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|. Introduction

Mexico hed relatively stable capital inflows until the ealy 198G when it started
experiencing large caital movements (Figure 1). The massve caita outflows that
resulted from the debt crisis of 1982 legan to subside in ealy 1984and turned into
inflows after 1988in resporse to the implementation d a stabili zation program,
privatization, and structural reformsin mid 198G. The inflows intensified following the
Brady debt reduction agreanent in ealy 1990.Again, capital flowed ou during the 1994~
95crisisandit flew in badk in 1997as aresult of successul stabilization measures and
further structural reforms.

In most emerging econamies, large capital inflows followed by sudden reversals
(triggered by adverse shocks) have caused fluctuations in the red exchange rate. This
paper examines the long-run resporse of the red exchange rate to capital movementsin
Mexico duing 19701-97:4 and the subperiods prior and after the trade li berali zation
initiated in 1984.It also studies the short-run dynamic properties of a system involving
cgpital inflow, the external terms of trade, and the red exchange rate. The paper does not
addresseither the caises of cgpital movements, its composition, @ its consequences
agosscourtries or regions, which have been dedt elsewherein the literature (seeCalvo,
Leiderman, and Reinhart (19930, and Khan and Reinhart (1995).

The recent resumption d capital inflowsin Mexico (and the dedine in the terms of trade)
has caused a market-driven red appredation d the peso, that brought concerns about
Mexico’'s external competiti veness(Figures 2 and 3. To cope with this “unsolvable
problem,” short- and medium-term strategies has been suggested, such asimplementing a
loose monetary padlicy to induce nomina andred depredations, adopting awide aawling
band for the

! Marcelo Dabos is professor of economics at the Universidad de San Andres, Buenos
Aires, Argentina, and V. Hugo Juan-Ramon is Deputy Division Chief at the IMF
Institute. This paper was written while Mr. Dabos was a visiting scholar at the IMF
Institute. We are grateful to Moises Schwartz, Lorenza Martinez, Oscar Sanchez, and
Algjandro Werner at the Research Department of the Bank of Mexico, and to Ewart
Williams and Philip Y oung at the WHD of the IMF for comments on a previous version
of the paper.
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nominal exchange rate, introducing capital controls,? tightening the fiscd position,
strengthening the financial system, degoening structural reforms, cutting red tape to reduce
the “costs of doing business” and further opening the external current aceourt.

Therole of the degreeof opennessof the external current acourt in smoothing fluctuations
in the red exchange rate caised by large caital movements has nat receved much attention
lately. * Sjaastad and Manzur (SM) (1996 have brought this paint to the forefront. Their
hypathesisisthat:

“protedion causes expenditure and production shifting to become lessresporsive to
relative price danges, ...and hencethe red exchange rate reads more strongly to capital
flowsin highly proteded econamies than in those with more liberal commercial palicies.
... this ocaurs because protedion reduces nat only the volume of trade (the scde dfed) but
also the nlargi ns of substitution between tradable and nortradable goods (the substitution
effed).

SM (1996 foundempirical suppat for their hypothesisin the cases they studied: a dosed
eoonamy (Argentinain 19791-92:4), a semi-open econamy (Australiain 19773-94:3) and
an open econamy (Canadain 19711-94:3).” In the Mexican case, the empiricd evidence
does nat confirm the SM’s hypathesis. In fad, we foundthat the red exchange rate is more

2 The aisisin Asiatriggered arenewed interest in the question  whether capital controls
may help reducetherisk of external imbalances and financial crises. At the 1998World
Econamic Forum, the IMF Frst Deputy Managing Diredor, said that “For courtries that can
make them work, capital controls could be accetable to the IMF for atransitional phase urtil
the financial system of a wurtry is sufficiently strong to ded with surges in short-term loans
from abroad.” The Chief Econamist of the World Bank also favored considering capital
controls, bu the U.S. Deputy Treasury Seaetary said that the issue required careful study, as
there were dso red risks that controls could delay or prevent more fundamental adjustments.

% Khan and Zahler (1983 provide athorough and systematic analysis of the short-run effeds
of liberalization on boh the arrent and cgpital acourts, aswell as an analysis of the
sequencing issue.

* The authors also draw conclusions on the issue of the proper sequencing of the
liberalization d trade and capital acourts. As protedion magnifies the resporse of the red
exchange rate to cgpital flows, opening the aurrent acourt shoud be wmpleted before
further opening in the caital acourt. The sequencing isaue has resurfaced in the cntext of
large-scde caital flowsto emerging econamies. A passage from arecent IMF Exeautive
Board Meding summing up report (SUR/97/137) ill ustrate this: “... anumber of spekers
argued that the amerging market courtries sioud na liberali ze their cegpital acount
prematurely and that, spedaly in light of the extension d the Fund s mandate to the capital
acourt, there was aneal to better understand the precondtions for an orderly liberali zation,
among which undoulbedly was a strengthening of the financial system.”

