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Introduction

The empirical literature on the real effects of exchange rate uncertainty has
generally concentrated on the relationship between uncertainty and trade, using a
varicty ol uncertainty and cxchange rate measures. However, there is a growing
realization that real exchange rate uncertainty may, especially in developing
countries, have direct effects on growth, independent of any indirect effects via its
influence on trade.

In this paper we consider two empirical questions. First, is there a real exchange
rate (RER) uncerlainty effect on economic growth independent of its potential
ctfecls on trade? Second, is there a relationship betwecn the level of the real
exchange rate and its conditional variance?

Using a multivariate GARCH-M model, we estimate a simullaneous model of
the RER-economic growth process in Mexico from 1971 through 1996. W find that
the conditional variance of the RER has a negative and significant influence on
Mexican industrial production growth, controlling for industrial production growth
in the USA, the level of the RER, and Mexican export growth. We also find that
there is a positive and significant relationship between the level and conditional
variance of the RER. That is to say, as the peso experiences real appreciation, its
conditional variance rises. Taken together, these results imply that real exchange ratc
uncertainty is a problem for economic growth, and one way to combat the problem
is to avoid RER appreciations unrelated to improved fundamentals.

Our results are novel in that they provide the first time series cvidence of a link
between RER uncertainty and economic growth, and the first evidence that RER
appreciation increases RER uncertainty.

In what follows below, section I rcvicws the empirical literature on the rcal
effects of exchange ratc uncertainty, paying specific attention to the methods used to
cstimate uncertainty. Section IT makes the case for studying growth rather than trade,
LCD’s rather than industrial democracies, and for using real, rather than nominal
exchange rates when looking for the real effects of exchange rate uncertainty.

Section IIT presents a simple model showing why it may be reasonable 1o expect
a positive relationship between the level and conditional variance of the real
exchange rate. Section IV makes the case for using MGARCH-M modelling to test
for the real effects of uncertainty. Section V presents the model to be estimated,
section VI contains our empirical results, and section VII ends thc paper with a
discussion of our work and suggestions for future research.
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1. Literature Review

Our purpose herc is not to exhaustively review either the theoretical or
empirical literatures. We merely wish to summarize in general terms what has gonc
on in the literature and demonstrate that an important class of evidence, namcly time
series evidence on the cffect of ER uncertainty on economic growth, independent of
any tradc related effects, does not as yet exist.

A FER uncertainty and Trade

There are a number of theoretical models that predict a non-zero relation between
ER uncertainty and trade volumes or prices. In some cases the cffect may be either
positive or negative depending on the degree of risk aversion in the domcstic
economy.l Panel A of Table 1 summarizes 13 recent empirical studies of this
relationship. 4 of thesc use cross sectional regressions and measure uncertainty by
thc sample variance or standard dcviation of the exchange rate. Another 3 use time
series regressions and measure uncertainty by a rolling sample standard deviation of
the exchange rate. The first mecthod constrains uncertainty to be constant over time
in each country, while the second assumes that uncertainty is significantly variable
in each country, though each run the risk of mistaking volatility for uncertainty. Six
of thesc scven studies fail to demonstratc a robust relationship between ER
uncertainty and trade. Threc other studies use ARCH or GARCH methods. Two of
them gencrate an uncertainty measure with an ARCH model and then use that
measure in a subsequent regression model. The other estimates a simultaneous
MGARC H-M model of the exchange rate and trade. Thcse three studies each find a
generally significant relationship.

B. ER uncertainty and Growth

To date, there are 2 empirical studies of the effects of exchange rate uncertainty on
economic growth. These papers are summarized in part B of Table 1. Both are
cross sectional studies that use sample variances or standard deviations of the real
exchange rate, thus constraining uncertainty in each country to be constant over
time. Both of them find a negative and significant relation between RER uncertainty
and growth. Howecver, neither include a trade variable to control for the possibility
that the effect of RER uncertainty on growth is coming through trade.

1 CoLé (1994) provides an excellent survey on the relationship between exchange rate volatility and
trade from both theoretical and empirical points of view.
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C. What is Missing?

In the current literaturc, there are no time serics tests for an RER uncertainty —
economic growth linkage. Qur goal is to provide such a test using an MGARCH-M
methodology simiiar to that of Kroner and Lastrapes. Wc also derive and test the
proposition that higher RERs generate morc uncertainty. In the following section,
we cxplain why we have choscn Mexico to test these hypotheses.

