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This paper examines whether the Korean foreign exchange market has become
efficient following introduction of rthe free-floating exchange rate regime by
comparing exchange rate movemenis, autocorvelation coefficients and profitabilities
of technical analysis before and gfter the free-floating regime.

While the exchange rafe can be closely approximated by a random walk after
free floaring, the sumple wiocorrelations of daily changes in the exchange rate
are still large. Moreover, several technical analyses of the foreign exchange market
are mare profitable than before. These facts imply that the foreign exchange mavket
is not efficienr yet. That is, the exchange rate still moves in trends despite the
increased exchange rate volatility afler introduction of the free-floating system. This
finding is supported by profitabilities in different filter sizes of filter rule.
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I. Introduction

The Korean foreign exchange market has been changing in light of increased
transaction twnover and exchange rate volatility since Korea shifted to a free-
floating exchange rate system and began opening the domestic market to foreign
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investors in iate 1997. Even though sufficient data has not been accumulated vet,
it is important to understand the exchange rate behavior in some possibie ways
because it forms the basis for discussion and analysis of other exchange rate-related
issues. For example, the time-series behavior of the exchange rate has implications
on the question of market efficiency. Also, the distributional property of exchange
rates, in part, determines the riskiness of the exchange market and the validity of
statistical inference in empirical work. In particular, understanding market efficiency
becomes more essential to Korea because market efficiency is necessary to deepen
its foreign exchange market and integrate its economy into the international market.

In the almost 30 years since the collapse of Bretton Woods in 1973, data has
been accumulated on the exchange rates between the major currencies. Discussions
are currently ongoing about the stylized facts on these rates. Many recent empirical
investigations have unanitmously uncovered the following facts concerning high
frequency exchange rate data: The exchange rates are closely approximated by a
random walk,! the distribution of exchange rate changes is in general leptokurtic?)
and the autocorrelations of exchange rate changes are generally small,3)

While the notion of foreign exchange market efficiency has also been tested and
retested with the changing environments surrounding the foreign exchange market,
the present literature is still far from conclusive and inconsistencies abound, The
standard approach to testing foreign exchange market efficiency has been 1o examine
the efficiency of the forward market, that is, to test whether forward rates are
unbiased and efficient estimators of the future spot rate. While many of these results
go against foreign exchange market efficiency(Longworth(1981)), there is a
possibility that the existence of transaction costs and risk premiums makes forward
rates different from unbiased estimators of the future spot rate, despite the existence
of an efficient foreign exchange market(Hodrick (1989)). With the new approaches
to testing efficiency, such as cointegration and the application to the foreign
exchange market{Crowder(1994), Engel(1996)), there has been ne consensus
suwrreunding the foreign exchange market efficiency, mainly due to the risk premium.

Conceptually, the autocorreiation of exchange rate changes may also be used to

1) Meese and Rogoff{1983) show that none of the exchange rate models outperforms the simple random
walk based on a comparison of root mean square crrors{fRMSEs).

2) Since leptokuriic distribution was first observed in the context of the foreign exchange market, by Giddy
and Dufey(1975), on the basis of the daily exchange rate changes, there have been many studies and
hypotheses on the degree of leptokurtosis for short-run exchange rate changes and the distributional
characteristics.

3} While the sample autocorrelations of monthly exchange rate changes are statistically significant, those
of both weekly and daily exchange rate changes are not significant in general(Hsieh{1988), Levich and

- Thomas(1991), Takagi(1988), Ito{1993)).
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test the spot market efficiency. There are contentions, however, that traditional serial
correlation tests are flawed because they seek 1o determine oniy if a stable linear
relationship exists between successive exchange rate movements(Hsieh (1989)).

To test foreign exchange market efficiency, many researchers have instead chosen
to examine directly the success that actua! technical models would have had in
generating profitable buy and sell signals if such models had been followed in the
past(Levich and Thomas(1991), Silber(1994), Neely(1997)). There are also a
number of problems associated with inferring the degree of market efficiency from
the apparent profitability of these trading rules, including data problems and
problems inherent in measuring the costs and risks associated with foreign exchange
transactions, In the end, foreign exchange market efficiency is to be tested both
using various methods and by examining the microstructure of the market such as
asymmetric information and the role of risk.

