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ABSTRACT 

In this paper we study the benefits derived from international diversification 
of equity portfolios from the German and the Hungarian points of view. 
In contrast to the German capital market, which is one of the largest in the 
world, the Hungarian Stock Exchange is an emerging market. The Hungarian 
stock market is highly volatile, high returns are often accompanied by extremely 
large risk. Therefore, there is a good potential for Hungarian investors to realise 
substantial benefits in terms of risk reduction by creating multi-currency 
portfolios. The paper gives evidence on the above mentioned benefits for both 
countries by examining the performance of several ex ante portfolio strategies. 
In order to control the currency risk, different types of hedging approaches 
are implemented. 
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1. INTRODUCTION 

Grubel (1968) was the first who extended the theoretical concepts of modern 
portfolio selection developed by Markowitz (1959) to an international envi- 
ronment. Since that time a large number of empirical studies have examined 
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the advantages of international portfolio diversification. The usual question, 
is whether adding foreign assets to a domestic benchmark portfolio improves 
the risk-return profile from the perspective of an investor located in a specific 
country. The earlier studies in the 70s, such as Levy/Sarnat (1970), Lessard 
(1973, 1976), Solnik (1974a), investigated the performance of ex post efficient 
portfolios and demonstrated that the benefits of internationally diversified 
portfolios rest on the idea of low co-movements between different national 
markets. More recent studies, including Jorion (1985), Eun/Resnick (1988, 1994), 
Levy~Lira (1994), Liljeblurn/L6flund/Krokfors (1997) and Rudolf/Zimmermann 
(1998) evaluated different international portfolio strategies under more realistic 
conditions by using an "ex ante" or "out-of-the-sample" back-testing frame- 
work. 

Compared to investments in domestic assets, fluctuating exchange rates 
represent an additional risk factor for investors who want to diversify their 
portfolio internationally. Therefore, it is important  to study whether hedging 
the exchange rate risk is worthwhile and to which extent. A standard approach 
is to hedge the exchange rate risk completely by using forward contracts with 
unitary hedge ratios. Based on empirical evidence, proponents  of such a 
hedging policy such as Eun/Resnick (1988, 1994) argue that relatively to its 
unhedged counterpart full currency hedging reduces the volatility of returns 
without a substantial reduction in returns. This led Perold/Schuhman (1988) to 
argue that currency hedging is a "free lunch", i.e. currency hedging is costless 
in terms of returns while it reduces the risk. However, as Adjaoutk/Tuchschmid 
(1996) pointed out, from a theoretical point of view, the unitary hedge ratio 
is the optimal one only if the exchange rate returns and local returns are 
uncorrelated and the forward exchange premium is an unbiased predictor of 
the future exchange rate returns. Nevertheless, empirical studies such as Fama 
(1984), Frankel/Froot (1989), Levy/Lim (1994) and Roll/Yan (2000) have 
indicated that these restrictive assumptions are questionable. Black (1989) 
showed that under additional assumptions to the IAPM of Solnik (1974b), 
the hedge ratios should be identical for all investors regardless of their nation- 
ality and investors should never fully hedge their foreign currency exposures. 
Alternatively to the (fixed) unitary hedging policy, Glen/Jorion (1993), Jorion 
(1994), Rudolf/Zimmermann (1998), Adjaoutk/Tuchschmid (1996) and Larsen/ 
Resnick (2000) demonstrated that the currencies themselves can be treated as 
assets and the positions in them simultaneously optimised with the portfolio 
weights. 

Most of the empirical work in the field of international diversification 
has focused on dollar-based investors or, at least, investors in large capital 
markets. Recently, the finance literature has attracted enormous attention 
about the diversification benefits from exposure in emerging equity markets. 
For example, Lessard (1973) took the viewpoint of a US-investor and studied 
the diversification benefits of an investment into Latin American countries. 
Bekaert/Urias (1996) examined the gains derived from emerging equity mar- 
kets in Latin America, Asia and the Middle East using a data set on US- and 
UK-traded closed-end funds. Bug6r/Maurer (1999) studied the benefits of a 
possible investment into Hungary, as an emerging market in the Eastern and 
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Central European region, among other foreign countries from the viewpoint 
of a German investor. However, it also seems to be important to take the 
viewpoint of an investor who is located in an emerging market and investigate 
the effects of global investments from his perspective. 

The objective of this paper is to review the theoretical and empirical 
arguments on the potential benefits from international diversification of 
equity portfolios by taking the viewpoint of a Hungarian investor, which is a 
fairly original database. To indicate the importance of the numeraire cur- 
rency and to compare our empirical findings regarding the portfolio perfor- 
mance, the portfolio composition and the effectiveness of diversification 
from the viewpoint of such an emerging market investor with those of an 
investor from a more developed country, we also study the effects of inter- 
national portfolio diversification from the perspective of a German investor. 
The economies (as well as the societies) of both countries are influenced by 
a transition process that began with the collapse of socialism in Central and 
Eastern Europe at the end of the 1980s. In examining the gains from inter- 
national diversification, specific attention is paid to the question whether 
hedging the currency risk is beneficial on the performance of multi-currency 
portfolios. 

The paper proceeds in the following way. Section 2 briefly describes the 
data used in the analysis and gives some important details on the Budapest 
Stock Exchange. In Section 3 we present the theoretical foundations of the 
benefits in terms of risk reduction and return gain of internationally diversi- 
fied portfolios. Section 4 provides an e x  p o s t  analysis of the benefits from the 
German and the Hungarian points of view by tracing out the ex  p o s t  efficient 
set for the different hedging approaches considered. Section 5 evaluates the 
performance of various e x  an te  investment and hedging strategies and 
demonstrates the effect of estimation risk. Section 6 provides a summary and 
concluding remarks. 

2. DATA 

The sample data consist of stock index returns of eight countries on a 
monthly basis from April 1991 to January 1999. The countries involved in the 
study are: Canada (CAN), Switzerland (CH), Germany (D), France (FR), 
Great Britain (GB), Hungary (HUN), Japan (JP) and the United States of 
America (US). The stock indexes which represent a well-diversified portfolio 
of each country are provided by Morgan Stanley Capital International 
(except Hungary). Each of the indices are value weighted, formed from major 
companies based on market capitalization, and adjusted for capital gains as 
well as dividend payments. The currencies of the selected countries are the 
most important in the international financial setting, with active currency 
forward markets which allows hedging the exchange rate risk. The data for 
the Hungarian stock exchange index (BUX) are obtained from the Budapest 
Stock Exchange. It is, like the MSCI-Indices, weighted by market value, and 
includes capital gains as well as dividend payments. In order to get an insight 
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TABLE 1 

MAIN FIGURES OF THE BUDAPEST STOCK EXCHANGE FROM DECEMBER 1990 TO DECEMBER 1998. THE DATA 
ARE YEAR-END DATA IN EVERY CASE. (SOURCE: ANNUAL REPORT (1998), BUDAPEST STOCK EXCHANGE). 

1990 1 ~ 1  1 ~ 2  1 ~ 3  1994 1995 1 ~ 6  1997 1 ~ 8  

Number of securities 
admitted to the BSE 6 22 40 62 120 166 167 149 144 
Number of shares 
admitted to the BSE 6 20 23 28 40 42 45 49 55 

Capitalisation of the 
BSE (billion HUF)  16 54 202 458 884 1221 2390.9 5115 5470 
Equity market 
capitalisation 16 38 47 82 182 327 852.5 3052 3020 
Average daily turnover 
(million HUF) 34 40 134 737 838 1016 4618.7 27272 55836 

to its market size and the transaction volume, Table 1 presents some details 
on the Budapest Stock Exchange (BSE).I 

The trading of  futures for the official stock index of the Budapest Stock 
Exchange, the BUX index, currencies (Dollars, Deutsche Mark, and ECU 2) 
and 3-month T-bills started in March 1995. The turnover on the futures mar- 
ket continuously increased from 10.16 billion HUF in 1995 to 2934.47 billion 
HUF in 1998. The turnover on the currency futures market increased from 
3.72 billion HUF to 973.96 billion in this time period. 

