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1 Introd uc tion

T he realexchange rate (q) isone ofthe most important relative pric esofthe ec onomy.
Sustained d eviationsfrom itsequilib rium levelmay lead to severe mac roec onomic d ise-
quilib rium, w hose correc tion\w illgenerally require b oth d emand management polic ies
and a realexchange d evaluation"(E d w ard s199 4 ).T he suc cessofa stab ilizationprogram
isoftenseenasresult ofthe proper management ofthe realexchange rate. T he 199 4
M exic ancurrency crisishasb eenblamed ona mismanaged exchange rate,that is,a pol-
icy that c omb ined rather rigid nominalexchange ratesw ith anexpansionary monetary
policy(Sachsand Tornell1996,E d w ard s1996).O ther recent currencycollapses,asthose
inE ast Asia (1997) and B razil(1999) have also highlighted the importance ofappropriate
exchange rate management.M ore generally,analyzingthe evid ence provid ed bya sample
of93 countriesinthe period 1960 -9 4 , G old fajnand Vald es(1996) conclud e that w hen
a currency hasoverapprec iated by more than2 5 percent, it ishighly unlikely that the
currency have a smooth return.Intheir sample,in90 perc ent ofthe casesthat arrived
to such levelofmisalignment, the overapprec iationend ed ab ruptly ina collapse ofthe
currency.

Assessing the d egree ofmisalignment isnot, how ever, straightforw ard . T he most
commonlyused method reliesonthe theory ofrelative purchasingpow er parity (P P P ).
T histheorymaintainsthat changesinnominale®ec tive exchange ratesmust compensate
for the in°ationd i®erentialb etw eenthe country and itstrad ingpartners,implyingthat
the equilib rium realexchange rate isconstant. M easuringexchange rate misalignment
ac c ord ing to relative purchasingpow er parity consistsof, ¯rst, establishing(oftenina
ad hoc manner) a period w henthe the exchange rate w asinequilib rium and , second ,
computing the d i®erence b etw eenthe ac tualrealexchange rate insubsequent period s
and the (constant) equilib rium (d enoted ¹q); thisd i®erence iscalled \misalignment from
parity."

T he P P P approach to the stud yofmisalignment isnot ac c eptable giventhat exchange
rates,asrelative prices,change asitsfund amentald eterminantschange.T hiscritic ism is
particularlyimportant inperiod sof̄ scalad justment,struc turalreform,and international
trad e and capitalopennessgiventhat the fund amentald eterminantsofthe realexchange
rate are b ound to change substantially und er those circumstances. Anexchange rate
policy b ased onthe P P P notionofequilib rium exchange rate may result inw orsening
externalimb alances. Citingevid ence provid ed by Aghevli, K han, and M ontiel(1991),
M ontieland O stry (1991),and Calvo,R einhart,and Vegh (199 4 ),Faruqee (1995) points
out that \e®orts to stab ilize aninappropriate target for the realexchange rate have
sometimeslead to increased mac roec onomic instab ility".

T hispaper mod elsthe equilib rium realexchange rate asthe value or path c onsistent
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w ith b oth externalb alance, that is, a b alance ofpaymentspositionw here any current
ac c ount imb alance iscompensated by a sustainable °ow ofinternationalcapital, and
internalb alance, that is, the e± cient utilizationofd omestic c apitaland lab or. T he
e± cient use ofd omestic resourcesisob tained w henthe relative price ofnontrad able good s
isat itsequilib rium value,to w hich it c onvergesgrad ually.T he sustainable rate ofcapital
°ow sismod eled follow ing the stock-°ow approach to b alance ofpaymentsequilib rium
presented inb oth the theoretic almod elsofM ussa (1984 ) and Frenkeland M ussa (1985)
and their empiricalapplicationpresented inFaruqee (1995),M acDonald (1995a),B roner
etal:(1998) and Alb erola and Lopez (1999). Ac cord ing to thisapproach, the rate of
sustainable capital°ow sisd etermined bythe d esired stockofforeignassetsand liab ilities
amongnations,givenanad justment processtow ard thisd esired stock.T he realexchange
rate movesto ensure b othstockand °ow market equilib rium,w here thelatterfollow sfrom
the former.U nd er the stock-°ow externalb alance approach,tw o levelsofequilib rium can
b e d istinguished : a short-runequilib rium consistent w ith °ow equilib rium, and a long-
runequilib rium consistent w ith stock equilib rium. B y d e¯nition, ac tualvaluesofthe
realexchange rate are id entī ed w ith itsshort runequilib rium values,and the d egree of
misalignment isgivenby the d i®erence b etw eenthe ac tualand the long-runequilib rium
¹q. Inw hat follow s, the term \equilib rium" isapplied only to the concept oflong-run
(stock) equilib rium.

Ac cord ingto the mod elpresented b elow , the fund amentald eterminantsofthe equi-
lib rium realexchange rate are fac torsthat a®ec t the net trad ingpositionofthe home
countryininternationalmarketsand those that a®ec t the propensityofthe home c ountry
to b e a net lend er or b orrow er ofcapital.T hat is,the equilib rium realexchange rate is
givenby the interac tionofpermanent struc turald eterminantsofthe current and c apital
ac c ounts.

T he most important fac tor a®ec tingthe c ountry'snet trad ingpositionare trend move-
mentsinthe relative price ofnon-trad able good s, w hich to a large extent are c aused
by prod uc tivity-grow th d i®erentialsb etw eenthe trad able and non-trad able sec tors(the
B alassa-Samuelsone®ec t);other fac torsa®ec tingthenet trad ingpositionare trend move-
mentsinthe termsoftrad e and permanent changesinopenness,w hether ind uced bytrad e
policy or naturalmarket integration.O nthe c apitalac c ount,the und erlyingpropensity
ofa countryto b e net lend er ofcapitalisgivenbyitssavingb ehavior (d etermined by,for
example,d emographic fac torsthrough life-cycle e®ec tsand ¯scal̄ nancingrequirements
inthe absence ofR ic ard ianequivalence) and by investment opportunitiesinthe c oun-
try (opportunitiesw hich canb e permanentlyexpand ed by,for example,lib eralizationof
the foreigninvestment regime,macroeconomic stab ilization,and improvementsinpublic
infrastruc ture that augment private c apitalprod uc tivity).

