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Abstract: After a disaster, reaction speed becomes one of the most important elements. To act in the best possible way,
Disaster Operations Management must have the most accurate information on the affected area. To aid in these moments,
a network of centers for Rapid Response is proposed here. Those centers would be equipped with short takeoff and landing
aircraft, and would send them as soon as possible to the affected area, to gather information, and bring some type of aid.
This research focuses on the theoretical foundation for such centers, including objectives, locations, missions, and
equipment. This foundation is obtained through a literature review, which helps find the need for rapid response, and the
main objectives and missions to be carried out. The number of centers and their locations are found by the use of a facility
location model, considering the risk of each location. Finally, the number and type of aircraft needed in each center, as
well as the missions for each one are found by the use of an assignment model. This research was made with the
southeastern region of Mexico as its objective, but the resulting network of Rapid Response Centers could be setup in
some other areas of the world.

1

1.1

Introduction

In many cases, after a disaster, logistics networks are
damaged or unusable, mainly because the roads are
affected. The road infrastructure can even suffer
weakening after flooding. The increase in traffic before and
after a disaster, sometimes caused by poorly planned
evacuation procedures, and the increase in demand for
supplies after a catastrophic event, adds stress to the road
network, which in turn reduces, or even stops, the whole
logistics network, preventing aid from arriving in the
affected areas. Roads are rendered useless sometimes
because of the large amount of vehicles evacuating the
area, which causes strong traffic jams [1-5].
From 1900 to 2016, almost 60% of the recorded
disasters in Mexico have a hydro-meteorological cause. In
recent times, the southeastern region of the country has
used as much as 75% of the resources for disaster recovery
from the Mexican government. The region is affected by
those type of events every year, causing the need for
humanitarian response. Also, disasters that were accounted
between 1990 and 2016 were 1.73 times more than those
recorded between 1900 and 1990 [6-9].

Method

This research tries to find out if a faster humanitarian
response infrastructure would be useful to reduce the
adverse effects of disasters in the southeastern region of
Mexico. The questions that will be tried to answer are:
1. Is there a need for a faster response after a disaster?
2. What type of objectives should such response
address?
3. Are aerial operations the best solution for a faster
response?
These questions are answered through a literature
review in section 2. After these questions are answered, a
proposal for a network of Rapid Response Centers (RRCs)
to address these problems in an improved way, compared
to the current situation in the country, is presented. Then
the main questions of the research are answered. Such
questions are the following:
4. What is the purpose and mission of the network of
RRCs?
5. How many centers, and where should be set up?
6. What type of aerial equipment or vehicles should
the RRCs have?

~ 153 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica
logistica

- International Scientific Journal about Logistics
Volume: 8 2021 Issue: 2

Pages: 153-164

ISSN 1339-5629

RAPID RESPONSE CENTERS FOR DISASTERS IN MEXICO: A THEORETICAL STUDY
Eduardo-Arturo Garzón-Garnica; José-Luis Martínez-Flores; Patricia Cano-Olivos; Diana Sánchez-Partida

7. What type of mission should each type of vehicle
perform?
These questions are addressed in sections 2 to 6, using
both literature review and mathematical models.
Conclusions and future work are presented in section 7,
where the whole concept of the RRCs network is
summarized.

2
2.1

Literature review
The need for fast response

Disaster relief can typically be divided in three phases:
preparation, immediate response, and reconstruction.
While addressing the three phases is needed, this research
focuses mainly on the immediate response (IR) phase.
When disaster has already happened, the post-disaster
phase changes the dynamics of the logistics activity. The
need for faster operations becomes extremely important.
One of the main objectives of the humanitarian effort in
that case is to reduce the average response time so that help
can arrive as soon as possible [5,10-14].
During the IR phase, there are also several actions that
take place, although there is no consensus among authors
about the operations carried out in each phase of the
disaster management cycle. Three main types of functions
can be addressed in this phase: Demand management,
supply management, and fulfillment management. These
functions pose a challenge because of the unpredictability
of the demand, as well as the many challenges arising from
the disaster itself. In several research papers and literature
reviews, it is noted that a lack of coordination is present in
many disaster scenarios [13,15-18].
The purpose of an emergency supply network is to
support the Emergency Logistics Operations, and that
coordination is one of the areas where improvement can be
made [19].
Question 1 is answered, because it is well established
that, after a disaster, there is indeed a need for response,
and as fast as possible.

2.2

The need for coordination and expedited
information gathering

Many humanitarian operations have shown lack of
coordination as a problem. Furthermore, when evacuation
is needed, usually the demand is unknown. The importance
of timely coordination after a disaster has been stated by
different authors, all of them noting that it poses a
challenge, and that it should be improved. One of the
operations during the IR phase of DOM is the gathering of
information. In many cases, maps are not the most
accurate, especially in the areas where more poor people
settle, and those areas usually are the most affected in a
disaster. Official maps are not able to keep up with the
rapid change of those settlements [1,15-17,20,21].
The characteristics of the humanitarian effort include,
in many cases, the wish to bring help as soon as possible.

72 hours after the disaster could be an acceptable time
frame. But to be able to bring help within that time frame,
it is necessary to know what type of help is needed. This,
in turn, reduces the available time to obtain information
about the situation within the affected zone. It is important
to reduce response time, bringing that time closer to realtime communication when dealing with DRO. Such
information gathering is essential for anticipating the
healthcare needs of survivors, managing critical
conditions, and allocating limited resources [11,17,22-24].
The answer to question 2 is also well-established, and
resides in the obtaining of information on the affected area.
But some other functions can be performed, that we will
address in some of the following sections.

2.3

Aerial operations

After disaster strikes, be it flooding, volcanic eruptions,
earthquakes, or other types of disasters, sometimes the
roads, or even the whole roadway system, are damaged,
making it almost impossible to bring help to the affected
areas. Sometimes it is necessary to use unconventional
delivery systems to get help and supplies. Still, it is
important to bring help, and as soon as possible. Speed is
very important when in face of a disaster, as the arrival time
of aid directly affects survival and suffering of the affected
people. When the road network is damaged, or completely
destroyed, communities are isolated, unless an effective
way to bring supplies is established. In this cases, the best
means of transport are aircraft [2,3,12,24-28].
Helicopters have long been perceived as the most
practical vehicles to reach affected people when roads are
damaged. In recent times, other types of aircraft have been
developed, which can become alternatives for aerial
operations, like unmanned aerial vehicles (UAVs), or
drones [29-33].
Air transport is currently the fastest means of transport,
and it is not limited by the status of the terrain. This also
means that a flood, landslide, or broken road, does not
prevent the operations from bringing help. Thus, the use of
aerial vehicles in DRO can make sense, because help can
arrive sooner to the affected area [34].
One of the areas where big advantages can be obtained
from aerial operations is in the mapping of the affected
zones. A high resolution map of the current situation of the
area can be quickly obtained by deploying sensors and
cameras aboard an aircraft, and sending such aircraft to the
affected area. Unmanned aircraft, or drones, can be useful
to attain such objective. Aerial survey at a close distance
can also help locate victims or stranded people [29,35,36].
Mapping, victim location, information gathering for
assessment of the situation, and transport of goods, are just
some of the operations that can be carried out by aerial
vehicles, provided that they are close enough to the
affected area. If some type of aerial vehicles can be
deployed quickly to perform one or more of these tasks,
valuable time can be saved in the whole disaster operations
management process. This, in turn answers question 3, in
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the sense that aerial operations are the best solution for
faster response.

