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Abstract: According to Tomasini and Van Wassenhove (2004) the most important humanitarian operations 
goal can be defined as the mitigation of the needs of the people hit by a disaster as a combination of many 
different features, such as the shortest amount of time, the least amount of resources, the highest service 
level, under a sustainable approach. Even if it is a quite new research field many scientific contributions have 
been developed about the operations management in the humanitarian logistics. The present work aims to 
investigate the general multi-objective issue associated to humanitarian operations in disaster lifecycle, seen as 
four different phases: Preparedness, Immediate Response (Ramp Up), Support (Maturity) and Dismantling 
(RampDown) (Charles A. 2010). 
The paper introduces a general multi-objective framework that can be associated to different problems for 
each phase of the disaster and post-disaster situation. The research includes the typical operations 
management approaches associated to the humanitarian field, following the different typical goals for the 
humanitarian environment indicated by B. M. Beamon (2004) and J. Holguín-Veras et al. (2010). 
The purpose is to give a general guide lines to follow for each different phase in order to solve its typical 
problems for its own objectives and with its own constrains, with some examples of applications. 
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1. Introduction  

Humanitarian supply chain, according to W.K. Rodman 
(2004) and A.L. Davidson (2006), can be considered quite 
similar to the private one because this kind of supply 
chain faces many challenges following cost and 
management performances. For these reasons it is 
possible to use the same definition for both of them: 
“Getting the right product, to the right customer, in the 
right quantity, in the right condition, at the right place, at 
the right time, at the right cost”. On the other hand B. M. 
Beamon (2004) underlines how there are some different 
characteristics that make humanitarian logistics very 
particular and so manageable differently from the 
commercial one. So, the logistics in humanitarian field has 
almost the same questions of commercial environment 
although dissimilar features need to be tackled in different 
ways. 
In the literature there are many examples of operations 
management associated to humanitarian logistics issues 
(A. Haghani and S.C. Oh 1996, G. Barbarosoğlu et al., 
2002, B. Balcik et al. 2008). The first problem to be faced 
in operations management is the choice of the parameters 
that have to be optimized. Often in the papers that tackle 
humanitarian operations the focus is on maximizing profit 
or minimizing costs (B. M. Beamon, 2004 and Maspero et 
al. 2008) as a typical private sector approach. The problem 
can arise when the authors take some costs that usually 
are not easly quantifiable, for example costs associated to 
suffering and loss of lives (B. Balcik et al., 2008). In this 
situation is notable the importance to use some others 
parameters to best fit the models on the operations. In 
this way some applications of multi objective models are 

given in the literature (Tzeng et al. in 2007 and Y. Lin et 
al., 2011) where factors as time and demand satisfaction 
are used jointly to the costs.  
The present work wants to purpose an approach usable in 
the evaluation of a humanitarian supply chain issue. In 
particular the idea behind this is to use output 
performance measures, for example the time required to 
respond (Thomas, 2002) or the service level, as 
parameters to evaluate the solution of the problem and at 
the same time to consider the cost analysis, knowing that 
the donations are not infinite. Furthermore some other 
factors are proposed to have a complete framework in the 
evaluation of the operations. The importance of these 
performance measures is not constant, rather the 
importance changes in function of the phase of the 
humanitarian operation lifecycle in which we will place the 
research. For these reasons the goal to be reached is the 
best humanitarian problems solution with the minimum 
cost, time and the maximization of service level.  
In this way, one of the main targets obtained is the 
possibility to use as performance measures all the 
humanitarian supply chain typical features, for example 
the percentage of people satisfied, the level of damage and 
the quantity of donations or the time required to reach the 
beneficiaries.  

2. Humanitarian Supply chain 

The research about the humanitarian supply chain is quite 
new but it is already possible to find many contributions 
about it, in which some humanitarian issues are tackled 
and studied. 

