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ABSTRACT

By examining investment behavior around the Euro introduction, we leavatab
the relevance of different investment determinants. There are two podwsmizes of
portfolio reallocation: First, exchange rate risk and transaction costs dimathigithin
the EMU. Second, correlation of intra-EMU returns has been increaéé&dtest for
structural breaks in the holdings of German investors and estimate a mardet mo
to account for the two effects. We observe a significant decreasdionaband an
increase in intra-EMU and US investments. Comparing the observed holdittys
benchmark portfolios, we find a decrease in home bias since the Eurouiaticrd
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1 Introduction

From a theoretical point of view, the introduction of the &inas an ambiguous effect on
portfolio decisions of European investors. On the one harmgs-border transaction and
information cost have been reduced, while currency riskbdesen completely eliminated
for intra-EMU investments (Adjaoute and Danthine 2001).néts investments within the
EMU might be stimulated. On the other hand, the bundling ohetary policy might have

decreased diversification opportunities within the EMUWhdee stimulating investment out-
side the currency union. The purpose of this paper is to ecaflir disentangle these effects

and the concomitant change in the investment home bias ofpan investors.

The Euro introduction constitutes an unique event to singkefactors that influence
investment behavior. The change of the currency regimerfhgnced a number of fac-
tors that have been identified as determinants of investimeme bias in the previous lit-
erature! Two factors that have been used to explain investment hoaseHzve changed
since the Euro introduction: exchange rate risk and trammsacosts for intra-EMU invest-
ments. Exchange rate risk makes foreign investments lgesaéipg to risk averse investors
(Michaelides 2003). As pointed out by Hau and Rey (2004) anati@ohas and Rey (2005),
the exchange rate is an important determinant for portmimposition and rebalancing. If
the purchasing power parity condition is violated, therdesnand for domestic securities
that hedge exchange rate risk (Lewis 1999). Such a counggifspasset demands is one
explanation of home bias. Furthermore, transaction castg@nerally higher for cross-
country compared to national investments. Since the Eurodaoction, currency conver-
sion became obsolete for intra-EMU investments, signifigareducing transaction costs.
According to Tesar and Werner (1995), however, transactimis seem not to be the only

explanation for investment home bi&s.

For a broad review of the home bias puzzle the reader may ttdresuis (1999) and Karolyi and Stulz
(2003).
2In their study, they find that foreign investments show a Bighansaction rate than domestic ones, even-



Recent literature has also pointed out two factors as anreajxen of investment home
bias that have not been influenced by the change in the Eur@pegency regime: informa-
tion asymmetries and “familiarity”. Ahearne et al. (2004y@e that information asymme-
tries involved with investing in a foreign country act asrmrto international investment.
Along similar lines, Portes and Rey (2005) and Coval and Mogkzad@999) find that geo-
graphic proximity is preferred for investments in order t@iwome asymmetric information
between domestic and external investors different explanation is offered by Huberman
(2001) who argues that the home bias reflects a deviation tinerpostulate of rational be-
havior of agents since agents have a desire “to invest inaimdi&r”. In this case, home

bias is induced by irrationalities like “familiarity” of aasset rather than economic factors.

In order to examine the impact of the Euro introduction oregtment home bias, we
construct a new dataset comprising holding positions ofr@erinvestors, based on statis-
tics of the Deutsche BundesbahlDifferent to most related studies in this area, our work
relies on stock and bond holdings of German investors fro801etil 2003 rather than
flow statistics’> In the second place we rely on time series analysis to infestarctural
shifts characterizing in the latter holding series. Fos tesue we treat the timing of the po-
tential shift in an endogenous manner. Finally, we estimatearket model for investment
shares allowing for possible structural breaks. We findlb#t stock and bond investments
show a break just before the advent of the Euro in 1999 withdemarate effects on port-
folio allocation being detected. First, the eliminatioreathange rate risk and reduction of
transaction costs for intra-EMU investments caused areass of intra-EMU investments.
Second, as a consequence of higher integration of Europsamcial markets, intra-EMU

returns become more correlated in the post-Euro periods 3écond effect increases the

though much of this activity has little impact on net foreigmestment positions.

3The latter empirical studies are in line with the theordtigark of Haliassos and Michaelides (2003)
referring to information asymmetries as a source of thestment home bias.

4See Warnock and Cleaver (2003) for explaining the advastafjeoldings versus flow statistics to mea-
sure portfolio positions.

SAhearne et al. (2004) and Chan et al. (2005) are a notablgtsne



share of international investment allocated in countties &re not part of the EMU. Both

effects result in a reduction of investment home bias cosgpty a benchmark portfolio.

The remainder of this paper is organized as follows: Se@ipresents our theoretical
underpinnings and hypotheses. Section 3 sketches our dwtlyy, outlines the concept of
realized volatility’ that we employ to measure second ofdatures of the data and presents
the theoretical optimal benchmark portfolios. Empiricadults are discussed in Section 4,
and concluding remarks are made in Section 5. Technicallsletaunit root testing under

structural shifts are given in Appendix A.

2 Portfolio composition and the Euro introduction

As a starting point, we briefly outline optimal portfolio atlation theoretically. The optimal
portfolio share of a representative investor is generalbdeted by the ICAPM, initially
derived by Solnik (1974). The following portfolio seleationodel under continuous trad-
ing and perfect market conditions was developed by Mert@69), (1972). Taxes and
transaction costs are not considered in this framework avektors’ expectations are ho-
mogeneous by assumption. Asset prices follow a geometriwiidam Motion in continuous
time. Bodie et al. (1985) further simplify this general framoek by assuming that a repre-
sentative agent’s utility function takes the constantthetarisk aversion form of the HARA
(hyperbolic absolute risk aversion) family of utility fuinens. In this framework, the vector

of optimal portfolio shares for a set afrisky assets comprising a market is obtained as
1.1
W' = F_)Q (M— Mminl) + Wmin (1)

In (1), the vectorw* collects the optimal proportions of wealth invested in yigissets,
and accordingly is short for then—dimensional vector of expected returns. The expected
return of the so-called minimum-variance portfolio (MVB)denoted agmin; the vector of

portfolio weights in the MVP isvmin; p denotes Pratt’'s measure of relative risk aversion



(Pratt 1964) and is a column vector of ones. Thex n covariance matriX collects along

its diagonal variances?, and the off-diagonal covariances,;.

Equation (1) can be applied to the example of a represeat&erman investor, in
order to detect consequences of the Euro introduction oastnvent demand. Such an
investor has the choice to either invest into domestic, EMxtluding Germany) or rest-
of-the-world assets. This decision depends on the expeetadhs of these three assets,
their (co)variances and his degree of risk aversion. In #gugl) the demand for intra-
EMU investments depends inversely on the variance of iBiviJ investments, which is
composed of the variance of the respective national reandshe variance of exchange rate
movements. Thus, exchange rate variation provides aniaadalitsource of risk for cross-
border holdings which has completely vanished since the Euroduction. Empirically,
Hau and Rey (2006) find that foreign exchange rate risk is gélgamhedged in practice.
Consequently, once exchange rate risk drops to zero, ilfd-iBvestments should, all else

being equal, become more attractive.

