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Abstract

This paper presents a monetary exchange rate model with imperfect capital mobility, slow adjustment of goods
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1. Introduction

With the advent of generdized floating in 1973, most economists thought that
exchange rates would adjust to parities determined by nationa price levels. However,
exchange rates rapidly fluctuated to a greater degree than price levels. As early as
1976, Dornbusch gave a new theory explaining the voldility of exchange raes in a
floating exchange rate regime. The dructure of his modd is smilar to the monetary
modd, but instead of a financiad assets price which was supposed to adjust rapidly to
any disequilibrium, he introduced a dowly adjusting goods price. The implication of
Dornbusch’s modd is that the nomind exchange rate may in the short-run overshoot
its long-run equilibrium level in response to a change in relative money supplies.

There were many dudies which atempted to tet a monetary mode of
exchange rae determindion. Devdopment of time series methods usng the
concepts of co-integration and error-correction models, have contributed to a renewa
of this empirica literature (see MacDonad and Taylor, 1991,1993, 1994; McNown
and Wallace, 1994; Kim and Mo, 1995; Diamandis and Kouretas, 1996; Choudhry
and Lawler, 1997; and Makrydakis, 1998 among others). Most of these studies
concluded that the monetary modd provides a plausble explanation of long-term
exchange rates. However, the mgority of them faled to explan the dynamics of
short-run adjussment. Thus, the foundation of the overshooting process described by
Dornbusch, i.e. the discrepancy between domestic and foreign interest rates in a
context of perfect capitd mohility, is not highlighted.

Ancther limit to these empirical sudies is the fact that most of them concern
the currencies of large indudrid countries, in generd Jgpan, Germany, the United
Kingdom and France in terms of the U.S. dollar. Few sudies concern developing

countries, except that of McNown and Wallace (1994) which consders Argentina,



Chile and Isradl, and that of Makrydakis (1998), dedling with South Korea. On the
one hand, this limited number of sudies for developing countries might partly be due
to the smal number of durable floating experiences in these countries'. In addition,
characterisics of Dornbusch’'s modd, which explain the short-term dynamics of
nominal exchange rates, were obvioudy sdected according to the macroeconomic
gructure of indudrid countries. Therefore, they are not particulaly consstent with
those of developing countries.

Indeed, this mode supposes that only domestic currency circulates in the
various countries, that interest rates are fredy determined by the markets, and findly,
that there is perfect capitdl mobility between countries. However, in some developing
countries, there has been a sharp decline in red baances of domestic currency during
periods of high and variable inflation rates, large baance of payments deficits and
recurrent currency devauations. In these countries, the use of foreign money has
become widespread. And it is precisdy for these reasons that some of them have
abandoned fixed exchange rate regimes for floating exchange rate regimes. In
addition, in many developing countries and in spite of a generd movement towards
financid liberdization, monetary policy 4ill uses quantitative control  insruments
and interet rates reman lagdy controlled by the Centrd Bank. Findly,
internationa capital movements are generdly regulated and, even in the absence of
such a regulation, domestic financid assets are not perfectly subgtitutable for foreign
financid assats because of inditutional weakness in the domegtic financid system.

The pupose of this paper is to suggest an explanation of exchange rate

volatility during floating experiences condstent with the context of deveoping

! Although forty developing countries have adopted an independently floating exchange rate regime since the beginning of the
1980s, only three were in this situation before 1985 (South Africa, Lebanon and Uruguay) and in most of themthischengewes
not implemented before the beginning of the 1990s (we consider only the experiments which lasted at least 24 months
consecutively). Cf. IMF, Report on Exchange Arrangements and Exchange Restrictions (various issues).



countries. Section 2 provides a theoreticd modd for exchange rate overshooting in a
context of currency subdgtitution and compares it with that of Dornbusch (1976).
Section 3 presents the empirical methodology and tests the presented modd on three
developing countries. Ghana, Paraguay and Uruguay. These countries were selected
because of their monetary characteristics corresponding to the basic assumptions of
the modd, i.e the exisence of partid dollarizatior? and a control on interest rates
and on capitd account. In addition, these countries had adopted an independently
floating exchange rae for a sufficiently long time (dnce 1987, 1989 and 1983
regpectively), so tha exchange rae volaility is dmilar to that of the indudrid
countries and that sufficient data are avalable. Findly, section 4 presents our

conclusions.

2. A theoretical analysis of exchange rate determination in countries with
currency substitution

Our gpproach is gmilar to that of Dornbusch (1976). While the flexible-price
monetary gpproach of exchange rates is vdid in the long-run, in the short-run the
prices of goods are assumed to react dowly to monetary expanson so that the
exchange rae diverges from its long-run equilibrium. However the ghort-run

dynamics proposed here differ from those of Dornbusch’s.

2.1. Thelong-run equilibrium of the exchange rate
In a floating exchange rate regime, the exchange rate is determined by the
aupply and demand of domedic agangt foreign currencies. According to the

monetary approach, the exchange rate is the relative price of these two assets and it is

2 Here and in the remainder of the paper, the terms currency substitution and dollarization are alternatively used.



determined by the equilibrium conditions of the domestic and foreign money markets

(see Frenkel, 1976; Mussa, 1976). So we have:
m- p=fy- i «y
m-p=fy -1 2
where m, pand y denote the naturd logarithm of the nomind quantity of money, the
price levd and the red income and where i denotes the interest rate, an asterisk
sgnifying the corresponding foreign variable.
Purchasing power parity (PPP) is assumed to hold, &t least in the long-run:
€=p- D ©)
where e denotes the naturd logarithm of the nomina exchange rae (in domegtic
currency terms). We use bars to denote |ong-term equilibrium vaues.
So, solving equation (1) and (2) for p and p’, and substituting in (3), we obtain the

basic monetary exchange rate mode!:

_—

g=m-m -fy+fy +I1i-17T (4)

However, long-run international purchasng power paity is not necessaily
vadid, even in the long-run, in developing countries where the per capita GDP leve
differs from that of ther trading partners (BdassaSamuelson effect, Baassa, 1964,
Samuelson, 1964) and where internationd capita mobility is redricted (see Rogoff,
1992; De Gregorio et d., 1994a, 1994b). The difference between the exchange rate
and purchasing power parity level may smply be taken into account by a constant (C)

or atrend (t) added to equation (4):

_ * _k * %

e=c+t+m-m -fy+f'y +1i-17i (5)
On the other hand, we suppose that goods prices are gicky in the short-run
and then we relax the continuous PPP condition (Dornbusch, 1976). Under this

assumption, the monetary modd dlows short-run overshooting of the nomind



exchange rate aove its long-run value. Here, however, we propose an dternative

explanation to that developed by Dornbusch.

2.2. The Dornbusch model of exchange rate overshooting (1976)

In Dornbusch’'s model, as neither goods price nor production vary
indantaneoudy, disequilibrium in the money market induced by monetary expansion
must be matched by a variation of interest rates (see equations (1) and (2)). Thus, a
persgent increase in the nomind quantity of money reduces the domestic interest
rate and leads:

“to the anticipation of a deprecation in the long-run and, therefore, a the
current exchange rate, to the expectation of a depreciating exchange rate. Both
factors serve to reduce the attractiveness of domestic assets, lead to an incipient
capital outflow, and thus cause the spot rate to depreciate. The extent of that
depreciation has to be sufficient to give rise to the anticipation of appreciaion at just
aufficient a rate to offset the reduced domedtic interest rate. The impact effect of a
monetary expangon is, therefore, to induce an immediate depreciation in the spot
rate and one that exceeds the long-run depreciation, snce only under these
crecumgances will the public anticipate an gppreciating exchange rate and thus be
compensated for the reduced interest on domestic assets’ (Dornbusch, 1976, p.1168).

However, the lower interest rate and relative price of non-traded goods due to
the depreciation of the spot exchange rate will induce an increese in aggregae
demand and “will cause domestic prices to rise and therefore be reflected in fdling

red money baances, risng interest rates and an gppreciating exchange rate. The



adjustment process of risng prices over time restores the economy to the initid red
equilibrium”3(Dornbusch, 1976, p.1171).

