
Las colecciones de Documentos de Trabajo del c10E represen­
tan un medio para difundir los avances de la labor de investi­
gaci6n, y para permitir que los eutores reciban comentarios 
antes de su publicaci6n definitiva. Se agradecera Que los co­
mentarios se hagan llegar directamente al (los) autor(es). 
❖ D.R. © 2000, Centro de lnvestigaci6n y Docencia Econ6-
micas, A. C., carretera M~xico-Toluca 3655 {km. 16.51. 
Lomas de Santa Fe, 01210 Mexico, 0. F., tel. 727-9800, 
fax: 292-1304 y 570-4277. ❖ Producci6n a cargo del (los) 
autor(es), por lo que tanto el contenido como el estilo y la 
redacci6n son responsabilidad exclusiva suya. 

~J 
CIDE 

NUMERO 187 

Fausto Hern~ndez Trillo y Kevin Grier 

THE REAL EXCHANGE PROCESS AND ITS REAL 

EFFECTS: THEORY AND EVIDENCE 



Abstract 

Exchange rate management is a salient macroeconomic issue, especially in developing 
countries. In this paper, we study political economy factors that may affect the real 
exchange rate (RER) process and the real economic effects of the RER. We review 
recent literature on the effects of elections on the exchange rate, and adapt Ball's ( 1992) 
model to show that uncertainty about the future course of policy may make more 
appreciated RER's less predictable. We also review the literature on the real effect of 
RER appreciations and of RER uncertainty. We then construct a simultaneous 
GARCH-M model of the joint determination of the RER and output capable of testing 
our hypotheses simultaneously in a single model. We estimate the model using data 
first from Mexico, a developing country, and the US. In Mexico we find that elections 
significantly affect the evolution of the RE~ that higher RER's are less predictable, that 
RER depreciations lower output growth and that RER uncertainty lowers output growth, 
even when controlling for its well-studied effect on trade. By contrast, none of these 
effects are found in the US data. 

Re~mmen 

El manejo del tipo de cambio es un elemento macroecon6mico importante, en especial 
en paises en desarrollo. En este articulo estudiamos factores de economia politica que 
pueden afectar tanto el proceso estocastico que sigue el tipo de cambio real (TCR) asi 
como el impacto real de este proceso. Revisamos literatura reciente sobre los efectos de 
factores politicos sobre el tipo de cambio, y adaptamos el modelo de Ball ( 1992) para 
mostrar que la incertidumbre del curso futuro de esta politica cambiaria puede provocar 
que un TCR mas depreciado sea menos predecible. Asimismo, revisamos la literatura 
que el TCR y su incertidumbre tiene sabre el sector real de la economia. A partir de ahi 
construimos un modelo simultaneo del tipo GARCH-M para determinar el efecto 
conjunto tanto del producto como dcl TCR; el modelo sirve para probar nuestras 
hip6tesis. Los resultados para Mexico son contrastados con los de EUA. En Mexico las 
elecciones si afectan el proceso del TCR; asimismo, un TCR alto implica un menor 
grado de predicci6n. Por ultimo se muestra que la incertidumbre de! TCR disminuye el 
producto en el largo plazo. Por el contrario, ninguno de estos efectos se encuentran para 
los Estados Unidos. 



I ntro,luction 

One of the most important challenges facing developing nations is the choice 
and maintenance of an exchange rate regime. This issue is most often framed as a 
choice between fixed and flexible exchange rates, but from a macroeconomic 
standpoint, the exact nominal regime chosen is only a means to an end. What really 
matters is how that choice interacts with other policies to influence the behavior of 
the real exchange rate. 

Fixed nominal rates can initially provide an effective nominal anchor against 
inflation, but over time, the chosen parity can become economically inappropriate, 
affecting the real exchange rate and inviting speculative attacks that end in large 
nominal devaluations to reset the real exchange rate to a sustainable level. At the 
other extreme, freely floating exchange rates, are often thought to create excessive 
short-term fluctuations unrelated to economic fundamentals that cause 
corresponding harmful fluctuations in the real exchange rate. In an ideal world, 
policymakers would strive for a policy mix that delivers a real exchange rate 
consistent with internal and external balance, and exhibits an appropriate degree of 
predictability. However, in the developing world, this largely remains an un­
achieved ideal, as exchange rate crises are still prevalent. 

In this paper we develop a statistical model to study three important 
questions about real ex.change rate (RER) behavior. The first question involves 
political influence on the RER. Specifically, we test for a detectable electoral cycle 
in the RER. There is a growing literature about political influence on exchange rates 
in an open economy> and some evidence that depreciations are correlated with 
elections, but little in the way of testing for a cycle. We investigate whether, on 
average, the RER appreciates significantly before elections and then depreciates 
afterward. 

The second question under consideration in this paper is; are higher levels of 
the RER less predictable? Ball (1992) argues that when the preferences of the 
policymaker are private information, higher inflation rates are associated with 
greater uncertainty about future inflation because one must factor in the probability 
of a stabilization effort from a tough policymaker. We adapt this reasoning to the 
RER and test whether higher RERs raises the conditional variance of the real 
exchange rate. 