T he rest ofthe paper isstruc tured asfollow s.Sec tion2 presentsanillustrative mod el
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ofexchange rate d etermination.Sec tion3linksthe conceptsofeconomic equilib rium and
cointegrationfor the problem und er analysis. Sec tion4 stud iesthe econometric issues
involved inthe estimationofthe unobserved long-runequilib rium.Sec tion5 d esc rib es
the d ata and sec tion6 presentsthe empiric alresults. T he paper isclosed w ith some
conclusionsinsec tion7.

2 T he M od el
Asnoted ab ove,our estimationofmisalignment isb ased ona mod elthat ac c ountsfor b oth
the internaland the externald imensionofthe economy.T he mod eluse closelyresembles
the one presented byAlb erola and Lopez (1999) intheir estimationofmisalignment for
the Spanish P eseta.To start w ith,w e d e¯ne the (log) realexchange rate (q),takingas
reference the CP I:

q = s+ p¡p¤; (1)

w here s isthe (log) nominalexchange rate, d e¯ned asthe price ofthe foreigncurrency
intermsofthe d omestic currencyand p,and p¤ are the logofd omestic and foreignprice
ind ices.1 Hence,anincrease inq ind icatesanapprec iationofteh realechange rate.

Next,w e expressthe d omestic and foreignCP Iind icesasfunctionsofthree d i®erent
typesofgood s, d omestic trad ed ,foreigntrad ed ,and non-trad ed good s2 (superscriptsT
and N ind icate trad ed and nontrad ed respec tively),so that for each country the CP I
may b e expressed as:

p = (1¡® N ¡® T)pT + ® N pN + ® T(p¤T ¡s); (2 )
p¤ = (1¡®¤N ¡®¤T)p

¤
T + ®¤N p

¤
N + ®¤T(pT + s);

w here ®iand ®¤i (i= N,T ) d etermine the sharesofeach good inthe generalind ex.Substi-
tutingthese expressionsin(1) and rearrangingtermsw e get,

q = (1¡® T ¡®¤T)[s+ pT ¡p¤T]+ [® N (pN ¡pT)¡®¤N (p
¤
N ¡p¤T)]: (3)

E quation(3) involvestw o d i®erent componentsinthe d eterminationofthe realex-
change rate: the evolutionoftrad able pric esat home and ab road ,expressed ina common
currency,and the evolutionofsec toralpricesb etw eencountries,w eighted by the corre-
spond ingshare ofnontrad ablesinconsumption.T hese termsw illb e d enoted byqX and
qI ,respec tively,

qX = (pT + s¡p¤T); (4 )
qI = [® N (pN ¡pT)¡®¤N (p

¤
N ¡p¤T)];

1 Inwhatfollows,¤denotesaforeignvariable
2D omesticandforeign tradedgoods arenotperfectsubstitutes,andhenceapricedivergencemay

appear.
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and theyare associated to the externaland internald imensionofthe ec onomy:qX d eter-
minesexternalcompetitivenessand therefore isassociated to the evolutionofthe current
ac c ount, and qI in°uencesthe allocationofresourcesb etw eensec torsand hence, it is
related to the internalequilib rium inthe economy.

T he equilib rium realexchange rate (¹q) impliesb oth internaland externalequilib rium,
so that it w illb e attained w henb oth qX and qI are equilib rium: ¹qX and ¹qI :

¹q = (1¡® T ¡®¤T)¹qX + ¹qI : (5)

2 .1 T he externalequilib rium realexchange rate
E xcesssavingover investment isre°ec ted ina current ac c ount surplus,w hich impliesan
ac cumulationofnet foreignassets(f).T he current ac c ount b alance (b)mayb e expressed
asthe trad e b alance (x) plusinterest payments(or receipts) onthe stockofnet foreign
assets:

b= x + r¤f; (6)

w here r¤ isthe realforeigninterest rate.Assumingthat anappreciationofthe external
realexchange rate (qX > 0 ) w orsensthe competitivenessofd omestic prod uc tsand the
trad e b alance position,w e c anrew rite qX ,x = ¡°qX (°> 0 ), w hich allow sexpressing
(6) as:

b= ¡°qX + r¤f: (7)

Follow ingM ussa (1984 ),the current ac c ount b alance ad juststo the d i®erence b etw een
the current level(f) and the target level(f) ofnet foreignassetsthat home resid ents
w ould like to hold ,so that a current ac c ount surplusre°ec tsa net foreignasset position
b elow the d esired level:

b= ´[f¡f]: (8)

From these expressionsit follow sthat:

qX =
´
°
[f¡f]+

r¤

°
f: (9)

Inthe longrun,f = f and the equilib rium externalexchange rate isgivenby:

¹qX =
r¤

°
f: (10 )

Note from (8) that inthe longrun,w henagentsnet foreignasset positionsare at their
d esired level, the current ac c ount b alance iszero. T hisimpliesthat the (equilib rium)
externalexchange rate issuch asto generate a trad e b alance surplusequalto the °ow of
interest paymentsd erived from the net foreignasset position.
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2 .2 T he internalequilib rium realexchange rate
Asnoted ab ove,the d i®erent b ehavior ofsec toralrelative pricesb etw eencountriesd eter-
minesthe evolutionofthe internalrealexchange rate;inturn,sec toralrelative pricesare
related to the evolutionofsec toralprod uc tivity.We canillustrate the previousnotions
w ith a simple mod elw ith tw o prod uc tionfac tors,lab or (L) and capital(K ) w hich are
fully employed inthe prod uc tionoftrad ablesand non-trad ables.O utput ineach sec tor
isd etermined by a Cob b -Douglasprod uc tiontechnology:

YT = ATLµ
TK

1¡µ
T ; (11)

YN = AN L±
N K

1¡±
N ;

w here µ and ± represent the lab or intensityofprod uc tionineach sec tor.Lab or isassumed
to b e perfec tlymob ile b etw eensec tors,implyingnominalw age equalization,W T = W N =
W . Finally,lab or ispaid the value ofitsmarginalprod uc t @Yi=@Li = W =Pi. Und er
Cob b -Douglastechnology it iseasy to show that the ratio ofmarginalprod uc tivitiesis
proportionalto the ratio ofaverage prod uc tivities:

@YT=@LT

@YN =@LN
=

µYT=LT

±YN =LN
: (12 )

It immed iatelyfollow sthat the sec toralpric e d i®erentialisequalto the levelofsec toral
prod uc tivity d i®erentials, plusa constant term, represented by relative lab or intensity.
E xpressingthisresult inlogs,w here yiisthe logofaverage prod uc tivity,w e canw rite:

¹pN ¡¹pT = log(µ=±)+ [yT ¡yN ]: (13)

Animplicationofthese featuresisthat the ratio ofpricesofnon-trad ed good sto trad ed
good sishigher incountriesw ith higher prod uc tivity levelsinthe trad ed sec tor.T hen,
neglec tingconstant terms,the internalequilib rium exchange rate may b e expressed as

¹qI = [® N (¹pN ¡¹pT)¡®¤N (¹p
¤
N ¡¹p¤T)]= ® N (yT ¡yN )¡®¤N (y

¤
T ¡y¤N ); (14 )

or und er the assumptionthat ® N = ®¤N (i.e.the share oftrad ed good sisthe same inthe
d omestic and foreignpric e ind ex),

¹qI = ® N [(¹pN ¡¹pT)¡(¹p¤N ¡¹p¤T)]= ® N [(yT ¡yN )¡(y¤T ¡y¤N )]: (15)

Finally,d enoting

n = (pN ¡pT)¡(p¤N ¡p¤T) = (yT ¡yN )¡(y¤T ¡y¤N );

w e mayw rite the follow ingexpressionfor the equilib rium:

¹qI = ® N ¹n:
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3 Cointegrationand E c onomic E quilib rium
Inthissec tionw e link the c oncept ofec onomic equilib rium to those ofintegrationand
cointegrationintime serieseconometrics.Let'sstart from the equilib rium notionfor the
realexchange rate (¹q) d erived from the theoryofrelative purchasingpow er parity(P P P ),

¹q = ¹: (16)

O bviously, inprac tic e one isnot to expec t that the realexchange rate b e equalto its
equilib rium value at everytime period .T he realexchange rate (qt) w ould b e givenbythe
follow ingempiricalmod el

qt= ¹ + vt; (17)

w here the element vtc apturesallthestochastic propertiesofthe realexchange rate at time
t.O ne w ould expec t that onaverage the realexchange rate b e equalto itsequilib rium
value ¹,that is,

E(qt) = ¹; (18)

w here E(:) isthe expec tationsoperator. Second ly, one w ould expec t that there isa
b ound ed limit to the d eviationsofqtfrom ¹,that is,

var(qt) = ¾ 2 < 1 : (19)

T hiscond itionalso ensuresthat w henqtat a givenperiod isfar from itsequilib rium value
¹ there w illb e a tend encyfor qtto approach ¹ inthe next period .

We notice here that ifvtfollow sa stationaryprocess,I(0 ) inshort,thenit w illsatisfy
cond itions(18) and (19).Asexplained ab ove,w henthose cond itionsare met,it makes
sense to consid er ¹ asthe equilib rium value ofq.

How ever,ifvtisb etter d escrib ed by the follow ingproc ess

vt= vt¡1 + ´t;

w here for simplicity ´t isw hite noise w ith zero meanand variance ¾ 2´, then, it isclear
that although

E(qt) = ¹; (2 0 )

it isalso the c ase that
var(qt) = t¾ 2´: (2 1)

From (2 1) it follow sthat astincreasesthe variance ofqtincreasesw ithout b ound ,w hich
inturnimpliesthat qtmay d rift aw ay from ¹ w ithout b ound .Inother w ord s,astime
goesonany value ofqtw ould b e feasible,and therefore,there isno room to talkab out
equilib rium.
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Variablesthat are not stationary inlevelsbut are stationary in¯rst d i®erencesare
know nasintegrated oford er 1,I(1)inshort.T heyhave the charac teristic ofnot returning
to anequilib rium ormeanvalue.T herefore,a simple test ofw hether P P P isanappropriate
theory w ould b e a test ofw hether q isb etter d escrib ed by anI(0 ) processor by anI(1)
process.

Inthe empiricalpart ofthe paper, w e w illinitially test for the P P P theory. As
explained later w e ¯nd that there islittle evid ence to rejec t the hypothesisthat q isw ell
represented byanI(1) process,thuspointingtow ard sa failure ofP P P.Clearly,thisclaim
d oesnot imply that there isnot anequilib rium value for the realexchange rate, but
instead that thisequilib rium may b e time varying.