In Dornbusch’s modd, a key role is played by the duggish adjusment of
goods prices compared to asset prices. Therefore, the expected rate of variation of the
spot exchange rate s proportiond to the discrepancy between the long-run rate and
the current spot rate;

(De)2 =q (8- €) (6)
where (De)? is the expected rate of appreciation of the foreign currency* and g<1,

According to Dornbusch’s hypothesis of rational expectaions formation and
perfect foresght, the speed of adjustment q depends on the reaction of aggregate
demand to the variation of the interest rate and spot exchange rate and on the reaction
of goods prices to excess demand. The greeter the stickiness of prices, the lower the
peed of adjusment. If, on the contrary, the prices were perfectly flexible, the spot
rate would adjust instantaneoudly to its long-run level and g would equal one.

As perfect capitd mobility is assumed, the domestic interest rate equals the

foreign interest rate plus the expected rate of appreciation of the foreign currency:

i =i" +(De)? (7
Combining (6) and (7) we obtain:
e=1( -i)+e ©)
q

with 1 greater than one since g<1.
q

With a money demand expressed as in equation (1) and as the long-run change in the

exchange rae is just equa to the change in money stock (de=dm), we obtain an

® Here, asin the first part of Dornbusch’s article, we suppose that the level of production is given in the short-run.
* We recall that the exchange rate isin domestic currency terms.



expresson for the dze of the exchange rate overshooting following a mongary

expansiorr:
E:1+i>1 9
dmr Iq

The extent of the overshooting depends on the interest rate semi-dadicity of
the demand for money () and the speed of the exchange rate adjustment to its long-
run leve (q which is a function of the price gickiness). Thus, if the interest response
of money demand is high, a given money supply growth will require just a smdl
reduction in the interest rate in order to restore money market baance. So, the
expected rate of appreciation of the domestic currency necessary to restore
uncovered interest rate parity will be low. The discrepancy between the current spot
exchange rate and the equilibrium rate, in other words the overshooting, will be
reduced. We can apply a smilar interpretation to the coefficient of adjustment, since

if g is high, it meansthat the prices are not very sticky in the short-run.

2.3. Amodel of exchange rate overshooting with currency substitution

In Dornbusch’'s model, the dynamic aspects of exchange rate determination
arise from the assumption that exchange rates and asset markets adjust fast relative to
goods markets. This assumption is relevant for developing countries as wel as
indugridd ones. On the other hand, within the financid context of developing
countries, we will drop the assumption of perfect capitd mobility and we will take
into account foreign-currency holdings by domestic resdents. So, our model is based

on the following hypothess.

® We substitute expected appreciation of the foreign currency in (7) by its expression in (6). Then, weintroduce the result in (1)
in order to obtain an exchange rate equation. We remember that domestic prices, domestic incomeand thefordgninterest rate
arerigid in the short-term.



- goods prices are fixed in the short-run, whereas they move in the long-run so that
internationa purchasing power parity prevals

- internationd capital mohility isimperfect and domedtic interests are given

- currency subdtitution, i.e. foreign currency subgtitution for domestic money as a
dore of vaue, unit of account and medium of exchange, has become a pevasve
phenomenon so that domestic money demand may be supposed to depend on the
expected exchange rate depreciation.

Indeed, in countries with currency subdtitution, domestic and foreign moneys
ae hdd gmultaneoudy for transaction motive economic agents use domedtic
curency for smdl expenses and foreign currency for large transactions. The
equilibrium condition in the holding of the two currencies implies that the margind
yied of the domestic money baances is equd to tha of the foreign currency
balances. This yield depends on the expected rate of depreciation of the domestic
currency. Thus, this rate must be introduced into the conventiona domestic money
demand equation.

We now study the process of adjusment to a monetary expanson in the
deveoping economy defined previoudy. A pesdent increese in the nomind
quantity of domestic money has to be matched in the long-run by higher prices. But
for the moment, we suppose that prices, as well as production and domestic interest
rates, ae given 0 that domestic money supply is larger than demand. Economic
agents hold too much domedtic currency compared to foreign currency and the
implicit yield of domestic money (as a means of payment) fadls beow the yied of
fordgn currency holdings Therefore they will be incited to subditute foreign
currency for domestic money. This induces a depreciation of the exchange rate. The

extent of that depreciation has to be sufficient to give rise to an anticipation of
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gopreciaion at just sufficient a rate to offset the reduced margind yield of domestic
balances. It incites economic agents to preserve their domestic baances. Thus, the
exchange rate will overshoot its long-run eguilibrium.

If expectations ae quite unanimous, the exchange rate depreciates
indantaneoudy without important trading of currencies as in Dornbusch’'s mode,
where the reduced interest rate may induce an immediate exchange rate depreciation
without large cepita outflows. Then, with the adjusment process of risng prices
over time, the domestic money demand increases and the exchange rate gppreciates
towards its long-run equilibrium leve.

However, the reaction of economic agents to monetary expansion is probably
dower in developing countries than in the indudtrid economies concerned by
Dornbusch’'s modd. In our modd with currency subgtitution, economic agents
switch from domestic money baances to foreign ones rather than from non-monetary
financid assets denominated in domedtic currency to assets denominated in foreign
currency. Furthermore, money (domestic and foreign) is held more extensvely than
other financid assets. Thus, we may imagine that information about the reative yied
of domegtic and foreign money circulates more dowly than information about the
relative return of domestic and foreign bonds. Therefore, the reaction of the public
should be dower. So, there exigts a second kind of rigidity with regard to the money
market, but we gill suppose that the latter adjusts more quickly than goods markets.
Moreover, this rigidity should be weaker in a highly dollarized economy.

The exchange rate equation is derived from that of domestic money demand,

which includes the expected exchange rate depreciation, i.e.:

m- p=fy-1li-j (De)? (20
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where the coefficient | denotes the eadicity of subdtitution between domestic and
foreign currency according to the expected rate of appreciaion of the foreign
currency.

By using equaion (6) which defines the expectaion of exchange rate change,
we can express the nominad exchange rate according to the expected change in the

exchange rate and to itslong-run levd:
R
e=- —(De)* +€ (11)
q

The money demand expressed in (10) alows us to express the expected change in the
exchange rate according to the nomina quantity of money, the red income leve, the

interest rate and the price leve:

(D92 =- Z(m- p- fy+1i) (12)
J
Thisyidds
1 N —
e=—(m- p-fy+li)+e (13)
a

Finally, it appears from (13) that®:

E:1+i>1 (14

dm iq
By comparing equation (9) from Dornbusch’s modd and equation (14), we
see that the overshooting effect of the exchange rate depends on the speed of

adjustment of goods prices (q) as in Dornbusch’'s modd, and on the dadticity of

subdtitution between domestic and foreign money according to the expected rate of

aopreciation of the foreign currency (j ) ingead of the interest rate semi-dadticity of

the money demand (I ). If this dadlicity j is high, a given growth in the domegtic

® Here, domestic prices, national income and domestic interest rate are rigid in the short-term period.
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money supply will require a low expected appreciation of the exchange rate in order
to restore money market equilibrium, and thus exchange rate overshooting will be

low.

3. Econometric estimation of exchange rate dynamics in three developing
countries. Ghana, Paraguay and Uruguay

As we have dready seen, very few studies about exchange rate determination
concern developing countries, except McNown and Walace (1994) for Argenting,
Chile and Israel” and Makrydakis (1998) for South Kores®. For each country they
study, McNown and Wallace (1994) find at least one long-term relaionship between
the variables of interest (nomina exchange rate, relaive money supply, reative
income and relative interest rate) but the estimated coefficients seldom have the ight
dgn. Moreover, the short-term dynamics are not consdered. Makrydakis (1998)
examines the monetary model of the exchange rate between the Korean won and the
U.S. ddlar. He finds three long-term relationships between these variables and he
concludes in favour of the vdidity of the monetary mode as a vdid explanaion of
the long-run nomina won-dollar exchange rate. Then he wants to know whether the
flexible-price model better explans the won-dolar exchange rae than the
Dornbusch's sticky price modd, basing on long-term eadticities. However, both
variants of the monetary approach produce the same long-run conclusons. The
differences between the two are only observable in short period through the interest

rate semi-dadicity of the exchange rate. Therefore, the study of short-term

” The data are of monthly frequency. The relevant time periods are 1977:3-1986:12 for Argenting, 1973:6-1985:6for Chileand
1979:1-1998:10 for Israel.
® The data are of monthly frequency spanning the period 1980:1 to 1995:12.
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dynamics, i.e. an eror-correction modd, is necessary if one wants to digtinguish
between these two models.

