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INTERNATIONAL ECONOMIC REVIEW 
Vol. 19, No. 3, October, 1978 

A LIQUIDITY TRAP IN THE FOREIGN EXCHANGE MARKET: 
THE CASE OF MEXICO* 

BY W.J.BOYES AND S.D.GERKING' 

If an economy exhibits a high degree of responsiveness to external influences, 
the central bank authorities may be frustrated in their efforts to use monetary 
policy for stabilization purposes. This frustration is likely to be especially acute 
during periods of exchange rate speculation. Specifically, successive increases 
in the money supply tend to lower domestic interest rates, induce capital outflows, 
and create expectations of devaluation. Ultimately, these factors may lead 
investors to conclude that exchange risks cannot be covered by yields on domestic 
assets. This in turn, results in a sort of liquidity trap in the foreign exchange 
market; that is, a situation where the demand for foreign exchange becomes 
infinitely elastic with respect to the domestic interest rate. 

Brothers and Solis [1966] have suggested that the ineffectiveness of the mone- 
tary policies of the Banco de Mexico may have been due to such a liquidity trap. 
Ladenson [1974], in testing this conjecture, estimated the liquidity trap interest 
rate to be approximately 7% over the period 1948-64. However, there are two 
problems with Ladenson's study. First, he used a restrictive functional form 
of the demand for foreign exchange. Second, nearly half of his observations on 
the interest rate fell below his estimated liquidity trap interest rate. The purpose 
of this paper, however, is not to dwell on the limitations of the Ladenson study, 
but rather to extend it in two directions. In particular, (1) evidence on the 
proper functional form of the demand for foreign exchange and (2) further esti- 
mates of the domestic (Mexican) interest rate at which the foreign exchange 
liquidity trap exists are presented. It must be emphasized that this is more than 
a mere technical exercise since both the policy implications emanating from the 
demand for foreign exchange and the estimated value of the liquidity trap interest 
rate depend critically upon the choice of functional form. 

Section 1 will describe the functional forms to be examined together with an 
explanation of the methods used to estimate their parameters. Section 2, then, 
presents the results of estimation. In addition, this section will contain an 
examination of each set of estimates for specification errors using the battery of 
tests proposed by Ramsey [1974]. A summary and conclusions will be provided 
in Section 3. 

* Manuscript received March 30, 1977; revised August 1, 1977. 
1 We wish to thank an anonymous referee for making.constructive comments on a previous 

version of this manuscript. Needless to say, however, we are responsible for any remaining 
errors. 
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778 W. J. BOYES AND S. D. GERKING 

1. FUNCTIONAL FORMS FOR THE DEMAND FOR FOREIGN EXCHANGE 

The demand for foreign exchange is specified to depend upon permanent income 
(Yp) and the interest rate (i): 

(1) F = F(Yp, i- imin) 

where as i- mian lim (F/ai)-+ oo and where imin denotes the liquidity trap interest 
rate.2 The four functional forms of Equation (1) that are considered for esti- 
mation purposes are members of the class of Box and Cox [1964] transformations. 
These transformations are employed so that certain parameters describing the 
form of Equation (1) may be estimated rather than imposed on an ad hoc basis. 
Specifically, in the Box-Cox model, the equation to be estimated is assumed to be 
linear in variables transformed according to 

(ZA - 1)/A A, O 
(2) Z(A)= 

InZ A = 

Thus, while the Box-Cox family is not exhaustive, it does incorporate many 
transformations, such as the reciprocal, logarithmic, and polynomial, that are 
commonly used in applied econometric research. 

The most general specification of Equation (2) that is permitted within the 
Box-Cox class is 

(3) F(o) = xo + oCl Y('I) + oC2[i - imin](A 2) + U 

where it should be observed that each variable has been subjected to a different 
transformation. In addition, in Equation (3), a disturbance term (whose proper- 
ties will be discussed below) has been included and time subscripts on the variables 
of interest are to be understood. This equation, which will be referred to as 
Model 1, is similar to the specification used by Spitzer [1976, 1977] in estimating 
money demand functions. 

