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Exchange rate equations

1 Introduction

This paper presents estimates of single equation exchange rate models, estimated on
quarterly UK data. Such single equation models may be distinguished from implicit
models of the exchange rate, which are obtained, for example, by solving the entire
financial sector for market clearing prices, including the price of foreign exchange. An
example of such an implicit model is the Financial Sector model described in Keating
(1985). The disadvantage in determining the exchange rate in this way, by inverting a
large set of financial asset equations is, however, clear. In such models, the determinants
of the exchange rate are implicit, and indeed may not be a priori acceptable since
misspecifications which arise in estimating the financial sector will in part determine the
properties of the implied exchange rate. Hence there are reasonable grounds for adopting
an alternative—single equation—approach as we do here. In the alternative the single
equation may still be interpreted as arising from general asset market behaviour, where
the exchange rate equation is interpreted as the reduced form of the system of asset
demands and supplies. The overriding advantage of this alternative, however, is that its
properties are clear, and their coherence with the evidence can be tested directly.

Using the single equation approach as we do in this paper enables us to search for the
determinants of the equilibrium level of the exchange rate. Like much empirical work
directed at the identification of a dynamic behavioural equation, the present work
employs a two-stage estimation procedure, and considerable emphasis will be placed on
the first stage co-integration part of this. By attempting to identify the minimal set of
determinants of the level of the exchange rate, the alternative variables which have
figured in the discussions of exchange rate determination can be evaluated, and a
parsimonious specification chosen. The results can then be introduced into the second
stage-dynamic-equation following the precepts of Granger and Engle. However, there is
widespread concern about the (possibly) misleading properties of two-stage estimation
where these are based on OLS. The first stage estimates may be badly biased for
example [Banerjee et al (1986)]. To overcome some of these problems we have used two
additional pieces of supporting estimation: The Johansen maximum likelihood technique
for determining the set of co-integrating vectors, and a three step estimation procedure
recently proposed by Engle and Yoo (1990). Further details of these are given in Section
3 below.

The plan of the paper is first to briefly describe underlying theoretical issues, and to
comment on the choice of models which are selected for further investigation. This is the
subject of the next section. The third section then provides empirical results and section
four concludes.
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2 Single equation exchange rate models

A number of alternative exchange rate models can be derived from the augmented
uncovered interest parity condition (UIP),

€& = Ef4r+Ti—r 40

Where ¢, is the log of the exchange rate, r the interest rate (r° denotes the overseas rate)
and 8 may be interpreted as indicating the degree of capital mobility so 8§ = 0 implies
perfect capital mobility. The equation may be expressed in real terms, with the real
exchange rate as the dependent variable depending on the real interest differential, where
the real exchange rate is defined as €+p-p*, where p is the log of the price level (and p* the
overseas equivalent).

Hence we may write
pr = pi+1+(i—i " +7X, 1)

where p is the real exchange rate, and i the real interest rate. The variable X; is included
as a (set of) determinant(s) of the risk premium. [See Fisher et al (1990).]

The model has been extended to allow for a ‘risk’ premium. Among the variables which
may affect the risk premium are the current balance, or other functions of the external
account, overall fiscal measures (eg the real PSBR), and other variables such as oil prices.
Note that the current balance can also be entered into an exchange rate equation by
solving the balance of payments equation for the exchange rate, though the formulation
above—interpreting external balance terms as determinants of the risk premium—is
adopted here.

Before implementing the equation suggested by (1), there are two things which need
further clarification; the role of expectations in the model, and second the actual form of
equation we estimate.

On the first point the equations presented here will not use the expected exchange rate as
a determinant of the current exchange rate. This reflects a conscious decision to develop
an exchange rate model dependent upon current and lagged variables only, since it is
planned to use it in a full macro-model which is not based on model consistent
expectations. Such lagged exchange rate equations may be interpreted as unrestricted
versions of equation (1), however, where the expected future value of the exchange rate
has been substituted out using lagged regressors so that, on this assumption, the
underlying interpretation of the equation as dependent on relative rates of return still
holds.

