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Abstract. The most important aim in humanity’s relief problems is the mini-
mization of response time and reducing the rate of casualty in disasters. If paths
are inappropriate for transferring relief items to the disaster areas, response time
and the number of casualties will be increased. Therefore, airborne vehicles like
helicopters are used in this study to transfer equipment to the disaster areas to
build a “Field hospital.” Each path is assigned a weight for illustrating priority
and humanitarian operation starts its operation from the highest priority. What the
instances’ evaluations conclude is that most of the injured individuals are rescued
by this strategy because the humanitarian operation is independent of paths’ sit-
uation, and humanitarian operation time will be reduced. We wish to present the
innovation of airborne and ground vehicles by reviewing demand priority in the
disaster literature to show its efficiency in humanitarian operations. This study
shows that the airborne vehicle strategy is cost-efficient and reduces the response
time to extend possible; thus, the casualty rate could be decreased.

Keywords: Humanity relief · Airborne vehicles · Ground vehicles · Routing
problem · Priority relief

1 Introduction

According to the occurrence of natural disasters, such as floods, earthquakes, and hur-
ricanes worldwide, financial and casualty damages hurt human beings’ lives. Referring
to some criteria or factors, like population growth and climate changes, we can see an
increase in natural disaster happenings. It is predicting that the present help is insufficient
to respond to all the demands. The accidental and unpredictable nature of natural crises
necessitates comprehensive plans to decrease the danger. In this regard, one of the most
critical decisions is to have essential facilities distribution plans: relief team, tent, drug,
ambulance.
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The destruction of roads in a natural disaster occurrence entails traffic and disorder
in transportation systems, also cease the relief operations, rescue teams, and the ambu-
lance movements. So, road reliability is defined according to road damage percentage.
Ability and high capability in distribution result in a quicker launching of roads for land
vehicles to deliver required resources at the desired location on time. Hence, how to
repair damaged roads in the least possible time is an important issue after a catastrophe.

On the one hand, the main concern of solving these issues is saving the lives of
injured people and preventing more casualties, and on the other hand, much time is
needed to reopen blocked land routes to cities and villages, so lots of injured people
will lose their lives. Consequently, the best solution is to provide airborne assistance to
different areas at a time when the landing path is reopening. Drugs, medical teams, and
first aid depots can be delivered by helicopters, and after the reopening of the land route,
food, and other necessities -like tents- will also be sent.

Based on the high limitations in relief supplies and equipment in the widespread
catastrophic occurrence, we cannot respond to all affected cities and areas at the same
time. So, authorities prioritize them based on criteria in the way to rescue the maximum
population, who are likely to be injured and killed, in every relief operation. Accordingly,
we have also taken our interest in maximizing the satisfaction of the community.

In this research,we attempt to choose themost effective strategy tominimize the num-
ber of people killed during the disaster, according to available facilities: air and ground
vehicles, medical supplies, hygienic accessories, and heating for the disaster-stricken
people. This paper reviews both airborne and ground vehicles in disaster literature and
considers location’s priority and repair groups. Due to the sensitivity of time, we suggest
the strategy of delivery in the fastest possible way. For this reason, medical assistance is
sent using helicopters to save the injured people, and then health accessories and food
will be sent through ground vehicles. The importance of all paths is various, and in the
following chapters, we will discuss the method for determining this factor.

2 Literature Review

In recent years, ambulance routing issues have tried to make the model work. The goals
of research in this area are high convergence and coherence; for example, Chang et al. [1]
examined the logistics’ timing in crises and assumed resource diversion (nurses, trans-
portation car for food, ambulances) for limited resource conditions. The goals achieved
in this research are: 1) minimizing unsatisfied applications 2) minimizing the time to
reach the region where the disaster has occurred 3) Minimizing the cost of logistics in
the transportation sector.

From other articles in the field of transportation networks, research of [2] describes
the effect of stored equipment, which will ultimately lead to a decrease in the number
of deaths. This paper includes restrictions on the way, time, the number of expedition
cars, the division of each area into sub-section, and it considers a rescue bus-including
a doctor, five nurses, three dogs, and some food-that can save 15 people.
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In the field of ambulance allocation for quick services, we can mention [3] that
increased the performance of the model to a desirable level for various areas (urban and
rural areas) by several ambulances. These assumptions helped to cover many natural
disasters that affect different areas and provide proper relief. The article [4] presents the
model by considering the blocking path and then opening the path by specific means.
The research has a multi-objective problem, and its purposes are: 1) minimizing the
time to arrive at the disaster area, 2) minimizing the total costs, and 3) maximizing the
reliability level in serving the victims of the incident. Also, it solved the model using
twometa-heuristic algorithms and provided acceptable numerical answers. According to
reducing the number of deaths in disaster areas, we can use various technologies, includ-
ing different relief vehicles. Helicopters are one of themost used vehicles in post-disaster
situations. Due to the difficulties of ground transportation in case of a catastrophic event,
the article [5] considered a medium-scale UAV helicopter for commodity transportation
in the first few hours after the earthquake.

