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Abstract

During the last five years the Mexican maquila industry suffered a slowing of the rapid growth 
experienced during the nineties. This industry’s expansion has been linked to USA foreign 
direct investment (fdi). Additionally, China has become a major receptor of USA investment 
for the production and export of manufacturing goods. The study estimates the impact of 
the industrial activity of the USA and China on employment demand in the maquila indus-
try of the Northern border states of Mexico. Using data on industrial activity, real hourly 
wages and the real exchange rate as a proxy of Mexican competitiveness, an autoregressive 
distributed lag co-integration model is developed. The results show that the industrial pro-
duction of China is having a negative effect on maquila employment in the long run, while 
low Mexican wages and the exchange rate tend to encourage maquila activity.
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Introduction

The export maquila industry (emi) has been an important economic activity for the 
Mexican economy, in particular, during the 1990 decade. In addition, an important 
aspect of the emi was its rapid expansion in the Northern border region of Mexico 
during this period. The sector became a dynamic engine for the regional economy, 
because it provided employment, foreign exchange and, to a lesser extent, technol-
ogy. However, between 2000 and 2002, the industry experienced a deep drop in 
labour employment and production, and in the subsequent years it has been exhibiting 
rather moderate rates of growth compared with the fast expansion of the nineties.

The existence of important linkages between the Mexico’s maquila 
industry and the industrial sector of the USA has been demonstrated by different 
authors (Hanson, 1994; Gruben, 2001; Mendoza and Calderón, 2001; Fullerton and 
Barraza, 2003; Mollick and Wvalle-Vazquez, 2006). In particular, Gruben (2001) 
found that the USA industrial production coefficient was positive, and that the wage 
differential between Mexican and USA wages presented a positive coefficient. The 
ratio of Mexican wages to four Asian countries’ wage coefficient was negative, and 
all of them were statistically significant. However, the ordinary least squares model 
exhibited problems of autocorrelation. On the other hand, Mollick and Wvalle-
Vazquez (2006), using a feasible generalized least squares model with a seemingly 
unrelated regression applied to a panel data set of twelve years (1999-2001), found 
a negative but small effect of the relative wages between Mexico and the USA and 
positive effect of the ratio of Mexican maquila wages to Chinese wages. However, 
these results also present autocorrelation, which required using a panel root test of 
residuals.

Additionally, with the establishment of the North American Free Trade 
Agreement (nafta) in 1994, trade and investment in the maquila sector increased 
at a faster rate of growth, becoming one of the forces of economic integration be-
tween the USA and Mexico, particularly at the border level (Hanson, 1994). The 
high correlation between the Mexican maquila and the USA manufacturing sector 
has been considered as the determinant of the stagnant period experienced by the 
emi from 2000 to 2002. During the hardest months of the maquila recession, many 
questioned the industry’s future. In this context, it is important to point out that 
while the USA recession has negatively affected the emi dynamics, a new adverse 
economic phenomenon for the Mexican emi has developed because of the expansion 
of China’s industry and exports to the USA. The Chinese economy has experienced 
major progress since it first opened to foreign investment and the trade reform of 
1978. Particularly, during the nineties the country emerged as the most dynamic 
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trading economy in the world. In this process of commercial opening, the Chinese 
position in global markets improved quickly. The positive evolution of exports al-
lowed China to gain a larger share in developed markets. Therefore, by definition, 
market share gain was achieved at the expense of other economies.

The present study analyzes the determinants of emi labour employment 
dynamics in the long run. The objective is to estimate the forces that are determining 
the emi performance not only in the short but also in the long run. In particular, the 
paper seeks to estimate both the effect of local determinants, such as the exchange 
rate and level of wages, and the effect of the increasing Chinese industrial production 
on the Mexican maquila sector. For this purpose the study conducts an autoregres-
sive distributed lag co-integration model (ardl). The method consists of a bounds 
test to look for the existence of a long run relationship between the variables of the 
model. Initially, stationary tests are undertaken to evaluate the degree of integra-
tion of the variables. In the next step, an F-test statistic is computed to estimate the 
empirical evidence of the long term relationship between the maquila employment 
and the economic variables affecting the employment. Finally, lagged level terms 
are added to an error correction model form of the underlying ardl. Thus, the 
econometric model takes into account a long run approach for both external and 
local variables. 

The paper was divided into the following sections. The next part pro-
vides the theoretical concepts and the methodology of analysis applied to the emi 
labour performance. The second one presents the theoretical concepts and methodology 
of estimation. The third section discusses the results of the econometric estimation 
and states the possible implications of the results. Finally, concluding remarks are 
stated.

1. The determinants of the maquila performance

Several studies on maquila employment have considered that the industrial produc-
tion or gdp of the USA is one of the important determinants affecting labour em-
ployment in the Mexican maquila industry (Gruben, 2001; Mendoza and Calderón, 
2001; Mejía, 2003; Mollick and Wvalle-Vazquez, 2006). These authors consider 
that the Mexican maquila sector is directly related to the USA manufacturing sector. 
The arguments are based on the fact that this industry exports almost the totality of 
its production to the USA and that its exports are made up mainly by intermediate 
inputs. It is assumed that emi labour will increase when wages are relatively lower 
in the maquila activities. In fact, it has been considered that relative wages should 
be expressed in dollars to incorporate the perspective of USA investors. According 
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to this approach, USA firms will plan investments according to production costs 
denominated in dollars.

Given the impressive export expansion of China to the USA, this paper 
considers relevant to consider in the analysis the impact of Chinese economy by 
including a variable that can reflect the degree of international competition for 
USA export markets. The model for estimating the impact of the Chinese and the USA 
industrial production on the labour demand in the maquila industry of the Northern 
border states is based on three fundamental concepts:

1)	 It	is	considered	that	the	emi is	characterized	by	a	competitive	labour	market,	in	
which	the	wage	level	determines	the	quantity	of	work	that	is	demanded.

