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ABSTRACT
In this article, we aim to determine the relationship between various industrial subsectors 
linked to Mexico’s agricultural sector, as well as to demand in the United States. Twenty co-
integration tests and four data panels were implemented in five subsectors linked to Mexico’s 
agricultural sector and to demand in the United States. The latter is represented by consumption 
expenditure and personal income in the United States. Results from co-integration tests indicate 
that the subsectors linked to Mexico’s agricultural sector are not co-integrated with consumption 
expenditure and personal income in the United States; and the data panels corroborate the 
results from the co-integration tests. We conclude that the subsectors linked to Mexico’s 
agricultural sector are not co-integrated with demand from the United States of America 
despite trade agreements, and that although Mexico’s agricultural sector is co-integrated with 
demand from the United States of America; this does not benefit its subsectors. Therefore, areas 
of opportunity still exist, where policies could be created to support producers, so they can 
co-integrate with demand from the United States of America, and where those sectors that are 
already co-integrated can create production chains and benefit other sectors and subsectors.

Keywords: co-integration, demand, government support, mexican agricultural sector, mexican 
industrial sectors, North America.

INTRODUCTION
Mexico has promoted its trade with other countries so that its producers 
can export their products, improve income, and generate productive chains, 
benefiting various sectors. Among the strategies implemented to achieve this 
objective are trade agreements with different countries such as the United 
States of America (USA), Colombia, Nicaragua, and Israel. Of these, the most 
important agreement is the North American Free Trade Agreement (NAFTA), 
later the United States-Mexico-Canada Agreement (USMCA), which aims to 
economically co-integrate countries in the North American region (Anguiano 
and Ruiz, 2022; Ramírez, 2021; Chávez et al., 2019; Puchet et al., 2011).
These agreements have deepened Mexico’s trade with the US and have led 
several Mexican industrial sectors and subsectors to co-integrate with the US; 
that is to develop long-term economic relationships between industrial sectors 
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and subsectors and the US economy. Thus, when a US economic variable 
changes Mexico’s related economic variable reacts. For example, when 
demand for a US agricultural product increases, the agricultural sector and its 
related subsectors in Mexico respond by increasing their production, in order 
to maximize profits. Likewise, demand for sectors related to the agricultural 
sector increases, benefiting these sectors (Nava, 2021; Puyana, 2020; Santa, 
2019; Chávez et al., 2019).
Notably, prior to the trade agreements, the US was already Mexico’s principal 
trading partner. This is attributed to the proximity of both countries and the 
fact that the US is the world’s largest economy. This has resulted in several 
Mexican industrial sectors and subsectors, such as the agricultural industry, 
specializing in production for export to the US; the creation of value chains 
or relationships between Mexico’s industrial sectors and subsectors; and the 
dependence of producers in the agricultural sector and related subsectors on 
US demand (Hernández et al., 2020, 2021, 2022a, 2022b; Infante et al., 2021; 
Chávez et al., 2019; Infante and López, 2019).
However, some authors (Infante et al., 2021; González, 2017; Jaime et al., 2015) 
indicate that, although sectors are co-integrated, this can vary, if subsectors and 
the relationships between sectors and subsectors are analyzed. Analyzing these 
relationships allows us to identify areas of opportunity for the development of 
government policies that support subsectors related to Mexico’s agricultural 
industry and to discover the relationships between the various subsectors. 
Therefore, our research objective is to determine the relationship between 
various subsectors linked to Mexico’s agricultural sector, and to demand from 
the United States of America.

