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Abstract

The global financial crisis was a stark reminder of the importance of cross-country
linkages in the global economy. We document growth synchronization across a diverse
group of 185 countries covering 7 regions, and pay particular attention to the period
around the global financial crisis. A dynamic factor model is used to decompose each
country’s growth into contributions from global, regional, and idiosyncratic shocks. We
find a high degree of global synchronization over 1990 to 2011, particularly across
advanced economies. Examining the period around the global financial crisis, we find
global shocks had large and widespread effects on growth, with more diversity in growth
experiences in the early part of the recovery. In a recursive experiment, we find rising
global growth synchronization just prior to the crisis, largely resulting from a shift in the
importance of global shocks between countries. In contrast, the crisis period caused a
much more widespread increase in growth synchronization, and was followed by a
similarly pervasive decrease in synchronization in the early recovery.
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|. INTRODUCTION

The global financial crisis in 2008 caused a severe and sgnizad reduction in global trade
and growth, and served as a stark reminder of the importadn@ess-country linkages in the
global economy. Nevertheless, while the crisis undoulgtedtl global ramifications, there
was a diversity of different growth experiences across tra@s1 The crisis was most keenly
felt by advanced economies, where trade and financial ledkage strongest. As discussed
by Blanchard and others (2010), the impact was more mixezka@merging and developing
economies. In this paper, our objective is to document gri@yhchronization across a
diverse group of 185 countries over 1990 to 2011. We exarhimenajor factors driving
growth across 7 different regions, paying particular dttento the period around the global
financial crisis. We also describe how the degree of growticlssonization changed over the
period from just prior to the crisis to the end of 2011.

Similar to Kose and others (2012), we employ a dynamic fattodel to decompose each
country’s growth into a global factor (capturing fluctuaisocommon to all countries), a
regional factor (capturing fluctuations common to all coi@stin the region), and an
idiosyncratic factor (capturing country-specific flucioas). Our analysis, however, differs
from previous work in some respects.

First, the focus of our study is on the period around the dlbbancial crisis. Much of the
previous literature on global business cycle synchromndbcusses on how the degree of
comovement in macroeconomic aggregates changed over wngériperiods of time, and
use different sample periods and groups of countriesr example, Kose and others (2012)
find that the importance of global shocks declined duringogod of globalization
(1985-2005) relative to a pre-globalization period (196884). Instead, our focus lies solely
in the period of globalization and, in particular, on syrariization in the period around the
global financial crisis. Second, we use estimation methuatsallow us to incorporate annual
and quarterly data and deal with missing observations, andxplicitly model global and
regional growth as PPP-weighted averages of country-geelth rates. By taking account
of the size of each economy (through the use of PPP weighesjaw evaluate how the
various factors driving growth in each country impact on sugad regional and global
growth. Third, we discuss historical shock decompositidiise Kose and others (2008) and
(2012), we examine variance decompositions to assessittiegdiorces explaining the
variance of growth in each country over the entire samplantiring historical shock
decompositions also lets us analyze the contributionsawihrfrom each shock (past and
present) at every point in the sample, allowing us to make emetailed description of
particular events in the sample — such as the global finaccsas.

We find a high degree of synchronization in global growth auarsample. Global shocks
are found to explain a significant proportion of the variaateiorld growth (77 percent),
growth in Advanced Europe (80 percent), and growth in thetévadHemisphere (66
percent). In contrast, regional and idiosyncratic shod&g @ more important role in the

2See Kose and others (2008) for a brief survey of the liteeatur



Commonwealth of Independent States, Asia, Sub-SaharaceAénd the Middle East and
North Africa. The results show a higher degree of synchiation across industrial
economies than emerging and developing economies, supptre findings of Kose and
others (2012). Historical shock decompositions confirnt tia global financial crisis was
predominantly driven by global shocks, and highlight sonverity in the degree of
synchronicity in the early part of the recovery, with regaband idiosyncratic shocks playing
a relatively more important role in some countries.

We next conduct a recursive experiment over the period fro@520 2011. As a robustness
check on the time series properties of our model, we briefgssits out-of-sample
forecasting performance. The model generally forecaslisr@lative to a simple time series
benchmark; forecasting performance also tends to be bettierger and more advanced
economies, where global shocks tend to be more importargrdrof growth than regional
and country-specific shocks. The recursive experimentsilews the importance of global
shocks rising across most countries in recent years. Bitegdy, the global financial crisis in
2008 does not appear to be the only catalyst for this, withrtipertance of global shocks
rising in the pre-crisis period, 2005-07. This was not dumtoeased globalization across all
countries but more of a shift in the importance of global $isdwetween countries. The
results confirm that the crisis led to a widespread increaasgnchronization across countries
with the collapse of global demand and trade. Growth synmghadion fell in early part of the
recovery, reflecting the rising importance of idiosynaratountry-specific shocks driving
growth. This is perhaps not surprising. The crisis had laftgrts across most countries,
while experiences in the recovery likely depended on eaantcy's economic conditions
prior to the crisis, and differing fiscal and monetary poliegponses to the crisis itself.

The paper proceeds as follows. Sectiohs ll[add Il outlimertitethodology and estimation
strategy, and sectidn]V describes the data. The resuétsnglto the entire sample
(1990-2011) are discussed in secfidn V, and the results tihemecursive estimation
experiment (2005-2011) are discussed in se¢tidn VI. Seffliconcludes with the key
findings of the paper.

