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AbstrAct 
The main purpose of this article is to estimate the pace and extent of the manufacturing wage gap 
between Mexican and U.S. production and nonsupervisory workers. It also evaluates a main te-
net of international trade, putting to the test the factor price equalization (fpe) theorem for the 
pre-nafta (North America Free Trade Agreement) period of 1987-1994 and two nafta sub-peri-
ods, 1995-2006 and 2007-2013. According to the aforementioned theorem, trade openness should 
render wages in both countries comparable and eventually convergent. The estimation technique 
used to test this theorem relies on an error correction model in a time series setting, using monthly 
data. The introduction of a real exchange rate as an exogenous variable becomes relevant. The 
author finds a substantial wage gap between production workers in the two countries, as conver-
gence has not taken place. As a result, the fpe theorem is not valid for the present case. The wage 
gap between production workers continues to be substantial, with a tendency to expand.
Key words: wage gap, Mexico, United States, nafta, factor price equalization theorem.

resumen

El propósito principal de este artículo es calcular el ritmo y extensión de la brecha salarial en el 
sector manufacturero para los trabajadores de la producción y no supervisores entre México y 
Estados Unidos. Se evalúa también un principio fundamental del comercio internacional: el teo-
rema de igualación del precio de los factores (ipf), que se puso a prueba desde el periodo previo 
al Tratado de Libre Comercio de América del Norte (tlcan) entre 1987 y 1994, y durante los dos 
subperiodos del tlcan, esto es, 1995-2006 y 2007-2013. Siguiendo el teorema mencionado, la ap-
ertura comercial debería rendir salarios comparables en ambos países, y eventualmente conver-
girían. La técnica de cálculo empleada para probar este teorema se basa en un modelo de 
corrección de errores por medio del ajuste de una serie temporal, usando datos mensuales. Es 
relevante la introducción de una tasa de cambio real como variable exógena. Se encontró una 
sustancial brecha salarial entre los trabajadores de la producción, además de que no se ha dado 
convergencia alguna; en suma, el teorema ipf no es válido para este caso. La brecha salarial entre 
los trabajadores de la producción sigue siendo sustancial, con tendencia a ampliarse.
Palabras clave: brecha salarial, México, Estados Unidos, tlcan, teorema de igualación del precio 
de los factores (ipf).

The Manufacturing Wage Gap: 
Mexico and the United States

La brecha salarial en la manufactura: México y Estados Unidos

carolina carbajal-De-nova*

*  Universidad Autónoma Metropolitana, enova@xanum.uam.mx. ORCID: https://orcid.org/0000-0002-6135-4094.



68 (DOI: http://dx.doi.org/10.22201/cisan.24487228e.2019.2.376)

Carolina Carbajal-De-nova
norteamériCa

IntroductIon

The North American region, composed of Mexico, the United States, and Canada, 
signed and implemented an international free trade agreement, the North American 
Free Trade Agreement (nafta), in 1994, following one previously signed by Canada 
and the United States in 1988. This treaty does not cover labor mobility among coun-
tries, although it seeks to deregulate trade in goods and services, as well as capital 
flows. However, labor is to compete indirectly, that is, through traded goods.

It was expected that factor prices would equalize thanks to international trade.1 
This is because free trade by itself would effectively contribute to reducing wage dif-
ferentials among trade partners. This factor convergence process through foreign 
trade is the crux of the factor price equalization (fpe) theorem. Originally advanced 
by Samuelson in 1948, its postulates seem most attractive. By means of free trade, 
equitable factor payments, in this case regarding labor, would be achieved without 
the migration requirements involved.

This article empirically examines wage gaps for manufacturing production and 
nonsupervisory workers in Mexico and the United States both for the manufactur-
ing sector as a whole and also hones in on six selected industries.2 An error correc-
tion model provides the econometric method to empirically gauge the manufacturing 
wage gap.3 I introduce two bilateral determinants in this model: the real exchange 
rate and the manufacturing production index ratio. These determinants help in esti-
mating the empirical rationale behind the wage gap. The computation of this gap for 
production workers for Mexico and the United States with respect to selected indus-
tries is based on the North America Industrial Classification System (naics),4 duly 
applied for both countries.

This article tests empirically whether the fpe accurately traces the manufacturing 
wage gap between Mexico and the United States for the pre-nafta period of 1987-
1994 and two nafta sub-periods, 1995-2006 and 2007-2013.5 The results of these esti-
mates could show the intensity by which Mexican competitiveness in manufacturing 

1 Usually factor prices are regarded as factor compensations or payments.
2  It should be added that maquiladora production (Mexican offshore assembly for export) is excluded from 

this study. While they are outside the aforementioned Mexican manufacturing survey, their importance 
deserves an analysis of their own. 

3  While the empirical literature has considered the wage gap subject extensively, no analysis has yet been 
done for manufacturing with this technique involving Mexico and the United States. 

4  The national statistic offices in the two countries use the same industrial codes to classify industrial produc-
tion workers and issue corresponding equivalence tables. Further information is available in Morisi (2003).

5  Stipulating three periods is due to the need to take into account that Mexico’s statistics office has included a 
different number of industrial activities in each, thus introducing time discontinuity. On the other hand, the 
United States has maintained continuity in the number of industrial activities for the manufacturing sector.
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has been found in the aforementioned gap. In addition, the wage gap leads to unfair 
competition of Mexico vis-à-vis its northern trade partners. In analyzing the magni-
tude and pace of this gap, the results provide an array of parameters for reducing that 
difference through Mexican government intervention in wage settlements.

In estimating a wage gap between Mexico and the United States, this article con-
centrates on its measurement within the theoretical framework outlined above. The 
possible reasons that could increase this gap are not considered here. Undoubtedly, 
several elements could give rise to international wage differentials. For instance, in-
stitutional, sociological, and demographic elements could play a key role in deter-
mining a possible gap. However, these questions are beyond the scope of this article.

This article is organized as follows: the first section presents a brief review of the 
literature regarding the theoretical tenets of free trade, as well as empirical studies 
regarding the wage differentials between Mexico and the United States. The second 
section shows the behavior of wage gaps through descriptive statistics. The third section 
estimates the wage differentials through an error-correction econometric model, fol-
lowed by its results. The fourth section presents my conclusions.

brIef LIterAture revIew

In the theoretical literature the fpe assumes only two production factors: labor type 
one and labor type two, in two countries. Labor production factor type one is usually 
located in a small country, with an abundance of labor as a production factor. Labor 
production factor type two is usually located in a large country, with a lack of labor as 
a production factor. The fpe theorem postulates that free international trade would 
ensure labor factor type one and two payments equalization. If this result holds, then 
it would imply that labor mobility would be redundant for attaining this outcome.

Regarding the soundness of the fpe theorem, Samuelson (1948) states that factor 
payments equalization is not only possible and probable, but in a wide variety of 
circumstances, it becomes inevitable:

1)  As long as there is partial specialization, with each country producing some 
of both goods, factor prices will be equalized, absolutely and relatively, by 
free international trade,

    and
2)  Unless initial factor endowments are too unequal, commodity mobility will 

always be a perfect substitute for factor mobility.
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Samuelson (1948) appears to provide adequate theoretical proof for the forego-
ing propositions for a two-region, two-commodity, and two-factor case. However, 
he introduces a caveat in the second proposition: unequal factor endowments could 
be held responsible for not attaining the wage convergence. As a result, a possible 
wage differential could be related to a capital-labor gap. 

According with Baldwing (2008) the familiar two-country, two-good and two-
factor propositions are often referred to as the Heckscher-Ohlin Samuelson (hos) 
model. This is in recognition of the contribution made by Samuelson in formulating 
the Stolper-Samuelson and factor price equalization theorem. 

Broadly speaking, the Heckscher-Ohlin theorem could be used for protectionism 
regarding a specific economic sector. According to Stolper and Samuelson (1941), this 
theorem assumes that the total amounts of production factors are to remain fixed. In 
addition, the introduction of trade must lower the relative share in the real or money 
national income going to the scarce factor of production. Continuing with Stolper 
and Samuelson (1941), the Heckscher-Ohlin theorem states that the total return to a 
factor equals its price times the amount employed. They assume full employment 
both before and after introducing trade. Thus, the total returns to the factors of pro-
duction are proportional to the rates per unit or marginal productivity. Stolper and 
Samuelson mention in this regard that if labor is the relatively scarce factor in the U.S. 
economy, it would appear that trade would necessarily lower the relative position of 
the working class as compared to owners of other factors of production.

