Walen{2011). Capital depreciation radeof 2.5%
per quarter is also standard and follows Christeasel Dib (2008). Households'
share of the labour supply is calibrated according to Shaari (2008) to 99%
which leaves the remaining 1% of the labour supplye provided by the entre-
preneurs. Calibration of parametefollows Shaari (2008) as well.

6 parameter of the HP filtérwas set to 1 600, a value commonly used for qupdata.
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5. Empirical Results
5.1. Posterior Estimates

Prior and posterior densities of estimated pararaetre presented in Table 1.
Table 2 shows the posterior estimates of the autelation coefficients of the
AR(1) shock processes and the standard deviatibebazk innovations. Prior
densities are the same for both economies in dodetentify the structural dif-
ferences in the data. Our posterior estimatesianiéas to the values obtained by
Senaj, Vyskrabka and Zeman (2010), who estimatedctuntry DSGE model
for the Slovakia and Euro area, and are compaiabtbe calibration used in
Zeman and Senaj (2009).

Table 1
Priors and Posteriors, Structural Parameters
Prior SK Posterior EA Posterior

Parameter Distribution Mean Std Mean Std Mead Stq
Structural parameters

Y  Habit persistence B 0.60 0.05 0.59 0.0 0.6§70.06
¥ Inv. elast. of lab. supply G 2.00 0.50 1.48 0.36 1.00 0.23
B  Debt-elastic risk premium G 0.05 0.02 0.03 0.01 0.02 | 0.01
n  Homefforeign elast. subst. G 0.65 0.1d 0.62 0.09 0.43 0.02
k  Price indexation B 0.50 0.10 0.48 0.09 041 90.¢
y  Pref. bias to foreign goods B 0.40 0.15 0.44 0.06 0.27 0.04
0y Home goods Calvo B 0.70 0.10 0.80 0.0p 0.810.03
0 Foreign goods Calvo B 0.70 0.10 0.77 0.0B 0.§20.04
! Capital adjustment costs G 8.00 3.00 13.6B 2.77 2416, 2.89
Financial frictions

r  Capital/net worth ss ratio G 2.00 0.50 1.34 0.15 1.31 0.11
¢  Bankruptcy rate B 0.025 0.015 0.06 0.02 0.030.01
y  Financial accelerator G 0.05 0.015 0.0% 0.01 040.| 0.01
Taylor rule

p  Interest rate smoothing B 0.70 0.10 0.81 0.03 .730| 0.04
B, Inflation weight G 1.50 0.20 1.83 0.21] 1.83 0.19
6,  Output gap weight G 0.50 0.20 0.25 0.06 0.220.05

Note: B — beta distribution, G — gamma distribution.
Source:Authors’ calculations.

The differences in the posterior estimates of $tevak economy and the
economy of the Euro area are intuitive and seewapture the specifics of the
two economies. Habit persistencas higher in the Euro area, which means that
the households in the Euro area are more sensititlee variations in the level
of consumption. Lower inverse elasticity of lab@upply ¥ in the Euro area
implies more elastic labour supply and, therefatepnger response of labour
supply to the variations in wages. Higher debtt@aisk premiumy® in Slovakia
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corresponds to the fact that the Slovak bonds areepred as riskier than the
bonds of Euro area and their yield is more serssito/the development of net
foreign assets. Elasticity of substitution betwe@mestic and foreign interme-
diate goods; is lower than one in both economies, which suggtsit the do-
mestic and foreign goods work as complements irptbduction of final goods.
Indexation of prices to the past inflatians lower in the Euro area because of
less volatile development of the CPI inflation. férence bias to foreign googs
also measures the openness of the economy, arefdieerit is not a surprise
that the estimate for the Slovak economy is mughér than the estimate of this
parameter for the much bigger economy of the Euea.aCalvo parameters of
domestic intermediate gooés and imported intermediate goo@lsare estimat-
ed to be slightly higher in the Euro area, whicggasts higher price stickiness
in the Euro area. Capital adjustment cagtsre lower in the Slovak economy,
hence it is less costly to invest and make newtalgihis result corresponds to
the fact that the Slovak economy is an emergindetaconomy with available
investment opportunities.

