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Excess Volatility of Realized Excess Profit from
Currency Speculation in a Two-Country General
Equilibrium Model

Donggyu Sul*

Abstract

This paper examines whether the Lucas model can explain stylized facts in foreign exchange markets, by
employing Monte Carlo studies. It is assumed that changes in the logarithms of endowments and of money
supplies follow a multivariate Markov switching process. From the results of the Monte Carlo studies, with
plausible values of the preference parameters, the excess volatility of the realized excess profit from cur-
rency speculation, the strong autocorrelation of the forward premium in the sample can be found in the
model for four exchange rates. However, the implied covariance between the forward premium and depre-
ciation rates is positive.

1. Introduction

Since the abandonment of the Bretton Woods arrangement, a number of empirical
studies have established stylized facts in foreign exchange markets." Among the styl-
ized facts, the excess volatility of realized excess profit (EP) from currency speculation
and the negative covariance between the forward premium (FP) and the depreciation
rate (DR) have only occasionally been found in models. Excellent surveys have been
produced by Hodrick (1987) and by Froot and Frankel (1989).

The trend of recent research in this field has changed. Researchers now examine the
plausibility of preference parameters with which a theoretical economy can explain
stylized facts in foreign exchange markets. This method is called “calibration.”

Backus et al. (1993) were the first to employ a calibration method in this field. They
examined whether the theoretical risk premium and the first autocorrelation of theo-
retical forward premium, which are derived from partial equilibrium conditions, can
match those in the sample at the admissible range of preference parameters.” Their
empirical results are unsatisfactory; a two-country, one-good partial equilibrium model
cannot explain the excess volatility of the risk premium, the strong autocorrelation of
FP, and the negative covariance between FP and DR. Furthermore, their study con-
tains several problems. First, the study’s use of a one-good model provides no incen-
tive for the two countries to trade. Second, the reduced forms of forward premium and
the risk premium are derived from partial equilibrium conditions; thus, the model has
the weakness of ignoring the general equilibrium conditions. Third, the reduced forms
of forward premium and the risk premium in a theoretical economy are a function of
exogenous processes, which are assumed to be governed by a simple Markov process.

In this context, Bekaert’s (1994) work differs from that of Backus et al. (1993).
Bekaert assumes that exogenous processes are governed by a vector autoregressive
(VAR) process and uses a two-good and general equilibrium version of Svensson’s
(1985) model with a cash-in-advance constraint. Bekaert employs an estimation tech-
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nique which minimizes the weighted quadratic distance between sample moments and
theoretical moments and tests the over-identifying restrictions. However, Bekaert fails
to match the volatility of EP from currency speculation and the negative covariance
between FP and the DR from the sample with a model. He argues that the failure is
due to the assumption of the purchasing power parity in Svensson’s (1985) model.

The main purpose of this paper is similar to that of previous empirical studies that
examine whether a simple, general-equilibrium, Lucas (1982) two-country, two-good
model can explain stylized facts in foreign exchange markets. However, this paper
differs from previous, related studies in several respects. First, the common calibration
method usually ignores one or two sources of uncertainty, the first of which is the
assumption that estimates of sample moments, Zy, are true parameters Z. The other
comes from the assumption that estimates of technology parameters in an exogenous
stochastic process, 8, are equal to the true technology parameters, 6. Backus et al.
(1993) ignore both sources of uncertainty, and Bekaert (1994) ignores the second
source of uncertainty. The estimation results that ignore the second source of uncer-
tainty are valid only when 8 = 6. Furthermore, the test of the over-identifying restric-
tions is based on asymptotic theory. Thus, here I employ Monte Carlo studies to obtain
the empirical distributions of a small theoretical sample vector Hr and to compare a
vector of the sample moments Zr with H.

Second, previous empirical work did not consider the fact that exogenous variables
can have a structural change or a regime shift. To allow for a structural change or a
regime shift of the exogenous stochastic process, the law of motion for the forcing
process in this paper is estimated from a multivariate Markov switching process.
Endowments in two countries have the same Markov state variable while two money
supplies are governed by an independent univariate Markov switching process.

Third, rather than using Svensson’s (1985) model, I employ a version of Lucas’s
(1982) two-country, two-good general equilibrium model.

The paper is organized as follows. The stylized facts in foreign exchange markets
are reviewed in section 2. Section 3 presents a version of Lucas’s two-country model.
Section 4 presents a Markov switching process and derives the final reduced forms of
the forward and spot exchange rates from general equilibrium conditions. It goes on to
explain the strategy of choosing preference parameters, and then shows the procedures
of the Monte Carlo studies and how to perform univariate and multivariate tests.
Section 5 provides the estimation results of technology and preference parameters, and
shows the estimation results of univariate and multivariate tests using the Monte Carlo
studies. From the Monte Carlo studies, the model explains the excess volatility of real-
ized excess profit in foreign exchange markets and the strong autocorrelation of FP for
the cases of the US dollar per Canadian dollar ($/C$), the US dollar per UK pound
($/£), the US dollar per Deutsche mark ($/DM) and the US dollar per Japanese yen
(8/¥). Furthermore, the model successfully matches the negative covariance between FP
and the DR at the 5% significance level, but the implied covariance by the model is close
to zero. Section 6, which includes a brief conclusion, provides some plausible reasons
for the success in matching the high volatility of EP from the sample with a model and
the failure to derive the negative covariance between FP and DR from the model.