Assume for example the hypothesishighlighted by the mod elofthe previoussec tion,
w here

¹qt= ¯1ft+ ¯ 2 nt (2 2 )

the b ar ind icatesthe fund amentaloflong-runequilib rium valuesoff and n.Assume also
that although vtab ove isI(1),one could expressit as

vt= ¯1ft+ ¯ 2 nt+ ut: (2 3)

Neglec tingthe constant term ¹ in(17),the ac tualrealexchange rate w ould thenfollow

qt= ¯1ft+ ¯ 2 nt+ ut: (2 4 )

Againifut isI(0 ) thenq w ill°uc tuate around ¯1ft+ ¯ 2 nt, and w e could ac c ept asa
sensible hypothesisthat the equilib rium exchange rate isgivenbyf and n.Insuch a case
w e w ould say that q,f and n arecointegrated w ith c ointegrationvec tor [1 ¡¯1 ¡¯ 2 ].
Ifonthe contrary,ut isI(1) thenq might shift apart w ithout b ound from the linear
comb inationgivenby f and n. Insuch a case w e w ould say that q, f and n are not
cointegrated and that our equilib rium hypothesisfailsand must b e replaced .

Anad d itionalcomment refersto the empiricalestimationof¹qt,since inprac tic e policy
makersmay ¯nd interestingto assesthe d i®erence b etw eenthe equilib rium value ¹qtand
the observed value qt.Ifw e d enote the estimate of¹qtby b¹qtone could b e tempted to use
(2 4 ) and compute

b¹qt= ¯1ft+ ¯ 2 nt: (2 5)

O bserve,how ever that thisestimate ofthe equilib rium realexchange rate w ould b e b ased
onthe assumptionthat the observed valuesofb oth f and n are the long-runvaluesft
and nt,somethingnot very appealingfrom anempiric alpoint ofview .A more plausible
assumptionisthat

ft= ft+ f̂t;
nt= nt+ n̂t;

(2 6)
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w here b oth f̂tand n̂tare zero meanI(0 ) proc esses,and therefore,w e w ould assume that
ftand ntw ould °uc tuate around the long-runvaluesbut w e w ould not force them to b e
at those valuespermanently.O therw ise from (2 5) and (2 6) w e w ould ob tain

b¹qt = ¯1ft+ ¯ 2 nt
= ¯1ft+ ¯ 2 nt+ ¯1f̂t+ ¯ 2 n̂t
= ¹qt+ q̂t

(2 7)

w here
q̂t= ¯1f̂t+ ¯ 2 n̂t: (2 8)

Inother w ord s, one w ould ob tainanestimate ofthe equilib rium exchange rate that
w ould °uc tuate around the ac tualvalue ¹q and clearly, the assessment ofthe d egree of
misalignment could b e mislead ing.B elow w e w illtake into ac c ount thispoint inord er to
c ompute the estimatesof¹qt.

We w ant to ¯nish thissec tionw ith a w arning.IfP P P hold sand one ¯nd sthat the
realexchange rate isovervalued by say 10 percent,one w ould expec t the realexchange
rate to fallinthe near future bythis10 percent.T ime varyingequilib ria ad d the problem
offuture d evelopmentsinthe d eterminantsof¹q (inour c ase f and n).For example,a
consistent ¯nd ingw ould b e that a currencyat time tisund ervalued (and thusone w ould
expec t it to apprec iate);int+ 1 the observed realexchange rate remainsunchanged and
yet one ¯nd sthat int+ 1 isovervalued .A possible reasonfor this¯nd ingisthat the
long-runvalue ofthe controllingvariableshaschanged .T herefore, w ith a time-varying
equilib rium one w ould have to infer not only the likelihood ofa movement d ue to the
misalignment at time t, but also the possib ility ofchangesinthe long-runequilib rium
valuesat time t+ 1.Inconsequence,the d egree ofmisalignment at a giventime period
maygive onlyrelative informationonthe misalignment inthe next period .B y the same
token,a currency w hich isshow inga sustained apprec iation(d epreciation) could stillb e
und ervalued (overvalued ).

4 E stimationand Inference
Inthissec tionw e review the econometric method ology used for the id entī c ationand
estimationofthe exchange rate long-runequilib rium and c orrespond ingmisalignemnt.
Asnoted inthe previoussec tion, a necessary cond itionfor the existence ofa longrun
equilib rium b etw eenthe reale®ec tive exchange rate,the stockofnet foreignassets,and
the relative pric e ofnontrad able good sisthe existence ofa cointegrationvec tor linking
the lon-rund ynamicsofthe series.Inad d ition,¯nd ingthat the realexchange rate isw ell
represented by anintegrated proc c essoford er 1,(I(1)),w ould imply that the empiric al
evid ence rejec tsthe P P P theory.Since integrationand cointegrationtechniqueshave b een
w id elyexplored inthe ec onometricsliterature,w e w illjust concentrate onthe estimation
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ofthe equilib rium (¹q) and d isequilib rium components(q̂) onthe b asisofthe observed
variables.

Anad d itionaltheoretic alissue inthissec tionrefersto the estimationofthe time vary-
ingequilib rium realexchange rate.Asnoted inthe previoussec tion,usingthe cointegra-
tionvec tor and the observed valuesofthe explanatory variablesmaylead to mislead ing
resultssince the estimate islikelyto d i®er from the ac tualvalue ¹q d ue to the presence of
transitory componentsinb oth f and n.T he situationstud ied here isanalogousto the
d ec ompositionofeconomic time seriesinto permanent and transitory c omponents.T he
permanent c omponentsw ould capture the long-runb ehavior ofthe system,w hereasthe
transitory c omponentsw ould capture the temporary d eviationsofthe observed variables
from the long-runor fund amentalvalues.

T he naturalquestionthat now arisesishow estimate these unobserved c omponents.
U nfortunately, there isnot a unique d ecompositionb etw eenpermanent and transitory
components(see M aravall(1993) for the theoretic alissuesinvolved inthe id entī c ation
ofpermanent and transitory c omponents.Also see, amongothers,Quah (199 2 ), K asa
(199 2 ) and G onzalo and G ranger (1995) for d i®erent d ec ompositions).Notice that since
d i®erent d ec ompositionsrelyond i®erent econometric restric tionsthe resultsare likelyto
d i®er amongthem.

