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ABSTRACT 

In recent years, the rapid growth of the fresh e-commerce industry has introduced several potential 
risk factors to the supply chain that necessitate preventative measures. This paper aims to study the 
risk propagation within the fresh e-commerce supply chain and propose strategies for risk control. 
Firstly, a dual local world fitness network model is constructed by combining the fitness model with 
the local world model. This model is then validated, showing consistency with the actual network. 
Building upon this, an improved SEIRS risk propagation model is developed, and the basic 
reproduction number is calculated to simulate the risk propagation within the fresh e-commerce 
supply chain. The results indicate that the degree of risk propagation is positively correlated with the 
initial infection rate, risk outbreak rate, and loss of immunization rate, while negatively correlated 
with the risk recovery rate and risk elimination rate. 
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1. INTRODUCTION 

The onset of the COVID-19 pandemic in 2020 acted as a catalyst, expediting the integration of fresh 

food retail into online platforms. In 2020, online retail accounted for 14.6% of China's fresh food 

market, reflecting a growing acceptance and adoption of online fresh food purchasing among 

consumers. As a result, the fresh e-commerce sector has seen a swift maturation, with an increasing 

emphasis on online retailing and advancements in technology. This shift has led to a notable surge in 

the penetration rate of fresh e-commerce. By 2022, the market size of fresh e-commerce had reached 

an estimated 560.14 billion RMB, marking a substantial year-on-year growth of 20.25%. 

Managing risk within the supply chain of fresh products, from production to distribution, poses a 

significant bottleneck that impedes the growth of fresh e-commerce. Operational risks can cause 

delays, losses, and other disruptions, thereby preventing timely, quality, and accurate delivery to 

downstream partners. Additionally, environmental risks and natural disasters threaten the integrity of 

fresh products during both sourcing and transportation phases. When a risk event occurs, it often 

triggers a cascading effect within the supply chain, amplifying the impact and spreading across the 

network. This poses a profound challenge for the entire supply chain's stability and efficiency. 

Addressing the propagation mechanisms of risk among node enterprises within the fresh produce e-

commerce supply chain is thus a critical issue that demands immediate attention. 

This study aims to explore these dynamics by focusing on the fresh e-commerce supply chain as the 

primary subject. We establish a network model specific to this sector and apply an improved SEIRS 

model to investigate the mechanisms of risk propagation from a network perspective. The objective 

is to enhance risk management practices and foster the sustainable development of fresh e-commerce 
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by providing strategic insights into effective risk control measures. This study poses the following 

research question: 

How to build a fresh e-commerce supply chain network? 

How to model risk propagation in fresh e-commerce supply chain? 

What ideas can the results of risk propagation studies provide for enhancing risk control? 

2. LITERATURE REVIEW 

With the continuous development of fresh e-commerce, in recent years, scholars at home and abroad 

for fresh e-commerce supply chain research is also constantly enriched, the relevant research mainly 

focuses on inventory optimization, pricing strategy, quality control, optimal channel selection and 

other supply chain decision-making behaviors, supply chain performance, supply chain coordination 

and other aspects. Song et al. [1] investigated the impact of market preference changes on supply 

chain decisions of fresh e-commerce based on game models in different supply chain decision-making 

scenarios. Wang et al. [2] consider online reviews and study optimal pricing strategies using the 

Stackelberg game and a two-stage repeated game. Zhong et al. [3] utilized Stackelberg game theory 

to develop a profit model and investigate the impact of different types of subsidies and decisions on 

the profitability of agricultural e-commerce supply chains.He [4] studied overall profit maximization 

based on a collaborative supply chain optimization model for fresh e-commerce platforms with 

improved bacterial foraging algorithms.Research in fresh e-commerce supply chain risk has focused 

on risk identification and evaluation.Wang [5] analyzed the existing operation mode of e-commerce, 

analyzed the main bottlenecks of fresh food cold chain operation, and analyzed its risk factors from 

both internal and external perspectives. 

In the context of supply chain networks, numerous studies have demonstrated that frameworks built 

on the principles of complex network theory effectively encapsulate the dynamics of real-world 

supply chain networks. Liao et al. [6] conducted an empirical study on the topology of smartphone 

supply chain networks, and the results showed that smartphone supply chain networks have scale-

free characteristics and small-world characteristics. Kito and Ueda [7] investigated the structural 

characteristics of real-life auto parts supply networks through complex network theory. Zhang et al. 

[8] constructed a hierarchical supply chain network model by considering node degree and similarity 

between nodes in the same layer based on the types of companies in real supply chain networks, and 

the results showed that the new model can better describe real supply chain networks. 

In terms of supply chain risk propagation, the research results of infectious disease propagation 

dynamics models such as SIS and SIRS have been more prominent in recent years, and the results of 

several researches have also confirmed that the propagation dynamics model on the complex network 

can better reflect the law of risk propagation from the perspective of the supply chain as a whole [9–

13]. 

