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Abstract. To enhance the development level of cold chain logistics for fresh ag-
ricultural products in Guangxi, this paper reviews the current status of cold chain
logistics and transportation in Guangxi. Using gray relational analysis, the paper
analyzes relevant data from Guangxi from 2018 to 2022. The analysis is based
on a support evaluation indicator system comprising six major categories and 15
secondary indicators: cold chain facilities and equipment, enterprise development
level, economic development level, digitalization level, technological and inno-
vation level, and standardization level. to thoroughly investigate the factors in-
fluencing the development of Guangxi's fresh agricultural product cold chain lo-
gistics, identify issues within each subsystem, and propose a feasible optimiza-
tion plan to enhance the efficiency and quality of Guangxi's fresh agricultural
product cold chain logistics.

Keywords: Logistics; Transportation; Grey Relational Analysis; Fresh Agricul-
tural Products; Influencing Factors

1 Introduction and Literature Review

The report of the 20th National Congress of the Communist Party of China emphasizes
comprehensively advancing rural revitalization, prioritizing agricultural and rural de-
velopment, consolidating poverty alleviation achievements, accelerating the construc-
tion of a strong agricultural nation, and promoting revitalization in rural industries, tal-
ent, culture, ecology, and organizations. It stresses safeguarding food security by
strictly maintaining the red line of 1.8 billion mu of arable land, ensuring people’s food
supply stability. The report also calls for enhancing national security capabilities, safe-
guarding political, institutional, and ideological security, securing food, energy, key
industrial chains, and supply chains, improving total factor productivity, strengthening
resilience in industrial and supply chains, and promoting urban-rural integration and
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regional coordinated development to achieve high-quality economic growth..Raut,
from the perspective of third-party cold chain logistics, systematically analyzed loss
control in the fruit and vegetable supply chain and proposed targeted solutions through
technology improvement, process optimization, and collaborative management [1].
Woudsma, using spatial modeling of logistics land use, demonstrated that the accessi-
bility of transport infrastructure significantly influences the location of logistics nodes.
He emphasized that technological iteration and spatial adaptability of cold storage fa-
cilities are key to enhancing cold chain efficiency [2]. Joshi's empirical research re-
vealed that temperature control, cost structure, economies of scale, and standardization
significantly drive the development of cold chain logistics [3]. Ketzenberg and Oliva
suggested that reducing cold chain logistics costs can be achieved through standardiza-
tion, improved supply chain management, use of information systems, efficient distri-
bution, and reduced returns [4]. McGuirt and Pitts identified major cost control issues,
including frequent turnover, inadequate infrastructure, low informatization, unscien-
tific cost accounting, and weak cost awareness among managers [5]. Victoria Salin em-
phasized the strong link between agricultural competitiveness and logistics technolo-
gies, particularly the integration of information technology as a key driver of moderni-
zation in cold chain logistics [6]. Giger’s empirical study found that digital transfor-
mation in agricultural logistics enhances value creation through three pathways: intel-
ligent management lowers structural costs, route planning algorithms improve delivery
efficiency, and real-time monitoring reduces product loss [7].In China, Based on the
public goods theory, Liu Ruyi's empirical research indicates significant structural im-
balances in China’s origin-level cold chain infrastructure, including high cold storage
capacity gaps, lack of construction standards, and low coverage of temperature and hu-
midity sensors [8]. Zhou Yun points out that cold chain logistics enterprises in China
face dual constraints: delayed development of infrastructure such as traceability and
temperature control systems, and low technological penetration in key stages like pre-
cooling and grading, resulting in limited equipment coverage and incomplete services
[9]. Zhao Lei identifies major issues in cold chain logistics, including high equipment
demand, non-standard operations, strict temperature requirements, and poor data shar-
ing between nodes [10]. Chen Ni and Chen Changbin emphasize that applying IoT
technology across stages like precooling, packaging, and transportation can help build
a traceable and efficient cold chain information system, promoting stable development
[11]. Zhang Xiaheng highlights that lagging green infrastructure, a shortage of supply
chain talent, and outdated network technology are key barriers to low-carbon logistics
development [12]. Using qualitative comparative analysis, Feng Liang and Wang
Yangmei found that cold chain infrastructure and talent are critical for high-quality de-
velopment, while the growth of enterprises and technological innovation also provide
strong support [13]. Ma Duochun and colleagues stress the importance of standardiza-
tion systems in improving cold chain efficiency and quality, proposing practical strate-
gies [14]. Zheng Duan, in studying Shaanxi’s fruit and vegetable cold chain, recom-
mends promoting technology, building public information platforms, and developing
traceability systems [15]. Li Xuefei and Zhang Yixue, based on a study in Henan Prov-
ince, used grey relational analysis to assess the correlation between various factors and
the development of agricultural cold chain logistics [16].
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As a major agricultural production area in China, Guangxi is currently at a critical
stage of upgrading its cold chain logistics system. Based on domestic and international
research, a comprehensive indicator system should be established, focusing on six key
dimensions: infrastructure, enterprise development, economic support, digital transfor-
mation, technological innovation, and standardization. By applying methods such as
Grey Relational Analysis, the interactions among these factors can be identified and
analyzed, providing theoretical and decision-making support for enhancing the reliabil-
ity and efficiency of Guangxi's cold chain logistics system.