On the second point the next section will report estimates of equations for the level of the
real exchange rate, (p) of the form (in logs)

pE(E—P.+p)=I"2+|J 2)

where Z is a vector of variables, including the real interest differential, a measure of the
external balance in real terms, etc, and [ is an error term. Within this general definition,
the alternatives reported in the next section, and their interpretation, are as follows.

(i) If Z includes the real interest differential then the real exchange rate equation can be
written,

p=y+n(i-i")+rZ+y 3)
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where i, for example, is the real interest rate given by r. - (p {.1 = p, ), and proxied here by
Ti— Ap:, and where Z is a subset of Z. The interpretation of the role of relative asset
returns in the equation is not the same as implied in the UIP conditions in which the rate
of exchange rate depreciation is equal to the interest differential. Equation (3) suggests
instead that the level of the real exchange rate depends upon the level of real interest
differentials. In other words the underlying asset demand is based on a stock-adjustment
model, whereby a change in relative interest rates causes the exchange rate to move to a
new equilibrium level.

(ii) An alternative formulation which is more consistent with the UTP condition includes
the integral of interest rate differentials as a determinant of the level of the exchange
rate, ie

P=vo+nY (i-i"N-k+pZ+y (4)
k

Thus if the arbitrage condition is written as Ap = ¥ (i — i );-1, on integrating this gives

Pt =T Z (t—1")-4-1+ constant
A

This simple point serves to motivate the use of the cumulation rather than the level of the
interest rate differential in an equation for the level of the exchange rate. But, there are
additional problems with this approach. One in particular is its implication for the error
term. Thus, on integrating the real UIP term, augmented by a risk term ¢, ie

Bp = (=iN-1+0+ (5)

gives

P=Y (=i -k-1+ Quk+ Dbk (6)
X ! k

The presence of the cumulative error term z M-+ implies that p and the cumulative
interest differential cannot be co-integrated, as 2 Mooy is I1)."  What this serves to

illustrate is that the augmented UIP [equation (5)] may not be a valid representation of
the way the data actually behave. Thus, if equations like (6) appear to have I(0) error
processes when estimated, this suggests that the assumption made in (5) that i, is a
stationary white noise is not true.

(iii) Z; includes the current deficit as a percentage of GDP or the trade deficit in real
terms. Since we are concerned here with a model of the effective exchange rate, it is
appropriate to use such a current deficit term rather than, say, the UK deficit relative to
an overseas one. The use of relative deficits may be relevant when modelling bilateral
exchange rates, but are clearly not sensible in equations for the effective rate. In the
present context, as we previously noted, the external deficit can be interpreted as a
determinant of the risk premium. (Although it could be argued that the UK deficit
relative to a weighted average of all other countries deficits—with weights equal to those
in the calculation of the EER—could have been used.) Another alternative uses the
cumulative deficit [see eg Hooper and Morton (1982) and Meese and Rogoff (1983)].
Excluding revaluations, this is equivalent to the use of real net overseas assets (ie
expressed as a percentage of GDP), as used by Barrell et al (1988). In practice, however,

(1) We are grateful to Mike Wickens for pointing this out.




the presence of the large balance of payments balancing item and the fact that
revaluations have historically been the principal element of change in identified net
assets render this equivalence somewhat tenuous.

(iv) Instead of the cumulative current deficit, a similar term in the PSBR may be used.
This variant can have one of two interpretations. One of these interprets the sum of fiscal
deficits as an influence upon the risk premium, this time originating from concern about
the ‘stock’ of the government’s credibility. The PSBR is likely to be perceived as more
directly under the authorities’ control than is the current balance, so may affect
confidence in the foreign exchange market more directly. The other interpretation is that
the fiscal deficit proxies the external deficit used in (iii) above, and since data on the
fiscal deficit is more reliable, there may be a (admittedly fairly weak) statistical argument
for preferring this to direct measures of the external account.

Portfolio considerations may be used to justify the presence of either the stock of
government debt (cumulative PSBR) or the net stock of overseas assets (the cumulative
current account). Although we have already observed that there are problems in giving
this stock interpretation to the cumulative current account deficit, nonetheless the
general point is that it, and the cumulative PSBR, can be thought of as proxying asset
supplies. In turn this points to a portfolio-type interpretation of the real exchange rate
equation where this depends upon cumulative current or fiscal deficits, or both.

