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Effective delivery of aid during disasters is crucial for mitigating impacts and
ensuring well-being. A major challenge in humanitarian logistics is
optimizing vehicle routing to maximize efficiency and minimize delivery
times. which included 50 studies published between 2012 and 2022. We used
the prism method to guide the process of choosing a study, which started from
200 Abstract which is identified and ends with 50 appropriate studies for in -
depth analysis. This systematic literature review (SLR) examines the Time-
Dependent Cumulative Vehicle Routing Problem (TDCVRP) in
humanitarian logistics, identifying VRP variants, their applications, and
effectiveness in disaster scenarios. Using a comprehensive search and
PRISMA guidelines, the review highlights the importance of optimization
models and advanced algorithms. Applications include aid delivery,
evacuation management, and facility location optimization, though

challenges like computational complexity and reliance on real-time data
persist. The review identifies research gaps and suggests future research
should focus on integrating advanced methods and improving practical
applicability in disaster responses.
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1. INTRODUCTION

In the realm of humanitarian logistics, effective disaster response is a crucial aspect that can significantly
impact the lives of those affected by emergencies [1], [2], [3], [4]. Timely and efficient delivery of aid and
resources is essential for mitigating the adverse effects of disasters and ensuring the well-being of survivors
[5], [6]. One of the critical challenges in humanitarian logistics is the optimization of vehicle routing, which
involves the strategic planning of routes to maximize efficiency and minimize delivery times [7], [8], [9]. The
Vehicle Routing Problem (VRP) has been extensively studied in various contexts, including commercial
logistics and transportation [10], [11]. However, the unique conditions and constraints of disaster response
scenarios necessitate specialized approaches. In particular, the Cumulative Vehicle Routing Problem (CVRP)
and its time-dependent variants have gained attention for their potential to address the dynamic and
unpredictable nature of disaster environments [12], [13], [14], [15]. Several studies have investigated the
applications of VRP in disaster response logistics.

For instance, the study by Ma et al. (2023) proposes a Time-Dependent Vehicle Routing Problem
(TDVRP) model that optimizes departure time and speed for shared autonomous electric vehicle services. The
model aims to minimize travel time and reduce energy consumption by considering dynamic traffic conditions.
Using a genetic algorithm, the study successfully finds optimal solutions, demonstrating that this approach
effectively reduces travel time and energy consumption compared to traditional methods. The included case
study validates the model's effectiveness in real-world situations, making a significant contribution to the
literature on electric vehicles and autonomous technology in logistics. However, the lack of field validation
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means the simulation results may not fully apply to real-world scenarios. The computational complexity of the
genetic algorithm also poses challenges, particularly in large-scale or highly dynamic conditions. The model
relies on assumptions about traffic conditions that may not always be accurate. Additionally, the focus on
shared autonomous electric vehicles limits the model's applicability to other types of vehicles or logistics
scenarios [16], [17], [18], [19].

Similarly, the study by Kritikos, Metzidakis, and Ioannou (2024) addresses the Cumulative Vehicle
Routing Problem (CVRP) with arc time windows, presenting a model that incorporates specific time constraints
for each arc or segment of the route. This approach aims to enhance the precision of vehicle routing by ensuring
that vehicles adhere to predefined time windows, thus optimizing delivery schedules and improving overall
efficiency. The researchers employ advanced algorithms to solve this complex problem, demonstrating that
their model can significantly improve routing performance under time constraints. However, the model's
reliance on strict time windows for each arc may limit its flexibility in real-world applications where conditions
are often unpredictable. Additionally, while the proposed algorithms show promise, their computational
demands can be high, particularly for large-scale problems with numerous variables. The study primarily uses
simulated data for validation, which may not fully capture the complexities of real-world scenarios [20].

