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Abstract

This paper analyzes the impact of the automotive sector on the regional development of Bajio in Mexico. The staggered adoption of the synthetic
control method was used, considering the establishment of new automotive assembly plants in the states of the Bajio region between 2007 and 2014. It
is estimated that for each new job created in automotive companies, an average of five additional jobs were created in the Bajio states, 78% outside the
manufacturing sector. In addition, promoting more significant economic opportunities reduced in-work poverty by an average of 10.5 percentage points.
Finally, evidence was found that, in 2018, high school enroliment increased by 3%.
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1. INTRODUCTION

In the various regional development studies, a long-standing, far-reaching debate exists as to how the installation of an industry in a territory promotes
economic and social development on a local and regional level. On the one hand, it is considered that industries can create agglomeration and
multiplier effects that distribute technology, expand productivity and competitiveness, increase both production and employment and improve the social
conditions of the population (Arrow, 1962; Fuijita et al., 2000; Jacobs, 1984; Krugman, 1991; Marshall, 1890; Moretti, 2010; Porter, 1998; Rauch, 1993;
Romer, 1986). On the other hand, there is evidence that industrial development in a territory is generated to the detriment of neighboring towns,
increasing regional inequality and displacing economic activity (Hardjoko et al., 2021; Kline and Moretti, 2014). However, if linkages are not generated
and highly dependent productive relationships exist with foreign companies, employment may be reduced with critical social consequences (Crossa and
Ebner, 2020; Pavlinek and Zenka, 2010; Turok, 1993). Therefore, the results may vary according to the empirical case evaluated and how the local and
regional development process is generated.

Pursuant to the foregoing, this paper analyzes the case of the automotive industry in Mexico in order to estimate its impact on local and regional
development. Mexico is currently the seventh-largest producer of vehicles and the fifth-largest exporter of auto parts in the world. It is also the leading
producer of both vehicles and auto parts in Latin America. On a national level, the automotive industry is a cornerstone of the Mexican economy,
representing 20% of the manufacturing GDP and, due to the gross added value of its exports, it is the primary source of foreign currency in the
economy (21.5%). The sector provides jobs for thousands of workers, generates connections with many economic sectors that supply or provide goods
and services to the automotive industry, and boosts the economy of at least 16 Mexican states.

The automotive industry substantially increased its production around 2009 as a result of growing Foreign Direct Investment (FDI) in the automotive
sector, to such an extent that between 2009 and 2019, FDI grew by 350% (Organization for Economic Cooperation and Development [OECD], 2022).
An important characteristic of such investments was that most were directed to a specific region, to a geographic area comprising the states of
Aguascalientes, Guanajuato, Jalisco, Querétaro and San Luis Potosi. This region shall be referred to throughout this study as the Bajio region.

At least 11 automotive plants were inaugurated in the Bajio region between 2007 and 2015, resulting in the area having the largest number of assembly
plants and supplier companies for this sector in Mexico. In 2019, more than half of light vehicles manufactured in Mexico originated in the Bajio region.

This paper studies the staggered installation of automotive plants in the Bajio region using the synthetic control method based on the methodology of
Ben-Michael et al. (2021). This impact assessment method allows for multiple treated units, which were subject to intervention over different periods,
whereby each federal state in the Bajio region received treatment in the quarter in which the new assembly plants were established between 2007 and
2014. The method compares the states in the Bajio region (treatment) with a group of states in the rest of the country so that the differences in the
variable of interest in the pre-intervention period are minimal.

Since the study aims to broadly analyze economic and social development, including a study of the population’s living conditions, quarterly state data
was used for 1997-2019, evaluating both economic and social dimensions. Thus, the impacts of the automotive industry on the regional development of
Bajio were estimated by assessing counterfactuals on indicators of employment (IMSS), wages (IMSS), economic activity (INEGI), poverty (CONEVAL),
and education (Ministry of Public Education [SEP]).

The results obtained are significant. By 2019, the automotive industry had increased total employment by an average of 15.9% in the Bajio states,
highlighting the fact that more than 78% of new jobs were generated outside the manufacturing sector, indicating the presence of spillover effects on a
sectoral level. There is also evidence of job destruction in industrial sectors other than the automotive sector, even though automotive plants increased
manufacturing employment by an average of 14.3% in the last quarter. The increase in production and employment, thanks to the automotive industry,
boosted the economy, causing an average rise of 11 percentage points (pp) in the Quarterly Indicator of State Economic Activity (ITAEE), which
highlights the fact that, if it were not for the automotive industry, three of the five Bajio states would have been on the list of the eight states with the

lowest level of economic activity in Mexico. Such productive dynamism also boosted state wages with an 11.8% increase in the average daily wage of
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formal workers in 2019. In social terms, an average reduction in in-work poverty of up to 10 pp was estimated, and for 2018, it was calculated that there
would be a 3.2% increase in students enrolled in high school education.

A limitation of this paper is that it does not analyze potential mechanisms that explain these effects; for example, the role of state governments with
policies supporting the installation of automotive plants. Considering this limitation, the results are consistent with the presence of external economies,
agglomeration effects, and multiplier effects through demand, which permitted a significant increase in economic activity, employment and wages. This,
in turn, reduced in-work poverty since residents of the region obtained a large part of the economic opportunities. These results suggest evidence in
favor of Jacobs (1984) type agglomeration external factors since the most significant impacts were generated outside the automotive industry, and the
growth in automobiles was linked to industrial displacement in manufacturing fields. Confirming and ruling out different mechanisms, as well as
understanding the policies of each local government, represent an important research agenda for the future.

In relation to previous literature, few specific international-level studies assess the impact of the automotive sector on regional development. Most
analyze the effects using descriptive statistics (Larsson, 2002; Barnes, 2017; Pavlinek et al., 2009; Sipikal and Bugek, 2013; Pavlinek and Zizalova,
2016, Pavlinek, 2018) and, to a lesser extent, economic and/or econometric methodologies (Haddad and Hewings, 1999).

The remaining literature focuses on studies of the impact of high-tech firms, the positioning of large industries and industrial clusters on economic
activity, employment, productivity and wages. As far as literature in Mexico is concerned, there is no study evaluating the impact of the automotive
industry on regional development. The closest research has been carried out by Crossa and Ebner (2020) and Carbajal et al. (2016), who, using
descriptive analysis in the first case, and econometric analysis in the second, analyzed the effects of the automotive industry on industrial growth and
wage dynamics. The remaining studies of the automotive sector have been carried out using different approaches.

