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CrossMark

Efficient management of retail warehouses is associated with multiple challenges, and
identifying key criteria for evaluating the performance of these warehouses is of
particular importance. The primary research question in this study is: which criteria are
more important for evaluating the performance of retail warehouses? In this study,
performance-related criteria were initially identified and extracted through a
comprehensive review of the literature and analysis of previous research.
Subsequently, these criteria were evaluated using the fuzzy Delphi method and expert
opinions in the field. In the next step, the validated criteria were ranked and prioritized
using the fuzzy Best-Worst Method (FBWM) to determine the relative importance of
each criterion. The results of the study indicated that inventory accuracy and transfer
time are of high importance and have a direct impact on warehouse productivity and
cost reduction. Additionally, labor productivity, picking time, stockout cost, and
transfer quality were among other important factors, highlighting the role of human
efficiency in improving warehouse performance. Criteria such as transportation cost,
safety, and compliance with standards were considered less important compared to
others. These findings are consistent with many previous studies and emphasize that
accurate inventory management and optimization of warehouse processes are essential
for enhancing efficiency. These results can assist managers in making better decisions
aimed at improving warehouse performance and increasing customer satisfaction.

Keywords: Performance Evaluation, Fuzzy Best-Worst Method, Fuzzy Delphi, Retail

Warehouse.

Introduction

The efficiency of warehouse operations in the retail sector plays a pivotal role in enhancing supply
chain agility, ensuring customer satisfaction, and reducing overall operational costs. Retail warehouses,
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due to their dynamic and complex nature, require robust evaluation systems to assess and improve
performance. Performance evaluation of such environments involves identifying and prioritizing relevant
criteria to guide managerial decisions. However, the diverse functions and fast-paced environment of retail
warehouses make this task inherently multidimensional and complex (Ali et al., 2023).

Warehouses are critical infrastructure in the logistics system of any economy, enabling the proper
flow, storage, and distribution of goods. Effective warehouse management supports timely customer
service and maintains inventory integrity (Gafner et al., 2021). Conversely, mismanagement of
warehouses may compromise competitiveness in local and international markets. Thus, implementing
effective performance evaluation metrics is essential for diagnosing operational inefficiencies and
enabling continuous improvement (Burinskiené & Lerher, 2021).

The importance of retail warehouse performance has further increased due to the explosive growth
in e-commerce. According to recent reports, the operational revenue from warehousing globally exceeded
$8.84 billion between 2010 and 2017, with the Middle East e-commerce warehouse sector expected to
reach $500 million by 2024 (Barasin et al., 2024). Simultaneously, the COVID-19 pandemic disrupted
supply chains globally, emphasizing the need for resilient and efficient warehouse operations (Gautié et
al., 2020).

Modern warehousing in the retail sector is characterized by increasing complexity due to factors
such as population growth, diversification of consumer demand, and technological advancement (Boysen
et al., 2021). Retail warehouses must manage high product volumes and meet a variety of customer
expectations, making inventory management, timely order processing, and service reliability essential
(Amorim-Lopes et al., 2021). Core warchousing functions—such as receiving, storing, picking, packing,
and shipping—must all be optimized to enhance performance (Dixit et al., 2020).

A major challenge in evaluating warehouse performance is the multifaceted nature of decision-
making, which involves numerous competing criteria. Multi-Criteria Decision-Making (MCDM) methods
offer a structured approach to this complexity, enabling decision-makers to assess alternatives against
conflicting objectives (Abdul Rahman et al., 2023). Among MCDM methods, the Fuzzy Best-Worst
Method (FBWM) stands out for its ability to incorporate expert judgment under uncertainty, making it
highly suitable for warehouse performance evaluation (Guo & Zhao, 2017).