Furthermore, the study by Liu et al. (2020) addresses the Time-Dependent Vehicle Routing Problem
(TDVRP) with time windows in the context of city logistics, incorporating a congestion avoidance approach.
The proposed model aims to optimize vehicle routes by considering both time windows and traffic congestion,
thereby improving delivery efficiency and reducing travel time. The researchers utilize advanced algorithms
to tackle this complex problem, demonstrating that their model can effectively navigate congested urban
environments and adhere to delivery time windows, leading to enhanced logistics performance. However,
while the model effectively incorporates congestion avoidance, it relies heavily on accurate traffic data, which
may not always be available or reliable in real-world scenarios. The computational complexity of the
algorithms used can also pose challenges, particularly for large-scale applications with numerous vehicles and
delivery points [21].

Additionally, the study by Wu et al. (2023) examines the Time-Dependent Vehicle Routing Problem
(TDVRP) for fresh agricultural products, taking customer value into account. The proposed model focuses on
optimizing delivery routes for fresh products to ensure their freshness and customer satisfaction. By
incorporating customer value into the model, the study aims to enhance distribution efficiency and maximize
the perceived value for customers. The researchers employ advanced algorithms to tackle this problem,
demonstrating that their model can effectively reduce delivery times and maintain the quality of fresh
agricultural products. However, the model's reliance on accurate and up-to-date customer value data may pose
a challenge, as customer preferences and values can fluctuate. Additionally, the computational complexity of
the algorithms used presents a limitation, especially in large-scale applications with numerous delivery points
and customer variables [22].

Lastly, the study by Guo ef al. (2022) explores an industrial information integration method for vehicle
routing optimization using the grey target decision model. The research aims to enhance vehicle routing
efficiency by integrating various industrial information sources and applying the grey target decision model to
optimize routing decisions. The proposed method effectively addresses the complexity of routing problems in
industrial settings, demonstrating improved decision-making capabilities and route optimization. However, the
reliance on accurate and comprehensive industrial data can be challenging, as data quality and availability may
vary. Additionally, the computational complexity of the grey target decision model can pose difficulties,
especially in large-scale industrial applications with numerous variables and constraints. Further research is
needed to validate this model in practical industrial environments, streamline the computational processes, and
ensure the robustness of the model under diverse real-world conditions [23].

Based on various prior studies, several key gaps still need to be bridged to enhance the efficiency and
effectiveness of practical applications of the Time-Dependent Vehicle Routing Problem (TDVRP) [24], [25],
[26]. Many research models use simulated data to test their effectiveness, which may not fully reflect real-
world conditions, indicating a need for broader field validation. Additionally, the reliance on accurate and real-
time traffic data suggests the need for further development in more comprehensive and adaptive real-time data
integration. The computational complexity of the algorithms used in these models also presents a significant
challenge, particularly in large-scale applications, highlighting the necessity for the development of more
efficient algorithms. Existing models often depend on certain assumptions about traffic conditions and
customer values, which can reduce their flexibility in handling the variability and uncertainty of real-world
conditions. Furthermore, many models face scalability issues when applied to large-scale scenarios with
numerous variables and constraints. Therefore, further research is needed to address these scalability
challenges, as well as to improve the flexibility and efficiency of the models in practical applications. This
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systematic literature review (SLR) [27], [28], aims to fill this gap by providing a thorough analysis of current
approaches, techniques, and applications of TDCVRP in disaster response logistics [29], [30], [31]. The
objectives of this review are threefold: to identify and categorize the various methods and algorithms used in
TDCVRP research within the context of humanitarian logistics; to evaluate the effectiveness and limitations
of these approaches through a comparative analysis; and to highlight key findings, gaps in the literature, and
provide recommendations for future research directions [32], [33], [34]. To achieve these objectives, we
formulated several research questions that guided our review:
1) RQI: What are the different variants of VRP and how are they applied in humanitarian logistics?
2) RQ2: What distinguishes CVRP from other VRP variants and what methods are used in TDCVRP
research?
3) RQ3: How do temporal factors influence vehicle routing in disaster response, and what approaches
address these challenges?
4) RQ4: What are the current applications of TDCVRP in real-world disaster scenarios, and what are the
main challenges and limitations encountered?
5) RQS5: How do the various approaches compare in terms of performance, and what are the key findings
from the literature?
6) RQ6: What gaps exist in the current research, and what directions should future studies take to address
these gaps?

