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Abstract

This study aims to analyze and enhance warehouse service operations by applying Lean
principles to eliminate waste within the work process. To represent the data flow between various
functional areas, the IDEFO modeling technique was employed. Furthermore, the current state of
operations within the selected company was examined using Value Stream Mapping (VSM), allowing
for a detailed assessment of existing workflows and the identification of inefficiencies. To improve
work methods, the ECRS (Eliminate, Combine, Rearrange, and Simplify) technique was adopted as a
systematic framework for optimizing employee activities in warehouse services.

As aresult of these interventions, operational efficiency improved notably. The cycle time was
reduced from 163.67 minutes to 132.30 minutes per unit of operation, while the lead time decreased by
0.10 days, or approximately 2.4 hours.

Overview: These changes considered the amount of in-process inventory, revealing that
eliminating non-value-added activities contributed to a reduction in inventory levels. Consequently,
both cycle time and lead time were significantly shortened. These findings underscore the effectiveness
of eliminating wasteful processes in streamlining operations, minimizing delays, and enhancing overall
efficiency. The improvements align with Lean principles, demonstrating the value of targeted process
optimization in warehouse management.

Keywords: Lean Thinking, Value Stream Mapping (VSM), Integration Definition for Function
Modeling (IDEFO0)

Introduction

As of the third quarter of 2024, Thailand’s automotive industry is still dealing with serious
financial and economic challenges. According to the data, as of September 2024, total vehicle sales had
dropped by 25.3% year over year to 438,303 units. The Vehicle production followed the downward
trend in sales, declining by 18.6% year-on-year over the same period to a total 1.13 million units. As
a result, the Federation of Thai Industries reduced its car manufacturing target for the second time in
2024, to 1.5 million units from 1.7 million and 1.9 million before that. As a consequence, we revised
our 2024 vehicle production forecast for Thailand to decline 13.3% (previously 12.6%) to 1.6 million
units. The headwinds comprise slow real GDP growth, high levels of household debt and stringent auto
loan requirements, weighing on consumers and weakening demand, leading to lower production output
for 2024. (Bangkok Post, 2025)

The automotive industry's 2025 trends and challenges by Malterer (2025). They was shown
how the automotive sector is at a critical juncture and that innovation and adaptability are not only
desirable but also required. How cars are made, driven, and marketed is changing as a result of the
incorporation of cutting-edge technologies like artificial intelligence, software-defined vehicles, and
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connectivity solutions. Investment in cutting-edge technologies and strategic cooperation are still
essential as OEMs and their partners negotiate technological, legal, and economic obstacles. The
industry can meet present needs and help create a smarter, safer, and more sustainable mobility of the
future by emphasizing flexibility, sustainability, and consumer-centric design.

Due to, the increasing competition, the case study company has to improve various processes
of the organization. A case study of ABC Company limited was established in 1967 until now. The company
has operated in more than 200 countries worldwide and has more than 120,000 employees. It operates
in the automotive industry. The case study company is a manufacturer of automobiles and auto parts
and components from Korea. The current warehouse service operation found that in the past year, most
of the warehouse service work had problems with waiting for products. This caused the delivery of
products to the branches each month to be unable to deliver products according to the company's target.
And cannot specify the arrival time of the branches in each province. Which made the branches unable
to prepare the work site and arrange workers to wait for products from the warehouse. And because the
case study company has a vision in taking care of after-sales service and managing spare parts for cars
to be strong to create confidence for customers and for make Competitive Advantage.

For the above reasons, the researcher therefore applies the concept of Value Stream Mapping
(VSM) principles together with the lean concept to help increase efficiency in warehouse management
services, which will result in businesses being able to respond to needs and create satisfaction for
customers in the future. It can also help increase the added value of warehouse services to be even better
by focusing on eliminating 8 wastes in warehouse services .In order to be fast, not redundant, and have
value for the integrated warehouse supply chain.

Research Objectives

1. To improve the efficiency of the process also to accelerate it
2. To help the company minimize waste in the warehouse service.

Conceptual Framework

Independent Variables Process/Tools/Area/Target Group Dependent Variable
Warehouse Value Stream Mapping Efficiency increasing of
Management (VSM) "|  Warehouse service

Figure 1: Conceptual Framework

Literature Review

Concept of Analysis, The Applying Using Value Stream Mapping For Efficiency Increasing
Service Of Warehouse: A Case Study of ACB Company Limited. The researcher has conducted
a comprehensive examination of pertinent information and literature, which is presented as follows.

1. Integration Definition for Function Modeling (IDEF0)
As stated by Khamaksorn et al. (2023). They depict an IDEFO functional modelling produces
a structured representation of functions, actions, activities, processes and decisions in modelled systems
and organisations (Grover & Kettinger, 2000). An IDEFO0 functional model was used to configure the
organisation’s decisions, actions and activities and to represent its activities and processes in an
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organised and standardised manner. A functional model consists of a series of hierarchical schemes of
interrelated functions, data and objects; hence, it was an ideal research method for representing
organizational management activities and processes and focusing on Inputs, Controls, Outputs And
Mechanisms (ICOMS).IDEFO is used to produce a functional model that can represent a wide range of
businesses in the manufacturing industry by illustrating the flow of data, functional flows and System
controls in a life cycle process. It has been defined as a set of activities that takes certain inputs and
transforms them into outputs using mechanisms that are subject to certain controls. These ICOMS can
be used to model the relationships between various activities.

