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1 . In tro d u c tio n

This paper revisits the remarkable Mexican real exchange rate experi-
ence since 1970. Our aim is to understand the role of structural factors

1that have largely been omitted from prior research on the subject.
We also analyze the extent to which changes in these fundamentals
may have played a role in the crisis that began in December, 1994.

While the empirical focus here is the recent Mexican experience,
the economic problem under study generalizes broadly. Cycles of
gradual overvaluation and sudden correction continue to plague the
world's independent currencies, and the speculative attacks them-
selves frequently do lasting harm to the real economies of the coun-

2tries a®ected.
The problem is compounded by great uncertainty about when

a currency is overvalued and when it is not. It seems at least plau-
sible that less uncertainty with regard to the fundamental determi-
nants of equilibrium nominal and real exchange rates might reduce the
severity of speculative attacks, but what reasonable guidance might
economists give policy makers on this score? Simple versions of pur-
chasing power parity (P P P ) theory have long since been thought du-
bious, both on theoretical and empirical grounds. But while more

1 T im e series tests o f M ex ica n rea l ex ch a n g e ra te b eh av io r th a t ig n o re stru c-
tu ra l d eterm in a n ts (th o u g h th ey m ay a llow fo r \ stru ctu ra l b rea k s" ) in clu d e: N o -
rieg a a n d M ed in a (2 0 0 3 ), G a lin d o (1 9 9 5 ), G h o sh roy -S a h a a n d V a n D en B erg

¶(1 9 9 6 ), M ej¶³a a n d G o n z¶a lez (1 9 9 6 ). A va lo s a n d H ern ¶a n d ez (1 9 9 5 ) reject a sta n d -
a lo n e p u rch a sin g p ow er p a rity th eo ry o f rea l ex ch a n g e ra tes o n th e b a sis o f u n it
ro o t a n d co in teg ra tio n tests, b u t ¯ n d a n im p o rta n t ro le fo r stru ctu ra l fa cto rs
o n th e b a sis o f sta n d a rd reg ressio n tech n iq u es. W h ile th ese la tter resu lts a re
p la u sib le{ a n d in fa ct a n ticip a te so m e o f w h a t w e rep o rt h ere{ th eir sta tistica l in -
feren ce is p la g u ed b y th e p ro b lem o f sp u rio u s reg ressio n , a risin g fro m th e u se
o f n o n -sta tio n a ry reg resso rs. N ev erth eless, th eir p rin cip a l ¯ n d in g { th a t rea l ex -
ch a n g e ra te va ria b ility is n eg a tiv ely rela ted to G D P g row th { is va lu a b le a s w ell

a s sta tistica lly va lid .
2 D eb t d e° a tio n a m o n g d o m estic b o rrow ers (freq u en tly b a n k s) leav es b a n k -

ru p tcies th a t a re n o t ea sily liq u id a ted , a s w ell a s a p o litica l sta lem a te b etw een
fo reig n cred ito rs (o n th e o n e h a n d ) ea g er to see th e lo sses so cia lized a n d p a id
o ® a n d d o m estic ta x p ay ers (o n th e o th er h a n d ) lo a th e to a ssu m e th e p riva tely
co n tra cted d eb ts o f th eir co u n try m en . P u b lic secto r d eb ts ra ise th e sp ecter o f
fu rth er m o n etiza tio n o f d e¯ cits, in ° a tio n , a n d d eva lu a tio n . In tern a tio n a l cred i-
to rs, w h eth er p a rties to th e o rig in a l co lla p se o r n o t, a re u n d ersta n d a b ly relu cta n t
to len d , fa cin g th e lik elih o o d th a t a n y cred it th ey ex ten d w ill im m ed ia tely g o to
p ay in g o ® cred ito rs a t th e fro n t o f th e q u eu e, w h ile th ey th em selv es a re co n sig n ed

to th e rea r. D o rn b u sch , et a l. (1 9 9 5 ) p rov id es a g o o d d iscu ssio n .
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nuanced theories of real exchange rate determination are now com-
3mon even in undergraduate textbooks, empirical estimations most
4often proceed as if this weren't the case.

2 . P P P , Y e t A g a in

There are now decades of empirical work attempting to measure the
degree to which international arbitrage in goods markets anchors the
domestic price level to the nominal exchange rate. In the balance hang
questions of whether P P P is a valid closure rule in theoretical models
{and if so, over what time horizon{ and more quotidian questions of
whether a speci¯c nominal exchange rate is in fact over- or under-
valued at a given moment in time.

