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Abstract: Natural phenomena affect differently in the woitdcomes first from the geographical location)dwaled by
the economic characteristics of each region. Thectibe of the case study presented is to desigmpaly network of
essential products to victims in the state of Cagapocated within the Mexican Republic, whichng @f the states most
affected by the appearance of natural phenomerev@ahicular routing problem with capacity is applees a solution
for the supply of aid products to 120 of 124 mypadities impacted by natural phenomena of a hydtearelogical type
during the period 2015-2022. Evaluating the diff¢raunicipalities that are home to the state ustlely through various
Infrastructure and service factors, the municigaftTuxtla Gutiérrez is determined as the oridithe routing, obtaining
with it a total of 44 routes with an average of Bdnicipalities to be supplied per route and arraye of 402 km
travelled. A second municipality is located, Tapdahwhich obtains a second place in evaluatintpfacproviding the
longest route in the distance travelled.

1 Introduction 3. after the disaster. That is why it is worth ni@mitg that,

Natural disasters are a serious threat worldwid¢heé through a great diversity of tasks and activitiasied out
last 20 years, they have caused more than 1.2omilliat different times, humanitarian logistics is iraoje of
deaths and direct losses above 3.3 trillion dolfdjs Valuing, providing, storing, transporting, and disting
According to their origin, natural disasters amssified as the personnel and services required in some affemseal
meteorological and biological, with meteorologibeing by a disaster. It aims to provide emergency supptiehe

hydrological or geophysical [2]. affected areas quickly and on time, minimizing deand
The appearance of natural phenomena and theedegi@man suffering [4]. o o
of impact they have on human beings is not the sarat: A helpful tool in the area of humanitarian logistis

regions of the world. For example, we can mentiatii. the model of the Vehicle Routing Problem (VRP) ti i
America and the Caribbean’ the second most pr(g"mn‘e different Variants, which is used to deSign thetesithat
to suffer disasters due to natural phenomena imvtied. ~ allow, among other things, the interest of thisuioent,
From 2000 to 2020, there were 1,205 disastersydimg the delivery of products people affected by a ratur
floods, hurricanes and storms, earthquakes, drepghtisaster.
avalanches, fires, extreme temperatures, and volcan The capacity vehicle routing problem (CVRR) the
events. Mexico is among the countries most affebied classic version of the vehicle routing problem (YRPis
storms. Likewise, because it is located along tiveg'of @ problem where each vehicle has a known capauity,
fire," it is exposed to volcanic activity [3]. Ih¢ same way, loading it above said capacity is not permissifiao
the degree of affectation of these phenomena isheot aspects emerge from CVRR) ACVRP when the cost
same; this is partly a consequence of the levedsafiomic Matrix is asymmetric, anio) SCVRP when the cost matrix
development, which, among other factors, is refiédh IS symmetric [5].
the region's infrastructure. The formulation of integer linear programming of
There are various classifications of the disastee c ACVRP proposed by [6] is presented through 1. Tdble
phases; in general, they fall within one of thddieing Shows the assumptions, inputs, and outputs accayimgan

moments: 1. before the disaster, 2. during thestiisgand  the formulation of the problem, and Table 2 shdvesdet
of equations that form the mathematical formulation
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Table 1 Assumptions, inputs, and outputs products to victims of a natural event. Lastly, thsults
Description obtained through graphs and images are shown, and a
Assumptions | The demand is determinis comparison is made, allowing the discussion of#isellts
The demand is not sp and the conclusions.
The vehicles are simil:
The vehicles are located in a central d¢ 1.1 Estateof the art

Vehicle capacity restrictions are assigi
Inputs G = (V,A):a complete graph.

V ={0, ..., N}: the vertices set.

A:the arc set.

D;:the demand of each client (D, = 0).

