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Abstract. The fuzziness in the coverage, location, transportation and routing problems models is

assumed to take place due to the lack of sufficient objective information on the disaster zone data.

In evaluating the required parameters in the model, we use the knowledge and experience of experts
(of route network dispatchers, etc.). Given the issues outlined above, we consider the fuzzy multi-

objective emergency shelters location and victims evacuation problem (FMOESLVEP) in a disaster-
stricken zone with the following objective functions: maximizing the total selection reliability index

of opened shelters and minimizing the monotone expectation of total time for victims evacuation.

These objective functions are novel and their construction and study are the basic tasks of the
present work.

1. Introduction

Humanitarian logistics plays a significant role in facilitating disaster management processes by
victims evacuating from affected areas to safe place and by planning, storing and distributing relief
supplies to assist victims at the right time, right place and right cost ([8, 18]). Furthermore, hu-
manitarian logistics also involves the selection of proper locations for relief facilities such as shelters,
medical centers, distribution centers, warehouses, garbage dumps, etc. For the purposes of disas-
ter response, the decision-making regarding shelters location-allocation is more important than the
decision-making regarding other facilities ([11]). Given the issues outlined in this study, we consider
a fuzzy multi-objective emergency shelters location and victims evacuation problems (FMOESLVEP)
in the disaster-stricken zones with the humanitarian relief logistics response [2, 6, 7, 10, 12, 14–17, 19].
The study developed in this work proposes a multi-objective optimization model which aims to: (1)
maximize the total selection reliability index of opened shelters; (2) minimize total costs, including
fixed costs for shelters opening, victims transportation and service costs, (3) minimize monotone ex-
pectation of total time for victims evacuation and (4) minimize the number of open shelters. Objective
functions (1) and (3) are novel and their construction and study are important tasks of this work.
After realization of the proposed model, in our further research, we will demonstrate its applicability
through a case study of shelters location-allocation and victims evacuation problem in response to the
Monte-Carlo Simulation of flooding and Earthquake in some regions of Georgia.

In Section 2, we present the FMOESLVEP model formulation. The main conclusions, obtained
results and future possible research directions can be found in Section 3.

2. Model Formulation

Given that the complex, flexible and dynamic nature of real logistical planning of emergency shelters
location selection and victims evacuation in a disaster region produces a high degree of uncertainty
in the modeling process, we should not expect that all the necessary information will be available at
the onset of the problem.

Model Assumptions: 1) A network dispatcher visually receives information about roads and other
damages through drones, helicopters or video-photo equipment of distance vision from the space. The
dispatcher processes this information and divides the network into geographical zones according to the
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degree of road damage. Then dispatchers knowledge of these damages will be accumulated in their
evaluations of the degrees of impossibility of vehicle movement between affected areas and shelters and
other uncertain parameters. 2) The number of victims in each affected area is fixed and approximately
evaluated by the network dispatcher in triangular fuzzy numbers (TFNs). 3) The locations of all
affected areas and candidate shelters are fixed. 4) The victims in each affected area are evacuated
to the selected shelters as a single unit, and not permitted to be separately assigned to different
shelters. 5) The vehicles (aerial and terrestrial) used in the evacuation process are homogeneous.
6) The victims in each affected area are evacuated to the selected shelters by only one type of vehicle -
aerial or terrestrial. 7) The velocity of a vehicle used in evacuation process is evaluated approximately.
Traffic conditions are not taken into account.

Model Indices: I is a set of affected areas; J is a set of candidate shelters; h is an index to an aerial
vehicle; g is an index to a terrestrial vehicle; p is an index to a vehicle, p ∈ {h, g}.

Model Parameters: dij is a distance between an affected area i and a candidate shelter j; cj is a
capacity of the candidate shelter j; ṽi is a number of victims in affected area i evaluated in TFN. uj

is a fixed cost for opening the shelter j; δ̃j is a selection reliability index of the candidate shelter j
evaluated in fuzzy values; s̃ij is minimum acceptable distance between an affected area i and a shelter
j evaluated in TFN; πijp is a degree of impossibility of vehicle moving between an affected area i and a
shelter j, p ∈ {h, g}; Mp is a capacity of vehicle, p ∈ {h, g}. Np is a number of vehicles for evacuation

process, p ∈ {h, g}; W̃p is maximum allowed time for evacuating the victims from an affected area i
to a shelter j evaluated in TFN, p ∈ {h, g}; ηp is a constant coefficient of an expected transportation
cost per kilometer per person per trip, p ∈ {h, g}; τ is a wage per person per day for hiring staff to

work in the shelter; γ̃ is a ratio of the required staff per victim evaluated in TFN; T̃ is a duration of

the disaster occurrence evaluated in TFN; Ṽp is a velocity of the vehicle used in evacuation process
evaluated in TFN, p ∈ {h, g}.

Decision variables: xj = 1 if a candidate shelter j is selected, otherwise, 0; yijp = 1 if an affected
area i is assigned to shelter j by the transportation of type of vehicle p ∈ {h, g}; otherwise, 0; zij is a
number of victims in area i that are assigned to shelter j.

Objective functions:

Objective 1.

Max Z̃1 =
∑
j∈J

δ̃jxj . (1)

The first objective function (1) attempts to maximize the total selection reliability index of open
shelters required to thoroughly serve the victims (fuzzy objective function).

Objective 2.

