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Abstract

| It is generally accepted'that stock market prices tend to move together. However,
very little is known about what factors influence the underlying co-movements be-
tween two stock markets. This thesis contributes to the literature by presenting a
number of studies exploring different sources of stock market dynamic spillovers.

The first part of the thesis presents a theoretical framework to link stock market
integration with economic activity. Chapter 2 introduces international equity trad-
ing in a stochastic general equilibrium model. We explore the role of international
portfolio diversification on transmission of shocks as well as the role of supply shocks
in generating international stock returns co-movements.

The second part of the thesis empirically investigates stock price co-movements
using high frequency data sets. Chapter 3 analyses stock price spillovers between
the London and New York equity markets. With multivariate GARCH models for
intra-day data, we test the “global factors hypothesis” to assess whether equity
market linkages are attributable to reactions of traders to information originating
from foreign stock price movements.

Chapter 4 explores the role of macroeconomic news as a source of international
stock market co-movements using one minute frequency data. We use an unre-
stricted Vector Autoregressive model with the DAX, the Eurostoxx 50 and the FTSE
100 futures’ returns to examine the short-term dynamic spillovers between these
markets. In addition, the second part of the chapter analyses how macroeconomic
releases affect the cross-country stock prices interactions.

Chapter 5 describes a study of non-linear dynamics in stock market co-movements.
Arbitrage activity motivates the introduction of a discrete regime-switching specifi-
cation to model the dynamic relationship between the FTSE 100 cash and futures
indices. In our model, arbitrageurs only enter the market if deviations from the
theoretical non-arbitrage relationship level are sufficiently large to compensate for

the transaction costs.
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Chapter 1

Introduction

Do stock prices respond to fluctuations in other equity markets? If so, why do
stock prices co-move? It is generally accepted that stock market prices tend to
move together across national borders. However, very little is known about what
factors influence the underlying co-movements between stock prices. Unfortunately,
finance theory does not unequivocally offer any clear explanation of the nature of
movements in stock prices in response to fluctuations of other equity markets. The
explanation lies somewhere between real and financial linkages of economies and
“inQestor psychology”.

The aim of this thesis is to explore different sources of stock market dynamic
spillovers. In addition, we analyse how these sources may cause asymmetries in the
dynamic relationship between stock prices.

The thesis is divided into two parts. The first part comprises Chapter 2 and
presents a theoretical framework to link stock market integration with economic
activity. Specifically, we develop a New Open Economy Model that introduces
international equity trading and describes the role of international portfolio diversi-
fication on the transmission of supply shocks. This chapter contributes to a starting
branch of theoretical literature of dynamic stochastic general equilibrium models
trying to analyse the effects of imperfect financial integration on the international

transmission of shocks.
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The second part of the thesis comprises chapters 3, 4 and 5 and empirically
investigates stock price co-movements using high frequency datasets. The increasing
availability of high-frequency datasets provides an enormous potential to investigate
short-term stock market interactions and to address new questions on sources of
stock market co-movements.

Chapter 3 explores the transmission of stock market movements between the
London Stock Exchange and the New York Stock Exchange. With a multivariate
GARCH model, we test “the global factor hypothesis” to assess whether stock re-
turns’ linkages are attributable to information with a global character originated
during the trading hours of the foreign market. Chapter 4 examines the role of
macroeconomic news as a possible source of international stock market interactions
between the FTSE, the Eurostoxx 50 and the DAX indices using high-frequency
data, minute-by-minute stock returns. Chapter 5 focuses on dynamic spillovers be-
tween theoretically related markets, in particular, the cash and futures indices. This
chapter describes a study of non-linear dynamics in stock price co-movements. Arbi-
trage activity motivates the introduction of a discrete regime-switching specification
to model the dynamic relationship between the FTSE 100 cash and futures indices.

A better understanding of the factors underpinning stock market interactions
has potential important implications for investors as well as for policy makers and
academics. For investors, the design of a well-diversified portfolio depends on a
correct understanding of how closely and why international stock market returns
are correlated. Policy makers are interested in equity market linkages because of
their implications for the stability of the global financial system. For example,
monetary policy is affected by international stock market developments, due to the

international propagation of shocks via equity markets and the wealth channel.
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PART I. THEORETICAL MODEL

Chapter 2. Stock Market Integration and Economic Activity

In this chapter, we explore the theoretical links between stock market spillovers and
economic activity. We focus both on the impact of international supply shocks on
stock market interactions and on the role of stock markets as an extra channel of
international transmission of shocks.

To this end, we use a New Open Economy Model with optimising agents char-
acterized by nominal rigidities and imperfect competition based upon the Obstfeld-
Rogoff (1995) framework. An important change to the model is the introduction
of stock market variables. The international diversification of portfolios is explic-
itly modelled by the introduction of foreign equities; domestic investors can gain
exposure to international supply shocks by buying foreign shares. Furthermore, the -
process of increasing stock market integration is modeled by reducing the adjust-
ment costs of international transactions. In our model, dividends and companies’
profits act as an extra channel of international transmission of shocks. Intuitively, as
domestic investors own foreign shares, they receive dividends and profits generated
by foreign firms, directly affecting their wealth exposure to foreign supply shocks
and, consequently, their optimal decisions.

After the benchmark scenario with transaction costs is presented, the chapter
investigates how the degree of stock market integration, which is modelled by the
cost of investment in foreign shares, affects international transmission of shocks.
We also investigate whether the level of initial foreign assets and asymmetries in
holdings of foreign shares in the initial equilibrium affect the dynamic pattern of
international transmission of shocks.

This chapter has three main contributions. First, we explore the role of stock
markets as an extra channel of international transmission mechanism via the prof-
its/dividends channel within a New Open Economy Framework. The endogenous

inclusion of foreign shares and the dividend channel have not been explicitly mod-
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elled within the New Open Economy literature. Second, we explore whether the
model can generate the stock market cross-correlations observed in empirical data
by introducing supply shocks in our framework. Third, we pay special attention to
how transaction costs and asymmetries in the composition of the country specific

portfolios affect cross-country stock price correlations.

PART II. EMPIRICAL STUDIES

Since the stock market crash of October 1987 there has been substantial interest in
research on why stock returns and volatility are propagated across world markets.
Possible explanations are real, financial and informational links between markets:
news revealed in one country is perceived as informative to fundamentals of stock
prices in another country. An international asset pricing model (e.g. Adler and
Dumas (1983) and Solnik (1974)) can incorporate correlations between stock returns
in different countries. Another possible explanation is market contagion: stock
prices in one country are affected by changes in another country beyond what is
conceivable by connections through economic fundamentals. According to this view,
overreaction, speculation, and/or noise trading are transmitted across borders. The
principal objective of this part of the thesis is to investigate possible sources of stock

returns interactions.

Chapter 3. Intra-day Spillovers between the FTSE 100 and

the Dow Jones Industrial Average Returns

Does Wall Street lead the FTSE 100 Index returns? If so, why? This chapter empir-
ically investigates the intraday transmission of stock prices and volatility between
the FTSE 100 index and the Dow Jones Industrial Average index returns.

Given the increasing international economic integration and the deregulation
and globalisation of financial markets, corporate and economic news released in one

country may not reveal information only about that particular country, but may
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contain "global factors” affecting the world economy and thus, the world equity
markets. This chapter tests the hypothesis that international stock market spillovers
are due to the fact that domestic traders learn from stock prices movements observed
in foreign exchanges. This hypothesis is called ”global factor hypothesis”.

As the London and New York Stock Exchanges share only two trading hours per
day (out of seven in New York and nine in London), we specify four different time
regimes based on intra-day time spans. Namely, we differentiate time spans depend-
ing on whether both stock exchanges are open for trading, both stock exchanges are
closed or only one of the exchanges is open while the other is closed. If markets are
efficient, the stock returns dynamic interactions should be different depending on
which regime we estimate.