Cyj:the travel cost (fromvertex i to verte;

The interest in studying applications of the velacu
routing problem within humanitarian logistics iogiing
daily. In the article of [7], the authors presenlitarary
review of the 2009-2019 period of the vehicle nogti
problem (VRP) applied to natural disasters in South
America; the results of their research ajemost of the
SCV:set of client. m_odels They are detgrmi_nistic, with. VRP bei_ng thesm
d(S) = Y. d; : the total demand of the set. w_|dely usedp) Its application phase is mainly in th_e_pqst-
K: the number of identical vehicles. d_|saster phase) A large number of them seek to minimize
C: the capacity of each vehicle. time and operating costs, adyl For small scenarios, the

Kmin, r(S): the minimum number of vehicl, MOost used models are the exact ones. Similarlywthré

required. of [8] addresses the application of vehicle routimgdels
Outputs  X;; = 1if the arch(i,j) to solve problems arising from the appearancerataral
€ A if the arc belongs to the optimal solutt  Phenomenon that causes a disaster. In this saagitai®
and 0 otherwise. worth mentioning that the application of the VRhbs
with it the use of software that allows its resmiot[9] in,
min Z z CoX. which the authors_ make a com.par_ison of th_e softwaeel
YA as VRP resolution tools, finding 6 with the best
Subjects: eV eV characteristics in terms of feasibility. N
) The planning phase is highly relevant within the
ZX” =1 VieV /{0} (1) administration of any process; in the case of produ
jev delivery, various researchers have worked on géngra
ZX‘” -1 VieV/{0) @ schedules that minimize the disaster's impact ofims.
. J We can mention [10], where the authors use multi-
JEV . . . . . . .-
objective evolutionary optimization with greedy histics
ZXzo =K (3) to generate item distribution schedules under
eV heterogeneous vehicles. It allowed them to geneaate
Z Xo; =K (4) efficient alternative to find effective distributicchedules
= minimizing time and operating costs.

In the same way, various researchers have proposed
ZZXU 2r(s) vScV/0L,S#0 (5 (athematical models as a basis for decision-mabkitige
1S jes disaster response process. Such is the case pir{ ifjich
the authors propose a mathematical model for pheythie
. ) ) use of helicopters for logistics activities in disx
Equations (1) and (2) are input and output, resmgt  esponse operations; with a feasible result in the
equations (3) and (4) establish the deposit remérgs; ethodology, the authors minimize the total timeragion
Equation (5) is the capacity constraint, which ites 5nq mobilization of air resources. However, heirist
that each cufVs, §) defined by a set of customers S isnodels should not be left behind as a logistics, too
traversed by a number of arcs greater ti¢&h r ~allowing the problem of reasonable computatiomaétiin
Throughout the world, researchers have carried Oi{e case of [12], the authors propose a matherhatica

studies based on the VRP, combining it with othegptimization model and a heuristic based on a genet
techniques to provide solutions to the variousaliéis that  g|gorithm to solve the problem of routing and

arise from the impact of natural phenomena. AmoRge, rogramming humanitarian assistance.

we can mention those presented in point 1.1. ~ Regarding the application of the VRP to specifisesa

~ The present investigation is made up in thigye can mention [13] who determine the number and
introductory section with concepts and definitioms |cation of shelters, collection routes for evaimmtand
humanitarian logistics. Many studies were carrietllty  gttention time for victims in the event of an equtake, by
researchers from all over the world using the wdhic modeling the problem. Location-routing with time
routing model. The problem arises in _Chiapas,. M®XiC \vindows (LRPTW) in the same way, a phenomenon that
The methodology shows the set of actions carridd®u pas caused significant problems in item distribui®the
evaluate and give a solution to the problem ofvéie}i of  5ppearance of the Sars-Cov-2 virus, increasingbeaing

