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Mexico 's  maqu i ladora  indus t ry  has  been sub jec t  to  many cont rovers ies

over the years, but one controversy has doruinated, Opponents of the U.S.

legal provisions that facil iuate maquiladora profitabil ity argue that the

maqu i ladoras  take  jobs  f rom U.S,  workers ,  That  i s ,  Mex ican l ro rkers  compete

ltith U.S. workers for rnanufaecuring jobs. Advocates of the maquiladoras artue

that these jobs wouLd have gone abroad in any case, and thac Mexican workers'

real conpetit ion is the work forces of other Thlrd World countries.

Even though the two sides of this controversy hawe argued for much more

than a score of years, no one has developed a statistical testing procedure to

address the dispute econometricaLly. The reason is that standard hypothesis-

testing techniques cannot be used to treat this issue, The most obvious

variables to use in testing the two competing hypotheses are so rnuLt ico Ll- inear

that any conventional nodel using the variables alvays generates highly

suspec t  resu l ts .

pdpc ! ,  r  p resent  a  tes t ing  rne thod tha t  mi t iga tes  some o f  the

problems of mul t icoll lnear i ty and allows one to examine the two competing

hypotheses  about  rnaqu i ladoras  and U.S.  jobs .  The tes t  i s  ind i rec t ,  because i t

neasures the responses of rnaquiladora emplo1'rnent to changes in Mexican-U.S.

and Mex ican-As ian  Th i rd  Wor ld  wage d i f fe ren t ia ls ,  and does  no t  d i rec t l y

neasure  losses  in  U.S.  jobs  or  d i rec t l y  resu lc ing  inc reases  ln  Mex ican or

Asian enplo)rment. Moreover, the resulls of the testing procedure are highly

tenuous, because very few observations with clean data are available-

Accord ing ly ,  i t  i s  hard  to  know much about  the  in te r re rnpora l  s tab i l i t y  o f

re la t ionsh ips  imp l ied  by  the  procedures  I  use .  Never the less ,  the  resu l ts

to  r low are  s t r i k ing .  They  suggest  tha t  bo th  s ides  o f  the  cont roversy  are

about  equa l ly  cor rec t .

the
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An Econometric Model of lnternacional
Wase Competit ion in the Maquiladoras

The determinants of f luctuations in maquiladora output and enploynenc

have been the subj ect of a nurnber of studies, and there is general agreenent

on nany related issues (Navarrete Vargas and Hernandez 1988; Anozurrutia C.

1988;  Fuentes  F lo res  1989) .  There  is  r , r ide  agreenent  tha t  changes in  U.S.

demand affect changes in naquiladora activlty because maquiladoras chiefly

serve  U.S.  narke ts .  L ikewise ,  there  is  1 i t t1e  d isagreement  over  the  c la i rn

that changing disparit ies bet\reen wages in Mexico and those of its industrial

comPet i to rs  exp la in  a  subs tan l ia l  por t ion  o f  f luc tua t ions  in  rnaqu i ladora

emplo)rmenc. When Mexican wages faLl relative to wages elsewhere, maquiladora

erDplo)rylent grows.

Despite agreement that wage differenuials are important in explaining a

significant portion of rnaquiladora employrDent and output f luctuations, the

relative effecus of Mexican r{'ages versus U-S. wages and Mexican wages versus

other Third World wages renain to be addressed econome tr ical Iy. Opponents of

naqu i ladoras  contend tha t  maqu i ladora  inves tnent  by  U.S.  f i rms has  the  e f fec t

o f  expor t ing  jobs  f ro rn  the  Un i ted  Sta tes .  U.S.  workers  s tay  in  the  Un i ted

Sta tes ,  accord ing  to  th is  a rgr . rmen! ,  wh i le  the i r  jobs  go  to  Mex icans .

Advocates of the uraquiladoras argue that Mexico is competing with the res! of

the  wor ld  fo r  labor ' in tens ive  produc t lon  and tha t  U,S.  jobs  los t  to  the

naquiladoras would have been lost sooner or later to othel lorrr-rlrage countries

anyway . I

Hypothe  t  i ca l -  Ly ,  th is  cont roversy  cou ld  be  ind i rec tJ -y  addressed by  us j -ng

1 For further references to these
see U.S,  ln ternai ional  Trade Conmiss ion
( 1 9 8 5 ,  1 4 )  .

controvers ies and thei r  par t ic ipants,
(1986, 24) and Grunwald and Ffalun
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measures of lrage differencials in a Iinear regression equation that explains

changes in rnaquiladora enployrnent. If the naquiladora opponents, contention

is  cor rec t ,  then Mex ico-U.S.  wage d i f fe ren t ia ls  wou ld  be  s ign i f i can t  in

explaining fluctuations in maquiladora ernployrnent, As Mexican wages fell

relative to U,S. wages, rnaquiladora enplolrment r^rould lncrease. As Mexican

wages rose  re la t i ve  co  U.S.  wages,  rnaqu iLadora  employment  \ ^ rou ld  fa l l ,  o ther

th ings  (such as  U.S.  dernand)  equa l .