2. Value Stream Mapping

Value stream mapping creates a path from raw material to finished product to the customer,
showing every step of a process. This requires taking into account the flow stream's perspective in the
system as a whole, not just in individual processes, which will improve the system as a whole.
Understanding how each sector operates and how they relate to one another is crucial. Through the
design of each sector, it is possible to look into areas of waste or that do not contribute value to the
chain as a whole.

(Moraes et al.,2011). They used the VSM and the principles of Lean Production in a garment
factory, they applied the Lean Production concepts and the VSM. The future value stream map could
be developed after the seven wastes of lean production were identified and examined. It was anticipated
that the company's production process would have amount 68 percent shorter lead time.

3. Lean Thinking

According to Luis et al. (2021). Their study conducted a systematic literature review on the
application of Lean methodologies in the retail sector. The retail industry currently faces several
challenges, including poor business management, waste, high inventories, customer service issues, and
inefficiencies in workflows. This research aims to answer the question: What studies have been
conducted in the retail sector to explore how Lean tools could address these challenges? The study
utilized a documentary design and a systematic literature review of 26 articles published between 2000
and 2020. These articles were selected based on relevant keywords and their application of Lean
manufacturing principles within the retail sector. The findings indicate that the implementation of Lean
methodology can lead to better business management, cost reduction, increased productivity, improved
customer service, reduced inventory levels, and shorter delivery times.

Ohno (1988) According a book Toyota Seisan Hoshiki, under the heading “complete anal
ysis of waste” There included,over-production, over-processing, transportation, unnecessary waiting
time, and inventory management, workers moving excessively, and making defective products
/services. The Lean tools include continuous processes for analysis, improvement, pull production,
flawless process management, and discipline. The main tools are Value Stream Mapping (VSM) is a
graphic and visual representation of a process where all five critical steps are identified, processing time
and volume are measured for each stage of the process. This displays the flow of materials and
information from the customer to the suppliers. This illustrates the information and material flow from
the client to the suppliers.

Rivera et al. (2007) .They explain that Jidoka is a Lean manufacturing principle that ensures
compliance of quality specifications in a production process. It is mainly known from Toyota’s
production system and was developed by Shingeo Shingo, a Japanese industrial designer from the 20th
century. Its three main tools are Poka Yoke, Andon and the Self Quality Matrix.

Siva et al. (2017). Characterize Kanban Kanban is a pull-based inventory control technique
used to regulate production flow and maintain optimal inventory levels .Kanban is a technique used to
control the production line work, so it remains aligned to internal or external customer demands. It is
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associated with the Just-In-Time Management system. This technique was created by Toyota and it
means ‘information card’ in Spanish "As demonstrated in Table 5, Kanban implementation reduced
WIP inventory by 37% in Phase 1 trials, validating Siva et al. (2017) findings on its efficiency for flow
control.”

Methodology

The methodology discussed in this research was displayed by Rother and Shook (1999) which
consists of the following steps:

1. Selection of the family of products.

Initial phase of the Value Stream Mapping (VSM). The researcher identified product
families by analyzing customer-centric worth flows. This study prioritized service flow as the primary
focus. Despite the based on the first step. Which undergoes similar processing steps using common
equipment in later processes.

2. Mapping the current state. (As-Is)
Following product family selection, researchers conducted door-to-door flow mapping of
existing operations. This phase utilized standardized VSM icons to visually represent:

3. Mapping the future state. (To-be)
From the map of the current state, a map of the future state is generated, seeking to eliminate
all waste that was identified before.

4. Plan of improvements
- Scope of the Data Collection

For information: Primary data collection, the researcher used observation interviews were
conducted with stockholders involved in the Warehousing Service process. In addition, secondary data
were collected through document analysis in reports presenting supply and demand data. The data
obtained were both quantitative (e.g., Inventories, Purchase order, and Qualitative Documents (e.g.,
process viability, comments)

— For improving.

Using Value Stream Mapping (VSM), waste can be found on the map of the current
situation (As-is) to achieve the desired future state (To-be). The researcher utilized the ECRS
(Eliminate, Combine, Rearrange, and Simplify) technique to evaluate and optimize procedures inside
the warehouse's logistics workflow.

However, this research with regard to the aims of this research has an exploratory emphasis,
since there are few studies on Lean Manufacturing in Warehousing.

Evaluate the Quality of the Research Instrument

Test of the reliability and validity of the instrument. The research instrument employed in this
study involved systematically recording various activities within the workflow process in the warehouse
service. To ensure the reliability and validity of the data. The researcher conducted real-time
documentation during actual operations. Furthermore, all recorded data were reviewed and validated
by the respective operators at each stage of the process to enhance accuracy and credibility.
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Results

1. Selection of the family of products
The researcher developed a flow diagram by using the IDEFO methodology to illustrate the
processes in warehousing service as well as the information involved in shipping goods. This diagram
provides an overview of the Warehouse service flow process. A case study then analyzing the current
state (As-Is) of service operations. From the data, can be able to shown in Figure 2 below.

Stock Card Rules Doc. Order Picking Doc.
Tire Product Goods Receipt | Tire Product Put awa Tire Product Pickin,
— > p y g .
Purchase Order —— Al | Location Doc. A | Product Doc. A3
Billing Note ——p
a
Empl 2P , Forklift Empl 2P N
Employee (2 Person), mployee (2 Person), Forkli mployee (2 Person) '-ac
. Picking Tool =
Forklift ., Computer <%
Standard ISO 9000 Invoice Order Checking Doc.
Tire Prod l l Tire Product v l
irg Pro l%Ct Shipping Pmr Checking 4_ry_1;1}\;:2tto Packaging
‘ Invoice — < A4 “—
Delivery Note A6 Invento AS_|Tire Product
D E— Sheet T T T T T
T T T Employee (1 Person), Forklift, Employee (2 Person),
Employee (2 Person), Computer Packing Tool

Fork lift, Computer

Figure 2: IDEFO Child Diagram (decomposition)

2. Mapping the current state
- Analyze problems that occurred in warehouse services

The case study company has organized a brainstorming activities (Workshop) in servicing
warehouse work and reducing work. For observe, the waste management in operation service. That does
not create value in the work process in the warehouse section and has brought comments and
suggestions to be included in this consideration.

