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/11troduction 

The empirícal literature on thc n:al effects of exchange rate uncertainty has 
generally concentrated on the relationship between uncertainty aml trade, usíng a 

varicty of uncertainty and cxchange rate measures. However, there is a growíng 
realization that real exchange rate uncerlainty 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 exchangc 
rate (RER) uncertainty effect on economic growth independent of its potential 
cffecls on trade? Second, is there a relationship betwecn the level of the real 
exchange rate and its conditional variance? 

Usíng a multivariate GARCH-M model, we estímate a simullaneous mode( of 
the RER-economic growth process in Mexico from 1971 through 1996. Wc fin<l lhat 
lhe 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 thc RER, and Mexican export growth. We also find that 
there is a positive and significant relationshíp between the level and conditíonal 
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 
uncerlainty is a problem for economic growth, and one way to combat the problem 
is to avoid RER apprecíations unrelated to improvcd fundamentals. 

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

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

Section III presents a simple model showing why it may be reasonable to expect 
a positive relationship between the level and condilional 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 estimatcd, 
section VI contains our cmpirical results, and section Vll ends thc paper with a 
discussion of our work and suggestions for future research. 
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l. Literature Review 

Our purpose herc is not to exhaustivcly review either the theoretical or 
empirical literatures. We merely wish to summarize in general terms what has gonc 
on in thc literature and demonstrate that an important class of evidence, namcly time 
series evidence on thc c11ect of ER uncertainty on economic growth, índependent of 
any tradc relaled effects, does not as yet exist. 

A. RR uncertainty ,.md Trade 

There are a number of theoretical models that prcdict a non-zero relation between 
ER uncertainty and trade volumes or prices. In sorne cases the cffoct may be either 
positive or negative depcnding on the degree of risk aversion in the domcstic 
economy.1 Panel A of Table l summari:L:es 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 mcthod constrains uncertainty to be conslant over time 
in each country, while the second assumes that uncertainty is significantly variable 
in each country, though each mn the risk of mistaking volatility for uncertainty. Six 
of thesc scven studies fail to demonstratc a robust relationship betwccn ER 
uncertainty and trade. Thrcc other studies use ARCH or GARCH rnethods. Two of 
them gcncrate 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 ürowih 

To date, there are 2 empirical studies of the effects of exchange ratc uncerlainty on 
economic growth. These papers are summarized in part B of Table 1. Roth are 
cross sectional .studies that use sample variances or standard deviations of the real 
exchange ratc, 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. Howcver, neíther include a trade variable to control for the possibility 
thal the effect of RER uncertainty on growth is coming through trade. 

I CóLé (1994) provides an excellent survey on the rclatiunship between exchange rate volatility and 
trade from both thcoretical and empirical points of víew. 
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C. What is Missing? 

In the current literaturc, there are no time series tesls for an RER unccrtaínty -
economic growth linkage. Our goal is to provide such a test using an MGARCH-M 
methodology similar to that of Kroner and Lastrapes. Wc also derive and test thc 
proposition that higher RERs generate more uncertainty. In the following section, 
we cxplain why we have choscn Mexíco to test these hypotheses. 

11. Exchange Rute Volatility and Economic: Performance in Mexico 

Mendoza (1997) provides the theoretical justification for a link between real 
exchange rate uncertainty and econornic growth. He considers a stochastic, onc 
sector, endogenous growth model with a representative, risk adverse, agenl. lle 
assumes that the agent cannot insure against fluctuations in the return to savings 
denorninated in the price of imported goods (which is what is consumcd in the 
model). He then shows that increased tenns of trade unccrtainty can either raise or 
lower average growth rates depending on the degree of risk aversion extant. Wüh a 
low (high) level of risk aversion, increased uncertainty will lower (raise) growth. 
The wclfare effects of increac;ed uncertainty though, are unambiguously negative. 

