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Abstract:

The structure of the pig movement network in the State of Mexico was analyzed. Through
the analysis of social networks, the main municipalities of origin and destination that
participated in the commercialization of pigs for the slaughter, fattening, breeding, and
livestock fair markets were identified, evaluating their centrality and betweenness in the
network. The data from pig movement records authorized by the National Service for
Agrifood Health, Safety, and Quality (SENASICA, for its acronym in Spanish) correspond
to the period from 2017 to 2021. The results indicated that the general structure of the
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network is highly centralized in a small number of municipalities, such as La Paz and
Ecatepec de Morelos, which functioned as key nodes in the distribution of pigs. This
centralization favored commercial efficiency by guaranteeing a constant flow to strategic
markets, contributing to food security and economic growth in the most connected
municipalities. Nonetheless, important risks were also identified, such as vulnerability to
network interruptions, economic inequalities between municipalities, and the generation of
bottlenecks in distribution. In addition, the low density of connections between
municipalities could limit network cohesion, highlighting the need to diversify trade
relationships and strengthen connectivity to reduce risks and promote a more equitable and
resilient network.
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Introduction

In 2022, global meat production reached 122°585,397 t, with China as the leader",
generating 46 % of global pork production, equivalent to the combined production of the 16
major producing countries. By 2033, global production is projected to increase from 122
million t in 2033 to 131 million, as is global pork consumption in all regions except Europe®.

Population growth and increased purchasing power have driven intensive pig production that
is increasingly dependent on technology and less linked to land, which has reoriented the
debate towards the environmental impacts of population growth and its effect on the
availability of natural resources®#. In Mexico, in 2022 the country ranked as the 11% largest
producer internationally and as the second largest importer of pork"). Pork protein was the
most imported by the country®, mainly from the United States and Canada, whose intensive
pig production systems have grown significantly, favoring large farms that contribute to the
global demand for meat®,

In 2023, 16°555,726 breeding sows were in the main mega pig farms(”), although the rest
come from small and medium-sized farms. In Mexico, there are 2,632 farms according to
their zootechnical function®. Small-scale or backyard production units generate between 20
and 30 % of pork and represent 40 % of the animal inventory, with approximately 20,000
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producers in rural municipalities®. Despite the importance of small producers, government
subsidies are limited, generating unequal competition®. There is a positive relationship
between access to credit and increased production of stable-growing species such as pigs?).

In municipalities, pig production is essential for food security and economic well-being,
representing up to 50 % of family income in some rural areas!!"!?), they serve as suppliers of
inputs in other activities''® and are the basis of the country’s political and administrative
organization'¥. The State of Mexico, with 125 municipalities and 16°992,418 inhabitants,
has a deficit in pork production, with a total volume of 22,408 {1519,

Social network theory is a valuable tool for analyzing market structure as it describes the
connections between actors and value chains through measures of centralization and
clustering!”. These tools make it possible to address problems and propose solutions for pig
production and distribution. Municipalities face challenges for sustainable development due
to institutional, technical, human, and financial limitations'®'?). In the State of Mexico,
financial capacity is limited by low tax collection and high dependence on federal transfers,
limiting its fiscal autonomy®@%2!. In this context, the pig sector is positioned as key to
achieving the goals at the political level and in terms of compliance with Sustainability
Objectives!”. This is to better understand trade dynamics, identify economic and social
vulnerabilities, and propose strategies that diversify trade relations, promoting a resilient,
sustainable, and equitable network. This work seeks to identify the main municipalities that
act as origin and destination in the transfer of pigs, as well as to evaluate their centrality,
betweenness, and connection patterns within the network.

Material and methods

The analysis of the structure of pig movement was carried out using the Social Network
Analysis (SRA) methodology. The network was made up of 125 municipalities in the State
of Mexico and 441 municipalities in other states with which relations were established. Four
types of markets were analyzed: slaughter, fattening, breeding, and livestock fairs. The data
were organized in an adjacency list, where the first column represented the pigs moved
according to their origin (x;) and the second column corresponded to the pigs received
according to their destination (x;). The analysis was carried out at the municipal and
intermunicipal levels, incorporating attributes such as the years (2017-2021), the type of
movement (origin or destination), the type of market, as well as the degree of centrality and
clustering of the nodes.
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For data processing, the UCINET software version 6.52 was used, which allowed to identify
the hierarchies and roles of participation among the municipalities in addition to calculating
mathematical metrics of centrality and betweenness.