While statistically distinct, these two potential political economy effects on 
the RER process are closely related in that both work through imperfect information 
about the preferences or the competence of the policymaker. That is, the theoretical 
models behind either an electoral cycle in the RER or a link between high RER's 
and uncertainty about future RER movements are driven by the fact that the public 
does not have complete information on the policymaker. 
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The third question investigated is; what is the effect of the RER process on 
output, controlling for trade? Many studies examine the relationship between 
exchange rate volatility and trade, but to date, no one has investigated whether, 
controlling for trade effects, RER uncertainty significantly affects output growth. 
We also provide evidence on whether a depreciating real exchange rate is 
expansionary, as in textbook models, or contractionary as others argue. 

We simultaneously test all of these hypotheses in a single multi-variate 
GARCH-M model of output and the real exchange rate, using data from a 
developing country (Mexico) and a developed country (the USA). 1 We argue that 
Mexico is much more likely to be affected by the phenomena under study as it 
largely conforms to the assumptions of the underlying models, while the USA, 
which does not conform well to these assumptions is included for comparison. 

Our results are as follows. First, there is strong evidence of an electoral cycle 
in the Mexican RER. The RER is significantly higher than trend during the year 
leading to an election, and significantly lower than trend in the following year. 
Second, we find that lagged values of the RER are positive and significant in the 
RER conditional variance equation, confirming our version of Ball's model for 
Mexico. Higher RERs generate greater uncertainty about future values of the RER. 
Taken together, these two results imply that uncertainty about the policymaker plays 
an important role in the Mexican RER process. In contrast, the results for the US do 
not show any evidence of either an electoral cycle or a positive relationship between 
overvaluation and RER predictability. 

Third, controlling for the direct effect of trade on growth, the level of the 
RER has a positive and significant coeflicient in the Mexican industrial production 
growth equation, while RER uncertainty is a negative and significant influence on 
industrial production growth. The US industrial production growth equation 
produces the same coefficient signs, but at much lower significance levels. 

The paper is organized as follows. Section I contains a brief review of the 
macroeconomic importance of the real exchange rate. Section II reviews the existing 
literature on electoral influence on exchange rates, section III adapts Ball's model of 
inflation and inflation uncertainty to the real exchange rate and section IV discusses 
the linkage between real exchange rate uncertainty and economic performance. 
Section V explains our choice of Mexico and the US for testing our hypotheses, 
describes the general statistical model we use, and presents the exact specification of 
the model for each case. Section VI presents our empirical results and section VII 
concludes. 

1 Our paper is WJ.iquc in that it uses a multivarialc GARCH-M model of economic growth and the RF.R. and 
tests for political economy influences on th1: RER process. However. there are several empiricul paper!! related to 
ours. Arize( 1993) liild Maloney and Azevedo ( 1995) estimate the conditional variance of the ~x.change rate with 
a GJ\RCH model and then use that variuncc as a regressor in a second stage regression. Kroner and Lastrapes 
(1993) use multivwiate GARCH-M methods to investigate the RER uncertainty- trade link in five industrialized 
countries, Collani, Cavallo, and Kh1111 ( 1990) examine the correlation hetween RER volatility and economic 
growth in a cross sectional analysis, and Mendoza (1997) ex.amines the cross-sectional relationship betwe;:n 
tcnns of trade volatility and growth. 
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J. Nominal ER regimel' und the RER 

The traditional views of the benefits from an exchange rate peg are ( 1) that it 
imparts stability which is beneficial for international trade, and (2) that it provides 
discipline for a country's domestic policymakers. 2 Countries with a history ofloose 
monetary or fiscal policies can "import" the policies of the country to which they 
peg. However, it is becoming widely appreciated that most ER pegs end in crisis 
and devaluation, and it is more and more frequently argued that, at least in the short 
run, an ER peg does not effectively constrain domestic policy makers. When the ER 
peg is held in place, even when domestic policies arc "too loose" we sec an RER 
appreciation, meaning cheaper imports, a consumption boom and a loss of 
competitiveness for the country's exports. This situation cannot go on forever. 
There will have to be a significant tightening of domestic policies, or more likely, a 
change in the nominal peg.3 A not un-typical scenario in the developing world is, an 
announced systematic lowering of the peg, followed by an inability to defend the 
new policy that leads to a period of floating followed by the initiation of another, 
lower, peg. 

From an economic point of view, market participants desire predictability of 
real values, or relative prices. However, it is not historically obvious that a fixed 
nominal exchange rate produces a fixed, or even easily predictable, real exchange 
rate, especially in the developing world. And it is precisely in the developing world 
where predictability is most valued, because the ability to hedge risk in with 
financial derivatives is generally quite limited. 

Short run RER targeting, as practiced by Chile, involves repeated 
adjustments to the nominal exchange rate. It is, however, controversial to assume 
that the RER is directly under the control or even influence of the policymaker. 4 Tt 
is important to note that none of the phenomenon under study in this paper requires 
that the policymaker can permanently target the RER. 