The speci¯cation of P P P theory for the purposes of empirical
estimation has nearly always involved some variant on the following
equation:

¤s = p ¡ p + u (1)t t tt

In equation 1 (all in logs) the nominal exchange rate equates to
the relative price of domestic output plus an error term. Advances in
time series econometrics in the 1970s showed that statistical tests of
the theory using data in levels would ¯nd spurious correlations, since
the nominal exchange rate, domestic price levels, and foreign price

5levels are very unlikely to be stationary variables. Tests of P P P in
the 1980s frequently used O L S on ¯rst di®erences of the data. While

6this slightly alters the theory under scrutiny, it will at least generate
consistent parameter estimates when the di®erenced data are in fact

3 S ee fo r ex a m p le K ru g m a n a n d O b stfeld (2 0 0 3 ), C h a p ter 1 5 .
4 T h e la st d eca d e h a s w itn essed a g rea t d ea l o f e® o rt d irected tow a rd s ra isin g

th e p ow er o f sta tistica l tests su ± cien tly to reject th e n u ll h y p o th esis o f a u n it ro o t
in th e rea l ex ch a n g e ra te d a ta , in o rd er to rescu e so m e sem b la n ce o f sta n d a rd
P P P th eo ry. T h ese e® o rts in clu d e a ssem b lin g ev er lo n g er tim e series, b rin g in g
th e p ow er o f p a n el estim a tio n to b ea r, a n d a llow in g fo r u n ex p la in ed stru ctu ra l
b rea k s. R eleva n t su rv ey s o f th is litera tu re in clu d e F ro o t a n d R o g o ® (1 9 9 6 ), a n d

E d w a rd s a n d S ava sta n o (1 9 9 9 ).
5 G ra n g er a n d N ew b o ld (1 9 7 4 ).
6 H ere rela tiv e p rice lev els n eed n o t equ a te w ith th e n o m in a l ex ch a n g e ra te

(d u e to d i® eren ces in p referen ces a n d m ea su rem en t, to d isto rtio n a ry ta ri® s a n d
tra n sp o rt co sts, etc.) b u t th ey sh o u ld m ov e to g eth er ov er tim e. T h is is rela tive

P P P , a s o p p o sed to a bso lu te P P P .
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stationary. Further advances in time series econometrics in the 1980s
showed that if there is a long-run equilibrium relationship between
variables, they should be cointegrated, which is to say that some linear

7combination of these nonstationary variables should be stationary.
For more than a decade, now, e®orts to test P P P have focused on
rejecting the unit root in the real exchange rate series directly; or,
barring that, on ¯nding cointegration among the variables in (1) ,
allowing, possibly, for sluggish adjustment to shocks.

When the data fail to support a version of P P P according to ei-
ther of these methods {which they frequently do{ it has nearly always
occasioned a call for stronger statistical tests to uproot the anomaly
(see footnote 4) . At the risk of belaboring the obvious, however: in-
su±cient statistical power is not the only possible explanation for
failure to ¯nd mean-reversion in the real exchange rate data. It could
as well be that the omission of other relevant variables implies rever-

8sion, albeit to a moving target.
Unfortunately, the parsimonious speci¯cation of equation (1) ig-

nores all of the structural determinants of rea l exchange rates that
the theoretical literature identi¯es. P P P is grounded on the microe-
conomics of arbitrage (the famous \Law of One Price" ) , but it has
been well understood at least since the 1960s that the presence of non-
traded goods {for which no international arbitrage exists{ can lead to
systematic movements in real exchange rates inconsistent with P P P

9(Balassa, 1964; Samuelson, 1964) . It follows that economic phe-
nomena that impact the relative price of nontraded goods must be
included in models of real exchange rate determination.

Theoretical models and empirical tests have established the im-
1 0portant determinants of nontraded goods prices. The best under-

stood and most frequently cited in the literature include: i) di®eren-
tial rates of productivity growth (Balassa , 1964; Samuelson, 1964) ;

7 E n g le a n d G ra n g er (1 9 8 7 ).
8 H eg w o o d a n d P a p ell (1 9 9 8 ) ca rry o u t tests o f \ q u a si" P P P , w ith rev ersio n

to a m ea n th a t ch a n g es a s a resu lt o f stru ctu ra l b rea k s. T h ey ¯ n d th a t su ch a
sp ecī ca tio n resu lts in m u ch fa ster m ea n rev ersio n th a n th e litera tu re ty p ica lly

¯ n d s. T h e stru ctu ra l b rea k s th em selv es, h ow ev er, rem a in u n ex p la in ed .
9 S in ce n o n -tra d ed g o o d s p lay a n im p o rta n t ro le in co n su m er p rice in d ices (a n d

a lesser { b u t still p o sitiv e{ ro le in w h o lesa le p rice in d ices), fa cto rs w h ich in ° a te
d o m estic n o n -tra d ea b le g o o d s p rices w ill a lso in ° a te th e ov era ll in d ex rela tiv e to

th e fo reig n in d ex .
1 0 E d w a rd s (1 9 9 9 ) a n d F ro o t a n d R o g o ® (1 9 9 6 ) p rov id e co m p reh en siv e litera -

tu re rev iew s.
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ii) changes in the pattern of demand or supply, due to changes in re-
source endowments, preferences, or levels of government expenditure

1 1(Kravis and Lipsey, 1983; Bhagwati, 1984) ; and iii) changes in the
terms of trade (Marion, 1984) , in ter a lia ) .