Stolper and Samuelson (1941) consider that Haberley, Wicksell, Carver, Nichol-
son and others sustain a similar position to the one enunciated by the Heckscher-
Ohlin theorem: “If labour enters more importantly in the protected industry, it might 
possibly be harmed by free trade” (61), and “International trade necessarily lowers 
the real wage of the scarce factor expressed in terms of any good” (66).

Opinions are divided regarding the Heckscher/Ohlin view, when the Stolper-
Samuelson theorem is taken into account. In a nutshell, the latter theorem consti-
tutes a call for universal free trade. For example, Stolper and Samuelson (1941) claim 
that the Heckscher-Ohlin theorem begins to become less relevant with three or more 
factors of production, since the ratios of factor prices in the respective countries 
more closely approach unity.6 Stolper and Samuelson conclude that the Heckscher-
Ohlin theorem does not necessarily hold in the case of constant costs or multiple 
factors of production.7

6  Stolper and Samuelson (1941) consider that, as free international trade becomes a reality, the gaps between 
wages and capital, among other ratios of factor prices, would be one, since factor prices would become 
equal thanks to the FPE theorem.

7  Assuming constant costs in both countries implies that there are no scale technologies to explore. In this 
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The Stolper and Samuelson (1941) analysis assumes two countries, two com-
modities, two production functions homogeneous of the first order; a known fixed 
price ratio, , for labor type “one” for a small country in relation to labor type “two” 
for a large country; full employment before and after any change; and unvarying 
endowment production factors.8 They also consider the classical cost case of a large 
country vis-à-vis a smaller country.9 For these two countries the well-known condi-
tion of equilibrium of factor prices will be attained through trade. This equilibrium 
is expressed as the equalization of the ratios of marginal productivities with the ratio 
of factor prices.

It is also assumed that the first country in question is relatively small and has no 
influence on the prevailing terms of trade. Also, these authors assume that the re-
moval of duties will not destroy the formerly protected industry, but only force it to 
enter into a contract. A summary for the case analyzed in this article, taking into ac-
count Stolper and Samuelson (1941), is that given by nafta, where Mexico and the 
United States manufacturing labor factor of production of any type in any industry 
should attain the equalization of marginal productivities and their respective pay-
ments thereof.

The basic proposition of the Heckscher-Ohlin theorem is also known as the Ryb-
czynsky theorem (1955).10 This theorem is related to factor endowment and relative 
commodity prices under the terms of trade. Rybczynsky assumes a closed economy 
and two factors of production. He proves that maintaining the same rates of substi-
tution in production after the quantity of one factor has increased must lead to an 
absolute expansion in the production of the commodity using relatively much of 
that factor, and to an absolute curtailment of production of the commodity using a 
relatively scant amount of the same factor. He concludes that external terms of trade 
will deteriorate production. In this sense, Rybczynsky does not foresee any benefit in 
free trade agreements.

sense, constant costs in both countries would be the same as they were using the same kind of technology. 
In addition, this assumption implies that capital endowments are the same in both countries.

8  The production functions homogeneous of the first order assumption implies that their level sets will in-
crease in the same proportion that the production factors increase; that is, if production factors increase by 
a factor of two, the corresponding production function would also increase by a factor of two. In other 
words, this implies a steady state of technology, that is, an absence of technological change. A fixed price 
ratio, , implies a price ratio of the same type of production factor in country “one” versus country “two.” 
Considering this fixed price ratio as known, Stolper and Samuelson (1941) are imposing an implicit equi-
librium condition to the system under analysis.

9  The large country could be taken to be the United States. Similarly, the small country could be taken to be 
Mexico.

10  Hanson and Slaughter (1999) explained that the empirical evidence for the United States related to the 
Rybczynsky theorem points out that endowment shocks via changes in output are absorbed without any 
changes in relative regional factor prices.
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Regarding the specific empirical literature on Mexico and the United States, 
some researchers have accomplished the task of linking international trade theory 
and its effect on both wage and income gaps. In what follows, I will briefly review 
the empirical literature on this topic.

Reynolds (1995), for example, assumes that productivity, factor prices, and wages 
have a common prior distribution in these two countries. He sees two possible sce-
narios after the implementation of nafta: the first is an upward convergence for the 
wage gap, implying that those starting at the low end of the distribution will move up 
toward those at the high end of the distribution. Thus, those at the high end of the dis-
tribution do not descend. The second possible scenario is less favorable, as it compris-
es a downward convergence. This could happen when wages increase modestly at the 
low end of the distribution and wages at the high end decrease toward the low end. 

For their part, Peach and Adkisson (2002) look at whether there has been an in-
come convergence between the United States and Mexico. They give the following 
income figures: US$34,950 as the per capita gross domestic product (gDp) from 2000 
for the United States.11 The corresponding figure for Mexico was US$5,720 in 2001.12 
The difference between the two countries, in terms of dollar per capita gDp was over 
six-fold after six years of nafta coming into effect. Both Peach and Adkisson restate 
findings by Samuelson (1949; 1971) and Mundell (1957), whose theoretical free trade 
framework was used to explain income convergence. When Peach and Adkisson 
(2002) do not empirically observe wage convergence, they explain income diver-
gence as the result of institutional rigidities, which in turn cause market failures.13 
They mention that Mexico attained its highest income per capita gDp when market-
oriented policies were at their weakest. Paradoxically, these policies are the result of 
government intervention, regarded as the principal cause for market failures accord-
ing to their theoretical assumptions. They also point out the following conundrum: 
when market-oriented policies were weakest, the two countries registered the high-
est income convergence. As a result, these authors acknowledge the income gap as a 
most important policy issue.

The wage gap empirical analysis takes on a different dimension for Robertson 
(2005). He investigates labor market integration between Mexico and the United 
States considering two periods, before and during nafta. He uses different approach-
es to accomplish this task, for example, measuring the responsiveness of Mexican 

11  This figure is from the U.S. Department of Commerce (2001). Although these authors do not refer directly 
to wages, it should be acknowledged that wages are an important income component.

12 The data is from Banco de Mexico, Mexico’s central bank.
13  Institutional rigidities are identified in the literature, for example, regarding education (skilled and un-

skilled workers) and technology. They can also be the result of unionization restrictions or labor oversupply.
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wages to wage shocks in the United States. He explains this responsiveness in two 
ways: i) the speed at which relative wages return or do not return to a long-run dif-
ferential, and ii) the absolute wage convergence growth rate. Robertson uses a wage 
equation with data generated from a pseudo-panel technique, as well as data col-
lected from the Mexican National Survey of Urban Employment and the United 
States Current Population Survey. His econometric results suggest that trade vari-
ables (measured as exports plus imports) and foreign direct investment do in fact 
positively contribute to labor market integration. At the same time, he finds that 
border policy enforcement depresses Mexican wages. In his view, border enforce-
ment could mask the positive benefits of market integration. It is important to note 
that Robertson (2004) uses relative wages: that is, the wage rate of hourly weighted 
employment of i) non-production to ii) production workers.

In a discussion paper, Gandolfi, Halliday, and Robertson (2014) find no evi-
dence of long-run factor price convergence for the period of 1988-2011. For this anal-
ysis, they consider population cohorts characterized by low migration propensities. 
These authors try to explain this apparent contradictory result using neoclassical 
trade theory, arguing that major macroeconomic shocks such as the 1994 Mexican 
peso crisis are the culprits. They use two complementary methodologies. The first is 
applied to survey data with a synthetic panel approach and an econometric analysis. 
The second methodology uses descriptive statistics, resorting to census information 
from each decade, namely, 1990, 2000, and 2010.14 

From the foregoing literature review, it is clear that income gap or wage gap 
analysis between Mexico and the United States has not definitely been identified as 
converging or narrowing since nafta implementation. In fact, evidence for this iden-
tification is nil or, at best, inconclusive.

dAtA 

Three discontinuous longitudinal data sets on Mexican wages and output are avail-
able, based on official manufacturing surveys. In the case of Mexico, the data set is 
discontinuous, since the national statistics office enlarged the industry sample size, 
from 205 industrial activities up to 240 for the last period of 2007-2013. 

