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Natural disasters have caused not only economic but also human losses. These events bring
with them, among other things, deficiencies in the supply of food, clothing, health and
cleaning products, to name a few. This situation makes it imperative to locate facilities that
can supply the needs, as mentioned earlier, to the victims in the shortest possible time. This
document presents the evaluation of a logistic model of the literature whose foundations
are: a) the classic p-median problem for the location of a pre-positioning warehouse; b) an
extension of the (q-R) model for calculating inventories of different products, according to
different types of demand, and c) the problem of multiple vehicles routing with the capacity
to establish delivery routes from warehouses to the affected municipalities. This model is
evaluated with 90 municipalities belonging to Veracruz, Mex. The results show that the
location of the warehouse falls in the municipality of Fortin de las Flores, the inventory
levels for five demands and four product kits, and product delivery routes, which are a total

of 12, with which a favorable cost minimization is obtained.

1. Introduction

This document is an extension of an original work presented at
the “2019 IEEE International Conference on Engineering
Veracruz (ICEV)” [1], which derives from a global problem, such
as the impact of natural phenomena of hydrometeorological type
on the world. The Office of the United Nations Organization (UN)
for Humanitarian Affairs (2020), mentions that from the year 2000
to date, 152 million Latin Americans and Caribbean people have
been affected by 1205 disasters, including floods, hurricanes and
storms, ecarthquakes, avalanches, droughts, fires, extreme
temperatures and volcanic events [2]. It should be mentioned that
natural phenomena do not affect society in the same way; the so-
called hydrometeorological phenomena such as heavy rains and
floods have a higher frequency compared to other types of natural
phenomena and tend to affect the same region in relatively frequent
periods. In the last 20 years, these were responsible for causing
90% of economic losses worldwide.

In Mexico, the effects of hydrometeorological phenomena
appear depending on the distribution of the population throughout

*Corresponding Author: Erika Barojas-Payén, Ixtaczoquitlan, Ver., Mex., Email:

eribarojas@gmail.com
WWwWw.astesj.com
https://dx.doi.org/10.25046/aj050438

its territory. In a broad sense, northern Mexico is characterized by
low levels of precipitation, frequent droughts, and recurring heat
waves. In contrast, the south of the country has the highest records
of recurrent precipitation and flooding, in addition to being the
region most affected by the effects of hurricanes and other tropical
storms. During 2016 these were responsible for causing 86% of the
damage in Mexico [3, 4].

The National Civil Protection System (SINAPROC, for its
acronym in Spanish), was created to respond to this and other types
of natural phenomena. The said system, together with various
federal and state agencies, organizations, and entities, creates the
necessary instruments and mechanisms in order to carry out
coordinated actions in the area of civil protection [5].

Within SINAPROC, there is the National Fund for Natural
Disasters (FONDEN, for its acronym in Spanish), which is an
inter-institutional mechanism that aims to execute actions,
authorize and apply resources to mitigate the effects of a disturbing
natural phenomenon, in regarding of the SINAPROC. For access
to that fund, the Federal Government's Ministry of the Interior may
issue: a) an emergency declaration, i.e., an act by which the
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Ministry recognizes that one or more territorial demarcations or
municipalities are in imminence, high probability of presence of
an abnormal situation generated by a disturbing agent. Therefore,
immediate assistance is required to the population whose safety
and integrity are at risk, or b) a disaster declaration, i.e., the act by
which the Secretary recognizes the presence of a natural agent.
Severe disturbance in particular municipalities, whose damage
exceeds the local financial and operational capacity for their care,
in order to access resources from the financial instrument for
natural disaster care [6, 7, 8].

Based on the previous information, it should be noted that the
southern states and the Gulf of Mexico coasts such as Veracruz,
Guerrero, Tabasco, Chiapas, and Oaxaca concentrate the expenses
to support the reconstruction of damaged or destroyed
infrastructure by FONDEN due to the effects of
hydrometeorological events. While, in the northern region of
Mexico, the states of Nuevo Ledn and Baja California Sur were the
ones that required the largest amounts [9].

