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Abstract

This paper uses a multivariate regime-switching framework to investigate and en-
dogenously date changes in return characteristics on the four largest Nordic stock
markets. We find that the deregulated time-period, specifically after 1982, is associ-
ated with higher expected return, higher volatility, stronger links with international
stock markets and higher correlation between the Nordic stock markets. This higher
correlation is mainly driven by common higher correlation with international stock
returns and not by higher correlation between country specific components of re-
turn. Further, our evidence support the argument that market liberalization creates
excess volatility but also that Nordic investors are more than compensated for this
by higher expected returns and the opportunity to cross-border diversification after
liberalization.
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1 Introduction

The process towards more integrated financial markets during the last decades suggests
that the investment opportunities as well as the environment for politically induced policy
decisions have changed. Financial deregulation of the stock markets could itself be seen as
a sequence of policy decisions aiming at removing different barriers preventing cross-border
trade of financial assets. Examples of such barriers relevant for the Nordic markets are
legal restrictions on ownership of foreign stocks or on foreign ownership of domestic stocks
and currency controls preventing free cross-border capital flows. Not only the removal of
legal barriers has created more integrated stock markets, also the rapid development and
more widespread use of information technology have probably contributed significantly to
the integration process. The main purpose of this paper is to document to what extent
this liberalization process could be associated with changes in return behavior on the four
largest Nordic stock markets, Sweden, Finland, Denmark and Norway.

The elimination of legal barriers preventing free cross-border trade of stocks in the
Nordic countries has certainly been a gradual process stretching over several decades.
The process accelerated in the beginning of the 1980s and at the end of 1992 almost all
restrictions on both cross-border ownership and capital flows were officially removed. The
barriers were most severe for Sweden and Finland; in the 1970s and earlier Swedish and
Finnish investors’ were effectively prevented to diversify by portfolio investments abroad
and foreign exchange controls were prohibitive. These barriers were successively removed
and 1990 both restrictions on domestic investors ability to foreign financial investments
and currency controls had been abandoned. The remaining restrictions on foreign owner-
ship of Swedish and Finnish stocks were finally removed at the end of 1992. In contrast,
accompanying the Danish EU membership, foreign investors have had access to the Danish
stock market since 1973. However, it was not until 1984 restrictions for Danish investors
to buy foreign stock were completely removed. In Norway, financial deregulation was
implemented during the 1980s and in 1990 most remaining foreign exchange rate controls
were abolished. Norway is however different from the other Nordic countries considered
in the respect that there are still indirect ownership restrictions due to substantial state
ownership in many industries.

The Nordic countries belong to the small open economy category, with large imports

and exports in relation to gross domestic products.! One interesting implication of this is

!The individual average openness ratios for the four Nordic countries are 0.57 (Sweden), 0.53 (Finland),



that companies, and hence stock markets, are likely to be highly sensitive to international
business conditions. Hence, it is possible that common stock market characteristics,
at least partly, follow from similar shocks affecting segmented, rather than integrated
markets. Another problem is that legal restrictions may be non-binding, i.e. they are
possible to circumvent by for example large institutional investors, which also makes it
difficult to use prespecified dates for integration.

For these reasons, i.e. in order to preserve generality, we specify an empirical model
to endogenously date structural breaks in the return behavior and to allow for different
return characteristics at different points in time. In particular, a priori expectations based
on for example an asset pricing argument of common priced sources of risk, implies that
stock market liberalization is associated with stronger links to international stock markets.
This is because in perfectly integrated markets all assets with identical risk exposure
also command identical expected returns, see Campbell and Hamao (1992) and Bekaert
and Harvey (1995) for thorough discussions. We measure the changing international
dependence of the Nordic stock markets by allowing for regime dependent sensitivities,
i.e. different "betas” with international stock returns at different points in time.

Another interesting issue in international finance is if stock market liberalization cre-
ates an increased volatility, sometimes termed excess volatility. This may be due to
noise trading, i.e. investors entering and leaving a stock market for reasons other than
fundamental, see e.g. Black (1986) and Grossman (1995). Sellin (1996) finds evidence
of increased noise trading after remaining ownership restrictions on Swedish stock were
lifted in 1992. He does, however, not relate his finding of this particular trading pattern
to any measure of volatility. To investigate the question of excess volatility, we directly
allow for different country specific volatility in different regimes and decompose the total
variance over time into components attributable to international variance and country
specific variance. In addition, the multivariate nature of our model also facilitates a cor-
responding decomposition of covariances and we discuss how market liberalization has
affected common movements and correlations between the Nordic stock markets.

There is a well known problem of multimodality of the likelihood function for the
mixture class of models. This means that in principle a very large number of starting

values must be used, a number that grows exponentially in the number of parameters.

0.64 (Denmark) and 0.80 (Norway). As a comparison the corresponding average for the US is 0.16. There
are differences in openness for the first and the second half of the sample 1957:6-1999:6, but these are
surprisingly small. Import, export and GDP figures are taken from the IFS CD-ROM.



For example, Hamilton (1996), referring to relatively simple univariate models, writes:
”In practice, an econometrician should investigate several hundred values from which to
start the maximization iterations”. Needless to say, the situation is even worse for a
multivariate model. Our answer to this problem is to use simulated annealing, a global
stochastic optimization algorithm in the Markov Chain Monte Carlo family with the
appealing feature that it is able to escape from truly local optima.

The remainder of the paper is organized as follows. Section 2 outlines the empirical
specification and the estimation of the model. Section 3 provides a brief description of
the data. Section 4 presents the complete estimation results together with tests of a
number of hypotheses. Section 5 contains a discussion of changes in Nordic stock return
characteristics in the context of financial liberalization and of economic implications for

Nordic stock market investors. Section 6 summarizes and concludes.

2 Empirical specification and estimation

The Markovian regime-switching model of Goldfeld and Quandt (1973) provides a con-
venient way to simultaneously model endogenously determined structural breaks in the
parameters and the temporal dependence between time-series observations. This very
general class of models allows for structural breaks in both mean and variance parame-
ters. In this paper we use a multivariate extension of the well-known model in Hamilton
(1989). The basic idea is that a given observation, i.e. a vector of returns r,, belongs to
one out of a number of specific probability density functions. These multivariate density
functions, one for each regime, differ from each other both in terms of mean vectors and
variance-covariance matrices. Technically, an unobserved Markov-switching state- vari-
able z, governs the switches between regimes and facilitates an endogenous classification
of each observation r,. This classification associates a given observation with each of the

density functions in terms of a probability.