In what follows, we will condder the monetary modd with currency
subgtitution described above, with data relative to Ghana, Paraguay and Uruguay.
We will andyse long-term relations between the exchange rate and its determinants,
but dso short-term dynamics. Fird, we briefly present the sudied countries,

estimation method and data properties.

3.1. Countries choice

In order to test the monetary modd with currency substitution we sdected
three developing countries that have experienced independently floating exchange
rate regimes according to IMF officid classificatio” for severad years and for which
aufficient data are avalable. The countries examined and reevant time periods are
Ghana (1987-1998'°), Paraguay (1989-1997) and Uruguay (1982-1992). In each of
these three countries, a the time of the adoption of this exchange rate regime, the
nomina exchange rate was sharply depreciated in terms of the U.S. dadllar. Thus, the
Ghanaian cedi in the firgt quarter of 1987, like Uruguayan peso in the fourth quarter
of 1982, was depreciated by more than 44%, and in the first quarter of 1989 the
Paraguayan guarani was depreciated by more than 27%. These depreciations are
explained by the extent of the overvaludtion that exiged before the change in the
exchange rate regime (Ghana and Paraguay abandoned a system of an exchange rate
fixed to the dollar whereas Uruguay abandoned a system of "tablitd'). However, after

the fird quater of free floating, the exchange rate of each one of these three

® It isthus a de jure classification and not a de facto one like that proposed in particular by Levy-Yeyati and Suzenegger
(2000). However, according to the latter, Paraguay and Uruguay had afloating exchange rate regime for the period studied
whereas the results for Ghana show that for certain years there has been some interventions of the authorities.

10 Ghana has maintained an independently floating exchange rate regime since 1998, but some data necessary for further
analysis was not available after this year.
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countries continued to depreciate for the entire period that this regime was
maintained: between 1987 and 1998, the average quarterly depreciation of the cedi
was 6.59%, between 1989 and 1997 that of the guarani was 2.15% and finally,
between 1983 and 1992 that of the peso was 13.26%™ (see Table 1). These trends
primarily reflect the macroeconomic evolution of esch of these countries since
during the relevant periods, the yen and the mark appreciated in terms of the dollar.
Table 1 dso dlow us to note that the quarterly ingtability of the cedi, guarani and
peso was dgnificant (7.82% for the cedi between 1987 and 1998, 4.09% for the
guarani between 1989 and 1997 and 7.36% for the peso between 1983 and 1992), but

dightly lower than that of the yen and the mark over corresponding periods'.

Insart Table 1

The importance of domedic holdings of foreign currency in Uruguay is
considerable. In 1982, the ratio of foreign currency deposits to M3 had aready
reached 60% (Savastano, 1996) and in 1992, it was near 80% (Bdifio et a., 1999).
This phenomenon dso exigts in the two other countries, even if it is much lower. In
Paraguay, dollarization measured by the reatio of foreign currency deposts to M2,
increased from nearly 25% in 1991 to 40% in 1997, whereas in Ghana, this ratio was
on average around 18% between 1993 and 1998 (IMF, Saff Country Reports various
issues). That dollarization explains exchange rate volaility gppears to be a more
likdly explanation than that of Dornbusch since, in each of these three countries,

there is no pefect capitd mobility. Indeed, in Ghana and Paraguay, payment

1 The trend evolution of the exchange rate is an average growth rate calculated around a deterministic trend (a=ba'i.e
loge=logb+t.loga). Instability is calculated as the average absolute deviation of the exchange rate from this trend (Coppock,
1977). We express this instability in percentage change.

2 M3 is defined as the domestic monetary stock i.e. monetary stock without foreign currency and without foreign currency
deposits.
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redrictions existed on capita accounts over the relevant periods (IMF, Report on
Exchange Arrangements and Exchange Restrictions various issues). Turning to
Uruguay, even if such redrictions do not exist, domestic assets cannot be regarded as

being perfect subtitutes for foreign assets because of the inditutiona environment.

3.2. Estimation method

Tests of the long-run relationship between the exchange rae and the
mongtary variables which rdy on the Engle-Granger (1987) two-step methodology
suffer from a number of deficiencies. Thus, in order to test for co-integration, we use
the multivariate co-integration technique proposed by Johansen (1988) and Johansen
Jusdlius (1990). The Johansen method applies the maximum likelihood procedure to
determine the presence of co-integration vectors in nondationay series. This
technique is superior to the Engle-Granger method because it provides estimates of
dl the co-integrating vectors that exig within a vector of variables and offers a test
getigtic for the number of co-integrating vectors.
The Johansen method commences from a standard vector auto-regression (VAR) of
the form:
X =P X 1 +P X o+ .+ P X + m+at +yD; +e, t=1,...,T (15

in which the dements of X; ({&, m, m’, y,,y,i,.i’}) are 1(1), and m= constant

term, t = trend, Dy = seasond dummies and e = error term.

By lagging (15) and adding and subtracting P; X,.; for i=1,....k-1 on the right hand
dde, we can obtain a daionary sysem. This is the error-correction modd, i.e. an
equilibrium mode which uses the lagged resduds from the co-integrating

regressons in combination with short-run dynamics to adjust the modd towards

long-run equilibrium :
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DX, :I_(é-_iGDXt_i +PX +m+g+yD; +e, t=1,...,T (16)

i=
where G are the dynamic vector parameters of the mode and, the P matrix contains
the long-run parameters®. This P matrix is the product of both the long-run
relationships between the variables (b’ matrix which contains the co-integrating
vectors) and their error-correction effects (a matrix which contains error-correction
parameters).
The estimation procedureis as follows:
() determination of the lag length k for the VAR and of the dructura form of the
deterministic component (constant and trend)
(i) determination of the rank r of the P matrix (i.e test for the number of co-
integrating vectors)
(iii) andyss of the sgnificant co-integrating vector(s)
(iv) andyds of the short-term dynamics

The implementation of the co-integration method dlows us to didinguish
between the process of long-run equilibrium exchange rate determination and short-
run exchange rate dynamics. Thus, vdidity of the monetary exchange rate mode can
be tested at two stages with this method. On the one hand, the existence of a co-
integration relationship between the exchange rate and its determinants as described
in relaion (5) should validate monetary theory as a long-run theory. We will test
proportiondity between the exchange rate and money stock (domestic and foreign),
rather than amply imposeit.

On the other hand, according to the Granger representation theorem (Granger,

1987), if a co-integrating reationship exists between a series of 1(1) variables, then a

BG=-(1-Py-c-P)adP=(1-Py-...-P})
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dynamic error-correction representation aso exigs. Thus, this mode should vaidate
overshooting theory. This is a representation of an auto-regressive didributed lag in
fe.m,m,y.y.i,i:}. But the generd form of the dynamic exchange rae
equation can be written as follows:

De =atyDe.; + 'aot 2,Dm_; +'aot 3iDM; + 'aot 4iDyei + 'aot 5% + 'aot 6i Dt |
i=1 i= i= i= i= i=

k-1

t,;Dii.; +deq. , +..+d.eq , +m+g+y D, +e
i=0

(17)

+

Qo

where ecl ..., ecf , denotes the co-integrating vectors normdized on e. Thus, a

postive value of the error-correction term (ec, , = e, - €) implies that the exchange
rate is above its long-run vaue in period t-k, and will tend to reduce in the next
period or in other words to appreciate (d is negative). The coefficient on this term
depends on the speed of adjusment of the exchange rate towards its long-run
equilibrium vaue, i.e. rigidity level on goods market. However, whatever the speed
of the adjusment, existence of an error-correction modd should dlow us to
implicitly rgject the pure flexible price monetary modd which suggests no short-term
disequilibrium (ec.«=0).