[I. M ETHODOLOGY

A. A Model of Global Growth

We use a dynamic factor model (DFM) to decompose each cdsigiigwth into global,
regional, and idiosyncratic factors. The global factoree$ common sources of variation
across all countries, the regional factor reflects commaonces of variation across countries
within a particular region (after taking account of commdwbgl variation), and the
idiosyncratic factor is specific to each country. Speciljcal

Xiji = Ai by + B j1Giy + %J,t 1)



whereX, ;. is (detrended and standardiﬁ;dazar-on-year growth in countryof region: at
the quarterly frequency; is a global factor{~; ; is an orthogonal regional factor in region

andy, ;, is an idiosyncratic shock to growth in countiwf region:. Finally, F}, G;; and
1, ;. are all assumed to be AR(1) procesges:
F, = CF 1+, iy ~ i.i.d. N(0,0) (2)
Gi,t = DiGi,t—l + ui,t ui,t ~1.1.d. N(O, Ui) (3)
¢i,j7t = Ei7j¢i,j7t—1 + M i ge ™ i.i.d. N (0, Uz’,j) (4)

Growth in each country is thus driven by 3 orthogonal shogksy; ,, andy; ;,: the global
shock,y,, impacts the global factor and growth in all countries; tegional shocky; ,,
impacts the regional factor and growth in all countries tégion; and the idiosyncratic
shocky, ;,, is specific to each country.

B. Modeling Annual Variables

Data for some countries are only available at the annualiecy. Nevertheless, we can
incorporate annual data by constructing partially-obseéiyuarterly series from the annual
data, similar to Mariano and Murasawa (2003) and Banburaoérets (2011).

Specifically, we assume that annual growth is only obsemvelde last quarter of each year,
and utilize the fact that annual growt/*, can be approximated by the sum of (unobserved)
year-over-year growth rateX;, at the quarterly frequency, i.e:

1
X{4 e Z(Xt + X1+ Xio + Xi3) (5)

whereX,; = log(z;) — log(x;_4) andz; is the level of real GDP.

The unobserved year-over-year growth rates are assumedpo the same structure as the
growth rates observed at the quarterly frequency, whichieap

3
1
ij’t = 1 Z(Aijt_k + ijGi,t—k + wfﬁ—kz) (6)
k=0
¢fj,t = Ei,jw;}j,t—l + ij,t ij,t ~ i.i.d. N(0, Uz‘/}j) ()

To link the observed annual data with the unobserved quyadata, a partially-observed
guarterly series is then constructed:

x4

igt

A =
{ XA t=4,8,12,... @®

unobserved otherwise

3The rationale for detrending the data is briefly discussesatioriTV.

4The empirical findings are very similar when AR(4) procesmesused for the global and regional factors.



C. Aggregation Equations

To examine the contributors to growth at the regional andaltevels, we construct
aggregation equations for regional and global growth. &iRP-weighted growth
aggregates are available in our database, so we treat thelnsevable in estimation. The
following aggregation equation is used to create growthacheegion:

N;

Xiw == (sijwi;Xiju) + (i 9)

j=1

wheres; is the standard deviation of growth in regigrs; ; andw; ; are the standard
deviation of growth and the PPP weight of countriy regioni, respectivelyg, , is a
measurement error for the regional aggregate (associatiedh& PPP weights being fixed in
our specification and time varying in the data), anids the number of countries in regi@
Likewise, world growth is a simply the weighted average @&f tbgional growth aggregates:

N

Xo= - (wiXi) + (10)

i=1
whereN is the number of regions.

Finally, the measurement errors associated with the ragard world growth aggregation
equations[(9 and10) are assumed to follow AR(1) processes:

Cir = FEi(i1+ei giy ~ 1.i.d. N(0,07) (11)
¢, = FE(_i+e& g ~ i.4.d. N(0,0°) (12)

D. Methodological Limitations

The determinants of growth in each country will depend orrélggonal classifications
applied to each country. Thus, alternative groupings ofitees will produce different
results, particularly those relating to the importanceegfional and idiosyncratic shocks.
Moreover, the methodology is unable to capture the undeglgource of global and regional
shocks. For example, it is highly likely that the shock treiged the global financial crisis
emanated from the United States. However, the model wotridate the strong
comovement in growth that resulted from this shock to be aajlevent, not a shock specific
to the United States that went on to have had global ramidicati

5Allowing for time-varying weights significantly increastétse computational cost of estimation. Since the
weights are relatively stable over the sample period fortroagntries, for simplicity, we assume they are fixed.
Experimentation with a model with time-varying weights dader countries suggests that relaxing this
assumption would have very little impact on our empiricadliitgs. SinceX; ; ., is standardized, aggregation
requires multiplying each country’s standardized grovatie by its standard deviation.



I1l. E STIMATION

The model is estimated by maximum likelihood using the Exqtéan Maximization (EM)
algorithm. Estimating via maximum likelihood allows us be&h missing observations,
parameter restrictions, and serial correlation in thesgieratic components. The approach
was proposed for large data sets by Doz, Giannone, and Re{2blL2) and extended to deal
with missing observations and serially correlated errgrBanbura and Modugno (2010).
Essentially, the EM algorithm consists of iterating the tstep procedure proposed by Doz,
Giannone, and Reichlin (2011): the factors and parameterrat estimated using principal
components and OLS, then the factors are re-estimated tg@rialman Filter. The EM
algorithm essentially repeats these two steps until tiedifikod function is maximizell See
Banbura and Modugno (2010) for more details on the impleat&mt of the EM algorithm,
and Banbura, Giannone, and Reichlin (2011) for an apptindtiat employs a factor model
with a block structure similar to that used in this paper.