 



2.1. Humanitarian logistics  

Thomas and Mizushima in 2005 gave a definition of the 
Humanitarian logistics as the process of planning, 
implementing and controlling the efficiency, the cost-
effective flow and the storage of goods and materials as 
well as related information, from point of origin to point 
of consumption, for the purpose of meeting the final 
beneficiary’s requirements. It is quite similar to traditional 
supply chain, though in the humanitarian logistics there 
are a lot of issues and actors that are not in the 
commercial one and at the same time the humanitarian 
supply chain is placed in a complex environment with a 
high level of uncertainty.  
In the literature it is possible to find researches that study 
humanitarian operations to present the logistics in disaster 
relief operations. In 2006 L. N. Van Wassenhove makes 
an overview of the humanitarian logistics, in particular he 
shows some humanitarian characteristics and links the 
humanitarian supply chain to the private sector; 
furthermore in his paper is possible to find some 
suggestions about what can be explored by academics. 
Another research (G. Kovàcs and K. M. Spens, 2007) 
introduces features as actors, phases and logistical 
processes in relief operations.  Others papers find out the 
challenges and the practices in this particular context 
(Kovàcs and K. M. Spens, 2011, B. Balcik et al., 2010) and 
the similarities and differences between commercial 
supply chain and humanitarian one, as in the articles 
written by B. M. Beamon, (2004) and E. L. Maspero and 
H. W. Ittmann (2008). All these papers are very useful to 
understand the humanitarian environment and to have an 
important background to tackle this argument.  

2.2. Humanitarian Life Cycle  

When a disaster strikes an area, humanitarian 
organizations go to help the hit population to support 
them in after-disaster response and reconstruction phases. 
According to many authors (Long, 1997, Nisha de Silva, 
2001, Cottrill, 2002, Kovàcs and Spens, 2007) a 
humanitarian operation cannot be considered just as a 
whole operation, but it has to be seen as more phases that 
constitute jointly the lifecycle, this because the resources 
and their amount can be very  different in each phase. 
Typically the models consider a number of phases that 
varies from at least three macro phases (Kovács and 
Spens, 2007), seen as a preparation phase succeeded by 
the immediate response phase and the reconstruction 
phase, to particular models with many more phases. An 
important model has been presented by Charles et al. in 
2007. This model presents a first phase of preparedness: 
when a disaster hits an area we enter in the rump up 
(Tomasini and Van Wassenhove, 2006), with the 
immediate response, succeed by a phase of support 
(Sustainment) and a last phase of dismantling (rump 
down). They introduced also an estimation of the length 
of each phase, as indicated in figure 1. 
The introduction of the lifecycle is important for different 
circumstances that are possible to find in each phase. 
Indeed, each phase has different own issues and for this 
reason it has to be improved differently. According to 
Van Wassenhove and Pedraza Martinez (2012) “different 

phases are likely to be managed by different parties with 
distinct objectives”. If we consider the preparedness, the 
phase before a disaster strikes an area, there is not any real 
time constrain, while a major importance will be attributed 
to the cost analysis and to other factors linked to the 
infrastructure that we would like to use when the disaster 
will strike the area. Otherwise in the immediate response 
the weight of the time as a constrain will influence more 
the operations than cost. In the others phases, as support 
and dismantling, the most important parameters will 
change, from time to cost following the level of 
emergency that changes in each section of the lifecycle.  

Figure 1 : Lifecycle of a disaster, inspirited by Charles 
(2010). 

3. Operations Management in Humanitarian Field 

In some others researches different operational problems 
have been faced and have been dealt with the Operation 
Research to find the optimum solutions and the 
Operation Management in order to manage the whole 
operation as well as possible.  
This area has been presented by N. Altay and W.G. Green 
(2006), with a review about operations management in 
disaster areas, and by L. N. Van Wassenhove and A. J. P. 
Martinez (2012) that use OR to adapt private supply chain 
management to the humanitarian logistics. It is possible to 
find many examples in the literature about the application 
of these approach to support humanitarian operators 
concerning management of its characteristic issues, like 
facility location (B. Balcik and B.M. Beamon, 2008b), 
resource allocation (Fiedrich et al. 2000), post disasters 
evacuation (L. Özdamar et al., 2004), items distribution 
(Knott, 1987; G. Barbarosoğlu and Y. Arda 2004, Azzi et. 
Al, 2012), routing and scheduling (V. De Angelis et al, 
2005), inventory management (B. M. Beamon and S. A. 
Kotleba, 2006; B. M. Beamon and S. A. Kotleba, 2006b) 
and some others papers about typical humanitarian issues 
(A. M. Caunhye et al, 2012). 
According to A.M. Caunhye et al. (2012) the 
“optimization modeling has become a powerful tool to 
tackle emergency logistics problems” because the 
operations can be performed whenever. The main 
objectives for a humanitarian organization are represented 
by the achievement of all the humanitarian performance 
levels, in terms of responsiveness and effectiveness in a 
situation where irregularity (B. M. Beamon and S. A. 