2. Stylized Facts in the Foreign Exchange Market
The unbiasedness hypothesis in the foreign exchange market is
Ho: F, = Ei(Sw), (1)
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where F, is the three-month forward exchange rate observed at time ¢ for both deli-
very and payment taking place after three months, and S,,, is the spot exchange rate
at ¢ + 1. The unbiasedness hypothesis has been of interest since the mid-1970s because
spot rates have fluctuated since the abandonment of the Bretton Woods arrangement.
Numerous studies using various equivalent specifications have rejected the unbiased-
ness hypothesis. See Boothe and Longworth (1986), Hodrick (1987), and Froot and
Frankel (1989) for surveys of these studies.

To test the unbiasedness hypothesis, the following two complementary regressions
with nonoverlapping data are often used:

(E"SHI)/Sx:a1+bl(Ft_S1)/Sr+ut+ls (2)
(S _S/)/sz”al +(1—b1)(F,~S,)/S,—u,+1, (3)

where the variables on the left-hand sides in (2) and (3) are the realized excess profit
rate from currency speculation (EP) and the rate of depreciation (DR), respectively.
The independent variable in equation (2) is the forward premium. The unbiasedness
hypothesis implies that @, and b, are zero. According to the empirical results of Fama
(1984), Backus et al. (1993), and Bekaert and Hodrick (1993), b, is greater than one.

Two opposite interpretations have been proposed regarding the evidence against the
unbiasedness hypothesis. The first interpretation is based on market inefficiency. Bilson
(1981) rejected the unbiasedness hypothesis because the foreign exchange market is
possibly inefficient and there is no risk premium. Froot and Frankel (1989) and Froot
and Thaler (1990) developed the hypothesis that market forecasts of future spot
exchange rates are not efficient.

The other interpretation comes from international finance models developed by
Hodrick (1981), Hodrick and Srivastava (1984), and Mark (1985), which are based on
the pricing of forward exchange contracts. According to these models, the forward
exchange rate may not equal the expectation of the future spot exchange rate because
of the existence of the risk premium. Empirical researchers such as Fama (1984), Mark
(1985), Hodrick and Srivastava (1986), Liu and Maddala (1992), and Bekaert and
Hodrick (1993) provide evidence for the existence of the risk premium. Therefore,
they reject the unbiasedness hypothesis while maintaining the hypothesis of market
efficiency.

The other stylized facts concerning foreign exchange rates can be established from
the summary statistics of the forward and the spot exchange rates. Table 1 shows the
ordinary least squares (OLS) coefficient b, in equation (2), means, variances, and auto-
correlations of EP, DR, and FP. There are 72 quarterly observations covering the period
from 1974Q1 to 1991Q4 taken from the Harris Bank Foreign Exchange Weekly Review.
Four exchange rates were investigated: $/C$, $/£, $/DM, and $/¥.> According to the sta-
tistics in Table 1, the stylized facts in the foreign exchange market can be summarized
as follows:

(1) The unconditional means of EP and FP are close to zero. From the zero-mean of
FP, the evidence against the unbiasedness hypothesis implies that the risk premium
must vary over time.

(2) The variance of EP is larger than that of DR. This means that the spot rate is a
slightly better predictor of the future spot rate than the forward rate in terms of
the standard deviation of the forecast errors.

(3) EP and DR show very little autocorrelation.

(4) The first autocorrelation of FP exceeds 0.45. This might be caused by the serial
correlation in the risk premium and the expected rate of depreciation.
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Table 1. Summary Statistics

Exchange rates

Statistics 3/C3 $/£ $/DM $/yen
(SM - St)/sr

Mean ~0.00228 -0.00181 0.00827 0.01291
Variance 0.00042 0.00321 0.00375 0.00362
AR(1) 0.11453 0.21722 0.16664 0.21979
AR(2) 0.00072 -0.11964 -0.07152 0.02615
AR(3) 0.17878 0.14327 0.12214 0.04886
(Fr - Sr-n)/sr

Mean -~0.00097 -0.00509 0.00088 -0.00711
Variance 0.00045 0.00344 0.00386 0.00393
AR(1) 0.18843 0.26359 0.20521 0.25450
AR(2) 0.05487 -0.09183 —0.05061 0.05980
AR(®3) 0.21595 0.14160 0.13377 0.06737
(F. - $)I8,

Mean ~0.00325 -0.00689 0.00915 0.00580
Variance 0.00002 0.00006 0.00003 0.00016
AR(1) 0.70936 0.71657 0.45659 0.59940
AR(2) 0.63612 0.53267 0.33823 0.52804
AR(3) 0.52994 0.43880 0.47331 0.49081
b, 1.66689 2.53954 2.69026 1.51610

(0.61453)  (0.87232)  (0.52410)  (0.57600)

Standard errors are in parentheses.

(5) The variance of FP is smaller than that of EP or DR,
(6) The estimate of b, is significantly greater than one. This implies that the covari-
ance between FP and DR is negative.*

In order to examine whether a theoretical economy can explain the above stylized
facts, the following seven moments are considered:®

Z, =[E(EP),var(EP), p,, by, E(FP),var(FP), p,], (C))]

where E(-) and var(:) refer to mean and variance, and p, and p, are the first autocor-
relations of EP and FP, respectively.

3. Lucas’s Two-Country Model

This section presents a two-country general equilibrium model based on Lucas (1982).
There are two countries, labeled 0 and 1, with identical, constant populations. Repre-
sentative economic agents in both countries are identical and agents are risk-adverse
with identical preferences. Each citizen of country 0 is endowed each period with &
units of a freely transportable, nonstorable consumption good, X. Each citizen of
country 1 is endowed each period with 77 units of a different consumption good, Y.
That is, each country produces one good but consumes both goods X and Y. The
endowments, § and 1], are stochastic, following a Markov process. Each agent in country
i maximizes

© Blackwell Publishers Ltd 1999



Copyright © 1999. All rights reserved.