While some research in Korea has studied the forward market efficiency of
developed countries,¥ there have been few studies on the market efficiency of
Korean foreign exchange.3) This reflects the fact that the data accumulated in Korea
is not sufficient for the forward market efficiency to be tested, using the regular
regression method. In fact, the history of Korea's forward market is not long and
turnover in the market is still very limited.

Thus, the main purpose of this paper is to examine, based on the limited data,
the changes in the Korean foreign exchange market after the introduction of the
free-floating resime by focusing on efficiency.

This paper is organized as follows. The next section outlines the exchange rate
movements and analyzes the time-series characteristic of the exchange rate before
and after the free-floating regime. In Section IIl, the general facts about foreign
exchange market efficiency are reviewed and an efficiency test is conducted using
simple autocorrelation analysis. In Section IV, the profitability of technical trading
rules and foreign exchange market efficiency are examined. Finally, Section V
concludes the paper with a summary of the empirical analysis on the foreign
exchange market after introduction of the free-floating regime, and draws some
policy implications.

4) Mo and Kee(1996).
5} Haf1996) and Park and Song{1999}.
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1I. Exchange Rate Behavior and its Time-series Properties

1. Exchange Rate Behavior

In March 1990, Korea replaced the multiple-basket pegged exchange rate systemn
by a market average exchange rate system{MARS) in which the interbank spot rate
was allowed to move within an upper and a lower limit around each day's basic
exchange rate. The daily fluctuation limits for the interbank exchange rate had been
enlarged and finally abolished in December 1997, which means Korea's exchange
rate system was shifted to a free-floating system.®) The exchange rate behavior
during the post-MARS era reflects these evolutions of the exchange rate regime
in Korea. Both the exchange rate level and volatility, in general, continued to grow
gradually until the financial crisis set in. Volatility worsened and the exchange rate
experienced large fluctuations during the short period following the introduction of
the free-floating system, excluding the crisis period.

[Figure 1] Level and Volatility of Exchange Rate

{level, won/dollar} (volatility, %)
1900 F |
1700 - volatility* N

1500

1300

1100

900

- N O R TR N )

700

]
o0

500 1 1 | ! 1 1 | 1 | .10
1991 1992 1993 1994 1995 1996 1997 1948 1999

Note: Volatility is a daily change which is shown not to be much different frem monthly standard
deviation or varfance modelled from ARCH.

6) The daily fluctuation limits for the interbank cxchange rate were changed as follows:
0.4% (1990.3) — 0.0% (1991.9) — 0.8% (1992.7) — 1.0% (1993.10) — 1.5% {1994.11) — 2.25%
{1995.12) — 10.0% (1997.11) enlarged — abolished (1997.12)
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2. Distributional Properties

It is well known that the empirical distribution of short-run changes in asset
prices, such as stock prices and exchange rates, are often too 'peaked' and too
"fat-tailed' to fit the normal distribution, or so-called leptokurtic.”} One quantitative
measure of a leptokurtic distributional characteristic can be given by kurtosis.®) A
distribution that is too 'peaked’ and too ‘fat-tailed’ relative to the normal bas a value
of kurtosis greater than 3 ; such a distribution is usually called leptokurtic.

[Table 1] presents basic statistical measures of daily changes in the spot exchange
rate of the Korean won to the U.S. doilar. It is noted that although the distributions
were almost always symmetrical to 0, all values of kurtosis were significantly
greater than 3, indicating that the distributions were more leptokurtic than the
normal distribution would imply.

[Table 1] Basic Statistics of Daily Exchange Rate Changes
Before Free Floating After Free Floaling
Whole ——————————— ——
Period (1996.1.3 Excluding | (1997.12.16 | Txcluding
-1997.12.15) | Crisis Period™| -1999.9.30) | Crisis Period"
Sample Size 927 48] ' 450 445 376
Mean 0.000 (1001 0.000 -0.001 : 0.000
Standard Deviation |  0.016 0012 | 0.003 P0020 0.008
Kurtosis™ 46.01" 42.29" 10.37° 35.59" 8.66"

Notes: 1) The crisis period is from 1997.11.1 to 1998.3.31,
2) A value of kurtosis greater than 3 implies that the distribution is leptokuttic, and *(**)
indicates the kurtosis is significantly greater than 3 at 5%({1%) significance.