Il Exchange Rate Volatility and Economic Performance in Mexico

Mendoza (1997) provides the theoretical justification for a link between real
exchange rate uncertainty and economic growth. He considers a stochastic, onc
sector, endogenous growth model with a representative, risk adverse, agent. Ile
assumes that the agent cannotl insure against fluctuations in the return to savings
denominated in the price of imported goods (which is what is consumcd in the
model). He then shows that increased terms of trade unccrtainty can either raise or
lower average growth rates depending on the degree of risk aversion extant. With a
low (high) level of risk aversion, increased uncertainty will lower (raise) growth.
The welfare effects of increased uncertainty though, are unambiguously negative.

In the empirical work reported below, we use the real exchange rate instead
of a direct mcasure of terms of trade and test the time series effects of real exchange
rate fluctuations and uncertainty on economic growth in models that control for the
effect of tradc on economic growth

A. Choice of Mexico

We believe that Mexico is an excellent laboratory to study this question for at least
three reasons. First, there were no forward markets in the Peso before March of
1995, so agents would have difficulty insuring against exchange rate risk.? Second,
many Mexican businesses import 4 large amount of their inputs, heightening the
sensitivity of their profits to exchange rate fluctuations. Third, many large Mexican
firms are closely held, meaning that owners are not well diversified and can be
expected to be risk averse with respect to their own firms' profits.3 Thus the match

2 In the finance literature, Froot, Scharfstein and Stein (1993) and Stulz (1990) argue that without
hedging, firms are more likely to pursue suboptimal investment projcets thus affecting economic
growth.

3. For example, La Porta, Lopez-de-Silanes, Shieifer, and Vishny (1996) show that in their sample
of 49 countries, the average percentage of common stock held by the 3 largest privale shareholders in
the 10 largest firms is 40%. In contrast the figure for Mexico is 64% which is the highest
concentralion in the sample (See their Table 10 column 2 for details).
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belween the assumptions of the Mendoza model and conditions in Mexico is much
closer than it would be using data for the US or other more advanced cconomies.

B. Choice of Exchange Rate

Mendoza (1997) clearly points to changes in the real terms of trade and its volatility,
as the factors relevant to individual’s choices, thus we choose to usc a real exchange
rate. While the Mexican economy is now quite intcgrated with the US economy,
this was not always the case throughout our sample, so we usc a trade weighted
effective real exchange rate.4

For the above reasons we investigatc the relationship between real exchange
rates, RCR uncertainty and cconomic performance in Mexico, a LDC with many of
the specific features discussed above. We use a multivariate GARCH-M modcl 1o
estimate the conditional means, variances, and covariance of the real exchange rate
and output along with the effects of uncertainty on the conditional means. Howcever,
before proceeding to test for growth effects of the RER, wc must develop our second
hypothesis about the linkage between the level of the RER and its conditional
variance, or uncertainty.

IIl.  Does a higher RER create more uncertainty?

It is plausible that high RER’s arc less predictable and therefore crcate more
uncertainty. Here we give a simple example of how this might be the case. The
argument is adapted from Ball’s (1992) model of how higher inflation creatcs more
inflation unc¢ertainty 5.

We assume that a prolongecd RER appreciation hurts the export sector,
creating political pressure to adjust the nominal exchangc rate. However, the public
does not know whether the policymaker is /ough and will never devalue or is sofi
and will devalue in response to political pressure. When the RER is sufficiently low,
ncither type of policymaker will act to change it, but when the RER is sufficiently

4 When calculating an RER, the choice of price index becomes an issue. Traditionally, two
representations of the RER have been used in both theoretical and empirical work. The first involves
the relative price of tradable goods in terms of non-tradable ones. The sccond definition is based on
purchasing power parity (PPP) where the nominal exchange rate is deflated by a domestic price index
and inflated by an external price index. We use this latter definition in this work and utilize CPI as the
appropriate index.

5 For empirical evidence on the relevance of Ball's model, see Grier and Perry (1998) who find
strong link between higher inflation and greater uncertainty in each of the G-7 countries and Grier
and Grier (1998) who find the same result in México.
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high, a soff policymaker will devalue. Thus with a given policymaker of unknown
type, the probability of a devaluation rises with the level of the RER (even if the
policymaker is actually fough).

Even once a policymaker's type is known, there can still be greater
uncertainty with a high RER if we assume that policymakers change over time. With
a low RER, thc type of the new policymaker is not currently important because
neither type will intervenc. However, with a high RER, the type of the new
policymaker is important because one will maintain the status quo and the other will
intcrvene. Thus the possibility of a future devaluation rises, ceteris paribus, as the
level of the RER riscs, meaning that uncertainty about the future RER is a positive
function of the current level of the RER.