2.1 Mean and variance-covariance parameterizations

To allow for structural breaks in international dependence, we specify the mean equations
to reflect the possibility of weak versus strong international dependence. Weak interna-
tional dependence can be thought of as low betas with international stock returns and

strong international dependence as high betas with international stock returns. We use



stock returns from the US, Japan, the UK and Germany as exogenous variables and the

mean equation within each regime s is parameterized according to

L
Py =oa,+Bx, +> ¥ur, ;, s=1,..,N (1)
1=1

where we restrict attention to the case N = 2, i.e. a two-regime model.? The parameter
matrix B, contains the betas for regime s and x, = (Zysy, Tspne, Tuke Topr) 1S the
vector of exogenous variables. To account for potential predictability lagged returns,
r,; = (TSWE’t,l,TFIN’t,l,rDEN’t,l,rNOR’t,l),, are included in the mean equations. The
parameter matrix W, contains the AR-parameters for lag [ and regime s, where the
number of included lags L could differ between the countries. We restrict ¥ to be
diagonal, i.e. only own lagged returns influence the return process for each country.?
The possibility of excess volatility is captured by a regime-dependent specification of
the covariance matrix of idiosyncratic returns. The volatility regimes may be thought
of as low volatility and high volatility. The covariance matrix within each regime s is

parameterized according to

2
05s,SWE Ps,SWEFIN9s,SWE%s,SWE Ps,SWEDENY9s,SWEPs,DEN Ps SWENOR%s,SWEYs,NOR

Y — Os,FIN ps,FINDENQUs,FINas,DEN Ps FINNORO s,FINT s NOR
S
05, DEN Ps, DENNORPs,DENY s NOR
05, NOR

(2)

This parameterization also implies that we allow for non-zero and regime-dependent cor-
relations between the country-specific components of returns. Note that although the
covariance matrix is constant given the regime, this does not imply that variances and
covariances are constant over time. Because of the switches between regimes and the fact
that regimes are not known with certainty, a regime-switching model allows for very rich

variance and covariance dynamics.

2The complexity of the multivariate two-regime model prevents us from estimating an even larger
model. However, we implement some Monte Carlo experiments using univariate models to test for the
existence of regimes, see Appendix A. We strongly reject the null hypothesis of a linear model for all four
Nordic countries.

3We performed some experiments with lagged cross-country influences, but these variables do not

seem to add any explanatory power.



2.2 The log-likelihood function

We assume that the conditional probability density functions are of the multivariate
Student-t variety. It is argued in Klassen (1999) that the use of the Student-t distri-
bution will give rise to more persistent regimes. The reason is that the tail-probabilities
are potentially higher when compared to the usually applied Normal distribution, and thus
even an observation relatively far from the mean of a particular regime could be accom-
modated by that regime. The multivariate m-dimensional Student-¢ density function for
the observation r, conditional on the regime, the history of returns R,_; = {r, 1,1, 5, ...}

and the exogenous variables can be parameterized as

r (Uﬁm) Gsm)
L —9 (r, — H’st)/ B, — g

Ist (rt‘zt = S’XNRt—l;es) =

3)

where the vector of parameters 8, contains the parameters in p,, and ¥, together with
the degrees of freedom parameter, v . In our setting, the dimension of the return vector
is m = 4.

We postulate a first order Markov chain with constant transition probabilities. Then,
by definition the transition probability to move from regime s at time ¢ — 1 to regime
k at time t is Pr(z, = k|2,_, = s) = pa, s,k = 1,..., N. Following Hamilton (1994) the

optimal inference of the probability that r, belongs to regime s can be calculated as

P = R, ;0 = R, ;0
Pr<zt:3|rt>xtaRt—1§0): - r(zt S|Xt7 t—15 )gst<rt|zt S, X, Iy q; )

k;l Pr (Zt = kix;, Ry_q; 0) Gkt (rt’Zt =k,x;,R;_1;0)

(4)

where 0 is the full vector of parameters to be estimated. These are the parameters ¢,
characterizing the distributions g, of r, together with N (N — 1) nonredundant transi-
tion probabilities. To evaluate the log-likelihood function, the optimal prediction of the

probability that r, ; belongs to regime & is needed which can be calculated as*

N
Pr (zt—I—l = k’Xt—f—l?Rt; 0) = Zpsk Pr (Zt = S‘Xt—i—laRt; 0)3 k=1,..,N. (5)

s=1

4We follow the usual approach and assume statistical independence between the predicted probabilities

and the exogenous variables, i.e. we have Pr (2, = s|x,,R,_1;0) = Pr (2, = s|R,_;6).



The global log-likelihood function is given by

T N
1(0) = Zln Z Pr(z, = s|x;, Ry_1;0) g4 (1|2, = 5, %, Ry _1;0) | . (6)
t=1 s=1

The prediction probability Pr (z, = s|x,, R,_1;0) can be interpreted as the weight given to
the density g,, in the time ¢ log-likelihood function. The higher the predicted probability
that observation r, belongs to regime s, the higher is the weight attached to density g,,.
Note that the time ¢ log-likelihood function, the denominator in equation (4), can be
evaluated as a by-product when iterating through the filter defined by equations (4) and
(5).

Since the likelihood surface of a Markov switching model is likely to be multimodal, a
non-trivial problem is how to achieve reporting the largest local maximum, especially in
a multivariate model with a large number of parameters.® One obvious alternative is to
restart a conventional local search algorithm with several starting values and then choose
the best optimum found. However, with an increasing number of parameters, this will
soon became practically infeasible. A more attractive alternative is to use a global search
algorithm. We use simulated annealing (SA), a stochastic optimization algorithm in the
Markov Chain Monte Carlo (MCMC) family to maximize the log-likelihood function.
The important difference between this type of optimizer and a local optimizer is that a
global optimizer occasionally goes downhill, and thus is able to escape from truly local
maximums. In contrast, a local optimizer never goes downhill, it always moves in the
direction of the nearest local maximum. The main drawback of the SA algorithm is that
it is quite time consuming.® In the simulated annealing optimizations, we approximate the
gamma function with Sterling’s asymptotic series.” To calculate heteroscedasticity robust
standard errors, we use the BHHH algorithm in Gauss given the parameter estimates

from simulated annealing as starting values.