IV. DATA

The source of all data is the World Economic Outlook (WEORfate, and our sample
begins in 1990Q1 and ends in 2011Q4. GDP data for 185 cosrtréeecategorized into the
following 7 regionsﬁ

Advanced Europe (24 countries)

Emerging Europe (14 countries)

Commonwealth of Independent States (13 countries)

Asia (34 countries)

Western Hemisphere (35 countries)

Sub-Saharan Africa (44 countries)

N oo o~ 0w N PF

Middle East and North Africa (21 countries)

Year-over-year percentage changes are used to transferseties available at the quarterly
frequency, while annual percentage changes are used sfdranthe series available at the
annual frequenc@After transformation, many of the growth series for emeggand

5We employ the same stopping rule as in Doz, Giannone, andRe{®011). The EM algorithm converges in
fewer than 20 iterations.

"The regional groupings used in the WEO are largely based ogrgphical groupings of countries. Analysis
of different grouping of countries is beyond the scope of ffaper and left for future work.

8Around one third of the countries in the sample have seriasable at the quarterly frequency. Note, the IMF
has called on Argentina to adopt remedial measures to altiresgjuality of its official GDP data.



developing economies show some degree of non-statiorueyour sample period,
reflecting, for example, structural changes, and diffeséages of development. Thus, we
detrend growth using potential output growth and then stedide each series.

We use one of 3 methods to estimate the potential outputndiépeeon whether or not
potential output data exist in the WEO database. If potkatigout does not exist, we
employ an HP filter capable of incorporating judgement, \thithnsmoothing parameters set
to standard values for the quarterly and annual series. [Gloeithm used to detrend each
series is:

¢ If WEO estimates of potential output growth exist for thd 8&dmple, use them to
detrend growth;

¢ If WEO estimates of potential output growth do not exist, teeHP filter to estimate
potential output with the following judgements:

— fix the start point of potential growth match average GDP dhoover the first 10
years of available data;

— fix the end point of potential growth to match GDP growth in tin@l year of the
WEDO projection horizon, 2015Q4 (if projections do not existe average GDP
growth over the last 10 years of available data);

¢ If WEO estimates of potential output exist but the availaample size is smaller than
that of GDP, use HP-augmented WEO estimates (i.e., fill isgagthe WEO potential
output data with HP-filtered estimates, using the same gstsoms as above).

V. REsSuLTS, 1990-2011

A. Variance Decompositions

A useful way of examining the driving forces behind growthadook at variance
decompositions, which allow us to decompose the variangeavith into contributions from
global, regional, and idiosyncratic shocks. TdBble 1 shoavieance decompositions for the
growth aggregates at various horizons, ranging from 1 touzdtgrs ahead, and
unconditional variance decompositions. The unconditivaaance decompositions for each
individual country can be found in appendix .

We find that idiosyncratic shocks tend to explain a largeesbégrowth variation at shorter
horizons, and global shocks become increasingly impogaglainger horizons. Global
shocks explain a significant proportion of the unconditlava@iance of world growth (77
percent), growth in Advanced Europe (80 percent), and drawthe Western Hemisphere
(66 percent). In contrast, regional and idiosyncratic &sqatay a more important role in the
Commonwealth of Independent States, Asia, Sub-SaharaceAénd the Middle East and
North Africa.



Overall, the results suggest that global shocks are moreritaupt for industrial economies
than they are for emerging and developing economies, stipgahe findings of Kose and
others (2012). Indeed, the median share of growth expldigedobal shocks is 64 percent
across industrial economies and only 13 percent acrosgyergeand developing and
developing economidsPut differently, this shows industrial economies tend teehgreater
importance in the global factor and that industrial ecoremsihare much greater linkages
with each other than with emerging and developing econamies

Table 1: Forecast Error Variance Decomposition, Annualfdnqquarters ahead), 1990-2011

1 4 8 12 20 40
WORLD
World 0.33 0.68 0.74 0.76 0.77 0.77
Regional 0.04 0.07 0.07 0.07 0.07 0.07
Idiosyncratic 0.64 0.25 0.19 0.17 0.17 0.16
ADVANCED EUROPE
World 0.29 0.74 0.81 0.82 0.81 0.80
Regional 0.02 0.05 0.07 0.08 0.10 0.11
Idiosyncratic 0.69 0.20 0.12 0.10 0.09 0.09
EMERGING EUROPE
World 0.09 0.32 0.44 0.48 0.50 0.50
Regional 0.01 0.03 0.05 0.06 0.07 0.08
Idiosyncratic 0.90 0.65 0.51 0.46 0.44 0.43
COMMONWEALTH OF IND STATES
World 0.04 0.12 0.15 0.16 0.16 0.16
Regional 0.11 0.33 0.38 0.38 0.37 0.37
Idiosyncratic 0.85 0.55 0.47 0.46 0.46 0.47
Asia
World 0.06 0.21 0.26 0.28 0.30 0.30
Regional 0.07 0.22 0.25 0.26 0.26 0.26
Idiosyncratic 0.87 0.57 0.48 0.45 0.44 0.43
WESTERN HEMISPHERE
World 0.23 0.56 0.62 0.64 0.66 0.66
Regional 0.01 0.02 0.01 0.01 0.01 0.01
Idiosyncratic 0.76 0.43 0.36 0.34 0.33 0.33
SUB-SAHARAN AFRICA
World 0.03 0.07 0.10 0.11 0.11 0.11
Regional 0.13 0.37 0.51 0.55 0.56 0.56
Idiosyncratic 0.84 0.55 0.39 0.35 0.33 0.33
MIDDLE EAST/NORTH AFRICA
World 0.03 0.07 0.10 0.11 0.12 0.12
Regional 0.19 0.46 0.57 0.59 0.58 0.57
Idiosyncratic 0.79 0.47 0.32 0.30 0.30 0.31