3

Discussion

To increase efficiency and speed in the humanitarian
effort, keeping an inventory of emergency supplies close to
the areas prone to suffer disasters is a commonly-used
method. This method is also referred-to as prepositioning.
Correct facility location can improve response time, by
increasing the reaction speed [37-42].
Several prepositioning efforts have already been carried
out, as those from Non-Government Organizations
(NGOs), and others are still in planning phases, or
proposals. Within the southeastern region of Mexico, a
network of prepositioned inventory for disasters has also
been proposed for the state of Veracruz. Most of them
consider storing goods that can be sent to the affected areas
in case of a disaster. Similar networks, providing services,
instead of goods, have been setup using operations research
methods [10,38-40,43-45]. To our knowledge, no
dedicated air network of this type has been proposed to
date.
The range of an aircraft, being limited, creates the need
for some facilities to be located close enough to the
possibly affected areas. If prepositioning has proved useful
in the past, a variation of this method might make sense,
by locating aircraft in facilities, so that such aircraft can
arrive to the area of the disaster in as little time as possible.

4

Rapid response centers

Immediately after a disaster, response activities
include, among others, search and rescue operations (S&R)
and first aid medical attention. As speed is an important
factor, and prepositioning is useful, it is helpful to have
aerial vehicles within close distance to the affected area,
ready to deploy immediately after a disaster, that can help
with such operations. The main function of such vehicles
would be aerial mapping, to provide useful and up-to-date
information to the organizations taking part in the DOM.
Additional benefits of such mapping include the location
of people in need, and if possible, sending some type of
help, provided that it can be packed in a compact and light
manner [46].
So, as such facilities could be established, the
humanitarian effort in the region could in turn be improved.
The network of Rapid Response Centers has been proposed
previously, including a first approach on the locations for
such centers. The proposed network’s goal is that no
community, of the ones historically affected by disasters,
is farther away than 250 km from any of the centers. This
is for the affected areas to be at most one and a half hour
of flight from a RRC [6,7,45].
In the following section, the location will be addressed,
considering location risk factors not included in the
existing solutions.

4.1

Facility location

The main objective of the RRC network is to position
aircraft at the affected area as soon as possible, to start
gathering information that can help improve DOM. This
could mean that such centers would be located within areas
that could also be affected. The correct design of a logistics
network in humanitarian operations is critical. Careful
planning should be done to place each of the RRCs in a
safe location, while providing the best possible coverage.
A similar approach has already been taken for facility
location in the context of humanitarian response, within the
Mexican territory, with favorable results. Although this
research tries to find full coverage, instead of a maximal
one [19,44,47].

4.2

Facility location considering risk factors

To consider risk within a facility location model has
proven useful in research. On the other hand, to be able to
arrive to the affected area as soon as possible, several
facilities must be considered, so that aerial vehicles are
close enough to such affected area. A facility location
solution has been found previously, with a relatively
simple method. A confirmation of such result, or a new
one, was sought, considering risk factors. A database had
already been obtained and prepared with a data mining
method. A facility location model, considering locations
with high risk as repellants, and locations with existing
shelters as attractors, was solved. The model also included
a maximum distance from every location to the closest
center [6,7,43,47].
This model resembles the constrained Weber problem
with attraction and repulsion. In that model, a single source
is sought, and sinks may attract or repel the source. This
model uses the multi-source approach, that has already
been studied extensively in the past. The model tries to
minimize the Euclidean distance, but the cost of travelling
such distance is modified by the attractors and repellants
calculated from the risk factors, and the cost of setting up
each service center is also considered. A maximum
distance is also set up as a restriction [48,49].
The mathematical formulation of the model is the
following (1)-(6):
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Where the decision variables are:
, are the x and y coordinates of the service center i,
greater than zero.
is a binary indicator, 1 if service center i will be set
up.
is a binary indicator, 1 if service center i will serve
the location j.
And the model parameters are:
n is the number of service centers, m is the number of
locations to serve.
is the weight factor, adjusted by attractors and
repellants, of travelling from i to j.
, are the x and y coordinates of location j, greater
than zero.
is the cost of setting up service center i.
& '( is the maximum allowed distance from the
service center to each location.
o is the number of risk factors to be considered.
3 is the risk radius of location j.
, - is the risk factor k of location j.
The restrictions, explained, are:
1. The sum of used for each location must be 1,
every location must receive service from one
service center.
2. The cost of setting up each service center must be
accounted for.
3. The distance from each location to its used service
center must not exceed the maximum distance.
4. The weight of travelling from a location to its
assigned service center gets altered by the risk
factor. It is multiplied by 1+the risk factor, thus
attracting or repelling the service center.

4.3

Solving method for locations

For the multi-facility weber problem, the Simulated
Annealing algorithm is one of the most effective options.
This algorithm requires the presence of an initial solution.
A previous research considering rapid response centers,
but not considering risk factors, was used as the initial
solution for the current model [7,50-52].

