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Forecasting Exchange Rate by Finding Trend Change
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ABSTRACT

In this article we propose a new type of time trend forecasting algorithm (TFA) which effectively incorporates a recent
trend change into the forecaster by finding a proper trend from “recent length | segment” of exchange rate data. It will be
shown that choice of | is critical for successful implementation of TFA and that predictive error-based method works
pretty well for a proper choice of |. In addition monitoring tool is provided for checking the validity of the forecaster. An
empirical study for exchange rate forecasting of Korea Won (KRW) to US Dollar (USD) is done for evauation of the
algorithm, which verifies usefulness of TFA particularly for yearly forecasting.
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Introduction

Exchange rates occasionally exhibit dramatic changes in
their behavior, associated with events such as financial crises
or abrupt changes in government policy [1,2]. Thusit iswidely
accepted that empirical exchange rate models are characteriz-
ed by dismal out-of-sample explanatory power or their poor
forecasting performance[3,4]. Recently there has been increas-
ed interest in the models which could capture trend change or
regime shifts effectively. As one of the outstanding models in
this direction, [5] developed the well-known Markov switching
model which assumes a finite number of models as the possi-
ble underlying trend and employs a discrete state Markov pro-
cess for trend switching mechanism. [6] noticed that for many
cases of exchange rates the Markov switching model (MSM)
produces an excellent in-sample fit but still suffers from poor
out-of-sample forecasts. Since then much efforts have been put
into improving out-of sample forecasting performance of the
Markov switching model (see[7-12]).

In this paper, we propose a new approach which utilizes trend
change (or regime change) for forecasting in a different man-
ner from MSM. Indeed assuming that time trend model is acting
as the proper underlying forecaster (this will be justified later),

the proposed trend forecasting algorithm (TFA) effectively
incorporates a recent trend change into the forecaster. This is
done by finding a proper trend from the “recent length | seg-
ment” of exchange rate data. It will be shown that choice of |
is critical for successful implementation of TFA and that pre-
dictive error-based method might work pretty well for a proper
choice of I. In addition monitoring tool is provided for check-
ing the validity of the forecaster currently employed. An empi-
rical study for exchange rate forecasting of Korea Won (KRW)
to US Dollar (USD) is done for evaluation of the agorithm,
which verifies usefulness of TFA particularly for yearly fore-
casting. This paper proceeds as follows. Section 2 proposes
and discusses the time trend forecasting algorithm (TFA). Sec-
tion 3 applies TFA to exchange rate forecasting for KRW to
USD during 2004-2008 and evaluates its performance. Section
4 contains the concluding remarks.

Time Trend Forecasting Algorithm for
Exchange Rate
1. Motivation

It is awell-established economic theory that the real exchange
rate moves around the equilibrium exchange rate (EER) which
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is determined by demand and supply of foreign exchange mar-
ket. Assuming the existence of EER, there could be two kinds
of such, i.e., timeinvariant EER and time variant version[13].
The well-known time invariant EER is purchase power parity
(PPP) model and it indicates the situation where EER is achi-
eved invariantly over time thanks to constant macro economic
equilibrium. In the meantime time variant EER indicates the
case where EER moves dynamically as the macro economic
equilibrium changes over time(see [14-16]).

When one examines the EER and the real exchange rates, he
or she typically notices that the real rates move around EER
dowly with a rather long cycle, often producing the graph of
the two rates inter-wound together loosely (see [15]). This
observation provides quite informative tips for employing
time trend model for the exchange rate variation. Indeed the
trend plus trigonometric function with a cycle L-day appears
as a reasonable model for the exchange rate variation since
the trend and the trigonometric function may be considered as
representing EER and the (expected) cyclic difference between
EER and the exchange rates, respectively. Thus, throughout
this article, the time trend model