In section VI below we test this hypothesis by including the lagged level of
the RER in the equation for the conditional variance of the RER, testing whether
higher RERs in the past are associated with less predictablc RERs in the present.

IV.  Benefits of MGARCH-M Modeling

Testing any theory about the real eflects of uncertainty requires the construction of a
specific, numerical measure for uncertainty. The two mcthods typically used in the
literature are the cross-sectional dispersion of individual forecasts from surveys or a
moving standard deviation of the variable under considcration. Neither of these
{fechniques obviously capture the cconomically relevant uncertainty, which is the
variance of the stochastic, or unpredictable, component of a variable.

As is well known, there can be a very large difference between variability
and uncertainty, depending on whether the variability is predictable in the model
under consideration. Predictable fluctuations in a variable will show up in standard
deviation or rolling standard deviation mcasures although they create no truc
economic uncertainty. This method of generating an uncertainty measure is used in
9 of the 15 papers surveyed above.

In contrast to the above mcasures, GARCH techniques specifically estimate a
todel of the variance of unpredictable innovations in a variable. Further, because
there is an underlying parametric model, GARCH techniques are useful for at least
four other reasons. First, GARCII estimation gives an explicit test of whether the
movement in the conditional variance of a variable over time is statistically
significant. That is, we can construct a test of the null hypothesis that uncertainty is
constant over the sample period. At a minimum, one should be able to r¢ject this
null hypothesis before doing a time series test of the eftect of uncertainty on
macroeconomic performance. Whilc survey or variability, or spot - forward spread
based measures of uncertainty do fluctuate over time, papcrs using these measures
typically do not present any tests for whether those fluctuations are statistically
significant.
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Second, MGARCIH allows simultaneous estimation of the conditional
variance equations and effect of uncertainty in the mean equations fur the variables
under consideration. Pagan (1984) shows that, when working with gencrated
regressors, simultaneous estimation is more efficient that a two-step process.6

Third, as we show in our empirical work below, both the real exchange ratc
and output growth exhibit significant conditional heteroskedasticity. This means
that OLS estimates of thcse equations are inefficient. Engle (1982) shows that the
gain in efficicncy from using ARCH instead of OLS when therc is significant
conditional heteroskedasticity can be very large.’

Fourth, as cmphasized by Kroner and Lastrapes (1993), a simultancous
GARCH model imposes consistency and internal rationality upon market
participants. We have a statistical model of the joint stochastic process for real
exchange ratcs and output, and agents confidence intervals around expected values
of the variables (i.e. their uncertainty) is derived directly from the given model.
With other methods of measuring uncertainty, the implicit process driving the
uncertainty can bc completely different from the proccss implied by the model in
which the investigator is going to usc the uncertainty measure.

V. Statistical Model

In order to properly cstimate any relationship between real cxchange rate uncertainty
and industrial production, we must detcrmine the order of integration of the series,
choose models for the conditional mean of each scries, and then construct a
simultaneous MGARCH-M systcm capable of testing our hypotheses. In this section
we consider each of these necessary steps. ‘I'hc dala used here are the Mexican
multilaterai real exchangc rate with a base year of 1990 obtained from J. P. Morgan,
industrial production indices for Mexico and thc US taken from the IMF and
Citibase respectively, and real exports for Mexico, also from the IMF.®

A. Order of integration

Consider first the order of integration of our four series. The case for Mexican
industrial production is straightforward. Augmented Dickey Fuller (ADF) tests with

6 Feenstra & Kendall (1991) and Arize (1993) use GARCH methods to generate their uncertainty
measurc, but then use the measure as a generated regressor in a subseqeunt model.

7. Grier and Perry's (1993) provide an empirical example of the diffcrence in results that can occur
when existing condilional heteraskedasticity is modeled.

8. Appendix 1 contains summary statistics for the variables. US industrial produclion was obtained
seasonally adjusted, and the Mexican scries were seasonally adjusted using a procedurc autornated in
the EVIEWS software package.
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a linear trend and anywhere from 1 to 12 lagged differcnces never reject the null
hypothesis of a unit root in the level of industrial production. However, the unit root
hypothesis can always be rejected with ADF tests with from | to 12 lagged
differences for the growth rate. Mexican Industrial production is not trend
stationary, but rather is clearly integrated of order one |I(1)]. Similar results are
obtained for US industrial production, and rcal Mexican exports.

