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ABSTRACT

Design of humanitarian logistics network is a major strategic task due to its significant influence
on the performance and responsiveness of a relief supply chain. When a disaster occurs, critical
resources are very scarce. Therefore, these resources must be used very efficiently by the relief
teams to cover maximum area and deliver in a manner to minimize losses. The thesis presents four
models to manage the humanitarian supply chain. Both pre-disaster issues and post-disaster relief
distribution issues are modeled in this thesis. In this first study, a three-echelon humanitarian
logistics network design involving a few regional distribution centers, local distribution centers
and un-related distribution locations is formulated. The research is motivated by failure in
designing and managing a relief network during flash floods that occurred at Uttarakhand, India
in 2013. About 8400 lives were lost and 21000 people were rendered homeless and an economic
loss of 1100000 (‘000 US$) was reported. A mathematical model is developed to integrate
location, allocation and distribution issues with considerations such as coverage radius, capacity
constraints and reliability of distribution centers (DCs). The objective of the model is to minimize
the total cost, the total distribution time and shortage cost of unfulfilled demands. A multi-
objective Imperialist Competitive Algorithm (MICA) is proposed to solve the large instances of

this problem.

In the second study, a joint unreliable facility location-allocation and inventory problem for
healthcare logistics is considered. The problem is driven by real circumstances faced by
humanitarian relief organizations for locating healthcare facilities and allocating medicinal
resources. The location problem aims at determining the number and the position of required
humanitarian aid distribution centers (HADC). The allocation problem deals with the allocation of
relief demand and inventory levels at different relief warehouses. The model considers that each
victim has a demand which is uncertain. To achieve the targeted service level, a minimum safety
stock should be maintained. The problem is formulated as a mixed integer nonlinear programming
model. In the model, the first objective deals with the minimization of total expected total cost
when facilities are prone to failure with considerations like demand, lead-time, and service-level.
The second objective minimizes the non-covered demand within the affected area. Since the joint
location-allocation and inventory problem is known to be NP-hard, a hybrid evolutionary Firefly-
Genetic Algorithm (FGA) is used to solve the model. The algorithm provides promising solutions



for medium and large-scale instances. Computational analysis revealed that the proposed approach

is suitable for large-scale practical applications.

In the third study, a multi-objective stochastic programming model for developing a disaster
response plan, which integrates pre-and post-disaster decisions is developed. The objectives of the
model are the maximization of the overall expected demand coverage, minimization of the sum
expected cost, and minimization of the difference in the satisfaction rates between nodes. A multi-
swarm particle swarm optimization with dynamic learning strategy (PSO-DLS) is proposed to
improve the performance of standard PSO. The computational results attained by the proposed
PSO-DLS algorithm were compared with those obtained using a multiobjective modified time-
variant of PSO (TVMOPSO), the Non-dominated Sorting Genetic Algorithm (NSGA-I11), Strength
Pareto Evolutionary Algorithm (SPEA). Experimental results of the test cases demonstrate the

applicability and efficacy of the proposed model.

In the fourth study, integrated model for location-inventory-routing decisions during pre-and post-
disaster phase is developed. Uncertainties in the stock of basic relief facilities and relief demand
are also considered. In this work, an enhanced Fireworks Algorithm (FA) is developed which uses
differential evolution (DE) operators such as crossover, mutation, and selection. Various
comparative analyses are undertaken to examine, (1) location and routing model vs. the integrated
model, (2) location and inventory model vs. the integrated model, (3) effect of transshipment on
the disaster response plan. Numerical analysis of the model shows that multiple supply sources
can ensure efficient selection of location and reduce the deprivation costs. The results also indicate
that prepositioning relief items at critical locations increases the distribution efficiency and partial

prepositioning and post-disaster purchasing can reduce the shortage of emergency supplies.

The research provides insight relevant to academia and humanitarian supply chain practitioners in
taking decisions in prepositioning as a preparedness measure. The research also identifies the
environment in which prepositioning can be used as a means to mitigate the impacts of a disaster
and also develops integrated models for carrying out relief activities in the prepositioning stage

and post-disaster phase.
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