If the naquiLadora advocates' argument is correct, then a measure of che

re la t ion  be tween Mex ican wages and wages o f  o ther ,  conpet ing  low-wage

countries would explain variations in maquiladora employnent. As Mexican

wages fell relative to those of conpeting low-wage countries, naquiladora

enploynent would rise, l, ihen Mexican lrages rose rel-ative to those of competing

Iow-wage countries, maquiladora emplo)rment would fall , other things equal.

These econonetric results vrould be necessary to validate each side of

the arg\rment, but they would not be sufficlent, For one or the other

conpetlng argument to doninate, one variable would have to be shov'n to have

s t ronger  s ta t i s t i ca l  resu l ts  than the  o ther .  I f  boch conpet ing  argurnents  have

ner j . t ,  i t  i s  hypothe t i . ca l l y  poss ib le  to  tes t  the  re la t i ve  s t rength  o f  each by

including both wage wariables in the sane regression equation and then
:  : t .  i  . r . -

exanining the values of the relewant coefficients.

Prov id ing  tha t  bo th  coef f i c ien t  wa lues  were  s ign i f i can t ly  d i f fe ren t  f rom

zero, forming a ratio of the two would suggest sonething about the relative

s ign i f i cance o f  each argument .  That  i s ,  i f  the  coef f i c ien t  on  the  var iab le

tha t  charac ter ized  Mex ico  versus  U.S.  wage d i f fe ren t ia ls  were  s ign i f i canc ly

la rger  than the  coef f i c ienc  on  the  var iab le  tha t  charac ter ized  Mex ico  versus

other  low-wage count ry  wage d i f fe ren t ia ls ,  i t  wouLd suggest  tha t  the



maquiladora opponents' argument lras stroFrter, and vice versa.

fn this context, however, it rrould be inportant to show by standard

tests that one or both of the coefflcients were significantly dlfferent from

zero, If one measured coefficient lrere larger than the other but neither

could be shovn to be statistically different from zero, the results of the

test would be indeterminate.

Since denand factors also cLearly have important effects on fluctuations

in maquiladora activity, a rnodel that i.ncludes only wage-related argrxtents

wou ld  su f fe r  f rom misspec  i f i cac ion .2  Moreover ,  the  economet r ic  convent ions  o f

the l iterature on rnaquiladoras suggest that a measure of U,S. demand warrants

inclusion in a rnodel of f luctuations in the activity of this industrial

s e c t o r .

In sum, three wariables appear to be reasonable candidates to explain

fluctuati.ons in maquiladora ernpLoyrnent. First, a measure of percentage

changes in the ratio of Mexican manufacturing wages to U,S. manufacturing

trages deserves Lnclusion.3 As Mexican nanufacturing wages fall relative to

U.S.  manufac tur ing  wages,  naqu i ladora  enp loyment  i s  expec ted  to  inc rease.

Second, a neasure of percentage chanBes in the ratio of Mexican manufacturing

\,/ages to an average of rnanufacturing wages in Hong Kong, Korea, Slngapore, and

" Amozurrutia C. notes that, during t}:e 1974-15 crisis in the
maquiladora industry, the Mexican Secretary of Industry and Conmerce stated
that (ny translation) "the degree to which the present problerns in the maquila
indus t ry  have been caused by  the  Un i ted  Staces  recess ion  has  ye t  to  be
ana lyzed"  (1988,  249) .  S ince  then,  Amozur rur ia  C.  (1988) ,  Navar rere  Vargas
and Hern6.ndez  (1988) ,  and Fuentes  F lo res  (1989)  have a lL  p rov ided ev idence to
suggest  a  re la t ion  be tween f luc tua t ions  in  rneasures  o f  U.S.  dernand and
f luc tua t ions  in  measures  o f  naqu i ladora  ac t iv i t y ,

3  Note  thac  t rans forn ing  the  da ta  in to  f i rs t  d i f fe rences  o f  logar i thms,
as  I  have done in  a l l  tes ts  p resented ,  i s  essent ia l l y  the  sane as  ca lcu la t ing
percentage changes in the data.
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Taiwan ls included.a Thlrd, in order to capture the effect of f luctuations in

U.S.  demand,  a  measure  o f  percentage changes in  U.S.  g ross  na t iona l  p roduc t  in

1982 do l la rs  ( rea l  cNP)  i s  inc luded.5

In this rnodel, all variables ate expressed in dollars, and all data are

applied in the forrn of f irst differences of logarithrns. Moreover, the waBe

war iab les  are  lagged by  one year ,  wh l le  the  U.S.  CNP var iab le  i s

conteEporaneous . This configuration is based on the following assumptions.