IL Elections an,l the RER 

Recently, Stein & Streb (1998) and Bonomo & Terra (1999) have developed 
distinct models that can produce electoral cycles in exchange rates. In Stein & 
Streb, politicians can signal their competence by temporarily slowing the rate of 
currency depreciation below its sustainable level before elections. This strategy 
requires a rise in the rate of depreciation after the election. For our purposes, the 
important feature of the Stein & Streb model is that it implies an RER appreciation 
pre-election and an RER depreciation afterward. 

2 See Stockman ( 1999) for e discussion of new developments in the study of exchllllgc rate regime choice. 
3See Goklfajn wid Val.cl~ ( 1999). 
4 Calvo, Rei.nlwrt, 11I1d Vegh ( 1995) study the possibilities for, and macroeconomic effects of, RER till~cling. 
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Bonomo & Terra directly model the RER. Politicians are either agents of the 
tradeable or non-tradeable sector and the non-tradeable sector has a majority of 
voters. Producers in the tradeable sector, ceteris paribus, prefer a lower RER while 
non-tradeable producers, and consumers favor an appreciated RER. The type of the 
policymaker is private information, which provides an incentive to signal that she is 
aligned with the non-tradeable sector before the election by producing an 
appreciated RER. 

There is some indirect empirical evidence about the behavior of real 
exchange rates around elections. Klein & Marion (1997) study the duration of 
exchange rate pegs in Latin America, finding that a transfer of power in the 
executive branch raises the probability that a peg will be abandoned. If we assume 
that the peg is abandoned in order to devalue, and that the devaluation was 
warranted before the election, then this finding is consistent with the idea that the 
RER is appreciated pre-election and depreciated post-election. 5 Similarly, Edwards 
( 1993) shows that under democratic governments, large devaluations are more likely 
to occur early in a government's tenure. Finally, Stein & Steb study depreciation 
rates rather than discrete devaluations and find that they are notably higher 
immediately after elections than immediately before. 

We will test the hypothesis of electoral effects on the RER directly by 
creating an electoral dummy variable, including it in the RER equation, and 
examining its statistical significance.6 Our variable takes the value +I in the 12 
months leading up to a presidential election , -1 the 12 months following an election, 
and O in all other months. 

Ill Does a higher RER create more uncertainty? 

It is plausible that high RER' s are less predictable and therefore create 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 creates more 
inflation uncertainty.7 

We assume that a prolonged RER appreciation hurts the export sector, 
creating political pressure to adjust the nominal exchange rate. However, the public 
does not know whether the policymaker is tough and will never devalue or is sqft 
and will devalue in response to political pressure. When the RER is sufficiently low, 
neither type of policymaker wi11 act to change it, but when the RER is sufficiently 
high, a soft policymaker will devalue. Thus with a given policymaker of unknown 

' Similarly, Gavin lllld PL.TOlti (1997) show lhal the probability of a switch from a fixed to tlexible ER regime 
rises after elections. 
6 Of course, this will be a joint test of the validity of our electoral variable and the significance of electoral 
effects. 
7 For empirical evidence on the relcv11nce of Ball's model, see Grier and Perry ( 1998) who find strong link 
hetweei1 higlu:r inflation and grealc:r llllcertainty in each of the G-7 counlries. 
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type, the probability of a devaluation rises with the level of the RER (even if the 
policymaker is actually tough)_ l! 

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

In our empirical work, we examine 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 predictable RERs in 
the present.9 

IV. The RER process and Economic 6'rowth 

We have identified above two political economy effects on the RER process. 
In this section we consider the rea1 effects of the RER process (both the mean and 
conditional variance) on economic growth. In the textbook open economy macro 
model, real depreciations are growth enhancing. They stimulate the external 
demand for a country's exports and increase the internal demand for the country's 
products relative to imported goods. However, there is a growing literature arguin~ 
that, especially in developing countries, real depreciations can be contractionary. 1 

One of the main channels whereby a devaluation can be contractionary is through its 
effect on domestic firms' costs. Tf firms rely on imported inputs a real depreciation 
raises their costs. A second important channel is through a real depreciations effect 
on external debt, and the solvency of firms. We wilt test for the effect of RER 
fluctuations on growth by including the lagged RER in our output growth equation. 

Many papers also derive a link between RER uncertainty and exports. These 
papers genera11y rely on risk averse exporters with limited portfolio diversification 
and imperfect hedging opportunities to create an RER uncertainty - export linkage. 11 

That is, a risk averse exporting finn which maximizes the expected utility of profits 
is found to reduce its output when the degree of unhedgeable exchange rate risk 
rises. 

8 Gold.faju wid Valdtl. ( 1999) show that appreciations have a longer duration in the build up thou in the return 
fhasc lllld are more likely to occur in fixed exchange regimes. 