B. Historical Shock Decompositions

Annual growth in each region is decomposed into contrimgifoom global, regional, and
idiosyncratic shocks in figufd 1. Historical shock deconifpass for each country can be
found in the appendixlll (figurdg 5 0119). The strong periodlobal growth just prior to the
global financial crisis (2003 to 2007) was predominantlyelniby global factors across most
regions. While global shocks were important in boostingnghain Asia over this period,
idiosyncratic shocks also had a relatively important rolplay in the region.

With the onset of the crisis in 2008, we see a sharp slowdownawth across all regions,
largely driven by global shocks. In contrast, the early pathe recovery seems only partly

9The group of industrial economies includes all countrieghnAdvanced Europe region, Australia, Canada,
Japan, New Zealand, and the United States.
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Figure 1: Historical Shock Decompositions, Annual Growth
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driven by global shocks with some diversity across coustreflecting differences in
contributions from regional and idiosyncratic shocks. irhtal recovery in growth was
relatively weak across the Commonwealth of Independene§t&ub-Saharan Africa, and
the Middle East and North Africa.

The rising importance of idiosyncratic shocks across Emgrgurope, Asia, and the
Western Hemisphere may partly reflect differing policy @sges to the crisis. For example,
China’s policy response to the crisis was widely viewed asdparticularly large, helping to
boost domestic growth in China amid a massive deterioratighobal trade. This is
supported by historical shock decompositions for Chinai(é@), where idiosyncratic
shocks acted to boost growth through the crisis and the partyof the recovery.

Looking more closely at the impact of regional shocks, wepseécularly large
contributions in the earlier part of the sample across neggons. Moreover, many of the
episodes with strong regional contributions to growth cartraced back to significant
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economic events for each region. Some examples of suchsssentthe significant slow
down in growth in the early 1990s in Advanced Europe, witlessons in many key
countries including Germany and the United Kingdom; thegih@duction in growth in the
Commonwealth of Independent States following the breakfupeoSoviet Union in 1991;
the sharp reduction in growth in Asia following the Asianstsiin 1997; the significant
slowdown and recovery in Sub-Saharan Africa in the mid 19B@gely following the
economic fortunes of South Africa and Kenya; the strong ¢inawthe early 1990s in the
Middle East and North Africa, with Iran rebuilding after teding of the Iran-Iraq war and
both Iran and Saudi Arabia boosting oil production afterlthgi invasion of Kuwait in 1990.

VI. A RECURSIVE EXPERIMENT

The results discussed so far show a high degree of globalkky®mchronization over a
sample spanning 1990Q1 to 2011Q4. In this section, we asefsrecasting performance
of our model and evaluate how the importance of the variocteffa driving growth have
changed over the past 6 years, covering a few years prioetgltibal financial crisis, the
crisis itself, and the early phase of the recovery. In theegrpent, we recursively estimate
the model each quarter over an out-of-sample period spgr2@i050Q4 to 2011Q4, producing
25 different estimates of the global, regional, and idiasgtic factors, together with
forecasts of growth. Each time the model is estimated, #mé st the sample is fixed to
1990Q1: for example, the first sample in the out-of-sampi@gdeontains data ranging from
1990Q1 to 2005Q4 and the final sample contains data rangingI990Q1 to 2011

A. Forecast Evaluation

As a robustness check on the time series properties of ouelned evaluate its forecasting
performance by comparing Root Mean Squared Errors (RMSEgkfar-ahead growth to
RMSEs from a simple autoregressive benchmark, an AR(Epr the series observed at the
annual frequency, the autoregressions are estimated th&mgcursively-computed quarterly
growth estimates from the DFM, and the factor model forecast evaluated against
guarterly growth estimated over the entire sample.

The results of the forecasting experiment are displayedhlef2. The second column shows
the RMSEs of the aggregate groups relative to those of thehpesrk model, where a

0The results are qualitatively similar when a rolling estiimia scheme is used, where the sample size is fixed to
match that of the first quarter of the out-of-sample perio@.dNose to present results for a recursive scheme to
help preserve degrees of freedom for the series that arevelolsat the annual frequency. For example, fixing
the sample to 15 years means we would only have 15 obsersdtiothe countries with annual data each time
the model is estimated, and even fewer observations fortdeanvith annual data that begin after 1990.

"n preliminary analysis, we experimented with using sehdifferent information criteria to determine the lag
length of the AR, with lags ranging from 1 to 4. We also triedrigcthe lag length of the AR to 4, and using a
more naive forecast where growth was forecast to be itsriisi@verage. We found that the simple AR(1)
generally outperformed, often very significantly, the ethenchmarks considered.
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number less than one indicates relatively good forecagimfprmance from the DFM; the
final column of the table shows the share of countries in egghegate for which the DFM
produces better forecasting performance than the ben&hmlae relative forecasting

performance for each country can be found in the appéhdbelfital column of the table).