Tumning to the chort-term dynamics between the exchange rate and the
domedtic interest rate {¢), it should not be decisive because of the short-term rigidity
of the interest rate. More precisdy, the coefficient in front of this variable (expressed
in change snce it is the eror-correction modd) should not be Sgnificant or possibly
postive as in the long-run, while the coefficient in front of the foreign interest rate
(t7) should be negative. On the other hand, in a world of perfect capitd mobility, i.e.
according to Dornbusch’s modd, the coefficients in front of he domestic and foreign

interest rate should be respectively negaive and podtive and higher than one in
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absolute value (see equation (8)). Indeed, in this model, the ingtantaneous change of
exchange rae fallowing a change in monetary policy is explaned by the discrepancy
between the domedtic interest rate and the foreign interest rate. Thus, these
coefficients should alow us to vdidate one or the other of these two modds. We will
adso obsarve the codfficient in front of the domestic money supply change (t2).
Indeed, we expect that it is larger than one in asolute value (see equation (13) of our
model) or a least that the short-term money dadticity of the exchange rae is larger
than that for the long term. It could be interpreted as an evidence of the overshooting
phenomenon. Findly, one expects that the impact of the change in foregn money
supply be exeted manly through the long-term exchange rate, and thus by the
difference to thisrate in the short-run (i.e. ec.).

In the following sections, we will edimae the error-correction modd.

However, it is fird necessary to determine the order of integration of the series used

e m.m, v ¥i i ic}).

3.3. Data definitions and characteristics

The data for this sudy are dl taken from the International Monetary Fund's
International Financial Satistics database. They are of quarterly frequency,
gpanning the period of the fredy floating exchange rate regime for each country. The
United States is the base country (foreign country). The nomind exchange rae is
units of domestic currency per unit of U.S. dollar. M1 is the measure used for the
money supply. Thus, a rise in the domestic interest rate should reduce the domegtic
money demand, as in the theoreticd model. We measure income as the GDP at
consgtant prices (base year 1990) which are only available on a quarterly basis for the

United States. For Ghana, Paraguay and Uruguay we only have annual data We thus
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used an interpolation method* in order to obtain quarterly data Findly, the domestic
interest rate is a savings depodt rate whereass the foreign interest rate is a money
market rate. Seasond dummies dso were added, as the series are seasondly
unadjusted.

Prior to testing for co-integretion, we need to examine the time series
properties of the variables. Indeed, for variables to be co-integrated, they must be
integrated of the same order, that is they become dationary after differentiating each
time series the same number of times. Then, the orders of integration of the series
were determined using an augmented Dickey-Fuller test (Dickey and Fuller, 1981;
Said and Dickey, 1984). In Appendix A, our tests for a unit root indicate that al
series used, i.e. exchange rate, money supply, income and interest rate and ther
foreign counterparts are 1(1) or I(1,t) processes for the relevant periods. However,
there are three exceptions, exchange rate and domestic income for Paraguay and
domedtic income for Uruguay. These three series are trend-stationary. Nevertheless,
it has been suggested that augmented Dickey-Fuller methodology does not test
adequatdly for the exigence of determinidic trend-dationary series. Thus, in what
follows, we will treat these series as fird-difference dationary. The possble

existence of an error-correction model should confirm our opinion.

14 The regressors used for this interpolation are exports (X) and imports (M), available on a quarterly basis. The esimation
results obtained with annual data are as follows (standard deviations are in parentheses):

Ghana:y = 25.850+ 0.020 trend + 0.029 X + 0.024 M

(0.699 (0.009 (0.015 (0.018
Paraguay : y = 21467+ 0033 trend + 0020 X + 0011 M
(0512 (0.007) (0.055 (0042

Uruguay : y = 19690+ 0.054 trend - 0.232 X + 0181 M
(2057 (0.08) (0.119 (0.133



3.4. Co-integration analysis and the long-run exchange rate

In order to implement the Johansen (1988) procedure, a lag length must be
chosen for the VAR. According to Dornbusch’'s modd, we should expect a rapid
reaction of the exchange rate after a monetary shock and thus introduce just one lag.
But we have noted that in developing countries, reaction could be dower: therefore,
we chose to introduce two lags in the VAR system for each of the three countries
(k=2). Because of the dimenson of our data, we could not introduce more lags.
However, with two lags, the resduds in any equation proved to be white noise (see
Appendix B). Thus, we retain this specification. At this stage, we must choose how
to characterize the determinisic component of the mode, which consds of a
congtant and a trend. We compare the trace dtatigtic for each possible specification
and it gppears that a condant in both the levels of the vector X; and in the co-
integrating vector(s), and a determinigtic linear trend in the co-integrating vector(s)
are needed (see Appendix C). The presence of this trend in the long-term mode can
be explained by the impact of the Baassa-Samudson effect on the PPP condition (cf.
supra).

Now, we can determine the number of co-integrating vectors. It is the rank™
of the P matrix tha determines whether there are any dgnificant co-integrating
vectors between the variables of the vector X:. In order to determine this rank, we use

the trace test™®. In Table 2 we report the trace statistics. These indicate the presence

15 1f the P matrix has zero rank, it means that P contains no co-integrating vectors. Thus, thereisno longrrun rdationshipinthe
data. The appropriate model will be a VAR in first-differences. If P isof full rank n, it meansthat al the variablesin X.ae
stationary in level. Finally, if P has reduced rank (0O<r<n), there are r<n co-integrating vectorsin b matrix.

18 Osterwald-Lenum (1992) provides the appropriate critical values for this co-integration test (see Appendix 2 for the test
statistic). We start with the null hypothesis that the P matrix has zero rank (Ho: r = 0) againg the dternative hypothessthat
r31. If we can not reject the null hypothesis, it means that there are no co-integrating vectors If wergect Ho, it meansthat there
are one or more co-integrating vectors. We therefore redefine the null as Ho: r£1. If wedo not reject thishypothess, it means
that there is one co-integrating vector. If we reject Ho, it means that there is more than one co-integrating vector. We continue
the procedure until Ho is not rejected.
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of two datidicdly dgnificant co-integrating vectors among the series for Ghana

(r=2), fivefor Paraguay (r=5) and four for Uruguay (r=4).

Insart Table 2

The vaues of the coefficients in these co-integrating vectors are reported in
Tables 3 and the sgnificant co-integrating vectors are given economic meaning usng
normdization on the log of the exchange rate. These results lead us to conclude that
the monetary modd should be consdered a least as a long-run representation of the

behaviour of exchange rates for each country studied over the relevant periods.

Insert Table 3A
Insart Table 3B

Insert Table 3C

Having edablished the exisence of co-integration, we can proceed with
testing the redrictions on the coefficients of the co-integrating vectors, concerning
the long-run proportionaity relaionship between the exchange rate and money
supply (domestic and foreign). The tests are conducted on two co-integrating vectors
in the case of Ghana, five vectors in the case of Paraguay and four in the case of
Uruguay. The results, which are presented in Table 4, indicate tha the two
redirictions are rejected & the 5% sgnificance levd.

However, the dgns of the coefficients of the vector corresponding to the
largest eigenvdue ae close to those predicted by economic theory if we except

foreign money supply and domestic income for Ghana and foreign money supply for
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Paraguay (see line 1 in Tables 3). Moreover, we can observe that the trend shows an
gopreciation of the long-term exchange rate in the case of Ghana and Paraguay as
predicted by the Baassa-Samuedson effect. Then, for each country, we sdected this
vector as representative of the long-run exchange rate.

Findly, our findings are as favourable to the monetary modd as those of
MacDonad and Taylor (1993, 1994)}” who study the mark-dollar and the sterling-
dollar exchange rates, and those of Choudhry and Lawler (1997)'® who study the
Canadian dollar-U.S. dollar exchange rate. Thus, we think that the nomind exchange
rate of each of the three countries studied has a long-term dynamics smilar to that of
the exchange rate of the indudtrial countries. It means that independent floating can

at least work in developing countries as well asin industria countries.