. 2nmt 2mt
Z[:fo(t)+ocls|nT+oczcosT+gl for 1<t<T (2)

is employed where Z, isthe exchange rate at timert, f, is assum-
. 2mt 2nt -
ed to bethe EER, o sin T+(x2 cosT isthe cyclic differ-

ence with the period L, &’ s are assumed to be stationary errors
and T is the present time. Of course an important issue for
model (1) is estimating fy, oy, o, and L with exchange rate
data. For thiswe will note the followings. First, we will consi-
der the trigonometric function of (1) to be almost fixed once it
is estimated properly from alarger set of the past data. Asdis-
cussed earlier, thisis based on the observation that cyclic move-
ment of the discrepancy between the EER and the exchange
rate tends to be time invariant. In other words cyclic mecha-
nism between the government effort to correct the discrepancy
and its effect to the rate is assumed to remain unchanged over
time. Second, for estimating f, we will use the recent length |
segment of exchange rate data and | is chosen by predictive
error-based method. This step is based on the assumption that
the trend recently changed after t=T—I+1 is valid for fore-
casting after t=T. Third, since we are mainly concerned about
mid- or long-term exchange rate forecasting (see empirical
studies in Section 3), exact inference about the stationary error
with mean zero is not pursued in detail. Recall that the station-

ary error might play a significant role for daily forecasting and
in such case it is to be fitted by a standard stationary process
such as ARMA (autoregressive moving average). Finally note
that for the case of time invariant EER, we may use model (1)
by setting fo(t)=p.

2. Time trend forecasting algorithm

For estimating model (1) at given current time T, time trend
forecast algorithm (TFA) employs a simple linear trend fy(t)=
Bo+ Bt and fits model (1) to the recent exchange rate segment
of length |. Now it is clear that the value of | totally determines
the resulting forecaster and hence choice of | iscritical for TFA.
Our method devel ops the forecaster which focuses the recent
segment of data for training and then use it as testing data for
choice of I. This is done by introducing the forecaster which
passes through the present data point but does not overfit to the
recent length | segment of data.

For detailed description of TFA in the below, let us assume
that Z,, -+, Z; are given and we like to build the forecaster
based on model (1) at the present time T. TFA consists of the
three steps given as follows.

(i) Obtain a proper period L. For this, one may use the con-
ventional spectral analysis applied to the past (de-trended)
exchange rates of length |5 (>300) days or Zy__4, -+, Z1. In
short, L might be searched over 0< L < I by spectral analysis.
At this step expertise of economists might be of great help
since L is basically related to long-term cyclic movement of
discrepancy between the EER and the real exchange rates.

(ii) Estimate & and &, with (Z;, -+, Z)=Zrc41, ***» Zy)
for some c<I,. Note that from here and subsequently we use
location transformation data(Z,, -+, Z.) instead of (Z_cyq, -+,
Z;) and hence the current data point Z; corresponds to Z; from
now on. At this step we estimate ¢; and &, of (1) with fy(t)=
Bot+PBut, using (Z,, -+, Z2) and L=L. A standard least square
method is employed here.

(iii) Use the recent length | segment of data to obtain an
appropriate forecaster

N A~ oA 2mt 2mt
fi(t)=PBo+Put+ 0 sin——+a,cos—— for c<t 2
L

L

where ﬁo, and ﬁﬂ are estimated with the recent | data Z. =
(Zeo41, +++ Zo)- In particular the slope B, is estimated from
Z., first and then the intercept S, is obtained by equating

Z.=f,(0). ©)
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In other words fAI is forced to go through (c, Z.). Recall Z.de-
notes the exchange rate at the present. Now choose | such
that for a positive integer c,> 2

I"=arg min;.., D(I) 4
where
D()=3 2 (e

Finally we have the adjusted forecaster

for t=c+1, ---.
®)
For monitoring fA,~(t) suppose that the residual {q,r:Zt—fAr(t):
t=c-1"+1, .-+, ¢, c+1, ---} isaiid sequence and its marginal
distribution is normal N(O, oﬁ). Then it is easy to see that

S - A .. 2nt 2nt
f-(t) =B+ By-t+0y SIN——+a, COS—
L L,

2
Q)= i ?‘—2' asymptotically N(I", 2I") (6)
t-'+1 O}
where 67 is an estimator of o7 from e, ={€,_-,1, -, &J}.
Thus @-(t) could serve as a reasonable test statistics for Hy:
no deviation from the current forecaster f}. Note that this pro-
cedure only detects a change caused by cumulative evidence
and is unable to indicate exactly when the change started to
occur.

