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Abstract: In this paper the issue of globalisation and detating precision of

domestically oriented frameworks is addressed. pAohyesis that the effect of
international trends on the growth of economy séasing over time is formed. In
order to validate this a method of composing faresgries with local indicators in
a hierarchical dynamic factor model is presentdte Mmovelty of this approach is
that globalisation effect is measured focusing oedjetion rather than similarity.

This way the measure presents country's sensitigitylobal shocks and reveals
how much focal country's economy is intertwined hwglobal economy. The

application was performed on Lithuanian data ared hippothesis was validated.
The results indicate that globalisation effect dasncreasing effect over time.

Introduction

The globalisation in increasingly addressed asutigerlying cause
of diminishing accuracy of traditional domesticallyriented macro-
econometric models. An example of extended Conéerddoard methods
(Drechsel and Sheufele, 2010) shows that more awd mdicators have to
be incorporated into leading index construction keep up with the
accuracy of previously constructed models. Thislltesould indicate that
processes are becoming of more complicated steictonpelled by
increasing amount of information available for agk agent of economy
and therefore affecting its decision-making. Theuaacy of domestically
oriented models deteriorates with time and thisnphenon is addressed



by Fichtner et al. (2009). They find that it is sad by globalisation,
however adding information about external environtnamproves the
forecast performance.

Globalisation measure has been constructed by atluénors
although with different focus. Deher et al. (200&). 25-74) label
globalisation as multi-domain, pluralistic phenomenvhich consists of
many processes so they take a complex approaabn&iract index based
on many indicators which reveal globalisation pnese Kearney (2004)
globalisation index is cannonical exaple of suchasoee it is aggregate
weighted index calculated from incidators of argaslitical engagement,
technology, personal contact and economic integratiThis index is
guantitative but heavily relies on weighing andsthveakness if often
addressed by other authors, e.g. Lockwood (20045@p-623),Heshmati
(2006) This index is also critisised for not being cledrwhat exactly it
measures and that indicators from different coasatdre calculated using
different methodologies therefore not posessing dbeired feature of
cross-comparablility (Castelli, 2008, pp. 383-404).

Another approach to measure globalisation in bagsed
international trade, e.g. Naghshpour and. S@@09, pp. 1-24) created an
index by classifying and ranking the countries logirtimports and exports
or international trade share to GDP. This methodsisful for comparing
countries but does not contribute to the dynamigeets and does not
address globalisation in the time domain. Anothzangple of using
international trade to inspect and measure theafjkgtion is study by Kim
and Shin (2002, pp. 445-468). Their method was odtwbased and
revealed interesting patterns in geographical donidiey also compared 2
time periods (1959 and 1996) and made generalsatbout globalisation
process from them: the international trade is becgndenser due to
globalisation.

The similarity in dynamics of economic indicatonrs different
countries could be measured in various ways, ltrthst popular method
is some sort of factor modelling. The findings afb@dda et al. (2012)
show that a a common factor explains a lot of caraneents of different
European countries therefore including data of otmintries could help
acquire better accuracy in evaluating models, sitiee factor model
approach is data greedy. Andersen and Herbert@8@3,2005, pp. 1089-
1098) analysed indicators of economic integratiapplied used factor
analysis to measure the commonality across diffemuntries and
calculated the index of globalisation. Similar desuwvere aquired by
Maslov (2001, pp. 397-406) using the similar methods (principal
component analysis) on financial time series.



The findings of mentioned authors suggest thatctiraponent of
foreign information in economic models is gainingorm importance.
Statistical explanation for this could be that theeign component of these
processes was always present, but was discardedigsificant, because
of its noise-like features. However due to glokmlan indicators from
different economies are becoming more similar amatanational element
is becoming more apparent. This effect should bé&cpdarly visible for
small open economies.

In the light of these statistical observations éswdecided to take a
new approach on measuring the globalisation effgtt the focus on
prediction. Other authors like Andersen and Hesdsert (2003) measure
the similarity of economic indicators across difier countries. However
this way the “globalisation effect'’ might be repred by spurious
relationships. Therefore prediction based measurenceuld indicate
country's sensitivity to global shocks and reveakimuch focal country's
economy is intertwined with global economy. Thisywae could define
what we want to measure: the globalisation impactaaproportion of
economy growth explained by supra-national factors.

The relationship between globalisation and the ¢navf economy
has been analysed by many authors, e.g. Drehe6,(2fj) 1091-1110)
found that globalisation promoted economic grov@hinn’s and Toyoda’'s
(2008, pp. 1403-1449) findings reveal that capitatount liberalization
had a positive association with growth in both deped and emerging
market nations, Villaverde and Maza (2011, pp. 982} conclude that
globalisation has been one of the main driverscohemic growth. These
authors mostly distinguished relationship betwedre tdegree of
globalisation measured by Kearney or similar indexed the growth rates
of economy. The novelty of this paper is thatigdrto reveal what part of
the economic growth was generated from driverslalbalised economic
environment and measure this effect in the time alonmso that the
monitoring of the globalisation impact could befpaned. Another issue
that is addressed in this paper is the dynamicsmedsured globalisation
effect: does it grow in magnitude?