THEORETICAL FRAMEWORK
Mexico’s main trading partner is the United States of America (USA), and 
its industrial sectors and subsectors are said to be co-integrated by: the 
trade agreement known as the North American Free Trade Agreement 
(NAFTA), later replaced by the United States-Mexico-Canada Agreement 
(USMCA); globalization. This has caused trade between these countries 
to increase due to the creation of trade chains between the countries; the 
fact that the United States is the largest economy in the world; Mexico’s 
proximity to the United States and the trade relationships that have been 
formed between the two countries. Likewise, in search of greater profits 
and taking advantage of trade agreements, several Mexican producers 
have oriented their production to meet demand for agricultural products 
from the United States. This also affects the Mexican subsectors linked to 
those sectors that are co-integrated (export) with the USA, as by increasing 
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their production, they demand greater production inputs (Ramírez, 2021; 
Infante and López, 2019; González, 2017).
This co-integration of Mexico with the US means that Mexico’s industrial 
sectors and subsectors have long-term trade relationships with the US 
economy (they export their products to the US) and that these relationships 
are not spurious. This implies that when the independent economic variable 
increases; for example US demand (driven by an increase in consumer 
spending or personal income in the US), the dependent economic variable lags 
behind (takes time to react). For example, when demand for US agricultural 
products increases, Mexico’s agricultural sector increases its production in 
order to export its products. This last factor affects the sectors that are linked 
to this, as the agricultural sector will demand greater production inputs. It 
should be added that not all economic sectors and subsectors in Mexico have 
managed to co-integrate with the US; those that have been successful are the 
automotive and agricultural sectors (Nava, 2021; Santa, 2019; Chávez et al., 
2019; Polaski, 2006).
Regarding the economic co-integration of Mexico’s agricultural sector with the US, 
some products from these sectors are more co-integrated with the US economy 
than others. Examples of this are some fruit and vegetable products, such as 
grapes, tomatoes, and asparagus, which have become successfully positioned in 
the US market (Infante et al., 2021; González, 2017; Jaime et al., 2015).
This co-integration of Mexico’s agricultural sector with the United States also 
affects related sectors and subsectors, as variations in agricultural production 
impact demand for products linked to this sector. Thus, when agricultural 
production increases, demand for production inputs will increase (Infante et 
al., 2021; González, 2017; Jaime et al., 2015).
In this sense, discussion of co-integration in the agricultural sector has focused on 
determining the benefits it has provided to Mexico. For example, the impact on 
demand for production inputs provided by industries linked to the agricultural 
sector (Puyana, 2020; Pérez et al., 2019; Pérez, 2019; Puchet et al., 2011).
Moreover, factors that have limited the positioning of Mexican agricultural 
products in the US include: the fact that since the signing of trade agreements, 
the US has sought to protect its sectors, such as agriculture by imposing 
rules, including tariff reduction periods for its imports and the establishment 
of non-tariff barriers; and in the US, there are state laws that preclude trade 
agreements, whereas in Mexico this is not the case (Puyana, 2020; Pérez et al., 
2019; Pérez, 2019; Puchet et al., 2011).
Along these lines, Puyana (2020) and Pérez et al. (2019) describe the 
characteristics of producers in the Mexican agricultural sector who export their 
products to the USA, that is, who are co-integrated with the USA, these are: 
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the productivity of the producer, type of product, relationships that producers 
form, level of organization of the producers, the level of education of the 
producer, the technology available to the producer, and access to economic 
resources.
The above is relevant because those producers in Mexico’s agricultural sector 
who manage to export their products are co-integrated with the United 
States. They are also exposed to economic variables that affect US consumer 
demand, such as US consumer spending and personal income. They are also 
the producers who will affect the industrial subsectors linked to this sector, as 
they will demand more or less of their products, depending on the behavior of 
US demand for their products (Anguiano and Ruiz, 2022).
Additionally, according to economic theories, producers in Mexico’s 
agricultural industry sectors, who export their products to the United States, 
will respond to changes in demand for their products in search of higher profits. 
In this sense, when the income of US consumers increases, consumption of 
agricultural products will increase, causing producers in Mexico’s agricultural 
industry to choose to increase their production (affecting the subsectors linked 
to them), as they will seek to satisfy the increased demand for their products, 
as this will increase their profits (Hernández et al., 2020, 2021, 2022a, 2022b; 
Hernández and González, 2022; Roitbarg, 2021; Hernández and Martínez, 
2009; Cardona et al., 2007).
In this regard, in the case of the Mexican agricultural industry, evidently 
producers react to variations in demand and product prices. This is consistent 
with the neoclassical theory of demand and corroborates the idea that Mexican 
producers would react to variations in demand for their products from US 
consumers (Benítez, 2022; García, 2020; Tonconi, 2015; Brambila et al., 2014; 
OECD-FAO, 2011; Fernández, 2008).
Similarly, we should also mention that there are models of international trade 
that attempt to explain trade relations between countries, such as: absolute 
advantage, comparative advantage, Heckscher-Ohlin, Brander and Krugman, 
and Paul Krugman’s monopolistic competition model. Generally, these 
theories indicate that international trade contributes to participating countries 
having greater growth and development compared to the absence of it. For 
example, the Heckscher-Ohlin model indicates that a country will choose to 
export products that require large quantities of inputs or production factors 
that the country has in abundance (Suriaga et al., 2021; WTO, 2017). In this 
sense, Mexico’s agricultural sector has demonstrated certain advantages in 
producing some products that are of better quality than those from the United 
States, helping the co-integration of this sector; among these products are 
asparagus (Infante et al., 2021; González, 2017; Jaime et al., 2015).
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METHODOLOGY
This research aims to determine the relationship between various industrial 
subsectors linked to Mexico’s agricultural sector and to demand in the 
United States of America. To this end, databases for five industrial subsectors 
linked to Mexico’s agricultural sector were downloaded from the Monthly 
Indicator of Industrial Activity Base Year 2018 (IMAE), obtained from the 
National Institute of Statistics and Geography (INEGI 2024) (Table 1). From 
the databases of industrial subsectors linked to Mexico’s agricultural sector 
from IMAE (INEGI 2024), we decided to use physical volume indices, with a 
base year of 2018. This was done to maintain consistency across all variables 
and strengthen the analysis. Personal consumption expenditures and personal 
income were used to represent US consumer demand; and the databases were 
obtained from the Bureau of Economic Analysis (BEA, 2024). The figures are 
constant for the 2018 base year, that is they are deflated (the 2023 figures are 
preliminary) and represent percentage variations. All databases have a time 
period from January 2000 to October 2023 and are monthly.
Each of the subsectors linked to Mexico’s agricultural sector presented in Table 
1 were analyzed, using co-integration tests to determine whether they have 
long-term and non-spurious relationships with US demand (consumption 
spending and personal income). Furthermore, to support and expand the 
results, this relationship was examined using panel data.
This research is based on the authors cited in the theoretical discussion, such 
as Nava (2021), Santa (2019), Chávez et al. (2019), and Polaski (2006), who 
indicate that there is economic co-integration between Mexico’s sectors and 
subsectors and US demand; Infante et al. (2021), González (2017), and Jaime 
et al. (2015) indicate that Mexico’s agricultural sector is co-integrated with the 
US; and Infante et al. (2021), González (2017), and Jaime et al. (2015) point out 
that the co-integration of the agricultural sector affects the sectors linked to it, 
because it impacts demand for production inputs.