The prioritizing process for multiple patients when resources are insufficient for the
rapid treatment of all patients is the topic of the study [6]. It develops an integrated
criterion for mass casualty categorization to ensure interoperability and standardization
to respond to an incident that has four categories: general considerations, global sort-
ing, interventions life-saving, and individual assessment of patient classification. Further
studies can be referred to the article [7] that prioritizes patients to get services. It divides
the ambulance cost into two fixed and variable costs. The variable costs are proportional
to the distance traveled by ambulance. In the research, two objective functions are con-
sidered, the first objective function is to minimize the response time, and the second is
to minimize the total cost.

Another study was [8], in which a cost for an ambulance tomove is considered, and it
provides a model for balancing cost and responsibility. As expected, this study considers
several objectives and seeks an ideal way to satisfy constraints and optimize answers.
To this end, minimizing the total transportation costs and the sum of the earliness or
tardiness of the transferring times is considered in the paper [9], and a multi-objective
mathematical model and fuzzy parameters have been considered to make the modeling
results more realistic.

Since the adequate response to public demands, through the first aid providing and
transporting injured to the hospital’s emergency department is a vital process, researchers
are interested in modeling with the constraints of reality as closely as possible and using
different methods to solve models. Therefore, [10] used existing models in their research
and presented new results using uncertainty-based simulation. Whereas the article [11]
modeled the problems related to cost, dynamic demand, and real-time service, using
OR/MS models, and in this regard, uncertain data, the dynamic systems, and soft OR
are used.
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Patients’ triage after entering the hospital ward is one of the issues in the field of
health. This can be done in many different categories, including the severity of the
illness or injury, prioritizing patients for treatment, and making the most of emergency
department operations. In the article [12] the reliability and validity of the triage of
patients in 3 and 5 categories are evaluated by nurses’ experience in patient classification
and evaluated in terms of managerial values. This study shows that the five triages
category is safer and more highly reliable than the 3-category system. In the paper [13],
the objective is to determine the efficiency of the simple classification and rapid treatment
model, which was evaluated in a 2003 train crash disaster. It obtained the arrival time
of the wounded people to the hospital and determined the correct patient triage values
using a combination of modified Baxt criteria and hospital admission.

Systematic perspectives on technological disasters and incidents, especially human
disasters [14] have been addressed. This study discusses the impact of two common bar-
riers to learning from natural disasters: (1) information disruption; and (2) organizational
policies, as well as ways to address these barriers.

One of the challenges faced at the regional and country-level is identified standards
and criteria formeasuring flexibility in events. The paper [15] provided a new framework,
the disaster flexibility model, to improve the relative assessment of disaster resilience
locally or socially.

Mathematical models, along with other optimization methods, have been used in
many studies, including the article [16]. This paper presented two mathematical models
and simulation methods for locating and enhancing the efficiency of ambulance services
with the aims of 1) minimizing the maximum response time in emergency medical care,
2)minimizing the number of ambulances, and 3) optimizing theminimumcosts involved.
Initially, the problemconstraints are definedby solving the problemof location regardless
of the number of ambulances in each center and then allocating ambulances. In another
paper with the linear mathematical model and simulation method presented by [17],
the authors considered a complex nonlinear problem involving decision making with
uncertain parameters and an iterative optimization algorithm. In this study [18] a multi-
objective MINLP mathematical model with several uncertain parameters is developed.
The authors in this article [19] focused on assessing the conditions and requirements
after a disaster. A humanitarian relief supply chain is recently developed by [20] and they
analyzed repair groups, reliability of routes, andmonitoring operation before distributing
relief items in various stages (Table 1).
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Table 1. Related recent papers in humanitarian relief supply chain

