JOURNAL oF CRITICAL REVIEWS

ISSN- 2394-5125 VOL 7, ISSUE 15, 2020

Humanitarian Logistics Optimization Model in Natural
Disasters and Emergencies under Uncertainty

(Case Study: Istanbul)

Safaei Mehdi
Department of Industrial Engineering, Istanbul Gelisim University, 34215, Avcilar, Istanbul, Turkey

msafaei@gelisim.edu.tr

Received: 16 March 2020 Revised and Accepted: 16 June 2020

Abstract

Natural and abnormal disasters are on the rise all over the world and cause a lot of life and financial losses, so it is
important to address these issues and challenges. Humanitarian logistics and disaster management planning can control
critical situations and minimize losses, shortages, and injuries. An important logistical strategy for crisis management is to
plan for crucial goods before and after the crisis. This paper focuses on credible suppliers, designing a multi-level supply
chain with the scenario-based approach under uncertainty environments. The validity and reliability of the proposed model
are examined by presenting an applied numerical example, in Istanbul and then sensitivity analysis of the model variables is
performed. The results show that with increasing supply rates, shortages and shortage costs decrease, and with the increase
of the capacity of shelters, the number of persons not transported from the accident area, and the cost of the non-
transportation people decreases and the number of persons transported from the site increases.
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1. Introduction

Natural disasters are increasing day by day in our world due to factors such as population growth, changes in climate
and environment, and the movement of layers of the earth. Because of these natural disasters, there are often many casualties
and financial losses. According to surveys (as in the case of Istanbul, Turkey), it seems that current relief is not sufficiently
effective. Furthermore, because of the critical nature of crises, they need to be addressed quickly. An appropriate tool at the
time of the disaster is the use of efficient humanitarian aid through the supply-chain network (SCN) and humanitarian
logistics. Humanitarian logistics is the process of planning, implementing, and monitoring the flow and proficient storage of
goods and materials at a suitable cost (Bag, et al. 2020, Safaei 2020). It also includes a set of actions to deal with natural
disasters in two phases of preparation and response.

Another important issue that has been addressed in recent years is "crisis management." Each crisis-management
system comprises a cycle with four different phases of prevention, preparation, recovery (or mitigation) and response, with
each phase performing specific operations (Figure 1).
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Figure 1 Crisis-management cycle (Ndlela 2018)

Given the distinctive nature of uncertainty in these problems, comprehensive crisis plans are needed to control and
mitigate the risks and consequences thereof. In the event of natural disasters, response operations must be undertaken
expeditiously, as well as an efficient and effective response to logistical problems. To achieve these goals, improved relief
can produce efficacious results. In fact, humanitarian logistics management is the most important part of crisis management
(Safaei 2020).

Following, given the uncertainty characteristic of this group of issues, a brief review of the literature on the allocation
and distribution of goods in the humanitarian logistics network under uncertainty is briefly discussed.

Lin et al. (2011) developed a model to minimize costs and improve an emergency planning tool to determine the
location and quantities of various types of emergency equipment prior to the disaster. Their approach had a long travel time,
and this weakness was remedied in future research and the logistics efficiency of the rescue improved (Lin, et al. 2011).

(Bozorgi-Amiri, et al. 2012) presented a large-scale model in which demand, supplier capacity, shipping and
purchasing costs are all considered uncertain. Their purpose was to distribute relief goods and to minimize the costs of
providing relief to those affected by the accident.

In 2014, Kulshrestha et al. developed a nonlinear model aiming to minimize the total amount of time needed to
evacuate people from an accident (Kulshrestha, Lou and Yin 2012). In the same year, Rezaei-Malek, and Tavakkoli-
Moghaddam presented a two-objective non-linear model of time-based relief as well as cost minimization (Rezaei-Malek and
Tavakkoli-Moghaddam 2014).

Bozorgi and Khorsi (2016) proposed a dynamic non-linear multi-objective model with facility location and routing
of transport vehicle's objectives, and equitable distribution of relief goods for humanitarian logistics before and after the crisis
(Bozorgi-Amiri and Khorsi 2016).