284 Donggyu Sul

E(]EEIUI(XH’ Yi!)’ (5)

where >0 and i =0 or 1, and X, and Y, are consumption in country i in period ¢ of
the goods X and Y, respectively.
Following Giovannini (1989), Hodrick (1989), and Abel (1990), utility is assumed to
be separable in the two goods:
U=X5/1-0)+Y,?[1-B), (6)

where 0 € @ < <, 0 £ f§ < o are the preference parameters.

Agents are risk-averse, so in the face of stochastic endowments they use available
security markets to pool their risk. In the perfect pooling equilibrium, a single repre-
sentative is consuming half of the endowments in each country. The perfect pooling
equilibrium condition is

)(()1 = Xlr =X = 0-5613 Y[)r = er =y= Osnt (7)
In the equilibrium, therefore, the relative price of Y in terms of X, expressed as P, is
given by the ratio of the marginal utility of Y to the marginal utility of X:

B ZUY(xrs y:)/Ux(xz, )7:), (8)

where Uy and Uy are the marginal utility of consuming X and Y, respectively.
Money is introduced into this framework with a cash-in-advance constraint. Thus,
the representative agent’s financial constraints are

Pn.ré = Ml-.- Pl,tn = Nr’ (9)

where P,, and P, are the domestic and foreign prices, and M, and N, are the money
supply in the domestic and foreign countries, respectively.

Given the relative price in equation (8) and the nominal prices in (9), the equilib-
rium exchange rate is given by

S, =(Mr/Nr)(nr/§r)Pr‘ (10)

The expression for the forward and the spot exchange rates can be stated in terms of
the state variables. The prices of the domestic and foreign currencies at ¢ of one unit
of the domestic and foreign currencies delivered at ¢ + 1 can be expressed as

(1 + IP)EI[SUX (xr+1, yt+1 )/‘POJ+[] = UX(xn yr)/R),t ’ (11)
(1 +irl)Er[5UY(xt+1 y Yen )/B,M] = UY(xla YI)/H,r s (12)

where i’ and i! are the interest rates in the domestic and foreign countries, respectively.
From the covered interest rate parity, the forward exchange rate can be expressed
as

F=(1+i)S./(1+). (13)

Combining the perfect pooling equilibrium condition and the cash-in-advance con-
straint, FP and EP can be written as follows:

(E - Sr)/Sr = Et[(nul /nr)l—ﬁ(Nr/Nt+l)]/Et[(€r+1 /ét)lﬂ(Mt/Mr+l )]“ 1, (14)
(Sunr =SS = [ /1) PN N[t /87 (M M) - 1. (15)

According to equations (14) and (15), the theoretical forward and spot exchange rates
can be expressed in terms of the endowments and money supply.

© Blackwell Publishers Ltd 1999



Copyright © 1999. All rights reserved.
VOLATILITY OF REALIZED EXCESS PROFIT 285
4. Methodology and Specification

Markov Switching Process and Solution

In Lucas’s two-country model, the outputs and money supply in both countries are
assumed to be stochastic and governed by a Markov process. Without a specific form
of a Markov process it is extremely difficult to obtain, for example, the OLS coeffi-
cient in equation (2) in terms of the outputs and money supply in both countries.
Hence, we assume that the changes in the logarithms of outputs are governed by a
bivariate Markov switching process and that the changes in the logarithms of the two
money supplies are governed by an independent univariate Markov switching process:

In.1) =1n(&) +ao + @l + €L,
In(,.1) = In(m,) + by + bul,s + €k,
In(M,..) =In(M,) + co + c1J o + €,
In(N,)=In(N,)+dy + d K. +€s, (16)
ol o, 0 O
_jon o3 0 0
ZS— 0 0 o3 O
0 0 0 o?

where {g} is a sequence of independent and identically distributed normal errors with
a mean of zero and a variance—covariance matrix X.. {}, {/}, and {K,} are sequences of
independent Markov random variables that have two states (0 or 1) with the follow-
ing transition probabilities:

Pr[lu—l:OlIt:O]:qis Pr[1r+l=1|11=0]=1“qiv
Pr[I,+1 = OII, = 1] =1- Di, Pr[IH,] = 1|I, = 1] = Di
PI‘[],+1=0|J,=0]=(],~, Pr[J,+1=1|J,=0]=1*q,-,

PrlJ.a =0, =1]=1-p;, Pt[J.,=1J,=1]=p,,
Pr(K,., =0|K, =0]=gq,, Pr[K.;=1K,=0]=1-gq,,
Pr(K,; =0|K, =1]=1- p;, Pr[K,qz=1K,=1]= p. 17

This assumption is supported by Stockman (1990), Phillips (1991), and Dellas (1986,
1987). Stockman (1990) argues that outputs are positively correlated across countries,
and that Solow residuals are also positively correlated across countries. Phillips (1991)
uses a bivariate Markov switching process to demonstrate that worldwide shocks dom-
inate any transmission of the business cycle. Empirical results by Dellas (1986, 1987)
for the US, Japan, Germany, and the UK for 1960-80 suggest that common shocks
rather than trade links are responsible for comovements in aggregate economic activ-
ity, investment, and trade, which are persistent over time and positively correlated
across countries.