reference Features objective 

Relief 
items 

Quick 
response 

Reliability 
of route 

Repair 
groups 

Air-borne 
system 

Reliability 
Response 
time 

Total cost 
Air-borne 
completion 
time 

This study √ √ √ √ √ √ √ √ √

[1] 
√ √ ----- ----- ----- ----- √ ----- ----- 

[2] 
√ √ √ ----- ----- √ -----      ----- ----- 

[3] 
----- √ √ √ ----- ----- √ ----- ----- 

[4] 
√ √ √ √ ----- √ √ √ ----- 

[5] 
----- √ ----- ----- √ ----- √ ----- √

[6] 
----- √ ----- ----- ----- ----- √ ----- ----- 

[7] 
√ √ ----- ----- ----- ----- √ √ √

[8] 
√ √ ----- ----- ----- ----- √ √ ----- 

[9] 
----- ----- ----- ----- ----- ----- √ √ ----- 

[10] 
----- √ ----- ----- ----- ----- √ √ ----- 

[11] 
----- √ ----- ----- ----- ----- √ ----- ----- 

[12] 
----- √ ----- ----- ----- √ √ ----- ----- 

[13] 
----- √ ----- ----- ----- ----- √ ----- ----- 

[14] 
----- ----- ----- ----- ----- ----- ----- √ ----- 

[15] 
----- √ ----- ----- ----- ----- √ ----- ----- 

[16] 
----- √ ----- ----- ----- ----- √ √ ----- 

[17] 
----- √ √ ----- ----- √ √ ----- ----- 

3 Problem Definition

In this research, we consider a relief network distribution like [4], comes with two types
of relief operation: airborne and ground relief, specific plan and routing for increasing
efficiency. Since not all disaster areas have the same degree of priority, we adopt a
formula to determine the priority of the zones, inspired by the modeling of the problem
in the article [2]. For this purpose, Formula I indicate the degree of priority:

lij = population of a disaster district

total population of disaster zone

In the first step, the information of disaster areas, which considers the number of injured
people and their locations, is sent to relief centers. Relief centers allocate a priority
number to each disaster area, and relief operations start with the biggest priority number
and continue until the last disaster area. In this method, the disaster area with more
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injured people or has the worst situation is served sooner than disaster areas with more
appropriate situations. Because the roads are in an inappropriate situation for transferring
vital items to disaster areas and time is so important in this case, helicopters are used
to transfer vital items to disaster areas in the shortest time for “Field hospital”. The
helicopters transport initial equipment medicals and medical teams to disaster areas;
then medical teams start building field hospitals and treating injured people to save their
lives. With this method, response time is decreased to the extent. Helicopters come back
to distributions, pick up other medical team items, and transfer them to another disaster
area. This process continues until all the disaster areas have field hospitals. So, we utilize
helicopters to satisfy humanity’s main objective and decrease the dead people rate.

While helicopters transfer medical equipment and medical teams, repair groups start
their duty to increase the reliability of each road and make a good situation for sharing
relief items (for example, food, blanket, and tents) to disaster areas. Similar to the
previous step, all relief operations start from the biggest priority number. This step
boosts the speed of response time for relief items and helps people in disaster areas.
Ground vehicles are sent to disaster areas in the last step, and they deliver relief items.
The ground vehicles do not come back to distributions and stay at disaster areas. Each
disaster area can receive relief items from different ground vehicles.

3.1 Assumptions

1. Information is collected completely and sent to distributions.
2. Each disaster area could be visited several times.
3. Ground vehicles do not come back to distributions.
4. Field hospitals locate next to disaster areas.
5. Both vehicles are capacitated.
6. Airborne vehicles can transfer appropriate equipment, nurses, and doctors to

establish field hospitals.
7. The shortage is not considered.
8. Distributions are not allowed to send vehicles to each other.
9. An appropriate situation is considered, so sufficient vehicles, equipment, nurses,

and doctors are available.
10. Loading and discharging time of ground vehicles are not considered since repairing

roads needs time and at this time the ground vehicles prepare themselves for fast
operation.

Now notations are introduced:

Sets

N Set of disaster areas {1;…; n}
M Set of candidate distribution nodes or centres {n + 1,…, n + m}
V Set of nodes {1;…; n + m}
K Set of vehicles {1;…; k}
T Set of time periods {1;…; t}
L Set of relief {1;…; l}
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E Set of available traffic links {(i,j),i.jεV .i �= j
i, j Indices to nodes i.jεV
l Indices to relief
k Indices to aerial vehicles
t Indices to time periods
G Set of repair groups
H Set of helicopters
O Set of candidate hospitals