However, the case of the Mexican real exchange ratc is different. While
several studies have shown that nominal exchange rates are random walks, our series
for the Mexican real exchange rate is trend stationary. ADF tcsts using a linear
trend and from 1 to 12 lagged differences reject the null of non-stationarity 10 of 12
times. The non-rejections come with lags of 3 or 4 difference terms. An inspection
of the correlogram for the real exchange rate reveals that the most logical selections
of a lag length would be 5 or 9 lags. Thercfore we proceed with a model where the
conditional variance of the exchange rate potentially affects the growth rate of
industrial production, and where a linear trend term belongs in the cxchange rate
equation.

B. Granger causality between real exchange rates and output growth

We need to capture any relevant relationship between the mean of the real
cxchange rate and industrial production growth, to avoid the possibility of
generating a spurious relationship between the conditional variance of one series and
the mean of another in our MGARCH-M model. A series of pairwise Granger
causality tests reveals that the real exchange rate statistically causes industrial
production growth, but that economic growth does not statistically causc the real
exchange ratc. Granger causality tests reveal no link between US and Mexican
industrial production growth, but there is a contemporaneous correlation that we
interpret as coming from US growth rates to Mexican growth. We thus incorporate
lagged RER and contemporancous US industrial production growth into our
equation for the conditional mean of Mexican industrial production growth."

Given that there is some evidence that RER uncertainty affects trade and also
evidence that trade affccts growth, it is important to control for trade when testing
whether RER uncertainty directly influcnces growth. As discussed above, the
existing cross-sectional studies that demonstrate an uncertainty - growth linkage did
not include any trade variables in the growth equation. Thus they are unable {0

9. See appendix 2 for detuails on these stationarity tests. US industrial production fails the ADF test
11 of 12 times, Mexican IP and real exports fail |2 of 12 times. All three scries pass ADF tests in
their logged differences 12 of 12 times.

10. In a series of Granger tests using from | to 6 lags, the RXR always causes Mexican IP growth at
the 0.01 level while Mexican IP growth never causes the RXR. In the case of US and Mexicun 1P
growth, neither causes the other at the .05 level in tests using from 1 to 6 lags.
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distinguish between the hypothesis that uncertainty affcets trade which affects
growth, and thc hypothesis that uncertainty directly affects growth.

[lere we include real cxport growth in the Mexican 1P growth equation to
capture the cffccts of trade on growth. The inclusion of this variable means that it
will only be the part of RER uncertainty uncorrelated with rcal export growth that
can influence industrial production growth. Since we are using the export variable
as a control, we experimented with lag lengths to find the best filling version of the
variable. Consequently we use a six-month moving average of real export growth in
our MGARCH-M model.

The statistical model [or the conditional mean of the real exchange rate will
be an ARMA plus linear trend. Preliminary OLS estimates of such modcls produce
single equation R”’s of over 0.90. The model for industrial production is an ARTMA
plus the lagged exchange rate, lagged cxport growth, and growth jn US industrial
production, Preliminary OLS estimates of such models produce single equation R*’s
of around 0.35. We will choose the cxact ARMA terms used in the MGARCH-M
system to maximize the likelihood function and to guarantce white noise residuals,
squared residuals and cross residuals.

C. MGARCH-M systems for testing our hypotheses

The system of equations to be estimated has the following general form:'!

RXR; = ao+Z o RXRy; + BoTrend, + B £ + 8107 + 820w + & (1)
u=70 + Y1 & + Y200 (2)

Y, =0+ Z0;Yi + I via + © 1 YUSA; + ®; RXR . + ®3 Exports .

+ 530’28( + 5402\'[ + v (3)
szt = Ao + A VZH + A2 Uzvt-l 4)
COV,= p(GaOn) )]

Equation 1 is the real exchange rate equation, with ARMA terms, a linear
trend and the conditional variances of the real exchange rate and industrial
production growth. Equation 2 is a GARCH(1,1) model of the conditional variance
of the real exchangc rate. Equation 3 is the industrial production growth equation
with ARMA terms, the lagged real exchange rate, US industrial production growth,

11 The model is called MGARCH-M because we are estimating the stochastic process of more than
one series (M), using a GARCH model as the basis for the conditional variances, and including these
conditional variances as explanatory variables in the equations for the means of our series (-M).
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real export growth, and the conditional varianccs of the real exchange rate and
industrial production growth.

‘To test the hypothesis that exchange rate uncertainty has real effccts on
economic growth, the key coefficient is 83, which gives the effect of the conditional
variance of the real exchange rate on the growth rate of industrial production
controlling for trade effcets. Our argument is that 8; will be negative and significant.

Equation 4 is a GARCH(1,1) model of the conditional variance of industrial
production growth, and equation S is a simple, constant correlation, model of the
covariance of the two error terms.