X;={01} Vijev
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of many supply centers to supply their producteetnote research of [22] proposes a mixed integer programgmi
areas. The researchers [14], based on modelimgptiieg model and a two-stage hybrid metaheuristic methwod t
problem for vehicles with capacity, redesigneddbkvery  solve the post-disaster humanitarian logisticslgrobThe
routes of a store of social interest to their symeinters, model considers the medical assistance team and the
decreasing about 24% the distance traveled by. distribution of relief supplies between the difierdemand
Continuing with the literary journey, it is worth points. The model is tested on problems of differes
mentioning the investigation of [15], the researshe and a numerical example based on the 2016 KyuapanJ
applying the nearest neighbor (NN) heuristic teghaiand earthquake. Finally, the research of [23] addreshes
the capacity vehicle routing problem (CVRP), obtaimd importance of effectively managing relief supply
compare the delivery routes of necessities in thaperations and routing vehicles for delivery tophedhtural
municipality of La Perla, Veracruz, Mexico. At tiame disaster victims.
time, the investigation of [16] evaluates a logistiodel of
the literature whose foundations are 1. The p-mmedid.2 Problem statement
problem for the location of a warehouse; 2. An esien Mexico is especially vulnerable to natural disastér
of the model (gR) to calculate the products tolggpbed, is because its territory is located between théSai the
and 3. The problem of multiple vehicle routing witte  North American plate and the Cocos plate, whicingsi
capacity to deliver products to affected municifedi in ~ with it highly seismic regions. Likewise, it is sounded
Veracruz, Mexico. by the Pacific Ocean and the Atlantic Ocean, trasriy
Similarly, the research of [17] presents a newnpacts from hydrometeorological phenomena. Intaufdi
mathematical model for the Location Routing Problero the above, critical human settlements are locate
with Private Fleets and Common Carriers (CLRPP@§ T geographical areas with seismic activity or cariesiuthe
model can be adapted to solve the Vehicle Routirighpact of hurricanes of many categories [24].
Problem with Private Fleets and Common carriers The Chiapas state is in the southeast of Mexico
(VRPPC). And the Multi-Depot Vehicle Routing Prable bordered to the north by Tabasco, to the west bypdraz
with Private Fleet and Common Carrier (MDVRPPC)eThand Oaxaca states, to the south by the PacificrQceal
models are validated with instances from the litgeawith  to the east by the Republic of Guatemala. It Hasréorial
satisfactory results. While the researchers [185@nt a area of 74,415 kfn it occupies 3.8% of the national
WEB application for the allocation of deposits anderritory, making it the eighth largest state, with
establishment of routes for the supply of distitnut population of 5,543,828. Chiapas ranks 8th at ttenal
centers, considering population probabilities. level for its number of inhabitants [25]. Figuretiesents
The paper in [19] presents a method to determime hahe geographic location of Chiapas within the rmelo
to transport the maximum number of disaster victtms territory (a) and its municipal division, with 124
hospitals in metropolitan cities on time. The pregw municipalities comprising it (b).
method uses mathematical models, programming theory Chiapas is one of the six states of Mexico withrtiwest
heuristic methods, and the geometric Voronoi diagra significant number of affectations by hydrometeogital
The goal is to transport the maximum number ofgodsi phenomena; 120 of 124 municipalities suffered one o
on time, and the Voronoi diagram is used effecyivel more effects during 2015-2022. For example, in 2022
break down the complex problem. The article costaase Hurricane Stan's passage affected more than 67@sivm
studies of three hospitals in Tehran. Likewisés vorth  the municipality of Escuintla [27]. It is worth mining
mentioning the work of [20], in which the reseanmshe that of its 124 municipalities, of which: 1 is ciifged with
describe a study whose objective is to statisfieathluate a lesser degree of marginalization; 7 municipaitiave a
the effects of various design factors on the peréorce of low degree of marginalization; 29 municipalitiesveaa
the casualty transport system in large-scale disasThe medium degree of marginalization; 67 municipalitiese
authors propose a data-based decision supporttéoola high degree of marginalization, and 20 municijgesi
improve casualty survival and ambulance transpores  with a very high degree of marginalization [28].
during the disaster response phase. Therefore, the present case study aims to design a
Continuing with the investigation of establishingdelivery network of essential products to areascaéid by
transport routes in the event of a disaster, ivesth  a natural phenomenon in Chiapas under the assumsifo
mentioning the investigation of [21], which hasits 1. The roads are not damagéd;Considerable traffic3.
context the worst flood that occurred in Kelantar2014.  Pertinent climatic conditions4. No social problems in
The researchers evaluate and identify locationsHelters terms of demonstrations and security, @&dQualified
and routes relief. The simulation is performed gs$t#£C-  driver. For which the methodology embodied in the
RAS and ArcGIS to map the best possible locationds acontinuous section is established.
modes of transportation for disaster relief. Likssyithe
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Weracruz-Lave

Craxaca

Guatemala

Gojfo de
Tehuantepec

Figure 1 Location and municipal division of thetstaf Chiapa$25,26]