Parameters

fj Fixed cost of constructing the distribution nodes j,∀jεM
W Cost of each repairing work teams in each period
dij Distance of link (i,j),∀(i.j)εE
hij Road damage percentage between nodes i and j,i.jεV
eij Number of time periods needed for repairing road between nodes i and j, (i.j)εV
Dilj Quantity of relief l demanded by disaster area i, at any period
uvl Unit volume of relief l,∀lεL
ck Transportation cost per kilometer of vehicle k,∀kεK
Ql Amount of relief l available in a traffic network,∀lεL
vk The normal speed of vehicle k,∀kεK
lk Loading capacity of aerial vehicle k,∀kεK
G Number of available work teams
Ij Weight of node
Bj Duration of discharge from a helicopter
Bi Duration of loading
Nh Number of helicopters

Decision variables

xjt Equal = 1 if candidate DC j is opened at period t, 0, else,∀iεj.tεT
yijkt Equal = 1 if i precedes j in route of aerial vehicle k at period t, 0, else
y′
ijht Equal = 1 If helicopter h does its mission at ij in period t, 0, else
zijkt Equal = 1 if i is on the route of aerial vehicle k in period t, 0,

else,∀kεK .tεT .(i.j)εE
vfikt Equal = 1 if the last demand point serviced by aerial vehicle k is a node εN ; 0,

else
pijt Equal = 1 if a work team starts repairing road between nodes i and j at period t
rijt Reliability of road between nodes i and j in period t
devilt Amount of unsatisfied demand relief type l at node
I At the end of the operation at period t
qilkt Quantity of relief l distributed by K to demand point i at period t,∀kεK .lεL.iεN
cgij Repair completion of g th group

Ch
ij′ Completion of helicopter mission

sgij Start time of repair
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shij′ Start time of helicopter mission
xijji If repair of ij before ji

Model

f1 = Min(Max

{ ∑
(i,j)∈E

∑
k

∑
t
Ij .(

dij yijkt
vk

)

}
) (1)

f2 = min
∑
j∈M

∑
t∈T

fj xjt +
∑
k∈K

∑
(i,j)∈E

∑
t∈T

ck . dij . yijkt +
∑

(i,j)∈E

∑
t∈T−eij

w. eij . pijt (2)

f3 = max
∑

(i,j)∈E

∑
t∈T

∑
k∈K

rij. yijkt (3)

f4 = min
∑

(i,j)∈E
chij′ . Ij (4)

Subject to:

xit ≥ yijkt ∀i ∈ M , (i, j) ∈ E, k ∈ K, t ∈ T : i �= j (5)

xit ≥ zikt ∀i ∈ M , (i, j) ∈ E, k ∈ K, t ∈ T (6)

zikt ≥ yijkt ∀i ∈ V , (i, j) ∈ E, k ∈ K, t ∈ T : i �= j (7)

zikt ≥ VFikt ∀i ∈ V , k ∈ K, t ∈ T (8)

∑
k∈K

VFikt = 1,∀k ∈ K, t ∈ T (9)

∑
k∈K

yijkt ≤ 1,∀(i, j) ∈ E, t ∈ T : i �= j (10)

∑
j∈V

yijkt ≤ 1,∀i ∈ N , k ∈ K, t ∈ T : i �= j (11)

∑
i∈M

∑
j∈N

yijkt ≤ 1,∀k ∈ K, t ∈ T (12)

∑
i∈M

∑
j∈N

∑
k∈K

qjlkt . zikt ≤ Ql,∀l ∈ L, t ∈ T (13)

deV jlt = Djlt −(
∑
k∈K

qjlkt) ≥ 0,∀j ∈ N , l ∈ L, t ∈ T (14)

∑
j∈N

∑
l∈L

uvl . qjlkt ≤ Lk ,∀k ∈ K, t ∈ T (15)
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∑
j/(j,i)∈E

yjikt −
∑

j/(j,i)∈E
yijkt

=

⎧⎪⎨
⎪⎩

1 VFikt = 1, i ∈ N , t ∈ T : i �= j
−1 zikt = 1, i ∈ M ,∀k ∈ K, t ∈ T : i �= j

0 else

(16)

∑
i∈V

∑
k∈K

yijkt ≥ 1,∀j ∈ N , t ∈ T (17)

rijt = 1 − hij

⎛
⎝1 −

t − eij∑
t′=1

pijt′

⎞
⎠ ,∀i, j ∈ V , t ∈ T (18)

yijkt ≤ 1 −
t∑

t′=t+eij +1

pijt′ ,∀t ∈ T , k ∈ K, i, j ∈ V (19)

∑
i∈V

∑
j∈V

pijt ≤ G,∀t ∈ T , i �= j (20)

∑
i∈M

yijkt = 0,∀j ∈ M , k ∈ K, t ∈ T (21)

uikt − ujkt +n. yijkt ≤ n − 1,∀i, j ∈ N , k ∈ K, t ∈ T : i �= j (22)

xit ≥ y′
ij′ht ∀i ∈ M , j′ ∈ O, h ∈ H , t ∈ T (23)