On the basis of the above data availability, I selected three different non-overlap-
ping monthly time periods for econometric estimation. The first is pre-nafta, from 

14  For the United States, the authors use the United States Census and the American Community Survey; for 
Mexico they utilize the Censo de Poblacion y Vivienda (Population and Housing Census).
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January 1987 to December 1994 (1987: 01-1994: 12); the second and third are from the 
nafta time period, containing two sub-periods: from January 1995 to February 2006 
(1995: 01-2006: 02) and from January 2007 to December 2013 (2007: 01-2013: 12).

I selected the manufacturing industries reported in Table 1 on the basis of their 
importance in total Mexican exports.15 Also, these industries are arranged according 
to United States manufacturing goods classification for non-durable and durable 
goods. Consequently, the selected non-durable industries are i) food; ii) textile prod-
ucts and mills, and iii) chemicals. The durable industries are iv) primary metal; 
v) machinery; and vi) transportation equipment.

In this article, the wage gap for manufacturing is defined as the ratio of the Mex-
ican wage divided by the U.S. wage, both expressed in dollar terms.16 Thus, the 
wage gap could be read as follows: the number of dollars paid on average per hour 
for a Mexican manufacturing worker in relation to the dollars paid on average per 
hour for his/her U.S. counterpart. Workers in the selected industries are considered 
to perform similar industrial tasks and economic activities are classified using a 
common North American Industrial Classification System (naics).17 If the wage gap 
were equal to one, it would imply that Mexican and U.S. workers receive equal labor 
compensation. This hypothetical value would indicate a wage gap absence. If the 
wage gap approaches zero, it would indicate that labor compensation is approach-
ing a maximum divergence between these two countries. 

descrIptIve stAtIstIcs

I examine the principal trends of the wage gap under study by means of descriptive 
statistics. Table 1 presents the wage gap mean (first moment of a distribution) and CV 
(coefficient of variation) for the whole manufacturing sector and six selected indus-
tries, considering pre-nafta and the nafta sub-periods.

15  This selection includes three industries for non-durable goods and another three industries for durable 
goods. The first group of industries represents 10.2 percent of total Mexican exports for 2012, while the 
remaining three durable industries represent 81.7 percent of those exports. The above trade shares were 
computed using the Mexican balance of payments for manufacturing products for 2012.

16  Since the wage gap is a fraction, the presence –or not– of a producer price index is not relevant for obtain-
ing a real production wage gap in dollar terms. This is the case, in so far as the presence of the same pro-
ducer price index in the numerator and denominator would cancel out the fraction.

17  The corresponding equivalencies between tables for naics were consulted in order to match Mexican and 
U.S. manufacturing industries. For his part, Schott (2003) develops a technique grouping countries according 
to the subset of goods produced, using a cross-section of countries and the International Standard Indus-
trial Classification (isic). These two approaches seem to conform to one accepted tradition on international 
trade theory: “The same technical knowledge is available in both countries” (Lerner, 1952). 
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Table 1
DESCRIPTIVE STATISTICS. WAGE GAP TRENDS.  

MANUFACTURING PRODUCTION WORKERS IN MEXICO AND THE UNITED STATES 
(SELECTED PERIODS AND INDUSTRIES)

Sector of Industry Statistic
Pre-NAFTA NAFTA

1987: 01-1994: 12 1995: 01-2006: 12 2007: 01-2013: 12

Manufacturing
mean

cv

0.15
0.29

0.14
0.23

0.11
0.12

Food
mean

cv

0.14
0.30

0.17
0.24

0.10
0.13

Textile  
Products and Mills

mean
cv

0.18
0.30

0.16
0.28

0.12
0.17

Chemicals
mean

cv

0.15
0.31

0.14
0.24

0.19
0.20

Primary Metal
mean

cv

0.14
0.25

0.14
0.19

0.13
0.09

Machinery
mean

cv

0.14
0.32

0.15
0.26

0.13
0.11

Transportation
Equipment

mean
cv

0.12
0.31

0.15
0.30

0.09
0.12

n 96 144 84

Note: Adjusted for inflation with the producer price index (finished goods); not seasonally adjusted; mean stands 
for the first moment of the time series; cv stands for the coefficient of variation; n stands for the number of 
observations.

Source: The author’s own estimates based on data from Banco de Mexico, the U.S. Bureau of Labor Statistics, 
and the Instituto Nacional de Estadística y Geografía.

Table 1 illustrates that the mean wage gap for the whole manufacturing sector 
between Mexico and the United States has increased across time, that is, 0.15, 0.14, 
and 0.11. As a result, the wage gap has grown, despite nafta implementation. By 
contrast, the whole manufacturing sector cv has decreased across the three time periods 
analyzed. That is, it exhibits values of 0.29, 0.23, and 0.12. These cv values imply that 
the wage gap has gained stability over time, suggesting a long-run trend of wage gap 
increases during the nafta period.18

For the pre-nafta period (1987-1994), the wage gap in chemicals remains equal 
to the manufacturing mean, with a reported value of 0.15. For this same time period, 
the textile products and mills mean is 0.18. Four manufacturing sectors are below the 
manufacturing mean: food, primary metal, machinery, and transportation equipment, 

18 The cv statistic lacks units and is unbiased. It represents a measure of data dispersion around the mean.
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with values of 0.14, 0.14, 0.14, and 0.12, respectively. For its part, the cv for all indus-
tries assumes values along the range of 0.25 to 0.31 for this time period.

By comparing the two nafta time sub-periods, 1995-2006 and 2007-2013, to the 
previous period, it is clear that both mean and cv patterns for all industries under 
study have similar decreasing rates trends. The only exception is the chemicals sec-
tor, which increases its wage gap mean from 0.14 to 0.19. From 2007 to date, only food 
and transportation equipment exhibit a mean wage gap below manufacturing. Mean-
while, the rest of the industries show wage gap means ranging between 0.12 and 0.13. 
Overall, Table 1 indicates an increase in the wage gap during the last period, with 
the exception of chemicals.19 During the third period, the cv for all industries decreased 
with respect to the two previous periods. That is, the cv for all industries under con-
sideration fell by more than half between 2007 and 2013, indicating continuity in 
this process. 

fIgure AnALysIs

An almost parallel movement exists between the bilateral real exchange rate and the 
wage gap (Figure 1). This bilateral real exchange rate for Mexico and the United 
States is computed as the ratio of U.S. and Mexican consumer prices divided by the 
nominal exchange rate, that is, pesos per dollar. This parallel movement shows that 
a real exchange rate overvaluation is accompanied by a wage gap reduction and vice 
versa: when the bilateral real exchange rate depreciated, the wage gap increased.20 
An example of this last case can be easily observed in December 1994, when the 
Mexican peso depreciated from 0.035 to 0.02, as measured by the Mexican and U.S. 
real exchange rate. As a result, the wage gap registered an increase from 0.15 to 0.09. 
In the same way, the 2009 Mexican peso depreciation matched with a high wage gap 
value of 0.08. In the opposite way, when the real exchange rate was overvalued 
around 2002, the wage gap registered its lowest value during the nafta period, that 
is, 0.25. Insofar as changes in the wage gap follow changes in the bilateral real ex-
change rate, this last economic indicator is included as one of the determinants in 
the econometric model.21 

19 Appendix 2 provides an explanation about data units and sources.
20  Figure 1 displays wage gap peaks at the end of each year. These peaks match a Mexican statutory year-end 

payment, the aguinaldo. This payment amounts to at least two weeks’ pay.
21  The existence of a real long-run relationship between the wage gap and the real exchange rate will be as-

sessed econometrically by means of cointegration tests, reported in Appendix 1.
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Figure 1
WAGE GAP AND BILATERAL REAL EXCHANGE RATE. UNITED STATES-MEXICO. 
TOTAL MANUFACTURING PRODUCTION WORKERS. MONTHLY FRECUENCY. 
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Source: The author’s estimates based on data from Banco de México, the Bureau of Labor Statistics, and the Insti-
tuto Nacional de Estadística y Geografía. 

 Figure 1 illustrates a wage gap trend decrease, taking into account each time 
period, from 1987-1994 to 1995-2006 and from 1995-2006 to 2007-2013. That is, 
the lines that represent the wage gap have a diminished slope over time, tending 
toward zero.