In the empirícal work reported below, we use the real cxchange rate instead 
of a direct rncasure of terms of trade and test the time series effects of real exchangc 
rate fluctuations and uncertainty on econornic growth in rnodels that conlrol for the 
effect of tradc on economic growth 

A. Choice qf Mexico 

We believc that Mexico is an excellent laborato.ry to study this question for at least 
three reasons. First, there wcrc no forward marketc; in the Peso bcfore March of 
1995, so agcnts would have difficulty insuring against ex.change rate risk.2 Second, 
rnany Mexican businesses import a large amount of their inputs, heightening the 
sensitivity of their profits to exchange rate fluctuations. Third, rnany large Mexícan 
füms are closely held, meaning that owners are not well diversificd and can be 
expected to be risk averse with respect to their own finns' profits.3 Thus the match 

2 In the financc literature, Froot, Scharfstein and Steín (l 993) and Stulz (1990) argue that without 
hedging, firms are more likely to pursue suboptimal invesnnent projccL<; thus affecting economic 
growth. 

3 . For example, La Porta, Lopez-de-Silanes, Shleifer, and Vishny (1996) show that in theír sample 
of 49 countries, the average percentagc of common stock held by the 3 largest privalc shareholders in 
the I O largest firms is 40%. 111 contrast the figure for Mexico is 64% which is the highest 
concentruliun in the sample (See their Table 1 O column 2 fur details). 

3 
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belween the a<isumptions of the Mendoza model and condilions in Mexico is much 
closer than it would be using data for thc US or other more advanccd cconomies. 

B. Choice o/ Exchange Rafe 

Mendoza (1997) clearly points to changes in the real terms oftrade and its volatilíty, 
as the foctors relevant to individual's choices, thus we choose to use a real exchange 
rate. While the Mexican economy is now quite intcgraled with the US economy, 
this was not always the case throughout our sample, so we use a trade weighted 
effective real exchonge ratc.4 

For the above reasons we investigatc lhe relationship between real exchange 
rates, RER uncertainty nnd cconomic performance in Mexico, a LDC with many of 
the specific fcatures discussed above. We use a multivariate GARCH-M modcl to 
estimate the conditional means, variam:es, and covariance of thc real exchange rate 
and output along with the effects of uncertainty on lhe conditiona1 means. Howcver, 
before proceeding to test for growth effects of the RER. wc must <levelop our second 
hypothesis about the linkage betwccn the level of the RER and its con<lilional 
variance, or unccrtainty. 

III. Does a higher RER create more um·ertainty? 

It is plausible that high RER's are less predictable and therefore crcate more 
uncertainty. Here we give a simple exarnple of how this míght be the case. The 
argwnent is adapted from Ball's (1992) model of how higher inflation crcatcs more 
inflation uncertainty5. 

We assume that a prolongcd RER appreciation hurts the export sector, 
creating political pressure to adjust the nominal exchangc rate. However, the puhlic 
does not know whether the policyrnakcr is tough and will never devalue or is Ju_fi 
and will devalue in response to political pressure. When the RER is sufficiently Iow, 
ncithcr type of policymaker wi11 act to changc ít, bul when the RER is sufficiently 

4 When calculating an RER, the choice ofprice index becomes an issue. Traditionally, two 
representations ofthe RER have been used in both theoretical and empírica! work. Toe first involves 
the relative price oftradable goods in terms ofnon-tradable ones. The sccnnd definition is based on 
purchasing power parily (PPP) where the nominal exchange rate is deflalcd by a domestic price index 
and intlated by an externa! price index. We use this latter definition in this work and utilize CPI as the 
appropriate index. 

5 For empirical evidencc 1m thc relevance of Ball' s model, see Grier and Pcrry ( 1998) who find 
strong link between higher inflation 11nd greater uncertainty in each of the G-7 cuuntries and Grier 
and Grier (1998) who find the same result in México. 

4 
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high, a soft policymaker will devalue. Thus with a given policymaker of unknown 
type, thc probability of a devaluation ríses with the level of the RER (even if the 
policymaker is actually tou~h). 