Each of the remaining three models are special cases of Model 1 that have been 
employed elsewhere in the applied econometric literature. The form used by 
Ladenson is referred to here as Model 4. It is Model 1 with O=)A = 1.0, )"2 

= -1.0 and ao =0. This functional form was used by Konstas and Khouja 
[1969] in estimating a demand for money function. The other two functional 
forms examined also come from the demand for money literature. Model 2, 
in which AO=AI = 2, was used by White [1972] and Model 3, with AO=AI = 2 

=0, is the log-linear form used by Pifer [1969] and Eisner [1971]. 
In order to obtain estimates of the parameters in the four models, assume that 

for some (unknown) triplet AO, Al) A2 the disturbance term, u, in Equation (3) 

2 For more on the theoretical specification of the demand function for foreign exchange, see 
Brothers and Solis [1966] and Ladenson [1974]. 
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is normally, independently, and identically distributed with zero mean and vari- 
ance a2. Under these assumptions, maximum likelihood estimates for Model 1 
may be found by maximizing the log-likelihood function 

(4) L = Constant + log J - 2 2oga- 2 Et1 F 

- CXO -CX Y(_'l)-C21i-imin ](A 2} 

where log J = (io - )Y.log F and where J is the determinant of the Jacobian of 
the transformation of the u's to the F's. Partially differentiating (4) with respect 
to CO, o1, 2 and a2and setting these derivatives equal to zero yields the familiar 
maximum likelihood estimates for these parameters in terms of imin and the )j, 
j = 0, 1, 2. However, since imin and the )j are unknown, it is necessary to search 
over a range of admissable values for these parameters in order to find the com- 
bination Q, al, Q29 imin , 20 and '2 that maximize the concentrated likelihood 
function 

(5) Le = constant + ()o - 1) E logF - 2 log2 

Finally, it should be noted that because Models 2, 3, and 4 impose restrictions on 
the )j, estimates of the parameters in these models will not have maximum likeli- 
hood properties unless the restrictions are obeyed. 

2. ESTIMATION OF THE FOUR MODELS 

As was previously indicated, this section will present parameter estimates for 
each of the four models. In addition, evidence regarding the "goodness of fit" 
and the probable existence of certain specification errors in each of the models 
will be provided. This evidence is presented in an effort to show which of the 
four sets of parameter estimates are relatively more defensible from an econometric 
point of view. It is argued that the estimates of Model 1 constitute this set. 

Estimates of the parameters in each of the four models were constructed using 
the data described in Ladenson [1974].3 These estimates are presented in Tables 
I and 2. In interpreting these results, it should be recalled that these estimates 
were obtained by a search procedure that involved systematically varying: (1) 
the imin parameter in Models 3 and 4 and (2) both imin and A, parameters in 
Models 1 and 2.4 Consequently, the estimates presented for all four models refer 

3 The cooperation of M. Ladenson in providing these data is greatly appreciated. Ladenson 
used a simple Fisherian equation to derive an interest rate variable. This construction resulted 
in some curious values for the coefficient on interest rates. In this paper, the reported or nominal 
interest rate is used. 

In all four models, imin was varied over the range 0.0 to 9.7 (which was the lowest observed 
value of the domestic interest rate during the sample period) at intervals of 0.5. In Model 1, 
for each trial value of imin, the 2i were first varied over the range -9.0 to 9.0 at intervals of 0.5 

(Continued on next page) 
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to the iteration that had the highest concentrated likelihood value. 
Table I presents maximum likelihood estimates of imin and the 2j for each of 

the four models together with asymptotic confidence intervals for each estimate. 
This table shows that the linear form of Model 2 (241 = )2 = 1.0) together with 
an estimate of the liquidity trap interest rate of 8.0% maximized the concentrated 
likelihood function, while for Model 1, the combination 20 =1.5, 1 = -2.0, 
22=1.0 with 1min =8. achieved the maximum L, In addition, for Model 3 
the estimate of imin that maximized LC was 8.2% and for Model 4, this estimate 
was 84%. As noted in footnote 3, the nominal, rather than an approximation 
to the real interest rate was used in making these calculations. This procedure 
was used in order that the four estimated values for the liquidity trap interest 
rate would not exceed any observations on this variable. In addition this was 
the procedure used in the demand for money studies noted above. Table 1 also 
presents approximate confidence intervals at the 9500 significance level for the 
estimates of imin and of the ),. To see how these confidence intervals were ob- 
tained consider the interval for Imin that is presented for Model I (5.0% to 9.4%). 
Kendall and Stuart [1961] have shown that under general conditions the statistic 

