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Abstract - This research aims to establish a conceptual framework that identifies the integrated emergency logistics planning 
in reaction to natural disasters. A comprehensively conceptual model describes the interactions between various components 
in the context of relief supply chain. It is vital to have a model that operates the total flow of supplies distribution and 
evacuation planning as well as the location routing of the related facilities from the source of origins to the hands of 
receivers through the relief chain. To the best of our knowledge, there is no existing study proposea comprehensive 
framework for the decisions related to the emergency logistics planning management in the particular natural disaster. 
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I. INTRODUCTION 
 
Between 1995 and 2015, an average of 205 million 
people were affected by weather-related disasters 
every year, according to the Emergency Events 
Database (EM-DAT). Over this period, EM-DAT 
recorded 6,457 weather-related disasters, which 
claimed a total of 606,000 lives and affected more 
than 4 billion people. On average, 205 million people 
were affected by such disasters each year [1]. The 
frequency of geophysical disasters (earthquakes, 
tsunamis, volcanic eruptions and mass movements) 
remained broadly constant throughout this period, but 
a sustained rise in climate-related events (mainly 
floods and storms) pushed total occurrences 
significantly higher. Fig.1. shows that flooding 
caused the majority of disasters between 1995 and 
2015, accounting for 43% of all recorded events and 
affecting nearly 2.3 billion people. The number of 
floods per year rose to an average of 171 in the period 
2005-2014, up from an annual average of 127 in the 
previous decade. From a disasters analysis point of 
view, population growth and patterns of economic 
development are more important than climate change 
or cyclical variations in weather when explaining this 
upward trend. Today, not only are more people in 
harm’s way than there were 50 years ago, but 
building in flood plains, earthquakes zones and other 
high-risk areas has increased the likelihood that a 
routine natural hazard will become a major 
catastrophe [2]. 

 
Fig. 1. Percentage of occurrences of natural disasters by 

disaster type (1995-2015) [2] 

According to the claims of climate scientists and the 
trend in disaster frequency during the recent decades 
as above, academicians have duly responded by 
developing mathematical models and solution 
algorithms that deal with different aspects of 
disasters. Relief supply chain management has 
recently gained attention due to the recognition of the 
central role of logistics in responding to these [3].The 
field of humanitarian logistics and relief supply chain 
management is receiving increasing attention among 
academics, as well as practitioners.The study of 
emergency logistics operations management an 
emerging and imperative research area that is 
sustained by operations management (OM) scholars. 
While questions regarding the position of general or 
commercial logistics and supply chain have long been 
a topic of interest, much of the existing literature on 
humanitarian logistics management is quite fresh and 
still not enough. Latest data shows the global increase 
in natural disasters number which underlines the need 
for a better planning process and management 
operations of the humanitarian agencies. 
From a mathematical viewpoint, emergency logistics 
management implicates a broad variety of 
complicated optimization problems. The area of 
optimization problems has an abundant number 
coincide with operations research (OR) and computer 
science (CS) [4]. The scope of this research is to 
propose a decision making tool as an optimization 
problem in support to humanitarian operations 
management. A multi-level approach is developed for 
the integrated decision on strategic planning in pre-
disaster and post disaster operational phases of 
disaster cycle management. Two major phases of 
disaster cycle management comprise of the stages of 
preparedness and response in pre and post disaster 
operations consecutively. The preparedness stage 
includes processes of monitoring and risk control 
while the response stage is devoted to processes of 
how to react in the case of disturbance (i.e. the ‘first 
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response’ solution) [5]. More specifically, the 
preparedness stage is a planning system before 
disaster occur in order to make a decision on the 
location of related facilities and relief supplies. The 
schemes that usually taken into the consideration for 
this stage are the stock prepositioning, the selection 
of distribution centers (DC) and evacuation centers as 
well as the evacuation planning. The response stage is 
the later process of relief distribution executed right 
after the disaster happens. The main thrust of the 
emergency response operations is related to rapid 
deployment of resources and aid within the first 72 
hours or the first three days [6]. Vehicle 
transportation plan must be efficiently determined to 
support the rapid movement to deliver relief supplies 
from selected DC to the demand destinations both in 
evacuation centers and remaining people in affected 
area.Moreover, the proposed model aims to apply 
with floods case problem since floods possess the 
greatest majority of all natural disasters. Unlike other 
natural disasters, a massive flood often requires the 
decision on temporary depot locations over time 
besides the distribution centers. These depots are not 
mainly for the storage function but for transferring 
the relief supplies from one carrier type to another 
carrier type. This study then develop the temporary 
depots location problem as to be taken into the 
consideration in the humanitarian operations 
management as well. 
The objective of this study is to designa conceptual 
framework that identifies the integrated emergency 
logistics planning in reaction to natural disasters. A 
comprehensively conceptual model describes the 
interactions between various components in the 
context of relief supply chain. It is vital to have a 
model that operates the total flow of supplies 
distribution and evacuation planning as well as the 
location routing of the related facilities from the 
source of origins to the hands of receivers through the 
relief chain.To the best of our knowledge, there is no 
existing study propose a comprehensive framework 
for the decisions related to the emergency logistics 
planning management in the particular natural 
disaster. 
 