The empirical validity of this theoretical argument is also indirectly supported by the findings ofGoldfajn & 
Valdez, who show that large appreciatiom III"C almost aJwa.ys followed by nomilutl devaluations. 
10 Agenor and Montiel ( 1996) provide a comprehensive theoretical discussion of this issue in chapter 7. Interest 
in the possibility of contractionary devaluations sprang from intluential papers by Cooper ( 197 l) and Krugman 
11.Ild Taylor (1978). 
11 Cote ( 1994) provides an excellent survey on the relationship between exchange rate volatility and trade from 
both theoretical and empirical poinls of view. 
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Here we extend this reasoning to non-exporting firms by noting that their 
profits may also be affected by exchange rate swings if they have costs that are 
denominated in a different currency than their revenues. A risk averse, imperfectly 
competitive firm who sells domestically, but either imports productive inputs or has 
foreign currency denominated loans also faces exchange rate risk. If that risk cannot 
be hedged, then the firm's production decision will be affected in an analagous 
manner to the firm with domestic currency costs but foreign currency revenues that 
is typically considered. 

We thus believe that exchange rate uncertainty can affect overall national 
output and not just the volume of exports. 12 We will test for the real effects of RER 
uncertainty by including the estimated conditional variance of the RER as an 
explanatory variable in the output growth equation of our simultaneous GARCH-M 
model. To establish that the effect of RER uncertainty on output growth is general 
and not confined to its effect on exports, we will include export growth as an 
explanatory variable in the model. In this manner, only the portion of RER 
uncertainty that is uncorrelated with export growth wiJI be allowed to influence 
output growth. 

V. Empirical Application 

A. Choice of Countries 
We are simultaneously testing for the existence of political economy effects 

on the RER process and real effects of the RER process on growth. The political 
economy models are driven by uncertainty about the policymaker, while the real 
effect of the RER process on growth depends on an economy having limited hedging 
potential, undiversified producers, and significant external debt or imported inputs. 
We therefore seek a country that both has some intrinsic interest for study and 
confonns to the preconditions listed above. 

Our choice is Mexico. It is an important developing country, which 
provides the intrinsic interest, and it conforms well to the above preconditions. 
Consider the assumption of uncertainty about the policymaker. There has been 
significant uncertainty about exchange rate policy in Mexico. Over our sample 
period Mexico has used a crawling peg, an exchange rate band, a peg to the dollar, a 
more or less free float, and are currently debating dollarization! Typically, changes 
from one regime to another are prompted or accompanied by a crisis. 13 Mexico is 

12 Mendoza (1997) provides a theoretical model of the link between terms of tram: uncertainty and economic 
growth. He considers a stochastic, one sector, endogenous growth model with a representative, risk a<lven.e, 
agent. He assumes that the agent ~ot insure against fluctuntiom in the return to savings denominated in the 
price of imported goods (which is what is conswned in the model). lie then shows thal im,Teased terms of trade 
uru;ertainty can either raise or lower average growth raU.'ll 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 uncerurinty though, are unambiguously negative. 
13 While it is true all Mexican presidents of the l~t 70 years have come from the same political party, they huvc 
had widely vurying policy aims. See Grier & Gric:r (2000) for a discussion of the wicertainty created by 
presidential change in Mexico. 

6 



Gri~:r & Hernandez 1'rillt>'Real t.xchange Rate Process and Its real ejfecrs: Theory and F.vidsnce 

also a good fit with respect to the assumptions necessary for real RER effects on 
economic growth. First, the Peso futures market began trading in March of 1995, 
indicating that hedging opportunities were attenuated over almost all our sample 
period. 14 Second, Mexican businesses import a large share of their inputs, 
heightening the sensitivity of their profits to exchange rate fluctuations. Between 
1970 and 1997, the average composition of Mexican imports was 19.5% capital 
goods, 70.7% intermediate goods, and only 9.7% consumer goods. 15 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. For 
example, La Porta, Lopez-de-Silanes, Shleifer, and Vishny (1996) show that in their 
sample of 49 countries, the average percentage of common stock held by the :, 
largest private shareholders in the 10 largest firms is 40%. In contrast the figure for 
Mexico is 64% which is the highest concentration in the sample 16 

We also study a country where fewer of the prerequisites hold, and see if any 
of the results found in the case of Mexico change when the type of country under 
consideration changes. We thus repeat our analysis using the US; a country that has 
a more consistent exchange rate regime, greater hedging opportunities and more 
diversified corporate ownership. 

B. Statistical Preliminaries 
In order to properly estimate any relationship between the real exchange rate 

process and output, we must determine the order of integration of the series, choose 
models for the conditional mean of each series, and then construct a simultaneous 
MGARCH-M system capable of testing our hypotheses. In this section we consider 
each of these necessary steps. The data used here are the Mexican real exchanges 
rate with a base year of 1990 obtained from J. P. Morgan, industrial production 
indices for Mexico and the US taken from the IMF and Citibase respectively, and 
real exports for Mexico, also from the IMF. 17 

1. 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 a linear trend and anywhere from 1 to 12 lagged differences never reje<.,1 
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 I to 12 Jagged 
differences for the growth rate. Mexican Industrial production is not trend 