While the out-of-sample period is rather short, the resatlthe aggregate level are striking.
For all aggregate groups except the Middle East and Nortic@fwve find that the DFM
produces lower RMSEs than the benchmark model. The reseldightly less emphatic at
the country level, with the DFM outperforming the benchmiarknly 60 percent of
countries in our sample. However, the vast majority of caaatwhere the DFM performs
relatively poorly are emerging and developing economidgre idiosyncratic shocks tend to
be relatively important. The model performs much bettetdoger and more advanced
economies. For example, the DFM outperforms the benchnoaddifbut one of the 24
countries in the Advanced Europe region, and the largerao@s in Sub-Saharan Africa
(South Africa and Kenya). Indeed, the DFM outperforms thechenark for all G-20
countries, with Indonesia, Turkey, and Saudi Arabia belmgdnly exceptions.

Table 2: Forecasting Performance, Annual Growth, 2005QUt4

RMSE, year ahead Lower RMSE for DFM

(relative to AR) (share of countries)

World 0.52 0.60
Advanced Europe 0.53 0.96
Emerging Europe 0.64 0.64
Commonwealth of Ind. States 0.54 0.62

Asia 0.61 0.53
Western Hemisphere 0.58 0.83
Sub-Saharan Africa 0.45 0.45
Middle East and North Africa 1.95 0.19

B. How Have the Factors Driving Growth Changed?

To evaluate how the contributors to growth have changedtbespast 6 years, figuké 2
displays (unconditional) variance decompositions forapgregate series, computed at the
end of each year from 2005 to 2011. The heat map in the bottove ghows results for
changes in the share of growth variance explained by gldtwaks for each country from
2005 to 2011. The changes are classified into four categtased on the magnitude and
sign of the change in questioless andmore reflect changes in the share of variance
explained that are less than -5 percent and more than 5 perespectivelyslightly lessand
slightly more reflect changes that are between -5 percent and 0 and 5 parckat
respectively.

The top panel of figurel2 shows that the importance of globatlshihas increased at the
global level, while the importance of regional shocks h#lsiia The rise in importance of
global shocks is slightly larger than the fall in importaméeegional shocks, leaving
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country-specific shocks slightly less important at the efrthi®@ sample than in 2005.
Interestingly, the rising importance of global shocks is oy the result of the global
financial crisis in 2008, with the share of variance expldibg global shocks rising in each
year prior to crisis. We also find that the degree of globathyonization peaks in 2009 and
begins to edge down over 2010 and 2011.

Looking across regional aggregates, we find growing glojpatisronization across
Advanced Europe, the Commonwealth of Independent States, &nd the Western
Hemisphere. In contrast, the importance of global shoakeneed at relatively low levels
across Emerging Europe, Sub-Saharan Africa, and the Mgk and North Africa.
However, within these regions, the degree of regional syorghation seems to have
increased slightly, with a slight fall in the importance ountry-specific shocks. The bottom
panel of figuré 2 shows that the increase in importance ofajlsitocks was indeed
widespread across countries over 2005 to 2011, with som&igesiin Africa and the Middle
East, and India, being notable exceptions.

To better evaluate changes in growth synchronization, wk & changes in the importance
of global shocks and total synchronization (the importasfdgoth global and regional
shocks) over three periods: pre-crisis (2005-2007),(007-2009), and post-crisis
(2009-2011). Figurdd 3 andl 4 show changes in global andgataith synchronization

around the crisis, respectively, where the classificatadrise changes are the same as in the
bottom panel of figurgl2.

In the pre-crisis period, we see that parts of South AmeEcappe, central Africa, and
Mexico and Russia became more synchronized with the rebeoforld, with a slight fall in
synchronization across the United States and Canada ayeddarts of Asia. In Asia, Japan
became more synchronized with the rest of the world, whidpsht® explain the rising
importance of global shocks in the pre-crisis period forAlse region as a whole (see figure
[2). Overall, we see the rising importance of global shockk@tggregate level in the
pre-crisis period was not due to increased globalizatioosacall countries but more a shift
in the importance of global shocks across countries.

Not surprisingly, the crisis period shows a widespreaddase in the importance of global
shocks. The effects of the global shocks were seen in therityagd countries, with notable
exceptions being some emerging and developing countriggica and the Middle East, and
India. In contrast, the post-crisis period showed a braaskd decline in the importance of
global shocks, suggesting a diversity of experiences a@ogntries in the early part of the
recovery. This, too, is perhaps not surprising. The criailarge effects across the most
countries in the world, while experiences in the recovekglli depended on each country’s
economic conditions prior to the crisis, and differing fismad monetary policy responses to
the crisis itself.