Based on the foregoing, this research paper is one of the few studies that focuses on the causal impact of the automotive sector on regional
development on an international level and is the first in Mexico. Furthermore, this study includes an estimation of the extremely important characteristics
of development which have traditionally received little consideration in previous literature, i.e., the dimensions of poverty and education. It also
contributes to the literature on the Mexican economy based on robust border econometric methodology, in which effects are also estimated on a
municipal level, generating knowledge of the impacts on regional development at this level of disaggregation.

The rest of the paper is structured as follows: Section 2 carries out a diagnosis of the automotive industry in Mexico. Section 3 describes the data and
the estimation strategy used in the study. Section 4 presents the results, and Section 5 presents the conclusions. Finally, an annex is provided for the
reader in section 6.

2. DIAGNOSIS OF THE AUTOMOTIVE INDUSTRY

The automotive industry in Mexico is concentrated in three main regions: the north, the center and the Bajio region. In the northern region, production
takes place in the states of Baja California, Chihuahua, Coahuila, Nuevo Le6n and Sonora, while production in the central region is concentrated mainly
in the State of Mexico, Morelos and Puebla. The Bajio region comprises the states of Aguascalientes, Guanajuato, Jalisco, San Luis Potosi and
Querétaro.

Figure 1 shows average regional automotive production. Initially (1999), the central zone was the leader in production, but over the years, it lost its
leadership as a result of the expansion of the states in the northern region, mainly due to the North American Free Trade Agreement (NAFTA), which
contributed to the territorial displacement of the industry due to its proximity to the US market. Meanwhile, although initially low, production in the Bajio
region grew significantly after 2009, reducing its gap with the central region in 2014 and surpassing it in 2019. In fact, between 2014 and 2019, Bajio
was the region of the country with the highest average production in the automotive sector, surpassing the northern region in 2019. The Bajio states are
most dependent on the sector since, by 2019, more than 30% of their GDP originated from automotive activities.

Figure 1. Average gross production of the automotive industry by region, 1999-2019
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Source: Prepared by the authors based on data from the Economic Census (INEGI, 2019).



Between 2007 and 2019, Mexico received a large amount of FDI in the automotive industry, which led to an unprecedented expansion of production in
at least the last 50 years, with a 10% annual growth rate. A significant amount of these investments was directed to the Bajio region due to factors such
as its strategic location, proximity to local markets, good road infrastructure and transportation systems for export, lower production costs, tax
incentives, and supply networks for materials and inputs (Chavarro and Guzman, 2019; Covarrubias, 2017). Thus, thirteen of the eighteen terminal or
assembly plants established in Mexico between 2007 and 2019 were located in the Bajio region, three in the country’s center and two in the north.
Table 1 summarizes the location of the new assembly plants in the Bajio region.

Table 1. Location of new automotive assembly plants in the Bajio region, 2007-2019

State City Company Country of Origin ~ Year of apening
Aguoscalientes  Aguascalientes Nissan Jopén 2013
Aguascalientes Nissan Daimler ~ Japdn 013
Guanajuato Siloo Hino Japén 2009
Salomanca Mozdo Japén 2013
Siloo Volkswagen Alemania 2013
(eloyo Honda Japén 2014
Irapuato Ford Motor Estados Unidos 2015
(eloyo Honda Japén 2015
Apaseo el Grande Toyota Japén 2019
lnlisco H Salto Honda Japén 2007
Querstaro Santiogo de Querétaro  VUHL México 2014
San Luis Potosi  Villa de Reyes General Motors ~ Estados Unidos 2008
Villo de Reyes BMW Memania 2019

Source: Prepared by the authors based on dota from INEGI (2020) AND AMIA (2019).

The opening of new plants and increased connections with suppliers in the Bajio states largely supported the intense rapid increase in national
automobile production. At the same time, the region was home to the largest number of assembly plants (42.5%) and auto part plants (27.8%) (Peyro et
al.,, 2019). In fact, in 2019, 54% of the more than 3.7 million light vehicles manufactured in Mexico were manufactured in the region, which is why this
research paper refers to the case of the Bajio region for the impact assessment study.

3. METHODOLOGY
Data

The research is carried out using an approach focusing on federal states for every quarter between 1997 and 2019, the period in which most
information is available. At this point, it is important to underline two aspects: first, for some variables, such as education, the methodology is estimated
on an annual basis due to the scarcity of statistical information; second, the data includes municipal-level variables to complement and corroborate the
meaning of the results, as well as to expand the results to a local level of disaggregation.

The statistical information regarding the automotive sector was obtained from the five-yearly economic censuses and the administrative registry of the

automotive industry, belonging to the INEGI In turn, data from the Mexican Automotive Industry Association (AMIA) is used.2 These sources provide
information regarding production, income, wages, intermediate consumption, exports, manufacturing companies and FDI. Meanwhile, employment and

salary statistics are taken from the Mexican Social Security Institute (IMSS) databases.2 As far as information on education is concerned, SEP data
regarding enroliment by educational level in Mexico is used.4 Finally, in relation to poverty, the In-work Poverty Trend Index (ITLP) constructed by the

National Council for the Evaluation of Social Development Policy (CONEVAL) is studied.2
Estimation strategy

The econometric strategy consists of an impact evaluation analysis using the staggered adoption of the synthetic control method pursuant to the
methodology of Ben-Michael et al. (2021). Said method is an extension of the original synthetic control design formulated in the seminal work of Abadie
and Gardeazabal (2003) and subsequently applied in Abadie et al. (2007) and Abadie et al. (2015). The initial version of the method assumes that a set
of units is observed before and after a certain intervention, where one of the units is exposed to that intervention (treatment) and the remaining units
constitute a control group. The synthetic control is constructed utilizing weights that minimize the square of the differences between the characteristics
of the treatment unit and the unexposed units in the period before the intervention.