By synthesizing findings from existing studies, this SLR aims to provide valuable insights and practical
implications for researchers and practitioners involved in humanitarian logistics and disaster response[35],
[36], [37]. In the following sections, we detail the methodology employed in our review, present the results
and discussion of our findings, and conclude with implications for practice and directions for future research
[38], [39], [40].

2. METHODS

To conduct a thorough and systematic literature review (SLR) on Time-Dependent Vehicle Routing
Problem (TDVRP) methodologies, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were meticulously followed [41], [42] (Fig. 1).
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Fig. 1. Study selection process using the PRISMA framework

The Methodology section details the search strategy, including the databases used such as Google Web
of Science and the search terms employed “Time-Dependent” AND “Vehicle Routing Problem” AND
“Disaster” AND “Humanitarian” AND “Logistics” OR “Humanitarian Logistics” OR “TDVRP”. Inclusion
criteria for the review include peer-reviewed articles, relevance to TDVRP, and publications within the last ten
years. Exclusion criteria involve non-English articles and unrelated topics. The study selection process outlines
the steps from initial search results to detailed review and final selection of studies.
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To ensure that this systematic literature review includes relevant and high-quality studies, we established
clear inclusion and exclusion criteria. These criteria are designed to filter the literature to include the most
pertinent studies focusing on the optimization of time-dependent cumulative vehicle routing in the context of
humanitarian logistics for disaster response. The following table summarizes the inclusion and exclusion
criteria applied in this study. Article criteria using the PICOS framework shown in Table 1.

Table 1. Article criteria using the PICOS framework

Criterion Inclusion Criteria Exclusion Criteria

Population Studies focusing on humanitarian logistics in disaster Studies not related to humanitarian logistics or
response disaster response

Intervention Research involving time-dependent cumulative vehicle Research that does not involve time-dependent or
routing problems cumulative VRP

Comparators Studies comparing different VRP approaches Studies without any comparison of different

approaches

Outcomes Studies reporting on efficiency, delivery time, or Studies that do not report relevant outcomes
optimization

Study Design Empirical studies, case studies, simulation studies Opinion papers, editorials, or non-empirical studies

Publication Peer-reviewed journal articles, conference papers Non-peer-reviewed articles, theses, dissertations,

Type book chapters

Time Frame Studies published from 2008 to present Studies published before 2008

Language Studies published in English Studies published in languages other than English

3.  RESULTS AND DISCUSSION
3.1. Variants of VRP and Their Application in Humanitarian Logistics

The keyword co-occurrence analysis (Fig. 2) provides significant insights into the different variants of
the Vehicle Routing Problem (VRP) and their applications in humanitarian logistics. The central keywords,
such as "optimization," "model," "algorithm," "vehicle routing problem," and "logistics," indicate the core
focus areas in the literature. These keywords are connected to various terms, demonstrating their broad
applicability and relevance in the context of humanitarian logistics
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Fig. 2. Keyword Co-occurrence
Several VRP variants are identified through keywords like "delivery," "evacuation," "disaster relief," and
"response.”" These terms highlight specific applications of VRP in humanitarian settings, such as optimizing
routes for aid delivery, managing evacuations, and coordinating disaster relief efforts. Additionally, the
presence of methodological terms like "genetic algorithm," "epsilon-constraint method," and "ant colony
optimization" suggests different approaches used to address VRP challenges in disaster response scenarios.

The cumulative degree plot further emphasizes the prominence of certain keywords within the literature.
Keywords with higher cumulative degrees, such as those related to optimization and logistics, are more
frequently studied and cited, indicating their central role in the field. The steep initial decline in the plot
followed by a more gradual decrease shows that while a few core concepts dominate the research, a broad
range of other topics are also explored, though less frequently.