14 During the l 980s some Peso forwards, called Cobcrturas existed in Mexico. These were OTC instrurm.-nls and 
were mainly used for interbank hedging. Thal is, they were poorly utilized by manufoctwing firms ( see Chesney, 
Henuiudez & Miirui~ 2000). 
u Soun:c; Sccofi: www.in~gi.gob.mx As it may be noted, intecmediate 1.11111 capila.l goods accounted for 
11ppruxirrui.tely RO percent of total imports dw-i.ng the period w1dc.:r :;Ludy. Moreover, 60 percent of these two 
types of imports can be strictly assigned to the mo.nufucturing sector (see Mattar and Peres, 1999). 
16 (See their Table IO column 2 for details). 
17 Appendix I contains summary statistics for the vwblcs. US industrial production was obtained :;cu:;unally 
adjusted, and the Mexkan series were seasonally 114iwtcd using the procedure in the EVIEWS ::iofiwurc package. 
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stationary, but rather is clearly integrated of order one [l(l)J. Similar results are 
obtained for US industrial production, and real Mexican exports. 18 

However, the case of the Mexican real exchange rate is different. 
While several studies have shown that nominal exchange rates are random walks, 
our series for the Mexican RER rate is trend stationary. ADF tests 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 tenns. 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. Therefore 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 tenn belongs in the exchange rate 
equation 

2. Granger causality between the RER and output growth 
We need to capture any relevant relationship between the mean of 

the real exchange 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 cause the real 
exchange rate. Kamin and Rogers (2000) find the same results using bi-variate 
Granger causality tests with quarterly data from 1980. l - 1996.2. Additional 
Granger causality tests reveal no link between US and Mexican industrial production 
growth, but there is a significant contemporaneous correlation that we interpret as 
coming from US growth rates to Mexican growth. We thus incorporate the lagged 
RER and the contemporaneous US industrial production growth rate into our 
equation for the conditional mean of Mexican industrial production growth. 19 

3. Controlling for the effects of trade on growth 
Given that there is some evidence that RER uncertainty affects trade 

and also evidence that trade affects growth. it is important to control for trade when 
testing whether RER uncertainty directly influences 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 to 
distinguish between the hypothesis that uncertainty affects trade which affects 
growth, and the hypothesis that uncertainty directly affects growth. 

Here we include real export growth in the Mexican IP growth 
equation to capture the effects of trade on growth. The inclusion of this variable 
means that only be the part of RER uncertainty uncorrelated with real export growth 

18 US imluslrial production fails the J\DF test I I of 12 timL-s, Mexican 1P and real exports fuil 12 of 12 times. 
All lhrcc series pa.~s AVF tests in 1heir logged differL"IICCS 12 of 12 times. 
19 hi 11 :lerics of C':rTanger tests using from 1 to 6 lag~, the RXR always causes Mexican IP growth at the U.lll level 
while Mex1can 1P growth never causes the RXR. In the case of US and Mexicun IP growth, neither causes the 
other at the .05 level in tests using from 1 lo 6 lags. 
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can influence 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. Consequently 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 with a linear trend term and our election dummy. 
Preliminary OLS estimates of such models produce single equation R2's of over 
0.90. The model for industrial production growth will be ARTMA with the addition 
of the lagged exchange rate, lagged export growth, and growth in US industrial 
production. Preliminary OLS estimates of such models produce single equation R2 's 
of around 0.35. We will choose the exact ARMA terms used in the GARCH-M 
system to insure that the residuals, squared residuals and cross residuals are white 
noise. 

C. GARCH-M system for testing our hypotheses 

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

0'
2
&t = Yo + YI e.

2
1-1 + Y2 cr2 

St,.\+ Y3 RERt-1 

2_, 'l 2 ,_2 
Ovt- "'O +11,1Y1.1+ 11,zC,vt-l 

(2) 

(1) 

(4) 

(5) 

Equation I is the real exchange rate equation, with ARMA terms, a linear 
trend and the electoral variable. Equation 2 is a modified GARCH(l, 1) model of 
the conditional variance of the real exchange rate that also contains the lagged RER 
as an exogenous variable to test whether appreciated RERs are less predictable. 
Equation 3 is the industrial production growth equation with ARMA terms, the 
lagged real exchange rate. US industrial production growth, lagged real export 
growth, and the conditional variance of the real exchange rate. Equation 4 is a 
GARCH(l,l) model of the conditional variance of industrial production growth, and 
equation 5 is a simple, constant correlation, model of the covariance of the two error 
terms. 

For testing the hypotheses discussed above, the key coefficients are cp, the 
effect of elections on the RER, 'Y 3, the effect of the lagged RER on its conditional 
variance, and o, which gives the effect of the conditional variance of the real 
exchange rate on the growth rate of industrial production controlling for trade 
effects. A positive and significant value of cp would indicate an electoral cycle in the 
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RER consistent with the models of Streb and Stein, and Bonomo and Terra. A 
positive and significant value for y 3 would imply that higher RER's are less 
predictable, consistent with our extension of Ball's inflation model to the real 
exchange rate. A negative and significant estimate of 6 means that RER uncertainty 
Lowers output growth. 

