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Introduction 

 

The United Nations 2030 Agenda notes that 

globally there is insufficient food to sustain a 

healthy and active life (2030, 2017), In Mexico, 

one out of every five people lacked adequate 

access to food (CONEVAL, 2015), and Oaxaca 

is no exception. In particular, the Isthmus of 

Tehuantepec region, specifically the community 

of San Francisco Ixhuatán, Oaxaca, lacks 

vegetable production, leading to poor nutrition 

among the population, this due to migration, 

decreasing rainfall, and extremely high regional 

temperatures, which have discouraged residents 

from continuing agricultural activities.  

 

 Additionally, limited technical 

knowledge for agricultural development means 

that only maize and beans are cultivated during 

the rainy season, with no irrigation systems or 

infrastructure such as greenhouses [known as 

“temporal”]. Consequently, there are no 

multimodal vegetable crops. 

 

Box 1 

 

 
Figure 1 
Map 1 

Geolocation of San Francisco Ixhuatán 
 

Box 2 

 
Figure 2 
Map 2 

State-level geolocation reference of the community of 

San Francisco Ixhuatán, Oaxaca  
 

 

 Another contributing factor to the lack of 

vegetable production is the shortage of farmers, 

which has led to the neglect of agricultural land. 

Many residents now prioritize other informal or 

formal jobs unrelated to farming, losing both the 

custom and the appreciation for traditional 

cultivation. As a result, the community pays 

little attention to agriculture as a continuous 

source of food. 

 

 This situation has increased the 

consumption of processed foods and decreased 

vegetable intake, causing poor nutrition and 

health problems. The decapitalization of local 

producers has also led to unemployment and 

migration to other economic activities, lowering 

the overall quality of life and contributing to 

malnutrition among children, adolescents, 

pregnant women, nursing mothers, and the 

elderly (2030, 2017). 
 

As entrepreneurs in this sector, it is necessary 

to innovate and ensure the sustainability of food 
production systems by applying resilient agricultural 

practices that increase productivity and production, 

as established by Goal 2.4 of the Sustainable 
Development Goals [SDG] to end hunger, achieve 

food security, improve nutrition, and promote 

sustainable agriculture—called “Zero Hunger.” 
Likewise, Goal 2.5 calls for measures to ensure the 

proper functioning of food markets and their 

derivatives to help limit extreme volatility in food 

prices… (2030, 2017). 
 

 The Sustainable Development Goals 

promote sustainable productivity with global 

framework indicators, specific indicators for 

Mexico, and breakdowns by state and 

municipality, allowing timely and effective 

attention to the population regarding nutritious 

and quality food. 
 

 The conceptual part thus sows 

entrepreneurial resilience, which can focus on 

encouraging rural women—female farmers—to 

consider agriculture as either a main or 

complementary economic activity. Furthermore, 

it allows the creation of networks of women 

supporting women. 
 

In the same way, as agricultural 

entrepreneurs, there is the option to use 

sustainable practices in food production by 

applying innovative solutions such as robotics 

through microcontrollers, used in pumping 

mechanisms and agricultural sensors. This 

fosters spaces for developing academic and 

practical knowledge through technology transfer 

and innovation. 
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 In this way, food security through 

vegetable cultivation can be ensured, leading to 

better nutrition and health for the population, 

reducing consumption of processed foods, 

supporting local producers’ employment 

generation, and improving overall quality of life. 
 

 We cannot deny that human survival 

depends in part on diet; therefore, it is crucial to 

pay special attention to the agricultural sector. 

Today, the countryside is one of the most 

neglected sectors in the region of San Francisco 

Ixhuatán, in the Isthmus of Tehuantepec. Its 

inhabitants prefer to dedicate themselves to other 

activities that are of lesser importance but more 

entertaining and less physically demanding in 

daily life, which has resulted in poor nutrition 

among the community and an increase in chronic 

degenerative diseases. 
 

Socio-economic development and sustainable 

production 

 
According to the authors Ramos-Soto, Londoño, 

Sepúlveda-Aguirre, and Martínez-Jiménez 

[2020], they demonstrated that: 
 

…there is a relationship between social 

responsibility, integral management, and 

economic development. This responsibility must 

be shared, given that companies generate 

economic growth through job creation, and with 

the experience of integral management and an 

integrated system, they achieved results such as 

possessing or increasing competitive 

advantages, improving business performance, 

reducing investment risk, eliminating trade 

barriers, improving relationships with clients 

and suppliers, increasing efficiency, and 

understanding environmental implications; all of 

which contribute to greater economic 

development [p.46]. 

  

 The conceptual part of economic 

development was therefore linked with the social 

dimension. In the state, depending on the 

geographical area designated for cultivation, 

there are customary practices performed during 

the planting process. 

 

  In the case of maize, farmers give thanks 

to Mother Earth as part of a ritual and later 

express gratitude for progress in the process 

from sowing to harvest, reflecting the 

transmission of ancestral knowledge and 

wisdom. 

 

Las MiPyMEs in sustainable agriculture 

 
When we turn our attention to agriculture, we realize 

it is an activity that promotes improvements in 
people’s quality of life in several aspects—health and 

family economy—since it represents an opportunity 

to generate income. A large part of the community of 

Ixhuatán lacks economic and food resources; 
vegetables are very scarce, and their cost is high, 

which is why self-sufficiency in food production 

must be promoted, as well as the opportunity to 
generate income, thereby improving the quality of 

life of residents and positioning this sector as a 

business opportunity for entrepreneurial inhabitants. 
 

 The following Figure 3, titled “GDP with 

variation in implicit price index,” includes updated 

data up to 2024 and reflects percentage variations for 
agriculture as a primary activity. The references 

present national-level information.  
 

Box 3 

 

 
Figure 3 

GDP with variation in implicit price index  
 

Box 4 

 

 
Figure 4 

Indicators of economy and productive sectors, 

GDP  
 

 According to data on MiPyMEs in 

sustainable agriculture, the study was conducted 

in two parts: 

 

 A formal part that integrates “MiPyMEs 

in sustainable agriculture,” and an informal part, 

“traders of agricultural products in fixed or 

mobile markets.” 
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 In the context of family economy, simple 

economic alternatives and the social and 

solidarity economy are named from the 

perspective of social processes to address issues 

concerning land, water, and sustainable 

agriculture, while incorporating economics as a 

discipline present in the productive chain of 

those working in agriculture. Agricultural 

entrepreneurs represent part of the state and 

national entrepreneurial sector. 

 

 The modernization of agriculture alone 

will not solve the existing problems in the 

population; however, the use of knowledge 

through technological innovation will 

significantly contribute to environmental 

protection. Likewise, using technologies and 

systems applied to agriculture will greatly 

support healthy eating by producing natural 

foods. 

 

 If we look at what the 2030 Agenda 

establishes about food, it emphasizes that as 

entrepreneurs, we will help fulfill the 

Sustainable Development Goals published by 

the United Nations, such as Goal No. 2, “Zero 

Hunger,” which states that if agriculture is done 

well, it can provide nutritious food for everyone 

and generate decent income while supporting the 

development of rural people and environmental 

protection (2030, 2017).  This is what 

certain theorists refer to as food sovereignty. 

 
 For this reason, it is of utmost importance 

that agriculture be promoted through new 

opportunities such as innovation and 

technological advancement, to instill a renewed 

attitude and interest among farmers. This would 

revitalize cultivation techniques and open new 

areas of opportunity for regional inhabitants, 

preventing migration from rural to urban areas 

which not only causes demographic explosion 

but also creates a large belt of poverty around 

urban zones.  

 

 Currently, there are various 

implementations of organic gardens and results 

from different agricultural initiatives, where 

farmers sometimes vary their crops according to 

the season of the year, defining them according 

to climatic variables, environmental risks, pests, 

and economic yield, incorporating these factors 

into agricultural product pricing. 

 

 

Examples are also presented where, in 

addition to promoting sustainable agriculture, 

sectors such as gastronomy and spaces for 

selling food products from the state have been 

planned, which strengthens both state and 

national economies and highlights the 

importance of promoting local product 

consumption. 

 

 Farmers, drawing from ancestral 

knowledge, implement simple economic 

alternatives as well as social and solidarity 

economy practices. In some cases, they have 

abandoned certain crops after assessing their 

profitability, profit margins, and declining 

prices. They anticipate some annual scenarios of 

the complete agricultural cycle beyond 

sowing—estimating the harvest and market 

phases. These market, product, productive 

factor, and producer dynamics are present in the 

economic activity of sustainable agriculture. 

Farmers are economic units immersed within 

MSMEs, a context in which the involvement of 

MSMEs in sustainable agriculture was studied, 

focusing on the development of technical and 

intellectual capacities. 

  

For future research on this topic, it is 

recommended to integrate an equation that 

includes the price index, with or without an 

unknown variable, to analyze fluctuations in 

agricultural product prices. 
 

 Likewise, if we modernize the crops of 

this region, we will be contributing to 

Sustainable Development Goal No. 9, “Industry, 

Innovation, and Infrastructure,” which 

establishes that innovation in irrigation is 

fundamental to achieving sustainable 

development and empowering communities. We 

will also contribute to Goal No. 12, 

“Responsible Production and Consumption,” 

which establishes that sustainable consumption 

and production mean doing more and better with 

fewer resources, promoting the efficient use of 

resources and energy, sustainable 

infrastructures, and facilitating access to basic 

services such as food. 
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 As entrepreneurs, improving the quality 

of life of the people of San Francisco Ixhuatán 

through the application of novel technological 

systems in regional agriculture—which is still 

traditional—is a priority. There are countless 

technologies available; for example, one 

proposal for entrepreneurship is automation with 

microcontrollers, which are affordable and 

accessible to the community to modernize 

traditional irrigation into drip irrigation.  

 

 Continuing with the incorporation of 

technology, pumps and sensors can be used to 

water at programmed times and apply fertilizer 

through the drip system, thereby saving time and 

water and achieving better crop control within 

sustainable agricultural production processes. 
 

The reuse of water as an economic alternative 

in sustainable agriculture MSMEs. 

 

Below are three examples: the first, Figure 5, is 

a geographical area of traditional cultivation; the 

second, Figure 6, is land with the installation of 

technological irrigation systems; and finally, 

Figure 7, titled Land with a drip irrigation 

system. 

  

 Currently, a very high percentage of 

those working in the agricultural sector carry out 

the production process as shown in Figure 1, 

Land of traditional cultivation. This percentage 

varies according to certain government support 

programs for this specific sector, which is why, 

in recent years, the number of families engaged 

in small- or medium-scale agriculture through 

traditional practices has increased. 

 

Box 5 

 

 
Figure 5 

Land of traditional cultivation  
 

 

                          

Box 6 

 

 
Figure 6 

Land with installation of technological 

irrigation systems.  
 

 Figure 6 represents farmers who have 

installed technological irrigation systems. This 

group would form the basis of a self-diagnosis to 

later incorporate, in the medium or long term, the 

option of rainwater storage into these irrigation 

systems. Adding this feature to water-saving 

measures would allow for the integration of 

stored water for annual planning, ensuring 

availability during the dry season. This first 

phase helps identify opportunities for 

improvement. 

 
 Next, Figure 3, titled Land with a drip 

irrigation system. The drip irrigation system 

moistens the soil and could also reuse rainwater 

during the dry season.  

 

In the first years of implementation, it 

would be advisable to seek technical guidance 

based on examples of crops from state or 

national initiatives that have already applied this 

water storage process.  

 

Box 7 

 

 
Figure 7 

Land with a drip irrigation system  
 

In this context, from the perspective of 

learning economics and a learning society, 

Arrow, K. stated that “knowledge is 

asymmetric” [Arrow, K. y Stiglitz, J., 2019, 

p.87].  
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Similarly, as seen in the various 

examples of irrigation systems, this asymmetric 

knowledge can be integrated into an equation 

that combines data from the different models to 

obtain as a result “The reuse of water as an 

economic alternative in sustainable agriculture 

MSMEs.” 

 

Methodology 

 

The methodology implemented was 

fundamentally qualitative. 

 

 The qualitative approach is guided by 

significant areas or topics of research; however, 

rather than having a clear research question and 

hypothesis prior to data collection and analysis, 

qualitative studies may develop questions and 

hypotheses before, during, and after data 

collection and analysis. 

 

  Frequently, these activities first serve to 

discover the most relevant research questions 

and then to refine and answer them [Hernández 

Sampieri, 2010]. 

 

Variables 

 

From a humanistic and scientific perspective, the 

following variables and their respective concepts 

were addressed, presented in Table 1. 

 

Box 8 

Table 1 

Variables 
Variable Concept 

Independent Variable Sustainable 

production 

Dependent Variable Irrigation Systems and 
technologies 

Key Variable Rainwater reuse 

Contextual Variable  Socio-economic 

development 
 

 

 The Independent Variable, Sustainable 

Production, was conceptualized taking into 

account the Contextual Variable, Socio-

economic Development.  

 

Table 1 also includes the Dependent 

Variable, Irrigation Systems and Technologies, 

and the Key Variable, Rainwater Reuse. 

 
 
 

 Interviews were conducted in February 

2025. One was with a commercial establishment 

dedicated to selling agricultural products from 

the state, which has sought to connect state 

agriculture with gastronomy in the municipality 

of Oaxaca de Juárez. Similarly, within the trade 

sector for sustainable agricultural products—

both formal and informal—interviews were 

conducted with vendors in a fixed market in 

Oaxaca de Juárez who sell products from various 

parts of the state, including the geographical area 

of San Francisco Ixhuatán in the Isthmus of 

Tehuantepec. 

 

Results and conclusions. 

 

The interviews highlighted the relevance of food 

self-sufficiency and the connection of small 

agricultural producers to strengthen food 

sovereignty through autonomy. Furthermore, 

they emphasized the importance of raising 

awareness about water as a vital and often 

invisible resource, promoting actions toward the 

rational use of this element and fostering 

collective strategies for aquifer conservation. 

 

 Regarding contributions, it is 

recommended that MiPyMEs in sustainable 

agriculture focus on identifying practices that 

minimize both water loss and harvest waste. 

Inter-institutional strengthening through 

academic collaboration among research bodies 

with diverse lines of inquiry is essential. One 

example is in biocultural heritage for food and 

environmental justice, aimed at improving 

family nutrition and thereby promoting food 

sovereignty in communities. 

 

 The reuse of water as an economic 

alternative in sustainable agriculture MiPyMEs 

recognizes the value of water as both an 

environmental and essential human resource. 

Developing technical and intellectual capacities 

among farmers should enable new ways of 

structuring production, management, and 

commercialization processes to meet community 

needs and uphold their rights as members of a 

multicultural society. Implementing ecological 

and economic alternatives for water use should 

integrate environmental sustainability with 

economic analysis, proposing solutions that 

protect crops through rainwater reuse strategies. 
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 It is therefore conclusive that it is 

currently essential to mitigate challenges related 

to water scarcity and propose alternatives to 

address the recurring water crisis lasting more 

than four months each year. The implementation 

of irrigation systems and technologies in this 

context has proven to be a practical measure for 

improving water management, aligned with a 

Sustainable Development approach for 

communities through rainwater reuse and 

ecological, sustainable water use for better 

hydrant performance. 