7) Some hypotheses have been advanced to account for the leptokurtesis of empirical distributions of the
asset price changes, They may include some kind of mixed diswibution, time varying parameters and
volatile and cheppy markets where large price changes are more often than not likely to be followed
by large changes with the sign reversed, and most small changes are positively correlated.

8) Kurtosis(zs) is defined as follows:

_ "
4= PE
where # 3s the fourth moment around the mean and ¢ is the standard deviation, The kurtosis obtained
from the actual sample becomes bigger as the relative frequencies of observations deviated greatly from
the mean are higher.
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It is also worthwhile to note that the standard deviation has increased after the
free-floating regime, while the kurtosis has decreased.?? This implies that the
free-floating system has made the exchange rate more volatile on the whole, but
the relative frequencies of observations that deviated greatly from the mean has
decreased after the frec-floating regime.

3. Random Walk

Much attention has been paid to some stylized facts about exchange rates after
the collapse of Bretton Woods in 1973, including that the exchange rate follows
a random walk. Many empirical investigations have shown that the exchange rates
between major currencies are closely approximated by a random walk, which
implies that exchange rate cannot be predicted by any macro-variables or structural
model(Meese and Rogoff{1983)).

While the daily exchange rate of the Korean won to the U.S. dollar is shown
to be stationary before free floating, it is closely approximated by a random walk
after free floating(see [Table 2]). Hence, the use of high frequency exchange rate
data in empirical works involving structural modeling should be made with care.

[Table 2] Unit Root Tests of Daily Exchange Rates
Before Free Floating After Free Floating
Whoie A
Period | (1996.1.3 Excluding | {1997.12.16 | Excluding
-1997.12.15) | Crisis Period | -1999.9.30} | Crisis Period
Dickey- t-statistics | -1.6 54" 1.8" T 22 -1.5
Fuller Test| p_giatistics | 1.5 176" 94" 37 1.5
Augmented DF Test -1.2 53" 17" 337 -19
Phillips-Ferron Test -1.3 497 1.5 -1.9 -1.7

Note: *(**} indicates that the null hypothesis of random walk is rejected significantly at the 5%(1%)

level,

9) It can be shown that the kurtosis has significantly decreased afier free floating by using the fact that
the kurtosis is asymptotically normal with a mean of 3 and variance of 24/T as the number of

obscrvations increases.
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M. Foreign Exchange Market Efficiency

1. Tests of Foreign Exchange Market Efficiency

In general, an efficient capital market is defined as a market in which prices
fully reflect all available information and, consequently, investors cannot systemati-
cally earn an "unusual" profit on the basis of information available in the market.!0)
In an efficient market, participants usnally take a passive trading strategy on the
market price and derivatives evolve as means of hedging risk. Efficiency helps many
unprivileged players to participate in the market with their own risk-return protiles,
and thus contributes to opening local markets to the international market.!l)

Market efficiency is conceptually a joint hypothesis of the price predictability
by an equilibrium market model and the rationality of expectation, which brings
about some practical difficulties in testing market efficiency. As for the foreign
exchange market, empirical testing of efficiency involves more complications
because there is no satisfactory equilibrium model for the exchange rate and the
riskiness of speculation in the foreign exchange market needs more examination.
In the end, testing foreign exchange market efficiency is focused on examining the
existence of exploitable profit oppertunities rather than on the equality of actual
exchange rate and the predicted exchange rate by an equilibrium model.

Efficiency of the foreign exchange market is usually realized depending on two
conditions: covered interest rate parity that riskless arbitrage yields no profit and
forward market efficiency in which the forward exchange rate incorporates all
available information about the expected future spot rate.

- covered interest rate parity Fromi— e—i—ii+u, (1)
- forward market efficiency frem=Eien+rvio (2)
= Eiein— er=i/i it U~ 7 3)

10} This definition of market efficiency, more specifically, breaks down inio three operational tvpes of
cfficiency, mainly according to what constitutes “available” information: weak [orm efficiency, semi-
strong form efficiency and strong form efficiency. Weak form efficiency postulates that investors
cannot earn abnormal relums from examining past price data, and semi-strong form efficiency also
goes on 10 include publicly available information as part of the information set available o the market.
Roth forms of efficiency require that the asset price should be the market's best prediction based on
all publicly available information. Streng form efficiency states that investors cannot earn uniusual
returns even with some proprietary information because of regulations on public announcement and
insider dealing.