5The multivariate two-regime model contains a total of 80 parameters; 2 transition probabilities, 32
betas, 24 AR-parameters including the intercepts, 20 covariance parameters and 2 degrees of freedom
parameters.

SWith the ever-increasing computational power of standard desktop computers, this drawback is
certainly decreasing in importance over time. The processor time required estimating the multivariate
two-regime model is about 12 hours on a PIIT 800 MHz.

T(z) = v2r 277 1/2 exp (—x) [1 + 1/(12x) + 1/(28822) — 139/(518402°) — 571/(24883202*)

+163879/(20901888025) + 5246819/ (752467968002°) — 534703531/(9029615616003:7)}.



3 The Data

Monthly nominal returns are calculated as logarithmic differences of stock market indices
from Sweden (AGI), Finland (HEX), Denmark (KFX) and Norway (BOX). Returns on
the international portfolios are logarithmic differences of stock market indices from the US
(S&P), Japan (Nikkei), the UK (FT) and Germany (DAX).® The sample period considered
is the post war period 1957:6 - 1999:6, a total of 505 observations. All data is obtained
from Global Financial Data.’ Summary statistics of monthly nominal stock returns can
be found in Table I.

Table 1
Descriptive statistics for monthly returns.
"SwWE TFIN "DEN "NOR Tus TJPN "UK "GER

Mean (% per year)  11.33 11.60 7.23 4.67 7.93 8.36 9.12 7.42
Std (% per year) 17.48 17.09 13.44 19.41 14.44 18.45 19.15 16.27

Skewness —0.34 0.17 0.08 -0.74  -0.67  —0.52 0.10 —0.56
Kurtosis 5.89 5.44 4.58 8.05 6.19 4.41 12.12 5.76
Min (%) —2424 -21.32 —-1220 -3545 2454 -21.35 —-30.92 —25.40
(Sep-90) (Aug-98)  (Nov-73) (Oct-87) (Oct-87) (Sep-90) (Oct-87) (Oct-87)
Max (%) 23.98 20.53 15.11 18.30 15.10 18.29 42.32 13.81
(Nov-92) (Oct-92) (Aug-83)  (Apr-83)  (Oct-74) (Oct-90) (Jan-75) (Feb-88)
Q(12) 20.09 102.62 72.49 32.38 8.31 10.25 23.05 33.33
[0.065] [0.000] [0.000] [0.001] [0.760] [0.594] [0.027] [0.001]

Note: Q(12) is the Ljung-Box statistic for 12:th order serial correlation with p-values in parentheses.

We find evidence of excess kurtosis, i.e. kurtosis above three, for all countries. Taken
together with the non-zero skewness this is indicative of non-Normal unconditional stock
returns. The highest and lowest returns on the Nordic stock markets show no apparent
common pattern. The lowest return for Sweden is associated with the Gulf war in the fall
of 1990. For Finland, there is a sharp drop in stock price for Nokia, with a large weight
in the HEX-index, during August 1998. The lowest return for Denmark in November
1973 and the following very low returns in 1974 could be seen as a reaction to the very
strong market in 1972, possibly discounting positive effects of an expected Danish EU

membership. For Norway, the lowest return is a consequence of the Wall Street crash in

8 A nominal stock return is a return from a financial asset that actually belongs to the investment op-
portunity set. This, of course, motivates the interest in nominal returns found in the Financial Economics
literature. We leave an investigation of real returns for future research.

9 An extensive methodological description of the data can be found at Bryan Taylor, Global Financial
Data: http://www.globalfindata.com



October 1987. The highest returns for the Nordic countries are more difficult to associate
with specific financial or political events, but for Sweden and Finland the high returns
in the fall of 1992 followed after the decision of floating exchange rates for the Swedish
Krona and the Finnish Markka.

The Ljung-Box tests show that there is significant autocorrelation in the return series,
except for the US and Japan. Especially for Finland and Denmark the Q-statistic is very
high. A more careful examination of the causes of these high statistics reveal that for
Denmark the autocorrelation function is high for lags 1, 2 and 3. For Finland there are
high autocorrelations at lags 1, 9 and 10, but these high autocorrelations at the long lags

are difficult to understand from an economic point of view.

Table I1

Correlation matrix for monthly returns.

"swe "rIN "pEn T"Nor "wus Typn Tur TGER
TSWE 1 0.414 0.347 0.398 0.406 0.310 0.392 0.435

TEIN 1 0.262 0.397 0.193 0.260 0.237 0.310
TDEN 1 0.361 0.306 0.242 0.322 0.358
"NOR 1 0369 0184 0339 0.360
Tus 1 0.307 0.537 0.396
N 1 0283 0.307
Tuk 1 0.381
TGER 1

As expected, all simple correlations are positive, see Table II. The lowest correlation is
between Norway and Japan, 0.184, and the highest between the US and the UK, 0.537.
For the Nordic countries, the highest correlation is between Sweden and Finland, 0.414,
and the lowest between Finland and Denmark, 0.262.

4 Estimates from the Multivariate Regime-Switching
Model

Estimation results for the preferred univariate two-regime models are provided in Ap-
pendix C. These models are selected based on standard LR-tests. For Sweden and Finland,
AR(1) models are selected, while for Denmark and Norway AR(3) models are preferred.



Table 111

Estimates of mean parameters.
Sweden Finland Denmark Norway

Regime 1
Bivs 0.210**  —0.032 0.025 0.092
[0.007] (0.537] [0.557] [0.268]
) 0.024 0.076 0.021 —0.020
Bispn [0.624] [0.060] [0.518] [0.670]
Bivk 0.076 —0.008 0.098* 0.028
[0.145] (0.874] [0.022] [0.579]
) 0.176** 0.015 0.043 0.104
Picer 0.001] [0.739] [0.165] [0.096]
a; 0.257 0.065 0.021 —0.158
[0.314] [0.725] [0.892] [0.484]
i1 0.042 0.182** 0.203** 0.215**
[0.633] [0.005] [0.010] (0.002]
i 0.089  0.039
[0.176] [0.566]
s 0.119*  0.038
[0.048] [0.599]
Regime 2
Bivs 0.203* —0.083 0.128 0.316
0.042] [0.462] [0.075] [0.063]
) 0.167**  0.209** 0.091* 0.038
Bispn [0.008] (0.006] [0.040] 0.612]
Bk 0246  0.215° 0126 0.320
[0.013] [0.015] [0.073] [0.094]
. 0.261**  0.304** 0.260** 0.284**
Picer [0.003] 0.001] 0.000] [0.003]
a; 0.597 0.928* 0.243 —0.071
[0.597] [0.018] [0.243] [0.872]
it 0.068  0.264** 0054  0.112
[0.225] [0.005] [0.374] [0.063]
i 0.034  —0.004
[0.544] [0.939]
b3 0159 0.119*
[0.003] [0.035]

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.