Having discussed the alternative variables which can be used in exchange rate equations,
the next section describes estimation results for these alternatives.

3 Estimation results

The equations reported next were estimated on quarterly data, from 1979:1 to 1989:3, this
sample being taken as a period with relatively free capital movements.

Exchange Rate Equations

We start with preliminary time-series tests. First orthodox tests for the order of
integration of the variables which are to be used in the exchange rate model are provided.
Table 1 below gives the details.

Table 1: Orders of integration

Variable Level Difference Order of Integration
DF  ADF DF ADF

LEERR -2.67 -1.99 -5.42 -3.47 I(1)

PSBRR -9.17 -2.53 1(0)

FINTRS -3.56 -2.77 -6.20 -4.75 1(1)

BALR -2.98 -2.26 -1 -2.78 11)

Critical value for DF/ADF is -3.5(5%) where the test uses a time trend.

L refers to a logarithm.
Where: EERR is the real effective exchange rate.
PSBRR is the PSBR as a percentage of nominal GDP.
FINTRS is the short term interest rate relative to the US,
deflated by consumer prices.

BALR is the current balance as a percentage of nominal GDP,

e



First, some further comments about the results shown in Table 1 are in order. The order
of integration of the real exchange rate is clearly I(1). The proportion of the PSBR to
GDP ratio does not have clear integration properties, with the DF and ADF pointing to
different conclusions. A DF regression for the variable suggests that the DF may be the
more meaningful of the summary tests, however, as there is no evidence of serial
correlation in the regression. Hence we are probably justified in treating the variable as
1(0) in spite of the finding that the ADF is -2.53. In turn this implies that the cumulation
of PSBRR is an I(1) variable and this is important for our later attempts at explaining the
level of the exchange rate. A number of additional tests were undertaken in the case of
the interest rate differential since its univariate properties were also not clear.
According to theory, the interest differential should be I(0), since we might expect that
arbitrage should eliminate excess returns. The DF statistic is compatible with that
expectation, though the ADF is not. Moreover, inspection of the spectral density function
for the variable shows that the variations in the series is dominated by the very low
frequencies, indicating non-stationarity. @ What the balance of this evidence suggests
therefore is that the interest rate differential—for this sample—is an I(1) series, and
hence the cumulative differential (such as would appear in equation (4) above) is 1(2).
There are, inevitably, important issues raised by the finding, which is in any event not a
clear cut one. At present we proceed with the view that FINTRS is I(1). Later in Section
(2) we report on the transformation of the series which renders it an 1(0) series. The
consequences of each of these alternatives for the behaviour of the exchange rate is
explored in subsequent—co-integrating—exercises. Continuing for the moment with the
results from Table 1, the final variable BALR is I(1), although the ADF for the difference
of the variable raises doubts about this. Again a DF regression points to the DF being
the more relevant statistic for this variable, hence we conclude that BALR can be treated
as an I(1) variable.

Next, we consider the evidence for co-integration, based on the proposition that the
interest rate variable (FINTRS) is I(1). This is the subject matter of the next section. In
it we will present evidence on co-integration based on a number of approaches; the
Engle-Granger two step method, the Engle-Yoo 3-step, and maximum likelihood.

(1) Treating FINTRS as I(1)

Based on the findings of Table 1—in particular that the interest differential is I(1)}—we
proceed to search for a levels equation for the real exchange rate. This part of the
exercise follows the Engle-Granger 2-step estimation procedure initially. But, as there
are serious doubts about this form of estimation, especially with the biasses which can
arise at the first stage, we augment this by re-estimating the equation using the 2-stage
procedure described by Engle and Yoo [1990] and by the exact maximum-likelihood
procedure developed by Johansen (1988).

