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In this thesis I consider studying the determinants of international investments with the gravity
model of international financial asset trade. I discuss the relevant literature and present a theoretical
framework for gravity in cross-border investments. I compare three empirical approaches, the classic
approach that studies the determinants of the observed levels of cross-border holdings by a fixed
effects panel model, the dichotomous approach that studies the effects of determinants on the
probability of there being a positive cross-border investment by a probit model and finally an
approach which combines the two previous ones by a double-hurdle model. I propose that the
double-hurdle model is the correct approach in the context of cross-border investments.
International financial asset trade is characterized by two phenomena: tendency to overinvest in
domestic assets known as home bias and a dominance of observed bilateral holdings equaling ze-
ro. The gravity model can be used to explain these phenomena by studying the determinants of
cross-border investment holdings and flows. The classic approach to estimating the effect of these
determinants is interested in the level of the cross-border investments observed, and although having
been very successful in explaining the first phenomenon, has completely overlooked the second. An
alternative and more appropriate approach is to use a model for limited dependent variables. One
can treat the gravity equation as binary, and take interest in the dichotomous cross-border invest-
ment decision. However, the dichotomous approach loses valuable information by not considering
the levels of the observed holdings. The double-hurdle mode is apt for the task. The double-hurdle
is a model for limited dependent variables, but in addition it has a specific feature: It allows two
decisions, a participation decision and a level decision, and it allows them to be determined by to
separate processes. The cross-border investment decision is intuitively easy to deconstruct into two
distinct decisions. An investor considering investing in a given foreign country must first make up
his mind on the dichotomous question of investing or not. If, and only if, the decision is positive, he
then decides on the level of his investment. There is no reason why the decision to invest should be
determined by a similar process as the decision of how much to invest. Thus the double-hurdle is a
correct empirical approach to estimating gravity equations of international financial asset holdings
and flows.
I illustrate my argument with an empirical application to the external assets of Finnish residents.
Indeed I find that the decision to invest and the decision of how much to invest are different for
Finnish investors: The classic approach to estimating the gravity equations and the dichotomous
approach have qualitatively slightly different results, suggesting that the two decisions may be
determined by different processes. When estimated with the double-hurdle, differences become
clearer: the magnitudes of the effects, their statistical significance and in certain cases even the
signs of the effects are different between the participation and the level equation. Even though
these results are merely illustrative, they do point out that the double-hurdle model is well worth
future research in the context of cross-border investments.
I propose that the correct method to estimate the determinants of cross-border investments could
be the double-hurdle model, previously overlooked in estimating gravity models of financial asset
trade.
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1 Introduction

In this thesis I study the determinants of cross-border financial asset hold-

ings and flows by gravity models of international financial asset trade. In

addition to discussing literature and presenting the theoretical framework of

gravity in finance I compare three empirical approaches to estimating these

determinants and apply the models to the case of cross-border investments of

Finnish residents. I find evidence that the decisions to invest and how much

to invest of Finnish residents appear to be governed by different processes.

This result calls for the use of the double-hurdle model, a two-stage empirical

approach to estimating determinants of cross-border investments, which has

been previously unutilized in the context of cross-border investments.

The international flows and holdings of financial assets are characterized

by two phenomena that are not easily explained by standard economic the-

ory. First, home bias, or tendency to overinvest in domestic instruments,

has been puzzling economists for years (see e.g. French and Poterba, 1991,

for an early study and Sercu and Vanpee, 2007, for an extensive survey).

Countries all over the world invest remarkably little of their financial wealth

abroad and most of the economies for which data is available show a tendency

to overinvest in domestic instruments. In 2005 home bias1 varied between

30.8% for Netherlands and 99.7% for Indonesia (Sercu and Vanpee, 2007)2.

A small portion of the bias can be explained by the fact that external fi-

nancial assets are harder to capture in official statistics than domestic assets

(Zorzi, 2009, and Zucman, 2013), leading to the data on financial wealth to

be biased towards domestic assets. Still, the dominant factor is likely to be

that for some reason investors prefer domestic assets to foreign ones and tilt

their portfolios towards domestic assets. This issue has gained a lot of inter-

est in literature, especially after Obstfeld and Rogoff (2000) identified home

1Here home bias in portfolio choice is defined as the difference between the observed

share of domestic assets in an economy’s portfolio and the share predicted by the simple

CAP-model. For other definitions, see Sercu and Vanpee, 2007.
2See e.g. Li et al., 2004, and Sorensen et al., 2007, for slightly different estimates.
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bias in portfolio choices to be ”one of the six major puzzles in international

macroeconomics”. There is a lot of empirical evidence on ”closeness bias”,

the tendency to overinvest in countries that are closer to the domestic coun-

try and the negative correlation of distance and investments, which is the

standard result of the literature studying gravity in finance (see e.g. Drakos

et al., 2014). Literature has also identified ”friendship bias”, the tendency to

overinvest in countries that have tight economic and cultural relationships

with the domestic country (see e.g. Berkel, 2007, and Anderson et al., 2011).

There is even evidence of ”local bias”, home bias inside a country: Coval and

Moskowitz (1999) found in their study of U.S. domestic mutual funds that

investments were biased towards locally headquartered firms. Home bias thus

seems to be a very fundamental feature of the financial markets.

Second, the distribution of observed flows and holdings of cross-border fi-

nancial assets is skewed towards zero observations. Drakos et al. (2014) found

that in the Coordinated Portfolio Investment Survey 3 59% of all observations

on bilateral cross-border investments were zero in years 2001-2007. That is,

at a given period of time a given country invests in only some of the other

countries of the world instead of the investments being even close to evenly

distributed over possible destination countries. In addition to the tendency

to understate geographical diversification in the form of home bias, investors

also downplay international risk sharing by investing in only a handfull of

countries. Another explanation could be that there may be exogenously de-

termined barriers to investment, which make it impossible to invest in some

countries. This dominance of zero observations has not received such a rig-

orous attention in literature as home bias has, and instead the interest has

mostly been on the positive levels of cross-border investments observed. The

implicit selection mechanism, which leads to either a positive or zero cross-

border asset holding, is however equally important for understanding the

patterns of international investments and should also be given due attention

3CPIS-data compiled by International Monetary Fund based on the international in-

vestment position statistics of reporting countries.
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(Drakos et al., 2014).

Standard economic theory struggles to explain these phenomena. Do

investors simply fail to understand the benefits of geographical diversification

and risk sharing? There is evidence of under-diversification being costly,

reducing returns and increasing risks (see e.g. Goetzmann and Kumar, 2008).

Investors are often assumed to be risk aversive, so the extremely low levels of

geographical risk sharing do not seem to be in accordance with theory. Could

the explanation be that there are substantial barriers for investing abroad?

But as asset flows have been deregulated, financial assets are not physically

shipped around the world and efficient financial markets should reduce the

transactions costs to minimum, the barriers to investing abroad should be

negligible. What then could be the reason for such low levels of external

assets?

Studying the determinants cross-border investments is of relevance if only

to fill in the gaps of knowledge on external wealth. Both of the before

described phenomena point to there being frictions in international finan-

cial markets which affect the cross-border investment decisions of investors.

Studying the determinants of cross-border investments can give insight on

these frictions. Also policy makers should be interested in the determinants

of cross-border investments of investors, as there are many reasons why policy

makers would want to influence the capital flows in and out of the domestic

economy and the behaviour of investors. For example, if there is assumed

to be a positive propensity to consume out of financial wealth, the higher

returns of a better diversified portfolio could induce the domestic investors

to consume more. This would have positive demand effects for the domestic

economy. On the other hand, it might also be in the policy makers’ interest

to make the home country more appealing to domestic investors and thus, in

fact, increase the degree of home bias. If, in addition, the policy makers wish

to attract more foreign investments and increase capital inflow, the cross-

border investment choices of investors resident in other countries should be

of interest. Some of the plausible determinants of cross-border investments,
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such as investment income taxation, are also instruments of financial pol-

icy, and the broad effects of policy changes should be understood. Policy

makers can also influence e.g. the efficiency of transactions by tweaking the

bureaucracy of repatriation of foreign returns.

The gravity model of international asset trade is currently the most widely

used theoretical framework for studying the determinants of cross-border fi-

nancial asset flows and holdings and understanding home bias4. The grav-

ity model originates from the international goods trade literature, but after

the influential studies of Martin and Rey (2004), who develop a theoretical

framework for gravity model of cross-border asset flows, and Portes and Rey

(2005), who estimate the model, gravity has played an important role also in

studying international investment patterns.

In this thesis I discuss the literature of gravity models and present the

theoretical framework of gravity in financial asset trade derived by Martin

and Rey (2004). In addition, I compare three different empirical approaches

to estimate the gravity model of financial asset trade. The first of these

empirical models follows the work of Portes and Rey (2005) and studies the

determinants of the level of cross-border asset trade. The second empirical

model follows the work of Drakos et al. (2014), and in this set-up the interest

is on the dichotomous decision of making a cross-border investment. The

third model to be considered has to my knowledge not been employed in

the context of cross-border investments before. This double-hurdle model

is closely related to tobit models and other models for limited dependent

variables and was first suggested by Cragg (1971) for cases where the value

of dependent variable is zero with non-negligible probability. In addition to

this the double-hurdle model has a specific feature: By assuming two different

stages or ”hurdles”, a dichotomous participation decision followed by a level

decision, it allows these two hurdles to be governed by different processes.

4For other frameworks of studying home bias see e.g. Brennan and Cao, 1997, who

study the differences in informational endowments of investors, and Couerdacier et al.,

2010, who develop a RBC-model explaining home bias by capital accumulation and inter-

national asset trade.
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The double-hurdle model has previously been employed in set-ups that

study e.g. female labor supply or consumption of cigarettes (see e.g. Blundell

and Meghir, 1987, and Jones, 1989, for classic papers), both phenomenon

characterized by a non-negligible share of zero observations. The context

of cross-border investment decisions is a natural application for the double-

hurdle model for two reasons. First, because the observations cluster on zero,

i.e. the dependent variable is limited. Secondly, and more specifically, be-

cause the cross-border investment decision is intuitively easy to deconstruct

into the two hurdles, participation and level decisions. An investor consid-

ering investing in a given country must first make the dichotomous decision

of investing or not. Then given that the decision to invest is positive, the

investor decides the level of his investment. There is no reason why these

decisions should be determined by identical processes. I am indeed able to

show that in the case of cross-border investment decisions of Finnish resi-

dents, the participation decision and the level decision appear to depend on

different factors.

The classic approach following Portes and Rey (2005) taken by most of

the studies considering the gravity model of financial asset trade fails to ad-

dress the clustering of zero observations and simply ignores it. Drakos et al.

(2004) address this feature of the data by using a dichotomous model, but

their approach answers only half of the question. I argue that the double-

hurdle model is a suitable and advisable empirical approach in the context of

international asset flows as it addresses the zero observations and allows for

a more realistic characterization of the investment decision. Not consider-

ing the double-hurdle model for estimating the determinants of international

asset trade may result in too simplistic and possibly biased results. I illus-

trate this point by the case of cross-border portfolio investments of Finnish

residents. Indeed, the results of the classic approach and the dichotomous

approach are different, suggesting different processes are at work in deter-

mining the participation and the level decisions. The estimation results of

the double-hurdle model confirm this.
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I find that the determinants of the level of Finnish cross-border holdings

confirm the standard results of gravity literature: The levels of holdings ap-

pear to be mainly determined by GDP of the destination economy, which

has a positive effect, the bilateral distance between the economies, which has

a negative effect, and some controls thought to proxy information advances

and the ease of financial transactions. In contrast to this, the evidence I find

in the case of the dichotomous investment decision are a lot more ambigious.

GDP of the destination country has a positive effect also on the probability

of positive cross-border investments, but the effect of distance and other vari-

ables is much reduced and mixed. These qualitative differences are confirmed

when the determinants of cross-border investments are estimated using the

double-hurdle model. GDP of the destination economy has a positive effect

throughout, but the effect of distance is clearly negative only on the level

equations, and ambigious on the participation decisions. There is thus evi-

dence of that distance does not play such a clear role when investors decide

which countries to invest in, but once this first step is settled, investors tend

to invest more in countries that are nearby.