The degree of centrality refers to the number of actors with which a node is directly
connected®?. The mathematical equation is defined as follows:
di - z @,Vie V
i<k<j 9ij
Where, the formula d; calculates a value related to the importance or centrality of node i

within a network, based on the shortest paths between other nodes passing through i.
Gikj

Specifically, the quotient measures the fraction of the shortest paths between i and j that

gij
pass through an intermediate node k. The sum over & and j adds these fractions to capture the

total impact of node i on all relevant paths in the network.

V: It represents a set of nodes or vertices in a graph. Each element i € V'is a node of the graph.
gij: It represents a metric associated with the paths in the graph that pass through node K
when traveling from node i to node j. It often refers to the number of geodesic paths (the
shortest) that include node k. g;;: It is the total number of geodesic paths between nodes i and
Jj regardless of whether they pass through any intermediate node. } i<« It indicates that the
sum is made over all the intermediate nodes & between i and j, respecting the order i<k<j.
This ensures that only nodes between i and j are considered in the context of the analysis.

The degree of betweenness measures the frequency with which a node is on the shortest paths

between other nodes in the network®®. According to Heredia et al®?, the formula is:
Yikj
gk = E —L eV
ij

i<k<j
V: 1t is the set of nodes or vertices in a graph. Each k € V' is a specific node for which this
metric is calculated. gi;: It is the number of shortest paths (geodesic) between nodes i and j
that pass through the intermediate node k. This term measures the relevance of k£ as an
intermediary in the connection between 7 and j. gj: It is the total number of shortest paths

between nodes i and j regardless of whether they pass through £ or not. %; This quotient
ij

measures the fraction of shortest paths between i and j that pass-through £. If all the shortest
paths between i and j pass through £, the value will be 1. If no path passes through £, the
value will be 0. ) i<k<;: The sum is made over all pairs of nodes i andj that satisfy the condition
i<k<j. This ensures that only cases in which £ is an intermediate node between i and j are
considered. The expression g; measures the relevance of node & as an intermediary in the
shortest paths of the network, quantifying how “central” node £ is in terms of its ability to
connect other pairs of nodes in the network. If gx is high, it means that £ is involved in many
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of the shortest paths between pairs of nodes i and j, making it a key node for network
connectivity.

Pig entry and exit analysis

The indegree and outdegree metrics were analyzed to evaluate the activity of the
municipalities in the network. Indegree represents the number of pigs that arrive at a
destination municipality, allowing the main distribution points to be identified®. On the
other hand, outdegree indicates the number of pigs that leave a municipality of origin,
revealing the main suppliers of pigs within the network®>?%27_ The calculation of the entry
and exit averages was performed using the VISONE software version 2.26. This program
facilitated the identification of the total volume of pig movement between municipalities,
providing a detailed view of the commercial dynamics in the State of Mexico. The formulas
used were as follows:

Average indegree

7 - S diny)
_ 9
d,: It represents the average indegree of a node (or set of nodes) over g configurations. g: It
is the number of instances, configurations, or situations analyzed. d;,,): It is the indegree of
node #; in a particular configuration i. This measures the number of connections directed to
n; in that instance. £, : It indicates that the values of the indegree d; ) are added together
in all g configurations. This formula calculates the average indegree of node n; through g
configurations. If g represents states over time, this average indicates the degree of
connectivity that a node receives, on average, over those states.

Average outdegree

- _ Z‘ig=1 do(ni)

o 9

d,: It represents the average outdegree of a node (or set of nodes) over g configurations. g:

o

QU

It is the number of instances, configurations, or situations analyzed. d,, ): It is the outdegree
of node #n; in a particular configuration i. This measures the number of connections directed
to n; in that instance. £7_,: It indicates that the values of the outdegree do(n,) are added
together in all g configurations. This formula calculates the average outdegree of node n;
across g configurations. Similar to the case of the indegree, if g represents time states, this
average indicates how many connections a node directs to others, on average, over time.
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Data used

The data used in this study come from official records, with authorization from the National
Service for Agrifood Health, Safety, and Quality (SENASICA, for its acronym in Spanish),
on the movements of pigs in the State of Mexico from 2017 to 2021. These records included
detailed information on the origin and destination of the moved pigs.

The 5-yr temporary coverage allowed us to identify consistent movement patterns, whereas
the geographic coverage included all the municipalities of the State of Mexico, as well as
those of other states with which they established commercial relations, ensuring a complete
representation of the pig network.