Ljung-Box tests for up to 12:th-order autocorrelation on the standardized residuals from
the multivariate model, calculated as the one-step-ahead prediction errors conditional on
the exogenous variables, suggest that there is no remaining autocorrelation for Sweden,
Denmark or Norway. However, even if the model removes most of the autocorrelation
also for Finland, the Ljung-Box statistic indicates remaining autocorrelation.!® Hence,
the results for Finland should be interpreted with some caution. The preferred AR-

specification for each country is then used in the multivariate model.

10The Q(12) statistics with p-values in parentheses are 6.12 [0.864], 33.17 [0.001], 12.07 [0.209] and
11.21 [0.261] for Sweden, Finland, Denmark and Norway, respectively.

10



One characterization of the regimes is given by the fact that the international influence
is differing between regimes, see Table III. Obviously, in the second regime, international
stock markets affect the Nordic stock markets to a larger extent than in the first regime.
The betas are higher in the second regime and also the p-values are in general much lower.
This pattern is relatively consistent across the different countries. A formal LR-test also
easily rejects that betas are equal in both regimes, see the first test in Table IV. There are
probably large cross-country effects between the international stock returns, for example
from the US to Japan, the UK and Germany. This will understate or overstate the
influence of individual countries and hence the betas should discussed as a group rather
than individually. However, it is noticeable that for Sweden, in contrast to the other
Nordic countries, two of the betas are highly significant also in the first regime. This
implies that the link between the Swedish stock market and international stock markets
is relatively strong throughout the whole sample, 1957-1999.

To investigate if the international dependence could be approximated by a link with
US only, we estimate a model with r;g, as the only exogenous variable. This model
is overwhelmingly rejected with a LR-statistic of 128.28 implying a p-value less than
0.001.1! This suggests that the Nordic stock markets are dependent not only on the US
stock market and that the joint influence the Japanese, UK and German stock markets

is statistically significant.

Table IV
LR-tests of parameter differences between regimes.
Null hypothesis X° dgf
Are betas equal across regimes?
79.88 16
[0.000]
Are country-specific volatilities equal across regimes?
69.01 4
[0.000]
Are country-specific correlations equal across regimes
1044 6
[0.107]

Notes: p-values are in parentheses. dgf = degrees of freedom.

The transition probabilities for both regimes are all well defined with high persistence,
see Table V. Given that we currently are in regime s, the expected duration of that regime

is given by 1/(1 —p,,), see Kim and Nelson (1999), pages 71-72. These calculations

HThe estimation results can be found in Appendix D.

11



indicate that we expect to stay in the first regime about 9 years, while we expect to
stay in the second regime for more than 15 years. The inverses of the degrees of freedom
parameters are highly significant in both regimes. This gives strong support for the choice
of the Student-¢ distribution instead of the Normal distribution.

Another characterization of the regimes is that country-specific volatility is higher in
the second regime, see Table VI. The difference is highly significant, as shown by the
second LR-test reported in Table IV.

Table V
Estimates of transition probabilities and degrees of freedom parameters.
P1 Do v
Regime 1 0.991** 0.116**
[0.000] [0.000]
Regime 2 0.995**  0.071**
[0.000] [0.005]

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.

Table VI

Estimates of variance-covariance parameters.
Sweden Finland Denmark Norway

Regime 1

o; 3.670**  2.785** 2.274** 3.324**

[0.000] [0.000] [0.000] [0.000]

Pij Sweden 1 0.114 0.115 0.007

[0.063) [0.071] [0.898]

Finland 1 0.008 0.137*

[0.899] [0.021]

Denmark 1 0.096

[0.145]

Norway 1
Regime 2

o; 4.651"*  5.410** 4.011** 5.768"*
[0.000] [0.000] [0.000] [0.000]
Pij Sweden 1 0.298* 0.096 0.253**
[0.000] [0.196] [0.000]
Finland 1 0.077 0.263**

[0.268] [0.000]

Denmark 1 0.129

[0.051]

Norway 1

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.

12



The smallest numerical difference is for Sweden, with around 25% higher volatility in
the second regime, while for Denmark and Norway, the difference is around 75%. Finland
is the extreme case with almost 100% higher volatility in the second regime. All country-
specific correlations except between Finland and Norway are insignificant in the first
regime. In the second regime, country specific correlations are significantly different from
zero between Sweden and Finland, Sweden and Norway and again Finland and Norway.
However, the last LR-test in Table IV shows that the correlations between the country-
specific components are not statistically different in the two regimes. Taken together these
two tests imply that covariance between the country-specific components is higher in the
second regime, but that this difference is driven only by higher volatility, not by higher

correlation.

5 The timing of regimes and economic implications

The smoothed probability of each of the regimes are shown in Figure 1.!2 The first
structural break found is around 1969. We term this a structural break since it is the first
time nominal returns on the Nordic stock markets show a strong international dependence
and a high volatility after the 1950s and 1960s that were characterized by weak interna-
tional dependence and low volatility. The are probably multiple underlying causes for this
change, but it is likely that the increased inflation in the US, created partly by the fund-
ing of the Vietnam war, played an important role. This increased inflationary pressure
is usually seen as one of the direct forces causing the breakdown of the Bretton-Woods
exchange rate agreement in 1971.

The second structural break found is around 1982. This year, international dependence
and volatility increase again, after some years of mostly low international dependence and
volatility following the first oil crises in 1973-74. Over the years 1982-1999, the Nordic
stock markets have not left this state of strong international dependence, high volatility
and large covariance with each other. Hence, we may conclude that the financially more
deregulated time period is associated with sharply different stock return characteristics
compared to the previous more regulated period. Again, there may be multiple underlying
causes, but the process of financial liberalization is a strong candidate as one of these
causes.