Formally, in accordance with Abadie and Gardeazabal (2003), Abadie et al. (2007) and Abadie et al. (2015), if it is assumed that J + 1 units exist, where
j = 1 represents the treated unit, and j = 2, ..., J + 1 are the remaining untreated units. In turn, Tg and T, are defined as the period before and after the

intervention, with T = Ty + T4. In this case, for example, the regional development trajectory of the treated unit (Y4) is known, but the counterfactual of



N
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the units in the control group§ should resemble the treated unit. These characteristics are included in a vector for the treated group (X4) and a matrix for

the control group (X). The method seeks to minimize the difference in characteristics Xy = XoW | where the synthetic control group, W*, is the one
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In other words, the treatment effect is the difference between the treated unit's observed trajectory and the synthetic unit's trajectory after the
intervention period, with the synthetic unit being the counterfactual of what would have happened if the treated unit had not received the treatment. A
significant advantage of the synthetic control is that it allows us to empirically show the differences between the trajectory of the treatment and control
groups. An excellent synthetic control should not show differences in its trajectory from the treated unit before treatment begins.

However, one of the weaknesses of this methodology is that it only allows for one treated unit to receive the intervention in a specific period of time. To
date, the most common strategy for constructing synthetic controls with multiple treated units focuses on estimating separate synthetic control weights
for each unit and then calculating the average of the estimates (Dube and Zipperer, 2015). Nevertheless, the reliability of the results will depend on
whether adequate synthetic controls can be estimated for each treated unit and whether the average is subsequently a good result for the case study
(Ben-Michael et al., 2021). Another option is to estimate a pooled synthetic control in which all units are averaged and differences in pretreatment are
minimized as if it were a single treated unit. In this case, while a good fit for the average treated unit can be achieved, the specific fits of individual units
are likely to be inadequate. Hence, the estimates will be inaccurate for individual treatment effects (Ben-Michael et al., 2021).

Pursuant to the foregoing, Ben-Michael et al. (2021) apply the methodological approach of Abadie and Gardeazabal (2003) and Abadie et al. (2007) to
solve the above two problems using a method that allows for multiple treated units affected by the intervention at different times. In this case, the
authors limit the error for the average treatment effect and show that this error depends on the conformation of weights on an individual and average
level. They propose a partially pooled weight structure for the synthetic control method, in which the two cases described above are integrated using a
hyperparameter, which indicates the relative weight of the two extreme cases in an optimization problem. Using this method, the authors enrich the
synthetic control estimates by ensuring a better pretreatment fit, and by generating better individual and pooled treatment effects. The authors formally

modify the synthetic control estimator making the weights the solution to a constrained optimization problem, in which W* is calculated as follows:
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Where i are the units of the control group, / are the pre-treatment periods for a particular individual i and L is the maximum number of pre-treatment
periods of the individual that takes the longest time to enter their respective treatment. The first part of equation 3 is just like the synthetic control
problem. Ben-Michael et al. (2021) add differences to the treatment period (subindex |, where the weights change over time depending on the timing of
the intervention) and the last term penalizes control units that are not very informative.

Based on the foregoing, the individual treatment effect (ay) for treated unit j at the time of treatment event k is the difference between the potential

outcome at time T] + k for those who receive the treatment at time Tj and the potential outcomes at time T] + k for units that never receive the treatment

until that time (i.e., they receive it in «):
Qi = Yj'r_,+k(7}) - }’;"r'_,-+k (e0) (4)

W,

Given a vector N of the optimal weights *"ij obtained from the solution of equation 3, the synthetic control estimate, “y:"""j”‘(m), is:
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Which, simply put, is the counterfactual of what would have happened to the results of a variable in question for a treated state j, at the assessed time,
if the automobile plants had not established themselves in that state. Thus, the average treatment effect on the treated states (a!'k) can be calculated

with the estimated individual treatment effects.”

As far as the period of the study is concerned, with the exception of in-work poverty and the ITAEE, the results are estimated by applying the method to
a pre-intervention period between 1997 and 2006. From 2007 to 2014, each state and/or municipality enters its individual treatment period. After this,
and until 2019, the effects of treatment on each territory in the post-intervention period are estimated in order to calculate the aggregate treatment effect
using the ATT. In state terms, the first federal state treated is Jalisco, with the entry of Honda in 2007. San Luis Potosi was incorporated in 2008 with the



incursion of General Motors, followed by Guanajuato with Hino's investment in 2009, and then Aguascalientes and Querétaro with Nissan and VUHL in
2013 and 2014, respectively.

It is important to bear in mind that the control or donor group includes territories outside the Bajio region and the territorial states of the Bajio region,
which have not yet been treated when another state in the region receives the intervention. In other words, Jalisco, the first state to receive the
treatment, can include all the territories outside the Bajio region in its donor group and the other Bajio states. However, Jalisco cannot control the other
territories that receive treatment later because when the Jalisco will already have been treated when the others enter treatment, the donor group may
vary depending on the unit treated, the weights are not dynamic over time, i.e., the donors are fixed over time. While limiting the number of potential
donors, this ensures that there is no false or unrealistic variation in the estimated counterfactuals over time due to changes in the composition of the
donor group. (Ben-Michael et al., 2021).

Each synthetic control estimate is based on a large set of explanatory variables pooled into five categories: economy, social conditions, education,
health, security, and regressions in the dependent variables of each estimate. These variables have the same measurement period as the dependent
variables and, in turn, were selected according to the availability of statistical information and theoretical postulates that affirm the possible existence of
a causal relationship with the variables to be explained. Regarding the use of regressions, only those corresponding to the dependent variables in the
pre-intervention period were included, with a maximum of quarterly and/or annual regressions, depending on the estimated specification. The
importance of using these regressions is justified according to Abadie and Gardeazabal (2003) and Abadie et al. (2007) based on the idea that these
variables improve the pretreatment adjustment of the synthetic control (the annex at the end details the variables used).

Although these variables were used to estimate a large number of models for each dimension of the assessed regional development, the final models
presented in this paper are based on several different variables.

The results are those with the lowest Mean Squared Error (MSE). It should be noted that, to ensure the causality and robustness of the results, those
obtained by five alternative specifications with lower MSE were compared, finding similar results both in the value and the impact trend (see the annex
at the end).

Finally, statistical inference is performed using confidence intervals for the estimates of the individual treatment effects and the average ATT to validate
whether the estimated effects are statistically significant. Confidence intervals are obtained by calculating standard errors of the estimates using the
Jackknife resampling method, which was adapted to the staggered adoption strategy by Ben-Michael et al. (2021).