Despite previous studies exploring warehouse performance (Bajec et al., 2020; Vatumalae et al.,
2022), there remains a gap in comprehensive frameworks specifically targeting retail warehouses using
FBWM. This study aims to bridge this gap by identifying, validating, and ranking key performance
indicators tailored for retail warehouse environments. The guiding research questions include: What are
the essential criteria for evaluating retail warehouse performance? And how should these criteria be
prioritized to reflect their relative importance in operational success?

Methods and Materials

This study employed a mixed-methods design, integrating qualitative and quantitative approaches
within an MCDM framework. First, performance evaluation criteria were identified through a
comprehensive literature review. Sources included peer-reviewed journal articles and industry reports
relevant to retail warehouse performance.
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Next, the Fuzzy Delphi Method was applied to validate the relevance of the identified criteria. A
panel of 10 experts specializing in retail warehouse management participated in the Delphi rounds.
Triangular fuzzy numbers were used to handle linguistic variables and uncertainty in expert judgments.

After validation, the confirmed criteria were ranked using the Fuzzy Best-Worst Method. In this
step, experts identified the most and least important criteria. Pairwise comparisons between the best/worst
criteria and all other criteria were conducted, and fuzzy optimization models were solved using LINGO
18.0 to derive local and global weights. A consistency ratio was calculated to ensure reliability in the
pairwise comparisons.

Findings

The Fuzzy Delphi process confirmed 19 out of 20 initially proposed criteria for evaluating retail
warehouse performance. These criteria were grouped into five main categories: Receiving (C1), Transfer
(C2), Storage and Inventory (C3), Picking (C4), and Packaging & Shipping (C5). Each main category
included several sub-criteria.

Results from the FBWM analysis revealed that "Transfer" (C2) was the most critical category
(weight = 0.323), followed by "Storage and Inventory" (C3; 0.280), "Picking" (C4; 0.162), "Packaging
and Shipping" (C5; 0.146), and "Receiving" (C1; 0.089). Among all 19 sub-criteria, the five most
influential were Transfer Time (C21; 0.157), Labor Productivity (C22; 0.109), Inventory Accuracy (C33;
0.104), Picking Time (C41; 0.085), and Stockout Cost (C32; 0.066).

Less influential criteria included Packaging Productivity (C52; 0.026), Transportation Cost (C53;
0.018), Safety (C13; 0.016), and Standards Compliance (C55; 0.014). The model’s consistency ratio
remained below the acceptable threshold of 0.10, confirming the robustness of expert judgments and
calculations.

Discussion and Conclusion

The results underscore the significance of operational efficiency and inventory control in retail
warehouse performance. Transfer Time emerged as the most critical criterion, highlighting the importance
of rapid internal logistics. Reducing transfer time not only minimizes congestion within warehouses but
also accelerates downstream processes such as picking and packing, enhancing overall responsiveness.

Labor productivity was also found to be a major determinant of performance. Skilled labor can
significantly reduce errors, optimize material handling, and ensure smooth operations, especially during
peak demand periods. The high weight assigned to this criterion aligns with studies emphasizing
workforce efficiency in complex warehousing environments.

Inventory accuracy was another crucial factor. Accurate inventory records reduce the risk of
stockouts, overstocking, and order discrepancies. As retail supply chains become more reliant on real-
time data, maintaining precise inventory becomes vital for just-in-time deliveries and customer
satisfaction.

Picking time also featured prominently in the rankings. In fast-moving retail environments,
reducing the time between order placement and dispatch is essential. This aligns with consumer
expectations for rapid delivery, particularly in e-commerce. Streamlining picking operations can
significantly improve order fulfillment speed and accuracy.



Conversely, criteria like safety and standards compliance, although important in the long term,
were assigned lower weights. This suggests that while these elements contribute to sustainability and
regulatory compliance, they may not directly influence immediate operational efficiency. Similarly,
transportation costs and packaging productivity, often influenced by external factors such as fuel prices
or third-party logistics providers, had lower relative importance.