2 Theory and Steps of Gray Correlation Analysis Method

2.1  Theory

In the early 1980s, Professor Deng Julong established Grey System Theory, which has
since been widely applied in fields such as society, economy, agriculture, and industry
as an effective tool for analysis, modeling, and forecasting [17]. Grey Relational The-
ory, a key component of this framework, measures the similarity between data series to
reveal dynamic relationships among system factors. It is particularly suitable for ana-
lyzing complex systems with incomplete, limited, or uncertain data, making it highly
applicable for identifying influential factors in agricultural supply chains. Grey Rela-
tional Analysis (GRA) evaluates the closeness of relationships by quantifying the con-
sistency of development trends between factors—greater consistency indicates stronger
correlation [18]. This study focuses on the cold chain logistics support system for fresh
agricultural products. By identifying key indicators and applying GRA, it quantitatively
analyzes the coupling between multi-dimensional, non-uniform indicators and cold
chain development, revealing core driving factors and their mechanisms.

2.2 Basic Steps

(1) Establish reference series and comparison series
Set system behavior factorsxyFor reference, the sequence is:

xo ={xo(K)k =1, 2, ...,n} = (xx(1),%0(2),...,x5(n)) )
Related factors are x; (i =1, 2, ...,m) ,i.e., the comparison sequence is:
xi={x;(K)k=1, 2, ...,n} = (x;(1), x(2),....,x;(n))({ =1,2,...,m) 2)

(2) Use the mean value method to standardize the indicator data, eliminate the influ-
ence of dimensions, and enable comparison between different data series.
Let the standardized matrix be Z, and the elements in Z be denoted as Z;
)
ij — Fol
Through data processing, the standardized matrix Z is obtained:

j» then
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(3) Calculate the absolute difference of standardized data
|0 (k) = x; (K| “4)
(#)Find the maximum and minimum absolute differences.

n m
Minimum value: min ]{nlin |x0 (k)—»x, (k)|
i=l k=

)

n m
Maximum value: max max |x0 (k)—x, (k)|
=l k=l

(5) Calculate the gray correlation coefficient between the reference sequence and the
comparison sequence.

ml_in mkin’x0 (k)—x, (k)’ +p- mlaxm?x|x0 (k)—x, (k)‘

(k)=

6
[y ()=, ()] + - maxx, () — 3 &) ©

Among them, p is the resolution coefficient within the range [0, 1]. The larger the
resolution coefficient, the higher the resolution, and vice versa. Typically,pis set to 0.5.

(6) Calculate the gray correlation degree

Calculate the grey correlation degree of each pair of sequences.

%=ifé ™

m ;-

3 Construction of an Index System for Factors Affecting the
Support Capacity of Cold Chain Logistics for Fresh Agricultural
Products in Guangxi

3.1  Analysis of Factors Affecting Cold Chain Logistics for Fresh Agricultural
Products in Guangxi

Fresh agricultural products are highly perishable. The lack of low-temperature pro-
cessing equipment during harvesting, initial processing, multimodal transport, and re-
tail accelerates respiration and microbial growth, causing significant waste and cold
chain value loss. Robust cold chain infrastructure is fundamental to developing agricul-
tural cold chain logistics, effectively reducing losses during transport and storage, min-
imizing spoilage caused by temperature fluctuations, expanding the supply of quality
products, and driving consumption upgrades. Refrigerated trucks and storage facilities
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are core components, ensuring stable temperatures during transport and providing long-
term controlled storage environments, which are critical for the safe transportation and
preservation of fresh products.