If these structural determinants are su±ciently stable over time,
1 2their omission will not complicate the life of the econometrician.

If, however, they vary importantly over the sample, the parsimonious
speci¯cation above will be °awed. Failure to reject a unit root in
real exchange rates, or to ¯nd cointegration among relative prices
and the nominal exchange rate could re°ect precisely the fact that
these variables evolve in consort with the structural variables that
determine the real exchange rate over longer horizons.

3 . M o d e lin g B ila te ra l U S -M e x ic o R e a l E x c h a n g e R a te s

A unit root test performed on the Mexican real exchange rate for
the period 1969-2000 fails to reject a unit root under a wide variety

1 3of lag speci¯cations. Failure to reject the unit root is the point
of departure for the empirics of this paper. A generalized theory of
P P P should allow for the possibility that structural variables impact
real exchange rates. As in Dibooglu (1996) we posit such a long-
run equilibrium relationship between the variables in the following

1 4equation:

1 1 W ith in th e la tter ca teg o ry o n e m ig h t rea so n a b ly co n sid er ch a n g es in rela tiv e
lev els o f g ov ern m en t sp en d in g , co m p risin g , a s th ese d o , a ch a n g e in th e co m p o si-
tio n o f d em a n d . G ov ern m en t sp en d in g is g en era lly th o u g h t to fa ll m o re h eav ily
o n n o n -tra d ed g o o d s, th u s tiltin g a g g reg a te d em a n d in th a t d irectio n . A s th ese
a re in ela stica lly su p p lied (u n lik e tra d ed g o o d s), th e rela tiv e p rice m u st rise in co n -
seq u en ce o f th is sh ift in d em a n d . A n ela b o ra tio n o f th is p o in t a p p ea rs in F ro o t

a n d R o g o ® (1 9 9 6 ).
1 2 T h ey m ay, n ev erth eless, co m p lica te th e life o f th e p o licy m a k er: if su ch a

m o d el w ere em p loy ed o u t-o f-sa m p le, d u rin g a p erio d w h en th e stru ctu ra l va ria b les

a ctu a lly b eg a n to va ry, th e m o d el's g u id a n ce w o u ld b e m islea d in g .
1 3 D a ta so u rces a re d escrib ed b elow . T h e sa m p le w a s ch o sen to m a x im ize th e

d a ta ava ila b le fo r estim a tio n o f eq u a tio n (2 ). T h e n ea rest rejectio n stem s fro m

th e N g a n d P erro n (2 0 0 1 ) m -test w h ich ¯ n d s a p -va lu e o f 1 1 % .
1 4 W e fo cu s co n scio u sly o n lo n g -ru n stru ctu ra l d eterm in a n ts o f rea l ex ch a n g e

ra tes, to th e ex clu sio n o f va ria b les re° ectin g cu rren t a n d ca p ita l a cco u n t rig id ities
a n d im p erfectio n s, a n d strictly m o n eta ry p h en o m en a . O u r ju stī ca tio n fo r th is is
th a t ch a n g es in th ese va ria b les sh o u ld u ltim a tely b e re° ected in th e rela tiv e p rice
in d ices th em selv es, a t lea st in th e lo n g -term . F o r a n ex a m p le o f a m o d elin g stra t-
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¤ ¤¯ + ¯ s + ¯ (p ¡ p ) + ¯ (p r ¡ p r )0 1 t 2 t 3 tt t

¤+¯ (g ¡ g ) + ¯ (r p o ) = 0 (2)4 t 5 tt

With all variables in logs, and the asterisk denoting \foreign" (in
this case, U S ) , we posit a long-run equilibrium relationship between
the nominal peso-dollar exchange rate (S ) and various determinantst ¤including the relative price of domestic (Mexican) output (p ¡ p ) ,t t
the relative productivity of the domestic tradeable goods sector (p r ¡t¤p r ) , the relative share of government consumption to Gross Domestict ¤Product (G D P ) at home vs. abroad (g ¡ g ) , and the real worldt t
price of oil (r p o ) . In the empirical implementation, the left handt

side of equation to should equate to a disturbance term that is itself
1 5stationary with mean zero. The data are annual, from 1969-2000.

Data considerations merit special attention. Cointegration stud-
ies su®er an inherent tension: while longer series are strictly better,
insofar as they help reveal the common stochastic trends among vari-
ables, longer series also increase the likelihood of spanning a regime
change or structural break. The presence of structural breaks, in turn,
makes it more di±cult to detect common stochastic trends among the

1 6variables. In the present case, which is limited by the availability of
adequate historical productivity measures for Mexico, we do not test

eg y th a t ¯ n d s a sig n ī ca n t p red ictiv e ro le fo r th ese in term ed ia te-term va ria b les
¶see A va lo s y H ern ¶a n d ez (1 9 9 5 ).