4.4

Facility location results

Instances considering five to seven centers were solved,
obtaining the best results with six centers, considering risk
factors. The nature of the RRCs prevents them from being
setup anywhere, mainly because they need to be
resupplied. Should a disruption on the supply chain of the
center be present, the goal of said center would not be

achieved. As such, there is the need to care for the center
itself. The center must then be placed within close distance
of existing supply chains. The proposed locations for each
center are the closest town or city to the raw result of the
model. These locations are presented in Table 1. This, in
turn, answers question 5, showing that 6 centers should be
placed in the mentioned locations [53].
Table 1 Facility location model results

Center

Latitude

1

5

16° 34'
52.32"
20° 34'
23.88"
17° 14'
56.04"
16° 46'
55.56"
20° 2' 40.2"

6

18° 0' 5.76"

2
3
4

5

Longitude

Closest
Town/City
-96° 18'
Santa María
49.68"
Zoquitlán, Oax
Sotuta, Yuc
-89° 0' 17.28"
-97° 24' 1.08"
-92° 15' 19.8"
-97° 57'
51.48"
-99° 16'
31.44"

San Juan
Diuxi, Oax
Abasolo, Chis
Tepetla, Pue
Tulimán, Gro

RRCs Mission

To improve the effectiveness, and reduce the response
time of all the actors in the humanitarian effort after a
disaster, the best possible and up-to-date information
should be obtained. Operators of the vehicles prepositioned at each Rapid Response Center could perform
the task of Aerial Surveillance, as soon as possible after
disaster has occurred. Aerial photo or video of the area,
with enough resolution for decision makers within the
DRO management to evaluate the situation, is the expected
main result of such flights [29,36].
If the vehicles are not large, their operational cost
should also be small, although that also comes with a
limitation on the side objectives such vehicles can attain.
Still, they can be helpful when combined with other types
of vehicles. Small vehicles that are not capable of
evacuating a person, or a family, can still be equipped to
mark the place where those people can be found, and then
a larger vehicle can be sent specifically for that task.
Smaller unmanned vehicles can access places that manned
aircraft can’t reach. Smaller vehicles can be used for lastmile delivery of goods in disaster scenarios. A vehicle too
small for evacuating procedures could still be large enough
to carry small and light survival or first-aid emergency kits,
that could be air-dropped very close to people that need
them. These two secondary objectives can help reduce the
overall cost of the DRO, and improve the effectiveness of
the humanitarian effort [32,54,55].
The answer to question 4, the mission of the RRCs, is
then:
1. Aerial Surveillance As Soon as Possible After
Disaster (Information Gathering),
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2. Emergency Evacuation Marking,
3. Air-Drop of Basic First-Aid / Survival kits.
7.

6
6.1

Mission assignment
Types of aerial vehicles

Different types of vehicles can perform different tasks.
From a distance point of view, fixed wing and large aircraft
can be helpful outside of the affected area, and helicopters
or smaller aircraft can be useful within the affected area.
When disaster operations are still on its planning stage,
having as much information as possible on the disaster
effects is paramount, but DRO do not have infinite
resources, so larger aircraft with higher operational cost
should be used carefully. On the other side, the size of
technological devices has been decreasing steadily, and is
currently small enough for cameras and sensors to be fit on
smartphones or wearable devices. Such sensors could be
mounted on almost any aircraft, but to carry some type of
cargo, there are size limitations [23,25,56-58].
To classify the different types of aircraft that could be
used for the RRCs, three main categories could be
considered. First, the size of an aircraft, which directly
affects its ability to maneuver through the affected zone,
while also determines how much the ship would be
affected by wind and weather. Second, the type of lift or
propulsion, which affects its maneuverability, speed, and
range. Third, cabin type, because aircraft design follows
very strict rules, and usually makers design the aircraft
specifically for passengers, or cargo, although some cross
applications can be found. Still, the cabin type can be used
or adapted for different applications, so the types of aircraft
will only be classified by size, and lift technology [59-64].
The types of vehicles, divided by lift type, that can be
considered, are:
1. Fixed hard wing. Where lift is provided by one or
more wings, which remain fixed in place,
although some parts of them might still be moving
[65].
2. Flexible wing. Where the lift is provided by a
large surface of flexible material, like fabric. Can
have a hard frame or only the flexible parts [61].
3. Powered rotary wing. Lift is provided by a series
of wing-shaped blades or rotors connected to an
engine, where the rotation of such wings provide
lift. One or two sets of such wings shall be
considered in this category [66].
4. Powered multiple rotary wings. Like the previous
category but using three or more rotors. Samples
between 3 and 8 rotors are currently available in
the market, and are increasing in popularity [67].
5. Unpowered rotary wing. Where lift is provided by
a rotor, but it spins freely, without power from an
engine. The vehicle uses a powered propulsion
method, and the rotor spins because of the air flow
through it, producing lift [68].
6. Tilting powered rotary wing. A combination of a
fixed wing for large distances and higher speeds,

but with large propellers or rotors that provide lift
at takeoff and landing stages [69].
Lighter than air. Vehicles that do not use a wing,
but a large container of a fluid with a lesser weight
than that of air [70].

The size category can vary greatly, depending on the
type of scale that would be used. A simple scale can be
created for this, depending on how many passengers or
weight such aircraft could carry. Unmanned aircraft, not
big enough to carry 20 kilograms will be considered very
small. Aircraft capable of carrying more than 20 kg, or
from 1 to 4 people will be considered small, 5 to 20 people
will be considered medium, 21 to 60 will be considered
large, and anything larger than that will be considered very
large.
Very large aircraft pose too many challenges for the
type of operations proposed in this study, they require large
landing strips, and their operational cost is too big. Those
will be discarded. Very small aircraft with multiple
powered rotary wings are currently found in many places
around the world. These aircraft could also perform the
search function, but the current state of such technology
has a strong range limitation, averaging only 7 kilometers.
This average range limitation could also be considered for
other types of lift technology, but with the same size. Also,
weather affects smaller aircraft more than larger ones, and
some disaster types cause bad weather that could prevent
very small aircraft from flying, and performance is
currently not enough for them to be practical for the RRCs
needs. Very small aircraft, of any lift type, will be
discarded [67,71,72].
The type of lift of an aircraft also affects its ability and
range. Lighter than air vehicles, like hot air balloons, or
zeppelins, tend to have a very low speed. As speed is an
integral part of the RRC network objective, lighter than air
ships will be discarded. Additionally, some combinations
currently do not exist. Flexible wings can only be found in
small aircraft, multiple (More than two) powered rotary
wings can not be currently found in medium or large
vehicles, and finally, although there was a medium sized
prototype of an unpowered rotary wing vehicle long time
ago, those can only be found in small size in present times.
Currently only one tilting rotor aircraft is available, and it
is a medium aircraft, although some other vehicles of the
same type are currently under development [70,73-75].
The size and type of lift, average speed of each type of
aircraft, average landing/takeoff distance, and average
carrying capacity (passengers or cargo) was compiled in
Table 2, using publicly available information. As bad
weather can affect the flight characteristics of each type of
aircraft, usually less as size increases, a Weather
Sensitiveness factor was included. This factor is 0 if the
aircraft can fly in severe weather conditions, and 3 if it can
not. If the aircraft can land in small spaces, and carry
victims, the Rescue value is 1. The passenger capacity was
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considered as the average capacity of the size category [7679].
Table 2 Aircraft types and characteristics

Aircraft Wing Type

Purchase Cost /
cost (USD) Hour
(USD)
50000000 1500

Large fixed

6.2

Speed
(Km/h)