Digitalization is a key driver of fresh agricultural cold chain logistics. Advanced
digital technologies—such as IoT, RFID, GPS, and big data—are applied throughout
precooling, storage, transport, distribution, and sales to ensure transparent supervision
and traceability. Conversely, low digitalization leads to information asymmetry, slow
response, and hinders product tracking and resource integration, limiting cold chain
development. Company websites, as part of modern IT infrastructure, provide transpar-
ent e-commerce platforms that enable timely data updates and responses.

Economic developmenthas a profound impact on the development of cold chain lo-
gistics. In certain regions with high levels of economic development, people's living
standards are also high, leading to higher quality requirements for fresh agricultural
products, which in turn drives the growth of demand for agricultural product cold chain
logistics.At the same time, higher levels of economic development also drive the appli-
cation and innovation of technology, which are key factors in the sustainable develop-
ment of cold chain logistics. Conversely,underdeveloped regional economies directly
suppress market demand for agricultural product cold chain logistics. This weak de-
mand further constrains the driving force behind technological innovation and infra-
structure upgrades in the cold chain sector, ultimately creating a negative feedback loop
that hinders the industry's overall development.

The level of enterprise development reflects the overall scale of the cold chain lo-
gistics industry. The number of enterprises, the number of employees, and the number
of fixed investment projects are important indicators for measuring the scale and devel-
opment potential of the cold chain logistics industry. The number of enterprises indi-
cates market demand and demand for cold chain logistics services. The number of em-
ployees and investment projects reflect the industry's labor demand and capital invest-
ment, which further influence the industry's expansion and technological upgrading.

The application and innovation of technology are key factors in the sustainable de-
velopment of cold chain logistics. The number of companies involved in the digital
economy reflects the scale and number of entities engaged in technology and innova-
tion. The growth of the digital economy helps optimize supply chain management and
improve decision-making efficiency. Technology and innovation are the core drivers
of upgrading agricultural product cold chain logistics, and can integrate technological
research and development, standardization, model innovation, and policy guidance to
form a synergistic force,helping agricultural product supply chains break down infor-
mation barriers and achieve optimal allocation of resources across all levels of the
chain.

Standardization levels have a critical impact on the development of the cold chain
for fresh agricultural products. Unified technical standards can standardize the entire
cold chain process: in the pre-cooling stage, standardized temperature control can in-
hibit microbial reproduction, while in the transportation stage, vehicle-mounted GPS
temperature control equipment connected to a standardized data platform can reduce
temperature fluctuations and extend shelf life.
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3.2 Construction of an Indicator System for Factors Affecting Cold Chain
Logistics for Fresh Agricultural Products in Guangxi

In the development of agricultural product cold chain logistics, various factors will in-
fluence its progress. Based on literature reviews and prior research,adhering to the prin-
ciples of science, rationality, systemization, and feasibility,the total volume of agricul-
tural product logistics is used as a proxy for the development status of cold chain logis-
tics. Six primary indicators are selected: the level of cold chain facility and equipment
construction, the level of enterprise development, the level of economic development,
the level of digitalization, the level of technology and innovation, and the level of stand-
ardization. These primary indicators are further broken down into 15 secondary indica-
tors, as shown in Table 1.

Table 1. Indicator System for Factors Affecting the Support Capacity of Agricultural Product

Cold Chain Logistics.
. Vari- . L

Indicator able secondary indicator Source description
Cold chain X1 Number of refr?gerated ZGC Green Cold Chain Logistics

facilities and trucks (units) Industry Alha-nce _
equipment X2 Cold storage capacity (tons) ZGC Green Cold Ch_am Logistics
Industry Alliance
Number of enterprises in the
X3 transportation, Warehous1ng, Guanggxi Statistical Yearbook
and postal services industry
(companies)
level of en- Number of employees in
terprise de- X4 | transportation, warehousing, Guanggxi Statistical Yearbook
velopment and postal services (persons)
Number of fixed investment
X5 projects m transportation, Guangxi Statistical Yearbook
warehousing, and postal ser-
vices (units)
X6 Gross Domestlc Product Guangxi Statistical Yearbook
level of eco- (billion yuan)
nomic devel- Per capita cash expenditure
opment X7 on food purchases by urban Guangxi Statistical Yearbook
residents (yuan)
Number of websites owned
X8 by every 100 enterprises Guangxi Statistical Yearbook
(number)
level of digit- X9 Internet broadband access Guangxi Communications Admin-
ization ports (10,000 units) istration
Percentage of enterprises en-
X10 | gaged in e-commerce trans- Guanggxi Statistical Yearbook
actions (%)

