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Measuring the Dynamics of Czech Republic Output
Connectedness with the Global Economy
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Abstract

Czech Republic is a Central European market ecoritvat emerged follow-
ing the peaceful dissolution of the former Czeaha@iia. It is an economy driven
mainly by manufacturing, services and innovatioith\a dynamic external sec-
tor. Its dependence on exports makes output groultierable to shocks or con-
tractions in external demand, thereby necessitating study, which examines
the dynamics of its output connectedness with lisieageconomy from 1990Q1
to 2016Q4 using the Diebold and Yilmaz (2009) ngkvepproach. The results
indicate that Czech’s output connectedness withréisé of the world is quite
sizeable, with a total connectedness index of 82&% the above period. The
results also show that EU member countries, esphgcrmany, exert the most
dominant output influence on the Czech economytlzer@fore have the poten-
tial to spread output shocks to it, while Polandla&lovakia are most suscepti-
ble to output shocks emanating from the Czech eaxpnBurthermore, the role
of the USA in the Czech economy increased remarkaftér the 2012/2013
economic recession in the Czech Republic. Thesétsesiggest that the Czech
economy is considerably open, deeply interconneateb sensitive to interna-
tional output shocks such that policymakers inGlzech Republic must be con-
stantly conscious of headwinds originating from éifi@rementioned sources.
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Introduction

Following the seminal work of Diebold and Yilma2009), which advanced
a simple but intuitive network approach for measyirand evaluating financial
and macroeconomic connectedness of entities atttesglobe, a large literature
has considered the complex issue of the connectedsteucture of the global
economy. While some studies focused on either owpdinancial connected-
ness, others considered both output and finanoiah&ctedness. In their paper,
Diebold and Yilmaz (2009) analyzed the connectesliogé4d9 global equity mar-
kets over the period 1992M1 — 2007M11 and foundiBaint evidence of di-
vergent behavior in the dynamics of return spillsvand return volatility spillo-
vers such that while return spillovers displayegkeatly increasing trend but no
bursts, return volatility spillovers displayed mertd but clear bursts. Other stud-
ies that have examined financial connectednesg) ukis framework include:
Diebold and Yilmaz (2016), which investigated tloamectedness of 18 European
and 17 U.S. financial institutions; Guimaraes-Fiftral Hong (2016), which exa-
mined the connectedness of Asian equity marketsimihe region and vis-a-vis
other major global markets; Echevarria-lcaza angei®i (2016), which investi-
gated the connectedness of European Economic ambtity Union (EMU)
sovereign and bank Credit Default Swap (CDS); amdtéhci and Yilmaz
(2015), which studied the network structure of glamvereign credit risk; Yilmaz
(2014), which studied the connectedness of majok btocks in the U.S. and the
European Union (EU) member countrfes.

In the case of output connectedness, Diebold ahma¥ (2015) studied the
business cycle connectedness of six advanced etemdine. G-7 less Canada)
using industrial production data for 1958M1 — 2011Mvand found that business
cycle connectedness fluctuates substantially ower such that the global output
connectedness is not only sizable but also timgivarover the business cycle,
and that the United States (U.S.) and Japan aredire net transmitters of out-
put shocks to other countries, while Germany isntlagor net receiver of shocks.
Furthermore, Ogbuabor et al. (2018) investigated dimamics of output con-
nectedness of Asian Pacific Economic CooperatioREB) economies using
time-varying, region-specific, generalised conngiogss measures constructed on
the basis of the Diebold and Yilmaz (2009) netwinaknework, and find that the
connectedness of APEC economies with the resteofvbrld is also substantial,

L A review of the literature shows that the follogistudies also applied or extended the
Diebold and Yilmaz (2009) framework in their stuafyfinancial connectedness and international
transmission of financial contagion: Félix, FernendPerez and Sosvilla-Rivero (2017); Demirer
et al. (2017); Rodriguez and Sosvilla-Rivero (201G3tjen and Schienle (2015); Barunik and
Krehlik (2016); Erkol (2015); Diebold and YilmazQ22); and the references therein.
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with the USA, China, and Korea dominating APEC’alractivities. However,
studies that examined both real and financial coteamess include Ogbuabor
et al. (2016); Greenwood-Nimmo, Nguyen and Shirl&0and Park and Shin
(2014). Ogbuabor et al. (2016) investigated thé ard financial connectedness
of selected African economies with the global ecop@and find that the U.S.,
EU and Canada dominate Africa’s equity markets|evBhina, India and Japan
dominate Africa’'s real activities, with the glob&hancial crisis increasing
the connectedness measures above their pre-azigiés! Greenwood-Nimmo,
Nguyen and Shin (2015) extended the Diebold anch&dl (2009) framework to
more complex multi-country multivariate situatiottsereby addressing the ‘dual
curse of dimensionality’ problem and find that thsS., the Eurozone and crude
oil market exert dominant influence in the globabeomy, while China and
Brazil also play non-negligible roles. Park andrS{2014) evaluated the con-
nectedness of the Korean economy with the globah@my and find that the
U.S., Europe, China, and the Association of SowthAaian Nations (ASEAN)
group (comprising Singapore, Thailand, Malaysiailififines and Indonesia)
exert dominant influence on the Korean economy.