Likewise, Table 1 contains a synthesis of the declarations
issued during the period covered from 2000 to January 2020, by
FONDEN, for the states of the southern zone and the coast of the
Gulf of Mexico. It can be seen: a) the number of municipalities
that the state houses; b) the number of disaster declarations; and c)
the number of declarations of emergency. In that Table, it can be
identified that the most significant number of declarations are
issued on the state of Veracruz.

Table 1: Declarations from 2000 - 2020

State # of disaster emergency declaration
municipalities | declaration
Chiapas 118 59 75
Guerrero 81 34 36
Oaxaca 570 61 95
Tabasco 17 14 31
Veracruz 212 114 205

Own elaboration with information from [9, 10].

Based on that information, the present document evaluates the
model presented in [1], whose bases fall on the problems of @)
location of facilities, ) inventory levels, and ¢) multiple vehicle
routing with capacity. All this, to generate a feasible solution that
allows the establishment of a pre-positioning warehouse, with
product inventory levels that allow supplying people affected by a
hydrometeorological phenomenon, as well as their delivery routes.
In order to provide a decision-making tool to institutions in the face
of disaster.

Unlike the conference document, this research expands the
geographical space, carrying out the zoning of the state of
Veracruz, and the application of the model to one of them. This
central area is made up of 90 municipalities, of which 66 of them
were affected by some hydrometeorological phenomenon during
2016, as well as the expansion of products to be supplied,
introducing the health one.

The document is made up of the following sections from this:
a) Literary Review, contains studies carried out by researchers
immersed in the area of emergency logistics; 5) Methodology,
shows step by step how the research was carried out until the
results were obtained; ¢) Conclusions, to which the authors arrived,
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after an analysis of results and d) Bibliographic sources, for
support and foundation of the research.

2. Literate Review

Relief operations often focus on response rather than
preparedness due to the unpredictability of natural disasters. It
leads to reactive rather than proactive systems. The effectiveness
of the response may be determined by the structure of the supply
chain [11]. These supplies can be said to be preparatory elements
if some (or many) of them are available when needed, within
strategic establishments [12]. Since the main cause and magnitude
of the event of most disaster scenarios in Mexico is unknown, it is
very complex to make some kind of forecast, but it is possible to
prepare for it.

In recent years, many researchers from various countries have
addressed the problem of the location of facilities in various fields
and areas, an example of this is the health area, in which optimal
location of hospitals, clinics, warehouses of medicines, and natural
disaster centers that allow them to provide their services to the
highest number of people in the shortest time. Decision making
regarding the optimal or feasible location of a facility involves both
significant investment and operating costs from the start of the
project, which is why this is a crucial issue to be studied [13].

Research has been carried out over time regarding the issue of
humanitarian logistics, and these documents reflect the application
of different methodologies, methods, and tools in any of the stages
of the disaster: (1) prevention; (2) mitigation; (3) preparation; (4)
alert; (5) response; (6) rehabilitation, or (7) reconstruction [14].

These inquiries take as a basis for study one or several elements
of logistics, such as the location of facilities, which have been
captured in [15], where researchers examine the problem through
a survey focused on four different models: 1. Deterministic; 2.
Stochastic; 3. Dynamic, and 4. Robust.

In the same way in [16], they present two models, one
deterministic, which considers the dependence of the damages
about the distance between the disaster response facilities and the
location of the affected population, and another stochastic, which
extends the first concerning the intensity of the damage. A cost
advantage of the second model over the first is demonstrated.
Likewise, the researchers of [17], raise the impact of the mean time
between disasters (MTBD) in the strategy of pre-positioning of
medical supply inventory. The authors carry out a compensation
model implemented on a platform based on a spreadsheet. In this
area, we can mention the authors in [18], who propose a relocation
of sites for the delivery of support in Mexico, through the problem
of the p-median modeled in the LINGO software, thereby
achieving the minimization of the current path at 25%. Meanwhile,
in [19], the authors develop a stochastic programming model for
shelter location in disaster preparedness, introducing a Genetic
Algorithm (GA) for larger instances.