The econometric specification uses an aggregate shock model to model investors’
learning behaviour. A different multivariate GARCH model for each regime is spec-
ified to analyse how domestic investors process information contained in foreign
stock price movements. This decomposition if intra-day price changes is crucial in
our analysis to test how information is transmitted from one market to the other.

The contribution of this chapter lays in the use of intra-day stock prices to model
investors’ learning behaviour. This overcomes a shortcoming of previous studies. In
previous studies based on daily stock returns, it is commonly stated that the FTSE
returns respond to the New York stock price movements. Given the later close of
the U.S. market, news released in the evening (London time) is first incorporated
into New York stock prices. As a consequence, it is statistically observed that New
York returns lead FTSE returns but not vice versa. In this chapter we avoid this
problem in a novel way: we specify four different time regimes based on intra-day
time spans. Namely, we differentiate time spans depending on whether both stock
exchanges are open for trading, both stock exchanges are closed or only one of the
exchanges is open while the other is closed. A different multivariate GARCH model
in each regime is specified to identify how intra-day stock price movements in the

FTSE and Dow Jones influence each other. We can assess whether the findings of
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previous studies are mainly due to the fact that daily data is used.

The decomposition if intra-day price changes is crucial in our analysis to test how
information is transmitted from one market to the other. If markets are efficient, the
stock returns dynamic interactions should be different depending on which regime

we estimate.

Chapter 4. Stock Market Interactions and Macroeconomic

News: An Exercise with High Frequency Data

This chapter explores the role of macroeconomic news in explaining international
stock market co-movements. As far as we know, it is the first empirical attempt
to characterise price interactions in three important European futures markets, the
German (DAX), the Pan-European (Eurostoxx 50) and the British (FTSE 100)
indices using high frequency data, in particular, minute-by-minute observations.

The main question addressed is:

o Question one: What are the dynamic spillovers between the futures returns
on the DAX, the DJ Eurostoxx 50 and the FTSE 100 indices?

We extend our analysis by examining if economic news is a possible source of in-
ternational stock return co-movements. In particular, we test whether stock market
interdependencies are attributable to the reactions of foreign traders to public eco-
nomic information. To the extent that there are common factors in business cycles,
macroeconomic news in one country may reveal information about future cash flows
or discount rates in many countries, not just in the home country. This suggests that
one source of market return co-movements may be macroeconomic announcements.
Connolly and Wang (2003) and McQueen and Roley (1993) present evidence to test
this “public information hypothesis”. In order to evaluate this view, we address two
further questions:

° Question two: How do the stock indices react to economic information

emanating from Germany, the Euro-Zone and U.K.?
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° Question three: Do cross-market linkages remain the same or do they in-
crease around periods in which economic news is released in any one of the countries?

The econometric framework uses an unrestricted Vector Autoregressive approach
for the futures returns of the three indices. The unexpected part of the macroeco-
nomic releases is included to account for the effects news on stock market spillovers.

Our contribution to the literature has several facets. First, the data used in
this research consists on minute-by-minute futures prices for the FTSE 100, the
DAX and the DJ Eurostoxx 50 indices. The richness of the dataset allows us to
investigate several empirical facts between the European futures markets. This is
the first empirical research that explores the short term return spillovers including
the Eurostoxx and the DAX indices. Second, regarding the role of economic news
in explaining stock returns co-movements, relative little research has measured the
impact of economic news from one country on stock markets in another nation. We
analyse the reaction of index futures’ returns in the U.K., Germany and Euro-Zone

to economic announcements released in each country.

Chapter 5. Non-linear Dynamics between the FTSE 100
Cash and Futures Indices

Chapter 5 focuses on the dynamic interaction between theoretically related mar-
kets, namely the index future and index value markets. Index arbitrage activity
and transaction costs motivate the use of regime-switching models to shape the
short-term relationship between cash and futures indices. This chapter explores the
existence of intraday non-linearities in the FTSE 100 cash and futures markets dur-
ing the month of July 2001. We test whether the intertemporal relations between
these markets are different depending on whether arbitrage is possible or not. |
From an econometric perspective, transaction costs and arbitrage activity in the
cost of carry model motivates the use of non-linear specifications to model the lead-

lag relationship between a stock index and its futures markets. The chapter contains
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an analysis of the mean-reversion of the basis, i.e., the difference between the futures
price and the index value. Our framework assumes that arbitrageurs only enter the
market if the deviation from the non-arbitrage value is large enough to offset the
transaction costs. To model the mean reversion of the mispricing error, we suggest
that the basis in the cost of carry model follows a non-linear Self Exciting Threshold
Autoregressive model. If this is the case, endogenous regimes are specified within
the model and the mean reversion to the cost of carry will only occur when its
magnitude is large.

Non-linearities in the dynarhic behaviour of the basis imply non-linearities in
the index and the futures interactions. Given that both prices are cointegrated,
we suggest a Threshold Error Correction Specification to characterise the dynamic
relation between the FTSE 100 futures and spot returns. The model allows for
non-linear adjustment processes of the returns towards their long-term equilibrium.

This chapter has two main contributions. First, this is the first study that
presents a discrete regime-switching model to analyse the index arbitrage in the
FTSE 100 markets after the introduction of electronic trading systems. Our analysis
permits us to test whether the introduction of the electronic trading systems in the
London Stock Exchange in 1997 and in the London International Financial Futures
and Options Exchange in 1999 has eliminated the non-linear dynamic relationship
between the cash and futures prices. Second, from an econometric perspective,
this study generalises previous models as we use an integrated approach suggested
by Tsay (1998) in which the threshold values that define the different regimes are

endogenously determined within the model.
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Chapter 2

Stock Market Integration and

Economic Activity

2.1 Introduction

Financial markets may play a role in shaping the patterns of international trans-
mission of shocks across countries. This aspect is stressed, for example, in the IMF
World Economic Outlook (2001): ’Several observations hint at the role that struc-
tural factors and policy regimes play in determining the strength of the international
business cycle linkages... Co-movements in output gaps in United States, Canada and
United Kingdom remained positive during the entire 1990’s... The close affiliation in
business cycle of the United Kingdom with that of the United States, despite much
more important trade links with Euro area countries may have been the result of
strong financial market linkages’; IMF (2001), chapter 2. At the same time, asset
volatility shocks appear now to move rapidly across international boundaries. This
may have been possible due to the decline in number of barriers with regards to
international capital movements and reductions in transaction costs when investing
in international portfolios.

The aim of this chapter is to establish a theoretical link between stock market

integration and the international transmission of shocks across countries. To accom-

18
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plish this, we explicitly introduce stock market behaviour in an New Open Economy
framework with optimising agents characterised by nominal rigidities and imperfect
competition.! Agents can hold wealth in the form of bond, domestic and foreign
shares, which are used to model international stock exchanges. The model does not
have an analytical solution. Thus, it is calibrated and simulations of the impulse
response functions and quantitative statistics are presented for different scenarios.

The model in this research builds upon three parts. First, we focus on interna-
tional transmission of shocks. In particular, we stress the role of supply shocks in
analysing the sources of international stock market co-movements. In other words,
we investigate to what extent domestic stock prices respond to international pro-
ductivity shocks. Section 2.4 in this chapter presents the results of the benchmark
model. Second, we explicitly introduce concave adjustment costs when investing in
foreign shares to account for the fact that in reality stock exchanges are not per-
fectly integrated at an international level. Section 2.5 in the chapter illustrates the
analysis of how various degrees of stock market integration affect international dy-
namic spillovers. Finally, once the dynamics of the simple version of the imperfect
integrated stock markets model are understood, a more general case with asym-
metric holdings of foreign shares in the initial equilibrium is presented. Section 2.6
is devoted to discussing as to whether the level of initial foreign assets affects the
dynamic patterns of international transmission of shocks.

Two major contributions are forthcoming in this chapter. First, at a theoretical
level, recent developments of dynamic general equilibrium models have been success-
ful in explaining some of the variability and comovements of aggregate variables such
as output, consumption, investment or exchange rates.? However, little attention

has been paid to their implications for asset returns and stock market behaviour.