The two diagrams based on Author’s Keywords and Keywords Plus offer insights into research trends
and focus areas within the field of Vehicle Routing Problems (VRP) and their applications in humanitarian
logistics (Fig. 3).

The analysis of Author’s Keywords (Fig. 3a) shows that Logistics and Optimization are central themes
with consistent research interest from 2015 to 2023. These topics are foundational in VRP research, essential
for developing efficient routing strategies. Vehicle Routing Problem (VRP) and Algorithm also show
continuous interest, indicating ongoing efforts to improve computational methods and models. Emerging topics
such as Disaster Response and Evacuation have gained significant attention since 2018 and 2019, respectively.
These keywords reflect a growing focus on applying VRP in humanitarian scenarios, particularly for
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optimizing emergency response and evacuation logistics. Delivery has been a key topic since 2018,
emphasizing the importance of timely and efficient delivery systems in disaster logistics. Specialized areas like
Network and Location indicate a focus on optimizing resource placement and connectivity, crucial for effective
disaster management.

The Keywords Plus analysis (Fig. 3b) shows that Humanitarian Logistics and Robust Optimization have
been consistent research areas from 2017 to 2023. Their sustained presence highlights their importance in
addressing uncertainties and ensuring reliable VRP solutions in humanitarian contexts. Disaster shows
significant research activity from 2017 to 2020, reflecting efforts to understand and manage disaster-related
challenges. Emerging topics such as Disaster Management, Vehicle Routing, and Facility Location have been
key research areas from around 2018 and 2019, continuing to 2023. This indicates a growing emphasis on
strategic and operational aspects of disaster response and logistics.
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Linking this analysis to the research questions, both diagrams highlight key variants and methodologies
related to VRP. Terms like Vehicle Routing, Optimization, Algorithm, and Robust Optimization indicate
various approaches explored in the literature. The focus on Facility Location and Network underscores the
importance of spatial and connectivity aspects in VRP research. Applications in humanitarian logistics are
emphasized through terms like Disaster Response, Humanitarian Logistics, and Disaster Management,
showing the critical role of VRP in optimizing disaster logistics. The presence of terms like Evacuation and
Delivery highlights specific applications aimed at managing evacuation logistics and ensuring timely aid
delivery.

3.2. Variants of VRP and Their Application in Humanitarian Logistics

The thematic maps based on Keywords Plus and Author’s Keywords offer valuable insights into the
development and relevance of various research themes within the field of Vehicle Routing Problems (VRP)
and their applications in humanitarian logistics (Fig. 4).
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Fig. 4. Thematic Map

The analysis of Keywords Plus (Fig. 4a) reveals several key observations. Model, Optimization, and
Algorithm emerge as highly developed and central themes, highlighting the focus on improving computational
methods and optimization techniques in VRP research. Additionally, Logistics, Network, and Transportation
are identified as important motor themes, indicating their critical role in practical VRP applications. Niche
themes such as Disaster, Last-Mile Distribution, and Multicriteria Optimization are specialized but crucial for
addressing specific aspects of VRP in disaster scenarios. Meanwhile, themes like Vehicle, Large Neighborhood
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Search, and Ant Colony Optimization are seen as emerging or possibly declining, suggesting that while these
areas are still explored, they may not be the current primary focus. Basic themes identified include Evacuation,
Demand, and Disaster Relief, which are fundamental to VRP research in humanitarian logistics. These topics
emphasize the essential aspects of emergency response and aid distribution.

The thematic map based on Author’s Keywords (Fig. 4b) provides additional insights. Inventory
Optimization, Relief Distribution, and Logistics are highlighted as highly developed and central themes,
essential for the efficient management of resources in disaster response. Network Connectivity and Covering
Tour Problem are also important motor themes, reflecting the focus on ensuring effective logistical networks.
Niche themes such as Robust Optimization, Uncertainty, and Routing indicate specialized research areas
addressing specific challenges in VRP under uncertain conditions. Emerging or possibly declining themes
include Humanitarian Supply Chain and Problem, which may be gaining or losing prominence based on
current research trends. Basic themes identified are Humanitarian Logistics, Vehicle Routing, and Disaster
Management, which underline the importance of VRP applications in coordinating humanitarian aid and
managing disaster logistics.