> They measure the degreeof opennessby theratio of exports plusimports to GDP, and
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resporsive to cgpital movements during the period d greaer openness which coincided with
the time when financial and priceliberali zations were implemented.

We dso foundthat there is along-runrelationship between the ratio of capital inflowsto
GDP, the external terms of trade, and the export (and the true) red exchange rate; and that a
once andfor all increasein theratio of quarterly capita inflow to quarterly (annuelized) GDP
by one unit would, aher things equal, leal to along-runred appredation d the peso of
about 21 percent (when defined by the export red exchange rate) or abou 42 percent (when
defined by the true red exchange rate). The model predicts that the expeded capital inflow
for Mexico of about US$16 hlli onin 1998 would cause anegligible red appredation d the
peso as measured by the true red exchange rate.

The estimated dynamic properties of the model suggest that the short-run relation among
capital inflow, the external terms of trade, and the red exchangerate is gablein faceof
stochastic shocks. The estimated impulse resporse function indicates that deviations from
equili brium in the variables caused by stochastic shocks of one standard deviation will be
correded in abou 14 quarters. Changesin theratio of cepital inflows to GDP causes changes
in the export red exchange rate, andthereis also evidenceof fealbad.

I1. Degree of Openness

As suggested by the model given in the gpendix, the degreeof opennessis defined as
(GDP/E x px) -1; that is, the inverse of the share of exports of goods and norfador services
to GDP minus one. Thus, the lower this measure is, the more open isthe eonamy. The
Mexicgn econamy becane more open owver time (seeFigure 4), and particularly after the ealy
198Gs.

For the sake of comparison, we cdculated yealy and average values of the degreeof
opennessof Argentina, Australia, Canada, and Mexico duing 1970-96 (Table A-5).
Opennessis defined as the share of exports and imports of goods to GDP (in the case of
Mexico it includes net exports of maquilas). In the subperiod 198594, onaverage, Canada
had the most open econamy foll owed by Australia, Mexico and Argentina. Mexico was 1.8
times more open than Argentina, but Australiawas 1.3 times more open than Mexico and
Canadawas 2.1times more open than Mexico. Thus, there is margin for Mexico to further
open itsecnamy.” In spite of the important progressthat Mexico has dorein the aeaof

report that for the period d 19781990, this ratio was abou 15 percent for Argentina, abou
34 percent for Australia and about 52 percent for Canada. Thus, onaverage, Australiaout
traded Argentina by over two times, while Canada out traded Australia by one and a half
times and Argentina by three and a half times.

® The hike in the degreeof opennessfrom 19944 orwards (Figure 4) refledsin part the
increase of exportsin terms of peso due to the large devaluation d late Decenber 1994.

"Mancera (1997, in ore of his latest speet as Governor of the Bank of Mexico, warned
against vested interest groups that oppase freetradein all countries. For Mexico, he
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trade liberali zation since ealy 198G, it remainsto fully materiali ze the trade and financial
integration with the United States and Canada (in the antext of the North American Free
Trade Agreement (NAFTA)) and with cther nations.®

[11. Data, variable definitions, and methodology

The data consist of quarterly observations (for the period 19701-97:4) for the natural
logarithm of the red exchange rate relevant to the export sedor (RERX), the natural
logarithm of the external terms of trade (ETT), theratio of quarterly net capital inflow to
quarterly (annuali zed) GDP (ky). Net capital inflow (denoted by k) is defined as the value of
imports of goods and norfador services minus the value of exports of goods and norfador
services.” The sourcefor al the datais the Bank of Mexico.

To estimate the long-run resporse of the red exchange rate to capital inflows, we foll owed
the Engle-Granger (1987 methoddogy to test for the existenceof along-runrelationship
(cointegration) between the true red exchange rate, cepital inflows and the external terms of
trade. The theoreticd relationship between the logarithm of the true red exchange rate and K,
(derived in the gpendix) is rown below:

(1) TRER = constant + ©, k,

where, TRER isthe logarithm of the true red exchange rate, which is defined as the
logarithm of the relative price of traded and hane goods (Pr - Py). And ©y isthe long-run
resporse of the true red exchange rate to changesin theratio of cgpital inflow to GDP.