 

 It is advisable to include, among the 

variables presented in the methodology section, 

a medium- and long-term unknown variable 

related to learning through commerce, 

considering that some agricultural products are 

exempt from tariffs for exporters, while others 

are subject to varying percentages under trade 

agreements. These outcomes may influence 

national commerce; thus, the promotion of local 

producers’ products is crucial, responding to 

questions and hypotheses about state, national, 

and international markets. The goal is for 

competitive markets to enhance socio-economic 

work within MiPyMEs dedicated to sustainable 

agriculture. These insights are part of the 

recommendations for public policy related to 

these concepts. 

Regarding the methodological results, they may 

serve as the basis for developing strategies for 

socio-economic development and sustainable 

production, grounded in the analysis presented 

herein.  

  

 The environmental reality highlights the 

need for a labor reorganization of sustainable 

agriculture MiPyMEs through the 

implementation of water reuse as an economic 

alternative—whether in examples of 

monocultures, diversified crops, or the initial 

model of multimodal vegetable cultivation. 

 

 In terms of water conservation, for those 

using drip irrigation systems, watering is mostly 

programmed at night; therefore, it is also 

important to consider the duration for which the 

water valve remains open to maximize water 

performance in the drip irrigation system. 

  

An additional recommendation is for 

sustainable agriculture MiPyMEs to implement 

rainwater reuse combined with a soluble 

biofertilizer, particularly regarding pest 

management factors. 
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Abstract 
 

The aim of this study was to develop and analyze a PLS-SEM model by jointly 

modeling the relationship between unemployment, migration, and quality of 

life among a group of agricultural workers in Irrigation District 38 Río Mayo, 

Sonora, Mexico. A mixed methodology was used, combining quantitative and 

qualitative approaches, by designing an instrument applied to a sample of 321 

agricultural employers out of a total of 1,950. The results showed that 

unemployment increases migration and has a negative impact on workers' 

quality of life. A positive and significant correlation was found between 

unemployment and migration, and a weak but statistically significant positive 

correlation with quality of life. As its main contribution, the research seeks to 

provide information for institutions to design public policies and strategies to 
mitigate these problems. 

 

 
 

Unemployment, Migration, Quality of Life  

 

Resumen 

 
El objetivo de este estudio fue desarrollar y analizar un modelo PLS-SEM para 

examinar de manera conjunta la relación entre el desempleo, la migración y la 

calidad de vida en trabajadores agrícolas del Distrito de Riego 38, Río Mayo, 

Sonora, México. Se utilizó una metodología mixta, combinando enfoques 

cuantitativos y cualitativos, mediante el diseño de un instrumento aplicado a una 

muestra de 321 empleadores agrícolas de un total de 1,950. Los resultados 

evidenciaron que el desempleo incrementa la migración y con un impacto negativo 

en la calidad de vida de los trabajadores. Se encontró una correlación positiva y 

significativa entre el desempleo y la migración, y una correlación positiva débil 

pero estadísticamente significativa con la calidad de vida. Como principal aporte, 

la investigación busca proporcionar información para que las instituciones diseñen 

políticas públicas y estrategias que mitiguen estos problemas. 
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Introduction 

 

The agricultural sector is essential for sustaining 

the economies of many developing countries 

because of its contribution to domestic 

production, job creation, and food security. 

Furthermore, according to the United Nations 

Food and Agriculture Organization [FAO], 70% 

of the rural population consists of farmers who 

derive income solely from agriculture, which is 

generally limited [Davis et al., 2023]. 

 

 Therefore, from a productive standpoint, 

the agricultural sector is one of the most active 

and plays an important role in food security in 

communities across Mexico [Ayvar et al., 2018]. 

 

 In recent decades, Mexico’s agricultural 

sector has undergone significant changes due to 

ongoing urbanization, demographic shifts, and 

globalization [Escalante & Catalán, 2008]. In 

2020, this sector suffered repercussions from the 

SARS-CoV-2 pandemic, particularly in the form 

of labor shortages. For this reason, food 

harvesting was negatively impacted, with a loss 

of 1.5 million jobs and increased product costs, 

especially for growers[Franco et al., 2021]. 

 

 On the other hand, the scarcity of well-

paid jobs and the lack of support from the 

Mexican government for the rural sector have 

forced farmers to sell their labor in exchange for 

better wages, migrating as agricultural workers 

to the United States, which has negatively 

affected their quality of life and that of their 

families [González, 2021] . 

 

 Unemployment, migration, and quality 

of life in the agricultural sector are issues of 

paramount importance today, especially in the 

Mayo Valley. This research focuses on the 

complex intersection of these elements, 

analyzing their effects and consequences in a 

region where agriculture plays a fundamental 

role in the economy. 

 

 Irrigation District 38 Río Mayo is located 

in the state of Sonora, Mexico, encompassing the 

municipalities of Navojoa, Etchojoa, and 

Huatabampo. It has been known for its ties to 

agricultural activity, where the production of 

crops such as wheat, corn, and others has been 

important to the region’s economy, generating 

employment for thousands of workers and 

sustaining numerous families. 

 

 However, over the past 10 years, the 

agricultural sector has faced numerous 

challenges, including changes in employment 

dynamics, the phenomenon of agricultural 

worker migration, and the influence of these 

trends on the quality of life of the local 

population. The present study aims to analyze 

the implications of unemployment and how it 

relates to migration and the quality of life of 

agricultural workers in Irrigation District 38, Río 

Mayo, Sonora.  

 

 The results obtained will demonstrate 

why unemployment in the Mayo region has 

consequences such as the migration of 

agricultural workers and how it affects their 

quality of life. In this way, the research aims to 

provide support so that the competent authorities 

can develop and design more effective public 

policies and development strategies for workers 

in this sector.  

 

Theories and conceptual framework 

 

Keynesian theory highlights the importance of 

aggregate demand and its impact on 

employment, suggesting that insufficient 

demand causes unemployment, whereas 

classical economists believe that economic 

policies increase unemployment; Keynes 

proposes government intervention to boost 

demand and reduce unemployment [Keynes, 

1936; Jahan et al., 2014; Banco Cooperativo 

Español, 2023]. 

 

 Unemployment is said to occur when 

people of working age and with the skills to work 

cannot find suitable employment, affecting their 

self-image and triggering psychological 

reactions. It arises when the labor supply is 

lower than the demand, especially in developing 

countries. It includes those who are looking for 

work have been laid off or wish to enter the labor 

market [Ezzy, 1993; OIT, 2014; Riquelme, 

2018; Bustamante et al., 2020; Panari & Tonell, 

2022; Goodwin et al., 2023;  INEGI, 2024]. 

 

 Human capital theory helps to study the 

reasons and factors driving migration, and 

explains migration as an opportunity to improve 

income and prospects, while world-systems 

theory analyzes how economic, social, and 

political imbalances drive migration and shape 

the global structure [Lozano et al., 2001, Massey 

et al., 2008; Grebeniyk et al., 2021; Rodríguez, 

2023]. 
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https://dialnet.unirioja.es/servlet/articulo?codigo=7659441
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.701861/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.701861/full
https://www.jstor.org/stable/40601936
https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2024/IOE/IOE2024_04.pdf
https://economicsofeducation.com/wp-content/uploads/murcia2001/MT11.pdf
https://www.ugr.es/~redce/REDCE10pdf/14DouglasMASSEY.pdf
https://www.ugr.es/~redce/REDCE10pdf/14DouglasMASSEY.pdf
https://migracionesinternacionales.colef.mx/index.php/migracionesinternacionales/article/view/2190
https://sites.google.com/unitropico.edu.co/desarrolloeco/temas-de-clase/teorias-del-desarrollo/4-teoria-de-los-sistemas-mundiales/la-nueva-teor%C3%ADa-de-los-sistemas-mundiales
https://sites.google.com/unitropico.edu.co/desarrolloeco/temas-de-clase/teorias-del-desarrollo/4-teoria-de-los-sistemas-mundiales/la-nueva-teor%C3%ADa-de-los-sistemas-mundiales
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 Migration is defined as a temporary or 

permanent change of residence encompassing all 

types of movement, regardless of the migrant’s 

legal status or reasons. It is an adaptive process 

that influences population dynamics and 

economic development [Arango, 1985; Dingle 

& Drake, 2007; Siddique, 2013; Secretaría de 

Gobernación, 2016; Adger et al., 2019; 

Gutiérrez et al., 2020; INEGI, 2020; 

Organización Internacional para las Migraciones 

[OIM]; Naciones Unidas, 2020]. 

 

 Maslow’s and Sen’s theories provide 

frameworks for understanding how hierarchical 

needs and individual capabilities, respectively, 

influence people’s well-being and motivation, 

addressing social issues such as inequality, 

quality of life, and poverty [Angarita, 2007; 

Urquijo, 2007]. 

 

 Quality of life is a multidimensional 

perception that reflects personal satisfaction 

when comparing living conditions with 

expectations and goals, making life more 

pleasant. It is based on objective and subjective 

factors such as social relationships and health, 

and varies according to culture, values, and 

experiences, impacting individual well-being 

[Blanco, et al., 1988; OMS, 1996; Carr, et al., 

2001; Ardila, 2003; INCMNSZ, 2017; RAE, 

2024]. 

 

Problem statement 

 

In Mexico, the agricultural sector has faced 

significant changes due to globalization, 

urbanization, and the SARS-CoV-2 pandemic, 

which have affected employment and job 

security [Escalante & Catalán, 2008; Romo et 

al., 2020].  

 

 Seasonality limits job opportunities, 

generating uncertainty and leading many 

farmers to consider migration as an alternative 

[Barrón, 2013].   

In Sonora, Mexico, between 2019 and 2020, 

57,200 agricultural jobs were lost, of which 

more than 40,000 were never recovered [Pérez 

& Marín, 2022]. This situation is compounded 

by the 20% loss of rural employment nationwide 

during the pandemic, equivalent to 200,000 jobs 

per percentage point of GDP [Sánchez, 2020]. 

Instead, in 2020, 11.2 million Mexicans 

migrated primarily to the United States for work-

related reasons [INEGI, 2020].  

 

 In this regard, agricultural 

unemployment is closely linked to migration and 

the deterioration of farmworkers’ quality of life; 

therefore, there is a need to investigate the 

relationship between these three variables in 

Irrigation District 38 Río Mayo, Sonora. 

 

 Further down is the SEM structural 

model, which shows the relationships between 

variables such as unemployment and migration 

and the quality of life of agricultural workers.  

 

Box 1 

 

 
Figure 1 

SEM Structural Model       

          Source: own elaboration 

 

 

Methodology  

 

It is important to clarify that the approach used 

in this research was mixed: qualitative 

methodology, to understand migration and 

quality of life from participants’ direct 

experiences [Aspers & Corte, 2019]; and 

quantitative methodology, to analyze the 

relationships among variables and their effects 

[Mohajan, 2020], It was also a non-

experimental, field-based, cross-sectional study, 

applying statistical correlation techniques to test 

the hypothesis [Galarza, 2021; Grajales, 2000; 

Sampieri et al., 2010].  As well as the application 

of a PLS-SEM [Partial Least Squares Structural 

Equation Modeling] model to estimate the 

complex relationships among latent variables, 

using a partial least squares algorithm that 

allows for the analysis of large and complex 

models with data that are not necessarily 

normally distributed [Martínez & Fierro, 2018]. 

 

https://www.jstor.org/stable/40183172
https://academic.oup.com/bioscience/article-abstract/57/2/113/228325?redirectedFrom=fulltext
https://academic.oup.com/bioscience/article-abstract/57/2/113/228325?redirectedFrom=fulltext
https://onlinelibrary.wiley.com/doi/10.1002/9781444351071.wbeghm534
https://www.gob.mx/segob/articulos/quien-es-una-persona-migrante
https://www.gob.mx/segob/articulos/quien-es-una-persona-migrante
https://www.thelancet.com/action/showPdf?pii=S2542-5196%2819%2930213-X
https://dialnet.unirioja.es/servlet/articulo?codigo=7500760
https://cuentame.inegi.org.mx/explora/poblacion/migracion/
https://www.un.org/es/global-issues/migration
https://www.un.org/es/global-issues/migration
https://www.academia.edu/8144420/Teoria_Maslow_Jose_Quintero
https://roderic.uv.es/rest/api/core/bitstreams/e85ec28a-531e-4fe5-b11a-07730a19884f/content
https://www.theoria.eu/dictionary/C/calidad_vida.pdf
https://iris.who.int/bitstream/handle/10665/55264/WHF_1996_17_n4_p385-387_spa.pdf?sequence=1&isAllowed=y
https://pmc.ncbi.nlm.nih.gov/articles/PMC1120338/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1120338/
https://www.redalyc.org/pdf/805/80535203.pdf
https://www.incmnsz.mx/opencms/contenido/investigacion/comiteEtica/calidadVida.html
https://dle.rae.es/calidad?m=form#CxIV49c
https://dle.rae.es/calidad?m=form#CxIV49c
http://economia.unam.mx/publicaciones/econinforma/pdfs/350/01escalante.pdf
https://ojs.unipamplona.edu.co/index.php/face/article/view/439/6511
https://ojs.unipamplona.edu.co/index.php/face/article/view/439/6511
https://www.sciencedirect.com/science/article/pii/S0301703613719023
https://www.redalyc.org/journal/6680/668074576003/668074576003.pdf
https://www.redalyc.org/journal/6680/668074576003/668074576003.pdf
https://forbes.com.mx/economia-consejo-nacional-agropecuario-perdida-empleos-campo/
https://cuentame.inegi.org.mx/poblacion/migracion.aspx?tema=P
https://link.springer.com/article/10.1007/s11133-019-9413-7
https://mpra.ub.uni-muenchen.de/105149/1/MPRA_paper_105149.pdf
https://dialnet.unirioja.es/servlet/articulo?codigo=7890336
https://cursa.ihmc.us/rid=1RM1F0L42-VZ46F4-319H/Investigaci%C3%B3n.pdf
https://www.smujerescoahuila.gob.mx/wp-content/uploads/2020/05/Sampieri.met.Inv.pdf
https://doi.org/10.23913/ride.v8i16.336
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 The study universe consisted of 

agricultural employers in Irrigation District 38, 

Río Mayo, Sonora, with a population of 1,950 

employing entities, based on information from 

the Río Mayo Irrigation District Producers 

Directory provided by the Sonora Plant Health 

Committee [CESAVE Sonora] for the 2023–

2025 period. 

 

 As part of the sample, the formula for 

obtaining samples from finite, non-probabilistic 

populations with an acceptable sampling error of 

up to 5%, a probability of occurrence of 0.5, and 

a 95% confidence level was used, according to 

the following formula [Aguilar, 2005]: 

 

𝑛 =
 [Z2 * [ρqN]] 

[[Ν - 1] ε2 + Z2 * ρq]
                        [1] 

 

Where:  

 

n= Sample Size 

N= Sample Size 

Z2 = Confidence level 

ε 2 = The margin of error 

p= The population proportion [or a standard 

estimate of 0.5 if unknown]  

 

proportion of the population without the desired 

characteristic [probability of non-occurrence] 

 

 

n=
  [1.962 * [0.5*0.5*1,950]]

[[1,950 - 1] 0.05² + 1.96² *0.5*0.5]
= 321                     [2] 

 

 321 surveys were administered to 

agricultural employers in the region.  