Here w e follow G onzalo and G ranger (1995) d ec ompositionsince unlike other ap-
proaches,it allow sto clearlyisolate shocksto the transitory(or misaligment) c omponent
from shocksto the permanet (or equilib rium) component.Infac t, the b asic id entifying
restric tionsoftheir d ec ompositionare that the transitory c omponentsd o not G ranger-
c ause the permanent componentsinthe longrunand that the permanent components
are a linear comb inationofcontemporaneousobservable variables.Inother w ord s, the
¯rst restric tionimpliesthat a change inthe transitory component tod ay,w illnot a®ec t
the fund amentalor long-runvaluesofthe variables. T he sec ond restric tionmakesthe
permanent component observable and assumesthat the c ontemporaneousobservations
containallthe necessaryinformationto extrac t the permanent c omponent.

Spec ī c allyassume that xt= [qtftnt]ad mitsthe follow ingrepresentation:

¢ xt= ¢ D1xt¡1 + :::+ ¢ Dp¡1xt¡p+ 1 + ¦ xt¡p + et; (2 9)

w here etisa vec tor w hitenoise proc essw ith zero meanand variance §.M oreover,assume
the existence ofa cointegrationvec tor (i.e.anind ic ationofa long-runequilib rium among
the three variablesund er analysis).Inthiscase,¦ w ould b e ofrank1 and canb e w ritten
asthe prod uc t oftw o rec tangular matrices® (the matrixofload ingfac tors) and ¯ (the
matrixofcointegrationvec tors) oford er 3£1 such that ¦ = ®¯0.

G iventhe matric esofload ingfac tors® and ofcointegratingvec tors¯,one canalw ays
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d e¯ne the orthogonalcomplements®?and ¯?asthe eigenvec torsassociated w ith the unit
eigenvaluesofthe matric es(I ¡®(®0®)¡1®0) and (I ¡¯ (̄ 0̄ )¡1¯0) respec tively.O bserve
that ®0?®= 0 and ¯0?̄ = 0.W ith thisnotationit ispossible to w rite

xt= ¯?(®0?̄ ?)¡1®?xt+ ® (̄ 0®)¡1¯0xt; (30 )

w here the permanent and transitorycomponentsare captured bythe terms̄ ?(®0?̄ ?)¡1®?xt
® (̄ 0®)¡1¯0xtrespec tively.G onzalo and G ranger show that the transitoryc omponentsd e-
¯ned inthisw ay w illnot have anye®ec t onthe long-runvalue ofthe variablescaptured
by the permanent c omponents.

Inother w ord s,the (3£1) vec tor ¯?(®0?̄ ?)¡1®?xtw illcapture the long-runequilib -
rium valuesofthe three variablesinxtw hereasthe vec tor ® (̄ 0®)¡1¯0xtw illcapture the
d isequilib rium values.

5 T he Data
We estimate equilib rium realexchange ratesfor a sample ofsevenLatinAmeric ancoun-
tries,namely,Argentina,B razil,Chile,Colomb ia, M exico,P eru,and Venezuela and the
U S.Inthe estimationprocess,w e use average annuald ata for the period 1960 to 1996.
We also use preliminary ¯guresofthe relevant variablesfor 1997and 1998 inord er to
ob taina preliminaryestimate ofthe d egree ofmisalignment at those d ates.
R ealE xchange R ate (q)
For the realexchange rate, w e use a CP I-b ased ind exofthe reale®ec tive exchange

rate.T henq w asconstruc ted asfollow s,

q =
(C PI =e)

¦ i(C PIi=ei)±i
(31)

w here C PI isthe d omestic c onsumer price ind ex, e isthe d omestic -currency price of
one U .S.d ollar,C PIi and ei are the c orrespond ingseriesofthe home c ountry'strad ing
partners,and ±iare the respec tive trad e shares.Ac c ord ingto thisd e¯nition,anincrease
inq meansa realapprec iationofthe d omestic currency.Follow ingcommonprac tic e,w e
use the naturallogarithm ofq inthe estimationprocess.
R elative P ric e ofNontrad able G ood s(n)
We use a comparative ind exofthe relative price ofnontrad able versustrad able good s.

E spec ī c ally,thiscomparative ind exconsitsofthe d omestic ratio ofthe consumer price
ind ex(C PI ) to the w hole sale price ind ex(W PI ) relative to the c orrespond ingratio of
the home country'strad ingpartners.T he ratio ofC PI to W PI isanincreasingfunction
ofthe relative price ofnontrad able good sgiventheir larger share (mainlyservices) inthe
consumer pric e ind ex.T he n seriesw asconstruc ted asfollow s:
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n =
(C PI =W PI )

¦ i(C PIi=W PIi)±i
(32 )

We use the naturallogarithm ofninthe estimationproc ess.
O bserve how ever,that usingthisvariable onemight expec t to ¯nd a parameter ¯ 2 close

to 1 inthe estimated regressions.To b etter und erstand thispoint,notic e that rew ritingp
intermsofthe non-trad ed price ind exand the w holesale price ind ex(d enoted pw ),w hich
includ esb oth d omestic and foreigntrad ed good s,w e get

p = ® N pN + (1¡® N )pw ;

and after rearranging
p¡pw = ® N (pN ¡pw ):

Inthisregard ,ifthe w holesale price ind icesmostly re°ec t d omestic allyprod uced trad ed
good s(i.e.ifpw = pT and p¤w = p¤T),it w illfollow that (p¡pw )¡(p¤¡p¤w ) = ® N n = qI.