(a) Granger-Engle estimates

The real exchange rate equation estimated by OLS is shown next. This uses the
cumulative interest differential (CFINTRS) and the cumulative PSBRR and BALR
(CPSBRR and CBALR respectively). The use of the cumulative interest rate differential
is dictated by the discussion around equation (4) above; that it can be viewed as an
integration of the (lagged) UIP conditions to give an equation between the level of the
exchange rate and the cumulative sum of the interest rate differential. According to our
tests of integration, this cumulative variable is I(2). Hence to search for a co-integrating
equation, a further I(2) variable is necessary, and we use CBALR which is also I(2).
However, both the cumulative fiscal and external deficit are used in the equation to
measure the effect of stocks of assets of the government and overseas sector respectively,
though only the latter is I(2) (See Table 1).

LEERR; =4.19 + .2632 CFINTRS; +0.127 (10°3)CBALR; - 0.105 (10"2)CPSBRR; ()]

R%2=0.628 CRDW = 0.877 DF =-3.77 ADF(1) = -4.67
Sample 1980:Q1-1989:Q3
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According to the criteria usually applied in these equations, the present example is fairly
satisfactory. The Durbin-Watson and Dickey-Fuller tests point to there being a
stationary error process in the equation. The parameters have acceptable signs; in
particular a worsening current deficit to GDP ratio lowers the exchange rate, as does an
increase in the fiscal deficit. In the long run, according to the estimated equation, the
higher the level of domestic interest rates, given overseas rates, the higher the exchange
rate.

The next step incorporates the lagged residuals (RES) from the levels equation above, as
an ECM term in a dynamic equation for the exchange rate. The results for the dynamic
equation are shown next.

ALEERR; = 0.304ALEERR; _) - 0.595AFINTRS; + 0.378AFINTRS; -1 - 0.002PSBRR; - 0.578RES;-1  (8)
(2.52) (2.459) (1.356) (2.119) (4.66)

R?=0.599 o=0026 DW =2.09 LM(4)=5.56
RESET(1) = .83 HETEROSC = .18 NORM(2) = .11

Again the properties of this dynamic equation are plausible, and its overall statistical
features are good. It implies that increases in interest rates (given overseas rates) are
first associated with a decline in the exchange rate, though in the long run the effect is to
increase the exchange rate. This kind of behaviour is broadly consistent with
overshooting, with an immediate overshooting following the increase in interest rates
(and this happens too quickly to be identified in quarterly observations) thereafter the
rate declines to its new equilibrium but at a level higher than that existing before the
increase in interest rates.

A further test of this model investigates its forecasting performance. To do this the
model is completely re-estimated over a shorter sample period, ie both the levels and
difference equation is re-estimated, this time over the period 1980:Q2-1988:Q3. The
model is then used to produce the four remaining data points. Its one-step predictive
performance is good, a Chow test F(4, 29) is 0.568 which is acceptable. The model tends
to underpredict, but it outperforms a random walk model over the forecast period.

(b) Engle 3-stage estimation

Because, as we have already noted, there is concern that the Engle-Granger two step
estimation procedure can lead to biasses, equation (8) is re-estimated by applying the
recent suggestion of Engle and Yoo (1990) for estimating ECM equations. By following
this extension the parameter estimates at the first stage-levels—regressions may be
corrected so that they are asymptotically equivalent to FIML and valid standard errors
for the parameters can be calculated. Hence this extended procedure enables us to
conduct t’ tests on the variables at the first (levels) stage of the two-stage estimation
exercise, which the Engle-Granger procedure does not. The primary disadvantage of the
three stage procedure however, is that it assumes there is a unique co-integrating vector
and moreover it assumes the weak exogeneity of the conditioning variables in the
dynamic model. [See Hall and Taylor (1989).] Although these are assumptions which
are implicitly made when applying the Engle-Granger two step technique, nonetheless
they need to be tested, and the three stage extension does not do this. [Section (c) below
rectifies this somewhat as the uniqueness or otherwise of the co-integrating vector is
tested via the application of Johansen’s maximum likelihood technique.] We provide an
illustration of equation (8) estimated by the three-step procedure below, where the third
step regresses the levels variables times the error correction parameter, on the errors
from the second-stage dynamic model. The adjusted coefficients of the long-term
relationship (7) along with their t-ratios obtained by performing this third estimation step
to (7) and (8) are reported next.