As a brief summary of the figure analysis sub-section, the wage gap increases 
and cv decreases over time. These trends did not happen immediately after nafta 
was enacted. It took 12 years after the agreement was signed for the manufacturing 
activities of both nations to reflect trend changes in the wage gap. These shifts are 
presented in both wage gap increases as well as in a stability increase in this trend. 
These changes demonstrate that a structural change took place as a result of the gov-
ernment intervention through nafta. Nevertheless, this pattern took 12 years to 
materialize. In addition, the wage gap descriptive statistics regarding mean and cv 
and their graphic trends did not conform to the expected free international trade 
theory outcomes. The latter are a main tenet of the fpe. 
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econometrIc modeL

In this section, I put forward the derivation of the econometric model. This model basical-
ly sets the production workers’ manufacturing wage gap for Mexico and the United States in 
dollar terms as a function of a bilateral Mexico-United States real exchange rate,22 
and a manufacturing production index. Thus, the econometric equation proposed is

𝑙𝑜𝑔 �
𝑤�

𝑚𝑥,�� = � + 𝑎𝑙𝑜𝑔 �𝐸𝑟𝑘,𝑡–𝑗�+ 𝛽𝑙𝑜𝑔 �
𝑄�

𝑚𝑥,�,𝑡–𝑗� + 𝜀𝑡            (1)     𝑤�
��,�

  

where  
𝑤�

𝑚𝑥,� 
𝑤�

��,�
 
stands for the manufacturing wage gap of production and nonsupervisory 

workers between Mexico and the United States, and  
𝑤�

𝑚𝑥,�        ��
𝑚𝑥,�

𝐸o

  stands for the average hou-
rly earnings of manufacturing production and nonsupervisory workers in Mexico, 
measured in dollars. It is computed as the ratio of 𝑤�

𝑚𝑥,�, total earnings for manufac-
turing production, and nonsupervisory workers in Mexico, divided by ��

𝑚𝑥,�, the total 
number of hours of manufacturing production workers and nonsupervisory work-
ers in Mexico, and, in turn, divided by 𝐸0, that is, the nominal exchange rate for pesos 
per dollar; 𝑤�

��,� is the average hourly earnings of manufacturing production and 
nonsupervisory workers in the United States measured in dollars; � is the constant 
or intercept; 𝑎 is the elasticity coefficient for �𝐸𝑟𝑘,𝑡–𝑗�; 𝐸𝑟𝑘,𝑡–𝑗 is the bilateral real exchange 
rate between Mexico and the United States, that is, pesos per dollar.23 This ex-
change rate is computed as the ratio of consumer price indexes divided by the nominal 
exchange rate: 𝐸𝑟 = 

P*
E0
P

, where P* is the United States national consumer price index; P 
is the Mexican consumer price index for all urban consumers; 𝐸0 is the nominal exchange 
rate for pesos per dollar; β is the elasticity coefficient of 𝑙𝑜𝑔 �

𝑄�
𝑚𝑥,�,𝑡–𝑗

�𝑄���,�,𝑡–𝑗
; meanwhile, 

�
𝑄�

𝑚𝑥,�,𝑡–𝑗
�𝑄���,�,𝑡–𝑗

 is the manufacturing production index ratio between Mexico and the United 
States. Here, 𝑄�

𝑚𝑥,�,𝑡–𝑗 is the manufacturing production index for Mexico, while 𝑄�
us,�,𝑡–𝑗 

stands for the same variable regarding the United States; and εt stands for the error 
term. It is assumed that this last term is independent and identically distributed (i.i.d.).

22  If the law of one price were to hold, the inclusion of a bilateral real exchange rate would be superfluous, 
since its elasticity coefficient would be zero. On the contrary, if the law of one price does not hold, wage 
differentials between Mexico and the United States would be expected. As this last option is reported in 
the data section, the inclusion of a bilateral real exchange rate on the econometric model seems necessary. 
The bilateral real exchange rate in the econometric model plays an inflationary differential adjustment 
role. This is because it allows the equality between left- and right-hand sides of the equation (1). In this 
respect, Juvenal and Taylor (2008) attempted to measure real exchange rate adjustment speeds in nine 
European countries and found that transaction costs vary significantly across sectors and countries.

23  As mentioned, the bilateral real exchange rate for Mexico and the United States is computed as the ratio of 
U.S. and Mexican consumer prices divided by the nominal exchange rate, or pesos per dollar.

𝑄�
��,�,𝑡–𝑗
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The superscript i in equation (1) expresses the time period under consideration, 
taking the following values: i = 1, 2, 3, where i=1 covers from January 1987 to Decem-
ber 1994; i=2 stands for January 1995 to December 2006; i=3 spans January 2007 to 
December 2013.24 The subscript k refers to the manufacturing sector as a whole, as 
well as for the industries selected, that is, k=1 for total manufacturing. The six select-
ed industries can be classified in non-durable and durable goods following interna-
tional guidelines.25 Thus, non-durable goods industries are made up of k=2, food; 
k=3, textile products and mills; and k=4, chemicals. For their part, durable goods 
are k=5, primary metal; k=6 machinery; and k=7, transportation equipment. The 
subscript  refers to the current time period;  t – j signals time lags, where j = 1, 2, …, n. 
The subscript mx refers to Mexico and us to the United States.26

It is important to note that if the law of one price holds, then equation (1) is re-
duced to two ratios. One of these ratios is in the left-hand side and the other in the 
right-hand side of this equation. Thus, equation (1) would equal these two ratios, that 
is, numerator to numerator and denominator to denominator, after the elimination of 
the bilateral real exchange. If this were the case, factor compensations (left side) would 
be equal to manufacturing production index (right side). Thus, this equation could be 
a representation of Shepard’s lemma in equilibrium: labor payments are proportional 
to their productivities, an assumption in the fpe theorem.27

If the law of one price does not hold, then the inclusion of the bilateral real ex-
change rate between Mexico and the United States seems necessary. According to 
Samuelson (1994), the Penn effect consists of the presence of exaggerated income ra-
tios between countries and the need to use conventional exchange-rate conversions. 
In this sense, the inclusion of the manufacturing index ratio in equation (1) also has a 
practical rationale.28

24  Insofar as Mexican manufacturing data is not continuous, equation (1) is to be estimated for each time 
period available. 

25  National statistic offices in Mexico and the United States make the distinction between non-durable and 
durable goods using United Nations guidelines.

26  The proposed functional form for the econometric model presented in equation (1) is double logarithmic. This 
feature allows us to directly read the estimators coefficients as elasticities. The estimation method uses ordi-
nary least square in two stages, taking into account the error correction model specification. The first stage 
involves the long-run relationship estimation among the time series reported on equation (1). The long-run 
equation is also known as a cointegrating equation. The second stage is related to the short-run estimation 
of equation (1). For obtaining short-run estimators, the difference operator is added to each variable in equa-
tion (1). Also, the short-run estimation includes the corresponding cointegrating errors computed at the 
first stage. This econometric approach is based on the error correction model in two stages procedure im-
plemented by Sargan (Hendry and Wallis, 1984).

27 See footnote 22 above.
28  Rayp (1998) uses cointegration estimations to test fpe in a specific form for the case of France, Belgium, and 

the Netherlands. This author underlines the importance of cointegration techniques on determining free 
trade international influences on factor endowments.
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For their part, Lawrence and Slaughter (1993) argue that the empirical performance 
of average real wages in an international trade framework is expected to mirror the 
performance of output per worker. In the same fashion, Burgman and Geppert (1993) 
claim that if the fpe holds, marginal productivity and real wages must become equal 
across economies.