2 Methodology Development of databases for the supply of the CVRP
The methodology to solve the problem of supplyingrogramminga) database of the characterization and
necessities to areas affected by some natural preman  €valuation of each of the municipalities that makethe
in the state of Chiapas is shown in Figure 2. Hilsded state of Chiapas in order to select the one wighhilghest
into three stages (1) Collection of informationnfrahe ~ Weighting for locating a point of origin of routek)
municipalities that make up Chiapa$Municipalities that Municipalities impacted by some natural phenomenon
make up the stat®) road access, essential services, socidHring the period 2015-2022, integrating the numbfer
interest stores, and degree of marginalization afhe Victims in each onec) matrix of distances between the
municipality; ¢) municipalities impacted by natural POint of origin and impacted municipalitied} Calculation
phenomena during the period 2015-2022 and a nunfberof container capacity of the delivery vehiag@feeding the
victims; d) necessities of the area, price and dimensins; Programming into Lingo 19®, arfiirunning the program.
product integration device for delivery, with camtdor (3) Presentation of resulég generation of tables with the
families of four people, and) means of transport for routes obtained, showing the municipalities to iyeptied

delivery and dimensions of their containers. (2Pn each route, the distances traveled, and theedesc
supplied; and) comparison between venues.

1. Information collection. \

Municipalities that make up 2. Development of databases for the supply of CVRP programmin
Chiapas.

Highway accesses, basic servic
social interest stores and degree
marginalization of municipalities
Municipalities impacted by natu
phenomena period 2015-2022
number of victims. ar
First need products. Deposits fo
the integration of pantries.
Means of transport.

5 Matrix of distances between

and evaluation of the
municipalities.

municipalities that originate the
route and municipalities impact
during the 2015-2022 period,
together with the number of
victims.

Calculation of capacity of the
container of the vehicle.

CVRP feeding into Lingo 19(R)
and running the program.

Database of the characterizatio 3. Results presentation

Presentation of the different routi
obtained through the bullfights,
with the different venues, showi
distance and approximate travel
time.

Figure 2 Problem-solving methodology
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2.1 Information collection Protection System (SINAPROC) of the state of Chéapa
This first step is based on seeking and collectingikewise, the calculation of victims is made fromet
transparent information that allows the generatibtools —average supply during the study period [30, 31].
to feed the CVRP programming.
2.1.4  Aid products
211 Municipalitiesthat make up the state of The content of the pantries is based on the
Chiapas AGREEMENT that establishes the Program's guidelines

The state of Chiapas is made up of 15 regions; for the Attention of Emergencies due to Natural &fdz
Metropolitan; Il. Zoque Valleys; Ill. Mezcalapa; I¥rom by the Secretary of the Interior (SEGOB), DOF 08216
the Plains; V. Altos Tsotsil-Tseltal; SAW. Friatyjl. Of in the Transitory section. It establishes the Type
The Woods; VIII. North; IX. Isthmus-Coast; X. maintenance pantry for the southeast region [3BEs€
Soconusco; XI. Sierra Mariscal; XIl. Lacandon jumgl pantries are projected for four people (an avefaugly).
XIIl. Mayan; XIV. Tulija Tseltal Chol, and XV. Cortéca
Tojolabal Plateau. Which house a different number @15 Depositsfor theintegration of aid kits

municipalities, adding 124 in total. Such infornoatiimits For the deposits containing the set of produdeeof
the investigation's geographic scope [25,26]. 40 cm long x 30 cm long and 30 cm wide is deterihine
212 Highway accesses, essential services, social 216 Meansof transport for delivery and

interest stores, and the degr ee of dimensions of the boxes

mar ginalization of the municipalities The means of delivery to consider is a 4-axle cargo

The information about types of road access, eissenttruck, 8-ton tail type, with dimensions in the 943 cm
services, social interest stores, and the degree lohg, 300 cm high, and 248 cm wide. It is used dgiad
marginalization of each of the municipalities waillow for ~ interest companies in territorial areas such asetippesent
establishing a geographical area. Where a pantiythe state under study [33].
distribution center could be established, tha&ippint of
origin for people affected by the impact of a natur 2.2 Development of databases for the
phenomenon, the information is obtained through establishment of the CVRP programming
databases of CONAPO (National Population Counaity a  In this stage, the instruments that will allow the
the national report of INEGI (National InstituteStatistics  evaluation of the municipalities are generated.
and Geography) [26, 29].