Thetruered exchange rate is difficult to construct becaise it requires estimating the price
index of tradeables (Pr = w Py + (1-w) Px) using true weights (w, 1-w). To estimate the key
parameter ©, while avoiding the mnstruction d TRER, we recast equation 1(seethe
appendix for detail s). TRER can alternatively be expressed as (L/wy) (Pr - P), where Pisthe

advocated to continue trade li berali zation in the context of a floating exchange rate regime
and picestability.

8 Since 1993,Mexico’s drategy as regards trade li berali zation is centered onfreetrade
agreaments. Following NAFTA, Mexico concluded freetrade agreaments with five Central
and South American courtries and is currently negotiating agreeaments with several more.
Mexico is sheduled to begin negotiations shortly onatrade ayreement with the European
Union, andit has shown interest in participating in the Asia-Padfic Econamic Cooperation
Courxcil (APEC).

%Spedficaly, RERX =E + P - CPI; ETT = P, - Py,; and K =E (M pm-Xxpx) / GDP, where E
denotes the nominal exchange rate defined as Mex$ per US$, Px (Pm) stands for the
logarithm of the ddllar priceindex of exports (imports) of goods and norfador services, and
net capita inflow (k) equals m pm - X px.
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logarithm of the consumer priceindex, which can be thought as a weighted average of home
and tradeale goodsindices (P = wy Py + (1-wy) Pr). And introducing these definitions,
obtains: TRER = (/wy) [(w Py + (1-w) Px) - P] = (Uwy) [(Px - P) - w (Px - Pu)]. Defining
RERX = Py - Pand TT = Px - Py, yields TRER = (1/wy) [RERX - @ TT]. Using the relation
between the logarithm of the external terms of trade (ETT) and the logarithm of the internal
termsof trade (TT): TT = a +ETT, TRER can be written as (L/wy) [RERX - w (a +ETT)].
And substituting it in equation 1 oltains the equation to be estimated.

(1) RERX=C+Byk/ + WETT
where C = wy constant + wa, and By = wy Oy,

First, we test whether the variablesin (1Y) are mintegrated—using Engle-Granger (1987
methoddogy and also the Johansen cointegration test—to then estimate the long-run
relationship among the variables in (1) and an error-corredion model to assessthe dynamic
properties of the system.

V. Empirical Results

A. SamplePeriod: 1970: 1-97:4

First, we test for the order of integration d RERX, ky and ETT during the period 19701—
97:4 using the Augmented Dickey-Fuller (ADF) Test with five lags.

Table 1. Augmented Dickey-Fuller Test onthe Levels and onthe First Diff erences of the
Variablesin Equation I for the period 19701-97:4

Variable Test Vaue 1% Criticd 5% Ciriticd 10% Criticd Dedsion
Value Value Value

RERX -0.98 -3.49 -2.89 -2.58 Isnot 1(0)
K, -2.52 -3.49 -2.89 -2.58 Isnot 1(0)
ETT -0.57 -3.49 -2.89 -2.58 Isnot 1(0)
ARERX -4.76 -3.49 -2.89 -2.58 Is1(0) at 1%
Ak, -4.62 -3.49 -2.89 -2.58 Is1(0) at 1%
AETT -491 -3.49 -2.89 -2.58 Is1(0) at 1%

The ADF test (Table 1) reveds that the threevariablesin equation 1 are integrated of order
one (I(1)). Thus, we test for the existence of along-run relationship (cointegration) among

those variables by running an OLS regresson d (1Y) and by testing the order of integration o
the regresson’ sresiduals. If the estimated regresson’ s residuals (interpreted as deviations of
the RERX from its long-run equili brium) were integrated of order zero (1(0)), then it would
exist along-run relationship among the variables in equation 1.
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The OLS estimation d equation 1 is:

RERX=0.10-15.65 k + 1.01ETT Adj. R-sg.=0.90.

(5.9 (-15.9

where t-statistic aein parentheses.
Table 2. Augmented Dickey-Fuller Test on the Levels of the Residualsin Equation 1

Variable Test Value 1% Criticd 5% Ciriticd 10% Criticd Dedsion

Vaue Value Value
Estimated -3.05 -3.73 -3.17 -291 Isl (0) at 10%
Residuals

Note: the spedal criticd values for the test, given the estimated residuals, can be foundin
Walter Enders, Applied Econometrics Time Series, Wiley, 1995, age 383.