To further discuss these changes we propose a variance decomposition and a covariance

12The smoothed probabilities are calculated using the algorithm proposed by Kim (1994).

13



decomposition based on the theory of mixture models. The total variance of stock returns

conditional on past returns, can be decomposed according to

VCLT‘t,1 (T‘it) — Ilet ‘I— DOMzt + CROSSM (7)

where the cross-term (CROSS;,) is always very small in magnitude compared to the inter-
national component (INT},) and the country-specific component (DOM,,).'3 Similarly,
the total covariance conditional on past returns can be decomposed according to

COUt_l ('rit, Tjt) - INE]t + DOMZJt + CROSSth (8)
for 1,7 = SWE, FIN,DEN, NOR. We use the same notation here to indicate that
DOM,, is in contrast to INT;

ijt- The variance decompositions shown in Figure 2 reveal
that the total variance, the international component and the country-specific component
are all higher during the deregulated period. In other words, total variance has increased
on the Nordic stock markets as a consequence of stronger dependence on international
stock markets, i.e. higher betas, and higher country-specific volatility. If the proportional
contributions to total variance are calculated another picture emerges. The proportion
of total variance explained by the international variance component has increased from
around 5% during the regulated time-period to 20%, 25% and 30% after deregulation for
Finland, Denmark and Norway, respectively. For Sweden, with a relatively strong inter-
national dependence throughout the sample, the corresponding increase is from around
20% to 30%. The mirror image of this is that the proportion of total variance explained
by the country-specific component has decreased from 95% (80% for Sweden) prior to
deregulation to around 70% for Sweden and Finland and to around 75% and 80% for
Denmark and Norway, respectively.

The covariance decompositions shown in Figure 3 reveal a similar, but slightly more
complex pattern. For all pairs of Nordic countries, the international contributions to to-
tal covariance are much higher during the deregulated period. However, the proportional
contributions to total covariance before and after deregulation are very different for dif-
ferent pairs of countries. The two extremes are Sweden-Norway and Finland-Norway. For
Sweden-Norway the international contribution to total covariance is almost 100% due to
the very low correlation, 0.007, between the country-specific components of returns before

deregulation. At the other extreme, for Finland-Norway the international contribution

BDetails of the variance and covariance decompositions can be found in Appendix B.
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is close to zero, mostly a consequence of the relatively high country-specific correlation,
0.137. During deregulation and afterwards, a more homogenous pattern is found. This is
a direct consequence of the much larger betas after deregulation. The contribution of the
international component to total covariance ranges from around 20% for the covariance
between Sweden and Denmark to around 50% for the covariance between Sweden and
Finland and between Finland and Norway.

The economic implications of the financial liberalization for a Nordic stock market
investor can be discussed in terms of reward to risk and diversification. Even though
volatility is clearly higher during the deregulated period, the investor may be compensated
for this increased risk by higher expected returns. Further, the possibility of portfolio
diversification, either internationally or to the other Nordic stock markets, may decrease
portfolio risk without sacrificing expected return. The discussion that focuses on the
question of whether financial deregulation has been ”good” or "bad” is obviously very
complex, but below we make some arguments based on changes in reward to risk and
diversification benefits.

The expected return per unit of risk, the reward to risk ratio, conditional on past

returns can be written

E, 4 [rit]

RRit =
Var, 4 (ﬁ't)

(9)
where the expected returns and variances are calculated as described in Appendix B. The
evolution of the reward to risk ratios over time can be found in Figure 4. The average ratios
are 0.189, 0.165, 0.152 and 0.053% of return per unit of standard deviation for Sweden,
Finland, Denmark and Norway, respectively. Even though volatility (the denominator)
has increased as shown above, there is no downward trend in the ratios during the process
of deregulation or afterwards. If anything, the reward to risk ratios seem to be higher on
average after 1982, at least for Sweden and Finland. Hence, in this respect and from the
perspective of the Nordic home country investor, we find no adverse effects of the stock
market liberalization.

Turning to diversification, we can separate between diversification to other Nordic
stock markets and diversification to international stock markets. It is obvious from Fig-
ure 5 that correlations between the Nordic stock markets are considerably higher during
the deregulated period, even though we could not reject that correlations between the

country-specific components have increased over time, see Table IV. In other words, the
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higher correlations are due to the fact that the betas with international stock returns
have increased over time. In principle, these higher correlations should decrease the
benefits from diversification both to other Nordic markets and internationally. As pre-
viously discussed, the amount of country-specific volatility is significantly higher during
the deregulated period, implying increased diversification gains for a Nordic home-market
investor, counteracting the higher correlation. This is because one of the main ideas with
diversification is to eliminate country-specific risk that does not contribute to expected
return.

Hence, we find no adverse effects of stock market liberalization on investment oppor-
tunities for Nordic investors. On the contrary, liberalization has made diversification to
foreign markets an attractive possibility to improve the return to risk ratio. This is so even
if correlation both with other Nordic markets and international markets have increased

during the liberalization process and afterwards.

6 Summary and Conclusions

This paper investigates the changing behavior of Nordic stock market returns over time
with special reference to the process of financial liberalization. Using a multivariate
regime-switching model to endogenously date changes in return behavior, we find that
the time-period during liberalization and afterward, i.e. after 1982, is associated with
significantly different return characteristics than during the regulated time-period, i.e.
before 1970. This does not necessarily imply a causal relation, but we argue that stock
market liberalization is a strong candidate for causing these changes. We show that higher
expected return, higher volatility and stronger links with international stock markets
characterize the deregulated period for all Nordic stock markets. We also find higher
correlation between the Nordic stock markets and that this is mostly a consequence of
the stronger links with international stock markets, not of higher correlation between
country-specific components of returns.