 

These surveys aimed to gather 

information related to unemployment, 

migration, and the quality of life of agricultural 

workers during the period from November 14, 

2024, to March 31, 2025, according to the 

sample. 

 

 However, the instrument was designed 

using a Likert-type scale, named after its creator 

Rensis Likert, which is a psychometric scale 

typically consisting of seven points used in 

surveys to capture participants’ perceptions and 

attitudes on various topics related to the 

dimensions of each study in the social sciences 

[Morales et al., 2016].  

 

 

 

 Once the data collection process was 

completed, data processing was carried out using 

programs such as SPSS [v.26] to analyze 

Cronbach’s alpha, linear regression and model 

coefficients, and bivariate correlation analysis; 

Jamovi [v.2.6 [2024]] was used for descriptive 

analysis and McDonald’s omega coefficient [as 

a more robust indicator for construct validation], 

while SmartPLS [v.3.2.9] was employed to 

assess factor loadings, composite reliability, 

average variance extracted, hypothesis 

validation, discriminant validity, structural 

model fit, and to generate the structural model. It 

is worth noting that the use of various statistical 

software packages for data analysis was driven 

by the need to obtain more comprehensive and 

precise information, as well as by each 

program’s ease of performing specific 

calculations, thereby ensuring a rigorous 

statistical treatment with each one. 

 

Results 

 

The results of this study aim to evaluate the 

relationships in the proposed structural model, 

analyzing unemployment as a function of 

migration and quality of life, based on 

employers’ perceptions and the use of statistical 

software. Below, the findings obtained from the 

processing of the collected data are presented in 

detail: 
 

 First, it was necessary to verify the 

instrument’s validity by analyzing several 

indicators, and the structural model was 

reviewed and designed. Specific details of these 

analyzes are presented in the corresponding 

tables below: 
 

Box 2 

Table 1 

Reliability and Validity Analysis of Constructs 
Latent Variable λ α ω ρc AVE 
Unemployment 
Y 

 
0,701 0,708 0,787 0,328 

UR 0,546     

CU 0,526     
LE 0,515     
Migration X1  0,710 0,760 0,795 0,408 
RM 0,580     
O&D 0,567     
MF 0,652     
Quality of Life 
X2 

 
0,748 0,763 0,742 0,437 

HTH 0,528     
EDU 0,101     

INC 0,807     

HOU 0.663     

  Source: own elaboration using data from SPSS v.26, 

SmartPLS v.3.2.9, and Jamovi v.2.6 [2024], R Core 
Team [2024], Revelle, W. [2024] 

https://www.redalyc.org/pdf/487/48711206.pdf
https://www.academia.edu/30246173/ESCALA_DE_LIKERT_UNA_HERRAMIENTA_ECON%C3%93MICA_Contenido
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 The factor loading [λ] indicates the 

strength of the relationship between an indicator 

and its latent variable, with values expected to 

exceed 0.707 [Rogers, 2022]. In this case, none 

of the variables reaches that value, suggesting a 

moderate relationship between the items and the 

constructs.  

 

 On the other hand, Cronbach’s alpha [α] 

and McDonald’s omega [ω] are used to evaluate 

the instrument’s reliability [Colorado et al., 

2025]; consequently, values above 0.700 are 

obtained, suggesting that the items exhibit 

acceptable internal consistency, while 

Composite Reliability [ρc] is another measure of 

internal consistency and should exceed 0.6; in 

these cases, the indicators are considered 

coherent with one another and highly reliable.  

 

 Finally, the Average Variance Extracted 

[AVE] helps determine how much variation in 

participants’ responses can be attributed to the 

construct being measured, with a value above 

0.5  [Doral et al., 2018] indicating a slight 

weakness in the instrument’s structure. 

 

Box 3 

Table 2 

Approval of the Structural Model 

Construct Explained 

Variance R² 
Stone-Geisser 

Test Q² 

Unemployment   

Migration 0,344 0,104 

Quality of Life 0,234 0,052 
Source: own elaboration using data from SmartPLS 

v.3.2.9 
 

 On the other hand, Table 2 shows the 

results of the structural model validation, 

displaying the Explained Variance [R²]  

[Mondaca et al., 2002], which must be greater 

than 0.100 to be accepted. For the migration 

construct, it is 0.344, meaning that 34.4% of the 

variability in migration is explained by the 

unemployment construct, which represents a 

moderately strong and acceptable influence. For 

quality of life, the value is 0.234, indicating that 

23.4% of its variability is also explained by 

unemployment, which is considered acceptable. 

 

 As for the Stone-Geisser test [Q²], it 

evaluates the model’s predictive ability thru the 

blindfolding resampling technique [Stone, 

1974], yielding a value of 0.104 for migration 

and 0.052 for quality of life; both factors are 

positive and accepted since their values are 

greater than 0. 

Box 4 

 

Figure 2 

Structural Model 
      Source: own elaboration using data from 

SmartPLS v.3.2.9 
 

 Figure 2 shows the structural model of 

the study, in which three constructs are 

represented: “X1” for migration, “X2” for quality 

of life, and “Y” for unemployment, each 

construct is related to the set of items used.  

 

 The α for each construct is 0.710 for 

migration, 0.748 for quality of life, and 0.701 for 

unemployment, indicating acceptable reliability 

in all cases.  

 

 The connections between X1 and its 

dimensions—reasons for migration, origin–

destination, and migration frequency—have an 

average λ of 0.599, while the dimensions of X2—

health, education, income, and housing—exhibit 

much higher factor loadings, averaging 0.524 

[i.e., λ is lower than for X1], primarily due to the 

education dimension’s very low loading. 

Finally, the dimensions of Y, such as the 

unemployment rate, causes of unemployment, 

and educational level, have an average λ of 

0.529. 

 

  In summary, factor loadings reflect the 

direction of the relationship between each item 

and the latent construct; loadings > 0.5 are 

considered adequate, as they indicate that the 

item contributes significantly to the factor’s 

measurement. Some low or even negative 

loadings may also be observed, suggesting that 

they do not effectively contribute to the 

construct and may need to be reviewed or 

modified. 

 

https://doi.org/10.1590/1982-7849rac2022210085.en
https://estudiosyperspectivas.org/index.php/EstudiosyPerspectivas/article/view/836
https://estudiosyperspectivas.org/index.php/EstudiosyPerspectivas/article/view/836
https://doi.org/10.31876/rcs.v24i1.24925
https://doi.org/10.15517/pensarmov.v2i2.398
http://www.jstor.org/stable/2984809
http://www.jstor.org/stable/2984809
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 As part of the data processing, a 

descriptive analysis was conducted to determine 

the main sociodemographic characteristics of the 

study participants, providing an overview of the 

sample profile. Below are the corresponding 

frequencies and percentages: 

 

Box 5 

Table 3 

Demographic Data 
Control Variable 

Frequency 
% of 

total 
Cumulative % 

Age    

26 a 35  27 8,4% 8,4% 

36 a 45 102 31,8% 40,2% 

46 or elder 192 59,8% 100,0% 

Gender    

Male 312 97,2% 97,2% 

Female 9 2,8% 100.,0% 

Place of Origin    

Navojoa 96 29,9% 29,9% 

Etchojoa 92 28,7% 58,6% 

Huatabampo 129 40,2% 98,8% 

Other city 4 1,2% 100,0% 

Educational 

level 

   

Basic 32 10,0% 10,0% 

High school 53 16,5% 26,5% 

University 234 72,9% 99,4% 

None 2 0,6% 100,0% 

Num of 

Employees 

   

Fewer than 10 310 96,6% 96,6% 

11 a 50 10 3,1% 99,7% 

51 a 100 1 0,3% 100,0% 
 

  

This table presents a descriptive analysis of the 

demographic characteristics of the study 

participants. Most respondents are 46 years or 

older, accounting for 59.8%, followed by the 36–

45 age group at 31.8%, while 8.4% are between 

26 and 35 years old. In terms of gender, 97.2% 

are male, with only 2.8% female. Regarding 

origin, most come from the municipality of 

Huatabampo [40.2%], followed by Navojoa 

[29.9%] and Etchojoa [28.7%].  

 

 As for educational level, university 

education predominates at 72.9%; 16.5% have 

completed high school, 10.0% have finished 

primary or secondary school, and 0.6% have no 

formal education. Finally, almost all participants 

[96.6%] have fewer than 10 employes, while 

3.1% have 11 to 50 employes and 0.3% have 51 

to 100 employes.  

 

 To determine the relationship between 

the study variables, a correlational statistical 

analysis was conducted, allowing the strength 

and association of the constructs to be identified.  

 

 The results obtained enable us to 

establish whether or not there is a significant 

relationship between them. Therefore, the 

analysis results are presented below: 

 To determine the appropriate correlation 

tests, a normality test was first conducted to 

determine whether the study has a normal 

distribution or not, following the statistical 

hypotheses below: 

 

a.     p-value ≥ 0.05, Accept Ha: The analyzed 

data follow a normal distribution. 

 

b.     p-value < 0.05, Accept Ho: The analyzed 

data do not follow a normal distribution. 

 

According to Pedrosa, et al. [2015], the 

most suitable test for assessing normality when 

the sample size exceeds 50 units is the 

Kolmogorov–Smirnov test. Table 4 shows the 

following information: 

 

Box 6 

Table 4 

Normality Test 

Variable 

Kolmogorov-

Smirnova 
Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Unemployme
nt 

.069 321 .001 .976 321 .000 

Migration .058 321 .012 .978 321 .000 

Quality of 
Life 

.076 321 .000 .987 321 .007 

Source: own elaboration using data from SPSS v.26 

 

 The data for the variables 

Unemployment [Y], Migration [X1], and 

Quality of Life [X2] do not follow a normal 

distribution; therefore, according to Mendivelso 

[2021], the appropriate test to obtain a 

correlation between the variables is Spearman’s 

test, the analysis of which is shown below: 

 

Box 7 

Table 5 

Bivariate Correlation Analysis 

N=321 
Migration 

Quality of 

Life 

Strong 
Unemployment .421  

Sig. [two-tailed] .000  

Null 
Unemployment  ,265 

Sig. [bilateral]  ,000 
Source: own elaboration using data from SPSS v.26 

 

 

https://www.redalyc.org/pdf/647/64739086029.pdf
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 The bivariate correlation shown in Table 

5 presents Spearman’s correlation, which is used 

to examine the relationship between the 

migration and quality-of-life variables with 

respect to the unemployment variable. First, a 

positive correlation between migration and 

unemployment is observed, with a coefficient of 

0.421, indicating a moderate relationship. This 

correlation is considered statistically significant 

since the two-tailed significance value is 0.000, 

demonstrating that an association exists between 

the two variables.  

 

 Therefore, higher levels of migration 

tend to be associated with higher levels of 

unemployment. On the other hand, the 

correlation between quality of life and 

unemployment is also positive, although its 

coefficient is low at 0.265. It remains 

statistically significant due to its significance 

value of 0.000. Although it is a weak association, 

it is relevant because it suggests that lower levels 

of quality of life may be related to higher levels 

of unemployment.  

 

 Once the correlation analysis of the 

studied variables was completed, the research 

developed a Structural Equation Model, which, 

among other analyzes, involves verifying the 

causal relationships among the variables. To that 

end, the following image provides a detailed 

summary of the two models developed: 

 

Box 8 

 

 
Figure 3 

Model Summary 
Source: own elaboration using data from SPSS v.26       

 

 Here is a summary of the linear 

regression model results: the first model 

included migration as a predictor of 

unemployment, while the second model added 

quality of life. 

 

  The R² coefficient was 0.225 in the first 

model and 0.267 in the second, so both models 

are statistically significant. The standard error of 

the estimate is slightly lower in the second 

model, indicating better predictive accuracy. 

 

 

 

 Another piece of evidence demonstrating 

how well the linear regression equation fits the 

model data is the ANOVA, which is shown in 

the following table: 

 

Box 9 

Table 6 

Analysis of Variance [ANOVA] 

Model 

Sum of 

Squares df 

Mean 

Square F Sig. 

1 

Regression 46,284 1 46,284 92,095 ,000b 

Residual 159,280 319 ,499   

Total 205,564 320    

2 

Regression 54,865 2 27,433 57,888 ,000c 

Residual 150,699 318 ,474   

Total 205,564 320    
Source: own elaboration using data from SPSS v.26 

 

 An analysis of variance [ANOVA] was 

conducted to assess the validity of the linear 

regression models. In the first model, migration 

was included as the sole predictor of 

unemployment. The regression sum of squares 

was 46,284, representing the proportion of 

unemployment variability explained by 

migration alone. The residual sum of squares 

was 159,280, indicating the unexplained portion 

of the variance. The analysis yielded an F-value 

of 92.095 with a p-value < .001, demonstrating 

that the model is statistically significant. These 

results provide sufficient evidence to conclude 

that migration exerts a significant effect on 

unemployment levels. 

 

 In the second model, quality of life was 

introduced as an additional predictor variable. 

The regression sum of squares increased to 

54,865, while the residual sum of squares 

decreased to 150,699, suggesting that this model 

accounts for a greater proportion of the total 

variance in unemployment [total SS = 205,564]. 

The corresponding F-value was 57.888, with a p-

value < .001, confirming the statistical 

significance of the model. These findings 

indicate that quality of life contributes additional 

explanatory power in predicting unemployment. 

 

 Overall, both models were found to be 

statistically significant; however, the second 

model provided a better overall fit to the data, 

suggesting that incorporating quality of life 

improves the model’s explanatory capacity 

regarding unemployment variation. 
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 Finally, in image 3, the coefficients of the 

multiple linear regression model are shown; this 

analysis allows us to determine the specific 

effect of each independent variable on the 

dependent variable: 

 

Box 10 

 

Figure 4 

Regression Model Coefficients  
Source: own elaboration using data from SPSS v.26 

 

Y = β0+ β1X1 + β2X2 + ε 

 

 Here are the specific coefficients of the 

multiple regression model. It can be observed 

how migration and quality of life predict 

unemployment: in Model 1, migration is 

included as a predictor, with a B coefficient of 

0.560, a standardized Beta coefficient of 0.475, 

a t-value of 9.628, and a significant p-value of 

0.000. In Model 2, the migration coefficient 

decreases to B = 0.508, Beta = 0.431, t = 8.766, 

and p = 0.000. Subsequently, quality of life is 

added to the model, with B = 0.189, Beta = 

0.209, t = 4.255, and p = 0.000, Thus, both 

variables contribute positively to 

unemployment. In conclusion, these coefficients 

show that both migration and perceived quality 

of life influence unemployment levels.   

 

 In summary, the expression that 

demonstrates this impact on Unemployment [Y] 

is as follows: 

 

Unemployment [Y] = 1.031 + 0.508 

Migration + 0.189 Quality of Life + ε 

 

Discussion 

 

Currently, there are no studies with sufficient 

precision to determine an exact relationship 

among unemployment, migration, and quality of 

life within the agricultural sector.  

