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ABSTRACT 

Different from normal business operations, emergency response for large scale disaster is complex 

and there are many challenges arise. Research on emergency logistics is still in its infancy stage. 

Understanding the challenges and new research directions becomes imperative. In this paper, we 

present a literature review of emergency logistics in large-scale disaster context. First, we identify 

key characteristics of large-scale disasters and assess their challenges to emergency logistics. 

Second, we analyze and summarize current literatures on how to deal with these challenges. 

Finally, we discuss existing gaps in relevant research and suggest future research directions. 
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INTRODUCTION 

 

Large scale disasters, such as Haiti’s earthquake in January 2010 and Japans biggest earthquake, 

tsunami and nuclear reactor meltdown in March 2011, happen suddenly and can result in large 

numbers of casualties and significant damage. When a large-scale disaster happens, immediate 

emergency responses are needed in order to save lives, relieve and control the damages1. As 

pointed out by Altay and Green III2, “Disasters are large intractable problems that test the ability 

of communities and nations to effectively protect their populations and infrastructure, to reduce 

both human and property loss, and to rapidly recover. The seeming randomness of impacts and 

problems and uniqueness of incidents demand dynamic, real-time, effective and cost efficient 

solutions, thus making the topic very suitable for OR/MS research.” Emergency logistics is “the 

support function that ensures the timely delivery of emergency resources and rescue services into 

the affected regions so as to assist in rescue activities”3, while humanitarian logistics is more 

focusing on aiding people in their survival during and after a disaster. However, in the research 

arena, the differences between emergency logistics and humanitarian logistics have been slight4. 

In this work, we will use the term emergency logistics as a general term, and do not emphasize the 

differences between them. 

Many scholars in the OR community have studied emergency logistics, especially after the 2001 

9/11 terrorist attack in the U.S.5,6. We were able to find five survey papers on emergency logistics 

that are related to our study. Green and Kolesar7 analyzed previous OR papers focused on urban 

emergency services and “routine” emergencies, published in the INFORMS journals from 1960 to 

2004. Wright et al.8 extended the literature scope into homeland security including traffic and cyber 

space safety. Both of these two studies focused on OR in routine emergency management but not 

in the context of large-scale disasters. Altay and Green III2 summarized the works of the OR 

community published from 1980 to 2006 under a broad umbrella of disaster operation management 

in large-scale disasters. They proposed a macro level of literature classification in the field of 

disaster operation management, but their work does not provide a detailed analysis of the 

contributions made by the OR community. Simpson and Hancock9 discussed the previous literature 

on both urban emergency service systems studied in earlier periods and of large-scale disasters in 

the 21st century, and they also identified a detailed literature citation network among those studies. 

But they did not investigate the research gap that exists for immediate emergency response. Most 

recently Caunhye et al.10 summarized the OR literature in the pre-disaster operations phase and 

post-disaster operations phase. They analyzed the current literature through the perspectives of OR 

models, decisions, objectives, and constraints. They also suggested some future research problems. 

Generally, all of the survey papers have summarized and classified the existing literature in 

emergency logistics, but there is a lack of emphasis on the gaps between what we have studied and 

what we should study in emergency logistics for real world emergency response. 

Our research aims to identify the current research gaps in emergency logistics research in the 

context of large-scale disasters. We take a problem identification and solution approach rather than 
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summery and classification approach to our literature review with the following steps. First, we 

identify the key characteristics of large-scale disasters and corresponding challenges posed to 

emergency logistics. Second, we analyze current OR efforts on how to deal with these challenges. 

Finally, we investigate the gaps in current research and suggest future research directions. 

SURVEY SCOPE AND METHOD 

Emergency management activities are commonly described in four programmatic phases: 

mitigation, preparedness, response, and recovery11. “Mitigation is the application of measures that 

will either prevent the onset of a disaster or reduce the impacts should one occur. Preparedness 

activities prepare the community to respond when a disaster occurs. Response is the employment 

of resources and emergency procedures as guided by plans to preserve life, property, the 

environment, and the social, economic, and political structure of the community. Recovery 

involves the actions taken in the long term after the immediate impact of the disaster has passed to 

stabilize the community and to restore some semblance of normalcy”2. In our study we concentrate 

only on the OR literatures that investigate emergency logistics in the immediate response phrase 

and in the context of large-scale disasters. 

We searched for literatures on emergency logistics published in academic peer-reviewed journals 

and book chapters, while conference proceedings and working papers were not included. We 

searched the title, abstract and keyword of journal articles published in English only. The keywords 

we used contain “disaster”, “large-scale disaster”, “catastrophe”, “emergency”, “emergency 

response”, “emergency logistics”, “humanitarian logistics”, “optimization”, as well as their 

combination and extensions such as “disastrous”, “catastrophic”, etc. As the result, we identified 

81 papers on emergency logistics from 42 journals including Operations Research, Management 

Science, Transportation Research Part E, European Journal of Operational Research, Interfaces, 

Journal of the Operational Research Society, Interfaces, Computers & Operations Research, IIE 

Transactions, Annals of Operations Research, OR Spectrum, Naval Research Logistics, etc. We 

summarize the distribution of articles published in these journals in Table 1. 

In this paper, we review emergency logistics literatures using a problem-solution approach with 

three steps: problem recognition, problem definition and problem solution. In the view of problem 

recognition, we first identify the unique characteristics of large-scale disasters. We then attempt to 

identify what challenges the emergency logistics face in order to respond to large-scale disasters. 

Finally we discuss how existing OR studies handle these challenges and point out the gaps that 

need to be further studied. 

Key Characteristics of Large-Scale Disasters and Challenges of Emergency Logistics 

In contrast to routine emergencies such as a medical emergency or traffic accidents, large-scale 

disasters can have a severe impact on large concentrations of people, activity, and wealth, and last 

for a longer period of time. Some specific characteristics of large-scale disasters differ, depending 

on the type of disaster and the types of relief actors involved, and they pose specific challenges for 
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emergency logistics in the aftermath of disasters12. In this section we first identify the common 

characteristics of large-scale disasters, and then investigate some potential challenges of practical 

emergency responses. 

Table 1: Summary distribution of articles on emergency logistics 

Journals Number of Articles 

Transportation Research Part E: Logistics and Transportation Review 10 

European Journal of Operational Research 8 

Socio-Economic Planning Sciences 6 

Interfaces 4 

Journal of the Operational Research Society 3 

Transportation Research Part A: Policy and Practice 3 

Safety Science 3 

Computers & Operations Research 2 

IIE Transactions 2 

OR Spectrum 2 

International Journal of Physical Distribution & Logistics Management 2 

International Journal of Production Economics 2 

Expert Systems with Applications 2 

Disasters 2 

Disaster Medicine and Public Health Preparedness 2 

Information Systems Frontiers 2 

Operations Research 1 

Management Science 1 

Annals of Operations Research 1 

Naval Research Logistics 1 

Transportation Research Part B: Methodological 1 

Omega 1 

Computers & Industrial Engineering 1 

Journal of Supply Chain Management 1 

Decision Support Systems 1 

Communications of the ACM 1 

Disaster Prevention and Management 1 

Journal of Intelligent Transportation Systems 1 

International Journal of Logistics: Research and Applications 1 

Transportation Letters: The International Journal of Transportation Research 1 

Journal of Advanced Transportation 1 

Transportation Research Record: Journal of the Transportation Research Board 1 

Regional Science and Urban Economics 1 

International Journal of Public Sector Management 1 

Journal of Health Economics 1 

Fire Safety Journal 1 

Annuals of Disaster Prevention Research Institute, Kyoto University 1 

Intelligent Systems 1 

American Journal of Mathematical and Management Sciences 1 

Networks 1 

Journal of Applied Security Research 1 

Journal of Urban Planning and Development 1 
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Key Characteristics of Large-Scale Disasters 

As pointed out by Chen et al.13, a typical large-scale emergency situation has characteristics such 

as, “great uncertainty; sudden and unexpected events; the risk of possible mass casualty; high 

amounts of time pressure and urgency; severe resource shortages; large-scale impact and damage; 

and the disruption of infrastructure support necessary for coordination like electricity, 

telecommunications, and transportation. This is complicated by factors such as infrastructure 

interdependencies; multi-authority and massive personal involvement; conflict of interest; and the 

high demand for timely information.” These characteristics can be categorized as: mass scale, 

severe consequences, multi-agency involvement, time pressure, demand surge, resource shortage, 

great uncertainty, and infrastructure damage, as described in Table 2. 