I1) The openness policy improves foreign exchange market efficiency in the other direction.
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where £ is the one-period ahead forward exchange rate at ¢, ¢ is the spot
exchange rate at f, £, is a mathematical expectations operator based on the set of
information available at t, i is the domestic interest rate, {; is the foreign interest
rate, 4 is the random deviation, and r; is the risk premium, and all terms except
interest rates are expressed in logarithm.

Equation (3) states that the interest rate differential arbitrage vields no pmﬁtlzl
since the exchange rate fully reflects all the information including risk premium
if i is a zero-mean white noise.

From equations {1}~ (3), the following equations, (1)'~(3)", are derived for the
estimation, in which the parameter restriction of & =0 and 8= 1 or the stationarity
of the residual series are empirically tested to examine foreign exchange market
efficiency.13)

Fria1— er:ﬂ'+3(3‘e_f' :)+Ee+1 (1
epi=at B mitem 2y
de v =at Hi,—i :)+€e+1 3)

This type of efficiency test not only has some procedural problems in relation
to the classical test of unit roots in the residuals,!4) but also it is not immune to
the riskiness of speculation in the foreign exchange market, That is, the form of
risk may render the above equations to not hold in spite of market efficiency and
it is not easy to evaluate the riskiness of some assets in different countries.

It is even more difficult to apply this type of test to Korea's market because
the forward rate data is not sufficient in both quantity and guality, and, there is
little information on the risk and risk premium.!>)

2. Autocorrelations of Changes in Exchange Rate

First, the spot market efficiency is conceptually examined using the sample

12) Equation {3) amounts to uncovered interest parity in case that », is 0.

13y Specifically, =0 and 5= is what we refer to as semi-strong form of efficiency, and the stationarity
of the residual corresponds to a weak form of efficiency.

14) This type of efficiency has recently been further developed and reviewed with some progress in
unit-root test methodology(Dutt and Ghosh{1999)).

15) Park and Song(1999) note that there has been no regulation on the offshore non-deliverable forward
{NDF) markets for Korean won against the U.S, dollar and that foreigners have freely participated
in those markets. They show that there exists some bias between the spot rate and NDF forward
rate, which implies market incfficiency.
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autocorrelations of exchange rate change on the basis of weak form efficiency.!9)

Most empirical studies have found that the sample autocorrelations of the changes
in the exchange rate between major currencies are small and not significant,
irrespective of the lag length. _

The sample autocorrelations of the changes in daily exchange rate for Korean
won to the U.S. dollar are shown to remain large even after the free-floating regime
(see [Table 3]). This suggests the possibility that the foreign exchange market is
still inefficient and the exchange rate moves in trends after free floating. With the
crisis period included, the sample autocorrelations are significantly large over the
whole lags regardless of free floating. This is mainly due to the fact that the
exchange rate continues to rise for a while and then decline during the crisis period,
thus forming the trends.

It is noted that the method of examining market efficiency through the
autocorrelations requires the less justifiable assumption that the nominal interest
differential is constant, and the autocorrelation test is basicaily based enly on the
linear relationship between exchange rate movements.!?) In the following section,
market efficiency is examined by analyzing directly whether the use of technical
trading rules would have yielded significant risk-adjusted returns had they been
rigidly followed in the past.

[Table 3] Autocorrelations of Daily Exchange Rate Changes"

Whole Before Free Floating : After Free Floating
Lag Period {1996.1.3 Excluding (1997.12.16 |  Excluding
-1997.12.15) Crisis Period -1999.9.30) ¢ Crisis Period
1 0.328" 0.262" 0.205" 0.301" . 0.200™
2 -0.202" 0.066' 010 -0.292" -0.018
300 03387 0.121° -0.052 -0.441" 0082
4 -0.253" -0.113" -0.052 -0.242" -0.063
5 0.012 -0.092' 0.063" 0122 -0.005

Note: Exchange rate change is the first difference of log nominal exchange rate, and *(**) indicates
thar the statistic is significant at the 3%(1%) level.