Table 2
Priors and Posteriors, Shock Processes
Prior Posterior Mean
Parameter Distribution Mean Std SK EA
Autocorrelation coefficients
Py Domestic productivity B 0.50 0.20 0.56 0.45
puip  Uncovered interest parity B 0.50 0.20 0.70 0.77
pop  Law of one price B 0.50 0.20 0.74 0.83
pyw _ Entrepreneurial net worth B 0.50 0.20 0.63 0.4Q
Standard deviations
oy Domestic productivity IG 1.00 ) 1.46 0.49
oy Uncovered interest parity IG 0.50 o 0.46 0.28
o,op Law of one price IG 0.50 o 3.80 5.33
oyw  Entrepreneurial net worth IG 1.00 © 2.61 1.79
oyp  Monetary policy IG 0.50 0 0.16 0.10
Ty Foreign output IG 1.00 0 0.55 0.56
O Foreign inflation IG 0.50 0 0.14 0.31
Oy Foreign interest rate IG 0.50 0 0.08 0.11

Note B — beta distribution, IG — inverse gamma disttidn.
Source Authors’ calculations.

Capital/net worth steady state rafids estimated to be very similar in both
economies. The posterior estimates suggest thatverage the entrepreneurs
finance approximately 25% of their capital stockeéxgernal funds. Bankruptcy
rate of entrepreneutsis lower in the more stable economic environmérihe
Euro area as compared to the emerging Slovak ecprféimancial accelerator
is slightly higher in the Slovak economy, which gegts that the commercial
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banks are more sensitive to the changes in thead/agit worth ratio (leverage
ratio) of the firms. The parameters of the Taylderare estimated very similarly
in both economies. This is given by the fact tHav&kia was already a member
of the Euro area at the end of our data sampletandonetary policy was de-
termined by the ECB, i.e. it was the same as inm¢leof the Euro area. Also, as
Slovakia prepared for the accession to the monetaign, its monetary policy
converged to that of the ECB even before the entry.

Following equations capture the estimated foré&gy/AR(1) block in the
model of the Slovak economy (7) and the econonth@furo area (8).

y') (090 0.39 - 053y, 1 o ygé&
7 |=|011 026 -054 7, |+| 016 1 D& (7)
v ) lo.06 0.06 0591, ) [ 0.09- 006 )i
v) ( 081 023 04¥y., 1 o0 e
7 |=|-0.03 027 03%7,|+ 026 1 P& (8)
) [ 003 -002 083r,) [ 0.10 0.02 )i

5.2. Shock Innovations

Shock innovations obtained by the NPF filtratior depicted in Figure 3.
Innovations of the foreign output capture the dawmtof foreign demand that
began in 2008 and culminated in 2008Q4 in Euro arehin 2009Q1 in the
Slovakia. Negative innovations in the net worth ghshow problems in the
financial sector during 2008 — 2009 as well. Ald® positive innovations in the
law of one price shock are distinct in the perié@@08 — 2009 crisis. This de-
velopment can be linked to closing law of one pge@ and real exchange rate
depreciation. These results suggest, that the inateenpact of the crisis in the
Slovak economy and in the Euro area came in a fdrforeign demand slump
accompanied by a worsening conditions in the craditket leading to increased
interest rate spreads.