The foregoing paragraphs indicate that studieduating macroeconomic
connectedness among entities in the global econmimg the network approach
of Diebold and Yilmaz (2009) have mainly focusedfmancial connectedness
among the highly industrialized economies sucthadkS., Canada, EU, China,
Japan, among others; while those that focused gruboonnectedness appear
scanty. In fact, none of the existing studies Imagstigated either the output or
financial connectedness of Czech Republic withrdst of the world. It is the
goal of this paper to fill this gap in the litersgu

Specifically, this paper: (i) estimates the siZeoatput connectedness of
Czech economy with the global economy and how é@nged following the
2012/2013 recession episode; (i) determines tloaaies that exert the most
dominant output influence on the Czech economythatkfore have the poten-
tial to spread output shocks to it; (iii) deternsnide economies that are most
vulnerable to output shocks emanating from the Ezmonomy; and (iv) deter-
mines if there has been a shift in terms of dontimaput shock transmitters to
the Czech economy and main output shock receivers the Czech economy
after the recession.

Czech Republic is a developed, high-income expoeited Central European
market economy that emerged following the peacaidolution of the former
Czechoslovakia, with a 2018 population of 10.63liaml residents (Worldo-
meters, 2018; IMF, 2017). It is an economy driveainty by manufacturing,
services and innovation, with a dynamic externatae With one of the highest
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gross domestic product (GDP) growth rates and lbwesmployment levels in
the EU, its GDP grew from 192.9 billion U.S. do#lgtJSD) in 2016 to 209.65
billion USD in 2017 (Central Intelligence AgencyQB; IMF, 2017; OECD,

2017a). Its exports mainly consist of automobibkes] industrial and electrical
machineries, with other EU member countries acdongrfor over 84% of total

exports. Also, its major import products are autbiteoand machinery com-
ponents, chemicals, raw materials and fuels, witleoEU member countries,
China and South Korea being the key import sourcefact, with a total trade
amounting to 301.56 billion USD in 2016, it is éasieen that Czech Republic
is an open and dynamic economy that is stronglgiated into global supply
chains (World Integrated Trade Solutions, 2018; OE@017b; UN Comtrade,
2016).

However, its dependence on exports makes outpawthr vulnerable to
shocks or contractions in external demand, themebgessitating this study,
which evaluates the output connectedness of Czeuliic with the global
economy. For instance, after gradually recoveringifa steep recession in 2009
resulting from the 2007 — 2008 Global Financials@Gri{GFC), the Czech econ-
omy again fell into recession in 2012 and 2013 dhaénly to fall in demand
within the EU and the government’s austerity measdollowing the GFC. This
18-month recession that ended in 2013Q2 is paatilgubf interest in this study
because it is the longest economic recession ihigtery of the Czech Republic
(Central Intelligence Agency, 2018; Indexmundi, 201n the rest of this paper
and except otherwise stated, the term recessiosed to refer to this particular
economic recession.

The remainder of this paper proceeds thus: Sedtipresents the data and
methodology; Section 2 presents the empirical teswhile Section 3 concludes
and discusses policy implications.

1. Data and Methodology

The full sample data for this study consists efltig of real GDP for the period
1990Q1 — 2016Q4, while the reference (or sub) sammplers the period 1990Q1
— 2011Q4. For the full sample, the choice of peitoldased on data availability;
but for the reference sample, the choice of pesdshsed on the need to capture
pre-recession results. Apart from the Czech econothgr economies included in
this study are Austria, China, France, Germanyy, Itlapan, Korea, Poland, Slo-
vakia, United Kingdom (UK) and United States of Aroa (USA). These econo-
mies account for the larger chunk of Czech Repisbbidateral trade. The entire
data were taken from the World Development Indicat(WDI) GDP at constant
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2010 U.S. dollars (Indicator Code = NY.GDP.MKTP.KDJo ensure that there
are enough observations, the data were converbed dnnual to quarterly using
Eview's quadratic match average option. Also, tluce noise and ensure uniform
scaling, the entire data were converted into irgli@)10Y = 100) and logged
prior to estimation. The time series plots of tladadare presented in Appendix 1
based on the log transformation of the data3. Taphg show close co-movement,
signifying that the series track themselves clasklgst of the series withessed
slight downward movement around 2009Q1, correspandiith the impact of

the GFC. The timing of this downward movement ssggéhat the propagation
of the crisis through the real economy was gradatakr than rapid and forceful.