As discussed above, we are also interested in the effect of the lcvel of the
real exchange rate on the degree of exchange rate uncertainty. To test the hypothesis
that higher real exchange rates are morc uncertain, we replace equation 2 above with
equation 2* below:

2 2 2
Ce=Y0 t Y1E w1+ Y201 +73RXR,

%)

Ilere the conditional variance of the real exchange rate is GARCH(1,1) with
a lag of the real exchangc rate added. The key coefficient for our hypothesis is y; If
¥ 1 is positive and significan(, we have support for our modified Ball model.

VI Results

Table 2 presents maximum likelihvod estimates of the MGARCH-M model given in
cquations 1-5 above.12 To determine the cxact ARMA terms included in the mcan
equations we initially considered up to 12 autoregressive terms, rctaining the ones
with significant coefficients. In the industrial production growth equation, this was
sufficient to produce white noisc residuals and squared residuals. 'Lhe real exchange
rate equation requires an additional step of considering up to 12 moving average
terms to produce both residuals and squared residuals without any autocorrelation.
‘The conditional variance of output growth, while significantly time varying, is not
very persistent and is best modeled as an ARCH(J) instead of a GARCH(I,1)
process.

Before examining the coefficients in detail, it is important to note that the
choscn covariance structure is both statistically significant and sufficient to
¢liminate any patterns in the squared residuals. The 2 conditional mean cquations (1
& 3) estimated as a system with no uncertainty terms and constant conditional
variances produces a maximized value of the log likelihood function of -2498 and

12. We cstimate the model by assuming that the two crror terms are multivariate normal, choosing a
set of starting valucs for all the coefficients of the model and then using the well-known BHHH
algorithm to arrive at a coefficient matrix that maximizes the valuc of the likelihood function.
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imposes 8 restrictions on the model in Table 2. The full model shown in Table 1
produces a log likelihood of -2370. Wc can construct a significance test for the
GARCH and GARCH-M variables by using the fact that -2(change in log
likelihood) is distributcd as a x* with degrees of freedom equal to the number of
restrictions (in this case 8). Our estimated ” statistic is 264 and is significant at the
0.01 level. The Box

Lung Q statistics prescnted al the bottom of the Tablc show that there are no
exploitablc patlerns remaining in the lcvel, squares, or cross-products ol the
residuals.

Equation 1 of Table 2 models the rcal cxchange rate as a function of the first,
second, fifth, sixth and tcnth lags of the real exchange rate along with the first, third,
sixth and tenth moving average terms, a linear trend, and the conditional variances
of the RXR and output growth. Equation 3 models output growth using the first,
sccond, seventh and eighth lags of output growth along with industrial production
growth in the US and the lagged real exchange rate, which are both posittve and
significant and the conditional variances of the RXR and output growth. This
equation contains the estimated coefficient for the effect of real cxchange rate
uncertainty on industrial production growth (85 as discussed above). The coefficient
is -1.36 with a t-statistic of 3.92. That is to say, increased real exchange rate
uncertainty significantly depresses industrial production growth in Mexico during
our (1971 - 1996) 26-year sample.

LEquation 2 shows the ARMA(1,1) model for the conditional variancc of the
RER, Equation 4 shows the MA(l) model used for the conditional variance of
industrial production growth and cquation 5 shows that there is a ncgative and
marginally significant covariance between the innovations of the two series. The
estimated conditional variances for thc RER and IP growth are displayed in Figures
I and 2 respectively.

The MGARCH-M system contains strong evidence that real exchange rate
uncertainty is detrimental to the economic performance of the Mexican economy.
This result is new and important in several senses. First, it is found in a developing
country rather than the widely studied G-7 countrics. Second, it is found for overall
economic activity rathcr than simply for trade, which is thc variable generally
studied. Third, it is found in a simultancous multi-equation system instead of with
the two step estimation process usually employed in the litcrature. Fourth, it is
found using real exchange rates, which implies that a government policy of a pcgged
nominal exchange rate may be insufficient to avoid economically costly exchange
ratc uncertainty,

To analyze the effect of changes in the real exchange rate on output growth
in Table 2 it is necessary to distinguish between, expected, unexpected positive, and
unexpected negative changes. An unexpected negative change raises unccrtainty by
1.02 times its squarc, thus lowering output through the coefficicnt on uncertainty (-
1.36). It also lowers output the following pcriod through the coefficient on the
lagged real exchange rate (0.34) and due to the persistence of the shock in raising

10
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uncertainty. An unexpected positive change will also raise uncertainty and lower
output through the coefficicnt on uncertainty, but now the ncpative effect will be
partly offset by an increase in output thc following period due to the positive
coefficient on the lagged rcal exchange rate. The length of time that output is
affected depends on the persistence of uncertainly, and the autoregressive terms in
the output growth equation.”’ Figure 3 demonstrates the simulated eflect of a one
time, S-pcrcentage point, unexpected, incrcasc in the real exchange rate on
uncertainty and output growth. Qutput growth is sharply negative, then converges
back to its long run cquilibrium in an oscillatory manner. In contrast, a S-percentage
point increase in the real exchange ratc that was anticipated would have no efiect on
uncertainty and would raise output by 1.7 percentage points in the following period.