Kotleba, 2006) is a huge challenge to face. At the same 
time, the efficiency has to be achieved because all the 
donations received have to be used as well as possible to 
satisfy the donors. Furthermore according to Stapleton et 
al. (2009) “the potential saving from implementing 
operations research models can be used in improving the 
social welfare of populations need”. Hence, it is possible 
to understand how the implementation of humanitarian 
operations management could be possible to minimize 
some post disaster issues, as human suffering and the loss 
of life. At the same time the organizations know that they 
can’t optimize the operations just considering costs, 
because there are many factors that have to be considered 
and because not all the issues associated to the complex 
contest are translatable in costs. So the idea is to use a 
multi-objective program to optimize more performance 
measures that can characterize better the post disaster 
situation in order to optimize the real condition of the hit 
area. In this situation one of the most important issues is 
to find out the features that are essential to optimize, in 
function of the state where the operation is. 
In the literature there are already some researches that 
consider multi objectives situations associated to the 
humanitarian problem of routing. Tzeng et al. in 2007 
propose a relief distribution model that wants to find the 
optimum minimizing more than one features. In this case 
the authors suggest minimizations of cost, travel time and 
the maximization of the minimal satisfaction for a routing 
problem. Similarly, B. Vitoriano et al. (2010) suggest a 
multi criteria optimization for an aid distribution problem. 
A problem of evacuation routing is proposed by A. 
Stepanov and J. M. Smith (2009), while Y. Lin et al. (2011) 
present a research about a logistics model for delivery 
items in disaster relief operations. 
A humanitarian operation is a complex system that has to 
be faced with a structured approach in order to achieve 
the final goals of resources optimization and customers’ 
satisfaction. In the literature the approaches that have 
been already utilized to support the Operation 
Management, could be grouped into Analytical Models, 
Single-Objective and Multi-Objectives Optimizations and 
Multi-Criteria Analysis. This literature review shows how a 
general approach for each phase, using a multi objective 
model, has not been faced. 
The aims of this paper is to present a framework that can 
be used to deal with a humanitarian issue and not just the 
distribution problem, studying how it changes in each 
stage and how the constrains and the objectives vary. 

4. Primary and Boundary factors in Lifecycle phases 

4.1. Preparedness 

In a recent paper Kovàcs and Tatham (2009) explore the 
ways of improving the responsiveness of the humanitarian 
organizations, for example by pre-positioning items in 
regional hubs, and their coordination. Indeed to reach the 
goal responsiveness, some authors (Hale and Moberg, 
2005; Kapucu et al., 2007) suggest that is necessary to find 
a location that optimizes the reaction time to have a 
positive impact on the humanitarian supply chain lead 
time. For these reasons one of the most important goals is 
the minimization of the time in the response phase, pre-

planning the facility in order to improve the 
responsiveness. In this phase the responsiveness is not the 
only issue; it is important to consider for the next phases, 
for example, the immediate response phase. It has to note 
how the time and shortages, that are part of the 
responsiveness, have to be considered with different 
weights for the future phases. It is important to underline 
how according to Murray (2005) and Kovàcs and Spens 
(2007) donors think that their money is used to help 
victims after the disaster and not used to prepare the area 
to the catastrophe. For this reason it is important to save 
money in order to prepare the phase as efficient as 
possible. An example in this direction is given by B. Balcik 
and B.M. Beamon (2008b) that face the facility location 
problem considering just transportation costs and plant 
cost.  