Insart Table4

With regard to adjustment coefficients (a), these measure the speed of the
short-run response to a disequilibrium in endogenous variables in the sysem. We
focus on the firs co-integrating vector identified as an exchange rate equation. The
first coefficient in a matrix (i.e. a11) represents the speed at which the exchange rate
converges to its long-run equilibrium and the negative coefficient implies that lagged
excess depreciation induces an appreciation of the current exchange rate. Its

numericd vaue for Paraguay and Uruguay implies rapid adjusment of the exchange

" MacDonald and Taylor (respectively [1993] and [1994]) apply the Johansen procedure to the mark-dollar exchangeraead
to the sterling-dollar exchange rate using monthly data (1976:1-1988:12). They find evidencein favour of theexistence of upto
three significant co-integrating vectors between the exchange rate, relative money supply, relative income and relative interest
rates. They also show that coefficient restrictions are rejected when imposed on the full set of the co-integrating vectors,
although at least one of the significant co-integrating relationshipsis not greetly different from the predictions of the monetary
model.

18 Choudhry and Lawler (1997) apply the Johansen procedure to the Canadian dollar-U.S ddlar exchangerate usng monthly
data (1950:10-1962:05). They find evidence in favour of the existence of one significant co-integrating vector betweenthe
exchange rate, relative money supply, relative income and relative interest rates. Despite the rejection of the unit coefficient
restrictions on the money supply terms and despite the wrong sign of the coefficient relating to the Canadian income, they
conclude in favour of the validity of the monetary approach as a long-run theory of the exchange rate.



23

rate (approximately 80 percent in a quarter). It suggests that rigidity on goods market
is short-term gtickiness. In the Ghanaian case, only 19% of a deviation is corrected in

one quarter.

3.4. Short-run dynamics adjustment

We demongrated in the previous section that, for the exchange rates we
sudied and over the relevant periods, co-integration relationships exis and one of
them corresponds to the monetary agpproach exchange rate equation. Now, we can
seek to analyse short-term dynamics through the error-correction mode. In our case,
this modd is a system of seven dynamic equations since X; includes seven varigbles.
But the wesk exogeneity property could dlow us to modd a single equation that
captures the short-run exchange rate dynamics without loss of information. Thus
given tha long-run redionships have been edtablished, we wish to invedigate
whether the error-correction terms from the estimated co-integrating vectors enter
eech dynamic equation dgnificantly. In fact, we wish to know whether
Dm, Dm,, Dy,, Dy;, Di;, Di;, ae weakly exogenous with respect to De. If this
assumption of weak exogeneity is not accepted for dl the variables, we will be able
however to only edimate the exchange rate dynamics by the method of instrumentd
variables.

In order to test the presence of wesk exogeneity, we just need to impose
redrictions on the a marix. The ith variable is exogenous if the corresponding row
of a is zero (see Johansen, 1992). The null hypothesis of this test is the existence of
week exogenety. If the null is not rgected, disequilibrium in the co-integraing
relationship does not feed back onto that variable. Appendix D reports the results of

c? tests. It appears that wesk exogeneity is only accepted for domestic income and
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foreign interest rate in the case of Ghana, foreign income in the case of Paraguay and
foreign income and foreign interest rate in the case of Uruguay.

Consequently, estimation of the eror-correction mode is effected in three
dages. In the firs, we estimate exchange rate dynamics (see equation (17)) by the
ordinary least squared method. But not dl the coefficients in this equation may be
deidicdly dgnificant, and greater efficiency may be ganed by diminaing non
gonificant varigbles Thus we diminated the nonrSgnificant explanatory variables
gradudly and individudly and we obtaned egquation (& in Tables 5 (for each
country, the equation with dl the varidbles and dl the lags is in Appendix E).
However, we retain dl terms of error-correction, whatever their significance.

Then, we re-estimaed this equation using the ingrumenta variables method,
gnce we saw that certain variables were not weekly exogenous (equation (b) in
Tables 5). The instruments used are the current and lagged variables not included in
the model, because of their nonsignificance (see Adam, 2000).

Findly, we diminated non-sgnificant endogenous varigbles (equation (c) in
Tables 5). Our comments are based on the results of thislast estimate.

Results from the error-correction mode are presented in Table 5. In the three
cases, the lagged error-correction term ecl , is dgnificant a the 5% level. This,
then, confirms the exisence of an eror-correction modd. If the exchange rate and
the domestic income in the case of Paraguay and if the domestic income in the case
of Uruguay were trend-dationary rather than fird-difference dationary, this
coefficient would not be sgnificant. This confirms our firsg opinion concerning these
time series properties.

In addition, the negative sgn of the eror-correction term implies that the

exchange rate appreciates (depreciates) in the subsequent quarter in response to an
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excess depreciation (appreciaion). There is then an overshooting phenomenon in the
exchange rate in the short-run which is corrected in the long-run.

The dze of the coefficient of this error term shows that in Paraguay and
Uruguay, dmost dl the adjustment towards long-run equilibrium tekes place in one
quater as we had previoudy noted. Therefore, adjustment of the exchange rate
towards its long-term equilibrium is quite rgpid. In addition, it would seem that this
goead is higher in highly dollarized economies. This phenomenon is larger in
Uruguay, followed by Paraguay and Ghana and the coefficient of the eror term is
adso larger for Uruguay, followed by Paraguay and Ghana. This can be explained by
the fact that highly dollarized economies are those which suffered from chronic
inflation (high and durable) and subsequently economic agents are used to adapt the
goods price rapidly to any market disequilibrium.

Findly, the coefficient in front of the current change of the domestic interest
rate is never dgnificant. Only the coefficient in front of the lagged change of the
domedtic interest rate for Ghana is sgnificant and podtive. These results do not fit
the concluson of Dornbusch’'s modd and then, the overshooting mechanism is
probably better explained by currency subgtitution. Indeed, the coefficient in front of
domegtic money supply is dgnificantly superior to one in the case of Uruguay.
Although this is not the case for the two other countries (even though the standard
deviation of the edtimated coefficient is high for Ghang), this short-term eadicity
remans sgnificant (at the 10% leve for Ghana) and pogtive and, in particular,
larger than that of the long-term for Ghana. Findly, we can observe that the domestic
money supply dafects the exchange rae without lag. This finding is in conformity
with the assumption of rapid reaction of economic agents concerning the required

composition of their portfolio.
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Insert Table 5A
Insert Table 5B

Insart Table 5C

4. Conclusion

In this paper, we andysed the vdidity of the monetary exchange rate model
with currency subgtitution for three developing countries, Ghana, Paraguay and
Uruguay, under the assumptions of long-term price flexibility, controls on capitd
accounts and especidly currency subgtitution. We used Johansen (1988) and
Johansen and Jusdlius (1990) methodology concerning time series data. We used a
quarterly bilateral exchange rate expressed in terms of U.S. dollar. For each country,
our results showed some support to the monetary model, interpreted as a long-run
modd, snce we found evidence of a least one co-integration relationship between
the exchange rate, relative money supply, reative income and reative interest rates.
As a whole, estimated coefficients of the most Sgnificant co-integrating vector are
close to of those predicted by economic theory, even if they are not entirely in
conformity. That suggests neverthdess that macroeconomic fundamental variables
can help to explan the nomind exchenge rate in the long-run. Therefore, the results
seem rather attractive.

Then, usng these co-integrating vectors, we edimated the short-term
dynamics of the exchange rate. The results of the error-correction models showed
that, following a monetary shock, exchange rates overshoot their long-run levd. This
is paticularly true for Uruguay where it agopeared without ambiguity that in the
ghort-run, an increese in the domestic money supply involved a more than

proportionad change in the nomind exchange rate. The results dso showed that the
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goeed of adjustment of the exchange rate to its long-run equilibrium could be
relatively high, dnce in two of the countries dudied, Paraguay and Uruguay, an
exchange rate deviation from its long-run leve is dmost corrected after only one
quarter.