2)	 The	demand	of	labour	is	determined	from	the	external	production	market.	In	
the	case	of	the	emi,	the	derived	labour	demand	depends	on	the	manufacturing	
activity	of	the	USA.

3)	 China’s	industrial	production	has	become	a	competitor	for	Mexican	maquila	
exports,	reducing	activity	and	diminishing	the	demand	for	labour.

1.1 Exports and employment in the maquila industry

During the decade of 1990 maquila exports experienced a rapid growth, resulting 
from global changes encouraging trade of intermediate inputs and intra-firm inter-
national trade, both of which took advantage of the Mexican program of tempo-
rary tariff exemption for temporary imports for the assembly plants (Lall, 1998). 
Additionally, the devaluation of 1994 played an important role by making exports 
more cost competitive.

The maquila exports experienced a remarkable expansion from 1993 to 
2000 increasing from usd$ 21.9 billion to 79.5 billion. However, for the first time 
by the end of 2001 the maquila firms experienced a downturn, falling to usd$ 76.9 
billion. After that difficult year, maquila exports regained their positive growth. 
However, up until 2007 they had not been able to reach the rates experienced in 
the previous decade. It is important to underline that the initial rapid growth of 
maquila exports resulted in an increase of its share in total exports from 37.8% in 
1995 to 47.1 in 2006.1

1 Own estimation based on statistical information from working group of inegi (National Institute of Statistics, 
Geography and Informatics, by its Spanish acronym)-Banco de México-SAT (Tax Administration System, by its 
Spanish acronym)-Secretaría de Economía.
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Also, it is important to mention that the recovery of labour has not been 
as successful as that of exports. From October of 2000 to July of 2003, the number 
of workers employed in the sector showed a constant reduction. Only after that year 
a recovery of labour took place, but it has not exhibited the same dynamism as the 
previous years. It is worth noting that the Northern border states, which concentrated 
the largest proportion of labour, followed the same trend but with more pronounced 
movements; therefore the recovery has been more rapid, at an average annual rate 
of 6.3% as opposed to 5.9% at the national level for the period 2003-2006. Additio-
nally, maquila expansion had an important impact on location and concentration of 
labour in the northern border region of Mexico. Consequently, the emi employment 
has been concentrated in the Northern border states. However the share of labour 
employment of that region compared to total employment has steadily diminished 
in the last 16 years, from 93.2% in 1990 to 83.1 in 2006.2

1.2 Wages and labour demand in the maquila industry

There are two important local factors affecting the competitive advantages of maquila 
firms. The first has to do with the relative level of wages that exists in the Mexican 
economy compared to that of the USA. The second is related with the productivity 
performance of the maquila sector and the Mexican economy as a whole. Addition-
ally, geographical advantages have played an important role for the emi localization, 
particularly for the case of the Northern border region of Mexico, where pecuniary 
externalities related to distance proximity and labour costs have been important 
determinants of maquila investment localization decisions.

Low wages paid to Mexican workers in the maquila firms has been con-
sidered a main attraction for investments in that sector. In fact, the comparison of 
wages shows that the average earnings of the Mexican maquila worker in constant 
2002 usd have been declining between 1993-2006 (See Table 1). At the beginning 
of that period, the Mexican hourly average wage in the maquila was usd$ 1.9, 
accounting for 12.9% of the average manufacturing wage in the USA (usd$ 14.7 
per hour). However, in June of 2006 the Mexican average wage decreased in cons-
tant prices to usd$ 0.5 per hour, representing 3.5% of the USA wage (usd$ 15 per 
hour). This declining exchange terms between Mexican and USA manufacturing 
wages shows that the emi industry is still economically attractive for investors in 
terms of the differential of the workers’ earnings between these two countries. In 

2 Own elaboration based on data from inegi and the Bureau of Labor Statistics.
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fact, that local advantage for the northern border states of Mexico appears to be 
greater because of lower transportation costs derived from the relative proximity 
to the USA market.

Table 1 
Mexican maquiladora and USA manufacturing real 

average hourly wages1

2002 usd

Period
USA 

manufacturing 
wages (A)

Mexican 
maquiladora 
wages1 (B)

Mexican 
maquiladora 
wages2 (C)

B/A
%

C/A
%

1993/01
1994/01
1995/01
1996/01
1997/01
1998/01
1999/01
2000/01
2001/01
2002/01
2003/01
2004/01
2005/01
2006/01
2006/06

14.72
14.74
14.69
14.76
14.78
14.99
14.96
15.20
14.96
15.40
15.51
15.60
15.53
15.30
15.05

1.89
1.83
1.03
0.71
0.58
0.55
0.47
0.50
0.55
0.61
0.52
0.52
0.51
0.55
0.52

1.94
1.87
134
0.73
0.60
0.58
0.48
0.51
0.53
0.63
0.52
0.52
0.51
0.54
0.51

12.90
12.40
7.00
4.80
3.90
3.60
3.10
3.30
3.70
4.00
3.40
3.30
3.30
3.60
3.50

13.17
12.69
9.13
4.96
4.06
3.89
3.23
3.38
3.52
4.09
3.33
3.35
3.28
3.53
3.39

1 Exchange rate adjusted for inflation in the USA and Mexico.
2 Real Exchange rate adjusted for inflation in 111 countries and Mexico.
Source: Own elaboration with data from inegi and the Bureau of Labor Statistics.