Conforming to the information laid out in this section, the expected values or 
theoretical hypothesis for the estimators in equation (1), are as follows:  is expected 
to have a value close to zero if the fpe holds;  is expected to be positive and unitary if 
Shepard’s lemma is fulfilled.29

 

error correctIon modeL empIrIcAL resuLts

Equation (1) is estimated for the three monthly time periods, pre-nafta (1987-1994) 
and nafta (1995-2006 and 2007-2013), for the whole manufacturing sector and six selec-
ted industries. For simplicity’s sake, these three time periods will be referred to in what 
follows as the first, second, and third periods, respectively. To facilitate equation (1) 
interpretation, its estimators are grouped in two different tables, Tables 2 and 3. Ta-
ble 2 displays the bilateral real exchange rate estimators and Table 3 reports the ma-
nufacturing production index ratio estimators.30

the bILAterAL reAL exchAnge rAte between mexIco And the unIted stAtes

Table 2 reports long- and short-run results for equation (1) with respect to the bilater-
al real exchange rate between Mexico and the United States. For the long run, the 
manufacturing elasticity coefficient reports a value of 1.60 during the first period.31 For 
the last period, the coefficient almost halved (0.80) with respect to the second period 
(1.40). In the short run, for the first two periods, the estimators are elastic (1.08 and 
1.33, respectively), while attaining a value below the unit (0.87) during the third period. 
The result for the manufacturing sector as a whole is replicated for the rest of durable 

29  A similar hypothesis is found in Bernard et al. (2002), but for regions within a country. Nonetheless, these 
authors applied international free tenets for their national case, because they make an analogy between 
international regions and national regions.

30  Appendix 3 reports the long-run cointegrating errors unit root test results. All of them are equilibrium 
errors, since they are integrated of order zero. Their integration order implies that they are stationary in 
levels. These results imply the existence of true long-run relationships among the time series that com-
posed equation (1). Johansen cointegration tests verified these findings (Appendix 1).

31 Lagged one period.
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industries under consideration: primary metal; machinery, and transportation equip-
ment, with the exception of machinery for the short run (1.05).

Table 2
BILATERAL REAL EXCHANGE RATE (Er) BETWEEN MEXICO  

AND THE UNITED STATES, EQUATION (1) RESULTS (SELECTED PERIODS  
AND INDUSTRIES) (STANDARD ERROR) [lag]

Sector of industry
Pre-NAFTA NAFTA

1987: 01-1994: 12 1995: 01-2006: 12 2007: 01-2013: 12

Manufacturing

Long run 1.60 (0.1607)[1] 1.40 (0.0993)[0] 0.80 (0.1306)[0]

Short run 1.08 (0.7412)[1] 1.33 (0.3324)[0] 0.87 (0.2553)[0]

Food

Long run 2.45 (0.1386)[1] 1.06 (0.0889)[0] 1.12 (0.1486)[0]

Short run 2.89 (1.3576)[1] 1.06 (0.3257)[0] 0.94 (0.2169)[0]

Textile products and mills

Long run 1.71 (0.2751)[1] 0.48 (0.1794)[0] 0.64 (0.2293)[0]

Short run 1.65 (0.3551)[1] 1.13 (0.4620)[0] 0.78 (0.4565)[0]

Chemicals

Long run 1.97 (0.1019)[1] 1.30 (0.0984)[0] 0.51 (0.2858)[1]

Short run 1.37 (0.5664)[1] 1.21 (0.3232)[0] 0.85 (0.5220)[1]

Primary metal

Long run 1.95 (0.2490)[1] 1.03 (0.0939)[0] 0.75 (0.1093)[0]

Short run 1.96 (0.0876)[1] 1.26 (0.1920)[0] 0.83 (0.2104)[0]

Machinery

long run 1.76 (0.3045)[1] 1.19 (0.1096)[0] 0.96 (0.1231)[0]

short run 2.18 (0.0703)[1] 1.39 (0.3545)[0] 1.05 (0.3643)[0]

Transportation Equipment

Long run 1.79 (0.2761)[1] 1.09 (0.1614)[0] 1.22 (0.1323)[0]

Short run 1.93 (0.1323)[1] 1.78 (0.4109)[0] 0.77 (0.2335)[0]

96 144 84

Note: The bilateral real exchange rate between Mexico and the United States is computed based on the con-
sumer price index; n stands for the number of observations. For brevity the constant is not reported; no dummy 
variable was required for modeling the year-end aguinaldo payment. All reported elasticities are statistically 
significant at least by 95 percent; long- and short-run equations are computed using ordinary least squares in a 
two stages procedure, following Sargan (Hendry and Wallis, 1984).

Source: The author’s own estimates based on data from the Banco de Mexico, the Bureau of Labor Statistics, and 
the Instituto Nacional de Estadística y Geografía.
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For its part, food reaches large coefficients, above two units (2.45 and 2.89 for 
the long and short run, respectively) during the first period.32 It falls to a value around 
one in the second and third periods. While this reduction phenomena for the first period 
is replicated in textile products and mills and chemicals sectors, with coefficients ap-
proaching two units in the long and short run in the first period, in the third period 
they become clearly inelastic in the long run (0.64 and 0.51, respectively for these two 
industries)33 and elastic but below one (0.78 and 0.85, respectively) in the short run. 

Above, the bilateral real exchange rate effect in the wage gap is measured by its 
elasticity coefficients. In summary, all of them display positive elasticities, frequently 
in the vicinity of the unit value. Therefore, it could be confirmed that a Mexican peso 
undervaluation vis-à-vis the U.S. dollar have the effect of increasing the wage gap.34 
From these results, the bilateral real exchange rate is a decisive determinant regard-
ing wage gap performance. 

mAnufActurIng productIon Index rAtIo 
between mexIco And the unIted stAtes

As shown in Table 3, during the third time period, 2007-2013, the manufacturing 
production index ratio between Mexico and the United States (manufacturing pro-
duction index ratio) persistently displays negative coefficients regarding the wage 
gap between Mexico and the United States. As an example, during this period, food 
has an elastic coefficient in the long run of -1.00, and in the short run it is reduced to 
-0.70.35 Textile products and mills show negative and inelastic coefficients for the 
long (-0.20) and (-0.56) short run.36 It should be noted that this industry is the only 
one that displays negative coefficients for the first time period: -0.46 and -1.17 for the 
long and short run, respectively. Machinery also has a negative coefficient in the first 
period (-0.66), although this behavior is restricted for the short run. For the remain-
ing industries, this coefficient has turned from positive in the pre- nafta period to 
negative in the two nafta sub-periods. 

32 Both coefficients with one lag.
33 With one lag in both cases.
34  This can be confirmed clearly in Figure 1 around December 1994 and December 2009, where the most 

drastic Mexican peso devaluations took place.
35 Both with a three-month lag.
36 Both with a three-month lag.
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Table 3
MANUFACTURING PRODUCTION INDEX RATIO (Qimx)Qiux  BETWEEN MEXICO  

AND THE UNITED STATES, EQUATION (1) RESULTS  
(SELECTED PERIODS AND INDUSTRIES) (STANDARD ERROR) [lag]

Sector of industry
Pre-NAFTA NAFTA

1987: 01-1994: 12 1995: 01-2006: 12 2007: 01-2013: 12

Manufacturing

Long run 1.05 (0.2762)[1] -1.72 (0.3332)[0] -1.08 (0.1618)[0]

Short run 0.7 (0.2644)[1] -1.62 (0.2497)[0] -1.25 (0.1890)[0]

Food

Long run 0.41 (0.2287)[1] 1.82 (0.1740)[1] -1.00 (0.2771)[3]

Short run n.s. -0.64 (0.2684)[1] -0.70 (0.2501)[3]

Textile products and mills

Long run -0.46 (0.2615)[0] 0.67 (0.1447)[1] -0.20 (-0.4023)[3]

Short run -1.17 (0.1374)[0] -0.49 (0.1630)[0] -0.56 (0.1555)[3]

Chemicals

Long run 1.37 (0.2808)[1] -1.47 (0.1883)[0] -0.56 (0.3533)[3]

Short run 0.79 (0.2483)[1] -1.45 (0.1435)[0] -0.47 (0.3109)[3]

Primary metal

Long run 0.63 (0.2369)[1] 0.32 (0.0879)[3] -0.35 (0.1251)[0]

Short run 0.52 (0.1952)[1] -0.58 (0.1104)[3] -0.43 (0.1311)[0]

Machinery

Long run 0.38 (0.1363)[3] -0.33 (0.0979)[0] -0.27 (0.0509)[0]

Short run -0.66 (0.1924)[0] -0.46 (0.0903)[3] -0.44 (0.1466)[0]

Transportation equipment

Long run 0.52 (0.1017)[1] 0.52 (0.1229)[2] -0.40 (0.0929)[0]

Short run 0.46 (0.1016)[1] -0.32 (0.1474)[2] -0.66 (0.0739)[0]

96 144 84

Note: Manufacturing production index ratio between Mexico and the United States adjusted for local implicit 
price indexes; n stands for the number of observations; n.s. stands for not significant. For the sake of brevity, the 
constant is not reported; no dummy variable was needed for modeling the year-end aguinaldo payment. All 
reported elasticities are statistically significant by at least 95 percent; long- and short-run equations are computed 
using ordinary least squares in a two stages procedure, following Sargan (Hendry and Wallis, 1984).