4. RESULTS

The results are presented according to each assessed dimension of regional development. Although the analysis of the study is conducted on a state
level, because of the potential for municipal data in the IMSS information sets, estimates were made on a municipal level for the employment and wage
categories. The estimates are presented in two-panel figures. The left panel shows the average observed trends (black series) and synthetic trends
(gray series) for the Bajio region for the variable in question. The right panel shows the average treatment effect (ATT) of the variable studied (black
series), together with the 90% confidence interval of the estimate (gray shaded area). For the quarterly results, there will be 66 pre-treatment periods,
and post-intervention impact is assessed using the ATT for 23 quarters, which is the same post-treatment period as the last treated unit.

The municipal estimates are provided in the annex, which are useful for corroborating the state results and for calculating the potential spillover effects
of the automotive industry. Similarly, the annex contains the description of the final models, the matrices of the donor state weights for all synthetic
controls and the various robustness tests. Tables A3, A4 and A5 in the annex present balance tables of the pre-treatment averages of the variables of
interest and the main covariables for the treated states, the synthetic control group and the donor pool. These allow us to verify the validity of the
estimates by finding similar averages between treated states and donors that are part of the positive weighted synthetic controls (synthetic control
group).

Total employment

Figure 2 shows the estimate for total employment. We can see that the fit before the intervention is good, and after that slight increases in the ATT trend
are noted, which is reflected in the difference of the series in the left panel. During the first quarter, after the establishment of the new automotive
companies, an average of at least 4,700 jobs had been created for each state in the Bajio region. After five quarters, average employment increased by
13,000 employees, and by quarter 10, the figure was 36,000. The effect proliferated from quarter 8, with an impact exceeding an average of 122,000
new jobs for the last quarter.

Figure 2. Estimated staggered synthetic control for total employment
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Source: Compiled by the authors.

If we compare the estimates of total employment with respect to new employment originating in the automotive industry, we can conclude that by 2019
an average of more than 122,000 total jobs had been generated in the Bajio region, of which 40,000 corresponded to the total of new direct jobs
generated by the assembly plants and indirect jobs in the network of auto part suppliers and other services required by the industry. In other words,
there is a differential of at least 82,000 jobs created outside the automotive sector, which indicates the presence of spillover effects of the assemblers

on the manufacturing sector or the rest of the economic sectors in the Bajio region.

On aggregate, for 2019, the number of new jobs in all state economies exceeded 638,000. By comparing the two series in the left panel of Figure 2, we
can calculate the difference in percentage terms of average employment with respect to its counterfactual. This shows that for 2019 there was an
average increase of 15.9% in total employment. The above figure, although informative, hides the heterogeneous effects on a state level. Proportionally,
the state of Querétaro registered the most significant impact with an increase of 37.4%, followed by Guanajuato, with a growth of 15.4%.0n the other
hand, Aguascalientes reported 13.1% new jobs, and finally, the states of Jalisco and San Luis Potosi reported rates of 6.8% and 6.4%, respectively. The
results are supported by several empirical studies, which recorded similar results in terms of the effect of industry positioning on aggregate employment
growth (Dauth, 2013; Fritsch and Mueller, 2004; Hardjoko et al., 2021).

However, to understand the spillover effects on a territorial level, the methodology was estimated by establishing the specific municipalities that
received investment in automotive assembly plants as treated.8 The results indicate that by 2019, automotive companies had generated an average of
15,400 new jobs in the municipal economies. This represents an average increase of 20.9% in total employment in the municipalities receiving the
investments. Based on the foregoing, 12.6% of the 122,000 jobs generated on a state level originated in the municipalities where the automotive plants
were located and, as a result, 87.4% were jobs resulting from territorial spillover effects, which allowed the municipalities of the Bajio region to benefit
from the automotive industry.

Manufacturing employment

Considering that most of the new jobs were generated outside the automotive sector, it is important to analyze whether this increase in employment
occurred within the manufacturing sector or whether it was displaced to other sectors. The automotive companies' effect on manufacturing sector jobs is
presented in Figure 3, which shows that the pre-treatment adjustment is good, with ATT oscillating between zero throughout the period. Once the
automotive plants enter the Bajio region, the effect on employment is significant: in the first quarter, an average of 1,344 jobs were generated, which
tripled three quarters later, with an increase of 4,820 employees in less than four years. The peak was reached in the last quarter when an estimated
26,500 new jobs were generated.

Pursuant to the foregoing, it is estimated that the balance of new jobs on an industrial level was less than the number of direct and indirect jobs
originating from the automotive and auto parts companies.

Figure 3. Estimated staggered synthetic control for manufacturing employment
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In other words, there is a gap which suggests that, during this period, although jobs were generated in manufacturing thanks to automotive production,
a significant number of jobs appear to have been lost in other industrial areas. Proportionally, the automotive industry increased manufacturing

employment by an average of 14.3% for the states in the Bajio region.g The federal state with the most significant impact was Aguascalientes, with a
growth of 20.8%. This was followed by Guanajuato, which received the largest number of assembly plants during this period, with an increase of 16.1%,
followed by Querétaro and San Luis Potosi, with increases of 14.2% and 12.4%, respectively. Finally, Jalisco experienced a lower impact, with an
increase of only 8.1%.

As far as municipal estimates are concerned (in the annex at the end), it is calculated that, on average for 2019, automotive companies triggered an
increase of 7,245 industrial jobs in the municipalities where they were located. This increase in jobs represents an average growth of 30% in
manufacturing jobs in the municipalities. Two important points can be deduced from this. First, 46.8% of the total number of jobs created in the
municipalities where the automotive companies set up their businesses were in the manufacturing sector, compared with 21.7% on a state level.
Second, new regional industrial jobs were concentrated to a greater extent in the municipalities receiving the investments (27.3% of the jobs),
compared with new aggregate jobs, of which only 12.6% were created in these municipalities. Therefore, significant spillover effects exist in relation to
the municipalities that did not receive the automotive companies.

Quarterly Indicator of State Economic Activity (ITAEE)
Figure 4 shows the estimated impact on economic activity. We can see that, after the intervention, the ATT increased considerably over time: in the first

four quarters, the automotive industry managed to increase the ITAEE by an average of 4.14 pp. This impact proliferated, obtaining an increase of 10
pp in quarter 13 and remaining at that level during subsequent periods reaching a peak of 11.74 pp in quarter 20 (2019).