Table 2: Key characteristics of large-scale disasters 

Emergency Characteristics Descriptions References 

Mass scale May affect wide geographical areas and large 

groups of population 

Kovacs´ and Spens12 

Severe consequences May cause huge number of casualties and 

property damages 

Chen et al.13 

Multi-agency involvement May involve multiple parties such as rescue 

teams, volunteers, and international support teams 

Moore et al.14 

Time pressure Time is critical for life saving, and there is time 

pressure for quick decision making and action 

Sheu15 

Demand surge and resource 

shortage 

Huge demand surge with severe resource 

shortages 

Bostick et al.16 

Great uncertainty Great uncertainty caused by the nature of the 

disaster which is often unpredicted and 

unprecedented 

Balcik et al.17 

Infrastructure damage Infrastructure is often damaged, becoming 

inaccessible or unusable 

Morris18 

 

Challenges for Emergency Logistics 

Chen et al.13 studied the impact of different characteristics of disasters on coordinated emergency 

response systems. Following the same approach, we investigate the potential challenges for 

emergency logistics according to each emergency characteristic discussed in Section 3.1, with the 

results summarized in Table 3. 
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Problem Scale and Complexity 

Large-scale disasters may affect wide geographical areas and large populations with severe 

damage. Emergency logistics tasks therefore are very complex and complicated, involving 

overwhelming damage assessment and demand estimation, allocation of variety of resources, 

complicated resource distribution in short period of time, organizing rescue operation and mass 

evacuation, etc. Moreover, these tasks are interrelated to each other and cannot be solved 

individually without considering their mutual impact. There are also existing hard-to-measure 

factors like unanticipated surge of local demand, transportation infrastructure damage as well as 

the possibility of secondary disaster occurrence, etc. These features make the problem structures 

in emergency logistics inherently chaotic and complex. Some of them are intractable and even 

containing numerically unsolvable instances from mathematical point of view. Hence, these 

substantial complexities and obstacles pose a great challenge for emergency logistics5. 

Different Objectives and Decision Criteria 

Large-scale disasters may result in large numbers of casualties and cause severe property damage. 

In this context, the objectives and decision criteria for emergency logistics should focus on saving 

lives, alleviating human suffering and reducing property damage, rather than the traditional 

objective of reducing operating costs and increasing profit for business19,20. 

Table 3: Challenges for Emergency Logistics 

Emergency Characteristics Challenges for Emergency Logistics 

Mass scale Problem scale and complexity 

Severe consequences Different objectives and decision criteria 

Multi-agency involvement Multiparty collaboration problem 

Time pressure Critical time requirement and real-time decision making 

Demand surge and resource shortage Allocation of scarce resource 

Great uncertainty Stochastic and scenario based modeling 

Infrastructure damage Logistics with damaged infrastructure 

 

Moreover, the objectives or decision criteria can be different and may even conflict among parties 

involved. For instance, lifesaving may conflict with damage control. The objective achievements 

are often ambiguous and hard to measure21. For example, “Imagine an organization whose mission 

is to alleviate human suffering. How can you measure such an abstract notion? How can an 

organization meaningfully assess its direct contribution to such a broadly stated mission?”22. 

Multiparty Collaboration Problem 

Large-scale disasters require multiple agencies such as police, firefighters, medical teams, the Red 

Cross, volunteers, etc, working together to carry out emergency response tasks23. With different 

authorities, functionalities and professions, multiparty coordination can be very complex. Not only 
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do these players have different incentives and motivations, but it may also exacerbate the 

competition for limited resources. Therefore, good collaboration is needed for information 

exchange, resource sharing, and job dispatching among different parties24. Otherwise, a lack of 

collaboration can lead to disaster propagation and even higher numbers of casualties25. 

Critical Time Requirement and Real-Time Decision Making 

Disasters usually happen suddenly and develop rapidly. Any delay of relief efforts may cause 

severe consequences. Hence, there is time pressure to make quick decisions and to provide quick 

responses19,26,27. Under the situation of strict time pressure, two challenges are imposed on 

emergency logistics: On one hand, there is the need to speed up the response operation such as 

quick transportation of humanitarian aid through better scheduling. At times it is necessary to look 

for a quick feasible solution rather than an unrealistically sophisticated optimal solution, because 

time is critical for emergency response. On the other hand, we need to speed up the decision 

making process in order to reduce unnecessary delay. Real-time information gathering and 

decision support therefore is critical. 

Allocation of Scarce Resources 

Large-scale disasters often create a sudden huge demand for emergency resources which greatly 

exceed resource availability16. In this situation, it becomes imperative to allocate these scarce 

resources for different demand areas and ensure their availability to those that need resources the 

most28. Emergency resource allocation needs to consider many factors simultaneously, such as 

damage scenarios, number of casualties, priority of demand fulfillment, urgency level of needs, as 

well as delay consequence of humanitarian aids. How to set up allocation principles and measure 

resource allocation performance is a subject of much debate29, since besides efficiency and 

effectiveness, it unavoidably involves questions of justice and fairness. With urgent needs and 

insufficient resources, what are the justice and fairness challenges for resource allocation? There 

is still lacking of consensus on what each represents30, because it is a most controversial topic 

regarding of ethical issues31. 

Stochastic and Scenario-Based Modeling 

Large catastrophic disasters usually have little precursory features before their occurrence, which 

make them highly uncertain and difficult to predict. In the large-scale emergency response practice, 

it is usually hard to predict the scope and progress of a disaster situation, to assess the damages 

and to estimate the resource requirement accurately15. To cope with these uncertainties, it is 

necessary to establish stochastic or scenario-based emergency logistics models32-35. 

Logistics with Damaged Infrastructure 

Large-scale disasters may cause extensive damage to communications, power supplies, and 

transportation infrastructures, and making them unavailable for emergency relief operations. For 
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example, disrupted transportation facilities including ports, airports, roads and bridges, may limit 

humanitarian aid to gain access to disaster affected regions; destroyed communication 

infrastructures such as telephone and radio towers can hamper information collection and the 

transmission of notification of the actual event slowing down the responsiveness. These additional 

constraints need to be taken into consideration for emergency logistics operations36. 

Research Gaps in Current Studies and Future Research Directions 

Based on the challenges to emergency logistics discussed in Section 3.2, we further review the 

achievements and the gaps of current OR studies in responding to these challenges, and identify 

future research directions. The findings are summarized in Table 4, followed by a detailed 

discussion in each subsection. 

Table 4: Current Studies and Future Research Directions in Emergency Logistics 

Challenges Current Studies & Limitations Future Research Directions 

Problem scale and 

complexity 

Most studies focused on decomposition to a 

specific or simplified decision problem, such as 

demand assessment, resource allocation, 

emergency distribution, and emergency 

evacuation; Few studies considered an 

integrated model. 

Develop integrated models that address 

the entire emergency logistics process 

for large scale problems. 

Different objectives 

and decision criteria 

Most studies focused on traditional logistics 

objectives (minimization of distribution time, 

cost and shortest path selection, etc.); 

Few studies considered emergency specific 

decision criteria such as minimizing number of 

fatalities, maximizing demand fulfillment, and 

minimizing unsatisfied demand. 

Make objectives more directly linked to 

end results such as lifesaving and 

damage reduction; Develop a uniform 

metric framework to guide emergency 

relief operation. 

Multiparty 

collaboration 

problem 

Most studies assumed a single authority to deal 

with emergency response; Some studies 

considered the coordination of multiple 

decision problems such as the integration of 

resource allocation and distribution, but did not 

consider different objectives by different 

parties. 

Investigate task, resource, and workflow 

interdependency across different 

stakeholders. 

Critical time 

requirement and 

real-time decision 

making 

Current studies tended to focus on minimizing 

distribution time and setting time windows as a 

constraint; Some papers enabled real-time 

decision making through continuously updating 

the information used in decision models; 

Few researches linked human survival 

possibility with emergency response time; 

Lack of study on real-time decision-making 

implementation issues. 

Explore the measurement of critical time 

requirement; Develop more adequate 

quantitative metrics linking lifesaving 

with response time; 

Make more efforts to address the 

decision support user interface issue for 

real-time application of decision models; 

Explore dynamic relationship between 

disaster scenarios and time criticality. 
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Allocation of

 scarce resources 

Resource allocation was usually based on a 

given priority, and seldom consider that the 

priority changed over time; Lack of 

consideration on multi-type resource allocation; 

Few studies considered the balance between 

efficiency and equality. 

Develop more dynamical priority metrics 

to allocate relief resources; Combine 

priority setting and demand fulfillment 

as the criteria for resource allocation; 

Achieve a balance between priority and 

equality. 

Stochastic and 

scenario-based 

modeling 

Most papers investigated deterministic models, 

with the assumption that data were known for 

the given situation; Few studies developed 

stochastic, fuzzy, and simulation models to 

tackle the uncertainties in disaster relief 

operations. 

Combine scenario technique with 

optimization model; Deal with the 

difficulties of unprecedented emergency 

situations (no probability distributions 

are available). 

Logistics with 

damaged 

infrastructure 

The repair of damaged roads was incorporated 

into the distribution model; Traffic capacity 

constraints were added into distribution 

networks; Traffic capacity constraint was 

treated as static, not dynamic during emergency 

response. 

Use combinatorial choice of multi-mode 

transportation to cope with infrastructure 

damage/availability; Improve resilience 

capability of emergency logistics 

network. 