Source: The author’s own estimates based on data from Banco de Mexico, the Bureau of Labor Statistics, and 
the Instituto Nacional de Estadística y Geografía.
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Negative coefficients during the last nafta period are neatly displayed in differ-
ent industries. For its part, chemicals had negative and inelastic coefficients in the 
long (-0.56) and short (-0.47) run for the third period.37 Likewise, primary metal had 
inelastic and negative elasticities in the long and short run (-0.35 and -0.43, respec-
tively) in the third period. For this period, machinery is a similar case, with reported 
elasticities of -0.27 and -0.44 for the long and short run, respectively. Similarly, this 
trend is shown for transportation equipment, with negative coefficients of -0.40 and 
-0.66 in the long and short run, respectively. In this third period, manufacturing dis-
plays likewise as the six selected industries’ negative and elastic coefficients, -1.08 
and -1.25, for the long and short run, respectively. 

At least for nafta periods, the increase in the manufacturing output index ratio 
negatively affected the wage gap, with a coefficient fast approaching the unit. Spe-
cifically, in the long run, manufacturing and food exhibit a coefficient value of -1.08, 
and -1.00, respectively. When manufacturing is disaggregated into durable and non-
durable goods, their short-run elasticities coefficients frequently become inelastic 
and close to half the unit for the three time periods under consideration. In the long 
run, their elasticities coefficients basically display positive values for the pre-nafta 
period, changing to negative in both nafta periods. That is to say, these values of 
the estimators change from the pre-nafta to the nafta periods. This change indi-
cates that the government intervention that took place due to nafta did bring as a 
result a structural change in the manufacturing performance of both Mexico and 
the United States.

The theoretical hypotheses regarding the values of the coefficients  and  of equa-
tion (1) are not observed, given the empirical results. This is because the fpe hypoth-
esis of a zero coefficient for the bilateral real exchange rate is not fulfilled. In the 
same manner, the Shepard’s lemma hypothesis of a unitary positive coefficient is far 
from being observed.

In contrast to the foregoing results, other studies analyzing income and wage 
gaps for the case of Mexico and the United States have not definitely identified a 
wage gap convergence or narrowing as result of nafta implementation. In fact, evi-
dence for income or wage gap equalization is inconclusive. For instance, Reynolds 
(1995) claims that for the wage distribution of Mexico and the United States, the ana-
lyst can be on one of the extremes, but never at the center. Peach and Adkisson (2002) 
do not observe wage convergence based on balance-of-payment figures. For Robert-
son (2005), border policy enforcement depresses Mexican wages, masking the posi-
tive effects of market integration. Gandolfi, Halliday, and Robertson (2014) argue 

37 Both with a three-month lag.



85

The ManufacTuring Wage gap
conTeMporary issues

that major macroeconomic shocks such as the 1994 Mexican peso crisis are the cul-
prits for not attaining wage convergence.

A robustness check can be performed on Tables 2 and 3 because the equation (1) 
estimation includes different time periods and manufacturing industries. Across 
these specifications, the estimated coefficients behave systematically. This behavior is 
manifest since all reported coefficients are closely related with respect to the value of 
the estimators reported. All of these estimators attain a statistical significance level 
of at least 95 percent. Therefore, the econometric model sensitivities under different 
specifications, that is, time periods and manufacturing industries, prove to be statisti-
cally robust. Structural changes, for example, the one represented by nafta govern-
ment intervention, cause modifications in the signs and values of the estimators. 
However, these modifications turn out to be stable across manufacturing industries 
and time periods once the structural change took place after a period of 12 years. The 
existence of a true economic relationship in the error correction model is confirmed 
by long-run stationary cointegrating errors. The cointegrating equilibrium errors unit 
root tests are reported in Appendix 3, and the Johansen cointegration test results are 
reported in Appendix 1. Together, these two tests support the existence of a true eco-
nomic relationship between the economic indicators used in equation (1).

A bilateral real exchange rate between Mexico and the United States is comput-
ed considering consumer price indexes for both countries as well as the nominal ex-
change rate. The latter is used for estimating Mexican peso vis-à-vis the U.S. dollar 
appreciation or depreciation.38 

The formulation of equation (1) takes into account the empirical results, where 
the bilateral real exchange rate is a decisive determinant regarding wage-gap perfor-
mance. In addition, the manufacturing production index ratio for Mexico and the 
United States is introduced in the econometric model as a wage-gap determinant. 
Its importance is extracted from Shepard’s lemma implications, where factor com-
pensations are proportional to their productivities.

concLusIons

The sizable manufacturing wage gap between Mexico and the United States contin-
ues to expand.39 Descriptive statistics expose the persistence of a manufacturing 
wage gap increase over time. On average for the pre- nafta period 1987-1994, a Mexican 

38 Its inclusion is particularly important insofar as no monetary union exists between both trade partners.
39  It is in the manufacturing sector where the best paid production jobs are found. Here, production workers 

represent the larger portion of the manufacturing labor force.
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worker earned 15 percent of that earned by his United States counterpart. This dif-
ferential increased from 2007 to 2013, while the proportion fell to 11 cents on the dol-
lar. Hence, during the first period, on average, Mexican manufacturing wages were 
almost one-seventh of what their U.S. counterparts were earning. During this last 
period, the difference grew to close to one-tenth.40 

The empirical evidence presented in terms of descriptive statistics, figure analy-
sis, and long- and short-run estimators make it clear that the bilateral real exchange 
rate between Mexico and the United States and the manufacturing production index 
ratio are relevant, decisive empirical determinants in the wage gap for manufactur-
ing production and nonsupervisory workers between Mexico and the United States. 

The wage gap process shows a persistent pattern with a diminishing trend dur-
ing the three periods under analysis, as expressed with a decreasing coefficient of 
variation. The wage gap increased once nafta was implemented, as attested in the 
descriptive statistics through a decreasing mean.

The elasticity coefficients obtained between the wage gap and the bilateral real 
exchange rate regarding Mexico and the United States display a systematic relation-
ship. This is represented by frequently elastic coefficients with positive values. These 
results convey the meaning that changes in the bilateral real exchange rate are trans-
mitted almost completely to the wage gap. Thus, undervaluation of the Mexican 
peso with respect to the U.S. dollar increases the wage gap, but with lesser intensity 
as time goes on. This is attested to as the coefficient of variation displays a persistent 
diminishing trend.

The wage gap trend follows the bilateral real exchange trend. In addition, their 
coefficient values are elastic and positive. Therefore, it follows that a relationship ex-
ists between the bilateral real exchange undervaluation and the wage gap widening 
over time.

During the last nafta sub-period, a negative relationship was reported between 
the wage gap and the manufacturing production index ratio. It is important to note 
that for this nafta period, the descriptive statistics show an increase in the wage gap. 
Therefore, these two results together indicate that the manufacturing production in-
dex ratio increases have a deleterious effect on the wage gap. Finally, the fpe theorem 
does not hold regarding the wage gap between Mexico and the United States.

40  These wage-gap mean figures refer to the number of U.S. cents paid on average per hour to a Mexican 
production worker vis-à-vis 100 cents paid on average per hour for a U.S. production worker of the same 
type. Consequently, on average Mexican compensation represents 15 cents for each dollar paid to a U.S. 
worker for the period of 1987-1994. This same ratio drops to 11 cents for the 2007-2013 period. This implies 
that the wage gap has increased despite two decades of the free trade agreement between the two nations.
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AppendIx 1

Johansen Cointegration Test Results

By means of a Johansen cointegration test, I evaluate whether there is at least one 
cointegrating vector, between Mexico and the United States manufacturing wage 
gap for production workers, and the bilateral real exchange rate between Mexico 
and the United States, and the manufacturing production index ratio. This test is 
performed using the proposed equation (1) long-run specification, with monthly fre-
quency. Table A1 contains these test results.