We explained the overshooting mechanism by the exisence of a dollarization
phenomenon in the economies studied rather than by Dornbusch’'s mode dynamics.
Indeed, the introduction of currency subgtitution in the money demand led us to show
the exigence of an overshooting mechanism of the exchange rae in the short-run
following an exogenous monetary shock. Consequently, the choice of an
independently floating exchange rate regime in a context of currency subditution
should induce short-term exchange rate volaility, even if cepitd is not perfectly
mobile. However, exchange rate volatility not only has a negdive impact on
internationd trade growth, it dso weskens the domedtic banking sysem. Thus, if
dollarization could promote the domedtic financid sector (while dlowing domedtic
banks to compete with off-shore establisiments) or could be pat of the re-
monetarizetion of the economy following high price volaility and capitd outflows, it
adso presents risks for developing countries with independently floating exchange
rae regimes dnce it increeses money demand indability and thus exchange rate
voldtility.

This is why currency subgtitution should be taken into account in the choice
of an exchange rate regime. Of course, the speed of exchange rate adjustment to its
long-run equilibrium seems quite high and it goes agang the idea according to
which an independently floating exchange rate regime cannot operate wel in a
developing country, being given its inditutiond and economic structures. However,

the increese in exchange rate voldility supported by dollarization, suggests that
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adopting a fixed exchange rate regime could be a better choice in countries with

currency subgtitution.



Appendix A. Augmented Dickey-Fuller Test Results

The augmented Dickey-Fuller equation test can be expressed as follows (dlowing for a drift

and a trend in the data generating process): Dx, =n +t +j x4 + g Dx,.; +J, where n =
i=1

congtant, t = trend, p = number of lagged differences and J = error term. Given the sample

sdze for each country, we gat with a maximum lag of four quarter, diminating inggnificant

teems. The null hypothesis (Ho: j

dationary, 1(1) (or I(Lt) if a trend is necessary). Then, if the t-gatidic is larger than the

critical vadue (Dickey-Fuller, 1981, MacKinnon, 1990), the null hypothess of non-dationarity

can bergected. ***, ** and * imply significance a 1%, 5% and 10% leve respectivey.

= 1) is tha the variable in quedion is firgd-difference

Ghana [1987Q2-1998Q4]

Paraguay [1989Q2-1997Q4]

Uruguay [1983Q1-1992Q4]

Variable Trend Lags ADF Stat. Diagnosis Trend Lags ADF Stat. Diagnosis Trend Lags ADF Stat. Diagnosis
e yes 1 -1.57 1(1) yes 3  -6.85¢**  |(0,t) yes 2 -3.02 1(1)
De no 0 -7.47%** no 1 -5.88***

m yes 4 -2.83 1(1) no 1 -1.72 I(1,t) yes 4 -2.72 I(1,t)
Dm no 2 -7.58*** yes 2 -7.98*** yes 2 -6.95%**

m’ yes 4 -2.31 1(1) yes 4 -2.74 1(1) yes 4 -2.18 1(2)
Dm’ no 2 -5.13%** no 2 -447Fx* no 2 -5.22%**

y yes 1 -2.81 1(1) yes 4 -3.36* I(0t) yes 4 -3.39* 1(0,1)
Dy no 0 -10.49***

y no 1 0.96 1(1,t) yes 2 -1.90 1(1,t) yes 1 -3.08 1(1,t)
Dy’ yes 0 -5.18*** yes 0 -5.02*** yes 4 -4.68***

[ yes 1 -2.49 1(1) yes O -1.18 1(1) yes O -2.69 1(2)
Di no 0 -7.88*** no 0  -4.75%** yes 0 -5.90* **

i yes 1 -2.38 1(1) yes 0 -1.02 I(1t) yes 1 -1.85 1(2)
Di' no 1 -2.94%* yes 0 -3.78** no 0 -4 55%**




Appendix B. VCEM residual diagnostic statistics

BJ (Bera Jarque’stest) AR(1) (LM test) ARCH(3) (Engle’stest) W (White's test)
Ho: residuals aredistributed Ho: residuals are not auto- Ho: residualsare Ho: residualsare
normally correlated homoscedastic (of order 3) homoscedastic

GHANA [1987Q21998Q4]

X, = {q, m, . Ve Voo i;} 10.151 [0.750] 0.949 [0.570] 862.630 [0.290]
e 2.677[0.262) 0.375 [0.545] 0.612[0.615] 32.454[0.347]

m 0.404[0.817) 0.386 [0.540] 0.237[0.870] 24.947[0.728]

me 0.691[0.708] 0.0186 [0.893] 0.429[0.734] 28.216 [0.559)]

y 0.504[0.777] 0.147[0.704] 0.774[0.521] 30.670[0.432]

v 3.127[0.209] 0.364[0.552] 1.036 [0.396] 21.657 [0.866]

i 4,094[0.129] 1.019[0.322] 0.969[0.425] 39.211[0.121]

i* 0.738[0.691] 0.091 [0.765] 0.787[0.514] 37.523[0.162]

For the vector X, BJisdistributed as ac?(14), AR(1) as aF(49,80), and W as a c%(840).
For each component of the vector X, BJis distributed as ac?(2), AR(1) asaF(1,27), ARCH(3) asaF(3,22) and W as ac?(30).
*** denotes significance at the 1% level and ** denotes significance at the 5% level.

PARAGUAY [1989Q 21997Q4]

X, ={e.m,m, v, ¥, i ic} 21.4190.090] 1.223[0.320]
e 0.762[0.683] 1312[0270] 0.794[0525]
m 0.295 [0.863] 3707 [0.073] 0.440[0.729]
m 0.129[0.938] 0.561 [0.466] 0.123[0.944]
y 6.828 [0.033]** 0.036 [0.853] 0.178[0.909]
v 1.166[0.558] 10.233 [0.006]*+* 0.478[0.705]
i 1.916[0.384] 3505 [0.081] 0.215[0.884]
i 7.278[0.026]** 1.880[0.191] 0.748[0.548]

For the vector X, BJisdistributed as ac?(14) and AR(1) as a F(49,19).

For each component of the vector X, BJis distributed as ac?(2), AR(1) as aF(1,15) and ARCH(3) as a F(3,10).
*** denotes significance at the 1% level and ** denotes significance at the 5% level.

Insufficient data do not allows us to realize White' s test.

URUGUAY [1983Q1+1992Q4]

X, = {q, m, . Ve Vs i i[} 12.912[0.530] 2.230 [0.000]*** 836.960 [0.520]
e 1.269 [0.530] 0.003 [0.954] 0.121 [0.946] 29.329[0.500]

m 1.878[0.391] 0.445[0.513] 0.287[0.834] 30.437 [0.443]

me 0.846 [0.655] 9.819 [0.005]*** 0.610[0.619] 33.104[0.318]

y 0.255[0.880] 0.723[0.405] 0.674[0.581] 30.986 [0.416]

v 4,036[0.133] 2,950 [0.101] 0.463[0.712) 30.306 [0.450]

i 2.434[0.296] 0.168[0.686] 0.185[0.905] 36.348[0.197]

i* 2.572[0.276) 1.625[0.217] 0.105 [0.956] 30.316 [0.450]

For the vector X, BJisdistributed as ac?(14), AR(1) as aF(49,45), and W as a c%(840).
For each component of the vector X, BJis distributed as ac?(2), AR(1) as a F(1,20), ARCH(3) asaF(3,15) and W as a c?(30).
*** denotes significance at the 1% level and ** denotes significance at the 5% level.

Appendix C. Trace Statisticsfor Alternative Specifications of Deter ministic Components
inthe VECM

We need to know if a trend must enter in the VAR modd. If a trend is necessary, we have to
determine if it enters both the levels of the vectors X; and the co-integrating vector(s). It is
important to undertake this research because the method of defining the determinigtic
component influences the results relating to the number of dgnificant co-integrating vectors
and the estimation of these vectors.

The three possible pecifications of the deterministic component are the following:
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H1(r): the congtant and the trend are unredtricted. This means they enter both the levels of the
vectors X; and the co-integating vector(s)

Ho(r): the congant is unredtricted whereas the trend is redricted. It only enters the co-
integrating space.

Hs(r): the congtant is unrestricted and the trend is not present.

(we do not retain here the assumption according to which the constant would be restricted,
without a trend, neither that according to which there would be neither constant, nor trend).