 

Problem Scale and Complexity 

Emergency logistics can be viewed as a very complex dynamic process which consists of many 

interdependent tasks with complex objectives and constraints. For example, after an occurrence of 

a large-scale disaster, the primary task is collecting and distributing emergency resources to the 

affected areas. However, several interdependent tasks emerge, such as who holds the emergency 

resource, where can one get the emergency resource, who delivers the emergency resource to the 

affected areas, when are transport vehicles available, etc. Hence, emergency logistics is a 

complicated problem since various decision problems must be considered simultaneously. 

Currently, emergency logistics problems have been studied in four areas: demand assessment, 

resource allocation, resource distribution, and emergency evacuation. Few studies integrate two or 

more specific decision problems into one decision model. 

Damage assessment and demand estimation refer to the assessment of the damage from disaster 

affected areas and the estimation of possible resource requirements in these areas. Problems studied 

include damage assessment, disaster area grouping, demand requirement forecasting, and demand 

priority ranking. Moltchanova et al.37 developed a stochastic model to evaluate the economic losses 

and loss of life to assist efficient earthquake response. Chang et al.34 grouped the affected regions 

based on their geographic distribution and distance. Other works related to area grouping method 

can refer to Gong and Batta38 and Jotshi et al.39. Sheu6,40 investigated time varying relief demand 

forecasting, disaster area grouping and information uncertainty evaluation. The gap on this topic 

is a need for demand assessment models that contains the information updating process of various 

disasters. 
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Resource allocation refers to the allocation of limited resources to disaster affected areas with the 

guidance of allocation principles. Fiedrich et al.41 first pointed out the significance of optimal 

resource allocation to disaster affected areas during the initial search-and-rescue period after a 

large-scale earthquake happened. Sherali et al.42 discussed the problem of allocating certain 

available resources to mitigate risks that may arise after the occurrence of natural disaster. Gong 

and Batta38 considered ambulance allocation problems in immediate disaster response operations. 

Felder and Brinkmann19 addressed the emergency medical service allocation amongst urban and 

rural regions. Zhang et al.43 took the possibility of secondary disaster into account in the multi-

resource allocation model. Arora et al.28 studied the antiviral allocation problem to cope with a 

large-scale pandemic flu. They discussed the trade-off between maintaining local redundant 

capacity and relying on mutual aid of antiviral resource. In fact, resource allocation problem 

usually involves many different types of resources, with very different requirements, e.g., 

periodical need or one-time need. However, current researches seldom consider this difference in 

the decision models. 

Resource distribution discusses how to deliver the various relief resources to affected areas 

efficiently. To some extent, distribution activities play a central role in disaster response operation. 

It is critical to identify specific features in disaster response, such as infrastructure damage, as well 

as availability and compatibility of various delivery tools. Without these features, it will be hard 

to distinguish the emergency distribution models from traditional distribution problems44,45. Most 

studies formulate emergency resource distribution problem as vehicle routing problem. For 

instance, Haghani et al.46 proposed a simulation model to assist emergency medical vehicle 

dispatching and routing decisions through updating real-time travel information; Shen et al.47 

addressed a stochastic emergency vehicle routing problem in response to a large-scale bioterrorism 

emergency; Lin et al.48 investigated a specific vehicle routing problem through taking prioritizing 

item delivery into account, and formulated it as a multi-objective integer programming model. 

Some scholars have studied route selection problems49. Yuan and Wang49 developed a multi-

objective route selection model with consideration of the travel speed on each route affected by 

disasters. Some other scholars have investigated road capacities. For example, Barbarosoglu˘ and 

Arda32 incorporated the randomness of transportation capacity into their model; Jotshi et al.39 

considered the data fusion of road conditions in their proposed emergency vehicles dispatching 

and routing model. Another study viewpoint was to choose a proper traffic model according to 

road conditions and road capacities, e.g., distribution via helicopter in Barbarosoglu˘ et al.50 and 

Ozdamar51, multimodal transport routing optimization in Ozdamar¨ et al.5 and Hu52. 

Emergency evacuation studies how to displace people from dangerous areas to safe ones. In OR, 

the evacuation problem is mainly formulated as a network design and network flow control 

problem with the objective of improving the efficiency of emergency evacuation. The interested 

reader is referred to Abdelgawad and Abdulhai53 and Hamacher and Tjandra54 to get a more 

detailed review. In the existing literature, the necessity and importance of OR models have been 

established53, in which the typical OR approaches contain multi-objective optimization models55, 
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static network flow models56, dynamic network flow models57-62, time-expanded network 

models63,64, and fuzzy robust programming models65. Hamacher and Tjandra54 provided a detailed 

classification on mathematical modeling of evacuation problems. From the mathematical solvable 

point of view, Kim et al.66 and Lu et al.67 discussed the design of heuristics to solve large scale 

evacuation network flow models. Liu et al.68 presented an algorithm applicable to evacuation 

problems in context of a flood disaster. 

Besides focusing on individual emergency logistic decision problems, some researchers also made 

efforts to integrate different specific decision problems into one decision model, such as integration 

of resource allocation and emergency distribution21, combine vehicle routing with supply 

allocation69, joint optimization of distribution network repair with relief distribution 

scheduling36,70,71, coordination model between emergency distribution and evacuation59,60, a trans-

shipment model linked distribution with inventory relocation model72, a combined stochastic 

model for the storage and distribution of medical supplies73, and an integrated model of facility 

location, emergency resource delivery, and vehicle routing74. 

In general, previous studies have mainly focused on decomposition-oriented methods, which deal 

with emergency logistics problems by simplifying the problems or decomposing large problems 

into multiple smaller problems. The advantage of this paradigm is to make the complicated 

problems more tractable and easy solvable, but the major disadvantage is that it omits the 

interrelationships amongst the emergency relief activities. On the other hand, although the idea of 

an integration-oriented method such as joint optimization model in the context of large-scale 

disasters has been raised recently, it is challenging to build integrated models that address the entire 

emergency logistics process for large-scale problems. 

Different Objectives and Decision Criteria 

The objectives and decision criteria not only reflect the attitudes and principles of decision-makers 

towards decision problems, but also act as measurements to assess various schemes or schedules. 

Effective decision metrics can not only help practitioners make quick decisions and improve 

emergency responsiveness, but also can benefit in coordinating interdependent tasks amongst 

various participators, smoothing the disaster relief operations. Owing to the central role of 

emergency logistics in relief operations, the decision objective and criteria is critical for responding 

to large-scale emergencies and control the consequences of disasters26. 

In existing literature, objectives commonly used in emergency logistics can be classified into three 

groups: improvement of distribution performance, assessment of demand fulfillment, and 

reduction in human deaths or improvement in human survivability. Moreover, it is also possible to 

combine objectives from different groups as multiple objectives. The criteria for improving 

distribution performance include: minimizing distribution time36,39,44,48,51,58,73,75, minimizing the 

time span of task completion36,38, minimizing evacuation time65,76, minimizing delay time of 

distribution service57,59,60, minimizing distribution cost6.21,32,43-45,50,52,63,72, minimizing evacuation 
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network construction cost76, minimizing the vehicle utilization77, maximizing the outgoing flow64, 

maximizing vehicle tour duration50, as well as selection of the shortest path49,55,75. 

The criteria to assess demand fulfillment include: minimizing unsatisfied demand47,48,57,59,60,74,77, 

maximizing demand fill-up rate6,44,71 and minimizing the difference of demand satisfaction rates 

between different areas48. 

The criteria of reducing human deaths or improving human survivability include: minimizing the 

number of fatalities41 or maximizing the expected number of saved people78, maximizing the 

human survival probability in ambulance service27,79,80, and possible health outcomes (death, 

hospitalization, outpatient care) in evaluating different intervention policies for influenza 

pandemics28. 

Unlike commercial logistics taking minimizing economic cost as primary performance 

measurement, emergency logistics metrics is more complicated and need to consider much 

complex factors81. Some researchers attempted to develop a performance measurement framework 

for emergency logistics decisions. For example, Huang et al.69 used equity, efficiency and efficacy 

as important indicators to measure emergency relief operations, and investigated the balance 

among the three metrics; Felder and Brinkmann19 investigated the trade-off of equity and 

efficiency in emergency medical service; Davidson82 used appeal coverage, distribution time, 

efficiency, and assessment accuracy to measure the performance of relief logistics; and Balcik and 

Beamon26 suggested applying the performance measurement framework of commercial supply 

chain to humanitarian relief chain, and developed a framework consisting of resource, output, and 

flexibility metrics through extending the previous work of Beamon83. Some literature specially 

discussed the balance amongst different objectives in their developed models, such as the trade-

off of efficiency and equal service time in Chiou and Lai70. 

In summary, most current research focuses on traditional logistics objectives (minimization of 

distribution time and distribution cost, and selection of shortest path). Typically, cost-based and 

time-based objective functions are often representative of current research efforts. Few studies 

have considered emergency related decision criteria such as minimizing the number of fatalities or 

maximizing demand fulfillment. However, the primary principle in emergency logistics is saving 

human lives and reducing property damage through various emergency relief activities. Thus, the 

decision objectives and criteria of future studies should be more directly linked to the end results 

such as lifesaving, human suffering alleviation as well as damage reduction20,84. Moreover, 

although the performance measurement of emergency logistics has received greater attention by 

many academics26, a uniform metric framework to guide emergency relief operation needs to be 

further investigated. 
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Multiparty Collaboration Problem 

Coordination can be defined as the management of interdependencies between activities to achieve 

a goal85. In emergency response tasks are often complex, uncertain, and interdependent to each 

other and need to be carried out jointly by multiple agents86. 