Figure 4. Estimated staggered synthetic control for the ITAEE
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Note: The model presented is the one with the lowest MSE, including the IED, the unemployment
rate and the regressions of the dependent variable as explanatory variables.

Source: Compiled by the authors.

Wages

Taking into account the aforementioned effects on the labor market and on economic activity, it is worth questioning whether this translated into
improvements in wages for workers in the region. Therefore, the methodology for the average daily wage was estimated (see Figure 5). We can see
that once the automotive companies are established, the ATT trend diverges from zero and grows continuously, reaching an effect greater than
MXN$23 for 2019. This indicates that the automotive companies increased the daily wage of Bajio workers by an average of 11.8%. The most
significant impact was observed in Queretaro, with an increase of 23.2%, which is consistent with the fact that this territory also registered the most
significant expansion in total employment. The results are consistent with the evidence in international literature (Lee and Rodriguez-Pose, 2016).

Figure 5. Estimated staggered synthetic control for the average daily wage (IMSS)
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In-work poverty

We then analyze whether the previous effects were enough to improve social welfare indicators, such as in-work poverty (see figure 6). After the first
year of intervention, the assembly companies had managed to reduce in-work poverty by 3.0 pp on average and this effect continued time decreasing
by 10.51 pp in 2019. This indicates that had it not been for the establishment of the assembly plants, the Bajio states would have had at least 10 pp
more in-work poverty by 2019. This impact is significant in terms of regional development, given that thousands of people were able to escape poverty

thanks to the industrial growth of the automotive sector.

Figure 6. Estimation of the synthetic staggered control for in-work poverty
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Had it not been for the investments in the automotive plants, by 2019 all of the Bajio states would have had in-work poverty levels above the national
average. Using the counterfactual concept, a static analysis of what would have happened with the in-work poverty ranking is performed (from lowest to
highest), if the assembly plants had not been established in the Bajio region (this analysis is summarized in Table 2). The greatest reduction in in-work
poverty was recorded in Jalisco, which would have moved from position 6 to 25 in the ranking for lowest in-work poverty if the automotive plants had not
been located in its territory. This was followed by San Luis Potosi and Guanajuato, which would have dropped six and five positions, respectively. In the
case of San Luis Potosi, this state would have been among the four states with the highest proportion of people subject to in-work poverty. Finally,

Aguascalientes and Querétaro would have dropped three positions, surpassing the median of the poorest states.

Figure A6 in the annex shows the behavior of in-work poverty for the five states treated and the average in-work poverty trend for the states that make
up the synthetic control. The trend of poverty reduction in the treated states and the marked increase in this indicator for the synthetic control group in

the post-treatment period confirms the validity of the estimates and lends veracity to the causal effect described above.

Table 2: Ranking of positions of in-work poverty if the automotive companies had not
enfered the Bajio region

Stafe AT 2019 PL Ranking Ranking without
avtomabile companies

Aguascalientes -6.90 14 19

Guanajuato -1.63 13 18

Jalisco -24.93 b 25

Querétaro -6.89 18 il

Son Luis Potosi -8.45 23 29

Source: Compiled by the authrs

Enrollment in education

Since industrial plants may increase the demand for workers with a particular level of education, this could be expected to impact the educational
enroliment records of the inhabitants of the Bajio region. The annex shows that there is no effect on higher education; however, there is an effect on
high school education (see figure 7). In this respect, thanks to the automotive assembly companies, a greater number of young people attended high
school, registering an increase in enroliment of 216 new students per ten thousand people in 2018, representing an average increase in enrollment of

3%.

Figure 7. Estimated staggered synthetic control for high school enrollment per ten thousand people between 15 and 17 years of age
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Source: Compiled by the authors.

Robustness tests

The results were subjected to various robustness tests, which permitted the assessment of sensitivity to the specification of the synthetic controls, the
possible diversity of impacts across federal states, and the potential incidence of the northern and central border states. In the first case, for each
dimension of regional development, at least 20 combinations of different models were estimated, including (or excluding) covariables, interactive fixed
effects, and fixed effects by treated unit. Second, synthetic controls were again estimated, including three different weights when calculating ATT.
Finally, all the estimates were repeated for the automotive states in the northern and central region for the donor set and excluding the states on the
territorial borders of the Bajio states. In general, the results obtained are robust, the pre-treatment adjustment and the trends do not experience
significant modifications given the different robustness tests, and although some variations occur in the ATT, the direction of the results does not change
(results in the annex at the end).

Meanwhile, placebo tests were performed for the final synthetic controls presented in the previous section. The period of the treatment simulating an
advance of the impact was changed, and the donor group entered the treated states. In both cases, no impacts are generated by the results, nor do we

see trends similar to the true ones.12

5. CONCLUSIONS

This research studied the consequences of the extraordinary growth of the automotive industry in Mexico over the last two decades on regional
development. To our knowledge, it is the first causal study to evaluate the impact of the automotive industry on regional development in Mexico, and it
contributes to international literature on studies that have analyzed the effects of large industries on development characteristics.

On a state level, the automotive industry increased total employment and manufacturing employment by an average of 15.9% and 14.3%, respectively.
The calculations indicate that for every new job created in the automotive sector, an average of 4.97 new jobs were generated in the Bajio state
economies. On aggregate, more than 638,000 jobs were created in the territories of the Bajio region, of which 78.3% were created in sectors other than
industrial branches. This confirms the extensive spillover effects of the automotive sector, apparently with a much more substantial impact on the
service sector.

When assessing impacts within the manufacturing sector, evidence was found of possible job destruction in industrial areas other than the automotive
sector, given that the absolute impact on the number of manufacturing jobs was lower than the number of jobs created in automotive and auto parts
plants. This is consistent with the concerns of regional development theories in that the arrival of new industries can negatively affect other established
industrial branches, generating a displacement effect on economic activity and employment. Despite this, the net employment balance continues to be
positive.