Rescue

Weather
Cargo
Sensitiveness

600

0

0

3

Medium fixed

3000000

500

300

0

1

3

Small fixed

500000

130

200

1

3

2

Small flexible

15000

45

70

1

3

0

Large powered rotating

12000000

400

300

1

1

3

Medium powered rotating

2000000

200

250

1

2

3

Small powered rotating

1000000

145

170

1

3

2

Medium multiple powered rotating

1000000

60

110

1

2

1

Small multiple powered rotating

500000

30

90

1

3

0

Small unpowered rotating

150000

50

160

1

2

1

Medium tilting

73000000

9000

450

1

1

3

Small tilting

20000000

4500

300

1

3

3

Disaster types

The type of disaster has a large influence on the type of
vehicles and operations that could be performed by the
vehicles of the RRCs. An earthquake’s maximum duration
is under 2 minutes, which does not prevent aerial vehicles
from staying airborne, but volcanic eruptions do. Heavy
rain and winds can be dangerous for smaller aircraft, but
larger ones could resist the weather. On the other side, the
cost of flying larger aircraft can be so high that some
missions, like search and surveillance, consume too much
resources, while smaller aerial vehicles can perform such
missions at a much lower operational cost [80,81].
Table 3 Disaster types to be considered

Disaster Type

Rain

Weather
Aerial
Survival
Disruption Evacuation
Kits
Level
2
1
1

Hurricane

3

1

2

Flooding

1

1

3

Volcanic Eruption

3

0

1

Slide

1

1

1

Earthquake

0

0

0

The types of disasters that will be considered, as shown
in Table 3, are those found in previous research [47]: Rain
/ Hurricanes, Flooding, Volcanic Eruptions, Slides, and
Earthquakes. Of those types, volcanic eruptions and
hurricanes prevent all or some types of vehicles from
flying, while the other types allow the operations of
aircraft. Slides, flooding, and earthquakes can cause

damage to a landing strip or facility within the affected
area. Flooding or hurricanes can call for immediate
evacuation of people trapped atop of buildings, that cannot
be done by land, while after earthquakes usually
evacuation can be done by land [80,82,83].

6.3

Assignment model

To reduce as much as possible the cost associated with
the aerial operations on a disaster scenario, a mathematical
model was used. On one side, the types of disasters that
have already happened in the region, with the limitations
they impose on flight operations, reconnaissance missions,
or rescue operations. On the other side, the types of aircraft
suitable for the RRC missions, with their limitations, and
their average operating costs will also be considered. The
model seeks the minimal cost associated with the missions
performed in a disaster scenario.
The reconnaissance mission can be performed by any
type of aircraft, and it can be performed at the same time
as the air drop and rescue missions, so it is not considered
for the model. The ability to perform the rescue and air
drop missions depend heavily on the type of aircraft, and
will be considered in the model. If the weather sensitivity
of the aircraft is smaller than the weather disruption level
of the type of disaster, such aircraft is not suitable to
perform that mission in that disaster scenario. The same
treatment is done to the need/ability to rescue victims.
Aerial evacuation requires the ability to land in an
unprepared space, or to hover above the victims while the
procedures are carried on. For that purpose, some VTOL
capacity would be required to cover the Aerial Evacuation
need. The Survival Kits column considers the possibility to
air-drop said kits from a close distance to the victims. More
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cargo carrying capacity means more kits and bring such
help to more people, but at the same time, larger vehicles
must have larger space to maneuver, and smaller vehicles
can come closer to the affected people.
Current UAVs have strong range and endurance
limitations, but those were omitted in the model, to give
room for improvement of such technology. Some other
considerations were made to ease the model solving. The
time to rescue one victim was standardized to 30 minutes,
and the maximum duration of a mission was set to 8 hours.
Missions were required to be completed within a 48 hour
time frame.
Several runs of the model were desired, one for each
disaster type. The distance from the RRC to the affected
area was tested using values of 25km, 125 km, and 250km.
The number of victims in need for evacuation or air drop
of kits was also changed, using 10, 50 and 100 victims. For
each type of disaster, a combination of each case of
distance and victim combination was set up as a scenario.
The resulting list contains 9 scenarios for each disaster
type. The model was prepared to find, for each disaster
type, the combination of vehicles that would represent the
lowest acquisition and operating cost to cover the needed
operations in all scenarios, considering the abilities of each
type of aircraft.
The mathematical formulation of the model is the
following (7)-(15):
CD
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(7)
(8)
(9)
(10)

3Mℎ is the standardized number of victims per hour that
can be rescued
C is the number of victims in scenario
is the search time of type vehicles for scenario
MC is the standardized search time per victim
F is the travel time of type vehicles for scenario
& is the distance to the affected area in scenario
M is the average speed of type vehicles
& is the standardized maximum mission duration
& is the weather disruption in scenario
is the weather sensitivity of type vehicles
3 is the need for rescue in scenario
3D is the rescue ability of type vehicles
) is the need for survival/first aid kits in scenario
D is the cargo ability of type vehicles.
The restrictions, explained, are:
1. The number of vehicles must be an integer greater
than 0.
2. The number of rescue hours must be enough to
rescue all victims for each scenario.
3. The number of search hours must be that of the
rescue hours multiplied by the search time per
victim.
4. Mission time equals travel, search, and rescue times
for each scenario.
5. Travel time is considered only if the vehicle
performs search or rescue time.
6. Mission time must not exceed the maximum
mission duration.
7. The vehicle type’s weather endurance must be
larger than the scenario’s weather disruption.
8. The vehicle type’s rescue ability must be larger
than the scenario’s rescue need.
The vehicle type’s cargo ability must be larger than the
scenario’s kit need.

(11)
(12)
(13)
(14)
(15)

Where the decision variable C is the number of vehicles of
type to be used.
And the parameters are:
is the number of different types of aircraft
is the number of different disaster types
D is the acquisition cost of type vehicles
ℎ is the cost per hour of type vehicles
F is the total mission time of type vehicles for
scenario
3 is the rescue time of type vehicles for scenario
M is the passenger capacity of type vehicles

6.4

Assignment model results

The model was solved assuming that all types of
vehicles have unlimited range. This was done to provide
room for future growth in technology, mostly in UAV
range and speed, but not limited to those types of aircraft.
Results included the search, rescue, and travel time for
each scenario and type of vehicle, and it was observed that
the optimal vehicle combination for each one included a
predominant mission for each type of aircraft, where some
aircraft were preferred for search operations, and some for
rescue operations. A table with those results was compiled
and is presented in a simplified way. Table 4 shows the
summarized results for each scenario, where the number of
missions required to rescue all the victims is shown. The
letters next to the number of missions show if the
predominant mission is search (S), rescue (R), or both
(S&R).
It is worth noting that the model shows large fixed wing
aircraft as the ones preferred for earthquake scenarios,
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which were not marked as having STOL requirements, the
explanation for this result lies in the assumption that
airports might still be operational in such disaster scenario,
and the possibility to evacuate people by land in such
disaster type. It is noteworthy that, with the exception of
earthquakes, all the other disaster types required a
combination of vehicle types. Small vehicles with low
operating costs are preferred for search operations in all
scenarios, and powered rotating wing aircraft, or
helicopters, are preferred for rescue operations.