II. LITERATURE REVIEW 
 
2.1. Humanitarian logistics and relief supply chain 
Logistics management in the context of humanitarian 
organizations has been receiving a lot of attention and 
discussed by many researchers in recent years 
[7][8][9]. In particular, logistics is one of the most 
critical components to successful humanitarian 
assistance. Providing the right aid to the right 
recipients at the right time requires both proficiency 
and perception of the relief supply chain. To decrease 
human losses and suffering, a sufficient amount of 
supplies must be distributed after a catastrophe within 
some time limit. A severe problem that usually occurs 
after a disaster is destruction of some parts of the 

transportation network. As a result, some roads and 
links in the city network may not be accessible. This 
will make it very difficult to dispatch and deliver 
relief goods from local depots to demand points. This 
issue must be specified in a practical approach for 
humanitarian relief operations. 
While commercial and emergency relief supply 
chains are sharing a number of common ways of 
principle and operations, the different characteristics 
are able to summarize as shown in Table 1 which is 
adapted from [10].The humanitarian logistics 
operates under conditions that would frustrate most 
commercial logistics and supply chain managers. 
Different objectives and mechanisms drive 
humanitarian logistics management; their operating 
environment is extremely uncertain and dynamic, and 
unique management principles are often employed. 
Nevertheless, there are lessons to be learned that 
could apply to the most publicized commercial sector 
supply chains [11]. 

 

 
Table 1: The different characteristics between commercial and 

relief supply chain [10] 
 
2.2. Optimization models in emergency logistics 
The research on evolutionary optimization methods 
for humanitarian operations management, in 
comparison with other sub-areas of operations 
research (OR), is limited. But it has started to evolve 
a lot in the last years because of the recent increasing 
number of heavy disaster since 2000s [4].  
A broad overview of the relevant literature has 
covered a variety of optimization problems in order to 
best describe the complex mechanism of the relief 
supply chain and humanitarian logistics. According to 
emergency logistics operations, research content in 
the literature can be categorized into three main 
groups: (1) Facility and stock location problem (2) 
Evacuation planning problem and (3) Relief 
transportation problem. The following sections 
elaborate on optimization models used in each 
category which most articles have been collected 
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from a methodology survey by [12] and a review of 
relief supply chain optimization by [13]. 
The important characteristics of existing studies in 
this area comprise of the category of logistics 
distribution, deterministic or stochastic programming, 
time period horizon, single or multistage approach, 
mathematical model, and solutions algorithms. 
Among the research in this field, papers on facility 
and stock location hit the highest number of 
literature. Those mathematical models determine the 
number and locations of the distribution center in 
relief network and the amount of relief supplies to be 
stocked at each distribution center 
[14][15][16][17][18][19][20][21] [22][23][24] [25]. 
Several papers have also considered the decision on 
evacuation planning process mainly in the response 
stage of disaster operations management.All location-
evacuation models built for large-scale emergency 
situations seek to pick shelters from already available 
locations and prescribe traffic flow plans so as to 
minimize total evacuation time [26][27][28][29][30] 
[31][32]. 
Most of existing papers on the relief transportation 
model have been applied for the response stage of 
disaster operations management since it is the later 
process of relief distribution which executed right 
after the disaster happens. The models seek to fulfil 
the requirements of disaster response phase, such as 
quick response time, accurate deliveries of most 
needed items, on time deliveries, and fair service 
among several demand request points [8][31] 
[33][34]35][36]. 
 