The establishment of the automotive industry in the Bajio region promoted local economic development: it increased economic activity, reduced in-work
poverty, and increased school enroliment on a high school level. As far as poverty is concerned, according to Fowler and Kleit (2014), its reduction
seems to be explained by the fact that the majority of the new jobs are occupied by local workers, who, by obtaining a source of income, can escape
the poverty line. The increase in enroliment in education is consistent with the postulates of Porter (1998) and the estimates of Fu and Gabriel (2012),
who state that industrial connections continually require increased human capital, so a better supply of education and graduates in the territories would
be expected.

Although different variables associated with social development have been analyzed, this paper does not study the responses of state and local
governments. These responses could supplement the establishment of automotive plants in the region and explain differences in the results. This paper
does not study other specific mechanisms to observe the estimated effects. These questions remain open for future research.



6. ANNEX

Description of the final models

Tabla Al. Descripcién de los modelos finales estimados por dimensidn

Final model Cowariables Fixed wnit effect
Total employment Owen regressions No
Manufacturing employment  FDI, own regressions Yes
TAEE Unemployment rate, FDI, own regressions Yes
Wages Unemployment rate, ITAEE, own regressions Yes
Imwork poverty Employment per capifa, average wage, FDI, own regressions Yes
Enrollment in education GO, public expenditure on education per capito Yes
Source: Compiled by the authors.
Set of covariables
Table A2. Covariables tested in the estimates, clussified by dimensions
Dimension  Variables
Econamy Unemployment rate, employment rate, informality rate, aggregate employment per capita, manufocturing

employment per capita, automofive employment per capita, GOP, ITAEE, aggregate FDI, automative FDI, gross

capital formation, rate of change of remittances.

Social Mverge wage, percentage of employed earning less thon minimum wage.

Fducation Education expenditure per capita, secondary school enrollment rate.

Health Health expenditure per capita, social assistance expenditure per capita, public investment in health per capito, cude
mortality rafe.

Sacurity Homicides and robberies per 100,000 inhabitants.

Others Regressians of the dependent variables in each dimension evaluated.

Source: Compiled by the authors.

Pre-treatment balance tables

Table A3. Average of the explanatory variables of interest for the pre-freatment period

Stote/Voriable Total Manufacturing ITAEE Wages Inwork Enrollment
employment  employment poverty  in education
Aguoscalientes 201140 69866 83.25 105.56 36.47 574
Guanajuato 580761 205097 79.66 183.31 37.98 4171
Jalisco 1126333 307 145 83.10 158.56 19.04 4781
Querétaro 305275 97971 85.12 146.15 35.89 4817
Son Luis Potosi 275793 83428 81.54 149.29 46.97 4633
Mverage 497 860 152702 82.54 188.59 KV 4726
Synthetic control group 498371 152676 82.20 190.26 31N 4731
Donor pool 459985 118 365 87.89 193.79 37.50 5415

Source: Compiled by the authors.



Table A4. Average of the main covariables for the pre-treatment period. Section 1

Stute/Variable ol Avtomotive  Unemployment ~ Monufoctuing ~ Remittonces  Total exports
employment mte employment
per capita per capita
Aguoscalientes 63.56 1.46% 5.82% 6.51% 2.63 1335979
Guanajuato 183.65 0.33% 4.26% 4.18% 6.58 1544099
Jalisco 3697 0.11% 3.44% 4.64% 10.99 36114%
Querétaro 190.09 1.16% 5.19% 6.63% 450 144779
Son Luis Potosi 91.92 0.49% 3.24% 3.51% 182 1106370
Hverage 169.24 0.71% 4.3% 5.09% 6.50 1809148
Synthetic control group 168.62 0.63% 4.66% 4.07% 6.52 1092583
Donar pool 19415 0.38% £12% 3.36% .89 1063028

Source: Compiled by the authors.

Table AS. Average of the main covariables for the pre-treatment period. Section 2

State/Varioble Occupation  Informality Thefts Public Public High school
rte rate forevery  expenditweon  expenditwe  enrolment
100,000  culture and sport  on education mte
inhabitants (per capitn) (per capifo)

Aguoscalientes 55.26% 4.61% 124.32 343 4024 47%
Guangjuate 55.52% 8.76% 104.16 76 973 34%
lalisco 60.94% 27.40% 122.64 33 830 40%
Querétoro 54.60% 12.33% 136.13 61 3823 45%
San Luis Potosi 56.85% 24.91% 99.52 92 2940 41%
Mverage 56.64% 25.60% 117.35 121 1518 42%
Synthetic control group ~~ 56.9%% 15.63% 114.97 60 1503 4%
Donor pool 57.94% 26.83% 138.97 105 1828 49%

Source: Compiled by the authars.

Estimated enrolment in undergraduate education

Figure A1. Staggered synthetic control estimate for enrolment in undergraduate education per ten thousand people aged 18 to 24
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Figure A2. Staggered synthetic control for total municipal employment
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Figure A4. Synthetic staggered control for the ave

rage municipal wage
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Table A6. Matrix of donor state weights in the staggered synthetic control for total employment

Donor stote Treated state
Aguascalientes  Guanajuato Jalisco Querétaro San Luis Potosi

Aguoscalientes 0.00 0.00 0.00 0.00 0.00
Baja California Sur 0.55 0.00 0.00 0.00 0.33
Compeche 0.00 0.00 0.00 0.00 0.00
Chiopas 0.00 0.03 0.00 0.02 0.00
Mexico City 0.00 0.05 0.10 0.05 0.01
Colima 0.27 0.00 0.00 0.00 0.00
Durango 0.1 0.00 0.00 0.00 0.00
Guanajuato 0.00 0.00 0.00 0.00 0.00
Guemero 0.00 0.00 0.00 0.00 0.00
Hidalgo 0.00 0.00 0.00 0.03 0.00
lalisco 0.00 0.00 0.00 0.00 0.00
Michoacdin 0.00 0.00 0.00 0.00 0.16
Nayarit 0.00 0.00 0.00 0.00 0.00
Oaxoca 0.00 0.00 0.00 0.00 0.01
Querétaro 0.00 0.00 0.03 0.00 0.00
Quintana Roo 0.00 0.47 0.15 0.36 0.00
San Luis Potosi 0.00 0.00 0.00 0.00 0.00
Sinaloa 0.00 0.00 0.00 0.00 0.00
Tabasco 0.00 0.15 0.00 0.52 0.22
Tomaulipas 0.02 0.23 0.32 0.02 0.01
Tlaxcala 0.00 0.00 0.00 0.00 0.00
Veracruz 0.00 0.00 0.39 0.00 0.00
Yucatin 0.00 0.00 0.00 0.00 0.20
Tocatecas 0.00 0.04 0.00 0.00 0.05

Source: Compiled by the authors.