1The aim of the New Open Economy Models is to establish a new generation of open macro-
economic models that rely upon stochastic general equilibrium frameworks with well-specified

microfundations. Obstfeld-Rogoff (1995) Redux model is the pionneering work in this field.
2See, for instance, Lane (2001) and Sarno (2001) for survey of the literature on New Open

Economy Models. See also Section 2.2 in this chapter.
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This chapter marks the first attempt at explicitly including shares and stock market
integration in a New Open Economy Model. Second, our model explores the role
of profits and dividends as a channel of international transmission of shocks and to
what extent they help to explain cross-country stock returns co-movements.

What nowadays makes this profit and dividends channel more interesting and
relevant is the rapid growth of foreign assets and liabilities relative to GDP observed
in recent decades in advanced countries. Lane and Milesi-Ferretti (2003) document
that this ratio has increased 250 percent from 0.8% to 2.3% over the period 1983-
2001. Maybe even more relevant for this chapter, in 2003 holdings of international
shares accounted for 52% of European equity portfolios and 31% of UK equity
portfolios, meanwhile they accounted for less than 10% of the portfolio in 1983.2 In
practice, Tille, Stoffels and Gorbachev (2001) estimate that this valuation channel
may account fro up to 12% of the international transmission of shocks.

The rest of the chapter is organised as follows. The next section reviews the
related literature. Section 2.3 presents the theoretical model that emphasises the
introduction of transaction costs in the international stock markets. Section 2.4
displays the simulation results. In section 2.5 the implications of various degrees of
stock market integration are studied. Section 2.6 analyses a more general case, in
which the initial holdings of foreign shares are different from zero and asymmetric
across countries. Finally, Section 2.7 serves as a conclusion for the results of this

chapter.

2.2 Related Literature

The theoretical model in this chapter is built upon the Redux framework of Obstfeld
and Rogoff (1995), which is the pioneer model in the " New Open Economy Models”
(NOEM). Their analysis led to a novel perspective on the international spillovers

and welfare effects due to monetary and fiscal policies.

3Source: Deutsche Bank Asset Management.
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Lane (2001) and Sarno (2001) provide broad surveys of the studies on the NOEM
literature. Among the variants and generalisation of the redux model, some of the
issues that are at the core of current research on this literature are: the source of
nominal rigidities and the currency denomination of sticky prices, market segmen-
tation and pricing to market, the analysis of fiscal policy in an open economy and
the analysis of a framework with an incomplete asset market structure. For the
purposes of this chapter, we are more interested in the later group of papers. The
departure of complete markets assumptions stresses the role of the current account
as a dynamic propagation mechanism. Most of these papers analyse monetary policy
in open economies in a model of incomplete markets, where households in both the
home and foreign country can trade internationally in oﬁly a risk-free bond.? The
model used here is similar to theirs in the sense that it also includes an incomplete
asset market structure and therefore, some of the predictions of our research should
be compatible with their results. However, there is one crucial distinction between
both analysis. While they focus on the role of monetary policy and welfare analysis
under incomplete markets, the goal of our research is to introduce stock exchanges
that are not perfectly integrated at an international level in order to analyse the
relationship between stock exchanges and macroeconomic activity.

In a literature survey on the key elements of open economies models, Lane and
Ganelli (2002) discuss the role of the current account and net foreign assets in the
adjustment process. They point out that among the key issues to be addressed by
future research in this area ’it would be desirable to allow for international trade in
equities in addition to trade in bonds’. From a theoretical point of view, this is the
éontribution of this paper to this growing literature, namely to incorporate stock
exchange elements in a NOEM model.

Martin and Rey (2000) examine financial market integration within a theoretical

framework. They focus on the impact of financial integration on the cost of capital

“Related works in the literature are: Benigno G. (1999), Benigno P. (2002), Gali and Monacelli
(2001), Devereux and Engel (2000), Kollmann (2001), Obstfeld and Rogoff (2001) and Tille (2000).
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within a model in which the number of financial markets is endogenous, assets are
imperfect substitutes and cross-border asset trade entails some costs of transporting
assets across national borders. They introduce iceberg costs on asset markets, which
create a risk premium for foreign securities.® The introduction of iceberg costs in
our model would act as lump sum taxes on the stock exchanges transactions. They
would not induce additional dynamics in the model when shocks are introduced.

Trading frictions in a dynamic general equilibrium model are also introduced by
Sutherland (1996), who assumes that only bond trade is possible, but the purchase
of foreign bonds involves convex adjustment costs. The impact of the trading fric-
tions is to allow the domestic interest rate to deviate from the foreign interest rate.
He primarily focuses on the impact of financial market integration on exchange rate
dynamics. He finds that imperfect financial integration leads to lower volatility in
exchange rate and consumption, but to larger volatility in output and interest rates.
There are, however, two major criticisms of his framework. First, he postulates a
cost function that is convex in the level of funds transferred to the foreign bond
market for each period. Intuitively, convex adjustment costs in international finan-
cial markets are difficult to justify; broker’s fees, resources and time spent collecting
information about foreign markets, etc. are essentially concave costs. Second, in
Sutherland’s (1996) framework, permanent changes in the net foreign asset position
provide technical problems in the simulations since solution techniques typically rely
on the existence of a stationary steady state: a unit root in the net foreign asset
position is obviously inconsistent with model stationarity. Typically, a stochastic
general equilibrium setting, in which the equilibrium rate of consumption growth is
independent of the economy’s net foreign assets, yields indeterminacy in the value
of net foreign assets in steady state, which in turn, introduces non-stationarity.

We overcome these two problems by introducing a cost function that depends on

the total holdings of foreign equities and that induces a stock return premium that

SIceberg costs T are transaction costs whereby part of the dividend melts during the transit.

The foreign purchaser gets a fraction 1 — 7 of the total dividend.
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is equity-elastic. First, as is described in Section 2.3, this function will be concave
and thus is empirically justifiable. Second, this functional form will be useful in
securing a unique, well defined steady state for consumption and assets, ensuring
stationarity in our model.

Authors like Benigno (2002) and Kollmann (2002) provide examples of employing
a debt-elastic interest rate premium to ensure stationarity in their models. Schmitt-
Grohe and Uribe (2003) consider several alternatives in a small open economy model
to induce stationarity.® Alternatively, Ghironi (2002) achieves stationarity by impos-
ing an overlapping generations structure. The main difference between our research
and these papers is that whereas they specify a cost function such that the interest
rate faced by domestic agents is increasing in the aggregate level of foreign debt,
we explicitly include equity markets in this research and we adapt the cost function
to a framework with equity markets. Furthermore, while these papers use the cost
function as an analytical tool, this chapter exploits the fact that the trading frictions
translate into imperfect stock market integration and analyses how various degrees
of stock market integration affect the existing relationship between stock exchanges
and economic activity.

Our work is related to Benigno (2002). He evaluates the welfare implications
of monetary policy rules when international financial markets are incomplete. He
uses a two-country dynamic general equilibrium monetary model to evaluate the
magnitude of the welfare costs of imperfect risk sharing. He finds that with non-
zero holdings of net foreign assets there exist non-negligible gains from following
a coordinated monetary policy instead of a price-stability policy. In contrast to
his work, no attempt is made in this chapter to evaluate monetary policy in open
economies and to conduct a welfare analysis. However, we introduce the transaction

cost in a similar way to his but adapted to equity holdings instead of debt levels.

8Schmitt-Grohe et al. (2003) also show that a model with concave adjustment costs delivers
virtually identical dynamics as a model with debt-elastic interest rate premium. This cost is

specified in the level of foreign assets, not in the level of funds transferred to the foreign economy.
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The structure of this chapter is similar to his. First the zero initial asset holdings
case is presented. Then, once the dynamics of the simple version or the model are
described, a more general case with asymmetric holdings of foreign shares is put
forth.