F i rs t ,  new p lan ts  1 -ocate  in  Mex ico  in  response to  changes in  wage

differentials between that country and ocher nations. The location or

relocation process takes tine and, in this case, is conjectured to take one

year .  Second,  ex is t ing  p lan ts  respond to  inc reases  in  U,S,  dernand by  h i r ing

more labor. They do not relocate but sinply hire more vorkers. The limited

4 The source  o f  a l l  wage da la  used in  th is  mode l  i s  U.S.  Depar tnent  o f
Labor ,  Bureau o f  Labor  S ta t i s t i cs ,  Of f i ce  o f  Produc t iv i t y  and Techno logy ,
Supplementary Tables for "International Comparisons of Hourly Compensacion
Coscs  fo r  Produc t ion  Workers  in  Manufac tur ing ,  "  BLS Repor t  754 (August  1988)
for L975 and L977-87 and BLS Report 771 (Augusr 1989) for 1976. These dara
ate annual and are adjusted for differences anong countries in worker benefits
that are not direct wage pa)ments.

5  In  p re l in inary  tes ts ,  leve ls  and (separa te ly )  logar i thms o f  leve ls
r r re re  used in  regress ion  equat lons .  In  these tes ts ,  ser ia l  cor re la t ion  proved
to  be  s ign i f i can t .  That  i s ,  in te r tenpora l  cor re la t ions  o f  e r ro rs  ex is ted ,
Subsequent ly ,  I  used f i rs t  d i f fe rences  o f  logar i thms.  When the  da ta  were
t rans forned in  th is  way,  ser ia l  cor re la t ions  were  shown not  to  be  s ign i f i can t .
As  a  resu l t ,  a l l  da ta  used in  a l l  tescs  presented  were  t rans formed in to  f i rs t
d i f fe rences  o f  logar i thms.

I t  shou ld  be  no ted ,  however ,  thaL the  Durb in -Watson s ta t i s t i cs  fo r  sone
of the regression equatlons presented in the tables are in the indetefuinate
range. That is, using the Durbln-Watson test, lre cannot be sure rdhether the
ser ia l  cor re la t ion  is  s ign i f i can t ,  ewen when us ing  f i rs t  d i f fe rences  o f
logarlthms. In each of these cases, and in the case of the index equation
thaL is  d iscussed la te r ,  ARIMA equat ions  were  cons t ruc ted  in  o rder  to
characcer ize  the  re levant  p rocess  o f  ser ia l  cor re la t ion .  In  l i te ra l l y  every
case,  Lh is  p rocedure  showed Ehat  the  nu l l  hypothes is  o f  ze to  in te r tempora l
cor re la t ion  o f  e r ro r  te r rns  cou ld  no t  be  re jec ted  a t  the  0 .05  Leve l .  That  i s ,
desp i te  lhe  uncer ta in  resu l ts  o f  the  Durb in -Watson ces ts ,  a1 l  these processes
turn  ou t  to  be  wh i te -no ise  processes  when sub jec t  to  tes t ing  by  means o f  ARIMA
e q u a t i o n s .



nunber of observations available

experimentation !rj.th alternative

found to offer considerably rnore

ra t los  ,  however .

for the wage series does rrot permit much

1ag structures. Lagged wage ratios l^tere

explanatory power than contenporaneous \dage

Tab le  1  p resents  the  resu l ts  o f  th ree  regress ion  equat ions ,  each o f

which ineorporates two or more of these variables, using annual data for the

per iod  1975-87.  Regress ion  equat ions  tha t ,  respec t ive ly ,  inc luded the  Mex ico-

U.S.  wage var iab le  and the  U.S.  GNP var iab le  and,  separa te ly ,  che  Mex ico-

Pac i f i c  na t ion  wage var iab le  and the  U.S.  cNP var iab le  p rov ide  the  expec ted

signs. Moreover, the wage varlable included in each of the two-vatiable

equations passed the usual tests used to deternine whether a coefficient is

s ign i f i can t ly  d i f fe ren t  f ro rn  zero .  The GNP var iab le  d id  no t  pass  th is  tes t ,

but the theoretical reasons for ineluding a measure of demand seemed

sufficientLy compelling to include this variable an)nvay. A third equation,

wh ich  conta ins  a l l  th ree  var iab les ,  p rov ides  resu l ts  whose s igns  are

cons is ten t  w i th  expec ta t ions  bu t  whose lewe ls  o f  s ign i f i cance fo r  the  wage

variables are not-

Even though the  coef f i c ien ts  o f  the  Mex ico-U.S.  wage var iab le  and the