Each mission can last up to 8 hours, and the effectiveness
of the RRCs is larger between 0 and 48 hours after the
disaster, so each aircraft could perform up to 6 missions in
that time frame. The results of the model should then be
divided by 6, to obtain the recommended quantity of
aircraft for each scenario. This answers questions 6 and 7,
the type of aerial vehicles that RRCs should have, and the
type of mission each type of vehicle should perform.

Table 4 Number of vehicles resulting from the assignment model (Empty categories deleted)

Vehicle type

Rain

Large fixed wing
Medium fixed wing
Small fixed wing
Large powered rotating wing
Medium powered rotating wing
Medium multiple powered rotating wing
Small unpowered rotating wing

7

Hurricane

Number of missions
Flood
Volcanic Slide
Eruption

Earthquake
4 S&R

4S
1R
1R
7R
12 S

2S

2S

2 S&R

2 S&R
7R
12 S

Conclusions

The main conclusion of the current theoretical study is
the overall definition of the Rapid Response Centers,
considering the locations obtained by solving the facility
location model, and the suggested mission alignment, with
the combination of vehicles obtained with the assignment
model. They are the following:
Rapid Response Center for Disasters.
A network of facilities is proposed, with aerial vehicles
ready to launch, that would perform the tasks of
information gathering, search for victims, and air-drop
of small first-aid or survival kits. The facilities would
contain the adequate spaces to store, maintain (lightly) and
launch or receive the aircraft. Landing spaces for
Short/Vertical takeoff and Landing vehicles, fueling and
control facilities should exist within the facilities. The
centers also would need storing facilities for the small first
aid or survival kits, and an adequate stock of such kits.
Finally, the centers should have adequate data links to send
the gathered information to the DRO management.
The suggested locations for the centers consider a
maximum distance of 250 kilometers from every
historically affected location to its closest center. The
locations considered are: Santa María Zoquitlán, Oax;
Sotuta, Yuc; San Juan Diuxi, Oax; Abasolo, Chis; Tepetla,
Pue; and Tulimán, Gro.
The missions carried out by the aircraft in the RRCs are:
Information Gathering. Aircraft would be launched
as soon as possible after disaster, to fly-over the affected
area, obtaining video and photos of the zone. This

information would be relayed to the DRO management, to
provide a better knowledge of the state of the disaster zone.
Search and Rescue. While gathering photo and video,
aerial operators can spot victims requiring evacuation or
help. Depending on the capacity of each aircraft, either the
evacuation procedure is carried on, or the place where there
is the need for rescue is marked. If the aircraft is not big
enough to perform the evacuation, it would mark the place
and need for evacuation, and DRO would then send an
adequate aircraft for the task.
Emergency kit Air-Drop. When victims are found that
need help, but not immediate evacuation, a small
emergency kit could be dropped close to them. The kit
could be the one proposed in previous research: An
emergency food bar, water filter/water purifying tablets,
first aid kit (adhesive bandages, antiseptic towelettes,
sterile gauze), and an emergency thermal blanket [45].
The required vehicles are:
It is suggested that each RRC contains 2 small
unpowered rotating wing vehicles, or 2 medium fixed wing
vehicles with STOL capabilities, for search operations, and
one large powered rotating wing vehicle, or helicopter, for
rescue operations. The search vehicles would be launched
as soon as possible after a disaster has struck the coverage
area of the RRC, to perform the search and information
gathering missions. The same aircraft would mark the
places where victims are located, so that the rescue vehicle
can perform such task without time loss.

7.1

Future work

Very small aircraft can reach places where aircraft of
other sizes can not, but their main limitation for this
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purpose is their range and low stability, which in case of
heavy winds or rain could prevent them from flying. Still,
a different approach on the RRCs, with mobile carriers,
that could get close to the affected area by land, and then
deploy the aircraft as a swarm, could mean that the main
mission of the RRCs is possible with a different approach.
Such approach could be evaluated in future work. On
another side, a more comprehensive data collection on
aircraft types and abilities, as well as for disaster scenarios,
could represent a more accurate result on the assignment
model.
Many areas of the RRC network are still not covered,
like the physical design of the centers, as well as a detailed
function and procedures description for each working
place. Such research could result in a valuable source of
information, should the actual network of RRCs be setup.

References
[1] LAKSHAY, N.B.: Robust scheduling for large scale
evacuation planning, Socioecon. Plann. Sci., Vol. 71,
pp. 100756, 2020.
[2] YAN, S., LIN, C. K., CHEN, S. Y.: Optimal scheduling
of logistical support for an emergency roadway repair
work schedule, Eng. Optim., Vol. 44, No. 9, pp. 10351055, 2012.
[3] SULTANA, M., CHAI, G., CHOWDHURY, S.,
MARTIN, T.: Deterioration of flood affected
Queensland roads - An investigative study, Int. J.
Pavement Res. Technol., Vol. 9, No. 6, pp. 424-435,
2016.
[4] YAN, X., LIU, X., SONG, Y.: Optimizing evacuation
efficiency under emergency with consideration of
social fairness based on a cell transmission model,
PLoS One, Vol. 13, No. 11, pp. 1-22, 2018.
[5] HOLGUÍN-VERAS, J., JALLER, M., VAN
WASSENHOVE,
L.
N.,
PÉREZ,
N.,
WACHTENDORF, T.: On the unique features of postdisaster humanitarian logistics, J. Oper. Manag., Vol.
30, No. 7-8, pp. 494-506, 2012.
[6] CRUZ BENÍTEZ, D. P., GARZÓN GARNICA, E. A.,
CHAYBAN ABDUL-MASSIH, J. A., MARTÍNEZ
FLORES, J. L.: Reduction of disaster effects through
localization of first aid centers in Chiapas, Mexico,
International Congress on Logistics & Supply Chain,
2015.
[7] GARZÓN-GARNICA, E. A., MARTÍNEZ-FLORES,
J. L., CRUZ-BENÍTEZ, D. P., CABALLEROMORALES, S. O.: Localisation of first-aid centres in
South-Eastern Mexico, Int. J. Supply Chain Oper.
Resil., Vol. 2, No. 2, pp. 166, 2016.
[8] Instituto Nacional de Estadística y Geografía:
Estadísticas a Propósito del Día Internacional Para la
Reducción de los Desastres., Aguascalientes, Ags,
2016. (Original in Spanish)
[9] ABELDAÑO ZÚÑIGA, R. A., GONZÁLEZ
VILLORIA, A. M.: Desastres en México de 1900 a
2016: patrones de ocurrencia, población afectada y