Level of Number of digital economy Guangxi Digital Economy Devel-
technology X11 enterprises in Guangxi opment White Paper Guangxi In-
and innova- (companies) formation

tion X12 Guangxi's digital economy White Paper on the Development
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scale (in billions of yuan) of the Digital Economy in Guangxi
Guangxi Information

Basic Standards for Agricul-
X13 tural and Food Cold Chain Logistics Standards Manual
Logistics (Clauses)
Standards for Agricultural

level of and Food Cold Chain Logis- .
standardiza- X14 tics Facilities and Equip- Logistics Standards Manual
tion ment (Clauses)

Agricultural and sideline
products, food cold chain lo-
gistics technology, operation

and management standards

X15 Logistics Standards Manual

3.3  Grey Correlation Analysis of Factors Affecting Cold Chain Logistics for
Fresh Agricultural Products in Guangxi

Grey correlation analysis typically requires normalization, standardization, and other
processing of large amounts of data. The calculation process mainly relies on
MATLAB software to implement the steps of grey correlation analysis through pro-
gramming. MATLAB provides custom function capabilities that can be adjusted ac-
cording to actual conditions to modify the analysis methods, calculation steps, and data
preprocessing. This paper mainly uses MATLAB for analysis and research.

Data on relevant indicators from 2018 to 2022 were collected from sources such as
the Guangxi Statistical Yearbook, the China Statistical Yearbook, the Zhongguancun
Green Cold Chain Logistics Industry Alliance Network, the Guangxi Communications
Administration Bureau, and the Logistics Standards Directory Manual, as shown in Ta-
ble 2.

To address the issue of dimensional differences in the original data, a mean-based
standardization method suitable for indicator values that are all positive was applied to
the data. the grey correlation coefficients between the reference sequence and the com-
parison sequence were calculated. For the grey correlation coefficients, the mean of
each column of the correlation coefficient matrix was calculated to obtain the grey cor-
relation results and the ranking of the correlation degrees of each indicator, as shown
in Table 3

Table 2. Statistical data of reference sequences and comparison sequences.

Variable 2018 2019 2020 2021 2022
YO 3019.4 3334.2 3682.0 4066.5 4269.8
X1 363 661 904 956 1029
X2 461400 519078 810500 904000 941000
X3 13253 15801 20399 23792 26349
X4 18.80 19.06 18.60 18.87 17.31
X5 1158 1509 1514 1563 1610
X6 19627.8 21237.1 22120.9 25209.1 26186.1
X7 6180 6578 7092 7089 7172
X8 24 25 27 28 26




Research on the Optimization of the Cold Chain Logistics ...

897

X9 2760 3023 3356 3579 3836
X10 8.9 9.5 10.1 9.8 8.7
X11 7696 11000 12984 14500 15100
X12 5877 6593 7267 8512 9300
X13 11 11 7 7 9
X14 35 35 37 38 39
X15 111 111 98 102 89

Table 3. Correlation calculation results.
. Relevance Correlation Rank} ng by cor-
Variable relevance . . relation coeffi-
ranking coefficient .
cient
X1 0.583 12
X2 0.577 13 0.580 6
X3 0.675 9
X4 0.662 10 0.709 4
X5 0.792 4
X6 0.907 2
X7 0.750 7 0.828 !
X8 0.750 6
X9 0.954 1 0.784 3
X10 0.650 11
X11 0.747 8 0.793 )
X12 0.840 3
X13 0.428 15
X14 0.767 5 0.589 5
X15 0.572 14

4 Conclusions and Recommendations

4.1 Conclusion

Through gray link analysis, it can be seen that

(1) The level of economic development has the most significant impact on the de-
velopment of cold chain logistics for fresh agricultural products.

The level of economic development has a significant impact on the cold chain logis-
tics industry. Gross domestic product reflects the level of economic development and
income levels of the people of Guangxi, while the per capita cash expenditure on food
purchases by urban residents reflects their ability to invest in food. The higher the level
of economic development, the more willing consumers are to pay a premium for high-
quality, high-safety fresh agricultural products, thereby driving demand for cold chain
logistics.