Mex ico-Pac i f i c  na t ion  r^ rage var iab le  took  on  the  expec ted  negat ive  s igns  in  an

equat ion  tha t  inc luded them and the  CNP var iab le ,  ne i ther  wage coef f i c ien t  was

s ign i f i can t ly  d i f fe ren t  f ro rn  zero .  These reduc t ions  in  s ign i f i cance (cornpared

rrti th the Llro-variable equations) sutgest an econometric problern that was also

encountered in a sorneurhat sinilar naquiladora - related modeling exercise by

Rodo l fo  Navar re te  Vargas  and Jos6 Lu is  Hernandez ( f988) .

Lhe ex is tence o f  rnu l t i coL l inear i ty  be tween i the  two



var iables that  express re lat ive costs, That is, novements in the ti^ro !"age

var iab les  are  h igh ly  cor re la ted  w i th  one another .T  Th is  cor re la t ion

subs tan t ia l l y  reduces  the  ab i l i t y  o f  regress ion  ana lys is  to  a t t r ibu te

variatious in roaquiladora employment separately to each wage variable. Thi.s

problern probably explains why, despite years of controversy between pro- and

ant i -maquiladora groups, no published. research has ever addressed this

ques t ion  s ta t i s t i ca l l y .

7

r E

There  ex is ts  no  d i rec t  meuhod fo r  cor recc ing  the  prob lems o f

.mu l t i co lL inear i ty  in  regress ion  equat ions ,  beyond increas ing  the  number

observa t ions .  Accord ing ly ,  the  issue tha t  I  o r ig ina l l y  posed cannot  be

d i rec t l y  answered by  l inear  regress ion  ana lys is  w i th  the  present  da ta ,

though both argurnents apparently are importanc, the argulents cannoc be

re la t i ve ly  we igh ted .

A procedure  does  ex is t ,  however ,  tha t  aL lows fo r  l re igh t ing  these

variables in a context that avoids mult ico I Linearity . This proced.ure is

principal components analysis,

Principal conponenls analysis can be used to compress the varlation of

o f

Even

6 Navar re te  Vargas  and Hernandez (1988,
be noted that che Navarrete Varsas - Hern6.ndez
data  tha t  a re  no t  cor rec ted  fo r  in te rna t iona l
I used annual data because, to rny knowledge,
conta in  such cor rec t ions .

225) ,  ny  t rans la t ion .  I t  shou ld
rnodel is quarterly and uses wage

d i f fe rences  in  worker  benef i  t s  .
they are the onlv data that

' In fact, even when the data are Cransformed into first differences of
logat i thns ,  the  coef f i c ien t  o f  cor re la t i .on  be tween the  two wage var iab les  is
0 .985.  Th is  i s  subs tan t ive  ewidence o f  very  ser ious  rnu l  t i co  l i  inear i  t y .  In
cont ras t ,  the  coef f i c ien t  o f  cor re ra t ion  be tween the  t rans forned wers ion  o f
the  Mex ico-Pac i f i c  na t ion  wage ra t io  and the  CNp var iab le  i s  on ly  0 .255,  wh i le
the  coef f i c ien t  o f  cor re la t ion  be tv reen the  t rans forned wers ion  o i  the  Mextco-
u 's .  wage ra t io  and the  GNp var iabre  is  0 .311.  These la t te r  two coef f i c ien ts
o f  cor re la t ion  suggest  Chat  the  ins ign i f i cance o f  the  CNp var iabLe in  the
equat ions  in  wh ich  i t  appears  i s  no t  a  resu l t  o f  nuLt ico lL inear i ty .
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several varlables into one or more index wariables.S The resulting index

wariable ls knom as a principal component. The principal conponent is a

linear cornbination of sorne collection of variables, such as the taTo wage

varlables. A mathematical procedure is used to naximize Che anount of

variation, of each wage variable, that can be captured in one index. As parr

of this wariance - maximization procedure, the effects of the two wage variables

are orthogonal ized, s so that the mul t icoll ineari ty problen is much nitigaEed.

The resulc of this rnaxirnization procedure is uhat a coefficient is

au tached to  each var iab le ,  wh ich ,  in  the  present  case,  means each o f  the  two

wage variables. (Indeed, the index is nouhing nore than a variacion- maximized

l inear  combina t ion  o f  i t s  conponent  var iab les . )  Aga in ,  in  our  case,  those

var i .ab les  are  the  Mex ico-Pac i f i c  na t ion  wage ra t io  and the  Mex ico-U.S,  wage

r a t i o .