Torgj) and Konopczak (2012) identified the foreidgemand shock to be the
main driving force of the Slovak economy in the2|2008 and early 2009, how-
ever, their DSGE model did not include the finah#iations. Giri (2014) esti-
mated a closed economy DSGE model of the Euroaitbafinancial frictions
proposed by Gerali et al. (2010) and found thadrgd part of the development
of the endogenous variables after 2007 can be ieeplaby financial shocks,
including the rise of interest rates on the creditket in 2008.
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Figure 3
Filtered Shock Innovations
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5.3. Financial Sector Variables

Figure 4 depicts selected unobserved endogenausbles describing the
development on the financial market in the Slovedm®my and in the economy
of the Euro area. Decline of the entrepreneurialwath in 2008 and 2009
caused a sharp increase of the external financeiyme demanded by the com-
mercial banks and lead to an increase of the isiteéa¢e spreads. As the condi-
tions at the financial markets tightened, the groat the capital stock slowed
down and in 2009 turned to a decline. Accordinght® filtered trajectories, the
development of the financial market variables wery wimilar in both economies.

Giri (2014) identified a significant interbank rkat riskiness shock in the
Euro area that pushed the interest rate spreacbatthie policy interest rate and
interbank interest rate up especially in late 2888 2009. The propagation of
this interbank shock in the economy causes a deolfiriotal output, investment
and capital stock while at the same time lowertng)\talue of the collateral the
entrepreneurs could use to acquire credit. AccgrtinGiri (2014), this devel-
opment was strengthened by a credit market riskisksck in 2009 that further
exacerbated the situation.
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Figure 4
Filtered Financial Sector Variables
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5.4. Time-varying Parameter Estimates

Filtered trajectories of selected time-varyingustaral parameters are pre-
sented in Figure 5 and Figure 6, which depictspi@meters of the Taylor in-
terest rate rule. The development of the time-vayyarameters is expressed in
per cent deviations from initial values.

Some parameters that were estimated as time-gasyiowed only negligible
deviations from their initial valuesand therefore, their trajectories are not pre-
sented. These parameters, that can be consideegq dee namely the Calvo
parametergy andd: the habit in consumptiol, inflation indexatiorx and elas-
ticity of substitution between domestic and foreggodsy.

Most of the parameters of the financial sectomsdtb significant deviations
from the initial values, especially the externalafice premium elasticity,
bankruptcy rate; and capital adjustment cosid. As the entrepreneurial net
worth increased in 2006 — 2007, the interest rpteagls lowered, approached
the zero lower bound and became less sensitiveetodriations in the leverage
ratio, i.e.y decreased. Positive development of the entreprengalso reflected
in the decreasing estimate of the steady statedgeeratiol” in this period,
which would suggest that the firms were becomiightlly more independent of
the external financing. At the same time, as thmtabstock deviated above the
steady state it was increasingly difficult to fieditable investment opportunities
and the capital adjustment costsincreased. The onset of the crisis in 2009
meant a correction and the values of the finarsgator parameters returned to
the vicinity of their initial values. As the overaconomic conditions worsened,
the bankruptcy rate slightly increased in 2009 but the biggest inceeaSthe
bankruptcy rate did not occur until the second tguaof 2010. This delay in the
reaction of the number of bankruptcies is not ueeigd as the firms that were

".e. less than one 1% of the initial value.
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getting into difficulties during the crisis woul@atinue to operate for as long as
possible. According to the filtered trajectoriestbé financial parameters, the
situation in the financial sector seems to be rtigy to normal as the parameter
values returned to the initial values during 2013.

Figure 5
Time-varying Parameter Estimates
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Source:Authors’ calculations.

Apart from the financial parameters, the foreignods preference bias
(openness parameter) also showed interesting lmiratduring 2007 — 2008, its
value increased and together with the volume @rirgtional trade the interde-
pendency of world economies strengthened. In thginbang of 2009 came
a sharp decline, the volume of international tradepped and globalization
trends weakenetl.

The estimated trajectories of the Taylor interass rule show a decline in the
weight of inflation during 2008 that can be exp&drby the zero lower bound
that limited the expansionary response of the nasgebolicy in this disinfla-
tionary period. Filtered trajectory of the weiglfitloe output gap shows a decline
in 2007 when the economies were beginning to owrfdis result would sug-
gest that the monetary policy was slightly looserthe period of economic
boom. In the end of 2008 the weight of the outpayt ghcreased as the central
banks lowered the interest rates in response &l mfGDP and fading inflation
pressures.