The co-citation network in Fig. 5 provides a visual representation of how different research works are
interconnected through citations. This network helps identify influential studies and the relationships between
various research themes in the field of Vehicle Routing Problems (VRP) and their applications in humanitarian
logistics.
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Fig. 5. Co-citation Network

The co-citation network reveals distinct clusters, indicating groups of papers that are frequently cited
together. These clusters represent different themes or approaches within VRP research. The Purple Cluster
includes works by authors like Yi W (2007) and Tavasszy (2010), focusing on early foundational work in VRP,
particularly related to logistics and optimization techniques. The Blue Cluster features prominent works by
Luis E. (2012) and Ozdamar (2006), highlighting studies central to the development of advanced optimization
models and algorithms in VRP. The Green Cluster, containing works by authors like Yan S (2009) and Celik
M (2015), focuses on specific applications of VRP in disaster management and humanitarian logistics. The
Orange Cluster includes studies by Akbari N (2017) and Sahin E (2016), suggesting a focus on recent
developments and applications in VRP, including vehicle routing and resource allocation in humanitarian
settings. Lastly, the Red Cluster features works by authors like Chowdhury S (2017) and Murray CC (2015),
indicating a focus on innovative and emerging methods in VRP, possibly including computational techniques
and real-world applications.

Central nodes in the network, such as Luis E. (2012) and Ozdamar (2006), indicate highly influential
studies that are frequently cited and have significantly contributed to the field. These works likely provide key
methodologies or theoretical advancements in VRP. The network also shows interconnections between
different clusters, indicating that various themes and approaches in VRP research are interrelated. For instance,
foundational optimization techniques are linked to advanced models and specific applications in humanitarian
logistics.

3.3. Variants of VRP and Their Application in Humanitarian Logistics
Table 2 presents a clustering analysis by coupling, highlighting various thematic groups within research
on Vehicle Routing Problems (VRP) and their applications. This analysis is crucial for understanding how
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different VRP variants are utilized in humanitarian logistics. Clustering by coupling: centrality vs impact
shown in Fig. 6.

Table 2. Clustering by Coupling

label group freq centrality impact

design - conf 33.3% logistics - conf 20% optimization - conf 13.3% 1 5 0.871 1
model - conf 41.2% algorithm - conf 38.5% or/ms research - conf 83.3% 2 18 2.025 1.266
accessibility - conf 75% algorithm - conf 23.1% connectivity - conf 100% 3 5 1.686 1.417
traveling salesman problem - conf 50% accessibility - conf 25% algorithm - conf 7.7% 4 3 3.09 1.25
optimization - conf 46.7% logistics - conf 40% model - conf 23.5% 5 16 2.178 1.25
model - conf 11.8% optimization - conf 13.3% branch-and-price - conf 100% 6 3 2.216 1

Clustering by Coupling: Centrality vs Impact
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Fig. 6. Clustering by Coupling: Centrality vs Impact

The first group focuses on design and logistics, incorporating optimization components. The significant
frequency and centrality in this group indicate the importance of design principles in developing VRP models
applicable in logistical contexts. The second group centers on model and algorithm development within VRP.
With the highest frequency and centrality, this group signifies the core focus of VRP research, particularly in
creating sophisticated models and algorithms for operational research and management science applications.
The third group emphasizes the importance of accessibility and connectivity, combined with algorithmic
solutions. The high impact of this group reflects the significance of ensuring that VRP solutions are applicable
to real-world scenarios, especially in humanitarian logistics where access to affected areas is crucial. The
fourth group focuses on the Traveling Salesman Problem (TSP), integrating accessibility and algorithmic
approaches. The high centrality indicates its pivotal role in the theoretical foundations of VRP, influencing a
wide range of applications including disaster response and resource allocation. The fifth group highlights the
integration of optimization techniques with logistics and modeling. The high frequency and centrality suggest
that optimization is a key theme in VRP research, crucial for developing efficient logistical operations in
humanitarian contexts. The final group focuses on advanced optimization techniques such as the branch-and-
price method. The high centrality underlines its importance in solving complex VRP problems, essential for
planning and managing logistical operations in humanitarian logistics.