Furthermore, the introduction of the Euro also let to furtimegration of European
financial markets since all Eurozone assets are quoted isatfme currency. This reduces
transaction costs of intra-EMU investments (no currengyecsion has to take place any-
more). In the previous model, transaction cost are ruledgutssumption. Therefore, the
introduction of the Euro may cause an increase in intra-Ekité$tment beyond the effect
measured by (co)variances. Summarizing the latter argtanie introduction of the Euro
is supposed to have the following implications for the paitf allocation decision of a rep-
resentative European investor:

Hypothesis 1 (H1):
The elimination of exchange rate risk and the reduction ahsaction costs through the

establishment of the EMU, result, ceteris paribus, in amease of intra-EMU investments.

Owing to a common monetary policy within the EMU area, therelation between



EMU interest rates increased considerably (see Fratz&9@). The same trend could
also been observed for the equity markets. Adjaoute andhden{2001) find a signifi-
cant increase in the degree of correlation between natginak indices in the Eurozone.
The correlation between national and intra-EMU returngenthe demand equation for
intra-EMU assets (1) through the covariance between ratemd intra-EMU returns. An
increase of the correlation of national Eurozone returnamaehat diversification oppor-
tunities for intra-EMU investments have been reduced. Hier arguments lead to the
formulation of a second hypothesis concerning investmehatior:

Hypothesis 2 (H2):

Induced by the introduction of the Euro the unification of etany policy results, ceteris
paribus, in a decrease of intra-EMU investments and an aseein rest-of-the-world in-

vestments.

Overall, the two hypotheses H1 and H2 have the following iogions for asset hold-
ings of a representative European investor: H1 states alsiWwibm domestic investments
to intra-EMU assets. H2 implies some rebalancing from kU investment to rest-of-
the-world investments. Thus, the direction of the net ¢ftecintra-EMU investments is a
priori unclear and depends on the relative magnitude ofwleadverse effects. Both ef-
fects, however, will reduce the holdings of domestic assetd therefore, investment home

bias.

3 Methodology and data

In this section the methodology and data collection arerdssd. Owing to intrinsic non-
linearity of the model in (1), its empirical implementati@rather demanding. Further, the
technical assumptions underlying the model’s derivatase.g. HARA type utility coupled
with constant relative risk aversion, could be subject tbotsm. It is, however, not the

purpose of this paper to test the validity of the equilibriomodel by Merton (1972), but



to identify determinants of portfolio composition in geakerFor this task, the theoretical
model in (1) provides valuable guidance by formalizing teation between an optimal
portfolio composition on one hand and moment propertiessétreturns on the other. By
the nature of optimization in a higher dimensional systens, worthwhile to point out that

not merely return variances are seen as determining faagtangestment behavior but also
the systems’ covariances. As mentioned, the latter monaatassumed time invariant in
the theoretical model. From an econometric viewpoint, h@resecond order moments of
speculative prices are known to cluster over time. Sindeaigco)variances are latent by
nature a major problem of implementing the model in (1) isttfeasurement of most of the

right hand side variables.

A representative German investor has the choice to eithesirinto domestic, EMU
or rest-of-the-world assets. This decision depends onxpeated returns of these assets

and their (co)variances formalizing the following regieeamodel:
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In (2) b denotes a (% 1) parameter vector a8y andB; are (2x 3) and (2x 6) param-
eter matrices, respectively. The bivariate zero mean nthiahce termy is assumed to be
serially uncorrelated. Since the German, EMU and reshefworld portfolio shares add
up to unity, the portfolio share for the rest-of-the-worddmplicitly determined by the two
others, and thus, left out of the system (2). In order to estenthe empirical model in the
actual portfolio shares, returns and respective vari@ogafiance measures have to be ap-
proximated. Note that opposite to the theoretical model)nthe empirical model builds

upon time variation of firsti¢) and second order moments ) of returns. To improve the



readability of the model, the indices are shorthand vessionthe considered regional mar-
kets. For the empirical application of the model in (2) toiggand bond markets, we refer

to the same formal representation.

Before equation (2) can be estimated, the appropriate dataohlae collected. We
will first describe the measures of equity and bond holdimgsdiscuss stationarity of these
portfolio holdings. In the second step, the constructiommafrket returns and respective
second-order moments are considered. Finally, theolefitamal portfolio shares for the

underlying market data are presented.

3.1 Measuring bond and equity holdings of investors

Measuring portfolio shares held by German investors isadiffisince households do not
report their portfolio compositions. Nevertheless, tmfrmation is indispensable when
analyzing changes in investment behavior. In related stidiet foreign portfolio holdings
have often been approximated by means of capital flow statiahd valuation adjustments
(e.g. Tesar and Werner 1995, Bekaert and Harvey 2000, Buchianol®2001)® Warnock
and Cleaver (2003), however, demonstrate potential @tédlestimating portfolio holdings
using flows. In many cases, major financial centers such addroor Frankfurt act as
intermediaries for transactions and differ from their fidaktination. As a consequence,

flow statistics are biased toward financial centers.

In this paper, we construct a more precise measure of piorditbcations. Owing to
the difficulty to obtain data for each member of the EMU, wecanirate the analysis on
the investment decisions of German investors. In terms oketaapitalization, the German
capital market makes up for about one fourth of Europeanaapiarkets (Buch and Lapp

1998). Therefore, our results could be regarded as repgegsenfor the Euro area.

5The studies by Ahearne et al. (2004) and Chan et al. (2005xaeptions. Ahearne et al. (2004) use
cross-border holdings data for the United States. Chan &@05) build on equity holdings of mutual funds
in various countries. Their data covers the years 1999 afid.20



The total values of German stock and bond holdings are sephirsto assets issued
in Germany, the EMU-member countries (excluding Germamy) the rest-of-the-world.
Throughout this study, the rest-of-the-world is approxieacby the US market. This seems
reasonable since the US market alone accounts for more wwathird of all German in-
vestments out of the EMU in 2003 (Morgan Stanley Capital 2004e value of German
portfolio holdings of foreign and EMU assets have been conttd by the Deutsche Bun-
desbank for this study. The total value of German stock amdl lhmldings are determined
by means of the financial accounts for Germany (Deutsche Binaak 2004). The listed
portfolio shares are representative for private agenteatelprises. We exclude the finan-

cial sector from the analysis to avoid double counting ofos assets.

All time series are available at the bi-annual frequencynfd®80:1 until 2003:2. Fig-
ures la/b display the resulting portfolio shares for stoo#t bond markets, respectively.
These graphs visualize the tendency of German investdehieg more than 40 percent
of domestic stocks and bonds in their portfolios. Nevedbg| since the 1980s there has
been a clear trend toward international diversificationathithe stock and bond markets.
A change in the levels of portfolio shares can be diagnos®d &n eyeball inspection. Re-
garding the stock market, the share of nationally held ads®t gradually decreased over
the 1980s, followed by a sharp decrease in the mid 1990s.r8icayy, the shares of assets
issued in rest-of-the-world or in the EMU have moved in thpamte direction. For fixed

income investments, a similar but less extreme patterrss\asible.

