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Abstract

The growing complexity of retail logistics requires responsive delivery structures that can adapt
to changing consumer demand. The hub-and-spoke distribution model, a long-standing logistics
paradigm, has been effective for centralized inventory management and low-cost transportation.
Yet the conventional model generally presumes single-date scheduling of deliveries, which
constrains its ability to accommodate contemporary retail requirements for fast replenishment
and high-frequency restocking. In this paper, we investigate integrating various delivery dates
under the hub-and-spoke network to make the supply chain more responsive and efficient in
retail distribution. With a hybrid approach through simulation and empirical case studies, we
examine how multiple scheduling impacts cost, inventory, transport efficiency, and customer
satisfaction. Our results show that multi-date deliveries under the hub-and-spoke system
dramatically minimize stockouts, enhance service levels, and preserve cost-effectiveness of
transportation. The findings promote reengineering of logistics to enable dynamic scheduling and
point to the benefit of digital platforms and predictive analytics in planning such operations.
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I. INTRODUCTION

With today's competitive and consumer-oriented retail landscape, logistics and supply chain operations
efficiency is a key driver of success. The hub-and-spoke is the long-standing support system of retail
distribution because of its centralized inventory management and best route planning. The hub-and-
spoke model consolidates inventory in a distribution hub, where deliveries are sent to different retail
outlets or spokes. Although the model improves transportation efficiency and inventory consolidation, it
usually does not have the temporal flexibility necessary to accommodate changing market demands and
consumer behaviors that require more responsive and increased frequency of restocking.

Contemporary retailing demands not only efficient goods movement but also flexible and responsive
scheduling. With growing consumer expectations for quicker replenishment and product availability,
single-date delivery schedules' lack of flexibility imposes a significant constraint. Most particularly in
high-turnover categories like perishable commodities, fashion, and electronics, retailers require several
delivery dates weekly or even daily. Multiple delivery dates made available through hub-and-spoke
logistics represent a very attractive area to enhance supply chain responsiveness and service levels.
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Multiple delivery dates brought into the hub-and-spoke system pose operating challenges and
opportunities requiring attention to detail. Key issues are greater complexity in vehicle routing,
warehouse operations, labor scheduling, and demand forecasting. Yet, developments in digital
technologies like Al-based inventory management systems, dynamic route planning software, and real-
time data analytics are helping logistics managers to overcome these challenges. These technologies
make predictive modeling of demand patterns possible, which facilitates the development of responsive
delivery schedules that synchronize with retail demand cycles.

Moreover, consumer behavior is increasingly characterized by expectations of rapid service and
constant availability of products, driven largely by the growth of e-commerce and omnichannel
retailing. As a result, retailers are under pressure to maintain lean inventories while ensuring product
availability, which can be achieved through more frequent and responsive replenishment strategies. By
providing multiple delivery windows, hub-and-spoke models are able to more accurately align retail
inventory levels with real-time sales patterns, minimizing lost sales and maximizing customer
satisfaction.

Inclusion of sustainability targets also affects multi-date delivery system implementation. Increasing
focus on environmentally friendly logistics, businesses are attempting to balance the frequency of
delivery with transportation effectiveness to reduce ecological footprints. Technologies like sharing
transportation assets across retailers, electric vehicle fleets, and coordinated delivery scheduling are
assisting in making frequent deliveries feasible without a corresponding increase in emissions.

In general, investigating the viability and effect of multiple delivery dates in hub-and-spoke logistics is
not only timely but also critical to the future of agile retail supply chains. The necessity for operational
agility, combined with technological progress and environmental factors, provides the context for this
research. The study reported here seeks to offer both theoretical and practical advice on reorganizing
hub-and-spoke logistics to facilitate dynamic delivery scheduling in contemporary retail settings.

Il. LITERATURE REVIEW

Hub-and-spoke has been widely researched in logistics literature due to the potential to maximize
transport networks and minimize cost through centralization and efficiency of routes [1][2]. Originating
from its application in airline scheduling and subsequently in the freight logistic industry, the model has
continued to develop and solve multiple operational restrictions and has been extensively used in retail
distribution. Daganzo [3] outlined the economic concepts guiding hub-and-spoke networks and how
they help reduce transportation and holding inventory costs.

Current research has focused on the model's limitations, specifically its inflexibility in scheduling
deliveries. Christopher and Peck [4] pointed out that flexibility and agility in logistics systems are key
to addressing variability in demand. Therefore, the study of dynamic delivery scheduling has been on
the move. For example, Pan et al. [5] researched delivery frequency optimization and established that
increased delivery frequency, though raising transportation expense, greatly enhanced inventory
turnover and decreased stockouts.