The researcher finding the time of the production services process in warehouse to create
a Value Stream Mapping (VSM). For aims to enhance the efficiency of warehouse operations, covering
the entire process from goods receipt to shipment. However, the receiving work process has been
identified as the most time-consuming and problematic aspect. This study seeks to optimize the
efficiency of warchouse service in the receiving process by eliminating unnecessary steps and
improving overall operational effectiveness, thereby increasing the value of warehouse services.
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In investigating the workflow of warehouse service operations, from goods receipt to final
delivery, the researcher utilized a Time Observation Sheet to systematically record and analyze the time
required for each process. All operational steps were meticulously documented to assess efficiency and
identify potential areas for optimization. The time measurement process commenced upon the arrival
of the container truck at the warehouse entrance and continued until its departure.

The recorded data were analyzed to determine the optimal processing time and to assess
variations across multiple observations. This analysis facilitated the identification of opportunities for
process improvement, including the elimination of non-essential steps also the consolidation of tasks
where feasible. The objective was to enhance operational efficiency by minimizing redundant labor and
optimizing workforce utilization. Furthermore, the Time Observation Sheet was employed to classify
each process step as a Value-Added Activity, a Non-Value-Added Activity, or a Non-Value-Added but
Necessary Activity, providing a comprehensive evaluation of workflow efficiency. The results are
shown in Table 1 below.

Table 1: Example of Time Observation Sheet

Process mapping activity. Average Categories
Work Activity Working Time (minutes) / Round Time VA/NVA
process  Description /NNVA
1 2 3 4 5 6 7 8 9 10

I. Open the
Preparation door and
of the open the 2 25 13 3 2 21 2 2 27 2 216 VA
vehicle container.
container
2. Remove
Loading- the goods
unloading  from the
A drop of  container
goodsfrom andstore oo o0 17 45 11 12 18 17 158 VA
the them in
container.  the

inbound

receiving

area

Next step, the observer the warehouse operating time. The researcher utilized the average
time in minutes to analyze the data, as presented in the time tracking table (Time Observation Sheet).
We used the Lean theory thinking, specifically Value Stream Mapping (VSM), was applied to establish
principles for identifying which steps in the process are classified as Value Added Activities (VA),
Non-Value Added Activities (NVA), or Non-Value Added but Necessary Activities. These
classifications were determined based on customer requirements and the goal of delivering products to
the final customer or end user. The results are summarized in Table 2 below.

Following the documentation of completed process activities, the researcher conducted a
comprehensive analysis to categorize activities into three groups: Value-Added Activities (VA), Non-
Value-Added Activities (NVA), and Non-Value-Added but Necessary Activities (NVAN). The time
allocated to each activity was calculated as a percentage of the total process time. This was determined
by multiplying the duration of each activity by 100 and dividing it by the total time spent on all activities.
The resulting percentages provide valuable insights into the distribution of effort between value-adding
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and non-value-adding tasks, supporting the identification of opportunities for process optimization and
efficiency enhancement. This calculation was performed using the following formula:

Formula V== x 100 (1)

Where: V = Percentage of time spent on the activity,
T = Time spent on the specific activity,
A = Total time spent on all activities.

Table 2: Steps of Warehouse Operations by Value Stream Mapping (Before the improvement: As-Is)

Percentage of Total Time Spent Percentage of

) Activiti
No Category ctivities Activities (Minutes) Total Time
) Value-Added Activities: . 412 110.88 6775
VA
(Non-Value-Added
2 Activities: NVA) 6 353 21.42 13.09
Non-Value-Added but
3 Necessary Activities: 4 23.5 31.37 19.17
NNVA
Total 17 100.0 163.67 100

After that, a Value Stream Mapping (VSM) Current State Diagram was created to
visualize the flow of processes, the number of employees involved in each process, cycle time, and lead
time for each warehouse operation. Here’s how it was described. It has been shown that the customer
demand is 40 pallets per round by container shipping. In each process, 1 to 2 employees were utilized.
The total cycle time was calculated to be 163.67 minutes. This was determined using the following
formula

Formula Cycle Time = Total Operating Time / Lead Time 2)

And for the total lead time, it was calculated to 2 days or 29 hours. Based on the analysis,
the Value-Added (VA) activities in the current state of the warehouse process accounted for 67.75% of
the total process time. After implementing process improvements using the ECRS principles (Eliminate,
Combine, Rearrange, Simplify), the following After-improvement. The results are shown in Tables 3
and 4 below.

Table 3: For Example of ECRS Worksheet for Process Improvement and Waste Elimination

Expected Outcomes

Activity Issues Identified Improvement Approach After Improvement

- Combine (Combine) the steps of

unloading goods from containers by Reduction in redundant
having the Counter Balance forklift activities and a decrease
operator perform this task alongside in the number of required
moving goods to storage areas within workers.

the warehouse.

1. Unloading
Goods from Redundancy
Containers
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Activity

Issues Identified

Expected Outcomes

I tA h
mprovement Approac After Improvement

2. Waiting During
Unloading of
Goods from
Containers

Waiting Time

-Eliminate (Eliminate) the waiting

time during the unloading of goods
from containers.