Current OR has studied the coordination of multiple decision problems. Yi and Ozdamar60 and Yi 

and Kumar59 investigated the decision coordination problem between emergency distribution and 

emergency evacuation. Chiou and Lai70, Yan and Shih36 and Liberatore et al.71 integrated road 

repairing scheduling with relief distribution to analyze the integrated schedules. Huang et al.69 

combined the vehicle routing with supply allocation, under the consideration of equitable service 

to all beneficiaries. Balcik et al.21 developed a joint optimization model of resource allocation and 

emergency distribution. Moreover, Rottkemper et al.72 investigated the integration of resource 

distribution and inventory relocation, and formulated it as an integrated transshipment model. 

Generally speaking, the integrated optimization and assessment method is a good way to 

coordinate different relief activities in emergency logistics schedules. The integration of relief 

activities can improve the effectiveness and efficiency of emergency relief operation and enhance 

the responsiveness to emergency events87,88, whereas the development of a more complex 

emergency logistics model may increase the problem complexity and will put more stress on model 

solutions especially under time pressure of emergency relief decision making. 

We noted that there is some OR literature outside the emergency logistics domain that have made 

contributions to the topic of collaboration, such as collaborative transportation planning89, shipper 

collaboration models90, etc. A detailed literature review of collaborative transportation is provided 

by Agarwal et al.91. We believe the basic principle of collaboration is common in different areas, 

and the collaboration approach in transportation domain may be applied to collaborative 

emergency relief operations. 

On the whole, the multiparty collaboration problem still remains at the top of the research 

agenda17,25. Most current literature investigates this topic from a single authority’s perspective, i.e. 

assume a single authority to deal with emergency response. Although some studies have 

considered the coordination of multiple decision problems such as the integration of resource 

allocation and distribution, they have not considered different objectives by different parties. In 

fact, emergency logistics almost always needs to simultaneously implement different sequential 

response tasks92. Hence, future studies in this field should focus on the investigation of the 

interdependency of tasks, resources, and workflows across and among different decision 

authorities, and possible modeling tools could learn from the knowledge in the fields of 

collaborative transportation planning and workflow technology. 

Critical Time Requirement and Real-Time Decision Making 

Time is life in emergency response. Any delay of decision and action may cause unnecessary 

casualty and human suffering that otherwise could be avoided79,80. The highest priority for 
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emergency logistics is to save lives as soon as possible, and emergency response time has been 

identified as a critical indicator to measure the performance of emergency relief operation and 

survival possibility of injured people27. Many countries have enacted the time threshold to respond 

in large disaster events. For instance, under the new Department of Homeland Security in the U.S., 

the Strategic National Stockpile (SNS) Program is required to maintain a stockpile of 

pharmaceutical agents, vaccines, medical supplies, and equipment to augment state and local 

resources during a large-scale disaster or bioterrorism event. Upon request, the SNS Program will 

deliver materials anywhere in the United States within 12 or fewer hours94. 

To deal with critical time requirement, current OR studies tend to focus on making the minimum 

distribution time as the decision objective, or setting time windows as a constraint in the 

mathematical model. Those studies related to minimizing distribution time have been analyzed in 

Section 4.2. A typical study was conducted by Gong and Batta38 who studied the problem of initial 

allocation and subsequent reallocation of ambulance amongst casualty clusters in consideration of 

round-trip service time. They developed a continuous function to depict the casualty growth in a 

cluster and combined it with the criterion of mini-max completion time that ambulances need to 

serve the casualty cluster. For studies of the time-window setting, Haghani and Oh45 incorporated 

a time-window constraint into a time-space-based distribution network; Shen et al.47 investigated 

an emergency vehicle routing problem in consideration of the time window constraint; and in Lin 

et al.48, they took account of the soft time windows in their developed emergency relief planning 

model. 

For quick decision making, some papers have investigated the problem of real-time decision 

making through continuously updating information used in decision models. Thus, this requires 

rapid data gathering and information processing, and continuous adjustment with the changes of 

disaster situations95. In current literature, the widely used method for real-time information 

processing is data fusion, which is a process that refines its estimations and assessments of decision 

parameters continuously. This includes Sheu40 who adopted data fusion methods to forecast relief 

demand in multiple areas so as to support the emergency distribution, and Jotshi et al.39 who 

estimated the number of casualties and road conditions in a post-disaster environment by using the 

data fusion method. In addition, combining efficient optimization technology with real-time 

decision support systems is another interesting area of research to assist emergency response,46,96. 

For example, Horner and Downs97and Chang et al.34 incorporated the geographic information 

system (GIS) into the emergency rescue planning model. 

Some OR studies attempted to analyze the critical time requirement for lifesaving perspective and 

explored the quantitative relationship between critical response time and human being 

survivability. Felder and Brinkmann19 pointed out that the response time can crucially determine 

the quantity and quality of lifesaving in an emergency event. Erkut et al.27 and Knight et al.80 

investigated the patient survival possibility in the context of ambulance location models, and 

demonstrated that the probability of patient survival was a function of response time. Moreover, 
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McLay and Mayorga79 also discussed the performance evaluation of response time thresholds in 

terms of resulting patient survival rates. 

Although current literature have taken time into consideration, most of them treated time as an 

objective or a constraint from the traditional logistics perspective, and did not reflect the time 

pressure feature in the aftermath of a large-scale disaster. Thus, quantitative metrics linking human 

survivability with response time is very much needed. This issue has been recognized and 

investigated by some scholars, but their study efforts are all based on the statistical results from 

medical care field27,80, and may inadequate in the case of general emergency logistics. We also 

need to make more efforts to address the issues of decision support user interface for real-time 

applications of decision models. Finally, exploring time-varying process between disaster 

scenarios and time criticality is rare in current literature, and need to be further investigated. 

Allocation of Scarce Resources 

During a disaster, resources need to be allocated to the affected people and places for effective 

rescue operation. A general issue in this problem domain is how to allocate emergency resources 

in order to relieve the consequences caused by a disaster19,42. In a large-scale disaster situation 

resource allocation decisions are often affected by sudden demand surges and serious shortage of 

available resources. In the context of insufficient emergency resources, different criteria can result 

in different resource allocation schemes. Usually, priority setting is a key determining factor to 

allocate scarce emergency resources97. 

To deal with resource shortage, we borrow the worth-oriented paradigm from social choice 

theory98 and welfare economics99. According to their opinions, the competing ethical principles 

for scarce resource rationing are utilitarianism and egalitarianism. Utilitarianism focuses on 

maximizing total social worth or maximizing the greatest value of goods for the greatest number 

of people, which can also be interpreted as the most lives saved in the context of emergency 

response. The utilitarian principle is to ration the scarce emergency resources and determine the 

satisfaction of demand requirements through priority setting100. For example, the priority in 

emergency relief operations may be related to which affected region should be satisfied first, triage 

protocols in places16,101, etc. However, this allocation principle may cause inequality amongst 

disaster victims in different affected regions. Caro et al.31 argued that utilitarian efficiency should 

be tempered by the principle of equality in making decisions about providing lifesaving 

interventions and palliation. Although utilitarian efficiency is important, egalitarian criteria (i.e., 

equality or fairness) are also the key modifying ethical principle. Bertsimas et al.102 even argued 

that fairness should be obtained at the expense of efficiency sacrifice in resource allocation. They 

also analyzed different price of fairness such as proportional fairness and max-min fairness in their 

discussion. According to Winslow100, egalitarianism was based on equality of opportunity and 

fairness of demand satisfaction. In the immediate emergency relief operations, equality or fairness 

not only means the injuries have equal rights to have their needs met31, but also refers to the 

variance in arriving times of resources should be as small as possible68,83. 
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The criteria for allocation decisions in the current literature can be grouped as two streams: one 

only focused on the utilitarian principle, and another considers both of utilitarian and egalitarian 

principles. For the stream of utilitarian principle, different utilitarian criteria have been embedded 

into the developed models, such as cost-effectiveness analysis103, cost-benefit-based methods28, 

deterministic priority setting37,41,43,60, triage management policy16,101, urgency level of disaster 

affected regions6,73, injury classes ranking40, humanitarian aids criticalities67. Although these 

criteria seem distinctive from each other and a bit dazzling, the essence of them is the same. That 

is, allocate the scarce resource or emergency service through prioritizing the affected regions or 

injuries. For the stream of following both utilitarian and egalitarian principles, Felder and 

Brinkmann26 combined the efficiency (i.e., maximizing the total number of survivors) and equality 

(i.e., equal access to emergency medical service) in their developed emergency medical service 

allocation model, and found that the two objectives can lead to different deployment patterns. 