To analyse the total returns from the Hungarian (German) point of view, 
we converted the local stock market index prices using month-end exchange 
rates for the Hungarian (German) currency. As a proxy for the risk-free rate we 
used the monthly money market returns provided by the Hungarian National 
Bank and Deutsche Bundesbank, respectively. For currency hedging, we have 
collected for each currency the one-month forward rates 3 against the US-Dollar 
on the first trading day of each month and used the non-triangular arbitrage 
condition 4 to obtain the quotes in Hungarian Forint (Deutsche Mark). 

1 Further information about the BSE as well as details on the composition of the BUX basket can be 
found in Bugdr/Maurer (2000) and the Budapest Stock Index Manual (1999). 

2 Both the Deutsche Mark and the ECU are now replaced by the EURO. 
3 The forward rates against the US-Dollar (except USD/HUF) are the average of the bid and ask 

quotes and were obtained from Datastream. They are originally generated by Barclay's Bank Inter- 
national, and observed on the first trading day of each one-month holding period. In the case of 
Hungary, the six-month USD/HUF forward rates are taken from the Budapest Stock Exchange 
database and converted into monthly premiums. 

4 The non-triangular arbitrage condition means that in the relationship of any three currencies 
(namely in the "triangle" of these currencies) the forward rates should take such (equilibrium) 
values which exclude the possibility of making arbitrage profit. In this case one can get the HUF 
(DM) forward rates against any currency by dividing the HUF (DM) forward rates against the 
US-Dollar and that of the US-Dollar against the third currency in question. 
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3. RISK AND RETURN OF INTERNATIONAL INVESTMENT PORTFOLIOS 

WITH CURRENCY HEDGING 

Let Sit be the spot Hungarian Forint/Deutsche Mark (HUF/DM) price of for- 
eign currency i at time t, and Pit the ith (i = 1 . . . . . . .  N) foreign country stock 
index value. At the end of  each investment period the rate of (total) return 
measured from time t -  1 to t on an unhedged foreign investment for a Hun- 
garian (German) investor in the ith stock market is defined as: 

Sit Pit 
P~',HUF(DM)-- Sit_lPit_l l = ( l  + Ri)( l  + e i ) -  l = l~ + ei + Riei (1) 

The total return depends on the local return Ri = Pit / Pit-i - 1 on the ith stock 
market and the exchange rate return e i = Sit / Sit_ 1 - 1 of the ith local currency 
against the numeraire currency. 

Equation (1) shows that the total return of  an international investment 
represents both an exposure to security and currency risk and an opportunity 
to benefit from security and currency returns. 5 Therefore, it is clear that a 
properly designed currency hedging strategy is important for the financial 
success of an international investment. In this paper we use currency forward 
contracts to hedge the exchange rate risk. 6 A currency forward contract is an 
agreement between two parties to buy (long position) or sell (short position) 
foreign currency with current spot price Si at a future date at an exchange rate 
F; (the forward price) determined at the time of  the transaction. 7 The forward 
premium can be determined as fi = Fi/Si  -1 .  8 As with many other kinds of  
financial derivatives, currency forward contracts are offered by commercial 
banks and/or are traded on organised financial markets and typically have 
fixed short maturities of  one to nine months. Neglecting margin requirements, 
currency forward contracts produce a random payoff, but do not absorb 
capital upon closing of  the position. The financial success from a forward 
short position offsets possible gains and losses from currency fluctuations on 
the investment in the foreign stock market. 

If the investor takes the opportunity to hedge his currency exposure by 
selling at time t -  1 some part hi of  the initial value of the investment forward, 
the total return measured from time t -  1 to t on such a hedged foreign invest- 
ment for a Hungarian (German) investor in the ith stock market is defined as: 

Rih, nvF(DM)= l~.,i~W(OM) + h i ~ . - e i ) =  l~. + ei + l~.ei + hiOCi-ei) (2) 

where hi is the hedge ratio. In the case of hi = 0 the currency exposure of  the 
investment is unhedged. Conversely, when hi = 1 we get the unitary hedge 

5 Cf. EakerlGrant (1990), p. 30. 
6 See Hin/KuolLee (1994) for a comparison of the hedging effectiveness of currency forwards versus 

currency options. 
7 Cf. AbkenlShrikhande (1997), p. 37. 
8 When the forward premium is negative, it is referred to as a forward discount. 
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ratio, sometimes referred to as the fully hedged strategy. It is noteworthy, that 
a unitary hedge ratio does not eliminate the currency risk of the foreign stock 
position perfectly. Because of fluctuations in the foreign stock market, the 
investment result is unhedged. However in practice, the remaining currency 
exposure, which is represented by the cross product Riei, should be small over 
short (e.g. weekly or monthly) hedging intervals. 9 

In order to study the performance of an international multi-asset portfo- 
lio we extend equation (1) as follows: 

N 

Rp = Z Xi Ri, HUF(DM) (3) 
i=1 

where Rp is the total return on the unhedged portfolio of a Hungarian (Ger- 
man) investor and x; represents the fraction of wealth invested in the ith of 
the N stock markets. Using (2) and (3), the return on a portfolio in which the 
investor hedges some part of  the currency exposure with foreign exchange 
forward contracts is given by: 

N 
h 

Rp = Rp + ~ h i x i ~. - e i) (4) 
i=l 

To be able to evaluate the different investment and hedging strategies (i.e. 
the probability distributions of portfolio returns) determined by the vector of 
portfolio weights xi and hedge ratios hi in a quantitative framework, it is nec- 
essary to introduce a formal criterion for investment decision making under 
uncertainty. In this paper we take the standard assumption of a risk averse 
investor who uses variance or standard deviation (sometimes referred to as 
volatility) of  returns as the measure of risk and applies the mean-variance 
rule introduced by Markowitz  (1952) to evaluate the different portfolio strate- 
gies. This means that a higher expected return and a lower variance of return 
is more desirable for the investor. The expected return of a global investment 
portfolio can be calculated by 

N N N 
E (Rph): ~ , x i E ( R i ) +  Y] , x i (1 -h i )E (e i )+  Y ] h i x i f  i + A E  

i=l i=1 i=1 
(5) 

where AE = )-] x i E (R i e i) stands for the expected cross-term returns. The vari- 
ance of the portfolio return is given by 

N N  N N  
Var(Rhp) = ~ ] ~ a x i x j c o v ( R i , R j )  + 2 ~-],Y~,xixj(1- hj)cov(Ri, e j )  + 

i=1 j=l  i=1 j=l  

N N 

+ ~],~axixj(1 - hi)(1 - hj)cov(e i ,e j )  + AVar  
i=1 j= l  

(6) 

9 Cf. Jorion (1989), p. 50 or Abken/Shrikhande (1997), p. 40. 
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where cov(R;, Rj) is the covariance between the returns in the ith and j t h  
local stock market, cov(Ri, ej) is the covariance between the ith local stock 
market return and the j t h  exchange rate return, cov(ei, ej) stands for the 
covariance between the exchange rates returns of the ith and j th  currency and 
A Var 10 represents the contribution of the cross product terms to the variance 
of the portfolio return. As can be seen from (5) and (6) hedging some part of  
the currency exposure affects the portfolio expected return and variance. If Ri 
and ej are negatively correlated, partial hedging or not hedging the currency 
risk at all can lead to a portfolio variance which is smaller than the variance 
of the fully hedged portfolio. Iff~ > E(ei) for some markets, it is also possi- 
ble that the expected return on a hedged portfolio is higher than that of  the 
unhedged counterpart. 