ITowever, we have argued that even predictable exchange rate swings may
affect uncertainty, in that higher real exchange ratcs raise the possibility of a
nominal devaluation. We now incorporate this possibility (that the levcl ol the
exchange rate affccts the conditional variance of the exchange rate) into our
MGARCH-M model. Table 3 presents our estimates of the MGARCH-M system
described in equations 1, 2*, 3, 4, & 5 above. The only differcnce between this
model and the previous one is that we now allow the level of the real exchange ratc
to affect the conditional variance of the real exchange rate.

This experiment is contained in equation 2* of Table 3, where the laggcd real
exchange rate has a cocfticient of 0.03 and a t-statistic of 3.21. In Mexico, during
our 1971 - 1996 sample, higher real exchange rates produce greater exchange rate
uncertainty. This result supports our extenston of Ball’s modcl to real exchange
rates. The rest of the results in Table 3 arc almost identical to those in Tablc 2.
Most importantly, cxchange rate uncertainty is still a ncgative and significant
determinant of industrial production growth and the levels, squares and cross-
products of the residuals still contain no patterns.

In this model, even anticipated incrcases in the real exchange rate now raisc
uncertainty (with a coefficient of .02) which lowers output growth (by 4 coefficient
of -1.34). Also, just like in Table 2, the anticipated increase raises output growth in
the next period (by a coetfficient of 0.34). Thus in Table 3, anticipated real exchange
ratc increases raise output growth less, and unanticipated real exchange ratc
increases lower output growth more, than in the standard model in Table 2,

In Table 4 we re-estimate the model of Table 2 over the first half of the
sample only (1971 - 1983). We find the same key result, that exchange rate
uncertainty significantly lowers output growth, though the significance level drops
to 0.05. While the significant influence of US growth on Mexican growth does not
appear in these early data, the rest of the variables work largely as they do in the full

13. An anlicipated exchange rate change does not affect uncertainty and thus will atfect output with a
lag according to the cocfficient on the lagged exchange rate and the autoregressive components of the
output equation.

11
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sample equation, though with gencrally lower t-statistics.* We thus find that our
results on the negative growth effects of exchange rate uncertainty appear in the data
even when we exclude the years covering the structural reform and opening of the
Mexican economy that occurred in the late 1980°s.

VII. Conclusion

We show for the case of Mexico that (1) real exchange ratc uncertainty adversely
affccts output growth, and (2) a higher real value of the peso raises exchange rate
uncertainty. These rcsults are novel in that they contain the first demonstration of a
link between the level and degree of uncertainty for the real exchange ratc; the first
GARCH-M timc series demonstration of a negative rclation between real exchange
rale uncertainty and economic growth; and the first demonstration of an RER
uncertainty - growth length that controls for trade.

These results are also important, because they indicate that the gencral
exchange rate policy followed by the Mexican government, fixing the nominal
exchange rate but failing to control inflation, which produces an appreciating real
exchange rate, has bcen somewhat counterproductive. Our results imply that
stabilizing the real, rather than nominal exchange rale is may be a preferable goal for
national exchange ratc policies.

There is much work remaining to be done o generalize these results.
ITIowever, future studies of thc real effects of exchange rate uncertainty should
consider the possibility that high real exchange rates arc more uncertain than lower
real exchange rates. They should also control for the effect of exports on growth
when testing whether RER uncertainty has an indepcndent negative effect on overall
economic activity. Finally given the convincing demonstrations that exchange rates
are conditionally heteroskedastic, future work should eschew the use of cross
sectional tests that implicitly assume the error variance of the exchange rate is
constant over time within each country.