∑
h∈H

y′
ij′ht ≤ 1 ∀i ∈ M , j′ ∈ O, t ∈ T (24)

∑
i∈V

y′
ij′ht ≤ 1 ∀j′ ∈ O, h ∈ H , t ∈ T (25)

∑
i∈M

∑
j′∈O

y′
ij′ht ≤ 1 ∀h ∈ H , t ∈ T (26)

∑
i∈V

∑
j′∈O

∑
h∈H

y′
ij′ht ≤ Nh ∀j′ ∈ O, h ∈ H , t ∈ T (27)

∑
i∈V

∑
j′∈O

∑
t∈T

y′
ij′ht = 1 ∀j′ ∈ O, h ∈ H , t ∈ T (28)

∑
i∈M

y′
ij′ht = 0 ∀j′ ∈ O, h ∈ H , t ∈ T (29)

∑
i∈M

∑
j′∈O

∑
h∈H

y′
ij′ht ≤ Gh ∀t ∈ T (30)
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chij′ = (
dij
vh

+ B′
i +Bj). y

′
ij′ht (31)

qilkt ≥ 0,∀(i, j) ∈ E, l ∈ L, k ∈ K, t ∈ T (32)

sgij , shij , chij ≥ 0, ; i ∈ M , j ∈ N , g ∈ G, h ∈ H (33)

xit ∈ (0, 1),∀i ∈ M , t ∈ T (34)

yijkt ∈ (0, 1),∀(i, j) ∈ E, k ∈ K, t ∈ T (35)

zikt ∈ (0, 1),∀i ∈ V , k ∈ K, t ∈ T (36)

VFikt ∈ (0, 1),∀i ∈ N , k ∈ K, t ∈ T (37)

uikt ∈ (0, 1),∀i ∈ N , k ∈ K, t ∈ T (38)

xiji′j′ ∈ (0, 1),∀i, i′ ∈ M , j, j′ ∈ N , i �= i′, j �= j′ (39)

y′
ij′ht, uji′ht, x

′
j′t ∈ (0, 1) (40)

In the first objective function, we minimize the maximum time of vehicle passing by
choosing the disaster zonebasedon the definedpriority. Themaximum transit timemeans
the lowest time to complete the service among all the disaster nodes. In the second objec-
tive function, total costs are minimized. The model simultaneously provides the number
and location of distribution centers, the allocation of disaster zones to distribution cen-
ters and vehicle routes so that the total cost includes three components: (1) fixed cost of
establishing distribution centers; (2) transportation costs of vehicles; (3) Cost of repair-
ing damaged roads. In objective function three, the minimum route reliability is maxi-
mized: In an earthquake, many infrastructures (roads, bridges, tunnels) are damaged, and
these damages may increase in aftershocks. In this study, to prevent secondary injuries,
we determine the reliability of the route as the probability of savingworkers to accelerate
across demand points. In the fourth objective function, the goal is to minimize the time
required to complete the routes in air relief, where j’ ∈ O and O are the set of candidates
for field hospital construction also, j’ must be very close to j. It should be noted that the
completion time of ground and airborne vehicles are considered in two separate objective
functions (1 and 4). This is because the innovation in consideration of air vehicles can be
more easily compared with the time of ground vehicles.