In order to determine for a given menu of risky assets the set of  portfolios 
that minimise risk for given levels of  expected return (i.e. the mean-variance 
efficient frontier), the following parametric quadratic optimisation problem 
should be solved for the vector of portfolio weights (xl, x2, ..., XN) and the 
vector of hedge ratios (hi, h2, ..., hu) simultaneously: 

min Var(Rhp ; x i, h i) 

subject to 

E(Rhp) = E (7) 

N 

Y],xg= 1 
i=l 

0 < x i < l  ; O < h i < l  i = l , 2 , . . . , N  

Solving the problem (7) for some level of portfolio expected return requires 
that 2 N -  1 variables, i.e. N investment proportions and N -  1 hedge ratios be 
determined 11. The optimal investment proportions generally depend on the 
hedge ratios, which themselves are affected by the currency positions. As spe- 
cial cases of this simultaneous choice of investment and hedge positions, 
which can be referred to as optimal currency hedging, the unhedged and the 
fully hedged strategy can also be handled by setting all of the hedged ratios 
to be equal to hi = 0 and hi -- 1, respectively. In these cases we should optimise 
with respect to N variables, namely the investment proportions only. Accord- 
ing to the conditions in (7) we require that the investment budget is totally 
invested in risky international equity portfolios only, that is we exclude the 
possibility of lending or borrowing on the risk-free interest rate. Additionally, 
we exclude short sales, i.e. negative portfolio weights, on the stock market 
investments as well as on the currency forward contracts. These are typical 

10 AVar=2 ~.l~axixjcov(l~,Rjej)+ 2 ~-]~,xlxj(l_hi)cov(ei, Rjej)+ ~a~axixjcov(Riei,Rjej)" 
11 We should only consider N -  1 hedge ratios, because we do not  need a forward contract for the 

domestic currency. For the latter the hedge ratio can be set equal  to zero in the optimisation prob- 
lem (7). 
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c o n s t r a i n t s  fo r  r e g u l a t e d  i n s t i t u t i o n a l  i n v e s t o r s  s u c h  as  m u t u a l  f u n d s  o r  i n s u r -  
a n c e  c o m p a n i e s  in  b o t h  c o u n t r i e s .  12 

4. Ex POST ANALYSIS OF THE GAINS FROM INTERNATIONAL 
PORTFOLIO DIVERSIFICATION 

4.1. Risk and Return Characteristics of Different Stock Markets 

Table 2 presents the average arithmetic returns and standard deviations of local 
returns, exchange rate returns and (unhedged/fully hedged) total returns which 
could be realised by a Hungarian (German) investor on the different indi- 
vidual stock markets during the period of April 1995 - January 1999 (where 
the study was begun). 

TABLE 2 

S U M M A R Y  STATISTICS OF INDIVIDUAL STOCK MARKETS CALCULATED FROM THE PERIOD OF A P R I L  1995 TO 
JANUARY 1999; THE RE T U RN S ARE MONTHLY PERCENTAGE RETURNS.  

CAN CH GER FR GB HUN J P  US 

Average Returns (% p.m.) 
Local 1.45 2.55 2.31 2.14 1.64 4.62 0.03 2.40 

Hungarian Perspective 
Exchange Rate 1.18 0.86 0.84 0.94 1.38 0 0.78 1.34 
Total (unhedged) 2.68 3.38 3.14 3.05 3.02 4.62 0.78 3.78 
Total (fully hedged) 2.84 3.36 3.58 3.53 2.85 4.62 1.77 3.92 

German Perspective 
Exchange Rate 0.24 -0.02 0 0.10 0.51 -0.84 0.10 0.44 
Total (unhedged) 1.75 2.52 2.31 2.24 2.16 3.86 0.12 2.89 
Total (fully hedged) 1.37 2.80 2.31 2.08 1.39 3.41 0.32 2.26 

Standard Deviation of Returns (% p.m.) 
Local 4.83 5.80 5.55 5.71 3.47 13.84 5.24 4.20 

Hungarian Perspective 
Exchange Rate 2.45 2.03 1.30 1.32 2.17 0 4.13 1.93 
Total (unhedged) 6.03 5.48 5.02 5.13 3.51 13.84 6.40 4.87 
Total (fully hedged) 4.95 6.09 5.75 5.85 3.69 13.84 5.39 4.36 

German Perspective 
Exchange Rate 3.09 1.19 0 0.52 2.39 1.27 4.45 2.61 
Total (unhedged) 6.70 5.90 5.55 5.74 4.35 14.46 6.81 5.74 
Total (fully hedged) 4.75 5.83 5.55 5.70 3.49 13.56 5.27 4.19 

12 For example, in the case of German mutual funds and insurance companies, both kinds of restric- 
tions are codified in the supervision acts, i.e. the Gesetz fiber Kapitalanlagegesellschaften (KAGG) 
and the Versicherungsaufsichtsgesetz (VAG). Short sales are also forbidden in Hungary according 
to the Securities Act (Act CXI, 1996). 
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Looking at the mean returns and the standard deviations presented in Table 2, 
it can be observed that they are quite different for the period under considera- 
tion. For example the highest local mean return could be gained in the Hun- 
garian stock market (4.62%) and the lowest was registered for the Japanese 
stock market (0.03%). But the high returns for the Hungarian stock market 
have been accompanied with the highest volatility (13.84%) which is more 
than twice as high as that of the Japanese stock market (5.24%). 

Because of the highest stock market returns coupled with the highest volatil- 
ity we experienced for Hungary, it seems necessary to give some explanation 
from a macroeconomic perspective regarding the performance of the Hun- 
garian stock market. The reopening and the further development of the BSE 
was due to the well-recognised change in the 90s as a result of the transition 
from the formal centrally planned economy to market economy. At the time 
of the transition process the key element of the economic policy in Hungary 
was the sequential liberalisation of the market, most importantly from our 
perspective the capital market. As a consequence of consistent transforma- 
tion, a huge amount of foreign capital has arrived in the country and poured 
into the BSE. By 30 th September 1998, 67.8% of total market value of the 
shares were in the hand of foreign investors. 13 It also indicates that the foreign 
investors recognised the potential of making profit in Hungary. All in all, the 
favourable macroeconomic conditions mentioned above made it possible to 
realise high returns on the Hungarian stock market in the period of the study. 
Regarding this high profit potential there are two important implications that 
should be highlighted. First, high profitability usually coupled with higher 
risk. In our study this is indicated by the high volatility of the returns. But 
this is only a part of the macroeconomic risk a catching-up economy has to 
cope with. Second, as a heritage of the transition period, the inflation rate 14 
is higher than the EU average. Investors consider the real rate of return of 
their investment, not the nominal one and they expect also to be compensated 
for the inflationary risk. Therefore, the extrapolation of the unusually high 
historical returns of the Hungarian stock market should be performed with 
caution. 15 

Looking at the exchange rate returns in case of Hungary all of them 
are positive and have a relatively high contribution to the total mean return. 
For Switzerland we got the lowest relative contribution with about 25%, 
which is also relatively high. It is due to the continuous depreciation of the 
Hungarian Forint in the whole period studied. From the German point of 
view the exchange rate returns are considerably lower 16 but almost in every 

13 See Annual Report (1998), Budapest Stock Exchange 
14 Consumer price index was 28.3% in 1995, 18.4% in 1997 and 10.3% in 1998 (See Annual Report 

(1998), Budapest Stock Exchange, p. 19). 
15 Also, it seems to be questionable if the unusual low historical stock market returns in the case of 

Japan are maintainable for the future. 
16 The French Franc and the Deutsche Mark, over the period examined, were in the European 

Exchange Rate Mechanism, and the Swiss Franc has been, almost de facto tied to the Deutsche 
Mark. It is also worth mentioning that in January 1999 in eleven countries (the members of the 
Economic and Monetary Union (EMU)) of the European Union the common European currency, 
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case positive. This observation seems to be in contradiction to the traditional 
picture of the "strong Deutsche Mark", but it is in coincidence with the 
depreciation of the German currency against the US-Dollar (for example) we 
experienced in the period considered. From the German perspective the 
exchange rate return for the Hungarian investment is -0.84, which indicates 
the appreciation of the Deutsche Mark against the Hungarian Forint. 

It is worth mentioning that from the viewpoint of  a Hungarian investor 
for every country the mean return for a fully hedged investment was sub- 
stantially higher than that of the local stock market return, indicating high 
positive forward premiums. According to the interest rate parity theorem this 
can be explained by the fact that the Hungarian money market returns 
were much higher than those of other countries over the period considered. 
For example the average monthly money market return for Hungary was 
1.45% and for Germany only 0.29%. So, the corresponding theoretical aver- 
age forward premium of 1.16% is very close to the difference between the 
total return of a fully hedged portfolio in German stocks from the perspective 
of a Hungarian investor and the local stock return in Germany, i.e. 3.58% - 
2.31% = 1.27%. 