221 Database of the characterization and

2.1.3 Municipalities impacted by natural evaluation of the municipalities
phenomena period 2015-2022 and a number Table 2 shows an example of information organized
of victims according to the characterization of the munictediand

The municipalities impacted by a natural phenomenahe region to which they belong (XIll. Mayan Region
of hydrometeorological type during the period 202822  Evaluating each region and its municipalities, Thextla
are extracted from databases of the Natural Fumd fGutiérrez city council has the highest compliarcde a
Disaster (FONDEN), the National Center for Disastgpoint of origin in distributing food pantries toctims,
Prevention (CENAPRED), and the National Civilfollowed by Tapachula.

Table 2 Mayan region characterization

Municipalities Marginalization Degree of Road Electric | Sewer | Telephony Internet| Social
index marginalization | access | power | system interest
store:
Catazaja 52.130 High Federal 97.8 94.0% 14.7% 8.5% 0
& State
La Libertad 52.693 Medium Federal 98.3 96.2%  299. 9.4% 0
Palenque 52.674 Medium Federal 98 92.9% 5.8% 16.6% 1
& State
Benemérito de 51.419 High Federal 97.3 91.3% 1.9% 6.5% 1
las Américas
Marqués de 49.087 High State 98.6 85.5% 1.9% 3.6% 0
Comillas
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222 Matrix of distances between municipalities
classified asthe origin and impacted

municipalitiesduring the period 2015-2022

municipalities to be supplied on each route, withau
municipality being supplied through two differemutes
and an average of 402 kilometers traveled per @gliMn

Two matrices are developed, one belonging to thtbe same area, if the result obtained when thelypomnt

municipality of Tuxtla Gutiérrez, as the point afgin, the

is the municipality of Tapachula, there are 44 ediéht

impacted municipalities, and the number of victimsoutes, with an average of 3 municipalities to bpptied
converted into families of four. Moreover, anothera within each of them and an average route of 7@8nélters
sensitivity test with the municipality of Tapachulthe per route.
second municipality with the highest compliance in Table 3 presents some examples of the routes ekbitain
characteristics to be a point of origin. through the CVRP program, having the municipalify o
Tuxtla Gutiérrez as the point of origin; as carsben, the
223 Vehiclebox first route delivers to two municipalities and netsito the
Based on the dimensions of the product containgr aorigin, with a total of 1,810 pantries supplied a&i8 km
the vehicle box, a maximum capacity of 1840 pasttte traveled. The second route delivers to a single
be transported is established. municipality, covers 30 km, and delivers 1,622 graes.
The Figures are obtained through the Google Maps®
software.
Table 4 presents some examples of the routes ebltain
through the CVRP program, having the municipalify o

224 Feeding CVRPintoLingo 19
With the matrices as a power source and a totalaip
of 1,840 pantries, the programming run is carrietlio

Lingo 19® Tapachula as the point of origin; as can be sdenfirtst
route delivers to a municipality and returns to thigin,
3 Results with a total of 1,753 pantries supplied and 492tiawveled.

As a distribution point, the municipality of Tuxtla The second route delivers to two municipalitiesjers 93

Gutiérrez contains 44 different routes with an agerof 3 km, and delivers 1,597 groceries. Figures are obthi
through the Google Maps® software.

Table 3 Route with origin Tuxtla Gutierrez

ROUTE 1. ROUTE 2.

Tuxtla Gutiérrez, Berriozdbal, Mapastepec y Tu@ldiérrez
Traveled distance

Tuxtla Gutiérrez, Chiapa de corzo y Taidutiérrez

Families of Traveled distance Families of
victims victims

Tuxtla Gutiérrez — Berriozabal = 26 kmBerriozabal=904 Tuxtla Gutiérrez - Chiapa de CorzoChiapa de Corzo

Berriozabal — Mapastepec = 137 knMapastepec=906 =15km =1,622
Mapastepec - Tuxtla Gutiérrez = 413 km Total = 1,810 Chiapa de Corzo - Tuxtla Gutiérrez Total = 1,622
Total = 413 km =30 km
Total = 30 kn
o e
GI @‘a ! 5 . ‘ Los f:amhoyanesWQ
_mbarcacle{o‘Canqare
=8 Aem@ Cafion del Sumidero.
@ QUINTA SARITA % i @
ZOOMAT )
L gty
3d§_VMarzo
Sanfra_ncrsco 0
avier mbarcadero
@] C\niuz:bde Covezge og‘}?\zfya m&lgg