More  impor tan t ly ,  the  vaLues o f  the  coef f i c ien ts  es t ina ted  fo r  the

war iab les  used to  cons t ruc t  th is  index  " ind ica te  the  re la t i ve  i rnpor tance o f

each otiginal variate in the new derived component" (Morrison 1967 , 225).

This rneans that I,re can compare the weighEs of the two wage wariables when they

are used to create a principal conponent index, and we can do so with

8  For  example ,  the  f i rs t  p r inc ipa l  conponent  o f  the  conp lex  o f  sarnp le
va lues  o f  the  responses  Xr ,  .  .  . ,  \  i "  the  l inear  compound

Y t  :  a r 1 X 1  +  . . .  +  a o r \ ,

whose coef f i c ien ts  a l l  a re  the  e lements  o f  the  charac ter is t i c  vec tor
associated rrith the greatest characteristic root 11 of the sample covariance
nat r i x  o f  the  da ta .  The a  are  un ique up  co  mul t ip l i ca t ion  by  a  sca le
fac tor .  I f  they  are  sca led  such tha t  a rar  -  1 ,  the  charac ter is t i c  roo t  11  is
in te rpre tab le  as  the  sample  var iance o f  y r .  (See Mor r ison  Lg6 l  ,  ZZ4. )

I  That  i s ,  the  pr inc ipa l  components  equat ion  is  fo rned so  as  to  suppress
Ehe contan ina t ing  e f fec ts  o f  one l rage var iab le ,s  cor re la t ion  w i th  the  o ther .
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confidence that the multlsoll inearity problens have been avoided. That is, if

the  we igh t  (o r  coe f f i c i .en t )  fo r  the  Mex ico-U.S.  wage war iab le  were

significantly larger than that of the Mexico-Pacific nation wage variable,

this vtould suggest that the rnaquiladora opponents, argLunent had more nerit

than the maquiladora advocates, argument, and vice versa.

Table 2 provides the resulus of the principal conponents procedure.l0

The index - cons truction process has attached virtually identical weithts to the

cwo variables. These r,/e ights are expressed in the rows beneath the heading

"eigenvector." The index number is then incLuded as an independent variable,

a long w i th  the  same GNP var iab le  used in  p rev ious  regress ion  equat ions ,  in  a

regression equation that explains variation in rnaquiladora emplo).nent, The

d iagnost ic  s ta t i s t i cs  o f  the  equat lon  (see Tab le  3 )  a re  la rge ly  s i ru i la r  to

those of the three-variable equation, except that the lewel of significance of

the  wage index  var iab le  eas i l y  re jec ts  the  nu l l  h ) rpo thes is  a t  the  0 .05  leve l .

That is, the wage index variable is highly significant whereas, \^rhen the two

wage variables were included in uhe sane equation, neither of them was

s ign i f i can t .

I t  i s  in te res t ing  to  no te  the  ab i l - i t y  o f  the  a l te rna t ive  rnode ls  to

forecast naquiladora growth out of sarnple. If the index model forecasted less

accuraue ly  than the  or ig ina l ,  mu l t i co l l inear  mode l  ,  th is  \ , rou ld  ra ise  ques t ions

about the validity of the weighting scherne. Indeed, the purpose of

constructing Che forecasting equations is that they can serve as an avenue for

the  es tab l i shment  o f  re l iab le  we igh ts -  Two fo recas t ing  equat ions  l re re

cons t ruc ted ,  us ing  da ta  fo r  L975-84,  in  o rder  to  p red ic t  maqu i ladora

10 Note that this index number is an indexed version of the first
p r inc ipa l  component .
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emplo)rment in 1985, l-986, and 1987. One forecasting equation incorporates the

two r.tage wariables and uhe U.S. real GNp variable that were discussed above.

A second equation incorporates the lrage index, together with U.S. real GNp.

Chart I depicts the out-of-sarnple maquiladora employment forecasts nade

by the index-based model and by the origlnal three-wariable rnodel, together

with actual maquiladora enploynent growLh. This chart suggests that, despite

che small number of sample observations used to construct the models, both

generally manage to forecast maquiladora growth lrittt a high degree of

accuracy. More interestingly, however, Chart 1 suggests that the index-based

rnodel forecasts nore accurateLy than the original model ,

Tab les  4  and 5  prov ide  fo recas t  resu l ts  and re la ted  d iagnos t ic

s ta t i s t i cs  suggest ing  tha t  the  impress ion  o f  re la t l ve  fo recas t  accuracy  in

Char t  l  i s  no t  dece iv ing . l l  In  these resu l ts ,  roo t  nean square  er ro r  (RMSE)

is  p rowided as  a  neasure  o f  overa l l  ou t -o f -sanp le  fo recas t  accuracy .  Note

that the index-based rnodeL gives a lower RMSE than the original three-variable

equation, suBgesting che usefulness of the index equation as a forecasting

instrunent. That is, other things equal, an equation containing an index that

veights the two wage valiables about evenLy is shown to be somewhat rDore

accurate in forecasting maquiladora ernployment than an equation containing the

or ig ina l  wage var iab les .