Zokaee et al. (2016), presented a single-objective nonlinear model, aiming to minimize total costs under allocation
locating for three-tier supply chain design (Zokaee, Bozorgi-Amiri and Sadjadi 2016).

In the literature review, it is rarely seen as an integrated model that integrates all phases of a natural disaster and
crisis-management decisions. Focusing and planning on suppliers has also been less considered in past research. Since it is
important to ensure the supply of goods or, in other words, the assurance of reducing the shortage of goods in different crucial
situations, in this study, a two-objective probabilistic model with the goal of minimizing all costs associated with the supplier,
and not transporting healthy and injured persons affected by the accident, and minimizing shortages are considered, with a
particular focus on suppliers. Moreover, in this model, it is attempting to control these suppliers, taking into account the
specific reliability reserve and supply rate given the different critical conditions in the pre- and post-crisis periods. Considering
an integrated model for events and their associated parameters in natural disasters is one of the cases whose gaps in itsresearch
literature still persist.

Section 2 of this article describes the full details of the research problem. Then in Section 3, the required parameters
and variables for the problem are defined, and finally; the corresponding mathematical model is presented. In Section 4, a
numerical example (with the assumption of Istanbul city) and sensitivity analysis and results are presented. Finally, Section
5 summarizes and concludes the horizons ahead.
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2. Problem definition

The present article deals with the problem of designing a critical supply chain network in times of crisis and
uncertainty. This paper deals with the issue of supply chain network design to supply "critical goods™ in times of crisis and
uncertainty. This involves a four-level supply network, consisting of suppliers, accident sites, hospitals, and shelters. Suppliers
play an important role in this, and their inventory levels are planned before and after the crisis (Koushki Jahromi and Safaei
2020). The problem involves several operations such as transporting injured people to hospitals, transferring homeless people
to shelters, and delivering and distributing vital goods to them in these centers. The objective functions of the model are to
minimize the total cost of suppliers; costs are affected by non-displacement of survivors, as well as minimization of shortages.
That is, in fact, the humanitarian goal of which the rescue of the wounded and displaced will be improved. In addition, the
damage caused by such accidents will be minimized. In this issue, a mathematical model with a scenario-based approach is
written.

1 Problem assumptions include
The planning horizon is three periods (each period has 24 hours (72 hours))
The two phases of "pre-crisis” and "post-crisis response™ are discussed.
The capacity and number of hospitals and shelters are known.
The amount of need for each person is determined for each type of vital goods.
Safety stock is a variable of "pre-crisis" decision.

. The individual needs for each type of product and the weight of each product and the cost of establishing
shelters and the capacity of shelters and hospitals and vehicles and the cost of maintenance and shipping times are equal in all
scenarios; as a result, changing the scenario does not affect them, and other data also depend on the scenario.

. There are three types of vehicles (trucks for transporting goods, buses for transporting healthy people,
ambulances for transporting injured persons), which are limited in number of and capacity.

2.2, Material and method

.....!\)

This section presents a mixed-integer linear programming model for the problem with the symbols, parameters, and
variables used.

Indexes
V,:Set of vehicles used to transport healthy people from the scene to the shelter.
V,:Set of vehicles used to transport injured people from the scene to the hospital
V;:Set of vehicles used to transport goods from supplier to accident and shelter locations
T:{0,1,2,...,t} Set of periods
1:{1,2,3,...,i} Suppliers
J:{1,2,3,...,j} Set of accident scene locations
H:{1,2,3,...,h} Set of hospitals
P:{1,2,3,...,p} Set of shelters
V:{V,,V,,V5} Set of vehicles
K:{1,2,3,..,k} Setof vital goods
$:{1,2,3,...,s} Setof vital Set of scenarios