By combing through the above related literature, most of the supply chain network modeling is based 

on BA scale-free network or small-world network modeling, and further research is needed in cross-

level connectivity. The SEIRS model is less in fresh e-commerce supply chain risk propagation and 

control. Therefore, this paper constructs a network model in line with reality from the perspective of 

complex network, based on the improved SEIRS model of fresh e-commerce supply chain risk 

propagation can bring some theoretical value. 
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3. BUILDING THE FRESH E-COMMERCE SUPPLY CHAIN NETWORK 

3.1. Network Model Description 

In this paper, we will construct a supply chain network with each enterprise in the fresh e-commerce 

supply chain as a node and the cooperative relationship between enterprises grouping edges. The 

nodes in the fresh e-commerce supply chain network are categorized into four types: producers, 

wholesalers, fresh e-commerce platforms and logistics service providers. In order to simplify the 

model, this paper does not consider the difference in business volume between node enterprises. In 

addition to the two basic components of nodes and edges, the direction of edges also needs to be 

considered when constructing the network. And the risk propagates in a radial direction. When an 

enterprise in the network is infected by risk, the upstream and downstream enterprises adjacent to it 

have the probability of being affected, so the fresh e-commerce supply chain network constructed in 

this paper is directionless. 

The transaction and cooperation between enterprises in the real supply chain network is not random, 

but is the result of mutual selection, and the determination of the transaction and cooperation 

relationship is affected by factors such as enterprise scale, operation status, product attributes, 

geographic location, etc., and there are different types of enterprises choosing to cooperate with 

different selection ranges. Therefore, this paper considers the node adaptability and the local world 

of nodes to construct the supply chain network model. Table 1 shows the local world for different 

types of nodes. 

Table 1. Localized World of Nodes 

Node Category the Localized World A1 

Producer Wholesaler + fresh e-commerce platform + logistics 

service provider 

Wholesaler Producer + fresh e-commerce platform + logistics 

service provider 

Fresh e-commerce 

platform 

Producer + wholesaler + logistics service provider 

Logistics Service 

Provider  

Producer + wholesaler + fresh e-commerce platform 

 

The second localized world of the node consists of a certain number of nodes and connected edges 

randomly selected in the first localized world. 

3.2. Formative Mechanisms 

(1) Initial network. At the initial moment, the network is a small network with m0 nodes. These 

nodes include producers, wholesalers, fresh e-commerce platforms and logistics service providers. 

The network is randomly connected into edges based on the upstream and downstream neighboring 

levels of the supply chain. The fitness of all types of nodes is selected according to the power law 

distribution, assuming that the proportion of nodes in the network is N1: N2: N3: N4. 

(2) Network growth. Whenever a node is added at moment 𝑡 , the category of the new node is 

randomly generated based on the proportion of the number of nodes in each type of hierarchy in the 

network. The category of the new node is determined, the fitness value is assigned to it based on the 

fitness distribution 𝜂𝑖, and the number of connected edges 𝑚𝑖 is determined. 

(3) Meritocratic connection. A new node added into the network determines its local world A1 

according to its type and then randomly selects 𝑚𝑖 node from A1 as its dual local world A2 and 
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connects with 𝑚𝑖 node in A2, then the probability that a node 𝑣𝑖 in the local world of A2 connects 

with the new node 𝑣𝑗  is determined by the node's degree and fitness, depending on the proportion of 

the product of the node's degree 𝑘𝑖 and fitness 𝜂𝑖 in that local world as shown in equation (1) : 

∏ (𝑗 → 𝑖)𝑙∈𝑊𝑗
=

𝜂𝑖𝑘𝑖

∑ 𝜂𝑙𝑙∈𝑊𝑗
𝑘𝑙

                               (1) 

 

Repeat this step until the target network is generated at the set time. The growth process of the 

network is shown in Figure 1.  

 

Figure 1. Schematic Diagram of the Growth of the Supply Chain Network of Fresh E-commerce 

3.3. Model Simulation 

In this paper, we simulate and analyze the supply chain network model in the dual localized world to 

verify whether the network model conforms to the actual situation and to lay the foundation for the 

subsequent research on risk propagation models. 

(1) Initial network. The number of each node in the initial network is set to 12 producers, 4 

wholesalers, 1 fresh e-commerce platform and 2 logistics service providers. The number of nodes 

𝑚0 = 19 and the number of connected edges 𝑒0 = 38 in the initial network can be calculated. 

(2) Network growth. As the market develops and time advances, new node enterprises continue to 

join the supply chain network, set the generation ratio of various types of nodes on the network as 

12:4:1:2, the new joining nodes with the number of nodes of all types of tiers as the probability of 

belonging to tiers, belonging to the four tiers of producers, wholesalers, fresh e-commerce platforms, 

and logistics service providers with the probability of 63%, 21%, 5%, and 11%, respectively. 

Referring to the small-scale research data and considering the power index characteristics of large-

scale real networks, the fitness distribution parameters of each type of nodes are set as 𝜂1 ∝
2000𝜂1

−2.2 + 50, 𝜂2 ∝ 3000𝜂2
−2.2 + 200, 𝜂3 ∝ 5000𝜂3

−2.2 + 300, 𝜂4 ∝ 2000𝜂4
−2.2 + 100. 

The simulation is carried out by Python with the total network size N as 500, 1000, 2000, 3000, 5000, 

8000, and 10000, respectively, visualized by D3blocks, and repeated 10 times to take the average 

value as the simulation result. The generated network is shown in Figure 2.   