In addition, labour productivity in the maquila sector was calculated in 
nominal pesos, constant pesos and usd. It is worth mentioning that in all the esti-
mations, labour productivity growth was faster than the rate of growth of wages. 
For the period 1990-2006, labour productivity grew in nominal pesos at an annual-
ized rate of 13.7%, in constant pesos at 1.7 and in usd at 5.8. On the other hand, 
average wages increased by 13% in nominal pesos, 1 in constant pesos and 5.1 in 
usd (See Table 2). Since it is likely that labour productivity in usd is the statistic 
that should be more important for investment decisions in that sector, the statistical 
evidence demonstrates the importance of productivity/wage growth denominated 
in usd for the emi.

The evolution of labour productivity within the states that make up the 
Northern border region shows that Coahuila and Nuevo León, located in the northeast 
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area of Mexico, exhibited the highest rates (7.1 and 6.1%) for the period 1990-2006. 
These two Northeastern states are characterized by the development of manufactur-
ing activities related with the domestic market, which existed before the expansion 
of the emi. However, it is important to underline that, as a whole, the Northern 
region productivity fell slightly short of the national rate (5.6% to 5.8%) reflecting 
the lower rates of growth of Baja California and Tamaulipas (See Table 2).

Table 2 
Rates of growth of labor productivity and wages in the export 

maquila industry, 1990-2006 
(percentage)
Labor productivity

Baja 
California Coahuila Chihuahua Nuevo 

León Sonora Tamaulipas Northern 
Border National

Nominala
Constantb
usdc

12.82
0.87
4.94

14.97
3.01
7.08

13.77
1.81
5.88

14.05
2.10
6.17

13.65
1.69
5.76

12.18
0.22
4.29

13.43
1.48
5.55

13.69
1.74
5.80

Average wages

Nominal 
Constant
In dollars

12.79
0.83
4.90

14.01
2.05
6.12

13.35
1.40
5.46

15.25
3.29
7.36

13.14
1.18
5.25

12.50
0.54
4.61

13.10
1.14
5.21

12.96
1.00
5.07

a in nominal pesos.
b constant pesos of 2002.
c usd.
Source: Own elaboration with data from Banco de Información Estadística, inegi. 

The trends of labour wages and productivity suggest important particulari-
ties of the level of regional and national competitiveness, in the context of fdi:

1)	 Wages	denominated	in	usd	have	grown	at	a	lower	rate	in	the	maquila	than	in	
the	manufacturing	sector	of	the	USA,	indicating	that	the	Mexican	maquila	still	
represent	an	attractive	opportunity	for	fdi.

2) Labour productivity denominated in usd has increased at a faster rate than wages 
in the Mexican maquila sector. As a result the ratio labour productivity/wages has 
become another economic factor that has sustained the maquila industry.

3) Within the Northern border region, those states which had previous manufac-
turing development seem to be experiencing faster rates of labour productivity 
(Coahuila, Nuevo León). These results could be reflecting higher levels of 
integration of the emi with the rest of the economy, in particular with the ma-
nufacturing sector of those states.
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4) Labour productivity growth in constant pesos presented a rather low expansion 
of 1.7%, demonstrating poor results of competitiveness in constant pesos. There-
fore, it appears that the exchange rate has been an important factor determining 
the competitiveness of that sector. By gradually depreciating the value of the 
peso, the productivity of the maquila denominated in usd has improved the 
international competitiveness of that industry.

1.3 The China effect on the demand for Mexican maquila firms production

As already discussed, export activity is one of the most important features of the 
Mexican maquila industry. In that sense, the accelerated expansion of China’s exports 
in the world, particularly to the USA, has imposed risks and limitations to the future 
growth of that sector in Mexico. Although Mexico has remained as an important 
exporter to the USA, the rapid growth of the exports of China has surpassed those of 
Mexico. Between 1990 and 2006 the average growth of the nominal value of exports 
was 18.5% for China and 11.5 for Mexico. In fact, since 2003 China exhibited a 
higher value of exports to the USA than Mexico (See Table 3).

Table 3 
USA foreing trade with China and Mexico 

(usd millions)
China Mexico China exports/

Mexico exports 
to USA (%)    Year     Exports    Imports   Balance    Exports     Imports    Balance

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

aarg1

4,806.40
6,278.20
7,418.50
8,762.90
9,281.70

11,753.70
11,992.60
12,862.20
14,241.20
13,111.10
16,185.20
19,182.30
22,127.70
28,367.90
34,744.10
41,925.30
40.235.70

14.44%

15,237.40
18,969.20
25,727.50
31,539.90
38,786.80
45,543.20
51,512.80
62,557.70
71,168.60
81,788.20

100,018.20
102,278.40
125,192.60
152,436.10
196,682.00
243,470.10
206,50050

18.47%

-10,431.00
-12,691.00
-18,309.00
-22,777.00
-29,505.10
-33,789.50
-39,520.20
-49,695.50
-56,927.40
-68,677.10
-83,833.00
-83,096.10

-103,064.90
-124,068.20
-161,938.00
-201,544.80
-166,264.80

28,279.00
33,277.20
40,592.30
41,580.80
50,843.50
46,292.10
56,791.60
71,388.50
78,772.60
86,908.90

111,349.00
101,296.50
97,470.10
97,411.80

110,835.00
120,364.80
99,895.60

9.66%

30,156.80
31,129.60
35,211.10
39,917.50
49,493.70
62,100.40
74,297.20
85,937.60
94,629.00

109,720.50
135,926.30
131,337.90
134,616.00
138,060.00
155,901.50
170,108.60
148,355.50

11.53%

-1,877.80
2,147.60
5,381.20
1,663.30
1,349.80

-15,808.30
-17,505.60
-14,549.10
-15,856.40
-22,811.60
-24,577.30
-30,041.40
-37,145.90
-40,648.20
-45,066.50
-49,743.80
-48,459.90

50.53
60.94
73.07
79.01
78.37
73.34
69.33
72.79
75.21
74.54
73.58
77.87
93.00

110.41
126.16
143.13
139.19

6.94
1 aarg is the annual average rate of growth
Source: U.S. Census Bureau, Foreign Trade Division, Data Dissemination Branch, Washington, D.C. 20233.
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The rapid expansion of Chinese exports to the USA has been related with 
the manufacturing and industrial commodities. The transformation of the Chinese 
economy into an important manufacturer means it also has become a predominant 
manufacturing exporter, in particular to the USA. According to the US Census Bu-
reau,3 the share of Chinese manufacturing and industrial commodities represented 
98.2% of total exports in 2003 and slightly increased to 98.3 in 2006.