There is more diversity across regions with respect to thmitance of synchronization
more generally, after accounting for contributions fronthbgiobal and regional shocks. By
this measure, an increase/decrease in the importancehalglod regional shocks
necessarily implies a decrease/increase in the importndasyncratic shocks. In the
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Figure 2: Recursive Variance Decompositions, Annual Gnowt
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Figure 3: Change in Importance of Global Shocks
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Figure 4: Change in Total Synchronization
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pre-crisis period, we find broadly similar results to the iimys for global synchronization.
Total synchronization increased in parts of South Americg.( Brazil and Chile), Africa,
the Middle East, and Europe. Interestingly, several adsdeconomies that experienced
rapidly-increasing house prices in the pre-crisis pertbd United States, United Kingdom,
Spain, Australia, and New Zealand) became less synchmb(izere idiosyncratic).
Contrasting the results with our findings for global synctization, we see some countries
(notably, Canada, Saudi Arabia, and Indonesia) becanietlgligss synchronized globally,
but this was more than offset by an increase in regional symiration. Looking at the
results for Advanced Europe, we also see that while Frand&paain became more
synchronized globally, and this was offset by a reducti@irtimportance in the region.

Similar to the results for global synchronization, we findidespread increase in total
synchronization across countries in the crisis period aNlet differences between the results
for global and total synchronization include a reductiothi@ importance of Russia in the
Commonwealth of Independent States and Indonesia in Astala8ly, as with global
synchronization, total synchronization fell in most caigd in the post-crisis period. Some
countries in Africa and Brazil became more synchronizeerdfe crisis, despite becoming
less synchronized globally, reflecting their rising impoite in their respective regions.

Overall, the results show that, for many countries, not aindyglobal growth
synchronization fall in early part of the recovery but grobvatso became more idiosyncratic
relative to the crisis period. The scale and breadth of tbbaljlfinancial crisis represented a
truly global shock and highlighted the importance of crossntry linkages and
globalization. The evidence presented here suggestslttatigation forces were at work in
the few years prior to the crisis.

VIlI. SUMMARY AND CONCLUSION

We examined global growth synchronization across a divgrsep of 185 countries, and
found a high degree of synchronization over the period fré®01to 2011. Global shocks
were found to explain a significant proportion of the vareon€world growth (77 percent),
growth in Advanced Europe (80 percent), and growth in thetévadHemisphere (66
percent). In contrast, regional and idiosyncratic shocksaviound to play a more important
role in the Commonwealth of Independent States, Asia, Qltatan Africa, and the Middle
East and North Africa. The results show a higher degree afteygmization across industrial
economies than emerging and developing economies, thpsdig the findings of Kose
and others (2012). An analysis of historical shock decoritipos confirmed that global
financial crisis was predominantly driven by global shoeks] also highlighted some
diversity in growth experiences in the early part of the xery, with regional and
idiosyncratic shocks playing an increasingly importaié io some countries.

In a recursive experiment over 2005 to 2011, we found thatmdel produced good
forecasting performance relative to a simple time seriest@ark, and that the model
tended to forecast better for larger and more advanced atespwhere global shocks tend
to be more important drivers of growth. The recursive experit also showed the
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importance of global shocks rising across most countriesaant years. The global financial
crisis does not appear to be the catalyst for this, with thgomtance of global shocks rising
in the years just prior to the crisis. Moreover, we find tha thas not due to increased
synchronization across all countries but more of a shifheitmportance of global shocks
between countries. The results also showed that the eitola widespread increase in
global growth synchronization and a similarly pervasiveifasynchronization in the early
part of the recovery. The growing diversity of experiencethe recovery likely reflects each
country’s economic conditions prior to the crisis, andetiffig fiscal and monetary policy
responses to the crisis itself.
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VARIANCE DECOMPOSITIONS AND FORECASTING PERFORMANCE,
ANNUAL GROWTH, 1990-2011

Variance Decomposition, Unconditional

RMSE, Year-Ahead

Region/Country World Factor Regional Factor Idiosyncrati{: (relative to AR)
ADVANCED EUROPE

Advanced Europe 0.80 0.11 0.09 0.53
Austria 0.69 0.21 0.09 0.39
Belgium 0.72 0.10 0.18 0.86
Cyprus 0.22 0.02 0.76 0.47
Czech Republic 0.64 0.01 0.35 0.47
Denmark 0.71 0.00 0.29 0.87
Estonia 0.36 0.07 0.58 0.38
Finland 0.82 0.01 0.17 0.50
France 0.66 0.18 0.16 0.65
Germany 0.64 0.19 0.18 0.48
Greece 0.12 0.05 0.83 1.13
Iceland 0.29 0.00 0.71 0.35
Ireland 0.65 0.15 0.20 0.53
Italy 0.57 0.12 0.31 0.66
Luxembourg 0.42 0.28 0.30 0.40
Malta 0.61 0.04 0.35 0.69
Netherlands 0.85 0.07 0.08 0.46
Norway 0.65 0.00 0.35 0.54
Portugal 0.19 0.38 0.43 0.71
Slovak Republic 0.54 0.01 0.45 0.70
Slovenia 0.79 0.00 0.21 0.31
Spain 0.61 0.32 0.07 0.44
Sweden 0.73 0.03 0.24 0.50
Switzerland 0.62 0.06 0.32 0.77
United Kingdom 0.58 0.01 0.42 0.60
EMERGING EUROPE

Emerging Europe 0.50 0.08 0.43 0.64
Albania 0.05 0.59 0.35 9.98
Bosnia and Herzegovina 0.47 0.02 0.51 0.53
Bulgaria 0.37 0.16 0.46 0.44
Croatia 0.21 0.23 0.56 0.77
Hungary 0.42 0.15 0.43 1.24
Kosovo 0.01 0.20 0.79 6.13
Latvia 0.59 0.02 0.40 0.36
Lithuania 0.65 0.06 0.28 0.37
Macedonia, Former Yugoslav Republic of 0.50 0.00 0.50 2.02
Montenegro, Rep. of 0.66 0.24 0.10 0.47
Poland 0.37 0.32 0.31 0.76
Romania 0.29 0.50 0.20 0.60
Serbia 0.27 0.38 0.36 0.70
Turkey 0.21 0.07 0.72 1.23
COMMONWEALTH OF IND STATES