Table 1. Name of the industrial subsectors linked to the agricultural sector of the Mexican IMAE.

Name of product

3111 - Animal feed production
3112 - Milling of grains and seeds to obtain oils and fats
3114 - Preservation of fruits, vegetables, casseroles and other prepared foods
3253 - Manufacture of fertilizers, pesticides and other agrochemicals
3331 - Manufacture of machinery and equipment for agriculture, construction, and the extractive industry

Source: self-elaborated based on INEGI (2024).
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Co-integration tests
Co-integration tests, revealed whether or not there is a long-term relationship 
between US demand (consumption expenditure and personal income) and 
the industrial subsectors linked to the agricultural sector in Mexico, presented 
in Table 1. This is because co-integration tests make it possible to determine 
whether the variables examined have a long-term relationship, establishing 
that this is not a spurious relationship and indicating that US demand 
influences the production of the industry subsectors linked to the agricultural 
sector in Mexico, as the independent variables consist of personal consumption 
expenditure and personal income in the US; whereas the dependent variables 
will be the food industry subsectors in Mexico (Gujarati and Porter, 2010; 
Wooldridge, 2010). Thus, these tests were used to determine whether or not 
co-integration exists. If confirmed, this would imply that when US demand 
varies, the production of the industrial subsectors linked to Mexico’s 
agricultural sector reacts. For example, when US demand increases, the 
production of the industrial subsectors linked to Mexico’s agricultural sector 
increases. This is because, in order to increase their income, they attempt to 
satisfy the increase in US demand and the increase in demand for production 
inputs from Mexico’s agricultural sector (Hernández et al., 2020, 2021, 2022a, 
2022b; Cardona et al., 2007; Roitbarg, 2021). The co-integration tests performed 
are presented in Table 2.
The twenty co-integration tests presented in Table 2 were performed according 
to the methodology presented by Gujarati and Porter (2010) and Wooldridge 
(2010), using Eviews software. According to the authors, variables must fulfill 
two conditions for co-integration tests to be performed: they must be non-
stationary in their original order and they must have an integration order of 
one. To determine these characteristics, unit root tests must be undertaken. 
Therefore, in this research, the augmented Dicky-Fuller (ADF) unit root tests 
were used because according to the authors, these tests are more robust than 
other tests such as the Dicky-Fuller. Accordingly, original order ADF tests, with 
and without tendency (two for each variable) were performed, as in Equation 1.

1 2 1 11

m
t t i t ti

Y t Y Yβ β δ α ε− −−
∆ = + + + ∆ +∑ 	 (1)

where et: is purely a white noise error term; DYt-1: the number of lagged 
difference terms that are frequently included. 

The first thing evaluated from the original-order ADF test results with and 
without tendency were the Durbin-Watson statistical values. The aim was 
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to ensure that the tests were free of perfect first-order multicollinearity. 
For this purpose, the Durbin-Watson statistic value must be above the 
significance point with an alpha of 5% (with its respective k value and its 
n).