The analysis of USA imports structure change from China and Mexico be-
tween 2002 and 2006 shows that there are still important sectors where Mexico seems 
to be competitive, for example in some agricultural products such as vegetables and 
fruits and cane and beet sugar. Additionally, some of the most important Mexican 
exports to the USA, related with maquila activities, are still increasing their share in 
total US imports. That is the case of passenger cars, engines and parts, televisions, 
receivers, video equipment, photographic and optical equipment (See Table 4).

Table 4 
Principal USA imports from Mexico and China as a percentage of total imports

Imports
2002 2006

          Mexico         China           Mexico          China
Vegetables and preparations
Passenger cars complete and assembled
Other parts and accessories
Television receivers, vcr’s & other video equip.
Generators, transformers, and accessories
Measuring, testing and control instruments
Electric apparatus and parts, n.e.c.
Computers
Household and kitchen appliances
Engines and engine parts
Wine and related products
Photographic and optical equipment
Telecommunications equipment
Fruits and preparations, including frozen juices
Other materials (hair, waste materials, etc.)
Cane and beet sugar
Finished metal shapes & adv. manuf. except steel
Glass-plate, sheet, etc. (excluding automotive)
Apparel and household goods-cotton
Total imports from Mexico and China

5.16
1.60
7.16

34.76
19.26
7.88

21.33
51.45
44.77
2.55
0.10

35.47
21.60
6.37

27.80
0.15

18.00
34.24
20.26

287,772,789

3.34
0.09
3.29

18.50
10.74
4.20

14.11
9.90

35.28
1.25
0.15

42.62
12.15
3.19

17.73
0.10

11.48
25.08
11.48

125,192,465

46.17
40.89
31.24
35.07
25.26
21.11
25.26
12.64
22.71
24.95
20.61
20.72
17.40
19.65
25.24
28.05
13.17
11.60
7.12

198,258,639

5.16
1.60
7.16

34.76
19.26
7.88

21.33
51.45
44.77
2.55
0.10

35.47
21.60
6.37

27.80
0.15

18.00
34.24
20.26

287,772,789
Total USA Imports 1,160,221,121 1,852,600,819
Source: Own calculation with data from ftd Webmaster, Foreign Trade Division, U.S. Census Bureau, Washington, 
D.C. 20233

3 FTD WebMaster, Foreign Trade Division, U.S. Census Bureau, Washington, D.C. 20233.
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However, it is important to point out that in the last four years China has 
surpassed the share of Mexican exports in total USA imports in several areas such 
as computers, telecommunications equipment, finished metal shapes, glass plate 
sheets, kitchen appliances and other materials. Moreover, the share of exports in 
televisions, generators and control instruments is almost as high as exports from 
Mexico, which also have experienced accelerated growth.

Therefore, the general overview of the changes in the USA import struc-
ture shows location advantages such as climate and proximity to markets are still 
important factors that, along with relatively low wages in Mexico compared to the 
USA, has sustained some of the maquila activities, especially the ones related to 
the automobile industry. However, Mexican exports are losing ground in activities 
such as televisions, and electrical components.

In order to have explanatory elements to help in understanding the lack of 
relative dynamism in the emi, as compared to the manufacturing sector of China, 
another key component has to be considered: relative wages. The comparison of 
relative wages in the manufacturing sector of China and the average wages of the 
emi workers in Mexico, denominated in nominal dollars, show the comparative 
advantage of China. In 1990, hourly wages in the manufacturing sector of China 
were usd$ 0.23, which represented 10% of those in Mexico. Although, in nominal 
usd Chinese wages increased at an average annual rate of 9.9%, much faster than 
the 3.6 of Mexican wages. In 2005 China’s average hourly wage reached usd$ 1, 
only 26% of the value of average Mexican wage of usd$ 3.81 (see Table 5).

Table 5 
Wages in the manufacturing sector of China and the maquila 

industry of Mexico

Year
Chinese manufacturing 
sector hourly wages in 

dollars (A)

Mexican maquila 
sector hourly wages 

in dollars (B)
A/B

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

0.23
0.22
0.25
0.3
0.26
0.32
0.35
0.37
0.44
0.49

2.21
2.57
2.89
3.07
3.24
2.05
2.18
2.18
2.29
2.6

0.1
0.09
0.09
0.1
0.08
0.16
0.16
0.17
0.19
0.19

continues…
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Table 5 
Wages in the manufacturing sector of China and the maquiladora 

industry of Mexico

Year
Chinese manufacturing 
sector hourly wages in 

dollars (A)

Mexican maquila 
sector hourly wages 

in dollars (B)
A/B

2000
2001
2002
2003
2004
2005

aarg

0.55
0.62
0.69
0.79
0.88
1
9.95%

3
3.59
3.79
3.52
3.47
3.81
3.63%

0.18
0.17
0.18
0.22
0.25
0.26

Source: Own elaboration with data from National Bureau of statistics of China, China 
Statistical Yearbook, 1996, 2004, 2006.

Consequently, the recent trends and changes within the imports structure 
of the USA, which is the main destination market for maquila exports, shows that 
maquila firms are losing demand in electronic equipment and other exports in which 
labour costs are more important than transportation costs. However, in industries 
where location is important, such as goods related to the automobile industry, the 
Mexican maquila firms seem to be performing competitively.