3. Algorithm discussion

Remark 1. A key feature of TFA is that it effectively incor-
porates a recent trend change into the forecaster by finding a
trend from recent length | segment of exchange rate data. Since
TFA isdesigned for forecasting viaatrend of length | recently
changed, the accuracy of TFA totally depends on choice of I.
For an appropriate selection of | (say | "), we use test data appro-
ach. Infact Z;, used for training or obtaining fAI is also employ-
ed for testing for finding | . Thisis based on the idea that since
the forecaster fA| itself is designed to avoid overfitting to Z,
for 1> ¢y (see Remark 2 below), Z .| (and hence the predictive
risk based on it) is expected to perform reasonably well as test
data for choice of |. Note that the procedure for finding opti-
mal | in (4) yields |" achieving the minimum predictive risk
which measures the average discrepancy between the fore-
caster fA| andZ.

Remark 2. f, employs alinear trend as EER (or o (t)=/,+fit)
and forces itself to pass through the present exchange rate (see

(3)). In the meantime it imposes various conditions on itself.
For example, (3), | > ¢, of (4), and other fixed estimates of I:,
0y, Oy are imposed. Then from these one may notice the two
things about the forecaster. First, passing through the present
exchange rate forces the forecaster to focus on the most recent
exchange rates regardless of value of |. In other words it pro-
duces an estimated sample path fAI that leads to (c, Z,) for any
I, which explicitly means that fA, weighs the most recent data
including (c, Z,) more importantly against the previous ones
for any I. Second, fAl is designed to avoid overfitting to Z,=
(Ze 41, -, Zg) for | =cy> 2. Thisis true because it is usually
hard to overfit ﬂ to Z., when a set of various conditions are
imposed on ﬂ . Indeed the conditions mentioned above contri-
bute to preventing fAI from overfitting to Z., (refer to Figs. 6
and 7 for a typical overfitting result without condition on

1> cy).

Remark 3. Linear trend is assumed for the forecaster, which
eventually predicts either constant rise or fall of the rate when
one uses the forecaster for a very long period of time. Thus it
is very necessary to adjust the forecaster regularly or periodi-
cally. One may use the monitoring tool given at (6) for the
adjusting purpose.

Remark 4. Though both TFA and Markov switching model
(MSM) are developed for forecasting based on trend change,
they differ mainly in two aspects. First, TFA focuses on find-
ing “the current trend among infinitely many different trends’
while MSM focuses on finding “the stochastic mechanism for
transition among the finitely many different trends(two or three
in most cases)”. Indeed TFA examines various possible sample
paths leading to the current exchange and then chooses one,
which is done by selecting I” from | > ¢, via(4), whereas MSM
estimates the probability that the current trend is one of the
given two or three trends, which is usually done by employing
likelihood approach. Thus TFA has a much richer class of pos-
sible trends than MSM in finding a proper trend that governs
the current exchange rate. This certainly gives a competitive
edge to TFA for accurate forecasting. Second, TFA assumes the
validity of the recent trend for the future while MSM assumes
the validity of the stochastic trend change mechanism for the
future. Thus forecasting performance of each algorithm criti-
cally depends on such assumptions. Here it is worth mention-
ing that checking the assumption for TFA is easy (see (6)) but
checking the assumption for MSM is usually quite difficult

(see [17]).
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Empirical Examples

Throughout this section we consider the yearly forecasting
of the exchange rate for KRW to USD. Indeed we use TFA to
forecast the exchange rate for the coming year at the end of
the current year, which will be done for the exchange rate data
during 2004-2008 (see Fig. 1). Thusthe c of algorithm descrip-
tionin Section 2-2 (see(2) or (3)) equa s to 250 or 249 depend-
ing on the year (or c=250 or 249). This type of yearly fore-
casting is quite important since the government or the private
firms used to make the next year budget at the end of the cur-
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Fig. 1. KRW/USD exchange rates from January, 2004 to June, 2008.

Table 1. Spectral analysis result for 2004-2007 exchange rates
Spectra estimate

L days(period)

. 3335.89
1107.00 3863.34
553.50 6196.98
369.00 8483.99
276.75 9767.38
221.40 8479.27
184.50 5534.94
158.14 2881.37
138.38 1325.91
123.00 1120.80
110.70 1118.59
100.64 1298.81
92.25 1088.59
85.15 784.93
79.07 481.62
73.80 356.22
69.19 264.42
65.12 276.85
61.50 448.64
58.26 680.51
55.35 787.04
52.71 695.66
50.32 560.22
48.13 419.41
46.13 298.95