Min Z̃2 =
∑
j∈J

ujxj +
∑
i∈I

∑
j∈J

∑
p∈{h,g}

ηpdij ṽiyijp +
τ T̃

γ̃

∑
i∈I

∑
j∈J

zij . (2)

The second objective function (2) attempts to minimize the total fuzzy cost that incorporates three
terms (fuzzy objective function). The first term is a fixed cost for opening the shelters, where uj is
determined based on the cost for installing first necessary utility infrastructure. The second term is
transportation cost regarding the distance and number of victims that are evacuated from affected
area i to selected shelter j (uncertain parameter evaluated in the TFN). The third term is the service
cost which is estimated as the number of required staff to work in shelters throughout a disaster
(uncertain parameter evaluated in the TFN).
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Objective 3.

Min Z̃3 =

1∫
0

Pos

(
(i, j; p) :

dijyijp

Ṽp

· ṽi
NpMp

≥ t

)
dt

=

|I×J×2|∑
k=1

(
dσ(k)yσ(k)

Ṽp(k)

·
ν̃σ(k)

Np(k)Mp(k)

(
max

(i,j,p)∈Aσ(k)

{πijp} − max
(i,j,p)∈Aσ(k−1)

{πijp}
))

. (3)

The third objective function (3) seeks to minimize the monotone expectation of total fuzzy time for
evacuating victims based on the distance between an affected area to a shelter, the number of victims
that are displaced, the number of vehicles, the capacity of vehicles, the vehicles’ speed during the dis-
aster and impossibility levels of vehicle movement between affected areas and shelters (fuzzy objective
function). In (3), dt is the Riemann integral’s differential, Pos is a possibility distribution of impossi-
bility degrees of vehicle movement between affected areas and shelters {πijp, i ∈ I, j ∈ J ; p ∈ {h, g}},
dσ(k)yσ(k)

Ṽp(k)

· ν̃σ(k)

Np(k)Mp(k)
is a k-th largest of values

{
dijyijp

Ṽp
· ṽi
NpMp

, i ∈ I, j ∈ J ; p ∈ {h, g}
}
,

Aσ(k) =

{
(i, j, p) :

dijyijp

Ṽp

· ṽi
NpMp

≥
dσ(k)yσ(k)

Ṽp(k)

·
ν̃σ(k)

Np(k)Mp(k)

}
, Aσ(0) = ∅.

The value of this objective function coincides with the Choquet finite integral [4, 13] with respect to
the possibility measure Pos [13].

Objective 4.

MinZ3 =
∑
j∈J

xj . (4)

The fourth objective function (4) aims to minimize the number of open shelters required to serve the
victims thoroughly.
Subject to ∑

j∈J

∑
p∈{h,g}

yijp = 1, ∀i ∈ I. (5)

Constraint (5) restricts that an affected area i must be assigned entirely only to a single shelter j by
the transportation of only one type of vehicle (aerial or terrestrial).

yijp ≤ xj , ∀i ∈ I, j ∈ J ; p ∈ {h, g}. (6)

Constraint (6) stipulates that an affected area i must be assigned only to open shelters j.

dijyijp ≥ s̃ij , ∀i ∈ I, j ∈ J ; p ∈ {h, g}. (7)

Constraint (7) requires that the distance between an affected area i to an assigned shelter j must be
farther than the minimum acceptable distance s̃ij (fuzzy constraint).

dijyijp

Ṽp

· ν̃i
NpMp

≤ W̃p, ∀i ∈ I, j ∈ J ; p ∈ {h, g}. (8)

Constraint (8) limits the duration for evacuating victims from an affected area i to a shelter j to no

longer than the maximum allowed time for evacuating W̃ (fuzzy constraint).∑
i∈I

zij ≤ cjxj , ∀j ∈ J. (9)

Constraint (9) restricts the number of assigned victims within the capacity of a selected shelter j.

xj ∈ {0, 1}, ∀j ∈ J. (10)

Constraint (10) is a binary variable: xj is 1 if a candidate shelter is selected to open; otherwise, it
is 0.

zij ∈ {0, 1}, ∀i ∈ I, j ∈ J. (11)

Constraint (11) is a binary variable: zij is a number of victims in area i that are assigned to shelter j.
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The presented model has been given with the assumption that the parameters are certain or evalu-
ated by experts. In the real world, there is uncertainty in many of these parameters. For the solution
of the constructed FMOESLVEP combinatorial optimization models of type (1)–(11) under fuzzy en-
vironments, we will propose in the future an epsilon-constraint (E-constraint) method [1, 5, 9]. Based
on the optimal solution of the FMOESLVEP, the Intelligent Support System for Emergency Shelters
Location-Allocation Planning in disaster zones and evacuation of victims will be developed.

3. Conclusions

We assume the fuzziness in the constructed FMOESLVEP model relying on the fact that there is
so sufficient amount of objective information on the disaster zone data. In evaluating the required
parameters of the model, we have used the knowledge and experience of experts (of route network
dispatchers, etc.). Given the issues outlined above, we consider a fuzzy multi-objective emergency
shelters location and victims evacuation problem (FMOESLVEP) in the disaster-stricken zones. The
objective functions (1) and (3) are novel and their construction and study are the important tasks
of the work. The model takes into account the interactions between the decision-making attributes
in the aggregation by the extended Choquet integral in the objective function (3). The realization
scheme of the solution for the FMOESLVEP model will be developed.
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