It is also interesting that from the Hungarian perspective for 5 out of  the 
7 foreign countries the mean return for a fully hedged investment was higher 
than that of the unhedged one. (From the German perspective - -  with the 
exception of Switzerland and Japan - -  the reverse was true). The explanation 
of this fact is that besides the Hungarian Forint continuously depreciated in 
the period examined, the forward rates on average overestimated the rate of 
depreciation of the HUF (i.e. the difference between f and ei in formula (2) 
was on average positive). 

Looking at the standard deviation of returns for the unhedged and fully 
hedged investments it can be seen that for a German investor fully hedging 
the currency risk has reduced the volatility of  returns in all stock markets. 
The above mentioned risk reducing effect was not observable from the per- 
spective of a Hungarian investor. Indeed, the standard deviation of return 
for the fully hedged investment was only in three cases (for the Canadian, the 
Japanese and the US stock markets) lower than that of the unhedged coun- 
terpart. 

Comparing the row of the local standard deviations of returns to that of  
the fully hedged investments it can be observed that the numbers are not the 
same either in the case of Germany or Hungary. This confirms the earlier 
statement that "fully" hedging does not eliminate all of  the currency risk. 
The explanation is that because of the fluctuations in foreign stock index val- 
ues the amount to hedge is unknown. The remaining risk, which is expressed 
by A liar in the formula (6), is due to the variance of the cross-term and the 

the Euro was launched. The exchange rates among the currencies of  these countries were irreversibly 
fixed, and the Euro has become the official currency for which the exchange rates are determined. 
It means  that within the E M U  the exchange rate return component  is zero from that time, and there 
is no currency risk anymore. Only Germany and France are members of  the E M U  among the coun- 
tries we considered in our study. 
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covariance of this term with the local return. The difference between the stan- 
dard deviation of return for the fully hedged investment and that of the local 
stock market is positive in every case from the Hungarian perspective, and 
because of the short hedging interval it is relatively small but not negligible 
(it is in the range of 0.12 and 0.29). From the German perspective, the above 
mentioned difference is positive in some countries and in others negative but 
at the same time it is very small (its absolute value - -  with the exception of  
Hungary - -  falls between 0.01 and 0.08). 

4.2. The impact of Co-movements between Stock and Currency Returns 

From equation (6) it can be seen that the lower the correlation terms between 
the different return components are, the higher the potential risk reduction 
benefits may be in an internationally diversified portfolio. Table 3 provides 
the correlation terms between local stock market returns, the exchange rate 
returns and the cross-correlation terms between the stock and the exchange 
rate returns calculated by using monthly data from April 1995 to January 
1999. The results for both countries are presented in one table in order to 
make the comparison of the terms instructive. 

Comparing Panel (I) to Panel (II) of Table 3, it can be seen that the cor- 
relation terms are much higher among the local stock market than among the 
exchange rate returns. To be more formal we compared the average coefficient 
of  correlation as MericlMeric (1989) and Longin/Solnik (1995) suggested, and 
tested the null hypothesis stating that the correlation between the returns is 
equal to zero. The average correlation term is 0.64 for the local stock market 
returns, and the correlation is in all cases except one (between Hungary and 
Japan) significantly different from zero at the 5% level. In contrast to this, the 
average correlation of the exchange rate returns are much lower, i.e. 0.26 in the 
case of  Hungary and 0.25 in the case of Germany. 17 Additionally, there are 
four negative as well as six positive correlations between the exchange rate 
returns for both countries which are significant at the 5% -level. 

The average cross-correlation terms among local stock market returns and 
exchange rate changes (see Panel III) are -0.15 and 0.19 for Hungary and Ger- 
many, respectively. From the Hungarian perspective the correlation between the 
local stock market and the exchange rate return is negative for all European 
currencies (except the British currency in some cases). It means that the oppo- 
site movements of stock markets and exchange rates offset rather than reinforce 
the exchange rate volatility. These statements are not applicable from the Ger- 
man point of  view, because in this case we found only for the changes of the 
Swiss and the Japanese currency negative correlation terms with the stock mar- 
ket returns we considered (see Panel III/B in Table 3). This is in coincidence 
with the positive value of  the average cross-correlation mentioned above. 

17 Eun/Resnick (1988) pointed out the reverse of this fact. They found a higher correlation among exchange 
rate movements  than  among  the local stock market returns from the viewpoint of  US investors. 
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TABLE 3 

EACH ENTRY IN PANEL (III) DENOTES THE CORRELATION BETWEEN THE ROW STOCK MARKET RETURN IN LOCAL 

CURRENCY AND THE COLUMN EXCHANGE RATE RETURN AGAINST THE HUNGARIAN FORINT/DEUTSCHE MARK 

USING TIME SERIES RETURNS FROM 04/1995 - 0111999. USING THE T-STATISTIC (WITH 44 DEGREES OF FREEDOM) 

SUGGESTED IN ANDERSON (1984, P. 109) THE UPPER AND LOWER BOUNDS FOR THE EMPIRICAL COEFFICIENTS 

OF CORRELATIONS IN ORDER TO REJECT no:  "ZERO CORRELATION" AT THE 5% LEVEL OF SIGNIFICANCE ARE 
+ 0.246. 

CAN CH D FR GB HUN J P  US 

(I) Correlation between stock market returns in local currencies 
CAN 1 0.59 0.63 0.64 0.72 0.57 0.35 0.82 
CH 1 0.74 0.78 0.68 0.60 0.49 0.61 
D 1 0.85 0.68 0.48 0.53 0.64 
FR 1 0.68 0.54 0.50 0.60 
GB 1 0.56 0.44 0.63 
H U N  1 0.18 0.53 
JP 1 0.44 
US 1 

CAN 
CH 
D 
FR 
GB 
JP 
US 

(11/,4) Correlation between exchange rate returns against the Hungarian Forint 
1 4).19 4).36 4).39 0.39 0 4).06 0.84 

1 0.83 0.75 0.08 0 0.17 4).14 
1 0.90 0.10 0 0.03 4).34 

1 0.I0 0 4).05 4).32 
1 0 0.04 0.49 

0 1 0.03 
0 1 

CAN 
CH 
FR 
GB 
H U N  
JP 
US 

(II/B) Correlation between exchange rate returns against the Deutsche Mark 
1 0.03 0 4).07 0.61 0.59 4).25 0.91 

1 0 4).10 4).09 -0.32 4).14 0.01 
0 1 0.05 0.16 0.11 0.00 
0 1 0.42 4). 18 0.68 
0 1 4).28 0.66 
0 1 4).28 
0 1 

(1ILIA) Correlation between stock market returns (in local currencies) and exchange 
rate returns against the Hungarian Forint 

CAN 0.28 4).47 4).52 4).49 4).11 0 0.15 0.10 
CH 0.28 4).40 4).56 4).53 4).12 0 0.03 0.21 
D 0.40 4).49 4).57 4).57 0.04 0 4).08 0.35 
FR 0.39 4).58 4).62 4).59 0.02 0 0.04 0.35 
GB 0.26 4).39 4).52 4).49 -0.32 0 0.13 0.12 
HUN 0.27 -0.47 4).59 4).64 4).21 0 0.19 0.16 
JP 0.30 4).31 4).45 4).37 0.00 0 4).09 0.23 
US 0.34 4).46 4).54 4).54 4).09 0 0.08 0.09 

(Ill~B) Correlation between stock market returns (in local currencies) and exchange 
rate returns against the Deutsche Mark 

CAN 0.42 4).22 0 0.04 0.19 0.52 4).30 0.33 
CH 0.49 -0.05 0 0.01 0.22 0.55 4).19 0.47 
D 0.57 4).18 0 4).06 0.40 0.56 4).14 0.59 
FR 0.56 4).31 0 0.01 0.37 0.62 -0.27 0.58 
GB 0.48 -0.09 0 0.01 0.06 0.52 -0.26 0.41 
H U N  0.54 4).15 0 4).15 0.18 0.59 4).36 0.48 
JP 0.40 4).03 0 0.19 0.24 0.45 4).03 0.39 
US 0.50 4).16 0 4).05 0.25 0.53 -0.21 0.37 
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In order to get an insight into the risk reduction potential of currency hedging 
on a multi-currency investment, we decomposed the variance of  the equally 
weighted unhedged portfolio on the same way as EunlResnick (1994, p. 145) 
did. Therefore, by utilising the information in Tables 2 and 3 regarding the 
input parameters, we calculated the portfolio variance according to formula 
(6) for the special case of hi = hj = 0 and xi = xj = 1/N. The results are given in 
Table 4. 