A1

       A2
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Figure 2. Simulation of Fresh E-commerce Supply Chain Network Model (N=2000) 

The statistical characteristics of the fresh e-commerce supply chain network are analyzed through 

python simulation, and the comparison with the empirical research results of existing literature 

verifies that the fresh e-commerce supply chain network established by the model has the similar 

characteristics of other real supply chain networks, and the research of supply chain risk propagation 

can be carried out through this network model [6, 14–16]. 

4. ESTABLISHMENT OF THE IMPROVED SEIRS SUPPLY CHAIN RISK 
PROPAGATION MODEL 

4.1. Model Description 

In the classic SEIRS model, the infected person will be cured after treatment, however, in the real 

situation of fresh e-commerce supply chain, some of the risk-infected enterprises are likely to be 

eliminated from the market due to the lack of risk coping ability and disappear from the supply chain 

network In order to make the risk propagation model more in line with the reality of the evolution of 

fresh e-commerce supply chain network, and to make it more in line with the research background, 

this paper introduces the infected enterprise elimination rate 𝛿  to improve the SEIRS model and 

establish the fresh e-commerce supply chain risk propagation model. The risk propagation model is 

shown in Figure 3. 

 

Figure 3. Risk Propagation Mechanism of the Improved SEIRS Model 

The rules of infection are as follows. 
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whole saler_1400