 

 However, the hypothesis testing in this 

research revealed a positive correlation between 

unemployment and migration [β = 0.587, p < 

.001], which supports the specific hypothesis 

that unemployment drives the migration 

phenomenon.  

These findings are consistent with the 

results reported by Barrón [2013], who 

identified that a lack of employment 

opportunities has led to an increase in rural 

migration and with Araujo et al. [2025], who 

found that migration is a response to poverty and 

lack of opportunities, among other factors. 

Similarly, Rangel [2017], described migration as 

a survival strategy in response to persistent 

unemployment.  

 

 Furthermore, a significant relationship 

was also found between unemployment and 

quality of life [β = 0.484, p < .001], indicating 

that higher unemployment levels negatively 

affect the living conditions of agricultural 

workers, particularly in dimensions such as 

health, housing, and income. These results are in 

line with the study by Morales y Minaya [2022], 

who found that even under permanent 

employment conditions, the quality of life of 

agricultural workers remains at moderate levels.  

 

 Likewise  Miranda [2017] reported that 

in the tequila sector, workers experience 

precarious labor conditions that negatively 

impact their overall well-being. Additionally, it 

is noteworthy that while migration may 

represent a response to unemployment, it can 

also exert effects on quality of life. As Mercado-

Salgado y Nava-Rogel [2013] pointed out, the 

perception of quality of life is associated with 

migratory expectations among rural youth. 

 

Conclusions 

 

The findings obtained thru statistical tools 

confirmed the relationship between agricultural 

unemployment, migration, and the quality of life 

of workers in Irrigation District 38 Río Mayo, 

Sonora. Furthermore, a positive and significant 

correlation between unemployment and 

migration was identified, supporting the 

hypothesis that unemployment is a factor that 

drives agricultural workers to seek new job 

opportunities outside the region.  

 

 Similarly, a positive, albeit weak, 

statistically significant correlation is observed 

between unemployment and quality of life, 

suggesting that a higher level of unemployment 

is associated with a deterioration in the living 

conditions of agricultural workers, affecting 

aspects such as health, housing, and income. 

 

 

https://www.sciencedirect.com/science/article/pii/S0301703613719023
https://doi.org/10.32654/DialogosAbiertos.4-1.4
https://www.redalyc.org/pdf/2110/211053027001.pdf
https://alicia.concytec.gob.pe/vufind/Record/UNJF_e06758424f61fedebddd89325b15838d
https://riudg.udg.mx/bitstream/20.500.12104/71558/1/MCUVALLES00010FT.pdf
https://www.redalyc.org/pdf/446/44625652004.pdf
https://www.redalyc.org/pdf/446/44625652004.pdf
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 One can also observe congruence with 

Keynesian theory, which emphasizes the need 

for intervention in the face of employment 

imbalances, and with migration theories that 

view migration as a response to unfavorable 

labor conditions; these findings also align with 

the tenets of Amartya Sen’s capabilities 

approach, which highlights how economic 

deprivations limit people’s well-being and 

freedom.  

 

 The structural equation modeling [PLS-

SEM] confirmed that both migration and quality 

of life positively influence unemployment 

levels, highlighting the importance of addressing 

these variables holistically. 

 

 The qualitative analysis revealed that 

factors such as drought and water scarcity also 

drive migration, while employers mention that it 

is important to improve workers’ healthcare and 

living conditions. 

 

 For future research, it is recommended to 

delve deeper into the impact of educational 

attainment as a predictor, since in this study it 

exhibited a very low loading in the structural 

model, which could help determine whether 

higher academic training is a prerequisite for 

agricultural workers to have more job 

opportunities outside their region and, 

consequently, improve their quality of life. 

 

 In conclusion, unemployment is a 

problem in the agricultural sector of Irrigation 

District 38, driven by migration but also 

undermining multiple dimensions of workers’ 

quality of life, thereby confirming the 

importance of addressing these variables jointly.  

 

 Accordingly, the need to implement 

public policies aimed at generating decent jobs, 

improving access to education and basic services 

for rural development, and supporting small-

scale producers is underscored. 
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Abstract                    
 

The growth of cities is closely linked to issues of mobility and urban 

transportation, and it was not until the end of 2019—prompted by the 

SARS-CoV-2 pandemic contingency—that Mexico began taking action 

to address this problem. For this reason, it became necessary to study the 

configuration and dynamics of the “Arturo Montiel Rojas” Hospital 

Environment, which currently functions as a tertiary-care hospital, 

generating over 596 movements derived from the number of 

consultations offered and more than 984 additional movements caused 

by the employees working there. This situation results in significant 

congestion along the main collector roads that converge in the area. 

Through the AHP Methodology and the operationalization of variables, 

it is possible to identify the zones and conflicts that restrict 

multimodality, a condition referred to as the “Hospital Service Level.” 
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Hospital Mobility Environment, Urban Mobility, 
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Resumen 

 
El crecimiento de las ciudades está estrechamente relacionado con el tema de 

la movilidad y el transporte urbano y no es hasta finales de 2019 y debido a la 

contingencia de la Pandemia de SARCov-19, cuando en México toma 

acciones para atender esta problemática. Es por ello que surge la necesidad de 
estudiar la configuración y dinámica que presenta el Entorno Hospitalario 

“Arturo Montiel Rojas”, el cual actualmente cumple la función de ser un 

hospital de tercer nivel con poco más de 596 movimientos derivados del 

número de consultas ofertadas y poco más de 984 adicionales causados por 

los empleados que ahí laboran, causando una saturación significativa sobre las 

principales vialidades colectoras que ahí convergen. Mediante la Metodología 

AHP y la operacionalización de variables, es posible identificar las zonas y 

los conflictos que limitan la multimodalidad, lo cual se ha denominado “Nivel 

de Servicio Hospitalario”. 
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Introduction 

 

Currently, urban mobility has become 

significantly important and increasingly 

concerning worldwide, mainly due to the rapid 

population growth that has led to a greater 

number of journeys, resulting from the search for 

goods and services, making short trips in 

distance but requiring longer travel times, which 

disadvantages users of the transport system. This 

situation, which undoubtedly calls into question 

the efficiency with which users interact with 

their various modes of transport, without being 

able to achieve effective multimodality, has 

gained relevance in mobility studies, but this has 

not been the case for studies of Travel 

Generating Poles and Mobility Environments, as 

they have not been subject to the same level of 

analysis in transit and urban planning studies. 

Despite its significant impact on the dynamics of 

cities, in Latin America, the Ibero-American 

Network for Studies on Travel Generating Poles 

is the pioneer in studies of this type; however, it 

is only the beginning of a new line of research 

within our continent. 

 

 In response to this problem, this study 

establishes a relationship between the different 

actors involved in mobility environments linked 

to hospital infrastructure by identifying various 

variables and indicators that, after a field 

validation process, are integrated into the ITE 

[Institute of Transportation Engineers] models 

of the United States. In addition, an analysis of 

the continuity of urban blocks within a cluster of 

no more than 500 metres is incorporated, a 

criterion aligned with the ‘Street Manual: Road 

Design for Mexican Cities’ published in 2019 by 

the Mexican Ministry of Agrarian, Territorial 

and Urban Development. Subsequently, a 

diagnosis is made of the ‘Arturo Montiel Rojas 

Hospital Environment,’ located east of the 

Toluca Valley Metropolitan Area, analysing its 

peak demand hours, the modal systems most 

preferred by users, directional data according to 

the modal system, and external factors that 

influence the development of daily movements, 

among which road administration, 

infrastructure, and current equipment stand out. 

 

 Although private cars are the most 

preferred mode of transport within this hospital 

environment, this is because the beneficiaries 

who converge within this hospital unit are not 

only inhabitants of the state capital.  

 

But also of the Toluca Valley 

Metropolitan Area, other municipalities in the 

state, and even other federal entities. This is due 

to the high level of specialisation offered by this 

hospital, which requires long journeys in terms 

of both distance and time, making the car the 

most suitable mode of transport for this type of 

mobility. 

 

 Once each of these variables had been 

identified and weighted, the information was 

processed using a Geographic Information 

System and with the help of ArcMap 10.8 

software and the AHP add-on. hospital service 

levels were established, providing an accurate 

diagnosis of the conditions of accessibility and 

efficiency of mobility within this environment, 

which is called the ‘Hospital Service Level,’ in 

order to present an evaluation categorised by 

five ranges: very good, good, fair, poor, and very 

poor.  

 

 These findings allow us to define that the 

‘Arturo Montiel Rojas Hospital Environment’ 

predominantly presents service levels between 

fair and good, due to a low level of factors that 

limit accessibility and hinder mobility. These 

results highlight the need to develop 

improvement strategies that allow for greater 

optimisation of mobility conditions, 

strengthening, among other things, the 

efficiency of hospital services, which is a key 

sector not only for the Toluca Valley 

Metropolitan Area, but also for the centre of the 

country and the state. 

 

Methodology 

 

The starting point is the selection of a publicly 

administered hospital, identifying the main 

modes of transport that converge in the vicinity 

of the hospital, the number of appointments 

scheduled per day, the number of employees 

assigned to the medical unit, the number of beds, 

and finally, the area it represents, thus 

constituting relevant factors in the travel model 

within the Toluca Valley Metropolitan Area. In 

addition, the actors involved in the hospital 

environment were identified, which determine 

mobility indirectly and directly, and thus 

spatially delimit the hospital mobility 

environments and travel generators. However, it 

is important to note that these actors can 

influence the choice of modal systems, the 

determination of peak demand hours, and the 

level of service provided by the main collector 

roads.  
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Develop the meaning of the variables in 

linear writing, and it is important to compare the 

criteria used. 

 

Box 1 

Table 1 

Key players in the hospital environment 

Variable Actors 

Social Beneficiaries 

 Workers 

 Residents 

 Caregivers 

Transport Transport operators 

 Operators 

 Users 

 Concessionaires 

Status State of Mexico Government 

Authorities 

 Municipal authorities 

 Decentralised bodies 

Economy Formal traders 

 Informal traders 

 Wholesale trade 

 

 The first of the four planned stages is the 

research and collection of information and 

documentary data, which involved reviewing 

bibliography, methodological approaches, key 

concepts, and theories focused on urban 

planning, mobility, and traffic engineering that 

allow for a unilateral understanding of the 

dynamics and monitoring of hospital mobility 

environments and travel generators in the Toluca 

Valley Metropolitan  

 

Area. It is important to mention that the 

verification of each of the sources consulted, as 

well as the statistical data, is essential to 

guarantee their reliability and thus ensure that 

they are considered for the travel model. Among 

the most important institutions are the State of 

Mexico Ministry of Mobility, the State of 

Mexico Ministry of Health, the Mexican 

Government Ministry of Health, the State of 

Mexico and Municipalities Social Security 

Institute, as well as the State of Mexico Institute 

of Geographic, Statistical and Cadastral 

Information and Research [IGECEM], the 

National Institute of Statistics and Geography, 

the Secretariat of Urban Development and 

Works of the State of Mexico, not to mention 

each of the municipal departments and 

commissions for Urban Development, Health, 

Mobility, Works and Metropolitan Development 

of the municipal government of the City Council 

of Metepec and Toluca. 

 Fieldwork and evidence collection make 

up the second methodological stage, where both 

qualitative and quantitative information was 

collected. An example of this is the experiences 

derived from the ethnographic method, where 

approaching the beneficiaries provides a 

guideline for understanding the origin, 

frequency, and reason for their trips, as well as 

their perception of the quality of hospital service 

and the environment they frequent in relation to 

the hospital. For its part, the estimation of trips 

and capacity, both directional and modal, is a 

fundamental axis for calculating the level of 

service present on the main collector roads.  

 

      

 The information collected in this stage 

makes it possible to understand the behaviour of 

transport system users, who in turn are 

beneficiaries, workers, residents of the block or 

AGEB where the hospital is located. The result 

of this shows, in real terms, the peak and off-

peak hours for estimating the level of service in 

the road network, as well as the pedestrian 

pavements during peak demand times. 

 

 With the above data, a comprehensive 

diagnosis was obtained on the mobility 

environment and travel generator hub derived 

from the Arturo Montiel Rojas Medical Centre 

located in the Toluca Valley Metropolitan Area, 

providing the necessary arguments for the 

application of the ITE model, ‘Institute of 

Transportation Engineers’ [USA]. 

 

 The third phase consists of calculating 

and continuing the urban blocks, with the 

condition of a 450-metre distance from the 

medical unit, always seeking to give continuity 

to local traffic, economic activities, and social 

dynamics that occur in the vicinity of the 

hospital, in order to have a defined polygon and 

begin with the hierarchisation and 

operationalisation of the variables that arise 

there, and once weighted, to be able to 

geographically identify which areas have little or 

no mobility, areas that may be susceptible to 

some type of intervention, or even generate 

arguments for their modification with respect to 

the type of activity that occurs on a specific 

section of the road. Additionally, it was 

necessary to apply Geographic Information 

Systems [GIS], through ArcMap software and 

the AHP module, using a cross-matrix and 

previously calculated weightings to identify the 

‘Hospital Service Levels,’  
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Which are presented in a colour palette, 

with red being the lowest level and green being 

the highest or optimal level for mobility in the 

‘Arturo Montiel Rojas Hospital Environment’. 

 

Box 2 

 

Figure 1 

Hospital service level of the Arturo Montiel 

Rojas Environment 

      Source: Own elaboration. 

 

The result of this process is a geographical 

representation at the block level, showing the 

level of hospital service available in the area, 

derived from the operationalisation and 

weighted importance given to the variables 

present within the Generating Pole, making it a 

unique environment with specific characteristics 

whose mobility is a dynamic phenomenon 

within the Toluca Valley Metropolitan Area. 

 

Results 

 

‘Arturo Montiel Rojas’ hospital environment 

The ‘Arturo Montiel Rojas’ hospital 

environment is located to the east of the capital 

of the State of Mexico, specifically in the 

municipality of Metepec, bordering the 

municipality of Toluca, on two of the most 

important collector roads in the city of Toluca 

and the municipality of Metepec, and in general 

in the Toluca Valley Metropolitan Area. Paseo 

Tollocan Avenue and Solidaridad Las Torres 

Avenue connect directly with the Mexico-

Toluca Highway, forming a land bridge between 

the Toluca Valley Metropolitan Area and the 

Toluca Valley Metropolitan Area. Both roads 

are affected by their road administration, which 

on the one hand falls to PRODEMEX Promotora 

y Desarrolladora Mexicana de Infraestructura 

S.A. de C.V., which administers Avenida 

Solidaridad Las Torres. In 2024, it signed a 

contract extension until 2050, making it a 

concessioned road for another 26 years, where 

the implementation of infrastructure, equipment, 

and development in terms of urban planning and 

development depend directly on the 

administrator. 

 For Avenida Paseo Tollocan, it is 

Empresa Mexiquense Conservadora de 

Vialidades S.A. de C.V. [EMCV] is responsible 

for managing this road, and in 2013, under the 

administration of the then governor of the State 

of Mexico, Enrique Peña Nieto, a 20-year 

Service Provision Project [PPS] contract was 

signed, and EMCV will manage this important 

stretch of road until September 2033.  