Table 2. Description of tests for co-integration between demand from the USA and industrial sub-sectors, linked to the 
agricultural sector in Mexico.

Co-integration tests 
Abbreviated name Independent variable Dependent variable Tendency

G-EAA-N Personal consumption 
expenditure in USA 3111 - Animal feed production No

G-MGSAG-N Personal consumption 
expenditure in USA

3112 - Milling of grains and seeds for obtaining oils and 
fats No

G-CFVGO-N Personal consumption 
expenditure in USA

3114 - Preservation of fruits, vegetables, casseroles and 
other prepared foods No

G-FFPOA-N Personal consumption 
expenditure in USA

3253 - Manufacture of fertilizers, pesticides and other 
agrochemicals No

G-FMEACIE-N Personal consumption 
expenditure in USA

3331 - Manufacture of machinery and equipment for 
agriculture, construction and the extractive industry No

G-EAA-S Personal consumption 
expenditure in USA 3111 - Animal feed production Yes

G-MGSAG-S Personal consumption 
expenditure in USA

3112 - Milling of grains and seeds for obtaining oils and 
fats Yes

G-CFVGO-S Personal consumption 
expenditure in USA

3114 - Preservation of fruits, vegetables, casseroles and 
other prepared foods Yes

G-FFPOA-S Personal consumption 
expenditure in USA

3253 - Manufacture of fertilizers, pesticides and other 
agrochemicals Yes

G-FMEACIE-S Personal consumption 
expenditure in USA

3331 - Manufacture of machinery and equipment for 
agriculture, construction and the extractive industry Yes

I-EAA-N Personal income in USA 3111 - Animal feed production No

I-MGSAG-N Personal income in USA 3112 - Milling of grains and seeds for obtaining oils and 
fats No

I-CFVGO-N Personal income in USA 3114 - Preservation of fruits, vegetables, casseroles and 
other prepared foods No

I-FFPOA-N Personal income in USA 3253 - Manufacture of fertilizers, pesticides and other 
agrochemicals No

I-FMEACIE-N Personal income in USA 3331 - Manufacture of machinery and equipment for 
agriculture, construction and the extractive industry No

I-EAA-S Personal income in USA 3111 - Animal feed production Yes

I-MGSAG-S Personal income in USA 3112 - Milling of grains and seeds for obtaining oils and 
fats Yes

I-CFVGO-S Personal income in USA 3114 - Preservation of fruits, vegetables, casseroles and 
other prepared foods Yes

I-FFPOA-S Personal income in USA 3253 - Manufacture of fertilizers, pesticides and other 
agrochemicals Yes

I-FMEACIE-S Personal income in USA 3331 - Manufacture of machinery and equipment for 
agriculture, construction and the extractive industry Yes

Source: self-elaborated.
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The p value of the ADF tests was then evaluated. If the p value of the test 
exceeds 5%, the series has a unit root, meaning it is non-stationary; if it is less 
than 5%, the series does not have a unit root and is stationary. According to 
Gujarati and Porter (2010) and Wooldridge (2010), if the variables meet the 
condition of being non-stationary in original order, the integration order is 
determined.
To determine whether the variables were of order one of integration, ADF 
tests were again used, but with differences. Gujarati and Porter (2010) and 
Wooldridge (2010) indicate that variables must be stationary in first differences 
to determine whether they are of order one. Thus, applying the methodology 
described in the original order (but with first differences), ADF tests were 
performed and the results were examined.
Once again, the Durbin-Watson statistics were examined to determine that the 
tests did not present problems of perfect first-order multicollinearity. Next, 
the p values ​​of the first-order ADF tests were analyzed. These values ​​must be 
less than 0.05, thereby establishing that they do not have unit roots; that is, 
they must be stationary. If this is the case; integration is determined to be of 
first order.
If the variables are not stationary in the original order and are of first order 
integration, according to Gujarati and Porter (2010) and Wooldridge (2010), 
the co-integration tests presented by the authors should be continued. Thus, 
based on the methodology presented by the authors, the twenty co-integrating 
regressions shown in Table 2 were performed, taking the form of Equation (2).

1 2 1i i iY X uβ β= + + 	 (2)

where Yi: physical volume index with base year 2018 of the subsector linked to the 
agricultural sector in Mexico for month i; b1: intercept; b2: cointegrating parameter; 
X1i: US consumptio expenditures and personal income for month i; ui: estimated 
residuals from the cointegrative regression; i: month within the study period.