(2) Technology and innovation levels have a significant impact on the development
of cold chain logistics for fresh agricultural products.

The correlation of this primary indicator is relatively high, reflecting the critical role
of technology and innovation in the operational efficiency of the entire cold chain
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system. Technology and innovation are key factors in reshaping supply chain models
and promoting industrial upgrading. New technologies and innovations are indispensa-
ble in many areas, including efficiency improvement, cost optimization, quality assur-
ance, and market expansion.

(3) The level of digitization has a significant impact on the development of cold
chain logistics for fresh agricultural products.

The level of digitization has a significant impact on the development of cold chain
logistics for fresh agricultural products. The number of Internet broadband access ports
and the number of websites per 100 enterprises can comprehensively reflect the level
of information infrastructure construction in a region. Secondly, the proportion of en-
terprises participating in e-commerce transactions serves as a barometer of the indus-
try's informatization development and can directly reflect the depth of enterprise digital
transformation. These are all important factors driving the development of more effi-
cient and intelligent cold chain logistics.

The level of enterprise development has a significant impact on the development of
cold chain logistics for fresh agricultural products.

The level of enterprise development directly affects the overall scale and demand of
the cold chain industry. The level of enterprise development influences cold chain lo-
gistics through multiple dimensions, including capital, technology, management, and
market. The greater the number of transportation enterprises and investment projects,
the greater the demand for cold chain services, which indirectly drives the development
of cold chain logistics.

(5) Standardization levels have little impact on the development of cold chain logis-
tics for fresh agricultural products.

The limited impact of technological innovation on the development of cold chain
logistics for fresh agricultural products suggests that standards—such as those for lo-
gistics operations, facilities, and technologies—have a relatively minor influence on
Guangxi’s cold chain system. This is largely due to the significant variation in shape,
size, and ripeness of fresh produce, making it difficult to implement unified sorting,
packaging, and transportation standards. The weak influence of standardization results
from multiple interrelated factors and must be addressed through systemic reforms to
achieve high-quality development of Guangxi’s fresh agricultural cold chain.

(6) The level of cold chain facilities and equipment has little impact on the develop-
ment of cold chain logistics for fresh agricultural products.

The average correlation coefficient between the number of refrigerated trucks and
cold storage capacity is 0.58, indicating that cold chain facilities and equipment in
Guangxi have little effect on the cold chain logistics industry and a low degree of in-
fluence.

Recommendation

Strengthen urbanization and enhance residents' consumption awareness

The level of economic development has a significant impact on the cold chain logis-
tics industry. It can be achieved by deepening the construction of new-type urbaniza-
tion, improving the quality of integrated urban-rural development, and establishing a
long-term mechanism for increasing residents' income, thereby effectively stimulating
residents' demand for and purchasing power of agricultural products, and driving urban
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residents to change their consumption concepts and structures, thereby increasing their
demand for high-quality agricultural products.

Strengthen innovation capabilities in cold chain technology

Deepening the integration of digital technology and the agricultural industry, accel-
erating the intelligent transformation of agricultural product circulation and processing,
leveraging a technology matrix including big data analysis, cloud computing platforms,
and IoT devices, and establishing a digital management system covering the entire
chain of circulation and processing. Encourage the application of multi-temperature
zone refrigeration technology and automatic temperature control technology in cold
chain transportation equipment.

Enhancing the digitalization of agricultural product cold chain logistics enterprises

The core of agricultural product cold chain logistics digitization is data-driven and
end-to-end collaboration. By promoting low-cost sensors and edge computing devices,
the digitalization threshold for small and medium-sized enterprises can be lowered. At
the same time, resource sharing should be actively promoted byestablishing regional
cold chain logistics public service platforms to integrate scattered cold storage and ve-
hicle resources,promoting data interoperability between agricultural cooperatives and
logistics companies, andpromoting the intelligent upgrade of the agricultural supply
chain.

Strengthen talent cultivation

Emphasize the cultivation of professional talent in cold chain logistics and improve
the professional quality of practitioners, especially by strengthening the training of on-
the-job personnel in agricultural product cold chain logistics.Build a professional talent
pool by strengthening the skills training system for practitionersto cultivate practical
talent in the field of cold chain logistics. Ensure the supply of talent in the logistics
industry and enhance the level of enterprise development.
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