 

 With no opportunity to make changes to 

its geometric structure, a large part of 

metropolitan traffic circulates on these two 

arteries, and the recent launch of the Mexico-

Toluca Interurban Train, the ‘Insurgente,’ 

conditions mobility not only for hospitals but 

also throughout the Toluca Valley Metropolitan 

Area. 

 

 Although there is only one hospital unit, 

its importance lies in the fact that, according to 

the State of Mexico and Municipalities Social 

Security Institute [ISSEMyM] itself, it is one of 

the three most important in the state, receiving 

not only beneficiaries from the Toluca Valley 

Metropolitan Area or the State of Mexico, but 

also patients who have some other affiliation and 

require specialised intervention, provided that 

the institutions maintain a valid agreement. 

  

 Currently, the Arturo Montiel Rojas 

Hospital Complex covers 252 hectares, 

distributed over 126 urban blocks, most of which 

are residential and retail. Its proximity to 

wholesale commercial activity is minimal, 

which means that a high volume of travel is by 

motorised transport, a situation that puts the 

hospital in question at a disadvantage.  

 

Box 3 

 

Figure 2 

Location of the Arturo Montiel Rojas Hospital 

Environment 

      Source: Own elaboration. 
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 Its location is strategic, with a series of 

collector roads and major thoroughfares that 

shape local or neighbourhood dynamics in terms 

of everyday mobility. However, this does not 

mean that mobility is any less complex, as the 

semi-confined roads make travel complicated 

due to the lack of direct interaction with 

secondary activities within the environment. 

 

Box 4 

Table 2 

Road system in the vicinity of the Arturo 

Montiel Rojas Hospital 
 

Vialidad Type Administration Length 
m 

Paseo 

Tollocan  

Manifold PPS  1,908 

Avenida 

Solidaridad 

las Torres  

Manifold PPS 1,982 

Calle Manuel 

J. Clouthier  

Manifold Metepec Town 

Council 

1,149 

Prolongación 

Adolfo López 

Mateos  

Manifold Metepec Town 

Council 

1,000 

Calle Prol. 

Paseo 

Totoltepec  

Primary Toluca Town 

Council 

434 

Calle 

Bernardo 

Vara  

Primary Metepec Town 

Council 

318 

Calle Puerto 

de Veracruz  

Primary Metepec Town 

Council 

735 

 

 The road system presented in the Arturo 

Montiel Rojas Hospital Environment has four 

roads considered to be collector roads and at 

least three primary roads, as shown in Table 1. 

The total accumulated length is 7,526 metres, of 

which 70% have some type of asphalt surfacing, 

mostly temperature-controlled and hydraulic 

concrete. In general terms, given the 

administrations responsible for the roads, their 

conditions are fair. However, in the case of the 

collector roads, their condition ranges from good 

to very good. Even though there are no 

significant deformations in the road surface, in 

most of the roads administered by PPS, the 

drains are below the road surface, which 

undoubtedly hinders traffic in the area. 

 

 The total road length covered by the 

Arturo Montiel Rojas Hospital Complex, 

according to INEGI vector data [2024], amounts 

to just over 60,554 linear metres distributed 

along 269 streets and avenues, including the road 

surface and pedestrian pavements, which are 

present in 100% of the area, meeting the 

necessary conditions for walkability. 

 With only one medical unit, covering just 

under two hectares, one might think that this 

environment is less important than the rest of the 

environments in the Toluca Valley Metropolitan 

Area. However, the Lic. Alfredo del Mazo 

Medical Centre alone receives a total of 596 

scheduled appointments during a 14-hour 

working day, and although this may seem few, 

this number does not include scheduled tests, 

specialised consultations such as those in 

traumatology, gastroenterology, ophthalmology, 

cardiology or nephrology, nor does it include 

visits made to schedule some type of medical 

service or pharmacy visit to purchase controlled 

or speciality medication, a situation that 

undoubtedly increases the number of visits to the 

hospital, from 596 daily consultations to just 

over 1,589 effective daily visits, where medical 

and administrative staff provide personalised 

care to each of the requests made by the same 

number of beneficiaries on a daily basis. 

  

One aspect to consider within this 

environment is that, as it is a tertiary care unit, 

most beneficiaries attend consultations with a 

companion, as their medical conditions require 

it. In addition, as shown in Table 50, the number 

of workers amounts to 984 people, divided into 

doctors, nurses, orderlies, paramedics and 

administrative staff.  

 

Hospital security is not included here, as 

it is not administered by ISSEMYM. There are 

224 beds registered, not including outpatient 

beds, as their use is deferred, which makes it 

difficult to count them. 

 

 The peak demand times are between 

07:00-09:30, 14:00-16:10 and 20:30-22:00, 

which largely corresponds to the hours allocated 

for consultations, visiting hours and pharmacy 

hours.  

 

However, the frequency of visits is not 

linked to the hospital's own dynamics. For 

example, people who come for haemodialysis 

treatments do not have fixed schedules, as they 

depend on recovery time.  

 

Although they are scheduled every two 

hours, 24 hours a day, this schedule is not always 

respected, as recovery is individual, which 

means that their stay can be extended to more 

than three hours, causing a delay in subsequent 

consultations. 
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 On the other hand, a widespread problem 

is the lack of parking spaces. Although there are 

a total of 536 parking spaces in this area, they are 

assigned to medical staff, and even though they 

are not all occupied, access to the parking area is 

restricted to beneficiaries, resulting in traffic 

chaos in the vicinity of the Medical Centre, 

specifically on Avenida Paseo Tollocan. This 

situation undoubtedly reduces accessibility to 

the periphery of the centre, because although 

there is a drop-off and pick-up island for 

beneficiaries, the presence of the only taxi rank 

and the excess of vehicles parked on the far right 

makes it impossible to use. 

 

 The only pedestrian entrance and exit to 

the medical facility is located on Avenida Paseo 

Tollocan, right in front of the only traffic island, 

which during rush hour makes this area 

problematic not only for pedestrians but also for 

vehicles travelling on that stretch of road, Since 

they do not have the necessary infrastructure, 

they choose to invade the traffic lane, creating a 

considerable conflict zone for residents near the 

hospital who frequent the area. 

 

 By 2024, the Arturo Montiel Rojas 

hospital complex will cover a total of 126 

hectares. According to the INEGI Population 

and Housing Census for 2020, the population is 

estimated at 14,451 inhabitants, a significant 

number that is gradually increasing as a result of 

the operation of the ‘El Insurgente’ Interurban 

Train.  

 

As shown in Figure 3, the majority of the 

population is concentrated in the north-west and 

south-west, due to the presence of a series of 

housing units that are home to more than 35% of 

the total population of the hospital area. The 

centre of the San Jerónimo Chicahualco area has 

a neighbourhood-type, self-built housing 

morphology, with low-income housing, in 

contrast to the Santa María Totoltepec district, 

where the housing is multi-family, directly 

affecting mobility in the area, especially on 

Avenida Paseo Tollocan. 

 

 

 

 

 

 

 

 

 

Box 5 

 

Figure 3 

Population distribution by block EMH 

"Arturo Montiel Rojas" 
      Source: Own elaboration. 

 

Arturo Montiel Rojas Hospital Mobility and 

Transport System 

 

Given the conditions of the hospital's mobility 

environment and its proximity to two collector 

roads, most journeys are made by motorised 

transport, as the lack of cycling infrastructure 

and the deterioration of pedestrian infrastructure 

make this area difficult for multimodal 

development. In addition, the walking distance 

between public transport and the hospital is 

minimal, as the pick-up and drop-off point is 

located directly in front of the medical facility, 

resulting in a minimal walking distance to access 

the Medical Centre. 

 

 Although this hospital environment 

concentrates large numbers of journeys, most of 

them are centred on the hospital complex, as this 

medical unit houses a high percentage of 

specialities aimed at workers in the State of 

Mexico. Even though there are commercial and 

economic activities, their impact is minimal, as 

evidenced by the fact that one of the main 

activities is the hotel industry, restaurants, retail 

and wholesale commercial activity, based on a 

tianguis [street market] dynamic on 

Wednesdays, Saturdays and Sundays.  

 

 The ‘Toluca 2000’ tianguis, better known 

as ‘El Piojo’, makes this area a complicated 

place for mobility, as it concentrates a significant 

number of people who come to the site with the 

intention of purchasing goods or services, most 

of which are second-hand. 
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Box 6 

Table 3 

Road system in the vicinity of the Arturo 

Montiel Rojas Hospital 
 

Institution Location 

Ti anguis 
"Toluca 2000" 

or "El Piojo" 

Santa María Totoltepec Branch 
50200 Santa María Totoltepec, Mexico 

Collision  
 
Express Toluca 
S.A. de C.V. 
 

C. Article 27 517, Santa María Totoltepec 
Delegation, 50160 Santa María 
Totoltepec, Mexico. 
 

Department of 
Foreign Affairs 

1195 Paseo Tollocan Avenue, Santa María 
Totoltepec, 50246 Santa María 

Totoltepec, Mexico 
 

Walmart Low Speed Avenue 1201, San Jerónimo 
Chicahualco, 52170 San Jerónimo 
Chicahualco, 
Méx 
. 

Nissan Drive 

Tollocan 

Av. Paseo Tollocan KM 4.8, San 

Jerónimo Chicahualco, 52170 San 
Jerónimo Chicahualco, Méx. 

Cambalache 
Toluca 

Km. 5.2, Av. Baja Velocidad Manzana 
002, San Jerónimo Chicahualco, 52170 
Toluca de Lerdo, Méx. 

 

 Although the activities presented in 

Table 3 are few and make mobility a minor issue, 

it is the Lic. Arturo Montiel Rojas Medical 

Centre that triggers the saturation of collector 

roads, reaching a service level close to ‘F’ during 

peak hours, resulting in a delay of approximately 

00:15: 00 on Avenida Paseo Tollocan in the 

direction of Toluca – Mexico City and 00:10:00 

on Avenida Solidaridad las Torres, in the 

direction of Mexico City – Toluca, a situation 

that extends along the entire road, causing 

queues of just over 1.5 km in the morning and at 

least 1 km in the afternoon. 
 

 By January 2025, the cumulative TPDA 

in the ‘Arturo Montiel Rojas’ Hospital Area 

amounts to just over 181,000 motor vehicles, 

contained only on collector roads, creating a 

conflictive environment for mobility, 

accessibility and travel, within the roads that 

have the highest traffic volumes and conflictive 

service levels. Paseo Tollocan Avenue has a 

TPDA of 94,007 units. For its part, Solidaridad 

Las Torres Avenue has approximately 46,151 

vehicles, with the rest distributed among primary 

and secondary roads, accumulating a total of 

40,842 movements, where type A vehicles have 

the greatest presence, followed by type C 

vehicles and, to a lesser extent, type B vehicles. 

Given the conditions and morphology of the 

hospital environment, the latter units do not 

circulate within the polygon, but only on the 

periphery. 

 The hegemony of private transport use is 

a constant, as the conditions of the environment 

and its geomorphology make travel by this mode 

safer, more accessible, faster and also more 

comfortable. It should also be considered that, 

although there are countless public transport 

routes, most beneficiaries come to this medical 

centre from municipalities outside the Toluca 

Valley Metropolitan Area, which means that 

their journey is long in terms of distance and 

time, making private cars the most effective 

mode of transport. 

 

 It should be noted that the infrastructure 

for this mode of transport is minimal, as there is 

only one public car park with just over 40 spaces, 

which is open from 7:00 a.m. to 6:00 p.m. and 

costs around $15.00 per hour and fraction 

thereof. To the west of the area, there is also a 

shopping centre, which makes its car park 

available to the public at a cost ranging from 

$5.00 to $17.00. However, it is located just over 

400 metres away from the Medical Centre. 

Finally, on Saturdays and Sundays, when the 

‘Toluca 2000’ market [known as ‘El Piojo’] 

opens its doors, neighbours choose to make 

private spaces available as car parks near the 

market, with capacities ranging from 30 to 70 

vehicles.  

 

Although this responds to the high 

demand for parking spaces, it also creates 

conflict for access to them, as the converging 

roads become saturated, creating traffic queues 

that exceed 300 metres, only on primary roads. 

 

 The proximity between the hospital 

environment and the industrial area of Toluca 

means that there is a constant flow of type C 

vehicles, especially in the east-west direction, 

towards the city of Toluca. Although the area 

containing the Lic. Arturo Montiel Rojas 

Medical Centre has little industrial activity, it is 

a mandatory route for transport companies that 

carry out logistics within the Toluca Valley 

Metropolitan Area.  

 

 Peak demand fluctuates between 4:00 

a.m. and 7:00 a.m., as well as between 8:00 p.m. 

and 11:00 p.m., due to traffic restrictions 

imposed by the municipal authorities of both 

Metepec and Toluca. 
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 Type B transport accounts for 3.73% of 

traffic in the hospital area, and although this may 

seem like a minimal percentage, the reality is 

that a large part of the routes that go to the east 

of the Toluca Valley Metropolitan Area have to 

pass through the ‘Arturo Montiel Rojas’ hospital 

area, accumulating a total of 56 routes 

distributed among 15 transport companies, with 

direct variation in frequencies, because, unlike 

the rest of the areas, here the frequency of 

passage derives from the vehicle load that occurs 

mainly on Avenida Paseo Tollocan, going from 

00:05:00 to 00:15:00, with destinations in most 

cases such as Lerma, San Mateo Atenco, 

Zinacantepec, and Almoloya de Juárez. 

 

 According to the fieldwork, it was 

observed that only two routes enter the polygon, 

six pass through Avenida Solidaridad Las 

Torres, four enter Santa María Totoltepec and 

the rest run along Avenida Paseo Tollocan, 

making it the route with the highest daily 

frequency; However, the delay time is minimal, 

ranging from 00:04:00 to 00:08:00, and this is in 

normal conditions without extraordinary 

external factors such as strikes, accidents or road 

maintenance, making this area easily accessible 

to the Hospital Centre by mode B. 

 

 Mode of transport classification M has a 

percentage that, although minimal, is 

representative, as 1% positions motorcycles as a 

mode of transport that favours local travel and 

effective micro-mobility.  

 

 The most common use is for delivery, 

where, in addition to using the motorcycle as a 

mode of transport, it is also a work tool for home 

deliveries, which are present in almost all 

restaurants in the Hospital Environment area. In 

the health sector, there are more employees of 

the ‘Lic. Arturo Montiel Rojas’ Medical Centre 

than beneficiaries themselves who use the 

motorcycle as their daily mode of transport. 

 

 Finally, there is the T-type mode of 

transport, whose presence is regulated by the 

municipal authorities of Metepec and Toluca, 

allowing it to circulate from 10 p.m. to 5 a.m. 

seven days a week.  

 

 This mode of transport is particularly 

important for industrial logistics in this 

metropolitan area, with companies such as 

Nestlé, Pfizer, Barcel, Marinela and even Pemex 

relying directly on it to transport their goods and 

services. 

It is difficult to conceptualise the Arturo 

Montiel Rojas hospital environment as an area 

suitable for pedestrianisation. although its 

characteristics lend themselves to this, with wide 

pavements, sufficient public lighting and a high 

level of social interaction.  