Even once a policymaker's type is known, there can still be greater 
uncertainty with a high RER ifwe assume that policymakers change over time. With 
a low RER, thc type of the new policymakcr is not currently important because 
neilher type will íntervenc. However, with a high RER, the type of the new 
policymaker is important because one will maintain the status quo and thc other will 
intcrvene. Thus the possibility of a future devaluation rises, cctcris paribus, ac; the 
level of the RER riscs, meaning that uncertainty about the future RER is a positivc 
function of the current level of the RER. 

In section VI bclow we test this hypothesis by including the lagged leve! 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. Benejits of MGAR.CH-M Modeling 

Testing any theory about the real eilects of uncertainty requires the construction of a 
specific, numerical measure for uncertainty. The two mcthods lypically used in the 
literaíure are the cross-sectional dispcrsion of individual forecasts from survcys ora 
moving standard devialion of the variable under considcration. Neither of these 
techniques obviously capture the cconomically relevant uncertainty, which is the 
variance of thc 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 variabílity is predictable in the rnodel 
under consideration. Predictable Huctuations in a variable will show up in standard 
dcviation or rolling standard deviation mcasures although they create no true 
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 estímate a 
t'nodel of the variance of unpredictable innovations in a variable. Further, because 
there is an underlying parametric modcl, GARCH techniques are useful for at least 
four other reasons. First, GARCH 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 minímum, one should be able to rcject lhis 
null hypothcsis before doing a time series test of thc effect of uncertainty on 
macroeconomic perfonnance. Whilc survey or variability, or spot - forward spread 
based measurcs of uncertainty do fluctuate over time, papcrs using these measures 
typically do not present any tests for whethcr those fluctuations are statístically 
significant. 

5 
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Second, MüARCH allows simultaneous eslimation of the conditional 
variance equations and effect of uncertainty in the mean equatíons for the variables 
under consideration. Pagan (1984) shows that, when working with gencratc<l 
regrcssors, simultaneous estimation is more efficient that a two-stcp process.6 

Third, as we show in our empírica! work below, both the real exchangc ratc 
and output growth exhibit significant conditional heteroskedasticity. This means 
lhat OLS estimates of thcse equations are inefficient. Engle (1982) shows that the 
gain in efficicncy from using ARCH instea<l of OLS when therc is significant 
con<lilional heteroskedasticity can be very large. 7 

Fourth, as cmphasized by Kroner and Lastrapes (1993), a simultaneous 
GARCH model imposes consistency an<l internal rationality upon market 
participants. We have a statistical model of the joint stochastic process for real 
exchange ratcs ami output, and agents confidence intervals around expectcd values 
of the variables (i.e. thcir uncertainty) is derived directly frum the given model. 
With other methods of measuring uncertainty, the implicit proccss driving the 
uncertainty can be completely different from the proccss implied by the model in 
whích the investigator is going to use the um::ertainty measure. 

V. Statiftical Model 

In order to properly cstimate any relationship between real cxchange rate uncertainty 
and irn.lustrial production, we must determine lhe order of integration of the series, 
choose models for the conditional mean of each series, and then construct a 
simultaneous MGARCH-M systcm capable of testing our hypotheses. ln this section 
we consider each of these necessary steps. Thc data used here are the Mexican 
multilateral real exchangc rate wilh a base year of 1990 obtained from J. P. Morgan, 
industrial production indices for Mexico and thc US taken from the TMF and 
Citíbase respectively, and real cxports for Mexico, also from the IMF.8 

A. Order ofintegration 

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

6 Fccnstra & Kendall (199 l) and Arize (1993) use GARCH methods to generate their uncertainty 
measurc, hut then use the measure as a generated regressor in tt suhseqeunt model. 

7. Grier and Pcrry's (1993) provide an empirícal example of the diITcrence in results that can occur 
when existing con<liLional heteroskedasticity is modeled. 

8. Appendix l contains summary statistics for the variables. US industrial produclion was obtaíned 
seasonally adjusted, and the Mexican series were seasonally adjusted using a procedurc ttutomated in 
the EVIEWS software package. 