The third time period (2007: 01–2013: 12) is comprised of 81 observations of non-
durable goods. The following are the number of cointegrating vectors for each in-
dustry: for chemicals, two cointegrating vectors were found;41 for food and textile 
products and mills, one; for durable goods, both primary metal and machinery, two; 
for transportation and equipment, only one; for manufacturing, two.

Regarding the second time period (1995: 01-2006: 12), with 139 observations, in 
the case of non-durable textile products and mills and chemicals, two cointegrating 
vectors were found, while only one was found in the case of food. For durable goods, 
both transportation equipment and machinery registered two, while only one was 
registered in the case of primary metals; and for manufacturing, two were registered.

As for the first time period (1987: 01–1994: 12), in the case of non-durable goods 
(food; textile products and mills, and chemicals), one cointegrating vector was found. 
This is also the case with durable goods (primary metal; machinery, and transporta-
tion equipment), where one cointegrating vector was found. Manufacturing shows 
the existence of one cointegrating vector. A total of 93 observations were made.

As a result of these cointegration test results, it could be asserted that the 
Mexico/U.S. manufacturing wage gap for production workers, the bilateral real ex-
change rate between Mexico and the United States, and the output manufacturing 
index ratio bear a true long-run relationship. The Engle and Granger (1987) repre-
sentation theorem assures us that if there is at least one cointegration vector or coin-
tegrating equation, then they could represent a long-run relationship among the 
regression variables.

41  According to Dwyer (2015), the Johansen cointegration test gauges whether the largest eigenvalue is zero 
relative to the alternative hypothesis, that the next largest eigenvalue is zero.



88 (DOI: http://dx.doi.org/10.22201/cisan.24487228e.2019.2.376)

Carolina Carbajal-De-nova
norteamériCa

Table A1
JOHANSEN COINTEGRATION TEST RESULTS. WAGE GAP, BILATERAL REAL EXCHANGE 

RATE, AND MANUFACTURING PRODUCTION INDEX RATIO BETWEEN MEXICO  
AND THE UNITED STATES (SELECTED PERIODS AND INDUSTRIES)

Sector of industry Statistic
Pre-NAFTA NAFTA

1987: 01-1994: 12 1995: 01-2006: 12 2007: 01-2013: 12

Manufacturing

p
EV
TS

CVU
PB

1
0.28

46.00
42.92
0.02

3
0.19

49.20
29.80
1x10-4

1
0.29

36.39
29.8
0.01

Food

p
EV
TS

CVU
PB

1
0.35

55.48
29.80
1x10-5

1
0.41

88.21
29.80
1x10-5

1
0.39

51.10
29.80
1x10-5

Textile 
Products and Mills

p
EV
TS

CVU
PB

1
0.26

37.18
29.80
0.05

3
0.26

60.58
29.80
1x10-5

1
0.20

30.36
29.80
0.04

Chemicals

p
EV
TS

CVU
PB

1
0.19

29.80
29.80
0.05

3
0.12

34.99
29.80

0.01

1
0.28

39.94
29.80

0.002

Primary Metal

p
EV
TS

CVU
PB

1
0.23

42.18
42.92
0.06

1
0.18

37.18
29.8
0.01

1
0.24

37.55
29.8
0.01

Machinery

p
EV
TS

CVU
PB

1
0.29

43.44
42.92
0.04

3
0.20

50.44
29.8
1x10-4

1
0.29

37.07
29.8
0.01

Transportation
Equipment

p
EV
TS

CVU
PB

1
0.28

46.37
42.92
0.02

3
0.32

70.6
29.8
1x10-5

1
0.28

37.92
29.80
  0.005

n 96 139 84

Note: p is the number of cointegrating vectors, Mackinnon-Haug-Michelis (1999) p-values. Test results are statisti-
cally significant at least to 95 percent; EV stands for eigenvalue; TS stands for trace statistics; CVU stands for 0.05 
critical value and PB stands for probability; linear deterministic trend in data, intercept and trend in cointegrating 
equations and no intercept in vector autoregressive; the test results are for the wage gap pairs with the bilateral 
Mexico-U.S. real exchange rate and manufacturing production index ratio.  

Source: The author’s estimates based on data from the Banco de Mexico, the Bureau of Labor Statistics, and the 
Instituto Nacional de Estadística y Geografía.
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AppendIx 2

Data Sources

Table A2
DATA SOURCES

Data ID Description, units Source Country

E0 Nominal exchange rate, pesos per dollar D mx

ER
Bilateral real Mexico-United States exchange rate, 
pesos per dollar, using consumer prices

P*

E0

P

us
mx

hmx
Total number of hours, manufacturing produc-
tion, and nonsupervisory workers, thousands

F mx

P
Consumer price index-all urban consumers, 
n.s.a. 1982-84=100

E mx

P* National consumer price index 2010=100 B us

Qmx Manufacturing production index 2007=100 F mx

Qmx
Producer price index-commodities, finished 
goods n.s.a. 1982=100

B mx

Qus
Manufacturing production index 2007=100 
n.s.a. naics

F us

Wmx
Total earnings, manufacturing production, and 
nonsupervisory workers, thousands of pesos

C mx

Wus

Average hourly earnings of manufacturing 
production and nonsupervisory workers, n.s.a. 
dollars

A us

Wmx

Average hourly earnings of manufacturing 
production and nonsupervisory workers, n.s.a. 
dollars

Wmx

hmx

E0

us
mx

Note: us stands for the United States; mx stands for Mexico; n.s.a. means not seasonally adjusted; naics stands 
for North American Industrial Classification System. The definition of average hourly earnings of manufacturing 
production and nonsupervisory workers is available in U.S. bls (2011). 

Sources:
A: bls (Bureau of Labor Statistics), ces (Current Employment Statistics) survey. National;
B: bls (Bureau of Labor Statistics). Consumer Price Index;
C: Board of Governors of the Federal Reserve System. Industrial Production and Capacity Utilization;
D: Banco de México. Financial markets;
E: Banco de México. Prices and inflation;
F: Instituto Nacional de Estadística y Geografía. Monthly Industrial Survey: 1987:01-1994:12; 1995:01-2006:12 
and 2007:01-2013:02.



90 (DOI: http://dx.doi.org/10.22201/cisan.24487228e.2019.2.376)

Carolina Carbajal-De-nova
norteamériCa

AppendIx 3

Phillips-Perron Unit Root Test Results

Table A3
UNIT ROOT TEST RESULTS. PHILLIPS-PERRON. MEXICO AND THE UNITED STATES. 

LONG RUN COINTEGRATION EQUILIBRIUM ERRORS. EQUATION (1) 
ESTIMATIONS ARE REPORTED (SELECTED PERIODS AND INDUSTRIES)

Sector of industry Statistic
Pre-NAFTA NAFTA

1987: 01-1994: 12 1995: 01-2006: 12 2007: 01-2013: 12

Manufacturing

t
BW
CVU
I(0)

-27.40
9

-2.89
0

-40.40
58
-2.88
0

-57.88
81
-2.90
0

Food

t
BW
CVU
I(0)

-36.59
31
-2.89
0

-49.57
36
-2.88
0

-20.34
6

-2.90
0

Textile 
Products and Mills

t
BW
CVU
I(0)

-66.01
60
-2.89
0

-41.29
21
-2.88
0

-26.44
11
-2.90
0

Chemicals

t
BW
CVU
I(0)

-27.75
8

-2.89
0

-39.69
29
-2.88
0

-26.05
16
-2.90
0

Primary Metal

t
BW
CVU
I(0)

-22.46
3

-2.89
0

-38.21
89
-2.88
0

-29.96
25
-2.90
0

Machinery

t
BW
CVU
I(0)

-30.56
21
-2.89
0

-46.76
35
-2.88
0

-44.40
39
-2.89
0

Transportation
Equipment

t
BW
CVU
I(0)

-28.20
13
-2.89
0

-66.92
32
-2.88
0

-27.98
15
-2.90
0

Note: t stands for t-statistic for rejecting the null hypothesis of having a unit root, Mackinnon (1996); BW stands 
for bandwidth; CVU stands for critical values at the 5-percent level of confidence interval; I(0) stands for integra-
tion order zero; included in the Phillips-Perron unit root test: constant; constant and linear trend, and none.* This 
test is recommended when standard unit-root test is shown to be biased toward no-rejection of the hypothesis of 
a unit root, when full sample information is used.