Results and discussion

Between 2017 and 2021, pig transport in the State of Mexico showed a centralized network
structure, which can lead to consequences such as increased transport costs due to distance®
and a significant role in disease transmission®”. The key municipalities were La Paz,
Ayapango, and Cuautitlan Izcalli, which dominate most commercial transactions and act as
crucial logistics nodes for the slaughter, fattening, breeding, and livestock fair markets. While
this centralization promotes operational efficiency and specialization, it can also generate
vulnerabilities to supply disruptions, health outbreaks, or market fluctuations. Economic
concentration in certain municipalities can decrease the resilience of supply chains and
increase economic inequalities among regions®**", which is why the need to diversify trade
networks, strengthen transport infrastructure, and promote comprehensive policies that
promote balanced economic development, especially in peripheral municipalities with less
centrality, is highlighted. A sustainable modernization of infrastructure (Sustainable
Development Goals, SDG 9 and 11) could improve the competitiveness of the pig sector,
favoring food security and inclusive and sustainable economic growth.

General structure of the network

The pig movement network has direct implications for food security and nutrition. An
efficient flow of cattle to key markets ensures a steady supply of meat, an essential
component in the diet of the nearly 17 million inhabitants of the State of Mexico!”). It is
estimated that each person in Mexico consumes around 18 kg of pork per year, which
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translates into a total consumption of approximately 306,000 t per year in the State of
Mexico®?. The pig movement system in the state involved 48.5 million pigs, which indicates
that this is a dynamic economic sector, with great potential to generate employment and
promote economic growth at the local, municipal, and state levels. Figure 1 summarizes the
dynamics of the key municipalities. The main municipalities of origin were Jalacingo,
Veracruz (6.28 %); Tlachichuca, Puebla (4.12 %); San Juan de los Lagos, Querétaro
(3.11 %); Perote, Veracruz (2.99 %); and Guadalupe Victoria, Puebla (2.98 %), highlighting
the presence of industrial farms in these territories. The commercial dynamics with the main
receiving municipalities of the State of Mexico are critical since these pigs come from pig
consortia with a high concentration of capital. The main destinations were La Paz (12.24 %),
Ayapango (8.07 %), Ecatepec de Morelos (7.72 %), Jalacingo (6.28 %), and Tlalnepantla de
Baz (4.77 %), which represented a standard concentration of the network®®. Few strategic
municipalities are relevant to the fulfillment of SDG 2 (zero hunger), as they ensure a
constant supply of pork, essential for food security®®. In addition to meeting the demand for
meat products, they promote job creation and contribute to local economic growth,
highlighting the relevance of the pork sector®®. Nevertheless, although centralization and
connectivity in pig movement can improve meat availability, their impact on hunger
eradication is limited. SDG 2 not only seeks to guarantee the supply of food, but also its
access to populations in situations of poverty and malnutrition. Pork, although an important
source of protein, tends to have a high cost compared to other staple foods, which restricts
its consumption among the most vulnerable sectors. In addition, the concentration of
production and distribution in a few strategic municipalities could mainly benefit large
producers and distributors, without ensuring affordable prices for the population in extreme
poverty. For pig movement to effectively contribute to SDG 2, it is necessary to complement
their production with strategies that improve equitable access to food and promote affordable
and nutritious diets for the neediest communities in the municipalities of the State of Mexico.
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Figure 1: Distribution of pig movement in the State of Mexico: Analysis by Municipality
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Network connectivity and centralization

The pig network of the State of Mexico was characterized by a low density of commercial
relations between municipalities, involving four types of markets (slaughter, fattening,
breeding, and livestock fairs) in 229 municipalities of origin and 412 municipalities of
destination, out of a total of 2,477 municipalities in the Mexican Republic (Figure 2a.). The
average participation in trade relations was 0.002 %, and centralization reached a value of
0.93 %. In terms of pig trade, the most connected municipalities were La Paz, with 68,244
trade relationships, followed by Ayapango (39,454), Ecatepec de Morelos (38,031), Jalacingo
(31,908), and Cuautitlan Izcalli (23,430). These municipalities accounted for 37.9 % of the
commercial share (Figure 2a.). La Paz and Ayapango stood out for their high connectivity,
which highlights the need to improve transportation infrastructure in other municipalities to
distribute business opportunities more equitably. Although municipalities such as La Paz and
Ayapango have competitive advantages due to their location and level of infrastructure, better
connectivity for less advantaged municipalities would allow for more equitable participation
in trade, driving more balanced economic growth at the local and regional levels, favoring
the fulfillment of SDGs 11 (sustainable cities and communities) and 9 (industry, innovation,
and infrastructure).
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Betweenness and the role of key municipalities