-2[Lmax(io in) Lmax(min)] is distributed as x2 with one degree of freedom where 
Lmax(jmin) denotes the value of the unconditional maximum of the concentrated 
likelihood function and where Lmax(iomin) denotes the value of the conditional 
maximum of LC with im constrained to equal io in (all other parameter estimates 
unconstrained).5 Hence, a 100(1-ac)00 confidence interval for Imin can be ob- 

TABLE 1 
ESTIMATES OF THE FUNCTIONAL FORM PARAMETERS AND 

THE LIQUIDITY TRAP INTEREST RATE FOR THE FOUR MODELS 

Model o0 2l 2 imln 

1 Estimated Value 1.5 -2.0 1.0 8.0 
95%Y Confidence Interval 1.3 to 1.58 -3.1 to -1.5 .81 to 1.2 5.0 to 9.4 

2 Estimated Value 1.0 1.0 1.0 8.0 
95 % Confidence Interval .72 to 1.2 .72 to 1.2 .72 to 1.2 7.2 to 9.0 

3 Estimated Value O.0a ooa1 O.0a 8.2 
950% Confidence Interval . 3.0 to 9.5 

4 Estimated Value 1 b.0a . -10a 8.4 
95 % Confidence Interval 7.0 to 9.5 

specified a priori 

(Continued) 
so that the value of L4 associated with each combination of 20, a1, and 22 could be examined. 
Once the L4 maximizing combination of these parameters was found, they were again varied at 
intervals of 0.01 around this solution. The estimates for Model 2 are taken from the subset of 
results for Model 1 where 20=21=22==1.0. 

5 It would be more natural, perhaps, to obtain an asymptotic measure of the precision of these 
estimates from the information matrix associated with the likelihood function in Equation (4). 
However, as Zarembka [1974] has previously reported, in the context of the Box-Cox Model 
this approach is too complicated to be worth pursuing; expectations of non-linear functions of 
random variables are required. 
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tained by finding that value of i ? inon either side of trin such that the relation 

(6) Lmax(Imin) - Lmax(inlin) = (a) 

is satisfied. An analogous procedure was used to derive the confidence intervals 
for the remaining estimates presented in Table 1. 

"In interpreting these results, it is of interest to observe that the estimates of 
Model 1 suggest some uncertainty as to whether a liquidity trap is actually 
present in the Mexican foreign exchange market. As previously indicated, a 
liquidity trap is said to exist if lim (8F/ai) -* oo as ibir in. However, since aF/ 
ai = a2(i-imin )2-IF'-,I it should be clear that this limit tends to infinity only if 
X2 < 1. Table 1 shows that the confidence band around the estimate of contains 
values both greater than and less than unity. This situation should be compared 
with Models 3 and 4 wherein values of X2 were specified a prior to equal 0.0 
and - 1.0, respectively. These two models therefore, imposed a liquidity trap 
on the model rather than allowing its existence to be determined through 
estimation." 