Parameters
nh;;: Number of healthy people at the scene of the accident j under scenario s
ni;s : Number of people injured at the scene of the accident j under scenario s
qgyx: The quantity needed for k — type goods per person
w,.: Weight of goods type k
cbsy: The cost of building a shelter p
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csp : Capacity of the shelter p
chy: Capacity of the hospital h
cv,: Capacity of the vehicle v
cpp;s: Penalty for non — transfer of persons in period t under scenario s
csy: Cost of storage of k type goods
pss: Scenario s likely
STGrits: Supply type k good, by supplier i for period t under scenario s
ttssyy,: Time of transport type v from the supplier i to the shelter p
ttas,j,: Time of transport type v fromthe scene of the accident j to the shelter p
nva,;: Number of type v vehicles at accident point j at the beginning of planning
nvs,;: Number of type v vehicles at supplier location i at the beginning of planning
bgsy;: The binary parameter,if k — type goods are supplied by supplier i,will be one, otherwise zero.
tmax: Maximum coverage time
bpn: A big positive number
bbs: Budget available to build shelters
Variables
dsgpes: Demand of shelter p for type k goods in period t under scenario s
dhgnies: Demand of hospital h for type k goods in period t under scenario s
ssgy;: Supplier i saftey stock for goods k
LgSpkes: Lack of k — type goods in shelter p in period t under scenario s
Lghy:s: Lack of k — type goods in hospital h in period t under scenario s
Nhtjy.s: The number of healthy people transferred from the accident site j to the shelter p
in period t under scenario s
NhNt;.s: The number of healthy people not transferred from the accident site j in period t under
scenario s
NiNt;.s: The number of injured people not transferred from the accident site j in period t under
scenario s
Nitjy.s: The number of injured people transferred from the accident site j to the hospital h
in period t under scenario s
Viknes: T he amount of goods of type k transferred from supplier i to hospital h in period t under
scenario s
Xikpts: The amount of goods of type k transferred from supplier i to shelter p in period t under
scenario s

NvsSipyes : Number of vehicles of type v transferred from supplier i to shelter p in period t under scenario s

Nvsh;p,.s : Number of vehicles of type v transferred from supplier i to hospital h in period t under scenario s
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Nva;,.s: Number of vehicles of type v at accident site j in period t under scenario s

bs,s: A binary variable is that if the shelter p is constructed under scenario s, its value will be one, otherwise it will

be zero.
3. Model

minz, = Z Z CS X SSGki + Z(pss (Z Z CPPes X NiNtjes + Z Z CPPes X NhNt;s))
ik s j ot Jj ot

minz, = Z pSs (Z Z Z Lgspres + Z Z Z Lghpkes)

t>1 p

St

Lgspkts = dsgpkts Z xikpts

i

Lghpies = dhGpies — Z Vikhts

Z Xikpts T Z Vikhts = SSGki

p

Z kapts + Z Yiknts < ST kits

Z Nht tipts X Gk = dsgpkts

Z Nitjpes X qgx = dhgpes

t>1

VkeK,VpeP,VseS, VteT

VkeK,VpeP,VseS, VteT

VkeK,Viel,VseS

VkeK,Viel,VseS

VkeK,VpeP,VseS,VteT

VkeK,VheH,VseS,VteT

Z Z Nhtjps < €Sp X bSps VpeP,VseS
j t>0
z z Nitjps < chy VheH, VseS
j t>0
z z Nhtj,s < nhyg VjeJ,VseS
p t>0
z z Nitjpes < nijs VjeJ,VseS
t>0
z Wi X Xigpes < €Uy X NUSSippes Viel, VpeP,VseS, VteT, VeV,
z Wi X Vignes < €Uy X NVUSS e Viel, VheH,VseS,VteT, VveV,
NUSSppes < NUSy; X bSpg Viel, VpeP,VseS, VteT, Vvel;
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N htjpts <cy, XN VaSjpyes Vje], VpeP,VveV,VseS, VteT, Vel

Nitjpes < cv, X NVASjpyes Vje],VpeP,VveV,, VseS,VteT

tESSyip X NUSSipyrs < tingx Viel, VpeP,VveVs;, VseS, VteT
ttas,;p X Nvasjppes < tmax Vjel,VpeP,VveV,, VseS, VteT
z z NvUSSippes + Z Z Nvship,es < NUS,,; Viel, Vvel;