The main hypothesis in this study is: the effectirgérnational
trends on the growth of economy is increasing aume. In order to
distinguish and quantify domestic and foreign fextdahe structural
approach is required and a dynamic hierarchicaiofamodel was built
following Moench et al. (2009).

The main objectives of this paper are the following

» Adapt the hierarchical dynamic factor modaetlistinguish and
evaluate the effect of domestic and foreign drivérihe economy and



attain a quantitative measure of magnitude of eifffect in the time
domain

* Apply the new method for Lithuanian data

* Validate the hypothesis that due to globétisethe proportion
of economic growth forecast explained by foreigti¢ators is increasing
over time
The introductory paragraph outlines clearly stabe wbjectives and
motivation for writing the paper. The introductishould provide a context
for the discussion in the body of the paper.

Methodology of the research

Since the main objectives are to determine the tatbmestic and
foreign drivers on the growth of focal economy tleading incidators
approach is used. The GDP growth was used as aumefs economy
growth. The leading series are identified on sdveriteria (correlation,
Granger causality, ect.) and used in the followstigps of study after
necessary transformations (stationarisation anthgga

The structural methods are necessary in orderstmduish domestic
and foreign components of economy drivers. For tl@ason it was
nessesary to enforce structural division of domeafid supra-national
indicators and hierarchical dynamic factor modelase that purose very
well. The time series were organised into 2 blockse for domestic and
the other for foreign indicators. The evaluation this model was
performed using Monte Carlo Markoc Chain (MCMC) giations with
Gibbs sampling technique assuming gaussian inawatio

After the evaluation of domestic and foreign fastardynamic linear
model was built to identify time-varying weights dbmestic and foreign
factors on the growth of GDP. The initial valuesreveselected upon
regressing GDP growth on evaluated factors.

The leading indicators

Since the global economic environment is descrilsyd many
indicators the Stock and Watson (2002) method facnmeconomic
forecasting using diffusion indexes was chosens Tiethod allows to use
many predictors which could be cumbersome for samaglitional
techniques such was vector auto-regression or tstelc equation
modelling. The factor model also deals with anésstiindicators being not
suitable for cross-comparibility (due to differemhethodologies of
measurement in different countries) addressed Isfelia(2008, pp. 383-
404). Factor model lets us extract signal from dapgnel of data series



therefore discrepancies caused by different meamme methods are
discarded as noise.

The selection of leading indicators was performealoWing
Gaudreault et al. (2003). An initial data set cstesl of almost all
Lithuanian quarterly economic indicators startindeast at 1998 (this date
was important since there was a recession in 1998-And it would be
interesing to monitor the results in this particyteriod), and the major
economic indicators of Lithuania's top 20 interoa#l trade partners.
Leading series were selected based of three eriteri

1. Granger causality

2. Correlation between seriéX; ;) and GDP growtlAGD P,

should be greater with lags> 0
3. R? criterion should be bigger in regressidxGDP, =

AX; . + e, with lagsl > 0

Only the series that met all three criteria warleded. A three level
model was built and separate factors were estimfiedlomestic and
foreign variables since the domestic series wegarosed into one block,
while another block contained the foreign seriehe Tdomestic block
consisted of 4 time series and foreign block waséal from 20 series. The
domestic leading indicators largely overlaped wibklected leading
indicators from another study where they were ug®ad constructing
Lithuanian leading economic index (Reklaite, 204, 91-107).

The hierarchical factor model

The equations constituting the three level hieriaedhmodel are
the following:

Xpit = Mg piGpt T+ expit (1)
Gpe = AppFt + egpe (2)
Yr(L)F, = €pe 3)

Xpir are leading series, which were transformed to tagiosary and
scaled, index denotes the block (either domestic or foreign)jndex of
time seriest denotes time index\; andAg are loadings(,; are block-
level factors,F; is a common factor. The equation (3) describesostry
AR(1) processeyxpit, €cp: and ep have zero mean and their variances

Xy = cov(expit) andX; = cov(egp:) are assumed to be diagonal. The
evaluation of this model was carried out followitige procedure by
Moench et al. (2009), via Markov Chain Monte CafMCMC) using



Gibbs sampling technique (Carter and Kohn, 2004, 54#1-553), under
assumption of Gaussian innovations. Data seriestanetured into blocks
b=1,...,B. Each seried in a given blockb is decomposed into a
serially correlated idiosyncratic componemy,;; and a common
componentAg p; (L) Gy which it shares with other variables in the same
block. Each block level factd¥, ;; has a serially correlated block-specific
componenteg,;; and a common components ,;(L)F; which it shares
with all other blocks. Finally, the economy-widetiar F; is assumed to be
serially correlated. In this model, variables witlai block can be correlated
throughF; and theegyj;'s, but variables between blocks can be correlated
only through F;. Estimation procedure by MCMC: L&k = (A, Afr),
¥ = (Wp, ¥, ¥x), 2 = (ZF, Z¢ Zx).