Matsumoto (2002) explores exchange rate volatility with a NOEM model in
which he allows international risk sharing through equity. In his model, the per-
centage of foreign dividends from equity that home households receive is fixed and
determined by an exogenous parameter. The key difference between the model
in this chapter and his is that in our model the holdings of foreign shares are an
endogenous variable. Consequently, when a technology shock occurs, households
optimally adjust their holdings of foreign shares. An additional difference between
both models is while he uses imperfect international risk sharing to study exchange
rate excess volatility, we introduce equity to analyse international stock exchanges
spillovers within a NOEM framework.

Finally, among the few papers that empirically relate stock exchanges with the
macroeconomic activity, it is worth mentioning the work of Lewis (1995, 1999).
In particular, Lewis (1999) evaluates different explanations for equity home bias
and consumption home bias.” Among the possible explanations she considers are:
the presence of non-tradeable goods in the model, the fact that gains from risk
sharing are insufficient to merit the cost of diversifying and the presence of capital
market restrictions that impede the investor’s ability to diversify. The empirical
evidence shows that ”consumption home bias” is quite pronounced and statistically
significant. Even if we do not address these puzzles in this chapter, her work is

considered a basic background for any study trying to link portfolio diversification

A theoretical model in which investors can optimally sell off claims on their output to foreigners
would predict a high correlation of consumption rates across countries. Empirically, it is shown
that consumption growth rates tend to have a lower correlation across countries than do output
growth rates. This is known as "consumption home bias”. "Equity home bias” relates to the fact
that in reality domestic investors hold a substantially larger proportion of their wealth portfolios

in domestic assets than standard portfolio theory would suggest.
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with risk sharing,.

2.3 A Model with Imperfect Integrated Equity
Markets

The model in this chapter belongs to the class of stochastic general equilibrium
models in open economies. The framework is similar to Obstfeld-Rogoff (1995).
The important addition is the introduction of the stock market’s dynamics within
the model. The international diversification portfolio is explicitly modeled by the in-
troduction of foreign equities. The process of increasing financial market integration
is modeled by reducing the adjustment costs of international transactions.

The world economy is composed of two countries, Home and Foreign which are
equal in size. In the supply size of the economy, producers are monopolists and every
firm produces a single differentiated product indexed by z € [0,1]. Goods prices are

subject to sluggish adjustment a la Calvo (1983). All goods are tradeable.

2.3.1 Consumers and Financial Markets

Consumers are risk averse and infinite lived. They consume a variety of goods,
supply labour, invest in asset markets and run the monopolistic production unit
that produces good z. The utility of a generic consumer j belonging to country
s = H, F is given by

. 0 1, 1
U = T |———C#T - NI
e

where Ey denotes the expectation conditional on the information set at date 0,
while 0< 8 < 1 is the intertemporal discount factor and ¢ and ¢ are parameters.
Households obtain utility from consumption, C? and receive disutility from working
and producing goods, N?. The utility function U is an increasing, concave function

of the consumer bundle index defined as a CES aggregator over domestic produced
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goods, C’;I and foreign produced goods, Cf;:

0
ot = |a-03 (ch) ™ +48 (1) 7|
where @ > 1 is the degree of substitution between the bundles Cy and Cr and b
is the weight of home versus foreign goods in the home consumption basket. The
foreign consumption index C?* for a consumer j belonging to country F is defined
analogously. In what follows, * superscripts denote country F' variables.
The general price index for domestic consumers P, is defined as the minimum

expenditure needed to buy one unit of the consumption index CY
1
P, = [(1 - b)PE +bPE*]™ (2.1)

where Pp; represents the price index of total domestic produced goods and Pg; is
the price index for foreign produced goods in units of the domestic currency.

It is assumed that all goods are tradeable and that there is no cost of trade.
It follows that the law of one price holds for each individual good. Let e be the
nominal exchange rate, p(z) the domestic currency price of good z and p*(z) the
foreign currency price of good z. Then, p(z) = ep*(z) Vz. Given that preferences
are identical across countries, purchasing power parity holds and Py = e, FPf, ,
Pr; = e.P}, and P, = ;P ® The terms of trade is defined as the relative price of
home and foreign goods, s = %.

Given these aggregators, the optimal allocation of expenditure between domestic

and foreign goods implies

. P\ . . Pe\"9
= () "0-vet  ch= () s
Combining the above equations, the total demand of good H produced at home,

which depends on the total expenditure on home goods, can be written as

v = ("5 10 -no+ocy] (2.2

8As pointed out in Obstfeld and Rogoff (1998, pg 663), it is important to understand that

Purchasing Power Parity (PPP) does not imply that relative prices of various individual goods

need to remain constant.
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Similarly, the total demand for good F' produced in the foreign country is
Yo () = (PP_P}‘)_B (1~ b)C; +5C] (2.3)

We assume that households belonging to country H can allocate their wealth
among three assets: domestic bonds, BZ , domestic equities, .'L'Z , and foreign equities,
z{,ﬂ’t, the last ones are denominated in the foreign currency. In contrast, households
that belong to country F' can allocate their wealth only in foreign bonds, BZ’*, and
shares in the foreign country, x’,,L*t Thus, only foreign equities are traded in the
international financial markets. Each unit of domestic (foreign) equity pays out the
output © (*) in the form of dividends in the next period. As is defined later in
this section, €; is the firm’s profits in period t.

Note that we assume that households in country F' do not hold country H equity.
This assumption is innocuous. The fact that only domestic agents hold foreign equity
helps to highlight the response of stock exchanges to foreign shocks. In case foreign
investors would hold domestic equities, their response to domestic shocks would be
exactly symmetric to the response of domestic holdings of foreign shares to foreign
shocks, namely, the same response as the one discussed in Section 2.4.2 later on
in this chapter. If anything, this situation would amplify the magnitude of the
dividends/profit channel discussed in Section 2.4 in this chapter.

As mentioned in the literature review section Matsumoto (2002) also allows the
ownership of firms to be shared internationally. In his model home households also
receive dividends from foreign equity holdings, whose value is 7eQ*, where 7 is an
exogenous parameter and represents the degree of international equity sharing. The
key difference between his model and ours is that holdings of foreign shares is an
endogenous variable in our framework and thus, home agents optimally choose it.

At the beginning of each period ¢, the consumer ;7 observes the technology shocks
z; and 2z{. Then, stock markets open and she decides the quantity of shares she will
buy in order to carry into the next period. Afterwards, goods markets open. Period

t budget constraint of household j in country H, expressed in real terms with respect
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to the consumption-based price index, is
| j

z iy B;_
b= l(qt +Qt) —F—t—l—t( + Q )\IJ(.’ZTF,t_l) + i1

NJ 141 T,

2 2 B 2 (1 +14) + T3
:t:j e B!
— 7 Fttt & ~_t‘
C Bq;‘,""' Pt* a4 P,

where w; is the nominal wage in the economy and g; represents the nominal ex-
dividend price of one domestic share. Analogously, ¢; is the nominal ex-dividend
price of one foreign equity share.

Stock markets in the two countries are not perfectly integrated. The function
U(.) captures the transaction costs that the household in country H has to pay when
adjusting her foreign equity holdings. Broker’s fees, institutional and regulatory dif-
ferences and any other type of market friction are captured by this cost function.
The function ¥(.) depends on the entire home economy’s foreign share holdings.
This means that domestic households take the function ¥(zg, ;) as given when
deciding on the optimal holdings of foreign shares. These costs are paid to the inter-
mediaries in the foreign asset market, which are owned by the foreign households.
Some restrictions are required on ¥(.): ¥(Zr) = 1 and it assumes the value 1 only
if zps = Tp; ¥(.) is a differentiable and decreasing function in the neighbourhood
of Zr.® Furthermore, this function is useful in pinning-down a unique, well defined
steady state for consumption and assets.?