Variable Original coef adjusted coef t-ralio

constant 4.79 4.80 1527
CFINTRS .263 .229 204
CBALR .000127 -00116 -.49
CPSBRR -.00105 -.000850 -1.28

We should treat the above results with caution since it will be established in the next
section that a unique co-integrating vector does not exist. But according to the present
results the adjusted coefficient of CBALR has the wrong sign although admittedly is not
significantly different from zero.

(c) Maximum likelihood estimates

The final application which are based on the results in Table 1—which suggest that the
cumulative CFINTRS and CBALR are 1(2) variables—applies the Johansen procedure.
This not only gives ML estimates of the co-integrating vectors, but also gives a test
procedure for determining the number of distinct co-integrating vectors which exist within
the set of variables (the uniqueness question).

In applying the Johansen procedure however, only I(1) variables may be used. As Table 1
shows, two of the relevant variables are 1(2). To proceed with the ML procedure therefore
we use the ploy of forming an I(1) combination of the two I(2) variables, simply by
regressing one on the other. This gives:

CFINTRS; = -0.027 —-0.00108CBALR; +z; (9)

The residual from this regression z should be I(1). The DF/ADF statistic for the level and
difference of z are -1.99 and -3.46 respectively, suggesting that z is I(1) as required. The
next step is then to derive tests for the number of independent co-integrating vectors in
the set of variables—z (from (9) above), LEERR and CPSBRR. The results of this are
shown next.

Table 2: Number of distinct co-integrating vectors

Null LR* LR®

r=0 29.4 (22.0) 56.0 (34.9)
rsl 21.3(15.7) 26.7(19.9)
rs2 5.37(9.2) 5.37(9.2)

(a) 1s an LR test based on the maximum cigenvalue.
{(b) 1s an LR st based on the ace of the maoix.

Figwes in brackets are the 95% cui-off values.

According to these tests, there are two distinct co-integrating vectors among this set of
variables. The two vectors associated with the two largest eigenvalues are:

LEERR CPSBRR z ©
1.56 0.0131 1.69 -8.59
3.90 0.005 -1.52 -18.51

~J4




Of these vectors the first may be interpreted as a a policy reaction function if it is
normalised on CFINTRS (an element of z). This implies a negative relationship between
interest rates and the exchange rate, "leaning into the wind", and a negative relation
between interest rates and the current deficit which is consistent with tightening
monetary policy when demand expansion worsens the external account. The relationship
with the fiscal deficit is difficult to justify, however, as a positive relationship is normally
expected, unless monetary policy accommodates fiscal expansions in which case a
negative correlation could occur. The second vector may be normalised on the exchange
rate, yielding an equation not very different from the OLS equation (7).

At this point, given the existence of two distinct co-integrating vectors, both may be used
in a dynamic equation. Providing the conditioning variables are 1(0), then the usual ‘t’
statistic can be used to discriminate between them, leading to the elimination of one if it
proves to be insignificant. But, as the following result shows, both vectors appear to be
significant when entered into a dynamic equation for the exchange rate. (RESI1 is the
residual from the first co-integrating equation above, RES2 the residual from the second.)

ALEERR; = 0.25 ALEERR; -1 - 0.7242 CFINTRS; + 0.442 CFINTRS; -1 - 0.005PSBRR,
(1.93) (2.82) (1.46) (3.30)

- 0.002PSBRR¢_1 - 0.096RES1;-1 - 0.42RES2; -1
(1.76) (3.36) (4.12)

R%=0.62, 6 = 0.026, LM(4) = 3.65, RESET(1) = 0.099

This result is interesting because more than one levels equation turns out to be significant
and both levels equations can be given an economic interpretation. As a practical matter if
the first of these were true, but not the second, then the obvious thing to do would be to
incorporate only that residual from the levels equation which could be given an economic
justification. The residual from the other equation could be excluded on a priori grounds.
But this is not the case in the example above. The residual from both equations are
significant, and their joint presence may be rationalised as representing the asset
behaviour underlying the foreign exchange market itself (the second equation in the pair
of co-integrating equations is consistent with this view), and a policy reaction function
(the first equation). The level of the exchange rate is then determined by the joint
presence of both of these equations. Although such an interpretation is possible, it may
not be satisfactory. This is especially so when an equation such as (9) is used in a
complete macro model. Usually when using a macro model for forecasting, these forecasts
are conditioned upon an exogenous policy judgement. The added complexity which an
equation like (9) introduces is that the policy rule embedded within it may not be
consistent with the policy judgement on which the forecast is conditioned. This is not an
issue which can be resolved easily, and it is not proposed to try to do so here. So, although
the results in (9) are of interest, we next report on an levels equation with a simpler
interpretation to those given in Table 2. This alternative is based on the transformation of
the interest differential (FINTRS) to an I(0) variable, and the nature of this
transformation and the implications of it for the model of the exchange rate are the