Source: The author’s own estimates based on data from the Banco de Mexico; the Bureau of Labor Statistics, 
and the Instituto Nacional de Estadística y Geografía.

* According with Perron (1990) methodology.



91

The ManufacTuring Wage gap
conTeMporary issues

bIbLIogrAphy

BalDwing, robert e.
2008 The Development and Testing of Heckscher-Ohlin Trade Models: A Review, Cam-

bridge, Massachusetts, mit Press.

banco De mexico

2012a “Manufacturing Products New Trade Balance-(CE127),” http://www.banxico 
.org.mx/SieInternet/consultarDirectorioInternetAction.do?accion=consultar
Cuadro&idCuadro=CE127&locale=en.

2012b “Mercados financieros (tipo de cambio, tasas de interés y derivados),”  http:// 
www.banxico.org.mx/sistema-financiero/estadisticas/mercados-financie 
ros-tipo-ca.html.

2012c “Índices de precios al consumidor y uDis,”  http://www.banxico.org.mx/
SieInternet/consultarDirectorioInternetAction.do?sector=8&accion=consul
tarDirectorioCuadros&locale=es.

BernarD, anDrew b., stephen reDDing, peter K. schott, and helen simpson

2002 “Factor Price Equalization in the UK?” nber Working Paper No. 9052, Na-
tional Bureau of Economic Research, https://www.nber.org/papers/w9052.

BoarD of governors of the feDeral reserve system

n.d. “Industrial Production and Capacity Utilization – G.17,” https://www.fed 
eralreserve.gov/releases/g17/current/.

Burgman, toDD A., and John m. geppert

1993 “Factor Price Equalization: A Cointegration Approach,” Weltwirtschaftliches 
Archiv, vol. 129, no. 3, pp. 472-87.

Dwyer, geralD p.
2015 “The Johansen Tests for Cointegration,” http://www.jerrydwyer.com/pdf/

Clemson/Cointegration.pdf.

Engle, robert F., and C. W. J. granger

1987 “Co-Integration and Error Correction: Representation, Estimation, and Testing,” 
Econometrica, vol. 55, no. 2, pp. 251-76.



92 (DOI: http://dx.doi.org/10.22201/cisan.24487228e.2019.2.376)

Carolina Carbajal-De-nova
norteamériCa

ganDolfi, DaviDe, timothy j. halliDay, and raymonD robertson 
2014 “Globalization and Wage Convergence: Mexico and the United States,” iza 

(Institute of Labor Economics), Discussion Paper no. 8254, https://www.iza 
.org/publications/dp/8254/globalization-and-wage-convergence-mexico 
-and-the-united-states.

Hanson, gorDon H., and Matthew j. slaughter

1999 “The Rybczynski Theorem, Factor-Price Equalization and Immigration: Evi-
dence from U.S. States,” nber Working Paper No.7074 (April), National Bu-
reau of Economic Research, https://www.nber.org/papers/w7074.

HenDry, DaviD f., and Kenneth f. wallis, eds.
1984 “Published Works of J. D. Sargan,” in Econometrics and Quantitative Econom-

ics, New York, Blackwell, pp. 315-317.

Instituto nacional De estaDística y geografía (inegi)
n.d. “Equivalence Tables. Aguascalientes,” http://www.inegi.org.mx/sistemas/ 

scian/contenidos/Tablas20comparativas/Tabla20Comparativa20VI.pdf.
n.d. “Equivalence Tables. Aguascalientes,” http://www.inegi.org.mx/sistemas/ 

scian/contenidos/Tablas20comparativas/Tabla20Comparativa20VIII.pdf.
n.d “Monthly Industrial Survey. Aguascalientes [1987:01-1994:12; 1995:01-2006:12 

and 2007:01-2013:02],” http://www.inegi.org.mx/sistemas/bie/.

Juvenal, luciana, and marK p. taylor

2008 “Threshold Adjustment of Deviations from the Law of One Price,” Studies in 
Nonlinear Dynamics and Econometrics, vol. 12, no. 3.

Lawrence, robert z., and matthew j. slaughter

1993 “International Trade and American Wages in the 1980s: Giant Sucking Sound 
or Small Hiccup?” Brookings Papers on Economic Activity. Microeconomics, 
vol. 1993, no. 2, pp. 161-226.

Lerner, abba p.
1952 “Factor Prices and International Trade,” Economica, vol. 19, no. 73, pp. 1-15.

macKinnon, james g.
1996 “Numerical Distribution Functions for Unit Root and Cointegration Tests,” 

Journal of Applied Econometrics, vol. 11, pp. 601-618.



93

The ManufacTuring Wage gap
conTeMporary issues

macKinnon, james g., alfreD a. haug, and leo michelis

1999 “Numerical Distribution Functions of Likelihood Ratio Tests for Cointegra-
tion,” Journal of Applied Econometrics, vol. 14, pp. 563-577.

Morisi, teresa L.
2003 “Recent Changes in the National Current Employment Statistics Survey,” 

Monthly Labor Review, vol. 126, no. 6, pp. 3-13.

MunDell, robert a.
1957 “International Trade and Factor Mobility,” The American Economic Review, 

vol. 47, no. 3, pp. 321-35.

Peach, james T., and RicharD v. aDKisson

2002 “United States-Mexico Income Convergence?” Journal of Economic Issues, vol. 36, 
no. 2, pp. 423-30.

Perron, pierre

1990 “Testing for a Unit Root in a Time Series with a Changing Mean,” Journal of 
Business & Economic Statistics, vol. 8, no. 2, pp. 153-62.

Rayp, glenn

1998 “An Empirical Test of the Dixit-Norman Approach to Factor Price Equaliza-
tion, using Cointegration Techniques,” Weltwirtschaftliches Archiv, vol. 134, 
no. 3, pp. 484-512.

ReynolDs, clarK w.
1995 “The nafta and Wage Convergence: A Case for Winners and Losers,” in 

Richard S. Belous, and Jonathan Lemco, eds., nafta as a Model of Development. 
The Benefits and Costs of Merging High- and Low-Wage Areas, Albany, suny Press, 
pp. 21-26.

Robertson, raymonD

2005 “Has nafta Increased Labor Market Integration between the United States 
and Mexico?” The World Bank Economic Review, vol. 19, no. 3, pp. 425-48.

2004 “Relative Prices and Wage Inequality: Evidence from Mexico,” Journal of In-
ternational Economics, vol. 64, no. 2, pp. 387-409.



94 (DOI: http://dx.doi.org/10.22201/cisan.24487228e.2019.2.376)

Carolina Carbajal-De-nova
norteamériCa

rybczynsKi, T. M.
1955 “Factor Endowment and Relative Commodity Prices,” Economica, vol. 22, 

no. 88, pp. 336-41.

Samuelson, paul A.
1994 “Facets of Balassa-Samuelson Thirty Years Later,” Review of International Eco-

nomics, vol. 2, no. 3, pp. 201-26.
1971 “Ohlin Was Right,” The Swedish Journal of Economics, vol. 73, no. 4, pp. 365-84.
1949 “International Factor-Price Equalisation Once Again,” The Economic Journal, 

vol. 59, no. 234, pp. 181-97.
1948 “International Trade and the Equalisation of Factor Prices,” The Economic 

Journal, vol. 58, no. 230, pp. 163-84.

Schott, peter K.
2003 “One Size Fits All? Heckscher-Ohlin Specialization in Global Production,” 

American Economic Review, vol. 93, no. 3, pp. 686-708.

Stolper, w. f., and p. a. samuelson

1941 “Protection and Real Wages,” The Review of Economic Studies, vol. 9, no. 1, 
pp. 58-73.

U.S. Bureau of labor statistics

2011 “Chapter 11. Industry Productivity Measures,” Handbook of Methods, https://
www.bls.gov/opub/hom/pdf/inp-20110509.pdf.

n.d. “Consumer Price Index,” http://www.bls.gov/cpi/.
n.d. “Current Employment Statistics – ces (National),” https://www.bls.gov/ces/.

u.s. Department of commerce, bureau of economic analysis 
2001 Survey of Current Business 81, no. 12, December, D-28.




