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Abstract

This master thesis examines the equity return connectedness between the U.S. and
12 emerging market countries between 1994 to 2017, applying a network approach
based on variance decompositions from a vector autoregressive model (VAR),
proposed by Diebold and Yilmaz (2012). Our findings suggest that return spillovers
between the countries exist in varying strength, and that overall spillovers increase
in crisis periods. There is empirical evidence for the existence of two regional
connectedness clusters, one in Asia and one between the U.S. and Latin America.
The majority of emerging market countries are net receivers of equity shocks
whereas the U.S. and Mexico play the largest role in transmitting directional shocks
to other markets. Financial integration significantly determines return spillovers
from the U.S. to emerging markets which provides support for the portfolio channel
theory. Finally, the reaction of countries to shocks arising from U.S. monetary
policy surprises is widely consistent with our spillover analysis. Our results suggest
that Mexico and Brazil are most sensitive to U.S. shocks both in general and to

target rate surprises in specific.
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1. Introduction

The degree of co-movement between global equity markets has been extensively
discussed in financial research!. The aim of these studies is to assess potential
portfolio diversification benefits for investors and to create enhanced knowledge
for trading and hedging strategies. Being initially centered around mature markets,
the focus of this research has shifted over the past decades to interdependence of
emerging markets (EM). The economic growth of these economies has gained
substantial momentum. They were responsible for more than half of global growth
between 2000 and 2016 (International Monetary Fund, 2016). This rapid
development was accompanied by integration in global trade networks, as well as
increased financial integration, with growing and better developed capital markets.
The countries have in the past been characterized by consistently high average
returns at a relatively low correlation with developed markets (Mensi, Hammoudeh,
Nguyen, & Kang, 2016). Thus, emerging market stocks have increasingly become
attractive targets for foreign equity investment. Over the past years however, studies
as those performed by John Wei, Liu, Yang, and Chaung (1995) or Samarakoon
(2011) report that the interdependence between developed markets and emerging
markets has increased.

In this thesis, we apply a network approach based on variance decompositions from
a vector autoregressive model (VAR) to investigate the return spillovers amongst
12 emerging equity markets and between these emerging markets and the U.S.. This
approach, proposed by Diebold and Yilmaz (2012), allows us to highlight both total
connectedness and the directional connectedness between emerging market
countries with the U.S. and amongst themselves, resulting in a more differentiated
picture about of the nature of the network. The analysis is based on weekly stock
market returns for Brazil, Chile, Colombia, India, Indonesia, Korea, Malaysia,
Mexico, Peru, Philippines, Thailand, Turkey and the U.S. between 1994 to 2017.
We also explore whether financial and real integration of each country with the U.S.
can explain the existence and dynamics of directional spillovers with the U.S..
Existing literature either investigates only the existence of transmission effects
across stock markets without hypothesizing about its potential sources or is

dedicated solely to identifying the drivers of cross-market spillovers. We

1 See i.e. Eun and Shim (1989) Longin and Solnik (1995), Bekaert, Hodrick, and Zhang (2008),
Samarakoon (2011). A more detailed discussion is provided in the Section 3.

1
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complement this work by examining both the existence and the drivers of
international spillovers, thus gaining deeper insights into the transmission
mechanisms of U.S. equity shocks to EM countries.

Finally, we deepen our main analysis by considering how specifically spillovers
from U.S. monetary policy surprises propagate to emerging stock markets. We
measure the stock markets’ reaction to a surprise change in the U.S. federal funds
target rate and draw conclusions whether the results are consistent with the findings
of our general spillover analysis. Since concrete risk factors triggering transmission
effects are generally not object of investigation in international spillover studies,
we aim to combine the two research areas for a more wholistic view on spillovers.
This thesis set-up allows us to give indications not only on whether diversification
benefits in emerging markets exists but also whether, if already invested in those
countries, investors should monitor U.S. monetary policy as a relevant risk factors

and include it into value forecasts for their portfolios.

The rest of this paper is organized as follows: Section 2 provides an overview about
the relevant background theory for our analysis. Section 3 presents relevant
research findings about international spillovers and U.S. monetary policy
transmission. Section 4 lays out the hypotheses, followed by an outline of the
empirical model in Section 5. Section 6 specifies the data set. Section 7 discusses
the empirical results and limitations of the analysis. In Section 8, set-up and results
of the digression to monetary policy spillovers are presented. Section 9 summarizes

and provides concluding remarks.

2. Theory
Identifying the transmission channels of equity shocks from the U.S. to foreign
capital markets requires a sound understanding of asset value drivers. The following

section presents the most prominent theories on that topic.

One of the most widely known and used models of asset valuation is the Discounted
Cash Flow (DCF) Model. The concept in its most basic form was first formalized
by Irving Fisher (1930) and incorporated in John Burr Williams’ ‘The theory of
Investment Value’ from 1938. It is based on the fundamental idea that the value of

an asset is determined by the sum of all expected future cashflows, capitalized at a
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discount factor which captures several factors determining the individual’s time

preference, such as size and riskiness of the income stream.

T
CF,
V= Z (1+7)t
t=1
CF,; represent the cashflows to the company at time t and r represents the discount

rate. According to the DCF model, fluctuations observed in asset prices can arise

either from a change in expected cashflows or from a change in the discount rate r.

William’s work also lay the foundation for Gordon (1959) in his stock valuation
model. The Gordon Growth Model states that the price of a stock is determined by
the present value of all expected future dividends.

D, D;(1+g) D1+ 9)2 D;(1+ 9)3 D;(1+ g)n_l

Vet T aro T Tare TTavr T Taren

D, is the value of the dividend next period, whereas g represents the dividend

growth rate and k the discount rate.

Assuming constant dividend growth and that the stock is hold for an undetermined
amount of time, the price calculation simplifies to a growing perpetuity of the

dividend next period.
D
V=—"
(k—9)
Thus, the stock price adjusts based on changes in the required market return, as well

as in expectations about the size of upcoming dividend per share and about dividend

growth,

There are also theories exploring causes for asset price changes within one market
which go beyond changes in intrinsic value drivers. These models often ascribe
stock price fluctuations to a portfolio channel, i.e. the changes are caused by
investors who reallocate their asset holdings in reaction to domestic shocks. In this
theory, financial integration — when measured by investors’ portfolio holdings —
serves as proxy for the portfolio channel. One of these models was introduced by
Lastrapes (1998) for the impact of a monetary policy shock on capital markets.
Imposing long-run monetary neutrality, he showed a ‘liquidity effect’: investors
react to excess real money supply by rebalancing their portfolios from bonds into
stocks, thus causing shifts in demand and supply, which in turn lead to changes in

equity prices.
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The portfolio channel also plays a role in so-called Contagion theories, which aim
to explain asset price changes across markets. There exists a plethora of definitions
for contagion. Forbes and Rigobon state that ‘there is widespread disagreement
about what this term entails.” (Forbes & Rigobon, 2002, p. 2223). Previous studies
associate the terminology more narrowly with shocks in extreme situations. Kyle
and Xiong (2001, p. 1402) define it as the rapid cross-market spread of ‘declining
prices, declining liquidity and increased volatility’. Kaminsky and Reinhart (2000)
and Pericoli and Sbracia (2003) refer to contagion as the transmission of a shock
not explained by fundamental linkages, whereas Markwat, Kole, and van Dijk
(2009) and Samarakoon (2011) distinguish between ‘transmission’ as impact of
shocks during stable times and ‘contagion’ as the impact of extreme shocks during
crisis. For this thesis, we follow the latter definition, and focus on transmission
effects in general rather than only contagion. Moreover, we use ‘transmission’ and

‘spillover’ interchangeably.

There are several explanations for observed cross-market equity price variations in
the literature. If countries share common macroeconomic risk factors, such as
business cycles, commodity prices or trade dependencies, stock price changes may
be caused by trades of long-term investors who respond to shocks in one country
by readjusting their portfolios’ risk profile based on expectations about the risk
factors in in other markets. In this framework, the spillover effect should be

symmetric for both market upswings and downswings (Kodres & Pritsker, 2002).

Kyle and Xiong (2001) on the other hand propose that for countries without
common fundamental factors, the cause for cross-market price changes can be a
domestic wealth shock. They argue that, when suffering a large loss, wealth-
constrained investors — e.g. short-term traders — might be forced to liquidate
positions in several markets simultaneously, thus causing a cross-country decline
in equity markets. Consequently, market co-movement should increase during

crises.

3. Literature review

This section provides a literature review of relevant studies. The first part
investigates how international equity markets, especially the U.S. and emerging
countries, are interconnected, as well as which factors can explain the existence and

dynamics of these cross-country spillovers. The second part presents findings about

4
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how specifically spillovers from U.S. monetary policy surprises propagate to global

stock markets.

3.1 Transmission between international stock markets

It is widely argued that increased capital market integration lead to increased co-
movements between stock markets, even though empirical evidence is mixed. Early
studies mainly investigated stock market co-movements of developed countries,
with the U.S. dominating research interest. The studies relied on cross-correlation
analysis to detect transmission effects and contagion was defined as increased or

excessive cross-market correlation between two countries.