6 
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a linear trend and anywhcrc from 1 to 12 lagged differcnces never reject the null 
hypothesis of a unit root in the level of industrial production. However, thc unit root 
hypothesis can always be rejected with ADF tests with frorn 1 to 12 lagged 
differences for the growth rate. Mexican Industrial production is not trend 
stationary, but rather is clcarly íntegrated of order one [l(l)J. Similar results are 
ohtained for US industrial production, and real Mexican exports. 9 

Ilowever, the case of the Mexican real exchange ratc is c.lifferent. While 
severa! studics have shown that nominal exchangc rates are random walks, our series 
for lhe Mexican real exchangc rate is trend stationary. ADF tests using a linear 
trend and from I to 12 lagged differences reject the null of non-stationarity 1 O of 12 
times. Toe non-rejections come with lags of 3 or 4 difference terms. An inspection 
of the correlogram for thc real exchange rate reveals that the most logical selections 
of a lag lenglh would be 5 or 9 lags. Thcrcfore 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 lrend tenn belongs in the cxchange rate 
equatíon. 

B. Granger causality between real exchange rafes 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 possibilíty of 
generating a spurious rclationship between the conditional varíance of one series and 
the mean of another in our MGARCH-M model. A series of pairwise Granger 
causality tests rcvcals lhat the real exchange rate statistically causes industrial 
production growth, hut that economic growth does not statístícally cause 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 
interpretas coming from US growth rates to Mexican growth. We thus incorporate 
lagged RER and contemporaneous US industrial productíon growth into our 
equation for the conditional mean of Mexican industrial production growth. 10 

Given that there is sorne evidencc 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 abovc, 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 to 

9. See appendix 2 for dch1ils on these stationarity tests. US industrial production faíls the ADF test 
l 1 of 12 times, Mexican TP and real exports fail 12 of 12 times. Ali three series pass ADF tests in 
their logged diflerences 12 of 12 times. 

JO. In a series ofGranger tests using from 1 to 6 lags, the RXR always causes Mexican JP growth at 
the O.O I leve! while Mexican IP growth nevcr causes the RXR. In the case of US and Mcxícim IP 
growth, neither causes the other at the .05 leve] in tests using from 1 to 6 lags. 

7 
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distinguish between the hypothesis that uncertainty affccts trade which affects 
growth, and thc hypothesis that uncertainty dircctly affects growth. 

Ilere we include real cxport growth in the Mexican lP 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 real export growth that 
can influencc industrial production growth. Since we are using the export variable 
as a control, we experimented with lag lengths to find the best fitting version of the 
variable. Consequcntly we use a six-month moving average of real export growth in 
our MGARCH-M model. 

The statistical model for the conditional mean of the real exchange rate will 
be an ARMA plus linear trend. Preliminary OLS estimates of such modcls produce 
single equation R2 's of ovcr 0.90. Toe model for industrial production is an ARTMA 
plus thc lagged exchange rate, lagged cxport growth, and growth jn US industrial 
production. Preliminary OLS estimates of such models produce single equation R2

' s 
of around 0.35. We will choose the cxact ARMA terms used in the MGARCH-M 
system to maximize thc likelihood function and to guarantce white noise residuals, 
squared residuals and cross residuals. 

C. MGARCH-M systcms for testing our hypotheses 

The systcm of eq uations to be estimated has the following general form: 11 

RXRt = ao + L a¡ RXRt-i + Pu T rendt + r, ~¡ F.t-i + ó 1 cr2 
et + 62cr2 vt + St (1) 

cr2
et = Yo + Y 1 F.

2 
t-1 + Y2 cr2

~1-1 (2) 

Y1 == 0o + L0¡Y1.¡ + I:$¡ v1-i + et> 1 YUSA, + <!> 2 RXR t-1 + <1>3 Exports t-1 

+ i>3cr\c + 04cr\1 + V1 (3) 

Equation l 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(l,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 ratc, US industrial production growth, 

11 The model is called MGARCH-M because we are estimatíng the stochastic prnccss ofmore than 
one series (M), using a GARCH model as lhe basis for the conditional variances, and incluuing these 
ccmditional variances as explanatory variables in the equations for the meaos of our series (-M). 
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real export growth, and the conditional varianccs or the real exchange rate and 
industrial production growth. 