14, Neither the AR or MA terms at the 10th Jag in the RXR equation are at all significant in this
restricted sample and are thus dropped [rom the model reported in Table 3.
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Table 1. Recent Empirical Studies

Author Countries Results ER Volatility Proxy
A. Trade
DeGrawe & Vefaille (1988); 15 industrial countries  [nconclusive Variance of ER
Bini (1991); European Mon. Union  Significant (cross-sectional)
Savvides (1992); 62  industrial and Inconclusive
developing countrics
Frankcl & Wei (1993) 63  industrial and Inconclusive
developing countries
Koray & Lastrapes (1989); 5 industrial countrics Inconclusive Moving Standard
Deviation
Mann (1989); USA, Japan & Inconclustve (time series)
Germany
Lastrapes and Koray (1990) 5 industrial countries Inconclusive
Bailey and Tavlas (1988); uUsa Not significant ER misalignment
Perée & Steinherr (1989) 5 industrial countries Inconclusive (time series) _
Bélanger et al (1992) Canada and USA Inconclusive Difterence between actual
and forward ER
(time series)
Feensira & Kendall (1991); UK, Japan & Germany Significant for Generate ER volatility
UK & Germany series using
Arize (1993) 7 industrial countries Significant ARCH/GARCH models
Kroner & Lastrapes (1993) 5 industrial countries Significant
B: Growth .
Cottani, Cavallo &Khan 24 LDC's Significant Coeflictent of variation of
(1990) RER.
Mendoza (1997) 40  industrial and Significant Standard deviation of
developiny countries terms of trade (cross-
section)
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Table 2: Real exchange rates and industrial production growth in Mexico,
1971.01 - 1996.11: Real exchange rate uncertainty lowers economic growth

Simultancous GARCH-M system with constant conditional correlations

RXR, =38.08 + .25 RXR,, + .51 RXR,2 + .21 RXR.s - .17 RXRy - .05 RXR,.10 - .039Trend
(978) (337 (2.64) (2.83) (3.58) (4.76) (7.12)

716w - 12603 + 1560 + 0408, | 1707, - 0740, + & 1)
(527) (212) (300) (237 (.14 (2.02)

02:( = 2-09 + 1.0282;_1 + .i 53 (7251_1 (2)
(3.66) (4.98) (2.05)

Y, - 2891 - .56Y,; - .19Y,; - .18Y,, - .27Y,s + 44YUSA,, + 34 RXR,,

(1.73)  (8.61) (328) (3.70) (5.78) (2.54) 4.02)

b .16 Exports, - 1.366%, - .034c%,1 v, 3)

(3.15) (3.68)  (0.13)
ol = 7337 + 26V, {4)

(7.29)  (2.59)
COV, = - .089(0,0y) 5)

(1.43)
Residual Diagnostics
RXR Y Cross

Q(5) 1.24 475 3.55
Q(10) 3.05 6.78 9.08
QM 9.17 15.81 15.06
Q4s) 0.09 2.04
Q%(10) 0.24 7.54
Q*20) 0.44 19.23

Log of the Likelihood Function: -2370

The samplc is 311 monthly observations from 1971.01 - 1996.11. RXR is the real exchange rate, Y is
the growth of industrial production, YUSA is the growth of US industrial production, Trend is a
linear trend, and Exports is 2 6 month moving average of export growth. Numbers in parenthcses are
t-statistics. The critical values at the 0.05 level for both the Q and Q7 stats are 11.70, 18.31 and 31.41
at 5, 10, and 20 lags. The maximization method is BHHH.
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Table 3:Real exchange rates and industrial production growth in Mexico, 1971.01
- 1996.11: Higher real exchange rates raises exchange rate uncertainty

Simultaneous GARCH-M system with constant conditional correlations

RXR, =24.17 + 52 RXR,, + .45 RXR,, + .14 RXR,s - .14 RXR,4 - .12 RXR,. o - .023Trend

(9.30) (3.10) (2.68) (2.72) (3.57) (4.73) (6.47)
+.69¢; - 12603 + 09384 4 .042e, 5 - .1507%, - 07267, + & 1)
(5.25) (222) (295) (224 (1.02)  (198)
o’w=.021 RXR,, + 1.04€’.; + .14 6%, (2)
(3.61) (4.66) (1.86)
Y( =.28.25 - .SSYH - .19Y(A2 - .]8Yt_7 - .27\{(_3 + .45YUSAH +.34 RXRM
(1.70) (839) (324 (3.74) (5.73) (257 4.0
+ .17 Exports, - 1346, - .0080%+v, &)
(3.31) (3.89) (0.02)
o’ = 7316 + 27V, 4
(841) (2.63)
COV, = -.088(0,0.) ©)
(1.37)
Residual Diagnostics
RXR Y Cross
Q) 1.27 5.03 3.55
Q(10) 3.13 736 8.87
Q(20) 9.24 16.16 14.81
Qs) 0.10 1.91
QX(10) 0.26 6.94
Q*(20) 0.47 17.86