VT Results 

A. Benchmark Case: Mexico 
Table 1 presents our maximum likelihood estimates of the GARCH-M 

model given in equations 1-5 above. 20 To determine the exact ARMA terms 
included in the mean equations we initially considered up to 12 auto-regressive 
terms, retaining the ones with significant coefficients. In the industrial production 
growth equation, this was sufficient to produce white noise residuals and squared 
residuals. The real exchange rate equation required an additional step of considering 
up to 12 moving average terms to produce both residuals and squared residuals 
without any auto-correlation. The conditional variance of output growth, while 
significantly time varying, is not very persistent and is best modeled as an ARCH(l) 
instead of a GAR CH( I, I) process. 

The final model for the evolution of the mean of the real exchange rate 
includes the first, second, fifth, and sixth lags of the RER along with first and sixth 
order moving average terms. The estimated output growth equation includes the 
first, second, seventh, and eighth lags of output growth. None of the key results in 
the paper are sensitive to the exact ARMA representations chosen. The ones 
reported here represent the minimum number of variables needed to produce clean 
residuals. 

Our first hypothesis, the existence of an electoral cycle in the RER, is 
confirmed in equation 1 by the positive (1.84) and significant (t-statistic of 7.8) 
coefficient on our electoral dummy. In our sample, the Mexican RER is 
significantly appreciated above trend leading up to an election and depreciated in the 
aftermath. The coefficient of 1.84 may seem small, given the large swings observed 
in the Mexican RER series. However, accounting for the AR:rvIA structure of the 
overall equation produces a peak to trough effect of the electoral cycle of around 18 
points on the RER index, which is about equal to one standard deviation in the 
historical data. Thus the effect is sizable, even though the coefficient seems modest. 

The hypothesis that higher RER's are less predictable is also supported in the 
estimated model. In the equation for the conditional variance of the RER, the lagged 
level of the RER is positive (0.021) and significant (t-statistic of 4.51). This 
coefficient may also seem small, and in this case it is indicative of a relatively small 
effect. A two standard deviation rise in the RER raises uncertainty in the next period 

zu We estimate the model by ~suming that the two error terms are multi-variate nonnal, choosing 11 ::ict of 
starting values for all the coefficients of the model and then using the well-known BHHH algorithm to arrive at a 
coefficient matrix lhat maximi7.es the value of the likelihood function. 
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by only . 7 units , while the sample median of the estimated conditional variance of 
the RER is about 6.5. Further, given that the auto-regressive term in the conditional 
variance equation is only .12, thi~ modest effect is not very long lasting either. 

Turning to the real effects of the RER process, we find that in our model and 
sample, real depreciations lower, rather than raise, growth. The coefficient for the 
lagged RER is positive (0.25) and significant (t-statistic of 2. 77) in the output 
growth equation. This result is consistent with the findings of Kamin and Rogers 
who use a different sample and model. We also find that controlling for US growth, 
Mexican exports growth, and the level of the RER, RER uncertainty is a negative 
(coefficient of -1.36) and significant (t-statistic of 3.91) determinant of output 
growth. US industrial production growth is a positive and marginally significant 
influence on Mexican growth, while real export growth is positive and significant at 
the O. O 1 level. 

The effect of both the mean and conditional variance of the RER on output 
growth in Mexico is substantial. Consider a comparison of the two effects. Based on 
a comparison of coefficients, the impact of uncertainty shocks is bigger than the 
impact of changes in the average RER. A IO point rise in the RER is predicted to 
raise industrial production growth by 2.5 percentage points, while a 10 point rise in 
the RER conditional variance is associated with around a 13 percentage point 
decline in output growth. However, given that the average RER is much more 
persistent series than is the conditional variance of the RER, the effect of mean 
shocks will generally last longer than the effect of uncertainty shocks. 

It is important to remember that our results on the real effects of the RER 
process on industrial production growth arise in a model where export growth is 
included in the industrial production growth equation. That is to say, these RER 
effects on industrial production growth are not corning through their influence on 
exports, but rather through their direct influence on aggregate economic activity. 21 

B. Comparison case: USA 
While Mexico has a varied history of ER policies with much active 

management and restricted hedging possibilities, the US is largely the opposite. US 
exchange rate intervention is not unknown, but the US has been more or less a free 
floating country since the demise of the Bretton Woods system. Further, the dollar 
is widely traded in futures and forward markets. We thus expect to observe smaHer 
RER influences on output growth and smaller political economy effects on the RER. 
In fact, ifwe were to observe the same size effects in the USA that we do in Mexico, 
we would have to seriously question our explanations for the existence of the 
effects. 

21 The real effects of the RER process ure not dependent on including the political economy effects in the RER. 
Table 2 shows that dropping the elcclion cycle variable in the RER mean equation and tire lagged RE.I{ in the 
conditional variance equation slightly raises the t-stalislics on the lagged RER and the RER conditional vari!lllce 
in the output growth equation. 