1.1. The Choice of Diebold and Yilmaz (2009) Framework

A number of methodologies have been employed énstidy of macroeco-
nomic linkages among entities in the global econdray instance, cross-country
correlations-based measures have been used taiehnae macroeconomic con-
nectedness (Kehoe, Backus and Kydland, 1995; KRyssad and Terrones, 2003;
Bollerslev, 1990; Engle, Ito and Lin, 1990; Mantagt999; Tumminello et al.,
2005; Taylor, 2007; Gray and Malone, 2008; Engl@0® Engle and Kelly,
2012). The pitfalls of this approach are twofoldmely: correlation is simply
a pairwise measure of association and it is nogetional. This means that cor-
relation-based approach cannot handle such questen‘how connected is
Czech Republic to all other economies across thieed” Unlike the correlation-
based measures of connectedness, the connectedeassres of Diebold and
Yilmaz (2009) are non-pairwise, yet directional.aGger Causality measures
have also been used characterize networks sohthahacroeconomic connect-
edness among entities in the global economy cadekeribed and understood
(Caraiani, 2013; Hiemstra and Jones, 1994; DahlhadsEichler, 2003; Shojaie
and Michailidis, 2010; Billio et al., 2012). The maveakness of the Granger
Causality approach is that it captures only paewiglations and may not be
useful in answering important questions like “Wisathe size of the output con-
nectedness of Czech Republic with the global ecgf®n

2 The methodology used by the World Bank in compiling data indicates that dollar figures
for GDP were converted from domestic currencieagi€i010 official exchange rates. However,
for a few countries where the official exchanges rdid not reflect the rate effectively applied to
actual foreign exchange transactions, an alteraatimversion factor was used.

3 Non-stationarity of the output data is dealt wittSection 2.

4 Other techniques have also been used in thetiiterdor the study of macroeconomic con-
nectedness. Ogbuabor et al. (2018) provides arvieveof such alternative methodologies such as
the dynamic latent factor models of Kose, Otrok ¥iteman (2008) and Canova, Ciccarelli and
Ortega (2007), the CoVaR approach of Adrian and Bmmeier (2011), and the marginal ex-
pected shortfall (MES) approach of Acharya et201(7) and Brownlees and Engle (2012).
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Furthermore, as noted by Diebold and Yilmaz (20163se alternative me-
thodologies generally dwell exclusively on testmather than measurement and
estimation of macroeconomic connectedness, whiehttag key issues in this
paper. This study therefore follows the networkrapph of Diebold and Yilmaz
(2009) based on its ability to transparently usedize and direction of shocks to
build both directional and non-directional connéatess measures over a given
forecast horizon.

As shown in the introductory Section above, sdv&talies have applied this
approach with great success. According to Ogbuebai. (2016), such studies
have four common features, namely: (i) they areegpdly based on connected-
ness measures distilled from forecast error vaeatecompositions (FEVDs) of
an approximating vector autoregressive (VAR) modélthey measure the di-
rection and strength of linkages among entitiethinsystem; (iii) they can iden-
tify systemically important entities in the systeand (iv) they can study the
dynamic nature of shock propagation among entitigge system. In what fol-
lows, the underlying VAR model for this study arm tconstruction of the ge-
neralized connectedness measures (GCMs) are prdsenguide the ensuing
analysis.

1.2. Model Specification: The Vector Autoregression (VAR) Model

The goal of this study is to evaluate the outpuinectedness of Czech Re-
public with the global economy. Lef , be the log of real GDP for all the coun-
tries selected for this study so thés.t stands for the logged real GDP of jké
country in the system, withj =1, 2, ... ,N and N is the number of countries

selected for the study. Following Diebold and Yim@009), the connectedness

measures for this study are based on the normadjeedralized forecast error
variance decompositions (NGFEVDs) of an underlyingh order VAR model

for the N x 1 vector of endogenous variabl&s,. The VAR(p) model is speci-
fied as follows:

Zy=a,+ Y7, ®,Z, , +e& (1)
wherea is N x 1 vector of intercepts,cbj is NxN coefficient matrix;p is
the lag order; and the residualg ~ iid (O,Zm) so thate, ~ (O,ZE), where

2., is positive definite covariance matrix. The optirW@R lag order selected

by Schwarz Information Criterion (SIC) for this dyuis one. Using the Wold'’s
Representation Theorem, the model in equationg¥BXxpressed as an infinite
order vector moving average representation given by
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Z t = & +®lgt—l +®28t—2+"': Z;o:‘) @jst_j (2)

where®, = |, Oz‘ = CDj, =12, ..,and | stands for alN xN identi-

ty matrix in which all the principal diagonal elente are ones and all other ele-
ments are zeros.