As digital technologies set in, focus on data-intensive planning of logistics has grown more. Wang et al.
[6] made particular emphasis on the need to plan multiple deliveries through real-time forecasting of
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demands and vehicle routes. Machine learning and Al-backed demand forecasting today make it
possible to schedule faster responses, supporting multi-date delivery under hub-and-spoke patterns.

In addition, sustainability and environmental concerns have also come into play in more recent
research. As reported by Jaller et al. [7], repeated deliveries may generate higher emissions unless
accompanied by load consolidation and optimized routing. This observation highlights the need for
striking a balance between operational flexibility and environmental concern.

Another key study by Sharma et al. [8] discussed how e-commerce has transformed retail logistics,
which requires quick and adaptive distribution patterns. They suggested combining advanced transport
management systems (TMS) and warehouse management systems (WMS) to allow for dynamic
scheduling and tracking of deliveries.

The COVID-19 outbreak accelerated this change further. According to Kumar and Rajan [9], supply
chain disruptions emphasized the necessity of logistics models that are more resilient and adaptable.
Retailers with flexible delivery mechanisms were in a better position to sustain service levels during
supply chain disruptions.

Together, the existing literature hints at an increasing recognition of the value of adaptive delivery
frameworks for hub-and-spoke configurations. But empirical studies focused on operationalizing and
analyzing several delivery dates across retail contexts specifically are sparse. This paper strives to do
better by pairing simulation-based analysis with case study findings from retail chains.

I11. METHODOLOGY

To examine the operational practicability and advantages of enabling multiple delivery dates in hub-
and-spoke retail distribution networks, a mixed-methods research design was used. This research design
integrates quantitative simulation modeling with qualitative case study research to enable both
numerical verification and contextual understanding. The research is targeted at medium-to-large retail
firms in metropolitan regions, where delivery frequency, transportation effectiveness, and variation in
customer demand are most critical.

3.1 Simulation Design

A discrete-event simulation (DES) model was created based on AnyLogic simulation software to
simulate a hub-and-spoke distribution network for different delivery frequency conditions. The
simulation model utilizes some of the most important variables, such as:

e Number of delivery nodes (spokes)

Vehicle capacity and fleet size

Inventory levels at the hub and spokes

Delivery frequency (daily, bi-weekly, weekly)

e Order arrival rates based on real-world demand patterns

The baseline scenario represents a conventional single-date delivery system, whereas the experimental
scenarios introduce multiple delivery dates in a week. Performance measures collected are delivery lead
time, stockout rate, transportation cost, vehicle usage, and overall inventory held.
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3.2 Case Study Analysis

Concurrently with the simulation, three case studies were executed among retail businesses that had just
shifted from fixed weekly deliveries to a more adaptive delivery scheduling practice. Data collection
was done via structured interviews with logistics managers, observation of sites, and analysis of
operational performance reports. The firms chosen conduct business in the grocery, fashion, and
electronics industries, which characteristically have high variability in product turnover.

The case studies centered on comprehending:

e The adjustments to operations necessary to accommodate multiple delivery dates
e Logistics technology and infrastructure investments

e Workforce planning and scheduling adjustments

e Effects on customer service metrics and sales performance

3.3 Data Collection and Validation

Demand data for simulation were drawn from anonymized records of transactions between a retail data
partner and actual customer purchases, spanning six months. Transportation cost parameters and the
carrying costs on inventory were generated from industry benchmarking and then checked with experts.
The model was tested with debugging and cross-validation against the real delivery patterns witnessed
in case study firms.

3.4 Analytical Approach

Simulation outputs were examined through descriptive statistics and visualizations to compare
performance for varying delivery frequencies. Performance trade-offs of note were identified in order to
estimate the marginal benefit of more frequent delivery. Qualitative case study findings were analyzed
thematically to complement the simulation results and underscore real-world implementation challenges
and solutions.

Through this combination of both methods, the study seeks to give a comprehensive assessment of the
way multi-date delivery scheduling of the hub-and-spoke system can improve the performance of retail
logistics. What follows are the quantitative findings and qualitative observations of this methodology.

IV. RESULTS

The results of analysis from simulation and case study observations show significant advantages from
incorporating multiple delivery dates in hub-and-spoke retail logistics systems. The simulation
simulated three scenarios with different frequencies of deliveries—weekly (classic), bi-weekly, and
daily—and measured their performance based on important logistics metrics including stockout rates,
transportation expenses, delivery lead times, and vehicle utilization.