The rest of the essay is structured as follows. Section 2 discusses the

literature on gravity in asset trade and presents the theoretical framework of

the gravity model. Section 3 describes the empirical models and estimation

methods. Section 4 presents and discusses the case of Finnish external assets,

the estimations and results. Section 5 concludes.
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2 Gravity model of international financial as-

set trade

2.1 Gravity in literature

The gravity model has been a workhorse of international trade literature

for decades5. As the name suggests, the model, originally borrowed from

physics, explains a flow between two entities by simply relating it to their

two masses and a friction term. The simplest version of the model requires

only the economic masses of the domestic country and the foreign country,

such as GDPs, and the distance of the two countries as an approximation for

transaction costs:

tradeij = β1GDPi + β2GDPj + β3distij, (1)

where tradeij denotes the trade flow to country i from country j, GDPi and

GDPj are the gross domestic products of countries i and j respectively and

distij denotes the distance of the two countries. The coefficients to be esti-

mated are β1, β2 and β3. (Portes and Rey, 2005) In more elaborate versions

the number of variables increases, but in general, in a gravity specification

bilateral trade is a product of measures of economic size, a bilateral barrier

(such as distance and other trade frictions) and multilateral resistance term

(Anderson and van Wincoop, 2004).

Portes and Rey (1998) were one of the first to propose that a gravity

equation could also explain bilateral financial asset flows. The theoretical

framework for a gravity model of cross-border asset flows derived by Martin

and Rey (2004) and estimated by Portes and Rey (2005) is the most influen-

tial and widely estimated approach to gravity in international finance. This

micro-founded two-country model with an endogenous number of financial

assets relates the size of the two economies and trade costs to their bilat-

eral asset transactions. The model also succeeds in providing an intuitively

5See e.g. Anderson (1979) for an early formulation and Head and Mayer (2013) and

Anderson (2010) for recent surveys.
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appealing explanation for home bias by assuming that transaction costs en-

ter the model non-linearly, enabling even small transaction costs to produce

a high degree of home bias. A theory of financial asset trade which gives

rise to a gravity equation able to produce high degrees of home bias has the

following key elements:

1. Assets are imperfect substitutes in the sense that they provide insurance

against different types of risks.

2. International asset trade entails transaction costs.

3. Supply of assets is endogenous6.

4. There is imperfect competition on the asset markets.

5. Transaction costs interact non-linearly with the elasticity of substitu-

tion between assets.

In the model risk-averse agents develop risky projects of Arrow-Debreu-

nature (see e.g. Obstfeld and Rogoff, 1999), i.e. that have a positive payoff

in only one state of nature. Shares of the projects are then traded on the

stock market. Thus the market capitalization in both countries is endoge-

nous. Higher aggregate demand from the foreign country induces higher asset

prices in the domestic market, thus increasing the optimal amount of risky

projects and financial assets. Their model gives rise to a specification of the

total value of bilateral asset flows including transaction costs. After taking

logs and using the equilibrium demand for foreign assets from the model this

specification takes the form of a gravity equation, which relates the flow of

financial assets to economic masses of the two countries and friction terms:

logTij = log(pjnjzj) + log(nic1i) + logφ+ σlog(
d

Lpj
) + log(

βσ

d
). (2)

Tij denotes the investment flow from country i to country j. The first term

on the right-hand side refers to the financial wealth of the foreign economy

6See e.g. Coeurdacier and Martin (2009) for a simplification of the model, where the

supply of assets is assumed exogenous.
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and the second to aggregate consumption in the domestic economy in the

first period. The third term captures the effect of transactions costs, the

fourth that of expected returns from the foreign assets. The last term is a

constant. (Martin and Rey, 2004)

In addition to the theoretical framework of Martin and Rey (2004), there

are two alternative ways to derive a theoretical equation of cross-border asset

trade discussed in the literature. One is proposed by Lane and Milesi-Ferretti

(2008). Their model is an N-country extension of a model by Obstfeld and

Rogoff (2001) in which bilateral trade flows are linked to bilateral asset hold-

ings. In this framework the barriers to goods trade result in home bias in

financial assets. This model however has not been empirically confirmed and

indeed seems to be plausible only in theory, because the existence of a real

exchange rate hedge channel, crucial to the model, which allows barriers in

goods trade to affect asset trade, has not been found to be working in practice

(Okawa and van Wincoop, 2012).

Another theoretical framework is proposed by Okawa and van Wincoop

(2012), who establish theoretical foundations of a gravity model analogous

to the gravity model of international goods trade. The authors point out

the limitations of the approach of Martin and Rey (2004) and consider the

majority of papers estimating the determinants of cross-border asset flows to

be on a shallow theoretical ground. They critisize the unrealistic assumption

of Arrow-Debreu-assets, as most financial assets have a positive payoff in

multiple states of nature, and the inclusion of expected return in the gravity

equations. They develop a gravity model for bilateral asset holdings in a

one-good, two-period and N-country framework and show that by introducing

fairly simple extensions to the model, the gravity form is lost. At the moment

there are little empirical studies to back up this model, while the model of

Martin and Rey (2004) is tested in a multitude of studies. It thus seems

sensible to for the present take the micro-foundations for the gravity model

as derived by Martin and Rey (2004), bearing in mind the limitations of their

approach.
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Portes and Rey (2005) estimate the model of Martin and Rey (2004) and

find that the model indeed fits data remarkably well. Financial asset flows

seem to be mainly determined by market sizes of economies and trading

costs, of which information costs make up a substantial share. These infor-

mation costs seem to be well approximated by simply the distance between

the two countries, but the authors also proxy information frictions by other

more explicitly information related variables: telephone traffic, number of

subsidiaries of source country’s banks in the destination countries, extent of

insider trading in the destination country and common trading hours. Be-

sides information costs, transaction costs are also a function of the efficiency

of transaction technology. To proxy this effect, the authors use an index of

financial market sophistication of both countries. Their dependent variable

is the level of equity of destination country held by residents of the source

country. Thus, the gravity equation to be estimated takes the following form:

logTij,t =α1log(mktcapi,t) + α2log(mktcapj,t) + α3log(distij)

+ α4(information variables)

+ α5(transaction technology variables)

+ time dummies + constant + εij,t, (3)

where Tij,t refers to the bilateral transactions in equity from source country to

destination country at t, mktcap to equity market capitalization and distij to

the distance between the capital of the two countries. εij,t is the error term.

Theory predicts that the coefficients of the logs of economic masses are equal

to one, and that distance has a negative effect on asset transactions, while

information and transaction technology have a positive effect. This means

that α1 = α2 = 1, α3 < 0, α4 > 0 and α5 > 0, and the empirical equation can

be estimated as:

log
( Tij,t
mktcapi,t ∗mktcapj,t

)
=β1log(distij) + β2(information variables)

+ β3(transaction technology variables)

+ time dummies + constant + νij,t, (4)
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where β1 < 0, β2 > 0, β3 > 0 and νij,t is the error term. This specifica-

tion is arguably simple, but it has been very successful in explaining the

determinants of cross-border asset flows with economic relevance attached

to the estimated coefficients. This has led to the contribution of Portes and

Rey (2005) being instrumental in the ”explosion of papers estimating grav-

ity equations for cross-border financial holdings” (Okawa and van Wincoop,

2012), which has also been encouraged by the extensive CPIS-dataset of IMF

published from 2001 onwards.7

Portes and Rey (2005) elaborate their model by studying the effects of

bilateral trade on cross-border investment flows, but their results rule out fi-

nancial asset flows being simply a mirror image of international trade contrary

to the traditional view. Martin and Rey (2004) or Portes and Rey (2005)

do not consider the multilateral resistance term interpreted as the effect of

all competing assets on the demand of the foreign asset and emphasized in

international goods trade literature (see e.g. Anderson and van Wincoop,

2004) and this is one of the weaknesses of the Martin-Rey-model pointed out

by Okawa and van Wincoop (2012). E.g. Couerdacier and Martin (2009)

extend their model by deriving multilateral resistance term in the theoret-

ical framework and including it in the empirical application in the investor

country fixed effects. Drakos et al. (2014) address the multilateral resistance

term by simply including regional dummies and a full set of country-pair-

dummies. Portes and Rey (2005) do include full set of country-dummies in

one of their specifications, but they do not motivate this by the multilateral

resistance term, but by addressing unobserved country-specific features.

The theoretical framework of Martin and Rey (2004) and its empirical

application of Portes and Rey (2005) study flows of cross-border investments,

but the framework is fully applicable to studying stocks of assets as well. In

fact, as the CPIS-dataset is the main source of data for many studies on

gravity models and this data includes only stocks of cross-border portfolio

7See also Coeurdacier and Guibaud, 2011, for a convenient categorization of different

studies.
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assets, most empirical studies of the gravity model consider stocks of external

assets (e.g. Li et al., 2004, Aviat and Coeurdacier, 2007, Coeurdacier and

Martin, 2009, Balli et al., 2013, among others). However, with stock of

holdings the problem of serial persistence in the cross-border asset holdings

becomes even more acute. Drakos et al. (2014) point out that the feature

of serial correlation is utterly overlooked in previous literature, even though

it is clear that cross-border asset holdings are strongly dependent on their

previous values. The most approriate approach would thus be to model the

cross-border asset holdings using dynamic models, although this is beyond

the scope of this thesis.

There have also been different specifications for the models stemming

from the theoretical framework of Martin and Rey (2004) proposed in the

literature. Couerdacier and Martin (2009) extend the model of Martin and

Rey (2005) to N countries and show that assuming exogenous asset supply

instead of endogenous has little effect on the results. In their model the

authors include a multilateral resistance term, which can be thought to be a

measure of financial remoteness. The term takes the form of a price index

for all the assets that compete with the imported asset. Their theoretical

gravity equation for Assetij, the financial assets of country j held by country

i, takes the form:

Assetij = Lipjnjsij =
βLiyinj
1 + β

(rjQi

τij

)σ−1
(5)

where Liyi refers to GDP of the source country, nj to market capitalization

of the host country, τij to the transaction costs, rj to expected return of the

foreign asset, σ to the elasticity of substitution between assets and Qi is the

multilateral resistance term of the form:

Qi =
[ N∑
j=1

nh

( rj
τij

)σ−1] 1
1−σ

. (6)
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By taking logs equation (5) takes the familiar gravity form:

log(Assetij) = logLiyi+lognj−(σ−1)logτij+(σ−1)logrj+(σ−1)logQi, (7)

which Couerdacier and Martin (2009) test by estimating the following equa-

tion:

log(Assetij) = αi+βlog(GDPj)+γ
mktcapj
GDPj

+(σ−1)logZij+(σ−1)logrj (8)

where αi is the investor country fixed-effect and Zij denotes the transaction

costs on the international financial markets. GDP of the investor country and

the multilateral resistance term Qi are controlled for in the investor country

fixed-effect αi. Coeurdacier and Martin (2009) apply their specification of

the gravity model to studying the impact of euro on the determinants of

trade in bonds, equity and banking assets.

The approach taken by Aviat and Couerdacier (2007) combines the grav-

ity model of bilateral goods trade and bilateral financial asset trade. They

derive a system of gravity equations, where trade in goods explains bilat-

eral financial asset holdings and asset holdings explain bilateral goods trade

flows. The following two equations specify a system where cross-border asset

holdings and international trade in goods are mutually determined:

log
Assetij

GDPi ∗GDPj
=αA + φAlog

Tradeij
GDPi ∗GDPj

− βAlogdistij

+ γAZij,A + σArj + εij,A (9)

log
Tradeij

GDPi ∗GDPj
=αT + φT log

Assetij
GDPi ∗GDPj

− βT logdistij

+ γTZij,T + εij,T (10)

where Assetij refers to bilateral asset holdings, Tradeij to bilateral goods

trade, α to fixed effects in asset trade (A) and in goods trade (T ), distij to

bilateral distance, Zij to trade costs, rj to returns on foreign assets and εij is

error term. The authors find that controlling for trade, the impact of distance

on assets holdings is drastically reduced. This is very different from Portes
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and Rey (2005) who find that trade had very little effect on their results.

Also Balli et al. (2013) find that bilateral trade flows, measured as the sum

of exports and imports, are the strongest determinants of bilateral asset hold-

ings for all sectors, including households. But why should trade flows have

an effect on the investment decisions of households? To my understanding,

much of the significance of trade flows for cross-border investment holdings

might actually also be related to ”familiarity effects” induced by trade flows,

instead of trade flows per se.

The gravity model may be disaggregated over investor sectors, but to my

knowledge only one study so far considers the cross-border investments of

different sectors. Balli et al. (2013) apply the gravity model on the cross-

border assets of financial, insurance, non-financial, government and house-

hold sectors instead of the aggregate economy. The CPIS data allows this

kind of study for all countries, which report the external assets disaggregated

over sectors. Examining the determinants of international asset flows sepa-

rately by sectors makes sense, because it is likely that the determinants of

cross-border decisions, or at least their coefficients, of e.g. sophisticated in-

stitutional investors are different from those of households (see e.g. Grinblatt

and Keloharju, 2000). Balli et al. (2013) indeed find this to be the case.