In addition to the above, some authors carry out studies focused
on the location of facilities, adding the capacity term, in order to
supply the victims assigned to it, such as the case of [20] whose
study focuses on the location of warehouses for the distribution of
humanitarian aid and its capacity, through a mixed-integer linear
programming model.
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Another element of logistics through which different
investigations have been carried out under different optimization
models, heuristics and hybrids, is the problem of vehicle routing,
among which, it is worth mentioning [21], where multiple vehicle
routing is presented with stochastic demand, in which researchers
develop a nonlinear mathematical model with a probability
constraint approach. This model is linearized with separable
programming methods. While researchers in [22] develop a greedy
iterative heuristic for vehicle routing with stochastic post-disaster
times. Likewise, the researchers in [23] propose a model that
determines the policy of resupply of products in disaster containers
and generates the optimal route for vehicles to carry out the
activity, maximizing the total benefits from sales revenue and costs
of transport in a planning horizon. It is worth mentioning the
investigation of [24], It is developed in a municipality in the state
of Veracruz, Mexico, within which the heuristics of the closest
neighbor (NN) generate product delivery trajectories to localities
in the emergency phase of the disaster.

Traditional approaches had analyzed production, inventory,
and transport operations separately rather than considering the
entire operation as a whole [25, 26]. For example, when deciding
inventory levels and product shipments in a given logistics
network, inventory levels were generally determined first, and then
product shipments were determined. However, as industries have
become global and more competitive, simultaneous analysis of
complex interactions between production and distribution
operations has become essential to achieve efficiency [27].

Other integrated network models include [28], which studies
an integrated production and transportation planning model with
multiple retailers, products, and time frames. He used a two-phase
heuristic model to solve the resulting mixed-integer program.
Heuristics first gets an initial solution for distribution and
production decisions.

However, the literature is scarce in terms of integrative
approaches that consider a comprehensive plan that covers both
aspects: plant location, inventory levels, and product supply. Only
recent works take into account these two dimensions of the
problem [29, 30].

In this scale, three logistical elements are introduced, such as
location, inventories, and routing, such as the case [31], in which
researchers address a plan to transfer of people affected by a flood
to safe areas, they formulate a linear and mixed programming
model, which allows defining the location and number of shelters
and distribution centers with a pre-positioned inventory of aid
packages, in addition to the evacuation routes for the victims.

3. Methodology

The research considers two of the regions immersed in the
subject state of Veracruz that is used as a case study, called the
Capital Region and the High Mountains Region, which are located
in the central area of the entity. This region is composed of 90
municipalities. Moreover, 66 of its municipalities have been
emergency declarations by the National Fund for Natural Disasters
during 2016. Figure 1, shows the methodology to be followed,
begins with the collection, selection, and analysis of the
information, continues with the programming of the logistics
model that allows the location of a host municipality for the
installation of the pre-positioned warehouse, the calculation of the
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levels of each product for said warehouse and the set of routes for
the delivery of products, to end with the analysis of the results
obtained.

A. Collect, select and

Information.

analyze the

B. Location of the municipality where the
pre-positioned warehouse is located.

C. Calculation of inventory levels through
an extension to the (g-R) model.

D. Multiple vehicle routing with the ability
to deliver products.

[ E. Analysis of results.

Figure 1: Applied methodology
3.1. Collect, select, and analyze the information.