Under the assumption of stable portfolio shares, randorokshbave only transitory
effects on the time series. In this case, one would expecatri@rical portfolio shares to
exhibit some pattern of mean reversion. Unit root test tesabitained from common ADF
regressions are shown in the upper panels of Tablel. Fotdble market, a unit root cannot
be rejected for the EMU and rest-of-the-world equity hodiseries. Similarly, for the bond

market, the holdings series of national and rest-of-thdaMovestments are integrated of

A description of data sources and the construction of théfgiiar holdings is provided in Table 5.



order 1. These findings, make the use of the portfolio hokliseyies as dependent vari-
ables in system (2) problematic. Nevertheless, from the@oetric literature on testing for
nonstationarity of time series processes, it is known thdtssin the deterministic compo-
nents of a time series could give rise to classifying theesaas nonstationary, i.e. to contain
stochastic trends. Including deterministic shifts at akmbreak date in Augmented Dickey
Fuller test regressions is discussed in Perron (1989)oR¢t097) generalizes the latter is-
sues, allowing for a break occurring at an unknown instariden®. As a byproduct, the

latter approach also delivers some data driven estimateegiresumed break date.

At the first sight, analyzing the case of shifts in mean rewgrdynamics caused by
the introduction of the Euro, qualifies itself for an exogesdreatment of the break date.
However, we will examine possible level shifts in the pdifehares under the assumption
of an unknown break date for two reasons. First, in previdudiss, different dates at
which the introduction of the Euro could have influenced steeent behavior, have been
identified. Investment behavior should change as soon astions expectations about the
fixed parities formalized by the common currency change sTimvestment behavior might
have changed well before the factual advent of the Euro i91199Using an endogenous
method no a-priori assumptions concerning the break date twabe imposed. Second,
since an endogenous method will provide an estimate of theupned break date in a data
driven manner, it will be of interest if the detected periadresponds to the implementation
or advent of the new currency. The latter estimates are afdl relevance when judging

the case for economic relations formalized e.g. in H1 and H2.

The followed procedure to test for unit roots under struadtireaks is detailed in
Appendix A and results are summarized in Table 1. For thekstoarket, a unit root can
be rejected for all portfolio holding processes with 10%ngigance once accounting for
a structural break. The identified break dates are betwe@4:1%nd 1997:1 and thus, in

accordance with a time period during which the fixed pariethe currencies entering the



Euro became known with certainty. These results justify talet equity holdings in system
(2) as dependent variables when accounting for a strudiveak. For the bond market unit
root test results are less clear in comparison with the stoatket. Similar arguments apply
for the value of EMU investment obtaining a potential shdtel2000:1. For the value of
domestic as well as rest-of-the-world investments the naat hypothesis, i.e. the random

walk with drift, cannot be rejected.

3.2 Return determination

The return for a German investor holding assets in the EMUnahe rest-of-the-world is
composed by the local market returns plus appreciation ausmdeprecation of the local
currencies against the German Mark (the Euro from 1999:1 ©h¢ return of the rest-of-
the-world portfolio is approximated by returns earned anlits market. The EMU portfolio
returns are constructed by adding up all local market returith the gains or losses from
exchange rate changes weighted by the market capitalizatithe respective marké&tFor

the bond market, we use "Tracker indices” provided by Datz®h.

Figures 1c/d display the return series (measured in Germaiarcy) of the three dif-
ferent portfolios for the stock and the bond market, respelgt The graphs illustrate that
stock market returns were, on average, higher than bondahegkurns but also show a
higher unconditional volatility. Apart from the unconditial level of return uncertainty
both stock and bond market returns reveal subperiods ofrlen& higher return variation.
For instance, the early 1990s are characterized by reljativer volatilities whereas over
the late 1990s and the beginning of the new millennium, stouk bond markets show an
increase in return uncertainty. For the stock market, adldhreturn series are highly corre-
lated with each other. The latter characteristic is lesa@uaced for the bond market where

US assets show, by far, the highest volatility.

8The weights of the bond and stock market are calculated with dn the market capitalization provided
by the Federation of International Exchanges. See Tableffiher details.
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To implement the regression model in (2), some measure ofxpected market re-
turns is required. As a starting point, rational expectetiare assumed, therefore, observed
returns are used to substitute their expected countergirise returns are difficult to pre-
dict a second specification is implemented based on adagtpectations. To obtain the
latter from the raw returns, we use moving averages overwmedows covering the most

recent five periods, i.e. the last 2.5 years.

3.3 Measuring second order moments

Volatility clustering characterizes processes of spdiu@grices at various frequencies in-
cluding the bi-annual as displayed in Figures 1c/d. In thguskof its introduction, the

class of (Generalized) Autoregressive Conditionally Hetkedatic ((GJARCH) processes
(Engle 1982, Bollerslev 1986) has been successfully appliedmerous empirical studies
of higher order dynamics of asset prices (Bollerslev et #4)9As mentioned, not merely
volatility clustering but also cross market correlatioraisentral feature of the return pro-
cesses investigated in this paper. When turning to a higmeeriional analysis of asset
returns, multivariate parametric models easily suffenftbe curse of dimensionality. With
regard to the present analysis of biannual data coveringnplsaperiod of 25 years, we

presume that parametric volatility models are hardly tdasi

For the latter reasons, we a-priori opt for a model free agpgindo volatility estima-
tion which has recently become popular as 'realized vaigt{lAndersen et al. 2001, 2003,
Barndorff-Nielsen and Shephard 2002a, 2002i6)wing to its consistency for the process
of conditional variances realized volatility’ has a pattiar appeal since it makes the latent
volatility observable in the limit. Owing to both, computatal feasibility and theoreti-
cal underpinning, realized volatility’ methods suggdstmselves also for an analysis of

(realized) conditional covariances (Barndorff-Nielsenl &hephard 2004, Andersen et al.

9For a detailed review over the field, the reader may consultetsen et al. (2005).
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2004).

Building upon the theory of quadratic variation (Protter @99ealized volatility esti-
mates are obtained as the sum of squared uncorrelatedantdpeturng,,y measured at

an equidistant grid of time instartts- 10d,t —119,...,t —Iud, li= (M —i)/M, i.e.

M

52 2

t= 2 mt 3)
m=1

with
rm,t:p((t—l)é‘f‘%a)_p((t_l)6+m—l>6>’m:]'""’M' (4)

Consistency of the realized volatility estimator in (3) ha&ei proven by Andersen et al.
(2001). Barndorff-Nielsen and Shephard (2002a) prove treaestimator obeys an asymp-
totic normal distribution. It is worthwhile to point out than the theoretical context asymp-
totic results are derived throughout under the assumgptiatthe number of intraperiod ob-
servations tends to infinity, i.8M — co. For the present investigation, realized (co)variance
estimates at the biannual frequency exploit abdut= 120 daily price variations which

should be sufficiently large to obtain quite accurate se@yddr measures.

The resulting realized variance estimates for German, EMt @S stock and bond
markets are displayed in Figures 1e/f. For almost every Bapgint, estimated US volatility
exceeds the corresponding measures obtained for the Europarkets. All estimated time
paths of second order moments are stable and could be uskhtdy periods of lower and

higher financial market uncertainty.