II 
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Here we report estimates of our 5 equation system using US data. The only 
differences are (1) instead of using the US growth rate as an exogenous regressor, in 
the output growth equation, we use the lagged Treasury Bill interest rate, and (2) the 
exact ARMA terms chosen to eliminate any patterns in the residuals differ from the 
Mexican case. 22 The results are shown in Table 3. The first important point here is 
that there is no evidence of political economy effects on the RER. That is to say, the 
election cycle variable is insignificant in the RER mean equation and the lagged 
RER is insignificant in the conditional variance equation. Second, neither the 
lagged RER nor lagged Export Growth is a significant regressor in the US output 
growth equation. Third, while the RER conditional variance has a large negative 
coefficient in the US output growth equation (-1.67) it is only significant at the 0.20 
level (t statistic of 1.43). 

In sum, while we find significant conditional heteroskedasticity in both the 
Mexican and US series for the RER and industrial production growth, none of the 
effects discussed in this paper and found in the Mexican sample appear in the US 
data. We believe that this constitutes evidence in favor of our explanations for the 
existence of the effects in the Mexican data. Our explanations are valid conditional 
on certain political or institutional factors that are found in Mexico. The facts that 
these factors are much less prevalent in the US, and that the Mexican results are not 
found in the US data, support the idea that our explanations for the Mexican effects 
are correct. 23 

VII. Conclusion 

We study the real exchange rate process and its real effects using Mexican 
data from 1971 - 996. We find evidence of a sizeable electoral cycle in Mexican 
real exchange rates and a significant but small positive effect of higher RER's on the 
conditional variance of the RER. 

In both of these cases, the effect on the RER is predicted by models where 
either the preferences or competence of the policymaker are private information. By 
comparison, neither effect appears in US data. Further, an appreciated RER is 
significantly positively correlated with economic growth, while increased RER 
uncertainty is significantly negatively correlated with growth in our model for 
Mexico, but not in the US model. 

Thus we find, in a developing country, substantial political economy effects 
on the RER process, and substantial real effects of the RER process on industrial 

22 Another difference is that the US re.al exchange rate wntllins less evidence against the unit root hypothesis 
than does the Mexican RER. In ADF tests, the null hypolhsis of o unit root can be rejected only about half tht: 
time and only at the IO% significance level. However, the results reported in the paper are insensitive to whether 
the level or the growth rate of the US RER is used. We report results mYng the levels in order to make 
comparisons to the Mexican results easier. 
23 Dropping the insignificant political economy variables hes no effect on the significance of the RER vari1:1bles 
in the output growth equations. 
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production growth. In our developed country experiment, none of these effects 
appear. 

Our results cast further doubt on the proposition that an undervalued RF.R 
promotes growth, show for the first time that RER uncertainty can have direct 
effects on economic performance holding constant their potential influence on 
exports, give the most direct evidence so far for the existence of an electoral cycle in 
the RER, and provide the first demonstration that higher RER's are less predictable. 
We find these results in a country with a political - institutional context consistent 
with the assumptions necessary to generate the results (Mexico) and we do not find 
them in a country (the US) whose political-institutional context is inconsistent with 
the theoretical assumptions 

The countries we have chosen in some sense represent extremes. Mexico has 
had an extremely. variable RER, little opportunity for hedging, and many ER 
regimes. In the US, the RER is much less variable, much more easily hedged, and 
there has been basically one ER regime. One important extension of this work will 
be to consider additional extreme case countries to see if the contrast in results is 
robust. Another important extension will be to consider intermediate case countries. 
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Table]: Real exchange rate!'I· and industial production growth in Mexico, 1971.01 -
1996.11 

RXRt = 19.88 + .56 RXRt-1 + .34 RXRt-2 + .14 RXRi-5 - .12 RXRr-6 - .08 RXR1.10 

(7.07) (4.15) (2.43) (3.13) (6.37) (3,82) 

- .019 Trend+ 1,84 Election Cycle + .49 ,t-I + .11 ,t-6 + ,t 
(5.53) (7.80) (3.50) (2.51) 

<1>2
,t = 0.021 RXR,., + 1.05 ,\.1 + .12 <!>2

,t-1 
(4.51) (7.22) (I.91) 

Yt = -17.97 - .55 Yt-1 - .17 Y1.2 - .16 Y1.1 - .24Yr-s + .29 YUSA1-1 +.2J RXR t-1 
(1.62) (8.21) (2.81) (3.13) (4.92) (1.81) (2. 77) 

+ .18 Exports - 1.36 ql 1 + v1 , 
(3.51) (3.91) 

<1>\1 = 741.7 + .26 v\_1 
(8.55) (2.74) 

COYt ;;;;: - .087(Cl>.t<l>vt) 
(1.44) 

Residual Diagnostics 
RXR Y Cross 

Q(5) 3.04 
Q(l0) 7.11 
Q(20) 16.94 
Q2(5) 0.42 
Q2(10) 0.79 7.43 
Q2(20) l.66 16.89 

Log of the Likelihood Function: -2314 

5.87 
8.12 

16.47 
2.79 

3.46 
9.93 

17.88 

(1) 

(2) 

(3) 

(4) 

(5) 