daños económicos, Rev. Panam. Salud Pública, Vol.
42, pp. 1-8, 2018. (Original in Spanish)
[10] DURAN, S., GUTIERREZ, M. A., KESKINOCAK,
P.: Pre-positioning of emergency items for CARE
international, Interfaces (Providence)., Vol. 41, No.
3, pp. 223-237, 2011.
[11] DU, L., PEETA, S.: A Stochastic Optimization
Model to Reduce Expected Post-Disaster Response
Time Through Pre-Disaster Investment Decisions,
Networks Spat. Econ., Vol. 14, No. 2, pp. 271-295,
Jun. 2014.
[12] ACUNA, J. A., ZAYAS-CASTRO, J. L.,
CHARKHGARD, H.: Socio-Economic Planning
Sciences Ambulance allocation optimization model
for the overcrowding problem in US emergency
departments : A case study in Florida, Socioecon.
Plann. Sci., No. August, pp. 100747, 2019.
[13] KOVÁCS, G., SPENS, K. M.: Humanitarian logistics
in disaster relief operations, Int. J. Phys. Distrib.
Logist. Manag., Vol. 37, No. 2, pp. 99-114, 2007.
[14] DEMBIŃSKA,
I.,
JEDLIŃSKI,
M.,
MARZANTOWICZ, Ł.: Logistic Support for a
Rescue Operation in the Aspect of Minimizing the
Ecological Footprint as an Environmental
Requirement within Sustainable Development on the
Example of a Natural Disaster, Logforum, Vol. 14,
No. 3, pp. 355-370, 2018.
[15] BALCIK, B., BEAMON, B. M., KREJCI, C. C.,
MURAMATSU, K. M., RAMIREZ, M.:
Coordination in humanitarian relief chains: Practices,
challenges and opportunities, Int. J. Prod. Econ., Vol.
126, No. 1, pp. 22-34, 2010.
[16] DUBEY, R., ALTAY, N., BLOME, C.: Swift trust
and commitment: The missing links for humanitarian
supply chain coordination?, Ann. Oper. Res., pp. 119, 2017.
[17] LONG, D. C., WOOD, D. F.: The Logistics of
Famine Relief., J. Bus. Logist., Vol. 16, No. 1, pp.
213-229, 1995.
[18] LAMOS DÍAZ, H., AGUILAR IMITOLA, K.,
ACOSTA AMADO, J. R.: OR / MS research
perspectives in disaster operations management : a
literature review, Rev. Fac. Ing., No. 91, pp. 43-59,
2019.
[19] SHEU, J. B., PAN, C.: A method for designing
centralized emergency supply network to respond to
large-scale natural disasters, Transp. Res. Part B
Methodol., Vol. 67, pp. 284-305, Sep. 2014.
[20] Red-Cross: World disasters report 2018 : leaving no
one behind. Geneva, Switzerland: International
Federation of Red Cross and Red Crescent Societies,
2018.
[21] PAZIRANDEH, A., MAGHSOUDI, A.: Improved
coordination during disaster relief operations through
sharing of resources, J. Oper. Res. Soc., Vol. 69, No.
8, pp. 1227-1241, Aug. 2018.
[22] RANJBAR, H. R., ARDALAN, A. A., DEHGHANI,

~ 161 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica
logistica

- International Scientific Journal about Logistics
Volume: 8 2021 Issue: 2

Pages: 153-164

ISSN 1339-5629

RAPID RESPONSE CENTERS FOR DISASTERS IN MEXICO: A THEORETICAL STUDY
Eduardo-Arturo Garzón-Garnica; José-Luis Martínez-Flores; Patricia Cano-Olivos; Diana Sánchez-Partida

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

H., SARADJIAN, M. R.: Using high-resolution
satellite imagery to provide a relief priority map after
earthquake, Nat. Hazards, Vol. 90, No. 3, pp. 10871113, 2018.
ZHAO, J., DING, F., WANG, Z., REN, J., ZHAO, J.,
WANG, Y., TANG, X., WANG, Y., YAO, J., LI, Q.:
A rapid public health needs assessment framework
for after major earthquakes using high-resolution
satellite imagery, Int. J. Environ. Res. Public Health,
Vol. 15, No. 6, 2018.
TOMASINI, R., VAN WASSENHOVE, L.:
Humanitarian
Logistics,
London:
Palgrave
Macmillan UK, 2009.
HOSSLI, G., BÜHLER, C.: The Role of Air
Transportation in Disaster Relief, in Emergency and
Disaster Medicine, Vol. 46, No. 2, Berlin,
Heidelberg: Springer Berlin Heidelberg, pp. 237-241,
1985.
LI, X. H., ZHENG, J. C.: Efficient Post-Disaster
Patient Transportation and Transfer: Experiences and
Lessons Learned in Emergency Medical Rescue in
Aceh After the 2004 Asian Tsunami, Mil. Med., Vol.
179, No. 8, pp. 913-919, 2014.
PEETA, S., SIBEL SALMAN, F., GUNNEC, D.,
VISWANATH, K.: Pre-disaster investment decisions
for strengthening a highway network, Comput. Oper.
Res., Vol. 37, No. 10, pp. 1708-1719, 2010.
RIVERA, J. C., AFSAR, H. M., PRINS, C.: A
multistart iterated local search for the multitrip
cumulative capacitated vehicle routing problem,
Comput. Optim. Appl., Vol. 61, No. 1, pp. 159-187,
2015.
AL-TAHIR, R., ARTHUR, M., DAVIS, D., ALTAHIR, R., DAVIS TRINIDAD, D.: Low Cost
Aerial Mapping Alternatives for Natural Disasters in
the Caribbean., FIG Work. Week, No. May 2011, pp.
18-22, 2011.
CHOWDHURY,
S.,
EMELOGU,
A.,
MARUFUZZAMAN, M., NURRE, S. G., BIAN, L.:
Drones for disaster response and relief operations: A
continuous approximation model, Int. J. Prod. Econ.,
Vol. 188, No. February, pp. 167-184, 2017.
THIELS, C. A., AHO, J. M., ZIETLOW, S. P.,
JENKINS, D. H.: Use of unmanned aerial vehicles for
medical product transport, Air Med. J., Vol. 34, No.
2, pp. 104-108, 2015.
RABTA, B., WANKMÜLLER, C., REINER, G.: A
drone fleet model for last-mile distribution in disaster
relief operations, Int. J. Disaster Risk Reduct., Vol.
28, No. February, pp. 107-112, 2018.
OZDAMAR, L.: Planning helicopter logistics in
disaster relief, OR Spectr., Vol. 33, No. 3, pp. 655672, 2011.
ZUBOVA, K., MOSHTAGH, Y. S.: Air Transport:
Advantages and Disadvantages, in IVth Forum for
Young Researchers “Young Researchers in the
Global World: Vistas and Callenges,” 2018, pp. 147-