In terms of betweenness, the network showed a centralization index of 10.08 %, reflecting
an imbalance in the distribution of commercial relations between municipalities. Cuautitlan
Izcalli, with 32,532 commercial relations, was the municipality with the highest betweenness
value, acting as a crucial bridge in the pig movement network. Other important municipalities
in terms of relationships were Acatlan (20,997) and La Paz (20,010), which played significant
roles in connecting diverse municipalities. Nopaltepec, Celaya (Guanajuato), Jilotepec, and
Tecamac also presented high betweenness values, varying between 18,367 and 19,223
commercial relations, which indicated that they were essential to maintain connectivity in
the network, facilitating the commercial flow of pigs (Figure 2b). The role of logistics hub
municipalities highlights the importance of investing in infrastructure that allows a more
equitable distribution of commercial activity, reducing pressure on central nodes and
promoting more balanced economic development.

Slaughter market dynamics

In the pig slaughter market in Mexico, 48.4 million pigs were moved through 329
municipalities, with a low centralization, of only 1.58 %. This reflects a decentralized
network, in which the most relevant municipalities of origin were Jalacingo (12.6 %),
Tlachichuca (8.9 %), San Juan de los Lagos (6.7 %), Perote (6 %), and Guadalupe Victoria
(6 %). On the other hand, the most important destinations were La Paz (24.5 %), Ayapango
(16.2 %), Ecatepec de Morelos (15.5 %), Tlalnepantla de Baz (9.6 %), and Cuautitlan Izcalli
(9.5 %) (Figure 2a). This distribution of commercial activities gives municipalities greater
autonomy, although it also creates difficulties in the coordination and implementation of
integrated economic policies at the state and national levels. The lack of centralization favors
economic fragmentation, which can benefit some municipalities over others, limiting
equitable access to resources and opportunities©®®.

In terms of betweenness, the pig trade showed high degrees of betweenness in Cuautitlan
Izcalli (5,353), Jilotepec (4,981), and Tecamac (2,570) (Figure 2b.), suggesting that these
municipalities played a crucial role in the slaughter of pigs and in the distribution among
various municipalities®”. This high betweenness implies intense logistical activity that can
overload local infrastructures, leading to some critical points in the network facing
operational capacity problems. In addition, the infrastructure of the slaughterhouses in
municipalities of the State of Mexico has been intensively used, which could lead to negative
environmental impacts, such as water pollution and greenhouse gas emissions©®).
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Figure 2: Average degree of centralization and betweenness of the municipal pig
movement of the State of Mexico in the slaughter market (2017-2021).

a) Centrality b) Betweenness

@ Origin municipality
M Destiny municipality
Origin/Destiny municipality

The importance of improving infrastructures and modernizing industries seeks a more
effective management of resources and promotes clean technologies and environmentally
friendly industrial practices®®, through the modernization of slaughterhouses, prioritizing
the use of clean and sustainable technologies, encouraging greater cooperation between
municipalities to optimize distribution and reduce economic disparities, and strengthening
compliance with environmental and safety regulations“?). Networks with high betweenness
can achieve greater logistical efficiency by integrating modern technologies; however, they
also contribute to the concentration of economic power in a few companies, reducing the
autonomy of small producers?. Decentralized networks, coordinated through cooperatives
and producer associations, have managed to balance local autonomy with sustainability and
access to international markets“?. Fragmented systems tend to be less resilient in the face of
health and environmental crises, such as African swine fever, underlining the need to
integrate modern infrastructure and robust governance policies into decentralized
networks349,

Fattening market dynamics

A hierarchical structure with a marked centralization in a few municipalities was observed.
Cuautitlan Izcalli and Ecatepec de Morelos stood out as the municipalities with the most
relations. The average betweenness value in all municipalities was 6.7, which indicates a
notable concentration in those municipalities with low centrality. Most municipalities
operated as peripheral nodes with little influence on the configuration of the network, and
only a few concentrated the majority of commercial transactions (Figure 3). This type of
fattening management is important since many times the small industry does not have the
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potential to raise and fatten animals in the same place, and they are forced to sell their
offspring to be fattened by other actors.