This resul t  does not  of fer  concLusive proof  chat  rhe pr inc ipal

conponents -based weight ing scheme prov ides a h ighly  accurate p ic ture of  the

"  Note  tha t ,  in  the  tab les  here ,  the  fo recas ts  a re  p resented  in  the
for rn  o f  f i r s t  d i f fe rences  o f  logar i th rns .  The fo recas ts  a re  p resented  in  th is
form because that is how they were constructed, and not as the estinated
va lues  o f  ac tua l  uaqu i ladora  employmen! .  Th is  p resenta t ion  fac i l i ta tes  the
per fo rmance o f  d iagnos t ic  checks .  Char t  1 ,  o f  course ,  does  dep ic t  the
es t imated va lues  o f  maqu i ladora  employmenE.  In  Char t  1 ,  i c  i s  poss ib le  to  see
the difference between the enplo)rment forecasts and what actually occurred.



relative effects on maquiladora gro!/th of f luctuations in each of the two wage

variables. As yet, there are not enough observations to allow inquiry into

the  suab i l i t y  o f  the  es t lna tes  over  u ime.

Nevertheless, the resuLts so far do suggest that che \.reighting schene

may offer more accurate forecascs than Ehe schene irnplicit in the relative

values of the coefficients in the original three-variable equation. This

inplles that the principal conponents -based weighting scheme more accurately

characterizes the true relative weights of the two arguments in the

maquiladora controversy than do the weights in the original, multicoll inear

equat ion .

Surnrnar]r and ConcLus ions

A statistical attempt has been made to resolve a lont- standing

controversy about I,rhether naquiladoras take jobs from American workers or from

workers in Iow-wage Pacific countrles. Two conclusions can be drarrm from the

research  presented  here ,  One invo lves  the  easy  and accura te  fo recas tab i l i t y

of maquiladora emplol'rnent; the other, more important conclusion involves the

inpact of two different classes. of wage differentials on rnaquiladora

enplo)rment.

The flrst conclusion is that a sirnple tr^ro-variable rnodel can provide

reasonably accurate forecasts of maqui.ladora enploynent growth, provided that

the  e f fec ts  o f  Mex ico-U.S.  and Mex ico-Pac i f i c  na t ion  wage ra t ios  a re  captured

in  one (p r inc ipa l  conponent )  index  var iab le .  A  fa i r l y  h igh  degree o f  fo recas t

accuracy was shown, despite the use of only a srnall number of observations in

the  esc ina t ing  equat ion .  The degree o f  s tab i l i t y  o f  the  re la t ionsh ips

captured  by  the  fo recas t ing  equat ion ,  hovever ,  remains  to  be  seen,  i  ThO degree

of  s tab i l i t y  can  be  observab le  on ly  th rough add i t iona l -  observa t ions .



Despite the apparent usefulness of this forecasting procedure, the most

important piece of informatLon provided by the process of model construction

is that both cotrpeting arguments about maquiladoras as a sink for U.S. jobs

appear uo be abouu equally correct. That is, maquiladora growth appears about

equa l ly  in f luenced by  Mex ico-U.S.  wage d i f fe ren t ia ls  and by  Mex ico-pac i f i c

natlon wage differencials. whether this resulr hords for future observation

Periods remains to be seen, but the estination methodology presented here at:

least permits other researchers to nake statisuical amendnents and

recons iderations as additional data becorne available. This is an improvernent

over  what  has  been poss ib le  be fore ,  because the  here to fo re  inso lvab le  p rob lem

of multico lI ineari ty seens to have discouraged other researchers frorn

s taCis t i ca l l y  address ing  th is  cont roversy .
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Table I

Results of Regression Equations

Rat io  of
I' lexican wages U. S .

.  In tercept  to  U.S.  wages GNP

C o e f f i c i e n t  0 . 0 7 9  - 0 .  3 0 0  0 . 7 3 9
t  s u a t i s t i c  2 . 0 8 9  - 2 . 8 0 3  0 . 8 1 2
Sunnary statis tic s

R 2  0 . 4 9 6
A d j u s t e d  R z  0 . 3 6 9
Durbin-Watson 2 .547
A u c o c o r r e l a t i o n c h e c k  ( p r o b a b i l i c y )  0 . 1 1 7

Rat io of
Mexican wages U.  s .

ln tercept  to  PACNIC wages GNP

C o e f f i c i e n t  0 . 0 7 1  - 0 .  3 1 4  0 . 5 7 9
t  s t a t i s t i e  L . 7 7 6  - 2 . 7 4 3  0 . 6 4 0
Sunnary s  ta t is  t ic  s

R -  0 . 4 8 5
A d j u s r e d  R 2  0 . 3 5 6
D u r b i n - W a t s o n  2 . 7 4 3
Autocorre]at ion check (probabi l i ry)  0 .070

Rat io of  Rat io  of
Mexican \ tages Mexican wages U.S.