Realized correlations are presented in Figure 2a/b for tekstnd bond markets. As
argued in Section 2, the correlation between German ant) E88J returns may have seen
an increase with the introduction of the Euro, owing to a gation of the monetary policy
and a strengthening of financial market integration. Foetigty market, the unconditional
correlation between German and intra-EMU returns has b&dn®the period of 1980 until

1998. From 1999 until 2003, this figure rose to 0.87. For thedboarket, the most apparent

12



dynamic feature is that the correlation between Europeaketsgand the US has clearly
decreased in the second half of the nineties. The corralagbwveen the German and EMU
bond markets has been remarkably stable since the mid 1880s.consequence, in order
to gain diversification benefits German investors shouldtuibe intra-EMU investments

with investments in other countries with less correlatesiress cycles.

3.4 Optimal and minimum variance portfolio shares

Having obtained the returns and elements of the time vamnyangnce-covariance matrices
in the previous section, the theoretically implied optirpattfolio shares for the stock and
bond markets according to equation (1) can easily be olgtaiRer these calculations, the
dynamic hedging needs as implied by the MVP shares are sgfjuiiollowing Huang and
Litzenberger (1988), the composition of the MVP is the doluto the quadratic minimiza-
tion problem:

vrvnin W/min,tQthimh subject to 1 Wmint = 1. (5)
mint i

Owing to time variation of the second order moments, opttnan is done for every time
periodt in order to obtain the minimum portfolio weights over timéneBe MVP shares can

be applied in equation (1) to obtain the theoretical optipmatfolio shares.

The MVP shares are displayed in Figures 2c/d and optimalgiarshares for a degree
of risk aversion of 5 are shown in Figures 2e/f. For the stxkvall as bond markets, the
US share in the MVP is remarkably stable over time. In all &gone can identify from an
eyeball inspection that the proportion of German assetsleasly fallen in the second part
of the nineties, while the EMU share has increased. Thusydirg to portfolio theory, it is
optimal to reduce the proportion of national assets whiaphtibe explained by lower risk
involved with intra-EMU investment due to the currency umid his informally hints at the

viability of H1.

13



Note that in the previous analysis the optimal portfoliorslsavere derived based on
only three assets. Further, the portfolio shares were rstticted to take a positive value
due to the possibilities of short sales. In practice, howemeestors have considerably more
assets to choose and banks only pursue short sales for @rstaith a good credit record.
These flaws can explain the quite drastic changes of partgblares over time, as seen in

Figures 2c-f.

4 Empirical results

In this section, we examine how investment home bias hasgeubsince the introduction
of the Euro. We discuss the estimation results obtained sgstem (2) for the stock and
bond markets. Further, we examine whether home bias hasdbegiged relative to our
benchmark portfolios in the post-Euro period. Before présgrthese findings, structural

breaks of the overall system are determined.

4.1 Break point detection

The previous section and the results in Appendix A showetdhee allowing for a struc-

tural break, the value of portfolio components held by Gerinaestors is trend stationary.
From this intermediate result, we conjecture that an egdirmplementation of the model
in (2) also has to account for a structural shift in the deteamts of portfolio shares. On
the one hand, it is a-priori tempting to impose the endogsiyadetermined break points,
identified by means of unit root testing in the previous secélso for an empirical analysis
of portfolio shares. On the other hand, one may use a mode(Zkto determine the time
point of a potential structural variation in a data-drivearmer. Along these lines followed
here, it will be of interest if the detected break points espond to previous findings, and

thus, to the introduction of the Euro. In addition, even wpessuming a structural break,

14



it is not clear if the new currency has only impacted on thesigheinistic components of
portfolio selection but has also affected the slope coefiitsi of the empirical model. For
the latter reasons, our strategy to estimate the paramet@pswill first address the issue of
break point detection. For this purpose, we will considerttkio portfolio share equations,
separately ignoring the potential of contemporaneoussceqsiation error correlation. The
determination of a presumed break date will proceed undeagsumption that all param-
eters, intercept terms and slope coefficients of the mod&)inare allowed to exhibit a

structural variation.

Formally, the latter issues may be sketched as follows:wket (Wgert, Wemut) =
(wyt,Wot )" denote the bivariate vector of dependent variables in (@)@raccordingly, col-
umn vectorsy; andxy collect the 10 explanatory variables (including the conigtgovern-
ing portfolio weights. Moreover, presume the model equestito undergo some structural
variation in unknown time point*, j = 1,2. Then by means of a dummy variable, both

equations can be given compactly as:

Wi = X8 + (i) B; + Uy dt:{ ’ lef;f;; j=12 ©)
The unknown break date can be determined from the data byngi@LS with al-
ternative choices of the break date, and, finally deterrgiﬁ'ﬁh such that the implied sum
of squared residuals obtained over the entire sample irsfoom RS$ = 5, OJZt (T}"), is
minimized. It is not ruled out that the identified time poibfsstructural variation are equa-
tion specific, i.e. differ for the determinantswgert andwgmu t. Time points of structural
breaks are estimated for a model specified with observednreeries and, alternatively,
implementing adaptive return expectations via a movingage over recent returns. The
obtained time points of structural variation are given ibl€2. The empirical implementa-

tion of the latter scheme for the bond market delivers a medalpositive serial correlation.

In order to correct for this issue, we include a lagged endogs variable (AR1) in the set

15



of explanatory variables;j; in model (6). The empirically identified time points of sttual
variation are all between 1997:1 and 1999:1 for both, thekssmd bond markets (see Table
2 for details). Note that irrespective of the choice of themeseries, these dates correspond

rather closely to the advent of the Euro in January 1999.

The inclusion of structural breaks in our basic model (2)l&en motivated economet-
rically in order to account for shifts in the dependent Valea Theoretically, these breaks
might be interpreted as the elimination of transactionsoatised by the Euro introduction.
As pointed out in section 2, transaction costs are not cagturthe theoretical equilibrium
model (1). Thus, a reduction of these transaction costsechlg the change in currency

regime can be modeled in our empirical equation (2), as aioreedtructural break.

4.2 Determinants of equity portfolio weights

The break dates detected in Section 4.1 are used to gerdiadibivariate empirical model.
Taking the potential of cross equation error correlatido sccount, the empirical specifi-
cation (2) is estimated simultaneously by means of the "SsglgnUnrelated Regression”
methodology (SUR, Zellner 1962). Making allowance of cortglateraction between a
time shift dummy variable and all right hand side variable$2) the general model spec-
ification, might suffer from its high dimensional paramedpace. Therefore, we consider
a subset version of the general model where those variatdesiacessively removed from
the model that have the smalléstratio in absolute value. To avoid the imposition of too
strong restrictions, the latter iterative specificatioatggy is terminated, once all parameter

estimates remaining in the system are significant at the £0%4.1

Empirical results obtained from SUR modeling of stock magartfolio shares are
summarized in Table 4 with implementations derived undeomal and adaptive expecta-

tions indicated as "Equity 1’ and "Equity 2, respectivéfyWe providet—ratios in paren-

10The highly parameterized unrestricted model and the sigpstification turned out to obtain qualita-
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theses underneath the coefficient estimates. In both spemfis, the degree of explanation
is about 96 percent and the Durbin-Watson statistic doesdmiate the prevalence of serial

correlation.