These clusters reveal key variants and themes within VRP research, such as design, modeling, algorithm
development, and specific problems like TSP. Each group represents a different approach or focus area within
VRP, indicating the diversity of methodologies used in the field. The relevance of themes like accessibility,
connectivity, and optimization highlights the practical applications of VRP in humanitarian logistics. Ensuring
access to disaster-affected areas and optimizing logistical operations are critical for effective disaster response
and resource allocation. The integration of advanced optimization techniques and algorithmic solutions shows
the emphasis on developing robust models that can handle the complexities of real-world humanitarian
scenarios.

3.4. Variants of VRP and Their Application in Humanitarian Logistics

Table 3 shows an analysis of keywords clustered based on their dimensions (Dim1 and Dim2) in the
research landscape of Vehicle Routing Problems (VRP) and their applications in humanitarian logistics. Each
keyword represents an important theme or concept in the field, and this clustering helps in understanding the
relationships and relevance of these themes.
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Table 3. Word By Cluster

word Diml  Dim2  cluster
model -0.27  -025 1
optimization 0.19 -0.04 1
algorithm 0.03 -0.67 1
logistics -0.23  0.58 1
vehicle-routing problem  -0.14  0.11 1
design -0.31  0.86 1
evacuation -0.44 131 1
or/ms research -0.16 -050 1
delivery -0.17  0.02 1
disaster response -0.28  0.62 1

The keyword "model" is very important in VRP research, highlighting the need for developing robust
models to solve routing problems in various scenarios, including humanitarian logistics. "Optimization"
indicates crucial techniques for enhancing the efficiency of VRP solutions, while "algorithm" emphasizes the
fundamental implementation of VRP models to address specific challenges in vehicle routing. "Logistics" as a
core component of VRP is essential, especially in humanitarian contexts where effective logistics can
significantly impact the efficiency of disaster response.

The Vehicle Routing Problem ("vehicle-routing problem") is the central issue addressed by this research,
with its application spanning various logistical scenarios. The design aspect ("design") of VRP models is also
crucial for their effectiveness, indicating that well-thought-out design of VRP solutions is necessary to meet
specific needs in disaster response. Evacuation logistics ("evacuation") is a critical application of VRP in
humanitarian contexts, with high dimension values indicating a significant focus on optimizing evacuation
routes during disasters.

Operational Research and Management Science (OR/MS Research) contribute both theoretically and
practically to the development of VRP solutions, while efficient delivery systems ("delivery") are essential for
timely aid distribution. Disaster response ("disaster response") is a primary application of VRP in humanitarian
logistics, emphasizing the importance of VRP solutions in improving the efficiency and effectiveness of
disaster response operations.

This clustering of keywords provides a clear picture of the main themes and focus areas in VRP research
related to humanitarian logistics. Keywords such as "model," "optimization," "algorithm," and "logistics"
underscore the foundational elements of VRP, while application-specific keywords like "evacuation,"
"delivery," and "disaster response" highlight the practical importance of VRP in improving disaster response
operations. This analysis helps in understanding the multifaceted nature of VRP research and its significant
applications in real-world disaster scenarios.

Fig. 7 shows a factorial analysis based on correspondence analysis, mapping the distribution of keywords
and themes in the research on Vehicle Routing Problems (VRP) and their applications in humanitarian logistics.
Each point represents a keyword, indicating its relationship and relevance to other keywords.