- Used technology quick scan. For

clear about documents in the same

time.

Reduction in system idle
time and improved
operational efficiency.

Table 4: Steps of Warehouse Operations by Value Stream Mapping (After improvement: To-be)

No. Categor Activities Percentage of Total Time Spent Percentage of
-+ ategory Activities (Minutes) Total Time
1 Value—Added Activities: VA 7 57.14 110.88 83.81
Non-Value-Added Activities:
2 ;WA) 4 v 6 42.86 21.42 16.19
Non-Value-Added but
3 . 0 0.00 0.00 0.00
Necessary Activities: NNVA
Total 13 100 132.30 100.00
3. Mapping the future state
The results are illustrated in Figures 3 and 4 below.
.Wamhw:EMamgcr
Customer service |
‘ Financials
Supplier (0C) | Customer |
% o
o 40 palate per Container
f_ - Receiving R )
Seting L’ Removing Reciving | e Fut away P;‘:::E Chedking Shipping
vehical ata stem
NEE RN O ﬂ 2 ; " - ;, : !
40 Pallets 40 Palists 3 ch.:s. 2 Docs 0Pl 2 Docs. 40 Pallets 40 Paliets
-'lulal Cycle times = 163.67
1.5days 0.5 day 0.01 day 0.1 day 0.0 day 0.01day 0.05dzy 0.06 day Total Lead time = 2258
2.16 min. 1828 min. 2.78 min. £1.45 min. 20.85 min G.9mins. 23 30 mins

2BE0mInS g v < 6775

Figure 3: Value Stream Mapping (Current State: AS-is)
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40 Pallats 40 Pallets 2 Doas. 1 Doe 40 Pallats 2 Does. 40 Falleis 40 Pallets
Total Cycle times = 132.30
1.5 days 0.5 day 0.01 day 0 day 0.0 day 0,01d=y 0.05day 0.08 day Total Lead time = 2.19

2.15 min. 1820 min. 278 min. 20.04 min. 20,85 min 6.9 mins. 23.80 mins ZBEOMINS |y - a3st

Figure 4: Value Stream Mapping (Future State: To-be)

4. Plan of improvements
The researchers had been implemented the ECRS technique (Eliminate, Combine,
Rearrange, Simplify) to optimize warehouse processes. This approach focused on reducing complexity,
eliminating waste, and improving operational efficiency. Specific actions included .To understand the
existing workflow to the team. Therefor the researchers gathered essential data and identified Key
Performance indicators (KPIs) for the warehouse operations.

Discussion

For this research, the researcher emphases on identifying and found the root causes of waste
management in warehouse processes of Case study. The warehouse service, had aims to improve the
efficiency of the process also to accelerate it. As well as, to help the company minimize waste in the
warehouse service. The result was shown that it can be have been increase efficiencies in Future work
flows (To-be status). Through, a strategic management approach, operational guidelines were
developed using the Value Stream Mapping (VSM) along with Lean Principles, particularly the ECRS
methodology (Eliminate, Combine, Rearrange, Simplify). This observed corresponds to the research
reveals that simplifying processes, eliminating redundancies, and reorganizing tasks significantly
enhance efficiency, reduce bottlenecks, and optimize resource utilization. These improvements result
in faster response times to customer demands and improved operational performance. The findings align
with established literature, such as the research of Womack et. al, (1996). Including, the research of

Rother & Shook (2003) they used Lean technique for reinforcing the effectiveness of Lean tools
in warehouse optimization. This research underscores the value of integrating Lean methodologies to
achieve sustainable operational improvements .In addition, should exploration of their long-term
applicability across diverse industries.

Conclusion
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Overall, the study of warehousing processes for ABC Company Limited revealed that, before
implementing the new system, operations were structured into six main steps, as illustrated by the IDEF-
0 diagram, comprising 17 activities with a total duration of 163.67 minutes. Using Value Stream
Analysis (VSA), the activities were categorized into Value-Added (VA) (7 activities, 110.88 minutes,
67.75%), Necessary but Non-Value-Added (NNVA) (6 activities, 21.42 minutes, 13.09%), and Non-
Value-Added (NVA) (4 activities, 31.37 minutes, 19.17%).

The analysis identified 4 non-value-added activities as sources of inefficiency, which were
targeted for improvement by eliminating redundancies, reducing waiting times, and minimizing
unnecessary inspections. Post-improvement, the process was streamlined to 13 activities, with a total
duration of 132.30 minutes, achieving a reduction of 31.37 minutes (19.16%). These changes enhanced
operational efficiency, demonstrating the effectiveness of Lean principles in optimizing warehouse
processes.

Table 5: The comparison of Time in Warehouse System

Category Cycle Time (Minutes) Lead Time (Days)
Before Improvement 163.67 2.29
After Improvement 132.30 2.19

Table 6: The proportion of activities in the warehouse system: before and after improvement.

Category Before After
Value—Added Activities: VA 41.2 53.8
(Non-Value-Added Activities: 153 462

NVA)
Non-Non-Non-Value-Added but

23. .
Necessary Activities: NNVA 33 0.0

Table 5 and 6, Illustrate the results indicate that the cycle time of the warehouse process was
reduced from 163.67 minutes to 132.30 minutes per unit of operation following the implementation of
improvements. Furthermore, the lead time decreased from 2.29 days to 2.19 days. These calculations
took into account the quantity of in-process inventory, which revealed that the elimination of non-value-
added activities contributed to a reduction in in-process inventory levels. Consequently, both the cycle
time and lead time of the process were substantially reduced. This finding underscores the effectiveness
of eliminating wasteful processes in streamlining operations, minimizing delays, and enhancing overall
efficiency. These improvements align with Lean principles, demonstrating the value of targeted process
optimization in warehouse management.