Longin and Solnik (1995) were amongst the first to report an increase in correlation
between seven major stock markets over the period of 1960 to 1990. Their findings
confirmed the results of Schéllhammer and Sand (1985), King and Wadhwani
(1990) and Lee and Kim (1993). In addition to significant interrelations between
major stock markets in both returns and volatility, they also found that co-

movements increase after crisis periods.

Other studies documented deviating results. Bekaert et al. (2008) investigated the
period from 1980 to 2005 and did not find increased cross-country return
correlations which exception for European markets. They argued for their results
by pointing to the advantages of their risk-based model in fitting return co-

movements over hence-used approaches.

Since the correlation approach entails several statistical problems, such as
heteroscedasticity during crisis periods and omitted variable biases, other
researchers applied alternative methodologies to analyze cross-market
transmissions. Analyzing impulse responses from a VAR system estimated on daily
returns between 1980 and 1985, Eun and Shim (1989) found significant spillovers
between the nine developed equity markets Australialia, Canada, France, Germany,
Hong Kong, Japan, Switzerland, the U.S. and the United Kingdom. The U.S. was
found to have by far the largest impact on other countries, opposed to which no

single country could significantly explain return variations in the U.S.

Hamao, Masulis, and Ng (1990) also documented results that indicate a key role of
the U.S. in determining international market movements. They utilized a general

autoregressive conditionally heteroskedastic (GARCH) model to investigate return

5
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and volatility spillovers between the New York, Tokyo and London stock exchange
and reported significant transmission from the U.S. to Japan and the United
Kingdom of both return and volatility.

3.2 Transmission between emerging stock markets and the U.S.

With economic growth in emerging markets picking up, a new strand of research
began to investigate the co-movements of the U.S. with emerging equity markets to
assess their attractiveness for investors’ portfolio diversification. Research widely
agreed on increasing linkages both between mature and emerging markets, and

linkages amongst emerging markets.

John Wei et al. (1995) examined transmission of returns and volatility from the U.S.
and other developed markets to Asian markets. They utilized a GARCH model to
show the existence of both bilateral and unilateral spillover effects. They also
proposed that emerging market openness to foreign investors does not increase

spillovers from developed countries.

Estimating return shocks from a VAR system on daily data of 62 emerging and
frontier markets indices and the U.S., Samarakoon (2011) analyzed transmission
and contagion between those markets. Their results suggested significant
transmission from the U.S. to all markets; the strongest fraction being spilled to
European emerging markets. However, they stipulated that contagion from the U.S.
is only relevant in Latin America, whereas both significant transmission and
contagion effects to the U.S. were being sent from emerging markets whose trading
hours partially overlap with the United States. Lastly, while bi-directional, shocks
were transmitted asymmetrically in their study.

Other papers focused on connectedness of only emerging markets without
considering the U.S.. Christofi and Pericli (1999) analyzed Latin American
economies. They identified mean and volatility spillovers between five Latin
American countries by modelling their stock market interaction in a VAR/GARCH
framework during 1992-1997. For the same region, Chen, Firth, and Meng Rui
(2002) obtained similar results, applying an error correction VAR on a set of six
countries. They found that a large fraction of domestic stock price fluctuations is
caused by shocks from foreign markets, with Mexico transmitting shocks to all

other countries except to Colombia.
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Research also investigated linkages among emerging Asian Markets. A study by
Worthington and Higgs (2004) analyzed weekly lagged returns of stock market
indices in Hongkong, Singapore Japan, Thailand, Indonesia, Korea, Malaysia,
Taiwan and the Philippines in a multivariate GARCH (MGARCH) model. It
identified large positive spillovers among emerging Asian Markets. The authors
also concluded that returns are transmitted asymmetrically between different
markets which is in line with the results obtained by Samarakoon (2011).

Beirne, Caporale, Schulze-Ghattas, and Spagnolo (2010) applied a tri-variate VAR-
GARCH-in-mean model to capture spillovers in returns, volatility and GARCH-in-
mean effects. The analysis included a sample of 41 emerging markets in Europe,
Latin America, Asia and the Middle East and indicated the existence of cross-
market spillovers between different regions. Spillovers varied in nature and
strength. It further showed that return spillovers dominate in Latin America and

Asia, whereas volatility spillovers are more relevant in emerging Europe.

3.3 Economic and financial determinants of spillovers

While the literature discussed so far does not hypothesize about potential sources
of transmission across stock markets, several studies are dedicated solely to

identifying the drivers of existence and time-variation in cross-market spillovers.

Forbes and Chinn (2004) explored real and financial integration as potential source
of spillover effects. Their study is based on the international capital-asset-pricing
model (ICAPM) which stipulates that in integrated capital markets, ‘expected asset
returns are determined by the asset’s covariance with the world market portfolio’
(Forbes & Chinn, 2004, p. 706). For the period between 1986 to 2000, they built a
factor model for cross-country linkages between 40 developed and emerging
markets and the world’s five largest economies (the U.S., the U.K., Germany,
France and Japan). Their model relates market’s return to two proxies each of
economic and financial integration: trade flows and competition in third countries
as well as bank lending and foreign direct investment. They found significant
evidence for both trade and finance starting from the late 1990s. In this period, trade
flows from large economies to single stock markets strongly determined shock
transmission, whereas bilateral bank-lending and competition had a significant, but

weaker impact. They found no significant impact from foreign direct investments.
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Goetzmann, Li, and Rouwenhorst (2005) analyzed the time-variation in average
global equity market correlations over a horizon of 150 years. Based on several
econometric tests on the stationarity of the correlation matrix over time, they
concluded that market co-movements vary strongly and are highest during periods

of economic integration and free capital flow.

A recent study by Chuluun (2017) focused on how financial connectedness
influences international stock market co-movement when trade integration is
controlled for. Constructing a global portfolio investment network from bilateral
cross-border portfolio holdings for 49 countries and subsequently conducting a
regression analysis, it showed that between 2001 and 2014 countries who were
more central in the network were more sensitive to movements on other stock
markets. Using bilateral exports, the study also constructed a trade network to show
that cross-market correlations increase further if the country simultaneously has a
high financial and trade connectedness. They argued that a country with more
finance and trade linkages is more exposed to foreign financial markets and thus
shows higher correlation with those. Since during the last decades, cross-country
trade flows have been surpassed by capital flows in many countries, they also
suggested that financial linkages should increase in relevance for spillovers over
trade.

Extensive research has also been conducted on determinants of stock market
spillovers during crises. Van Rijckeghem and Weder (2001) tested financial
integration measured by bank lending, trade links and a set of country
characteristics as explanatory factors for spillovers during the Mexican, Thai and
Russian crisis. Their results suggested that stronger countries linkages via common
bank lenders significantly relates to heightened probability of contagion, while
trade links play a less important role and are not at all significant in the Asian crisis.
They also noted that high correlations between measures for trade and financial

integration might distort inference and lower the robustness of the measures.

Boyer, Kumagai, and Yuan (2006) investigated the importance of the portfolio
channel versus fundamentals for spillovers in emerging markets during the 1997
Asian crisis. They formed two groups of emerging markets based on their

accessibility for foreign investors to test whether portfolio rebalancing or wealth
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constraints significantly explain contagion ? . Their results suggested that
reallocation of foreign investors’ portfolio holdings is the dominant transmission
channel of shocks during crises when compared to changes in economic

fundamentals.

3.4 Monetary policy and U.S. capital markets

The spillover literature broadly refers to ‘shocks’ inducing equity market co-
movements. One of these shocks that studies have found to spill over from U.S.
equity markets to emerging markets are monetary policy shocks. While the early
literature of U.S. monetary policy transmission to capital markets focused only on
the impact within the U.S., the later scope of investigation widened to the
international financial markets. Most articles agree on the existence of U.S.
monetary policy shocks transmission to foreign equity markets, but they do not
agree on reasons why the strength of impact varies among countries. The most
discussed determinants of strength are economic and financial integration,

exchange rate regime, industry structure and local monetary policy.

Kuttner’s (2001) event-study was one of the first studies, which differentiated
between anticipated and unanticipated policy actions. The study showed that
interest rates reacted more to policy surprises than to changes of the Federal funds
rate itself. Kuttner suggested to use FED funds futures rates to differentiate between
expected and unexpected policy actions. He showed that the regression coefficients
for the surprise part were large and statistical significant, whereas the coefficients

for the expected component were small and statistical insignificant (Kuttner, 2001).

Bernanke and Kuttner (2005) examined the impact of monetary policy changes on
U.S. equity returns. They found a symmetric relationship between monetary policy
surprises and equity returns. A hypothetical unanticipated decrease of 0.25% in the
target rate led to an 1% increase in stock prices, while target rate increases caused
stock prices to decline. In addition, the authors investigated the question of why
equity prices react to FOMC announcements. The results showed that equity returns
responded mostly to anticipated future dividends and anticipated future excess

returns, which were affected by monetary policy surprises. High-tech and

2 The portfolio rebalancing hypothesis (Kodres & Pritsker, 2002) and the wealth constraint
hypothesis (Kyle & Xiong, 2001) are laid out more detailed in Section 2 (Theory).

9
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telecommunications were the most exposed sectors to FOMC announcements
(Bernanke & Kuttner, 2005).