The following functional form for the transaction costs is used
U(zp,) = e Vore (2.4)

where 1 > 0 is the parameter that measures the degree of equity market integration,
3 = —U'(0). This cost function is concave and is, therefore, consistent with reality;
the higher the level of funds that agents transfer abroad, the less than proportional

transaction costs increase.

9Zr equals the steady state level of foreign assets.
10Authors such as Benigno (2002) and Kollmann (2002) provide examples of employing similar
cost functions that imply a debt-elastic interest rate premium to ensure stationarity. Schmitt-Grohe

and Uribe (2003) also discuss their benefits in a small open economy model.
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Nominal gross return on home country equity between periods ¢ — 1 and ¢ is the
total cash flow generated by all firms in country H. Home nominal equity return,

1+ Ry, and foreign nominal equity return, 1 + R}, are defined as

Q
1R, =2 (2.5)
qi-1
* [0
14+ R, =210
' Qt—1

The introduction of the stock returns and the cost function to account for im-
perfect asset market integration are the key features of this chapter, which make it
possible to examine stock market behaviour in a NOEM framework.

It is further assumed that the initial level of wealth is identical for all the house-
holds belonging to the same country. This assumption, combined with the fact that
all the households within a country supply the same amount of labour to the firms,
implies that within a country all the households face the same budget constraint. In
other words, all the households within a country will choose the same path of con-
sumption when making their optimal decisions. Therefore, we can drop the index j
and consider a representative household for each country.

The representative household in country H maximises her life-time utility func-
tion subject to her budget constraint and the definitions of equity returns. The
optimal allocations of {C, By, %, Tps, N} are characterised by the following First

Order Conditions (FOC)

U UI
Lt = B(1 +1i,)E ——C*“} 2.6
A P (29)
Uc Uo }
—t = BE = (1+ R, 2.7
o pr 0+ ) 7

! Ug,..e
%t putorgn (et 1 1)) 29
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(2.9)
Equation (2.6) represents the demand for bonds. Equation (2.7) represents the
optimal decision of home equity holdings. Equation (2.8) constitutes the foreign
equity demand equation. Equations (2.6)-(2.8) together are the optimal wealth
allocation between domestic and foreign assets. Notice that frictions in the foreign
asset market enter in equation (2.8) reducing the foreign equity return, which affects
the household’s intratemporal asset allocation and her optimal consumption path.
In other words, if individuals use international financial markets to diversify country
specific risks, the adjustment costs to invest in foreign assets influences the ability
of agents to take optimal decisions. Finally, equation (2.9) is the labour supply
rule. Labour markets are assumed to be competitive in each country and labour is
immobile internationally.

Similarly, the optimal decisions for the foreign household in choosing the hol-

dings of foreign nominal bonds and foreign equities are given by

c: = B(1 +14,)E Yoty (2.10)
Py YT PRy '

1 UI ‘

o)y [0y

L = fE,{ —*(1+R; 2.11
})t t Pt+1 ( ,t) ( )

Note that money does not appear in either the budget constraint or the utility
function. Woodford (1998) illustrates that is possible to analyse the equilibrium
inflation determination without any reference to either money supply or demand.
The key point to his approach is that policy actions should depend upon the degree
to which the current or expected future price level differs from the target. Later
on in the chapter we will specify a monetary policy rule as an inflation stabilistion

regime, which is consistent with Woodford’s (1998) analysis.!!

11 A natural extension of the model in this research would be to introduce money and monetary
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2.3.2 Firms and Price Setting Decisions

Producers are monopolists. Each firm produces a single differentiated product <.
Goods are produced using labour supplied by consumers, N;. Firms operate a con-
stant returns to scale technology: y,(i) = 2,IV;(¢), where z; is the random productiv-
ity factor and represents the country specific technology shock. Cost minimisation

leads to the following efficiency condition for the choice of labour input

MCt(Z) _ _]._ Wy
P, H,t 2 P, Ht

(2.12)

where MC' indicates the nominal marginal cost. The profits of the firm producing
commodity % are
0u(5) = we(9) (pl6) - %)

With respect to price determination, it is assumed that firms are subject to
sluggish price adjustment of the form described by Calvo (1983).!2 In each period,
a fraction 1 — a of firms have the opportunity to charge a new price p;(¢) and the
other fraction o must charge the price fixed on the previous period, Py¢—;. This
way, the price set in the current period may have an impact on profits in future
periods. A firm adjusting its price level in period ¢ chooses p:(i) to maximise the

discounted value of the current and future profits with each future period weighted

by the probability that the current price will still remain in that period.

Maz Et {Zat-{-fﬂfi’rm Qt+‘r }
=0

“ ti+T
Dt ('L) -Pt+7-

st y(i) = (%(:;))— (1-b)Cy+0Cy) Wt

shocks to analyse how international stock market spillovers would be affected. However for the
purposes of this chapter, the focus is on the role of supply shock in generating international stock

market correlation.
12The approach used in this subsection is the standard in models with staggered price settings a

la Calvo. For further discussion on this topic see Calvo (1983), Kollmann (1999) and Lane (2001).
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y2(4) is the total demand of product i as described in the above equation. ,Btf, BT

the firm’s discount factor to value random payoffs at date t+7. Following Kollmann
(1999), if we assume that firms are owned by the country’s representative household,

then firms value future payoffs according to the consumers’ intertemporal marginal

. U’
. . . . . C.
rate of substitution in consumption, i.e., t{ ey = BT
Ct

Note that we assume that foreign firms care only about the welfare of foreign
households. The situation in which foreign firms are part-owned by home households
would not change the model results under perfect integrated stock markets as there
is perfect risk sharing. However, under imperfect integrated stock ma/rkets, the

!

discount factor included in the above equation would change as U—{’;Z':ﬂ Tcé‘;*f Tille
(2000b) analyses the welfare effects of such situation introducing tan intertmediary
who imports goods from producers and sells them to consumers. He finds that the
direction of the welfare effect depends on who owns the firm importing the goods.
From the first order condition of the above decision-making problem for firm 1,
the optimal price p;(i) can be obtained.
g B Eeling (7)) e

Piyr Zt+T

pi(i) = — s — W = (2.13)
-1 t+rgfirmCiir (_1
Et 'rz=:0 @ +T'Bt’t+‘r Pryr ( )

Prir
C{¥ stands for the total real demand in the home economy, i.e., C}¥ = (1—b)C;+bCy.
We focus on a symmetric equilibrium where all producers in the same country take
identical decisions. As a consequence, any producer in the home country will set
her price according to equation (2.13).
The number of home firms that set their price p;(Z) at time ¢ is 1 — . Similarly,
the number of firms that set their price in period t — 1 is (1 — a)a. Therefore, it is
possible to rewrite the price index of domestic produced goods in each period in a

recursive form in the following way
Pyi=aPgs 1+ (1 — a)p:(i) (2.14)

A similar optimal price-setting decision also applies to country F, with the ap-

propriate starred variables.
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Finally, we obtain the aggregate profits for the firms in country H by integrating

over 1

0 =Y, (PH,t - %) (2.15)

2t
This profit function pays a crucial role in transmitting shocks at. an international
level. Technology shocks directly influence the level of profits as shown in equa-
tion (2.15), which translate into a change in the dividends perceived by agents and
therefore, it modifies their wealth. Because shares are tradeable in the international
stock exchanges, shocks in the foreign country affect domestic households’ optimal

decisions, creating additional international spillovers.

2.3.3 Market Clearing Conditions

Since producers are monopolists, the supply of goods accommodates the demand
for goods in each period.

The labour market clears in each period. The supply of labour is expressed by
equation (2.9) and the demand for labour by the firms in denoted by y;(7) = 2:NV:(3).

In order to simplify matters, the condition that bonds are in zero-net supply
within each country, i.e., B; = B} = 0.

In the equity markets, the supply of each security is normalised to one. Therefore,
the equilibrium in the home equity market is represented by z; = 1 for each period.

Equilibrium in the foreign equity market is zr; + 2}, = 1 for each period.