The economic consequences of the changing investment opportunities from the per-
spective of a Nordic investor are also discussed. We calculate reward to risk ratios, i.e.
expected return per unit of volatility risk, for each Nordic stock market, and find that
these ratios have not decreased after liberalization. We also argue that because of the
much higher country-specific volatility in the deregulated period, the possibility to diver-

sify both to other Nordic countries or internationally provides an attractive opportunity to
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lower portfolio risk without sacrificing return. Taken together, our investigation supports
the argument that stock market liberalization has created excess volatility but also that
Nordic investors are more than compensated for this both in terms of expected return

and the opportunity to cross-border diversification.
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Appendix A

To test for the existence of regimes, we use the Monte-Carlo method discussed in Ang and
Bekaert (1999) and Rydén, Terisvirta and Asbrink (1998). The main idea is to simulate
M data series from a N — 1-regime model given the parameter estimates and then estimate
N-regime models using the M simulated data series and the original data. If the original
data is from a N-regime model we expect the likelihood value from the estimation on the
original data to be higher than the likelihood values from the estimations on the simulated
series. If the likelihood value instead is lower for the original data, this is evidence against
the N-regime model. The p-value is calculated as the number of times the likelihood
value for a simulated series is higher than for the original data divided by the number of
simulated series. These tests are extremely time-consuming and for this reason we restrict
the number of simulated series for each test to M = 100. We simulate data from a linear
model (N = 1) and estimate two-regime models using the simulated series. The results
show that the null hypothesis of a linear model is strongly rejected for all four Nordic

countries.
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Appendix B

From the theory of mixture models it follows that

Tt‘Rt 1 Zpst Tt‘zt =s,R;_ 1]

and
o 2
Var (r,|R,_,) = Zpst [VC”” (relze = 8, Ryq) + (B[ Ry_y] — Erylz, = 5, Ry _4]) ]
s=1

where p,, are the prediction probabilities from equation (5) and R,_; = {r,_1,7_g, .-}

For the two-regime model these expressions simplify to

E [Tit] =puFy [Tit|zt = 1] + por By [Tit’zt = 2]

and

Var,_y (ry) = puVar,_y (rylz, =1) + pyVar,_y (rylz, = 2)
Fp1Po (Byy [ralze = 1] — By [riz, = 2])2

for i = SWE,FIN,DEN,NOR and where E, , [] and Var,_, (-) denote that the ex-
pectations are taken conditional on past returns. Straight forward calculations then gives

the variances as

Var (rylz, =1) = BiysVar,_y (rys) + 85enVary (rype)
+0% i Var, .y (ruwe) + BiorVar .y (rug,)
+20,us8i5pNCov_1 (Tuse: Typne) + 2BiwsBivk Covi_y (Tuse: Tuke)
+28;u58iaErRCOV-1 (Tuse: Tapre) + 28:7pn Bk Cove1 (T ypNes Tu k)

+208,7pNBicErCOV_4 (TJPNb TGERt) + 26,0k BicErC OV (TUKtv TGERt)

—i—a?

where the volatility and the betas are for regime 1. The variances and covariances for
the international stock returns are calculated using the sample values. Var (r;|z, = 2) is

computed analogously. We can now define
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INT,, = Var,_,|[ry] — DOM,— CROSS,
DOM,, = plto-il +p2t03i
CROSS;, = pyupy (Elrylz, =1 — Elrylz, = 2])2

The covariances for a two-regime model conditional on past returns are
Covy_1(ri,rje) = PuCovy_y(ryy,mj4l2 = 1) 4 poyCovy_y (14, 74|27 = 2)

+p1poy (B [ryg]z, = 1] — E[rylz, = 2]) (E[Tjt|zt =1] - E[Tjt|zt = 2])

and a corresponding decomposition of covariances can be derived.
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Appendix C

Table C1

Estimates of univariate models.

Sweden Finland Denmark Norway
Regime 1
D11 0.979**  0.979** 0.990** 0.979**
[0.000] [0.000] [0.000] [0.000]
o 2.901**  2.908** 2.331** 3.159**
[0.000] [0.000] [0.000] [0.000]
v-1 < 0.001 0.115 0.129* 0.152*
(-] [0.065] [0.016] [0.044]
Bus 0.223**  —0.015 0.026 0.096
(0.001] [0.806] [0.550] [0.211]
—0.014 0.066 0.026 0.007
Bpx [0.674] [0.099] [0.426] [0.875]
0.070 —0.004 0.081* 0.022
Bux [0.063] [0.937] 0.012] [0.684]
0.211* —0.011 0.039 0.117*
Peer [0.031] [0.831] [0.193] [0.022]
o 0.584* —0.109 —0.026 —0.084
[0.028] [0.607] [0.859] [0.695]
tul) —0.038  0.288** 0.252** 0.121
[0_687] [0.001] [0.000] [0.053]
0, 0.089 0.153*
[0.202] [0.021]
T 0.056 —0.003
[0.376] [0.956]
Regime 2
Do 0.978**  0.978** 0.996** 0.986**
[0.000] [0.000] [0.000] [0.000]
o 5.403**  5.836** 4.665** 5.993**
(0.000] (0.000] [0.000] [0.000]
v1 0.048 0.055 0.096 < 0.001
[0.460] [0.440] [0.127) (-]
Bus 0171  —0075 0114  0.420*
[0.154] [0.667] [0.096] [0.001]
0.237*  0.223** 0.089 0.006
Bapn [0.004] [0.006] [0.063] [0.961]
By 0259 0203 0117  0.151
[0.012] [0.147] [0.058] [0.116]
0.269* 0.311** 0.247** 0.319**
Pepr [0.029] [0.000] 0.001] 0.000]
« 0.252 1.304** 0.238 —0.130
[0.502] [0.009] [0.351] [0.773]
0, 0.136* 0.177* 0.073 0.192**
[0.037] [0.025] [0.222] [0.000]
o, 0.040 —0.023
[0.454] [0.646]
0.177** 0.112*
& (0.001] [0.033]

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.
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Appendix D

Table D1

Estimates of mean parameters from model with only US link.
Sweden Finland Denmark Norway

Regime 1

Bivs 0.283**  —0.016 0.070 0.122
[0.000] [0.743] [0.151] [0.116]

o, 0.416 0.125 0.113 —0.115
[0.103] [0.553] [0.464] [0.579]

i1 0.100 0.222** 0.224** 0.217**
[0.235] [0.001] [0.006] [0.002]

G0 0.090 0.037
[0.202] [0.609]

bis 0.094 0.017
[0.184] [0.859]

Regime 2

Bivs O[(?O(?O] O[ggg’s] O[0‘0070] O[(ng]
o 0.687 1.067 0.369 —0.005

’ [0.205] [0.121] [0.281] [0.997]
o 0.061 0.154** 0.046 0.127
[0.321] [0.009] [0.477] [0.110]
o 0.057  —0.014
[0.296] [0.796]

4 0.175** 0.131*
Pia [0.001] [0.021]

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.