An analysis of the information necessary to feed the model
from [1] and its evaluation is carried out, which is described in the
following paragraphs.

e Matrix of distances between municipalities with the
emergency declaration and municipalities without the
emergency declaration, using the Google Earth Pro®
application, the distances are obtained that will allow the
creation of the base matrix to locate a municipality without an
emergency declaration in 2016 for the installation of the pre-
positioned warchouse and the routes to the municipalities
affected by the natural phenomenon in the same year, for the
delivery of products.

e  Positional weight, is the value made up of the degree of
satisfaction that a municipality meets according to its
attributes of a) highway infrastructure, highway type; b)
services, water, network, telephone, drainage, electricity, c)
not being a reason for issuing an emergency declaration, that
is, not having been impacted by the hydrometeorological
phenomenon, and d) constructed buildings. This variable,
together with the distance, will allow finding the municipality
where the pre-positioning warehouse is located. The data was
extracted from the pages of [32, 33, 34].

e Demand, five types of demand: a) early childhood; b)
childhood; ¢) adolescence; d) adulthood, and e) old age; taking
as a reference to the World Health Organization, ruling out the
peculiar stages such as pregnancy. The calculation of victims
is based on the emergency declarations issued and the number
of people by type of demand that lives in the area [35].

e  Products, the items to be supplied, will be calculated in the
form of kits: a) food; b) equipment (clothing, hygiene, and
protection); c¢) health, and d) water. The first two, calculated
according to the type of demand and the last two for total
demand.

o Total Inventory cost includes a) ordering cost, b) purchasing
cost, ¢) cost per shortage, and d) holding cost, [1, 36, 37, 38].

3.2. Location of the municipality where the pre-positioned
warehouse is located

For the location of the host municipality of the pre-positioned
warehouse, the p-median problem is taken as a base, adding the
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positional weight variable, with which not only minimum routes
are sought, but also adequate conditions for the management of the
warehouse. Below is the mathematical formulation:

min Yo, YL, wid; x;; )
subject to
Z;'nzlxij =1 v, @
X < YV Vi ®)
ny o= p, )
xij,y; € (0,1} )

Where: equation (1) objective function, seeks to minimize the
sum of the distances dj; traveled for each location of the demand,
w; being the variable that qualifies the attributes of each location
with the possibility of hosting the facility; equation (2) confirms
that each client is assigned to a single facility n; equation (3)
confirms that each customer is supplied by a single facility;
equation (4) assign p facilities, and equation (5) indicates that the
variables are binary [18].

3.3. Inventory level calculation through an extension to the (q-R)
model

The following mathematical formulation shows how the
calculation of inventory levels for the different types of demand is
carried out, which is an extension of the (q-R) model.

coPDP

. Qf ;
min¥!_, zjzlz;;:l[ 24 O (Lt zg x 57 )+ CPDY

ij

o? ;
+ Q—l{pj(cﬁ’ + 5%« B )] (6
subject to
5'5;], = 5'1;;], VL i=12,..,1 j=12,..] @)

jo =Df L+ zgs * 5'31, i=12,..,1 j=12,...) p=12,..,P (8)

J N4
20, 2%
t cs?

Qh = i=12,.,1 j=12,..,Jp=12.,P (9

E} =z[FF(@-1+f (2 i=12.,1 p=12,..P (10)

P P

stEy
FRP=1- -2 i=12,.,

P
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I p=12,..,P 1
Q) e z* (12)

The equation (6), seeks to minimize costs and is made up of:
oPDP . P
a) ordering cost,%; b) holding cost Cs? (%+ZC,S *S’ﬁj); ¢
ij

P
purchasing cost, ¢/Df, and d) Stockout cost % (Cff’ + 5,
ij

E} ); the equation (7), performs the calculation of the adjusted
standard deviation for each demand (S 'g},). It is mentioned that the

demand has a normal distribution of its data; the equation (8),
performs the calculation to obtain the point to which the inventory
of products (p) of each of the demands of the affected
municipalities (D;) must reach, to issue a purchase order for these;
equation (9), determines the number of products (p) to order for
the pre-positioning warehouse (7) that will allow supplying the
different demands of the affected municipalities (j); equation (10),
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evaluates the probability of shortages to victims of products (p);
equation (11) measures the level of product delivery service (p) of
the pre-positioned warehouse located in the municipality (i) for
municipalities (j), and finally, equation (12), indicates that (Q’i)j) is
the integer variable.