T A B L E  4 

DECOMPOSITION OF THE VARIANCE OF THE UNHEDGED EQUALLY WEIGHTED PORTFOLIO 

Hungarian Perspective German Perspective 

Component Absolute Relative Absolute Relative 

Contribution Contribution Contribution Contribution 

N N 
~,,~-](llN)2cov(R~,Rj) 23.24 100.45% 23.24 82.12% 
i=1 j=l 

N N 
E E ( l / N )  2 c o v  (ei, ej ) 0 . 9 4  4 . 0 6 %  1.01 3 . 5 7 %  
i=1 j=l 

N N 
2 ~--] ~, (l/N)2 cov (Ri, ej) -1.74 -7.53% 4.10 14.49% 

i=1 j=l 

A Var 0 .70  3 . 0 2 %  ~ ) . 0 5  ~ 0 . 1 8 %  

Var(Rp) = 23.14 100% 28.30 100% 

It is clear from Table 4 that in the case of Hungary a large portion (100.45%) 
of  overall portfolio risk came from stock market volatility and co-movements 
between different stock markets. The exchange rate changes have a decreasing 
effect on the risk component due to the market volatility as well as on the 
total risk of the portfolio. This is in accordance with our conclusions regard- 
ing the negative signs of  most of the cross-correlation terms in Panel III/A in 
Table 3 as well as the negative sign of  the third risk component in Table 4 
(-1.74). All in all, for a Hungarian investor the low (negative) proportion of 
the exchange rate related risk component does not promise a further signifi- 
cant decrease in risk by means of hedging. In the case of Germany the 
exchange rate volatility accounts for about the 18% of the volatility of the 
total return. This indicates that for a German investor there is some room left 
for risk reduction by hedging the exchange rate risk on a multi-currency port- 
folio. EunlResnick (1988) demonstrated for the period of  1980-1985 that for 
an American investor exchange rate volatility accounted for about 50% of the 
volatility of  the dollar returns from an internationally diversified portfolio, 
which is clearly in contrast with our results. 
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4.3. Hedging Policies and Efficient Frontiers 

In this subsection we examine the potential gains from adding assets of 
mature financial markets into a local equity portfolio as well as the impact of 
the three different hedging approaches considered by comparing their risk- 
return characteristics to those of the domestic portfolio. Therefore, the opti- 
misation problem (7) was solved by using the input parameters presented 
in Table 2 and 3 and the graph of the efficient frontier was plotted for the 
unhedged, fully hedged and optimally hedged currency exposures. The results 
are shown on Figure l a from the Hungarian and on Figure l b from the 
German perspective. The German and the Hungarian domestic portfolio is 
labelled by "GER" and "HUN", respectively, on the figures. 

4,5 

3,5 

2,5 

/ , /  . . . . .  unhedged 

, fully hedged 

/ AGER 0Ptimally h edged - 

0 2 4 6 8 10 12 14 16 
standard deviation (% p.m.) 

FIGURE 1A: Efficient frontiers for different hedging strategies from the perspective of a 
Hungarian investor 

In the case of Hungarian investors both hedged frontiers lie above the 
unhedged one, expressing the fact that hedging the currency risk for Hungar- 
ian investors could be a way to increase the expected return and decrease the 
risk of an internationally diversified investment. In other words: the Hungar- 
ian investors could potentially utilise the speculative return as well as the 
variance-reduction component of hedging in the period considered. The opti- 
mally hedged efficient portfolios lie (by construction) on the highest curve in 
the standard deviation-expected return space, which indicates their domi- 
nance in terms of mean-variance efficiency. However, the resulting efficient 
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frontier with forwards, included as an asset class in the portfolio optimisation 
process, is very close to that of  the unitary hedging strategy. 

It is worth remarking that the Hungarian domestic portfolio constitutes 
the meeting point of  the three efficient frontiers with the different hedging 
approaches. As the investment with the highest expected return (and at the 
same time with the highest risk as well), it should be the "uppermost" point 
on the unhedged efficient frontier because in generating the efficient port- 
folios short sales were excluded. From the perspective of the Hungarian 
investor, the investment into the German stock index can be regarded as a 
(mean-variance) inefficient investment. 

With respect to the efficiency of the Hungarian domestic portfolio, one 
can raise the question, whether it is worthwhile for a Hungarian investor to 
move to the international "scene" to search for a multi-currency portfolio 
instead of investing into a domestic one. A crude answer, which can be given 
to the question at this stage 18, is yes. It seems to be obvious that the main 
motivation for a Hungarian investor to select an international equity port- 
folio instead of its domestic counterpart is the endeavour to reduce the large 
risk which can be experienced in the domestic stock market. This may be 
regarded as a downward movement on the efficient frontier, which belongs to 
a particular hedging approach. 

4- 

3- 

2- 

~ N 

f f  --~ " - ' - ' - '  ~Tyed:ed~goptimally hedged ............ 

1 - - -  i i i i i i i 

0 2 4 6 8 10 12 14 16 
standard deviation (% p.m.) 

FIGURE 1B: Efficient frontiers for different hedging strategies from the perspective of a 
German investor 

18 In a further analysis of some ex ante portfolio strategies, which is presented in the next section, we 
try to give a more refined answer to this question. 
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For the German investors the fully hedged efficient frontier crosses the 
unhedged one. This means that fully hedging the currency risk is not efficient 
against no hedging, especially, if the investors are willing to take high risk. 
In other words: above a critical risk level (namely, above the value of the 
standard deviation at the meeting point of  the curves, which is 5.05%) it was 
not worthwhile for German investors to fully hedge their multi-currency port- 
folios, because they could not utilise the advantages of hedging either in terms 
of increasing the return or lowering the risk. 

It can be seen in Figure 2 that the unhedged and the optimally hedged 
efficient frontier of  a German investor also contain the Hungarian stock 
index as the efficient investment with the highest mean and standard deviation. 
It means the tendency that the German investors were eager to invest into 
the Hungarian stock market in the period considered can be explained in 
the mean-variance framework: in particular, there was a potential for German 
investors to realise high returns in Hungary as soon as they were willing to 
take high risk. 

5. OUT-OF-THE-SAMPLE ANALYSIS 

5.1. Design 

The results in the previous section suggest that internationally diversified 
portfolios have a potential to perform better than their domestic counterpart 
and hedging some part of  the currency exposure improves the risk-return pro- 
file. However, due to the ex post nature of this technique, it is only determined 
afterwards what should have been done before. Thus, an important question 
is whether the promised benefits of  creating a multi-currency portfolio accrue 
if investment decisions are solely based on prior information. 19 

A prominent approach in evaluating the performance of different invest- 
ment and hedging strategies under realistic conditions is to use an "ex ante" 
or "out-of-the-sample" back-testing procedure, z° In such a context it is neces- 
sary to set rules for portfolio selection. Similarly to other researchers in the 
field of international diversification, we considered the three ordinary portfo- 
lio selection strategies, namely the ones which resulted in the equally weighted 
portfolio (EQW), the minimum variance portfolio (MVP) and the tangency 
portfolio (TG). 

In the case of the EQW approach, which is often referred to as the naive 
diversification, the same fractions of the investment budget are invested into 
each stock market. It can be regarded as the simplest way to benefit from 
international diversification without using any information on the security 

19 Cf. Glen/Jorion (1993), p. 1882. 
20 See for example EunIResnick (1988,1994), Glen/Jorion (1993), Levy/Lira (1994), Liljeblom/L6flundl 

Krokfors (1997) or BugdrlMaurer (1999). 
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returns, risks and co-movements.21 Since we are also interested in the impact 
of currency hedging on portfolio performance, we calculate the EQW-strategy 
without hedging and with fully hedging the currency risk. 