Cﬁ)a
de &drzo

Eldobio Rivera Las

Flechas

Tres Hermanos
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Table 4 Route originating in t

ROUTE 17
Tapachula — Arriaga — Tapachula
Traveled distance Families of victims

Arriaga = 1,753
Total =1,753

Tapachula — Arriaga = 246 km
Arriaga — Tapachula = 492 km
Total = 492 km

4 Discussion

he municipality ofpeahula

ROUTE 21

Tapachula — Catdhe- Unidn Juérez — Tapachula
Traveledatise Families of victims

Tapachula — Cacahoatan = 22 km Cacahoatan = 761

Cacahoatan - Union Juarez = 47 kmUnién Juarez = 836

Unién Juarez — Tapachula = 93 km Total = 1,597

Total =93 k

Balneario Los Rosales

'“ Alicia

San Lorenzo
= Toquin
2 Union Roja 25 Nubes
San Carlos
Faja afOro Nue
Toluca % 3} Esperanza
La Concordia
Alejandra
que Ecoturistico

Veinte de
Noviembre

Nueva Galicia
Tesfilo
Acebo Dos.
Manga
de Clavo

2da. Seccion
de Cahoa

Montenegro. ol

Hoaies Tuxtla Cifico

Petacalapa {1} {

N\

Los Achotes

Erificio -
e 2da. Seccion
de Medio Ve

or road closures, weather conditions, demonstration

Although the results show that the number of tripgUpport personnel, and others that may arise fiioen t

traveled for the delivery of products is the samekoth

traveled for these varies considerably by approteiga
47.72%. The municipality of Tuxtla Gutiérrez halsedter
geographical location, which allows a shorter ngkedor
the delivery of products with an average of 402 tich
would help reduce delivery and maintenance coststlze
municipality of Tapachula, with an average distanc
traveled of 769 km which implies a longer trangfere
affecting the victims in a non-timely supply, batfith an
average supply of 3 municipalities per trip.

Likewise, within the characterization of the
municipalities, Tuxtla Gutiérrez, being the capitélthe
state, occupies the best percentage within fastach as

degree of marginalization, electric power, drainage

telephony, internet, hosted social interest staed, road
access, which facilitates the management of a waesh
These two municipalities can be visualized in Fég8rin
green is the municipality of Tuxtla Gutiérrez, andlue
is the municipality of Tapachula, located in thatbmf the
State bordering Guatemala.

Through a literary investigation, a case study3df is
found where the problem of the location of faaltiin the
state of Chiapas is reflected, using the p-medias,
researchers present as headquarters municipaliti
Altamirano, El Parral, La Independencia, and Lazar
under different scenarios, with an average of 6
kilometers traveled per route,

Although the results of this case study are satisfg,

impact of a phenomenon natural.
host municipalities, 44 routes, the average digtanc
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As mentioned, few studies are related to vehialéimg
in Chiapas State, one with the highest frequendgnphct
from natural phenomena. In addition, it is onehaf three
states with the highest percentage of populatioreiy
[35]; it is imperative to carry out studies thabyide tools
to the actors in the face of the disaster in thioua phases
that converge to it, to provide a solution or maimta
quality of life for the victims. Humanitarian logiss is

coming increasingly relevant to climate problears]
political and social problems have alerted numerous
researchers who, through different methodologies,

some elements were not considered, such as breakdojchniques, and methods, provide a solution to the
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consequences caused. In this case, the CVRP wddaise[2] Comisidn

propose a timely supply.