The co-integrating residuals were obtained using the estimated co-integrating 
regressions in the form of Equation 2 (Table 2). Thus, according to the authors, 
the augmented Engle-Granger unit root tests were applied to the co-integrating 
residuals to obtain the Engle-Granger tau statistic and thus establish whether 
the residuals are stationary or not. Based on this, we determined whether 
the variables examined are co-integrated. The p values ​​from these tests will 
establish whether the variables are co-integrated.
Thus, if the p-values ​​are less than 5%, the co-integrating residuals do not 
have unit roots, indicating that they are stationary and that the variables are 
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co-integrated in the long term; contrarily, when the p values ​​of the Engle-
Granger tau statistic from the Engle and Granger unit root tests exceed 5%, 
the co-integrating residuals have unit roots, that is, they are not stationary, 
which means that the variables are not co-integrated.
Thus, if co-integration tests indicate that products from the industrial 
subsectors linked to Mexico’s agricultural sector are co-integrated with U.S. 
demand (U.S. consumption expenditure and personal income), this means 
that manufacturers of products in the industrial subsectors linked to Mexico’s 
agricultural sector react in response to changes in U.S. demand; and that the 
co-integration of the agricultural sector with U.S. demand affects the sectors 
linked to it.

Panel data
Panel data regression models with fixed and random effects, shown in Table 
3, were estimated to corroborate the results from the co-integration tests. To 
do this, we used the methodology shown by Gujarati and Porter (2010) and 
Wooldridge (2010) and the Eviews software. Before estimating the panel data 
models with fixed and random effects, it was established that the variables did 
not have unit roots. To do this, we used the Levin-Lin-Chu test, in which the 
p value was examined with an alpha of 0.05. Thus, if the p value is less than 
0.05, the variables do not have unit roots, and if the p value exceeds 0.05, the 
variables have unit roots. If according to the authors, the variables do not have 
unit roots, we proceed to estimate the panel data models shown in Table 3.
The panel data regression models presented in Table 3 (with random and 
fixed effects) cover a time period from January 2000 to October 2023. Notably, 
although the same variables appear in the panel data regression models with 
fixed effects as in those with random effects, the difference between them is the 
treatment received by the random value vit, so that in the panel data regression 

Table 3. Data panels with fixed and random effects.

Model Independent variable Dependent variable Effects

G-PA-F Personal consumption 
expenditure in USA

Manufacture of products by the Mexican food 
industry sub sectors from Table 2 Fixed

I-PA-F Personal income in USA Manufacture of products by the Mexican food 
industry sub sectors Fixed

G-PA-V Personal consumption 
expenditure in USA

Manufacture of products by the Mexican food 
industry sub sectors Variables

I-PA-V Personal income in USA Manufacture of products by the Mexican food 
industry sub sectors Variables

Source: self-elaborated.
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models with fixed effects, the effect is fixed and in the panel data regression 
models with random effects, it is random.
In this way, the results from the panel regression models with fixed and random 
effects were evaluated. First, the R2 was assessed to validate the model; if it 
exceeds 0.75, it is considered valid. Next, the p value was evaluated; if it is less 
than 0.05, we assumed that the dependent variable (consumption expenditure 
and personal income) impacts the products of the subsectors examined.
Subsequently, Hausman tests were performed, following the procedure 
described by Gujarati and Porter (2010), in order to determine which model 
is best for examining these relationships. In the tests, the p values ​​of the test 
statistics were examined; these have an asymptotic x2 distribution with an alpha 
of 0.05. Thus, when the p value is less than 0.05, the estimators of the panel data 
model with fixed effects are not equal to those of random effects, therefore, the 
most appropriate model for analyzing the relationships is considered to be the 
fixed effects model; contrarily, when the p value exceeds 0.05, the estimators 
of the panel data model with fixed and random effects are equal, therefore, the 
most appropriate model is the random effects model. Finally, when the p value 
of the test statistic was greater than 0.05, a fixed effects redundancy test was 
performed using Eviews software.