The Diebold and Yilmaz (2009) approach requirest tfter estimating the
underlying VAR model, the forecast error varianeeampositions (FEVDSs) are
then generated and used to build connectednessurasa this study, the in-
terest is in the shocks to the disturbanegsjn the country-specific equations.
Hence, following Pesaran and Shin (1998), Diebaldl éilmaz (2016) and Green-
wood-Nimmo, Nguyen and Shin (2015), this study asldpe order-invariant
generalized forecast error variance decomposi(iGf€VDs) defined as:

ot H_l(q'@h): q)z
& ., = i.gH - &l _h:o &
GFEVD (Z,, € je H) =d; Z:zol(E%GthOhe)

where i, j =1, ...,N; H =1, 2,... is the forecast horizonei(q) is Nx1

3)

selection vector whoseth elementjtth element) is unity with zeros elsewhere;
0,, is the coefficient matrix multiplying thie-lagged shock vector in the infinite

moving-average representation of the non-orthogeewlVAR; ., is the co-

variance matrix of the shock vector in the non-ogitmalized VAR; andjs’jj is

the j-th diagonal element of, (i.e. the standard deviation ef). It must be
stressed that the choice of GFEVDs for this studlger than the orthogonalized
forecast error variance decompositions (OFEVD4g)iebold and Yilmaz (2009)
is particularly based on the fact that the OFEVBgahd on the reordering of the
variables in the system such that once the ordemaoébles in the VAR is re-
shuffled, a different outcome results. This chageonsistent with Greenwood-
Nimmo, Nguyen and Shin (2015) and Diebold and Y#r(2016).

Diebold and Yilmaz (2014; 2015; 2016) explain thlbcks are rarely ortho-
gonal in the GFEVD environment so that sums ofdasg¢ error variance contri-
butions are not necessarily unity, that is, row swhthe generalized variance
decomposition matrixP®' are not necessarily unity. This renders the imeerp
tation of the GFEVDs complicated. Thus, to res@rneercentage interpretation
of the GFEVDs, this study follows Diebold and Yilm#014) to define the
normalized GFEVDs (NGFEVDs) given By:

5 In what follows and without loss of generalityetSuperscript is dropped whenever it is not
needed for clarity so thad®" and ding are simply written aD? and dijg respectively.
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dg
DY =[d? ], wheredf = —— df = GFEVD (Z,; £, H) (&)
j=1

By construction,” T:ldijg =1 and ZiNj _di’ =N, so that the total sum of the

generalized forecast error variance share of eaghble is normalized to 100%.

1.3. The Generalized Connectedness Measures (GCMS)

This sub-section defines the various connectedmessures that are relevant
for the ensuing analysis. The intuition behind théamework is fairly simple.
Variance decomposition permits the splitting of fbeecast error variances of
each variable in the VAR system into parts attablg to the various system
shocks. By so doing, it becomes easy to answequkestion: What fraction of
the h-step-ahead error variance in forecastifyg is due to shocks tdZ,, ?
Shocks toZ,, ? Similarly, what fraction of the h-step-ahead ewariance in
forecastingZ,, is due to shocks t&,, ? Shocks toZ,,? And in general, what
fraction of the h-step-ahead error variance indasting Z; is due to shocks to

Z,,i=1 2,..,N . Thus, the approach marries VAR variance decortiposi

theory and network topology theory by recognizingttvariance decompositions
of VARs form networks and also characterizing cat@éness in those variance
decomposition networks. This in turn characterizesnectedness of the varia-
bles in the VAR system. This is the intuition behitiis framework, which is
fully exploited in this study. Diebold and Yilma2Q15) authoritatively docu-
ments this framework and its relation to networkatty.