4.2. Immediate response 

The immediate response phase is the most critical one. 
There are many authors that in literature have written 
about it: “the main problem areas of the immediate 
response phase lie in coordinating supply, the 
unpredictability of demand, and the last-mile problem of 
transporting necessary items to disaster victims” (Kovács 
and Spens, 2007) while Pedraza Martinez, Stapleton and 
Van Wassenhove (2010) underline the importance of the 
response operations in order “to maximize coverage while 
minimizing time of response”.  
According to Van Wassenhove et al. (2012) a “successful 
response implies quickly building of a supply chain” hence 
the researchers underline the importance of a quick 
response. Furthermore, according to Z. Awan and Z. 
Rahman 2010, in the first phase the cost is not considered 
the most important driver of the supply chain because 
more focus is given to life saving activities. B. Balcik et al. 
(2008) suggest the utilization of penalty cost associated to 
suffering and loss of lives that have to be minimized in 
order to find an optimal solution in distribution of “first 
necessity” items. 
In this phase it has been underlined by many authors (Z. 
Awan and Z. Rahman 2010, Van Wassenhove et al. 2012) 
the importance to reach the people who need the relief 
support in less than 72 hours, three days. Indeed the 
response has to be “speed at any cost and the first 72 
hours are crucial” (Z. Awan and Z. Rahman, 2010). 
Moreover according to Russell et al. (1995) “during this 
72-hour period, the normal flow of goods and services 
will be disrupted; emergency personnel will be 
overwhelmed and unable to respond to every need”. This 
data is very significant because gives us a crucial constraint 
we have to use in the model like a time window in which 
the humanitarian organizations have to reach the 
beneficiaries. According to Van Wassenhove et al. (2012), 
the most important operational objectives for the 
immediate response phase are the maximization of the 
demand fulfillment and the minimization of times of 
response. Hence, maximize the access to the local 
population is very important to deliver urgently required 
food and non-food items at the least time of response. 
 
 
 



4.3. Support  

In the literature there are many suggestions of 
humanitarian operation life cycle (Safran, 2003, Houghton 
2006, Charles et al. 2007). In these propositions the 
sustainment is considered the phase when the aid and the 
aid infrastructure are used for the period of responding to 
the crisis (Maspero and Ittmann, 2008). Following this 
sentence, this paper has studied the sustainment phase as 
a composition of some different phases (Safran, 2003) 
with different issues and different objectives. Indeed 
according to M. U. Thomas (2002) “during this phase the 
nature of the operation and logistics requirements can 
change with the tempo and operational conditions but the 
basic processes and structure remain in place” and so the 
supply chain is working but in different ways.  
There has been found two different phases. A first 
sustainment phase, just after the immediate responses, in 
which regional actors can begin to aid victims in the 
location of their family and friends (Lamont, 2005) and 
where the distribution of “first necessity” items (B. Balcik 
et al., 2008) has to be optimized in order to minimize the 
penalty costs associated to suffering and loss of lives. On 
the other hand, according to Kovács and Spens (2007) a 
second sustainment phase, called the reconstruction 
phase, is important because disasters can have long-term 
effects on a region. In this second part there are more 
information about the disaster, and about the issues, and 
this is important because that the disaster prevention 
plans need to be revised to include things that have been 
learned from the current disaster (Thomas, 2003). 
According to Z. Awan and Z. Rahman 2010, in the first 
phase of support the cost is not considered a prime driver 
of the supply chain because more focus is given to life 
saving activities. However according to Maon F. et al. 
(2009) in the phase of reconstruction, in second phase of 
the support in the lifecycle, the most important goal is the 
“efficient technical and material support”, moreover cost 
consciousness brings to efficiency factor (Z. Awan and Z. 
Rahman 2010). In both of the phases the maximization of 
the satisfied demand by humanitarian organizations 
remains important. 

4.4. Dismantling 

The dismantling phase is the ramp down in the life span 
of a disaster. It is “when assets are gradually reduced and 
withdraw from the area to be redeployed elsewhere” 
(Maspero and Ittmann, 2008). It is important to note 
“how the ramp down phase is not signal the end of the 
need for aid, and it is normal for developmental and long-
term aid to the ramp up in the area to complement the 
ramping down of the emergency response” (Maspero and 
Ittmann, 2008). “In the ramp down phase, when each 
individual agency is focused on managing the handover 
and exit, coordination will still happen but only 
occasionally and, in a sense, by default” (Van Wassenhove 
et al., 2012). According to Van Wassenhove et al. (2012) 
in the last phase is fundamental to “start to looking at 
buying more relief goods locally”, this happens because it 
is important during the dismantling to help the restart of 
local economy as it was before the natural disaster. 
 