RESULTS 
Prior to presenting the results from the co-integration tests and the data panels, the 
graphs of the databases of the variables used in the tests are presented in Figure 1.
Graphs of variables present the monthly behavior of the variables from January 
2000 to October 2023. Now, as indicated in the methodology, first the ADF unit 
root tests were estimated, with and without tendency in their original order, for 
the production of the industrial subsectors linked to the agricultural sector in 
Mexico and for personal income and consumption in the United States (Table 4).
Table 4 shows that there is no positive serial correlation because the Durbin-
Watson statistic is greater than the significance level in all cases. The second 
column of Table 4 shows the p values ​​for the ADF unit root tests in their original 
order, with and without tendency in the variables. Apparently, in all cases the 
p values ​​are greater than 0.05, in both the tests with and without tendency, 
implying that the series have unit roots and are non-stationary in their original 
order, with an alpha of 5%. Based on this methodology, ADF tests were 
performed with and without tendency, with first differences for the products 
of the industrial subsectors linked to the agricultural sector in Mexico and for 
income and personal consumption expenditure in the United States (Table 5).
Table 5 shows that in all cases, the ADF unit root tests with first differences, 
with and without tendency, there is no evidence of positive serial correlation, 
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given that the Durbin-Watson statistic is greater than the significance level. 
Likewise, the second column of Table 5 shows the p values ​​from the ADF unit 
root tests with first differences, with and without tendency, for the variables 
examined. This shows that in all cases, the p values ​​are less than 0.05, with and 
without tendency, implying that the variables do not have unit roots and are 
stationary at first differences with an alpha of 5%, and therefore have a first 
integration order.
As the products from the industrial subsectors linked to the agricultural sector in 
Mexico and personal consumption income and expenditure in the United States 
fulfilled the required conditions, the co-integration tests continued. Table 6 presents 
the results of the Engle and Augmented Granger (EGA) unit root tests, applied to 
the residuals of the co-integrating regressions, with and without tendency.

Source: Self-elaborated based on INEGI (2024) and BEA (2024).
Figure 1. Graphs of the databases of the industry subsectors linked to the agricultural sector of the Mexican IMAE 
(A) and USA personal consumption expenditure and personal (B).

A) Physical volume indices with a base year of 2018 for the subsectors of the industry linked to the agricultural 
sector in Mexico from the IMAE.

B) Percentage changes in US personal consumption expenditure and personal income.
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In Table 6, it is evident that in all the tests, the p values ​​of the Engle-Granger 
tau statistic of the EGA test, applied to the residuals of the co-integrating 
regressions, exceed 0.05, which implies that, according to Gujarati and Porter 
(2010) and Wooldridge (2010), with an alpha of 5%, the variables have unit 
roots, that is they are non-stationary, which means that the products are 
not co-integrated with or without tendency, that is they have no long-term 
relationship. This means that consumption expenditure and personal income 
in the USA do not influence the production of the products analyzed, so 
that when consumption or income in the USA increases, the manufacture of 
products from the subsectors of the industry linked to the agricultural sector 
in Mexico does not increase.

Data panel
In accordance with the methodology, data were analyzed using panel data to 
strengthen the results from the co-integration tests. Therefore, the Levin, Lin, 
and Chu unit root tests for the variables analyzed are presented in Table 7.

Table 4. Results from the ADF unit root test with and without tendency for the variables examined in their original order.

Variable
P value

(ADF test in 
order 0)

P
tendency 

value

Significance point of 
the Durbin-Watson 

statistic with an 
alpha of 5% and 

n=286. 

Durbin-
Watson 
statistic

Is there positive 
serial correlation 

at order 0?

Animal feed production 0.715 Na 1.908 2.054 NO
Milling of grains and seeds for obtaining oils and fats 0.861 Na 1.943 1.983 NO
Preservation of fruits, vegetables, casseroles and other 
prepared foods 0.556 Na 1.919 2.012 NO

Manufacture of fertilizers, pesticides and other 
agrochemicals 0.120 Na 1.908 2.121 NO

Manufacture of machinery and equipment for 
agriculture, construction and the extractive industry 0.083 Na 1.863 1.991 NO

Personal income INPC (consumer price index) 0.063 Na 1.991 2.015 NO
Personal consumption expenditure INPC 0.073 Na 1.943 2.000 NO
Animal feed production 0.270 0.017 1.919 2.080 NO
Milling of grains and seeds for obtaining oils and fats 0.298 0.013 1.955 1.985 NO
Preservation of fruits, vegetables, casseroles and other 
prepared foods 0.224 0.015 1.931 2.033 NO

Manufacture of fertilizers, pesticides and other 
agrochemicals 0.163 0.646 1.931 2.0288 NO

Manufacture of machinery and equipment for 
agriculture, construction and the extractive industry 0.071 0.348 1.919 2.045 NO

Personal income INPC 0.162 0.491 1.820 2.002 NO
Personal consumption expenditure INPC 0.087 0.489 1.799 2.031 NO

Source: self-elaborated.
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Table 7 shows that the p values ​​for the Levin, Lin, and Chu unit root tests are 
less than 0.05. This means that the variables analyzed do not have unit roots. 
Based on this, the data panels were estimated, which are shown in Table 8.
Table 8 shows that the four data panels have a coefficient of determination 
close to zero, indicating that the panel data models are invalid; and the p values ​​
for the variables are greater than 0.05, indicating that they are not individually 
significant. This corroborates the suggestion that US consumer spending and 
personal income do not impact production from the examined industrial 
subsectors of Mexico’s agricultural sector.
Notably, in the panel data with fixed effects, random effects were applied in 
the time section, and fixed effects were only applied in the cross-section of the 
panel data. This is due to the conditions of the databases (the independent 
variable was the same for each industrial subsector, linked to the agricultural 
sector). Because of this, Hausman tests could not be performed, but the cross-
section fixed effect could be analyzed through fixed effects redundancy tests, 
which are presented in Table 9.