3.4. Multiple vehicle routing with the ability to deliver products

Through the problem of vehicle routing with capacity, the
necessary routes are obtained that will allow supplying products to
people  affected by the natural phenomenon  of
hydrometeorological type, and the mathematical formulation starts
from:

The two-index vehicle flow formulation type linear
programming model uses O (n?) binary variables of x; ; to indicate
with a value of 1 if the arc (i,j) € A belongs to the optimal
solution and takes a value of 0 otherwise [39, 40].

min Y;cyXjey CijXij (13)
subject to

YievXij =1 vj eVv\{0} (14)

YjevXij =1 vi eV\{0} (15)

Yievxio =K, (16)

YjievXoj =K, 17)

Yies DjesXyy =7(S) VS cV\{0}LSO (18)

x;; € {0,1} Vi,j €V (19)

Where: V = {vg, vy, ... v, } is the set of vertices of the graph,
where v, corresponds to the warehouse; C is the distance or cost
matrix ¢;; between customers v; and v;; K is the number of
capacity C vehicles needed to load all the demand; S is a set of
vertices of the graph where S <V \ {0}, and r(S) is the
minimum number of vehicles necessary to serve all customers in
S.

In this way, equations (14-15), ensure that a single arch enters
and a single arch leaves each vertex, clients are visited only once;
while equations (16-17) ensure that the number of vehicles leaving
the warehouse (vertex) return to it; while equation (18) satisfies
connectivity and non-violation of vehicle capacity.

3.5. Analysis of the results

e Impacted and non-impacted municipalities.

Table 2 shows the zoning of the state of Veracruz that is
established to carry out this document, as can be seen, part of its
regionalization. Table 2 shows the number of municipalities that
each area houses and the number of municipalities impacted by a
natural phenomenon of hydrometeorological type during 2016, the
percentage of emergency declarations issued by FONDEN of a
total is shown in the last column of 147 [41]. The central zone is
taken as a reference for evaluating the model, derived from the fact
that it is the one with the most significant number of municipalities
and more than 50% of declarations issued.

e Vehicle capacity.
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The same vehicular capacity is set as in [1], 4913 Kkits.

Table 2: Zoning of the state of Veracruz

Zone Regions # Impacted %
municipalities =~ municipalities  declarations

Huasteca Alta,

North =~ Huasteca Baja, 59 26 21.77%
Nautla,
Totonaca

Center | CaPital, Altas 90 66 51.70%
Montanas
Los Tuxtlas,

South =~ Omeca, 63 31 26.53%
Papaloapan,
Sotavento
Total 212 123 100%

e Location of the host municipality of the pre-positioned
warehouse.

For the location of the host municipality, four different
scenarios are proposed for the location of host municipalities of the
pre-positioned warehouse. The first scenario designates the
municipality of Fortin de las Flores as the headquarters of the
aforementioned warehouse, which is obtained from the 24
municipalities without issuing an emergency declaration and the
66 municipalities impacted in 2016. The second scenario, part of
rule out the municipality obtained in the first scenario (Fortin de
las Flores) to give rise to the municipality of Emiliano Zapata as
headquarters, the discard is from the assumption that the
municipality first obtained, is impacted at a particular moment by
a natural phenomenon of the type hydrometeorological. The third
scenario is carried out in the event that the two previous
municipalities cannot house the pre-positioned warehouse, Paso
del Macho is obtained as the host municipality. A fourth scenario
is captured, suppressing the variable of positional weight, that is,
without taking into account the attributes of each municipality
except that of affectation by a natural hydrometeorological
phenomenon, thus the municipality of Atoyac, Miguel Aleman
becomes the headquarters of the warehouse, which is located at a
distance of 29.6 km from the first seat municipality, that is, Fortin
de las Flores.