As a starting point, consider first the model specified unkerissumption of rational
expectations ("Equity 1’). The inclusion of returns and@®torder moments as explanatory
variables of the respective markets into the system, alstrals for market turbulences
that were present in the sample period. Note that severdficents of the interaction
between the structural break dummy variable and the mar&asuares are highly significant.
This is a first evidence that the determinants of the podfobmposition have seen some
change between the two identified subsample periods. Fortre, the intercept dummy
for a structural break at the time of the Euro introductianpegatively significant in the
equation explaining the German, and positively significathe equation explaining intra-
EMU investments. This result indicates a decrease in ratiomestments induced by the
introduction of the Euro and an increase in intra-EMU inwemtt. Both effects are in line
with the predictions of H1. Thus, the results on structurablis obtained from the pure time
series models in Section 3.1, remain robust after conigpflor market measures governing
investment behavior such as e.g. expected returns, vagaaed covariances. In sum,
these results confirm that shifts in investment behaviormateonly the result of market

movements, but of a structural natdfe.

Another important result is that, in absolute value, therel@se in national investment
as reflected by the coefficient of the break dummy variableyelh above the respective
increase in intra-EMU investments. Thus, all else equalkestments in the US market
have also accumulated over the post-break period whichyrim underpins the case for

H2. Overall, the introduction of the Euro has decreased tlemnditional level of the in-

tively very similar results. Since the subset model prosidecondensed view at the likely significant de-
terminants of portfolio weights we only provide empiricakults for this model version. Results from the
unrestricted models are available from the authors upomersq

H1Buch and Lapp (1998) expect a smooth adjustment of financakets in response to the Euro’s intro-
duction. Our findings of considerable structural shiftsramre supportive for an abrupt adjustment.

17



vestment home bias. In the prior stated hypotheses (H1 ahanet effect of the Euro
introduction on EMU holdings is left unspecified. Since thislysis has shown that intra-
EMU investments have, in fact, risen, we conclude that tfecestated in H1 dominates
the counter-effect postulated in H2. The latter finding idlweline with Buch and Lapp

(1998) and Fratzscher (2002).

Next, the influences of the market measures are examinedpdrtfelio share of do-
mestically issued equities depends negatively, and the sliantra-EMU equity positively
on the expected intra-EMU return. Thus, high expected mstur the EMU result in lower
domestic and higher intra-EMU investments. The magnitddkie effect has considerably
increased in the post-break period. No significant impatti@German stock market returns
on portfolio shares can be diagnosed in 'Equity 1’. US stoekkat returns contribute sig-
nificantly to equity composition merely over the post-breakiod. Higher US returns have
a positive impact on the domestic and negative impact onrttire-EMU portfolio share.
Although the first marginal effect is at odds with economituition, it might be explained
by the high factual correlation between German and US rstarthe post-break period (see

Figure 2a).

The higher the German stock market volatility, the moreyreste domestic investments
and, consequently, the lower should be the share of domestiche higher, the share of
intra-EMU investments. Both effects can be inferred from’Bauity 1’ system which also
points to the conclusion that the marginal response of dooyaasrtfolio shares to domestic
risk has increased after 1999:1. In contrast to economittiomn, we find that a high EMU
risk is positively, and a high US market risk is negativellated to intra-EMU investments.
A possible explanation for this finding might be, that an stees’ perception of foreign
markets’ risk is mainly determined by the US market and, ,tlMU portfolio shares are
reduced over periods of higher US market risk. For the subgerfter the break, however,

the US risk measure enters the equation with the expectad sig
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As potential determinants of portfolio shares, the cotiates between market returns
play an important role especially since the Euro’s intrdotuc All correlation measures
enter both equations highly significant for the second sulp$aperiod. From the perspec-
tive of a German investor, a high correlation between EMU raatibnal returns decreases
diversification benefits for intra-EMU investments. Theref an increase in this correla-
tion should result in reduced EMU equity holdings and higsiesires of domestic invest-
ments. The empirical observation of a risen correlationvbeth German and intra-EMU
returns since the introduction of the Euro led to H2. Thisdtiesis is clearly supported
by the observed coefficients of the EMU/GER correlationshim post-Euro period. Ac-
cording to portfolio theory, an increase of the correlati@ween US and German returns,
induces diversification benefits for US investments to desae All else being equal, intra-
EMU investments become more attractive. Further, a higheetation between the two
foreign investment alternatives (EMU and US) diminishe®iign diversification benefits.
According to the respective parameter estimates, a riseisncorrelation measure dimin-
ishes intra-EMU investments, and increases domestictimegs. Since the absolute value
of the coefficient in the equation with the national portbodhare is well above the coeffi-
cient in the equation with the EMU portfolio share, one canatade that the share of US

investment decreases as well, in response to an increasex/ement of foreign markets.

In ’Equity 2’ the same model as in 'Equity 1’ is estimated gxcthat return expec-
tations are formalized adaptively. Basically, the most ingoat results stated before, also
hold for this specification, such that our main conclusiamsramarkably robust in this di-
rection. One interesting result is the role of the realizédlEvolatility in 'Equity 2. A
higher EMU volatility, boosts national and lessens intMtE investments. This effect is
even more pronounced in the post-break period, as can bégdba higher magnitude of
the post-break coefficients. Note that the EMU market vidhaincludes the volatility of
exchange rate movements. In the post-Euro period, the fegeshrunken to zero. There-

fore, a direct influence of the termination of the exchange gk on investment behavior,
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can be observed by the coefficients of the EMU volatility.

4.3 Determinants of bond portfolio weights

As already noted in Section 4.1, estimation of system (2jHerbond market suffers from
positive serial correlation. Therefore, when estimating overall model, we include an
autoregressive term of order one (AR1) in the bivariate moBatther, for the post-break
period, it turns out that the realized variances determinedhe German and EMU bond
markets were numerically very close (see Figure 2b), notétg to separate their marginal
effects on the portfolio shares by means of the generaliegeession model. For the lat-
ter reason, we employ only one interaction term of the dumarjable with one realized

standard deviation estimaté.

Empirical results obtained from the subset models expigibiond holdings, are also
given in Table 4, ’Bonds 1’ and 'Bonds 22 As for the models describing equity holdings,
'Bonds 1’ is estimated using actual returns while in 'Bonds @agtive returns are applied.
TheR? measures are somewhat higher in comparison with the reshtiined for the stock

market, which can be addressed to the inclusion of the AR(f)se

Most conclusions derived for the stock market, also holdlferresults of 'Bondsl’.
First, the coefficients of the structural break dummiesaat# a reduction in national and
an increase in intra-EMU investments. Since the magnitdideedfirst effect is higher than
the second, US investment shares have also seen an increaselitionally. Therefore, the

results for the bond market also provide evidence for bofiothyeses stated in this paper.

In the post-Euro period, German investors expand theionatiportfolio share with

an increase in expected national returns and reduce this steen EMU returns increase.

12For the equation with the German portfolio share as the diggnvariable, the interaction with the
German realized standard deviation is included, whileierdecond equation explaining the EMU share the
EMU standard deviation is included.

13As for the stock market, results for the full model are avaégrom the authors upon request.
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The intra-EMU portfolio share rises with EMU returns. In {hre-break period, a negative
relationship between realized market volatility and thepeztive investment share, could be
observed for both markets. The correlation between the ERIUGER market, however,
does not enter the system in the post-Euro period significadevertheless, the two other
covariances (between GER & USA and EMU & USA) enter the sysiati the identical

signs as for the stock market, thereby underscoring previesults.