subjects of the next section.

(2) Treating FINTRS as I(0)

Although as it stands FINTRS is 1(1), inspection of this variable reveals that there has
been an increase in the level of the series since 1985:Q1. It can be argued that the change
in the underlying time series behaviour is due to eg a regime change, and behaviour
before and after that can be represented by a stationary series. It is recognised, of course,
that this does not explain why this apparent change occurred. But the interest
differential is likely to be I1(0) according to a priori reasoning and, apart from the jump in
the series in 1985:Q1, its time series properties are consistent with this, as we now show.
To proceed with this approach we fit a regression of FINTRS, a constant term, and a
dummy variable (DUM851). The dummy variable takes the value of 1 from 1985:Ql




pnwards and is zero otherwise. The residuals of this regression are labelled NEWFINTRS,
ie:

NEWFINTRS = FINTRS + 0.0202 - 0.0416 DUM851

Carrying out the usual tests on NEWFINTRS reveals that this variable is indeed 1(0).
The cumulated value of this variable (CNEWFINTRS) is, therefore, I(1) and we have used
this together with LEER and cumulated PSBRR to identify a co-integrating relationship
between these variables, all of which are now I(1). When the Johansen maximum
likelihood technique is used, it turns out there exists a unique co-integrating vector, and
hence the application of the Engle and Yoo (1990) 3-step method is justified in this case.

The details of the estimation of an error-correction model are then as follows. Firstly, to
decide on the number of independent co-integrating vectors tests for the number of
distinct co-integration vectors were conducted, and the results are shown in Table 3:

Table 3: Further tests for co-integrating vectors

Null LR LR®
r=0 320 (220) 47,99 (34.9)
rsi 11.95 (15.76) 15.97 (19.96)
rs2 4.03 (9.24) 4.03 (9.24)

(a) Is an LR test based on the maximum eigenvalue
(b) Is an LR test based on the trace of the mamix.

Figures in brackets are the 95% cut-off values.

According to these, there is one co-integrating vector, and the unique co-integrating
vector obtained by the Johansen method is,

LEERR =4.951 + 0.416 CNEWFINTRS - 0.00309 CPSBRR 13)

This equation is simple, and has acceptable (ie interpretable) signs on the coefficients.
Consequently the residuals from (13) are used in the estimation of the dynamic equation
for the exchangerate. A simplified dynamic model was obtained, and this is shown next.

DLEER; = -.529NEWFINTRS; + 0.977TNEWFINTRS; -1 - 0.00631PSBRR;

(1.80) (3.18) (4.21)
- .00412PSBRR; -1 - .410RES; -1 14)
(3.30) (4.71)

R%2=.56 0=0.027 DW=1.88 LM(4)=2341 RESET(l)= 49
HETEROSC(1) = .39 NORM(2) = 0.85

The resulting equation has plausible economic properties and its statistical properties are
good, so the results of this version of the model are encouraging. According to (14) the
interest differential shows a negative followed by a positive dynamic response in the
exchange rate, with a positive relationship holding between the variables in the long run.
This is broadly consistent with overshooting in the real exchange rate. Furthermore, the

L
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equation includes well established effects from the fiscal balance—both the level and its
cumulative sum—upon the exchange rate.