rent year based on the forecasted exchange rate. Throughout
this empirical study, L=250 for step (i) is fixed because cyclic
movement of the discrepancy between the EER and the real
rate for KRW/USD is known to have period 250 roughly [15,
16]. In fact standard spectral analysis for the de-trended ex-
change rate during 2004-2008 confirms this(see Table 1). For
simplicity of explanation, let fALy denote the forecaster estimat-
ed or trained on the recent | segment of exchange rate at t=c
(or at the end of year y) and define

| A
Dy(|)=t=Zl(Zc-t—f|,y(C—t))2/ | (10)
t 2 N
Q-y(H)= = ?"2' d (12)
t-1"+1 Gl‘,y

where{e, -, =Z,~f- ,(t): t=c—1"+1, ---, ¢, c+1, -} and 67,
is an estimator of o7, from e, ,={€ 141y, **, €} Note
the above quantities are introduced for defining (4)-(6) for our
empirical study itself. Now for each year, we will do the fol-
lowings. For obtaining o, and o, of step (ii), the standard least
sgquare method for (1) is employed with Z,, -+, Z. and L=250.
To implement step (iii), |, (the minimize of Dy(l)) is searched
over 1=50, 60 -+, 250 with ¢,=50. For evaluation of the result-
ing yearly forecaster for the following year y+1 we calculate
for =50, 60 ---, 250,

Duyal) =2 o=y (c+0) ey (12

where ¢, is the number of the following year (or year y+1)
exchange rates used for evaluation, usually ¢,=250 since our
yearly forecasting usually requires the length of year to be 250.
Note that (12) is calculated to check whether Iy* minimizing
D,(l) is consistent with IIy minimizing D, ,4(1) (or whether the
optimal choice from the previous year y performs reasonably
well for prediction of the following year y+1). In addition,
monitoring result by (11) is given for reference for each year
below.

For forecasting 2005 exchange rate, the exchange rates from
2004.1.1-2004.12.31 are used. Figs. 2 and 3 depict Dygou(l)
(see (10)) and Dy o005(1) (see (12)) respectively, and the fore-
caster ﬁ - 2004 Obtained from the 2004 exchange rates for 2005
forecasting is given in Fig. 4. In addition monitoring result is
givenin Fig. 5. From these figures one may notice the follow-
ings. Figs. 2 and 3 show that D,yu(l) chooses | 54,,=180 and
D1 2005(1) (prediction evaluation) favors I12005=250. However,
note that advantage of |} ,0,5=250 over |5,=180, when being
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Fig. 2. Plot of D (1) which chooses |5,,=180.
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Fig. 3. Plot of Dy 5005(1) which eval uatesﬂ 2004 With the 2005 exchange
rates.

evaluated via Dy ,005(1), is not that significant as seen in Fig. 3.
Fig. 4 depicts

fAl",2004 ® =fA180,2004 ®

. 2t 2nt
=1224.636—0.639t—28.877 sin———23.612cos——
250 250
which is estimated from the 2004 exchange rates and shows
that it performs reasonably well until about July of 2005 (or
t=410). The monitoring result in Fig. 5 (or Qg 004(t)) picks
up that time point successfully. Recall that atoo small p-value
indicates a failure of the forecaster fA180,2004. In Figs. 6 and 7,
we show that a proper choice of ¢, is necessary for successful
implementation of TFA. Indeed Figs. 6 and 7 together show
that c,=15 may lead to atotally wrong choice of I5,,,=15 and
to overfitting to Z ,50 15=(Zogs, ***+ Zoso)-

For forecasting 2006 exchange rate, the exchange rates from
2005.1.1-2005.12.31 are used. Figs. 8 and 9 depict D,ggs(l)
and Dy 506(1) respectively and the forecaster ﬂ*,zoosfor 2006 is
given in Fig. 10. Monitoring result is given in Fig. 11. From
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Fig. 4. Plot of ﬂ*,szflao,zm (smooth curve) with the 2005 exchange
rates.
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Fig. 5. Plot of p-value by test statistics Q;gg »400(t) for 2005.
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Fig. 6. Plot of D,y (1) with c,=15.