Table A7. Matrix of weights of donor states for manufacturing employment

Donor stte Treated state
Aguascalientes  Guanajuoto Jalisco Querétare  San Luis Potosi

Aguascalientes 0.00 0.00 0.22 0.00 0.00
Bajo California Sur 0.1 0.00 0.00 0.00 0.37
Campethe 0.00 0.00 0.00 0.23 0.00
Chigpas 0.00 0.00 0.00 0.00 0.00
Ciudod de México 0.00 0.00 0.00 0.00 0.00
(olima 0.00 0.00 0.00 0.10 0.03
Durango 0.00 0.00 0.00 0.00 0.28
Guanajuato 0.00 0.00 0.00 0.00 0.00
Guerrero 0.00 0.00 0.00 0.00 0.00
Hidalgo 0.2 0.00 0.00 0.07 0.00
Jalisco 0.00 0.00 0.00 0.00 0.00
Michoocdin 0.62 0.00 0.14 0.00 0.00
Nayurit 0.00 0.00 0.00 0.00 0.00
Oaxaca 0.00 0.00 0.00 0.00 0.00
Querstaro 0.00 0.00 0.00 0.00 0.00
Quintana Roo 0.00 0.00 0.00 0.00 0.00
San Luis Potosi 0.00 0.00 0.00 0.00 0.00
Singloa 0.00 042 0.00 0.00 0.19
Tabasco 0.00 0.00 0.00 0.00 0.2
Tomaulipas 0.00 0.00 0.00 0.00 0.00
Tlaxcala 0.00 0.28 0.00 0.00 0.00
Veracruz 0.00 0.29 0.00 0.00 0.00
Yucatdn 0.00 0.00 0.64 0.00 0.00
Tacatecas 0.00 0.00 0.00 0.60 0.00

Source: Compiled by the authors.



Table A8. Matrix of weights of donor states in the staggered synthetic control for the ITAEE

Donor state Treated state
Aguascalientes  Guangjuato Jalisco Querétaro San Luis Potosi

Aguoscalientes 0.00 0.00 0.14 0.00 0.00
Bajo California Sur 0.00 0.00 0.00 0.00 0.4
(ompeche 0.00 0.00 0.00 0.00 0.02
Chiopos 0.00 0.08 0.00 0.00 0.00
(iudod de México 0.04 0.01 0.13 0.08 0.00
(olima 0.24 0.00 0.05 0.05 0.00
Durango 0.00 0.34 0.20 0.00 0.24
Guanajuato 0.00 0.00 0.00 0.00 0.00
Guemero 0.00 0.00 0.00 0.00 0.00
Hidalgo 0.00 0.00 0.00 0.00 0.08
llisco 0.00 0.00 0.00 0.00 0.00
Michoaciin 0.00 0.00 0.00 0.00 0.00
Nayarit 0.00 0.00 0.00 0.00 0.3
Doxoca 0.00 0.00 0.00 0.00 0.00
Querétaro 0.00 0.00 0.23 0.00 0.00
Quintana Roo 0.00 0.00 0.00 0.24 0.01
San Luis Potosi 0.00 0.00 0.00 0.00 0.00
Sinaloa 0.00 0.00 0.00 0.00 0.00
Tobasco 0.16 0.00 0.22 0.55 0.00
Tomaulipas 0.40 0.52 0.00 0.09 0.12
Tlaxcala 0.01 0.05 0.00 0.00 0.05
Veracruz 0.00 0.00 0.02 0.00 0.00
Yucatiin 0.00 0.00 0.00 0.00 0.0
Incatecos 0.15 0.00 0.00 0.00 0.00

Source: Compiled by the authors.



Table A9. Matrix of weights of donor states in the staggered synthetic control for salary

Donor stote Treated state
Aguascalientes  Guanojuato Jalisco Querétaro San Luis Potosi

Aguascalientes 0.00 0.00 0.00 0.00 0.00
Baja California Sur 0.02 0.00 0.23 0.00 0.00
Campeche 0.00 0.00 0.00 0.00 0.00
Chiopas 0.00 0.00 0.00 0.00 0.00
Ciudod de México 0.00 0.08 0.00 0.00 0.00
Colima 0.00 on 0.00 0.42 0.00
Durango 0.00 0.00 0.00 0.00 0.03
Guanajuato 0.00 0.00 0.00 0.00 0.00
Guemero 0.00 0.00 0.00 0.00 0.00
Hidalgo 0.00 0.5 0.00 0.00 0.00
lalisco 0.00 0.00 0.00 0.00 0.00
Michoacdin 0.00 0.00 0.00 0.00 0.00
Nayarit 0.00 0.00 0.00 0.00 0.00
Oaxoca 0.00 0.00 0.13 0.00 0.00
Querétaro 0.00 0.00 0.08 0.00 0.00
Quintana Roo 0.29 0.00 0.09 0.00 0.05
San Luis Potosi 0.00 0.00 0.00 0.00 0.00
Sinoloa 0.00 0.00 0.00 0.00 0.00
Tabaseo 0.00 0.3 0.00 0.00 0.4
Tomaulipas 0.68 0.7 0.00 0.57 0.20
Tlaxcala 0.00 0.00 0.00 0.01 0.00
Veracruz 0.00 0.00 0.00 0.00 0.00
Yucatin 0.00 0.00 0.00 0.00 0.00
Tocatecas 0.00 0.36 0.46 0.00 0.48

Source: Compiled by the authors.