The outputs and the money supply are in a high-growth state when (I} = {J} = {K)}
=0, and in a low-growth state when {f,} = {/} = {K|} = 1. The probability of a high-
growth state in the outputs (money supply of domestic and foreign countries) in the
next period, given that the outputs (money supply of domestic and foreign countries)
are in a high-growth state, is g; (g; and gq,, respectively); while the probability of a low-
growth state in the outputs (money supply of domestic and foreign countries) in the
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next period, given that both the outputs (money supply of domestic and foreign
countries) are in a low-growth state, is p; (p; and p,, respectively). Thus, we impose the
restriction that all coefficients (a;, by, c;, d;) on the state variables are negative. The
unconditional probabilities that the outputs and the two money supplies have a high-

growth state are (1 - p)/(2 - pi— q), (1 - pY(2 - p; — q)) and (1 = pI(2 ~ px — qu),
respectively. The model requires an estimation of the 19-dimensional vector of the
parameters, 8 = (ay, by, co, do, a1, b1, 1, dy, 01, Gz, O3, G4, Oz, Pis Gis Djy s P Gi)-

From equation (16), we know the stochastic process of endowments and money
supply in two countries. Substitution of (16) into (14) and (15) yields explicit solutions
for FP and EP. FP and EP can be expressed as

(F=Su)/S.=v-Z-will) w,(J) wi(K,) -V -exp(A) - exp(B), (18)

(F=8)/S.=v-Z-y(l) w,(J) wi(K)-1, (19)
where

v=exp{(1- B)b — dy — (1-a)ao + ¢y},

= exp{(l/Z)[(l - ﬁ)26§ +02-(1-a)’ o2 —o? ]},

v(l,) = /Qz)(]_m (s /Q4)I'»

W) =1{q,+(1-q)-exp(-c)}"™" {1~ p;+ p; expl-e: )} ",

W(K,)={gs+(1-ge)-exp(-d )} ™" - {1- py + pi -exp(-d )},

Qi =q+(1~-q) expl1-Bb], O, =q:+(1~q) expl(1-a)a],

s =1-pi+ pi-expl(l-B)b], Qs =1-p;+ p;-exp[(1-a)a],
A=(1-Bb -(1-a)a, +c, - di,
B=(1-plel-(1- Q)ELL + Ei — €.

FP is a function of the state variables, {I,, J,, K/}, the technology parameters, 8, and
the preference parameters, @ and S.

Choosing Preference Parameters

With given estimates 6in equation (16) and given some specific values of preference
parameters (&, ) we can obtain the implied moments in the theoretical economy, Hr,
which are a function of the preference and technology parameters:

H: =g(6.@, B). (20)

The final step of the common calibration method employed by Mehra and Prescott
(1985) and Backus et al. (1993) is to compare the theoretical moments, Hy, with the
sample moments, Zr, in the estimates of Z in the sample, with the given preference
parameters.

Cecchetti et al. (1993) argue that the common calibration method ignores two
sources of uncertainty. The first uncertainty comes from the use of the sample moments
vector, Zr, rather than the unknown population vector Z:

NT(Zy = Z) ~ N(0, Z2). (21)

The second source of uncertainty arises from the fact that the implied moments vector,
H, is stochastic and dependent on the parameter vector, 6, whose estimate is also
subject to sampling error:
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VT (0-6)~ N(0, Zo). (22)

For example, Backus et al. (1993) assume that the estimates of the vector of parame-
ters are the same as the true values of the vector of parameters: 8 = 6. Under this
assumption, they choose the preference parameters intuitively and attempt to match
the risk premium in the model to that of the sample. They also ignore the uncertainty
of the estimates of the risk premium in the sample. In other words, they set Z; = Z.
This approach makes it difficult for a researcher to find plausible values for the
preference parameters by which the model can explain some characteristics in the
sample.

We account for the uncertainty that the estimated sample moments are governed
by normal distribution asymptotically, while we ignore the uncertainty that the tech-
nology parameters, 6, are asymptotically normally distributed. Thus, we set 6 = 6, or
H = Hy. If the model is capable of explaining stylized facts in the sample and the spec-
ification for the stochastic process of endowments and money supplies is correct, then
the estimates for the vector of seven moments in the sample, Z;, must equal those in
the model, H7. Then we can obtain the estimates for the vector of the preference para-
meters by letting Zr = Hr. In other words, by minimizing the quadratic distance
between Zr and Hy, we can obtain the best candidates of the preference parameters
while accounting for Z’s uncertainty:

mm,, ﬁ[ HT(a ﬁ)],z [ZT HT(a’ ﬁ)] (23)

Since €’s uncertainty in equation (22) is ignored, the variance—covariance matrix, which
measures the variation of the distance between Z; and Hy or the spectral density at
zero frequency, can be expressed as follows:

iz =f20+2a)jm[fl,+f2}], (24)

where Qo = E{(I/T)Z 1[ZT E(ZT)][ZT E(ZT)] } Q E{(l/T)Z }+1[ZT E(ZT)][ZT -
E(Z7))), and @ = (1 + m — j)/(1 + m) and m is the Newey and West (1987) lag. Then
the value of the objective function times the number of observations follows asymp-
totically y’-distribution with k — n degrees of freedom, where k is the dimensionality
of vector H and n is the number of the preference parameters. Thus, in this case, the
assumption H = Z can be tested. The null hypothesis is Hy: H = Z and tested by using
a two-tailed test.®

Monte Carlo Experiments

We have explained how to obtain the best candidates for the preference parameters
and how to test the null hypothesis Hy: H = Z. This test is valid only when the true
technology parameters 6 are equal to the estimates . Since the test is based on the
asymptotic theory, we do not know the small-sample properties of FP and EP in the
model. In order to answer the question, Monte Carlo studies are performed to obtain
the empirical distributions of the small-sample vector Hy and to compare the sample
moments Z7 with the empirical distributions of H.

The Monte Carlo studies for the univariate case in this paper | have the following
steps. First, the artificial FP and EP are generated with given 6, @ and B In this
step, we assume that 8 = 6. Next, the empirical distribution of each theoretical moment
is constructed. Finally, the sample value is compared with the empirical distribution of
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each theoretical moment. Thus, we can obtain the small-sample properties of each
theoretical moment.