As a final exercise on this model, we have also conducted an illustrative exercise using the
Engle-Yoo three step procedure. Since there is a unique co-integrating vector the use of
3-step estimation is justified. When it is used, the final results are broadly similar to the
ones obtained using the Johansen method as shown by equations (13) and (14). To
implement the Engle-Yoo three step estimation we first estimate an OLS levels equation.
This estimation is reported in (15) below:

LEERR = 4.7791 + 0.0938 CNEWFLVTRS -0.00163 CPSBRR 16)

R%= .43 CRDW =.58 DF = -2.78 ADF(4) = -1.98

Although using the DF/ADF statistic the residuals from (15) do not appear to be
stationary, inspection of the correlogram of these residuals suggests on the contrary that
they could be. So the results are ambiguous. But proceeding to use the residuals from this
equation as if they were stationary, the dynamic equation which results is shown by
equation (16)

DLEERR: = .242DLEERR; -1 - .428NEWFINTRS: + .TTTINEWFINTRS: -1 - 0.00255PSBRR;

(1.60) (1.22) (2.05) (1.95)
- .001PSBRR; -1 - .384RES; -1 a1e)
(77 (3.04)

R%?= .43 0=.032 DW =1.89 LM(4) = 7.67 RESET(4) = 2.53
HETEROSC(1) = 0.003 NORM(2) = .73

Thus, to complete the procedure, we adjust the coefficients of (15) as recommended in the
Engle-Yoo procedure, and these adjusted coefficients are reported below,

variable original coeff adjusted coeff t-ratio
constant 4.779 4.826 97.93
CNEWFINTRS 0.0938 0.3130 3
CPSBRR -0.00163 -0.00199 331

Comparing the adjusted coefficients in the results above with those obtained by the ML
method in (13) shows that the results are broadly similar. Of course, the 3-step estimator
is asymptotically equivalent to the ML method, but generally the ML results are preferred
if they are available. It should be noted that where a direct test on the residuals of the
adjusted equations was undertaken it produced a result similar to the OLS result in (15),
namely that both the DF/ADF statistics and the spectral density did not appear consistent
with stationarity. However, the correlogram of the residuals did. In this sense, the use of
the 3-step procedure has not improved upon the results from the two-stage one. However,
the 3-step procedure gives results which are broadly in line with the Johansen method,
which is as expected given the uniqueness of the co-integrating vector.




3 Conclusions

In this paper we have applied alternative estimation procedures to an eclectic model of
the real exchange rate. Although we have used the Granger-Engle two stage procedure for
part of this work, we acknowledge that there are well recognised difficulties with this. So
we describe alternative results which use the 3-stage procedure introduced by Engle and
Yoo and results using the Johansen procedure. When treating the interest differential
variable as I(1), which a purely time series interpretation suggests, the eventual result for
the ECM model of the exchange rate was an equation risk two error correction terms.
Each error correction term has a reasonable economic interpretation. There are, however,
problems with an equation of this sort, not least the problems in using it in a full blown
macro model. Hence the equation we prefer is based on a single levels or ECM component,
which we are able to derive after transforming the interest differential variable to an 1(0)
process, after effectively dummying out one observation. The paper provides empirical
results for this using both the 3-stage and Johansen maximum likelihood procedures, and
the results for either of these are acceptable on economic and statistical grounds.
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Appendix: data definitions

Full data set 1979:1-1989:3.

The prefix L in the text denotes a logarithm. Codes refer to CSO codes and/or Economics

Division model codes.

BALR

PSBRR

EERR

BOP

CPSBRR

INTRL

CFINTRS

DUMS851

: current balance us percentage of nominal GDP. (BAL /GDPN)*100
where BAL=current balance; GDPN=nominal GDP at market prices,
average measure.

: PSBR as percentage of nominal GDP. (PSBR/GDPN) *100

: real effective exchange rate. (EER/100)*(PPOX /(WPP/100)] where
PPOX=producer price index, WPP=world producer price index.

: ratio of non oil exports to non-oil imports.

[XGE- (PXGO*XGO)] / IMGE-(PMGO*MGO)]

where XG£=total visible exports: PXGO*XGO= total oil exports.
Similarly for imports.

: cumulation of PSBRR from 1979:1.
: long interest differential, relative to US, consumer price deflated.

: short interest differential cumulated from 1979:1. Relative to the US,
consumer price deflated.

: dummy variable =1 1985:1 to 1989:3
= 0 elsewhere
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