III. STATEMENT OF PROBLEM 
 
Two major phases of emergency logistics operations 
comprising of the stages of preparedness and 
response in pre and post disaster management 
consecutively are considered in this study regards to 
floods disaster.  
Preparedness stage is a planning system before 
disaster occur in order to make a decision on the 
location of related facilities and relief supplies. The 
schemes that usually taken into the consideration for 
this stage are the selection of DCs with the stock 
prepositioning. The response stage is the later process 
on the evacuation planning executed right after the 
disaster happens follows with relief supplies 
distribution. The initial transportation plan must be 
efficiently determined to support the rapid movement 
to deliver relief supplies from selected DCs to the 
demand destinations both in evacuation centers and 
affected area. Finally, unlike other natural disasters, a 
massive flood often requires the decision on 
temporary depot locations over time besides the 
distribution centers. The need of decision for 
updating transportation plan and the temporary depots 
location problem are taken into the consideration in 

the relief supply as well. More detail is described as 
follows. 
Firstly, facility and stock location models are popular 
for use in solving problems that focus on the 
preparedness stage, whereas the distribution model is 
primarily applied to problems that focus on the post-
disaster phase right after disaster occurs. This 
characteristic is effected by the necessary activities 
related in each period of disaster lifecycle system. 
Fig. 2. shows the timeline of the emergency logistics 
operations management in this study. The essential 
elements in the stage of disaster preparedness is that 
the locations of facilities and infrastructure must be 
defined optimally, including but not limited to, 
central DCs, local DCs, permanent emergency relief 
facilities such as major hospitals, equipment and 
vehicles, and temporary emergency relief facilities 
such as mobile hospitals. Moreover, emergency 
logistics problems usually demand to store the 
emergency relief items and related equipment in 
stock. This is to enlarge their preparedness status 
against unexpected disaster events. Similarly to the 
context in commercial logistics, it could create a 
burden for an aid organization to response the high 
inventory holding costs. Thus, it is both vital and 
necessary to design the effective emergency logistics 
operations system for aid or humanitarian 
organizations.  
 
Once disaster hits the communities, the aid agency or 
government quickly send logisticians to the disaster 
areas to primarily estimate the types and amount of 
relief supplies needed. The flood severity in the city 
can be determined by the detection of gauging station 
in seven hour. Based on this information, the aid 
agency begins to operate the evacuation plan during 
the initial phase of the response operations. More 
specifically, the process of evacuation must be 
achieved in somehours right after the detection of 
gauging station. The selection of evacuation centers 
incorporates with the priorities for evacuating 
particular communities at this step, as well as specific 
disaster scenarios with estimates of the transportation 
needs and demands for relief. However, in the reality, 
not all people are able to travel to the evacuation 
center, there are a number of people remaining their 
residents in the flooded area. To response this 
characteristic of the problem, relief supplies must be 
distributed to the demand destination both in 
evacuation centers and affected area. Connecting 
supply distribution to evacuation planning process is 
crucial in this stage. The system requires the rapid 
distribution of aid supplies to satisfy all demand of 
affected people in the whole chain. In particular, the 
initial vehicle transportation plan must be determined 
following not only to the demand at evacuation 
centers but also to people who remain behind in the 
affected area. 
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Fig. 2. Timeline of the emergency logistics operations management in this study 