4.5. Boundary drivers 

From the previous paragraphs it is possible to understand 
that there are some other drivers that are important to 
consider when we speak about the operations in a 
humanitarian contest. During the relief operation besides 
costs, time and shortage there are others drivers that are 
important to consider in the optimization of the global 
performance. For this reason another important driver is 
the agility, indeed supply chain agility is usually defined as 
the ability to respond to unanticipated changes (Sheffi, 
2004). Furthermore a second important driver is the 
coordination, as underlined by Balcik, B. et al. (2010), in 
fact even in this phase there is an abundance of aid 
agencies focusing on relief after natural disasters (Long 
and Wood, 1995). Moreover Van Wassenhove (2006) 
considers different kinds of coordination in function of 
the phase (coordination by command, coordination by 
consensus and coordination by default). Van Wassenhove 
(2009) introduces in the literature the importance of the 
security and to underline this proposes a historical 
example about the situation of humanitarian activities in 
Serbian-controlled Bosnia on 1993 where the importance 
of security was faced. In fact for all the organizations it is 
fundamental to let their operators work in safe areas, 
otherwise it would be difficult for humanitarian 
organizations working in the humanitarian space and 
following humanitarian purposes. Another considered 
driver is the quality. Indeed according to Dufour, de 
Geoffroy, Maury and Grünewald (2004) experience of 
humanitarian crises of the 1990s, notably in Rwanda 
(1994), have led to increasing awareness among aid 
agencies that “Il ne suffit pas de faire le bien, il faut le bien 
faire” (according to French Enlightenment philosophe 
Denis Diderot: ‘It is not enough to do good, it must be 
done well’). Hence some quality tools, as  the Sphere 
Project handbook, Humanitarian Charter and Minimum 
Standards in Disaster Response, or the alternative Quality 
Project are used by the humanitarian organizations in 
order to ‘improve the quality of assistance provided to 
people affected by disasters, and to enhance the 
accountability of the humanitarian system in disaster 
response’ (Sphere Handbook, 2003). According to the 
definition Thomas and Mizushima (2005) the last aspect 
that has to be considered is the possibility of control in all 
over the interested area and in every moment of the 
operation in order to achieve the quality and security 
factors required. 

5. Multi Criteria Framework 

Not all the disasters have the same characteristics but, 
according to J. Chandes and G. Pache (2009) it is 
“dangerous and inefficient to think that each natural or 
man-made disaster is unique”. Therefore it is important to 
study disasters, and to get a general lesson to improve the 
future operations. This is the aim of this paper and in 
particular of the models proposed below. In this section 
we propose a general multi objective model.  The 
objective function minimizes some different goals. Usually 
it doesn’t minimize all the singularly objectives but it finds 
an optimal solution considering all the goals together. 
 



 

 
 

 
 

In the model, p is the number of the objectives,  =  

is the p-th objective of the function,  and  are 
parameters for equality constraints while a and b are 
parameters for no-equality constraints and x is the no-
negative variable. 
The constraints and the drivers we consider in this 
research are about three different levels, in order to reach 
the optimization point, considering more particularities of 
the system. The first level is about the basic factors that 
have to be considered as constraints in a first part of 
decision making process. These factors are Humanitarian 
Resources, Beneficiaries, Available Capital, Social Cultural 
and Political Factors, Infrastructures and Other Secondary 
Assets (Richardson, D.A. and De Leeuw, S., 2012). These 
factors allow having a set of possible alternatives.  
The second step is a study about other five important 
qualitative factors.  These aspects are Quality, Agility, 
Security, Control and Coordination. 
The last step of this framework is the optimization of the 
three typical factors considered in almost all the 
humanitarian papers.  
These features are Cost, Time and Service Level. In the 
literature these factors are usually applied both in Single-
Objective (Knott R. 1987, Barbarosoglu, G. and Arda Y. 
2004, Özdamar, L. et al. 2004) and Multi-Objective 
models (Tzeng G.H. et al. 2007, Balcik, B. et al. 2008, 
Vitoriano B. et al. 2010, Lin Y.H. et al. 2011, Azzi A.et al. 
2012) to optimize the operations.  
In the figure below (figure 2) the framework is presented 
with the three levels of factors considered (from the edge 
to the center) and the optimization point, the goal, in the 
center of the image.  
 