To test the hypothesis that exchangc rate uncertainty has real effccts on 
economic growth, the key coefficient is o3, which gives the effect of the condiliunal 
variance of the real exchange rate on the growth rate of industrial production 
controlling for trade effccts. Our argument is that &3 will be ncgalive and sígnificant. 

Equation 4 is a GARCH( 1, 1) model of thc conditional variance of industrial 
production growth, and equation 5 is a simple. constant correlation, model of the 
covariance ofthe two error terms. 

As discussed above, we are also internsted in the effect of the lcvcl or the 
real exchange rate on thc degree of exchange rate uncertainty. To test the hypothesis 
that higher real exchange rates are more uncertain, we replace equation 2 abovc with 
equation 2"' below: 

2 2 2 
crEl=yu + Y1E t-1+ y2aF.t-1+y3RXRt-1 
(2*) 

Ilere the conditional variancc of the real exchange rate is GARCH(l, 1) with 
a lag of the real exchangc rate added. The key coefficient for our hypothesis is y ."l. If 
y 3 is positive and significant. we have support for our modified Ball model. 

VI. Resultt 

Table 2 presents maximum likelihood estimates of the MGARCH-M modd given in 
cquations 1-5 above.12 To determine the cxact ARMA terms included in the mean 
equations we initially considcred up to 12 autoregressive terms, rctaining the ones 
with significant coefficients. In the industrial production growth equation, this was 
sufficient to produce white noísc residuals and squared residuals. 'lhc 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. 
Thc conditional variance of output growth, while significantly time varying, is not 
very persistent and is bcst modeled as an ARCH( 1) instead of a GARCH( l, l) 
process. 

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

12. Wc cstimate the moctel by assuming that the two L:rrnr terms are multivariate nomtal, choosing a 
set ofstarting valucs for ali the coefficients ofthe model and lhcn using the well-known BHHH 
algorithm to w-rivc al a coefficient matrix that maximizes the valuL: ufthe likelihood function. 

9 
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imposes 8 restrictions on the model in Table 2. The full modd 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 x2 with degrees of frecdom equal to the number of 
restrictions (in this case 8). Our estimated x2 statistic is 264 and is significant at the 
0.01 lcvd. The Dox 
Lung Q statistics prescnted al the bottom of the Table show that there are no 
exploitablc pattt:ms remaining in the lcvcl, squares, or cross-products of tht: 
residual s . 

.Equation 1 of Table 2 models the real cxchange rate as a function of thc füsl, 
second, fifth, sixth and tcnth lags of the real exchange rate along wilh the first, third, 
sixth and lenth 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 gruwth along 'vVlth industrial production 
growth in the US and the lagged real exchange rate, which are both positive 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 (83 as discu.ssed above). The coefficient 
is -1.36 with a t-statistic of 3.92. That is to say, increru·ed real exchange rate 
uncertainty significantly depresses ind~·trial production growth in Mexico during 
our (1971 - 1996) 26-year sample. 

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

Toe MGARCH-M system contains strong evidence that real exchangc rate 
uncertainty is detrimental to the economic performance of lhe Mexican economy. 
This result is new and important in several senses. Fir~t, it is found in a developíng 
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 cstímation process usually employed in thc literatu.re. Fourth, it is 
foun<l using real exchange rates, which implies lhat a government policy of a pcggcd 
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, expccted, unexpected positive, and 
unexpected negative changcs. An unexpt:cted negative change raises unccrtainty by 
1.02 times its square, thus lowering output through the coefficicnt on uncertainty (-
1.36). It also lowers output the following pcriod through the coefficient on tlie 
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 lowcr 
output through the coefficicnt on uncertainty, but now the ncgative effect will be 
partly offset by an increase in output thc followíng period due to the positivc 
coefficient on the lagged real exchange rate. The length of time that output is 
affectcd depends on the persistence of unccrtainly, and the autoregressive terms in 
the output growth equation. 13 Figure 3 demonstrates the simulatcd e11ect of a one 
time, 5-pcrcentage point, unexpected, incrcasc in lhe real exchange rate on 
uncertainty and output growth. Outpul growth is sharply negative, thcn converges 
back to its long rnn cquílibrium in an oscillatory manncr. In contrast, a 5-percentage 
point increase in the real exchangc ratc thal was anticipated would havc no effect on 
uncertainty and would raise output by l. 7 percentage points in the following period. 