Net ForeignAssets(N A)
T he change inthe net foreignasset position(N A) for each c ountry isob tained by

ad d ingup the current ac c ount b alances(C AB ). How ever, to ob tainthe stock ofN A
at a giventime period w e need a value ofinitialassets, w hich isnot available but for
Venezuela and the U S.Instead , w e estimate it for the remaining countriesusing the
follow ingreasoning.Net foreignincome at time t(N It) isgivenby

N It= itN At= it(N A0 +
tX

s= 1
C AB s) = itN A0 + it(

tX

s= 1
C AB s) = itN A0 + itAC AB t; (33)

w here itisthe average e®ec tive interest rate paid or received onN A at time t.E quation
(33) isthe b asisto estimate the initialvalue N A0.Ifit w asobserved , thenone could
ob tainimmed iately the value ofN A0.Unfortunately,it isnot observed and therefore,
w e w illtry to jointly estimate it and N A0 by imposing some restric tions. O ur ¯rst
restric tionisthat it= iina givenperiod t.Clearly,for the estimationresultsto make
sense one w ould expec t that thisrestric tionissatis̄ ed ,somethingthat d uringthe late
1970sand 1980sisnot realistic.T hus,the spanw here our restric tioncould b e ac c eptable
isverylimited (the 1960s) and ,c onsequently,the resultsofthe estimationw ould not b e
e± cient (ac curate).Anad d itionalproblem isthat the sample ofN I d oesnot cover the
w hole d ec ad e ofthe 1960sfor allthe countries.T he ¯rst observationofN I c orrespond s
to 1965 for Argentina and Chile, 1966for B razil, 1967for M exico, 1968 for Colomb ia
and Venezuela,and 1969 for P eru.T husifw e attempted the estimationona country by
countryb asis,evenifw espanup to 1972 ,w e w ould b e usingsamplesizesthat w ould range
from 4 to 8 observations.We try to overcome thisproblem by imposinganad d itional
restric tion: the interest rate for allthe countriesinour sample isthe same.T hisallow us
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to estimate a panelof7countriesw ith ¯xed e®ec ts;the startingd ate for each c ountryis
the ¯rst available observationfor N I and the ¯nald ate 1972 .Formally,w e estimate

N Itj= °j+ ¯AC AB tj+ ´tj; (34 )

w here tisa time ind ex,jisa countryind ex,and ´tjisanerror term.O bserve that ¯ = i
and N A0j= °j=¯.T husanestimate ofN A0jmayb e ob tained byreplacingthe unknow n
parametersw ith consistent estimates.

Table 1 containsthe resultsofthe O LS estimationof(34 ). Allthe estimatesare
signī cant,and the valuesare sensible.M oreover,the estimated interest rate (7perc ent)
seemsac c eptable.T he R 2 ofthe regressionis.86.G LS and IV estimationofthe same
mod el, prod uc ed b asic ally unchanged resultsbut the R 2 w aslow er inthe latter c ases.
T husw e proc eed to c ompute the stockofnet offoreignassets,usingasinitialcond ition
dN A0j.Inthe empiricalapplic ationb elow ,inord er to c ontrolfor the size ofthe ec onomy,
w e w illuse the ratio ofN A to the G N Pand w illd enote thisratio byf.

6 R esults
Tables2 to 9 report the resultsofthe J ohansentestsfor the 8 countriesund er analysisin
thispaper asw ellasthe resultsofthe stationaritytestsfor each ofthe variables.We also
test exclusionrestric tionsfor each ofthe variablesinthe cointegrationvec tor.O bserve
that stationarityofq w ould implythat the P P P hold s.O bserve also that the rejec tionof
the existence ofat least a cointegrationvec tor lead sto the rejec tionofthe P P P.

E ach table reportsthe numb er oflagsused inthe VAR estimation.W ith these ord ers
for the VARsnone ofthe resid ualspresent problemsofserialcorrelation.T he tablesalso
report the value ofthe eigenvaluesused inthe c alculationofthe tests,the Trac e test and
the ¸-maxtest together w ith the correspond ing¯ve and tenpercent c ritic alvalues.

T he mainresultsare the follow ing. For allthe c ountriesthere isevid ence ofthe
presence ofone and onlyone cointegrationvec tor.T he c oe± cientsofallthe cointegration
vec torshave the right signand the magnitud esare sensible,although changesinf a®ec t
ind i®erent w aysto d i®erent c ountries.For example,w hile a change oftenpercent inthe
longrunvalue off lead sto a change oftw entypercent inthe valuesofq inArgentina and
around tw entysevenpercent inColomb ia,it lead sto a change of̄ ve percent inB razil,
ab out sevenperc ent inP eruand Chile and lessthanthree percent inM exic o,Venezuela
and the U S.T hus,the most sensitive countriesto changesinthe value off are Argentina
and Colomb ia w ith changesofaround 2 to 1 w ith respec t to f,w hereasthe other countries
present changesoflessthan1 to 1.Notice also that for M exico the exclusiontest isnot
able to rejec t the nullhypothesisofa zero value for the parameter off.
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Next w e proceed to the estimationofthe misalignment q¡¹q. Figures1 to 8 plot
the estimated misalignment (valuesab ove the 0 line ind ic ate anovervaluationw hereas
valuesb elow zero anund er valuation) for the d i®erent c ountriesinour sample.We also
present 95 percent con̄d ence b and sfor the estimated d eviationsfrom the equilib rium.
T he append ixgivesd etailsonthe c omputationofthese b and s.

Inspec tionofthese ¯guressuggeststhat in1998 there w ere only tw o realexchange
ratesb elow their equilib irum values(i.e.und ervalued ).For Chile w e estimate the und er-
valuationat 9 percent (s.e.4 .8) and for P eruat 3percent (s.e.4.8).How ever,jud ging
from 95perc ent con̄d ence b and s,the Chileancurrencymight b e und ervalued byasmuch
as19 percent or instead overvalued by ab out 1 perc ent.For P eru,the same b and w ould
cover a range goingfrom anund ervaluationof18 percent to anovervaluationofab out 6
perc ent.