An interesting and original empirical approach is taken by a very recent

paper by Drakos et al. (2014). Based on the gravity set-up of Martin and

Rey (2004), the authors employ random effects probit model to explain the

substantial number of zero observations in global bilateral investment hold-

ings. Instead of concentrating on the level of bilateral asset holdings, the

authors are interested in the dichotomous decision of investing or not invest-

ing. The authors argue that this way they are able to make use of the data

in a much fuller sense, as now also the confidential data and zero holdings

yield important information. They estimate the following empirical model:

Invi,t = 1
{
γInvi,t−1 +X

′

i,tβ + ui,t > 0
}
, (11)

i = 1, ..., N ; t = 1, ..., T,
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where indicator function 1{} takes the value one when the event inside the

brackets occurs and zero otherwise. Invi,t denotes the dichotomous depen-

dent variable. This set-up has a cross-sectional dimension of pairs of source-

host countries i, and a time dimension. The vector X i,t includes covariates

which model the discrete choice of investing in a foreign financial market:

host country specific, xi,h,t, source country specific, xi,s,t, and pair specific,

xi, characteristics. These variables include the economic masses of the coun-

tries and transaction costs. Economic masses are measured by GDP per

capita. The role of transaction costs is taken by information effetcs and at-

tractiveness to investments. Information frictions are proxied by distance

and information advantages by common language and common legal origins.

Attractiveness to investments is measured by openness of the destination

country’s economy, it’s institutional quality approximated by indices of finan-

cial and political risk and financial market development measured by stock

turnover ratio and domestic credit per GDP. Their empirical specification

also includes the multilateral resistance term, which is interpreted as a price

index of all financial assets which are (incomplete or complete) substitutes for

the foreign asset. The term is estimated by regional dummies for continents

and a full set of source and host-specific dummies. The authors estimate a

static and a dynamic version of the model. The static version of the model

is estimated by random effects probit model and it is assumed that there is

no state dependence and no serial correlation in the transitory errors. The

static model thus concentrates solely on the roles of the independent vari-

ables in determining the probability of a positive investment from the source

country to the destination country. The standard result of gravity models is

confirmed in the discrete choice framework: distance and positive bilateral

cross-border investments are negatively linked. There is thus a smaller prob-

ability of investing in a distant destination country, all things being equal.

(Drakos et al., 2004)

I take the work of Martin and Rey (2004) as the theoretical base of my

study because of the merits discussed earlier: The model has been extensively
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tested and found to fit the data of financial asset flows reasonably well. The

empirical approaches to estimating gravity equations to be considered further

are that of Portes and Rey (2005), because their approach can duly be con-

sidered the classic approach to gravity in finance, and Drakos et al. (2004),

because of their original contribution to the study of cross-border investment.

Importantly, these two models are chosen also because they can be thought

to represent the two hurdles of the double-hurdle model. According to Cragg

(1971) the participation decision can be represented by a probit model and

the level decision by a fixed effects model. Thus the dichotomous approach of

Drakos et al. (2014) corresponds to the participation decision and the classic

approach to the level decision.
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2.2 Theoretical framework of the gravity model of cross-

border investments

The model of Martin and Rey (2004) is a two-period model with two economies;

domestic, i, and foreign, j. The economies are populated by ni and nj risk-

averse immobile agents. In the first period the agents are endowed with

yi and yj of tradable good, which can be consumed or saved. Saving oc-

curs through investing in projects either directly by investing to developing

a project or indirectly by buying shares of the projects on the stock market.

Each agent developes zi and zj projects in the domestic and foreign economy

respectively, and the set of projects developed by domestic and foreign agents

are denoted respectively by Zi and Zj. Agents in both economies are iden-

tical and thus develop the same number of projects. The aggregate amount

of projects developed depends on the population size and thus the number

of projects developed in the domestic and the foreign economy respectively

are nizi and njzj. The international equilibrium total number of assets is

nizi + njzj. The sets of domestic and foreign projects are denoted respec-

tively by Mi and Mj. The total costs of developing a domestic and foreign

project are f(zi) and f(zj) respectively. The marginal costs of developing

new projects are assumed to be growing because of e.g. monitoring costs

that grow as the number of projects grow.

In the second period there are L exogenously determined and equally

likely states of nature, which affect the dividends paid by projects in the

following manner:

Project l pays

d if state = l ∈ {1, ..., L},

0 otherwise.
(12)

This structure of payoffs makes investing in a specific project similar to buy-

ing an Arrow-Debreu-asset (see e.g. Obstfeld and Rogoff, 1991). Arrow-

Debreu-instruments have a positive payoff in only one state of nature, and

it is also assumed that in every state of nature only one instrument has a
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positive payoff8. Dividends are the only source of income in the second pe-

riod. The shares of different projects are imperfectly correlated, and there is

thus an incentive to diversify. Importantly, it is assumed that markets are

incomplete:

nizi + njzj < L. (13)

That is, the total number of projects is less than the number of states of

nature. It is thus not possible to eliminate all risk by holding a portfolio that

includes all assets. For this reason there are some states of nature, where

there are no dividends, thus no income and zero consumption.

All agents are identical and the projects they develop are symmetrical.

Thus demands for assets in a given economy are symmetric, and the prices

and diversification choices of the agents identical. It is thus possible to omit

reference to an individual agent in the notation, and only refer to the nation-

ality of the agent.

Transaction costs When agents trade assets internationally, they face a

transaction cost τ . This cost is assumed to be a so called iceberg9 cost, famil-

iar from goods trade: it is paid in units of the asset itself and in proportion to

the asset. The transaction cost is beared by the investors: when a domestic

investor buys a foreign asset, the total cost of the investment is (1 + τ)pjsij,

where pj is the price of the foreign asset and sij is the amount of foreign assets

demanded by a domestic investor. The transaction costs are understood in

the broadest sense to include e.g. banking commissions, exchange-rate costs

and importantly also information costs.

8Okawa and van Wincoop (2012) see this assumption as the main limitation of the

approach of Martin and Rey, because most financial assets, such as equities and bonds,

have non-zero payoffs in multiple states of nature. Moreover, in contrast to an Arrow-

Debreu-asset, different financial assets have non-zero payoffs in similar states of nature.

This limitation is understood and acknowledged.
9The analogy to iceberg is that part of the asset can be thought to ”melt” during

transaction (Martin and Rey, 2004).
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Budget constraint The budget constraint of the first period for an agent

in the domestic country is

c1i + f(zi) +
∑
i∈Mi
i/∈Zi

pisii +
∑
j∈Mj

(1 + τ)pjsij = yi +
∑
k∈Zi

pikαik. (14)

The first term on the left-hand side refers to consumption in the first period

and the second, third and fourth term refer to investments made through

developing projects, buying domestic assets and buying foreign assets. On

the right-hand side yi refers to agents endowment of a tradable good, and the

second term to income from selling shares of developed projects on the stock

market. Coefficient αik is the share of the projects developed by the agent

himself that he chooses to sell and is interpreted as a diversification factor.

The budget constraint of the second period depends on the state of nature:

c2i =



dsi,l if state = l ∈Mi, /∈ Zi,

(1 + τ)dsi,l if state = l ∈Mj,

d(1− αi,l) if state = l ∈ Zi,

0 otherwise.

(15)

In the first case a domestic project developed by another agent succeeds and

pays dividends, in the second a foreign project and in the third a project

developed by the agent himself. In the fourth case the agent did not invest

in a succesful project and does not receive any income in the second period.

The budget constraints are symmetrical for an agent from the foreign

economy with only i replaced with j.

Utility function Expected utility of a domestic agent is of CRRA-form10:

EUi =
c
1− 1

σ
1i

1− 1
σ

+ βE
( c1− 1

σ
2i

1− 1
σ

)
, (16)

10Constant relative risk aversion utility function, see e.g. Obstfeld and Rogoff, p. 278-

279.
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where β denotes discount rate, 1
σ

the degree of risk aversion and σ the elas-

ticity of substitution between assets. Given the different states of nature

and the assumption that these all have the same probability 1
L

, the expected

utility takes the form

EUi =
c
1− 1

σ
1i

1− 1
σ

+
D

1− 1
σ

∑
i∈Mi
i/∈Zi

s
1− 1

σ
ii +

D(1 + τ)1−
1
σ

1− 1
σ

∑
j∈Mj

s
1− 1

σ
ij

+
D

1− 1
σ

∑
k∈Zi

(1− αik)1−
1
σ + 0, (17)

where D ≡ βd1−
1
σ /L.

Maximization problem Agents maximize expected utility (17) given the

intertemporal budget constraint given by (14) and (15) by choosing con-

sumption in the first period, c1i, number of projects individually developed,

zi, demand for domestic and foreign assets, sii and sij, and the degree of

diversification, αik:

max. EUi s.t. intertemporal budget constraint

w.r.t. c1i, zi, sii, sij and αik. (18)

Asset demands The individual asset demands of domestic agents are

given by the first order conditions of the maximization problem:

Demand for domestic assets: sii = c1ip
−σ
i Dσ, i ∈Mi, i /∈ Zi (19)

Demand for foreign assets: sij = c1ip
−σ
j Dσ (1− τ)σ−1

(1 + τ)σ
, j ∈Mj. (20)

Note that demand for foreign assets is decreasing in transaction costs in a

non-linear way. This is an important feature of the model, because it allows

for high degree of home bias with relatively small transaction costs.
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Market structure and asset supplies Projects have growing marginal

costs and in addition there is a fixed cost related to developing a new project.

Due to imperfect competition on the asset markets, a new project gives its

developer monopoly power. It is thus always more profitable to develop a

new project and never optimal to replicate an existing project. The supply of

shares is characterized by monopolistic competition: the number of projects

developed by each agent is small relative to the total number of projects.

The individual supplies of shares given by the first order conditions are:

Supply of domestic assets:
∑
k∈Zi

αik = αi = 1− c1iδp−σi Dσ (21)

Supply of foreign assets:
∑
k∈Zj

αjk = αj = 1− c1jδp−σj Dσ, (22)

where δ ≡ ( σ
σ−1)σ ≥ 1. Coefficient δ can be interpreted as a measure of

imperfect competition, which takes value 1 when there is perfect competition.

Equilibrium conditions In equilibrium the amount of shares offered, αi

and αj, equal the sum of aggregate domestic demand, nisii, and aggregate

foreign demand, nisij, including transaction costs. The equilibrium condi-

tions for each stock market thus are:

Domestic stock market: αi = (ni − 1)sii + (1 + τ)njsji (23)

Foreign stock market: αj = (nj − 1)sjj + (1 + τ)nisij, (24)

The levels of shares listed on the stock market can be derived from these

equilibrium conditions (23) and (24) and the first order conditions as:

Share of domestic projects listed: αi =
(ni − 1)c1i + njφc1j

(ni − 1 + δ)c1i + njφc1j
(25)

Share of foreign projects listed: αj =
(nj − 1)c1j + niφc1i

(nj − 1 + δ)c1j + niφc1i
, (26)
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where φ =
(

1−τ
1+τ

)σ−1
. Coefficient φ is interpreted as an indicator of mar-

ket segmentation, as it measures the extent to which the transaction cost

and elasticity of substitution between assets lead to diversification. Lower τ

implies lower segmentation, indicated by a higher φ.

Asset prices Asset prices are solved from the equilibrium conditions (23)

and (24) and the first order conditions:

Price of domestic assets: pi = d[(ni − 1 + δ)c1i + njφc1j]
1
σ (27)

Price of foreign assets: pj = d[(nj − 1 + δ)c1j + niφc1i]
1
σ . (28)

Number of assets The number of projects is optimal when the marginal

cost of the last project equals the price of the asset. Thus the optimal zi and

zj are given by f ′(zi) = pi and f ′(zj) = pj.

Size and income effects The respective sizes of the economies have effect

on the proportion of each project sold on the market and the asset prices.

From (25) and (26) it can be seen that if ni > nj, then αi > αj. That is,

in a bigger economy, project owners sell a larger share of their projects on

the stock market. This can be interpreted as financial market development

depending on market size. From (27) and (28) it can be seen that if ni > nj,

then pi > pj, so a bigger market size also results in higher asset prices. As

the cost function is convex, the larger economy with higher asset prices can

also sustain more projects per agent: zi > zj. This leads to there being a

broader supply of different assets on the larger market.