whole saler_1559

whole saler_1912

logis tics_56

platf orm_702

produ cer_1003

produ cer_104

produ cer_1287

produ cer_1641

produ cer_281

produ cer_358

produ cer_384

produ cer_465

produ cer_473

produ cer_524

produ cer_57

produ cer_598

produ cer_678

produ cer_752

produ cer_905

logis tics_560

produ cer_1182

logis tics_564

produ cer_1546

produ cer_1560

whole saler_1537

logis tics_576

produ cer_1959

produ cer_827

whole saler_973

logis tics_584

produ cer_1231

produ cer_1541

whole saler_1777

logis tics_593

logis tics_600

produ cer_1227

produ cer_1321

produ cer_1370

produ cer_1501
whole saler_629

whole saler_789

logis tics_605

produ cer_761

produ cer_951

logis tics_606

whole saler_1665

logis tics_608

produ cer_1357

produ cer_783

logis tics_612

produ cer_901

logis tics_637

produ cer_1980

logis tics_646

produ cer_1353

logis tics_647

produ cer_1549

produ cer_948

whole saler_1752

logis tics_65

platf orm_387

produ cer_1312

produ cer_1339

produ cer_155

produ cer_1552

produ cer_1587

produ cer_173

produ cer_180

produ cer_185

produ cer_255

produ cer_260

produ cer_327

produ cer_403

produ cer_495

produ cer_499

produ cer_771

produ cer_855

logis tics_652

produ cer_748

produ cer_882

logis tics_655

produ cer_941

whole saler_1751

whole saler_957

logis tics_660

whole saler_795

logis tics_669

platf orm_1077

produ cer_1786

produ cer_1792

produ cer_1963

produ cer_759

logis tics_672

produ cer_1367

produ cer_1966

logis tics_675

produ cer_1573

whole saler_770

logis tics_677

whole saler_699

logis tics_681

produ cer_1457

produ cer_1917

whole saler_1682

logis tics_704

produ cer_1277

produ cer_1602

produ cer_1666

produ cer_1729

whole saler_1483

whole saler_1553

whole saler_1962

logis tics_717

produ cer_1343

produ cer_1462

logis tics_74

produ cer_116

produ cer_1514

produ cer_1577

produ cer_176

produ cer_562

produ cer_565

produ cer_697

produ cer_703

produ cer_737

whole saler_1089

whole saler_279

whole saler_326

whole saler_802

whole saler_872

logis tics_740

produ cer_1165

logis tics_756

logis tics_784 produ cer_1063

logis tics_809

produ cer_1344

whole saler_1634

whole saler_1990

logis tics_81

produ cer_304

produ cer_531

produ cer_587

produ cer_944

whole saler_620

logis tics_812

logis tics_822

produ cer_1141

produ cer_1292

whole saler_877

logis tics_83

produ cer_1323

produ cer_1688

produ cer_503

produ cer_808

whole saler_1102

logis tics_838

produ cer_1640

logis tics_841

produ cer_1062

produ cer_923

logis tics_851

produ cer_1086

logis tics_887

produ cer_1703

logis tics_890

produ cer_1755

logis tics_893

produ cer_1411

logis tics_898

whole saler_1574

whole saler_1825

logis tics_919

produ cer_1687

produ cer_1713

produ cer_1823

logis tics_94

platf orm_226

produ cer_1026

produ cer_1073

produ cer_1230

produ cer_1263

produ cer_1278

produ cer_1447

produ cer_1784

produ cer_1866

produ cer_195

produ cer_236

produ cer_484

produ cer_508

produ cer_667

produ cer_806

produ cer_881

produ cer_980

whole saler_1101

whole saler_150

whole saler_1631

whole saler_1894

whole saler_223

whole saler_726

logis tics_955

logis tics_985

produ cer_1185

produ cer_1453

whole saler_1222

logis tics_989

produ cer_1761

platf orm_1

produ cer_102

produ cer_1109

produ cer_1473

produ cer_1645

produ cer_165

produ cer_1696

produ cer_196

produ cer_21

produ cer_22

produ cer_23

produ cer_268

produ cer_329

produ cer_351

produ cer_354

produ cer_43

produ cer_443

produ cer_457produ cer_461

produ cer_573

produ cer_60

produ cer_653

produ cer_687

produ cer_689

produ cer_750

produ cer_80

produ cer_857

produ cer_89

produ cer_916

whole saler_220

whole saler_38

whole saler_46

whole saler_52

whole saler_621

platf orm_1019

platf orm_1020

produ cer_1946

platf orm_1042

produ cer_1969

platf orm_1093

produ cer_1094

produ cer_1381

produ cer_1993

platf orm_1117

platf orm_1123

logis tics_1798

produ cer_1772

whole saler_1600

platf orm_1159

produ cer_1512

produ cer_1785

whole saler_1452

whole saler_1706

whole saler_1859

platf orm_1194

produ cer_1304

produ cer_1415

platf orm_1223

platf orm_1270

produ cer_1374

produ cer_1810

produ cer_1039

produ cer_1539

produ cer_187

produ cer_1888

produ cer_1898

produ cer_270

produ cer_320

produ cer_361

produ cer_379

produ cer_405

produ cer_407

produ cer_422

produ cer_616

produ cer_691

produ cer_736

produ cer_931

whole saler_1522

whole saler_1563

whole saler_1915

whole saler_1977

whole saler_258

whole saler_506

whole saler_1744

platf orm_1384

produ cer_1734

produ cer_1945

platf orm_1534

produ cer_1597

produ cer_1608

produ cer_1903

whole saler_1809

platf orm_1717

produ cer_1741

platf orm_1884

whole saler_1889

produ cer_1112

produ cer_1826

produ cer_239

produ cer_250

produ cer_310

produ cer_382

produ cer_433

produ cer_639

produ cer_794

produ cer_965

produ cer_967

whole saler_530

platf orm_233

produ cer_1133

produ cer_1179

produ cer_572

platf orm_24

produ cer_107

produ cer_1156

produ cer_1205

produ cer_177

produ cer_1857

produ cer_1953

produ cer_274

produ cer_314

produ cer_385

produ cer_78

produ cer_839

produ cer_932

whole saler_1166

whole saler_266

whole saler_301

whole saler_401

platf orm_249