The clear quantitative results, such as reducing Cycle Time by more than 19.2% and Lead Time
by approximately 4.4%, it show the potential to increase the competitiveness of the business. Therefore,
the organization should plan to expand at the structural level, along with monitoring and improving
regularly to create sustainability in business operations. Given the significant quantitative outcomes
observed, it is recommended that organizations develop a long-term strategy for continuous monitoring
and improvement. Further research could explore the scalability of these Lean interventions across
different operational contexts or industries. Such forward-thinking initiatives will not only sustain
current gains but also drive competitive advantage in an increasingly dynamic business environment.
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Abstract

With the rapid development of economic globalization and the rapid development of science
and technology, the external environment of cross-border logistics companies has undergone
tremendous changes. How to continuously update the corporate ability system in a complex and
turbulent environment and form the toughness of the enterprise is an important issue with theoretical
value and practical significance. Based on this, this study has established a D-LIS analysis model
based on the perspective of dynamic capabilities. In the process, analyzing the micro foundation and
influencing factors of the resilience formation of cross-border logistics enterprises, and proposing
related management strategies for cultivating and improving the resilience of cross-border logistics
enterprises. This article analyzes the dynamic capabilities required by cross-border logistics enterprises,
discusses the impact of each dimension on the resilience of the enterprise, and uses the cross-border
logistics business department of 319 cross-border logistics enterprises and manufacturing enterprises
as sample data to collect questionnaires, to study the influence mechanism between the dynamic
capabilities of cross-border logistics enterprises and corporate resilience. The final empirical analysis
results show that the dynamic capabilities of cross-border logistics enterprises have a significant
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positive impact on the dynamic capacity; cross-border logistics enterprises’ dynamic capabilities
(sensing capability, absorptive capability, network integrating capability) have the significant positive
impact on corporate resilience. According to the results of the research, making suggestions for improvement:
1. Cultivate corporate dynamic capabilities to achieve the synergy of external environmental dynamics and
internal capacity dynamics; 2. Strengthen network embedded and enable the will of the enterprise to
implement the behavior of employees; 3. Improve information synergy ability, improve the efficiency
of information circulation; 4. Improve supplier integration capabilities and optimize the procurement
system of the enterprise.

Keywords: Cross-Border Logistics Enterprise, Dynamic Capability, Resilience of Enterprises, D-LIS
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A1 5042 NS PR EGIEE (HS) 6 2D/ dh. Rl 28 it e, B ERE 2 R miss . sorb
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R EA, B H T PR3 e e 30 25 = IR e J P 7 S R BE AT SR IR BLI AN 52 o ARG, 2R T
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1. IREGIA SR )0 P48 HRNAT IE [ FE0E o Al PRI 452 B8 0 385 6] A M i 22 T 3 34
Bi. B URSR A E SRR RS, AL Ak B2 i ok SRR AME IR A KT B 58,
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VRN RAL AT 5 PR T DX Wb R] e DM S, T8 P 4 it LA« = g DO i
W 51 AT T RCR AR T M dy o ASHEFCRAEE N 14 DT MR RCR 257, QU
DEA-BCC #R T HEZE, it PN JEE 2022 SEMDIREN T I EdE, AL 2t i M AEBOR R #
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BEAT R LM R R M, FFARAE 70 A 25 A0 T80 e B D R KR T X 5, BRI a X35 1
IRV BEAR R« LA FE T

KEEE: DEA ZCRUF MWK ER WRACE Wka

Abstract

As a strategic pivot for the coordinated development of the Yangtze River Economic Belt and
the Guangdong-Hong Kong-Macao Greater Bay Area, Hunan Province’s logistics industry faces the
mission of efficiency enhancement under the guidance of the “Three Highlands and Four New Missions”
strategy. This study focuses on efficiency disparities in the logistics sector across 14 prefecture-level
cities and autonomous prefectures within the province, innovatively constructing a DEA-BCC model
analytical framework. By measuring logistics input-output data from 2022, it deconstructs regional
characteristics including pure technical efficiency, scale efficiency, and returns to scale, systematically
investigating both the overall level and spatial variations of logistics efficiency in Hunan’s cities and
prefectures. The research further conducts an in-depth analysis of efficiency influencing factors. Based
on the findings, targeted improvement strategies are proposed: enhancing regional cooperation to
optimize resource allocation, accelerating the application of smart logistics technologies, and
establishing systematic talent cultivation mechanisms. This study provides differentiated policy
recommendations for coordinated logistics development in strategic regional integration contexts.