The ADF test showsthat the estimated residuals are I(0) at the 10 percent significancelevel
(Table 2). Thus, the variablesin equation 1 exhibit a strong long-run relationship given the
high values of the t-tests and adjusted R-squared.*°

We dso examined the subperiods 19701-84:1 and 19842-97:4 to take into consideration
the turning point in capital outflows that began in ealy 1984and the trade li berali zation
processthat started about the sametime.

e onfirmed that equation 1 represents a wintegrated relationship using the Johansen
test. The likelihoodratio test indicaes one wintegrating equation (invalving the three
variables considered) at 5% significancelevel.
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B. Subperiod Prior to TradeLiberalization: 1970:1-84:1

Table 3. Augmented Dickey-Fuller Test onthe Levels and the First Differences
of Variablesin Equation 1 for the subperiod 19701-84:1

Variable Test value 1% Criticd 5% Criticd 10% Critica Dedsion
value value value

RERX -2.71 -3.56 -2.92 -2.60 Isnot | (0) at
5% level

ky -0.87 -3.56 -2.92 -2.60 Isnot | (0)

ETT -2.57 -3.56 -2.92 -2.60 Isnot | (0)

ARERX -3.65 -3.56 -2.92 -2.60 Is1(0)

Ak, -2.98 -3.56 -2.92 -2.60 Isl (0) at the
5% level

AETT -3.46 -3.56 -2.92 -2.60 Isl (0) at the
5% level

The variables under considerations are dso 1(1) in this subperiod (Table 3), andthe OLS
estimation d equation 1 yields:
RERX =0.08-12.4 iy + 0.88ETT; Adj.R-sq.=0.69
(3.6 (-10.3 (7.4

where the t-statistics are in parentheses.

Asthe estimated residual of the regresson are 1(0) at the 5 percent criticd level (the test
valueis-3.64andthe aiticd level at the 5 percent of significanceis-3.17), thereisalong-
runrelationship in this subperiod too.
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C. Subperiod After Trade Liberalization: 1984:2-97:4

Table 4. Augmented Dickey-Fuller Test onthe Levels and the First Differences
of Variablesin Equation I for the subperiod 19842-97:4

Variable Test value 1% Criticd 5% Ciriticd 10% Criticd Dedsion
value value value
RERX -1.67 -3.55 -291 -2.59 Isnot | (0)
K, -2.23 -3.55 -2.91 -2.59 Isnot I (0)
ETT -2.56 -3.55 -291 -2.59 Isnot | (0)
ARERX -3.34 -3.55 -2.91 -2.59 Is1 (0) at the
5% level

Dk, -3.66 -3.55 -291 -2.59 Is1(0)
AETT -3.76 -3.55 -291 -2.59 Is1(0)

In this subperiod, the variables considered are I(1) (Table 4) and the OLS estimation o
equation Lis:
RERX = -0.10 - 20.97 k + 0.71ETT, Adj. R-sq.=0.87
-1.2 (119§ 6.9
where the t-statistics are in parentheses.

The estimated residual of thisregressonare 1(0) at the 1 percent criticd level (thetest value
is-3.75andthe aiticd level at the 1 percent of significanceis-3.73), implying that equation
1' isalong-runrelationship in this subperiod too.

D. Interpretation of the Empirical Results

The table below summarizes the long-run estimation o 3, for the sample period and the two
subperiods considered.

Table 5. Summary of Estimated Long-Run Relations

By t-test () t-test Adj. R-sq By
Mexico
1970:1-1997:4 -15.6 -15.8 1.0 28.5 0.90 -31.2
1970:1-1984:1 -12.4 -10.3 0.9 7.4 0.70 -24.8

1984:2-1997:4 -209 -116 0.7 5.7 0.87 -41.8
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The estimated parameters (3, and ©y) for the subperiod 19842-97:4 indicate that aonce and
for al incresseintheratio of quarterly net capital inflow to quarterly (annuali zed) GDP of
unity, would cause along-runred appredation d the peso of 21 percent (when measured by
the export red exchangerate), or 42 percent (when measured by the true red exchange rate).
The latter uses the share of home goodsin the CPI (wy) of 50 percent, which isthe weight
that the Bank of Mexico assgnsto hane goodsin the cnsumer priceindex.

The expeded capital inflow in Mexico duing 1998shoud cause only anegligible
appredation d the Mexican peso as measured by the true red exchange rate. Theratio of the
quarter- average caita inflow in 1998to quarter-average (annualized) GDP is expeded to be
abou 0.0091 which implies an increase of 0.005with resped to the value it had in the fourth
quarter of 1997(0.004)." Thisincrease and the estimated @, of -41.8indicate that the long-
run effed onthe true red exchange rate of the expeded capital inflow shoud be negligible (a
fall of abou 0.21 percent).