1 5 T h e sp ecī c so u rces o f th e d a ta a re a s fo llow s: fo r rela tiv e p rice d a ta w e u se
th e U S C P I a n d th e M ex ica n P P C (a lso a co n su m er p rice in d ex ). T h e b ila tera l
ex ch a n g e ra te d a ta co m es fro m th e B a n co d e M ex ico . T h e rela tiv e g ov ern m en t
sp en d in g sh a res co m e fro m th e P en n W o rld T a b les. U S p ro d u ctiv ity d a ta is th e
C o m m erce D ep a rtm en t's o u tp u t p er m a n -h o u r in th e m a n u fa ctu rin g secto r. A
co m p lete a n d co n sisten t series fo r M ex ica n p ro d u ctiv ity is n o t ava ila b le. W e co n -
stru cted th is series in th e fo llow in g m a n n er: fo r th e 1 9 6 0 s a n d 1 9 7 0 s w e u sed
th e d a ta series \ em p loy m en t in th e in d u stry o f tra n sfo rm a tio n " , in terp o la tin g
m issin g y ea rs. F o r 1 9 8 1 -1 9 8 8 w e u sed th e series \ em p loy m en t in th e m a n u fa ctu r-
in g secto r" . F o r 1 9 8 9 -2 0 0 0 w e u p d a ted th e em p loy m en t series w ith th e ava ila b le
\ g row th ra te in p a id em p loy m en t in th e m a n u fa ctu rin g secto r" (In stitu to N a -
cio n a l d e E sta d¶³stica , G eo g ra f¶³a e In fo rm ¶a tica , IN E G I). F in a lly, w e u sed IN E G I
d a ta o n secto ra l o u tp u t fo r ea ch y ea r, d iv id ed b y th e a p p ro p ria te em p loy m en t ¯ g -
u re. T h e o il d a ta co m e fro m th e U S D ep a rtm en t o f E n erg y, E n erg y In fo rm a tio n

A d m in istra tio n : h ttp :/ / w w w .eia .d o e.g ov / em eu / a er/ tx t/ p tb 0 5 1 9 .h tm l.
1 6 Z ietz (2 0 0 0 ) p resen ts M o n te C a rlo ev id en ce th a t stru ctu ra l b rea k s in crea se

th e in cid en ce o f ty p e 2 (fa lse n eg a tiv e) erro rs, a n d th a t th e E n g le-G ra n g er tech -

n iq u e is p a rticu la rly su scep tib le.
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explicitly for structural changes. In one sense, the question is moot,
since the presence of such changes should only make it more di±cult
to ¯nd cointegration, which in fact we do ¯nd decisively. In another
sense, the spirit of this analysis is to consider the e®ects of the inclu-
sion of structural variables in a real exchange rate test. The behavior
of an individual series, which may appear in isolation to have breaks,
might alternatively be explained by shocks bu®eting a variable with
which it is cointegrated, as opposed to being driven by some com-
pletely unexplained d eu s ex m a ch in a that we call a structural break.

Turning to cointegration tests, we pre-test for the order of inte-
gration by applying a battery of tests to the variables in (2) . The
conclusions robustly indicate {both in terms of statistical signi¯cance
and with respect to inclusion/exclusion of constants and trends{ that

1 7the series are I(1) .

To test for cointegration between the set x of variables including
the nominal exchange rate, relative price levels, relative productivi-
ties, relative government spending, and the world real price of oil, we

1 8construct the following error correction model:

1 7 W e b eg a n w ith th e m eth o d su g g ested in D ick ey a n d P a n tu la (1 9 8 7 ), testin g
recu rsiv ely H : (s ) u n it ro o ts vs. H : (s ¡ 1) u n it ro o ts, w ith a sto p p in g0 1
co n d itio n w h en H ca n n o t b e rejected . W e b eg a n , a rb itra rily, w ith 4 u n it ro o ts0
(tested vs. 3 ), a n d w o rk ed o u r w ay d ow n . T h e n u m b er o f la g s in clu d ed in th e A D F
estim a tio n in ea ch ca se w a s d eterm in ed b y th e g en era l-to -sp ecī c m eth o d (H a ll,
1 9 9 4 ), b eg in n in g w ith k = 5. U n d er th ese co n d itio n s, th e tests ro b u stlym a x
in d ica ted I(1 ) p ro cesses, w ith th e so le ex cep tio n o f rela tiv e p rices, fo r w h ich th e
h y p o th esis I(2 ) vs. I(1 ) co u ld n o t b e rejected a t th e 1 0 % lev el o f co n ¯ d en ce.
R eso rtin g to a fo rw a rd a n d rev erse D ick ey -F u ller test (L ey b o u rn e, 1 9 9 5 ), w e reject
th e n u ll o f I(2 ) vs. I(1 ) a t th e 1 0 % lev el w ith a co n sta n t. F in a lly, w e tested th is
va ria b le w ith th e m eth o d p ro p o sed in N g a n d P erro n (2 0 0 1 ), w h ich co rrects fo r
th e size d isto rtio n in th e p resen ce o f n eg a tiv e m ov in g av era g e erro rs. A g a in , w e
d eterm in ed la g len g th a cco rd in g to H a ll's m eth o d . T h e 4 th la g w a s fo u n d to b e
sig n ī ca n t a t 1 0 % . W h en th e N g a n d P erro n M -tests w ere ru n o n 4 la g s, a u n it
ro o t in ¯ rst d i® eren ces w a s rejected a t th e 5 % lev el b y a ll o f th e tests. W h en th e
sa m e tests w ere ru n o n 3 la g s, a u n it ro o t in ¯ rst d i® eren ces w a s rejected a t th e
1 0 % lev el. T h e cu m u la tiv e ev id en ce o f th ese sev era l tests lea d s u s to co n clu d e
th a t rela tiv e p rices, lik e th e o th er va ria b les in th e m o d el, a re I(1 ).
1 8 T h e n u m b er o f la g s { tw o , in th is ca se{ w a s d eterm in ed b y th e lik elih o o d