An alternative approach to estimate the strength of stock market reaction is a VAR
model. The rise of VAR models was motivated by the fact that U.S. monetary policy
could be treated as an endogenous variable. The endogeneity problem was
addressed by several authors. There are numerous studies which examined the
effect by using a VAR model. VAR models are sometimes difficult to implement
and to interpret (Kuttner, 2001). The advantage of an event-study approach is the
usage of higher frequency data compared to a VAR model, which is usually based

on monthly or quarterly data (Ehrmann & Fratzscher, 2009).

Thorbecke (1997) applied both, an event-study regression and a VAR model to
investigate the transmission of U.S. monetary policy to the U.S. equity market. He
found that consistent with theory, U.S. equity returns were influenced positively
(negatively) by unexpected U.S. monetary policy expansions (contractions).
Furthermore, the strength of reaction depended on the industry and the company
size (Thorbecke, 1997).

The Vector Autoregressive study by Rigobon and Sack (2003) found an inverse
relationship, the U.S. equity market influenced the FED’s monetary policy by
affecting the economy. They argued that the stock market did not respond to

monetary policy changes.

3.5 Monetary policy and international capital markets

Wongswan (2009) investigated the transmission of U.S. monetary policy shocks to
15 foreign equity indices from 1998 through 2004. His study was based on high-
frequency data to control for unrelated news. The study results suggested a strong
and significant relationship. Following Gurkaynak, Sack, and Swanson (2005)
paper, monetary policy surprises were deconstructed into two components, target
and path surprises. The results showed that equity indices reacted mostly to target
surprises. The second part of Wongswan’s paper focused on exploring why foreign
equity indices reacted to U.S. monetary policy surprises. Three different reasons
were suggested. Firstly, economic integration with the United States may have
impacted the cash flows of foreign companies. Secondly, discount rates may be
impacted through financial integration. Thirdly, the relationship could have been

influenced by other factors, such as the indices’ industrial composition, the

10
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exchange rate regime or the equity market riskiness. A cross-section regression
showed that the equity indices’ reactions were more correlated with financial
integration proxies. This was an indication that foreign companies were more

affected through the discount rate (Wongswan, 2009).

A study by Ehrmann and Fratzscher (2009) focused on the transmission of U.S.
monetary shocks to 50 equity markets. They also found that the strength of reaction
differed across countries. Developed stock markets and equity markets of countries
with a more volatile exchange rate responded more to U.S. monetary shocks.
Moreover, they found that financial integration in terms of foreign financial assets
held by domestic investors and in terms of domestic financial assets held by
foreigners influenced the strength of reaction. In addition, they argued that the
degree of global integration was more important for the transmission than the

degree of integration with the United States (Ehrmann & Fratzscher, 2009).

Hausman and Wongswan (2011) conducted a similar study to Wongswan (2009),
but they extended the scope of assets to short- and long-term interest rates,
exchanges rates and foreign equity indices for 49 countries. They found that equity
indices reacted mainly to target surprises, FX rates and long-term rates responded
mostly to path surprises and short-term rates reacted to both. In addition, they
documented that a country’s exchange rate regime affected the reaction of equity
markets and interest rates to FOMC announcements surprises. A country with a less
flexible exchange rate responded more to surprises. Furthermore, the number of
assets held by U.S. investors was an important factor for the shock transmission.
U.S. investors may want to adjust their portfolio allocation after FOMC

announcements (Hausman & Wongswan, 2011).

A recent study by Chortareas and Noikokyris (2017) investigated how local
monetary policy influenced the strength of reaction. The findings suggested that
countries which had a monetary policy stance similar to that of the United States,
were less affected by U.S. monetary policy changes. These countries internalized

the external shocks via local monetary policy (Chortareas & Noikokyris, 2017).
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4. Methodology

To illustrate the degree of connectedness among the countries, we adopt the
approach developed by Diebold and Yilmaz (2009), (2012) and (2014) and
construct a network of weekly equity index returns for our 12 considered countries
and for the U.S. For that, a 13-variable VAR model is constructed to estimate
measures for connectedness based on variance decompositions. A N-variate

VAR(p) model takes on the following form:

14
Xe = Z Pixe—i + €
i=1

where x; = (X1¢, X2t .., Xy ) IS @ Vector of equity index returns and €; ~ (0,X) isa
vector of 11D disturbances. For a covariance stationary VAR, the model can be

formulated in moving average (MA) representation as

[o/e)
Xt = z Aj €y
i=0

where A; are N x N parameter matrices which follow the recursion A; = ¢14;_1 +
P24 + -+ Ai_p, Ag isthe N x N identity matrix and A; = 0 for i < 0.

Connectedness, measured as the share 6;; of forecast error variations in country i's
equity index which are caused by shocks to country j’s equity index, is derived from
variance decompositions. In the standard VAR model popularized by Sims (1980),
variance decompositions are based on Cholesky factorizations, where
orthogonalized shocks make the results highly sensible to ordering of variables and
can complicate our analysis. To achieve invariance to ordering, we use a
generalized variance decomposition (GVD) framework as proposed by Koop,

Pesaran, and Potter (1996) and Pesaran and Shin (1998), to measure connectedness.

4.1 Pairwise directional connectedness

In the GVD framework, country j's contribution to country i's H-step-ahead

generalized forecast error variance decompositions 95 (H),forH=12,... ,is

— — 12 2
g Th=o (i’ ApZx;)
Zgz_(}(Ki,AhZAh’Ki)

6 (H) =

X is the variance matrix of vector €, of which g;; is the of jth diagonal element, «;

is a selection vector with one as the it" element and zeros otherwise. These cross-

variance shares depict pairwise directional connectedness of equity indices, for
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i,j=12,..N, such that i # j. The pairwise directional connectedness from
country j to country i and thus country j's contribution to country i's stock return
variation therefore is
H _ pg
Ci<—j - Hij(H)
Also, the strength of pairwise directional connectedness differs when shocks are

asymmetric, thus
cil; # ¢l
Consequently, the net pairwise connectedness can be defined as

H _ rH H
Cij =Gy — G

Because shocks are not orthogonalized, the sum of forecast error variance
contributions is not automatically equal to one. Therefore, the return connectedness
table explained below is based on a variance decomposition matrix normalized
along the row sum:

67(H)

L 09(H)

j=1

6 (H) =

It holds that Y}_; (H) = 1 and X.iL, X)_, 6;(H) = N.

4.2 Total Directional Connectedness, ‘From’ and ‘To’

As described by Diebold and Yilmaz (2014), the total directional connectedness to
country i's equity index received ‘From’ others is the fraction of i's H-step forecast

error variance arising from shocks to all other countries j:

N

cit. =) ggan

j=1
J#i

and the total directional connectedness from country i's equity index ‘7o’ all other

countries j is

N
o -
RN HC)
j=1
j#EL
A connectedness table summarizes the connectedness measures. It contains the

N x N variance decomposition matrix 09 = [ég(H)] whose N2 — N off-diagonal

entries measure pairwise directional connectedness. ©9 is augmented by a column
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on the right containing N off-diagonal row sums for C;_., and a bottom row
containing N off-diagonal column sums for C,_;, connectedness transmitted ‘To’
others. The focus of our analysis lies on the pairwise directional connectedness
between the U.S. and different emerging equity markets, showing how strongly
shocks to U.S. markets transmit to other markets.®

Since equity return connectedness can be time-varying, we conduct both a full-
sample and a rolling-window estimation with a 104 weeks estimation horizon. A
full-sample estimation yields a static picture of the connectedness in our network,

a rolling-window estimation characterizes the dynamic network connectedness.

4.3 Determinants of connectedness

We consider economic and financial integration as explanatory factors for the return
spillovers from the U.S. to emerging market stocks. We proceed by performing a
panel regression of yearly ‘To’ connectedness from the U.S. to each of the 12 EM
markets on proxies of real and financial integration of each country with the U.S..
The proxies chosen - trade with the U.S. and U.S. foreign portfolio investment - can
be thought of as proxies for the cashflow channel and the portfolio channel as

potential transmission channels.

‘To’ spillovers are estimated over a 52-week window. A short time window
compared to the previous 104-week estimation might impact the quality of the
coefficient estimates. However, an estimation over 52 weeks better isolates the
effect of the previous year’s trade and foreign holdings on this year’s spillovers.
Due to data availability the sample is reduced to 169 observations over the period

from 2001-2015. The regression reads as follows:

In(Ciys) = a; + By *In(Trade;_,) + B, * In(Financial,_;) + f3 * Size;_4
+ Ba* Fl—y + Bs * (FM;_1) + B x(KA Open,_1) + B * Crisis
+ Bg * Post Crisis + &;

Real integration is proxied by the ratio of yearly bilateral exports and imports with
the U.S. as a share of GDP (Trade;_,). Financial integration is measured yearly as

U.S. investors’ equity holdings of the respective MSCI index’s market

% For ease of reading, we refer in the following to *pairwise directional’ as ‘directional’ and ‘total
directional’ as ‘total’.
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capitalization (Financial,_,). Following the International Monetary Fund (2016),
we also include a number of control variables to mitigate endogeneity problems:
Size,_, is defined as the ratio of stock market capitalization to world GDP.
According to the IMF, larger capital markets may possess superior ability to absorb
shocks unrelated to fundamentals. Similarly, the financial development of countries
may improve countries’ resilience against foreign shocks. Financial development is
measured by the IMF’s Financial Development Index introduced by Svirzdyenka
(2016). Specifically, we separate the development of financial institutions (FI;_;)
and of financial markets (FM;_,). KA Open,_, represents the integration of the
domestic capital market with the global financial system. Markets with many
internationally active financial institutions are assumed to be more responsive to
spillovers from foreign financial markets. KA Open;_, is measured by the Chin-Ito
Index (Chinn and Ito, 2008), which measures a country’s degree of capital account
openness and is normalized to a number between 0 and 1.
Lastly, Crisis and Post Crisis are indicator variables which capture the effect of
the financial crisis of 2007. crisis is a dummy variable which takes on the value
one for the years between 2007 and 2009, and 0 otherwise. Post Crisis is 1 for the

years from 2010, and zero otherwise.