Table 1
Connectedness Table Schematic
Variables Z, z, Zy From Others (F;)
Zy dyy di, din N i
dyi, j#1
Z e N
2 day dy, doy z dyj, j#2
i=1
Iy dng dn2 dyn N i
dyi, j#N
To Others N N N 1 N
| | | — di, i#j
(TJ ) Zi:ld'l Zi:1d|2 Zizld'N N Zi,jzl i 7
iz1 iz2 iz N
Note: For simplicity, each time series variable in ttable th is written ast , j =1 2,...,N.

Source Adapted from Diebold and Yilmaz (2014).
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To construct the GCMs for this study, let us dentte H-step ahead
NGFEVDs for the N x 1 vector of endogenous variables, obtained from

equation (4) byd; . By cross-tabulatingl; , the connectedness table shown in

Table 1 is formed, which is analogous to the cotetteess matrix in Green-
wood-Nimmo, Nguyen and Shin (2015). The sum of gaghin Table 1 is nor-
malized to 100% in line with equation (4). Thisleaks now used to define the
various GCMs and their relationships. The diagamdties in Table 1 measure
own variance shares (own-effect, while the off-diagonal entries measure vari-
ance shares arising from shocks to other variablé®e system and are therefore
referred to as pairwise directional connectednéssordingly, theown-effect
(H;), also known as the heatwave, is defined as:

H, =d, )

The use of the term “heatwave” follows the nomatwk in Diebold and
Yilmaz (2009), which defined a spillover index thmeasures the relative im-
portance of spillovers between variables in theesysas a percentage of the
systemwide forecast error variance at a given boriZThus, heatwave here
measures the own variance share, that is, theilootdn of the shock to thieth

variable by the variable itself.
The total cross-variable variance shafe)(captures the spillovers from all

other variables toZ je as fractions of the H-step-ahead error variancénén
forecasts on].t resulting fromZ ,,, wherei=1, 2, ... ,N andi#j. This
measures the total directional connectedness frthrar ovariables (countries)
in the system (i.e. thieom-effec} to th- This means that tfeom-effectcan be
used to capture the role each individual economyha system plays in the
Czech economy, and it is computed in this studyadgregating the spillovers
from a given economy in the system to Czech econaorgss all horizons.
Hence, the economy contributing the highest of sagbregate spillover is

deemed to play a dominant role in the Czech econdris study therefore
definesF; as:

F :' z_dij (6)

By construction,H; +F; =1 0] . An important innovation in this study is

the construction obwn-EU-ROW effectwhich is used to assess how sensitive
Czech economy is to domestic conditions and to itiond in other EU member
economies within the VAR system as well as condgim the rest of the world.
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The rest of the world (ROW) includes all non-EU niiemeconomies, namely:
China, Japan, Korea and USA. Let the Czech ecortmenthe j™ economy in

the system and 169", Q' and Q°" denote thewn-effect EU-effectand

ROW-effectespectively, then:

F‘own = EU
QM = ] : Q.EU = ] and
J Fjown +FjEU +FJ-ROW J FjOWn+Fj EU+FJ- ROW
F-ROW
Q" = ’ (7)

] FjOWI'] +FJ'EU +FjROW

This study defines the total spillover or totahtributions of Z je tO all other
variables (denoted by, ) as:

T= > d (8)

i=1i %]
By construction,Tj measures the total directional connectedness TZo]p

to other variables in the system (i.e. theeffec}. In other words, théo-effect
measures the directional connectedness from a giwenomy (for instance, the
Czech economy) to other economies in the systeeneltly showing the impact
or influence of that particular economy on othesremmies in the VAR system.
The most aggregative (non-directional) connectesimesasure in this study is
known as théotal connectedness indéR) or total-effectsand it is defined as:

NZ T TN&

This measure captures the grand total of theiaffahal elements in Table 1,
that is, the sum of the “From Others” column or ‘@thers” row. There is only
one total connectedness measure analogous tagtokell imports or total global
exports, since the two are identical.

2. Findings and Discussions

This empirical analysis began by examining theetseries properties of the
data. Both the Augmented Dickey-Fuller (ADF) andliipis-Perron unit root
tests showed that the series are overwhelmingfdflinajority of the countries.
However, the test for long-run or equilibrium rédaship using the Johansen
System Cointegration test showed that both the€laamc Maximum Eigenvalue



1080

statistics returned full rank, indicating that tih&a are not cointegrated. There-
fore, a VAR in first differences was estimated eatthan a vector error correc-
tion model (VECM). The underlying model in equatid) was estimated sepa-
rately using the reference sample and the full $anmporder to obtain the re-
sults before and after the recession. ThereafierGICMs were computed for all
forecasting horizonsH =1, 2, ..., 16, while the average values of the GCMs
over all the horizons are reported, since Diebold dilmaz (2016) had shown
that the GCMs follow similar patterns regardlesstioé choice of window
lengths and forecast horizons. Here, the maximuechst horizon is set at 16 in
order to capture the long-run results better.