16) If the exchange rate changes have some statistically significant sample autocorrelations, the exchange
rate changes can be predicted on the basis of their past price action. This is contrary to the weak
form of efficiency that investors cannot carn abrormal returns from examining past data. Of course,
the implication that the serial autocorrelation goes to the excess return and thus the spot market
inefficiency requires that the nominal interest differcntial plus the risk premiwm are constant for a
while.

17y Traditional serial-correlation tests will not be able to detect the existence of nonlinear dependence.
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IV. Efficiency and Prbﬁtability of Technical Analysis

1. Technical Trading Rules

Technical analysis is now widely used in major foreign exchange markets. An
investor who rigidly adheres to technical trading rules becomes more influential on
the exchange rate determination. Although exchange rates are shown not to have
significant autocorelations in the major markets, most studies have also found that
technical trading rules would have yielded significant risk-adjusted returns had they
been followed in the past. These findings imply that there is some inefficiency
inherent in the foreign exchange market, even in the major markets.!$) The
profitability of technical wading offers some suggestions in relation to intervention
effectiveness and market stability now that the exchange market continues to grow
with increasing participants including noise traders.19)

To distinguish trends from shorter-run fluctuations, technicians employ two types
of analysis: charting and mechanical rules?® To identify trends through the use
of charts, technicians must first find peaks and troughs in the price series, seek
out exchange rate patterns and then confirm a reversal of the previous trend. This
charting method is very dependent on the interpretation of the technician who is
drawing the charts and interpreting the patterns. Mechanical trading rules avoid this
subjectivity and are thus more consistent and disciplined. There are two well-known
types of mechanical trading rules: filter rules and moving average rules, This paper
examines how these two common types of trading rules are formulated and how
the returns generated by these rules are measured for market efficiency.

The filter rule advises buying(selling) a currency when it rises(falls) x% above
(below) its previous local minimum(maxirmum), which is expressed as follows:

BU}’ if S; = (1+x;’100)min{S,_l‘S;_gb“'.S;_ﬂ}, and

18} Some structural features of the foreign exchange market such as asymmetric information, information
superiority of market makers and sequential trading, and central bank intervention might explain the
market incfficiency.

19) Hung(1991) presents the “chartist channel of mtervention” as an aiternative channel through which
the sterilizing intervention of the central bank influences the trend in exchange rates. For example,
by entering an overextended and uncertain market, a surprise round of concerted intervention in a
relatively thin market could temporarily disterb flow market equilibrium enough to break the trend
in exchange rates. Then, as chartists perceive that the prevailing end has been broken and that a
trend reversal is being formed, they may take on new positions. This will tend to perpetuate the effect
of the initial intervention operation. .

20} The actual technical analysis is more complex and continues to develop. For example, many technical
analysts nse support or resistance level, Clliot wave theory and Fibonacei number.
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Sell If S, < (1-x/100) max{S,_; S;_g,S—ph

The moving average trading rule prescribes a buy(sell) signal when a short
moving average(s-days) crosses a longer moving average(l-days) from below
(above), which is represented as follows:

Buy if —1 205,_{- = % Znsf—i , and

sel 1t L 35, < 4 ;L‘os,_g .

H

2. Test of Efficiency using the Profitability of Technical Analysis

Six moving average rules and six filter rules were tested using the data(see
Appendix for computation of returns). [Table 4] shows the annualized percentage
retuns over each period. The mean annual refurn to the twelve rules are
significantly large over all the periods, which casts doubts on the market efficiency.

It must be noted that most rules get more profitable after free floating than before,
when the crisis period is excluded. This suggests that the exchange rate still moves
in trends although it is more volatile after the free-floating system is introduced.

[Table 4] Profitability of Technical Trading Rules
{annual return, %)
. Before Free Floating After Free Floating
Trading Whole - - ] I ——
Rule Period {1996.1.3 Excluding __ {(1997.12.16 Excluding
-1997.12.15) | Crisis Period | -1999.9.30} | Crisis Period
1-10 20.2 26.8 7.6 21.% 303
1-20 84 1 257 5.9 -39 14.1
Moving | 1-530 3.8 29.8 8.8 10.6 6.5
Average''! 5-10 5.4 232 d 36 -8.0 2.1
5-20 15.9 263 6.5 _ -16 15.3
5-30 24.0 20.3 8.3 10.8 7.8
05 245 24.2 39 235 249
1.0 16.5 16.7 2.0 14.9 16.3
Filter 1.5 18.3 16.6 1.7 187 13.5
Rule? 2.0 16.3 17.7 1.3 13.3 ; 9.8
25 14.2 17.3 11 93 | 56
L3 7.0 16.2 i 0.7 -4.6 -3.2
Notes: 1} s-1 of moving average indicates the length of the short{s-days) and long(i-days) moving
averages.