Ilowever, 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 incorporale this possibility (that the levcl of lhe 
exchange rate affccls lhe conditional variance of the cxchange rate) into our 
MGARCH-M model. Table 3 presents our estimates of the MGARCH-M systcm 
descrihed in equations 1, 2 *, 3, 4, & 5 above. The only differcnce between this 
model and the previous one is that we now allow lhe 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 cocfficient of 0.03 and a t-statistic of 3.21. In Mexico, during 
our 1971 - 1996 sample, higher real exchange rates produce greater exchange rafe 
uncertainty. This result supporls our extension of Ball's modcl to real exchange 
rates. The rest of the results in Table 3 are almost identical to those in Table 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 pattems. 

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

In Table 4 we re-estimate the model of Table 2 over the first half of thc 
sample only (1971 - 1983 ). We find the same key result, that exchange rate 
uncertaínty significantly lowers output growth, though the significance level drops 
to 0.05. Whi1e the significant influence of US growth on Mexican growth does not 
appear in thcse early data, the rest of the variables work largely as they do in the full 

13. An antícipatcd exchange rate change does not affect unccrlliinty and thus will affect output with a 
lag according to thc cocfficient on the lagged exchange rate and Lhc autoregressive components ofthe 
output equation. 
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sarnple equation, though with gencrally lower t-statistics. 14 We thus find that our 
results on the negativc growth effects of exchange rate unccrtainly appear in the data 
even whcn we exclude the years covering thc structural refonn and opening of the 
Mexican economy that occurrcd 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 híghcr real value of the peso raises exchange rate 
uncertainty. These rcsults are novel in that they contain the first demonstration of a 
link belween the level and degree of uncertainty for the real exchange ratc; the first 
GARCH-M time series demonstration of a negative rclation between real exchange 
rale uncertainty and economic growth; and the first demonstration of an RER 
uncertainty - growth lcngth that controls for trade. 

These results are also important, bccause they indicate that the general 
exchange rate policy followed by the Mexican government, fixing lhe 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 rate is may be a preferable goal for 
national exchonge ratc policies. 

There is much work remaining to be done to generalize these results. 
IIowever, future studies of thc real effects of exchange rate uncertainty should 
consider thc possibility that high real exchange rates are 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 givcn 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 tenns at the 10th lag in the RXR equation are al ali sib'llificant in this 
restricted sample and are thus dropped from the rnodel reported in Table 3. 
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Table l. Recent Empirical Studies 

Author 

A. Tradc 

DeGrawe & Vefaille (Í988); 
Rini (l991); 
Savvides ( 1992); 

Frankcl & Wei (1993) 

Koray & Lastra pes ( .1989); 

Mann ( 1989); 

Lastrapes and Koray ( 1990) 
Bailey and Tavlas (1988); 
Perée & Steinherr (1989) 
Bélanger et al ( 1992) 

Fecnslra & Kendall (.1991); 

Arize (1993) 
Kroner & Lastrapes ( 1993) 
B: Growth 

Cottani, Cava!lo &Khan 
( 1990) 

Mendoza ( 1997) 

Countries 

15 industrial countries 
European Mon. Union 
62 industrial and 
developing countrics 
63 industrial am.1 
developing countries 
5 industrial countrics 

USA, Japan & 
Gennany 
5 industrial countries 
USA 
5 industrial countríes 
Canada and USA 

UK, Japan & Germany 

7 industrial countries 
5 industrial countries 

24 LDC's 

40 industrial and 
developing countries 

Rcsults 

lnconclusive ••• 
Significant 
Inconclusive 

lnconclusive 

lnconclusive 

Inconclusivc 

lnconclusive 
Not significant 
Inconclusive 
Tnconclusive 

Significant for 
UK & Gcrmany 
Significant 
Significant 

Significant 

Significant 

ER VolatiJity Proxy 

Variancc ofRR 
( cross-sectional) 

Moving Standard 
Devíatíon 
(time series) 

ER misalígnment 
(time series) 
Difference betweei1 actual 
and forward ER 
(time series) 
Generate ER volatility
series using 
ARCH/GARCH models 

--

Cocffü;ient of variation of 
RER. 