 
According to floods disaster as the test case in this 
study, most of time floods has been lasting longer 
days than other natural disaster. In other words, the 
response phase may be continued for several days or 
even months. As stated earlier, there are two of the 
demand destinations in this specific relief chain; 
evacuation centers and residents in affected area. The 
need of facilities called temporary depots is vital in 
this stage. These depots are not mainly for the storage 
function but for transferring the relief supplies from 
one carrier type to another carrier type. In this case 
study, boats are needed for supplies delivery for the 
remaining demand in flooded area because truck or 
land transportation will be no longer applicable due to 
the obstacle by water as shown in Fig. 2. One of 
challenges at this stage is the dynamic process of 
problem referred as the changeable impact of floods. 
The framework for a specific problem on temporary 
depot location regarding to floods disaster must be 
considered with the rapid deployment of resources 
and aids within the first 72 hours as the main trust of 
the ideal emergency response operations. 
The temporary depots location problem determines 
the best resource allocation among affected people in 
floods disaster that minimizes the cost of logistics 
operations, while maximizing the affected people. 
More specifically, the temporary depots location 
problem determines (1) location of depots, (2) 
delivery schedules and routes, and (3) the amount of 
relief item transported to demand locations during 
emergency management operations. The differences 
between the temporary depots location problem and 
commercial logistics location problems is that these 
temporary depots are not mainly for the storage 
function but for transferring the relief supplies from 
one carrier type to another carrier type where the 
flood boundary will be considered as the candidate 
location for. Unlike other natural disasters, a massive 
flood often requires the decision on temporary depot 
locations over time besides the distribution centers. 
Therefore, the need of location plan for temporary is 
the last crucial decision in this problem description.  

CONCLUSTION AND DISCUSSION 
 
This study describes a comprehensive model that 
characterizes the integrated humanitarian operations 
management in response to floods natural disasters. 
The proposed model comprises of two stage approach 
accounted for all related emergency logistics 
operations in preparedness and response phases of 
disaster cycle management. The first stage concerns 
the preparedness and initial response decisions while 
the second stage has been developed as decision 
support tool for underlying the problem in flood 
disaster response phase. 
The stochastic programming should be formulated for 
the first stage model which takes into the 
consideration of the most important three 
components; facility and stock location, evacuation 
planning, and relief transportation. The decisions that 
are made before a disaster hits, facility and stock 
location problem, are usually made with 
consideration for all possible scenarios. The decisions 
that are made afterward must depend on the actual 
scenario, which are evacuation planning and relief 
transportation in the initial response stage of the 
problem. To develop a framework for effective relief 
operations, the model should consider not only a cost 
purpose, but also an equity solution approach as the 
multiple objectives optimization problem. This stage 
problem would be able to provide empirical insights 
about how change is brought about during disaster 
operations. It could also suggest how to compromise 
between the cost and the equity of relief victims. 
The second stage extends the contribution focusing 
on the operational level in response to immediate 
aftermath of a flood disaster. The location-routing 
model should be proposed to the particular temporary 
depot problem regards to floods disaster. To 
formulate this problem, the use of multi-period 
approach to describe the problem is presented as well 
as considering multimodal transportation in order to 
more closely mimic the realistic behavior of a 
disaster. A unique and special of flood character is 
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about the dynamic capabilities. Floods may not hit as 
sourgently as earthquake or other natural disasters but 
present the unstable size and impact over time 
instead. In particular, in the case of flooding, where 
the most common transportation means are trucks in 
unaffected areas and boats in flooded locations. The 
results of the second stage show the optimal locations 
of temporary depots for each time period regarding to 
the dynamic characteristics of flood. Single-period 
solution approach would be also conducted in the 
experimental results to display the performance 
comparison of the proposed multi-period model. The 
solutions should express that the multi-period 
approach produces better solutions than the single-
period ones. The model provides the approach for an 
integrated emergency logistics planning that enablers 
delay minimization with optimal distribution of 
resources. Finally, the possible research extensions of 
this model would go to the larger and more complex 
problems. The increase in solution time regarding a 
larger number of uncertain parameters in the first 
stage requires higher resource capacity. The use of 
algorithms is one of the prospects to provide the 
opportunities for improvement when the complexity 
or problem sizes become larger. The proposed 
algorithms can be expected to produce the proper 
solutions to the complex problem.  
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