To asessthe influence of the degreeof opennesson the resporse of the red exchange rate to
capital flows, we estimated the relevant coefficients for the subperiods prior and after trade
liberalization: 19701-84:1 and 19842-97:4.? Contrary to the theoreticd presumption, the
estimated ©, for both subperiods indicate that in Mexico the export (and the true) red
exchange rate were more resporsive to cgpital flows during the period d greaer openness It
ispaossblethat the greaer resporsivenessrefleds the structural reforms carried out by
Mexico in mid 198G, including financial li berali zation, reforms to the foreign investment
and tax regime, privatization, ceregulation, and price and exchange rate li berali zations.*®

To asessthe dynamic properties of the variablesin equation 1, we use the residuals from
the equili brium regresson d equation 1 (asthe variables are mintegrated) to estimate an
error-corredion model.

E. Dynamic Analysisfor the Sample Period: 1970:1-97:4

" The expeded levels of capital inflow and GDP in 1998are US$16 hlli on and US$438,7
billi on, respedively.

12 The first stage of trade liberali zationin Mexico started in 1983, btithe bulk of the
measures were implemented between July 1985and Decenber 1987 (Mancera (1997 and
Juan-Ramon (1992).

3For example, Mussa (1982 has pointed ott that in most courties the purchasing power
parity (PPB red exchange rate has become quite volatil e sincefixed perities among the
major currencies were dandored in ealy 1973.1t is aso argued that the persistent variability
in PPPred exchangerateislargely due to inappropriate government palicies that influence
the dl ocations of spending in traded and hane goods and services.
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i=5 i=5 i=5

(@ ARERX=aut a0+ Z a13() ARERX.i + Z aw() AKy, + Z ais()AETT.i + &

i=5 i=5 i=5

(b) Aky,=ant a0+ Z a23()) ARERX.i + Z a2 (i) DKy, + Z Azs()AETTu + &2

i=5 i=5 i=5

() AETT:=ant a0t Z as()) ARERX. + Z as.(i) Aky,, + Z Ass()AETTL+ &2

Table 6. Estimated Parameters of Equations (a) to (¢)

RHS variables Equetion (a) Equetion (b) Equetion ©
LHS: A(RERX) LHS: A(KY) LHS: A(ETT)

U (-1) -0.10(-3.29) 0.003(3.15) -0.03(-1.63)
A(RERX(-1)) 0.36(2.47) -0.03(-5.33) 0.008 (0.09)
A(RERX(-2)) 0.13(0.80) -0.01(-2.39) 0.02(0.19)
A(RERX(-3)) 0.21(1.29) -0.02(-2.39) -0.009(-0.09)
A(RERX(-4)) 0.12(0.70) -0.003(-0.53) 0.05(0.52)
A(RERX(-5)) -0.02(-0.10) -0.003(-0.60) 0.01(0.11)
AK(-1)) 4.93(1.45) -0.07 (-0.58) 0.69(0.32)
AK/(-2)) 3.11(0.99) -0.36(-3.23) 1.92(0.99)
AK(-3)) 2.19(-0.69) -0.19(-3.23) -1.06 (-0.52)
A(ky(-4)) 450(1.43) 0.25(2.28) 0.40(0.20)
A(K(-5)) -5.49(-1.86) -0.04(-0.41) 2.15(-1.17)
AETT(-1) -0.17(-0.80) 0.03(3.79 0.26 (1.95)
AETT(-2)) -0.34(-1.51) 0.01(1.84) -0.26(-1.83)
AETT(-3) -0.22(-0.93 0.02(2.04) 0.14.(0.96)
AETT(-4)) -0.31(-1.39) 0.02(2.15) -0.29(-2.09)
AETT(-5)) -0.30(-1.29) 0.008(0.99) -0.17(-1.14)
Constant -0.007(-0.85) -0.00001(-0.04) -0.005(-1.04)
Adj. R-squared 0.0813 0.4364 0.0764
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The estimated parameters of equations (a), (b) and (c), reported in Table 6, suggest the
following:

(1) As iy, 0y andas; aredifferent from zero, have the right sign, and are small er than
unity in absolute terms, the system isatrue aror corredion model.

(i)  Giventhat a,2 andat least onethe a4 (i)s are different from zero, changes in the
ratio of capital inflowsto GDP (Aky) cause dhangesin the red exchange rate (ARERX).

(i)  Asexpeded, the wefficient of A(RERX(-1)) to A(RERX(-5)) andA(ky (-1)) to

A(ky (-5)) in equetion © are not significantly different from zero. Given that Mexico is price

taker in international markets, changes in those variables do nd have avy effed onthe

external terms of trade.

(vi) LutkepoH and Reiners (1992 show that innovation ac@urting (i.e., impulse resporses)
can be used to oltain information concerning the interadions among the variables. Since dl
variablesin equations (a) to (c) are 1(0), the impulse responses converge to zero. Thus, a
temporary exogenous hock (€) produces only atemporary effed onthe variables.