2.1. The Total Connectedness Index

The plots of the total connectedness index aath$wrizons for both the sub
sample (i.e. before the 2012/2013 recession episadd the full sample
(i.e. after the recession) are shown in Figure 1.

Figure 1
Total Connectedness Index

= Sub Sample Full Sample Horizons

Percent (%)

Notes: The Total Connectedness Indegported here is the most aggregated non-diredticoranectedness
index computed as average for all horizons follgnéguation (9). The full sample indices (i.e. pestession)

are generally higher than those of the sub same fdre-recession), suggesting that the conneessdof

Czech economy increased after the crisis. Ovetadlindex shows that Czech economy is more conthéate
the long-run (i.e. towards horizon 16) than in shert-run (i.e. around Horizon 1).

Source:Author's computations.

This figure shows how the most aggregated gerzedltonnectedness meas-
ure based on equation (9) evolved from the shart{ite. from horizon 1)
through the long-run (i.e. until horizon 16). Wadithat the index witnessed an
upward movement after the recession, such thatepharted values are higher at
each horizon for the full sample than the sub samipl other words, the output
connectedness of Czech economy with the global@ugrincreased after the
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2012/2013 recession episode. This finding is ctergisvith Diebold and Yilmaz
(2016), which showed that after all U.S. recessitims connectedness index rec-
orded significant upward movements. It is also =dest with Ogbuabor et al.
(2016), which found that the GFC increased the ectmiiness measures above
their pre-crisis levels. We also find that the ltaannectedness index is higher in
the long-run (with the highest values of 82% an@o8it horizon 16 for the sub
sample and the full sample, respectively) tharha ghort-run (with the overall
lowest value of 64% occurring in the sub samplecaizons 1 and 2). This shows
that in the long-run, Czech economy becomes maoeecionnected with the global
economy as the business cycles become more syiimdatoihis finding is partic-
ularly consistent with the trend of global conndotess reported by Greenwood-
-Nimmo, Nguyen and Shin (2015), Diebold and Yiln{@016) and Ogbuabor
et al. (2018) that the ongoing globalization predesengendering more significant
comovement in industrial production fluctuations.sum, we find that the total
connectedness index recorded average values oBAd%82% across all horizons
in the pre-recession and post-recession periodpectvely. This shows that the
connectedness of Czech economy with the globalcgogis quite substantial.

2.2. From-effect and Own-EU-ROW Effect Connectedness of Czech Economy

In Table 2, we report the total directional cortedness from all the economies
in the system to the Czech economy following equaib). This is to enable us de-
termine the economies that exert the most domimatput influence on the Czech
economy and therefore have the potential to spragulit shocks to it. We include
the heatwave (awn-effectof equation (5) in Table 2 so that it sums uf@6%.

Table 2

The From-effect Connectedness of Czech Economy (%)
Country Sub Sample (1990Q1 — 2011Q4) Full Sample9q@0Q1 — 2016Q4)
USA 3.7303 9.4866
Austria 6.5768 9.7559
China 1.5339 0.9124
Czech 37.7215 15.9711
France 7.4801 9.4526
Germany 11.0105 11.1278
Italy 7.0914 11.2216
Japan 6.3882 9.8248
Korea 8.2850 1.9094
Poland 3.5306 4.0052
Slovakia 3.0842 8.8665
UK 3.5675 7.4661
Total 100 100

Notes:This table captures the total directional conrioéss from other economies in the system to thelCze
economy following equation (6). Notice that theatalirectional connectedness from Czech econonitgétf
is theown-effecor heatwave following equation (5).

Source:Author's computations.
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The results in Table 2 indicate that Germany & lighest contributor to
Czech economy’s GFEVD, especially before the reomsdts contribution of
11% in the pre-recession and post-recession penigligates that it is exerting
dominant influence on Czech economy’s real aotisiand hence has the greatest
potential to spread output shocks to it. We finak ih the post-recession period,
Italy (11%), Austria (10%), Japan (10%), USA (9%j)ance (9%), Slovakia
(9%) and UK (7%) also play important roles in Czeclonomy’s real activities.
Furthermore, apart from Germany, other economiasdbminated Czech'’s real
activities in the pre-recession period include Ko(8%), France (7%), Italy
(7%), Austria (7%) and Japan (6%). These findingscansistent with the bilat-
eral trade structure of the Czech economy, whidwslthat Germany is Czech’s
topmost trade partner and that Czech'’s bilateaaletris dominated by other EU
member countries, especially those that share wi¢h it, including Germa-
ny, Slovakia, Austria and Poland. Indeed, we fimat the role of Poland cannot
be called negligible as it makes a contributiom¥f in both the pre- and post-
-recession periods. We find that the role of theAUScreased from 4% pre-
-recession to 9% post-recession, thereby refledtsxgominant status in global
economic activities. This is consistent with thékhof the established literature,
such as Greenwood-Nimmo, Nguyen and Shin (2015¢b@d and Yilmaz
(2016) and Ogbuabor et al. (2018), which also fotimad USA is an important
transmitter of output shocks in the global economy.