Keywords: DEA, Efficiency Evaluation, Influencing Factors, Logistics Efficiency, Hunan Province
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TP EEARRCR AL EH A R e s B, AR R IEEC B I 59 AT IR, s i 2
(i

SCHRPPIR
AT IR TR E VIR RCR B X e SR R . S EATRIL, WA 2
TrRons. WIS, MR s T AR X GEIRK & FRfEIE, 2017) ; MATERM

N RE R FH IR T RCRACE (XA & HE, 2019) o fEEAAEREE S, BFEEE GHEME. B
AR B RO SO I R B0 A GBI R (HESCRR, 20245 256Uk & BXAHE, 2024) . &HX)
T EE B DI B SRR BD, B A R B, KARE R IX VR I R A A% O AL, HA)
AR, (HRTE S BRIl d i A AT B 22, R EARR S (FKRIESE, 2013) . WM
BARPIVIRACR B S, (AU 3 A8 8, R ESBUFATECT T, A SR B T OGE )
MERAR (RS, 2021) . 4 EFTR, DEA FiEEMRREH B EGT Z R, A
[F) X 3 A48 S D RCR AL TR AL T RF KR, HX PR B AR R B AT B S

IVIWsRES

FEFR GBS BERIE
1. FaFRIEERL
FIFH#N M T K DEA-BCC R THCRIEN RS, BN F= H I bn R BN T i &
PRV 25 R F AR . @I B SEAH S SCHER, S5 5 (2022) |« ZMF(2025). B
THT A BB (B (2025) F S H GBI~ i fabr, 4 fabm B ZvE . AR AR T 15 1%
SR, ARSI W o 01 =AM ERER BN Fa bR, MR 5 THNERG™ e hR. A
LRI = MENSERR, MATIRIARE, ERACEE. S LBBol sl A 258G AT 771 £
FE, R e R e I K RS WIII AR EE, BRI RE K 2 50 SR Ais T 2
HHARE A, P HSEJ A B B AR SRR AN = e bR, WEERARE, EFAKK
Vs WU AR, EHIY AR,
BT
G AR SO A R Y R 2 5 3 B A R T 1 XA B, ARk T
VEiE 5 N AR S B E, RABFRIBIENENG 11, S0 i BLFE RIS . % 00 25 i
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AT EE, EARGRGE T IXISMIIRSAS S B RE AN T SR AN VR, 47 S0 A Rt e vkt
YR TR I SRR

AZIEIsH . Bl BB I P i AR B R L A T KRl A
MOl R 5K BOAAT ML ZER I ZR G . WM N AR 5SROl g Bl A2
ffifEll, BEF IR R R GRS BEREE T S R B . A S Bz AT ML
SRR, VHG N IR B DAY SR R R 55 REL K SCBER o

LIS BUF 5 VAR SSE UK S RN RE, EUAREL 10 B A 5t
L AR . AER T R, RIS R O B R T, B AR
RSB [ 2 BE 7 AR SO I8 B S 12 5 S A RIS AL B AR G Hdle IR T SRRSO\ SRgs Xt
YRR 5 o

7= KB AR

NERBUIIS TR o B RIS R R X T 5 22 U i B R A% Lo 4
b, BRI NGRS F R S T R ILRCRCR . A B SIS B AU 5K/ 5 2 Ui
MHERET) . B REH L RGN AT AR, 5 RESE I AR SR B [ <R BRB (e AL . AL
WL ATz E G KR, R R H YRR MR = R L .

TR R, TTMARE (Wi B 1EN VAl i 4% 25 A1 i AE 70 5 B8R 1)
KESH, AW T IR ST IME. A CE BRI AR, ®RARS
BN EEM NS L ARBRA T HARRIZh A RHR, @B ROF BBV IR R IR AL AR
R

FARKIBN G AR R 1.

R 1 WA RN bR R 3R

Ei=p i (=L ey T 1:X iy
SN I R X1 NE
BNFEIR IEH . O S IREOL LN R X2 AN
il s S X3 ¢t
AN EYIE R Y1 Jimg
FEH R bR
itk Y2 PALLIAL:S
2. BHERIR

AR B 14 AT 2022 4F BRI, R e 4 T P AR AR R 2 e
T8, BITA EBEELSRIET G 2023 GiitaE4E) DU G4 2218 T 555 7 Wk A,
ok 7 AU B S T REE

3. BAR K TE

B EL.2% 53 Wik (Data Envelopment Analysis, DEA)JE 1 3E [Hi2 25 %% % % A. Charnes Fll
W. W. Cooper 55 N T AN R B R PN 71, RS BAR E 7 s AE N AR
i, BRSO R VA USRI B 240 T H. . 7E DEA J7ik4A &, CCR M BCC BAEH
St THAAEEMA: CCR BIAYEL T MR AN A, i i 44 2 A 7= 1 [ 25 D B2 1R
HRETTHIBAR R GBI, M BCC AR N JRAH [ 58 SRR ], W H AR R RN 2R
R G RERCR N ANERE, TR AR A AR R . AT d T ARG v, e
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P PR P AT RESR,  RENE AT RX 0 R AN AL T TEIR T AL P B IKCOT R 13 2 A I
NRHE TR BHIRAC B AR L2 A TT 1] o A SCRIEYIIRL AR SCHFIE, A T RUAS I
AIAZI) BCC AR, HAE AR

0* = minf

n
Z Xij Aj < Ox,,
=1

n
s.t.4 Eyrjljzyro

FE R AT, x5y, RARBANFZ HHERR, L Fx DMU RSB TTHI A & R 2
B0, Y, 4=1 B, MR MBHRIAAE, 0 RmBA i, BUETEE 90,11, #it5
HURIBCRIE N 1, WFEIR DEA B RG /NF 1, WIZRR DEA 3.