The sample is 311 monthly observations from 1971.01 - 1996.11. RXR is the real exchange rate. Y is 
the gro\\-1.h of industrial production, YUSA is the growth of US industrial production, Trend is a linear 
trend, Exports is a 6 month moving average of export growth. and Election Cyck equals + I (-1) the 
year before (after) a Presidential election and 0 otht.:rwisc. Nwnbers in parentheses are t-!Statistics. The 
critical values at the 0.05 level for both the Q and Q2 stats are 11.70, 18.31 and 31.41 at 5, 10, and 20 
lags. The maximization method is BIIl-lll. 
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Table 2: Real exchange rate.f and industial production growth in Mexico, 1971.01 -
1996.11: Ignoring political economy effects on the RER proce.\·s 

RXR.l = 23.70 + .53 RXRi-1 + .38 RXRr-2 -I .11 RXRt-5 - .13 RXR1--<i - .05 RX.Rt-IO 

(5.20) (l.88) (1.49) (2.41) (5.43) (2.47) 

+- .021 Trend I .51 ,t-1 + .10 ,t-6 + ,t (1) 
(4. 75) (l.88) (2.49) 

m.2,l = 1.82 0 75 2 + 23 n-.l 'V + · , t-1 · 'V ,t-1 (2) 
(5.36) (7.23) (3.88) 

Yt = -18.29 - .56 Yt-1 - .19 Yt-2 - .17 Yt-1 - .25Y1.s + .34 YUSAr.1 + .26 RXR t-1 
(1.64) (8.74) (3.38) (3.36) (5.17) (l.88) (2.90) 

+ .18 Exports - I. 71 <11,t + Vt 

(3.76) (4.59) 

<1>2 
vt = 720.2 

(8.58) 

2 
-1- .26 V t-1 

(2.82) 

COVt = - .08l(<P,tcl>vt) 
(1.35) 

Residual Diagnostics 
RXR Y Cross 

Q(5) 4.59 
Q(lO) 15.87 
Q(20) 22.27 
Q2(5) 0.14 
Q2(10) 0.23 7.79 
Q2(20) 0.57 17.94 

Log of the Likelihood Function: -2392 

4.66 
7.57 

15.98 
2.84 

l.80 
4.97 

13.09 

(3) 

(4) 

(5) 

The sample is 311 monthly observations from 1971.01 - 1996. l I . RXR is the real exchange r.:tle, Y is 
the growth of industrial production, YUSA is the growth of US industrial production, Trend is a liru;ar 
trend, and Exports is a 6 month moving average of export growth. Numbers in parentheses are t­
statistics. 'fhe critical values at the 0.05 level for both the Q and Q2 stats are 11.70, 18.31 and 31.41 at 
5, I 0, and 20 lags. The maximization method is BHI-Ill. 
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Table 3: Real exchange rates and industial production growth in the USA, 1971.01 
- 1996.11 

RXRL = 3.73 + 0.61 RXR-1-1 + 0.35 RXR1_2 - 0.07 Election Cycle + 
(2.30) (3.02) (1.77) (0.52) 

.61 ,L-i + .11 ,L-12 + ,l 

(3.85) (l.95) 

Cl>2 t = -.02 + 0.004 RXR,-1 + 0.10 ,\-1 + 0.80 C1>
2 

, 

(1.91) (0.89) (1.97) (6.71) 

Yt = 3.37 + 0.24 Yt-1 + 0.06 Yt-2 +0.07 Yt-1 - .65 TBILLt-1 + .05 RXR t-1 
(0.66) (3.53) (1.29) (1.34) (3.67) (0.93) 

+ .06 Exports - 1.61 <V,1 + Vt 

(0.51) (1.43) 

<1>2 
vt = 51.2 + .26 V

2
t-l 

(10.5) (3.64) 

COVt = .142(<D,t<Dvt) 
(2.02) 

Q(5) 
Q(lO) 
Q(20) 
Q2(5) 
Q2(10) 

Q2(20) 
3.75 
7.52 

RXR 
6.41 
12.63 
21.56 
2.32 

Residual Diagnostics 
y 

4.05 
6.06 

17.45 
3.15 

9.34 
20.74 

Log of the Likelihood Function: -1618 

Cross 
8.48 

17.34 
25.37 

(1) 

(2) 

(3) 

(4) 

(5) 

The sample is 
311 monthly observations from 1971.01 - 1996.1 l. RXR is the real exchange rate, Y is the growth of 
industrial production, TBILL is the three month US Treasury Bill interest rate, Exports is a 6 month 
moving average of export growth, and Election Cycle equals +l(-1) the year before (airer) a 
Presidential election and 0 otherwise. Numbers in parentheses are t-statistics. The critical values at the 
0 .05 level for both the 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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Appendix: Summary Statistics 

Variable Mean Std. Deviation 

Mexican IP growth 4.02 38.99 

US IP growth 2.86 9.68 

Mexican real export growth* 9.01 149.60 

US real export growth* 5.46 94.68 

Mexican RER 120.55 19.59 

USRER 104.87 10.18 

US T -bill rate 6.91 2.78 

Mexican IP, all export and price level data and the US t-bill rate are from the IMF's lFS CD­
ROM .. The US JP is from CITIBASE. Real exchange rate data are 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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