Therefore, it can be concluded that, explained in part by the compara-
tive advantages of wages, the accelerated growth of the industrial sector in China, 
particularly in the production and export of manufactures, has impacted the USA 
trade and manufacturing sectors and has become an important competitor for the 
Mexican maquila exports. This can be observed by taking the sample correlation 
of the industrial index of China with respect to the industrial index of the USA and 
the index of the level of employment in the emi of Mexico. The correlation matrix 
shows that the Chinese industrial index is correlated with the industrial production 
index of the USA of 0.4540 while it maintains a negative correlation with the index 
of labour employment of the maquila firms of –0.1359.4 The correlation of these 
indexes can be somewhat visually observed in Figure 1, where two aspects of the 
pattern of the three indexes stand out. The first has to do with the fall in the growth 
of the USA industrial production index and the Mexican maquila labour employment 
index between 2000 and 2001, while the index of the production of China sustained 

4 The correlation matrix is not included in the text.
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a continuous expansion. The second shows that the USA and Chinese industrial 
indexes exhibited an increasing trend, while the Mexican maquila employment 
trend was rather stagnant after 2002.

Figure 1 
China, Mexico and USA: Indexes trends, 1999-2006

2. Theoretical and methodological aspects

2.1 Labour demand in the maquila industry

The empirical econometric model is based on the assumption that the maquila 
industry i in time t is determined by a production function that includes Mexican 
wages and the exchange rate as local conditions LC, and the external conditions 
represented by the market of the USA and the industrial production of China EC. 
The industry can modify its levels of employment instantaneously and can hire 
labour at the existing wage.

 Qjt = Qjt (LC,EC) (1)

Finally, the industry determines the labour demand by maximizing the 
short run profit function under the restriction of the production function:

 Pit = p⋅F (Lit, Qit) – w⋅Lit (2)
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Where:
 p = price; and
 w = wages paid to maquila workers.

The level of labour employment is determined by the first order conditions 
that maximize equation 2. Wages are equal to the marginal productivity of labour 
and the level of labor employment and wages hold an inverse relationship. Also, in 
addition to wages and prices, the demand for workers depends on foreign markets 
since the industry exports its production.

 Li = Li (w,p,Q) (3)

By substituting (3) and (2), obtaining the first order conditions, regrou-
ping in terms of the variable labour and applying the Hotelling Lemma, the labour 
demand is determined as follows:

 
= – L(w,p,Q)∂

∂w
∏

 
(4)

From this result, the hypothesis supporting this paper considers that the 
degree of responsiveness of the quantity of labour employment responds to the wage 
level, the demand for maquila production (derived market) related with the USA 
industrial activity and, as factor of competition for the USA markets, the Chinese 
industrial pattern of growth.

Therefore, the econometric investigation assumes that maquila labour 
demand is a function of Mexican wages, domestic competitiviness factors and 
external factors derived from globalization (Hanson, 1994; Mendoza and Calderón, 
2001). Due to the negligible level of capital as a production factor, its impact on 
the labour demand is not considered in the empirical econometric analysis.5 The 
aggregate labour demand function can be expressed as a log-linear specification 
as follows:

           1nLt = C0 + b1 1nWt + b2 1nIPUt + b31nERt + b4 1nIPCHt + ut (5)

5 According to data from inegi, the Mexican input content represented 5.2% of the total added value generated 
by the maquila sector in Mexico during 1990. By 2006 the share increased to 8.9%.
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Where:

 1n L = natural logarithm of the quantity of labour employment at time t;
 1n W = natural logarithm of the wages;
 1n IPU = natural logarithm of the USA industrial index;
 1n ER = natural logarithm of the real exchange rate pesos/usd;
 1n IPCH = natural logarithm of the China’s industrial production index;
	 u = random disturbance term with its usual classical properties; and
 t = time.

The average hourly wage denominated in dollars was calculated with data 
from the Banco de Información Económica from inegi. The USA industrial pro-
duction index was obtained from the databases of Economagic. China’s industrial 
production index was obtained from several sources: China Statistical Yearbook, 
National Bureau of Statistics of China, China Statistical Data. The real exchange 
rate was obtained from the Indicadores Económicos from Banco de México. The 
information corresponds to a monthly time series database from January of 1999 
to June of 2006.

2.2 Methodology of bounds test for co-integration

The analysis of the emi labour employment determinants can be undertaken by esta-
blishing a short and long terms model, which allows to define time series variables 
that move together. Therefore, the long run relationships and dynamic interactions 
among the variables would be estimated by using the bounding test or ardl proposed 
by Pesaran, Shin and Smith (2001). The method was chosen because it provides an 
econometric test for the long run effect of China’s industrial production index, which, 
according to the different unit root tests, rejected the null hypothesis of stationary 
process when estimated in levels.

Therefore, this method of estimation was employed because it is applicable 
for situation where the regressors are purely I(0) and I(1) or mutually co-integra-
ted, and because it yields consistent estimates of the long run coefficients that are 
asymptotically normal irrespective of the order of integration of the regressors, 
avoiding the problem of integration of the Johansen test. Also, the test is relatively 
more efficient in small, finite data samples. 

Following Pesaran, Shin and Smith (2001) a bounds test method is deve-
loped by modelling the long run equation as a general vector autoregressive model 
(var) of order p in zt.
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 = ∑
p

β
t =1

zt μ+ z t+ ε ,i t-1                      t = 1,2,…,T (6)

Where:
 zt = vector of both xt and yt,  with yt  as the dependent variable represented 

by the labour employment in the Northern border states of Mexico and xt as 
the vector representing the explanatory variables (Wt,  IPUt,  Ct,  IPCHt);

 µ = k + 1 vector intercepts (drift); and
	 β = k + 1 vector of trend coefficients. 