Standard deviation of 
tem1s of lrade (cross
section) 

13 
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Table 2: Real exc:hange rates and industrial production growth in Mexico, 
1971.01-1996.11: Real exchange rate u11certainty lowers economic growth 

Simultancous GARCH-M system with constant conditional correlations 

RXR, ""38.08 + .25 filffit_1 + .51 RXR,_2 + .21 RX~-s - .17 RXR1.6 - .05 RXRr-to - .039Trend 
(9.78) (3.37) (2.64) (2.83) (3.58) (4.76) (7.12) 

1 . 7 le1•1 - .l2e1. 3 

+ .l SE1-b + .040e1_10 1 . l 7cr2.1 - .0740\1 + E1 

(5.27) (2.12) (3 .00) (2.37) ( 1.14) (2.02) 

cr2.1 "" 2.09 + l.02c2
1_1 + .153 el o:1-1 

(3.66) (4.98) (2.05) 

Y1 - -28.91 - .56Y1.1 - .19Y1.2 - .18Y1_7 - .27Y,.x + .44YUSA1_1 + .34 RXR1_1 

(1.73) (8.61) (3.28) (3.70) (5.78) (2.54) {4.02) 

1.l6Exports1 -J.36da -.034clvt1 v, 
(3.15) (3.68) (0.13) 

cr\1 ~ 733.7 
(7.29) 

+ .26 v2,_ 1 

(2.59) 

COV, = - .089(cr,1aV1) 
(t .43) 

Residual Dlagnostics 
RXR y 

Q(5) 1.24 4.75 
Q(lO) 3.05 6.78 
Q(20) 9.17 15.81 
Q2(5) 0.09 2.04 
Q2(10) 0.24 7.54 
Q2(20) 0.44 19.23 

Log ofthe Likelihood Function: -2370 

Cross 
3.55 
9.08 
15.06 

(1) 

(2) 

(3) 

(4) 

(5) 

TI1e samplc is 311 monthly observations from 1971.01 • 1996.11. RXR is the real exchang1.: rate, Y is 
the growth of industrial production, YUSA is the growth of US industrial productíon, Trcnd is a 
linear trend, and Exports is a 6 month moving average nf export growth. Numbers ín parenthcscs are 
t-statistics. Thc critica! values at the 0.05 leve! for both thc Q and Q2 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 rotes rai(,e.f exchange rate uncertainty 

Simultaneous GARCH-M systcm with constant conditional correlations 

RXR1 = 24.17 + .52 RXR.. 1 + .45 RXR1_2 t- .14 RXR1_5 - .14 RXR1.n - .12 RXR1.w - .023Trend 
(9.30) (3.10) (2.6&) (2.72) (3.57) (4.73) (6.47) 

+ .69ét.1 - .12E:1. 3 + .093t::r-6 ➔ .042E¡,.10 - .15cr2.t - .072d vt + E1 

(5.25) (2.22) (2.95) (2.24) (1.02) (1 98) 

cr2.1 = . 021 RXR,_, + 1 .04E:\.1 + . 14 cr2.1 
(J.61) (4.66) (1.86) 

Y,""' -28.25 - .55Y1. 1 - .19Y1.2 - . l8Y1.1 - .27Y1. 8 + .45YUSA1.1 + .34 RXR,.1 
(1.70) (8.39) (3.24) (3.74) (5.73) (2.57) (4.01) 

+ .17 Exports1 - 1..Ud,, - .008cr\1 + v1 

(3.31) (3.89) (0.02) 

o-\1 -, 731.6 + .27 v\.1 

(8.41) (2.63) 

cov,; - .088{0.10'vt) 
( 1.37) 

