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This study examines multi-objective modeling for cost management in the
optimal allocation of relief goods in crisis situations, focusing on the importance
of time and resources in emergencies. The main goal is to develop a
mathematical model for optimization that enables more effective and efficient
allocation of relief goods by incorporating uncertainty in decision-making,
reducing costs, and improving crisis response. The article presents a multi-
objective, multi-period mathematical programming model for fair distribution
of relief items and develops a multi-objective, multi-level humanitarian supply
chain for equitable distribution of livelihood packages to counter crises.
Additionally, a metaheuristic method is developed to solve the model for large-
scale problems, and Pareto solutions are evaluated. The research examines four
dimensions of humanitarian logistics indicators: access and transportation costs,
unmet demand rate per period, the distance between the demand fill rate and
the ideal satisfaction rate over the entire period, and environmental risks. The
model is designed for allocating essential materials (water, food, medicine,
equipment, clothing, and blankets) from multiple relief centers to various
affected areas to ensure fair behavior and better alignment with real conditions.
Results show that increasing epsilon up to a certain value causes negligible
changes in objective function values, but beyond that, it leads to significant
changes; the feasible region and improvement vector for objective functions are
determined for epsilon values between 50 and 900, with optimal epsilon values
for the first to fourth objective functions being 500, 150, 600, and 150 and 600,
respectively. The proposed model is suitable for sudden large-scale local natural
disasters (not national) occurring in urban areas with a certain resident
population and cannot be directly used for storms or other low-impact,
dispersed disasters. Ultimately, this research helps improve relief processes,
reduce associated costs, and leads to saving human lives and mitigating crisis
damages.
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1. Introduction

Crisis management and optimal allocation of relief
goods in crises is one of the fundamental challenges
in the field of management. In situations such as
earthquakes, floods or other unexpected events,
there is a need for a rapid and effective response to
human needs. In this regard, optimal allocation of
resources and relief goods can have a significant
impact on reducing damage and improving the
situation of the affected (Mamashli et al., 2021). In
crisis situations, such as natural disasters or
humanitarian crises, optimal allocation of relief
goods to affected areas is one of the main challenges
in the humanitarian supply chain (Jahangiri et al,,
2023; Temiz et al., 2025).

In this research, we will look for the following points:
distribution services, casualty collection services and
transportation to hospitals and hospital centers,
health centers and relief centers through the
conditions experienced by individuals and also using
the fastest transportation route, which is often used
for transportation in the medical sector, to mobile
relief centers by vehicle and then to the hospital by
helicopter. In locating warehouses, only one point
should be considered, which is the distribution of
population density in different rural and urban areas,
and the route before entering these areas will not be
of much importance. Considering these factors, the
mathematical programming model should be
designed in a way that facilitates the optimization of
the allocation of relief goods with the aim of
reducing costs and increasing efficiency in
responding to crises. This model can help
humanitarian organizations to manage their
resources more effectively and respond to the needs
of the affected. Therefore, the most important
objectives of the article are as follows:

e Reducing supply chain costs, including
transportation and emergency costs of
distributing goods during a crisis

e  Choosing the right distribution location at
the optimal time

e Reducing the risks and environmental
impacts resulting from the destruction of
places during a crisis

2. Methodology

In this study, a mathematical modeling-based
framework for the distribution and allocation of
relief items in crisis situations is presented. The
proposed model consists of two planning levels. The
main elements for distribution include relief
distribution centers (RDCs), emergency demand
points (EDPs), and specific affected areas (ASAs).
They are established to store aid received from
external suppliers such as companies. In general,
RDCs are located in non-affected areas, far from the
disaster site, and are under the control of decision-
makers in crisis command centers.

EDPs (layer two), usually located in affected areas,
receive aid from RDCs and dispatch items based on
relief requests. Each EDP can be divided into three
types of ASAs: search-and-rescue areas (SRAs),
temporary treatment areas (TTAs), and temporary
settlement areas with minor or no damage (TSA). In
particular, ASAs (layer 3) represent a cluster of
different types of survivors in SRA, TTA, and TSA.
These survivors evaluate the post-disaster relief
distribution strategies developed by decision-
making agents. Different types of ASAs are
considered as different emergency tasks. Specifically,
decision-making agents with higher authority
determine the amounts of aid transferred to the EDP
for each period and focus on reducing the rate of
unmet demand, potential environmental risks, and
emergency costs in all periods at the top of the
decision hierarchy. At the lower level of the decision-
making hierarchy, decision-making agents with
lower authority focus on reducing the suffering of
survivors by optimizing the amounts of aid
distributed to the ASA for all periods to support
survivors.