Figure 3: Degree of municipal centralization and betweenness of the pig movement of the
State of Mexico in the fattening market

@ Origin municipality
.M Destiny municipality
Origin/Destiny municipality

The economic specialization located in certain municipalities, such as Cuautitlan Izcalli,
which led the betweenness in the pig marketing network in the fattening market.
Specialization can generate advantages in terms of operational efficiency, reducing logistics
costs and improving the optimization of resources. Nonetheless, this specialization can also
have negative effects on the economic resilience of the municipalities most dependent on a
single activity™>-3D,

Another key factor influencing the dynamics of the fattening market is the geographical
location of municipalities such as Texcoco, Cuautitlan Izcalli, and Ecatepec, which are
strategically located near Mexico City, the country’s largest consumer market. This
geographical proximity reduces transportation costs and improves efficiency in the
distribution of pork products, making business operations more profitable. In addition, the
proximity to the capital facilitates an active network of communication and trade between
producers, intermediaries, and distributors, which promotes more efficient market integration
and improves the competitiveness of producers®.

Policies that support the adaptation of the livestock system to changes in demand can be
essential to promote the sustainability of the sector®”. Modernization of infrastructure and
the implementation of recent technologies are key factors that can help increase competition
and efficiency in the sector, benefiting both producers and consumers®®).
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The concentration of pork production in certain regions has kept costs low; nevertheless, it
has also generated significant vulnerability to disease outbreaks?). Specialization in pork
production has been a key strategy to increase competitiveness, although diseases can put the
system at risk®?,

The increase in demand for fresh, high-quality meats, together with government policies
under certain circumstances, could stimulate producers to modify their production systems
in response to changes in market demand“”.

Breeding market dynamics

A disparity in structure was observed, which reflected the preponderant role of some
municipalities in the movement of pigs for breeding, which is intrinsically related to the pig-
breeder social system, which encourages the exchange of genetic material among farmers®?.

Nopaltepec, with 377 commercial relations and a 13.8 % share, ranked as the most important
node in the network, followed by Zumpango with 156 connections (5.7 %), Naucalpan de
Juarez with 82 (3 %), Jilotepec with 78 (2.9 %), and Cuautitlan Izcalli with 74 (2.7 %) (Figure
4). These municipalities play strategic roles that facilitate the flow of germplasm and stand
out as nodes that concentrate commercial relations and maximize logistical efficiency®?.

In addition, the geographical location of these municipalities plays a crucial role in their
participation in the network. For example, Nopaltepec and Zumpango, located 46 and 47 km
north of Mexico City, respectively, are well connected to the urban market, whereas
Naucalpan (20 km northwest) and Cuautitlan Izcalli (32 km northwest) offer quick access to
logistics and technology services. This strategic access could not only facilitate the
distribution of genetic material, but also allows these municipalities to meet the growing
demand for pork efficiently, where proximity to urban markets drives the competitiveness of
the agri-food sector®?.

In terms of betweenness, Jilotepec (2,753) and Cuautitlan Izcalli (2,218) stood out as the
most influential municipalities (Figure 4). Their role as bridges within the network ensures
connectivity, maintains the efficiency and resilience of the pig system, and acts as key
stabilizers in similar hierarchical systems®+3),
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Figure 4: Degree of municipal centralization and betweenness of the pig movement of the
State of Mexico in the breeding market

@ Origin municipality
B Destiny municipality
Origin/Destiny municipality

The strength of the structure in regional logistics is shown; however, centralization also poses
risks, such as dependence on a few municipalities, which can increase vulnerability to
interruptions due to logistical, health, or climatic problems, a recurring challenge in
centralized livestock networks®®.

Livestock fair market dynamics

The livestock fair market only moved 361 head of cattle during 5 yr in 19 municipalities.
Despite this low number, these types of networks tend to be more flexible and sustainable in
the long term®7%),

Abasolo, a municipality in Guanajuato, was key to urban markets, where small producers
play essential roles in food value chains®*?), Zumpango stood out as the most influential
node in terms of betweenness (value of 1), acting as a crucial point for the bidirectional
connection between municipalities, fulfilling critical functions without excessively
concentrating control of the network®). Diversification promotes greater economic stability
in local markets and reinforces the importance of maintaining an inclusive and decentralized
network(62:63),

The livestock fair market in the State of Mexico has advantageous characteristics in terms of
resilience and flexibility. Nonetheless, decentralization can limit access to specialized

technological and financial resources®?.
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Intermunicipal network