North Zone

Emiliano Zapata, Dos Rios
/ Fortin de las Flores
ey Atoyac, Miguel Aleman
Paso del Macho

South Zone

Figure 2: Municipalities headquarters of the pre-positioned warehouse [42]
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While Figure 2 shows the regionalization of the state in the
study, it should be remembered that in previous paragraphs, the
state was zoned, based on this regionalization. The regions that
make up the central area subject to study are the Capital region (1)
and the High Mountains Region (2).

The location of each of the selected municipalities is shown in
Figure 2: /. Emiliano Zapata; 2. Fortin de las Flores; 3. Atoyac,
Miguel Alemdn, and 4. Paso del Macho.

e Inventory levels.

The levels of inventory of food, equipment, water, and
medicines grouped in kits are shown in Table 3. It shows the
economic order quantities, the reorder point, the safety inventory,
and the number of people not supplied.

Table 3: Inventory levels

Economic Re-
TYPE OF Kits order order Safety  None-
DEMAND quantity point stock supplied
()] (R))
Demand_1 Food 15732 6545 653 1
D?
J
(Early Equipment 15521 6545 653 1
childhood)
Demand 2 Food 32793 13999 1443 3
D?
g .
(childhood) Equipment 32793 13999 1443 3
Demand_3 Food 48396 20353 1781 3
D?
) .
(adolescence) Equipment 48396 20353 1781 3
Demand 4 Food 37000 15460 1275 2
D?
J
(adulthood) Equipment 37000 15460 1275 2
Demand_5 Food 9078 3755 327 1
D?
] .
(old age) Equipment 9050 3755 327 1
Demand 6 Water 227931 60014 5379 8
D?
J
(General)
Demand 6 Medicine 60014 28324 5379 8
D?
J
(General)
Inventory Cost 640,501,050 MXN
= v v
Chignahuapa vy
i
E
Apizaco
lade
3 veracruz
Boca del Ria
bla de. A
= e Terte
IFortin de las Flores
m
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e Delivery routes

Table 4 shows 4 of the 12 delivery routes obtained with a pre-
positioned warehouse within the municipality of Fortin de la
Flores. The overall results in the said municipality showed a total
0f 1,964.68 km traveled for delivery, an arithmetic mean of 163.72
km traveled per route, and arithmetic means of supplying victims
of 6,291.45. The delivery of products can be carried out in a
minimum time, under the assumption of not affecting the road
infrastructure.

Figures 3, 4, 5 y 6, They show the delivery routes in Table 4,
in order to be able to observe the routes to travel. For this, the
application of Google Maps®.

Table 4: Delivery routes

w ROUTE
° w « © °
en < N < < < N en
| g g e = & SE g g
2 5 | - & & = 8 £ g
g a~ 28 £ 4 -~z 2 s
< 3 & = < =
L
o = S_ | 8w 8
5} © = ] 2 g = = 9 =
5 [<% o = 151 5] o S 'z m@ =
2 = ) sy 2 1 4'_'—'3 S E
s < 2] S 8 = g5 g <
=3 > < 5 2 <
S = < = 20 £& g
o = <
Q
=} < 0 < < <
2 = & 22 = = o
7 z = g 22 g El 5
15 5] S S = ] =
S S = 5 el
=1 N S ) 5} = =
jas] (72} = = =
@ o
; =} <
=} o g S g, = 5 &
5 QS a = = =} = 3
12 = S8 B 3 53 5 2
= <y 5 g = £ !
= £ 5 = = S 17 =
SeE < = < < &

Xalapa-Enriquez

Lac
Teoceld)
Ay;n..gmmg'_‘nuhuauanu\n’i‘m,g; ;