0

these results one may notice the followings. Figs. 8 and 9 show
that both D,gos(1) and Dy 06(1) equivalently choose 1=70 or
5005 =1 2006: AlSO note that advantage of |5405=1; y05=70 OVer
other values of | is outstanding, particularly when being eva-
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Fig. 7. Plot of fA|,2004=fA15,2004 (smooth curve) with the 2005 exchange
rates.
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Fig. 8. Plot of Dgs(l) Which chooses | 5005=70.

luated via D, ,06(]) @sseenin Fig. 9. Fig. 10 depicts

fAl*,2005('[):fA7o,2005('[)

.2t 2nt
=1098.401-0.37t—21.949sin—— +7.029 cos——
250 250

for 2006 forecasting and shows that it performs reasonably
well throughout the entire year 2006. The monitoring result
(Q70,2005(t) Fig. 11) confirms this by indicating that model is
valid except the period from t=266 (2006.1.27) to t=377
(2006.6.19).

For forecasting 2007 exchange rate, the exchange rates from
2006.1.1-2006.12.31 are used. Figs. 12 and 13 depict Dygs(l)
and Dy y0(1) respectively and the forecaster ﬁ*,zooe for 2007
forecasting is given in Fig. 14. The monitoring result is given
in Fig. 15. From these one may notice the followings. Figs. 12
and 13 show that D,gs(l) choOSES | 5006=150 and D 507 (1)
(prediction evaluation) favors | ,,,,=180. However, note that
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Fig. 9. Plot of Dy y06(l) Which eval uatesflz005 with the 2006 exchange
rates.
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Fig. 10. Plot of ﬂ ~,2005:fA70,2005 (smooth curve) with the 2006 exchange
rates.

advantage of 17 ,0,;=180 over |5,,,=150, when being evaluat-
ed via Dy 507(1), is not that significant as seen in Fig. 13. Fig.
14 depicts

fAl*,zooe(t) =fA150,2006(t)

. 2mt 2nt
=973.1-0.188t—17.382sin——+2.203 cos——
250 250

for 2007 forecasting and shows that it performs poorly, which
is confirmed by the monitoring result (Qsp2006(t)) in Fig. 15.
The poor performance of the 2007 forecaster is expected to a
certain degree since the estimated path of rates(or ﬂ-'mf,:
]:150,2006) to the present rate Z,5, (or the rate on the end day of
2006) seems to be an unlikely one in the sense that most of
the exchange rates are below the estimated path near the end
of 2006, as seenin Fig. 14.

For forecasting 2008 exchange rate, the exchange rates from
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Fig. 11. Plot of p-value by test statistics Qyg x005(t) for 2006.
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Fig. 12. Plot of D,g(1) Which chooses | 55,=150.
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Fig. 13. Plot of D; ,07(1) Which evaluates f, ,05 With the 2007 ex-
change rates.

2007.1.1-2007.12.31 are used. Figs. 16 and 17 depict Dy (1)
and D; 0q(1) respectively and the forecaster fi- o7 for 2008
forecasting is given in Fig. 18. The monitoring result is given
in Fig. 19. From these figures one may notice the followings.
Figs. 16 and 17 show that both Dy (1) and D xn08(l) equivar
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Fig. 14. Plot of ﬂ *'2006=1‘A150_2006 (smooth curve) with the 2007 exchange
rates.
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Fig. 15. Plot of p-value by test statistics Qs 200s(t) fOr 2007.

lently choose | =50 or 1550;=17 ,005. AlSO Note that advantage of
15007=11.2005=50 over other values of | is outstanding, when
being evaluated via D, xg(l) @sseenin Fig. 17. Fig. 18 depicts

ﬂ”,2007(t) :fso,zom(t)

. 2nt 2mt
=785.46+0.61t+3.721sin——+2.374cos——
250 250

for 2008 forecasting with the corresponding real exchange
rates and shows that it performs reasonably well throughout
the entire year 2006. The monitoring result (Qsy 007(t) Of Fig.
19) indicates that ﬂ',2007 fails to catch up the increasing trend
after t=284 (or the end of February, 2008).

Remark 5. The year 2006 and 2008 KRW to USD exchange
rate forecasting are the well-known cases where all forecasting
by the private and government research institutes completely
failed. Refer [16] for 2006 failure. For 2008 failure, it is well
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Fig. 17. Plot of D;,0g(l) Which evaluates flzom with the 2008 ex-
change rates.
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Fig. 18. Plot of ﬂ . 2007:&0, 2007 (SMooth curve) with the 2008 exchange
rates

known that no forecasting predicted the rising exchange rate
in 2008 at all (see Fig. 18). Thus for each of two years their
forecasting caused severe difficulty to the government or pri-
vate firms carrying the following year budget based on their