Figure 2 reports the output connectedness of Ceechomy with the other
economies in the system for both the sub samplarenéull sample by decom-
posing the GFEVDs of Czech economy into three pamelyown, EUand
ROWas defined in thewn-EU-ROW effeatf equation (7). The overall patterns
in Figure 2 indicate thatEU-effectgenerally dominates Czech real activities;
own-effectis more pronounced during the pre-recession pevibie theROW-
-effectcannot be called negligible. The patterns are isterd with our earlier
finding that the EU dominates Czech’s real actgitiThe results show that
while the own-effectdeclined after the recession, tR&J-effectincreased re-
markably. This is consistent with the dynamicshaf €zech economy, which has
become closely integrated with the EU especiallythe aftermath of its
2012/2013 recession episode. It is also consistghtthe fact that the growth of
the Czech economy is strongly influenced in regemirs by export demand and
flow of investments from other EU economies, patady Germany. The non-
negligible ROW-effectindicate that the Czech economy remains consitlerab
open to international trade, particularly with t&SA. In fact, the combined
roles of the EU and the rest of the world suggdsisthe Czech economy pres-
ently remains considerably open and sensitive termational output shocks,
especially those emanating from other EU econoamelsthe USA.
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Figure 2
Own-EU-ROW Effect Connectedness of Czech Economy

Sub Sample

Full Sample

Notes:This figure reports the output connectedness acB@zconomy across all horizons for both the refer-
ence sample and the full samplavn means proportion of the Czech’s GFEV explainedheycountry itself;

EU means proportion explained by other EU member @migs within the system; whiROWmeans propor-
tion explained by the rest of the world. These GOMse computed following thewn-EU-ROW effedn
equation (7). The dominance of the effectis observed in both samples.

Source:Author’'s computations.

2.3. The To-effect Connectedness of Czech Economy

To determine the economies that are most vulnerabbutput shocks ema-
nating from the Czech economy, we computed théd thtaectional connected-
ness from the Czech economy (i.e. theeffec} to all other economies in the
system following equation (8). Recall that tioeeffectmeasures the directional
connectedness from a given economy in the systesth&r economies, thereby
showing the impact or influence of that particié@aonomy on other economies
in the VAR system. The results of our computatiaresshown in Table 3, which
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also includes the heatwave @wn-effeck from equation (5) and normalized to
100%. We find that the heatwave reduced by hathfB®% in the pre-recession
period to 15% post-recession. This shows that tecll economy became more
open and sensitive to external conditions followthg recession. This is con-
sistent with our earlier findings.

Before the recession, we find that Poland (14%) Slovakia (12%) are most
susceptible to output shocks emanating from thelCeeonomy. This finding is
consistent with the structure of Czech’s bilatératle with both countries. For
instance, in 2016, Czech’s exports to Slovakia Bothnd were 13.6 and 9.2
billion USD, while its imports from them were 9.8dh12.7 billion USD, respec-
tively (Simoes, 2018). Besides, both countriesesltammon borders with Czech
Republic. Our results further indicate that theerof Czech Republic in the real
activities of the following economies is non-negllg: Japan (11%), ltaly
(10%), Germany (8%), and Austria (4.5%). Overa#, fimd that Czech’s contri-
bution to other EU member countries (53%) is faagger than its contribution to
the rest of the world (16%), which supports outiahifinding that the EU domi-
nates Czech'’s real activities relative to othetgaf the global economy. After
the recession, we find that the Czech economy becatatively more open
while its influence in the real economic activitiek all the economies in the
system became non-negligible. Again, we find thegdhs contributions to other
EU member economies (59%) are still dominant negato its contributions to
the rest of the world (27%). In sum, the resulsvskthat Czech economy is con-
siderably open and deeply interconnected, whidoimsistent with its position as
the 22nd largest export economy in the world a&0d6 (Simoes, 2018).