5. Hypotheses

Based on the theoretical and methodological foundations as well as the previous
empirical findings discussed above, we form the following hypotheses about

spillovers between the U.S. and the 12 emerging markets in our sample:

H1. Shocks to the U.S. equity market transmit to emerging stock markets.
Ho : Ci2ys =0
Hy: Cilys #0

H2. The transmitted shocks are not symmetric in size.
Hy: C}? =0
Hy: C7#0

H3. There are return spillovers between emerging equity markets.
Ho: 65(12) =0

Hy: 65(12) # 0
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H4. Return spillovers from the U.S. to emerging markets can be partially explained
with bilateral trade and finance integration of respective countries with the U.S.
Hoy: B1, B, =0
Hy: By, B2 #0

6. Data

Our analysis comprises a period of 24 years, from 1994 to 2017 and includes the
following 12 emerging market economies: Brazil, Chile, Colombia, India,
Indonesia, Korea, Malaysia, Mexico, Peru, Philippines, Thailand and Turkey. The
sample of countries was chosen based on the classification of the MSCI Emerging
Markets Index. The index was introduced in 1988 and follows a consistent
methodology based on various selection criteria, such as market accessibility for
foreign investors, liquidity and size of the stock market and economic growth
(MSCI, 2012). The MSCI EM Index currently includes 24 countries , of which we
further select only those which have been members of the MSCI Emerging Market
Index over the whole horizon without being excluded in between (Bambaci, Chia,
& Ho, 2012) (MSCI, 2017). This ensures that our estimation is based on an equal

amount of data for all countries.

We obtain daily closing prices in local currency for the 12 MSCI EM indices as
well as for the U.S. from Datastream. When a market is closed the missing value is
replaced with the last available price. Following Diebold and Yilmaz (2015), we
compute weekly log-returns (Friday-Friday) for the period from 14.01.1994 to
29.12.2017.

When exploring potential determinants of equity shock transmission, we choose the
fraction of U.S. investors' equity holdings of emerging stock market capitalization
as proxy for financial integration and bilateral trade to the U.S. as fraction of GDP
as proxy for real economic integration. The former is calculated from the
Coordinated Portfolio Investment Survey (CPIS) compiled by the International
Monetary Fund (IMF) and the market capitalization of each of the MSCI indices.
The latter is based on data for yearly exports and imports to the U.S. obtained from
the World Integrated Trade Solution (WITS) software and on GDP data from the
World Development Indicators provided by the World Bank. As a robustness check,
global financial and real integration is considered using data on portfolio holdings
of the Top 10 GDP countries and global trade data, both obtained from the same
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sources as for the bilateral proxies. The analysis also includes a set of control
variables suggested by the International Monetary Fund (2016), such as financial
development, capital account openness, and size of the domestic market. They are

obtained from the sources listed in the IMF paper.

7. Results

7.1 Preliminary data analysis

Table 1 shows summary statistics for weekly stock returns of the sample between
14.01.1994 to 29.12.2017. The underlying data and calculation is described in the
Data section. The mean annualized return over the period was highest for Turkey
and Brazil with 28.26%, respectively 21.05% and lowest for Thailand with 0.13%.
The MSCI USA Index returned on average 7.58%.

Returns are non-normal, with heavy tails and negative skewness except for Brazil,
Thailand and Malaysia. Table 2 presents the Jarque-Bera normality test,
complimented by an analysis of Kernel densities which delivers confirmatory
results (see Appendix 1). The results of individual Augmented Dicky Fuller tests
(ADF) suggest that all return series are covariance stationarity (see Table 2). The
null hypothesis of a unit root can be rejected for all 13 data series at the 5%

significance level.
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Table 1: Returns - descriptive statistics

USA Mexico Brazil Colombia Peru Chile  Thailand

Mean 0.14%  023%  037%  023%  023%  011% _ 0.00%
Std. dev. 234%  323%  434%  328%  3.96%  2.66%  4.21%
QZZEa"Zed 7.80% 1245%  21.05%  12.68%  12.90%  592%  0.13%
Median 0.24%  0.34%  045%  017%  0.22%  007%  0.04%

Minimum -20.1%  -19.3% -22.7% -22.0% -28.2% -23.0%  -28.6%
Maximum 11.5% 18.0% 23.5% 15.9% 22.0% 16.7% 23.9%

Skewness -0.79 -0.15 0.10 -0.24 -0.16 -0.56 0.08
Exc. Kurtosis  6.95 3.92 4.54 4.62 4.55 6.96 5.14

Indonesia ~ Malaysia Philippines  India Korea Turkey
Mean 0.17% 0.03% 0.04% 0.17% 0.13% 0.48%
Std. dev. 4.40% 2.93% 3.31% 3.35% 3.95% 5.62%
sza"zed 9.34% 163%  219%  9.36% 6.72% 28.26%
Median 0.24% 0.15% 0.14% 0.37% 0.26% 0.52%
Minimum -24.59% -20.17%  -20.55%  -19.00% -21.40% -34.61%
Maximum 28.26% 26.30% 16.76% 13.66% 18.82% 33.27%
Skewness -0.05 0.19 -0.05 -0.32 -0.26 -0.11
Exc. Kurtosis 6.49 11.42 4.46 2.61 3.94 4.96
Notes: Log returns are measured weekly from Friday to Friday. 1251 observations per
country.

Table 2: Normality and unit root test for return series

USA Mexico Brazil Colombia Peru Chile Thailand

J-Bera 2651*** 805.89*** 1076.9*** 1124.5*** 1083.4*** 25878*** 1376***
ADF(10) S11Mee S11.0% S0 S114 1047 J11.4%% -10.50

Indonesia Malaysia Philippines  India Korea Turkey
J-Bera 2192.7%**  6800.4*** 1089.6*** 376.3***  823.86*** 1285.4***
ADF(10) -12.5%%* -10.2%**  -10.4%*  -10.2%** -10.3%** -11.4%%*

Notes: *, ** and *** indicate the rejection of the null hypothesis of associated statistical
tests at the 10%, 5% and 1% levels respective.

7.2 Full sample spillover estimation
We first consider static return spillovers over the whole sample period, estimated
from a VAR (2) model with 12-week forward estimation horizon. The VAR model

estimated takes the following form:
Xe = Po + Pyxp g + Poxpp + € ()

x; IS a vector of the 13 countries’ stock returns, ¢, is a (13 x 1) vector of country
specific constants and ®,, @, are the (13 x 13) coefficient matrices. €, a vector of
error terms. The lag length was chosen by the information criterion AIC. White’s
heteroskedasticity tests showed heteroskedastic errors for each data series. While
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these might influence the forecast error variance decompositions (FEVD) resulting
from the model and interpreted as spillovers, no solution has so far been suggested
in the scrutinized literature to correct this bias. The full estimation results are

presented in Appendix 5.

The sample period includes two major crises: the Asian crisis of 1997 and its
aftershocks in South America in 1999, as well as the financial crisis of 2007-2009.
These might have affected the interaction between the countries’ stock returns in
respective periods and in consequence might distort the full sample spillover
estimation. To test this assumption, we include an interaction term between crisis
and lagged country return to the VAR model and re-estimate equation (1) as
follows:

Xe = Po+ (P + Dy *xCr)xp_q + (P3+ Py *Cr)xe_y + € 2

Cr is a dummy vector which takes on the value 1 in the crisis periods (07/1997-
12/1999 and 2007 — 2009) and zero otherwise. For each individual equation of the
VAR system, we then perform a Wald test on the coefficients of the interaction
terms to check whether the relationship of the 13 countries in our sample
significantly changed during crisis periods.