 

 The reality is that its proximity to two 

semi-confined collector roads, Avenida Paseo 

Tollocan and Avenida Solidaridad Las Torres, 

makes it a suitable place for motorised mobility. 

In addition, the infrastructure designed for cars 

must be taken into account. Although there are 

only a couple of car parks, these tend to be 

moderately full at peak times. However, 

beneficiaries choose to park in prohibited areas 

such as the traffic island located just in front of 

the Lic. Arturo Montiel Rojas Medical Centre, 

creating chaos for public transport users getting 

on and off. 

 

 During fieldwork, it was observed that 

haemodialysis and dialysis patients specifically 

require vehicular access to the Medical Centre 

facilities due to their medical condition. Their 

stay at the facilities ranges from two to four 

hours, depending directly on the treatment and 

recovery of each patient. The schedules for this 

type of beneficiary are 24 hours a day, 365 days 

a year, in two-hour intervals, resulting in 

constant traffic even on holidays or days off. 

 

 For this reason, the use of bicycles 

exclusively for the health sector is limited and is 

not a response to the lack of infrastructure or 

poor conditions in the roadways or pedestrian 

pavements, but rather to the dynamic nature of 

the care and follow-up of patients at the Medical 

Centre, as most of them are accompanied by a 

family member or carer, adding that if their 

medical condition is confidential, they have 

specific treatments that mostly limit the use of 

non-motorised modes of transport. If we add the 

origin of their journeys, we can understand that 

most of them are inter-municipal, where bicycles 

or other non-motorised modes of transport are 

not an option for getting around. 

 

 Within the hospital environment, three 

bicycle counts were recorded, two of them on 

Paseo Tollocan Avenue between the intersection 

of Tecnológico Avenue and Manuel J. Clouthier 

in the east-west and west-east directions, 

respectively. The third count was taken at the 

intersection of Manuel J.  
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 Clouthier and Calle 16 de Septiembre. 

The first count is at the intersection of Manuel J. 

Clouthier and Calle 16 de Septiembre, where 

there is a TH of 37 cyclists during peak demand, 

which runs from 9:00 a.m. to 11:00 a.m. with a 

TPD of 887 daily movements. Men are the ones 

who make the most use of bicycles as a mode of 

transport, accounting for nearly 98.6% of total 

movements, while women account for only 

1.4%. Most of these movements are inter-

municipal, originating in the municipality of 

Metepec and ending in the municipality of 

Toluca. 

 The second survey was conducted on 

Avenida Paseo Tollocan between the 

intersections of Avenida Tecnológico and 

Manuel J. Clouthier in an east-west direction, on 

the far right, where a TH of 29 bicycle users was 

recorded, giving a TPD of 341 trips, 98.2% of 

which were made by men and only 1.8% by 

women. It is noteworthy that of the total number 

of trips, more than 97% use bicycles as a daily 

mode of transport, and the rest for leisure. The 

last count was taken at the same intersection as 

the previous one, but in the west-east direction. 

This count shows a TH of 34 cyclists at peak 

demand, concentrated between 5:00 p.m. and 

7:00 p.m., with men making the most use of 

bicycles at 95.8%, and the rest, i.e. the remaining 

4.2% correspond to women. Fieldwork 

identified that they use bicycles for care-related 

mobility, as they take their children to school by 

bicycle, a situation that creates complex mobility 

in the hospital environment. 

 

 Although there have been no alarming 

numbers of bicycle-related traffic accidents in 

the hospital environment, the outlook is 

negative, mainly due to the speeds on the road, 

especially on Avenida Paseo Tollocan and 

Avenida Solidaridad las Torres, where the 

maximum speeds are 60 km/h and 30 km/h in 

hospital areas. However, ignorance of 

regulations combined with a lack of both 

horizontal and vertical signage means that 

speeds in this area often exceed 60 km/h. 

 

Conclusions 

 

According to the AHP methodology, the Arturo 

Montiel Rojas Hospital Environment has a 

service level ranging from fair to good, i.e. there 

is no obvious saturation on the collector roads 

derived from motorised modes, but its 

accessibility is subject to improvement, 

 

 The level of the main collector roads 

ranges from ‘C’ to ‘D,’ which leads to 

conflictive mobility in the traffic area. It is 

important to note that this area does not have 

safety devices, except on the Manuel J. Clouthier 

road, which runs north-south and south-north. 

 

 For pedestrians, despite the fact that 

conditions exist for them to move freely, 

fieldwork observed that they do not have a 

significant presence. Mobility is centred on 

motorised modes, mainly represented by modes 

A and B. The safety perspective is important. 

Although there is public lighting and the 

pavements or sidewalks mostly meet the 

necessary conditions,  

there is still an externality derived from traffic, 

namely that speed is a negative factor for 

pedestrians, as it is mainly private cars that do 

not respect speed limits, especially in the vicinity 

of the hospital 

 

 Signage is an aspect to be considered for 

all users of the transport system who converge in 

the area. Although Avenida Solidaridad Las 

Torres has appropriate horizontal and vertical 

signage, as it is a PPS, this is not the case for 

Avenida Paseo Tollocan, where there is no 

horizontal signage. 
 

  The absence of road markings is evident 

throughout the entire stretch of the road, while 

the vertical signage does not meet the necessary 

conditions set out in Mexican Official Standard 

NOM-034-SCT2/SEDATU-2022, Signage and 

road devices for streets and motorways. 
 

Box 7 
 

Figure 4 

Level of hospital service in the "Arturo 

Montiel Rojas" environment 
      Source: Own elaboration. 
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 One aspect to consider in relation to the 

level of hospital service is that the traffic area 

specifically on the collector roads Avenida 

Solidaridad Las Torres and Avenida Paseo 

Tollocan is considered only on the far right, 

without addressing the semi-confined area or 

central lanes, which, despite having a direct 

influence on vehicular traffic, their origin and 

destination are different from the Lic. Arturo 

Montiel Rojas Medical Centre, which is why 

their level of service is high but acceptable, with 

slow but fluid traffic flow. 

 

 Specifically, the level of service on 

Avenida Solidaridad Las Torres is rated ‘D’. 

According to the Mexican Government's 

Ministry of Communications and Transport, 

congestion is partial, but with moderate flow. 

Specifically, the hours of saturation or peak 

demand within the hospital environment range 

from 07:00 to 08:40, as well as from 17:50 to 

21:00, with relatively short queues caused by 

safety devices such as speed bumps or bollards. 

On the other hand, Avenida Paseo Tollocan has 

a service level of ‘E,’ where traffic is slow, with 

congestion that affects the movement of 

transport units.  

 

 This, combined with a lack of signage 

and excessive appropriation of space and the 

road surface, makes travel difficult during peak 

demand hours, which normally occur between 

06:40 and 10:00, as well as from 14:20 to 17:00 

and from 19:00 to 22:00, mainly due to the shift 

changes at the Medical Centre, as well as the 

departure times of companies and government 

institutions. 

 

 Pedestrianisation is a safe option and has 

the necessary conditions for its development, but 

it is limited by direct factors such as road safety, 

lighting, public safety and poor social 

coexistence. There are indirect factors that make 

certain times of the year complicated, such as the 

months of August, September, and October, 

when heavy rains limit accessibility due to 

constant flooding, mainly on collector roads. 

This situation favours private cars and public 

transport, as they are the only modes of transport 

that can circulate in the area near the Arturo 

Montiel Rojas Medical Centre. 

 

 One social condition within the 

environment is the difference in housing and 

income, as shown in Figure 69.  

 

On the far right of the hospital 

environment, there is an area marked in red, 

which corresponds to the urban complex ‘Los 

Ahuehuetes,’ located right next to the ‘Toluca 

2000’ or ‘El Piojo’ market, creating a significant 

contrast, not only in terms of housing or income, 

but also in terms of mobility, as this complex 

alone is home to 1,450 people, more than 65% of 

whom are of working age, which translates into 

commuting for work. The same is true of the 

‘Residencial Campestre del Virrey’ located to 

the south of the polygon between the 

intersections of Avenida Prolongación Adolfo 

López Mateos and Avenida las Torres, which 

alone has a population of 417 people. Together, 

these two urban complexes represent about 

13.5% of the total population of the entire 

hospital environment. 

 

 The rest of the population is distributed 

between the town of San Jerónimo Chicahualco 

in the municipality of Metepec and Santa María 

Totoltepec in the municipality of Toluca, which, 

although they have acceptable micro-mobility 

conditions, there are tertiary roads where 

conditions are poor, with a width of barely 4 

metres and a surface of bare rock without any 

type of asphalt covering, with a lack of kerbs, 

pavements and road markings in both towns, 

hindering not only mobility but also transport, as 

the necessary conditions for the provision of this 

service are not met. The route service is always 

questionable within the Toluca Valley 

Metropolitan Area. It is the mode of transport 

that efficiently moves users in this hospital 

environment, even though the number of routes 

is not as overwhelming as it is in environments 

such as the ‘Cono Norte’ or ‘Campus Colón’. its 

service is efficient, at least for inter-municipal 

mobility, which includes the municipalities of 

Toluca, Almoloya de Juárez, Zinacantepec, 

Lerma, Ocoyoacac, and San Mateo Atenco, with 

frequencies ranging from 00:12:00 to 00:17:00 

and an occupancy level exceeding 50% during 

off-peak hours and more than 100% during peak 

hours, reflecting the activities concentrated in 

the ‘Arturo Montiel Rojas’ hospital 

environment. 

 

 Therefore, it is concluded that the 

analysis of mobility in the ‘Arturo Montiel 

Rojas’ Hospital Environment in the east of the 

capital of the State of Mexico highlights the 

complex relationship between urban growth and 

the current Mobility and Transport System in the 

Toluca Valley Metropolitan Area derived from 

public health services.  
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Therefore, this research is based on 

understanding how population growth in terms 

of entitlement and the lack of tertiary hospital 

infrastructure generate travel flows that impact 

the efficiency of the public and private transport 

system in the central area of the State of Mexico. 

 

 One factor that motivated this research 

from the outset is the way in which the COVID-

19 pandemic transformed mobility patterns 

around hospitals, not only globally, but 

specifically within the Toluca Valley 

Metropolitan Area. The health contingency 

increased the frequency of travel for health 

reasons, both for patients and medical personnel, 

as well as for family caregivers and supply 

providers. This phenomenon exposed 

deficiencies in our city's planning and, even 

more so, the shortcomings of the transport 

system, reflected in the lack of adequate 

infrastructure to absorb a sudden increase in 

mobility demand. It is from this point that local 

authorities have opted to create conditions for 

non-motorised mobility. 

 

 Without a doubt, this analysis of mobility 

in the hospital environment Arturo Montiel 

Rojas" reveals that the problems of traffic 

congestion in the vicinity of the hospital are 

closely related to the inefficiency in the 

management of road and public space, the 

absence of adequate traffic regulations and the 

lack of infrastructure such as strategic car parks. 

Although the Medical Centre itself has a large 

car park, until March 2025 it is closed to 

beneficiaries, serving only medical staff and 

people with kidney problems, causing saturation 

of the only pick-up and drop-off bay available, 

creating a pedestrian conflict and thus limiting 

accessibility, which collapses during peak 

demand hours in the mobility systems, affecting 

both the hospital community and the inhabitants 

of the surrounding areas. 

 

 Another key aspect identified is the need 

to strengthen urban planning with a 

comprehensive mobility approach that considers 

transport intermodality and the design of 

pedestrian and cyclist infrastructure. However, 

the lack of willingness and attention on the part 

of state authorities limits this type of strategy. It 

should not be forgotten that Av. Paseo Tollocan 

and Avenida Solidaridad las Torres are part of 

the Service Provision Project [PPS], which 

limits intervention in these areas due to the lack 

of autonomy on the part of the municipalities 

that converge there.  

For this reason, it will be the State of 

Mexico's Ministry of Mobility itself that will 

have to create this management system to 

optimise the space. 
 

 It is important to mention that one 

limitation in the Toluca Valley is the 

administration of public transport, which is 

carried out through concessions. As a result, the 

number of units, frequencies, routes and chassis 

models depend on the companies that provide 

the service, a situation that undoubtedly limits its 

organisation. If we add this to the administration 

of the road, the situation is even more complex, 

as this responsibility does not fall directly on the 

municipal authorities.  
 

 Since January 2025, the municipal 

authorities that make up the Toluca Valley 

Metropolitan Area have taken on the task of 

creating a metropolitan urban agenda, where 

mobility is the fundamental axis of inter-

municipal agreements, and its implementation 

would generate strategies in line with the current 

situation. 
 

 For its part, non-motorised mobility, as 

mentioned in this paper, is not present, largely 

due to the lack of infrastructure dedicated to it, 

but it is also important to consider the origin of 

most journeys, which are inter-municipal, i.e. 

over 17 km, and considering the terrain of the 

Toluca Valley Metropolitan Area and its altitude 

of almost 2,240 metres above sea level [masl], 

cycling is complicated. During the fieldwork, a 

pattern of mobility was identified that is directed 

towards care mobility, where women are the 

most prevalent, caring for the elderly and 

children. Therefore, if we add these variables 

together, it is possible to point out that the 

bicycle is not the best mode of transport to 

promote for the ‘Arturo Montiel Rojas’ Hospital 

Environment. 
 

 Although it was believed that this 

hospital environment would present a poor level 

of service, the situation changed when the result 

of the sum of the variables ranged from fair to 

good. This is due in part to the type of users who 

frequent the Medical Centre, their mode of 

transport and their origin. In addition, the fact 

that most of the roads are part of a Service 

Provision Project [PPS] provides certainty 

regarding their optimal condition in the road 

network and also on the pedestrian pavements, 

thus generating a perspective of safety in relation 

to travel and thereby ensuring the minimisation 

of accidents. 
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 The issue of Travel Generating Poles and 

Hospital Mobility Environments is becoming 

increasingly important in major Mexican cities, 

specifically in the Toluca Valley Metropolitan 

Area, where mobility and transport, together 

with urban development, are of greater 

importance in decision-making related to urban 

growth and expansion, land regulation and the 

updating of regulatory instruments, aspects that 

require coordinated action. Clearly explain the 

results and possibilities for improvement. 
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Abstract  
 
The article presents a case study analyzing the production system 
of a vegetable processing company, specifically its sweet corn 
packaging line. The company is located in the Yaqui Valley, in 
the southern part of the state of Sonora.  System dynamics were 
used to develop the project. The process began with process 

mapping, followed by the creation of a causal diagram 
integrating the system variables. Subsequently, a Forrester 
diagram and the equations corresponding to the model were 

developed, along with the simulation and selection of scenarios using 

two multi-criteria analysis methods. Finally, a graphical interface 

was designed for users to analyze the production process in order to 

facilitate decision-making within the company. In conclusion, a 

technological solution was developed that will allow users to analyze 

and improve the packaging process of the company studied. 
 