produ cer_1202

produ cer_1260

produ cer_1406

produ cer_1707

produ cer_1743

produ cer_1768

produ cer_1998

produ cer_441

produ cer_489

produ cer_592

produ cer_708

platf orm_253

logis tics_896

produ cer_1052

produ cer_1349

produ cer_1505

produ cer_1820

produ cer_478

produ cer_634

produ cer_695

produ cer_701

produ cer_735

produ cer_746

produ cer_751

whole saler_774

platf orm_254

produ cer_1029

produ cer_1383

produ cer_1659

produ cer_1685

produ cer_1913

produ cer_353

produ cer_488

produ cer_871

platf orm_272

logis tics_927

produ cer_1314

produ cer_1469

produ cer_1603

produ cer_1910

produ cer_330

produ cer_344

produ cer_781

whole saler_368

whole saler_614

platf orm_275

produ cer_1957

produ cer_732

produ cer_998

platf orm_291

produ cer_1092

produ cer_1908

produ cer_801

produ cer_926

platf orm_300

logis tics_1843

produ cer_1066

produ cer_1311

produ cer_1389

produ cer_1517

produ cer_456

produ cer_826

produ cer_972

whole saler_1173

logis tics_1605

produ cer_1035

produ cer_1407

produ cer_723

produ cer_729

whole saler_376

platf orm_332

produ cer_1127

produ cer_533

produ cer_837

produ cer_952

whole saler_690

whole saler_936

platf orm_337

logis tics_1417

produ cer_1047

produ cer_1619

produ cer_1635

produ cer_409

produ cer_651

whole saler_393

whole saler_558

whole saler_856

platf orm_36

logis tics_1016

produ cer_1002

produ cer_106

produ cer_1203

produ cer_1207

produ cer_125

produ cer_136

produ cer_152

produ cer_246

produ cer_252

produ cer_263

produ cer_293

produ cer_347

produ cer_439

produ cer_44

produ cer_599

produ cer_719

produ cer_743

produ cer_76

produ cer_791

produ cer_96

whole saler_103

whole saler_238

whole saler_311

platf orm_366
produ cer_1388

produ cer_462

produ cer_661

produ cer_860

whole saler_1620

whole saler_917

platf orm_372

produ cer_1045

produ cer_1146

produ cer_1216

produ cer_1319

produ cer_416

produ cer_778

produ cer_1115

produ cer_1466

produ cer_486

platf orm_40

logis tics_1327

produ cer_1138

produ cer_123

produ cer_175

produ cer_1831

produ cer_1893

produ cer_1900

produ cer_217

produ cer_228

produ cer_278

produ cer_287
produ cer_328

produ cer_350

produ cer_509

produ cer_525

produ cer_644

produ cer_85

produ cer_866

whole saler_134

whole saler_1403

whole saler_59

platf orm_45

logis tics_1861

produ cer_122

produ cer_1472

produ cer_164

produ cer_1754

produ cer_181

produ cer_1951

produ cer_208

produ cer_216

produ cer_256

produ cer_265

produ cer_305

produ cer_369

produ cer_398

produ cer_444

produ cer_445

produ cer_516

produ cer_591

produ cer_705

whole saler_111

whole saler_117

whole saler_120

whole saler_144

platf orm_469

produ cer_1763

produ cer_1944

whole saler_610

platf orm_471
logis tics_1617

produ cer_685

produ cer_848

platf orm_510

logis tics_1428

produ cer_1219

produ cer_1451

produ cer_928

whole saler_534

platf orm_511

produ cer_1096

produ cer_1291

produ cer_1429

produ cer_1456

produ cer_1592

produ cer_686

produ cer_818

produ cer_943

platf orm_544

produ cer_1348

produ cer_1465

produ cer_956

whole saler_1533

whole saler_1558

whole saler_1671

whole saler_1712

whole saler_1849

platf orm_550

produ cer_1595

produ cer_1783

produ cer_1885

produ cer_1991

produ cer_671

platf orm_607

logis tics_1198

produ cer_1633

produ cer_1968

produ cer_711

whole saler_613

whole saler_817

platf orm_609

produ cer_1266

produ cer_1612

produ cer_1873

produ cer_1941

produ cer_904

produ cer_1025

produ cer_1135

produ cer_979

platf orm_632

produ cer_1880

whole saler_1090

whole saler_963

platf orm_643

platf orm_645

platf orm_70

produ cer_1110

produ cer_1172

produ cer_171

produ cer_1781

produ cer_285

produ cer_318

produ cer_324

produ cer_545

produ cer_603

produ cer_682

produ cer_72

produ cer_999

whole saler_145

produ cer_814

whole saler_1509

platf orm_716

produ cer_1511

produ cer_1947

produ cer_820

whole saler_1540

whole saler_1956

platf orm_724

produ cer_1273

produ cer_1824

produ cer_731

produ cer_782

whole saler_1154

whole saler_914

platf orm_753

produ cer_1008

produ cer_1410

produ cer_1723

produ cer_1972

platf orm_764

produ cer_933

platf orm_77

produ cer_101

produ cer_1097

produ cer_118

produ cer_141

produ cer_1525produ cer_163

produ cer_166

produ cer_188

produ cer_198

produ cer_247

produ cer_286

produ cer_611

produ cer_662

produ cer_824

produ cer_868

whole saler_312

whole saler_810

platf orm_773

logis tics_1989

produ cer_1125

produ cer_1196

produ cer_1214

produ cer_1309

produ cer_1394

produ cer_1621

produ cer_1895

produ cer_1942

platf orm_786

produ cer_1289

produ cer_1352

whole saler_993

platf orm_84

produ cer_1497

produ cer_438

whole saler_319

whole saler_747

platf orm_858

produ cer_1254

produ cer_1684

produ cer_1756

platf orm_870

produ cer_1197

platf orm_884

logis tics_1379

produ cer_1548

whole saler_1997

platf orm_902 platf orm_92

produ cer_1083

produ cer_154

produ cer_1615

produ cer_541

produ cer_939

whole saler_580

platf orm_924

platf orm_994

produ cer_1174

produ cer_1

whole saler_1whole saler_2

whole saler_3

whole saler_4

whole saler_474

produ cer_10

whole saler_1528

whole saler_20

whole saler_29

whole saler_922

whole saler_93