3. Results and Discussion

Given that the epsilon constraint method has been
introduced to solve a mathematical problem, the
value of the objective functions has been calculated
for different values of epsilon. The deterministic
state of this model has been solved using GAMS
software and CPLEX tool. In this table, different
values of epsilon are defined and the objective
functions have been solved with them. As is clear
from the table, the values of the objective function do
not show a significant change with increasing
epsilon up to a certain value, but from a certain point
onwards, the increase in the epsilon value shows a
significant increase in the values of the objective
functions. These changes in the objective functions
have shown different slopes. Based on the results
obtained, for testing different values of epsilon, the
feasible region and the vector of improvement of the
objective functions have been created.

4. Conclusions

In this paper, a mathematical programming model
for the distribution of relief items is presented based
on the design of a multi-objective, multi-period
model for fair distribution. Therefore, this paper
aims to achieve the objectives of providing an
optimization model for the distribution of livelihood
packages in critical situations to deal with the crisis.
For this purpose, a multi-objective and multi-level
humanitarian supply chain is developed for the fair
distribution of livelihood packages to deal with the
crisis. Since research on the allocation of emergency
materials usually considers one to two indicators,
this paper examines four dimensions of
humanitarian logistics indicators, which are: access
and transportation costs, unmet demand rate in each
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period and the gap between the demand filling rate
and the ideal demand satisfaction rate in the entire
period, and environmental risks. In addition, instead
of using single-affected-area-single-relief
distribution networks or single-period or two-period
distribution modes, this paper builds a model for
allocating essential materials including water, food,
medicine, equipment, and clothing and blankets
from multiple relief centers to different affected
areas, which is able to have a fair behavior in
distributing items among the areas. Because, in this
case, the planning for the affected areas is more
consistent with the real situation. The model
proposed in this paper is suitable for large-scale local
(not national) sudden natural disasters that occur in
urban areas (with a certain number of resident
populations). Compared with earthquakes that are
focused on, it cannot be directly applied to
hurricanes or other low-impact and scattered
disasters. Finally, a sensitivity analysis on the epsilon
value is performed to find the local optimal solution
for the objective functions. Finally, by applying the
epsilon value, different values of the objective
functions are evaluated to determine the non-
dominated solutions. First, the solutions are
determined by comparing the first and second
objective functions. In this case, 15 non-dominated
solutions for the problem are created. Also, the
solutions are determined by comparing the first and
third objective functions. In this case, 19 non-
dominated solutions for the problem are created. In
addition, the solutions are shown in comparison
with the first and fourth objective functions. The
quality of the solutions provided in the case of
comparing the first and fourth objective functions is
considered to be more appropriate than all cases. For
further research, it is suggested that a prioritization
for each of the considered items be considered using
multi-criteria decision making to prioritize the items
and apply it to the mathematical model. In addition,
the use of data envelopment analysis models to
calculate the efficiency score and rank the supply
chain performance during the planning period can
play a desirable role in the development of various
decisions.
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Table 2. Model parameter settings
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Table 3. Computational results under different decision-making scenarios
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Table 4. Optimal value of model decision variables
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Table 5. Transportation costs from relief centers to affected areas
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Table 6. Material supply needs in relief centers (in thousands)
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Table 7. Fixed and variable costs of sending essential goods from relief centers to affected areas
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Table 8. Allocation of items from relief centers to affected areas
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Table 9. Distribution of types of relief items to each region
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Table 10. Distribution of types of relief items to each region
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Table 11. Parameters and their levels for the NSGA-II algorithm
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Table 10. Distribution of types of relief items to each region
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Figure 3. MINITAB software output for Taguchi method in NSGA-II algorithm.
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Table 13. Optimal value of variables in NSGA-II
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Figure 15. The impact of reduced supply of essential goods on demand (color guide: yellow—water; black—food;
red—medicine and equipment; blue—clothing and blankets).
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Figure 16. The impact of increasing the supply of essential goods on demand (color guide: yellow—water;
black—food; red—medicine and equipment; blue—clothing and blankets).
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