These findings are generally consistent with earlier research. For example, Barasin et al. (2024)
and Vatumalae et al. (2022) emphasized inventory accuracy and process optimization as key to warehouse
efficiency. However, this study adds nuance by revealing the relative insignificance of some cost-centric
criteria, challenging prior assumptions that financial metrics alone define performance. It also highlights
the increasing relevance of time-based and labor-efficiency indicators in today's retail operations.

Furthermore, the use of FBWM offered several methodological advantages, including reduced
pairwise comparisons and enhanced consistency. This allowed for more accurate reflection of expert
judgments, especially under uncertainty, where traditional methods like AHP might fall short.

From a practical perspective, the results can inform warehouse managers and decision-makers
seeking to improve operational performance. By focusing on high-priority areas such as internal transfer
optimization, inventory accuracy, and picking efficiency, retail companies can achieve significant gains
in cost reduction and customer satisfaction. Integrating automation, real-time tracking technologies (e.g.,
RFID), and employee training programs are actionable strategies aligned with these priorities.

In conclusion, the study provides a comprehensive framework for evaluating retail warehouse
performance using FBWM. It identifies and prioritizes critical performance criteria that can serve as a
diagnostic and planning tool for retail logistics managers. This methodological contribution is especially
relevant in the post-pandemic retail landscape, where agility, accuracy, and speed have become central to
competitive advantage.
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min k*

I, —35*u; <k=xuyl, —35*%xu; = —k*uy;
m,—4smy <k+xmy;m, —4*xm; = —k*my;
U, =45l <kx*lju, —45x1 = —k*ly;
[, =067 xuz < k*xus;l, —0.67 xuz = —k * us;
my; —1xmg < k*xmgm, —1xmg = —k*xmg;
U, — 1.5l < k*l3u, —1.5% 13 = —k * l3;
I, —15%uy, < k*xuyly, — 1.5 xuy, = —k xuy;
My, — 2% My S Kkxmy;my —2%xmy = —k xmy;
Uy, =25, <kx*xly;uy, —25%1, = =k *1y;
I, —25%usg < k*us;l, —25xus > —k xus;
m, —3*mg < k*xmg;m, —3 *xmg = —k *xmg;
U, =35l <kxlj;u,—35%l; = —k*ly;
I3 —25%u; <kxuyly —25+u; =2 —k xuy;
mg—3*xmy <kx*xmy;;m;—3*m; = —k*my;
uz; — 35l <kx*lj;u; — 35 = —kx*l;
l, —25%u; <kx*uq;ly —25*u; = —k *xuy;
my—3*xmy <kx*xm;;m;—3*m; = —k*my;
U, —35*u; <kx*xuy;l; —35*xu; = —k*uq;
ls =067 xu; <kx*xuy;ly —0.67 xuy = —k*uy;
ms—1xm; <kxm;m;—1*xm; =>—k*my;
us —15*xu; <k*uqg;l;y —1.5xu; = —k *xuy;

Q)

1 1 1 1 1 1
_*ll+g*4*m1+g*ul+_*lz +g*4‘*m2 +g*u2

6 6
1 1 1 1 1
+_*13 +_*4‘*m3+_*U3 +_*l4+_*4‘*m4
6 6 6 6 6
1 1 1 1
+E*U4+g*l5 +g*4*m5 +g*u5=1,

Lsm Supl, <my Suyly <mg Sugsly Smy < uy;
Is <mgs <us ;
:Aﬂsa Cewds (558 slagysg LINGO18.0 S8 ey Jawgs Jow ol o 5l e
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w; = (0.206363,0.27715,0.308202); w; = (0.191607,0.208439,0.248026)
wi = (0.101232,0.101776,0.104763)
& = (0.425845,0.425845,0.425845)
L el A ably 5 A 50 Jpi & arsi b 655l 5
0.425845
~ 804

=0.053<0.1
L sl ply Vel sloolaiwl b oy (o3Bs0 Slade

wi = 0.0.83;w; = 0.332;w = 0.271; w; = 0.212;
wi = 0.102
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