The global minimum variance portfolio attempts to identify the invest- 
ment weights (and hedge ratios) with the lowest risk, not explicitly using any 
information on the asset-specific expected returns, so they are not required as 
input parameters to solve the portfolio selection problem. Therefore, this 
investment strategy indicates the potential for risk reduction which is attain- 
able by investing internationally rather than in the domestic stock market. 
Excluding short sales, (and depending on the hedging approach applied) the 
minimum variance portfolio can be calculated by solving the following con- 
strained optimisation problem: 

• h 
mln Var(Rp; xi,  h i) 

subject to 
N (8)  

Z x i = l  
i=1 

0 < x i < l ;  O < h i < l  i - -1,2, . . . ,N 

In the case of the tangency portfolio (TG) we are looking for the combination 
of assets which maximises the Sharpe-ratio, the risk-adjusted performance 
measure proposed by Sharpe (1966), the ratio of excess return over the risk- 
free rate to volatility. The Sharpe-ratio measures the slope of the line con- 
necting the risk-free rate with the tangency portfolio on the efficient frontier. 
Such a strategy explicitly uses information on the expected returns and the 
covariance matrix of the different investments• Formally, taking the hedging 
policy also into consideration, the tangency portfolio can be identified by 
solving the optimisation problem as follows: 

max S (x i , h i ) = 

2l It should be noted that if all means, standard deviations and correlation coefficients were equal 
for all countries we would get the EQW as the optimal portfolio. Looking at the empirical mean 
returns and the variances presented in Table 2, we can observe that they are different. To be more 
precise, we tested the null hypothesis stating that the mean returns of the local stock index port- 
folios, the exchange rates, the unhedged and fully hedged investment for the different countries are 
equal. The test is based on a single factor analysis of variance (ANOVA) and has an asymptotic 
F-distribution with (7, 360) degrees of  freedom. From the viewpoint of  a German investor the null 
hypothesis cannot be rejected at the 5% level in any of the cases, either for the local returns or the 
exchange rate returns, while in the case of  a Hungarian investor, for the exchange rate returns it 
can. In contrast to these mixed results for the means, by applying the Brown-Forsythe test, the null 
hypothesis for the equality of  the variance of  the different return series can be rejected in all cases 
from the viewpoint of  both countries at the 5% significance level. The test statistic has an F-distri- 
bution with (7, 360) degrees of  freedom (cf. Brown/Forsythe (1974) and Conover et al. (1981) for a 
discussion of  this test). 
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subject to 
N 
~,x,. = 1 
i=1 

0_<x;< l ;  O < h i < l  i = 1 , 2  ..... N 

(9) 

where rf is the rate of return of a risk-free asset (with respect to the length of 
the investment period). 

In order to implement the out-of-sample framework, two different time 
horizons are used. To obtain estimates for the expected return vector and the 
covariance matrix, a sliding window of 48 months (the first was from April 
1991 to March 1995, the second was from May 1991 to April 1995 etc.) prior 
to the beginning of the holding period was reserved. 22 Then, we identified 
the investment weights and the hedge ratios for a holding period of the sub- 
sequent month forward in solving the optimisation problems (8) and (9). 23 
Using new statistical information at the end of each month, the portfolios 
were revised 24, shifting the in-the-sample estimation period by one month. 
In total, with this rolling technique, we generated 46 non-overlapping out-of- 
sample monthly returns for each investment and hedging strategy, which can 
be regarded as 46 independent investment decisions with a holding period of 
one month. 

To estimate the inverse of the variance-covariance matrix (C) of the returns 
stated in terms of the num6raire currency we used the unbiased estimator of 
this matrix proposed by Jobson/Korkie (1981 a): 

C- l_  T T N_ l- 2 .  S-1 (10) 

where T is the length of the time series of the estimation period, S is the usual 
N x N sample variance-covariance matrix of asset returns and N is the num- 
ber of assets. In our case T = 48 and N = 8 (in the case of fixed hedge ratios) 
or N = 15 (for optimally hedged portfolios). With this information in hand, 
the investment weights and the hedge ratios of the minimum variance port- 
folio can be obtained at the beginning of the 46 out-of-sample periods by 
solving the optimization problem (9). 

To determine the TG portfolio, the investor has to obtain some estimate 
of  the expected return on each assets and a risk-free asset. As a proxy for 
the risk-free rate we used the monthly money market returns at the beginning 
of each out-of-sample investment period provided by the Hungarian National 

22 The data available on the Hungarian stock (starting in January 1991) and currency futures market 
(starting in March 1995) restricted our choice in terms of sample returns. 

23 If the expected return of the tangency portfolio has a lower expected return than the risk-free 
interest rate, i.e. a negative anticipated Sharpe-ratio, all the budget is invested in the risk-free asset 
for this period, cf. Liljeblom/L6flund/Krokfors (1997). 

z4 The EQW portfolio is rebalanced to have equal weights each month, i.e. the EQW portfolio is not 
a buy and hold strategy. 



INTERNATIONAL EQUITY PORTFOLIOS AND CURRENCY HEDGING 189 

Bank from the viewpoint of a Hungarian investor and the Deutsche Bundes- 
bank from the viewpoint of a German investor, respectively. In order to estimate 
the expected return vector a first approach is to use the ex post  (historical) 
sample mean return vector of the time series of the specific stock returns. 
As Jorion (1985,1986) showed, the problem with such an estimation is that 
because the sample mean is exposed to estimation risk, it could be very unsta- 
ble over time. 25 Due to the high influence of  the expected return vector on the 
weights of  the tangency portfolio, this can lead to very unstable portfolio 
weights over time. This instability can be responsible for extreme, volatile 
portfolio returns in the out-of-sample investment periods. 

A possibility to control for the estimation risk is to use Bayesian inference 
26 techniques. The idea is to combine extra-sample, or prior information, with 

sample returns. Depending on the degree of noise in the sample, mean returns 
are shrunk towards the prior. Among the Bayesian class of estimators, we will 
focus on the Bayes-Stein estimation technique developed by Jorion (1985, 1986). 
The idea is to shrink the optimal portfolio towards the minimum-variance 
portfolio, which is less vulnerable to estimation risk as it does not use any 
information about expected returns. Therefore, the expected return vector e 
should be forecasted as a linear combination of the (N x 1) ex post historical 
sample mean-return vector e and the mean return e0 from the ex post mini- 
mum variance portfolio of N assets: 

e* = (1 - w)e + w l e  o (11) 

where 1 is a vector of  ones and w represents a shrinkage factor for shifting the 
elements of e towards the mean of the minimum variance portfolio e 0. Using 
arguments from statistical decision theory Jorion (1985, 1986) shows that an 
optimal - -  in the sense to minimize a specific loss function - -  technique to 
estimate the shrinkage factor can be calculated as follows: 

(N + 2 ) ( T -  1) 
w= ( N + 2 ) ( T _ I ) + ( e _ e o l ) T T S _ I ( T _ N _ 2 ) ( e _ e o l )  (12) 

Utilising the results given by (11) and (12) in estimating the expected return 
vector and formula (10) in estimating the variance covariance matrix, and then 
solving the optimisation problem (9) results in the "Bayes-Stein" tangency 

25 Variances and correlations of  portfolio returns are also exposed to estimation risk, but as Jorion 
(1986), KallberglZiemba (1984), Kaplanis (1988), Meric/Meric (1989), Longin/Solnik (1995) or Lil- 
jeblom/LOflundlKrokfors (1997) and others have pointed out, these parameters are generally more 
stable over time. Using the Jennrich x2-test of  equality of two matrices, we tested the inter-tempo- 
ral stability of the correlation matrix of  the local-, exchange rate- and total returns, by dividing the 
total estimation period into two adjacent sub-periods: 04/1991-03/1995 and 04/1995-1/1999. In none 
of  the cases (neither for Germany nor for Hungary), the null hypothesis of  the equality of  the two 
correlation matrices can be rejected at the usual 5% level of  significance. 