We diginguish between these gpecifications by comparing the trace datidic under each

regriction. The trace datidtic is defined as. Trace=-T 5n|n(1- l.), where r = rank of the P

i=r+1
matrix (0<r<n), |; = " largest eigenvalue of the P matrix, n = number of varigbles and T =
time periods. This datistic is distributed as c®. The most likely specification is the one for

which the trace datigtic is larger.

Hi(r) Ha(r) Ha(r)
GHANA [1987Q2-1998Q4] 170.89 181.79 163.99
PARAGUAY [1989Q2-1997Q4] 272.65 290.08 270.32
URUGUAY [1983Q1-1992Q4] 253.97 266.37 216.96
Appendix D. Weak exogeneity tests
GHANA [1987Q2-1998Q4] PARAGUAY [1989Q2-1997Q4] URUGUAY [1983Q1-1992Q4]
m c*(4) = 8.186 [0.017]** c?(5) = 26.839 [0.000]* **
m’ c?(4) = 12.360 [0.002]*** ¢*(5) = 18.396 [0.003]***
y c?(4) = 0.561 [0.755] c?(5) = 16.340 [0.006]* * * c?(4) = 28.449 [0.000]***
y c%(4) = 6.410 [0.041]** c?(5) = 3.306 [0.653] c?(4) = 3.279[0.512]
i c?(4) = 9.897 [0.007]*** c’(5) = 13.981 [0.016]** c?(4) = 18.412 [0.001]***
i’ c?(4) = 0.656 [0.720] c?(5) = 30.099 [0.000]* ** c?(4) = 2.557 [0.635]

Notes: """ and " indicate that the null hypothesis of weak exogeneity is rejected at the 1% and 5% significance levels respectively. We do not
have the results for domestic and foreign money in Uruguay. However, the coefficients of the first two rows of the a metrix for Uruguay
appear to be different from zero (cf. Table 3C). Therefore, mand m" are not held as weakly exogenous.
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GHANA PARAGUAY URUGUAY
[1987Q2-1998Q4] [1989Q2-1997Q4] [1983Q1-1992Q4]
(a) (b) (©
oLS OoLS oLs
ecl -0.459%** -0.797*** -0.863***
t-2 (0.113) (0.044) (0.060)
ec2 0.018 65-05 0.008
t-2 (0.016) (0.072) (0.062)
3 -0.002 -0.019
eCt -2 (0.016) (0.061)
4 -25.04 -0.062
eCt -2 (0.026) (0.094)
5 -7505
ect -2 (0.001)
-0.224 -0.670%** -0.974***
(De)t -1 (0.152) (0.084) (0.129)
0.231 0.070 0.180**
(Dm)t (0.144) (0.092) (0.091)
0.122 0.193 0.015
(Dm)t— 1 (0.178) (0.133) (0.113)
* 0.010 0.595** -0.524
(Dn )t (0.610) (0.293) (0.334)
* 0.697 0.584** -1.160**
(Dm )t- 1 (0.568) (0.267) (0.512)
0.544 -0.853 -0.296
(Dy)t (0.937) (0.634) (0.311)
1.262 -1.237 -0.436
(Dy) t-1 (1.043) (0.931) (0.447)
(W*) -1.578** 2.680** -3.610**
t (0.776) (1.188) (1.506)
(Dy*) 2.689 1.672 -2.719
t-1 (1.800) (1.232) (1.894)
(D) 0.891*** 0.328 0.121
t (0.331) (0.355) (0.354)
(Di) 1.889*** 0.291 1.040*
t-1 (0.331) (0.391) (0.541)
(Di*) 1.490 -4.085* 1.107
t (1.496) (2.293) (1.061)
(D'*) -3.051* -1.787 -4.706***
t-1 (1.625) (1.432) (0.979)
constant -132.802%** -53.175* 44.806
(43.207) (29.049) (30.393)
R 0.69 0.99 0.96
DW 1.94 2.28 1.77
BJ 8.321[0.016]** 0.036 [0.982] 6.689 [0.035]**
AR(1) 1.017 [0.379] 0.331[0.803] 0.743[0.542]
ARCH(3) 0.386 [0.765] 0.228[0.874] 0.239[0.868]

Notes: Coefficients on seasona dummy variables are not reported. Figures in parentheses are standard errors with White correction. ***
represents significance at the 1% level, ** represents significance at the 5% level and * represents significance at the 10% level.
DW denotes Durbin-Watson statistic, BJis Bera-Jarque's test, AR(1) is LM-test and ARCH(3) is Engle’ s test. In regression (a) BJis
distributed as a ¢?(2), AR(1) as a F(3,25) and ARCH(3) as a F(3,22). In regression (b) BJis distributed as a c?(2), AR(1) asaF(3,10) and
ARCH(3) asa F(3,7). In regression (c) BJis distributed as a c?(2), AR(1) as a F(3,16) and ARCH(3) as a F(3,13).
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Quarterly percentage change and quarterly instability of the Ghanaian cedi, Paraguayan guarani, Uruguayan
peso, Japanese yen and German mark

Quarterly percentage change of the Quarterly percentage change of the

Quarterly percentage change of the

Ghanaian cedi Japanese yen German mark
1987Q2-1998Q4 6.59% -0.53% -0.21%
Quarterly percentage change of the
Paraguayan guarani
1989Q2-1997Q4 2.15% -1.00% -0.29%
Quarterly percentage change of the
Uruguayan peso
1983Q1-1992Q4 13.26% -1.92% -1.74%
Quarterly instability of the Ghanaian Quarterly instability of the Quarterly instability of the German
cedi Japanese yen mark
1987Q2-1998Q4 7.82% 9.31% 6.50%
Quarterly instability of the Paraguayan
guarani
1989Q2-1997Q4 4.09% 8.16% 6.25%
Quarterly instability of the Uruguayan
peso
1983Q1-1992Q4 7.36% 10.58% 9.09%




Table2
Co-integrating rank analysis: Eigenvalues (I ;) and Trace Statistics

GHANA [1987Q2-1998Q4] PARAGUAY [1989Q2-1997Q4] URUGUAY [1983Q1-19920Q4]
I Trace Statistic I Trace Statistic I Trace Statistic

r=0 0.6720 181.79*** 0.9683 290.08* ** 0.9250 266.37***
rel 0.6232 129.40* ** 0.8069 169.30*** 0.7944 162.79***
rE£2 0.4682 83.52 0.6792 111.75%** 0.5907 99.51***
r£3 0.3983 53.85 0.5477 71.96%** 0.4989 63.78**
r£4 0.3198 29.97 0.4182 44.19** 0.3560 36.14
r£5 0.1618 11.86 0.3524 25.24 0.2306 18.54
r£6 0.0730 3.56 0.2491 10.03 0.1825 8.06

Note: " indicates significant at 1% level and " indicates significant at the 5% level



Table 3A

Co-integration analysis of the exchange rate for GHANA [1987Q2-1998Q4]
(b’ co-integrating vectors normalized on the exchange rate and a’ adjustments vectors)

b’ matrix (normalized on the exchange rate and r=2)

e m m* Y y* i i* trend
1.000 -0.321 -1.138 -4.284 -2.131 -2.787 0.677 0.047
1.000 -12.310 21.540 42.262 44.340 11.660 81.690 -0.153
a’ matrix (r=2)
De Dm Dm* Dy Dy* Di Di*
-0.187 0.451 -0.088 0.009 -0.022 0.150 -0.003
0.038 -0.077 0.166 0.010 -0.041 0.217 0.009




Table 3B

Co-integration analysis of the exchange rate for PARAGUAY [1989Q2-1997Q4]

(b’ co-integrating vectors normalized on the exchange rate and a’ adjustments vectors)

b’ matrix (normalized on the exchange rate and r=5)

e m m* y y* i i* trend
1.000 -0.241 -1.068 2.818 -3.844 -0.768 0.743 0.007
1.000 -36.731 -68.955 581.781 -429.532 -135.578 -129.991 0.696
1.000 -5.112 -13.617 22.820 -23.875 18.049 -15.484 0.391
1.000 0.763 -0.741 -18.380 -20.731 -0.801 30.195 0.251
1.000 22.485 -38.562 -97.340 160.067 20.903 -140.321 -1.038

a’ matrix (r=5)