ra tio test, co m p a rin g va rio u s o rd ers o f V A R s. T h e A ka ik e in fo rm a tio n criterio n
co n cu rred w ith th e L R test. T h e S ch w a rz a n d H a n n a n -Q u in n in fo rm a tio n criteria ,
a lo n g w ith th e \ ¯ n a l p red ictio n erro r" criterio n , a ll in d ica ted a la g len g th o f 3 .

S ee ta b le 2 fo r co m p a ra tiv e resu lts.
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2X
¢x = ¼ x + ¼ ¢x + " (3)t t¡ 1 i t¡ i t

i= 1

where

0
¼ = ® ¯ (4)

Here the speed of adjustment parameter (® ) multiplies the de-
0

viation from long term equilibrium (since ¯ x = u , where ¯ is thet t

parameter vector and u is the stationary error term from the equi-t

librium relation posited in equation 2) .
The rank (r ) of ¼ then corresponds to the number of cointegrat-

ing vectors. The ¸ -trace statistic tests H : r · n against H : r > n .0 1

The ¸ -max (maximal eignvalue) statistic tests the H : r = n against0

the alternative H : r = n + 1. Results are reported in table 1 .1

Parameter values are reported in table 2 and table 3.
The tests strongly reject the absence of a cointegrating relation-

ship in these data. The trace statistics reject r = 0 (in favor of r > 0)
at the 1% con¯dence level, while the maximal eigenvalue statistics
reject r = 0 (in favor of r = 1) , also at 1%. In fact the trace statistics
rejects r = 1 (in favor of r > 1) at 5% also. The maximal eigenvalue

1 9statistics cannot reject r = 1 in favor of r = 2.

T a b le 1
T est S ta tistics fo r C o in tegra tio n

H ypo th esized E igen va lu e T ra ce M a x-E igen

N o . o f C E (s) S ta tistic S ta tistic

N on e 0 .8 1 1 10 4 .5 8* * 4 8.3 3 **

A t m o st 1 0 .6 0 3 56 .2 4 ** 2 6.8 2

A t m o st 2 0 .4 7 2 29 .4 2 1 8.5 6

N o te: S a m p le(a d ju sted ): 1 9 7 2 2 0 0 0 . In clu d ed o b serva tio n s: 2 9

a fter a d ju stin g en d p o in ts. * (* * ) d en o tes rejectio n o f th e h y p o th esis a t

th e 5 % (1 % ) lev el.

1 9 It is co m m o n ly th e ca se th a t su ch a m b ig u o u s resu lts em erg e fro m th e tw o
tests. G iv en th e d i± cu lty o f in terp retin g th e m ea n in g o f a seco n d co in teg ra tin g
v ecto r in th is co n tex t, a n d th e a m b ig u ity o f th e resu lts, in w h a t fo llow s w e lim it

o u rselv es to co n sid era tio n o f a sin g le co in teg ra tin g v ecto r.
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T a b le 2
E stim a ted C o in tegra tio n V ecto r ¯ = [¯ ¯ ¯ ¯ ¯ ]1 2 3 4 5

(¯ n o rm a lized to 1 ; sta n d a rd erro rs in pa ren th eses)1

s relp rp rod relg rpo

M o d el 1 1 .0 0 -0 .9 6 5 2 .3 8 8 0 .0 5 3 -0 .2 9 8

2 n d O rd er (0 .0 0 6 7 5 ) (0 .7 0 0 8 8 ) (0 .0 1 0 0 9 ) (0 .1 1 0 8 6 )

V E C M

M o d el 2 1 .0 0 -0 .9 6 1 2 .5 8 2 0 .0 4 8 -0 .2 6 1

3 rd O rd er (0 .0 0 2 2 8 ) (0 .2 3 2 3 0 ) (0 .0 0 3 7 1 ) (0 .0 3 5 5 8 )

V E C M

M o d el 3 1 .0 0 -0 .9 6 2 2 .7 5 7 0 .0 5 9 2 -0 .3 5 9

2 n d O rd er

V E C M

w ith w ea k ly

en d o g en o u s s,

rp rod , relg,

a n d rpo .