2y x of filter rule represents a filter size of x percent.
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It can be confirmed by examining the excess returns of different filter sizes that
the exchange rate still moves in trends even after introduction of the free-floating
system. The retums of filter rules increase as the filter size decreases after free
floating, which implies that the exchange rate moves in large swings or trends more
frequently rather than in a whipsaw fashion as in [Figure 2] below.

[Figure 2] Profitabilities by Market-Swing and Filter Size

Won/Dollar Won/Dollar

sell(S)

sell(L) :
buy(L) f

sell{S8) S Y 20 -3

time . time
The profit{(Ps) from trading rule of While no signal from trading rule of

smaller fiter size(S) is bigger than larger filter size(L), trading rule of
that(P.) from rule of larger size(L) samller filter size suffers a loss(Ls).

The profits after the introduction of the free-floating system are generally bigger
than those for the major foretgn exchange markets,2!) which reflects the market
inefficiency as well as the increased post-crisis risk.22)

For the major markets regarded as relatively efficient, the technical trading rules
are profitable, which has been shown to be closely related to central bank
intervention.2?)

21} The profits, which vary slightly according te the selected rules, objective currencies and sample periods
are roughly helow 10%. When the same rules are applied to the German mark and Japanese yen
for the same period as in this paper, the excess returns are 3~10% as a whole.

22} The higher profitabilitics are mainly duve to the increased risk premium afier the currency crisis. Market

inefficiency now should be one of major factors now that the portfolio capital rushes rapidly into”

Korea and that some of the major markeis were incffictent for some time.

23} The central bank is shown to be related with market inefficiency because it sometimes tries to make
or reverse a trend on purpose rather than realize profit maximization, and its intervention Is one of
the critical pieces of information in the market(Lebaron(1996), Szakmary and Mathur(1597), Neely
{1997)).
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Trading rule profits, excluding the days when the central bank presumably
intervenes, are examined in order to investigate whether trading rule profits may
also be related with intervention in Korea. The results show that the returns are,
as a whole, higher when there is no intervention.24) Hence, trading rule profits are
closely related to intervention in Korea, and further research on this topic will be
needed.

Finally, the Sharpe ratios?S) were calculated to examine whether these excess
returns are merely compensation for bearing excessive risk. The Sharpe ratios of
technical analyses are relatively higher than the 0.01--0.08 values obtained by a
simple buy-and-hold strategy in KOSPL In the end, the higher profitability of
trading rules are not compensation for the excessive risk inherent in the trading

rules.
[Table 5] Sharpe Ratios of Trading Rules
. Before Free Floating After Free Floating
Trading Whole ; S I 9 T
Rules Period (1996.13 E.xFIudlng (1997.12.16 Ej,)&j:]l.ldll’lg
-1997.42.15) } Crisis Period | -1999.9.30) | Crisis Period
1-10 0.09 0.21 0.14 0.07 0.19
1-20 0.03 0.19 0.11 -0.10 0.09
Moving 1-50 0.10 0.22 0.15 ; 0.05 0.02
Average | 510 .02 ! 0.16 0.06 -0.04 : 0.07
520 0 007 0.20 0.12 -0.10 0.10
5-50 0.L1 0.22 0.15 0.05 0.03
0.5 0.15 0.10 (1o 0.15 0.17
1.0 0.11 0.08 0.10 0.1t 0.12
Filter 1.5 0.13 0.10 0.15 612 0.11
Rule 2.0 012 0.13 0.16 0.10 ; 0.10
25 . on 012 0.13 0.08 0.07
| 30 0.06 0.11 0.31 -0.03 -0.05
KOSPI -0.08 0.01 -0.10 0.08 0.06