For the rest ofthe countries, in1998 w e estimate anovervaluationthat ragesfrom
8 percent inVenezuela to 2 6percent inColomb ia.O bserve also that the point estimate
for the U S d ollar in1998 inicate anovervaluationofab out 16percent,w ith a 95perc ent
con̄d ence b and of(6, 2 6). Spec ī c ally, w e ¯nd that the ArgentinianP eso w ould b e
overvalued byab out 2 4 perc ent,the B razilianR ealbyab out 2 6perc ent,and the M exic an
P eso by ab out 2 2 perc ent.Although for those currenciespresentinganovervaluationby
more than2 0 percent the ac curacy ofthe estimatesd i®er largerly (the s.e.range from
2 .74 for M exic o to 11.30 for B razil),theyare allsinḡ c antlyd i®erent from zero.Table 10
summarizesthe resultspresented inthissec tion.

7 Conclusions

T he mainob jec tive ofthispaper isto assessthe d egree ofrealexchange rate misalignment
in,respec tively,Argentina,B razil,Colomb ia,M exico,P eru,Venezuela and the U S inthe
period from 1960 to 1998.T hisisd one byestimatinga pathfor the (long-run)equilib rium
realexchange rate b ased onthe cointegrating relationship it hasw ith itsfund amental
d eterminants.We follow a mod elinw hich the equilib rium realexchange rate isthe value
consistent w ith b oth a b alance ofpaymentspositionw here anycurrent ac c ount imb alance
iscompensated by a sustainable °ow ofinternationalcapital(externalequilib rium) and
the e± cient use ofd omestic resources(internalequilib rium). T he rate ofsustainable
capital°ow sisinturnd etermined by the d esired stock offoreignassetsand liab ilities
amongnations, givenanad justment processtow ard sthisd esired stock. T he e± c ient
use ofd omestic resourc esisob tained w henthe relative pric e ofnontrad able good sisat
itsequilib rium value,to w hich it c onvergesgrad ually.G uid ed by thismod el,w e use as
fund amentald eterminantsofthe equilib rium realexchange rate the stockofnet foreign
assetsand the relative price ofnontrad able good s.
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We ¯nd that, for allcountries, the realexchange rate exhib itsa unit root, w hich
constitutesevid ence against the theoryofrelative purchasingpow er parity.Furthermore,
w e ¯nd that for allcountries, there existsa single cointegrating relationship b etw een
the realexchange rate and itsfund amentald eterminants. U nd er the assumptionthat
movementsinthe transitory componentsofthe variablesinthe mod eld o not a®ec t
their long-runcomponents,w e use the c ointegratingrelationship to estimate (long-run)
equilib rium valuesfor the realexchange rate.

R egard ingthe d egree ofmisalignment in1998, our resultssuggest that inChile the
realexchange rate w ould b e und ervalued by ab out 9 percent,inP eruthe realexchange
rate w ould b e b asic allyinequilib rium;inVenezuela the exchange rate w ould b e slightly
overvalued (lessthan10 percent); inthe U S overvalued by 10 to 2 0 perc ent and inthe
remainingcountriesbymore than2 0 percent.
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Append ix

To d erive the asymptotic d istributionofĈ t

Ĉ t= ®̂(^̄0̂®)¡1 ^̄0xt:

observe that c ond itionalonxtthe onlysourc e ofvariationcould arise from ®̂ and ^̄.
Next notice that a ¯rst ord er expansionofĈ taround ® and ¯ yield s

Ĉ t¡C t= @C t=@®0(®̂ ¡®)+ @C t=@¯0(^̄¡¯)+ O p(T¡1)

and

T1=2 (Ĉ t¡C t) = @C t=@®0T 1=2 (®̂ ¡®)+ @C t=@¯0T 1=2 (^̄¡¯)+ O p(T¡1=2 ):

Notic e also that since ^̄isT c onsistent,

T 1=2 (^̄¡¯) p! 0 ;

and therefore w e c anw rite,

T1=2 (Ĉ t¡C t) = @C t=@®0T 1=2 (®̂ ¡®)+ op(1):

T hus, allthe variationofĈ t arisesfrom ®̂. Ted iousbut straightforw ard matric ial
algeb ra yield s

@C t=@®0= ¡C t(̄ 0®)¡1¯0+ (¹®0C t­I N ) = Z ;

w here ¹® = ®(®0®)¡1,­isthe K ronecker prod uc t and I N isanid entity matrixoford er
N.We therefore,canw rite

T1=2 (Ĉ t¡C t) = Z T 1=2 (®̂ ¡®)+ op(1);

or
T 1=2 (Ĉ t¡C t) = Z Z 1T1=2 (¦̂ ¡¦ )+ op(1);

w here Z 1 = (¹̄0­I N ),w ith ¹̄ = ¯ (̄ 0̄ )¡1.T he asymptotic d istributionofT 1=2 (¦̂ ¡¦ )
isknow nto b e Normalw ith variance § ¼ (see Lutkepohl(1993)for the form of§ ¼).T his
impliesthat Ĉ tw illalso b e asymptotic allynormaland therefore,

T 1=2 (Ĉ t¡C t)
a»N (0 ;Z Z 1§ ¼ Z 01Z

0):
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Table 1:Net ForeignAsset E stimation

CO U NT RY °̂j t-st ^̄ t-st ^N A0j t¡st
AR G E NT INA -2 65.9 -8.9 .068 5.0 -3853.3 -4 .6
B RAZIL -338.7 -8.3 .068 5.0 -4 913.4 -3.4
CHILE -14 6.9 -4 .9 .068 5.0 -2 130.9 -3.2
CO LO M B IA -10 9.0 -2 .8 .068 5.0 -1581.6 -2 .2
M E XICO -30 0.1 -6.0 .068 5.0 -4 352 .6 -2 .9
P E R U -14 9.9 -3.6 .068 5.0 -2 174 .5 -2 .9

Table 2 : J ohansenCointegrationTests

AR G E NT INA,VAR (3)
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .0 1 .4 2 .4 2 8.18 8.18 6.50 6.50
r ·1 .15 5.87 5.4 5 17.95 14 .90 15.66 12 .91
r = 0 .4 6 2 6.98 2 1:10 a 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= 2 .0 9f+ .79n
Stationarity Tests(cv 5.99) q:2 7.2 3.f:37.06.n:4 0.0 8.
E xclusionTests(cv 3.84 ) q:32 .90.f:2 0.4 4 .n:2 4 .74 .