MARgR
SRR R S50
225k DEAP2.1 a5, 2022 SFiAr 44 14 Humi PN R A 45 R WK 2.
1. R

(D ZEEARKED N SRETRBERRLEE BT DMU 1555 A & e
CRIRAE RS, R 20150, 14 M 348 DEA B, SHTFM R IR 21.43%.
Hr, KEREHX (Kb, SRl WED ZZARCRMWEN 0914, BE & T2HIME 0.643, i
PEHLIX (FRZ G, PRk WTEIND AL 0.464, HEMPGMLEERERILE 0.144, HILERE
E N

(2) SEHARRCR T ABAR R 5 1 U A 254 T IR N LR R 2
AHARIEIRIBME N 0.798, AHRLEG AT &, UK 2 B0 T EBOR B8 BEZ 171 1) B At 47 B
/), HMARARREAKTE. NEEEIRE, M. kKA. P SEH A A
BERIRR] 1, RUEAERAREHEEE S WFRERE . N QR E @& %S s8R
BT, 2B BCR IR R R R rT e 2R TR 35 . M ARFH T (0.528) « £
et (0.523) | #EBHT (0.553) SFHBAAEE R MK, $em HAEBORBER N . EBAH
NA K75 B W RN &5 07 T AT 7 it — 22 .

(3) FUBACEA T WD R AR E R AR SR A BRI AT HE T, SebrA ™
RS AR AP I IR RE R . BRI E AR E LR & e ms iy, 1538 1 0.782, fH
Hali i RYCRA A 20, KD, WER . WA RRUERCRE Y 1, S eI
M EORNEE, EHEREEZEmMRS, LT REOREAA. Mk T, EHET
(0.875) « FEMTT (0.864) . PRILTH (0.865) SEHUIAR AR B i, (HAOARIEE] 1, RPLE
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BNGERE™ HRE EAA — AR ] Ak, HPEM (0.24) MIZEJRTH (0.624) SFHUIHL
BRI, VI EAIE IR S 7 I 8] M AR B AL RS, s 75 FOR A AR R BN
SRIZ S H AR Z AR AR . EHETHRIARRCR, a2 DR b E st i B e, & B R B
BN, BRE HY K

(4) PRI AT RIS 2 TR BRI A R RIRTSE T, H T 2R 2R A
LB AZ Iy, 7 ARSI LEGI O 2R AERUBRI 5 THD, KIDTH . RIS AN T R B A
IRIHANAR , AN U CBON BER e UK, 35 Bk — DRI R, 2 BR A THOR A
WEEHEET . BRix=b, FRZHONT LIBIRINIERE Grs) , FIHOPRIMTE . R T
ARRAT . SRR AT 3PS, RETEATAEE By KA A 1 il A SR RN e it
BRI BT ORI e (R W at o AT N AR & (drs) , HZRERCR (0.833)
BETaEE, HARACR (0.833) SAERMER (1) (R FEZERR Iz AR E 3
JE T S BIERMKT CAEERBEER 1), BRI % 18R B BLA P IR D X
BOKEBME, I REIR T ER VR TUR R bR H . X BR ER B e H
FELGEARX SOEMIX TN <HEEIKE” B <frife”, Bl st & AL ST ORI R
RE, J8E SR N PN REC B EE A .

2 2: 2022 FIAEEE 14 HUT MR R I A

DMU SERERR MR R Y ES FAHR

Kb 1 1 1

PR T 0.743 0.861 0.864 irs
M 1 1 1

16 PH T 0.359 0.553 0.648 irs
ARBH T 0.331 0.528 0.628 irs
TEBA 0.507 0.58 0.875 irs
W T 0.833 1 0.833 drs
WK T 0.796 1 0.796 irs
%5 BH T 0.763 1 0.763 irs
MR PN 1T 1 1 1

KM T 0.486 0.599 0.812 irs
Ak 0.453 0.523 0.865 irs
R 0.582 0.932 0.624 irs
WITE N 0.144 0.601 0.24 irs
S5 0.643 0.798 0.782

Ve “drs™ - Hrs™ 3BTRS I AN 2 ARSI i 4

2. BT
AR AE AR PR VAR R DMU #7504, 15 BIBNFI = H i fA oA i
BAEWMR IR AR 14 AT, A 8 /MEEHRNICR, R4 DEA R a3,
IR RCRAA B AR I FACRE . BAIURTH, HPH T ESSER A M BFEE (S1-TUR
10537.685 A B AIAZiEEH . il LIENL RN A% (S2-TU4 0.81 TN ELMLTE Rk
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Jviayy, AR CMAT N E SR g A BIE S Y (S3-TUAR A 1374.622 14 2122.919
120 5 PR RYERE, WHPEIN B 2R T E SRR AR (S2+ERIT1IA 211411.764 JiMEAH)
TR IR T A B B Y, TRk (18827.374 i) | TR (47307.5 JiMl) 2 LR R
EiRizERFA A HSFEENE, BRTIENRARCEAAN ML AT (S3-TORIN 74.484
) , HEHARBEAMEEME, mAM. EREHEESHEEE (S2+) 485 kA =aii
M. BAAME, HUCRID BT —— S PO Pa IS5 Re M A A Bk Fe, B0
FERATRA S ARBH Y 2 4EFE SHUR AL, [FIBTHET 2R LB, i i A P K RS v PG S
X 35 P [F R R AR T

R 3: 2022 1B A R IR = ka2

BATLR HAR
DMU
S1-IA B S2-/AN S3-/z. 7t S1+/77 1 S2+/ A B
R 1915.96 0.11 1170.124 18827.374 0
BRI 10537.685 0.81 811.33 47307.5 0
AR T 10068.28 0.439 1374.622 16311.343 0
EPHT | 8723512 0.729 763.321 31379.038 0
KM | 8963.004 0.309 1112.119 5982.068 0
LT | 9897.93 0.391 2122919 6967.448 0
LI | 4695.87 0.182 74.484 42779.346 0
HPEN | 5189325 0.167 2881.763 9149.596 211411.764