In this case, yt must be I(1) but the regressor xt can be either I(1) or 
I(0). From equation (10) Pesaran derived the vector equilibrium correction model 
(vecm):

                  = ε∑
p-1

i=0
zt μ + αt + λz + γ tt-1Δ t =1yi +Δ ∑

p-1

i =0
+γ t–1xiΔ       t = 1,2,…,T (7)

The methodology of estimation presented above is relevant for testing the 
existence of co-integrating vectors between the independent variable yt and the set 
of explanatory variables xt. On the basis of long run relationships among variables, 
an unrestricted correction model specification can be set up as follows:

								ΔLt = C0 + b1ln Lt-1 + b2ln Wt-1 + b3lnIPUt-1 + b4lnERt-1 

                  

5 t-1β  nIPCH+ β∑
p

i =0
+ LΔ6 t-1+ β∑

q

i =0
WΔ7 t-1+ β∑

r

i =0
IPUΔ8 t-1

εtβ∑
s

i =0
+ ERΔ9 t-1+ β∑

v

i =0
IPCHΔ10 t-1+

1

 

(8)

Where:

 C0 = drift;
 Δ = first difference operator;
 ε = white noise disturbance; and
 b1,b2,b3,b4,b5 = long term coefficients.

This equation can be considered as an ardl model of order (p,q,r,s,v) and 
it explains the growth of labour demand in the maquila industry of Mexico in terms 
of its past values of employment and local and external factors.
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The lags of the variables in the model are obtained by using the Akaike In-
formation Criterion (aic). The estimation procedure to estimate equation (8) consists 
of estimating a long run relationship among variables by running an ordinary least 
squares (ols) regression for the first differences section of the equation, and testing 
the joint significance of the coefficients. A Wald test (F-statistic) is conducted to 
determine the long run relationship after running an ols regression. The F-statistic 
test for joint significance of the coefficients of the lagged variables is undertaken 
under the following null and alternative hypotheses:

H0: b1 = b2 = b3 = b4 = b5         no long term relationship

H1: b1 ≠ b2 ≠ b3 ≠ b4 ≠ b5             long term relationship

The estimated F-statistic value is contrasted with the critical values in 
table CI(iii) of Pesaran, Shin and Smith (2001). The asymptotical critical values 
test of cointegration assumes that the explanatory variables are integrated the order 
I(d) where 0 ≤ d ≤. Therefore the lower bound assumes that regressors are I(0) and 
the upper bound assumes that the regressors are integrated I(1). If the computed 
F-statistic is above the upper critical value the null hypothesis is rejected, and if it is 
smaller than the lower bound value the null hypothesis cannot be rejected. Finally if 
the computed F-statistic values falls between the lower and upper bound values the 
test is inconclusive. If the F-statistic rejects the null hypothesis, a long run model 
and a short run model would be established using aic.

3. Empirical results

3.1 Co-integration tests

In order to determine if the co-integration model satisfies both the economic and 
statistical assumptions, the dependent and independent variables of the maquila 
labour demand in the Northern border states of Mexico were tested for unit roots. 
This procedure is important to determine if the variables are stationary I(0), or if they 
present a linear trend or a linear root I(1) implying that the mean and the variance of 
the variable series depend on time and exhibit a trend. To test the hypothesis of unit 
root, an Augmented Dickey-Fuller test (adf) (Dickey and Fuller, 1979 and 1981) 
and Phillips-Perron test (pp) (Phillips and Perron, 1988) were estimated for each 
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variable model.6 The test is based on the following hypothesis: H0: δ = 0 the series 
is nonstationary and it has a unit root, and H1: δ ≠ 0  the series is stationary.

After taking logs for the series, and based on the estimations of the sta-
tistics t and MacKinnon critical values of the adf, the results showed that the only 
variable series that was stationary was the industrial production index of China I(0). 
The rest of the series exhibited a unit root with an integration order of I(1) and were 
not stationary. Therefore it was necessary to take the first difference to transform 
them into stationary series (See Table 6).

Table 6 
Mexico’s Northern Border Maquila Model: adf, pp, ng-Perron unit root 

tests and kkps stationary test,a 1990:1-2006:12

Series Maquila
employment

Industrial index 
China

Industrial index 
USA

Hourly worker 
income at constant 

prices
Real exchange rate

adf

Lags
Intercept
Phillips-Perron

Lags
Kwiatkowski-
Phillips-Schmidt-
Shin test 

Intercept
Lags

First difference
 -3.61**

3
Constant and trend

First difference
-6.13***

3
First difference

0.29***
Constant and trend

4

Level
 -8.82***

3
Constant and trend

First difference
-8.89***

3
Level

0,09
Constant and trend

4

First difference
 -11.92***

3
Constant and trend

First difference
-11.58***

3
First difference

0.31***
Constant and trend

4

First difference
 -8.43*’*

3
Constant and trend

First difference
-5.35***

3
First difference

0.41***
Constant and trend

4

First difference
 -6.42***

3
Constant and trend

First difference
-6.4***

3
First difference

0.25***
Constant and trend

4
a The kpss test follows Kwiatkowski et al. (1991), with a null hipothesis that the series are stationary 
and k=4 is the used lag truncation parameter according to the procedure stated by the authors.
*** Significant at 1%, ** significant at 5%, * at significant 10%.

In order to corroborate the order of integration of the series of the industrial 
production of China the kpps is estimated as an alternative method to make sure 
that all the variables are either I(1) or a combination of I(1) and I(0). The results of 
the kpps showed that all the series failed to reject the null hypothesis of stationarity 
for all the series in first difference and for the series of the industrial production 
of China in levels (See Table 6). Therefore, the results corroborate that the model 
includes variables with order of integration I(1) and I(0), making it more appropriate 
to choose the ardl methodology.