2.3.4 Current Account

The current account is defined as the change in the net foreign asset position of
a country. In our framework, the capital account inflow or outflow equals the net
exports for each period. The current account for the Home country can be expressed
as

& €
= = Zri-15 (6 + ) ¥(eri) = Yi5* — G, (2.16)
B F

*
ZTFtq;
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The international linkages imply that in nominal terms CA; + ¢,CA; = 0. By

using the Walras’ law the aggregate resource constraint of country F'is redundant.

2.3.5 Equilibrium Definition

Equilibrium in the world economy is a set of consumption, output, bonds, shares,
labour, goods prices, share prices, exchange rate and wages that enable market
clearing in goods, labour and asset markets. Namely, they are a set of variables
that:

i. satisfy the optimal evolution of intertemporal consumption as expressed by
the consumers’ Euler equations in each country, ii. meet the conditions for optimal
wealth allocation between domestic and foreign shares, iii. clear domestic and foreign
share markets as well as clear bond markets at each given period, iv. clear labour
markets at each given period, v. fulfill the conditions for optimal price setting by
domestic and foreign firms at each time period and vi. satisfy the aggregate resource
constraint of each country.

The model does not have an analytic solution. Therefore, the system is log-
linearised around a steady state.!® The complete system of expectational difference
equations is calibrated and simulated using Uhlig (1997) algorithm.!#’15

What remains to be added is the specification of the monetary policy rule for

each country.

2.3.6 Monetary Policy Arrangements

Benigno (2002) shows that a price stability plan, which entails the stabilisation

of the markup, is a quasi-optimal policy plan with incomplete asset markets. He

13 Appendix A presents the steady state solution and the log-linearised system.
14The Matlab computer codes used to compute the calcu-

lations presented in this chapter are based in Uhlig’s (1997) programs. They are available at:
http://cwis.kub.nl/"few5/STAFF /uhlig/toolkit.dir /tooklit. htm
15Gee Appendix B for a brief description of the functioning of the algorithm.
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demonstrates that the impact of asymmetric shocks on asset accumulation and on
the consumption gap are nearly the same under a price stabilisation policy as those
under the optimal monetary policy with incomplete markets.!® Since our theoretical
framework includes incomplete asset markets, the monetary policy arrangement is
considered to be similar to that as suggested by Benigno (2002) and Woodford
(1998). It consists of a price stability plan, in which the central bank of each
county pursues a policy of complete stabilisation of the price level that aims at a
full stabilisation of the marginal cost in a non-coordinated fashion. In other words,
the presence of nominal rigidities is a source of suboptimality in the equilibrium
allocation in our framework and consequently and the monetary authority tries to
fully neutralise the effect of the nominal rigidities. In order to achieve this aim,
the monetary authority seeks to stabilise the real marginal cost at its steady state
level during all periods, which means price stability. As a result, current prices of
domestic firms are always consistent with the mark up that would be desired in the
absence of constraints on a price adjustment. Accordingly, the following conditions

must be satisfied at all dates ¢

e = 0=7p,

A}f}i‘ = A;:; Aﬁg = A;[DS (2.17)
where g is the producer inflation rate at home, which is defined as the rate of
change in the index of domestic good prices, i.e., Ty = log(P—in“:—l). Similarly, 7f,

is the producer inflation rate in the Foreign country. Upper bars represent steady
state equilibrium levels.
Once the system is log-linearised, the interest rate rule consistent with this mon-

etary policy target of price stabilisation can be gleaned from Appendix A. Equation

16 Actually, Benigno (2002) shows that with under incomplete asset markets, the optimal policy
is to pursue a state-contingent producer inflation rate. In such situations, inflation rates move to
coordinate changes in the exchange rate. He illustrates that the exchange rate adjustment has
only a minor impact on real variables since movements in the inflation rates are of a very small

magnitude.
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(A.25) displays in a log-linearised form the optimal interest rate in the domestic
economy. This interest rate expression is a function of the foreign interest rate, the
evolution of the terms of trade and the domestic production shocks.!”

To understand the effects of monetary policy actions on stock exchanges, it is
useful to write down the relationship between the domestic nominal interest rate,
1, and the stock return, R;;. Combining the FOC of each consumer j belonging
to H with respect to bonds (equation 2.6) and equity (equation 2.7) the following
non-arbitrage condition shows a positive relationship between the current domestic

interest rate and expected stock returns.
Ul
- B{Fea+ R
1+ 1t = 7
Et { Ptt+ll }

2.4 Simulation Results

(2.18)

In this section we present the simulation results of the benchmark log-linear model.
We start with the calibration of the model. Then, we present the impulse response
functions and the cross-country correlations predicted by our benchmark model.

Finally, we present some sensitivity analysis to changes in the parameters b and 6.

2.4.1 Calibration

The two countries are assumed to be symmetric in preferences and technology pa-
rameters. Time is measured in quarters. The model is parametrised as follows:
Preferences. The discount rate is set at = 0.975, which means a long term
average annual real return on equity of 10 percent.’® As in most of the literature on
International Business Cycles (IBC), we set the elasticity of substitution between

domestic and foreign goods 8 equal to 1.5 and o equal to 2. We assume ¢ = 1,

17For a study comparing the effects of various monetary policy rules on economic variables, not
including stock exchanges, with incomplete markets see Benigno (2002).

18See Lewis (1999) for summary statistics for returns on equity markets in a worldwide basis.
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which signifies a unit labour supply elasticity. For the openness index b a value of
0.27 is presupposed, which is the average share of imports in GDP for European
economies. Later on this section, a sensitivity analysis is carried out, in which the
degree of openness varies between b = 0.10 and b = 0.4. We assume identical values
of 8,6,0 and b for the foreign economy.

Imperfect integrated stock markets. There are no comprehensive measures
of stocks of equities thus, making it difficult to obtain a proper value for the calibra-
tion of the parameter 1, which measures the cost of intermediation in the foreign
market. In the benchmark model we choose the value of 1 = 0.0001 so that the
correlation of stock returns predicted by the model is close to the one observed in
the data. This small value of ¥ reflects the fact that the degree of stock market
integration among industrialised countries is quite high. In Section 2.5 we vary the
value of this parameter v to analyse how the predictions of the model change when
various degrees of stock market integration are taken into account.

Note that there is no need to calibrate the parameters indicating the degrees
of monopolistic competition and price adjustment horizon since a zero inflation-
targeting policy in both countries makes the optimal allocations independent of
these parameters.

Exogenous shocks. It is common in the IBC literature to assume autore-
gressive productivity shocks with a degree of persistence around 0.9. We adopt
this assumption for domestic and foreign productivity shocks. The volatility of the
shocks is calibrated to obtain an output volatility that is close to the one in the
data for U.S. and the Euro area. All the impulse response functions presented in

this chapter correspond to positive temporary technology innovations.!?

19Temporaty refers to the fact that the shock only occurs in period ¢.
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2.4.2 Impulse Response Functions

Figure 2.1 displays the impulse response functions of the domestic variables to a
positive temporary one percent innovation in home productivity in period ¢, z;. By
design of the price stabilisation rule, domestic inflation and the real marginal cost re-
main unchanged as shown in panel (a). Panel (b) plots the impulse response function
of the domestic interest rate. As the interest rate expression (A.25) shows, monetary
policy is counter-cyclical in response to domestic productivity shocks and, in turn,
interest rate decreases. Intuitively, an increase in domestic productivity decreases
domestic marginal costs and, as a result, the prices of domestically produced goods
also decrease. To stabilise domestic inflation, the monetary authority responds by
lowering domestic interest rates. This decrease in interest rates denotes the initial
depreciation of the domestic currency followed by a gradual reversion to its initial
level; thus generating the path of nominal exchange rates as seen in panel (c). Due
to the price stabilisation rule, the evolution of the terms of trade correspond to
that of the nominal exchange rate. Note also in panel (a) that the level of the CPI
jumps up during the shock period because of the exchange rate depreciation and
then reverts back to its trend.