Table 3: J ohansenCointegrationTests

B RAZIL,VAR (2 )
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .07 2 .4 0 2 .4 0 8.18 8.18 6.50 6.50
r ·1 .17 8.92 6.51 17.95 14 .90 15.66 12 .91
r = 0 .4 4 2 8:99b 2 0:07b 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= .53f+ .85n
Stationarity Tests(cv 5.99) q:33.65.f:33.95.n:36.93.
E xclusionTests(cv 3.84 ) q:2 7.4 9.f:3.2 9.n:2 1.65.
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Table 4 : J ohansenCointegrationTests

CHILE ,VAR (3)
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .07 2 .2 6 2 .2 6 8.18 8.18 6.50 6.50
r ·1 .2 8 13.4 9 11.2 3 17.95 14 .90 15.66 12 .91
r = 0 .50 37:31a 2 3:81a 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= .67f+ .65n
Stationarity Tests(cv 5.99) q:4 6.54 .f:35.34 .n:4 6.60.
E xclusionTests(cv 3.84 ) q:11.94 .f:2 3.2 9.n:5.2 3.

Table 5: J ohansenCointegrationTests

CO LO M B IA,VAR (2 )
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .05 1.99 1.99 8.18 8.18 6.50 6.50
r ·1 .13 4.94 4 .94 17.95 14 .90 15.66 12 .91
r = 0 .50 31:64 a 2 4 :70 a 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= 2 .77f+ 1.0 0n
Stationarity Tests(cv 5.99) q:4 2 .96.f:2 9.82 .n:4 6.2 7.
E xclusionTests(cv 3.84 ) q:2 4 .57.f:4 0.56.n:11.2 7.

Table 6: J ohansenCointegrationTests

M E XICO ,VAR (2 )
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .0 0 .0 2 .0 2 8.18 8.18 6.50 6.50
r ·1 .2 5 10.03 10.0 8 17.95 14 .90 15.66 12 .91
r = 0 .52 35:97a 2 5:4 4 a 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= .06f+ 1.58n
Stationarity Tests(cv 5.99) q:4 1.54 .f:52 .79.n:4 6.2 3.
E xclusionTests(cv 3.84 ) q:2 8.79.f:.07.n:2 5.61.
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Table 7: J ohansenCointegrationTests

P E R U ,VAR (1)
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .0 1 .58 .58 8.18 8.18 6.50 6.50
r ·1 .2 2 9.2 5 9.2 5 17.95 14 .90 15.66 12 .91
r = 0 .4 7 32 :4 1a 2 2 :57a 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= .74f+ 1.0 1n
Stationarity Tests(cv 5.99) q:34.34 .f:17.2 5.n:4 0.99.
E xclusionTests(cv 3.84 ) q:17.03.f:18.69.n:15.32 .

Table 8: J ohansenCointegrationTests

VE NE ZU E LA,VAR (2 )
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .07 2 .81 2 .81 8.18 8.18 6.50 6.50
r ·1 .10 6.66 3.84 17.95 14 .90 15.66 12 .91
r = 0 .4 4 2 7.47 2 0:81b 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= .17f+ 2 .86n
Stationarity Tests(cv 5.99) q:36.06.f:35.61.n:35.57.
E xclusionTests(cv 3.84 ) q:32 .2 4 .f:14 .2 6.n:35.47.

Table 9: J ohansenCointegrationTests

U S,VAR (2 )
¸i T rac e-test ¸m ax-test 5% c v T 5% c v ¸ 10 % c v T 10 % c v ¸

r ·2 .05 1.97 1.97 8.18 8.18 6.50 6.50
r ·1 .12 6.55 4.58 17.95 14 .90 15.66 12 .91
r = 0 .55 34 :75a 2 8:2 0 a 31.52 2 1.07 2 8.71 18.90
(a) Signī cance at 5% .(b ) Signī c ance at 10 %

q= .2 3f+ 1.58n
Stationarity Tests(cv 5.99) q:4 4 .32 .f:52 .2 4 .n:4 9.54.
E xclusionTests(cv 3.84 ) q:4 9.53.f:2 2 .63.n:34 .73.
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Table 10 : R esultsSummaryTable

Country M isalignment % Ac curacy M isalignment
Charac teristics

95 96 97 98
Argentina -2 4 16 2 4 High Large sw ings

Large O verapprec iationin1998
B razil 19 19 2 4 2 5 M ed ium M anysw ings

Large O verappreciation
Chile -14 -9 -7 -8 M ed ium P olonged Transitions

¹q lead sq
Colomb ia -17 -6 16 2 6 M ed ium ¹q lead sq
M exico -10 5 2 3 2 1 M ed ium Important since 80s

Large O verapprec iationin1998
P eru -2 -1 -5 -3 Low P rolonged T ransitions
Venezuela 2 1 11 12 8 M ed ium Important since 80s
U S -7 -1 7 16 M ed ium O verappreciation

inthe early80sand late 90s

2 0
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Figure 1. Argentina
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Figure 2. Brazil
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Figure 3. Chile
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Figure 4. Colombia
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Figure 5. Mexico
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Figure 6. Peru
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Figure 7. Venezuela
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Figure 8. USA
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