p t>0 h t
Z Z Nvahjp,.s < nva,; Vjel, VeV,

R t>0
Z Z Nvasj,,es < nvay; VjeJ, Vel

p t>0
Z bs,s X cbs, < bbs VseS

P
Nvaj,.; = nva,; Vjel,Yvely, (t = 0),VteT
Nva;,.; = nva,; Vjel,Yvel,, (t = 0),VteT
Nvaj,s = NV@jy1ys — Z Nvas;pyes Vjel,VveV,, VseS, VteT
Nvaj,es = NV@jyi1)s — Z Nvahp s Vjel, VveV,, VseS, VteT
Nvasjp,es < bsps Vje],VpeP,VveV,, VseS, vVt =1,2,...,T
Nth]lS = nijs _ZNitjhls VjE], VseS

h
Nth}tS = Nith(t—l)S - Z Nitjhts VjE], VSES, V(t = Z)ET
h
NhNtj s = nhjs — Z Nhtjpys Vjel, VseS
p
NhNt}tS = Nhth(t—l)S - Z Nhtjpts VjE], VSES, V(t = Z)ET
P

dsgpres = 0 VpeP,VkeK,VseS,VteT

dhgnies = 0 VheH,VkeK,VseS,VteT
ssgr; =0 VkeK,Viel
Lgspies = 0 VpeP,VkeK,VseS, VteT
Lghpies = 0 VheH,VkeK,VseS, VteT
Nhtjps = 0 VjeJ, VpeP, VseS, VteT
NhNt;s =0 VjeJ, VseS, VteT
NiNtjes = 0 Vje], VseS,VteT
Nitjps 2 0 Vje/,VheH,VseS,VteT

(16)
(17)
(18)
(19)
(20)

(21)

(22)

(23)

(24)
(25)
(26)

(@7)

(28)
(29)

(30)

(1)

(32)

(33)
(34)
(35)
(36)
@37
(38)
(39)
(40)
(41)
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Vikhes = 0 Viel, VkeK,VheH,VseS, VteT (42)
Xikpes = 0 Viel, VkeK,VpeP, VseS, VteT (43)
NvsSipypes 2 0 Viel, VpeP,Vv, VseS, VteT (44)
Nvship,es = 0 Viel, VheH, Vv, VseS,VteT (45)
Nvasjpys = 0 Vjel,YpeP, Vv, VseS, VteT (46)
Nvahjp,s = 0 VjeJ,VheH, Vv, VseS,VteT 47
Nvaj,.s =0 Vjel, Vv, VseS,VteT (48)
bs,s€{0,1} VpeP, VseS (49)

In the proposed model, the objective function (1) minimizes the total costs, including the cost of the safety stock and
the cost of the fines (the fine for failing to transport healthy and injured persons to the shelter and hospital). Objective function
(2) minimizes the whole shortage. Constraints (3) and (4) indicate the shortage in shelters and hospitals, respectively.
Restriction (5) ensures that the amount of goods transferred from suppliers to shelters, and hospitals does not exceed the safety
stock in the initial period. In addition, limitation (6) ensures that the amount of goods transferred from the supplier to shelters
and hospitals in the periods after the first period is less than the supply rate for each supplier. Restrictions (7) and (8) indicate
demand for hospitals and shelters. Restriction (9) states that the number of healthy persons transferred to a shelter shall not
exceed the capacity of the shelter. Restriction (11) indicates that the number of injured persons transported from the scene of
the accident to the shelter should not exceed the number of those injured at the scene. Constraint (12) indicates that the number
of healthy people transported from the scene of the accident to the shelter should not exceed the number of healthy persons at
the scene of the accident. Constraint (13) indicates that the quantity of goods transported from the supplier to shelter shall not
exceed the capacity of the vehicles concerned. Additionally, limitation (14) indicates that the quantity of goods transferred
from the supplier to the hospital should not exceed the capacity of the relevant vehicles. Restriction (15) guarantees that if a
shelter is established, the respective vehicles will be allocated from the supplier's location. Restriction (16) states that the
number of healthy persons transported from the scene of an accident to a shelter shall not exceed the capacity of the vehicle
concerned. Limitation (17) also states that the number of injured persons transported from the scene of an accident to a hospital
must not exceed the capacity of the vehicle concerned. Constraints (18) and (19) respectively indicate that the transition time
from supplier to shelter, and from the accident point to shelter should not exceed the maximum coverage time. Restriction
(21) states that the number of relevant vehicles transferred from the supplier to the hospital, and shelter should not exceed the
number planned before the crisis. Constraints (21) and (22) respectively state that the number of relevant vehicles transported
from the accident point to the hospital, and shelter shall not exceed the number planned before the crisis. Restriction (23)
indicates that the cost of constructing a shelter should not exceed the planned pre-crisis cost. Constraints (24) to (27) also
balance the number of vehicles at the accident scene. In addition, limitation (28) ensures that only if a shelter is built, the
vehicle will be assigned to the shelter from the scene of the accident. Constraints (29) to (32) also balance the number of
people being transferred and not transferred at different times. Finally, constraints (33) to (47) introduce decision variables.