6 The Dickey Fuller test is based on an equation that includes an intercept (drift), a trend (T) a lagged terms 
of the variable: ΔYt = a + bT + δYt-1 + γ		∑

p

i =1	Yt-i + et. On the other hand, the Phillips-Perron test is based on an 
autoregressive process of first order, AR(1), such as: ΔYt = a + bT + δYt-1 + et.
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Therefore, given the results of the unit root tests, it was necessary to use 
the critical bounds procedure developed by Pesaran, Shin and Smith (2001), the 
method covers a general case for all co-integrated cases independently of the co-
integrating rank of the variables. According to corollary 3.1 in Pesaran, Shin and 
Smith (2001), it is possible to provide lower and upper bounds for the dimension 
of the co-integrating ranks of the variables. In their article, the authors provide 
critical value bounds for the F-statistic for different probabilities for cases with no 
intercept and no trend, restricted intercept and no trend, and unrestricted intercept 
and restricted trend. When the F-statistic falls outside the critical values a conclusive 
result shows the existence of a co-integrated process without needing to know the 
co-integration rank. Nevertheless, if the computed F-statistic falls within the bounds, 
the inference of the co-integrating process would be inconclusive.

3.2 Bounding test procedure and ardl estimates

As described above, in order to test the long run relationships and also the dynamic 
interaction among the variables included in the model, a bounding testing of the 
model in equation (8) was estimated. Therefore, after selecting the maximum lag 
order according to the aic, an ols regression for the first different segment of that 
equation was estimated and then a test for joint significance of the parameters of 
the lagged level variables was performed. The F-statistics test the null hypothesis 
that the coefficients of the lagged level are equal to zero, and therefore there is no 
long run relationship among them. The results of the F-statistic, when each variable 
is considered as a dependent variable, can be seen in Table 7. The computed F-sta-
tistics are all above the upper bound critical values in all three cases. Thus, the null 
hypothesis of no co-integration is rejected, implying that the variables are bound in 
long run relationships for the different combinations of the model.

Table 7 
F-test for cointegration

F-statistics 1% critical value bounds Outcome
Lower bound value Upper bound value

L 5.61*** 3.41 4.68 Integration
IPU 4.08** 5% critical value bounds Integration
IPCH 9.53*** 2.62 3.69 Integration
ER 11.46*** Integration
W 14.05*** Integration

Asymptotic critical value bounds were obtained from Table CI, case III, unrestricted intercept and no 
trend (Pesaran et al., 2001), for K=5.
*** 1%, ** 5% critical values.
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In particular, the combination in which the level of maquila labour occu-
pation is the dependent variable is of interest because it corroborates a long run 
relationship of the model of labour demand in the emi of the Northern states of 
Mexico. The critical value at 1% was 5.61, which is higher than the upper bound 
of 4.68. Therefore, the test implies that there is a long run relationship between the 
Chinese industrial index and the Mexican maquila labour demand as well as the 
industrial index of the USA. Consequently, it is possible to estimate a conditional 
error correction model, which can be interpreted as an autoregressive distributed 
lagged model with different length on the lagged variables (ecm-ardl).

The results of the long run equation are reported in Table 8 and corroborate 
that the signs of the explanatory variables are in accordance with theoretical expecta-
tions. Further, the estimated coefficients are found statistically significant. The results 
show that the industrial production of China has an important negative impact on 
labour demand in the emi of the Northern states of Mexico in the long run. Also, as 
expected, the effect of the industrial production of the USA and the rate of exchange 
had a positive effect on the dependent variable. Finally, the real wages coefficient 
exhibited a negative effect on the maquila industry. It is important to point out that 
the estimated coefficients are found to be highly significant at the 1% level, with the 
exception of the industrial production of China that was significant at the 5% level. 
From these results it is worth mentioning that the inclusion of the industrial produc-
tion index of China implies an important effect on maquila employment in the long 
run, and therefore this variable should be taken into consideration when studying the 
determinants of the maquila industry performance from long term perspective.

Table 8 
Estimated long-run coefficients using ardl methodology

Selected based on sbc, ardl (5, 5, 1,1, 2), Dependent variable L
Variable   Coefficient    t-Statistic  Prob.

C
IPCH
IPU
W
ER

12.5205
-0.3446

0.992
-0.5216
0.3498

19.8314***

-2.2630***

7.3398***

-7.0985***

3.8581***

0
0.0263

0
0

0.0002
*** 1% significance level.

The coefficients of the real wages paid in the emi production of the USA 
corroborate the findings of Mollick and Wvalle-Vazquez (2006) and Gruben (2001), 
although they estimate the ratio of Mexican to USA wages. In all cases Mexican 
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wage movements had an inverse correlation with the level of maquila employment 
and the coefficient of the USA real production was positive and statistically signifi-
cant in all specifications. It is worth mentioning that the estimated coefficient of the 
USA industrial production was close to the one estimated by Gruben (0.99 versus 
1.05). Finally, the coefficient for the real exchange rate is positive, implying that 
there is a positive correlation with the depreciation of the peso in terms of usd and 
the increase in labour employment in the maquila firms. This result also suggests, 
along the lines of Gruben’s assertions, that in an environment of intense internatio-
nal competition, the exchange rate has become an important factor for maintaining 
competitiveness of the Mexican maquila firms in the international market.

Finally, to complete the analysis, the results of the short run dynamic 
coefficients associated with the long run relationships were estimated using an 
error correction model (ecm)7 and are presented in Table 9. Some of the signs of 
the coefficients of the lagged variables in the short run are maintained as in the 
long run. However, the real wages variable presented opposite sign in the short run 
dynamics, suggesting a lesser effect. It is important to stress that the coefficient of 
the error correction mechanism estimated was 0.1 and it was highly significant, also 
it had the expected sign. The speed of adjustment to equilibrium in the long run 
after a shock was rather fast and it corrected the disequilibria from previous month 
by 10%. Additionally, the lagged error correction coefficient was significantly ne-
gative corroborating the co-integration among the variables included in the model 
(Bahmani-Oskooee and Hanafia, 2007). It is worth pointing out that the coefficient 
for the Chinese industrial production index with two lags was negative but much 
smaller than the coefficient of the long run estimation, which suggests that the effect 
of the increasing industrial expansion of Chinese industry is more correlated to the 
Mexican maquila industry in the long run.