In addition to size effects, there are also income effects in the model. From

(27) and (28) it can bee seen that an increase in domestic income and thus

consumption increases the price of domestic assets, and from (25) and (26)

that it decreases the share of projects sold on the stock market.
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Demand and supply curves of assets Demand curves are solved from

the equilibrium conditions (23) and (24) and individual asset demands (19)

and (20):

αi = p−σi Dσ[(ni − 1)c1i + njφc1j] (29)

αj = p−σj Dσ[(nj − 1)c1j + niφc1i] (30)

Supply curves are given by the individual supplies (21) and (22):

αi = 1− c1iδp−σi Dσ (31)

αj = 1− c1jδp−σj Dσ (32)

Home bias By definition, there is a positive degree of home bias when the

share of domestic assets in an economy’s portfolio is larger than the share

of domestic assets of all assets in the world. There are also other definitions

of home bias, but this is the most simple and general of the definitions (see

e.g. Sercu and Vanpee, 2007). In terms of the gravity model this can be

formulated as the difference between the share of domestic assets of all assets

held by domestic agents and the share of all domestic assets from the sum of

domestic and foreign assets. Thus, there is home bias, when

pizi(ni − 1)sii + pizi(1− αi)
pizi(ni − 1)sii + pizi(1− αi) + (1 + τ)pjzjnjsij

>
nipizi

nipizi + njpjzj

⇔ ninj(1− φ2) + (ni + nj)(δ − 1) + (δ − 1)2 > 0

⇔ there is home bias when φ 6= 1 or δ 6= 1, (33)

where φ =
(

1−τ
1+τ

)σ−1
and δ = ( σ

σ−1)σ. Coefficient φ is interpreted as an indi-

cator of market segmentation and δ as a measure of imperfect competition.

The non-linear interaction of transaction costs and elasticity of substitu-

tion between assets gives an intuitively appealing explanation to home bias,

and the high levels of home bias observed can be caused by low transactions

costs when modeled this way.
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Financial asset trade flows and the gravity equation Finally, the

model gives rise to an equation of bilateral asset flows, which takes a form

similar to gravity equation of goods trade. This gravity equation of bilat-

eral financial asset flows provides a theoretical framework for analyzing the

determinants of cross-border investment decisions.

The total value of investments of domestic agents in foreign assets includ-

ing transaction costs is given by

Tij = nisijpjnjzj(1 + τ), (34)

where i refers to domestic economy, j to foreign economy, Tij to assets of

j held by residents of i, ni and nj to populations of the economies, pj to

foreign assets price, njzj to the number of assets in the foreign economy, sij

to demand for foreign assets by residents of the domestic economy and τ to

transaction costs. By taking logs and using (20), the equilibrium demand for

foreign assets, the equation takes a gravity form familiar from international

goods trade:

logTij = log(pjnjzj) + log(nic1i) + logφ+ σlog(
d

Lpj
) + log(

βσ

d
), (35)

where φ =
(

1−τ
1+τ

)σ−1
and σ is the elasticity of substitution between assets.

The first term on the right-hand side refers to the financial wealth of the

foreign economy and the second to aggregate consumption in the domestic

economy in the first period. The third term captures the effect of transactions

costs through the transformation of transaction costs, φ. The fourth term is a

function of expected returns of the foreign assets, where d denotes dividends

determined by (12). The last term is a constant, where β denotes discount

rate and d payoff.

Martin and Rey (2004) interpret this equation for flows of investments.

Interpreting it for stocks of financial assets held by domestic investors requires

no changes in the formulation. It should be noted that none of these terms can

be readily interpreted as the multilateral resistance term, which is included in

the specification of Couerdacier and Martin (2009) and emphasized by trade

literature (see e.g. Okawa and van Wincoop, 2012).
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3 Estimating the determinants of cross-border

investments

As discussed in the literature review in section 2.1 there are a number of

different empirical approaches to estimating the determinants of a gravity

equation of financial asset trade that have their theoretical origins in the

framework of Martin and Rey (2004). I have chosen two of these for a closer

look. The empirical model of Portes and Rey (2005) has formed the basis of

the vast majority of models studying the gravity framework, and I refer to

it as the ”classic approach”. A very different empirical approach is taken in

a recent paper by Drakos et al (2014), referred to here as the ”dichotomous

approach”. Instead of concentrating on the level of bilateral asset holdings,

the authors are interested in the binary decision of investing or not investing.

In addition to presenting these two empirical models, I will propose a third

one, the double-hurdle model, which has not been employed before in the

context of international asset flows.

A simplified version of (35), the gravity equation of Martin and Rey

(2004), is used as a theoretical framework and a starting point by e.g. Portes

and Rey (2005) and also the empirical part of this thesis. This version of

the gravity equation states the log of transactions in financial assets Tij from

country i to country j as

logTij,t = k1log(Mi,tMj,t) + k2log(τij,t) + k3, (36)

i, j = 1, ..., N and t = 1, ..., T.

Mi,t and Mj,t are measures of the economic masses of country i and j, while

τij,t denotes transaction costs between the countries. Coefficients k1 and k2

are to be estimated and k3 a constant. There is a a cross-sectional dimension

of pairs of source-host countries ij and a time dimension t.
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3.1 The classic approach to estimating a gravity equa-

tion

The empirical approach of e.g. Portes and Rey (2005), referred to here as

the classical approach, takes the simplified theoretical gravity equation (36)

as a starting point and relates the level of foreign assets held by domestic

investors to the economic masses of the two countries and broadly understood

transaction cost variables:

logTij,t = α1logMi,t + α2logMj,t + α3logτij,t + uij,t, (37)

i, j = 1, ..., N and t = 1, ..., T.

Tij,t refers to the investments from source country i to destination country

j, Mi,t and Mj,t to economic masses of the two countries and τij,t to the

transaction costs between the two countries. uij,t is the error term. There

is a cross-sectional dimension of pairs of source-host countries ij and a time

dimension t. The effect of transaction costs is approximated by distance

as a proxy of information frictions, information variables and transaction

technology variables:

logTij,t =α1log(Mi,t) + α2log(Mj,t) + α3log(distij,t)

+ α4log(information variables)

+ α5log(transaction technology variables)

+ time dummies + country dummies + constant + uij,t, (38)

i, j = 1, ..., N and t = 1, ..., T.

Tij,t, Mi,t and Mj,t are as before and distij,t refers to the distance between

the capitals of the two countries. Theory predicts that the coefficients of the

logs of economic masses are equal to one, and that distance has a negative

effect on asset transactions, while information and transaction variables have

a positive effect. Thus it is expected that α1 = 1, α2 = 1, α3 < 0, α4 > 0 and

α5 > 0. Time dummies capture the effect of macroeconomic disturbances and

country dummies the effect of the multilateral resistance term (Coeurdacier

and Martin, 2009).
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The coefficients α1, α2, α3, α4 and α5 of this empirical gravity equation

(38) are estimated through fixed effects estimation for panel data. As all

variables are in logs, the resulting coefficients can be interpreted as elastici-

ties, that is, ratios of the percentage change in the dependent variable to the

percentage change in independent variables. (Portes and Rey, 2005)

The dependent variable is assumed not to be autocorrelated, but it is clear

that this is not an realistic assumption at least in the case of asset holdings

(see e.g. Drakos et al., 2014). Including lagged values of the dependent

variable would require a dynamic panel data model, as including them in

fixed effects estimation would result in inconsistent estimates. The most

appropriate way would be to employ a dynamic panel data model, but this

is alas beyond the scope of this thesis.
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3.2 The dichotomous approach to estimating the grav-

ity equation

Drakos et al. (2014) take a different empirical approach to estimating the

gravity equation of the theoretical set-up of Martin and Rey (2004). In this

approach, referred to here as the dichotomous approach, the interest is in

the dichotomous decision of investing or not. With the simplified theoretical

gravity equation (36) again as a starting point an empirical dichotomous

gravity equation is formulated as a binary choice panel data model:

DTij,t = 1
{
Tij,t > 0

}
= 1
{
α1logMi,t + α2logMj,t + α3logτij,t + uij,t > 0

}
, (39)

i, j = 1, ..., N and t = 1, ..., T.

DTij,t is the dichotomous dependent variable, Tij,t refers to the investments

from source country i to destination country j, Mi,t and Mj,t to economic

masses of the two countries and τij,t to the broadly understood transaction

cost variables between the two countries. uij,t is the error term. The indicator

function 1{} takes the value one when the event inside the brackets occurs,

that is when the observed cross-border investments are positive, and zero

otherwise. There is a a cross-sectional dimension of pairs of source-host

countries ij and a time dimension t.

As in the classic approach, the effect of transaction costs is approximated

by distance as a proxy of information frictions, and information variables and

transaction technology variables:

DTij,t = 1
{
α1log(Mi,t) + α2log(Mj,t) + α3log(distij)

+ α4log(information variables)

+ α5log(transaction technology variables)

+ time dummies + country dummies

+ constant + uij,t > 0
}
, (40)

i, j = 1, ..., N and t = 1, ..., T.

28



DTij,t, Tij,t, Mi, Mj and distij are as before. Time dummies capture the

effect of macroeconomic disturbances and country dummies the effect of the

multilateral resistance term. The coefficients α1, α2, α3, α4 and α5 of this

dichotomous empirical gravity equation (40) are estimated through static

random effects probit model. It is assumed that there is no state dependence

and no serial correlation in the transitory errors. This assumption is clearly

unrealistic as cross-border investments are highly dependent on their own

past values as pointed out by Drakos et al. (2014). However, a more realistic

dynamic random effects probit model is beyond the scope of this thesis.
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3.3 Combining the two approaches: a double-hurdle

model

The classic empirical gravity model clearly fails to explain the prevalence of

zero investments observed as the issue is simply ignored in this approach. As

pointed out by Heckmann (1979), treating the zero observations inappropri-

ately may lead to biased and inconsistent estimates. Because the share of zero

observations is not only non-negligible, but strikingly high in cross-border in-

vestments (see e.g. Drakos et al., 2004), standard regression analysis should

not be considered an appropriate approach. Instead, statistical models for

limited dependent variable, such as tobit or probit models, should be con-

sidered the right approach. On the other hand, the dichotomous approach

presented in previous section, though giving due attention to zero holdings,

answers only half of the question and loses valuable information by ignoring

the levels of cross-border investments. Combining the classic and dichoto-

mous approaches should provide a more thorough and complete description

of the determinants of cross-border asset flows. The double-hurdle model

first presented by Cragg (1971) and developed further by Heckmann (1976)

could provide the combining approach needed to study the determinants of

cross-border asset flows in a more realistic manner.

In addition to dealing properly with zero observations, there is another

reason that makes the use of the double-hurdle model appealing. While es-

timating the gravity model by the classical and the dichotomous approach,

one might end up with results pointing to different directions. This could

mean that there are different processes determining the dichotomous deci-

sion of investing or not, and the decision of how much to invest. With the

double-hurdle model it is possible to estimate the equation of the dichoto-

mous participation decision and the equation of the continuous level decision

simultaneously while allowing them to depend on two different processes

(Cragg, 1971, and Heckmann, 1976).

The double-hurdle model is closely related to other limited dependent

variables such as the tobit models. As tobit models, double-hurdle models
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are used with dependent variables that take a corner solution, such as zero,

with a positive, non-negligible probability and are continuously distributed

over the set of other solutions. (Garcia, 2013) This is exactly what is observed

in the cross-border investments: the distribution of the amounts of foreign

assets held are continuously distributed over positive values, but the number

of zero holdings is very high and there are no negative investments. Thus the

observations pile up at the lower corner of the interval of observed holdings,

i.e. at zero.

The tobit model is very commonly used in these kinds of problems, but the

functional form of a tobit model restricts the underlying stochastic process

to be the same for when the dependent variable equals zero and when it is

positive. The double-hurdle model relaxes this assumption and allows these

processes to be different. Specifically, the double-hurdle model also allows

that the effect of a determinant on the probability that the dependent variable

is positive has a different sign than the effect of the same determinant on

the level of the dependent variable, goven that is is positive. (Cragg, 1971)

In his seminal paper Cragg (1971) presents several statistical models for

limited dependent variables, one of which is the double-hurdle model. All the

presented models are based on probit analysis model where the probability

that a particular event will occur at period t is

P (Et) =

∫ X′tβ

−∞
(2π)−

1
2 exp

{
−z2

2

}
dz, (41)

where Xt is a vector of the independent variables at period t and β is a vector

of coefficients. The cumulative unit normal distribution is depicted by

C(z) =

∫ z

−∞
(2π)−

1
2 exp

{
−t2

2

}
dt. (42)

From this starting point Cragg goes on to point out that the tobit model

usually used with limited dependent variables will not be appropriate when

the decision to acquire and the amount of the acquisition are governed by

different effects. To model a situation like this he proposes a model in which
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two hurdles must be overcome to achieve positive observations of the depen-

dent variable: First, a decision to consider an acquisition must be made, and

second, the amount of the acquisition decided. The density for zero values

of the dependent variable yt is given by

f(yt = 0 | X1t, X2t) = C(−X ′1tβ), (43)

where X1t and X2t are vectors of independent variables at period t, which are

not necessarily distinct, and β is a vector of coefficients. This participation

decision can be represented by a probit model. The density for positive values

of the dependent variable is given by

f(yt | X1t, X2t) = (2π)−
1
2σ−1exp

{
−(yt −X ′2tγ)2

2σ2

}
C(X ′1tβ) (44)

for yt 6= 0, and where β and γ are vectors of coefficients. This level decision

can be represented by a standard regression model. It is quite common to

restrict yt to be non-negative by truncating the distribution at zero. The

density function related to level decision is then represented by

f(yt | X1t, X2t) = (2π)−
1
2σ−1exp

{
−(yt −X ′2tγ)2

2σ2

}
C(X ′1tβ) C

(
X ′2tγ

σ

)
(45)

for yt > 0. This representation is appropriate in the case of asset holdings,

which are non-negative. The model is estimated by calculating maximum

likelihood estimates iteratively, as there is no direct way to solve the first-

order conditions from the highly non-linear equations.