Intercept  to  PACNIC wages to U.S.  wages GNP

C o e f f i c i e n t  0 . 0 7 8  - 0 . 0 3 4  - 0 . 2 6 8  0  . 7 2 3
t  s t a t i s t i c  L . 6 9 5  - 0 . 0 4 7  - 0 . 3 9 0  0 . 7 0 5
Sunmary stac istics

R 2  0 . 4 9 6
A d j u s c e d  R 2  0 . 2 8 0
Durbin-Watson 2 .512
Autocorre la t i .on check (probabi l i ty )  0 .155

SoURCES OF PRIMARY DATA: Inst i tu to Nacional  de Esradisr ica.
C e o g r a f i a  e  I n f o r m 6 c i c a .

U.S.  Department  of  Cornnerce -
U .  S .  D e p a r t n e n t  o f  L a b o r .
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Table 2

Results of Principal Components Analysls

Rat io  o f  Rat io  o f
Sinple Mexican wages Mexican wages

s ta t i s t i cs  to  PACNIC ' rages  to  U.S.  wages

M e a n  - 0 . 1 2 9  - 0 . 0 9 2

Standard dewiation

Tota l  var iance :  0 .1059831

o.233 o .228

Eigenvalue

Eigenvector
Mexlco/PACNIC
Mexico/U . S .

Pr  inc  ipa l
component

0  .  104618

o .7L4571
o  .699563

SoURCES OF PRIMARY DATA:  Insr i ru to  Nac iona l  de  Esrad is r ica ,
Geogra f ia  e  In fo rmat  i ca  .

U.  S ,  Depar tmenc o f  Commerce.
U-  S .  DeDar tnent  o f  Labor ,
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Table 3

Results of Princlpal Conponents Regression

Pr inc ipal
conponent  U.  S .

Intercept index cNP

C o e f f i c i e n u  O . O 7 4  - 0 . 2 1 8  0 . 6 6 5

t  s t a t i s t i c  L , 9 2 7  - 2 . 7 9 2  0 . 7 3 5

Slmmary s tatis tics
R 2  0 . 4 9 4
Adjusted R2 0.36i
Durbin-Watson 2 .655

SoURCES OF PRIMARY DATA: Insriruro Nacional de Esradisrica,
GeoSra f ia  e  In fo rna t ica .

U.  S ,  Depar tment  o f  Commerce,
U.  S .  Depar t rnent  o f  Labor .
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Table 4

Forecast  Resul ts  Uslng Or ig inal  Model

Actua] vaLues

Rat io  o f  Rat io  o f
Mexican Mexican Root  mean

wages co wages to u.s .  square
PACNTC wages U.S.  wages GNp predic ted Actual  Residual  error

1 9 8 5  0 . 0 1 1 2  0 . 0 7 4 2  o . O 6 s 6  0 . 1 0 9 9  0 . 0 5 9 7  _ 0 . 0 5 0 2

1 9 8 6  - 0 . 0 1 1 4  - 0 . 0 2 0 9  0 . 0 3 3 0  0 . 0 8 5 1  o  . 7 6 4 4  0 . O 7 g 2

1 9 8 7  - 0 . 3 6 1 1  - 0 . 3 4 9 3  0 . 0 2 8 1  o . 1 9 8 9  o  . 2 0 0 4  0 . 0 0 1 4
0 . 0 5 4 2

SOURCES OF PRIMARY DATA:  Ins t i ru to  Nac iona l  de  Es tad is t i ca ,
Geogra f ia  e  In f  o rm, i t  i  ca .

U.  S .  Depar tment  o f  Conunerce .
U.  S .  Depar t rnent  o f  Labor .

Maquiladora
amploynent
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I A D I E  J

Forecast Results Using principal Conponents llodel

Actual values

PrincipaL
component  U.  S.

index CNp

1 9 8 5  0 . 0 s 9 9  0 . 0 5 5 6

1 9 8 6  - 0 . 0 2 2 8  0 . 0 3 3 0

L 9 8 7  - 0 . 5 0 2 4  0 . 0 2 8 1

Pred ic ted  Ac tuaL Res idua l  e r ro r

0 .1133  0 .0s97  -0 .0s36

0 .  t 01L  o .1644  0 .0633

0 .2034  0 .2004  -0 .0030

0  .o479

Maquiladora
enploltnent Root mean

square

SoURCES OF PRI I , IARY DATA:  Ins t i ru ro  Nac iona l  de  Esrad is t i ca ,
C e o g r a f i a  e  I n f o r m a t i c a .