Table 3: The impact of crisis on return interdependencies
The table shows the results of a Wald-test on the crisis interaction terms in the individual
equations of the VAR system. *** indicates significance at 1%, ** significance at 5%, *
significance at 10%.
USA Mexico Brazil  Colombia Peru Chile  Thailand
F-statistic 1.151  1.979***  1.645**  2.221*** 1.416* 2.083*** 1.707**

P-value 0.271 0.002 0.02 0.000 0.078 0.001 0.014
Indonesia Malaysia Philippines India Korea Turkey

F-statistic 2.039*** 2.879***  1.498**  1.717** 2.165*** 1.552**

P-value 0.001 0.000 0.049 0.013 0.001 0.036

The results shown in Table 3 suggest that the stock returns in our sample do
influence each other differently in crisis compared to tranquil times. The null
hypothesis that all interaction terms are jointly zero can be rejected at least at 10%
for all countries except for the U.S.. Therefore, the subsequent spillover estimation
might be biased, which should be considered when interpreting the results in the

connectedness table (Table 4).
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Table 4 presents the full sample connectedness table with directional, ‘To’ (the
fraction of shocks transmitted from country i's equity index to all other countries),
’From’ (the fraction of shocks received by country i from all other countries) and
‘Net’ (the difference between ‘To’ and ‘From’) connectedness®. The directional
links within the network are illustrated graphically in Figure 1. All directional
connectedness measures between emerging markets are significantly different from
zero at a 1% level. This indicates that return spillovers between EM countries exist,
which is consistent with our hypothesis and current literature (Beirne et al., 2010;
Christofi & Pericli, 1999; John Wei et al., 1995; Samarakoon, 2011; Worthington
& Higgs, 2004). Furthermore, we can confirm our hypothesis that shocks from the
U.S. transmit to emerging markets. All U.S. directional connectedness measures are
significantly different from zero at a 1% level. Brazil and Mexico show the
strongest reaction. 9.3% and 13% of their forecast error return variance is
attributable to U.S. shocks. Overall, the U.S. equity market is the second largest
transmitter of returns shocks within the network, as shown by the high ‘To’
connectedness (84.88%) and ‘From’ connectedness (67.15%), which result in a net
connectedness of 17.74%. Only Mexico has a higher impact (‘Net’ connectedness
22.28%) on other capital markets due to the high connectedness amongst the Latin
American markets. Both stock markets, U.S. and Mexico, are highly
interdependent. For the whole sample, spillovers are responsible for 59.29% of the
forecast error variance, illustrating how interconnected emerging market stock

markets and the US stock market are.

4 Appendix 2 shows the connectedness table with standard errors. A model-based method is used to
bootstrap VAR residuals (5000 drawings). We construct bootstrap confidence intervals for all the
values in the connectedness table to determine the significance at a certain level. We used the
“tsDyn” package in R for the model-based bootstrapping method (VAR.boot). For more details on
the model and implementation in R see Chernick and LaBudde (2011).
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Figure 1: Connectedness network
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In Figure 2, directional connectedness is filtered for spillovers above the median,
I.e. those explaining at least 9% of the forecast error variance of other countries.
This reveals two clusters within the stock return network related to geographical
proximity. We observe that Mexico and the United States are highly interconnected
with other Latin American countries, except for Colombia. This is consistent with
the research findings of Chen et al. (2002). Shocks to the Southeastern Asian
countries Malaysia, Indonesia, Thailand and the Philippines are transmitted mainly
between the four countries. The ‘Net’ directional connectedness is statistically
different from zero at 5% level for all countries, except for Indonesia, Thailand,
Korea, Philippines, Peru and Chile. These findings indicate that asymmetric shocks
exist for some EM countries. These results are consistent with previous studies
about asymmetric shocks such as those performed by Samarakoon (2011) or
Worthington and Higgs (2004).
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Figure 2: Strongest links in the connectedness network
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Since the analysis is performed on local denominated returns, the interdependency
of currency and equity markets may influence the measured connectedness.
Research findings show that a dynamic relationship between both markets exists.
Currency markets may play a significant role in the transmission of equity shocks
(Francis, Hasan, & Hunter, 2006), which in turn may lead to an underestimation of
the effect transmitted via returns when measured in local currency. Therefore, we
re-estimate the network from weekly equity index returns in USD to see whether
the spillovers change significantly or not. Table 5 presents the connectedness table
based on USD as a common currency. The results suggest that the return
transmissions are qualitatively alike. As expected, the total connectedness is higher
in USD, with an increase from 59.3% to 64.9%. However, there is only limited
deviation of directional connectedness measures in size and no impact of exchange
rates on the significance of return spillovers for our sample, except for Chile. A
possible explanation for the insensitivity to currency could be the strong co-
movement of USD and other EM currencies (Mai, Chen, Zou, & Li, 2018). Given

these results, our analysis seems robust to the choice of local currency versus USD.
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7.3 Dynamic spillover estimation

To investigate the development of spillovers over time, we perform a rolling
window estimation of 12-step ahead FEVDs from a VAR(2) model. For robustness,
we test alternative model specifications, namely a VAR(1) and VAR(3) with 6 and
respectively 18 steps forecast windows, both of which yield similar results (see
Appendix 3). This shows that the model is relatively insensitive to the parameters

lag length and forecast window.

The spillover index, which shows the total return connectedness, is presented in
Figure 3. It is estimated both from a 52-weeks and 104-weeks rolling window. As
the graph shows, the length of the rolling window is a sensitive parameter for the
model predictions. Whereas the estimation over 52 weeks is more volatile, the 104-
weeks rolling window index gives a clearer picture of the development of spillovers
over time. We can observe that the index increases significantly during the Asian
crisis of 1997 and during the financial crisis of 2007-09. This suggests that the
impact of crisis periods on return interdependencies which was reported in Table 3
before may translate into increased spillovers. It is further consistent with the
findings of Diebold and Yilmaz (2015) that the total return connectedness increased
during the global financial crisis.

Figure 3: Spillover index
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Table 6 provides support for the observations above, illustrated for the global
financial crisis. The total return connectedness is higher during the period of 2007-
2009 for both the 104-weeks and the 52-weeks rolling window, by 13.43,
respectively 8.66 index points. To confirm our observation that spillovers are
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stronger during the global financial crisis, we compare the means during and outside
the global crisis with an independent sample t-test. py,on—crisis 1S the mean spillover
for the period from 1995-2006 (1996-2006 for the 104-week rolling window) and
2010-2017. pcrisis 1s the mean spillover for the period between 2007 and 2009. For
both rolling window estimations, we can reject the null hypothesis that the mean

difference pnon—crisis — Herisis 1S greater than zero at the 1% level.

Table 6: Spillover comparison - normal times vs. crisis periods

The significance levels of the means are based on a one-sided t-test for the hypothesis
Unon—crisis — Merisis = 0. *** indicates significances at 1%, ** significance at 5%, *
significance at 10%. Standard errors in parentheses.

104-Weeks Rolling Window 52-Weeks Rolling Window
Period Mean N A Mean Mean N A Mean
Non-Crisis  64.54 992 -13.43*** 74.12 1044 -8.66***
(10.28) (4.98)
Crisis 77.96 156 82.78 156
(4.36) (3.1)

7.4 Spillovers from the U.S. to EM countries

Our analysis is particularly concerned with the transmission of shocks from the U.S.
to emerging equity markets. Therefore, directional connectedness from the U.S. to
the other countries is extracted from the 104-weeks rolling-window estimation. The
graphs in Figure 4 illustrate how the impact of shocks transmitted from the U.S. to

EM countries changed over time.

The directional connectedness from the United States to Indonesia and to Thailand
appears to be relatively volatile over time. The values range from close to 0% to
14.4%, respectively to 16.5%. Both countries have their peak values in 2008, during
the financial crisis. The contribution of U.S. shocks to the Indian stock market
variation was quite low in the 90s, but the country has become increasingly sensitive
to return spillovers from the U.S. over time. The directional connectedness from the
U.S. to the Philippines fluctuated between 2% and 14% during the period of 1996
to 2017. The peak occurred during the collapse of Lehman Brothers in 2008. The
Philippine stock market was also strongly impacted by the bursting of the Dot-com
bubble in the U.S. with a local maximum in spillovers of 10.3%. Another local
maximum value was reached in 2004 with 11%. The directional connectedness
from the U.S. to Turkey and to Chile increased during the period of the Dot-com
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bubble and the financial crisis. During the period of 2003 to 2005, the Turkish stock
market was barely impacted by the United States. The MSCI USA Index seems to
have impacted the MSCI Korea Index quite equally over the period of 1998 to 2013.
The directional connectedness from the U.S. to Korea reached its peak of 16%
during the collapse of Lehman Brothers. The spillovers from the U.S. to Malaysia
increased significantly during the financial crisis and after 2014. In the case of
Brazil, the directional connectedness from the U.S. soared during the bursting of
Dot-com bubble and during the global financial crisis. The measure decreased
significantly after the collapse of Lehman Brothers. During the period of 1998 to
2016, the directional connectedness from the U.S. to Mexico was mostly over 10%
and peaked in 2006 when the FED decided to tighten monetary policy (Demirer,
Diebold, Liu, & Yilmaz, 2018). Contrary to most other countries, the collapse of
Lehman Brothers did not make the highest contribution to spillovers to the Mexican
stock market. The connectedness measure from the United States to Peru and
Colombia soared significantly during the financial crisis and decreased afterwards.