Table 5. Results from the DFA unit root test with and without tendency of the variables with first differences that were examined.

Variable
P value 

(ADF test 
in order 1)

P value
for trend

Significance point of 
the Durbin-Watson 

statistic with an alpha 
of 5% and n=286. 

Durbin-
Watson 
statistic

Is there positive 
serial correlation 

in order 0?

Animal feed production 0 Na 1.896 2.049 NO
Milling of grains and seeds for obtaining oils and fats 0.039 Na 1.931 1.982 NO
Preservation of fruits, vegetables, casseroles and other prepared 
foods 0 Na 1.908 2.012 NO

3253 - Manufacture of fertilizers, pesticides and other 
agrochemicals 0 Na 1.908 2.013 NO

3331 - Manufacture of machinery and equipment for 
agriculture, construction, and the extractive industry 0 Na 1.896 2.003 NO

Personal income INPC 0 Na 1.799 2.018 NO
Personal consumption expenditure INPC 0 Na 1.778 2.013 NO
3111 - Animal feed production 0 0.769 1.908 2.049 NO
3112 - Milling of grains and seeds for obtaining oils and fats 0  0.837 1.831 1.997 NO
3114 - Preservation of fruits, vegetables, casseroles and other 
prepared foods 0 0.434 1.919 2.010 NO

3253 - Manufacture of fertilizers, pesticides and other 
agrochemicals 0 0.939 1.919 2.013 NO

3331 - Manufacture of machinery and equipment for 
agriculture, construction, and the extractive industry 0.001 0.912 1.908 2.003 NO

Personal income INPC 0 0.622 1.810 2.019 NO
Personal consumption expenditure INPC 0 0.668 1.789 2.012 NO

Source: self-elaborated.
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It is evident in Table 9 that the fixed effect in the cross-section is not redundant, 
so it must be taken into account.

DISCUSSION
Results indicate that production from the analyzed industrial 
subsectors linked to Mexico’s agricultural sector is not co-integrated 
with U.S. income and personal consumption expenditure. This means 
that there are no long-term trade relationships between these industrial 
subsectors and U.S. demand (income and personal consumption 
expenditure). For example, when U.S. demand increases (due to an 
increase in income and personal consumption expenditure), there is no 

Table 6 Results from tests for co-integration.

Test Independent  
variable Constant Tendency P value for  Engle-

Granger tau statistic Are co-integraded

G-EAA-N 7.563 92.267 NA 0.798 NO 
G-MGSAG-N 10.99 90.481 NA 0.975 NO
G-CFVGO-N 14.994 91.23 NA 0.660 NO
G-FFPOA-N 4.105 94.532 NA 0.098 NO
G-FMEACIE-N 0.581 100.481 NA 0.080 NO
G-EAA-S -7.815 67.615 0.142 0.508 NO 
G-MGSAG-S -4.41 65.788 0.142 0.623 NO
G-CFVGO-S -1.616 64.637 0.153 0.493 NO
G-FFPOA-S 5.115 96.193 -0.009 0.243 NO
G-FMEACIE-S -5.066 91.404 0.051 0.173 NO
I-EAA-N 9.294 92.706 NA 0.740 NO 
I-MGSAG-N 12.61 90.878 NA 0.961 NO
I-CFVGO-N 15.673 91.358 NA 0.599 NO
I-FFPOA-N 4.142 94.526 NA 0.098 NO
I-FMEACIE-N 0.065 100.322 NA 0.081 NO
I-EAA-S -7.01 67.817 0.142 0.544 NO 
I-MGSAG-S -3.663 66.037 0.142 0.664 NO
I-CFVGO-S -2 64.421 0.154 0.514 NO
I-FFPOA-S 5.33 96.394 -0.010 0.242 NO
I-FMEACIE-S -6.247 90.66 0.054 0.173 NO

Source: self-elaborated.

Table 7 Tests for the Levin, Lin, and Chu unit root tests.