IJFMR230443153 Volume 5, Issue 4, July-August 2023 4



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)
LJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

Stockout Rate by Delivery Frequency

Weeakly Bi-Weekly Daily
Delivery Frequency

Stockout Rate (%)
=]

I’y

Figure 1: Stockout Rate by Delivery Frequency

4.1 Simulation Results

The simulation results clearly show the trade-offs and advantages of more frequent deliveries. Shifting
from weekly to daily deliveries decreased average stockout rates by 42%, with the greatest reductions
seen in FMCG categories. This finding indicates that having several delivery windows enables spokes
to have leaner inventories while fulfilling demand peaks.

Transportation expense, although predicted to increase with growing frequency, was kept in healthy
operating margins because of better utilization of vehicles and more efficient routing algorithms. Day-
of-week delivery had an escalation of only 15% in transportation expenses from the weekly mode,
considerably abated through dynamic route optimization and greater drop density per journey. \ehicle
usage became better by 21% as more refined forecasting of demand facilitated improved consolidation
of loads.

Inventory holding costs were significantly minimized in the case of daily delivery. With frequent
replenishments, retail spokes had lower buffer inventories, which resulted in a decrease of 18% in
average on-hand inventory levels. This decrease translates to lower capital lock-in and better stock
freshness, particularly significant in perishables and fashion retail.

Delivery lead times also showed positive trends. In the daily scenario, 87% of orders were fulfilled
within 24 hours, compared to 52% in the weekly model. This significant improvement enhances the
retailer’s ability to respond to unexpected demand shifts and promotions.
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Figure 2: Transport Cost Increase with Frequency
4.2 Case Study Results

The case studies corroborated the simulation results. In the grocery retail case, the shift to bi-weekly
deliveries lowered spoilage by 25% and increased shelf availability by 12%. In the fashion retail case,
daily deliveries facilitated fast inventory turnover, which supported more timely merchandising and
lower markdown rates. Logistics managers also indicated less chaotic warehouse operations with the
distribution of workload over several days.

Retailers quoted early difficulties amidst the transition process, such as the necessity to enhance
coordination at central hubs and spokes, scheduling changes, and real-time monitoring tool investment.
Nevertheless, in six months or less of utilization, all three case study companies noted quantifiable
increases in consumer satisfaction scores along with a diminishment in lost sales incidents.

Viehicle Utilization by Frequency

80

Vehicle Utilization (%)
-3
(=]

Weakly Bi-Weeakly Dally
Delivery Frequency

Figure 3: Vehicle Utilization by Frequency

From a financial viewpoint, merchants indicated that the added transportation expenses associated with
more frequent deliveries were equaled by increases in revenue from sales, decreased spoilage, and
better utilization of warehouse space. Most noteworthy, customer-oriented KPIs like on-shelf
availability and order accuracy steadily improved at all firms.
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4.3 Key Metrics

The transition away from the conventional weekly delivery pattern to more frequent deliveries resulted
in a variety of key performance measures. Stockout rates decreased from more than 11% under the
weekly model to only 6.5% under daily deliveries, demonstrating the advantage of responsive
replenishment. Transportation costs increased by only a small amount of about 15% when delivery
frequency was raised, due to greater vehicle utilization and improved routing. Vehicle utilization
increased from 68% to 82% over the scenarios, thanks to demand-based consolidation strategies. In
addition, retail spoke average inventory levels fell dramatically, enhancing cash flow and lowering
inventory holding costs. Most significantly, the capacity to meet customer orders within 24 hours rose
from slightly more than half (52%) under the weekly schedule to nearly 90% with daily delivery,
highlighting the model's value in enhancing customer satisfaction.

24h Order Fulfillment Rate
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Figure 4: 24h Order Fulfillment Rate
V. DISCUSSION

The findings of this research hold significant implications for the practical implications and strategic
benefits of having multiple delivery dates as part of hub-and-spoke retail logistics networks. The major
implication is that such a system improves overall supply chain responsiveness and retail service quality
without being prohibitive in costs.

One of the main findings is the significant improvement in inventory management efficiency. Frequent
deliveries enable retailers to operate with lower safety stocks, leading to leaner inventories and lower
holding costs. This is especially advantageous for product categories with high turnover or perishability
issues, like groceries and fast fashion. The capability to rapidly replenish stock supports more
responsive reactions to demand changes, seasonality, and promotions.