3. MR WBE R 2T

N T AR BNA e be B BA RN S E# . 3R EL T EA RS
T E BN MR & BT BIRCRE R BT RS NMEAR X DEA RCRIEMEEEE, N TR
M50, R R — PR NE™ R bs, BT S MAHB TSR, MR 4R, AR 4T
PAE Y, KA rE A 14T M DEA R EMERAT SR, DEA ZCRIEMRAR, R ETr
P ER IR DR ACR AR BB, 2 W . iR 4 WA R, fERIBR— TP TE
PRIOET 3 ATTES, TR 2 MR EERAG, XRRGE IS . S LBkl A 515
TERTN EXHITAL R MR RSB — M= ARG 2 DT EF, TR 5 FRERT
EYRMRT TR 4, TRt RS> MY E K. N 7 E BN RR &R IR
Xt DEA BCRIFEMIRERE, & EXERETE D2 . D FoRIra BN i fatnde,
DR RE 2R k N E bR BR R R R TR bR, V(D) V(DM 7538 fEhR4E D Al D* 1) DEA 2%
B R kX DEA RCRAE IR MR LA T A 0N -

k _ V(D)-V(DY

w V(Dk)

k=1,2,....5
WK B R L) 2 S BRI 4R FR 5 DEA ZCRBMAR I L2, WRIHHE

RITRHIFRIZIEARNS DEA RCR IR ROHOR, UM ZIa b 2, ez M. 2e5d it
FAFHEIE R 5 PR .
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R 4: 2022 F R BENFGREE NI 14 N HUTH M DEA R E

Ei=L7n R BT HigtreE LREHARME AFARBER R ER
1 X2, X3. Y1, Y2 0.605 0.771 0.759
BN 2 X1, X3, Y1, Y2 0.435 0.651 0.6
3 X1. X2, Y1, Y2 0.643 0.752 0.834
e 4 X1, X2, X3. Y2 0.613 0.798 0.752
5 X1, X2, X3. Yl 0.229 0.669 0.331

F 5: Z 86T DEA BURAH IS0 FE RE

ELan i) E (=L AR EmEE
B N3y S X1 0.063
RPN LIS il K ARBOL Y %L X2 0.478
AW > X3 0.002
NERIRYE T E Y1 0.049
e R AR
TR Y2 1.808

MBENSEAR EorHr, ASdiEtin. i R ATE sk N R AT DEA R B 3%
SO SR B RN s RIS SCHIEANT DEA R MR FEAR X AN . N
fatr Loy, TRV B febrxt DEA SCREMIAER B3, @ix s T s Hiabrxt
DEA SR 522

it

ASCEIE DEA BURKIEE T WH AT MDD B AR TP T . AP RR
By 1AM 340 DEA B MBORE, Ml RN 7 A S 2
HITR I KB RIS TR TSR, I 5 KB I R R0 R
ROKTHRTA . ER PGSR B th SR 6, (B YR B BT T 4
B, SEUTRCE RS 2P, SRR B ARITARI T, (AR
DR, BUAESMAI AN, WIS LR, TSRS, ()
T LR BT S, AT . AR A RS, RIOBIEH.
A RIBHL AL A SRS DEA S LA BB, SRS ™ H5H3AS DEA MR
WAL . AR T SR BRI, I R R EBU WEEBRB T —5
(3

AW RONSTR IIROR T S LB R IR s, KB
TR, B AT 6 BRI SRR FEPR . PRIL4 YRR 159
SRS S AR, AT REOERI S, i) G R 3
B SRR R T8 AR R VAR R CITIR, 5% R B K
PR, SRR AR, % T AU S A 5, UL
BRRBIR SN, (RFER RTTRHEI.
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ISt

AHE T S MBS 1R A O R R PR L . KRR ER B S
TRMEANY . BRI, KARE X A AR BERIAS @M 2%, T i ek i,
T PR PG 24 X 52 ) - B Bt 7 95 S 2T AP AL, TR RCR ST AV L,
a P T 2R T AR BHR BRI AT T R BB, (BT A AL, IR BRI IS
DX @ L BT PR RIS, ST E. MAA R, Zdiskm. ek
MBI AL N FEOS PR R B B 5, RIS Wil A fe i 2508

RARBFFCRT M =A TR . — ISR AL 7T, Real 2 P 4l K v A
R m — o BLBEARG, AR X T AHLECIE P28 i 80, PSR HH I DR I SR e 45
s RPN AR IPAG IR I B R, R SRS BRSO N S IR LT J3E S AR B 1R B A
PR =R CURTBCRIT UM, SRR TP IREES) 5 A g 7 b (RIS AL 5 P R o A1
WA R P SRR A

il

L s DA SO 22 S LA PR IR 5 M T s X R BRI AL, HESBE X I
SLAb v tilpkiE , AL DORIE IR AL R HESh IR SRR, S ERET A,
A /N X IRCR 22 B

2. IRPRIFHARRLH - G BCBURF AP B SRR, ) KR L
BRI AR SEROR, BN BTG B A A X 5N BE R R R S0, A BN PG M DO I A BOR S
MBS, §2 TR

3. I AA RN RO R L e 5 Mk SR, ErRETRE SR,
NEEE AR GRNA, AR N ST R AL RRE RS, DAL, RS e o A
A, NIRAT AR BERR SR )50

S50k
HEIRK, & FEAEIE. (2017). 2T DEA MY i — " H il B VIR RBCR . B2 57, (4),
80-82.

P, & XITEAE. (2017). PG 3000 X A 7= S Wi 0% A8 s 2 R B S ——F& T DEA-
Malmquist 164035, 2071515 5 16 1x, 32(4), 95-101.
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