In system '‘Bonds2’, the amount of market measures that dmesytstem significantly,
is considerably less than for 'Bonds1’. Thisis also captiméde somewhat lower degree of
explanation. A difference occurs concerning the coefficgstimate of the structural break
dummy variable: While the variables enter the system sigmtig with the expected signs,
the magnitude of the coefficient indicating an increase iraHEMU investments, is above
the coefficient indicating a reduction in national investiise Thus, the previously identified
raise in US investments must be captured by other variablégimodel. In the post-break
period, high EMU returns over the past five periods causectemh of the national portfo-
lio share, while high national returns in the past, go aloitg & reduction in the intra-EMU
portfolio share. A high correlation between German ancaHiEMU returns as observed in

the post-Euro period, has a significant negative impact wa-BMU investments.

4.4 Changes in home bias since the introduction of the Euro

By definition, home bias is the difference between the actndlaptimal share of interna-
tional investments. Thus, providing an in depth analysishef determinants of portfolio
shares, the results in the previous section are not diredtlymative for the impact of the
common currency on the home bias issue. For this purposenagédollow the same mod-
eling steps as before, with replacing the dependent actutibpo shares by the difference
Wit — Wit opt(P), ] = 1,2, with wijt opt(p) being some optimal portfolio share according to

risk aversion,p, and expected first and second order return features. Tiee raeasures
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remain, however, unobserved, and therefore, actual edloos are based on historical re-
turns and variances. Similarly, the determination of optishares requires knowledge or
some selection ob. The optimal portfolio shares fgr = 5 are illustrated in Figures 2e/f.
Summarizing the latter remarks, any choiggopt(p) is likely to suffer from approximation
error, complicating a direct approach to model home bias.lé&fe the discussion about
the correctly specified theoretical portfolio holdingsdes{Lewis 1999) and build upon the
former results, obtained from modeling observable pddfshares. With varying degrees
of risk aversiorp = 1,5, 10, 20 we determine optimal portfolio shanes opt(p) and replace
the dependent variablej: in (6) by deviationshjy = wj — Wit opt(p). For the model, we
regard the coefficient of the shift dummy variable in (6) toasiere the home bias effect,
conditional on impacts of first and second order return festtf Estimation results ob-

tained from these exercises are provided in Table 3.

Equity home bias decreased by about 19 percent for riskiangparameters between
1 and 20. For the bond market, this effect is even more prazemnndicating a reduction in
home bias of around 55 percent. With one exception (bondehgrk= 1) all shift estimates
are significant at the 5% level. Apart from its significandee tlocumented effects are
remarkably stable over the alternative degrees of risksamepresumed to derive optimal

portfolio shares.

5 Conclusions

By constructing a new dataset, we can identify the stock amdl [pmrtfolio holdings of
German investors for national, intra-EMU and rest-of-#h@dd (US) investments over the
period from 1980 until 2003. For these portfolio holdingg @etect structural breaks dated

at the advent of the Euro in 1999. For both, the stock and tinel Ipsarkets, German in-

In this estimation we refrain from including interactionrtes of the structural shifts and the market
measures due to an over-specification of the model.
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vestors have decreased national investments and incréfesesdhare in intra-EMU and US
investments. These one time structural shifts might beagx@tl by a reduction of transac-

tion costs caused by the Euro introduction.

Furthermore, we observe changes in investment behavibatdan line with the two
main effects of the Euro’s introduction on the underlyinga®l order market features.
The first effect is that exchange rate risk for intra-EMU siveents has been overcome,
thereby, decreasing the overall risk of intra-EMU investise This effect is captured by
a lower volatility for intra-EMU investments. Second, thighrer integration of European
financial markets induced by the establishment of the EMWesaa higher correlation be-
tween national returns of EMU member states. This effesteseas the rationale behind the
higher share of US investments. Both effects result in a i@luof investment home bias.
The latter result has been shown by comparing the actuadtiment holdings with optimal

benchmark portfolios.

Regarding potential sources of the investment home biasktne introduction af-
fected the risk-return trade-off for intra-European inmesnts (e.g. by diminishing ex-
change rate risk), and thus, influenced European investb@avior. These findings are
in line with studies claiming the role of exchange rate risknfluencing investment deci-
sions (e.g. Dumas and Solnik 1995 and Michaelides 2003)ctiral breaks in the portfolio
shares remained significant even after having controlleéiffanarket measures. One ex-
planation is that the integration of the Euro, reduced ntarkperfections like transaction
costs which remain unobserved in the market measures extiudour analysis. In a recent
theoretical paper, Martin and Rey (2004) has shown that arase in the market size (e.g.
through integration with other intra-European marketgusth result in a reduction of home
bias. The role of such market imperfections on investmeaist®s has been underscored
by Lewis (1999). Our findings do not support related literatinat regards investments de-

cisions as driven mainly by factors like geographic proxynar "familiarity” (e.g. Portes
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and Rey 2005, Coval and Moskowitz 1999 and Huberman 2001).04dth the latter fac-
tors were not influenced by the change in the currency reginvestment behavior has
changed markedly. Finally, the findings of this paper, arkni@ with studies arguing that
the EMU changed the landscape of European financial madwetsd more integration and

intra-EMU portfolio holdings (e.g. Berglund and Aba Al-KhaD02; Danthine et al. 2000).

Further research is necessary to completely disentanglimfilnence of currency risk
and market imperfections on investment home bias. As acopdati avenue of future re-
search, one may follow a systematic comparison of portfdéaisions of representative

European intra and extra-EMU investors.
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A Unit root tests for portfolio holdings

Since by construction portfolio shares are bounded between zeronégdwe refrain from testing
these series by means of common ADF regressions or extensions motiv&eaan (1997). Note
that unit root tests have been introduced to discriminate the random walstgame stationary
autoregression. These processes, however, are unboundedmgrthem as poor approximations to
processes of portfolios shares. For the latter reason, we perfarnoattests for the value processes
directly and address the issue if, these processes could be classtifiexddstationary.

In case both value processes entering a portfolio share are foundtreid) stationary, once
allowing for a structural break, the ratio of these two time series is meartirayas well if the break
dates of both series involved are equal. Unit root test results obtammdismmon ADF regressions
are shown in the upper panels of Table 1. All reported ADF statistics fesuittest implementations
with automatic lag length selection according to the Schwarz criterion (SChdfarore, a trend
and an intercept term are included in each specification. For the stocktnainit root is rejected
at the 5% level for the value of German domestic investments, and with 10% cignué for the
total value of all equity holdings. Note that under the alternative hypothissse series are trend
stationary since the deterministic trend term enters the test regression aigfhficRegarding the
value of EMU and rest-of-the-world investments, a unit root is rejecteghvtbsting the changes of
the time series, i.e. their first differences. Thus, these series appeaiitebrated of order one.
For the bond market, the picture is similar. For both, the values of Germaneatidfrthe-world
investments, the unit root hypothesis cannot be rejected while the valuglglldfand total bond
holdings are found to be trend stationary. As mentioned, evidence in ddvamit roots is often
spurious in the sense that, a shift in the deterministic part of the procedisi@tea the commonly
used critical values of the ADF-test, which are only valid under time homatyemiedeterministic
terms. For the latter reason, we now consider unit root test results atbtatren allowing a shift in
deterministic terms that occur at unknown time (Perron 1997).