148.
[35] LAKSHAM, K.: Unmanned aerial vehicle (drones) in
public health: A SWOT analysis, J. Fam. Med. Prim.
Care, Vol. 8, No. 2, pp. 342, 2019.
[36] YUSOFF, A. R., DARWIN, N., MAJID, Z., ARIFF,
M. F. M., IDRIS, K. M.: Comprehensive analysis of
flying altitude for high resolution slope mapping
using UAV technology, Int. Arch. Photogramm.
Remote Sens. Spat. Inf. Sci. - ISPRS Arch., Vol. 42,
No. 3W4, pp. 583-589, 2018.
[37] RAWLS, C.G., TURNQUIST, M.A.: Pre-positioning
of emergency supplies for disaster response, Transp.
Res. Part B Methodol., Vol. 44, No. 4, pp. 521-534,
2010.
[38] SAPUTRA, T. Y., POTS, O., DE SMIDTDESTOMBES, K. S., DE LEEUW, S.: The impact of
mean time between disasters on inventory prepositioning strategy, Disaster Prev. Manag., Vol. 24,
No. 1, pp. 115-131, 2015.
[39] COTES, N., CANTILLO, V.: Including deprivation
costs in facility location models for humanitarian
relief logistics, Socioecon. Plann. Sci., Vol. 65, pp.
89-100, 2019.
[40] CABALLERO-MORALES, S. O., BAROJASPAYAN,
E.,
SANCHEZ-PARTIDA,
D.,
MARTINEZ-FLORES, J. L.: Extended GRASPCapacitated K-Means Clustering Algorithm to
Establish Humanitarian Support Centers in Large
Regions at Risk in Mexico, J. Optim., Vol. 2018, pp.
1-14, 2018.
[41] AGHAJANI, M., TORABI, S. A., HEYDARI, J.: A
novel option contract integrated with supplier
selection and inventory prepositioning for
humanitarian relief supply chains, Socioecon. Plann.
Sci., No. January, pp. 100780, 2020.
[42] RICHARDSON, D. A., DE LEEUW, S.,
DULLAERT, W.: Factors Affecting Global
Inventory Prepositioning Locations in Humanitarian
Operations - A Delphi Study, J. Bus. Logist., Vol. 37,
No. 1, pp. 59-74, 2016.
[43] TAYMAZ, S., IYIGUN, C., BAYINDIR, Z. P.,
DELLAERT, N. P.: A Healthcare Facility Location
Problem for a Multi-disease , Multi-service,
Socioecon. Plann. Sci., pp. 100755, 2019.
[44] IBARRA-ROJAS, O. J., OZUNA, L., LÓPEZPIÑÓN, D.: The maximal covering location problem
with accessibility indicators, Socioecon. Plann. Sci.,
pp. 100758, 2019.
[45] BADILLO VALENZUELA, O. D. et al., Rapid
Response Center For Disasters: Inventory
Management in Southeastern Mexico, in Global
Conference on Business and Finance, 2016, pp. 7382.
[46] OZEN, M., KRISHNAMURTHY, A.: Evaluating
relief center designs for disaster relief distribution, J.
Humanit. Logist. Supply Chain Manag., Vol. 8, No.
1, pp. 22-48, 2018.

~ 162 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica
logistica

- International Scientific Journal about Logistics
Volume: 8 2021 Issue: 2

Pages: 153-164

ISSN 1339-5629

RAPID RESPONSE CENTERS FOR DISASTERS IN MEXICO: A THEORETICAL STUDY
Eduardo-Arturo Garzón-Garnica; José-Luis Martínez-Flores; Patricia Cano-Olivos; Diana Sánchez-Partida

[47] GARZÓN-GARNICA, E.A., CANO-OLIVOS, P.,
SÁNCHEZ-PARTIDA, D., MARTÍNEZ-FLORES,
J. L.: Data Mining/Mediation to Evaluate Risk of a
Humanitarian Logistics Network in Mexico, 2019,
pp. 359-381.
[48] CHEN, P. C., HANSEN, P., JAUMARD, B., TUY,
H.: Weber’s Problem With Attraction and Repulsion,
J. Reg. Sci., Vol. 32, No. 4, pp. 467-486, Nov. 1992.
[49] KUENNE, R. E., SOLAND, R. M.: The multisource
Weber problem: exact solutions by branch and
bound. IDA, Program Analysis Division, 1971.
[50] NASAB, H. H., MOBASHERI, F.: A simulated
annealing heuristic for the facility location problem,
Int. J. Math. Model. Numer. Optim., Vol. 4, No. 3, pp.
210-224, 2013.
[51] DONG, Y., WANG, J., CHEN, F., HU, Y., DENG,
Y.: Location of Facility Based on Simulated
Annealing and ‘ZKW’ Algorithms, Math. Probl.
Eng., Vol. 2017, 2017.
[52] ARAS, N., YUMUSAK, S., ALTMEL, I. K.: Solving
the Capacitated Multi-Facility Weber Problem by
Simulated Annealing, Threshold Accepting and
Genetic Algorithms, Metaheuristics, Boston, MA:
Springer US, pp. 91-112, 2007.
[53] JAMAR KATTEL, P., AROS-VERA, F.: Critical
infrastructure location under supporting station
dependencies considerations, Socioecon. Plann. Sci.,
Vol. 70, No. July, pp. 100726, 2020.
[54] BERNARD, M., KONDAK, K., MAZA, I.,
OLLERO, A.: Autonomous transportation and
deployment with aerial robots for search and rescue
missions, J. F. Robot., Vol. 28, No. 6, pp. 914-931,
2011.
[55] M. MICHELETTO et al., Flying real-time network to
coordinate disaster relief activities in urban areas,
Sensors (Switzerland), Vol. 18, No. 5, pp. 1-21, 2018.
[56] AWOLUSI, I., MARKS, E., HALLOWELL, M.:
Wearable technology for personalized construction
safety monitoring and trending: Review of applicable
devices, Autom. Constr., Vol. 85, pp. 96-106, 2018.
[57] Bosch: Imaging Applications, [Online]. Available:
https://www.boschsensortec.com/bst/applicationssolutions/imaging_de
vices/overview_imaging_applications. [Accessed:
23-Nov-2019] 2018.
[58] Bosch: Environmental Sensors, [Online]. Available:
https://www.boschsensortec.com/bst/products/environmental/overview
_environmental. [Accessed: 23-Nov-2019] 2018.
[59] DUFFY, J.P., CUNLIFFE, A.M., DEBELL, L.,
SANDBROOK, CH., WICH, S.A., SHUTLER, J.D.,
MYERS-SMITH,
I.H.,
VARELA,
M.R.,
ANDERSON, K.: Location, location, location:
considerations when using lightweight drones in
challenging environments, Remote Sens. Ecol.
Conserv., Vol. 4, No. 1, pp. 7-19, 2018.
[60] CARPENTER, B.: An Overview and Analysis of the