The standard double-hurdle assumes bivariate normality of unobserved

errors (see e.g. Jones and Yen, 2000), meaning that the errors are indepen-

dent if and only if there is zero correlation between the errors. In reality

the errors may be non-normally distributed resulting to the maximum likeli-

hood estimators being inconsistent. Jones and Yen (2000) solve this problem

by generalizing the double-hurdle model to account for dependence between

participation and level decisions. They introduce a Box-Cox transformation

(Box and Cox, 1964) of the dependent variable, which relaxes the normal-

ity assumption on the conditional distribution of the dependent variable and
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allows stochastic dependence between the errors. The implementation of

Garcia (2013) follows Jones and Yen (2000) and also allows the errors to be

correlated. There are several representations in the literature of the estimable

decision and level equations (see e.g. Holloway et al., 2005, Blundell et al.,

1987, and Heckmann, 1976), but the most suitable for the present purpose is

the formulation employed by Garcia (2013) following Jones and Yen (2000).

This formulation can be straightforwardly modified to be used with grav-

ity equations. Importantly, Garcia (2013) also introduces a Stata-command

for the double-hurdle model, which makes the estimation of the model, ac-

knowledged to be computationally heavy e.g. Cragg (1971), comparatively

effortless.

Following the formulation of Garcia (2013) and Jones and Yean (2000),

assume that consumers make their consumption decisions in two steps or

hurdles. First, a consumer decides whether he wants to make an acquisition

at all, that is, to participate in the market. This is called the participation

decision. After this the customer determines the optimal amount of the

acquisition according to his preferences. This second decision is called the

level decision. If the observed consumption is denoted by yi, the double-

hurdle model can be formulated as:

yi =

βxi + ui if min[βxi + ui, γzi + vi] > 0,

0 otherwise.
(46)

where

(
ui

vi

)
∼ N(0,Σ), Σ =

(
1 σ12

σ21 1

)
.

Above βxi + ui represents the level equation and γzi + vi the participation

equation. Errors ui and vi of the participation and level equation are assumed

jointly normal and they may be correlated. (Jones and Yen, 2000, and Garcia,

2013)

When Ψ(x, y, ρ) is the standard bivariate normal cumulative distribution

function with correlation ρ, φ(x, y, ρ) the univariate standard normal density

function and Φ(x, y, ρ) the univariate standard normal distribution function,
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the log-likelihood function of the double-hurdle model is

log(L) =
∑
yi=0

{
log

[
1−Ψ

(
γzi − c,

βxi − c
σ

, ρ

)]}

+
∑
yi>0

{
log

[
Φ

(
γzi − c+ ρ

σ
(yi − βxi)√

1− ρ2

)

− log(σ) + log

[
φ

(
yi − βxi

σ

)]}
, (47)

where c is the lower corner, or the point of truncation of the double-hurdle

model, which is often and also here assumed to be zero. When ρ = 0 and γzi

tends to infinity, the double-hurdle model reduces to a tobit model. (Jones

and Yen, 2000, and Garcia, 2013)

The economic interpretation of the estimation results is conducted based

on the marginal effects of independent variables on three quantities. First,

the probability of the dependent variable being positive:

P (yi > c | xi, zi) = Φ

(
γzi − c,

βxi − c
σ

, ρ

)
. (48)

Second, the expected level of the dependent variable conditional on the in-

dependent variables and the dependent variable being positive:

E(yi | xi, zi, yi > c) =

∫ ∞
c

yif(yi | vi > c− γzi, ui > c− βxi)dy, (49)

where f(·) =

φ

(
yi−βxi
σ

)
Φ

(
γzi−c+ ρ

σ
(yi−βxi)√

1−ρ2

)
σΨ
(
γzi − c, βxi−cσ

, ρ
) .

Third, the expected level of the dependent variable conditional only on the

independent variables:

E(yi | xi, zi) =c[1− P (yi > c | xi, zi)]

+ P (yi > c | xi, zi)E(yi | xi, zi, yi > c). (50)

The first effect is related to the participation equation and the second effect

to the level equation. In the present context c, the lower corner of the model,

is assumed to be zero. (Jones and Yen, 2000, and Garcia, 2013)
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In the context of cross-border investments, consumers are considered in-

vestors and acquisitions in a given market are considered investments into a

foreign country. When the double-hurdle model is formulated in the gravity

framework:

logTij,t =

L if min(L, P ) > 0,

0 otherwise,
(51)

L = α1logMi,t + α2logMj,t + α3logτij,t + uij,t, (52)

P = γ1logMi,t + γ2logMj,t + γ3logτij,t + vij,t, (53)

where L is the level equation, P is the participation equation, Tij,t refers

to the investments from source country i to destination country j, Mi,t and

Mj,t are measures of the economic masses of country i and j, τij,t denotes

transaction costs between the countries. uij,t and vij,t are error terms.

As in the classic and dichotomous approaches, the effect of transaction

costs can be disaggregated and approximated by distance as a proxy of in-

formation frictions, and information variables and transaction technology

variables. Time dummies and country dummies are added to empirical equa-

tion to capture the effect of macroeconomic impacts and the multilateral

resistance term. The double-hurdle model takes the form:

logTij,t =

L if min(L, P ) > 0,

0 otherwise,
(54)

L =α1log(Mi,t) + α2log(Mj,t) + α3log(distij)

+ α4log(information variables)

+ α5log(transaction technology variables)

+ time dummies + country dummies

+ constant + uij,t, (55)
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P =γ1log(Mi,t) + γ2log(Mj,t) + γ3log(distij)

+ γ4log(information variables)

+ γ5log(transaction technology variables)

+ time dummies + country dummies

+ constant + vij,t, (56)

where L is the level equation, P is the participation equation, Tij,t, Mi,t

and Mj,t are as before and distij,t refers to the distance between the capitals

of the two countries. Also in the double-hurdle model the persistence in

observed values of external asset holdings is ignored, and this assumption is

acknowledged to be simplifying.

There is no reason why the decision to acquire and the amount of acquisi-

tion should be governed be the same effects, that is for βxi +ui = γzi + vi in

(46). In many studies these effects have been found to be different and even

the coefficients of same determinants to be of different sign, with the classic

example being the effect of education on consumption of cigarettes (see e.g.

Jones, 1989). In more recent example Garcia (2013) finds that education has

a negative effect on the participation equation, but a positive effect on the

level equation. That is, education reduces the probability of an individual be-

ing a smoker, but given that the individual is a smoker, education correlates

positively with the amount of cigarettes he smokes11.

It is not very hard to think of the determinants of the participation de-

cision and the level decision to differ in the context of cross-border invest-

ments. It may be that it simply is not possible for residents of source country

to invest in a given country. The destination country may not allow foreign

investments at all or the government of the source country may have imposed

financial sanctions on the destination country that inhibit investments from

residents of the source country. These kinds of restrictions might affect only

11For other applications of the double-hurdle model see e.g. Blundell et al., 1987, who

study female labor supply, the standard application of the double-hurdle model, Newman

et al., 2003, for a model of Irish household expenditure on prepared meals, and Aristei,

2013, for an application considering the remittance behavior of migrants.
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the participation equation and result in zero investments. The coefficients

of determinants that do effect both equations, such as financial market de-

velopment or market size in the destination country, may well be different.

A bigger market might make the probability of a positive investment larger,

but once the decision to invest has been made, the positive effect of market

size could be even larger.

The most interesting case of the double-hurdle estimation, the different

signs of coefficients of the same determinant, is also thinkable. Distance might

affect negatively the probability of making a positive investment; investors

may feel that investing into a distant country holds more risk through infor-

mation frictions than investing on the same continent. But once the positive

investment decision is made, investors may consider geographical diversifica-

tion in the set of countries they did decide to invest in. Then the effect of

distance on the level of investment could be positive.

Given the prevalence of zeros in the observed cross-border financial asset

holdings and the fact that the two hurdles of cross-border investment deci-

sion plausibly could and even probably do depend on different processes, the

double-hurdle model should be considered as a correct empirical approach to

estimating the gravity equation of cross-border investments. I illustrate my

argument in the next section with the help of Finnish external assets.
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4 Empirical application: the external wealth

of Finland

The external wealth of Finland is well characterized by the two phenomena

of cross-border investments described in the introduction: home bias and

prevalence of zero observations in cross-border investments. According to the

official statistics, Finnish investors invest relatively little, on average 46% in

1998-2013 of portfolio assets in equities and debt securities (see figure 1, data

from Bank of Finland and Statistics Finland), of their total wealth abroad.

However, the share of the Finnish economy from the world economy is very

small: GDP of Finland accounted for about 0.4% of the world GDP in 2013

according to IMF. It seems that Finns suffer from a serious case of home bias

and care very little for geographical diversification and risk sharing.

Figure 1: Total and foreign equity and debt security assets held by Finnish

residents

The dominance of zero holdings is also evident in the external wealth of

38



Finland. Of all annual observations in 2004-2013 on cross-border holdings

of equity 64.27% and of debt securities 66.18% were zero (Bank of Finland).

That is, Finnish investors invest in only a fairly small number of certain other

countries and the distribution of investments across destination countries is

clustered on zero. Even though this concentration of investments has been

on decline over the years (see table 1, data from Bank of Finland), it is still a

very prominent feature of the cross-border investments of Finnish residents.

equities debt

securities

2004 73.44% 74.69%

2005 70.95% 74.27%

2006 65.15% 73.44%

2007 61.41% 65.98%

2008 63.90% 66.39%

2009 63.90% 65.98%

2010 63.90% 63.49%

2011 63.49% 62.66%

2012 58.51% 59.34%

2013 58.09% 55.60%

Table 1: Share of zero holdings in observed cross-border investments of

Finnish residents

The data on Finnish external wealth shows that the geographical distribu-

tion of external assets held by Finnish investors is skewed: Finnish investors

invest much more e.g. in Sweden compared to USA, even though USA is a

much larger economy with a business cycle much less correlated with that of

Finland. In 2013 the geographical distribution of Finnish portfolio assets was

very limited, with domestic assets accounting for almost 40% of the assets

and assets of only five countries accounting for the next 35% (see figure 2,

data from Bank of Finland12). There in fact appears to be a strong negative

12The large share of Luxembourg is explained by Luxembourg’s sizeable mutual fund
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correlation between bilateral distance and cross-border assets held by Finnish

residents both in equities and debt securities in 2004-2013 (see figure 3, data

from Bank of Finland and CEPII).

Figure 2: The geographical distribution of assets held by Finnish residents

in 2013

As Finnish external assets display neatly the two prominent phenomena

of cross-border asset holdings, the case of Finnish external wealth interesting

to study in the gravity framework. There is however a caveat in the data

on external wealth. External assets are notoriously difficult to capture in

statistics (see e.g. Zorzi, 2009, and Zucman, 2013) due to the tendency to

underreport assets in order to minimize or evade taxes, a phenomenon famil-

iar in all countries. In addition to this, there is a problem of limited coverage

in the surveys which are used to compile data on external assets. In Finland,

industry, which results in the statistics being biased as the investments’ final destination

is some other country. For a thorough consideration of the caveats of the CPIS data, see

Felettigh and Monti, 2008.
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Figure 3: Correlation of distance and external portfolio assets held by Finnish

residents

all institutional investor sectors are relatively well covered in these surveys,

but the cross-border investments made by certain sectors, e.g. households,

without using a domestic intermediate are not captured by the statistics.

Thus the level of external assets held by Finnish residents according to of-

ficial statistics is underestimated and acknowledged to be so13. This may

result in a more sizeable home bias, more zero holdings and a more con-

centrated geographical distribution than reality would allow. However, the

limitations of the official statistics are highly unlikely to account for the ob-

served features of the external wealth of Finland completely. Thus studying

the determinants of cross-border investments of Finnish residents with the

gravity framework will serve to illustrate the differences between the different

empirical approaches to estimating gravity equations.