Even though each moment in the model can be matched with that in the sample
from the univariate test, it is difficult to judge only by the univariate results whether
the model can explain some stylized facts in the sample or not. Hence, we perform the
multivariate test also. The multidimensional test is based on the summary measure,
which can be defined as

{=[Zr - E(H,)JE"'[Z; - E(H,)], (25)

where = = (/NI [H, — E(H)|[H, - E(H,)]’, Zr is a column vector of estimates for
the sample moments, /,, is a column vector of theoretical moments from the Monte
Carlo studies, and N is the number of replications in the Monte Carlo studies.

The asymptotic distribution of {is a y>-distribution with k degrees of freedom, where
k is the dimensionality of the vector Z. In a small sample, we cannot be sure that {is
distributed as a y’-distribution. Thus, we construct the sampling distribution of { using
Monte Carlo techniques.

5. Estimation and Monte Carlo Studies

Estimation Results of Technology and Preference Parameters

The maximum-likelihood estimation results of the Markov switching model and
some summary statistics are reported in Table 2. We used quarterly per capita real
GNP (GDP) and quasi-money taken from the OECD’s Main Economic Indicators
database.’

Except the estimate of 0y, all estimates are statistically significant at the 5% level.
When the economy is in a boom one quarter, the estimated probability that it con-
tinues in a boom next quarter is g,. This is estimated to be 0.898, 0.907, 0.944, and 0.957
for the cases of $/C$, $/£, $/DM and $/¥, respectively. Despite the assumption that the
outputs in two countries have the same Markov state variable {7}, the output growth
in the US for Canada is slightly different from that for the UK or Germany both in
boom and recession periods. Table 2 also reports the unconditional probability of
observing boom states. Pr [, = 0] are 0.629, 0.641, and 0.663 for the cases of $/CS$, $/£,
and $/DM, respectively, while it is 0.877 for $/¥.

Table 3 shows the estimation results of preference parameters. Case I in Table 3 gives
the estimation results when the weighted quadratic distance is minimized between all
seven moments in a theoretical economy and those in a sample, while case II shows
estimates of the preference parameters when only the variances of FP and EP are used.
The first and second columns show the estimates for ¢« and f that are the constant
relative risk-aversion parameters in the consumption of the domestic and foreign
goods, respectively. The third column is the y*-statistics under the null hypothesis that
the vector of sample moments is equal to the theoretical vector of moments: Z = H.
The fourth column gives the p-values of the y’-statistics.®

In case II, the estimates for « and 8 lie between 0 and 3, with none being signifi-
cantly different from zero. Furthermore, the y*-statistics are very large so that the over-
identifying restrictions cannot be accepted. The Newey-West lag is 11. When smaller
or larger lags are considered, the results do not significantly change. From the estima-
tion results in case I, it is hard to find a set of preference parameters with which seven
moments in a theoretical economy are close to those in the sample. Thus we consider
only two moments, such as the variances of FP and EP.
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Table 2. MLE of Multivariate Markov Switching Process

Endowments

ln(é&l) = ln(é)"' a+ad,, + &
In(7n) = In(n, ) + by + bi Ly + €24
&l oi on
~N(0,Z,), L, =
(82) (0.2). 2 (0'12 o3
Pr{l,., =01, =0]=gq, Pr{l,, =11, =0]=1~¢;
Pr[l,, =0ll, =1]=1-p;, Pr[L., =1 =1]=p;

0 3/C3 $/£ 3/DM S¥
ap 0.790 (0.169) 0.765 (0.177) 0.795 (0.158) 0.507 (0.137)
a —-1.547 (0.280) -1.544 (0.294) -1.489 (0.318) —2.031 (0.389)
bo 0.688 (0.193) 0.757 (0.263) 0.919 (0.184) 0.853 (0.136)
b, -1.226 (0.332) —0.804 (0.495) -1.140 (0.334) -1.361 (0.467)
q 0.898 (0.056) 0.907 (0.052) 0.944 (0.047) 0.957 (0.033)
p 0.827 (0.123) 0.834 (0.121) 0.890 (0.010) 0.694 (0.183)
o 0.906 (0.090) 0.913 (0.092) 0.975 (0.101) 0.952 (0.089)
(o) 1.149 (0.103) 1.549 (0.135) 1.115 (0.105) 1.040 (0.090)
Oy 0.342 (0.148) 0.117 (0.202) -0.033 (0.153) 0.104 (0.124)
Pr(I,=0] 0.629 0.641 0.663 0.877
Money supplies
In(M,..) =In(M,)+ co + 1oy + €2
ln(Nul) = ll'l(N,)'f" do+di K, + 8:»1
g o 0
(e“) ~NOE)E =( 0 G%)
PI[J:+1=0|JI=0]=611, Pr[Jr+l=1|JI=0]=1_Q/‘
PI{-’:+1=0|Jx=1]=1‘Pi, PI{J,+1=1|J,=1]=P,'
Px{Klequ:O]:qu PT[K:+1=HK1=0]=1—GII:
Pl{Kul:th:l]:l_pka PI{KHl:lth:]-]:Pk
e Us Canada UK Germany Japan
Co 2.192 (0.094) — — — —
(o) -1.511 (0.176) — — — —
do — 3.579 (0.250) 3.405 (0.135) 1.856 (0.193) 2.275 (0.078)
d, — -2.312 (0.323) -1.814(0.613) -1.992 (0.878) -2.750 (0.337)
q; 0.987 (0.015) — — —_ —
D 0.979 (0.028) — — — —
G — 0.982 (0.022) 0.983 (0.021) 0.979 (0.030) 0.971 (0.020)
Pi — 0.986 (0.017) 0.929 (0.128) 0.870 (0.224) 0.639 (0.273)
O3 0.659 (0.056) — — _ .
Oy — 1.329 (0.114) 0.988 (0.085) 1.227 (0.114) 0.637 (0.054)