T a b le 3
S peed o f A d ju stm en t V ecto r (sta n d a rd erro rs in pa ren th eses)

® ® ® ® ®1 2 3 4 5

(¢ s) (¢ relp ) (¢ rp rod ) (¢ relg) (¢ rpo )

M o d el -0 .3 9 8 0 .4 3 4 0 .0 3 3 1 .5 9 9 -0 .1 1 6

1 (0 .7 4 6 4 0 ) (0 .3 0 0 8 7 ) (0 .1 1 4 6 0 ) (5 .2 9 3 1 7 ) (0 .7 1 8 3 1 )

M o d el 0 0 .5 7 7 0 0 0

3 (0 .0 6 7 9 )
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Table 2 shows that the parameters of the cointegrating vector are
2 0highly signi¯cant and have the expected sign in all cases but one.

Equilibrium relative prices must move with the nominal exchange
rate, ceteris pa ribu s, in the long run. Higher domestic relative pro-
ductivity is associated with an appreciation of the nominal exchange
rate. Higher relative government spending likewise associates with a
revalued nominal exchange rate. Increases in the real world price of

2 1oil are associated with devalued nominal and real exchange rates.
Table 3 reports the speed of adjustment parameter estimates.

The signs of these coe±cients are the intuitive ones for the variables
that are most plausibly adjusting, namely the nominal exchange rate
and relative prices. The signi¯cance levels are low, however, with
only the term driving the changes in relative prices coming anywhere
near standard signi¯cance levels. This raises the possibility that some
of the variables are w ea kly exogen o u s (Johansen, 1992) with respect
to the parameters of the cointegrating vector, and that the dynamic
adjustment might be correspondingly less complex. Table 4 reports
likelihood ratio tests for weak exogeneity of each of the variables (i.e.

T a b le 4
T ests o f W ea k E xogen eity

® =0 ® =0 ® =0 ® =0 ® =01 2 3 4 5

(¢ s) (¢ relp ) (¢ rp rod ) (¢ relg) (¢ rpo )

L R test 0 .3 1 8 2 .1 5 8 0 .1 2 5 0 .1 4 8 0 .0 3 6

(0 .5 7 2 ) (0 .1 4 1 7 6 4 ) (0 .7 2 3 ) (0 .7 0 0 ) (0 .8 4 8 )

2N o te: L R d istrib u tes a s Â o n (1 ) d .f., p -va lu e in p a ren th eses.

2 0 B eca u se o f th e a m b ig u ity in th e o p tim a l la g stru ctu re (see p rev io u s fo o tn o te)
a 3 rd o rd er V E C M w a s a lso estim a ted . T h e co in teg ra tin g v ecto r w a s a g a in fo u n d
to b e h ig h ly sig n ī ca n t, a n d th e p a ra m eter estim a tes w ere fo u n d to h av e th e sa m e
sig n s (a n d sim ila r m a g n itu d es) a s in th e 2 n d o rd er m o d el. T h e co in teg ra tin g
v ecto rs fro m b o th m o d els a re rep o rted in ta b le 2 . A ll o th er resu lts rep o rted h ere

a re fro m th e 2 n d o rd er V E C M .
2 1 W h ile th e ex p ected e® ect o f ch a n g es in rea l o il p rices is n o t o b v io u s, th e

resu lt h ere seem s co u n terin tu itiv e: th e b ila tera l p eso -d o lla r ex ch a n g e ra te rises
(rea d : \ p eso d eva lu a tio n " ) w h en o il p rices rise, d esp ite th e fa ct th a t M ex ico is a
n et ex p o rter a n d th e U S a n et im p o rter o f o il. O n e p la u sib le ex p la n a tio n is th a t
o il p rices h av e a d ep ressiv e e® ect o n th e U S eco n o m y, ca u sin g a fa ll in d em a n d

fo r M ex ico 's n o n -o il ex p o rts.
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we test the parameter restriction that ® = 0 for each variable i) .i

Weak exogeneity cannot be rejected.
Whereas the adjustment parameter on relative prices is close to

standard signi¯cance levels while the other adjustment parameters are
not, and whereas it is likely that relative prices will do the vast ma-
jority of the adjusting (particularly as the sample spans long periods
of ¯xed nominal exchange rates and/or dirty °oating, with far fewer
spells of truly free-°oating rates) , we re-estimate the model imposing
the restriction that the other four speed of adjustment parameters
are all equal to zero. Table 2 shows that this restriction changes the
parameters of the estimated cointegrating vector very little, while
table 3 shows that the signi¯cance level of the speed-of-adjustment
parameter on relative prices has risen very signi¯cantly.