 
System Dynamics, Multicriteria decision making, 

scenarios 

Resumen  

 
El artículo muestra un caso donde se analiza un sistema productivo 

de una empresa procesadora de hortalizas, específicamente la línea 

empacadora de elote dulce. La empresa está ubicada en el Valle del 

Yaqui, al sur del estado de Sonora.  Para el desarrollo del proyecto 

se utilizó la dinámica de sistemas. Se inició por el mapeo del proceso, 

seguido de la elaboración de un diagrama causal que integra las 

variables del sistema. Posteriormente, se desarrolló un diagrama de 

Forrester y las ecuaciones correspondientes al modelo, la simulación 

y selección de escenarios con dos métodos de análisis multicriterio. 

Finalmente, se diseñó una interfaz gráfica para usuarios de análisis 

del proceso de producción para facilitar la toma de decisiones dentro 

de la empresa. En conclusión, se logró construir una solución 

tecnológica que permitirá al usuario analizar y mejorar el proceso de 

empaque de la empresa estudiada. 
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I. Introduction 

 

Today, in the competitive world of agricultural 

trade, efficiency and control of the supply chain 

are essential to meet customer expectations and 

maintain competitive advantages. This paper 

describes a case study based on an agricultural 

company in the southern region of Sonora 

located in the Yaqui Valley. It is a project carried 

out in an organization dedicated to packaging 

sweet corn for export to the USA.  

 

 The main focus is to obtain greater 

control of the variables and parameters of the 

supply and production process, considered key 

elements in meeting market expectations and 

requirements.  

 

In this sense, the use of a robust 

methodology for the analysis of complex 

systems and multi-criteria analysis is 

contemplated as support in decision-making 

based on solutions presented in diverse 

scenarios. 

 

  Agrícola Company is a private sector 

agricultural company interested in marketing 

vegetables in the region, as well as exporting to 

countries such as the United States, seeking to 

meet the preferences and interests of its 

customers in different markets, offering different 

presentations and ensuring the best quality in its 

products. 

 

 Today, the organization is constantly 

changing in order to adapt to new market needs 

and thus be able to satisfy them. Often, the 

company focuses solely on production, 

neglecting both the preliminary stage of supply 

and the subsequent stage of product distribution. 

 

 Currently, the agricultural company 

faces various challenges that are affecting its 

performance in the sweet corn market. Among 

the main problems is a lack of knowledge about 

production levels, which makes it difficult to 

plan and monitor the efficiency of its processes 

[Susanty et al., 2018]. This has led to situations 

where demand exceeds current production 

capacity, causing delivery delays and difficulties 

in fulfilling customer orders. Another critical 

problem is the lack of personnel for proper 

maintenance of the machinery. This not only 

increases the risk of unexpected stoppages in the 

production line, but also affects the quality and 

continuity of the production process [Badr, et al., 

2023]  

 

 This has led to customer dissatisfaction, 

limitations on market expansion, instability in 

both the process and the operating personnel, 

and constant supply problems. Based on this, the 

following research question arises: What actions 

should be considered in the supply of sweet corn 

and its packaging process based on the 

company's current capacity and market 

requirements? Derived from the above, the 

following objective is proposed: to develop a 

technological solution for the supply and 

production process to evaluate the capacity to 

respond to the needs of the packaged sweet corn 

market.  

 

 To understand the complexity of the 

sweet corn supply chain process, the system 

dynamics [SD] methodology was used, 

employing two multi-criteria analysis 

methodologies. Technique for Order of 

Preference by Similarity to Ideal Solution 

[TOPSIS] and Faire Un Choix Adequate 

[FUCA] methods to evaluate 15 scenarios 

[normal, pessimistic, optimistic], identifying the 

four most favorable for optimizing operational 

performance [M. Mendoza, et al., 2011].  

 

 The results demonstrate the solution's 

potential to mitigate losses, improve operational 

efficiency, and strengthen the company's 

position against market and demand 

fluctuations, especially for its main client using 

a graphical user interface [GUI] to support 

analysis and decision-making. In this sense, the 

use of system dynamics [Forrester, 1981, Chen 

and Wakeland, 2016] takes on special 

importance as a methodology focused on solving 

complex problems [Sterman, 2000] to evaluate 

different scenarios [Schwartz, 1996] supported 

by mathematical models [Aracil and Gordillo, 

1997, Chapra and Canale, 2015; Negar, et al. 

2022; Mukherjee, 2022] for the development of 

the graphical user interface [Oulasvirta et al., 

2020] from a systemic approach and systemic 

thinking perspective [Senge, 2005]. 

 

II. Literature review 

 

There are several empirical studies that have 

developed solutions based on the use of DS for 

production processes in the agri-food sector. In 

this regard, the proposed Fuzzy fuzzy analytic 
hierarchy process [FAHP] and TOPSIS 

methods can be used to manage risks in the 

agricultural sector related to market fluctuations, 

logistics, and crop production.  
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As discussed in this paper, [FAHP] is a 

powerful method for organizing multi-criteria 

decision problems. 

 

  This methodology has proven 

particularly effective in mitigating transportation 

disruptions and improving supply chain 

resilience, providing a robust framework for 

decision-making under uncertainty [Ahmad & 

Ahmad, 2025] 

 

On the other hand, Noshad [2020] used 

fuzzy analytic hierarchy process [FAHP] and 

TOPSIS methods to select the best gluten-free 

baguette formulations containing modified 

quinoa flour [QM]. For this purpose, two criteria 

were considered, namely physical and chemical 

properties.  

 

 This research demonstrates the 

applicability of FUZZY AHP-TOPSIS hybrid 

methods in optimizing food product development 

processes, allowing for the systematic evaluation 

of multiple technical criteria. 

 

 Lagarda et al. [2024] used the FUCA and 

TOPSIS multi-criteria analysis methods with DS 

in the technological solution project for the 

development of craft beer based on overripe figs 

as a proposal for fig producers in southern 

Sonora who had problems marketing fresh figs to 

international markets due to price issues and 

export restrictions associated with health 

regulations. 

 

 In this study by Yadav et al. [2023], an 

increase in organic corn production was modeled 

using system dynamics to analyze current 

conditions, assess existing problems, and provide 

alternative problem-solving scenarios. The 

simulation results showed land expansion of 

around 73,000 ha per year for 14 years. This 

research illustrates how system dynamics can be 

applied specifically to crops such as corn to 

optimize sustainable agricultural production.SD 

is a methodology based on the construction of 

complex models that allows us to address 

situations, applying the observation of the whole 

and the relationship with each of its parts. 

 

III. Methodology 

 

This section describes in detail the procedure 

followed to develop this project using Sterman's 

methodology [2000].  

 

3.1 Mapping the process of the organization 

under study. The sweet corn packaging process 

was mapped through prior observation and 

consultation of information from the 

organization under study using a diagram that 

allowed us to observe aspects of sourcing, 

supply, production, distribution, and customer 

delivery [SIPOC], using real information from 

the organization throughout its supply chain. 

 

 

3.2 Construction of the causal diagram of the 

system. The sweet corn packaging process was 

analyzed in order to identify the variables that 

are directly related to the process to create a 

causal diagram consisting of feedback loops, 

both reinforcement [R] and balance [B], 

 

3.3 Definition of mathematical equations 

based on the flow and level diagram. Using the 

causal diagram as a reference, the flow and level 

diagram was constructed. From this, the model 

equations were created, taking into account the 

complex structure of each of the links connected 

through variables and parameters involved in the 

model, with the help of Stella® Architect 

software.  

 

3.4 Simulation of the current model. The 

model was simulated in the current situation of 

the company under study in order to obtain 

results; similarly, it was verified that the results 

obtained were as close to reality as possible. 

Based on this first simulation, it was possible to 

perform validation tests, which are described in 

the next step. 

 

3.5 Validation of the current model. The 

validation methods used were the consistency of 

units within the model itself, thus presenting 

tests where the elements within the process are 

being classified appropriately. 

 

Also, the mean error method was used when 

comparing the simulated model against the 

actual situation. 

 

3.6 Generation of scenarios with sensitivity 

analysis. Three types of scenarios were studied: 

optimistic, pessimistic, and current. 
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 The most sensitive parameters were 

modified to have an effect on the process 

according to the worst or best possible case; the 

result of this was the theoretical production 

value that would result from modifying these 

parameters. 
 

3.7 Communicating with users through a 

graphical interface. A graphical interface was 

implemented to allow users to better manage and 

understand both the variables being tested and 

the results obtained. This was done using 

Stella® Architect, which was configured so that 

decision-makers could modify the parameters at 

any time and thus observe the different 

behaviors through simulation. 

 

3.8 Selection of scenarios using multi-criteria 

analysis methods. The FUCA and TOPSIS 

methods were applied; as a result, and based on 

the determination of maximization and 

minimization objectives for seven variables of 

interest to the company, weights were assigned 

to each of them. The best quantitative scenarios 

for the company under study were selected based 

on this analysis. 

 

IV. Results 

 

The results derived from the procedure used for 

the company under study are presented below, 

using the system dynamics methodology based 

on the above procedure. 

 

4.1 Mapping of the process of the 

organization under study. In this step, the 

sweet corn packaging process of the company 

under study was mapped through visits, 

observations, and direct information 

consultations within the organization, as shown 

in Figure 1.  

 

Box 1 

 
Figure 1  

Process package of corn mapping 
Source: Own elaboration 

 

 The mapping covers the period from 

when the truck arrives at the company with the 

corn until the pallets with boxes of plastic-

wrapped sweet corn are ready for distribution. It 

shows the sequential order that the process 

follows and considers the decisions that must be 

made during the process, which are: Sorting the 

corn, since only level 1 and 2 corn is suitable for 

the process; level 3 corn will be used to feed 

livestock. In another part of the process, the corn 

must be evaluated to ensure that it is completely 

clean and can move on to the packaging process. 

 

4.2 Construct the causal diagram of the 

system. In this step, a causal diagram was 

created, which collects the key elements of the 

system and the relationships between them. 

Thus, this diagram represents the different 

relationships, which are represented by arrows 

between the variables. These arrows are 

accompanied by a sign [+ or -] that indicates the 

type of influence exerted by one variable on 

another. A “+” sign means that a change in the 

variable has a positive effect, and a “-” sign 

symbolizes that the effect is negative, as shown 

in Figure 2. 

 

Box 2 

 
Figure 2 

Supply chain causal diagram  

Source: Own elaboration 
  

The causal diagram shows the production 

link, which consists of the sweet corn packaging 

process. This diagram is a graphical 

representation of the system, which allows for a 

better understanding of the process, as well as 

presenting formality and legibility.  

 

The variables in the process can be seen, 

of which corn, demand size, and finished 

products are the most relevant, and the 

relationship between them can be observed in 

more detail. It can also be seen that there are five 

feedback loops, four of which are positive, i.e., 

reinforcing, and one of which is negative, i.e., 

balancing.  
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 The first reinforcing loop consists of a 

relationship where it expresses that the greater 

the packaging process, the greater the finished 

product, generating a greater distribution 

process, requiring more fuel and resulting in a 

greater investment to be able to continue 

carrying out more packaging processes.  

 

 The second reinforcement loop consists 

of the interpretation that a large amount of 

cultivation will result in a larger corn harvest, 

and with more corn units, the number of corns in 

classifications 1 and 2 will also increase. As a 

result, more packaging can be done, which 

means more cleaning and more waste. All this 

means more food for livestock so that, when it's 

processed, it can be used as fertilizer to keep 

growing more crops.  

 

 The third reinforcing loop is similar to 

the previous one; however, it consists of the fact 

that the greater the crop, the higher the demand 

that can be met and, as a result, more packaging 

will have to be done. When there is more 

packaging, there will be more cleaning and, 

therefore, waste that becomes more food for 

livestock, increasing the fertilizer to continue 

growing more.  

 

 The fourth reinforcement loop consists of 

the fact that the more crops are grown, the more 

corn there will be, and with more corn, there can 

be more sorting; this immediately becomes more 

food for livestock and, consequently, more 

fertilizer for more crops. Finally, there is a 

balance loop, which indicates that lower 

investment will result in fewer employees, and 

not having enough employees will negatively 

affect the speed of the process. Therefore, the 

time required for production will be much longer 

and energy costs will be higher, which will 

increase the investment.  Causal diagrams allow 

us to observe the complex relationships between 

variables and parameters used in this project and 

are based on the contributions of Coleta et al. 

[2024] 

 

4.3 Define the mathematical equations based 

on the flow and level diagram.  

 

The flow and level diagram was developed using 

information gathered during site visits and data 

obtained from production. In addition, the 

previously developed causal diagram was used 

as a basis, from which relevant variables for the 

system, parameters, and indicators were 

obtained.  

 These were extremely useful in determining 

the equations for the model, the most 

representative of which are summarized below. 

 
Stock:  

𝑊𝑎𝑠𝑡𝑒 =  𝑊𝑎𝑠𝑡𝑒 [𝑡 −  𝑑𝑡]  + [𝐹𝑙𝑜𝑤_10] 𝑥 𝑑𝑡 [1] 

Oven:  
𝐶𝑜𝑟𝑛 𝑡𝑟𝑎𝑦 =  𝐶𝑜𝑟𝑛 𝑡𝑟𝑎𝑦 [𝑡 −  𝑑𝑡]  + [𝐹𝑙𝑜𝑤_12 

−  𝐹𝑙𝑜𝑤_13] 𝑥 𝑑𝑡 

[2] 

Flow:  
𝑅𝑒𝑣𝑒𝑛𝑢𝑒 =  𝑃𝑎𝑙𝑙𝑒𝑡𝑠 𝑥 𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑝𝑎𝑙𝑙𝑒𝑡 [3] 

Auxiliary  
𝐸𝑀 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 +  𝑊𝑎𝑠𝑡𝑒 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 +  𝑅𝑒𝑣𝑒𝑛𝑢𝑒 [4] 

 

 Each equation reflects the importance of 

a specific variable, describing the precise 

calculation that this variable performs to fulfill 

its function within the system. In addition, the 

units necessary to ensure optimal and efficient 

process flow are specified. The aforementioned 

flow and level diagram can be found in Figure 3.  

 

This diagram, created with the help of 

Stella® Architect software, can be edited as 

required by the process itself. 

 

Box 3 

 
 

Figure 3 

Supply chain flows and stocks diagram  

The flow and level diagram is explained 

as follows: The corn packaging process begins 

by considering the rate of corn input; the corn 

undergoes a cleaning process so that it can be 

husked, resulting in high-quality corn ready for 

packaging.  

 

 The cleaning process involves cutters, air 

blowers, vibrating platforms, and rollers. Once 

the corn is completely clean, it is placed on trays 

for wrapping, inspection, and packaging. 

Finally, it is labeled and placed in boxes for 

palletizing and storage in the warehouse. It 

should be noted that for this process to take 

place, there must be a demand for corn. 
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4.4 Simulate the current model. Based on the 

construction of the flow and level model, 

simulations of the behavior of the sweet corn 

cleaning and packaging production line are 

carried out, representing the flow from the initial 

entry of whole corn on a conveyor belt to the 

final exit of pallets loaded with boxes of trays 

containing eight cuts, peeled, and ready-to-

distribute corn cobs.  