24) The exchange rate alternates between upward and downward trends during the sample period and
the central bank trics to alleviate or reverse those wends. This situation may fom a negative
relationship between intervention and exchange rate movement. More detailed discussions have not
proceeded because of limited data on intervention,

253 The Sharpe ratio is one measure of risk -- the imean annual return divided by the mean annual standard
deviation. Higher Sharpe ratios are desirable because they indicate cither higher average excess returns
or liess volatility. The excess volaiility as well as excess refurns in the Korean foreign exchange market
calls for further research m the future.
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V. Summary and Conclusions

Korea's foreign exchange market has been changing in light of increased
fransaction turnover and volatility since Korea shifted to a free-floating exchange
regime and began taking foreign exchange liberalization measures in late 1997. This
paper has examined, based on the limited data, the changes in the foreign exchange
market after Korea introduced the free-floating exchange systern, and evaluated the
improvement of market efficiency.

First, the distribution of daily exchange rate changes is leptokurtic and the
exchange rate follows a random walk after free floating. Therefore, the high
frequency data should now be used with caution in the structural foreign exchange
rate models. '

Second, the foreign exchange market is still inefficient even after imtroduction
of the free-floating regime now that the autocorrelations of the exchange rate
changes are significantly large as a whole and the retums of trading rules are much
bigger than in the major foreign exchange markets. That is, volatility is higher after
free floating but the exchange rate still moves in trends, which is confirmed by
the profitabilities of different size filter rules. The profitability of trading rules is
also closely related to central bank intervention,

Despite a lack of consensus surrounding efficiency tests and interpretations, these
empirical findings suggest several implications for further research on Korea's
foreign exchange market as well as policy measures aimed at improving the foreign
exchange system in Korea.

First, the research on Korea's foreign exchange market should be focused on
efficiency tests based on the systematic study of risk in Korea, such as mico-
structural analysis of asymmetric information and transaction costs. Particulary, the
microstructure of Korea's foreign exchange market must be thoroughly examined
to pinpoint the structural factors of inefficiency. As the forward market is more
activated and risk premium is more deliberately reviewed, the efficiency tests of
Korea's foreign exchange market will become more enriched in the near future.

Second, the study of the effectiveness of intervention as well as the establistanent
of market monitoring is needed now that the trading rules are highly profitable,
the participants in offshore NDF markets are using technical analyses, and there
are more participants in Korea's foreign exchange market including noise traders.
Specifically, the current intervention method through agents must be examined in
order to maintain the effectiveness of intervention and raise the price function of
the foreign exchange rate.

Finally, the degree of liberalization and opening, both in quantity and quality,
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should gradually increase for the development of Korea's foreign exchange market.
At the same time, the short-term capital market, financial intermediaries and
financial market must also be strengthened in order for the participants in the foreign
exchange market to be able to recognize and manage risks in the market.
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<Appendix>  Return to the Technical Trading Rules

To determine whether the technical trading rule is profitable, we assume that a
trader holds an amount of money - say W1 - in a margin account that collects
the Korean interest rate. If the rule directs the trader to buy dollars, the trader
borrows #1, using the margin as collateral, and converts the borrowed money to
a dollar investment at the spot exchange rate. If the trader receives a signal to sell
the dollar, he borrows ¥/ 1 worth of dollars - using the ¥#1 in his margin account
as security - and converts those dollars to a won-denominated bank account.

At first, consider the sitnation where the rule directs the trader to buy dollars.
The won rate of return on the dollar investment is the product of the overnight
ULS. interest rate and the rate of appreciation of the dollar against the won. The
investor must also pay interest on the won that were borrowed. The gross excess
return, Ry, of this strategy over simply holding the margin account is

S .
R, =——-§—1—(1+z‘?)/(1+z‘}’")

where / % is the U.S. overnight interest rate, S,.1/S; is the appreciation of the dollar
against the won ovemight, and /% is the Korean overnight interest rate.
The continuously compounded(log) excess retum, #;, is defined as

ri= IS — S+ 0 +iH—In(+7)
The return to a dellar short position is the negative of the return to a long position

above.26) Hence, the total excess return, for a trading over the period from time
zero to time T is given by:

¥y o= iﬂz;?’;

where Z, is an indicator variable taking the values of +1 for a long position and
-1 for a short position.

26) The definition of »: introduces a very small approximation in the case of a short position.