Jacobson et al.97 investigated the trade-offs among demand urgency, rescue rewards and service 

times in allocating emergency resource to multi-categorization casualties, and formulated this 

problem as a priority assignment policies optimization model. de la Torre et al.83 reviewed the 

allocation policies from the perspective of practitioners and academics. In addition, there are two 

articles that are closely related to the latter stream, namely, Huang et al.68 and Mete and Zabinsky72. 

Both of them investigated the metrics of equality and efficiency for emergency distribution. 

Generally, resource allocation criteria in current studies are focusing on utilitarian principle, and 

only few studies have considered the balance between efficiency and equality in their developed 

models. Current studies often consider the allocation of single type of resource. But in practice 

resource allocations usually deal with multiple types of resources that are related to each other with 

different allocation principles. Current literature usually rank affected regions with deterministic 

priorities and seldom consider the ranking priority changed over time. In fact, resource allocation 

is related to resource distribution capacity for delivery and cannot be decided separately in a 

sequential order, thus resource allocation needs to be adjusted frequently in order to respond to the 

changing situation such as surge of casualties. Hence, joint resource allocation and distribution 

needs to be studied. 

Future studies in this field can be presented from two aspects. On one hand, we need to develop 

more dynamical priority metrics to allocate emergency relief resources. From the utilitarian 

perspective, one can develop dynamic efficiency criteria in emergency resources allocation by 

introducing the law of diminishing returns, in which plenty of works in the economics area can be 

referred. From the egalitarian perspective, one can discuss the nonlinear consequence of 

humanitarian aid delay or of injuries waiting cost. And its model development can be learned from 

the problem formulation of delay and tardiness in the machine or job shop scheduling field. On the 

other hand, combine priority setting and demand fulfillment as the criteria for resource allocation, 

and achieve a balance between priority and equality. Although current studies have considered 

prioritization in resource allocation decisions, how to set priorities is still an open problem for 

emergency relief actors104, and even need interdisciplinary studies devoted into this field105,106. In 
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the context of demand requirement greatly exceeds resource supplies, emergency response should 

consider both resource shortages, human life equality, and need urgencies of disaster victims. Thus, 

future research in scarce resource allocation needs to take resource utilization efficiency, 

emergency relief equality and human life time into account simultaneously31,97. Some other studies 

on efficiency versus equality (or fairness) will be helpful to understand and formulate the trade-off 

issues of allocating scarce relief resources, and interested readers can refer to these studying efforts 

in Hooker and Williams97,107-111, etc. 

Stochastic and Scenario-Based Modeling 

There is great uncertainty in the context of large-scale disasters. The uncertainty exists in many 

aspects such as demand requirements, supplies availability, road conditions and damage levels, 

etc. The difficulty of information gathering and the damaged communication infrastructure during 

disaster make the degree of uncertainty even worse. 

Klibi et al.112 defined uncertainty as the inability to determine the true state of the future business 

environment which may be partially known or completely unknown. They distinguished three 

types of uncertainties: randomness, hazard, and deep uncertainty. Randomness can be 

characterized by random variables related to business-as-usual operations. Hazard is characterized 

by low probability unusual situations with a high impact, and deep uncertainty is characterized by 

the lack of any information to access the probability of plausible future events. Therefore, the 

methods adopted to handle these different kinds of uncertainties should be adapted with their 

intrinsic attributes113. For the randomness problems, the common way is to model the uncertainty 

as random variables, and make robust decisions prior to uncertainty being realized, as in stochastic 

programming or robust optimization approaches. For hazards, it may be very difficult to obtain 

sufficient data to assess objective probabilities and subjective probabilities must often be used. 

While for the deep uncertainty problems, the tackling methods are to make prompt response after 

uncertainty became certain. Herein, we also follow their opinions in our discussion, because 

obtaining sufficient information for prediction of natural disasters is quite difficult114. 

Large-scale disasters usually have the intrinsic feature of deep uncertainties, and pose many hard-

to-measure factors and stringent constraints on immediate emergency logistics decision making, 

but it does not mean those uncertainties cannot be predicted completely in practical emergency 

response operations. Indeed, some uncertain decision variables can be estimated approximately. 

For example, the uncertainty of supply amount can be handled by summing up the total resource 

delivered to the affected region until the decision making epoch. The uncertainty of demand 

requirement also can be estimated by the demographic information of the disaster attacked regions. 

Therefore, in emergency logistics for this kind of uncertainties, they can be characterized from 

previous experience or forecast. However, some other uncertainties have nothing laws and are 

difficult to predict or estimate. For example, a road is damaged after earthquake. We know the 

transportation on the road will be delayed, but it is very hard to use a random variable to 

characterize the randomness very well, since the road conditions dynamically varied with the 
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possible earthquake aftershocks and emergency repairs. In this context, responsive decisions 

methods after the random events happen are more useful and practical than robust decisions before 

the random events happen. Therefore, in OR research works the modeling methods of disaster 

uncertainty should be in accordance with the problem characteristics, otherwise the conclusions 

and results may have not application values in practice. 

At present, the common methodology used in OR community to deal with uncertainty include 

stochastic programming31, scenario-based modeling32, robust optimization13,76, rolling horizon 

approach71, fuzzy programming63, as well as simulation approach38, etc, among them stochastic 

and scenario-based methods are more popular in model development. Stochastic programming has 

good ability to cope with uncertainties of disaster development through incorporating probabilistic 

scenarios. For scenario-based approach, the advantage is that it can make a complicated question 

more tractable115, while the disadvantage is that it is difficult to deal with infinite number of 

disaster scenarios112. For more information on optimization under uncertainty, please refer to a 

survey paper by Sahinidis116. 

In the field of emergency logistics, the majority of current studies focus on the deterministic 

optimization models with the assumption of known data for given situations, and very few works 

have investigated the stochastic models. Barbarosoglu˘ and Arda31 investigated the uncertainties 

of demand, supply and transportation capacity in emergency resource distribution scheduling, and 

developed a scenario-based two-stage stochastic programming to robustly disclose these 

uncertainties along with the progress of the emergency response. Tan et al.63 proposed a robust 

fuzzy programming to formulate the evacuation problem under uncertainty and used a fuzzy lower 

and upper bound approach to handle the uncertainties of vehicle number, vehicle capacity, travel 

time, and number of waited trapped people, etc. Najafi et al.76 developed a multi-objective robust 

optimization model for both of the disaster relief distribution and injured people evacuation in the 

aftermath of an earthquake happened. Shen et al.45 considered the uncertain travel time and demand 

in the context of responding a large-scale bioterrorism emergency, and developed a two-stage 

stochastic vehicle routing model. In the first planning stage, they modeled the uncertainties as 

chance constraints, and coped with the chance constraints through revealing demand level and 

travel time in the second operational stage. Beraldi et al.117 also used the chance constraint 

technique to hedge the emergency service reliability uncertainty in emergency service site 

locations and emergency vehicle assignments, and formulated the problem as a stochastic 

programming model. Mete and Zabinsky72 investigated the medical supply location and 

distribution to prepare and respond uncertain disaster scenarios, and formulated this problem as a 

two-stage scenario-based stochastic programming model. In their study, they adopted the scenario-

based method to depict the plausible disaster scenarios and their emerged probabilities, and they 

then considered warehouse selection and inventory level decisions in the first preparedness stage, 

and medical resource distribution and demand satisfaction decisions in the second response state. 

The disaster-scenario-based modeling were also adopted by Chang et al.32 and Li et al.34, in which 

they respectively developed a flood-scenario-based mix integer programming model to assist the 
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emergency preparations for floods and a hurricane-scenario-based bi-level programming model to 

prepare the attacks by possible hurricane events. Balcik et al.67 used a rolling horizon approach to 

real-time update the observed information and handle the uncertainties of resource supply and 

demand requirement. The information updating approach to handling uncertainties is also adopted 

by Chen and Miller-Hooks77. They studied a dynamical search and rescue team deployment 

problem over decision horizons. They considered the uncertainties of demand, service time and 

travel time, and formulated them as a multistage stochastic programming, in which they handled 

uncertainties through continuously updating the observed post-disaster information at each 

decision stage, so as to improve the robustness of emergency decision. In our understanding, the 

idea that prompt response after uncertainty became certain could be grouped into the umbrella of 

rolling horizon approach. Besides these formulations, another useful method for dealing with 

uncertainties is simulation, which was introduced in the emergency vehicle dispatching and 

routing38, emergency evacuation54 and resource allocation95. 

In conclusion, current studies in this problem domain have developed some robust stochastic 

models to hedge the uncertain conditions in the context of immediate emergency response, but 

they have not carefully distinguished the differences among those uncertainties emerged in real 

emergency relief operations, and the inherent complexity of uncertainty therefore is not adequately 

captured. 