Pr[/,=0] 0.618 —

Pr(K,=0] — 0.438

0.807

0.861

0.926

Standard errors are in parentheses.
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Table 3. Estimation Results of Preference Parameters

X v,”?
= e e ——
-0 1-8
HyoZ=H

Cases a B 1-stat p-value
Case I: Matching all moments
$/C$ 0.238389 (1.606956) 1.48E-10 (0.025706) 9816 0.00
$/£ 0.556286 (5.474868) 3.10E-11 (0.883665) 90.07 0.00
$/DM 0.425769 (3.963660) 5.44E-11 (0.061155) 521.0 0.00
12 4 2.716827 (1.862638) 1.193489 (0.883467) 120.7 0.00

Case II: Matching two moments

$/C$ 1.012932 (9.581942) 1.032472 (9.909386) — —
$/£ 2.866000 (1.977784) 4.597013 (1.592791) — —
$/DM 4.232747 (1.260651) 5.232932 (1.586298) — —
$r¥ 6.069471 (3.006136) 5.256795 (6.595351) — —

Notes: Case I reports the estimation result when all seven moments are used. They are the means, variances,
the first autocorrelations of FP and EP and b, in equation (1).

Case II shows the estimation result when variances of FP and EP are used. The number of Newey-West
(1987) lags is 11 and the estimates and standard errors of preference parameters (¢, B) are not very depen-
dent upon the number of Newey-West lags. The standard errors are in parentheses and the y’-statistic has
five degrees of freedom.

In case II, the estimates of preference parameters seem to differ from those in case
I. The magnitude of estimates becomes larger so that the estimates for a and f lay
between one and six. Some estimates become statistically significant at the 5% level.

Only for $/DM in case II, the estimates of both o and J are significant at the 5%
level. However, the bad estimation results do not at all imply that a theoretical
economy cannot explain stylized facts in foreign exchange markets. We can obtain
implied moments in the theoretical economy with the estimates of the preference
parameters in Table 3, which are reported in Table 4.

Results of Monte Carlo Studies

From Table 3, we obtained two possible candidates of the preference parameters. We
now examine whether the theoretical and sample moments come from the same under-
lying population by employing Monte Carlo studies.

Table 4 shows the results. The first column is the sample moments. The second and
third columns are the implied moments in cases I and II, respectively. The values in
the fourth and fifth columns are the medians of the empirical distributions of the
Monte Carlo studies for cases I and II, respectively. The number in parentheses is the
probability value. If its value is less than 0.025 or greater than 0.975, the theoretical
economy cannot explain a stylized fact in the sample at the 5% significance level.

The implied values of the variance of EP in case I seem to be far from the sample
values because the sample values are out of the empirical distributions except for $/C$.
However, with case II, the results are dramatically changed. For all exchange rates
except for $/C$, the variances of EP in the sample lie inside the empirical distributions
even at the 20% level. Surprisingly, the implied values of the variance of EP in case 11
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Implied moments

Median and p-value of empirical

by theory distribution
Moments Sample Case I Case 11 Case I Case 11
$/C$
E(EP) —0.00097 -0.00007 -0.00047 —0.00002 (0.674) —-0.00004 (0.670)
V(EP) 0.00045 0.00036 0.00023 0.00033 (0.027) 0.00022 (0.000)
ARg(1) 0.18843 -1.0E-06 5.2E-07 ~0.01638 (0.047) -0.01408 (0.044)
b, 1.66689 ~0.00003 -1.2E-05 0.04323 (0.053) 0.04080 (0.053)
E(FP) —-0.00325 -0.00618 -0.00695 —0.00554 (0.409) -0.00631 (0.383)
V(FP) 1.6E-05 0.00017 1.7E-04 6.8E-05 (0.845) 6.8E-05 (0.845)
ARgp(1) 0.70936 0.96793 0.96797 0.90451 (0.842) 0.90391 (0.841)
$/£
E(EP) —0.00509 -5.6E-05 -0.00025 6.3E-06 (0.986) ~0.00039 (0.767)
V(EP) 0.00344 0.00039 0.00323 0.00037 (0.000) 0.00304 (0.227)
ARg(1) 0.26359 7.6E-07 7.5E-07 —0.01500 (0.012) —0.01397 (0.011)
by 2.53954 —6.3E-06 —-0.00019 0.04747 (0.280) 0.03587 (0.055)
E(FP) -0.00689 -0.01036 -0.02547 -0.00959 (0.372) —0.02472 (0.000)
V(FP) 5.8E-05 9.2E-05 8.9E-05 5.0E-05 (0.372) 4 8E-05 (0.347)
ARyp(1) 0.71657 0.94088 0.94126 0.86567 (0.821) 0.80725 (0.723)
$DM
E(EP) 0.00088 —-8.1E-05 —0.00107 —6.4E-06 (0.351) -0.00123 (0.391)
V(EP) 0.00386 0.00038 0.00345 0.00037 (0.000) 0.00336 (0.221)
ARrp(1) 0.20521 2.7E-06 4.5E-06 —0.01420 (0.037) —0.01556 (0.041)
b 2.69026 -1.7E-05 -0.00101 0.05600 (0.014) 0.04106 (0.063)
E(FP) 0.00915 0.00042 0.01194 0.00529 (0.203) —0.01093 (0.000)
V(FP) 2.6E-05 8.7E-05 8.3E-05 5.0E-05 (0.761) 4.8E-05 (0.744)
ARgp(1) 0.45659 0.91681 0.91779 0.83134 (0.940) 0.81650 (0.865)
$r¥
E(EP) -0.00711 -0.00038 —0.00239 —0.00040 (0.982) -0.00187 (0.696)
V(EP) 0.00393 0.00045 0.00394 0.00044 (0.000) 0.00335 (0.148)
ARg(1) 0.25450 -0.00077 —-0.00044 —-0.01419 (0.014) -0.01457 (0.011)
by 1.51610 0.00332 0.01238 0.06252 (0.004) 0.07257 (0.036)
E(FP) 0.00580 -0.00151 -0.02073 -0.00071 (0.025) —0.02005 (0.000)
V(FP) 0.00016 0.00012 0.00016 8.2E-05 (0.038) 0.00012 (0.219)
ARgp(1) 0.59940 0.77913 0.74257 0.68293 (0.732) 0.64284 (0.650)