 
Figure 2: Humanitarian operations framework 
 

In the next sections some of the single phases are tackled 
and studied in order to understand which objectives are 

the most significant and which are important to optimize. 
It is important to note however that all the drivers have to 
be considered in each phase just with different levels of 
importance. 

6. Examples of humanitarian operation issues 

6.1. Location of Local distribution centers in Preparedness 

According to Beamon, B.M. and Kotleba, S.A (2006) and 
Richardson, D.A. and De Leeuw, S. (2012), in the 
preparedness, when the main objective is the 
prepositioning of a plant, the main features that have to 
be optimize are the cost of the plant, so the fixed cost 
associated to the physic construction, and the variable 
cost associated to the shipment have to be done to deliver 
the items. In this phase it is important to understand how 
time and service are linked to the responsiveness of the 
supply chain to a disaster and so to the position of the 
plants but in a secondary level respect to Cost. 
Furthermore it is important to note that all the factors are 
considered; indeed Quality, Agility, Security, Control and 
Coordination bring to the final weights of the Cost, Time 
and Service. 

6.2. Optimal Vehicle Routing in Immediate Response 

As it has been presented in the previous paragraphs, 
according to many authors the uncertainty associated to 
the demand jointly to the particular environment and the 
time constraints make the immediate response phase as 
the most critical one. In this phase the service level and 
the time are considered as the most predominant factors 
in phase optimization, Pedraza Martinez et al. (2010).  
In this phase the distribution of the items, from the hubs 
to the beneficiaries, is a quite important issue to deal with 
for the humanitarian operators. For this reason in the 
literature many case of vehicle routing are faced in order 
to optimize the times and the service level in the items 
distribution. In a second moment the costs are 
considered, with a different level of weight. The same 
results are shown by the framework presented by this 
research. 

6.3. Optimal Vehicle Routing  in Support 

In the literature one the most relevant problems faced in 
this phase the distribution of the items, from the hubs to 
the beneficiaries, even if it is tackled in a quite different 
way concerning the factors. Since this phase has been split 
in two different sections, the drivers considered are not 
the same. Indeed in the first phase the drivers found are 
more similar to the immediate response phase, with a 
major weight associated to cost respect the previous stage, 
while in the second phase of support, following the 
suggestion of Z. Awan and Z. Rahman (2010) an 
“efficient technical and material support” is important, 
moreover, cost consciousness brings to efficiency factor. 
The most important factor in these two phases is the 
growth of the importance of the costs in the optimal 
solution as it is possible to see in the research made by 
Azzi A.et al. (2012). 

6.4. Cost and Coordination in Dismantling 



In the last phase of the lifecycle the goal changes. Indeed 
according to Van Wassenhove et al. (2012) in this phase is 
very important “start to looking at buying more relief 
goods locally”, this happens because it is important during 
the dismantling following, at the same time, a 
minimization of the costs. In this phase the most 
important issue is to help the restart of local economy.  

7. Conclusions 

According to the literature millions of people around the 
world are affected by these phenomena and need to be 
helped. This situation shows how important is the 
research in the humanitarian field. Furthermore, according 
to Van Wassenhove (2006) in humanitarian operations 
there are many areas that can be successfully explored by 
academics. For these reasons this paper has to be 
considered as a step in the way of improving 
performances during the humanitarian operations. In 
order to achieve this goal we have considered the life cycle 
and we have split the problem in different sub problems 
in order to find the features and the needs of the 
beneficiaries in each phase of the operation. The purpose 
of this paper is the presentation of an approach that can 
be used in the evaluation of humanitarian operations 
issues. Some simple examples have been given just to 
clarify the idea behind the approach and to show how the 
outcomes are and how they have to be used. The different 
results we have found for different phases are the 
important goals reached. In the future some other 
researches, about the applications of this approach in real 
situations, can be developed in order to understand its 
meaning. Furthermore it is important to underline how 
the results of the applications can change just modifying 
the weights of the criteria and so understanding which the 
most appropriate are. In conclusion this is a study about 
how a different context and phase can bring to different 
optimization points in the operations. 
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