13The interested reader may refer to Salo, 2014, for a more extensive discussion on the

problems related to data quality.
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4.1 Data on Finnish external wealth and its determi-

nants

The data is a panel of 241 destination countries and years 2004-2013, and

there are 10 ∗ 241 = 2410 observations of the dependent variables. All data

are in logs or dichotomous. In the destination countries I include all 241 of

the possible destination countries listed in the Coordinated Portfolio Invest-

ments Survey or CPIS-data of IMF (excluding Finland, which is the source

country). The data on external assets of Finnish residents is obtained from

International Investment Position (IIP) statistics of Finland (surveyed and

compiled by Bank of Finland). In the classic approach to estimating the

gravity model the holdings of financial assets are in logs (eqij denotes equity

holdings and deij debt security holdings), and in the dichotomous approach

they take value 0 if the stock of equity is zero and value 1 if it is positive

(deqij denotes dichotomous equity holdings and ddeij dichotomous debt secu-

rity holdings). The summary statistics on the dependent variables are given

in table 2.

Variable Mean Std. dev. Min max Obs.

eqij 3.69 5.37 0 17.12 2410

deij 3.51 5.24 0 17.12 2410

deqij 0.36 0.48 0 1 2410

ddeij 0.34 0.47 0 1 2410

Table 2: Dependent variables

The economic masses are measured by gross domestic products (in current

euros), obtained from the World Bank Economic Indicators. In addition to

GDP, GDP per capita and market capitalization are often used as measures

of economic mass. However, to my understanding GDP provides the best

measure for economic mass of these three options, because it describes the

economic significance of a country as a whole, instead of simply describing
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the average income of its residents as the GDP per capita or the size of the

stock markets as the market capitalization. Thus the variables describing

economic mass are gdpi and gdpj, where i stands for source country and j for

destination country. I interpret transaction costs broadly to include infor-

mation costs and transaction costs that can be interpreted also as measures

of attractiveness to investment. Distance (distij), is considered to proxy

information frictions. Bilateral distance is measured as the theoretical air

distance (great circle distance) between the capital of the source country and

the capital (or major city if there is now official capital) of the destination

country (obtained from CEPII).

To measure information advances Portes and Rey (2005) use telephone

traffic, number of bank subsidiaries, and degree of overlap in trading hours

and index on insider trading in the destination country. They also use in-

dicator variables for contiguity and same official language. Finland, being a

relatively small country, has only a few bank subsidiaries situated in other

countries and has a common official language with only Sweden. Common

language and contiguity did not appear to work well in the preliminary es-

timations, due to collinearity perhaps, so they are omitted. I employ an

indicator variable describing whether a Finnish bank has a subsidiary in the

destination country (banksubs)14. The other three variables employed by

Portes and Rey (2005), telephone traffic, common trading hours and index of

insider trading, I found to be unavailable. I believe however that at least hav-

ing to do without telephone traffic data should not be of grave consequences.

Telephone traffic, although found to have some significance in their sample

dated in 1989-1996, is not likely to have that much significance during my

sample period of 2004-2013, with the internet having replaced telephone calls

as the primary source of information. Search engine searches or the number

of emails sent from domestic servers to foreign ones might provide a more

14This could also be an absolute number, but as the maximum number of foreign sub-

sidiaries of Finnish banks is only two (in Sweden, Estonia, Lithuania and Latvia), this

variable can easily be treated as dichotomous.
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sensible proxy for international information flows. The degree of overlap in

trading hours could be significant still, but even Portes and Rey (2005) em-

ploy it only in their robustness checks and find that even though the variable

is significant, it does not alter their main results. Additionally the authors

found insider trading to be somewhat unstable, and to have only minor ef-

fects on the overall results. Thus omitting these three information variables

should not compromise the results too much. In addition to distance and

common language, Drakos et al. (2014) employ common legal origin as a

measure of information flows, as common legal origin should lower the costs

of using information relevant for investment decisions. I use a dummy vari-

able taking value 1 if the legal origin of the destination country is the same,

”Scandinavian civil law”, as it is in Finland (lawscan). In addition to the

variables mentioned above, I also include a dummy variable for European

Union membership (eu), to describe information effects.

In the measures of transaction costs or attractiveness of investment Portes

and Rey (2005) and Drakos et al. (2014) include different measures of finan-

cial market development, such as the domestic credit per GDP, the stock

turn-over ratio or a specific index of financial market sophistication. I use

domestic credit to GDP domcredj available from World Bank to proxy fi-

nancial sophistication, but not stock turn-over ratio, because this data is

available for relatively few countries. In addition, I include an indicator vari-

able for euro area membership (euro). Openness of the destination country,

measured as exports and imports per GDP (expj and impj), is thought to

proxy the ease at which trade in financial assets in the destination country

is carried out.

The role of bilateral goods trade is found to be somewhat ambiguous in

the literature. Portes and Rey (2005) study the effect of trade, but found

their main result to hold. Aviat and Couerdacier (2007) on the other hand

argued that there is complementarity between bilateral trade in goods and

bilateral asset holdings. To my understanding bilateral trade can also be

thought to effect information flows. On the import side this could be be-
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cause consuming products of a certain country can be thought to be closely

connected to the degree of familiarity of the culture of that specific country.

On the export side, it could be argued that exporting to a certain country in-

creases the amount of aggregate knowledge of the destination country in the

exporting country. Exporting firms must have sophisticated knowledge of the

destination economy in order to be successful exporters, and this information

might be thought to leak into the society as a whole. In order to study the

effects of trade, I include the bilateral trade flows calculated as the sum of

exports and imports between the source country and the destination country

(trade). These data are obtained from the Balance of Payments statistics

of Finland (Bank of Finland). The summary statistics on the independent

variables are given in table 3.

Variable Mean Std. dev. Min Max Obs.

Economic masses gdpi 25.47 1.28 20.78 25.98 2410

gdpj 23.19 2.68 12.07 30.17 1868

Information effects distij 8.58 0.81 4.39 9.76 2410

banksubs 0.04 0.19 0 1 2410

lawscan 0.02 0.13 0 1 2410

eu 0.11 0.31 0 1 2410

Transaction effects euro 0.06 0.23 0 1 2410

domcredj 3.63 0.93 0.60 5.77 1531

impj 3.82 0.48 0.12 5.44 1646

expj 3.64 0.59 0 5.44 1647

Bilateral trade trade 8.51 4.60 0 16.93 2410

Table 3: Independent variables

To control for multilateral resistance term I include regional dummies for

North America, South America, Europe, Asia, Africa and Oceania. Time

specific effects are included in all estimations to capture the effect of macroe-

conomic shocks.
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4.2 Methods

The simplified theoretical gravity equation (36) is taken as a starting point

and the full model to be estimated is

yij,t =β1gdpi,t + β2gdpj,t + β3distij,t + β4banksubs+ β5lawscan

+ β6eu+ β7domcredj + β8euro+ β9impj + β10expj + β11trade

+ time dummies + regional dummies + constant + uij,t, (57)

i, j = 1, ..., 241 and t = 1, ..., 10.

The dependent variable yij,t is the level of equity or debt security holdings,

eqij and deij, in the classic approach and in the level equation of the double-

hurdle model. In the dichotomous approach and the participation equation of

the double-hurdle model the dependent variable yij,t is dichotomous equity or

debt security holdings, deqij and ddeij, which take value 0 if a zero holding is

observed and value 1 otherwise. Recall from section 3.1 that theory predicts

coefficients β1 and β2 to be close to 1, β3 to be negative and the rest of the

coefficients to be positive.

There is only one source country, as the consideration is limited to in-

vestments of Finnish residents. This leads to there being a smaller amount

of observations compared to the estimations of Portes and Rey (2005) and

Drakos et al (2014) who have 14 and 58 source countries respectively. Ad-

ditionally, restricting the number of source countries to only one makes the

variation in the independent variables over time and over source-destination-

country pairs limited. For example, the economic mass of the source country

changes only over time and even then fairly little, the changes in GDP be-

ing in general slow and not dramatic. In addition, many of the controls are

closely connected and there is a lot of covariance between the independent

variables.

The limited variation and collinearity pose some problems to the estima-

tion methods employed. Portes and Rey (2005) use fixed effects estimation,

but due to the above mentioned problems, straightforward fixed effects es-

timation results in most of the independent variables being omitted due to
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collinearity. Using random effects estimation would not result in omitting

important variables, but according to the Haussman-test the random effect

estimates would be inconsistent, and thus random effects estimation is an

inappropriate method in this case. To account for the omitted variables the

estimation is done as follows:

1. The fixed effects estimation is performed for all included variables.

2. The country specific fixed effects are calculated using predict post-

estimation command.

3. The calculated country specific fixed effects are regressed on the omitted

variables.

4. The marginal effects of the independent variables on the level of the

dependent variable are calculated.

To explain the prevalence of zero observations, a dichotomous model is

estimated. This is done following the static model of Drakos et al. (2014).

The estimations are performed as follows:

1. The random effects probit model for panel data is estimated.

2. The marginal effects of the explanatory factors on the probability of

there being a positive investment are calculated.

In addition to presenting the results of these two empirical models in

the context of cross-border investments of Finnish residents, I propose a

method that has previously not been applied to estimating the determinants

of cross-border investments: The double-hurdle model. The double-hurdle

estimations are done following Garcia (2013):

1. The double-hurdle model is estimated.

2. The marginal effects of the explanatory factors on the probability of

there being a positive investment are calculated.

47



3. The marginal effects of the independent variables on the level of invest-

ment given that the investment is positive are calculated.

One should note that the first two models are for panel data, but the

double-hurdle model is not and instead considers the observations simply

pooled. However, as pointed out in section 4.3, there are significant indivual

effects in the data and thus considering the observations pooled may not be

appropriate. This should be kept in mind while interpreting the results.

The first specification includes only GDP’s approximating the economic

masses of the source and destination countries and distance approximating

information frictions. In the second specification different variables proxy

the effect of information and transaction costs. In the third specification

bilateral trade and multilateral resistance in the form of regional dummies

are controlled. All equations include a constant term and time dummies,

estimates of which are not reported. All variables are in logs or dichotomous.
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4.3 The classic approach: the determinants of the level

of cross-border investments

The results of the fixed effects and cross-section estimations are given in ta-

bles 4 and 5 for equity and debt security holdings, with standard errors in

parentheses. In table 4 I report the marginal effects of independent variables

on the level of dependent variables and in table 5 other statistics. Specifica-

tions (1), (2) and (3) have equity holdings as the dependent variable, while

(4), (5) and (6) have debt security holdings. The results are for the most

part in accordance with previous studies and confirm e.g. the negative effect

of distance on both equity and debt security holdings. There is fairly little

difference between the results for determinants of equity holdings and debt

security holdings. Most of the statistically significant variables remain so

throughout the specifications and enter all specifications with the same signs

and order of magnitudes.

The overall fit of the model is not terrific for either of the dependent

variables (see table 5), but it is somewhat increased with the inclusion of

additional information and transaction variables in specifications (2) and

(5). Including trade and the regional dummies in specifications (3) and (6)

has virtually no effect. The overall coefficients of determination (R2) of the

fixed effects regression fall between 0.41 and 0.58 with both equities and

debt securities as dependent variables. For the cross-section regressions the

usual and adjusted coefficients of determination fall between 0.09 for debt

security holdings and 0.25 for equity holdings as dependent variables. The

degree of variation in dependent variable due to residual uij,t, ρ, is quite stable

throughout the specifications, varying from 0.76 to 0.86. ρ can be interpreted

as the share of variation related to differences in destination countries and

thus it being quite high is not surprising.

All specifications were also estimated by the random effects model, but

in all cases the Hausman test indicated that the random effects estimators

were inconsistent and thus the fixed effects estimators were the appropriate

ones. The F-tests for individual effects indicate that in all specifications
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there are significant individual effects and thus pooled ordinary least squares

estimation would be inappropriate.

The GDPs, in the role of the economic masses, do not behave fully as

expected: recall from section 3.1 that theory predicted the coefficients of

economic masses to have a coefficient close to one. The effect of GDP of

destination economy is highly significant and has a relatively large positive

effect, from 0.72 to 2.53, on the dependent variables. This is as expected;

a larger economy attracts more foreign investments. The effect is however

clearly larger in debt securities, and for equities the size of the destination

country seems to play a smaller role. Surprisingly, the GDP of the investing

country has a fairly large negative effect, from -2.42 to -0.23, on both of the

dependent variables, however being statistically significantly different from

zero only with debt securities. I think this could be explained by the strong

home bias of Finnish investors: when domestic GDP is growing, investing

home seems even more tempting, thus reducing the level of cross-border

investments. However, the GDP of the source country varies here very little

across time and country pairs and this may affect the results.