1 0 1 2 3 4 5 6 7
Dim 1 (13.07%)

Fig. 7. Factorial Analysis by Correspondence Analysis

Keywords like "optimization model" and "formulation" are clustered together, highlighting the
importance of developing robust optimization models to solve complex routing problems. "Evacuation,"
"management," and "operations" show a focus on managing evacuation logistics during disasters, underscoring
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the critical role of VRP in evacuation strategies. The proximity of "last-mile distribution" and "relief"
emphasizes the efficient delivery of aid to affected areas, reflecting the practical applications of VRP in
humanitarian logistics.

The cluster of keywords like "algorithm," "neighborhood search," and "operations" indicates ongoing
efforts in developing advanced algorithms for VRP. "Facility location" and "supplies" highlight the strategic
planning aspects of VRP, crucial for effective disaster response and resource allocation. "Large neighborhood
search" and "depot" suggest a focus on advanced search techniques to optimize depot locations and routing.

nn

3.5. Variants of VRP and Their Application in Humanitarian Logistics

Fig. 8 shows a factorial analysis using Multiple Correspondence Analysis (MCA), which maps the
distribution of keywords and themes within the research on Vehicle Routing Problems (VRP) and their
applications in humanitarian logistics. Each point represents a keyword, indicating its relationship and
relevance to other keywords in the research landscape.
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Fig. 8. Factorial Analysis by Multiple Correspondence Analysis

The clustering of keywords such as "optimization model," "genetic algorithm," and "epsilon constraint
method" highlights their importance in developing robust optimization solutions for VRP. These methods are
essential for addressing complex routing problems, particularly in dynamic and uncertain environments like
disaster response. Similarly, terms like "disaster response," "logistics network," and "delivery" are grouped
closely, indicating a strong focus on optimizing logistics operations to enhance disaster response. This cluster
underscores the practical applications of VRP in managing and improving logistical efficiency during
emergencies.

Keywords like "neighborhood search," "variable neighborhood search," and "algorithm" show the
emphasis on developing advanced algorithms to improve the computational efficiency of VRP solutions. These
methods are crucial for handling large-scale and complex routing problems. The proximity of terms like
"facility location," "allocation," and "network" highlights the strategic aspects of VRP, such as determining
optimal facility locations and resource allocation to improve logistics performance in humanitarian contexts.

Specific applications of VRP in humanitarian logistics are indicated by keywords such as "evacuation,"
"disaster relief," and "trips," emphasizing the need for tailored solutions to manage evacuation routes and
ensure effective delivery of relief supplies.

This analysis reveals the various approaches and methodologies in VRP research, such as optimization
models, algorithm development, and strategic planning, which are critical for addressing diverse challenges in
vehicle routing and disaster response. Keywords like "disaster response," "evacuation," "logistics network,"
and "delivery" demonstrate the crucial role of VRP in optimizing logistics operations to improve the efficiency
and effectiveness of disaster response and aid distribution. The distribution of keywords also provides insights
into well-studied areas and potential research gaps, suggesting that future studies should focus on integrating
advanced methods into real-world disaster response scenarios.

3.6. Variants of VRP and Their Application in Humanitarian Logistics
Table 4 and Fig. 9 provide insights into the thematic clusters and distribution of keywords in research on
Vehicle Routing Problems (VRP) and their applications in humanitarian logistics. Table 4 presents a thematic

Optimizing Disaster Response: A Systematic Review of Time-Dependent Cumulative Vehicle Routing in Humanitarian
Logistics (Dedy Hartama)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&

634 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN: 2338-3070
Vol. 10, No. 3, September 2024, pp. 625-638

map by cluster, highlighting Callon Centrality, Density values, rank, and frequency for each cluster, while
Figure 7 displays a factorial analysis using Multiple Correspondence Analysis (MCA).