Figure 4: Directional connectedness from the U.S. to EM countries
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7.5 The determinants of return spillovers

Next, we are interested in whether economic and financial integration with the U.S.
act as transmission channels for spillovers from the U.S. to emerging equity
markets. We test how the proxies for trade - yearly exports and imports to the U.S.
as fraction of local GDP - and finance integration — the ratio of U.S. foreign
portfolio investment to each emerging stock market capitalization - relate to the
‘To’ connectedness from the U.S. to other EM countries. Table 7 presents selected
summary statistics. Complete summary statistics are shown in Appendix 4. As can
be seen from the table, the trade ratio with the U.S. varies both across countries and
across time. Over the sample period, countries traded on average 10.66% of GDP
with the U.S., ranging from 2.22% in Turkey to 36.57% in Mexico. The
intertemporal change is highest for the Philippines, where trade integration peaked
at 22.52% in 2002 and then consecutively decreased to 5.18%. India’s trade ratio
on the other hand remained relatively stable in a range between 2.43% and 3.87%
of GDP. Financial integration shows the same variation in cross-section and time.
U.S. investors held on average 27.88% of a single EM country’s market
capitalization. Mexico again is on the upper end of the range at 45.87% U.S.
portfolio investment, followed by the Philippines and Brazil at 41.49% and 35.04%,
whereas the Peruvian market attracted only 12.89% foreign investment. There is
noticeable change in the fraction of portfolio investment in each country between
2001 and 2015. In Colombia, there is a gap from peak to trough of approximately
23%. Malaysia and Peru show similarly large variation, from 5.53% and 7.72% to
19.61% and 23.01% respectively. As a result, to the extent that trade and finance
integration has explanatory power for spillovers from the U.S., it is likely that
countries with a higher average degree of integration - such as Mexico and Brazil-
are more sensitive to the U.S. equity market movements. The connectedness table
(Table 4) indeed shows that these two countries are impacted most by shocks
transmitted from the U.S.. One can also expect that at times when a country is highly
integrated in i.e. trade, spillover effects are higher than at times of low integration.
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Table 8 presents the results of the estimation from the panel regression. Column 1
shows the relationship between economic and financial integration and the return
spillover from the U.S. to other countries. The results from column 1 confirm our
expectation that trade and financial integration have a positive impact on the
spillovers. The coefficients are significant at a 5% level. The results are consistent
with the findings of Chuluun (2017) and support the theories proposing

that cross-market shocks are transmitted by the cashflow channel and the portfolio
channel. The Hausman tests for regression 1 and 2 indicate that a random effect
model is suitable for the data. In column 2, we control for other determinants of
return spillovers suggested by the International Monetary Fund (2016). Among the
control variables, size, post crisis and capital account openness have no significant
effect on the U.S. return spillovers to EM countries. During the financial crisis of
2007, emerging market countries tend to have a higher interdependence with the
U.S, consistent with the empirical literature that the financial interdependence
during a crisis increases (Diebold & Yilmaz, 2015). More developed financial
markets have significant abilities to absorb U.S. shocks. The positive and
significant coefficient of financial institutions appears to be inconsistent with our
expectation that more developed institutions should improve the resilience of a
country against foreign shocks. The positive relationship could be explained by the
fact that more developed financial institutions are globally more interconnected and
therefore global shocks are easier transmitted. Overall, the results of column 2 are
consistent with column 1. Trade and financial integration have a positive impact on
return spillovers in both specifications, with coefficients being significant at the 1%

and 5% level.
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Table 8: Panel regression - the determinants of return spillovers

In Panel A, the dependent variable is the pairwise connectedness from the U.S. to the other
countries, which is extracted from the 52-weeks rolling-window estimation. Trade is a
proxy for real economic integration between the United States and the individual
countries. It is the natural logarithm of yearly exports and imports to the U.S. as fraction
of local GDP in USD. Financial is the natural logarithm of the fraction of U.S. investors'
equity holdings of emerging stock market capitalization used as proxy for financial
integration with the United States. Size is defined as the ratio of stock market capitalization
to world GDP. FI and FM (Svirydzenka, 2016) are measures for the depth, access and
efficiency of financial institutions and financial markets. KA Open is the Chinn-Ito Index
(Chinn and Ito, 2008), which measures a country’s degree of capital account openness and
is normalized to a number between 0 and 1. Crisis and Post Crisis are dummy variables
for the period during and after the financial crisis of 2007 and 2008. All independent
variables, except for the dummy variables, are lagged. *** indicates significance at 1%,
** significance at 5%, * significance at 10%. Both equations were estimated with cross-
section random effects, standard errors in equation (1) are corrected for autocorrelation.
The standard errors for the coefficients are in parentheses.

Panel A. Spillover Regression

1) (2)
Constant 0.956 0.840
(0.30)*** (0.4)**
Trade 0.140 0.088
(0.51)** (0.06)
Financial 0.200 0.283
(0.09)** (0.10)***
Size 14.374
(23.76)
Fl 0.726
(0.35)**
FM -0.799
(0.35)**
KA Open 0.032
(0.18)
Crisis 0.275
(0.12)**
Post Crisis -0.144
(0.10)
Panel Observations 180 168
Number of countries 12 12
R-Squared 0.042 0.165
Adjusted R-Squared 0.031 0.123

7.6 Robustness of trade and financial integration

The proxy variables for trade and financial integration chosen in panel A (Table 8)
may underestimate the true impact of trade and financial integration. In panel A,

the financial proxy is calculated by the fraction (natural logarithm) of U.S.
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investors' equity holdings of emerging stock market capitalization. However, U.S.
spillovers might affect EM countries indirectly via trade or finance integration with
third countries as well. To the extent that U.S. equity shocks transmit to those third
countries, they might respond with portfolio reallocations and trade adjustment of
trade volumes with emerging markets. Therefore, we extend the proxies to represent
global financial and economic integration. The results are presented in Table 9. The
financial integration variable is now calculated as the natural logarithm of the
fraction of the top 10 countries, by 2016 GDP, equity holdings of emerging stock
market capitalization in USD. The proxy for trade integration is calculated as the
natural logarithm of yearly global exports and imports as fraction of local GDP in
USD. We re-run the regression to see if our results from panel A are robust or not.
The regression in column 1 indicates that financial integration has a positive impact
on U.S. return spillovers. The coefficient is still significant on a 5% level as it is in
Panel A. However, trade integration, when measured globally, has a negative, not
significant relationship with the pairwise conntectedness from the U.S. to the other
countries in panel B, which is both inconsistent with the results from panel A and
our expectation. These results remain unchanged when the control variables
suggested by the International Monetary Fund (2016) are included in the regression
in column 2. All control variables, except for the crisis dummy and the FM

variables, are insignificant.

We can conclude that financial integration has a positive and significant effect on
U.S. return spillovers independent of the choice of a local or global proxy.
However, for our sample bilateral trade integration with the U.S. seems to play a
larger role in determining spillovers than global trade integration. A potential
reason might be that financial integration may be a stronger determinant of U.S.
return spillovers to Emerging Markets countries than real integration. This would
suggest that the portfolio channel is more relevant for shock transmission to our

sample countries than the cashflow channel.
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Table 9: Robustness panel regression — global proxies

In Panel B, the dependent variable is the pairwise connectedness from the U.S. to the
other countries, which is extracted from the 52-weeks rolling-window estimation. Trade
is a proxy for real economic (trade) integration between the world and the individual
countries. It is the natural logarithm of yearly global exports and imports as fraction of
local GDP in USD. Financial is the natural logarithm of the fraction of the top 10
countries, by 2016 GDP, equity holdings of emerging stock market capitalization used as
proxy for financial integration with the world. Size is defined as the ratio of stock market
capitalization to world GDP. Fl and FM (Svirydzenka, 2016) are measures for the depth,
access and efficiency of financial institutions and financial markets. KA Open is the
Chinn-Ito Index (Chinn and Ito, 2008), which measures a country’s degree of capital
account openness and is normalized to a number between 0 and 1. Crisis and Post Crisis
are dummy variables for the period during and after the financial crisis of 2007 and 2008.
All independent variables, except for the dummy variables, are lagged. *** indicates
significance at 1%, ** significance at 5%, * significance at 10%. Both equations were
estimated with cross-section random effects and White’s standard errors. The standard
errors for the coefficients are in parentheses.

Panel B. Robustness Spillover Regression

1) 2
Constant 1.312 1.351
(0.32)*** (0.49)**
Trade -0.025 -0.017
(0.10) (0.13)
Financial 0.183 0.211
(0.09)** (0.23)*
Size 16.863
(35.93)
Fl 0.550
(0.39)
FM -0.942
(0.48)*
KA Open 0.034
(0.14)
Crisis 0.282
(0.12)***
Post Crisis -0.115
(0.1233)
Panel Observations 180 168
Number of countries 12 12
R-Squared 0.012 0.111
Adjusted R-Squared 0.001 0.066

7.7 Limitations
There are several factors to consider when interpreting the results of the preceding
analysis. First, even though we found significant spillover effects within our

sample, they are smaller in size than what would have been expected, especially
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those transmitted from the U.S. to other markets. A potential cause to that might be
that because of non-simultaneous trading the reaction of stock markets which have
different trading hours than the U.S. might not be accurately captured. In this case,
the actual transmission of U.S. equity shocks to our sample would be
underestimated. Samarakoon (2011) develops two different models for the
investigated countries to solve this problem when estimating spillovers from daily
returns. We mitigate the effect of simultaneous trading to a certain extent by using
weekly returns to measure spillovers. However, we cannot fully exclude the

possibility that it impacts our results.