The effect of distance is exactly as expected: negative and strongly statis-

tically significant throughout the specifications. The effect is almost halved

by the additional variables in specifications (2), (3), (5) and (6), but remains

nevertheless quite large. The negative effect is larger in equities, from -2.1 to

-1.1, than in debt securities, from -1.24 to -0.72. This is not surprising: It is

easy to think that investing in equities is more information intensive, whereas

debt securities are less risky, more standardized and investing in them might

require less specific information.

Of the variables proxying information effects the indicator variables for

bank subsidiaries and Scandinavian law system both have large, positive

and statistically significant coefficients in all specifications. This might be

related to the fact that Sweden receives the largest shares of Finnish cross-

border investments. The indicator variable for European Union membership

somewhat surprisingly has a negative effect, which is statistically significant
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for debt securities, but not for equities.

Of the variables proxying transaction effects only the indicator variable

for eurozone has a significant effect throughout the specifications, being larger

for equities than for debt securities. In other variables there are differences

between the dependent variables, e.g. the share of domestic credit of GDP

surprisingly has a negative, statistically significant effect on debt security

holdings, but no statistically significant effect on equities. The effect of open-

ness of the destination economy remains also small and less significant.

Controlling for bilateral trade flows and multilateral resistance in the form

of regional dummies has no effect: none of these variables has a statistically

significant coefficient.

From these results it seems that the level of cross-border investments of

Finnish residents is mainly determined by the size of the destination econ-

omy and the bilateral distance with GDP of the destination economy having

a positive effect and distance a negative effect, as expected. Also the destina-

tion country having Scandinavian law system, hosting subsidiaries of Finnish

banks and belonging to the euro zone have positive, large and statistically

significant effect. The standard results of distance being negatively corre-

lated with cross-border investments is confirmed in all specifications for both

equity and debt security holdings.
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eqij (1) eqij (2) eqij (3) deij (4) deij (5) deij(6)

gdpi -1.08**** -0.27 -0.23 -1.27**** -2.42**** -2.33***

(0.29) (0.58) (0.58) (0.33) (0.67) (0.67)

gdpj 0.72*** 1.28**** 1.24**** 1.41**** 2.53**** 2.43****

(0.24) (0.34) (0.35) (0.28) (0.40) (0.40)

distij -2.10**** -1.11**** -1.10**** -1.24**** -0.79**** -0.72****

(0.11) (0.11) (0.11) (0.09) (0.14) (0.14)

banksubs - 4.13**** 4.13**** - 2.80**** 2.75****

- (0.40) (0.40) - (0.52) (0.53)

lawscan - 3.44**** 3.40**** - 6.49**** 6.43****

- (0.58) (0.58) - (0.75) (0.76)

eu - -1.44 -1.44 - -3.00** -2.99**

- (1.17) (1.18) - (1.36) (1.36)

domcredj - 0.20 0.20 - -0.93*** -0.97***

- (0.26) (0.26) - (0.30) (0.30)

euro - 3.29**** 3.62**** - 1.72** 1.67**

- (0.62) (0.62) - (0.72) (0.72)

impj - 0.28 0.27 - 0.95* 0.90*

- (0.44) (0.44) - (0.50) (0.51)

expj - 0.66* 0.67* - -0.33 -0.34

- (0.39) (0.39) - (0.45) (0.45)

trade - - 0.03 - - 0.09

- - (0.05) - - (0.06)

regional No No Yes No No Yes

Significance at the 10%, 5%, 1% and 0.1% levels is denoted by *, **, *** and **** respectively.

Standard errors in parentheses.

Table 4: Marginal effects of the independent variables on the level of cross-

border equity and debt security holdings in the classic approach
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eqij (1) (2) (3)

N 1868 1455 1455

Fixed effects regression

R2, overall 0.46 0.58 0.58

F-test statistic for individual effects 12.78 10.39 7.66

ρ, fraction of variance due to uij,t 0.86 0.81 0.81

F-test statistic for ui = 0 47.73 21.35 21.29

Cross-section regression

F(K, N-K-1) 379.76 163.08 160.62

R2 0.17 0.25 0.25

R2, adjusted 0.17 0.25 0.25

deij (4) (5) (6)

N 1868 1455 1455

Fixed effects regression

R2, overall 0.50 0.41 0.41

F-test statistic for individual effects 24.46 15.74 11.43

ρ, fraction of variance due to uij,t 0.76 0.83 0.83

F-test statistic for ui = 0 30.64 13.66 13.57

Cross-section regression

F(K, N-K-1) 179.89 81.58 74.06

R2 0.09 0.14 0.13

R2, adjusted 0.09 0.14 0.13

Table 5: Estimation results for the level of cross-border equity and debt

security holdings
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4.4 The dichotomous approach: the determinants of

the probability of a positive cross-border invest-

ment

The results of the random effects probit estimation are given in tables 6 and

7 for the dichotomous cross-border equity and debt security holdings, with

standard errors in parentheses. Specifications (1), (2) and (3) have equity

holdings as the dependent variable, while (4), (5) and (6) have debt security

holdings. The resulting marginal effects in the probit model are not per se

comparable to the marginal effects calculated from the fixed effects model in

previous subsection 4.3. It is however possible to point out some qualitative

similarities and differences between the models.

As in the classic approach, here too there is fairly little difference between

the results for determinants of the probability of positive equity or debt secu-

rity holdings. The degree of variation in dependent variable due to residual

uij,t, ρ, is quite high, ranging from 0.82 to 0.92. It thus appears that the fit of

this model is not terrific either. This statistic is also quite stable throughout

the specifications, but it is clearly higher in the first specifications (1) and

(4), than after the inclusion of information and transaction effects in spec-

ifications (2) and (5). Including bilateral trade and the regional dummies

has no effect with equities in specification (3), but with debt instruments in

specification (6) ρ is lower. The Wald test statistics imply that the variables

are strongly jointly significant across all six specifications.

Due to the non-linear nature of the probit model and the limited variance

and collinearity of the independent variables, the estimation is not possible

without omitting some of the indicator variables. With equity holdings two

indicator variables, for bank subsidiaries and eurozone, are omitted, and with

debt security holdings the indicator variable for Scandinavian law system is

omitted.

The effect of GPD of the destination country is as expected, with positive

and statistically significant effects in all specifications, in accordance with
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the classic approach. The effects appear small in magnitude, ranging from

0.08 to 0.13, but they are statistically significantly different from zero. The

effect of GDP of the investing country is ambiguous contrast to the classic

approach: the effect is negative in specifications (1) and (4), but positive

after the additional variables are included, from -0.13 to 0.36. The effect of

domestic GDP remains statistically significant throughout specifications.

The effect of distance is not at all as clear as it was in the classic ap-

proach. The effetc is negative and statistically significant in only the first

specifications, (1) and (4): -0.12 with dichotomous equities and -0.05 with

debt securities as the dependent variable. As in the classic approach, the

effect of distance is less strong for the probability of debt holdings being

positive than for the probability of equity holdings being positive. After the

additional variables are included, the effect distance ceases to be significantly

different from zero (though the effect even turns positive for debt securities).

It appears that distance plays a much smaller role in the dichotomous invest-

ment decision than in the classic level decision15.

However, the indicator variables that are supposed to proxy information

advances, do not have unambiguously statistically significant effects either,

although the effects are positive as expected. The lost significance of dis-

tance thus seems to be due to something else than the added information

variables. This raises questions about the appropriateness of these variables

in proxying information frictions after all, but as mentioned before, with only

one investing country, there is very little variance in these variables.

The variables proxying transaction effects are also quite unstable. The

share of domestic credit of GDP in the destination economy has a highly

significant positive effect, 0.09, on the probability of positive equity holdings,

but not on the probability of positive debt security holdings. Opennes of

the destination economy proxied by share of imports and exports from GDP

have mixed effects.

15This is however also in contrast to Drakos et al., 2014, who confirm the negative effect

of distance.
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Controlling for bilateral trade flows and the multilateral resistance term

have quite small effects on the results, but trade flows does have positive

and statistically significant effect, albeit small at 0.02, on the probability of

positive debt security holdings. This is contrast to the results of the classic

approach, where trade had no effect at all.

From these results it appears that the dichotomous decision of making a

cross-border investment of Finnish residents is mainly determined by the size

of the destination economy and of the source economy. All other variables,

distance included, seem to play only a limited role.

The results of this dichotomous model are interestingly different from the

previous classic approach, with only the effect of GDP of the destination

economy having similarly positive and statistically significant effect in both

models. Effect of domestic GDP is ambigious and the role of distance is

much reduced and more ambiguous in the probit model. The effects of other

controls are also mixed. This can be interpreted as pointing out to there

being different processes determining the dichotomous decision of investing

in a given country and the level of that investment, given it is positive. The

differences in the results serve as a motivation for the use of a double-hurdle

model.
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deqij (1) deqij (2) deqij (3) ddeij (4) ddeij (5) ddeij (6)

gdpi -0.13**** 0.27** 0.26** -0.09**** 0.36** 0.36**

(0.02) (0.12) (0.11) (0.02) (0.14) (0.14)

gdpj 0.11**** 0.08**** 0.08**** 0.13**** 0.12**** 0.10****

(0.00) (0.01) (0.01) (0.01) (0.01) (0.01)

distij -0.12**** -0.04 -0.03 -0.05** 0.01 0.02

(0.02) (0.03) (0.03) (0.02) (0.03) (0.03)

banksubs - omitted omitted - 0.38** 0.34**

- - (0.16) (0.16)

lawscan - 0.11 0.11 - omitted omitted

- (0.17) (0.17) -

eu - 0.14* 0.14* - 0.01 0.02

- (0.08) (0.07) - (0.06) (0.06)

domcredj - 0.09**** 0.09**** - 0.03 0.03

- (0.02) (0.02) - (0.02) (0.02)

euro - omitted omitted - 0.06 0.06

- - (0.06) (0.06)

impj - -0.01 -0.09 - 0.10** 0.09*

- (0.05) (0.05) - (0.05) (0.05)

expj - 0.07* 0.07* - -0.04 -0.05

- (0.04) (0.04) - (0.04) (0.01)

trade - - 0.00 - - 0.02**

- - (0.01) - - (0.01)

regional No No Yes No No Yes

Significance at the 10%, 5%, 1% and 0.1% levels is denoted by *, **, *** and **** respectively.

Standard errors in parentheses.

Table 6: Marginal effects of the explanatory factors on the probability of

positive cross-border equity and debt security holdings in the dichotomous

approach
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deqij (1) (2) (3)

N 1868 1454 1454

Wald test statistic 164.37 116.37 116.66

Degrees of freedom 12 15 21

ρ, the fraction of variance due to uij,t 0.92 0.85 0.85

(0.02) (0.03) (0.03)

ddeij (4) (5) (6)

N 1868 1454 1454

Wald test statistic 173.32 132.83 137.11

Degrees of freedom 12 16 22

ρ, the fraction of variance due to uij,t 0.89 0.82 0.80

(0.02) (0.04) (0.04)

Standard errors in parentheses.

Table 7: Estimation results for dichotomous cross-border equity and debt

security holdings
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4.5 The double-hurdle approach: the determinants of

the participation and level decisions

The differences between the results of the two previous approaches suggest

that there could be different processes determining the dichotomous decision

of investing or not, and the decision of how much to invest. That is, the

determinants of the participation equation and the level equation of cross-

border equity and debt security holdings may be different. Also the same

determinants may have an effect of different magnitude or even of different

sign on the two equations. With the case of cross-border holdings of Finnish

residents, this appears to be shown already in the qualitatively different re-

sults of the classic approach and the dichotomous approach. Thus there is a

clear motivation for estimation the determinants of cross-border investments

by the double-hurdle model.

The results of the double-hurdle estimation for equity holdings are given

in table 8 and for debt security holdings in table 9, with additional statistics

for both dependent variables given in table 10.16 The participation equation,

denoted by P, determines the effect of the independent variables to the prob-

ability of a positive investment, corresponding to the dichotomous approach.

The level equation, denoted by L, determines the effect of the independent

variables on the level of the investment, corresponding to the classical ap-

proach, given that the investment is positive. The specifications are similar

to those of the classical and the dichotomous approach regards to the inde-

pendent variables included. All variables are included in the participation

and the level equation, though this need not be, as different variables may

have significant effects on the two decisions.

With equity holdings as the dependent variable the main differences be-

tween the participation and the level equation are in the magnitudes of the

effetcs, but there are some differences in the levels of statistical significance

16The first specification with equity holdings as the dependent variable is estimated

only with data from years 2004-2007 and 2013. Including the years of the financial crisis

resulted in uncalculatable numerical derivatives.
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also (see table 8). Most of the statistically significant variables however re-

main so in both equations of all specifications. The order of magnitudes of

the effects are comparable between the participation equation and the di-

chotomous probit model and on the other hand the level equation and the

classic fixed effects approach.