1. Organize data into blocks to yidg;, b = 1,...,B. Use
principal components to initialiZd7, } and{F;}. Use these to produce
initial values forA, W andX.

2. Conditional oA, W, X and{F;} draw{G,} taking into
account time varying intercepts.

3. Conditional o\, W, X and{G,} draw{F;}.

4. Conditional 0fG,} and{F;}, drawA, ¥ andX
5. Return to 2.

One dynamic factor for each block and one commactof were
evaluated. 10000 iterations were made, and fir8tva€re dropped out as a
"burn-in". The domestic and foreign leading factosere evaluated
calculating the expectation from posterior disttibns. The estimations
were carried out usindlm package (Petris, 2010) of statistical software
The resulting factors are plotted in figure 1.



Figure 1. Evaluated common, domestic and foreign leadintpfa from the
hierarchical factor model
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The results indicate that even though the extradtedestic and foreign
factors are a bit noisy, they depicted the econarrigis and recovery in
2007-2011 pretty well. As expected, domestic aneigm factors have

similarities with common factor (domestic fact6i , correlates with
common factor by 0.88, foreign factGp . correlates with common factor
F; by 0.56). Even though correlation betwe€p, and G, . is positive

(0.29) they have periods where they act oppositeagh other, which is
imminent since model specification allows them torelate only through

the common factoF;.
Combining the indexes

To determine the magnitude of the effect of domseatid foreign
drivers to the Lithuanian economy, a simple lineaodel was built
following macroeconomic forecasting example by 8tand Watson
(2002) by regressing the growth of coincident indexboth leading factor
estimates. The 1-period ahead forecast was made:

AGDPiy1 = a1Gyp + Gy + €041 (4)

The estimates of parameters are in the table 1.



Table 1: Estimates of model parameters from equation (4)

Estimate Std. Error t value p-value
ay 0.297 0.113 2.639 0.010
a, 0.399 0.113 3.543 0.001

Here G, was a the domestic leading factor, aihg; was the
foreign leading factor. It can be identified froabte 1 that foreign factor
has a larger load on the future state of economigtwis not surprising
since the focal economy is small and open.

Dynamic linear model

Equation (4) was evaluated under the assumptiort the
coefficients are fixed over time. Relaxing thiswuaption lets us build a
dynamic linear state-space model to identify how #ffects of domestic
and foreign drivers of economy change over time amatidate the
hypothesis that the proportion of economic growite¢ast explained by
foreign indicators is increasing over time:

AGDPyq = apGye + (1 — a)Gop + €441, (5)
A1 = YPar + U (6)

The parameters dt, , andG,, were constrained to sum to 1 in
order to make this model identifiable. Under thigedfication our
hypothetical statement means that the parameteshould be declining
over time sincdr, , is domestic factor. The parameters of this modeew
evaluated by maximum likelihood (assuming Gaussirovations) and
Kalman filtering. The prior value ofr was set to match result from
regression (4). The plot of dynamic coefficientis in the figure 2.

It can be identified from graph 2 that the Russiasis of 1998-1999
had huge impact. Also, it shows that parameteris decreasing, which
means that Lithuanian economy is more and moretiviteed with other
European economies. This result also validateshgpothesis about the
increasing amount of explained forecast by forerghicators. It leads to a
conclusion that globalisation makes quantifiablel amcreasing effect in
focal economy.



Figure 2. Evaluated parameter serigg - the parameter of domestic factor impact
in future economy
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Conclusions

In this paper a hypothesis was formed: due to djkdtaon the
proportion of economic growth forecast explainedfdmgign indicators is
increasing over time. In order to validate it araiehical dynamic factor
model was built. Using this structural approach dbenestic domestic and
foreign drivers of economy were distinguished amalrteffects quantified.
This measure offers a new view at globalisatiorcesit is measured
focusing on prediction rather than similarity armdeals how much focal
country's economy is intertwined with global ecogyom terms of how
sensitive it is to global shocks.

This new measure has a clear interpretation andstaitds critique
aimed at many other measures, such obscurity oft velactly they
measure, or lack of robustness in spite of theangf reliance on weighing
and indicator selection. The factor model also slesith issue of data
guality in sense of lacking measurement precisiwhiafeasible incidators
from different countries on the grounds that itragts the signal from large
data panels and discrepancies are recognized $&. noi

Lithuanian example showed that foreign series spoad to an
amount which is increasing over time. This confirmet only that
incorporating foreign data is useful, but also thmathis framework the
globalisation effect is visible and it can be morgd using dynamic linear
models. These conclusions state that the hypotheass validated and



foreign information corresponds to an amount oédaist explained that is
increasing over time.
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