The larger caveat in our analysis is the suitability of the VAR model to the data
underlying the spillovers estimation. First, one of the standard assumptions of VAR
models is asymptotic normality of the input data (Hamilton (1994); Litkepohl and
Poskitt (1991)). As generally known - and also confirmed for our sample — returns
are not normally distributed(see 7.1 Preliminary Data Analysis). The estimates of
the model therefore smoothens out those extreme positive and negative returns
which might constitute large transmission effects. As a result, the spillover index
and the role of the U.S. as shock transmittor might be underestimated. Second, it is
questionable whether a VAR model is the appropriate fit for return data in the first
place. For the VDs obtained from the model to accurately capture the fraction of
forecast variation caused by shocks from other countries, the initial model is
assumed to fully explain all of the variation in returns. In reality however, the R? of
the individual equations in the VAR estimation system are low. Table 10 shows the
explanatory power of the other countries’ lagged returns ranges between only
0.36% for the U.S. and 4.59% for the Philippines. This is further evidence that the
actual spillovers between the countries might be stronger than estimated from the
system. It also leads to instability of the VAR coefficients which explains the
heightened sensibility of our model to the rolling window length.

Table 10: Pseudo r-squared of VAR equations

Adj. R? Adj. R? Adj. R?
Brazil 2.51% Korea 4.24% Philippines 4.59%
Chile 3.35% Malaysia 3.42% Thailand 3.71%
Colombia 3.98% Mexico 2.07% Turkey 2.97%
India 4.53% Peru 3.73% USA 0.36%
Indonesia 4.52%

Note: Pseudo r-squared are the r-squared of each individual return series when regressed
on the first and second lag of all 13 country returns series in the sample.
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The robustness of our spillover results could be improved by including a measure
which is not dependent on a normality assumption. Eiling and Gerard (2015) use a
measure based on dispersion and short-term correlations to explore emerging
market co-movements. Given the limited scope of this thesis, such an additional

analysis could not be included and remains a task for future research.

Lastly, the importance of financial integration for spillovers should also be
evaluated with caution. When measuring financial integration, we use MSCI
indices to capture the local market capitalization of our sample countries. MSCI
follow the same methodology for all countries, which ensures consistency among
our sample. The downside is that due to the selection criteria applied, such as
investability and free-float, the MSCI indices cover only about 85% of the local
equity universe. Therefore, we underestimate the local market capitalization,

leading to a larger-than-actual financial integration.

8. Extension: U.S. Monetary policy spillovers

Existing studies on international spillovers are mainly concerned about
documenting the existence and strength of market co-movements to inform
investors about diversification benefits of investing abroad. They do, however,
mostly refrain from hypothesizing about concrete risk factors triggering those
transmission effects. This question has been investigated by a different area of
economic research, covering the discussion about the role of U.S. monetary policy
in determining global asset prices®.

By extending the scope of our analysis to spillovers of U.S. monetary policy
surprises to emerging countries we aim to bridge the two areas by investigating
whether monetary policy spillovers exist and whether the existence and strength of
general connectedness reported in our main analysis is reflected in the transmission
of monetary policy specifically. This is relevant for investors to not only gain

enhanced knowledge about diversification benefits, but also about whether

5> See i.e. Thorbecke (1997), Bernanke and Kuttner (2005), Ehrmann and Fratzscher (2009),
Chortareas and Noikokyris (2017). A more detailed discussion is provided in Section 3.
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monetary policy constitutes a risk factor in their portfolio. Both can lead to more

accurate value forecasts and therefore to better informed investment decisions.
Based on the literature review provided in Section 3 we expect the following:

H5. U.S. monetary policy surprises significantly impact domestic and foreign
equity returns.

Hy: 1,62 =0

Hy: 1,52, #0

H6. Countries with higher pairwise directional connectedness with the U.S. show a

higher sensibility to U.S. monetary policy shocks.

8.1 Methodology

We apply an event-study approach to measure the impact of U.S. monetary policy
surprises of FOMC announcements on emerging equity markets. According to
Gurkaynak, Sack and Swanson (2005), monetary policy surprises consist of two
dimensions, the target surprise (TS) and path surprise (PS). We adopt the regression
set-up of Hausman and Wongswan (2011) to measure the effects on a one-day
window around FOMC announcements,
Rit=a+ By *TS; + B, *PS + &t

The dependent variable R; , is the equity index return of country i on day t, TS is
the target surprise, PS is the path surprise and € is a residual term for country i on

day t.

The target surprise is the difference between the actual target rate and expectations,
which are derived from the FED funds futures prices (Kuttner, 2001). The FED
funds futures prices are adjusted for the time average effect because they are settled
on an average basis. We use next month unadjusted FED funds futures if the FOMC
announcements take place in the last 7 days of the month. Target surprises are
calculated on a 30-min window around FOMC announcements (Hausman &
Wongswan, 2011),

D
TS: = D—_d * (ffea20 — fft=10)

The path surprise (PS) is defined as the surprise change related to the expected

future path. It is extracted by running the following regression:
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Aedt_lo‘t+20 = ao + a1 TSt + PSt
where Aed,_1¢ ¢+20 represents the change in 1-year-ahead Eurodollar interest rate

futures, calculated on a 30 minutes time window. The path surprise is the error term

of the regression (Hausman & Wongswan, 2011).

8.2 Data

For this part of the analysis, the initial sample period was restricted to 1994 - 2007
and includes monetary policy surprises from eight scheduled FOMC meetings per
year®. Before 1994, there was no explicit press release of the FOMC on decisions
about the interest rate target. Instead, the type and size of the open market operation
on the following day conveyed information about U.S. target rate changes.
Therefore, one would have to identify the first open market operation after the
FOMC meeting to determine the exact timing of announcements.

In line with Hausman and Wongswan (2011) and Chortareas and Noikokyris
(2017), we constrain our analysis to the period before the global financial crisis.
Not only were equity returns heavily influenced by the market turmoil during the
crisis. In 2008, the FOMC also hit the zero lower bound on the federal funds rate in
an effort to stimulate the economy after the financial crisis and began implementing
unconventional policy instruments. Swanson (2017) argues that for that reason
post-crisis U.S. monetary policy shocks should be measured in particular by
unexpected changes in ‘large-scale asset purchases’ and the FED’s ‘forward

guidance’ since monetary surprises are essentially zero.

We calculate daily returns for all MSCI indices specified in the main analysis in
local currency. Since scheduled FOMC announcements usually take place at
2.15pm EST, when Asian stock markets are closed, returns are measured between
closing quotes to capture the effect of the policy shock, as suggested by Ehrmann
and Fratzscher (2009). Accordingly, for countries where stock markets have been
open at the time of the policy announcement, the effect of the policy shock is more

accurately isolated when measuring returns from market opening to closing.

® We kindly thank Refet S. Giirkaynak for providing the monetary policy surprise dataset used by
Swanson (2017).
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However, due to data availability, no such measurement adjustment could be

made’.

We make several adjustments to the return series to clean outlier events, as
suggested by Hausman and Wongswan (2011). The announcement on September
17", 2001 was excluded from the sample since it was an emergency rate cut decided
in a joint effort of the FED, financial markets and other central banks in response
to the terrorist attacks on September 11". Additionally, we exclude three
observations which coincide with major domestic macro-economic news. For
example, the 12" November 1997 was excluded for Brazil, because on that day the

Brazilian stock market fell by 10.8% as consequence of the Asian crisis.®

8.3 Results

Table 11 reports the responses of U.S. and foreign equity returns to FOMC
announcements. The results show that emerging countries react differently to
monetary policy surprises. The sample equity markets are more sensible to the
target surprise than the path surprise. For the five countries U.S., Brazil, Mexico,
India and Korea, the target component is highly siginificant, whereas only three
countries react significantly to the path surprise. This is consistent with the findings
of Wongswan (2009) and Hausman and Wongswan (2011) who report that equities
react mostly to the target component of monetary surprises. Hausman and
Wongswan (2011) also found that higher reaction to path surprise can be observed
mainly in Asian Pacific countries. However, in our sample, the countries reacting
to the path surprise are Chile, Brazil and Turkey. The coefficients are significant at

10% level for Chile, respectively 1% for the other two markets.

Consistent with Hausman and Wongswan (2011), we find that closed economy
countries, like Peru or Malaysia, either do not react or react less to FOMC
announcements. Further, U.S. monetary policy surprises have a similar impact on
the MSCI Mexico index than on the MSCI USA index. This shows that the Mexican
equity market is strongly linked to the U.S.. On average, the MSCI Mexico index
decreased by 1.84% in response to a 0.25% surprise increase of the U.S. target rate.

" MSCI does not provide opening quotes for their emerging market indices.

8 The two other observations excluded are: 1) Mexico, 1% February 1995: the announcement of a
loan package from the U.S. caused the Mexican peso to strengthen by 6.7% against the dollar.

2) Thailand, 2th July 1997: The Bank of Thailand decided to switch to a floating currency regime,
leading to a rise 8.3% rise of the Thai stock market.
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The U.S. equity index decreased by 1.9% in response to an 0.25% surprise monetary
tightening. Brazil and Korea are also highly sensitive to the target component. The
reason for Korea’s high sensitivity may be the high concentration of technology
companies, which are more sensitive to FOMC announcements (Ehrmann and
Fratzscher (2009), Hausman and Wongswan (2011)). The stock markets of Chile
and Turkey are not significantly affected by changes in the target component but
react greatly to the path surprise, which indicates that the FED forward guidance is
more relevant to the market participants in these countries. Lastly, U.S. monetary
policy explains poorly the variation equity returns in Colombia, Indonesia,
Malaysia and Philippines. The adjusted R? for these equity markets are negative
and indicate the insignificance of the explanatory variables.