platf orm_1293

whole saler_1049

logis tics_1865

whole saler_242

whole saler_248

whole saler_323

whole saler_918

produ cer_1015

whole saler_986

whole saler_1325

whole saler_1807

whole saler_1954

whole saler_1484

whole saler_1970

whole saler_648

produ cer_1044

logis tics_1490

whole saler_1443

produ cer_105

whole saler_110

whole saler_446

whole saler_1934

platf orm_1932

produ cer_108

whole saler_1240

whole saler_688

produ cer_11

logis tics_1571

whole saler_563

whole saler_582

whole saler_1393

logis tics_1468

whole saler_1699

whole saler_1844

whole saler_1871

produ cer_1170

whole saler_1793

whole saler_1776

produ cer_12

logis tics_1609

platf orm_1503

whole saler_1024

whole saler_487

whole saler_780

whole saler_867

whole saler_1929

logis tics_1833

produ cer_1215

platf orm_1519

whole saler_162

whole saler_739

logis tics_1072

whole saler_132

produ cer_1232

whole saler_1426

produ cer_1234

whole saler_1326

platf orm_1564

whole saler_138

produ cer_1244

whole saler_1498

logis tics_1919

whole saler_1268

logis tics_1566

whole saler_1750

logis tics_1926

produ cer_127

whole saler_1128

whole saler_1345

produ cer_129

logis tics_1829

whole saler_167

whole saler_172

whole saler_760

produ cer_1301

whole saler_1535

produ cer_131

whole saler_194

whole saler_847

whole saler_854

logis tics_1759

produ cer_1332

whole saler_1677

logis tics_1441

logis tics_1669

logis tics_1779

platf orm_1882

produ cer_137

whole saler_306

whole saler_458

produ cer_139

whole saler_1131

whole saler_1404

whole saler_1920

produ cer_1398

logis tics_1731

produ cer_140

logis tics_1775

whole saler_1336

whole saler_1373

whole saler_1643

whole saler_1419

whole saler_542

produ cer_142

whole saler_241

produ cer_1423

produ cer_1425

platf orm_1812

whole saler_1632

whole saler_962

produ cer_1461

produ cer_1482

logis tics_1979

produ cer_149

whole saler_734

produ cer_1494

whole saler_1496

produ cer_1500

produ cer_151

whole saler_615

logis tics_1726

produ cer_1516

whole saler_1872

produ cer_1521

logis tics_1545

whole saler_1698

logis tics_1167

whole saler_1338

whole saler_229

whole saler_296

whole saler_578

platf orm_1870

whole saler_514

produ cer_1562

produ cer_157

whole saler_1745

produ cer_160

whole saler_1132

whole saler_212

logis tics_1916

produ cer_1638

whole saler_1157

platf orm_1803

produ cer_170

whole saler_1593

whole saler_218

whole saler_308

produ cer_1722

produ cer_1728

whole saler_992

produ cer_174

whole saler_419

whole saler_636

whole saler_1867

whole saler_1869

whole saler_1414

whole saler_264

platf orm_1341

whole saler_412

whole saler_295

whole saler_1188

produ cer_184

whole saler_237

whole saler_294

produ cer_1848

whole saler_665

whole saler_1061produ cer_189

logis tics_880

produ cer_191

whole saler_1152

whole saler_602

whole saler_1938

whole saler_775

produ cer_197

logis tics_596

whole saler_571

produ cer_199

whole saler_1300

whole saler_423

whole saler_765

produ cer_2

whole saler_19

whole saler_26

whole saler_30

whole saler_321

whole saler_1476

whole saler_1840

whole saler_840

logis tics_1140

produ cer_205

logis tics_1057

whole saler_1177

whole saler_67

whole saler_832

platf orm_1851

whole saler_1017

produ cer_222

whole saler_493

produ cer_227

whole saler_364

whole saler_146

produ cer_230

produ cer_231

logis tics_718

whole saler_1654

whole saler_1904

produ cer_243

whole saler_1283

produ cer_245

whole saler_1209

logis tics_1218

logis tics_942

whole saler_1702

logis tics_1649

produ cer_273

whole saler_450

whole saler_98

whole saler_1176

produ cer_283

whole saler_1347

whole saler_1032

produ cer_3

whole saler_1481

produ cer_307

logis tics_1886

whole saler_66

produ cer_317

whole saler_477

produ cer_325

whole saler_1186

logis tics_1656

produ cer_335

logis tics_1130

whole saler_451

whole saler_878

produ cer_338

produ cer_339

whole saler_1012

whole saler_879

produ cer_34

whole saler_1434

produ cer_341

whole saler_464

produ cer_342

produ cer_343

produ cer_345

produ cer_348 produ cer_349

produ cer_355

produ cer_356

whole saler_1542

produ cer_371

platf orm_1307

produ cer_373

whole saler_1983

platf orm_912

whole saler_1183

produ cer_381

whole saler_1088

produ cer_388

whole saler_1985

whole saler_437

produ cer_390

whole saler_1350

whole saler_504

whole saler_1068

produ cer_399

logis tics_1673

produ cer_4

whole saler_431

produ cer_400

produ cer_402

whole saler_1475

whole saler_906

produ cer_418

whole saler_921

produ cer_42

whole saler_1982

whole saler_776

produ cer_426

produ cer_428

produ cer_435

platf orm_1986

whole saler_392

whole saler_53

whole saler_1099

whole saler_930

produ cer_453

logis tics_1782

whole saler_548

whole saler_1005

produ cer_467

produ cer_47

logis tics_1676

produ cer_479

whole saler_1290

whole saler_1098

produ cer_482

whole saler_1302

produ cer_49

whole saler_1427

produ cer_496

produ cer_498

logis tics_1716

produ cer_5

whole saler_169

whole saler_35

whole saler_55

platf orm_1599

whole saler_1067

whole saler_73

produ cer_501

whole saler_1225

produ cer_502

produ cer_505

logis tics_1924

whole saler_909

produ cer_507

logis tics_1610

produ cer_513

logis tics_1076