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]
[75]

Impacts of Extreme Heat on the Aviation Industry,
Purs. - J. Undergrad. Res. Univ. Tennessee, Vol. 9,
No. 1, pp. 2, 2019.
SĂLIŞTEAN, A.: Integrated UAS system - Single
skin textile wing, Industria Textila, Vol. 70, No. 5,
2019.
KRONINGER, C.M.: Axial propulsion with flapping
and rotating wings, a comparison of potential
efficiency, Bioinspiration and Biomimetics, Vol. 13,
No. 3, 2018.
NAHUM, O.E., HADAS, Y., KALISH, A.: A
Combined Freight and Passenger Planes Cargo
Allocation Model, Transp. Res. Procedia, Vol. 37,
No. September 2018, pp. 354-361, 2019.
BELAN, V., GNASHUK, A., YUN, G.: The Problem
of Manned Aircraft Conversion Into Unmanned
Aerial Vehicles, Proceedings of National Aviation
University, 2018, pp. 67-74.
FILIPPONE, A: Flight Performance of Fixed and
Rotary Wing Aircraft, 1st ed. Elsevier, ButterworthHeinemann, 2006.
PETRESCU, R.V., AVERSA, R., AKASH, B.,
CORCHADO, J., APICELLA, A., TIBERIU
PETRESCU, F.I.: About Helicopters, J. Aircr.
Spacecr. Technol., Vol. 1, No. 3, pp. 204-223, 2017.
RUSSELL, C., JUNG, J., WILLINK, G., GLASNER,
B.: Wind tunnel and hover performance test results
for multicopter UAS vehicles, Annu. Forum Proc. AHS Int., Vol. 4, pp. 3448-3467, 2016.
TRAUM, M., CARTER, R.: Pitch Control Benefits
of Elevators for Autogyros in Low-Speed Forward
Flight, in 43rd AIAA Aerospace Sciences Meeting and
Exhibit, 2005.
MAISEL, M.D., GIULIANETTI, D.J., DUGAN,
D.C.: The History of The XV-15 Tilt Rotor Research
Aircraft: From Concept to Flight, NASA Spec. Publ.
4517, pp. 194, 2000.
BIL, C., ZEGERS, J. HAZELEGER, L., WANG, L.,
SIMIC, M: Experimental Flight Test for Autonomous
Station-Keeping of a Lighter-Than-Air Vehicle, pp.
299-311, 2015.
ESTRADA, M. A. R., NDOMA, A.: The uses of
unmanned aerial vehicles -UAV’s- (or drones) in
social logistic: Natural disasters response and
humanitarian relief aid, Procedia Comput. Sci., Vol.
149, pp. 375-383, 2019.
SWAN, W.M., ADLER, N.: Aircraft trip cost
parameters: A function of stage length and seat
capacity, Transp. Res. Part E Logist. Transp. Rev.,
Vol. 42, No. 2, pp. 105-115, 2006.
RAPOSO, S.: System and process of vector
propulsion with independent control of three
translation and three rotation axis, US8128033B2,
2006.
WHITTLE, R.: The dream machine : the untold
history of the notorious V-22 Osprey, 2011.
GIBBINGS, D.: The Fairey Rotodyne - technology

~ 163 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica
logistica

- International Scientific Journal about Logistics
Volume: 8 2021 Issue: 2

Pages: 153-164

ISSN 1339-5629

RAPID RESPONSE CENTERS FOR DISASTERS IN MEXICO: A THEORETICAL STUDY
Eduardo-Arturo Garzón-Garnica; José-Luis Martínez-Flores; Patricia Cano-Olivos; Diana Sánchez-Partida

[76]

[77]

[78]

[79]

[80]

before its time?, Aeronaut. J., Vol. 108, No. 1089, pp.
565-574, 2004.
AOPA: AOPA Operating costs of jets and
turboprops,
2019.
[Online].
Available:
https://www.aopa.org/news-and-media/allnews/2016/october/31/hourly-operating-costs.
[Accessed: 03-Dec-2019].
Conklin&deDecker: Aircraft Cost - Variable Cost Per
Hour, [Online], Available: https://www.conklindd.co
m/t-Productsaircraftcostvariablecostperhour.aspx.
[Accessed: 03-Dec-2019] 2019.
FSEconomy: Aircraft Cost of Ownership FSEconomy Operations Guide, [Online], Available:
https://sites.google.com/site/fseoperationsguide/aircr
aft-details/aircraft-cost-of-ownership. [Accessed: 03Dec-2019] 2019.
AmazingViz: Helicopter Size and Speed Comparison
3D
YouTube,
[Online].
Available:
https://www.youtube.com/watch?v=UxTusBo7ZEM
&list=WL&index=14&t=0s. [Accessed: 14-Dec2019] 2019.
REICHARDT, U., ULFARSSON, G. F.,

PÉTURSDÓTTIR, G.: Volcanic ash and aviation:
Recommendations to improve preparedness for
extreme events, Transp. Res. Part A Policy Pract.,
Vol. 113, No. January, pp. 101-113, 2018.
[81] BRAVO-HARO, M. A., ELGHAZOULI, A. Y.:
Influence of earthquake duration on the response of
steel moment frames, Soil Dyn. Earthq. Eng., Vol.
115, No. August, pp. 634-651, 2018.
[82] KIM, S., LEE, J., OH, S., YOON, Y.: Assessment of
the volcanic hazard of Mt. Paektu explosion to
international air traffic using South Korean airspace,
Nat. Hazards, Vol. 96, No. 2, pp. 647-667, 2019.
[83] REICHARDT, U., ULFARSSON, G. F.,
PÉTURSDÓTTIR, G.: Developing scenarios to
explore impacts and weaknesses in aviation response
exercises for volcanic ash eruptions in Europe, J. Air
Transp. Manag., Vol. 79, No. June, pp. 101684, 2019.

Review process
Single-blind peer review process.

~ 164 ~
Copyright © Acta Logistica, www.actalogistica.eu