The speal of adjustment coefficients (012, 022 , and as; ) are of particular interest in that they
have important impli cations for the dynamics of the system. As gedfied, the model indicates
the resporse of the red exchange rate, capital inflows and the external terms of trade to
stochastic shocks and to the previous period s deviation from long-run equili brium. Given
that a1, isnot zero, the cdhange in RERX reads to deviations from long-run equilibrium
originated in the previous quarter. For example, equation (a) shows that impad effed onthe
change of the RERX of agiven deviation from equili brium (Uy.1 ) will be-10 percent of the
deviation.

V. Conclusions

After the 198G, cepital flows have accéerated in the lessdeveloped courtries and since
Salter’s minal paper in 1959,it has been widely accepted that the red exchange rate
respondto capital flows. Based ona simple model derived by Sjaastad and Manzur (1996
along the lines of Salter (1959 and Rodriguez (1994, we estimated the long-run resporse of
the export (and true) red exchange rate to cgpital inflowsin Mexico for the period 19701—
97:4, andfor the subperiods prior and after the trade li berali zation and aher structural
reforms initiated in 1984.We have dso examined the short-term dynamic properties of a
system invalving capital inflows, the external terms of trade, and the red exchange rate and
foundthat the system is a stable, true aror corredion model, and that deviations from

equili brium due to exogenous shocks are mrreded in abou 14 quarters.

The empiricd findings suggest that there eists along-runrelationship between the ratio of
cgpita inflowsto GDP, the external terms of trade, and the export (and the true) red
exchange rate. Based onthe estimated relationship for the subperiod o greaer openness
(19842-97:4), aonce andfor al increasein theratio of capita inflow to GDP by one unit
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would, aher things equal, lead to along-runred appredation d the peso of abou 21 percent
(when defined by the export red exchange rate) or abou 42 percent (when defined by the true
red exchangerate). Considering the expeded cepital inflow for Mexico in 1998 & abou
US$16 hlli on, the model predicts anegligible red appredation d the peso (as measured by
the true red exchange rate) of about 0.21 percent.

The estimated dynamic properties of the model suggest that (i) it isatrue eror corredion
model since dl of the wefficients of the estimated error terms are different from zero (it is
required that at least one of them being diff erent from zero), (ii) given that the impulse
response functions converge to zero, the system is dable in faceof a stochastic shocks. That
is, astochastic shock will perturb the variables under consideration orly temporarily as they
will return to their long-run equili brium levels, (iii) changesin theratio of cgpital inflowsto
GDP cause dhangesin the export red exchange rate, and there is a so evidence of feedbad,
(iv) Asexpeded, given that Mexico is a price-taking courtry, changes in the export red
exchange rate andin capital inflows do nad influencethe external terms of trade.

We split the sample in two subperiods: 197Q01-84:1 and 19842-97:4 to take into
consideration the turning paint in cgpital outflows that began in ealy 1984and the trade
liberali zation processthat started abou the same time. First, we tested the diff erence of
means in the degreeof opennessin bah subperiods and foundthat the greaer degreeof
opennessobserved in the second subperiod is gatisticdly significant (see g@pendix).

We tested the SM’s (1996 hypothesis that (because protedion reduces not only the volume
of trade but also the margins of substitution between traded and noriraded goods) capital
movements have lessimpad onthe red exchange rate (thus, it exhibits lessvariability) when
the eonamy is more open. Our findings do nd suppart this hypothesis. In fad, the long-run
resporse of the red exchange rate to cgpital movementsis greder in the second subperiod
when the eonamy was more open. In this conredion, we dso condicted variancetests of
the export red exchange rate andthe ratio of cagpital inflow to GDP and accept the hypaothesis
of no dfference between the variances aaoss sibperiods for these two variables at the 1
percent significancelevel (see gpendix).
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nontraded model”, Working Paper, Harvard Institute for International Development.

Derivation of the Relationship Between the True Real Exchange Rate
and Capital Inflows

The basic model used to derive the theoreticd relation ketween capital inflows and the true
red exchangerateis borrowed from Sjaastad and Manzur (1996.To study the dfed of
cgpital flows rather than seaular econamic growth onthe red exchange rate, the model has
threegoods, importables, exportables and hane goods, and hencetwo relative prices. The
priceindicesin damestic aurrency for imports of goods and noriador services, exports of
goods and norfador services, and hane goods are denoted by puv, px and py, respedively;
and the value of imports and exports of goods and norfador services are m py and x px,
respedively. y and y® denotes GDP and expenditures on goods and norfador services, thus

y®=y+ (M pu - X px). Net capital inflow, denoted by k, is defined asthe capital acourt
surplus minus net fador service payments abroad, k=y®-y =m py - X px. Theratios of net
cgpital inflow to the value of exports of goods and norfador services andto GDP is defined

mp, = C (Dyer (Buyoo Ly ye
H X y
by kyx = k/x px and K, = kly, respedively.
x p = C (R (Poyp (Lyny
H M y