produ cer_517

whole saler_1074

logis tics_982

produ cer_528

whole saler_1799

whole saler_1928

logis tics_1010

whole saler_1625

produ cer_543

produ cer_546

produ cer_551

logis tics_1742

logis tics_929

logis tics_1217

produ cer_556

produ cer_566

whole saler_1987

produ cer_569

whole saler_1701

produ cer_570

logis tics_1080

whole saler_852

produ cer_588

whole saler_1251

produ cer_589

produ cer_594

produ cer_595

produ cer_6

whole saler_121

whole saler_240

whole saler_949

produ cer_618
produ cer_623

whole saler_946

produ cer_631

whole saler_715

produ cer_649

whole saler_1013

platf orm_1828

logis tics_1901

produ cer_680

logis tics_787

logis tics_1808

produ cer_692

whole saler_1715

produ cer_7

produ cer_706

produ cer_712

produ cer_728

logis tics_1286

produ cer_730

logis tics_1149

whole saler_1181

produ cer_749

produ cer_75

whole saler_891

produ cer_755

logis tics_1626

whole saler_1927

whole saler_203

produ cer_768

logis tics_1147

whole saler_1967

produ cer_788

produ cer_797

produ cer_8

whole saler_526

produ cer_813

produ cer_819

whole saler_1405

produ cer_823

whole saler_977

logis tics_1385

produ cer_834

produ cer_836

produ cer_88

produ cer_888

produ cer_892

produ cer_894

produ cer_895

produ cer_9

platf orm_1704

produ cer_903

whole saler_1906

produ cer_910

platf orm_1856

produ cer_938

produ cer_947

produ cer_95

produ cer_958

produ cer_981

produ cer_983

produ cer_988

produ cer_1023

produ cer_745

produ cer_864

produ cer_971

produ cer_1561

produ cer_1569

produ cer_1952

produ cer_1413

produ cer_1999

logis tics_1950

logis tics_1628

produ cer_1100

produ cer_1144

produ cer_1565

produ cer_1246

produ cer_1737
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(1) After contacting the infected enterprise, the susceptible enterprise will be infected with a certain 

probability, but it will not break out immediately, it will first change from from a healthy state to an 

exposed state, and it is not infectious during the period of exposure. 

(2) The risk is brewed after a little time before it breaks out, and the exposed enterprise turns into the 

infected enterprise. 

(3) After a period of adjustment, the infected individual will be cured with a certain probability and 

return from the infected state to the healthy state, and there exists a certain probability of death, i.e., 

changing from the infected state to the eliminated state. 

(4) An infected individual will develop autoimmunity and be in an immunized state after returning to 

health. However, with time, this immunity disappears with some probability and the individual reverts 

to a state of susceptibility to infection. 

The improved SEIRS model is based on several basic assumptions: 

(1) In a supply chain network, when a risk spreads, it only affects nodes with direct business 

relationships. The chance of risk spreading is controlled by the starting risk value of the network and 

the effective contact rate between nodes. (2) The supply chain network constructed in this paper is an 

illegal network, and the transmission process does not take into account the volume and direction of 

transactions between the node firms because the risk spreads radially around the network. (3) During 

the node state change process, each susceptible node is at risk from only one linked infected node at 

a time and must transform infected nodes into recovery and elimination nodes. (4) The network 

structure remains unchanged and the total number of node firms in the system is a constant N. When 

a node is eliminated, the supply chain finds its own backup to replace the original node position, and 

the size of the nodes in the network remains unchanged. In other words: S(t)+E(t)+I(t)+R(t)=N(t). 

Based on the above description, the improved SEIRS-based fresh e-commerce supply chain risk 

propagation model can be expressed by the following equation: 

{
 
 
 

 
 
 
𝑑𝑠(𝑡)

𝑑𝑡
= −𝜆𝑠(𝑡)𝑖(𝑡) + 𝜂𝑟(𝑡) + 𝛿𝑖(𝑡)

𝑑𝑒(𝑡)

𝑑𝑡
= 𝜆𝑠(𝑡)𝑖(𝑡) − 𝛽𝑒(𝑡)

𝑑𝑖(𝑡)

𝑑𝑡
= 𝛽𝑒(𝑡) − 𝛾𝑖(𝑡) − 𝛿𝑖(𝑡)

𝑑𝑟(𝑡)

𝑑𝑡
= 𝛾𝑖(𝑡) − 𝜂𝑟(𝑡)

𝑑𝑑(𝑡)

𝑑𝑡
= 𝛿𝑖(𝑡)

                     (2) 

The variables and parameters related to the model are set and described in relation to Table 2. 
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Table 2. Meaning of Variables and Parameters Related to the Model 

Variant Define 

𝑆(𝑡) Indicates the number of susceptible firms at time t 

𝐸(𝑡) Indicates the number of risky latent firms at time t 

𝐼(𝑡) Indicates the number of risk-infected firms at time t 

𝑅(𝑡) Indicates the number of firms recovering from risk at time t 

𝐷(𝑡) Indicates the number of firms eliminated by a risk shock at time t 

𝑠(𝑡) Indicates the number of enterprises susceptible to the risk of 

infection as a percentage of the total number of enterprises at time t 

𝑒(𝑡) Indicates the number of risky latent firms at time t as a percentage 

of the total number of firms 

𝑖(𝑡) Indicates the number of enterprises infected with the risk at 

moment t as a percentage of the total number of enterprises 

𝑟(𝑡) Indicates the number of enterprises recovering from risk at time t 

as a percentage of the total number of enterprises 

𝑑(𝑡) Indicates the number of enterprises phased out at time t as a 

percentage of the total number of enterprises. 