This coefficient for the lagged residuals of the long run equation is smaller 
than the ones obtained by Mollick and Wvalle (2006), probably because of the differ-
ent lengths of the data series and the econometric technique. Finally, the explanatory 
power of the ecm is adequate, with the adjusted R2 statistic ranging from 0.5 and 
the test of serial autocorrelation of dw=2.1.

7 The objective of this method established by Engle and Granger (1987), is to impose short run restrictions called ecm 
on the parameters of the long run model using a co-integration two-step econometric procedure. Davison, Hendry, 
Srba and Yeo (1978) were the first to introduce a short run dynamics within a given long run relationship.
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Table 9 
Error correction for ardl

ardl based on aic. Dependent variable: dpofn

Variable Coefficient t-Statistic Prob.
C
DL(-1)
DL(-2)
DL(-3)
DL(-4)
DL(-5)
DW(-1)
DW(-2)
DW(-3)
DW(-4)
DW(-5)
DER(-1)
DIPUSA(-1)
DIPUSA(-1)
DIPCH(-2)*

ECMP***

R-squared
Adjusted R-squared
Durbin-Watson stat

-0.001
  0.5723
  0.0726
-0.0039
  0.2668
-0.0085
  0.1401
  0.0807
  0.1051
  0.0914
  0.1166
  0.0968
  0.1341
  0.0507
-0.0585
-0.1022

  0.59
  0.4996
  2.0977

***

**

*

**

***

***

***

***

*

***

***

-0.9452
4.3181
0.5732

-0.0305
2.2855

-0.0718
4.4976
2.2369
2.7661
2.8485
4.6437
1.8663
1.7101
1.5518

-1.7929
-3.6955

aic
Schwarz criterion
F-statistic

0.3479
0.0001
0.5684
0.9757
0.0254
0.9429

                 0
0.0286
0.0073
0.0058

                 0
0.0663
0.0934
0.1254
0.0774
0.0004

-6.4163
-5.9533
6.5248

* significant at 10%, ** significant at 5% and,  ***significant at 1%.

Concluding remarks

Labour in the emi is characterized by being traditionally concentrated in the Northern 
border states. However, since early 2000s it has experienced a somewhat moderate 
growth. Mexican maquila wages denominated in usd have grown at a lower rate 
than in the manufacturing sector of the USA, indicating that the Mexican maquila 
is still an attractive opportunity for fdi. However, different studies have shown that 
continues to be an important competition for North American investments based on 
low wages, particularly in Asia (Gruben, 2001)

The general overview of the changes in the USA imports structure sug-
gests that the relative location advantages of Mexico, such as the proximity to 
USA markets, are still an important factor that, along with relatively low wages in 
Mexico compared to the USA, has sustained maquila activities, especially those 
related to the automobile industry. However, Mexican exports are losing ground in 
traditional maquila activities like televisions and electrical components. The com-
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parison of the annual average wages in the manufacturing sector of China and those 
of the workers of the emi in Mexico, denominated in usd, shows the comparative 
advantage of China. 

In this paper, a long run ardl approach was established in order to deal 
with both the short and the long run analysis. Therefore a monthly data set was 
constructed to analyze the impact of the presence of China in the USA market. By 
taking into account that the Chinese exports to the USA market are mainly related 
to the manufacturing sector and that this results in a continuous reduction of the 
final market for the Mexican maquila exports, a model to corroborate the external 
and local factors affecting the demand of labour in the emi was established. The 
approach of the analysis includes a longer monthly data series that is able to deal 
with a longer period of time and also introduces a methodology that makes it possible 
to handle time series presenting different orders of integration.

One of the important findings of the study has to do with the long run 
estimation that showed that the industrial production of China has a negative impact 
on labour demand in the emi of the Northern states of Mexico. This result supports 
previous findings by Gruben (2001) for the long run analysis, which considered that 
the relative wages of Mexico and Asian countries were an important indicator of the 
increasing competitiveness of China and Southeast Asia. Additionally, it provides a 
long run perspective of the analysis of the determinants of the maquila employment 
in Mexico and introduces the performance of the manufacturing sector of China 
into the analysis of the Mexican emi international competitiveness.

Also, as expected, the results exhibited a positive effect of the industrial 
production of the USA on the maquila labour demand for both the long and short 
runs, therefore corroborating the arguments regarding the synchronization of maquila 
firms to the industrial cycle of the USA. The positive impact of the USA industrial 
production on maquila employment explains that even though such firms are losing 
ground to China’s exports in general terms, there are lines of production where the 
emi still shows competitiveness, derived from the combination of labour costs, 
transportation costs and the level of infrastructure (Fullerton and Barraza, 2003)

Another result has to do with the exchange rate, which had a positive 
effect on the dependent variable, reflecting the level of competitiveness given to 
the maquila sector by this factor, in particular because of the comparatively lower 
maquila wages denominated in usd.

The coefficient of real wages shows a negative effect on the maquila employ-
ment in the long run, corroborating the assumption of an inverse relationship between 
labour demand and wage level. Finally, the short run dynamics of the model exhibited 
a correction in the long run of 10% a month, which was statistically significant.
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Finally, the results of the estimations showed that the effect of both local 
and external variables on the demand of labour in the emi has a stronger impact 
in the long than in the short run, which implies that the international environment 
and particularly the Chinese economy has become a structural determinant of the 
maquila sector in Mexico.
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