TABLE 2 
ESTIMATES OF FOUR FUNCTIONAL FORMSa 

Model al al a2 

1 
-.8533-00 .1925-01 -.2033-02 20= 1.5 

(-.1027+02) (.4570+01) (-.2344+01) 21- 1.0 

,22= 1.0 
-.9612-00 .3484-01 -.7107-02 20= 1.0 2 (-.2320+01) (.2170+01) (-.1655+01) 21 = 1.0 

,22= 0.0 
-.2020-01 .2605-00 .9615-00 20= 0.0 

3 (-.5800-01) (.9100-00) (.9040+01) 21 - 
0.0 

,Ao= 1.0 
4__b .4202-01 .6187-04 i ,= 1.0 

(.9411+01) (.3300-00) 2-0 

Model immin Eyp ______ E _ | Lc 

1 8.0% .8233-00 -.4856-00 .7805+02 

2 8.0% .7888-00 -.5836-00 .7301+02 

3 8.2% .2605-00 .9615-00 .6841+02 

4 8.4%4 .9518-00 -.1030-02 .2076+02 

a t-ratios are shown in parentheses beneath the estimates for ao, a,, and a2. 
b was constrained to equal zero in Model 4. 
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Table 2 provides estimates of the acj in addition to estimates of the permanent 
income and interest rate elasticities of the demand for foreign exchange in all 
four models. The estimates of x1 (the coefficient on Yp) are significantly different 
from zero at the 5% level for all models except for Model 3 and the estimates of 
O2 (the coefficient on [i - min]) are different from zero at the same significance 
level for all models except for Model 4. However, (2 for Model 3 had the 
opposite sign from that expected on the basis of theory. Interestingly, the esti- 
mates of the four models imply markedly different values for both the income and 
interest rate elasticities of the demand for foreign exchange (Evp and E )6. 
Specifically, in Model 3, the income elasticity, evaluated at the sample means of 
the observations on the untransformed variables, is lower, at .2605-00, than its 
counterparts in Models 1, 2, and 4. In addition, the interest rate elasticities 
range from -.1032-02 for Model 4 to .9615-00 for Model 3. 

The implications for domestic stabilization policy under the four models are 
therefore substantially different. For example, monetary authorities can work 
much more independently if Model 4 is the correct specification than if Model I 
is the true model. Under Model 1, a 1% decrease in interest rates will lead to a 
0.5% increase in the demand for foreign exchange whereas under Model 4 that 
1% change will lead to only a .001% increase in the demand for foreign exchange. 
Hence, the sum of increased imports and capital outflows resulting from a decrease 
in interest rates will be much larger under Model 1 implying that internal-external 
balance at domestic target levels will be much more difficult to maintain.7 On 
the other hand, a development strategy of stimulating foreign investment will 
be more successful if Model 1, rather than Model 4, is the true model. An at- 
tempt to stimulate capital inflows by raising domestic interest rates will lead to 
a much greater willingness to hold assets denominated in Pesos (thus minimizing 
capital outflows) under Model I than under Model 4. 

Because of these differences in behavioral implications, it is useful to test 
whether the "goodness of fit" of Models 2, 3, and 4 is significantly different from 
Model 1. Since the four models are members of the same family of parametric 
functions, a likelihood ratio test is used for this purpose. This test is again based 
on the fact that - 2(Li -LI) is x2 distributed where: (1) LI corresponds to the 
unconditional concentrated likelihood value obtained from estimating Model 1 
and (2) Li; j = 2, 3, 4, corresponds to the concentrated likelihood value obtained 
for one of the remaining three models which embody restrictions upon the ),. 

6 For Models 1, 2, and 4, EY P was calculated according to 

E 
l -i- l1 2O~lo 

while Et was calculated by 

Ej= [io- ] ad22i (i - imin) 2l ] 

Brothers and Solis [1966] point out two cases in which monetary authorities were 
frustrated due to the sensitivity of the demand for foreign exchange to changes in interest rates. 
These examples provide casual empirical support for Model 1. 
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The results of these tests are presented in the pair-wise comparisons shown in 
Table 3. 

TABLE 3 
PAIRWISE COMPARISON OF MODELS 2, 3, AND 4 
WITH MODEL 1 USING LIKELIHOOD RATIO TEST 

Models Compared ~ 2 ~d f Probability of a larger 
Models Compared l X2 (d.f.) value than x2 

1-2 10.092 (2) .008 
1-3 19.290 (3) .004 
1-4 114.400 (4) .0001 

These comparisons suggest that the null hypothesis of no difference between the 
"goodness of fit" in Model 1 and the "goodness of fit" in each of the other three 
models would be rejected at less than the 1 % level of significance in each case. 