26 It should be noted that there is an analogy in actuarial risk theory, the so-called credibility estima- 
tion, cf. e.g. Klugman (1992) and Makov et al. (1996). 
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portfolio (BST). It should be noted, that equation (11) is general enough to 
encompass the other portfolio selection rules. If w = 0 we can get the tan- 
gency portfolio and for w = 1 the minimum variance portfolio respectively. 

5.2. Out-of-Sample Performance 

For each strategy the average return, standard deviation (STD) of returns and 
the Sharpe-ratio are calculated and presented in Table 5. Furthermore, the 
performance of each portfolio strategy is compared to that of  the domestic 
stock index by testing the difference between the Sharpe-ratios with the z-sta- 
tistic developed by Jobson/Korkie (1981b). The average portfolio weights (as 
well as the hedge ratios) are reported in the next subsection. 

It can be concluded from the results in Table 5 that for Hungarian investors 
the benefits from internationally diversified portfolio strategies accrued in terms 
of risk reduction. It can be observed that each of the strategies promised a 
lower mean return than the Hungarian investment. The risk reduction bene- 
fits turned out to be economically significant, even the riskiest strategy (EQW 
with fully hedged currency risk) ended in a more than 60% risk reduction 
compared to the domestic stock index. 

In terms of risk adjusted performance, the fully hedged strategies pro- 
duced the best results among all the strategies considered. It is worth men- 
tioning that the performance improvement of the least sophisticated one, the 
fully hedged naive strategy was also significant at the 10% level. All in all, 
the hedged strategies performed better than their unhedged counterparts. The 
performance improvement of the unhedged strategies was not statistically sig- 
nificant at the usual 5 (10)% level for any of the strategies. This, however, may 
have more to do with the relatively low power of the JK-test. It is interesting 
that the main effect of  hedging was not that it further reduced the risk of the 
unhedged portfolios but it increased the mean return (creating a multi- 
currency portfolio for a Hungarian investor could in itself drastically reduce 
the risk of a domestic investment). It is due to the fact that the rates of depre- 
ciation in H U F  were on average overestimated by the forward rates in the 
time period examined. 

In the case of Germany, similarly to Hungary, the highest Sharpe-ratio was 
observed for the fully hedged TG strategy. The second highest risk adjusted 
performance could be registered for the optimally- as well as the fully hedged 
BST portfolios, but the improvement of the performance index did not turn 
out to be statistically significant. The lowest standard deviation of the realised 
portfolio returns could be measured on the fully hedged MVP, but it only indi- 
cates a slightly higher than 32% benefit in terms of risk reduction. All in all, it 
can be concluded that for German investors the benefits from international 
diversification of equity portfolios were not so clear-cut as for their Hungarian 
counterparts, either in terms of risk reduction or performance improvement. 
Indeed, we were not able to find a strategy among all of the internationally 
diversified investments examined for which the performance improvement 
compared to the domestic stock index would have been statistically significant. 
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TABLE 5 

PERFORMANCE STATISTICS OF 46 OUT-OF-THE-SAMPLE PORTFOLIO RETURNS IN THE PERIOD FROM APRIL 1995 
TO JANUARY 1999. EQW IS THE EQUALLY WEIGHTED PORTFOLIO, MVP IS THE MINIMUM VARIANCE PORTFO- 
LIO, TG is  THE TANGENCY PORTFOLIO, BST is THE BAYES-STEIN TANGENCY PORTFOLIO. 48 PREVIOUS MONTHS 
WERE USED IN THE ESTIMATION OF MEAN RETURNS AND COVARIANCE MATRIXES. JOBSON-KORKIE Z-STATISTIC 
TESTS THE DIFFERENCE BETWEEN SHARPE-RATIOS FOR EACH STRATEGY AGAINST THE DOMESTIC PORTFOLIO 
(* AND ** INDICATES SIGNIFICANCE AT 10% AND 5% LEVEL, RESPECTIVELY. THE (ARITHMETIC) MEAN RETURNS 
AND THE STANDARD DEVIATION (STD) OF RETURNS ARE REPORTED IN % PER MONTH. 

German Perspective Hungarian Perspective 

Strategies Mean STD Sharpe- JK- Mean STD Sharpe- JK- 

ratio statistic ratio statistic 

No Hedging 
EQW 2.23 5.32 0.37 4).04 3.06 4.81 0.34 -1.07 

MVP 1.93 4.49 0.37 4).04 3.05 4.30 0.37 -1.01 

TG 2.37 5.37 0.39 4).12 3.21 4.59 0.39 -1.03 
BST 2.29 5.03 0.40 4).21 3.21 4.41 0.40 -1.18 

Fully Hedging 
EQW 1.96 4.79 0.35 0.13 3.33 4.97 0.38 -1.57" 

MVP 1.73 3.76 0.38 4).10 3.26 3.96 0.46 -1.75"* 
TG 2.38 4.80 0.44 -1.12 3.81 4.37 0.54 -2.09** 

BST 2.23 4.54 0.43 -1.05 3.68 4.29 0.52 -1.99"* 

Optimal Hedging 
MVP 1.72 3.77 0.38 4).15 3.19 4.03 0.43 -1.55" 
TG 2.35 4.82 0,42 4).87 3.47 4.31 0.47 -1.80"* 

BST 2.35 4.76 0.43 4).99 3.47 4.30 0.47 -1.80"* 

Domestic 2.31 5.55 0.36 - 4.62 13.84 0.23 - 

As an alternative to the Sharpe performance index, we also evaluated the 
performance of the strategies by using second degree stochastic dominance. 
An advantage of this approach is that this evaluation criterion does not suf- 
fer from the usual criticisms concerning the mean-variance criterion, because 
it does not assume any specific distribution for the returns and it is consis- 
tent with a very broad class of utility function representing risk aversion. 27 
In addition, there are two other reasons in favour of the stochastic domi- 
nance approach, namely the Jobson-Korkie statistic, which was used to detect 
whether the performance impovement was significant, has a little power in 
general (as we mentioned earlier) and it also relies on the normal distribution 
for the returns. The results of  the second degree stochastic dominance analy- 
sis are presented in Table 6. 28 

27 An overview of the theoretical connections of second degree stochastic dominance, expected utility 
and "non-expected" utility decision rules can be found in Levy (1992) and SarinlWeber (1993). 

28 From a technical point of view we implemented the algorithms developed in Levy (1992, 1998). 
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TABLE 6 

S E C O N D  DEGREE STOCHASTIC DOMINANCE ANALYSIS OF 46 OUT-OF-SAMPLE PORTFOLIO RETURNS IN THE PERIOD 

OF 04/1995-01/1999. "X" INDICATES AN EFFICIENT PORTFOLIO STRATEGY 1N THE SENSE OF SECOND DEGREE 

STOCHASTIC DOMINANCE W IT H O U T  ( S S O )  OR WITH A RISK-FREE ASSET (SSDR), RESPECTIVELY. 

No Hedging 

Domestic EQW MVP TG 

Fully Hedging Optimal Hedging 

BST EQW MVP TG BST MVP TG BST 

The German Perspective 

SSD X X X X X X 
SSDR X X X X 

The Hungarian Perspective 

SSD X X X X X X X X X 

SSDR X 

As can be seen from Table 6, in the case of  a Hungarian (German) investor 
the second degree stochastic dominance (SSD) efficient set contains 9 (6) 
portfolios. Our results are in consensus with Levy (1992) who pointed out that 
the drawback of a stochastic dominance rule is that it generally results in a 
relatively large efficient set. It is due to the fact that in many cases this frame- 
work is unable to rank the two risky options under consideration. Levy/Kroll 
(1978) showed that a sharper decision (and in most cases a substantially 
smaller efficient set) can be obtained once a risk-free asset is allowed. That is 
why we also determined the efficient set of  investments by using the SSDR 
framework. An other important reason in our case to employ it is to be com- 
parable with the results presented in Table 5 (the Sharpe index also assumes 
the existence of risk-free borrowing or lending). It is clear from Table 6 that 
for Hungary the SSDR efficient set contains only one portfolio, namely the 
fully hedged tangency one. For Germany the SSDR efficient set consists of 
four investments, in particular the fully hedged and optimally hedged tangency 
and Bayes-Stein tangency portfolios. It can be seen from Table 5 that these 
are the strategies with the highest Sharpe-ratios. 