Further research on the uncertainty problem can be addressed from two aspects. On one hand, 

combine the disaster scenario generation with traditional optimization models. The big challenge 

that might exist is that the plausible disaster scenario maybe infinite, especially in the context of 

high uncertainty and rapid disaster evolution. Under this circumstance, the appropriate alternative 

is adopting Monte Carlo method to generate the number of possible disaster scenarios113,118. On 

the other hand, the need to deal with the difficulties in various kinds of uncertainties in an 

emergency situation, especially for those unprecedented emergency situations for which no 

probability distributions are available. The major challenge of further studies on this aspect may 

come from modeling difficulty by using traditional OR methodologies, but catastrophe modeling 

techniques may provide a way to unlock this difficulty114. 

Logistics with Damaged Infrastructure 

Emergency logistics often needs to deal with last mile distribution which refers to delivery of relief 

supplies from local distribution centers to beneficiaries affected by disasters67. In practice, last-

mile emergency logistics always plays a central role among all emergency relief actives67, and its 

successful operations can improve the robustness and flexibility to respond major disasters. During 

a disaster such as an earthquake, transportation infrastructures were often damaged, resulting in 

many constraints imposed on last-mile emergency logistics and affecting feasibilities for 

emergency relief operations. 
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Two approaches are used to handle the emergency logistics with damaged transportation 

infrastructure. One approach is to combine emergency logistics scheduling with damaged 

infrastructure repairing planning35,69,70. Another approach is to improve the robustness and 

flexibility for emergency relief operations. That is, consider possible uncertainties and additional 

constraints when making emergency logistics planning. Various circumstances from different 

perspectives have to be taken for consideration. Among them, capacity constraint is the most 

popular factor to be considered in current studies, such as adding traffic capacity constraints into 

the distribution network75, road capacity in emergency evacuation60,63. In addition, some other 

factors also studied, were things such as road congestions, road complexities, etc. For example, 

Jotshi et al.38 considered the road congestions in their emergency logistics network, and Han et 

al.54 developed a one-destination evacuation model to avoid the road congestion or blockage; Yuan 

and Wang47 investigated the shortest emergency distribution problem with the consideration of 

road uncertainty caused by disaster damage. Besides that, there are some other research streams 

related to damaged infrastructures, which include infrastructure vulnerability analysis119, 

emergency recovery management120, etc. 

In summary, considering capacity constraint is the most common way used in emergency logistics 

models to cope with the impact of damaged infrastructure, which is usually regarded as a lower 

bound or an upper bound with given disaster scenario. However, how to determine the lower and 

upper limit is still a difficult issue, since the condition of infrastructure damage is dynamic and 

varied with the situation changes in large-scale disaster. Further research on this problem can be 

focused on alternative solutions, such as investigating the combinatorial choice of multimode 

transportation routing to cope with infrastructure damage/availability. On the other hand, improve 

the resilience capability of emergency logistics network to resist the disaster attack is another 

research direction. Here resilience refers to the robustness and flexibility against emergency events 

and quick recovery capability from disruptions121, which has been paid increasing attention in the 

fields of transportation planning122 and supply chain design123. Hence, building the resilience into 

emergency logistics network can not only improve its reliability under a deep uncertain 

environment, but also can reduce the restoration time from emergency event strikes123. 

CONCLUSIONS 

In this paper, we used the problem identification and solving approach to review existing 

emergency logistic literature. We identified the key characteristics of large-scale disasters and 

assessed their challenges to emergency logistics. We then analyzed and summarized the current 

literature that deals with these challenges. Finally we discussed existing gaps in the current 

research and indicated future research directions. 

Our review approach is significantly different from simple summary or classification based on the 

years of publication, the algorithm used, the application area, the types of logistic problems, or the 

phases of emergency management. The main contribution of our work is to provide a new 

perspective to re-exam emergency logistic research. We cannot simply apply our knowledge of 
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business logistics to emergency logistics without deep understanding of the unique characteristics 

and challenges of large-scale disasters. When we have understood these challenges, we can then 

identify what we have accomplished and what are the gaps and further research directions. 

To deal with the challenges of large-scale disasters, we need to change many basic assumptions 

we usually use in traditional business logistics. For instance, we need to shift our focus from 

problem decomposition to multi-task integration, from time for operation efficiency to time for life 

saving, from single decision making authority to multiparty authority, from unlimited resource 

availability to serious resource shortage, from uncertainty with randomness to deep uncertainty 

without previous knowledge, from perfect transportation infrastructure to damaged infrastructure. 

We believe that under those assumption changes we can significantly enrich OR in emergency 

logistics. 

The limitation of our work lies in that we were only concerned with the phrase of immediate 

emergency response and only surveyed current OR literature contributed to this phrase. The 

framework of emergency logistics is broad, which could extend into preparedness operations 

before the occurrence of disasters as well post-disaster restoration activities. Hence, this limitation 

provides a direction to enrich and improve our work in future research. 

 

 

  



22 
 

REFERENCES 

1. Kovacs, G., Spens, K., 2011. Relief Supply Chain for Disasters: Humanitarian, Aid and Emergency 

Logistics. Technical Report. IGI Global. 

2. Altay, N., Green III, W., 2006. OR/MS research in disaster operations management. European 

Journal of Operational Research 175, 475–493. 

3. DRC Programmes Handbook, 2008. Emergency Logistics and Transport Management. Chapter 8i. 

pp. 1–9. 

4. Tatham, P., Spens, K., 2011. Towards a humanitarian logistics knowledge management system. 

Disaster Prevention and Management 20, 6–26. 

5. Ozdamar, L., Ekinci, E., Kuc¸ Ukyazici, B., 2004. Emergency logistics planning in natural disasters. 

Annals of Operations Research 129, 217–245. 

6. Sheu, J., 2007b. An emergency logistics distribution approach for quick response to urgent relief 

demand in disasters. Transportation Research Part E: logistics and transportation review 43, 687–

709. 

7. Green, L.V., Kolesar, P.J., 2004. Anniversary article: Improving emergency responsiveness with 

management science. Management Science, 50(8), 1001-1014 

8. Wright, P., Liberatore, M., Nydick, R., 2006. A survey of operations research models and 

applications in homeland security. Interfaces 36, 514–529. 

9. Simpson, N., Hancock, P., 2009. Fifty years of operational research and emergency response. 

Journal of the Operational Research Society 60, S126–S139. 

10. Caunhye, A., Nie, X., Pokharel, S., 2012. Optimization models in emergency logistics: A literature 

review. Socio-Economic Planning Sciences 46, 4–13. 

11. Green III, W., 2002. Four phases of emergency management. Electronic Encyclopedia of Civil 

Defense and Emergency Management. Available from: http://www.richmond.edu/ 

wgreen/encyclopedia.htm. 

12. Kovacs, G., Spens, K., 2009. Identifying challenges in humanitarian logistics. International Journal 

of Physical Distribution & Logistics Management 39, 506–528. 

13. Chen, R., Sharman, R., Rao, H., Upadhyaya, S., 2008. Coordination in emergency response 

management. Communications of the ACM 51, 66–73. Chen, X., Sim, M., Sun, P., 2007. A robust 

optimization perspective on stochastic programming. Operations Research 55, 1058–1071. 

14. Moore, S., Eng, E., Daniel, M., 2003. International ngos and the role of network centrality in 

humanitarian aid operations: A case study of coordination during the 2000 mozambique floods. 

Disasters 27, 305–318. 

15. Sheu, J., 2007a. Challenges of emergency logistics management. Transportation Research Part E: 

Logistics and Transportation Review 43. 

16. Bostick, N., Subbarao, I., Burkle Jr, F., Hsu, E., Armstrong, J., James, J., 2008. Disaster triage 

systems for large-scale catastrophic events. Disaster Medicine and Public Health Preparedness 2, 

S35. 

17. Balcik, B., Beamon, B., Krejci, C., Muramatsu, K., Ramirez, M., 2010. Coordination in 

humanitarian relief chains: Practices, challenges and opportunities. International Journal of 

Production Economics 126, 22–34. 

18. Morris, S., 2010. Haiti earthquake: perspectives from the ground and lessons from afar. Disaster 

medicine and public health preparedness 4, 113. 



23 
 

19. Day, J., Melnyk, S., Larson, P., Davis, E., Whybark, D., 2012. Humanitarian and disaster relief 

supply chains: A matter of life and death. Journal of Supply Chain Management 48, 21–36. 

20. Beamon, B., Balcik, B., 2008. Performance measurement in humanitarian relief chains. 

International Journal of Public Sector Management 21, 4–25. 

21. Sawhill, J., Williamson, D., 2001. Mission impossible? Measuring success in nonprofit 

organizations. Nonprofit Management and Leadership 11, 371–386. 

22. Janssen, M.,  J., Bharosa, N., Cresswell, A., 2010. Advances in multi-agency disaster management: 

Key elements in disaster research. 

23. Van Wassenhove, L., 2006. Humanitarian aid logistics: supply chain management in high gear. 

Journal of the Operational Research Society 57, 475–489. 

24. Bharosa, N., Lee, J., Janssen, M., 2010. Challenges and obstacles in sharing and coordinating 

information during multi-agency disaster response: Propositions from field exercises. Information 

Systems Frontiers 12, 49–65. 

25. Balcik, B., Beamon, B., 2008. Facility location in humanitarian relief. International Journal of 

Logistics 11, 101–121. 