5 Conclusonsand future studies

It is known that logistics processes present a bagt
to organizations, whatever they are. In the catieeodictors
before the disaster, the time factor is of predemin
interest since it can be the difference betweerragm's
life and death. Within emergency operations, itears
distributed to victims, which is relevant to maintag a
quality of life. Chiapas is one of the states ofe which
has suffered the impact of natural phenomena dwes. t
Precisely, hydrometeorological type. The work aitns
develop a delivery network for essential produats
victims of a natural phenomenon. It is achievedubh the
characterization of municipalites to establish
geographical point which is the origin of the nethv@hen
we look for the determination of the number of pastto
transport derived from the vehicle's capacity. Bnahe
feeding of capacity and distance to the programrnofrtbe
problem of vehicular routing with capacity. Obtaigias
results: number of routes, municipalities that magehe
routes, kilometers traveled on each route, andegies to
be transported.

Through the evaluation of the different municipatt
that are home to the state under study throughowsiri
infrastructure and service factors, the municigaliif
Tuxtla Gutiérrez is determined as the origin ofribéwvork,

[5] ARBOLEDA-ZUNIGA,  J.,

Nacional de Areas Natur:
Protegidas,jLa Fuerza de la Naturaleza!, Gobiee
México, Cd. México, [Online], Available
https://www.gob.mx/conanp/es/articulos/la-fuerza-
de-la-
naturaleza?idiom=es#:~:text=Los%?20desastres'
aturales%20se%?20clasifican,de%20las%20masas%?2
0de%20agua [3 Jan 2023], 2018Original ir
Spanish

[3] Naciones Unidas, America Latina y el Caribe

segunda regiébn mas propensa a los des:
[Online], Available: https://news.un.org/es/sto§22
0/01/1467501 [13 Jan 2023], 202@Original ir
Spanish

[4] LOPEZ-VARGAS, J.C., CARDENARGUIRRE,
a D.M.: Humanitarian logistics management in

previous stages to the disaster: systematic regf
the literature Revista de Investigacion Desarroll
Inonvaciér, Vol. 7, No. 2, pp. 202416, 2017
https://doi.org/10.19053/20278306.v7.n2.2017.
LOPEZ, AX
LOZANO, Y.L.: El problema de ruteo de vehict
[VRP] y su aplicacibn en medianas empr
colombianas)ngenium,Vol. 10, No. 27, pp. 236,
2016. https://doi.org/10.21774/ing.v10i27.622
(Original in Spanist

[6] TOHT, P., VIGO, D.:The Vehicle routing proble

Volume 9 of Monographs on Discrete Mathem

with a total of 44 routes and an average of 2.7 and Applications2a ed.Society for Industrial ar

municipalities at supply for each one, through eerage
of 402 km traveled. A second municipality, Tapaehus
located, providing a longer route than in the azsSEuxtla
Gutiérrez.

[7] GUTIERREZGUZMAN, F.,

Applied Mattematics, Philadelphia: PA: SIA
2002.

NAVARRO, V.
RODRIGUEZMELQUIADES, J., LUJAN, E

This study is essential for the actors who support GUTIERREZ, F.: Vehicle routing applied to nat:

society in a disaster context and for the commuaityl
researchers. Remember that a disaster can briastidias
consequences not only at the time of the disastecdn
trigger a series of effects for society,

unemployment and economic instability beyond the

affected area. This work provides a strategy fowjoling

humanitarian aid as soon as possible. In additoreal
case study is used, facilitating the understandifg
mathematical methods and stimulating critical tigk
and creativity.

The CVRP provides an adequate solution to the mtodu 3
[9] MASSON, A., PARAVIE, D., ROHVEIN, C

delivery area; as a suggestion in future worksgditsion
of the network in more than one point of origimlanned,

such a8] NAVARRO-CASTRO,

disasters in South América: state of &eleccione
Matematicas,Vol. 7, No. 2, pp. 34353, 202(
https://doi.org/10.17268/sel.mat.2020.0:

G.V., GUTIERREZ-
GUZMAN, F., RODRIGUEZMELQUIADES, J.
LUJAN-SEGURA, E., GUTIERREZBEGURA, F.
Revisién de problemas de ruteo de vehiculos aml
a desastres naturalesligh Tech - Engineerin
Journal, Vol. 1, No. 1, pp. 2120, 2021
https://doi.org/10.46363/high-tech.v1i1.ZOriginal
in Spanist

VILLALBA, L.: Review of Vehicle Routing Proble

taking into consideration and weighting factor the Solving Software][NGE CUC, Vol. 17, No. 1, pf

frequency of impact to the municipalities to dist#rese
as a network source.
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