Notes: The p-values are in parentheses. If its value is less than 0.025 or greater than 0.975, then the null
hypothesis that a sample moment is equal to a median value from the Monte Carlo study is rejected at the
5% significance level.

are extremely close to those in the sample. Thus, this may indicate that the theoretical
economy can reliably explain the variability of EP. It is natural because the preference
parameters in case II are chosen to match the variances of EP and FP.

The theoretical economy can sufficiently explain the unconditional means and the
first autocorrelations of EP in the sample with different sets of preference parameters.
For all exchange rates, the unconditional means and the first autocorrelation of EP in

the sample fall inside the empirical distributions.
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With the estimates of the preference parameters for case I, the unconditional means
of the theoretical FP are quite close to the sample values. On the contrary, the means
of FP in the sample are outside the empirical distributions for case II except for $/C$.
However, the first autocorrelations of the theoretical FP are not significantly different
from those in the sample even at the 10% level for all cases.

The most interesting stylized fact in the foreign exchange market is that the OLS
coefficient b, is greater than one, which implies the negative covariance between FP
and DR. Surprisingly, the b, in the sample lay inside the empirical distributions at the
5% significance level for all cases and all exchange rates. However, for all cases, the
implied values of the OLS coefficient b, are close to zero and the median values from
the empirical distributions are far from one. Therefore, these results may be interpreted
as evidence that the theoretical economy shows the potential to explain the negative
covariance between FP and DR in the sample. The evidence against the unbiasedness
hypothesis is not overwhelmed by the model because the model shows a very large
variation.

Table 5 provides the results of various multidimensional tests. Four groups of mul-
tivariate tests are performed; each group consists of two multivariate tests with dif-
ferent preference parameters. Case A tests whether the model can explain the joint
behavior of all seven moments in the sample. Cases B and C present the {-statistics
when we use the means, the variances, and the first autocorrelations of EP and FP,
respectively. Case D tests whether the model can explain the joint behavior of three
sample moments (the variance of EP, b, and the first autocorrelation of FP), which are
the most interesting moments in this field.

When we consider all seven moments, except for the $/C$ in case I and the $/£ in
case 11, the joint statistics are high enough to reject the null hypothesis that all seven
moments in the model are equal to those in the sample. According to the results of
case B, the model can explain the behavior of EP, which can be divided by the risk
premium and the rational-expectation error. From the results of case C, the model
seems to explain the joint behavior of FP better for case I than case II. According to
the results of case D, we may conclude that the variance of EP, b;, and the first auto-
correlation of FP can be jointly found in the model.

Table 5. Various Multivariate Tests

Moments Parameters $/C8 S/£ /DM S¥
Case A Case | 9.35 (0.23) 2,162 (0.00) 2,589 (0.00) 2,020 (0.00)
Case II 40.77 (0.00) 15.74 (0.03) 18.83 (0.01) 34.20 (0.00)
Case B Case [ 7.56 (0.06) 2,135 (0.00) 2,539 (0.00) 1,787 (0.00)
Case 11 37.53 (0.00) 6.18 (0.10) 3.84 (0.28) 6.64 (0.08)
Case C Case | 1.18 (0.76) 0.57 (0.90) 3.83 (0.28) 8.69 (0.03)
Case 11 1.24 (0.74) 10.07 (0.02) 15.28 (0.02) 28.53 (0.00)
Case D Case I 4.83 (0.18) 2,135 (0.00) 2,528 (0.00) 1,794 (0.00)
Case I1 35.25 (0.00) 0.34 (0.95) 1.26 (0.73) 0.86 (0.83)

Notes: Case A is the {-statistic when all seven moments are used. Cases B and C are the {-statistics when
the means, variances, and the first autocorrelations of EP and FP, respectively, are used. Case D is the (-
statistic when the variance of EP, b, and the first autocorrelation of EP is used. The asymptotic distribution
of {-statistic in case A is a y*-distribution with seven degrees of freedom, while those in cases B, C, and D
are with three degrees of freedom. The probability values are in parentheses. If its value is less than 0.025
or greater than 0.975, the null hypothesis is rejected at the 5% significance level.
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6. The Feature of the Theoretical Economy and Conclusion

This paper demonstrates that the simple general equilibrium model, where an eco-
nomic agent has time-separable utility and the changes in the logarithms of money
supply and endowments follow a multivariate Markov switching process, shows the
potential to explain some stylized facts in foreign exchange markets. This simple the-
oretical model can explain some behaviors of EP and FP in the foreign exchange
market.

We considered four exchange rates—$/C$, $/£, $/DM, and $/¥-—with seven moments;
the means, the variances, and the first autocorrelation of EP and of FP, and the OLS
coefficient b;. When outputs are governed by a bivariate Markov switching process
with the common Markov state variable while two money supplies are governed by an
independent univariate Markov switching process, we find that the values of the pref-
erence parameters lie between zero and six.