Table 4. Thematic Map By Cluster

Cluster CallonCentrality  CallonDensity RankCentrality RankDensity ClusterFrequency
depot 0.25 62.5 2 3.5 4
model 8.858 74.857 9 8 134
disaster 0 75 1 9 10
time 2.406 71.825 7 6 19
accessibility 0.542 62.5 4 3.5 8
logistics network 1.083 74.306 5 7 10
evacuation 2.403 69.147 6 5 23
relief 2.609 42.361 8 2 15
vehicle 0.5 33.333 3 1 3
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Fig. 9. Factorial Analysis by Multiple Correspondence Analysis

Major Themes (Motor Themes): The cluster of "Model Optimization and Algorithm" shows high
centrality and density, emphasizing the development of robust models and algorithms as foundational elements
in VRP research. This cluster is crucial for creating effective routing solutions in humanitarian logistics,
reflecting its central role in the field. Basic Themes: The "Relief and Disaster Operations Management" cluster,
with moderate centrality and density, focuses on applying VRP to manage relief efforts and disaster operations.
This theme highlights practical strategies for efficient resource allocation and delivery in disaster scenarios,
underscoring the importance of VRP in real-world applications. Emerging or Declining Themes: The "Vehicle"
cluster, characterized by low centrality and density, represents an emerging or less developed theme. This area
focuses on the specific role of vehicles in VRP, highlighting the need for specialized routing strategies despite
its current lower prominence. Niche Themes: The "Disaster and Last-Mile Distribution" cluster has low
centrality but high density, indicating it is a specialized theme. This cluster addresses specific challenges in
disaster logistics, such as optimizing last-mile distribution and managing multiple criteria, which are crucial
for effective disaster response. Another niche theme, "Depot and Large Neighborhood Search," focuses on
optimizing depot locations and using advanced search techniques for routing, important for strategic planning
in VRP.

These clusters represent various approaches in VRP research, such as optimization models, algorithm
development, and specific applications like disaster relief and depot management. The diversity of these themes
highlights the multifaceted nature of VRP research and its applications in humanitarian logistics. Keywords
like "disaster response," "logistics network," "evacuation," and "relief" underscore the direct applications of
VRP in improving disaster response efficiency and effectiveness.

3.7. Discussion

Research on Vehicle Routing Problems (VRP) has produced various variants applied in humanitarian
logistics, including optimization models, algorithms, and design approaches aimed at enhancing the efficiency
of logistical operations in disaster scenarios. The Cumulative Vehicle Routing Problem (CVRP) differs from
other VRP variants by considering cumulative costs and time during routes, which is highly relevant in disaster
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scenarios. The Time-Dependent Cumulative Vehicle Routing Problem (TDCVRP) employs advanced methods
such as genetic algorithms and neighborhood search techniques to optimize routes in dynamic temporal
conditions.

Temporal factors, such as changing road conditions and demand variations, significantly influence vehicle
routing in disaster response. Approaches like adaptive algorithms and optimization models that consider
temporal dynamics are used to address these challenges. The application of TDCVRP in real-world disaster
scenarios includes route optimization for aid delivery, evacuation management, and determining optimal
facility locations. However, the main challenges include computational complexity and reliance on real-time
data.

Various approaches in VRP research are evaluated based on computational efficiency, solution accuracy,
and adaptability to dynamic conditions. Key findings indicate that optimization models and advanced
algorithms perform best in the context of humanitarian logistics. Thematic and factorial analysis reveals several
gaps in current research, including the lack of integration of advanced methods in real-world scenarios and the
need for more adaptive solutions. Future research should focus on developing more comprehensive models and
enhancing technology integration.

4. CONCLUSION

This systematic literature review has provided a comprehensive analysis of the Time-Dependent
Cumulative Vehicle Routing Problem (TDCVRP) in humanitarian logistics. The findings emphasize the critical
role of optimization models and advanced algorithms in enhancing the efficiency and effectiveness of disaster
response operations. Despite significant advancements, challenges such as computational complexity and the
need for real-time data remain. The study highlights several research gaps, including the necessity for more
adaptive and real-world applicable solutions. Future research directions should aim to develop more robust
models and improve technology integration to better address the dynamic and complex nature of disaster
logistics.
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