We use the Johansen procedure to test various restrictions on
the cointegrating vector obtained above (and reported as model 1
in tables 2 and 3) . First, we test the hypothesis that relative P P P
alone better ¯ts the data. This amounts to the following parameter
restrictions:

[¯ = ¯ = ¯ = 0] (5)3 4 5

Note that this can be equivalently viewed as a test of whether the
variables we include to augment P P P theory jointly add information
explaining systematic deviations from P P P . Results are reported in
table 5.

T a b le 5
T ests o f C o in tegra tio n P a ra m eter R estrictio n s

Restriction: ¯ = 0;¯ = 0;¯ = 03 4 5

Description: cointegration parameters on relg, rp rod ,

and rpo are zero

Restricted LR Degrees of Probability

Log-likehood Statistic Freedom

95.94650 16.95887 3 0.000721

Restriction: ¯ = ¡ ¯1 2

Description: proportionality of s, relp

Restricted LR Degrees of P ro b a b ility

Log-likehood Statistic Freedom

97.50199 13.84789 1 0.000198
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The L R statistic distributes as chi-squared (on 3 d.f. , for the
present case of 1 cointegrating vector) . We calculate the value at
16.95, for a signi¯cance level of .0007 (.07%) . In other words, we have
strong evidence that relative productivities, government spending,
and the real price of oil are appropriate variables to include in order
to solve the puzzle of systematic deviations from real exchange rate
stationarity.

It would perhaps be preferable to perform tests directly on the
real exchange rate, rather than on the more cumbersome separation
of the nominal exchange rate from relative prices which we have re-
ported thus far. Cheung and Lai (1993) point out that measurement
issues relating to the calculation of price indices may imply that pro-
portionality between the nominal exchange rate and prices does not
obtain, even if P P P does hold. Proportionality (¯ = ¡ ¯ ) should2 1

thus be tested as a restriction on the cointegrating vector. If it holds,
cointegration tests may be carried out directly on the real exchange
rate, reducing the number of parameters to estimate. Unfortunately
table 5 also indicates that we can strongly reject proportionality, and
thus may n o t proceed with direct estimation of a cointegrating vector
using the real exchange rate.

Since we cannot impose proportionality or exclude any of the
variables from the original speci¯cation, we proceed to estimate the
vector error correction model, V E C M , of equation (3) , imposing 1 coin-
tegrating vector, using all of the variables originally discussed, and
including 2 lags of changes. Table 6 reports the results of a Choleski
decomposition, based on this V E C M , for a four year forecasting hori-

2 2zon.
The fundamental insight from this exercise is the importance

of relative government spending, which explains over a quarter of the
forecast error variance of the nominal exchange rate and relative price

2 3levels. This is consistent with Dibooglu (1996) , who also ¯nds that
2 4this variable overwhelms the other determinants.

2 2 T h e d eco m p o sitio n w a s a cco m p lish ed u sin g E -view s eco n o m etric so ftw a re,

v ersio n 5 .0 .
2 3 W h en th e o rd er o f va ria b les is rev ersed in th is p ro ced u re, w e ¯ n d o n ly o n e

sig n ī ca n t in co n sisten cy : th e p ro p o rtio n o f th e va ria n ce ex p la in ed b y relp a n d b y
s a re v irtu a lly rev ersed , i.e. s b eco m es in sig n ī ca n tly sm a ll, w h ile relp a ssu m es
a ll o f th e ex p la n a to ry p ow er. T h e fo reca st erro r va ria n ce a ttrib u ted to rpo , relg,

a n d rp rod d o n o t ch a n g e im p o rta n tly u n d er a rev erse o rd erin g .
2 4 S in ce D ib o o g lu (1 9 9 6 ) w a s n o t a b le to reject p ro p o rtio n a lity, th e va ria n ce

d eco m p o sitio n rep o rted th ere is w ith resp ect to th e rea l ex ch a n g e ra te.
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T a b le 6
C h o leski V a ria n ce D eco m po sitio n

In n o va tio n in

s relp rp rod relg rpo

s 7 1 .74 0 .0 8 1.1 9 26 .3 8 0.5 9

relp 6 9 .02 0 .7 7 0.9 2 27 .7 5 1.5 2

rprod 1 0 .08 4 .6 7 74 .6 9 9.5 1 1.0 2

relg 5 .1 6 9 .9 4 21 .7 2 59 .6 5 3.5 1

rpo 1 2 .14 4 .9 5 45 .4 0 17 .1 2 20 .3 5

4 . T h e M e x ic o C r isis, R e v isite d

An important discussion began in and about Mexico as early as 1993,
regarding the sustainability of the ¯xed exchange rate. Dornbusch
and Werner (1994) estimated 20% overvaluation, and issued a con-
troversial call for a \one-time" devaluation. In the ensuing political
turmoil of 1994, an opportunity to devalue without losing face was
passed up. An insistent Finance Ministry led by Pedro Aspe argued
publicly that real exchange rate appreciation was consistent with un-
derlying fundamentals (such as improvements in productivity result-
ing from Salinas's microeconomic reforms) , and worried privately that
a devaluation would destroy hard-won credibility (Aspe, 1993, chap-
ter 1) .