Table 3

The To-effectConnectedness of Czech Economy (%)
Country Sub Sample Full Sample
USA 2.2940 8.8907
Austria 4.4976 8.8527
China 2.1330 5.7525
Czech 30.2885 14.5985
France 15125 8.5426
Germany 7.7174 8.8161
Italy 9.7319 8.9346
Japan 10.9444 8.3235
Korea 0.9149 3.8795
Poland 14.1939 7.0159
Slovakia 12.2806 8.6007
UK 3.4914 7.7926
Total 100 100

Notes: This table captures the total directional conriiness from the Czech economy to other economies in
the system following equation (8). Notice that thil directional connectedness from Czech econnitgelf
is theown-effecor heatwave following equation (5).

Source:Author’'s computations.
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On the whole, the above paragraphs indicate thhgeiroles of EU member
economies and the rest of the world in the Czedm@umy are considered, then
there has not been any shift in terms of dominatyput shock transmitters to the
Czech economy and main output shock receivers frmnCzech economy be-
fore and after the recession since the EU memhmrogaies continuously domi-
nated Czech’s real activities. However, at coutgmel, we find that Germany
and Italy are the main output shock transmitter€2ech economy after the re-
cession, while the roles of Austria, France, Jafoiand, Slovakia, UK and
USA are also non-negligible. The USA changed fromaxginal output shock
transmitter to the Czech economy before the remes&i a more influential
shock transmitter, thereby reflecting its dominaoé in global economic activi-
ties. In the case of output shock receivers from @zech economy, China,
France, Korea, UK and USA were minor output shaateivers before the re-
cession. However, after the recession, all the @oies in the system became
significant output shock receivers from the Czeconemy. These results indi-
cate that the Czech economy became more interctatheath the global econ-
omy after the crisis, which is consistent with thek of the literature that have
shown that in general, economic crises increasedhaectedness of economies
as business cycles become more synchronized (GoeelhWimmo, Nguyen and
Shin, 2015; Ogbuabor et al., 2016; Diebold and ##n2016).

3. Conclusion and Policy Implications

This paper examined the dynamics of Czech Repsldigput connectedness
with the global economy using the connectednesgsoaph of Diebold and Yil-
maz (2009). The paper extended the empirical metlyaobnstructing a country-
-specific generalized connectedness measurepwineEU-ROW effeatonnect-
edness. The main findings are summarized as foll&ivst, we find that the
output connectedness of the Czech economy withglilgal economy is quite
substantial, with théotal connectedness indbaaving average values of 74% and
82% before and after the recession. Second, wetlfiatdthe EU member econ-
omies, especially Germany, exert the most domimamput influence on the
Czech economy and therefore have the potentigbt®as output shocks to it.
We also find that the role of the USA in Czech R#juls real economic activi-
ties increased considerably after the recessioird,TWve find that Poland and
Slovakia are the main output shock receivers flioen@zech economy; and that
after the recession, Czech economy became relatwete interconnected with
the global economy while its influence in the raedlivities of all the economies
in the system became non-negligible. Lastly, wel fihat if the roles of EU
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member economies and the rest of the world in thecll economy are consid-
ered, then there has not been any remarkableishdtms of main output shock
transmitters to the Czech economy and key outpatlsheceivers from the
Czech economy before and after the recession #iecEU member economies
have continued to dominate Czech economy’s realites. These findings are
consistent with Czech Republic’s trade structuri whe global economy.

The findings above have several policy implicasioRirst, they provide evi-
dence to assist policymakers in Czech Republictaedest of the global econ-
omy in identifying the likely sources of future put shocks so that appropriate
policy responses to such shocks can be designed.

Second, they provide evidence that can assistdaders and policymakers
in designing policies for achieving the common goaf shared prosperity and
enhanced living standards for all citizens of thgion.

Third, the findings will assist policymakers inéth Republic in understand-
ing the dynamics of its output connectedness bedark after the recession so
that a more comprehensive understanding of hovettises propagated through
the economy may be learned. This will aid futurspmnses to similar crises.
Lastly, the findings provide evidence that can saspblicymakers across the
globe in understanding how connectedness measut@aee used to improve
risk measurement and management, public policyulaggyry oversight and
overall economic integration.
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Appendix 1

Figure 3
Time Series Plot of the Data over the Full Sample

Log of Real GDP
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Notes: This Figure plots the data series in order to Igbh the fact that the data for the various coiestr
generally track themselves very closely. Noticedlight downward movement around 2009Q1, corresipond
with the period of the GFC.

Source:World Development Indicators and author's compotei