5.3. Portfolio Composition 

The average portfolio weights (as well as the mean hedge ratios for the opti- 
mal hedging approach) of the out-of-sample portfolio strategies considered 
are presented in Table 7. 

Looking at the portfolio weights in Table 7, we can conclude that - -  on 
average - -  the portfolios are not well diversified among the eight countries 
studied. The role of France and Hungary is zero (or nearly zero) in the com- 
position of the optimal international portfolios, and the weights for the Cana- 
dian and the Japanese stock index are also very small in most cases. All in all, 
only Switzerland, the US, Great Britain and Germany play a significant role 
in constructing the portfolios. 
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TABLE 7 

AVERAGE PORTFOLIO WEIGHTS (°/o) OF 46 OUT-OF-THE-SAMPLE PORTFOLIOS IN THE PERIOD OF APRIL  1995 - 
JANUARY 1999. 48 PREVIOUS MONTHS ARE USED FOR THE ESTIMATION OF MEAN RETURNS AND THE COVA- 

RIANCE MATRIX OF RETURNS. T H E  AVERAGE HEDGE RATIOS FOR THE OPTIMALLY HEDGED PORTFOLIOS ARE 

ALSO GIVEN IN PERCENTAGE. 

German Perspective 

CAN CH GER FR GB HUN JP US 

Unhedged Portfolio Strategies 

MVP 0.01 25 16.62 0.47 19.16 0 21.26 17.49 
TG 0 68.11 5.61 0 8.63 0.10 0.12 17.44 
BST 0 55.05 9.27 0 16.14 0 4.46 15.08 

Fully Hedged Portfolio Strategies 

MVP 7.14 5.67 5.96 0 21.69 0 9.99 49.56 
TG 2.11 58.32 1.10 0 0 0.13 0.98 37.35 
BST 2.19 38.89 1.10 0 0 0 0.98 37.35 

Optimally Hedged Portfolio Strategies (hedge ratios in parenthesis) 

MVP 7.40 7.29 5.90 0 20.95 0 10.90 47.56 
(100) (12.44) (-) (0) (100) (0) (26.15) (99.86) 

TG 2.17 56.26 1.15 0 1.95 0.10 0.81 37.56 
(100) (84.95) (-) (0) (0) (100) (100) (98.28) 

BST 2.18 53.69 0.78 0 1.60 0.07 0.93 40.75 
(100) (93.58) (-) (0) (0) (100) (100) (99.18) 

Hungarian Perspective 

CAN CH GER FR GB HUN JP US 

Unhedged Portfolio Srategies 

MVP 0.02 17.99 25.31 0 16.00 0 7.25 33.44 
TG 0 51.91 9.13 0 6.14 0.63 0.42 31.77 
BST 0 34.66 17.38 0 10.68 0 1.29 36 

Fully Hedged Portfolio Strategies 

MVP 7.23 6.21 5.95 0 21.62 0 9.99 49.01 
TG 1.48 6.13 3.43 0.09 0.49 0.46 1.46 86.45 
BST 3.43 5.56 6.15 0 6.70 0.05 3.91 74.20 

Optimally Hedged Portfolio Strategies (hedge ratios in parenthesis) 

MVP 6.4 7.2 7.8 0 20 0 10.4 48.2 
(100) (30.56) (88.46) (0) (90.5) (-) (99.04) (98.34) 

TG 1 22.5 5.2 0 4.8 0 1.1 65.4 
(100) (6.67) (55.77) (0) (0) (-) (90.11) (96.94) 

BST 1.4 19.4 5.2 0 4.4 0 1.5 68.1 
(100) (9.79) (71.15) (0) (0) (-) (100) (97.94) 
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Observing the average portfolio weights for those strategies with the high- 
est performance, it can be seen that from the German perspective (namely, in 
the case of the fully hedged and the optimally hedged TG- and BST-portfo- 
lios) Switzerland got the highest weight before the US. From the Hungarian 
perspective, in the case of the fully hedged portfolio, which had the best per- 
formance, the US took the leading role (the average weight in the US stock 
index is more than 85%). This can be explained by the very good performance 
of the US stock market in the period considered, the appreciation of the US- 
Dollar against the Hungarian Forint as well as by the fact the USD forward 
rates on average overestimated the rate of depreciation of the HUE It is also 
worth mentioning that the US kept its leading role in all international port- 
folio strategies we examined, but the weights are not so high as in the case of 
the fully hedged tangency portfolio. 

Comparing the average weights of the tangency and those of the Bayes-Stein 
tangency portfolio for a particular hedging policy (either from the perspective 
of a Hungarian or a German investor), we can realise that they are quite 
similar. We can make same conclusion by comparing the portfolio weights in 
the case of the full hedging and those of the optimal hedging approach for a 
particular portfolio selection strategy. For example, in the case of the fully 
hedged and the optimally hedged MVP from the Hungarian perspective the 
average investment weights are 7.23, 6.21, 5.95, 0, 21.62, 0, 9.99, 49.01 and 
6.4, 7.2, 7.8, 0, 20, 0, 10.4, 48.2, respectively. It is also observable that in the 
case of the optimally hedged approach the hedge ratios for the currencies of 
those countries, which play the most significant role of determining a partic- 
ular investment portfolio, are very close to 1 (100%), i.e. the currencies in 
question are almost fully hedged. 

6. SUMMARY AND CONCLUSIONS 

In this paper we have investigated the potential benefits of the international 
diversification of equity portfolios from the viewpoint of investors of two 
European countries, Hungary and Germany. In order to reveal the gains from 
global investments, we have evaluated the performance of internationally 
diversified portfolio strategies compared to domestic portfolio holdings in an 
ex post and ex ante basis. Following the work of Eun/Resnick (1994), Lilje- 
blom/L6flund/Krokfors (1997) and others, the portfolio strategies taken into 
consideration have been the equally weighted-, the minimum variance-, and 
the tangency-strategy. As a technique to control parameter uncertainty in 
the expected return vector, the Bayes-Stein estimation was used. The role of 
hedging the currency risk on the performance of the portfolios was also inves- 
tigated by using two different approaches. The major findings of the analysis 
are summarised as follows. 

Firstly, it can be concluded that joining the international flow of capital 
by global investments can pay off even for the investors of an emerging capi- 
tal market. Indeed, it is clear from our empirical investigation that the most 
important benefit of a global investment, which could have been realised by a 
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Hungarian investor in the period considered, is that international diversifica- 
tion drastically reduced the risk of the domestic stock investment. The gains 
from international diversification for German investors were not so clear-cut 
as for their Hungarian counterparts, either in terms of risk reduction or per- 
formance improvement. Secondly, all in all, the hedged strategies performed 
better than their unhedged counterparts in our ex ante analysis. In terms of 
risk-adjusted performance measured by the Sharpe-ratio and in terms of 
SSDR efficiency as well, from the perspective of Hungarian investors the 
fully hedged TG, while from the viewpoint of German investors the fully- and 
optimally hedged TG and BST produced the best results. Thirdly, our find- 
ings on the ex pos t  mean-standard deviation efficient frontiers confirmed that 
fully hedging the currency risk is not necessarily worth doing. Indeed, in 
the case of Germany the efficient frontier with fully hedging crossed the 
unhedged one, indicating the fact that above a certain risk level a fully hedged 
portfolio can be dominated by its unhedged counterpart. Despite the fact that 
on the ex pos t  basis the unhedged and fully hedged portfolios are always 
dominated by the optimally hedged ones, on the basis of their realised returns 
(namely in our ex ante empirical analysis) the optimally hedged approach did 
not turn out to be better than the fully hedged one, either in risk reduction 
potential or in a possibility for performance improvement. It can be due to 
the higher estimation risk, because in the case of optimal hedging there is a 
need to estimate more parameters. 
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