The intermunicipal network in the State of Mexico stands out for its movement capacity and
structural balance, integrating municipalities with different levels of participation. It
represents a complex system made up of 78 municipalities organized in different roles within
the commercialization of pigs. This network facilitated the movement of 64,932 head of
cattle, distributed among markets for slaughter (39 municipalities), fattening (26
municipalities), and breeding (66 municipalities). The main nodes included Cuautitlan Izcalli
(31.77 %), Jilotepec (24.27 %), and Zumpango (6.72 %), followed by Atizapan de Zaragoza
(6.60 %), and Naucalpan de Juarez (5.75 %), which contributed significantly as both origin
and destination points. In particular, Jilotepec was the main point of origin for
commercialization (33.4 %), whereas Cuautitlan Izcalli stood out as the most relevant
destination (36.6 %), evidencing a characteristic pattern of international livestock networks,
where the most connected nodes are usually linked to robust logistics infrastructures and

proximity to high-consumption urban markets(.

The network recorded 1,888 connections with a range from 1 to 298, reflecting high
connectivity in municipalities such as Naucalpan de Juarez (298), Nopaltepec (235), and
Atizapan de Zaragoza (200), who led with a participation of 15.8 %, 12.4 %, and 10.6 %,
respectively. Other municipalities with moderate contributions were Xalatlaco, Zumpango,
and Cuautitlan Izcalli, with between 190 and 170 connections. Nevertheless, municipalities
with lower participation were also integrated, such as San Felipe del Progreso, Apaxco, and
Ixtapaluca, which registered only two connections. The relative decentralization of the
network, evidenced by a centralization index of 2.09 %, promotes trade flow alternatives and
strengthens the resilience of the system, which coincides with previous observations®®,
which indicated that distributed connectivity mitigates health and operational risks in
livestock networks.

The centrality analysis highlighted Jilotepec as the municipality with the highest degree of
betweenness (125 connections), followed by Texcoco(79), Cuautitlan Izcalli (61), Zumpango
(41), and Tecamac (19). This type of intermediary plays a key role in the continuity of the
trade flow, optimizing transaction costs and facilitating access to markets®”. In addition,
municipalities such as Naucalpan de Juarez, Nopaltepec, and Atizapan de Zaragoza, with
high connectivity, not only act as mobilization points, but also as platforms for the
redistribution of livestock to other areas of the network, which reflects essential patterns for

the sustainability of supply chains in areas with high population density(®®.

The need to strengthen infrastructure in peripheral municipalities, improve traceability
systems, and promote intermunicipal collaboration is evident, contributing to the sustainable
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development of the pig sector and mitigating risks associated with livestock networks. Given
that these records correspond only to the movements documented by SENASICA, the main
limitation of the study is that it does not include small-scale farms, a production system
widely present in the State of Mexico and with a particular dynamic®?. Likewise, this study
does not consider costs, economic variables, or aspects of animal welfare or environmental
impact despite the fact that this information is fundamental in the analysis of animal
production systems.

Conclusions and implications

The movement of pigs in the State of Mexico was highly centralized in a limited number of
municipalities that act as essential logistics nodes, facilitating the flow of pigs to key markets
and ensuring a supply of pork. However, the concentration of trade relations in a few
municipalities could generate critical economic dependence, which represents a vulnerability
to possible interruptions in the supply network, affecting both food security and the economic
stability of the territories. Network centralization can boost employment and economic
growth in the best-connected municipalities, but it limits development opportunities and
widens economic inequalities, especially in sectors that rely on efficient infrastructure for
transport and the marketing of goods. The production and transport of pigs are not primary
economic activities in all peripheral municipalities. The reliance on a few municipalities
poses significant risks in the event of economic crises or disruptions to the pig network of
the State of Mexico, exposing the supply chain to bottlenecks that could have severe
repercussions if any of these key nodes face problems, such as natural disasters or lack of
resources. Therefore, it is imperative to promote policies that encourage economic
diversification and the redistribution of commercial activity among more municipalities,
which would reduce dependence and increase the economic resilience of the pig network in
the State of Mexico. The fragmentation observed in the network highlights the need for
greater coordination between municipalities and between the state and federal levels. A more
efficient integration, based on joint planning and a better connection between these actors,
would make it possible to optimize resources, improve infrastructure, and reduce regional
inequalities. This requires aligned public policies that promote balanced development,
prioritizing the most disadvantaged regions without neglecting those already connected.
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