Customer service metrics also gain substantially. With the frequency of deliveries on a daily or bi-
weekly basis, order fulfillment rates of 24 hours and above improve significantly, which means
improved product availability on shelves and lost sales reduced to a minimum. With the competitive
retail environment today, with customer expectations influenced by same-day and next-day delivery
standards, the ability to reliably restock translates into enhanced customer satisfaction and loyalty.
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Transportation efficiency is another critical factor to consider. Even though logically, more frequent
deliveries imply greater logistics costs, the research indicates that optimized routing and enhanced
vehicle usage reduce these costs. Sophisticated logistics management systems and decision-making
tools based on data support dynamic routing, which consolidates deliveries efficiently and makes
multiple delivery schedules economically feasible.

The addition of digital technologies like predictive analytics, Internet of Things (loT) tracking, and
transportation management systems (TMS) is essential in facilitating these intricate operations. These
technologies provide real-time visibility, precise demand forecasting, and effective coordination of hubs
and spokes. In the absence of such technologies, juggling multiple delivery times over a big retail
network would most probably lead to operational inefficiencies and greater vulnerability to errors.

But switching to a multiple delivery model is not without difficulties. Organisational adjustments need
to be made to be able to handle new workflow patterns. These are staffing level changes, warehouse
movements, and communications procedures throughout the supply chain. Furthermore, the transition
involves initial investment in systems integration, staff training, and possibly expanded fleets or alliance
logistics partners.

Notably, the success of this transition is highly dependent on the maturity of the organization's logistics
capabilities and the level of supply chain cooperation. Retailers with highly developed logistics
infrastructures and supply relationships are in a better position to enjoy the advantages of this model.
Smaller retailers or those dependent on less agile suppliers, on the other hand, could encounter
impediments to adoption.

There is also a strategic consideration. The transition to regular deliveries can be aligned with larger
retail objectives, like omnichannel alignment, in which physical and online retail channels are
coordinated. By maintaining rapid and dependable movement of stock, companies can deliver online
orders more quickly, enable click-and-collect, and manage returns more effectively.

The conversation highlights that the use of multiple delivery dates in hub-and-spoke configurations
presents a high-impact, scalable solution for contemporary retail logistics. Although not a panacea, it
delivers quantifiable benefits when coupled with the operational capacity and strategic objectives of the
retailer. The research indicates that through proper planning, technology investment, and cooperative
execution, retailers can re-engineer their logistics operations to serve the needs of today's marketplace
more effectively.

VI. CONCLUSION

This research has investigated the integration of multiple delivery dates in the hub-and-spoke
distribution model, with a particular emphasis on retail logistics. With increasing consumer
expectations, fast-changing market demand, and rising competition through channels, retailers need to
emphasize responsiveness and flexibility in their supply chains. The results shown in this paper confirm
that moving from a single-schedule delivery system to a more flexible, multi-date system can greatly
improve performance in important logistics dimensions.

Our simulations and actual case studies show that the use of multiple delivery dates generates
significant benefits in inventory turnover, stock availability, and customer satisfaction. Excess stock can
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be reduced, and spoilage minimized. The replenishment cycles can be brought more in line with the true
demand patterns. Furthermore, the operational efficiencies accrued from dynamic routing and enhanced
vehicle utilization offset the higher cost escalation otherwise typically expected from increased delivery
frequency.

The success of this delivery model depends on a number of key enablers. Foremost among them are
digital technologies, including predictive analytics and real-time inventory monitoring, that enable
effective forecasting and allow for smooth coordination between hubs and spokes. Additionally, the role
of organizational readiness cannot be underestimated. Successful implementation demands investment
in infrastructure, qualified staff, and process realignment.

Strategically, adopting multiple delivery schedules puts retailers in a better position to support
omnichannel fulfillment strategies. This encompasses capabilities like quick in-store restocking, quicker
online order fulfillment, and enhanced return handling—all of which are part of making the customer
experience better in a digitally connected retail world.

While the benefits are numerous, the transition is not without difficulty. Smaller retailers will struggle
to adapt without the requisite logistical maturity or technological enablement. In addition, heightened
planning and execution complexity necessitates very close collaboration throughout the supply chain
ecosystem, with suppliers, third-party logistics providers, and technology partners involved.

However, the long-term advantages of enhanced service levels, operational effectiveness, and
responsiveness to the market present a strong argument for embracing this strategy. For retailers who
wish to retain a competitive advantage, a logistics strategy centered on multiple delivery windows
presents a feasible course of action.

Future research could explore sector-specific implementations, cost-benefit comparisons in rural versus
urban settings, and the role of Al in automating delivery scheduling. These directions would further
refine our understanding of how flexible delivery models can be optimized for varying operational
contexts.

Overall, enabling multiple delivery dates in hub-and-spoke logistics is a revolutionary improvement in
retail distribution. It is a direct response to the demands of contemporary commerce and presents a
sustainable model for bringing logistics processes in line with retailers' and end-users' requirements.
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