Table A10. Matrix of weights of donor states in the staggered synthetic control for in-work poverty

Donor stote Treated state
Aguascalientes  Guangjuato Jalisco Querétoro San Lvis Potosi

Aguoscalientes 0.00 0.00 0.00 0.00 0.00
Baja California Sur 0.00 0.00 0.00 0.1 0.00
(ampeche 0.00 0.00 0.00 0.17 0.00
Chiopas 0.00 0.00 0.08 0.00 0.00
(iudad de México 0.m 0.03 0.05 0.14 0.00
Colima 0.33 0.45 0.21 0.00 0.00
Durango 0.00 0.01 0.04 0.00 0.00
buanajuato 0.00 0.00 0.00 0.00 0.00
Guerrero 0.00 0 0.00 0.00 0.07
Hidalgo 0.10 0.06 0.00 0.00 0.00
lolisco 0.00 0.00 0.00 0.00 0.00
Michoacdin 0.00 0.16 0.00 0.14 0.00
Nayarit 0.00 0.00 0.00 0.00 0.00
Ooxaca 0.00 0.04 0.00 0.00 0.01
Querétaro 0.00 0.00 0.00 0.00 0.00
Quintana Roo 0.00 0.00 0.00 0.19 0.00
San Luis Potosi 0.00 0.00 0.00 0.00 0.00
Sinaloa 0.14 0.00 0.61 0.00 0.00
Tabasco 0.00 0.00 0.00 0.19 0.00
Tamaulipas 0.05 0.00 0.00 0.00 0.08
Tlaxcala 0.00 0.15 0.00 0.06 0.28
Veracruz 0.00 0.00 0.00 0.00 015
Yucatin 0.00 0.00 0.01 0.00 0.40
Tacotecas 0.27 0.00 0.00 0.00 0.00

Source: Compiled by the authors.



Table A11. Matrix of weights of donor states for high school enrollment

Donor stote Treated state
Aguascalientes  Guanojuato Jalisco Querétaro San Luis Potosi

Aguascalientes 0.00 0.00 0.00 0.00 0.00
Baja California Sur 0.00 0.00 0.00 0.00 0.00
Campeche 0.00 0.00 0.00 0.00 0.00
Chiopas 0.00 0.00 0.00 0.00 0.00
Ciudod de México 0.03 0.00 0.09 0.00 0.00
Colima 0.00 0.00 0.00 0.00 0.00
Durango 0.00 0.00 0.00 0.00 0.12
Guanajuato 0.00 0.00 0.00 0.00 0.00
Guemero 0.13 0.00 0.13 0.00 0.00
Hidalgo 0.00 0.00 0.00 0.00 0.39
lalisco 0.00 0.00 0.00 0.00 0.00
Michoacdin 0.00 0.00 0.00 0.00 0.39
Nayarit 0.00 0.00 0.00 0.16 0.00
Oaxoca 0.00 0.15 0.00 0.16 0.10
Querétaro 0.00 0.00 0.00 0.00 0.00
Quintana Roo 0.44 0.00 0.00 0.04 0.00
San Luis Potosi 0.00 0.00 0.00 0.00 0.00
Sinoloa 0.00 0.00 0.04 0.00 0.00
Tabaseo 0.00 0.00 0.00 0.00 0.00
Tomaulipas 0.00 0.00 0.00 0.31 0.00
Tlaxcala 0.38 0.00 0.00 0.00 0.00
Veracruz 0.00 0.00 0.15 0.15 0.00
Yucatin 0.00 0.85 0.58 0.00 0.00
Tocatecas 0.00 0.00 0.00 0.17 0.00

Source: Compiled by the authors.

Robustness tests

Sensitivity to the specification

Table A12. Results of the average ATT for the robustness tests using sensitivity fo model specifications

Dimension ATTMLE A2 ATM.3 AT 4 ATTMS
Total employment 5.7 46.56 46.78 5144 49.64
Manufacturing employment 1391 1947 19.98 18.74 18.39
TAEE 7.09 5.63 5.48 5.34 5.83
Wages 13.39 13.96 13.85 14.15 14.47
Imwork poverty .33 5.4 $5.36 5.27 5.28
Enrollment in high school 167.23 159.43 158.53 155.17 149.28

Note: The second column corresponds fo the estimates of the final model presented in the results secfion, while the remaining
four columns are, in respeciive order, the following four models with lower MSE.
Source: Compiled by the authors.

Differences in impacts



Table A13. ATT results for robustness tests, including weights to capture different effects across states

Dimension ATME AT pesos PIB AT pesos UE AIT pesos employment
Total employment 57.27 80.37 65.38 64.19
Manufocturing employment 1391 15.87 14.69 14.94
ITAEE 7.09 6.34 6.48 6.67
Wages 13.39 9.89 13.12 11.46
Irwork poverty 5.33 419 -5.52 4.7
Enrollment in high school 167.23 12749 175.31 158.34

Note: the second column shows the ATT of the final mode! and the remaining columns are the ATT with weights of GOP.
economic units and employed personnel in respective order.

Source: Compiled by the quthars.

Robustness test with state units similar to those treated

Table A14. ATT results for robustness tests including as donors exclusively the state
units similar fo the treated ones

Dimension ATTMT AT M2 AT M3
Total employment 56.81 57.50 52.28
Manufocturing employment 13.38 16.87 14.54
TAEE 1.1 6.65 6.93
Woges 14.74 16.12 15.84
Imwork poverty 5.46 491 -4.97
Envollment in high school 155.59 146.24 159.50

Note: The second column shows the ATT of the initiol model without eliminating possible donors.
The third column esfimates the ATT by eliminafing the 12 states least similor to those treated (in
terms of GDP per capita), while the fourth column presents the ATT of each model, eliminating the
16 stotes least similar fo those treated (in terms of GDP per capita).

Source: Compiled by the authors.

Robustness test excluding possibly affected states from the donor group

Table A15. ATT results for robustness tests excuding from the donor group the federal states of the country
possibly affected by the treatment

Dimension ATTMT ATM.2 ATTM.3 ATMA
Total employment 56.81 59.43 57.27 58.89
Manufacturing employment 13.38 15.64 1391 12.81
[TAEE .n 6.93 1.09 1.16
Wages 14.74 15.85 13.39 13.75
Imwork poverty 546 4.98 -5.33 4.95
Enrollment in high school 155.59 143.94 167.23 187.87

Note: The second column shows the ATT of the initial model without eliminating possible donors. The third column estimates
the ATT by eliminafing the northem autometive states from the group of donors, while the fourth column presents the ATT of
each model, eliminating both the northern and central automofive states (final model shown in the resulis) . The fifth column
excludes the states teritorially bordering the freated states of the Bajio region.

Source: Compiled by the authors.

Non-automotive manufacturing employment



Figure A5. Synthetic control for non-automotive manufacturing employment
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Figure A6. Trend for in-work poverty for treated states and their synthetic control
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