 

 The initial input rate is determined by the 

speed at which whole corn is placed on the 

conveyor belt. In the current scenario, this was 

found to be 1.66 corn cobs/second. In addition, 

by manually timing the process, the data 

necessary to establish the parameters and their 

variables could be obtained, which are required 

for the correct simulation of the current scenario.  

 The simulation process, as an example, 

of the final pallet inventories is reflected in 

Figure 4 in the time that the simulation lasts. 

 

Box 4 

 
 

 Figure 4 

Simulation of the current model for the inventory of 

sweet corn crates for export.  

 The diagram seeks to offer a visual and 

dynamic representation of the flow and 

transformation of the corn cobs along the 

production line. The entire process continues 

until a total of 11 pallets are achieved in the 

simulation.  

 

4.5 Validate the current model. As part of the 

tests carried out to validate that the model was 

appropriate to reality, it was verified that there 

were no irregularities in the units. This is done 

within the software itself and is a method that 

was used to verify that there were no incorrect 

variations in the units. By applying the relative 

error % test using the Barlas and Carpenter 

[1990] equation. 

 

% de 𝑒𝑟𝑟𝑜𝑟= [[Solución simulada −Sistema real ]/Sistema 

real]×100  

Si, el % de error ≤ 5%, el modelo se acerca a la realidad. 

[5] 

 

4.6 Evaluate scenarios. In this section, three 

different scenarios were evaluated in which the 

model was modified to obtain different views of 

what might happen in the company. 

 

  Using the optimistic scenario, a process 

was constructed in which production is basically 

at 100%, and, on the other hand, the pessimistic 

scenario, in which there are not enough supplies 

or personnel to produce what is needed. 

 

 With the validation of the current 

scenario, it is possible to detect which variables 

have the greatest impact on the final result that 

the company wishes to achieve. In addition, this 

current scenario clearly shows the results that the 

company is achieving with the methods it is 

using.  

 

 Through the analysis of the sweet corn 

tray production process at the packing company. 

It was concluded that the variables that have the 

greatest impact on the final product are the 

available corn inventory and the process entry 

rate, which is the speed at which operators throw 

the corn into the machine where the production 

process begins. These were chosen because they 

are the cause of all subsequent operations. Table 

1 below shows the company's current situation. 

 

Box 5 

Table 1 
Assessment of current scenario 

Scenario number 3 

Pallets 11 

Boxes 32 

Trays 8 

Corn 2190 

Losses 926 

Losses 

Unsuitable corn 

393 

Revenue $117,000 
 

 

 The current parameter values are 50,000 

corn cobs available in inventory and an average 

input rate to the process of 1.66 corn cobs per 

second. With these values, the process records 

11 finished pallets, 32 finished boxes awaiting 

13 more boxes to complete another pallet, 8 trays 

awaiting 2 more trays to complete another box, 

an available corn inventory of 2,190 ears of corn, 

and income of $117,000 Mexican pesos for the 

value of the pallets, after an 8-hour workday. 
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 Once the information has been identified, 

these parameters can be adjusted as long as they 

remain within normal values for the company, in 

order to determine how the results behaved in 

this situation. Table 2 shows 18 scenarios that 

were considered with senior management to 

make them as close as possible to the reality of 

the company. 
 

Box 6 
Table 2 

Summarized report of 18 scenarios 

# Pallet Box tray Corn Loss LUC $*  

N

1 
10 22 0 4800 955 405 $100 

N

2 
11 11 11 2920 926 393 $110 

N

3 
11 32 8 2190 926 393 $117 

N

4 
11 11 11 4920 926 393 $120 

N

5 
12 1 8 3004 978 414 $120 

N

6 
12 1 8 4004 978 414 $120 

O

1 
13 25 8 5280 1009 463 $130 

O

2 
13 25 8 6280 1009 463 $130 

O

3 
14 14 18 4400 1150 488 $140 

O

4 
14 14 18 5400 1150 488 $140 

O

5 
14 34 162 0 1210 515 $140 

O

6 
14 35 494 640 1270 540 $140 

P

1 
6 0 7 2008 524 222 $60 

P

2 
7 0 3 200 575 243 $70 

P

3 
7 1 0 0 600 255 $70 

P

4 
8 0 0 0 600 264 $80 

P

5 
8 0 0 0 640 273 $80 

P

6 
8 0 0 0 660 281 $90 

Notes: LUC= Losses Unsuitable corn, $* = Revenue in thousands of Mexican pesos 
 

Eighteen scenarios were simulated, 

organized into six runs for each scenario at 8: 

normal, optimistic, and pessimistic, considering 

the variables that are of greatest interest to the 

organization, such as total revenue, shrinkage, 

suitable corn, unsuitable corn, trays, tray boxes, 

and finally, pallets. 
 

4.7 Communication with users via a graphical 

interface. A graphical interface of the current 

model was developed for use by company 

personnel, to which data such as background 

information, navigation buttons to move from 

one page to another, notes to give users the 

opportunity to interact with the model in a timely 

manner, performance indicators, parameters, 

tables, and graphs were added so that users can 

understand the results generated more clearly 

and accurately and use them to make relevant 

decisions, as shown in Figure 5. 

Box 7 

 

 
Figure 5 
Initial and final inventories of the graphical 
interface of the corn packaging process.  

Source: Own elaboration  

 

 This is the first GUI that graphically 

represents the behavior of some parameters 

belonging to initial and final inventories. On this 

page, in the lower left corner, there are three 

buttons accompanied by text that tells the user 

how they work.  

 

 The first is “simulate”; this indicates that 

the model runs when that button is pressed. The 

second is “stop simulation”; this only works 

when the model is running, and pressing it stops 

the model from running. The third is “restore”; 

what this does is, if a parameter was modified, it 

restores it to its initial data, as the word indicates.  

 

 The line graph shows the behavior of the 

pallets per shift, with each shift lasting 8 hours 

per day. However, the upper clock on the side 

shows the total pallets for the day, and the lower 

clock shows the available corn cobs remaining at 

the end of the shift. The graphs below are 

adjustable indicators that can modify the input 

rate and the number of available corn cobs. In 

addition, there are buttons that allow you to 

navigate between the various pages [Figure 6 

and 7]. 

 

Box 8 

 

 
Figure 6 

GUI for pallets per Work shift 
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Box 9 

 

 
Figure 7 

Waste from the graphical interface of the corn 

packaging process. 

 This GUI shows the waste from the 

output sources, which are separated because, as 

they are different units within the model, it is not 

possible to identify them in the same way. The 

first graph shows the rate of whole corn 

discarded, i.e., the corn that people throw onto 

the conveyor belt below because it is discarded 

due to its size or some abnormality they observe. 

This rate is approximately 2%, resulting in a 

total of 955 ears of corn discarded in the first 

inspection. The other rate is that of unfit corn, 

i.e., corn that, after being thoroughly cleaned and 

placed on the tray, did not pass the inspection 

test and was discarded; this corresponds to 

approximately 5%, giving a total of 405 ears of 

corn at the end of the day. This also has three 

buttons for simulating, stopping simulation, and 

restoring in case of a change in parameters, as 

well as three buttons that allow navigation 

between pages [Figure 8]. 

 

Box 10 

 
 

Figure 8 
Pallets, boxes, and trays from the graphical 

interface of the corn packaging process.  
Source: Own elaboration  

 

 This last page of the interface shows the 

pallets, boxes, and trays that are part of the 

process at the end of the day. The bar chart 

represents the pallets, box inventory, and trays at 

the end of the day and the main indicators that 

determine what happens if demand changes. It 

also has three buttons that allow you to 

manipulate the simulation and data. The use of 

graphical interfaces for decision-makers is a 

great help in the decision-making process, as it 

makes it easier for them to understand dynamic 

data Banerjee et. al [2013]. 

 

4.8 Selecting scenarios using multi-criteria 

analysis methods. In this final phase, 18 

scenarios were generated using Stella® 

Architect software [2025 Version 3.8, Isee 

Systems Inc., Lebanon, NH, USA]. 

  To perform the multi-criteria analysis, 

the decision matrix is created using the 

information provided in the simulation. Each 

scenario represents a viable alternative. All 

scenarios are evaluated according to criteria 

selected based on the most representative 

information from the process. In addition, the 

decision matrix must specify the objectives and 

the weighting assigned to the corresponding 

criteria. Table 3 shows this matrix. 

 

Box 11 
Table 3 

Summarized report of 18 scenarios using FUCA and 

TOPSIS Multicriteria analysis methods 

 
# Pallet Box tray Corn Loss LUC $*  

N1 10 22 0 4800 955 405 $100 

N2 11 11 11 2920 926 393 $110 

N3 11 32 8 2190 926 393 $117 

N4 11 11 11 4920 926 393 $120 

N5 12 1 8 3004 978 414 $120 

N6 12 1 8 4004 978 414 $120 

O1 13 25 8 5280 1009 463 $130 

O2 13 25 8 6280 1009 463 $130 

O3 14 14 18 4400 1150 488 $140 

O4 14 14 18 5400 1150 488 $140 

O5 14 34 162 0 1210 515 $140 

O6 14 35 494 640 1270 540 $140 

P1 6 0 7 2008 524 222 $60 

P2 7 0 3 200 575 243 $70 

P3 7 1 0 0 600 255 $70 

P4 8 0 0 0 600 264 $80 

P5 8 0 0 0 640 273 $80 

P6 8 0 0 0 660 281 $90 

   Notes: LUC= Losses Unsuitable corn, $* = Revenue in thousands of Mexican pesos 

Source: Own elaboration 
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 The construction of this decision matrix 

allows decision-making methods to be used to 

rank scenarios and provide decision-makers with 

guidance on which scenarios are appropriate 

according to the characteristics of the matrix. 

The first method used is FUCA. This method 

uses an individual hierarchy for each criterion 

and then performs a weighted sum to rank the 

scenarios [Souaidi et al., 2024] The second 

method used is TOPSIS which uses Euclidean 

distance for ranking. For each of the solutions, it 

calculates the distance to an optimal solution 

[Vrat, 2025]. Table 4 shows the ranking 

performed by both methods. 

 

Box 12 
Table 4 
Ranking for the 18 scenarios applying the FUCA and 

TOPSIS Multicriteria analysis methods 
 

 

Scenarios 

Ranking 

TOPSIS FUCA 

1 6 12 

2 10 11 

3 11 10 

4 5 6 

5 9 9 

6 7 8 

7 3 4 

8 1 3 

9 4 2 

10 2 1 

11 12 7 

12 8 5 

13 13 16 

14 17 15 

15 18 18 

16 15 13 

17 16 17 

18 14 14 

Source: own elaboration  
 

 The rankings show that the best scenario 

selected by FUCA is 10, while for TOPSIS the 

best scenario is 8. It should be noted that 

scenario 8 ranks third in FUCA, while scenario 

10 ranks second in TOPSIS. Accordingly, it can 

be concluded that the best scenario is 10. This 

conclusion is only for the decision model 

proposed in the matrix, that is, according to the 

decision of which is the best scenario with the 

criteria of the number of pallets, boxes, trays, 

suitable corn, losses, unsuitable corn, and 

income, and considering the weights shown in 

the decision matrix, the best scenario is 10. If the 

weightings of the criteria change, it is necessary 

to reapply the methods.  

Disccusions 

 

The results obtained in this study demonstrate 

the effectiveness of the system dynamics 

methodology for optimizing packaging 

processes in the food industry. Mapping the 

sweet corn packaging process revealed the 

inherent complexity of the operations, where 

each stage is interconnected with multiple 

variables that affect overall performance.  

 

 This holistic approach is consistent with 

previous work that has recognized the need for 

modeling efforts that capture the extended 

supply chain enterprise at a strategic level 

[Georgiadis et al., 2005; Mantrilla, 2025; 

Castrillon, 2025]. The application of system 

dynamics to improve understanding of the 

complex logistics behavior of an integrated food 

industry has been validated by previous studies 

[Campuzano & Mula, 2011; Peña et al., 2025; 

Porras et al., 2025; Diaz, 2025].  

 

 The development of the causal diagram 

identified five feedback loops [four positive and 

one negative] that govern the behavior of the 

process. Previous research has validated system 

dynamics models in agri-food chains using tests 

of known behavior reproduction and extreme 

conditions [Rebs et al., 2023]. The system 

dynamics approach has been successfully used 

to study behavior and relationships within food 

supply chains, determining the impact of 

demand variability and delivery times 

[Angerhofer & Angelides, 2000]. 

 

 Validation of the model using Barlas and 

Carpenter's [1990] relative error test yielded an 

error of less than 5%, confirming its accuracy in 

representing operational reality. Simulation 

results for the current scenario [11 pallets, 32 

boxes, $117,000 pesos in 8 hours] provide a 

solid baseline. The losses identified [2% in 

initial inspection, 5% in final inspection] are in 

line with food industry standards. Similar studies 

on agricultural products have shown that the 

validation of constructed models demonstrates 

that the models are valid for policy analysis 

[Foran et al., 2005]. The simulation of particular 

food supply chains has shown significant 

practical results [Campuzano et al., 2010]. 

 

 The evaluation of 18 scenarios organized 

into normal, optimistic, and pessimistic 

categories demonstrates the versatility of the 

model for strategic planning.  
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The optimistic scenarios produced up to 

14 pallets [$140,000 pesos] while the pessimistic 

scenarios registered 6-8 pallets [$60,000-

$90,000 pesos]. This variability reflects the 

importance of risk mitigation strategies. The 

variables identified as having the greatest impact 

[available corn inventory and process input rate] 

are consistent with operations management 

principles where material flow determines 

production capacity.  

 

 Previous studies have confirmed that 

inventory management is critical in agri-food 

chains [Georgiadis et al., 2005]. 

Using the FUCA and TOPSIS multi-criteria 

methods for scenario selection is a significant 

methodological advance. TOPSIS is a popular 

multi-criteria decision-making method which 

ranks alternatives based on their proximity to 

ideal and anti-ideal solutions [Madureira & 

Figueiredo, 2023]. The results showed that 

FUCA selected scenario 10 as the optimal 

alternative, while TOPSIS chose scenario 8. 

Both methods converged on scenario 10 as the 

best option. TOPSIS is an MCDM-based method 

that ranks alternatives by considering the 

shortest distance to the positive ideal solution 

and the greatest distance from the negative one 

[Soares et al., 2020].  

 

 The application of multi-criteria methods 

in the food industry has been shown to be 

effective in solving selection problems involving 

multiple objectives [De Almeida et al., 2017]. 

 

Conclusions 

 

This project has responded to the objective 

related to the development of a graphical 

interface using the systems dynamics 

methodology and, in doing so, has answered the 

research question, the main response to which 

was to evaluate different scenarios and make 

better decisions for the sweet corn supply and 

production process based on scheduled demand. 

 

  Therefore, it can be concluded that the 

problems in the company in question stemmed 

from low production capacity, efficiency, 

utilization, and productivity, as well as a lack of 

technological knowledge regarding the 

wrapping machine used in the packaging 

process, which caused bottlenecks due to 

failures and a lack of knowledge about the 

calibration and maintenance process on the part 

of the staff.  

Practical experience has shown that 

companies should use quantitative methods prior 

to purchasing equipment, employing simulation 

to calculate capacities based on demand and thus 

make the best investment in equipment. 
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