Commonwealth of Independent States (CI$)  0.16 0.37 0.47 0.54
Armenia 0.58 0.14 0.27 0.44
Azerbaijan 0.09 0.52 0.39 1.65
Belarus 0.14 0.46 0.39 0.61
Georgia 0.63 0.00 0.36 0.64
Kazakhstan 0.04 0.76 0.21 1.01
Kyrgyz Republic 0.01 0.79 0.20 0.83
Moldova 0.00 0.52 0.48 1.09
Mongolia 0.74 0.01 0.25 0.98
Russia 0.21 0.39 0.40 0.66
Tajikistan 0.00 0.99 0.01 0.77
Turkmenistan 0.01 0.62 0.37 1.53
Ukraine 0.38 0.02 0.60 0.73
Uzbekistan 0.03 0.70 0.27 4.66
AsiA

Asia 0.30 0.26 0.43 0.61
Afghanistan 0.41 0.33 0.26 1.04
Australia 0.23 0.03 0.74 0.71
Bangladesh 0.42 0.02 0.56 1.84
Bhutan 0.16 0.00 0.84 0.54
Brunei Darussalam 0.07 0.26 0.66 0.63
Cambodia 0.64 0.03 0.33 0.60
China 0.14 0.06 0.80 0.63

(continued on next page)
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Table 3 — continued from previous page

APPENDIX |

Variance Decomposition, Unconditional RMSE, Year-Ahead
Region/Country World Factor Regional Factor Idiosyncrati{: (relative to AR)
Fiji 0.04 0.03 0.93 1.19
Hong Kong SAR 0.28 0.50 0.21 0.83
India 0.29 0.00 0.71 1.54
Indonesia 0.01 0.77 0.23 0.78
Japan 0.43 0.18 0.40 0.61
Kiribati 0.05 0.25 0.70 1.47
Korea 0.08 0.70 0.22 1.25
Lao Peoples Democratic Republic 0.16 0.23 0.61 2.84
Malaysia 0.14 0.81 0.05 1.07
Maldives 0.42 0.01 0.56 0.97
Myanmar 0.15 0.15 0.70 1.03
Nepal 0.00 0.05 0.95 1.17
New Zealand 0.18 0.30 0.52 0.69
Pakistan 0.33 0.03 0.65 1.16
Papua New Guinea 0.08 0.00 0.92 4.98
Philippines 0.46 0.22 0.33 0.90
Samoa 0.31 0.03 0.66 0.40
Singapore 0.36 0.34 0.31 1.00
Solomon Islands 0.25 0.00 0.75 0.45
Sri Lanka 0.43 0.04 0.53 1.02
Taiwan Province of China 0.41 0.11 0.48 0.86
Thailand 0.10 0.80 0.10 0.77
Timor-Leste, Dem. Rep. of 0.33 0.08 0.59 1.52
Tonga 0.01 0.01 0.98 2.86
Tuvalu 0.01 0.12 0.87 1.33
Vanuatu 0.29 0.03 0.68 4.10
Vietnam 0.14 0.14 0.72 0.71
WESTERN HEMISPHERE
Western Hemisphere 0.66 0.01 0.33 0.58
Antigua and Barbuda 0.50 0.37 0.13 0.75
Argentina 0.18 0.00 0.82 0.61
Bahamas, The 0.49 0.00 0.50 1.03
Barbados 0.76 0.02 0.22 1.10
Belize 0.01 0.13 0.86 2.30
Bolivia 0.14 0.00 0.86 0.28
Brazil 0.36 0.34 0.30 1.02
Canada 0.49 0.03 0.48 0.63
Chile 0.23 0.18 0.59 0.66
Colombia 0.26 0.09 0.64 0.72
Costa Rica 0.34 0.26 0.40 0.71
Dominica 0.10 0.22 0.68 0.53
Dominican Republic 0.16 0.01 0.83 0.90
Ecuador 0.10 0.17 0.74 0.60
El Salvador 0.40 0.02 0.57 0.62
Grenada 0.20 0.17 0.63 0.45
Guatemala 0.51 0.11 0.39 0.55
Guyana 0.01 0.10 0.89 0.72
Haiti 0.00 0.15 0.85 0.71
Honduras 0.37 0.00 0.63 0.67
Jamaica 0.25 0.14 0.61 0.91
Mexico 0.30 0.00 0.70 0.75
Nicaragua 0.63 0.02 0.35 0.72
Panama 0.11 0.17 0.73 0.70
Paraguay 0.38 0.35 0.27 0.44
Peru 0.37 0.20 0.43 0.75
St. Kitts and Nevis 0.50 0.02 0.47 0.39
St. Lucia 0.21 0.11 0.68 0.53
St. Vincent and the Grenadines 0.11 0.20 0.69 1.24
Suriname 0.06 0.13 0.80 0.91
Trinidad and Tobago 0.36 0.27 0.36 0.70
United States 0.62 0.00 0.38 0.49
Uruguay 0.25 0.00 0.75 1.04
Venezuela 0.12 0.03 0.85 0.32
Anguilla 0.66 0.28 0.06 0.82
SUB-SAHARAN AFRICA
Sub-Saharan Africa 0.11 0.56 0.33 0.45
Angola 0.25 0.38 0.37 1.48
Benin 0.03 0.31 0.66 2.30
Botswana 0.30 0.16 0.54 0.47
Burkina Faso 0.01 0.53 0.46 1.24
Burundi 0.02 0.05 0.94 1.59
Cameroon 0.19 0.37 0.45 1.73