De Dm Dm* Dy Dy* Di Di*
-0.822 -0.469 -0.049 -0.050 0.002 -0.006 0.003
-0.146 0.300 -0.083 0.046 0.006 -0.027 0.021
-0.040 -0.989 -0.262 0.023 0.021 0.243 -0.006
0.208 1.339 0.665 0.090 -0.004 0.696 0.097
-0.452 -2.598 0.592 -0.096 -0.338 0.119 -0.030




Table3C

Co-integration analysis of the exchange rate for URUGUAY [1983Q1-1992(4]

(b’ co-integrating vectors normalized on the exchange rate anda’ adjustments vectors)

a4

b’ matrix (normalized on the exchange rate and r=4)

e m m* y y* i i* trend
1.000 -0.046 1.760 0.245 -0.553 -0.345 3.323 -0.140
1.000 -0.482 0.011 -7.208 -4.498 -12.669 -2.185 0.005
1.000 -0.747 3.342 0.045 -7.546 -3.606 11.881 -0.011
1.000 0.549 -1.298 1.693 5.635 -1.823 0.845 -0.243

a’ matrix (r=4)

De Dm Dm* Dy Dy* Di Di*
-0.810 0.237 0.015 0.123 -0.014 -0.064 0.010
0.033 -0.001 -0.020 -0.061 -0.002 -0.011 0.002
0.495 0.759 -0.505 0.026 -0.026 0.367 0.024
-0.158 -0.645 0.015 -0.160 0.008 0.199 0.026
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Table4
Results of the restrictions imposed on the monetary model

GHANA [1987Q2-1998Q4] PARAGUAY [1989Q2-1997Q4] URUGUAY [1983Q1-1992Q4]

H: : proportionality between the

exchange rate and the domestic 18.081 [0.000]*** 40.613 [0.000]*** 38.218 [0.000]***
money stock

Ha : proportionality between the

exchange rate and the foreign 10.619 [0.005]*** 56.464 [0.000]*** 14.353 [0.006]***
money stock

Notes : Test satistics are distributed as ¢ (kr) where k is the number of restrictions and r is the number of co-integrating vectors Critical
values are in parentheses. *** means restriction rejection at a confidence level of 99%.



Table 5A
Short-run error-correction model for GHANA [1987Q2-1998Q4]
Dependent variable (De),

(a) (b) (c)
oLS \Y; IV
oct -0.247*** -0.103 -0.274%**

2 (0.052) (0.174) (0.093)

, 0.008 -0.001 0.004
€Ci2 (0.006) (0.023) (0.009)
(O, 0.142 0.275 0.705*

t (0.088) (0.343) (0.371)
(oni,” 0.319 0.780
t (0.354) (2.346)

o 0.566 7.423

(Dy"), (0.843) (6.276)
(0i), 0.713*** 0.579 0.591
(0.192) (0.931) (0.611)
(D)., 1.239%** 1.415%* 1.782%**
: (0.243) (0.605) (0.573)
Constant -67.486% ** -16.999 -62.688**
(17.273) (53.060) (31.180)
R’ 0.49
DW 2.10
BJ 9.274[0.010]*** 2.360 [0.307] 2.869 [0.238]
AR(1) 0.429[0.733] 0.382[0.767] 1.634[0.199]
ARCH(3) 0.412[0.745] 0.666 [0.580] 0.661 [0.582]

Notes : Coefficients on seasonal dummy variables are not reported. ~ denotes endogenous variablesin instrumental variables regression.
Figures in parentheses are standard errors, with White correction for OL S estimations. *** represents significance at the 1% level, **
represents significance at the 5% level and * represents significance at the 10% level. Inregression (8) BJisdigtributed asac¥2), AR(1) asa
F(3,33) and ARCH(3) as a F(3,30). In regression (b) BJis distributed as a ¢?(2), AR(1) asaF(3,33) and ARCH(3) asaF(3,30). In regression
(c) BJisdistributed as ac?(2), AR(1) as a F(3,35) and ARCH(3) as a F(3,32).



Table 5B
Short-run error-correction modd for PARAGUAY [1989Q2-1997Q4]
Dependent variable (De),

(@ () (©)
oLS v v
ol -0.758*** -0.786%* -0.740%**
2 (0.030) (0.373) (0.046)
. 0.005%** 0.008 0.005%**
&2 (0.001) (0.021) (0.001)
. 0.008 0.025 0.006
€2 (0.009) (0.052) (0.008)
. -0.016 -0.013 -0.009
€2 (0.016) (0.084) (0.014)
5 -3%.04 4504 -3%-04
€, (0.001) (0.008) (0.000)
(09 -0.462* ** -0.448 -0.391%**
1 (0.053) (0.605) (0.087)
o). 0.070 0.017 0.205**
t (0.062) (2.865) (0.095)
o). 0.039 -2.532
(D), (0.295) (16.290)
- 0.182 1.581
G (0.314) (29.230)
(i), 0.081 0.727
t (0.334) (4.210)
- -1.108 0.240
(D), (0.812) (5.123)
c -64.779%** -55.199 -56.526% **
onstant (16.181) (100.700) (13.440)
R 0.98
DW 2.50
BJ 0.979[0.613] 0.759 [0.684] 5.165 [0.076]*
AR(1) 1.136 [0.363] 0.267 [0.848] 1.267 [0.311]
ARCH(3) 0.290 [0.832] 0.638 [0.603] 0.115 [0.950]

Notes : Coefficients on seasonal dummy variables are not reported. ~ denotes endogenous variablesin instrumental variables regression.
Figures in parentheses are standard errors, with White correction for OLS estimations. *** represents significance at the 1% level, **
represents significance at the 5% level and * represents significance at the 10% level. In regression (a) Blisdsributad ssac’(2), AR(1) asa
F(3,17) and ARCH(3) as a F(3,14). In regression (b) BJis distributed as a c(2), AR(1) asaF(3,17) and ARCH(3) asaF(3,14). In regression
(c) BJisdistributed as ac?(2), AR(1) as a F(3,21) and ARCH(3) as a F(3,18).



Table5C

Short-run error-correction model for URUGUAY [1983Q1-1992Q4]

Dependent variable (De),

(a) (b) (c)
oLs v v
o ~0.758%** 1.199%%* 0.977%%*
v2 (0.112) (0.415) (0.208)
) -0.047* 0.103 0.064
&2 (0.028) (0.137) (0.085)
. 0.083 -0.317 -0.290
€2 (0.075) (0.435) (0.321)
. -0.019 0.300 0.142
&2 (0.070) (0.319) (0.183)
09 -0.618*** -0.683* -0.684%**
1 (0.179) (0.368) (0.249)
o, 0.327%** 1.590 1.190**
t (0.087) (0.976) (0.519)
i, -0.611* -2.504 -2.067
(Bm), (0.352) (2.376) (1.456)
Ot -0.975%* -3.765 -2.993*
(Om),. (0.380) (2.656) (1.722)
. 0.071 0.054
(Oy), (0.165) (1.354)
i), 0.068 -1.682
¢ (0.419) (2.182)
o -3.916%** -3.188 -3.834
(O)s (1.208) (5.908) (2.713)
31.643** -19.640 -7.915
constant (14.458) (70.200) (49.210)
R? 0.85
DW 1.82
BJ 4.268 [0.118] 2.908 [0.234] 2.326 [0.313]
AR(1) 0.387 [0.764] 0.666 [0.582] 1.314[0.293]
ARCH(3) 0.069 [0.976] 1.037 [0.399] 0.379 [0.769]

Notes : Coefficients on seasonal dummy variables are not reported.

" denotes endogenous variables in instrumental variables regression.

Figures in parentheses are standard errors, with White correction for OLS estimations. *** represents significance at the 1% level, **

represents significance at the 5% level and * represents significance at the 10% level. In regression (a) Blisdsributed assac’(2), AR(1) asa
F(3,22) and ARCH(3) as a F(3,19). In regression (b) BJis distributed as a c(2), AR(1) asaF(3,22) and ARCH(3) asaF(3,19). In regression
(c) BJisdistributed as ac?(2), AR(1) as a F(3,24) and ARCH(3) as a F(3,21).