Equations (5) and (6) state that distribution centers can only obtain services. Equa-
tion (7) guarantees that any vehicle in any given period can travel through the connection
(i, j) if and only if node i is in the path of each vehicle. Equation (8) specifies that the
nodes at the end of the path of each vehicle in each period must deal with one vehicle.
Equation (9) guarantees that each vehicle in each period must eventually be placed in
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the disaster area or distribution center. Equation (10) shows that in each period, only
one vehicle is selected for each route. Equation (11) guarantees that each vehicle oper-
ates once in most cases for each critical area in each period. Equation (12) ensures
that each vehicle is shipped at most from one distribution center at any period. Equa-
tion (13) ensures that the amount of relief delivered from all distribution centers to
critical areas cannot exceed the amount of relevant relief available. Equation (14) shows
that the amount of relief distributed for each node in each period does not exceed the
required value of this node. Equation (15) is shown in each period, the total amount of
relief delivered at critical points by any vehicle not exceeding its capacity. Equation (16)
expresses the consecutive motion and guarantees the assumption of path opening (Please
see Appendix A). Equation (17) ensures that each disaster area can be visited at least
once in each period. The split delivery hypothesis in this constraint has well demon-
strated that the reliability of each road should be reliable (e.g., it will be equal to 1)
considering the percentage of damage in each period calculated and after road recon-
struction. Hence, Formula (18) calculates the reliability of roads in each period based
on the relevant assumptions. Equation (19) shows that the destroyed or damaged road
should not be used to deliver relief during reconstruction. Equation (20) limits the num-
ber of destroyed roads that can be rebuilt in each period based on the number of existing
work teams. Equation (21) ensures that distribution centers are not correlated, meaning
that goods are not exchanged between centers. Equation (22) is the constraint for the
elimination sub-tours. Constraint (23) states that if the distribution center is built in a
place, the transmission will take place from there. Restriction (24) ensures that up to
one helicopter is assigned to each route. Constraint (25) guarantees that each route goes
at most once. Equation (26) implies that a region receives one time from an air rescue
distributor. Equation (27) ensures that the helicopters’ missions to build a hospital will
not exceed the number of helicopters. Equations (28, 29) indicate that each helicopter
is assigned to one route and cannot visit other distributions. Formula (30) guarantees
the capacity limitation of the number of helicopters available in air support. Formula
(31) provides the completion time of the air relief process. From constraints (32) to (40)
apply to nonnegative, integer, zero, and one values for decision variables.

4 Solution Methods

In the rest of the research, we consider two different problems, then we will solve them
and evaluate the results.

These problems are solved by GAMS (LP-metrics technique), and obviously, all
objectives cannot be satisfied simultaneously because this is a multi-objective problem.
This technique minimizes the gaps which appear between optimal results and multi-
objective results [21]. Moreover, it should be noticed ANTIGONE solver is selected to
solve our problems.

Lp =
[

k∑
k = 1

( π
k
Wk - bk|)p

] 1
p

II

In Formula II, p determines which family of LP-metric is used, and the weights of
objectives are determined by πk [22].
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5 Numerical Example

5.1 Computational Experiments

The GAMS approach is an exact approach that is used for small and medium-scale
problems. ANTIGONE solver is used for solving three problems. These problems’ data
are determined below (Table 2).

The first problem’s data is presented below:

Table 2. Initial information of the first problem

Sets

Set of potential distributions A, B

Set of demand points 1, 2, 3

Set of ground vehicles K1, k2

Set of relief items Med, Food

Set of helicopters h1, h2, h3

This example assumes two distributions and three disaster areas. Fix costs of estab-
lishing distributions are considered A = 40, B = 30. The relief items’ volumes are
Medicine = 2, Food = 1. Transportation costs for ground vehicles are k1 = 5, K2 =
7 and the normal speed of them are Vk1 = 50, Vk2 = 60. Its vehicles’ capacities are
k1 = 300 and K2 = 400. The helicopters’ speeds are considered Vh1 = 30, Vh2 = 35,
Vh3 = 20, moreover, both loading and discharging times for helicopters are considered
2. Weight of demand points are 1 = 0.2, 2 = 0.3 and 3 = 0.5 (Tables 3, 4 and 5).

Table 3. Distance between distributions and demand points of the first problem

1 2 3

A 100 100 80

B 150 120 110

Table 4. Road damage of the first problem

1 2 3

A 0.2 0.1 0.4

B 0.3 0.4 0.3
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Table 5. Repair time of route for the first problem

1 2 3

A 1 2 1

B 2 1 1

The following tables show the data used to solve the model in the second instance
(Tables 6 and 7):

Table 6. The demand for relief items for the first problem

1 2 3

Medicine 5 7 8

Food 6 5 5

Table 7. Initial information of the second problem

Sets

Set of potential distributions A, B, C

Set of demand points 1, 2, 3, 4, 5, 6

Set of ground vehicles k1, k2

Set of relief items Med, Food

Set of helicopters h1, h2, h3, h4, h5, h6

In the second instance, we considered three distribution centers and six demand
areas. The fixed cost of establishing distributions is considered A= 40, B= 30, C= 36.
The relief items’ volumes are Medicine = 2, Food = 1. Transportation costs for ground
vehicles are K1 = 5, K2 = 5 and the normal speed of them are Vk1 = 50, Vk2 = 60.
Its vehicles’ capacity of the first and second vehicles are 300 and 400, respectively. The
helicopters’ speeds are considered Vh1 = 30, Vh2 = 35, Vh3 = 20, Vh4 = 30, Vh5
= 20 and Vh6 = 30. Moreover, both loading and discharging time for helicopters are
considered 2. Weight of demand points are 1 = 0.2, 2 = 0.3, 3 = 0.5, 4 = 0.4, 5 = 05
and 6 = 0.7 (Tables 8, 9, 10, and 11).
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Table 8. Distance between distributions and demand points of the second problem