The interesting case of the effect of the same variable being of a different

sign on the participation and level equations is displayed right in the first

specification with the effect of GDP of the investor country: The effect is

positive, 0.38, on the participation equation and negative, -2.84, on the level

equation and statistically significant in both. In the following specifications

the effect remains positive on participation equation and negative on level

equation, but remains statistically significant only in the level equations.

This can be interpreted as the GDP of the investor country increasing the

probability of a cross-border investment, but decreasing the level a positive

cross-border investment. Perhaps this could be explained by home bias again.

The effect of GDP of the destination country is very similar to the results

of the classic approach and the dichotomous approach. The effect is posi-

tive and highly significant throughout all specifications, ranging from 0.06

to 0.1 on participation equation (the probability of there being a positive

investment) and from 0.95 to 1.11 on level equation.

Distance has a negative effect in all equations, the effect on the par-

ticipation equations ranging from -0.09 to -0.02 and from -0.83 to -0.25 in

the participation equations. The effects are statistically significantly different

from zero in all but one specification. Of the information effect variables only

the indicator variable for Scandinavian law system is statistically significant

with positive effect. The effects of EU membership and bank subsidiaries are

not significantly different from zero.

Transaction variables are thought to effect the probability of a positive

investment and the amount invested through financial market sophistication

in the destination economy proxied by domestic credit per GDP and openness

of the destination economy proxied by imports and exports per GDP. All of
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these have statistically significant effects. Domestic credit has a positive effect

as expected, but the effect of imports and exports is a bit puzzling. Imports

seem to have a positive effect, while exports have a negative effect. That is,

importing countries attract foreign investments while exporting countries do

not. If financial asset flows were a mirror image of trade flows, this should

be the other way around. Even more puzzling, the share of imports of GDP

has the biggest effect on the level equation, even larger than GDP of the

destination economy. These results may however be due to some peculiarity

in the data.

Including trade and the regional dummies affects the estimates very little.

Bilateral trade volume has a statistically significant positive effect on the

probability of a positive investment. If interpreted boldly, this might support

the idea of trade carrying information effects and thus making cross-border

investments more probable.

With the debt instruments as the dependent variable, the differences be-

tween the participation and level equations are mainly as above with equity

holdings (see table 9). GDP of the investor country has a negative and sta-

tistically significant effect in both participation (-0.85) and level equation

(-0.13) in the specification (4). When additional variables are added in the

two following,the effect is no longer statistically significantly different from

zero. The GDP of the destination country enters all equations with positive

and highly statistically significant coefficients, ranging from 0.08 to 0.12 on

the participation equation and from 0.69 to 0.8 on the level equation. These

results are very similar than the ones with equity holdings as dependent

variable.

Distance has an as-expected negative effect in both equations in the spec-

ification (4), -0.06 on participation equation and -1.03 on level equation, but

in the specifications (5) and (6) distance has a positive and statistically signif-

icant effect on participation equations, but a negative, though not significant,

effect on level equations. Of the variables proxying information advances only

shared law system had a statistically significant effect on equity holdings, but
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(1)* (2) (3)

eqij P L P L P L

gdpi 0.38*** -2.84** 0.14 -1.77**** 0.13 -1.67***

(0.14) (1.44) (0.11) (0.50) (0.11) (0.51)

gdpj 0.10**** 0.95**** 0.09**** 1.11**** 0.06**** 1.01***

(0.00) (0.06) (0.01) (0.06) (0.01) (0.12)

distij -0.09**** -0.83**** -0.02* -0.32*** -0.02 -0.25**

(0.01) (0.12) (0.01) (0.11) (0.01) (0.13)

banksubs - - 0.78 0.11 0.78 -0.16

- - (16.86) (17.97) (40.14) (50.93)

lawscan - - 0.21** 0.91** 0.19* 0.82*

- - (0.10) (0.44) (0.10) (0.45)

eu - - 0.05 0.42 0.03 0.35

- - (0.04) (0.31) (0.04) (0.31)

domcredj - - 0.10**** 0.73**** 0.10**** 0.73****

- - (0.01) (0.13) (0.01) (0.14)

euro - - 0.74 -0.16 0.75 -0.30

- - (16.79) (17.90) (32.07) (40.69)

impj - - 0.11*** 2.22**** 0.09*** 2.16****

- - (0.03) (0.35) (0.03) (0.35)

expj - - -0.04** -0.95*** -0.04* -0.95***

- - (0.02) (0.29) (0.02) (0.29)

trade - - - - 0.03*** 0.10

- - - - (0.01) (0.10)

regional No No No No Yes Yes

*The first specification is estimated with data only on years 2004-2007 and 2013.

Significance at the 10%, 5%, 1% and 0.1% levels is denoted by *, **, *** and **** respectively.

Standard errors in parentheses.

Table 8: Marginal effects of the independent variables on cross-border equity

holdings in the double-hurdle model
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with debt securities the result is the opposite. Now Scandinavian law system

has no effect, but instead there being a subsidiary of a Finnish bank in the

destination country has a statistically significant effect and positive (from

0.45 to 0.49) effect on the participation effect. EU-membership has a large,

statistically significant effect on both participation equation, from 0.13 to

0.15, and level equation, from 2.21 to 2.25.

All transaction variables have statistically significant effects at least to

some extent. The indicator variable for eurozone has a positive, statistically

significant effect in all equations, while domestic credit per GDP in the desti-

nation economy has a significant effect only in specification (5). The effect of

opennes of the destination economy remains puzzling: Imports per GDP has

a positive statistically significant effect and exports per GDP has a negative

statistically significant effect on both equations and in both specifications.

Including trade and regional dummies has some effect on the results by

somewhat reducing the size of the coefficients of the other variables. Bilateral

trade itself has a statistically significant positive effect on the participation

equation, but not on the level equation, again pointing out to a possible

information effect.

All in all, the results for equity and debt security holdings are quite sim-

ilar, with perhaps a bit surprisingly the information variables appearing to

play a larger role with the debt security holdings. One might think that

information is more crucial with the more risky equity investments, but the

results may well point out to the problem of proxying information effects

acknowledged in previous section: the employed variables may well be not

the most appropriate ones in capturing the information effects crucial for

cross-border investments.

Keeping in mind the limitations of the data and thus considering these

results to be merely of illustrative nature, the double-hurdle appears to be

working well in estimating the effects of determinants of cross-border in-

vestments. The results are qualitatively not too different from the more

established approaches, so there is no imminent reason to suspect that the

63



(4) (5) (6)

deij P L P L P L

gdpi -0.13**** -0.85**** 0.06 -0.49 0.08 -0.39

(0.01) (0.08) (0.06) (0.38) (0.06) (0.39)

gdpj 0.12**** 0.80**** 0.12**** 0.79**** 0.08**** 0.69****

(0.00) (0.05) (0.01) (0.06) (0.01) (0.11)

distij -0.06**** -1.03**** 0.06**** -0.02 0.07**** 0.06

(0.01) (0.09) (0.01) (0.09) (0.01) (0.11)

banksubs - - 0.49**** -0.08 0.41**** -0.11

- - (0.11) (0.35) (0.11) (0.35)

lawscan - - 1.46 1.47 1.28 1.58

- - (2817.20) (4114.90) (251.97) (386.13)

eu - - 0.15*** 2.25**** 0.13*** 2.21****

- - (0.04) (0.26) (0.04) (0.27)

domcredj - - 0.02* 0.26** 0.01 0.26

- - (0.01) (0.10) (0.01) (0.11)

euro - - 0.21*** 2.02**** 0.18** 2.09****

- - (0.08) (0.29) (0.07) (0.29)

impj - - 0.17**** 0.62** 0.15**** 0.57*

- - (0.03) (0.30) (0.03) (0.30)

expj - - -0.10**** -0.68*** -0.09**** -0.71***

- - (0.02) (0.24) (0.02) (0.24)

trade - - - - 0.04**** 0.11

- - - - (0.01) (0.09)

regional No No No No Yes Yes

Significance at the 10%, 5%, 1% and 0.1% levels is denoted by *, **, *** and **** respectively.

Standard errors in parentheses.

Table 9: Marginal effects of the independent variables on cross-border debt

security holdings in the double-hurdle model
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(1)* (2) (3) (4) (5) (6)

N 947 1455 1455 1868 1455 1455

σ 2.43 1.95 1.94 2.54 1.55 1.54

(0.10) (0.06) (0.06) (0.10) (0.05) (0.05)

Covariance 0.69 0.32 0.37 1.68 0.45 0.45

(0.31) (0.18) (0.19) (0.23) (0.14) (0.14)

*This specification is estimated with data only on years 2004-2007 and 2013.

Standard errors in parentheses.

Table 10: Estimation results for the double-hurdle model of equity holdings

double-hurdle model is not working as expected. However, as the model is

highly non-linear, it would benefit from being estimated with a larger and

more diversified pool of data with more observations and more variation. All

in all, as pointed out before, the double-hurdle model is able to detect the

slight differences in the processes determining the dichotomous cross-border

investment decision and the decision of how much to invest, which would not

have been easy to detect if only the classic or the dichotomous approach were

employed.
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5 Conclusions and proposal for future research

In this thesis I study the determinants of international investments with the

help of the gravity model of international financial asset trade. The relevant

literature is discussed and a theoretical framework for gravity in cross-border

investments is presented. I compare three different empirical approaches; the

classic approach that studies the determinants of the observed levels of cross-

border holdings by a fixed effects panel model, the dichotomous approach

that studies the effects of determinants on the probability of there being a

positive cross-border investment by a probit model and finally an approach

which combines the two previous ones by a two-staged double-hurdle model.

I propose that the correct method to estimate the determinants of cross-

border investments could be the double-hurdle model, previously overlooked

in estimating gravity models of financial asset trade.

International financial asset trade is characterized by two phenomena:

home bias and a dominance of observed bilateral holdings equaling zero.

The gravity model can be used to explain these phenomena by studying

the determinants of cross-border investment holdings and flows. The classic

approach of Portes and Rey (2005) to estimating the effect of these deter-

minants is interested in the level of the cross-border investments observed,

and although having been very successful in explaining the first phenomenon,

has completely overlooked the second. An alternative and more appropriate

approach is to use a model for limited dependent variables. One can treat

the gravity equation as binary, and take interest in the dichotomous cross-

border investment decision, as Drakos et al. (2014) do. This way also zero

observations are addressed and allowed to yield information. However, the di-

chotomous approach loses valuable information by not considering the levels

of the observed holdings. A synthesis of these two approaches is needed.

The double-hurdle mode of Cragg (1971) is apt for the task. The double-

hurdle is a model for limited dependent variables, but in addition it has a

specific feature: It allows two decisions, a participation decision and a level

decision, and it allows them to be determined by to separate processes. The
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cross-border investment decision is intuitively easy to deconstruct into two

distinct decisions. An investor considering investing in a given foreign country

must first make up his mind on the dichotomous question of investing or not.

If, and only if, the decision is positive, he then decides on the level of his

investment. Thus, there can be thought to be a participation decision and a

level decision that are disticnt from each other. There is no reason why the

decision to invest should be determined by a similar process as the decision of

how much to invest. Thus the double-hurdle is a correct empirical approach

to estimating gravity equations of international financial asset holdings and

flows.

I illustrate my argument with an empirical application to the external

assets of Finnish residents. Indeed I find that the decision to invest and

the decision of how much to invest are different for Finnish investors: The

classic approach to estimating the gravity equations and the dichotomous

approach have qualitatively slightly different results, suggesting that the two

decisions may be determined by different processes. When estimated with

the double-hurdle, differences become clearer: the magnitudes of the effects,

their statistical significance and in certain cases even the signs of the effects

are different between the participation and the level equation.

Even though these results are merely illustrative and surely have many

caveats, they do point out that the double-hurdle model is well worth fu-

ture research in the context of cross-border investments. A natural next

step would be to estimate a double-hurdle gravity model for a pool of ob-

servations. The set-up of this thesis could be extended in various manners.

I have considered annual data, but data on external assets on Finnish in-

vestors is also available on a quarterly and monthly frequence. Furthermore,

the model could be dissaggregated over different sectors, and for example the

determinants of sophisticated institutional investor and households could be

compared. Increasing the set of investor countries would also help find more

solid results. The CPIS data set allows extending the study to cover all 242

countries that report their external portfolio assets to IMF.
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It would also be interesting to account for the serial correlation in hold-

ings. This could be done by introducing a dynamic version of the double-

hurdle model or in a more simple manner by taking the difference in stocks

of holdings instead of holdings as the dependent variable. In addition to

cross-border portfolio investments there are a lot of other possible applica-

tions for the double-hurdle model to be found in the financial markets. This

model that has been previously overlooked in the field of finance, investments

and financial markets, should be put to more use. The double-hurdle model

would surely prove to be a fertile ground for future research.
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