(continued on next page)



22

Table 3 — continued from previous page

APPENDIX |

Variance Decomposition, Unconditional RMSE, Year-Ahead

Region/Country World Factor Regional Factor Idiosyncrati{: (relative to AR)
Cape Verde 0.35 0.00 0.65 0.87
Central African Republic 0.16 0.03 0.80 3.74
Chad 0.03 0.00 0.97 0.38
Comoros 0.02 0.00 0.98 1.70
Congo, Democratic Republic of 0.26 0.33 0.41 1.67
Congo, Republic of 0.04 0.14 0.82 0.68
C?te dlvoire 0.01 0.14 0.86 0.89
Equatorial Guinea 0.03 0.09 0.88 0.96
Eritrea 0.01 0.00 0.99 0.65
Ethiopia 0.04 0.19 0.77 8.19
Gabon 0.16 0.22 0.63 0.52
Gambia, The 0.01 0.16 0.83 0.64
Ghana 0.08 0.00 0.92 0.54
Guinea 0.23 0.09 0.67 0.49
Guinea-BiSub-Saharan Africau 0.00 0.02 0.97 3.86
Kenya 0.31 0.26 0.43 0.96
Lesotho 0.09 0.25 0.66 1.01
Liberia 0.02 0.24 0.74 4.69
Madagascar 0.26 0.02 0.72 0.58
Malawi 0.01 0.47 0.52 0.98
Mali 0.03 0.45 0.52 7.38
Mauritius 0.00 0.66 0.34 0.66
Mozambique 0.00 0.48 0.52 2.96
Namibia 0.33 0.13 0.54 0.47
Niger 0.03 0.05 0.93 1.45
Nigeria 0.05 0.14 0.81 2.64
Rwanda 0.00 0.37 0.63 2.22
Senegal 0.11 0.02 0.87 0.58
Seychelles 0.15 0.06 0.79 0.71
Sierra Leone 0.02 0.04 0.94 7.16
South Africa 0.16 0.17 0.67 0.80
Swaziland 0.00 0.02 0.98 1.38
S?0 Tom? and Pr?ncipe 0.01 0.03 0.96 3.07
Tanzania 0.01 0.64 0.35 1.76
Togo 0.14 0.07 0.79 7.89
Uganda 0.04 0.25 0.70 1.07
Zambia 0.02 0.16 0.83 5.60
Zimbabwe 0.04 0.20 0.76 0.92
MIDDLE EAST/NORTH AFRICA

Middle East/North Africa 0.12 0.57 0.31 1.95
Algeria 0.03 0.00 0.97 1.20
Bahrain 0.00 0.05 0.95 2.27
Djibouti 0.00 0.00 1.00 1.16
Egypt 0.05 0.02 0.93 2.17
Iran, Islamic Republic of 0.00 0.79 0.20 2.22
Iraq 0.08 0.37 0.55 2.24
Israel 0.28 0.09 0.63 0.83
Jordan 0.00 0.12 0.88 1.88
Kuwait 0.03 0.48 0.49 3.09
Lebanon 0.14 0.10 0.76 3.49
Libya 0.06 0.65 0.29 1.82
Mauritania 0.10 0.10 0.80 0.73
Morocco 0.00 0.12 0.88 2.20
Oman 0.05 0.02 0.93 0.64
Qatar 0.23 0.13 0.64 1.77
Saudi Arabia 0.03 0.75 0.23 1.34
Sudan 0.03 0.01 0.96 1.29
Syrian Arab Republic 0.09 0.04 0.87 2.10
Tunisia 0.04 0.11 0.85 1.70
United Arab Emirates 0.22 0.52 0.26 1.72
Yemen, Republic of 0.00 0.00 1.00 0.85
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APPENDIX Il. HISTORICAL SHOCK DECOMPOSITIONS, ANNUAL GROWTH
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Figure 5: Historical Shock Decompositions, Advanced Earop
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Figure 6: Historical Shock Decompositions, Advanced Eeront.)
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Figure 7: Historical Shock Decompositions, Emerging Eerop
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Figure 8: Historical Shock Decompositions, Commonwealtimdependent States
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Figure 9: Historical Shock Decompositions, Asia
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Figure 10: Historical Shock Decompositions, Asia (cont.)
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Figure 11: Historical Shock Decompositions, Asia (cont.)
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Figure 12: Historical Shock Decompositions, Western Hehmese
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Figure 13: Historical Shock Decompositions, Western Heimese (cont.)
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Figure 14: Historical Shock Decompositions, Western Heimese (cont.)
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Figure 15: Historical Shock Decompositions, Sub-Saharaica
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Figure 16: Historical Shock Decompositions, Sub-Saharaic# (cont.)
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Figure 17: Historical Shock Decompositions, Sub-Saharaic#(cont.)
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Figure 18: Historical Shock Decompositions, Middle East Blorth Africa
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Figure 19: Historical Shock Decompositions, Middle East Blorth Africa (cont.)
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