In the final part of this section, the specification of the demand function for 
foreign exchange is subjected to further scrutiny. In particular, the validity of 
the standard least squares assumptions regarding the properties of the disturbance 
term in each of the four models is tested via residual analysis. As is well known, 
these assumptions require that the disturbance terms must be identically and 
independently distributed with mean of zero and constant variance for all observa- 
tions. 

The validity of these assumptions is examined by considering the following 
five types of specification error: (1) omitted variables, (2) incorrect functional 
form, (3) simultaneity, (4) non-normality of the residuals, and (5) hetero- 
scedasticity. The first three types of errors, termed Group A errors, cause the 
assumption E(u)=0 to be violated and lead to inconsistent estimates of the 
regression parameters; the fourth error (Group B) alters the distribution of both 
the regression coefficients and their associated test statistics; the fifth type of 
error (Group C) changes the covariance matrix of the estimates of the slope coeffi- 
cients. Tests for these three types of errors have been described in detail by 
Ramsey [1974]. Consequently, they will not be discussed at length here. How- 
ever, it should be mentioned that the RESET test is used to test against Group 
A errors; the Shapiro-Wilk test, which Ramsey calls WSET, is used to test against 
Group B Errors; and Bartlett's M statistic is used in an attempt to detect the 
presence of Group C errors. 

The results of the specification error tests are presented in Table 4. As is 
indicated, the RESET test rejects the null hypothesis that Group A errors are not 
present in Models 3 and 4 at the 10% level, while this hypothesis is not rejected 
in either the case of Model I or 2 at the same level of significance. On the other 
hand, Table 4 also indicates that null hypotheses that Group B and C errors 
are absent are not rejected by the WSET and BAMSET tests. In summary, 
therefore, the presence of specification errors was detected in Models 3 and 4. 
It is important to observe that no such errors were detected in Model 1. This 
model, as should be recalled, had a significantly higher concentrated likelihood 
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TABLE 4 
RESULTS OF SPECIFICATION ERROR TESTS 

FOR THE FOUR MODELSa 

Model RESET WSET BAMSET 
1 .8476b .95435 1.9028 

(3, 10) (14) (2) 
2 1.9732 .92912 3.7323 

(3, 10) (14) (2) 
3 18.835 .94524 .8772 

(3, 10) (14) (2) 
4 5.6226 .93345 2.9255 

(3, 10) (15) (2) 
a degrees of freedom show in parentheses. 
b denotes not significantly different from zero at 10% level. 

value than either of the other three models. 

3. SUMMARY AND CONCLUSIONS 

Previous literature has suggested that the ineffectiveness of the monetary policies 
of the Banco de Mexico may have been due to a liquidity trap in the foreign 
exchange market. This paper has indicated that such a liquidity trap may have 
existed over the period 1948-64. Interestingly, the estimate of the liquidity trap 
interest rate was relatively high, approximately 8%. In order to construct this 
estimate four specifications of the demand function for foreign exchange were 
considered. Each of these specifications was a member of the family of Box and 
Cox transformations. The most general specification, where the dependent 
variable and the explanatory variables are each subjected to a different exponential 
transformation, was found to be superior to its more restrictive competitors in that 
this specification had a significantly higher concentrated likelihood value. 

In addition, the choice of functional form and hence the specification of interest 
and income elasticities is an important issue to policymakers. In particular, 
it was shown that development strategies and domestic stabilization policies vary 
as the functional form of the demand for foreign exchange varies. With the 
preferred functional form for Mexico, a development strategy of promoting 
sufficiently high interest rates to attract foreign capital appears to be desirable. 
However, since interest rates on 1-2 year time deposit contracts have only risen 
from 10.0% in 1971 to 12% in 1977 despite large increases in the rate of inflation, 
it would appear that this policy is not being vigorously pursued. In fact, in 1973 
the rate paid on these contracts was 8.4% which is quite close to the above-men- 
tioned estimate of the liquidity trap interest rate. 

Arizona State University, U.S.A., and 
University of Wyoming, U. S. A. 
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