1 2 3 4 5 6

A 100 100 80 100 180 80

B 150 120 110 120 200 60

C 100 90 200 139 130 100

Table 9. Road damage of the second problem

1 2 3 4 5 6

A 0.2 0.1 0.4 0.3 0.2 0.4

B 0.3 0.4 0.3 0.4 0.1 0.4

C 0.5 0.7 0.4 0.1 0.7 0.4

Table 10. Repair time of route for the second problem

1 2 3 4 5 6

A 1 2 1 2 1 2

B 2 1 1 2 3 2

C 2 3 1 1 3 2

Table 11. The demand for relief items for the second problem

1 2 3 4 5 6

Medicine 5 7 8 3 7 7

Food 6 5 5 6 5 4

5.2 Model Validation

In this section, we verify the quality of the model and evaluate some analyses. Finally,
we approve the validation of the model.

If all loading times are multiplied twice at the first problem, the completion time
of the helicopter will be changed (old result + (number of helicopters*2)). As Fig. 1
illustrates in the first problem, number 2 means that each loading time is doubled, and
number 4 shows that every loading bar is multiples four times and so on.

Figure 2 shows the repair cost that is added to several units (old number+ 3*number
of the route). As the given bar char presents in the first problem, number 3 shows repair
cost is added three units and so on.
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Fig. 1. Loading time validation

Fig. 2. Repair cost validation

6 Result and Discussion

6.1 Results

All initial parameters are determined and used in the GAMS. Different objective weights
obtain various answers, but all objectives cannot satisfy, simultaneously.

All the first problem results are shown in Table 12:
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Table 12. Small scale’s results

Test problem number Weight of objective function Objective function value

w1 w2 w3 w4 f1 f2 f3 f4

1 0.25 0.25 0.25 0.25 12.42 25087 5.2 8.25

2 0.6 0.2 0.1 0.1 11.65 23365 5 9.04

3 0.2 0.6 0.1 0.1 12.6 17365 5 9.04

4 0.2 0.1 0.6 0.1 12.6 26550 5.6 9.04

5 0.2 0.1 0.1 0.6 12.6 26550 5 7.34

According toTable 12, each test problemhas a different priority, and selecting each of
themdepends on the situation. In test problemnumber 1, all objectives have equalweight,
so priority is not considered. The first and second objectives have some challenges to
each other. As a result, neither of them is satisfied. The first objective selects vehicles
with the highest speed while they are expensive, so the second objective chooses other
vehicles. In other test problems, the results have changed.

Fig. 3. Relief items operation

The given Fig. 3 shows how helicopters and trucks are allocated to demand points.
Distribution A sends helicopter 3 to disaster area number 1 and helicopter 2 to disaster
area number 3. Also, distribution B sends helicopter 1 to disaster area number 2. Ground
vehicles are allocated like helicopters. Distribution A covers one area and distribution
B covers two areas. GAMS determine this allocation.

All the second problem results are shown in Table 13:

https://doi.org/10.1007/978-3-030-89743-7_13
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Table 13. Medium scale’s results

Test problem number Weight of objective function Objective function value

w1 w2 w3 w4 f1 f2 f3 f4

1 0.25 0.25 0.25 0.25 28.996 16981 15.7 12.04

2 0.6 0.2 0.1 0.1 27.196 17028 14.1 18.94

3 0.2 0.6 0.1 0.1 29.112 14821 14.1 18.94

4 0.2 0.1 0.6 0.1 29.112 19821 16.8 18.94

5 0.2 0.1 0.1 0.6 29.112 19821 14.1 9.87

As Table 13 illustrates, different test problems are evaluated. It depends on the
situation in which managers select the results. Like the previous problem, all objectives
are not satisfied. Test problem 1 considers all objective functions have equal priority and
solves the model.

6.2 Sensitive Analysis

Now in this section key parameters are evaluated, but at the first, the research wants
to show how much its innovation has an effective impact on the response time. As
mentioned above, the chief objective of this research is minimizing the response time.
As Fig. 4 shows, airborne vehicles have an efficient effect on response time. Obviously,
if helicopters are not used for humanitarian operations, vital equipment will be delivered
to demand points at an inappropriate time.