4, Results and Discussion (Scenario and sensitivity analysis)

In this section, in order to evaluate the performance of the proposed model, a number of hypothetical numerical
scenarios for Istanbul are investigated using the Normalized Weighted Sum Algorithm as well as using GAMZ software. In
these cases, considering the problem of three time periods, two goods and two suppliers, two accident points, four candidate
points for the construction of shelters, two hospitals, three types of vehicles, three difference scenarios are considered. In these
cases, according to the research hypotheses, three time periods, two goods and two suppliers, two accident points, four
candidate points for the construction of shelters, two hospitals, three types of vehicles, are considered for three different
scenarios. In addition, values for the other data are taken as Monte-Carlo simulations.

In each case, the amount of hospital and shelter capacities and the supply rate of each supplier are different. In order
to examine more precisely, the sensitivity of the model variables to changing some parameters has been investigated.

The results in Figure 2 shows, a decrease in the number of people without any services (healthy and injured) at the
scene of the accident, due to the increased capacity of shelters and the number of hospitals, In addition, there has been a
reduction in the cost of non-transportation people (healthy and injured). Therefore, if the capacity is adequate, all persons are
transferred, and as such, the number of persons transported from the scene of the accident is increased. This trend is not
sustainable, and due to the limited capacity and the number of vehicles, more and more people do not always transfer with
the increasing capacity of shelters and hospitals. For this reason, the trend initially increased then decrease. To this end, to
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change this steady state of trend (first increase and then decrease), the number, and capacity of the vehicles must increase.
This study was conducted for Scenario 1, and similar results were obtained for the other two scenarios. It can be seen in Figure
3, that as the supply rate of each supplier increase, the number of shelters and hospitals is reduced, and consequently, the costs
of their shortages are reduced.
Capacity
50 52 4 56 58 o0 62 64 [ 06X 70

4N 400
800 , g . 500
600 6K
50 52 54 56 58 ol 62 o1 o6 68 70
—_—— Non-transportation people + I'eansportation people

Cost of non-transportation people

Figure 2 Changes in transfers and non-transfers, and costs of non-transfers based on capacity changes in shelters
and hospitals

Supply rate
0 1 2 3 4 5
0 0
5 5
0 10
15 15
w—ip= Shortage i~ Cost of Shortage

Figure 3 Sensitivity analysis of cost and amount of the shortage to the supply rate
5. Conclusion

Considering the need for crisis management, and humanitarian logistics, as well as the importance of pre- and post-
crisis planning to minimize shortages at the time of the crisis and the importance of having credible suppliers as well as the
transport of more disaster victims, the results of the presented mathematical model identify tenable pre-crisis suppliers and
commit them to providing safety stock in their warehouses, and ensuring the ability to supply the vital goods needed in
different scenarios.

The validity of the model was verified by presenting several numerical examples using exact solution. In addition,
the sensitivity of the model variables to changing some parameters was investigated. It can be seen that as supply rates
increase, the amount and cost of shortage's decrease. Subsequently, as a result of the increased capacity of shelters, the number
of un-transported persons and the cost of non-transported persons decreased, and the number of transported persons increased.

Finally, future research can focus on supplier costs. As such, these costs are taken into account in more detail. Several
levels can also be added to the supply chain under the guise of "public donors" and "international aid" for the supply of vital
goods. Furthermore, by considering this model on a larger scale (at the city level or in the disaster-prone provinces) and by
solving meta-heuristics, a good output can be achieved in the field of humanitarian relief.
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