Panel (d) shows the positive response of the domestic output when a positive
domestic technology shock occurs. This observed pattern is due to the fact that
the productivity increase in country H raises the wealth of that country’s repre-
sentative household. This expansion of output is absorbed by an increase both in

consumption, which is also shown in panel (d) and an increase in net foreign assets.
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Figure 2.1: Impulse response functions to a positive temporary Home productivity

shock
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The later will be discussed further on in this subsection.

Figure 2.2 displays the dynamic response of the domestic variables to a positive
temporary technology shock abroad, z;. The shocks are assumed to be symmetric
and uncorrelated. Three points are worth noting from Figure 2.2. First, for the same
reasons as the domestic nominal exchange rate and domestic terms of trade increases
when a domestic technology shock occurs, foreign terms of trade increase when a
positive foreign technology shock occurs. Because of §; = —3;, the impulse response
functions of domestic terms of trade and exchange rate are just the opposite of those
displayed in Figure 2.1 panel (c).2® Second, an increase in the foreign terms of trade
translates into an increase in the relative price of imported goods in the foreign
country. This shifts the demand of foreign households towards goods produced in
country F' and away from imports, namely goods produced in country H. This
shift explains the decrease in home output when a foreign positive technology shock
takes place as observed in panel (d). Third, in spite of this, panel (d) shows that
home consumption increases. As it will be described later in the subsection, when a
positive shock occurs in the foreign country, domestic consumers sell foreign shares
because they are risk averse, which translates into a capital account deficit. Domestic

agents use this capital account deficit to increase current domestic consumption.

Remark 1. Dividend payments become an extra channel of international trans-

mission of shocks in our model.

A shock abroad increases the dividends domestic agents receive from their hold-
ings of foreign shares. This temporarily raises the wealth of country H’s represen-
tative household and therefore, it affects optional decisions of agents in country H.
By adding international shares in a New Open Economy framework, dividend pay-
ments, which are affected by country specific shocks, become an extra channel of

international transmission of shocks.

20Note that s = %ﬁ— ,S= %:i and the law of one price holds.
F
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Figure 2.2: Impulse response functions to a positive temporary Foreign productivity

shock
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The main contribution of this chapter is to characterise this role of profits and
dividends as channel of international transmission of shocks and stock market be-
haviour when technology shocks happen. In Figure 2.3 impulse response functions of
stock returns and share prices to positive domestic productivity shocks (left column

graphs) and foreign productivity shocks (right column graphs) are reported.

Remark 2. Productivity shocks induce international stock return correlation.

Panels (a) and (b) in Figure 2.3 plot the dynamic responses of domestic, R,;,
and foreign stock returns, R};, to technology shocks. The initial effect of a shock
in z; on domestic equity return has two components. First, there is a direct effect
since a positive technology shock increases the cash flows of the domestic firm, which
directly translates into higher dividends perceived by domestic agents and thus, it
pushes current stock returns up. Second, there is an additional indirect effect due
to the optimal response of monetary policy to a positive technology shock, namely
a reduction in interest rates. Given equation (2.18), this reduction explains the
predicted drop in stock returns in periods after the shock. This finding is consistent,
with actual observations and with the empirical results of Thorbecke (1997), who
empirically documents that unanticipated expansionary monetary policy actions
produce on impact a significant rise in equity returns. Further empirical evidence
regarding this fact will be presented and examined on Chapter 4 of this thesis, where
the impact of monetary policy surprises and other macroeconomic shocks on stock
exchange markets will be analysed.

Arbitrage conditions in international stock markets indicate that foreign stock
returns also increase as a response to a home productivity shock. This produces a
positive correlation between domestic and foreign stock returns.

Panel (c) in Figure 2.3 plots the dynamic response of foreign shares’ holdings,
Zr:, when a technology shock occurs in the domestic country. As emphasised in
the introduction, équity markets act as channels of international transmission of
shocks. In order to underline this point, the response of foreign share holdings to

productivity shocks in Figure 2.3 indicates that agents use international equity
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Figure 2.3: Impulse response functions. Response of stock markets
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markets to reallocate wealth across countries. First, when a domestic technology
shock occurs, the wealth of domestic households is increased through participation
in higher profits in the form of dividends. Since domestic households are risk averse
(o0 > 0) they accumulate assets when they observe a positive temporary domestic
shock. In other words, the domestic economy runs a current account surplus, which
translates into a capital account outflow. Panel (c) in Figure 2.3 plots this optimal
response of foreign shares holdings. Panel (d) shows the response of domestic agents’
holdings of foreign shares to a foreign productivity shock. This mechanism is some-
how different as foreign households can only hold foreign assets. When a positive
temporary foreign supply shock occurs, foreign households’ wealth increases via the
dividends they perceive. foreign households optimally save some of this increase in
wealth by buying shares, which pushes the price of foreign shares up.2! Equilib-
rium in foreign equity markets implies that domestic investors become net sellers of
foreign shares when a positive supply shock occurs in the foreign economy.

Additionally, an increase in productivity in the home country creates an excess

demand for domestic equities, which pushes their price up as observed in panel (e).

2.4.3 Cross-country Correlation

To empirically motivate our analysis, a summary of statistics for international stock
returns is provided in Table 2.1 before presenting the model predictions on cross-
country correlations. Data is quarterly and corresponds to the period 1973:Q1-
2002:Q3. All series were obtained from IMF International Financial Statistics apart
from stock market returns and stock market indexes, which were obtained from
Datastream. The quarterly nominal returns series are constructed from stock price

indices (dividend reinvested). Real stock returns are constructed by substracting

2INotice that the model does not predict that foreign households only buy shares when they
experience an increase in wealth. The market clearing conditions together with the arbitrage

equation determine the changes in holdings of shares and bonds.
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Table 2.1: Summary of statistics for real quarterly returns

U.S. France Germany Italy Spain U.K. Average

Mean 3.01 251 2.80 1.68 228 3.29 2.59
Std. Dev. 3.8 6.0 5.4 6.7 6.3 5.1 5.6

Correlation matrix:

US. 1 073 067 059 071 0.84
France 1 084 066 074 081
Germany 1 0.62 059 0.62
Italy 1 067 0.73
Spain 1 072
UK. 1

Note: all the returns are quarterly and are expressed in percentage terms. Source: Datastream.

CPI inflation rates from nominal returns.?2 The top row of Table 2.1 records the
mean returns in percent per quarter over the sample period.

The mean average is 2.59 percent per quarter, or 10.4 percent at an annual
rate. The second row in Table 2.1 provides the standard deviations of the quar-
terly returns. The quarterly standard deviation ranges between 3.8 percent for the
U.S. sample to 6.7 percent for the Italian sample, which corresponds to annualised
standard deviations for real stock returns ranging between 15.2 and 26.8 percent, in-
dicating that real stock returns are very volatile. Additionally, Table 2.1 reports the
contemporaneous correlation matrix for a group of selected countries. The evidence
shows that the correlations between domestic and foreign returns range between
0.59 and 0.84. The average correlation turns out to be 0.72.

In this subsection, we analyse to what extent we can reproduce the stock market
spillovers observed in the data with an open economy theoretical framework. As in

the rest of the chapter, the role of supply shocks as the source of international stock

22For a more extended analysis of stylised facts on international stock market data see Campbell

(2003).
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market co-movements is stressed.

Model predictions of cross-country correlations, conditional on uncorrelated shocks,
are reported in Table 2.2 Panel A. The model statistics pertain to Hodrick Prescott
filtered variables. All variables with exception of equity returns were expressed in
logs prior to filtering. Table 2.2 Panel A shows that the model does not reproduce
the cross-country correlations of the real variables observed in the data. The neg-
ative output cross-correlation is a common finding among the NOEM models that
introduce the expenditure switching effect and can only be reversed by allowing for a
positive correlation between technology shocks (see, for instance, Gali and Monacelli
(2002) or Chari, Kehoe and McGrattan (2002)). Another common feature among
these models is that they predict a high cross-country consumption correlation. As
outlined by Lewis (1999), in a general equilibrium framework that integrates con-
sumption and equity prices, consumption growth rates will tend to commove across
countries, even when output growth rates do not. Empirically, however, consump-
tion growth rates tend to have a much lower correlation than output growth. This

phenomenon is called ”consumption home bias”.