The approach we follow allows for exactly one possible break for eartbss Model | accounts
for a change in the intercept coefficiéft:

k
Yt = U+ 68DU; + Bt + 8D (Tp), + Oye—1+ ZlCiAYI—i + &, (A1)
i=

with Ty the time of the breakDU; = 1(t > T,) andD(T,) = 1(t = T, +1). Model Il accounts for
both, a change in the slope as well as in the intercept coefficient anceaaritten as:

k
Yt = U+ B8DU; + Bt +yDT; + 8D (Tp), + ayr—1+ Zqéytfi + 8, (A2)
i=

15For a more detailed discussion of the subsequent three s)adégr to Perron (1989).
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with DTy = 1(1 > Tp)t. The final specification (Model Il) accounts for a change in the slbpé
both segments of the trend function are joined:

Yt = U+ Bt +yYDT" + Wi, (A3)

K
Ve=0a%-1+ ) GA%-_i+&
2,

with DT = 1(t > Tp) (t— Tp).

In all three models, the autoregressive order of the test regressiatirsated with a data-
dependent method allowing a maximum lag ordekgfy = 8. Results are also shown in Table 1.
The break point is chosen as such that,ttiseatistic for testing the null hypothesis of a unit root is
the smallest among all possible break points (Perron 1997).

In order to decide on the appropriate structural break model for a gjivee series, we consider
the Akaike information criterion (AIC) and SC as shown in Table 1 in the first limes for each
model. Thereafter, the chosen autoregressive order, the deteetdd date and the unit root test
statistic are gived® For the stock market, a unit root can be rejected for all value procegtes
10% significance once accounting for a structural break. The identfieak dates are between
1994:1 and 1997:1. For the German series, Model | (a change in inteotegins the smallest value
of the AIC and for all other series, Model Il (a change in both slopeiatetcept) is the preferred
specification according to the AIE.

For the bond market unit root test results are less clear in comparison wisidbk market.
According to the model selection criteria, the identified patterns of structargtion are a change
in the intercept (Model I) for the total portfolio value, investments in EMU eext-of-the-world is-
sued assets. A change in both intercept and slope (Model ) is defectibe value of domestically
issued assets. Regarding the total value of bond holdings, trend stayicmdiagnosed for the struc-
tural break model with 1998:2 found as break date. Similar arguments appiye value of EMU
investment obtaining a potential shift date 2000:1. For the value of domeséistments, the unit
root hypothesis, i.e. the random walk with drift, cannot be rejected. Thiammint—statistic is ob-
tained for 1994:2 and, thus, corresponds with the political process uigithe common currency.
The value invested in the US market is found to be nonstationary. Accotditige change point
model the latter is most likely in 2000:1. For completeness, unit root test résulise processes
of realized variances are also provided in last row of Table 1. Appigrathvariance processes are
found to be stationary.

18Note that for specifications with different ordérpre-sample values are adjusted such that the effective
sample size used to determine the the AIC and SC is equal hepreaifications under comparison.

1"Regarding the SC the latter outcomes are confirmed with thesyarocess for domestic investments
being the only exception.
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Table 1: Unit root tests of portfolio shares
The table reports unit root tests for the value of Germaronati EMU, rest-of-the-world and total investments
for both the stock and the bond market. In the first part ADt-¢#atistics are reported for a test in levels and
first differences. Model (1) to (111) report unit root testdistics allowing for a structural break (see Appendix
A for formal representations of the test regressioks}. the autoregressive order of the ADF test regression.
*, ** and** indicate significance at the 10%, 5% and 1% significance .level

Stock market

Bond market

Ger EMU Rest Total | Ger EMU Rest Total
ADF-test for level variables
AIC 11.84 9.10 9.66 12.37 9.53 8.05 8.07 8.41
SC 12.13 9.57 9.82 12.61 9.74 8.52 8.15 8.69
ADF -3.53** 3.73 -2.15 -3.41* -0.79 -3.31* -2.08 -5.19%**
const. -30.19 4.47 -10.74 -51.84| 30.56 -24.22 3.04 103.60
(-0.80) (0.34) (-1.06) (-1.12) | (1.68)* (-3.07)*** (0.84) (5.76)***
trend 8.84 -0.62 1.12 10.12 0.13 211 1.04 13.73
(2.68)*** (-0.88) (2.07)**  (2.79)*** (0.15) (3.76)***  (2.07)** (5.17)***
ADF-test for differenced variables
AIC 9.30 9.72 9.50 8.03
SC 9.63 9.85 9.67 8.16
ADF -6.02%**  -3.93** -5.50*** -6.70%**
const. -19.38 0.09 18.17 5.34
(-1.97)* (0.01) (2.01)** (1.36)
trend 1.25 0.17 -0.51 0.03
(3.24)*** (0.53) (-1.61) (0.23)
Model (1)
AIC 11.77 8.94 9.08 12.21 9.16 7.45 7.81 8.40
SC 12.15 9.40 9.59 12.67 9.62 7.82 8.32 8.78
k 4 6 7 6 6 4 7 4
date 95/2 99/1 98/1 95/2 99/2 00/2 00/1 98/2
t-alpha -4.78 -3.24 -5.83*** -3.01 -2.10 -6.28*** -3.67 -5.47**
Model (I1)
AIC 11.77 8.47 8.87 12.09 9.07 7.98 7.93 8.53
SC 12.32 8.94 9.42 12.51 9.58 8.39 8.39 8.91
k 7 5 7 4 6 5 4 4
date 91/2 97/1 96/1 94/1 94/2 99/1 93/2 89/2
t-alpha -4.32 -9.04%**  .7.22%** .5 82** -2.84 -4.75 -4.23 -5.11**
Model (111)
AIC 11.80 9.16 9.16 12.45 9.48 8.04 7.87 8.52
SC 12.01 9.36 9.49 12.87 9.82 8.38 8.21 8.73
k 4 4 7 4 7 7 7 4
date 85/1 94/1 94/1 88/1 02/1 00/1 00/1 86/2
t-alpha| -4.49* -5.15** -5.04** -5.11** -2.31 -3.14 -3.24 -4.88***
Realized Variances
ADF -5.62%**  -6.10%** -5, 44*** \ -4.90%* -4, 73 -5.03%**
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Table 2: Dates of the structural break tests
This table reports endogenous structural break datesnalgt&iom estimating system (6). In the estimation all
parameters, intercept terms and slope coefficients of ttdehawe allowed to exhibit a structural variation. In
the first part of this table, actual returns are used to meastypected returns. In the second part of this table,
average returns over the past 2.5 years are applied to reemquected returns.