Expresgng the system in alog-linea form (using upper case for natural logarithms), oltains:

M+P|v| :wnstant'i‘Y-(C(H'FGx)PM'i‘C(H PH+C(xPx+(1+r]M)|n(1+ky)

X +P)( =00nstant+Y+(BH+[3M) PX'BH PH -BM PM - Nx |n(1+ky)

mpy, = Xpy + k= xp, (I+kx)
M+Py = X +Px+|n(1+kx)
Where ay and ax are the dasticities of import demand with resped to the priceof imports

relativeto hame goods and exports, respedively; and 3y and By are the dasticities of export
suppy with resped to the price of exportsrelative to hame goods and imports; and, in the
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absence of complementarity, as and [3s are defined to be positive. Solving the log-linea
system for Py, yields the foll owing reduced form:

Py=constant+ O [ (Nx +Nm + 1) In (1 + ky) - In (1 + kx)] + WPy + (1 - w) Px

where © = -1/(ay +By) and w= (ay +0x - Bm) /(ax +BH ) . The dsenceof complementarity
(i.e., given Py and Px, a change in Py shifts expenditures and productionin the “right”
diredions) ensures that ay +f4 > 0 , which impliesthat © is negative. Moreover, w, the
elasticity of the price of home goods with resped to import prices, is the well known “shift”
parameter in the theory of the incidence of protedion (Sjaastad (1980 and Rodriguez and
Sjaastad (1979).

The final term in the latter equation, w Py + (1 - w) Py, turn ou to be exadly the gpropriate
priceindex for traded goods, and hencethat equationis an implicit relationship between the
true red exchange rate and capital inflows. The true red exchangerate, trer, is merely the
relative price of traded goods to hane goods and is defined, in logarithm, as TRER = Pr - Py,.
Theindex Prisaweighted average of Px and Py . Saastad and Manzur (1996 show that if
the homogeneity postulateisto be satisfied, then dPr/dPy = wand dPr/dPx = 1- w, and
therefore Pr = wPy + (1 - w) Px andthe TRER = wPy + (1 - w) Px - Py . Accordingly, the
above reduced form can be written as an expli cit relationship between the true red exchange
rate and cepital inflows:

TRER = constant + © { In[(1 + k)/(L+ K, )] - (Nx +Nw) In(1+k,)}

Sincenx andny arelikely to be small, their sum aso islikely to be small; in addition, since
In (1 + ky) isapproximately ky which alsois snall, the product (nx + nm ) In (1 + ky) will be
negleded in what follows. Moreover, asIn [(1 + kx)/(1 + ky )] is approximately kx - ky , the
reduced form can be written as:

(A-1) TRER = constant + © (kx - k)

Defining z = E X px/GDP, then kx - ky = [(1 -z)/z] ky and repladng the last expresson,
obtains equation (1) of the text:

(A—2) TRER = congtant + Q. k,
where Oy = {(1-2)/z} ©. Theratio of ©yto © , which can dternatively be expressed as

(GDP/E x px) - 1, measures the degreeof opennessof the eomnamy. The lower thisratiois,
the more open the eonamy.
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Derivation of the Equation to be Estimated

The model’ s equations (A-1) or (A—2) invalves the logarithm of the true red exchange rate
(defined as Pr - Py ), which is difficult to construct because it requires estimating the indices
of tradables and hame goodks. First, we define the red exchange rate (in logarithm) as

RER= Pr - P, where P isthe consumer priceindex defined as a weighted average of home
and tradable gOOCB P=wyPy+ (1 - WH) Pr. ThusRER=Pr-P=Ps - (WHPH + (1 - WH) PT) =
wy (Pr - P4) =wy TRER. And substituting RER for TRER in (A—2), oltains:

(A-3) RER =wy constant + wy Oy ky

RER still i nvolves the price-good d tradables, which is defined as a weighted average of
importables and exportables (Pr = w Py + (1 - w) Px). Andrepladng the definition d Prin
RER yidds:

RER=Pr-P=wPy+(1-w) Px-P=(Px-P)-w(PX-Py)

and defining the logarithm of the exports red exchange rate (RERX) as Px - P, and the
logarithm of the domestic terms of trade (TT) as Px - Py, we have:

RER = RERX - @I T
Substituting RER in (A-3), yields:
(A—4) RERX =wy constant + wy Oy ky + wT'T