Fig. 4. Comparing airborne and ground vehicles

Figure 4 indicates that without helicopters at the first problem, this operation needs
37.2 h, and by considering helicopters, it needs 22.762 h. This time is reduced to about
15 h by airborne vehicles, also at the second problem, this reducing time is about 28 h.
This completion time does not consider the demand points’ weight. Thus, all the above
results prove that its innovation has an efficient effect on humanitarian operations.

https://doi.org/10.1007/978-3-030-89743-7_13
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Three important parameters that have a deep effect on response time are loading
time, discharge time, and helicopters’ speed. If the summation of these parameters is
more than the ground vehicles’ time, airborne vehicles will not be used. The given chart
in Fig. 5 shows the comparison between objective number 4 and number 1.

Fig. 5. Comparing first and fourth objective

In Fig. 5, the horizontal axle shows the sumof loading and discharge time for airborne
vehicles. If total loading and discharge time have increased, ground vehicles will reach
demandpoints sooner than airbornevehicles and it is not efficient becausemedicines have
higher priority than the other relief items. Also, the chief objective of using helicopters is
tominimize the response time and build a field hospital at an appropriate time. Therefore,
using helicopters in this situation is not intellectual and economical due to helicopters
are far more expensive than the trucks. Moreover, they reach demand points after trucks.

Now the road repair time is evaluated. As Fig. 6 presents, repair time has a deep
effect on ground vehicles’ response time, so if the repair times are more than a specific

Fig. 6. Supremum of ground vehicles ‘completion time
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amount of time, the ground vehicles will not be used for operation since they cannot
transfer relief items at the appropriate time. Figure 1 shows that every repair time is
added by one and so on.

The manager of relief items operation can determine the specific number for ground
vehicles’ completion time. When their completion times exceed their supremum, the
manager can use just airborne vehicles to the minimum completion time.

6.3 Discussion

We evaluate all results in two problems, and in this section, some challenges are exam-
ined. In the previous section, results prove that in some cases airborne vehicles are more
efficient than ground vehicles and, in some cases, ground vehicles are more efficient,
while in most cases cooperate both vehicles have the appropriate effect on humanitarian
relief items operation. This approach can reduce the casualty and increase the response
time to extend possible. But sometimes, airborne approaches are not used because of
inappropriate weather; it is clear that helicopters cannot start their mission if weather is
unsuitable for airborne operation. Moreover, it is so dangerous. So, the manager should
focus on ground vehicles and repair groups to send relief items and medicine.

In some cases, the geographical location of disaster areas or demanding points is
mountainous or hilly, so it is difficult to transfer relief items to demand points by ground
vehicles or establishing field hospitals. In this case, the manager should decide on oper-
ations. Airborne vehicles are efficient in these areas and can transfer the injured people
to appropriate situations and after the nurses and doctors start to cure them.

Ground and airborne vehicles are utilized to minimize the response time to extend
possible. Although in some cases one of them is more efficient, the cooperation of them
can help the humanitarian operation effectively, alsomanager role should not be ignored.

7 Conclusion

This research illustrates one humanitarian relief item operation which considers repair
groups, different relief items, airborne and ground vehicles. It has four objectives for
reducing response time and cost and increasing the reliability of the route. Reliability is
one of the important evaluation criteria that is utilized for assessing different products
[23]. Therefore, it is used to assess the route in this paper. Two problems (small and
medium) are considered and solve by GAMS, and their results are presented in previous
sections. The chief objective of this model is reducing response time to decrease casual-
ties, and this aim is satisfied by considering airborne vehicles. They are used to transfer
initial field hospitals’ equipment and ample doctors and nurses; meanwhile, ground vehi-
cles and repair groups transfer relief items. The models’ results prove that helicopters
have a special effect on the results and minimize response time very efficiently. Some
challenges are available for this model, and managers should decide between them to
choose the best approach for each of them.

Different weights are assigned to demand points by operation’s information, and the
operation starts to satisfy the demand point which has the highest weight or priority.
This approach needs to correct information to determine their weight appropriately.
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Further research for this study can be done in different sections. The limited budget
for establishing distributions or using airborne or ground vehicles can be added. Limited
ground or airborne vehicles will be an appropriate innovation that shows the importance
of demand points better.

Appendix A

In this section, the linear model of Eq. 16 is presented. To solve the model by the GAMS
(ANTIGONE solver), the linear model should be used.∑

j/(j,i)∈E
yjikt −

∑
j/(j,i)∈E

yijkt ≤ VFikt .M , i ∈ N , t ∈ T : i �= j

∑
j/(j,i)∈E

yjikt −
∑

j/(j,i)∈E
yijkt ≥ −zikt .M , i ∈ M ,∀k ∈ K, t ∈ T : i �= j

Two above equations are presented in Eq. 16 in the model.
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