Table 11: Event study on U.S. monetary policy surprises to EM equity
markets

The table shows the individual regression results of U.S. monetary policy surprises. The
dependent variable is the MSCI equity index return of country i on FOMC announcement
days. The target surprise is the difference between the actual target rate and expectations
incorporated in future rates. The path surprise represents the forward guidance on the
future path of rates of the FED announcement. *** indicates significance at 1%, **
significance at 5%, * significance at 10%. The coefficients were estimated with HAC
standard errors. The standard errors for the coefficients are in parentheses.

Target Path

Surprise Surprise Adj. R®

United States -0.076***  (0.017) -0.068 (0.044) 0.32
Panel A: Latin America

Brazil -0.062**  (0.027) -0.101* (0.059) 0.11
Chile -0.008 (0.011) -0.118***  (0.031) 0.19
Colombia 0.001 (0.014) -0.002 (0.030) -0.02
Mexico -0.074***  (0.025) -0.113 (0.074) 0.19
Peru -0.010 (0.017) -0.071 (0.064) 0.02
Panel B: Asia

India -0.040**  (0.019) 0.027 (0.030) 0.06
Indonesia 0.025 (0.020) -0.021 (0.044) -0.001
Korea -0.054**  (0.024) -0.049 (0.053) 0.04
Malaysia 0.006 (0.014) 0.035 (0.038) -0.005
Philippines 0.010 (0.016) -0.009 (0.035) -0.01
Thailand -0.030 (0.020) -0.070 (0.045) 0.02
Turkey 0.014 (0.031) -0.112* (0.063) 0.02

To allow comparisons of the relative strength of target and path surprise for each

country, we present the standardized coefficients of each explanatory variable in
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Table 12. The coefficients are interpreted as changes in standard deviation of the
dependent variable with a change in one standard deviation of an explanatory
variable. For example, a one standard deviation increase in the target surprise results
in a 0.288 standard deviation decrease for Brazilian equity returns. Standardized

coefficients are calculated the following way:

.Bstandardized = ,Bunstandardized * Z_;-
When not standardized, the path surprise coefficient for Brazil is higher than the
target surprise coefficient. However, in relative terms, target surprise has a higher

impact on MSCI Brazil returns.

In general, the presented standardized coefficients are only informative for one
country and cannot be compared among regression equations. However, in our case,
the explanatory variables (path and target surprise) are the same for each regression.
Hence, the standard deviation o, is identical for all countries. This enables us to
compare coefficients among those regressions where the unstandardized coefficient
Bunstandardizea 1S @pproximately equal. For example, Mexico and the United States
have almost the same unstandardized coefficient for target surprise (-0.076 and -
0.074). In terms of relative strength, the target surprise impacts U.S. equity returns
more than Mexican ones. Furthermore, the unstandardized path surprise
coefficients for Chile and Turkey are quite similar. Despite that, we notice that the
Chilean stock market reacts relatively stronger to changes in the path surprise than
Turkey. This is consistent with the connectedness table in Section 7.2, where the

connectedness between the U.S. and Chile is stronger than the one for Turkey.

Table 12: Standardized event study coefficients

The table below shows both original and standardized coefficients of the regression on U.S.
monetary policy surprises performed in Table 11. Standardized coefficients are calculated

aS Bstandardized = Bunstandardized * % The underlined coefficients are at least significant
y

at a 10% level.

Target Surprise Path Surprise
Unstandardized Standardized Unstandardized Standardized

United States -0.076 -0.536 -0.068 -0.217
Panel A: Latin America

Brazil -0.062 -0.288 -0.101 -0.214
Chile -0.008 -0.068 -0.118 -0.443
Colombia 0.001 0.001 -0.002 -0.005
Mexico -0.074 -0.371 -0.113 -0.259
Peru -0.010 -0.058 -0.071 -0.180
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Panel B: Asia

India -0.040 -0.271 0.027 0.085
Indonesia 0.025 0.124 -0.021 -0.047
Korea -0.054 -0.211 -0.049 -0.085
Malaysia 0.006 0.043 0.035 0.106
Philippines 0.010 0.062 -0.009 -0.023
Thailand -0.030 -0.141 -0.070 -0.147
Turkey 0.014 0.032 -0.112 -0.169

The results of the event study broadly support the general findings of the
connectedness table in the main analysis. The U.S. equity market reacts strongly to
the target surprise with an unstandardized response of -0.076. Thus, monetary
policy does qualify as one ‘type’ of domestic equity shock hitting the U.S. stock
market and propagating from there to emerging markets. Furthermore, both
analyses arrive at similar conclusions for some countries. The connectedness table
in Section 7.2 documents strong connectedness between Mexico and the U.S.. The
event study on equity responses to FOMC announcements confirms this. The
Mexican stock market is the highest receiver of U.S. shocks, besides the U.S. itself,
in both analysis parts. A similar conclusion can be drawn for Brazil. According to
the connectedness table, Brazil is the highest receiver of U.S. shocks after Mexico,
which is corroborated by a strong reaction to both components of U.S. monetary
policy surprises. The Chilean market is the third-largest receiver of U.S. shocks in
general and is impacted significantly by the path surprise component. In the case of
Peru, the sensitivity to U.S. shocks found in the spillover analysis is not reflected
by a significant reaction of Peru equities to U.S. monetary policy. This suggests that

there might be other causes for spillovers than U.S. monetary policy.

The results of the connectedness table are not directly confirmed by the event study
for Malaysia, Thailand and the Philippines. The countries have a directional
connectedness with the U.S. between 3.8% and 5.4% but show no significant
sensitivity towards U.S. monetary policy surprises. Again, it might be that U.S.
news unrelated to U.S. monetary policy are more relevant to cause domestic market

variations.

8.4 Limitations

First, due to data availability, returns were measured from market closing on FOMC

announcement day to closing on the following day for all countries in our sample.
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The responses of countries with overlapping trading hours with the U.S. might
therefore not fully be captured and distorted by other factors influencing equity

prices on the day after the announcement.

Second, other news, both domestic and global, might influence the estimation of
market reactions to U.S. monetary policy announcements. This problem can be
mitigated by using high-frequency data, which were unavailable for our analysis.
Compared to the results of Wongswan (2009), Ehrmann and Fratzscher (2009) and
Chortareas and Noikokyris (2017), all of whome based their studies on high-
frequency data, our results therefore show less pronounced evidence of equity

shock transmission.

9. Conclusion

This thesis examines return spillovers between the 12 emerging markets Brazil,
Chile, Colombia, India, Indonesia, Korea, Malaysia, Mexico, Peru, Philippines,
Thailand, Turkey and the U.S. between 1994 to 2017 adopting the approach of
Diebold and Yilmaz (2012) to use variance decompositions obtained from a VAR
model. We found spillovers within our sample in varying strength, with two
regional connectedness clusters, one amongst Latin American countries one and
amongst Asian markets. Further, our results confirm the finding of previous
research that times of crisis lead to higher total spillovers or ‘contagion’ between
the countries. Most countries are net receivers of equity shocks, with exception of
the U.S., Mexico and Brazil. The U.S. and Mexico play the largest role in
transmitting directional shocks to other markets in our sample. Countries are more
sensible towards variations of the U.S. equity market the more financially integrated
they are and the higher their trade ratio with the U.S., whereas there is evidence that
global trade integration is not relevant. This indicates that investors’ asset holdings
are a dominant channel of transmitting shocks across countries, consistent with the
research that has been conducted on the portfolio channel as transmission channel
of equity spillovers. U.S. monetary policy surprises constitute relevant shocks only
for part of the sample countries. We found significant transmission to Chile, Brazil,
India, Korea, Mexico, Turkey and the U.S.. As expected, the countries reacting
strongest to FOMC announcements are the ones having the highest directional

connectedness with the U.S..
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Our results suggest that emerging markets are sensitive to U.S. shocks and thus
provide only limited diversification benefits for investors. Further, the monetary
policy stance of the U.S. can constitute a relevant risk factor for policy makers and
investors being invested in Chile, Brazil, India, Korea, Mexico, Turkey and the
u.S..

For future research, it might be interesting to disentangle the effect of different crisis
periods on return spillovers between countries more granularly in the framework of
a Markov Regime Switching VAR. In addition, it is yet to answer how the current
trend towards increased protectionism of some large economies influence the future

co-movements between markets.
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10.Appendix

Abbreviations

ADF
CPIS
DCF
EM
FED
FEVD
FOMC
GARCH
GVD
IMF
PS

TS
VAR

Augmented Dicky Fuller

Coordinated Portfolio Investment Survey
Discounted Cashflow

Emerging Markets

Federal Reserve (U.S. central bank)
Forecast Error Variance Decomposition
Federal Open Market Committee
General Autoregressive Conditionally Heteroskedastic
Generalized Variance Decomposition
International Monetary Fund

Path surprise

Target surprise

Vector Autoregressive
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Appendix 1: Kernel densities of MSCI returns
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Connectedness table with bootstrapped standard errors
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Forecast Horizon 6 Steps

Appendix 3: Spillover index, robustness to lag and forecast horizon selection
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