Stock market Bond market
GER EMU GER EMU

actual returns 1999:1 1998:2 1998:1 1998:2

average pastreturns 1997:1 1997:1 1998:1 1998:2

Table 3: Change in investment home bias since Euro introatucti
In this table coefficients of the structural break dummy alales that have been regressed on the difference
between actual and optimal portfolio shares are reportesiatistics are reported in parenthesésand **
indicate significance at the 5% and 1% significance level.

|. Stock market

structural break date Degree of risk aversiph (
1 5 10 20
1999:1 -0.197 -0.190 -0.189 -0.188

(-2.20)%  (-2.32)** (-2.28)* (-2.27)**

Il. Bond market

structural break date Degree of risk aversiph (
1 5 10 20
1998:1 -0.554 -0.551 -0.550 -0.550

(-151)  (-2.60)** (-2.75)** (-2.75)**
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Table 4: SUR Estimates for the stock and bond market

The table reports coefficient estimates for system (2) fostbek (Equity 1 and 2) and the bond (Bonds 1 and 2) market. litEdjand
Bonds 1 actual returns are included as explanatory vasgablkile in Equity 2 and Bonds 2 past average returns are usdéscribed
in Section 3.2. The dates of the structural breaks are givéfable 2. t-statistics are reported in parentheses. Therhdine of the
table gives the degree of explanation and the Durbin-Wadtatistic for each equatiori.and** indicate significance at the 5% and 1%

significance level.

Equity 1 Equity 2 Bonds 1 Bonds 2
[€) (4) [©) (4) [€) (4) (3) 4)
p.GER REMU p.GER REMU p.GER REMU p.GER REMU
const. 1.045 -0.023 0.882 0.022 0.143 0.012 0.16 0.02
(47.45)=  (-3.33)** (34.76)* (2.64)* (3.97)* (1.66) (4.07)* (328)*
r-GER - - 0.102 - - - - -
(2.13)*
r-EMU -0.187 0.050 - -0.053 - - 0.35 -0.11
(-4.52)* (4.27)* (-3.01)* (3.89)* (-2.16)*
r-USA - - 0.262 -0.091 -0.125 0.036 - -
(2.03)* (-2.21)* (-5.05)** (2.78)**
stGER -7.331 1.828 -4.887 1.708 18.944 - - -
(-4.70)* (3.64)** (-1.70) (1.82) (4.12)**
stEMU - 1.174 5.838 -2.090 - -6.544 - -
(2.36)* (1.68) (-1.64) (-3.93)*
StUSA - -0.853 - - -3.758 1.778 2.99 -
(-2.27)* (-1.84) -1.74 (1.96)
co.GER/EMU -0.113 0.039 - 0.008 -0.035 - -0.09 -
(-3.55)** (4.38)** (2.11)* (-1.97) (-3.29)*
co.GER/USA - - - - 0.056 - 0.13 -0.04
(3.13)* (4.76)** (-2.67)*
co.USA/EMU - - - - -0.042 - - -
(-1.97)
o -4.404 0.998 -0.282 0.081 -0.453 0.211 -0.10 0.18
(-2.60y*  (10.97)** (-3.28)*  (2.94)* (-6.18)** (6.65)** (-1.88) (2.42)*
di*r GER - - -1.364 0.502 6.573 - - -7.89
(2.62)* (3.00)* (2.59)* (-4.24)*
dy*r EMU -1.562 0.377 - - -9.466 2.073 -0.55 -
(-2.35)** (7.73)** (-3.66)** (10.11)* (-2.05)*
d*r USA 1.937 -0.482 1.355 -0.415 -0.165 0.125 - 4.37
(3.11)* (-10.53)** (2.57)* (-2.47)* (-1.95) (2.79)** (3.07)**
di*st GER -10.242 - - - - - - -
(-1.83)
di*st EMU - - 10.931 -3.910 - - - -
(2.12)* (-2.36)*
di*st_ USA - 2.412 -12.041 4.005 69.654 -29.299 19.9 -13.24
(2.54)* (-2.36)* (2.45)* (5.77)* (-5.56)** (2.02)* (-1.99)
di*co-GER/EMU 4.620 -1.028 - - - - - -0.14
(2.32)* (-9.42) (-2.13)*
di*co_.GER/USA -2.523 0.530 -0.987 0.316 -0.199 0.120 -0.14 -
(2.43)* (9.34)* (-5.64)** (5.63)** (-3.33)* (3.72)* (-2.38)*
d*co_-USA/EMU 2.977 -0.628 0.918 -0.283 0.217 -0.126 0.10 -
(2.32)* (-8.98)** (4.69)** (-4.52)* (3.84)* (-4.25) (1.83)
PGER(-1) 0.827 - 0.78 -
(23.71)= (18.16)**
PEMU(-1) - 0.855 - 0.91
(26.96)* (22.22)**
R-squared 95.69% 96.04% 95.39% 95.17% 98.81% 99.11% 96.7% 97.3%
Dw 1.69 1.54 2.08 2.10 1.69 1.94 1.99 1.90
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Table 5: Definition of variables

Variable

Definition

Source

German holdings of
stocks and bonds
issued by non-
residents

Total German stock|
and bond holdings

Stock market return
indices

Bond market return
indices

Stock market and
bond market
capitalization

Portfolio investments of German corporations and housizh
in foreign issued stocks and bonds according to the net
financial position of Germany (West-Germany before 1990
toward foreign countries. The financial position is mainly
based on account notifications.

Wealth of the households and corporations in stocks and
bonds. The financial sector is excluded in order to avoid

double counting. Assets and bonds are priced at market
values.

To construct an MSCI country index, every listed security i
the market is identified, and data on its price, outstanding
shares, significant owners, free float, and monthly trading
volume are collected. The securities are then organized by
industry group, and stocks are selected, targeting 60 mer ¢
coverage of market capitalization. Selection criteridude:
size, long- and short-term volume, cross-ownership and flg
By targeting 60 per cent of each industry group, the MSCI
index captures 60 per cent of the total country market
capitalization while maintaining the overall risk structwf
the market because industry, more than any other single
factor, is a key characteristic of a portfolio or a market.

The bonds used in calculating the Tracker index are select
from those in equivalent All-traded index in order of
decreasing market value until either: 20 or more bonds ha
been selected and at least 25 per cent of the group by
market value has been included, or more than 50 per cent
the group by market value is included. The Tracker index 3
includes any bonds representing more than 5 per cent of t
market, and any bonds identical in size to the smallest
selected. All constituents of the Tracker are such that the
resulting index closely tracks the performance of the All
traded index.

The market capitalization of a stock or bond exchange is tl
total number of issued shares/bonds of domestic compani
including their several classes, multiplied by their resive
prices at a given time. This figure reflects the comprehens
value of the market at that time.

plDeutsche Bundesbank (2004):
Statistical Supplement to the

) Monthly Report 2 - Capital Market
Statistics: Security Deposits,
decomposition into single countrig
upon request, various issues.

Deutsche Bundesbank (2004):
Special Statistical Publication 4:
Financial accounts for Germany,
various issues.

nMorgan Stanley Capital (2005)
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néNorld Federation of Exchanges
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Figure 1: Portfolio shares, market returns and varianc€soman investors
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Figure 2a: Correlations between assets on the stacket
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Figure 2c: Shares of the minimum-variance portfdimck market)
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Figure 2e: Optimal portfolio shares for risk aversof 5 (stock
market)
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Figure 2b: Correlations between assets on the brarklet
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Figure 2d: Shares of the minimuniavene portfolio (bond market)
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Figure 2f: Optimal portfolio shares for risk aversiof 5 (bond market)
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Figure 2: Correlations of asset returns, minimum-variarafg@io shares and theoretical
optimal portfolio shares for German investors
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