12
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V2 115 128 2/13 2/26 3/10 3/21 4/3 4/17 4/30 5/16 529 6/12
2008

Fig. 19. Plot of p-value by test statistics Qs s007(t) for 2008.

forecasting. Taking into account such complete forecasting
failures, TFA here reports quite successful forecasting episodes
for those years. On the other hand, it is worth mentioning that
2005 and 2007 forecasting by TFA registered failures, com-
pared to the forecasting made for 2006 and 2008. These two
different forecasting episodes clearly verify the advantages
and the disadvantages of TFA. Indeed TFA is quite effective
for finding the recent trend change made beforet<c—c, where
c is the current time point (recall that the condition 1>c¢; is
imposed for preventing overfitting of the forecaster). How-
ever, if the trend change occurs c—c,< t and that trend governs
the future, failure of TFA isinevitable. For example, one may
easily see that the year 2006 (i.e., failure year) has time vari-
ant EER before c—c, but trend has changed to an almost time
invariant EER after c—c, (Fig. 14). Similar remarks could be
applied for 2005 forecasting.

Concluding Remarks

This paper proposes the TFA algorithm which incorporates
recent trend change into the forecaster effectively. As seenin
empirical examples, it works quite well as long as the recent
trend change starts before reasonably earlier than the present
time. It is interesting to report that TFA could improve MFM
in two aspects; (i) it considers various types of trend changes,
which leads to an improved forecasting performance (ii) it is
easier to check validity of TFA than MFM. Also notethat itis
usually hard for general econometric forecasting model to
incorporate the recent trend change into the model since it
requires timely adjustments of the various related economic
variables and their relations in the model.



Kwon OJ et al. : Exchange Rate Forecasting 15

References

1. Jeanne O, Masson P. Currency crises, sun spots, and Markov-
switching regimes. J Int Econ 2000;50:327-350.

2. CerraV, Saxena SC. Did output recover from the Asian crisis?
Imf Staff Papers 2005;52:1-23.

3. Meese RA, Rogoff K. Empirical exchange rate models of the
seventies: Do they fit out of sample? J Int Econ 1983;14:3-24.

4. Meese RA, Rogoff K. The out-of-sample failure of empirical
exchange rate models: Sampling error or misspecification? In
Frenkel J, editor. Exchange rates and international macroeco-
nomics. Chicago: University of Chicago Press; 1983.

5. Hamilton JD. Analysis of time series subject to changes in
regime. J Econometrics 1990;45:49-70.

6. Engel CM. Can the Markov switching model forecast exchange
rates? J Int Econ 1994;36:151-165.

7. Kim CJ. Dynamic linear models with Markov-switching. J
Econometrics 1994;60:1-22.

8. Diebold FX, Lee JH, Weinbach GC. Regime switching with
time-varying transition probabilities. In Hargreaves C, editor.
Nonstationary time series analysis and cointegration. Oxford:
Oxford University Press; 1994.

9. Filardo AJ. Business-cycle phases and their transitional dyna-

10.

11.

12.

13.

14.

15.

16.

17.

mics. JBus Econ Stat 1994;12:299-308.

Peria MSM. A regime-switching approach to the study of specu-
|ative attacks: A focus on EMS crises. In Hamilton JD, Baldev
R, editors. Advances in Markov-Switching models. Heidel-
berg: Physica-Verlag; 2002.

Calvet L, Fisher A. How to forecast long-run volatility: regime-
switching and the estimation of multifractal processes. J Finan-
cial Econometrics 2004;2:49-83.

Sims C, Tao Zha. Were there switches in U.S. monetary policy?
Working paper, Princeton: Princeton University; 2004.
Williamson J. Estimating equilibrium exchange rates. Washing-
ton D.C: Ingtitute for International Economics; 1994.

Hinkle L, Montiel P. Exchange rate misalignment: concepts and
measurement for developing countries. World Bank. 1994.
Kim C, Kim S. Estimation of the equilibrium exchange rate of
KRW to USD and its evaluation. Seoul: Korea Economic Rese-
arch Institute; 2002.

Kim TY, Kim C, Kim H. Exchange rate forecasting by time
series model and its validation evaluation. Seoul: Financial
Risk Review, Korea Deposit Insurance Corporation; 2007.
Carrasco M, Hu L, Ploberger W. Optimal test for Markov swit-
ching. Working paper, Rochester: University of Rochester;
2004.