26. Felder, S., Brinkmann, H., 2002. Spatial allocation of emergency medical services: Minimising the 

death rate or providing equal access? Regional Science and Urban Economics 32, 27–45. 

27. Erkut, E., Ingolfsson, A., Erdogan, G., 2008. Ambulance location for maximum survival. Naval 

Research Logistics (NRL) 55, 42–58. 

28. Arora, H., Raghu, T., Vinze, A., 2010. Resource allocation for demand surge mitigation during 

disaster response. Decision Support Systems 50, 304–315. 

29. Barnett, D., Taylor, H., Hodge Jr, J., Links, J., 2009. Resource allocation on the frontlines of public 

health preparedness and response: Report of a summit on legal and ethical issues. Public Health 

Reports 124, 295–303. 

30. Daniels, N., 2001. Justice, health, and healthcare. American Journal of Bioethics 1, 2–16. 

31. Caro, J., DeRenzo, E., Coleman, C., Weinstock, D., Knebel, A., 2011. Resource allocation after a 

nuclear detonation incident: Unaltered standards of ethical decision making. Disaster Medicine and 

Public Health Preparedness 5, S46. 

32. Barbarosoglu, G., Arda, Y., 2004. A two-stage stochastic programming framework for 

transportation planning in disaster response. Journal of the Operational Research Society, 43–53. 

33. Comes, T., Hiete, M., Wijngaards, N., Schultmann, F., 2011. Decision maps: A framework for 

multi-criteria decision support under severe uncertainty. Decision Support Systems 52, 108–118. 

34. Chang, M., Tseng, Y., Chen, J., 2007. A scenario planning approach for the flood emergency 

logistics preparation problem under uncertainty. Transportation Research Part E: Logistics and 

Transportation Review 43, 737–754. 

35. Li, A., Nozick, L., Xu, N., Davidson, R., 2012. Shelter location and transportation planning under 

hurricane conditions. Transportation Research Part E: Logistics and Transportation Review 48, 

715–729. 

36. Yan, S., Shih, Y., 2009. Optimal scheduling of emergency roadway repair and subsequent relief 

distribution. Computers & Operations Research 36, 2049–2065. 

37. Moltchanova, E., Khabarov, N., Obersteiner, M., Ehrlich, D., Moula, M., 2011. The value of rapid 

damage assessment for efficient earthquake response. Safety Science 49, 1164–1171. 

38. Gong, Q., Batta, R., 2007. Allocation and reallocation of ambulances to casualty clusters in a 

disaster relief operation. IIE Transactions 39, 27–39. Green, L. 



24 
 

39. Jotshi, A., Gong, Q., Batta, R., 2009. Dispatching and routing of emergency vehicles in disaster 

mitigation using data fusion. Socio-Economic Planning Sciences 43, 1–24. 

40. Sheu, J., 2007b. An emergency logistics distribution approach for quick response to urgent relief 

demand in disasters. Transportation Research Part E: logistics and transportation review 43, 687–

709. 

41. Fiedrich, F., Gehbauer, F., Rickers, U., 2000. Optimized resource allocation for emergency response 

after earthquake disasters. Safety Science 35, 41–57. 

42. Sherali, H., Desai, J., Glickman, T., 2004. Allocating emergency response resources to minimize 

risk with equity considerations. American Journal of Mathematical and Management Sciences 24, 

367–410. 

43. Zhang, J., Li, J., Liu, Z., 2012. Multiple-resource and multiple-depot emergency response problem 

considering secondary disasters. Expert Systems with Applications 39, 11066–11071. 

44. Tzeng, G., Cheng, H., Huang, T., 2007. Multi-objective optimal planning for designing relief 

delivery systems. Transportation Research Part E: Logistics and Transportation Review 43, 673–

686. 

45. Haghani, A., Oh, S., 1996. Formulation and solution of a multi-commodity, multi-modal network 

flow model for disaster relief operations. Transportation Research Part A: Policy and Practice 30, 

231–250. 

46. Haghani, A., Tian, Q., Hu, H., 2004. Simulation model for real-time emergency vehicle dispatching 

and routing. Transportation Research Record: Journal of the Transportation Research Board , 176–

183. 

47. Shen, Z., Dessouky, M., Ordo´nez,˜ F., 2009. A two-stage vehicle routing model for large-

scale bioterrorism emergencies. Networks 54, 255–269. 

48. Lin, Y., Batta, R., Rogerson, P., Blatt, A., Flanigan, M., 2011. A logistics model for emergency 

supply of critical items in the aftermath of a disaster. Socio-Economic Planning Sciences 45, 132–

145. 

49. Yuan, Y., Wang, D., 2009. Path selection model and algorithm for emergency logistics 

management. Computers & Industrial Engineering 56, 1081–1094. 

50. Barbarosoglu,˘ G., Ozdamar,¨ L., Cevik, A., 2002. An interactive approach for hierarchical analysis 

of helicopter logistics in disaster relief operations. European Journal of Operational Research 140, 

118–133. 

51. Ozdamar, L., 2011. Planning helicopter logistics in disaster relief. OR Spectrum 33, 655–672. 

52. Hu, Z., 2011. A container multimodal transportation scheduling approach based on immune affinity 

model for emergency relief. Expert Systems with Applications 38, 2632–2639. 

53. Abdelgawad, H., Abdulhai, B., 2009. Emergency evacuation planning as a network design problem: 

A critical review. Transportation Letters: The International Journal of Transportation Research 1, 

41–58. 

54. Hamacher, H., Tjandra, S., 2001. Mathematical modelling of evacuation problems: A state of art. 

Berichte des Frauenhofer ITWM , 1–38. 

55. Saadatseresht, M., Mansourian, A., Taleai, M., 2009. Evacuation planning using multiobjective 

evolutionary optimization approach. European Journal of Operational Research 198, 305–314. 

56. Han, L., Yuan, F., Chin, S., Hwang, H., 2006. Global optimization of emergency evacuation 

assignments. Interfaces 36, 502–513. 



25 
 

57. Ozdamar, L., Yi, W., 2008. Greedy neighborhood search for disaster relief and evacuation logistics. 

Intelligent Systems, IEEE 23, 14–23. 

58. Chiu, Y., Zheng, H., Villalobos, J., Gautam, B., 2007. Modeling no-notice mass evacuation using a 

dynamic traffic flow optimization model. IIE Transactions 39, 83–94. 

59. Yi, W., Kumar, A., 2007. Ant colony optimization for disaster relief operations. Transportation 

Research Part E: Logistics and Transportation Review 43, 660–672. 

60. Yi, W., Ozdamar,¨ L., 2007. A dynamic logistics coordination model for evacuation and support in 

disaster response activities. European Journal of Operational Research 179, 1177–1193. 

61. Bretschneider, S., Kimms, A., 2011. A basic mathematical model for evacuation problems in urban 

areas. Transportation Research Part A: Policy and Practice 45, 523–539. 

62. Chiu, Y., Zheng, H., 2007. Real-time mobilization decisions for multi-priority emergency response 

resources and evacuation groups: Model formulation and solution. Transportation Research Part E: 

Logistics and Transportation Review 43, 710–736. 

63. Lin, P., Lo, S., Huang, H., Yuen, K., 2008. On the use of multi-stage time-varying quickest time 

approach for optimization of evacuation planning. Fire Safety Journal 43, 282–290. 

64. Lim, G., Zangeneh, S., Reza Baharnemati, M., Assavapokee, T., 2012. A capacitated network flow 

optimization approach for short notice evacuation planning. European Journal of Operational 

Research 223, 234–245. 

65. Tan, Q., Huang, G., Wu, C., Cai, Y., Yan, X., 2009. Development of an inexact fuzzy robust 

programming model for integrated evacuation management under uncertainty. Journal of Urban 

Planning and Development 135, 39–49. 

66. Kim, S., George, B., Shekhar, S., 2007. Evacuation route planning: Scalable heuristics, in: 

Proceedings of the 15th annual ACM international symposium on Advances in geographic 

information systems, ACM. pp. 250–259. 

67. Lu, Q., George, B., Shekhar, S., 2005. Capacity constrained routing algorithms for evacuation 

planning: A summary of results, in: Advances in Spatial and Temporal Databases: 9th International 

Symposium, SSTD 2005, Angra dos Reis, Brazil, August 22-24, 2005, Proceedings, Springer. pp. 

291–307. 

68. Liu, Y., Hatayama, M., Okada, N., 2006. Development of an adaptive evacuation route algorithm 

under flood disaster. Annuals of Disaster Prevention Research Institute, Kyoto University 49, 189–

195. 

69. Huang, M., Smilowitz, K., Balcik, B., 2012. Models for relief routing: Equity, efficiency and 

efficacy. Transportation Research Part E: Logistics and Transportation Review 48, 2–18. 

70. Chiou, Y., Lai, Y., 2008. An integrated multi-objective model to determine the optimal rescue path 

and traffic controlled arcs for disaster relief operations under uncertainty environments. Journal of 

Advanced Transportation 42, 493–519. 