Q(5) 
Q(IO) 
Q(20) 
Q2{5) 
Q2(10) 
Q2(20) 

Residual Diagnostics 
RXR y 

1.27 
3.13 
9.24 
0.10 
0.26 
0.47 

5.03 
7.36 

16.16 
1.91 
6.94 

17.86 

Log ofthe Likclihood Function: -2359 

Cross 

3.55 
8.87 

14.81 

(1) 

(2) 

(3) 

(4) 

(5) 

The sample is 311 monthly obst!rvations from l 97l.01 - 1996.11. RXR is the real exchange rate, Y is 
the growth of industrial productíon, YUSA is the growth of US industrial production, Trend is a 
linear trend, and Exports is a 6 month moving average of export growth. Numbcrs in parentheses are 
t-statistícs. The critica! values at the 0.05 leve! for both the Q and Q2 stats are 11. 70, 18.31 and 31.41 
at 5, 1 O, and 20 lags. The maxímization method is BHHH. 

15 
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Table 4: Real exchange rafes ami industrial production growth in Mexico, 
1971.01 - 1983:12 Real ex,·hange rate uncertainty still lowers economic growth 

Simultaneous GARCH-M syslem with constant condítional correlations 

RXR1 = 38.10 + .22 RXR1. 1 1 .51 RXR.i.2 + .21 RXR0 - .17 RXR,_6 - .039Trend 
(3.75) (0.82) (2.09) (2.44) (1.83) (2.82) 

+ . 71E:1-1 - .12t::,_~ + . 1538.i.6 + .120-\1 - .009o\1 + Bt 

(2.79) (1.39) (2. 18) (0.65) (0.45) 

cr\1 = .791 + l. l 8&\_1 + .27 02.1 

(1.34) (3.11) (2.55) 

Y1 =-31.26 - .51Y1. 1 - .19Y1_2 - .22Y,.7 • .22Y,.s 1 .21YUSA1. 1 + .43 RXR 1_1 

(0.89) (5.68) (2.20) (2.87) (3.43) (0.91) (l.88) 

+ .23 Exports1 -1.01 rl a - .452a\, ~ V1 

(2.69) (2.33) (0.86) 

<Yzvt = 684,5 + .33 V
2

1-l 

(5.50) (2.24) 

COY,= - .059(cri,avt) 
(0.49) 

Residual Díagnoslics 
RXR y 

Q(5) 6.52 2.97 
Q(lO) 9.95 5.73 
Q(20) 15.35 8.93 
Q1(5) 0.26 5.15 
Q2(10) 0.57 7.33 
Q2(20) l.30 21.71 

Log of the Like\ihnod Function: -1 J 87 

Cmss 

2.29 
5.681 
16.36 

(l) 

(2) 

(3) 

(4) 

(5) 

The sample is 156 monthly obscrvations from 1971.01 - 1983.12. RXR is thc 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. Numbcrs in parentheses are 
t-statistics. Toe critical values at the 0.05 levcl for both the Q and Q2 stats are 11.70, 18.31 and J l .4 l 
at 5, 10, and 20 lags. The maximization method is BHHH. 
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Appendix l: Summary Statistics 

Variable Mean Std. Dcviation 

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 

Mcxican IP, exports, and price leve] (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). 

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

Here we report the results of ADF tests containing a linear trend and from 1 to 12 
laggcd dilforence terms for the 4 key variables of the model. 

#lagged Mcxican real Mexican IP Mexican real USIP 
differences exchange rate exporis 

1 -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 
5 -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 uníl root in the series at the .05 
and .01 levels respectively. The lhree series that are non-stationary in thc levels are 
stationary in the first differences. ln each case, ADF tests on the differences reject 
the null of a unit root at thc .05 levd al every lag from l to 12. 
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Figure 1. The estimated conditional standard 
deviation of the real exchange rate, 1971 .. 1996 
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Figure 2. The estimated conditional standard deviation 
of industrial production gro\\1:h, 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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