Remark 3. When stock markets are perfectly integrated, namely, when there is
no cost of investing in foreign shares in our framework, the model predicts that the
stock market cross-correlation is equal to one. The introduction of adjustment costs
in the model dramatically reduces the international stock market returns correlation

predicted by our model.

When transaction costs are zero, uncovered interest parity holds, which equates
the expected real rates of stock returns and predicts the correlation of stock returns
approximately equal to one. The introduction of the cost function, even with a
cost as small as v = 0.0001, significantly reduces the international stock returns

cross-correlation and our model predicts this cross-correlation equal to 0.72.

Remark 4. When shocks are not correlated, our model is only able to reproduce

correlations between domestic and foreign stock returns of a magnitude of 0.72.
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When shocks are correlated, our model reproduces the stock erchange correlations

observed in the data.

Table 2.2 Panel B records the cross-country correlations of stock returns for
different types of productivity shocks; asymmetric, symmetric, uncorrelated and
correlated. Correlation between domestic and foreign productivity shocks needs to
be introduced in our model in order to reproduce the levels of international stock
market correlation observed in reality.

This finding can be explained as follows. The dynamic path of domestic stock
returns in our model is affected by three variables: domestic profits, demand of
domestic shares and the arbitrage condition with bond interest rates. As shown
in Appendix A, the main driver of stock returns is domestic profits, which are
significantly driven by domestic shocks. Introducing correlation between domestic
and foreign shocks, introduces correlation between domestic and foreign profits and
thus, domestic and foreign returns.

Evidence on positive correlation on productivity shocks an its effects on interna-

tional economy has been recently analysed by Ghironi, Iscan and Rebucci (2003).
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Table 2.2: Model predictions. Cross-country correlations.

Panel A: Uncorrelated shocks Data Model prediction

Cor(Y,Y*) 0.69 -0.10
Cor(C,C*) 0.39 0.99
Cor(q,q*) 0.68 0.87
Cor(R,, R?) 0.72 0.52
Panel B: Correlated shocks Cor(Ry, R?)
Cor(es, e7) =0.10 0.59
Cor(es,e;) =0.25 0.70
Cor(et,e;) =0.35 0.78
Cor(es,e;r) = 0.50 0.84
Asymmetric shocks 0.56

Note: The second column in Panel A records the baseline model predictions. The historical

statistics correspond to the period 1973:Q1-2002:Q3.

2.4.4 Robustness Analysis

Table 2.3 presents the sensitivity analysis of our model to the parameters b and 8; b
measures the degree of openness of the economy and § measures both, the elasticity
of substitution between domestic and foreign consumption bundles and the index of
monopoly distortion. Columns two and three of Table 2.3 show model predictions
of the second moments and correlations for different variables when the parameter
b is varied between b = (0.1, namely, a relatively closed economy and b = 04, i.e.,
a relatively open economy. The main feature of this table is that the results of our
model are mostly robust with regards to changes in the degree of openness of both

economies.?® For the purpose of this chapter, it is interesting to note that the model

23Remeber that in all the scenarios b = b*. This means that the degree of openess is the same

in the home country as in the foreign country.
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does not predict a direct relationship between the degree of economic openness and
the amount which agents trade in foreign shares when responding to supply shocks.
Intuitively, this finding suggests that there is no clear link between the amount of
goods an economy imports (as a percentage of GDP) and the holdings of foreign
shares. Additionally, our model predicts that stock market co-movements do not
depend on the economy’s degree of openness. While changes in prices and in total
consumption affect the domestic and foreign consumption bundles, stock market
comovements are affected by changes in profits and in the demand for shares.

However, it needs to be acknowledged the limited definition of trade openness
in this chapter. Models that explicitly include trade frictions in goods markets (e.g.
Obstfeld and Rogoff (2001)) do find a link between trade openness and the level
of foreign equity trade. From an empirical point of view, Lane and Milesi-Ferretti
(2003) have identified growth in goods trade as a key co-variate of the growth in the
scale of international balance sheets.

Additionally, it is revealed that the volatility of exchange rate decreases as the
economy becomes more open. This result is in line with the results of other authors,
like Gali et al. (2002) who conclude that exchange rates are not intrinsically more
volatile in more open economies.

With respect to the parameter 6, columns four and five of Table 2.3 show the
model’s predictions when 6 takes values of 3 and 6. It can be seen that the greater

the value of 8, the larger the size of the fluctuations when supply shocks occur.
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Table 2.3: Sensitivity analysis to b and 0

Benchmark case Sensitivity tob  Sensitivity to 8 Data
b=0.27
=15 b=01 b=04 6=3 60=6

Standard Deviation (in %):

S=e 2.58 6.64 1.80 1.79 143  4.80
Tr 0.02 0.02 0.02 0.26 2.23 6.9
q 1.77 1.81 1.77 2.45 8.03 7.83
s 0.66 0.66 0.71 0.55 0.41 1.35
Y 1.38 1.52 1.45 1.56 1.91 1.41
C 0.96 0.99 0.96 1.18 1.38 1.23
R, 1.49 1.51 1.51 2.32 7.55 7.80

Cross-country Correlations:

Cou(Y, V) —0.10 —0.05 —0.15 —0.36 —0.68 0.63
Cov(C,C") 0.99 099 099 098 057 0.39
Cov(R,, R?) 0.70 067 069 062 046  0.72
Cov(q, ") 0.87 085 084 076 048 0.78

Notes: Columns one to five detail the model predictions under different assumptions. Column
six shows the empirical statistics. Supply shocks are correlated.
The standard deviations of 7y and 7 are not presented because given the monetary policy

rule specification they are zero. At the same time, the monetary policy rules imply S;= é;.

This result is due to the fact that any departure by the parameter 6 from a unitary
value creates inefficient fluctuations in the variables. The size of these fluctuations
depends on the value of §. An interesting result is that the model predicts volatility
of stock market variables closer to that observed in reality when § = 6. In this
scenario, standard deviation of g; increases to 8.03 and standard deviation of R,

becomes 7.55. Intuitively, as 6 increases, the markup of the firms increases and thus
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the benefits the firms distribute, i.e., the dividends, also increase. This, in turn,
pushes the stock returns and the share prices up, creating additional variability in
these variables.

It is noted that in general our model does not match the standard deviation of
the holdings of foreign shares observed in the data. Further work can focus on this
direction: which changes do need to be introduced in the model in order to increase

the variability of the stock exchanges’ variables?

2.5 Imperfect Integrated Stock Markets

In this section we analyse how the predictions of our model depend on the cost of
investing in foreign shares. In other words, we investigate the relationship between

stock market integration and the international transmission of shocks.

2.5.1 Theoretical Implication One: Stock Return Co-move-

ments and Consumption Gap

Remark 5. The ezxpected relationship between domestic and foreign stock returns

depends on the cost of investing in the international portfolio.

Taking the difference between the log-linear approximation of equations (A.11)

and (A.12) and using PPP the following equation is obtained
Ey {Fs,t—i—l - i":,t+1} = E; {Aéa} + 7, (2.19)

Equation (2.19) indicates that uncovered interest parity does not hold when
transaction costs are different from zero. Our model predicts the spread between
the nominal stock market returns reflects a premium on top of the expected exchange
rate depreciation. If Zp; > 0, which indicates that the home country is a net lender
in the market of the international asset, the premium will be negative and domestic
investors will receive lower remuneration for their foreign assets than the foreign

stock return. As a consequence, investments in the foreign country become less
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