“Masmnm G Cosautian'de Carvajal

{

O Fortin de las Flores

Figure 4: Route 5, 385 km traveled, nine municipalities supplied, extracted
Google Maps ®

Chilchatla

0

Figure 5: Route 7, 237 traveled, seven municipalities supplied, extracted from
Google Maps ®
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Xometl

 Ford Ay n de
|
|

50 del

Orizahat
(500

vacén

Figure 6: Route 7, 163 km traveled, seven municipalities supplied, extracted
from Google Maps ®

4. Conclusions

Natural disasters have caused not only economic but also
human losses. Mexico is not far from the effects of these events,
much of its territory is exposed to the impact of natural phenomena
of a hydrometeorological and geological nature, specifically the
state of Veracruz, which has been considerably affected by
hydrometeorological phenomena. This situation makes it
imperative to locate facilities that can supply the needs, as
mentioned above, to the victims in the shortest time.

The present document carries out the extension of a conference
paper, evaluating the presented logistics model that has as its basis:
a) the classic problem of the p-median for the location of a pre-
positioning warehouse; b) an extension of the (q-R) model for
calculating inventories of different products, according to different
types of demand, and ¢) the problem of multiple vehicle routing
with the capacity to establish delivery routes from warehouses to
the affected municipalities. The evaluation is carried out in the
same federal entity, with a more significant number of instances,
in total 90, which are in the central area of the state, the results
show that the location of the warehouse is assigned to the
municipality of Fortin de las Flores, the delivery routes to the
affected municipalities are presented, obtaining a total of 12 with
a total of 1964 km traveled and an average travel distance of
163.72 km.

Similarly, the discarding of the municipality obtained is carried
out, under the assumption that it has been affected by the natural
event, obtaining another feasible location for the pre-positioned
warehouse, this being the municipality of Emiliano Zapata, under
the same. Of course, the latter municipality is discarded, obtaining
Paso del Macho as the headquarters municipality of the warehouse.
A fourth run of the program is carried out, in which the variable of
positional weight and the previous municipalities are ruled out for
having been affected, obtaining Atoya, Miguel Aleman, as the host
municipality. In the same way, the increase in the number of
products to be supplied was carried out. Therefore, the inventory
levels obtained present a total cost of 640,501,050 Mexican pesos
for the five demands: a) early childhood; b) childhood; c)
adolescence; d) adulthood, and e) old age; with four product kits:
1. Food; 2. Equipment; 3. Health, and 4. Water.

It was carried out using the (g, R) model because the kits are
supplied from 1, 2 or up to 3 times in specific time, according to
the duration of the support bulletin’s opening or, in accordance to
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the need of the people. We did not consider the newsboy model
because it considers a single purchase. Even so, it is suggested to
look for some other model that can answer this problem.

People's lives are priceless, natural phenomena are not
controllable, but actions can be carried out to reduce the damage
that they may cause to people immersed in impacted areas at a
particular time, and maintain a quality of life for them. Until his
return to his healthy life. The state of Veracruz, year after year is
hit by different phenomena, but derived from its location, those of
the hydrometeorological type occurs with a specific frequency,
even more so in the period covered between the months of June-
November, which is why the research carried out, looks for
feasible locations that allow the location of a pre-positioned
warehouse in municipalities that meet conditions for its efficient
management, and that this warehouse, in turn, contains food
products, clothing, health, and clean water to ingest, at adequate
inventory levels, with the aim of a resupply until the return to
normality, with a delivery routing with minimum distances, so that
attention is fulfilled in the shortest possible time in terms of food
and health, the latter derived that diseases such as typhoid, tetanus,
and lung can occur to name a few. In the literature, especially in
studies carried out in this state, minimal research was visualized in
the field of humanitarian logistics.

As future work, a extend model is proposed that can to locate
multiple locations with their delivery routes and travel distance
constraints.
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