Table D2
Estimates of transition probabilities and degrees of freedom

parameters from model with only US link.
—T

D1y Pog v
Regime 1 0.987** 0.107**
[0.000] [0.002]
Regime 2 0.990**  0.072**
[0.000] [0.006]

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.
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Table D3
Estimates of variance-covariance parameters
from model with only US link.

Sweden Finland Denmark Norway

Regime 1

o; 3.818**  2.732** 2.320**  3.324**

’ [0.000] [0.000] [0.000] [0.000]

Pij Sweden 1 0.115 0.142* 0.028
[0.089] [0.045] [0.705]

Finland 1 0.004 0.142*

[0.967] [0.022]

Denmark 1 0.108

[0.149]

Norway 1
Regime 2

o; 5.040**  5.962**  4.357**  6.151**

’ [0.000] [0.000] [0.000] [0.000]
Pij Sweden 1 0.416**  0.235**  0.346**
[0.000] [0.001] [0.000]
Finland 1 0.205**  0.343**

[0.004] [0.000]
Denmark 1 0.225**

[0.000]

Norway 1

Notes: ** and * denote parameters statistically significant
at the 1% and 5% levels, respectively. Robust p-values are in parentheses.

23



References

Ang A. and Bekaert G. (1999): ”International Asset Allocation with Time-Varying Cor-
relations”, Working Paper, NBER.

Bekaert G. and Harvey C. (1995): ”Time-Varying World Market Integration”, Journal
of Finance, 50, 403-444.

Black F. (1986): ”"Noise”, Journal of Finance, 41, 529-543.

Campbell J. and Hamao Y. (1992): ”Predictable Stock Returns in the United States and
Japan: A Study of Long-Term Capital Market Integration”, Journal of Finance, 47,
43-69.

Corona A., Marchesi M., C. Martini and S. Ridella (1987): ”Minimizing Multimodal
Functions of Continuous Variables with the ’Simulated Annealing’ Algorithm”,
ACM Transactions on Mathematical Software, 13, 262-280.

Fishman G. (1996): Monte Carlo Concepts, Algorithms and Applications, Springer-
Verlag.

Goffe W., G. Ferrier and J. Rogers (1994): ”Global Optimization of Statistical Functions

with Simulated Annealing”, Journal of Econometrics, 60, 65-99.

Goldfeld S. and R. Quandt (1973): ” A Markov Model for Switching Regressions”, Jour-

nal of Econometrics, 1, 3-16.

Grossman S. (1995): ”Dynamic Asset Allocation and the Informational Efficiency of
Markets”, Journal of Finance, 50, 773-787.

Hamilton J. (1989): ” A New Approach to the Economic Analysis of Nonstationary Time
Series and the Business Cycle”, Econometrica, 57, 357-384.

Hamilton J. (1994): Time Series Analysis, Princeton University Press.

Hamilton J. (1996): ”Specification Testing in Markov-Switching Time-Series Models”,
Journal of Econometrics,, 70, 127-157.

Kim C-J. (1994): ”"Dynamic Linear Models with Markov Switching”, Journal of Econo-
metrics, 60, 1-22.

24



Kim C-J. and Nelson C. (1999): State-Space Models with Regime Switching, MIT Press.

Klassen F. (1999): ”Improving GARCH Volatility Forecasts”, Working Paper, Tilburg

University.

Rydén T., T. Terisvirta and S. Asbrink (1998): ”Stylized Facts of Daily Return Series
and the Hidden Markov Model”, Journal of Applied Econometrics, 13, 217-244.

Sellin P. (1996): "Inviting Excess Volatility? Opening Up a Small Stock Market to

International Investors”, Scandinavian Journal of Economics, 98 (4), 603-612.

25



31pQ

000¢ 866l 966L ¥661 <661 066L 8861 98B6L +861 ¢86L 086l 861 9/61 +v/61 <L61L 0L6L 8361 9961 +961 <961 0961 8S6L
,,,,,,,,,,,,,,,,,,,%\,,)\,,,,,,/\/\4,,,,,,,,,
. N YA
buijionsad 7z aip}s Jo A3jigpgodd payjoows
31p(
061 896l 9961 8G61L

000Z 866l 9661
T

ve6l ¢66l 066l 886l 986l P86l ¢86l 086l 8L6L 96l ¥L61 L6l
T T I

— AL

R L

-

¥961 296l 0961
T T

buljionald | 8ip}s Jo Ajjigpgodd payjoows

L'0 00

6'0 80 L0 90 S0 v0 ¢0 ¢CO0

L

0"

L'0 00

60 80 L0 90 S0 ¥vO0O £0 <¢O0

L

0

godd

qodd

1€e8S.

Smoothed probabilit

Figure 1

26



2ybd

3661 6L 0661 9861 <¢B6L BL6l ¥/.61 0L61 996l <961
T T L s B B O B
20UDLDA Oj10ads—AluUNoy - — —
SOUDLIDA [PYO]
ol JoRTIA

310(
8L6L VL6l
T T T

8661 V661 066l 9861 (861
T 1 T 1 T T T T

0L6L 9961
T T T

6l

G¢ 0f S¢ 0 SL Ol
SOUDIIDA [DUOI}PUOYD

0h4

Sv

6l

ADMION UOI}IsOdWL0Dap 80UDLIDA

23yed

9

50UDLDA opoeds—Kqunoy  — — —
22uDDA [030]

0s

8661
T

0661 9861 ¢86L B/6l ¥L61 0L6L 9961
L e e L e e Bt e e

20UDLDA 2lj108ds—A1jUNoy  — — —

3OUDLIDA [DYO]

MIowiua@ uolysodulodap a0UDLIDA

210(

61l

61l
T

St 0Ol

0<
[DUolIpUOY

0¥ S 0¢ GS¢
SOUDIIDA

=hd

pUD|UId UOINISOdWIOD8D 9OUDIIDA

8661 v66l 0661 9861 ¢86lL 8.6l ¥/6l 0L6L 9961
L s s B Bt B

20UDIIDA DIj10ads—Ajuno)  — — —
S0UDLIDA [D}O]

)

A oA

0s8

uspemMs U0NISOdUIOOsp SOUDIDA

0y ¢¢ 0& G¢ 0¢ ¢SL 0l
SJUDIIDA [DUDI}PUOD

Gv

0s

Sl 0l

0¢
[oUolIpUOY

or G 0¢ G¢
SDUDIIDA

Sy

0S8

ion.