With the estimates of the preference parameters, we are able to match some sample
moments with a model individually. Specifically, the excess volatility of EP in the
sample can be explained very well in the model. Other stylized facts, such as the strong
autocorrelation and the small variability of FP, can be explained theoretically and
quantitatively by the model. According to the Monte Carlo studies, the OLS coeffi-
cients, b, in the sample lie inside the empirical distribution for all cases, but the implied
and the median values of b, in the model are close to zero. Thus, it is difficult to say
that the negative covariance between FP and DR is perfectly explained by the model.
The above results, however, are surprising compared with the disappointing results of
Backus et al. (1993) and Bekaert (1994).

There are two natural questions which we must answer. How did we succeed in
matching the variability of EP with that of the sample? Even though we succeeded in
matching the negative covariance between FP and DR with that of the sample, why
did we fail to derive the implied negative covariance from the model?

The possible reasons for our success are as follows. First,a Markov switching process
seems to reflect very well on the behavior of exogenous processes. Backus et al. assume
that the national income and money supply in two countries are governed by a Markov
process. The assumption that the national income is governed by a Markov process or
by a random walk may not be acceptable. Bekaert assumes that exogenous processes
are governed by a VAR; however, a VAR specification may not reflect on structural
changes or regime shifts. Thus, our specification may reflect much more correctly on
the behavior of exogenous processes.

Second, with a Markov switching process, our utility specification, which is
commonly used in international finance, seems to help us obtain some successful
results. By the multivariate Markov switching model and the time-separable utility
specification, the characteristics of FP and EP in the theoretical economy are
almost built. As we find in Table 3, the strong autocorrelation of FP is generally found
in the model and it does not seem to be dependent on the preference parameters. This
may occur because the theoretical FP is a function of the Markov state variables. If
the transition probabilities, p and g, are close to one, then the model may generate a
similar artificial FP at every occurrence. Therefore, the first autocorrelation of the the-
oretical FP must be high and its variance must be small. Furthermore, FP has only
three sources of variability, such as the Markov state variables, {1, J,, K}; while EP has
four sources of variability, such as the unexpected random errors, g, and the Markov
state variables. Thus, it may be natural for EP to show a much higher variability than
FP.
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Third, the strategy of choosing the pairs of preference parameters is more carefully
devised. To match the variability of EP, we used the preference parameters that were
obtained by mlmmlzmg the quadratic distance between the variances of FP and EP in
the sample and those in the theoretical economy.

Some plausible reasons for why our model fails to explain all the joint behaviors of
FP and EP and to derive the implied negative covariance between FP and DR may
include the following. There are at least three possible reasons. The first two reasons
come from a feature of Lucas’s model. In order to derive the final reduced form of the
forward and spot exchange rates in equations (14) and (15), we assume the perfect
pooling equilibrium. However, that condition causes the perfect correlation of con-
sumption between two countries, which may not be realistic at all. Furthermore, it
implies that there is a perfect capital mobility between two countries according to
the definition by Obstfeld (1994). The perfect-capital-mobility assumption may not be
in accordance with the negative correlation between FP and DR. The relationship
between the perfect consumption correlation and the uncovered interest parity has yet
to be studied.” However, both the perfect consumption correlation and the uncovered
interest parity are possible definitions of the perfect capital mobility. Thus, there is
some possibility that the perfect consumption correlation causes the positive correla-
tion between the interest differential and DR. If the above conjecture is reasonable,
the perfect pooling equilibrium condition results in the non-negative correlation
between FP and DR.

As Hodrick (1987, p. 10) and Svensson (1985) argue, the exchange determination
rule is much too simple. Since the spot exchange rates in the Lucas model depend only
on time ¢ information, there is no forward-looking component of the exchange rates.

The final reason comes from the specification of exogenous processes. A Markov
switching process is certainly a good stochastic process that reflects the behaviors of
endowments and money supplies. However, the strong assumption that three Markov
state variables are independent is not realistic.

Therefore, in order to derive the negative covariance between FP and DR from the
theoretical economy, a well-known puzzle in international finance, further in-depth
research in this field is necessary.
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Notes

1. See the studies of Fama (1984), Mark (1985), Boothe and Longworth (1986), Hodrick and
Srivastava (1984, 1986), Hodrick (1987), Froot and Frankel (1989), Backus et al. (1993), and
Bekaert (1994).

2. According to Mehra and Prescott (1985), the admissible range of preference parameters is
between 0 and 10.

3. For the DM, there are 64 observations covering the period from 1974Q1 to 1988Q4. Since
the Berlin Wall collapsed in 1989, we did not use the forward and spot exchange rates after
1989.

4. Since the estimate of b is significantly different from zero, this stylized fact seems to indicate
that FP gives information of forecasting the future spot rate. Bekaert and Hodrick (1992) find
that FP has power for forecasting EP. They show that a 1% increase in FP is associated with a
6-8% decrease in EP at the one-month horizon.
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5. Except the unconditional means, they are not moments. However, it is hard to find any appro-
priate name for them. Thus, we will call them “moments” in the sense that they are a function
of moments of (between) FP and EP.

6. Since the estimates for the preference parameters were obtained by minimizing the quadratic
distance between the moments in the sample and those in the model, the above approach can
be regarded as a variation of the generalized method of moments (GMM).

7. To calculate per capital real GNP (GDP), I used consumer price indices and population data
taken from the OECD’s Main Economic Indicators.

8. In case II, there is no y’-statistic and p-value because the system is just identified.

9. Since we assume that the covered interest parity holds exactly in equation (13), the negative
covariance between FP and DR implies the rejection of the uncovered interest parity.
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