U.  S .  Depar tment  o f  Connerce .
U.  S .  DeDar tment  o f  Labor .



Chart 1
Comparison of Actual Maquiladora Employment
and the Original and Principal Components Forecasts
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SOURCE OF PRIMARY DATA: lnstiruto Nacionalde EsraOi'stica, Geografi/a
e Informdtica.



RESEARCH PAPERS OF THE RESEARCH DEPARTMENT
FEDEML RESERVE BANK OF DALI,A,S

Available, at no charge, from the Research Department
Federal Reserve Bank of Dallas, Station K

Dal las ,  Texas  7  5222

8801 Estimating the Impact of Monetary policy on Short-Term fnterest Rates
in a Rational Expectations - - Efficient Markets Model: Further Evidence
(Kenneth J. Robinson and Eugenie D. Short)

8802 Exchange and Interest Rate Management and the International
Transmission of Disturbances (W. Michael Cox and Douglas McTaggart)

8803 Theoretical Macroeconomic Modell ing and Qualitative Specifications of
the Bond Market (l,I i l l ian R. Russell and Joseph H. Haslag)

8804 Augnented Information in a Theory of Arnbiguity, Credibil i ty and
In f la t ion  (Nathan Ba lke  and Joseph H.  Has lag)

8805 Irrvestnent and the Norninal lnterest Rate The Variable Velocity Case
( Evan F. Koenig)

8806 Tax Pollcy and Texas Econonic Developrnent (Stephen P.A. Brown)

8807 Unionization and Unemployrnent Rates: A Re-Examination of
o lson 's  Labor  Car te l i za t ion  Hypothes is  (Wi11 iam C,  Gruben)

8808 The Development and Uses of Regional Indexes of Leading Econornic
Ind ica tors  (Ke i th  R.  Ph i l l  ips  )

8809 The Contribution of Nonhomothetic Preferences to Trade (Linda
Hunter)

8810 Evidence on the Tvo Monetary Base Measures and Economic Activity
(Joseph H.  Has lag  and Scor r  E .  He in)

8811 The Inc idence o f  Sanc t ions  Aga ins t  U.S.  Enp loyers  o f  I l l ega l  A l iens
(John K.  H i l l  and  James E.  Pearce)

8901 An Economet r ic  Ana lys is  o f  U .S.  O i I  Denand (S tephen P.A.  Bro \ rn  and
Ke i th  R.  Ph i l l i ps  )

8gO2 Fur ther  Ev idence on  the  L iqu id i ty  E f fec t  Us ing  an  Ef f i c  ienc  -  Marke ts
Approach (Kenneth J. Robinson and Eugenie D. Short)

8903 Asyruretric Information and the Role of Fed Watching (Nathan Balke and
Joseph H.  Has lag)

8904 Federa l  Reserve  Sys ten  Reserve  Requ i renents :  1959-88- -A Note  (Joseph
H.  Has lag  and Scot t  E .  He in)

8905 Scock  Returns  and In f la t ion :  Fur ther  Tes ts  o f  the  Proxy  and Debt -
Monet iza t ion  Hypothes is  (Dav id  E1y  and Kenneth  J .  Rob inson)



8906 Real Money Balances and the Tirning of Constmption: An Ernpirical
Investigation ( Evan F. Koenig)

89Ol The Effects of Finaneial Deregulation on Inflation, Velocity Crowth,
and Monetary Targeting (W. Michael Cox and Joseph H. Haslag)

8908 Daylight Overdrafts: Who Really Bears rhe Risk? (Robert T. Clair)

8909 Macroeconomic Policy and Income Inequality: An Error - Correction
Representa t ion  (Joseph H.  Has lag  and Dan ie l  J .  S lo t t je )

8910 The Clearing House Interbank Pa)rnents Systeu: A Deseription of Its
Operations and Risk Managernent (Robert T. Clair)

8911 Are Reserve Requirement Changes Really Exogenous? An Example of
Regulatory Accornmodatiorr. of Industry Goals (Cara S. Lor^m and John H.
Wood)

89LZ A Dynarnic Comparison of an Oil Tariff, a Producer Subsidy, and a
Gasoline Tax (Mine Yucel and Carol Dahl)

8913 Do Maquiladoras Take Arnerican Jobs? Some Tentative Econonetric
Resu l rs  (Wi l1 iam C.  Gruben)