Conditional variance decomposit

Figure 2

27



@300
Z861 6/61 9L

000Z /BBl V6

6L LB6L  BBEL  GREL 6l C/6L 0/B1L £96L 96l 1961  8G61

P R T T

29UBLIDAGD [D30L.

AoMION—>JDLWUBQ UOJISOdWOD8p 80UDLIDACD

pg

000C L6616

6l 1661 886l GB6L CBEL 6/61 9.6l £/6l OL6L

saunLACa ip08ds—Kiunoy

52UBLIDAGD 1DI0L.

Y4DWUB(Q—PUD|Ul4 UDIISOdWOD8p 33UDLIDACD

8IpQ
000Z LBBL V66l LBBL B8BL GBEL ZBEL 646l 9LBL EL6L OLBL L9BL  ¥96l 1961  BGBI

YJDWUSQ—USP3MS UC]}HSOdUWI0I3p SOUDIIDADY

oz

N
o

=18
SOUDIIDADD

oz

N
o

oL

gL
92UDIDACD

IDUORIPUOD

59UDIIDAOD

IDUORIPUOD

IPUOIIPUOD

s1a

000Z L661  ¥BEL 66l 886l GBEL ZB6L 6/6L 9/6L C/Bl OL6L

1961  ¥961 196l  8GBL

», \f/, [} !

[ B e A

25UDLIBAGD 1j193ds —A1UNSY

29UDLIBAGD [D}OL.

ADMION—PUD|UI{ UOI)SOdWIOD8P 8OUDLIDACY

810d

000C L66) ¥66L 166l 886l GB6L CB6L 6.6l 9L6lL £/61 0L6L

\ |
I

A
N o S SN N

82unLIbACD Dj98ds—Aijunog
9UDLDAGD (D101

1961  ¥961 1961 8G6L

ADMION—USPaMS UONISOdWOD8p 83UDLIDAOY

810d
000 LB6Ll  ¥BBL 66l 986l GBBL ¢BEL B/6L 9/BL C/Bl OLBL

196l ¥9B1 1961  8GBL

59UDLIPAGD DYpREdS—AIUNOD
29UDLIDAGD (D301

0z

~
o

Sl
25UDIIDADD |DUOI}IPUOY

0z

~
o

oL

Sl
20UDIDAOD

|puo POy

25UDIIDAOD

jpuoiIpUOD

ional covariance decomposition.

t

Condi

Figure 3

28



21bd
866l v66L 0661 986l ¢B6L BL6L V.61 0L61

a10Q
9961 <¢961 8G6!

|
8}

00
UciIDIARP pdDpuD}s ¥ Jod uldnyes psyoadxe ¥
T

ADMION O13DJ MSIJ 0} pPIDMay

2ibd
866l v66L 0661 986l ¢86l1 8.6l v.61 0L61

MIDLIUS(J 013D1 MSI1J 0} PIDMaY

210(
9961 <961 8S61 8661 661 066l 9861 (¢86L 8L6)

v/.6l 0L6L 9961 ¢961 8961

00

S0
UOI}DIASP pJDpupys ¥% Jad uldnyed paidedxe ¥
T

pUD|UI4 O11DJ YSIJ O} PIDMaY

USPaMS 010U %S4 0} pIDmMay

8661 v66l 066l 9861 ¢86lL 8.6l +/61 0.6l 9961 ¢9B1 BS6l |

i

G'0—

00

G0
UolDIASP pdppuD}s ¥ Jad uldnyes psyoadxs ¥

G'0—

00

G0
UOI}DIASP pJDpupys ¥ Jad uldnysd paidadxs ¥

108.

Reward to risk rat

Figure 4

29



@300

000Z LBBL V66l L66L 886L GBEL ZBEL 646l 9LBL £L6L OLBL L9BL Y96l 1961 8G61
ADMION—>JDUIUB(J UOIID[8JI0D [DUORIPUDY
pg
000C /661 ¥66l 1661 B86L GB6L CBEL 6.6l 9.6l £/6L 0L61 /96l ¥96l 1961 8S6L
}IPWUSQ—PUD|UI{ UOJID|84I03 [DUO[IPUDY
8IpQ
000Z LBBL V66l LBBL B8BL GBEL ZBEL 646l 9LBL EL6L OLBL L9BL  ¥96l 1961  BGBI

%IDWUSJ—UBPSMS UCIID|3II02 [BUOI}IPUCY

60 B0 (L0 90 S0 v0 £0 TO 0 00O

S0 ¥0 €0 TO0 LD 00D L

60 BD L0 90

|

2o +o 00

£0 80 g0 ¥0O £0

UoI3D|3440D

60 8D

L

UO1D|8440D [DUOI}IPUDD

IPUOI}IPUOD

uoD|34I02

IDUOI3IPUOD

Qg
000Z LB6L  ¥BEL L66lL 886l GBEL ZB6L 6/6L 9LBL €/BlL 0L6L [96L vOBL L96L  8GBL
ADMJION—PUD|UI4 UOIID|8JI0D [DUDITIPUOD
23100
000C L66) Y66l 1661 886l GB6L ¢B6L 6/6L 9/6l ©/61 0L6l (96l ¥96l 1961 8S6L
ADMION—USP3MS UD[IP[34I0D [DUCI}IPUOY
8100
000 LBBL  ¥BEBL 1668l 886l GBGL ZB6L BLGL 9LBL £/BL  OL6L  [9BL  ¥96L L96L  BGBL

puUD|UI{—USPaMS UONPD|3II0D [PUCHIPUGY

6'0 80 £'0 90 S0 ¥'0 €0 20 V0 00

o'l

6'0 80 L0 90 S0 ¥0 €0 20 L0 00

3

o

60 80 /0 90 S0 ¥O0 €0 20 L0 00

oL

Ipuod

U01ID|2110D DU

jouonipuod

uol}pj2lI0a

|ouoRIpLOg

uol}Djall0o

10ns.

Conditional correlat

Figure 5

30