71. Liberatore, F., Ortuno,˜ M., Tirado, G., Vitoriano, B., Scaparra, M., 2012. A hierarchical 

compromise model for the joint optimization of recovery operations and distribution of emergency 

goods in humanitarian logistics. Computers & Operations Research (in press). 

72. Rottkemper, B., Fischer, K., Blecken, A., 2012. A transshipment model for distribution and 

inventory relocation under uncertainty in humanitarian operations. Socio-Economic Planning 

Sciences 46, 98–109. 

73. Mete, H., Zabinsky, Z., 2010. Stochastic optimization of medical supply location and distribution in 

disaster management. International Journal of Production Economics 126, 76–84. 



26 
 

74. Afshar, A., Haghani, A., 2012. Modeling integrated supply chain logistics in real-time large-scale 

disaster relief operations. Socio-Economic Planning Sciences 46, 327–338. 

75. Nolz, P., Semet, F., Doerner, K., 2011. Risk approaches for delivering disaster relief supplies. OR 

Spectrum 33, 543–569. 

76. Hadas, Y., Laor, A., 2013. Network design model with evacuation constraints. Transportation 

Research Part A: Policy and Practice 47, 1–9. 

77. Najafi, M., Eshghi, K., Dullaert, W., 2013. A multi-objective robust optimization model for logistics 

planning in the earthquake response phase. Transportation Research Part E: Logistics and 

Transportation Review 49, 217–249. 

78. Chen, L., Miller-Hooks, E., 2012a. Optimal team deployment in urban search and rescue. 

Transportation Research Part B: Methodological 46, 984–999. 

79. Erkut, E., Ingolfsson, A., Erdogan,˘ G., 2008. Ambulance location for maximum survival. 

Naval Research Logistics (NRL) 55, 42–58. 

80. Knight, V., Harper, P., Smith, L., 2012. Ambulance allocation for maximal survival with 

heterogeneous outcome measures. Omega 40, 918–926. 

81. Micheli, P., Kennerley, M., 2005. Performance measurement frameworks in public and non-profit 

sectors. Production Planning & Control 16, 125–134. 

82. Davidson, A., 2006. Key performance indicators in humanitarian logistics. Ph.D. thesis. 

Massachusetts Institute of Technology. 

83. Beamon, B., 1999. Measuring supply chain performance. International Journal of Operations & 

Production Management 19, 275–292. 

84. de la Torre, L., Dolinskaya, I., Smilowitz, K., 2012. Disaster relief routing: Integrating research and 

practice. Socio-Economic Planning Sciences 46, 88–97. 

85. Malone, T., Crowston, K., 1990. What is coordination theory and how can it help design 

cooperative work systems?, in: Proceedings of the 1990 ACM conference on Computer-supported 

cooperative work, ACM. pp. 357–370. 

86. Faraj, S., Xiao, Y., 2006. Coordination in fast-response organizations. Management science 52, 

1155–1169. 

87. Kennedy, D., 2009. MilitaryHumanitarian Integration: The Promise and the Peril. Technical Report. 

Finnish Institute of International Affairs. 

88. Oloruntoba, R., Gray, R., 2006. Humanitarian aid: An agile supply chain? Supply Chain 

Management 11, 115–120. 

89. Sprenge, R., Monch,L., 2012. A methodology to solve large-scale cooperative transportation 

planning problems. European Journal of Operational Research 223, 626–636. 

90. Yilmaz, O., Savasaneril, S., 2012. Collaboration among small shippers in a transportation market. 

European Journal of Operational Research 218, 408–415. 

91. Agarwal, R., Ergun, O., Houghtalen, L., Ozener, O., 2009. Collaboration in cargo transportation. 

Optimization and Logistics Challenges in the Enterprise 30, 373. 

92. Simpson, N., Hancock, P., Chuang, C., 2008. Hyper-projects and emergent logistics: Characterizing 

the managerial challenges of emergency response. Journal of Applied Security Research 4, 36–47. 

93. Knight, V., Harper, P., Smith, L., 2012. Ambulance allocation for maximal survival with 

heterogeneous outcome measures. Omega 40, 918–926. 

94. Esbitt, D., 2003. The strategic national stockpile: Roles and responsibilities of health care 

professionals for receiving the stockpile assets. Disaster Manag Response 1, 68–70. 



27 
 

95. Preece, G., Shaw, D., Hayashi, H., 2013. Using the viable system model (vsm) to structure 

information processing complexity in disaster response. European Journal of Operational Research 

224, 209–218. 

96. Lee, E., Maheshwary, S., Mason, J., Glisson, W., 2006. Large-scale dispensing for emergency 

response to bioterrorism and infectious-disease outbreak. Interfaces 36, 591–607. 

97. Horner, M., Downs, J., 2010. Optimizing hurricane disaster relief goods distribution: Model 

development and application with respect to planning strategies. Disasters 34, 821–844. 

98. Sen, A., 1970. Collective choice and social welfare. North-Holland Publishing Co. 

99. Rawls, J., 1999. A theory of justice. Harvard university press. 

100. Winslow, G., 1982. Triage and justice. University of California Press. 

101. Bostick, N., Subbarao, I., Burkle Jr, F., Hsu, E., Armstrong, J., James, J., 2008. Disaster triage 

systems for large-scale catastrophic events. Disaster Medicine and Public Health Preparedness 2, 

S35. 

102. Bertsimas, D., Farias, V., Trichakis, N., 2011. The price of fairness. Operations research 59, 17–31. 

103. Brandeau, M., Zaric, G., Richter, A., 2003. Resource allocation for control of infectious diseases in 

multiple independent populations: Beyond cost-effectiveness analysis. Journal of health economics 

22, 575–598. 

104. Mitton, C., Donaldson, C., 2004. Priority Setting Toolkit: A guide to the use of economics in 

healthcare decision making. BMJ Publishing Group. 

105. Singer, P., Mapa, J., 1998. Ethics of resource allocation. Hospital Quarterly 1, 29–31. 

106. Zimmerman, R., 2007. Rationing of influenza vaccine during a pandemic: ethical analyses. Vaccine 

25, 2019–2026. 

107. Mandell, M., 1991. Modelling effectiveness-equity trade-offs in public service delivery systems. 

Management Science 37, 467–482. 

108. Golany, B., Tamir, E., 1995. Evaluating efficiency-effectiveness-equality trade-offs: A data 

envelopment analysis approach. Management Science 41, 1172–1184. 

109. Glover, C., Ball, M., 2012. Stochastic optimization models for ground delay program planning with 

equity–efficiency tradeoffs. Transportation Research Part C: Emerging Technologies (in press). 

110. Bertsimas, D., Farias, V., Trichakis, N., 2012. On the efficiency-fairness trade-off. Management 

Science 58, 2234–2250. 

111. Jacobson, E., Argon, N., Ziya, S., 2012. Priority assignment in emergency response. Operations 

Research 60, 813–832. 

112. Klibi, W., Martel, A., Guitouni, A., 2010. The design of robust value-creating supply chain 

networks: A critical review. European Journal of Operational Research 203, 283–293. 

113. Klibi, W., Martel, A., 2012a. Scenario-based supply chain network risk modeling. European Journal 

of Operational Research 223, 644–658. 

114. Grossi, P., Kunreuther, H., 2005. Catastrophe modeling: A new approach to managing risk. volume 

25. Springer. 

115. Snyder, L., 2006. Facility location under uncertainty: A review. IIE Transactions 38, 547–564. 

116. Sahinidis, N., 2004. Optimization under uncertainty: State-of-the-art and opportunities. Computers 

& Chemical Engineering 28, 971–983. 

117. Beraldi, P., Bruni, M., Conforti, D., 2004. Designing robust emergency medical service via 

stochastic programming. European Journal of Operational Research 158, 183–193. 



28 
 

118. Shapiro, A., 2008. Stochastic programming approach to optimization under uncertainty. 

Mathematical Programming 112, 183–220. 

119. Brown, G., Carlyle, M., Salmeron,J., Wood, K., 2006. Defending critical infrastructure. Interfaces 

36, 530–544. 

120. Bryson, K., Millar, H., Joseph, A., Mobolurin, A., 2002. Using formal MS/OR modeling to support 

disaster recovery planning. European Journal of Operational Research 141, 679–688. 

121. Chen, L., Miller-Hooks, E., 2012b. Resilience: An indicator of recovery capability in intermodal 

freight transport. Transportation Science 46, 109–123. 

122. Miller-Hooks, E., Zhang, X., Faturechi, R., 2012. Measuring and maximizing resilience of freight 

transportation networks. Computers and Operations Research 39, 1633–1643. 

123. Klibi, W., Martel, A., 2012b. Modeling approaches for the design of resilient supply networks under 

disruptions. International Journal of Production Economics 135, 882–898. 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

McMaster University 
1280 Main St. W. DSB A202 

Hamilton, ON 
L8S 4M4 

 
Tel: 905-525-9140 ext. 23956 

Fax: 905-521-8995 
Email: ebusiness@mcmaster.ca 
Web: http://merc.mcmaster.ca 