8 This result is in line with Vasék, Tonner and Polansky (2011) who examined thzlisyeof
structural parameters of a DSGE model of the Czawl©pen economy. It can be related to the
estimates of the trade openness technology.
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Remaining Taylor rule parameter of the interesé remoothing increased
very slightly in 2008 when the interest rates wadn@pped and kept at near-zero
levels for a prolonged period of time.

Figure 6
Time-varying Parameter Estimates, Taylor Rule

Br ... Taylor rule, inflation ~ ©, ... Taylor rule, output gap p ... Taylor rule, smoothing

'
o

2002 2004 2006 2008 2010 2012 2014 2002 2004 2006 2008 2010 2012 2014 2002 2004 2006 2008 2010 2012 2014

Note Blacksolid line — SK, grey dashed line — EA, verticakli- 2009Q1
Source:Authors’ calculations.

Overall, the main characteristics and often evendcale and timing of the
changes of the time-varying parameters are the gabwh the Slovak economy
and the economy of the Euro area. There are, hoywistinct differences in the
variation of some financial sector parameters. Eigflg the external finance
premiumy and capital adjustment cosisfluctuated much more strongly in the
Euro area than in the Slovak economy. Also, theekbgwment of some parame-
ters, such as capital/net worth steady state raio foreign goods preference
biasy, followed a similar path as in the Euro area veittag of 2 — 4 quarters.
These results correspond to considerably more dramaurse of the financial
crisis in the Euro area as compared to relativiegftered Slovak economy.

Conclusion

In this paper, we estimated two DSGE models ahallsopen economy with
financial accelerator for the Slovak economy andtifie Euro area. We applied
a two-step approach to the estimation of the timuging parameters. First, we
estimated the models with time-invariant parameteing the Random Walk
Metropolis-Hastings algorithm and then employed ob¢ained results for the
initial setting of the second estimation technigi®&onlinear Particle Filter that
was used for the estimation of the models with fiagying parameters.

Obtained results suggest that there is a subsstraftural parameters that
can be considered deep. The estimated trajectofidsese parameters showed
only negligible deviations of less than 1% of timétial value. This set of
parameters includes the Calvo parameters, the haltibnsumption, inflation
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indexation and elasticity of substitution betweeymestic and foreign goods.
The development of the financial sector parametsgsther with the parameter
of foreign goods preference bias (openness paranaatd the parameters of the
Taylor interest rate rule showed substantially neynreamic behaviour, especial-
ly during the financial crisis of 2007 and the Gr&ecession. The estimated
changes of the time-varying parameters were sirmiléne Slovak economy and
the economy of the Euro area with some differenoethe magnitude of the

deviations and timing. Most notably, the finan@aktor parameters of external
finance premium elasticity and capital adjustmemdts fluctuated much more
strongly in the Euro area than in the Slovak econamiich corresponds to con-
siderably more dramatic course of the financiadisrin the Euro area as com-
pared to relatively unscathed financial sectorhef $lovak economy. Also, the
development of some parameters, such as capitalbréhh steady state ratio or
foreign goods preference bias, followed a similathpas in the Euro area with
a distinct delay of 2 — 4 quarters.

We found that the behaviour of the representan@omic agents probably
changed to a certain extent during the Great RecesBherefore, the economic
development in that period was not determined wdiglexogenous (especially
foreign demand) shocks, but the adaptation of #wresentative economic
agents to the unstable economic conditions alsgegla role. Nevertheless,
the deviation was only temporary and it mostly thdevay by 2013. According
to the filtered trajectories of the structural paeders, the situation in the Slovak
economy and in the economy of the Euro area seerhns targely stabilized as
the parameter values returned to the vicinity efrthrespective initial values.
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