Analyzed variables P value 

Products from the sub sectors of industry linked to the Mexican agricultural sector 0.000
Personal income of the USA 0.000
Personal consumption expenditure in the USA 0.000

Source: self-elaborated.
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response in terms of production in the industrial subsectors linked to 
Mexico’s agricultural sector.
Thus, although Mexico’s agricultural sector is co-integrated with US demand, 
as pointed out by some authors such as Nava (2021), Santa (2019), Chávez 
et al. (2019), and Polaski (2006), it does not affect the subsectors of industry 
linked to Mexico’s agricultural sector. This implies that although variations in 
the production of the agricultural sector impact the demand for its products, 
sectors linked to the agricultural sector are not affected by these variations in 
demand.
However, these results do not concur with authors such as Infante et al. (2021), 
González (2017) and Jaime et al. (2015), who indicate that the co-integration of 
Mexico’s agricultural sector with the United States also affects the sectors and 
subsectors linked to it.
In spite of this, results from this research coincide and corroborate the 
statements of authors such as Infante et al. (2021), González (2017) and Jaime 
et al. (2015), who indicate that despite the trade agreements between Mexico 

Table 8. Fixed and random effects of data panels.

Personal income from agricultural products Personal consumption expenditure on agricultural 
products

Fixed panel data model only 
in the random-cross-section

Random-panel
data model

Fixed panel data model only 
in the random-cross-section

Fixed panel data
model only in the

random-cross-section
Beta value sectors -0.085 -0.085 0.229 0.229
Constant beta value 0.002 0.002 0.001 0.001
Standard error sector 0.093 0.093 0.239 0.239
Constant standard error 0 0.001 0.001 0.001
Statistical t sector -0.912 -0.912 0.957 0.957
Constant t statistic 3.173 1.856 1.242 0.885
P sector value 0.361 0.361 0.338 0.338
Constant P value 0.001 0.064 0.214 0.376
R-squared 0.024 0.001 0.024 0.001
Durbin-Watson 0.718 0.712 0.736 0.730

Source: self-elaborated.

Table 9. Fixed effects redundancy test.

Data panel section

Personal income from
agricultural products

Personal consumption expenditure 
on agricultural products

Statistical Value Statistical Value

Cross section f 2.617 0.023 2.617 0.023

Source: self-elaborated.
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and the United States, not all subsectors of the Mexican food industry are co-
integrated with the United States.
Besides this, results from the study serve to demonstrate that there are still 
areas of opportunity to generate policies that support the co-integration of 
all sectors and subsectors of Mexico with the United States. Furthermore, 
the Mexican government should take these results into account to develop 
programs that allow those subsectors that have not yet achieved co-integration, 
to do so; and those that are co-integrated to generate production chains and 
benefit related sectors.
Along the same lines, it is necessary to create programs that enable producers 
to generate the necessary characteristics to achieve co-integration with the 
United States, which according to Puyana (2020) and Pérez et al. (2019), are: 
producer productivity, the relationships that producers form, the level of 
organization of producers, the level of education of producers, the technology 
available to producers, and access to economic resources. Besides this, create 
policies that promote the construction of value chains.

CONCLUSIONS
The objective of this research was to determine the relationship between various 
industrial subsectors linked to Mexico’s agricultural sector and demand from 
the United States of America. Twenty co-integration tests and a data panel 
were conducted between the sectors linked to Mexico’s agricultural sector and 
demand from the United States of America (US). The results indicated that the 
output of the industrial subsectors analyzed in Mexico’s agricultural sector 
is not co-integrated with US demand (represented by consumer expenditure 
and personal income), and the data panels corroborate results from the co-
integration tests.
These results imply that, despite the efforts made to encourage producers in 
Mexico’s industrial subsectors to export their products to the US, for example 
the NAFTA and USMCA trade agreements, these efforts have not been 
sufficient, and there are still areas for opportunity. Therefore, it is necessary to 
develop government programs focused on these subsectors so that producers 
develop the characteristics they need to co-integrate with US demand.
It is also evident that although Mexico’s agricultural sector has managed to co-
integrate with the United States, this has not benefited all subsectors linked to 
it. This indicates that production chains that could generate greater wealth for 
all those involved in Mexico’s agricultural sector have not been created. This 
also demonstrates that there are areas of opportunity for the development 
of government policies that foster the creation of production chains between 
sectors and subsectors, enabling greater economic benefits.
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Based on the above, we conclude that our research objective was fulfilled. 
Limitations to this research are that we employed the IMAE instead of Mexico’s 
GDP or IGAE, and that other Mexican subsectors remain to be analyzed. We 
suggest investigating other subsectors, as future lines of research using GDP 
and IGAE and other methodologies, such as structural equation modeling or 
instrumental variables.
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