Log of the Likclihood Function: -2359

The sample is 311 monthly observations from 1971.01 - 1996.11. RXR is the real exchange rate, Y is
the growth of industrial production, YUSA is the growth of US industrial production, Trend is a
linear trend, and Exports is a 6 month moving average of export growth. Numbers in parentheses are
t-statistics. The critical values at the 0.05 lcvel for both the Q and Q2 stats are 11.70, 18.3! and 31.41
at 5, 10, and 20 lags. The maximization method is BHHH.
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Table 4: Real exchange rates and industrial production growth in Mexico,
1971.01 - 1983:12 Real exchange rate uncertainty still lowers economic growth

Simultaneous GARCH-M system with constant conditional correlations

RXR, = 38.10 + 22 RXR,, | .51 RXR,; + .21 RXRys - .17 RXR.s - .039Trend
(3.75) (0.82) (2.09) (2.44) (1.83) (2.82)

+.Tleg; - 12g4 + 1536, + .126%, - .0090%, + & )
(2.79)  (1.39) (2.18)  (0.65)  (0.45)

% =791 + L18¢%, +.27 6% Q)
(134) G311 (2.55)

Y( =-31.26 - .51Y(.1 - ,19Y(_2 - .22Y;_7 - .22Y‘,g { ZIYUSAt_[ + 43 RX.R[.]
(0.89) (5.68) (220) (2.87) (343) (0S1)  (1.88)

+ .23 Exports, - 1.01c%, - .4520°, Fv, 3)

(2.69) (2.33) (0.86)
oy~ 684.5 + 33v%, (4)

(5.50) (229
COV, = - .059(0,Ow) )]
(0.49)
Residual Diagnostics
RXR Y Cross

Q) 6.52 297 2.29
Q(10) 9.95 5.73 5.681
Q(20) 15.35 8.93 16.36
Q%) 0.26 5.15
Q(10) 0.57 733
Q*20) 1.30 21.71

Log of the Likelihood Function: -1187

The sample is 156 monthly obscrvations from 1971.01 - 1983.12, RXR is the real exchange rate, Y is
the growth of industrial production, YUSA is the growth of US industrial production, Trend is a
linear trend, and Exports is a 6 month moving average of export growth. Numbers in parentheses are
t-statistics. The critical values at the 0.05 levcl for both the Q and Q7 stats are 11.70, 18.31 and 31.41
at 5, 10, and 20 lags. The maximization method is BHHH.
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Appendix 1: Summary Statistics

Variable Mean Std. Deviation
Mexican IP growth (Y) 4.02 38.99
US IP growth (USA) 2.86 9.68
Real Export growth (Exports)* 9.01 149,60
Mexican Real Exchange Rate (RXR) 120.55 21.59

Mexican IP, exports, and price level (used to dcflate nominal exports) are from the
IMF’s IFS CD-ROM. US IP is from CITIBASE. Mexican real exchange rate is
from JP Morgan (www.jpmorgan.com).

* The variable used in the MGARCH-M models in the paper is a six month moving
average of real export growth.
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Appendix 2,
Stationarity Tests

Here we report the results of’ ADF tests containing a linear trend and {rom 1 to 12
lagged dilference terms for the 4 key variables of the model.

#lagged Mexican real Mexican TP Mexican real Uus1p
differences  exchange rate exports
] -3.68* -2.64 -2.54 -3.23
2 -3.43* -2.24 -2.04 -3.52*
3 -2.89 -2.71 -1.85 -3.31
4 -3.02 -2.81 -1.43 -3.21
§ -3.92% -2.73 -1.38 -2.91]
6 -4.20%* -2.77 -1.17 -2.63
7 -3.89* -2.77 -0.90 -2.60
8 -4.00%* -2.24 -1.04 -2.57
9 -4.41%* -2.36 -1.18 -2.72
10 -4.37%* -2.38 -1.07 -2.76
11 -4.31%* -2.49 -0.98 -2.43
12 -4.48%* -2-74 -1.06 -1.94

* and ** indicate rejection of the null hypothesis of a unil root in the series at the .05
and .01 levels respectively. The three series that are non-stationary in the levels are
stationary in the first differences. In each case, ADF tests on the differences reject
the null of a unit root at the .05 level at every lag from | to 12.
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conditional standard deviation

Figure 1. The estimated conditional standard
deviation of the real exchange rate, 1971 - 1996
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conditional standard deviation

Figure 2. The estimated conditional standard deviation
of industrial production growth, 1971 - 1996
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Figure 3. The response of exchange rate uncertainty and ouput growth to a
one - time, positive innovation in the real exchange rate
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