Figures 6, 7, and 8 report respectively the actual path of the
(log) real exchange rate, the long-run equilibrium value of the real
exchange rate (at each moment in time) that we derive from the
cointegrating relationship reported above, and the di®erence between
the two, which can be interpreted as the percent over-valuation of the
real exchange rate.

Figure 6 vividly captures the turmoil of the 1980s, as Mexico
found itself with a classic transfer problem when international capital
°ows abruptly stopped. According to Figure 8 the extent of underval-
uation reached over 60 percent at the height of the debt crisis. Figure
6 also illustrates the rapid appreciation through the late 80s and early
90s, as the P a cto d e S o lid a rid a d stabilized the wage-price spiral and
the Brady Plan began to ease some of the external pressures. One
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clear ¯nding that emerges is that the real devaluation of the early-
to-mid 1980s ¯nds no explanation in movements of \fundamentals" .
Figure 7 suggests that fundamentals called for a 9% revaluation be-
tween 1980 and 1986, and a 38% real devaluation between 1986 and
1990. In fact (as ¯gure 6 shows) the actual real exchange rate d evalued
some 65% between 1980 and 1986, and revalued some 32% between
1986 and 1990.

The subsequent period seems to indicate a larger role for fun-
damentals, at least until the 1995 collapse. The real exchange rate
appreciation associated with this period of stabilization was widely
noted, occasionally with dread. The analysis here, based on fun-
damental determinants of real exchange rates, ¯nds a magnitude of
overvaluation in 1993 of 23%, which is almost exactly the midpoint
between the estimates in Warner (1996: 25%) and Dornbusch and
Werner (1994: 20%) . Furthermore, we ¯nd that this overvaluation
falls by about half in 1994.

What of the movements of other determinants of real exchange
rates? From 1990 to 1995, the relative share of government spending
in Mexico recovered (after falling precipitously in the mid-1980s; see
¯gure 1) , which, ceteris pa ribu s, could account for a 4% appreciation
of the equilibrium nominal exchange rate between 1990 and 1994.
Meanwhile the relative productivity (¯gure 2) of Mexican ¯rms does
improve from 1988 to 1990, explaining some 9% of the increase in the
equilibrium real exchange rate during this period. This variable is
essentially stagnant between 1990 and 1994, however, and thus is not
a likely candidate for shedding light on the revaluation question of
that time period. The real price of petroleum, meanwhile, falls some
36% during the 1990-1994 period (¯gure 3) , which according to the
model appreciates the equilibrium real exchange rate some 14%.

In summary, the real exchange rate appreciated 26% between
1990 and 1994 (pre-crash) , while the rate we estimate to be the equi-
librium rate appreciated 21%, with most of the explanation due to
changes in government spending relative to G D P , and to oil prices.
The real misalignment by the end of 1994 was just 13%, based on
fundamentals. Clearly the exchange rate collapse was out of all pro-
portion to the actual misalignment.
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F ig u re 1
S h a re o f F ed era l G o vern m en t C o n su m p tio n
to G D P in M exico R ela tive to U S (in logs)

F ig u re 2
R ela tive M exica n P rod u ctivity (in logs)



¶18 E S T U D IO S E C O N O M IC O S

F ig u re 3
R ea l $ P rice o f P etro leu m (in logs)

F ig u re 4
R a tio o f M exica n to U S C P I (in logs)
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F ig u re 5
N o m in a l E xch a n ge R a te, P eso s/ $ (in logs)

F ig u re 6
H isto rica l R ea l E xch a n ge R a te (log)
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F ig u re 7
E stim a ted E qu ilibriu m L o n g-R u n

R ea l E xch a n ge R a te

F ig u re 8
E stim a ted R ea l E xch a n ge R a te O verva lu a tio n
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5 . C o n c lu sio n

We ¯nd that \fundamental" determinants of real exchange rates as
identi¯ed by the theoretical literature are in fact cointegrated with
nominal exchange rates and relative prices, for the bilateral case of
Mexico and the U S , while tests of P P P alone fail to reject a unit root
in the real exchange rate. The clear implication is that any attempt
to gauge the appropriate level of the nominal exchange rate must
consider more than just the relative price levels.

When we use the cointegrating equation to derive the path of the
\equilibrium" real exchange rate we ¯nd a rather severe undervalua-
tion during the debt crisis of the 1980s and a modest overvaluation
in the period immediately preceding the catastrophic devaluation in
December, 1994. The analysis suggests that nothing in the funda-
mentals of long-run real exchange rate determination can account for
the blow Mexico su®ered at that time.
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