*

Px

P

H
P EEx(H 5)
Pwm Em (1+tw)
oM

FrrrrTi

Therelation between the domestic and external terms of tradeis given by:
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where sy isthe average rate of subsidies on exports, ty isthe average rate of tariffson
imports (including equivalent tariffs from quantitative restrictions to imports), and Ex (Ew) is
the nominal exchange rate that appli es to exports (imports). In logarithm form:

TT=a+ETT

where ais the logarithm of [Ex (1+sx)/Em (1+ty)] and ETT = P*x - P*\ isthe logarithm of
the external terms of trade. Andrepladng TT in (A—4), oltains the equationto be estimated:

RERX = C+ B, k, + WETT

where C = wy constant + wa, and By =wy Oy

Variability of rerx and ky, Across Subperiods

In the second subperiod, Mexico underwent structural reformsincluding trade and price
liberali zation, as well asfinancial reforms. To assessthe dfed of these reforms onthe
variability of the red exchange rate andthe ratio of cgpital inflow to GDP, we tested the null
hypothesis of equality of the variances of rerx and k, aaossthe subperiods of 19701-84:1
and 19842-97:4 (it isnat necessary to assume that the two samples have equal means). We
compute the ratio of the sample variances, which foll ows an F distribution, and rejed the null
hypathesisif thisratio is either unusually large or unusualy small. The aiticd regionfor a5
percent level of significance and for 57 and 55 olservationsin the first and second subperiods
(or (56, 59 degreeof freedoms) consist of valuesof F>F .975(56,59 =1.67andF<F
.025(56,59 = 0.6.Andfor al percent level of significance the aiticd region consist of
valuesof F> F.995(56,59 = 1.96 andF < F .005(56,54 =0.510.

Table A—1. Variances and Ratios

19701-84:1 19842-97:4 Ratio of variances
Var; Var, (Vary/Vary)
Rerx 0.019219 0.032607 0.5894
ky 0.000085969 0.000092%3 0.92876

Table A—2. Tests for Equality of Variances



-19- APPENDIX

F.005 F.025 Ratio of F.975 F.995 Dedsion
sample
variances
rerx 0.510 0.600 0.5894 1.67 1.96 Reed
equality at
5%.
Accept
equality at
1%.
ky 0.510 0.600 0.92876 1.67 1.96 Accept
equality at
5% and 1%

Regarding the variability of the ratio of capital inflow to GDP (ky), the test accepts the null
hypathesis of no dff erence between the variances aaossthe subperiods at the 1 percent
significant levels. Regarding the variability of the export red exchange rate (rerx), the test
shows that the first subperiodis not more volatil e than the second subperiod.

Differencein the Degree of Openness Across Subperiods

After 1984,Mexico started liberalizing its external current accourt. We anstructed a series
of ameasure of the degreeof opennessgiven by (GDP/E x py) - 1. The means and variances
of this riesfor the subperiods 197Q01-84:1, 19842-94:4, and 19842-97:4 are shownin
Table A-3. (weincluded a subperiod ending in the fourth quarter of 1994to avoid the dfed
of the large devaluation at end 1994 orthe degreeof openness) The lower mean o the
degreeof opennessafter 1984indicaes that the eonamy was more open. To asesswhether
the greaer opennesswas datisticdly significant, we tested the null hypothesis that the
difference of the means prior and after trade liberali zation is zero. We @nstructed the
sampling distribution d the statistics z, which isnormal distributed, and wse a amulative

2 2
2= (hympg) [T

1 2

normal distribution table to determine the aiticd region (Table A-4).

The test rgjeds the null hypothesis at the 5 percent and 1 gercent significancelevel, which
implies that the Mexican econamy has had a higher degreeof opennessafter 1984.
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Table A-3. Level and Variahility of the Degreeof Openness

Mean Variance Number of ohservations
19701-19841 9.12 5.06 57
19842-19944 6.19 152 43
19842-19974 5.61 242 55

Table A—4. Test for the Differencesin Means

Z.005 2.025 Z value 2975 Z.995 Dedsion
1970119841 -2.55 -1.95 9.66 1.95 2.55 Rejed equality
Vs at 5% and 1%
19842-19974
19701-19841 -2.55 -1.95 8.34 1.95 2.55 Reed equality
Vs at 5% and 1%
19842-19944

Differencein the Degree of Openness Across Subperiodsand Countries

To gain further insight, we compared Mexico’s degreeof opennesswith that of Argentina,
Austrdia, and Canada (seeTable A-5). Here, the degreeof opennessis defined as the share
of exports and imports of goodsin GDP. These figures $how that, as noted before, although
the Mexican econamy has been more open after mid 198G, it has not readed yet the degree
of opennessdisplayed by either Australia or Canada.