𝜆 Indicates risk transmission rate 

𝛽 Indicates risk outbreak rate 

𝛾 Indicates risk-recovery rate 

𝛿 Indicates risk phase-out rate 

𝜂 Indicates loss of immunization rate 

< 𝑘 > Network average degree 

4.2. Model Threshold Analysis 

In order to further study the risk propagation behavior on the fresh e-commerce supply chain network, 

the nodes on the network are classified according to degree, and it is assumed that a node with a 

degree of is susceptible, latent, infected, and recovered at the moment t. The relative densities of 

susceptible, latent, infected, and recovered are 𝑠𝑘(𝑡), 𝑒𝑘(𝑡), 𝑖𝑘(𝑡), 𝑟𝑘(𝑡) respectively. According 

to the mean field theory, the improved SEIRS risk propagation model after classification according 

to degree is shown below:  

{
 
 
 

 
 
 
𝑑𝑠𝑘(𝑡)

𝑑𝑡
= −𝛼𝑘𝑠𝑘(𝑡)𝛩𝑖𝑘(𝑡) + 𝜂𝑟𝑘(𝑡) + 𝛿𝑖𝑘(𝑡)

𝑑𝑒𝑘(𝑡)

𝑑𝑡
= 𝛼𝑘𝑠𝑘(𝑡)𝛩𝑖𝑘(𝑡) − 𝛽𝑒𝑘(𝑡)

𝑑𝑖𝑘(𝑡)

𝑑𝑡
= 𝛽𝑒𝑘(𝑡) − 𝛾𝑖𝑘(𝑡) − 𝛿𝑖𝑘(𝑡)

𝑑𝑟𝑘(𝑡)

𝑑𝑡
= 𝛾𝑖𝑘(𝑡) − 𝜂𝑟𝑘(𝑡)

𝑑𝑑𝑘(𝑡)

𝑑𝑡
= 𝛿𝑖𝑘(𝑡)

                 

(3) 

 

Where,𝛩𝑖𝑘(𝑡) = ∑ 𝑘𝑘 𝑝(𝑘)𝑖𝑘/⟨𝑘⟩ , denotes the probability that a node of degree 𝑘  at time 𝑡 
connects to an infected node. 

This leads to two sets of solutions 𝑀 = (1,0,0,0) and 𝑀∗ = (𝑠∗, 𝑒∗, 𝑖∗, 𝑟∗). 

In this paper, we introduce the concept of basic regeneration number in supply chain risk 

communication to determine the threshold of risk diffusion transmission. Driessche and Watmough 

[17] proposed a new method for calculating the fundamental regeneration number, the regeneration 

matrix method, to analyze the asymptotic stability of the equilibrium point by calculating the spectral 
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radius of the regeneration matrix, which is the fundamental regeneration number. In this paper, based 

on Eq. (3), combined with the regeneration matrix method to obtain: 

𝐹 = (
0 𝛼𝑘𝑠𝑘𝛩)
0 0

); 𝑉 = (
𝛽 0
−𝛽 𝛾 + 𝛿

)                       (4) 

 

Then ℜ0 = 𝜌(𝐹𝑉−1) = 𝛼𝑘𝑠𝑘𝛩 ∕ (𝛾 + 𝛿).Substituting 𝑀 = (1,0,0,0) into ℜ0 yields: 

ℜ0 =
𝛼<𝑘2>

(𝛾+𝛿)<𝑘>
                                (5) 

 

The basic regeneration number is the threshold of whether the supply chain risk propagates and 

spreads. When ℜ0<1, the disease-free equilibrium point is globally asymptotically stable, and 

eventually the risk will disappear; when ℜ0>1, the system exists a unique endemic equilibrium point 

𝑀∗ and is globally asymptotically stable, at which point the risk will continue to propagate in the 

supply chain [18, 19]. For scale-free characteristic networks, the larger the network size its infinity, 

so it can be assumed that when the network size is large enough, as long as the risk infection rate is 

greater than 0, the risk will continue to propagate in the network and maintain a stable state. 

5. SIMULATION RESULTS AND DISCUSSION 

Based on the established fresh e-commerce supply chain network model and the improved SEIRS 

model, this paper will use Python to simulate the process of fresh e-commerce supply chain risk 

propagation on the network.  

It is assumed that the proportion of enterprises in each risk state in the supply chain at the initial time 

is: the proportion of susceptible enterprises is 0.9, and the proportion of infected enterprises is 0.1. 

the size of enterprise nodes in the supply chain is 2000, < 𝑘 >= 4.5929. By referring to the relevant 

literature to set the model parameters as𝜆 =  0.2374, 𝛽 =  0.2377, 𝛾 =  0.2766, 𝛿 =  0.2337, 𝜂 =
 0.4637, then at this timeℜ0 =  5.0152 > 1, according to the results of the threshold analysis can be 

known that the risk will continue to propagate in the supply chain network. The model simulation is 

run for 100 time steps and the simulation results are obtained as shown in Figure 4.  

 

Figure 4. Risk Propagation Process in Fresh E-commerce Supply Chain 
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The simulation results show that once an enterprise in the network generates a risk and becomes an 

initial infected node, the risk will spread rapidly in the whole supply chain network. The proportion 

of risky latent enterprises and infected enterprises rises and reaches the maximum at =40 time step, 

from the initial proportion of about 0.05 to about 0.16 and 0.08 respectively; the number of easily 

infected enterprises decreases rapidly, and tends to be stabilized at =50 time step, and the proportion 

of susceptible enterprise size reaches 0.68 or so, and the risk propagation of the whole network 

reaches a stable state by this time. Simulation experimental results are consistent with theoretical 

results. 

To further explore the propagation of risk in the fresh e-commerce supply chain, we investigate how 

various parameter changes influence risk propagation by adjusting the values in the risk propagation 

model. 

The simulation results show that the degree of risk propagation is positively correlated with risk 

infection rate, risk outbreak rate, and loss of immunity rate, and negatively correlated with the risk 

recovery rate and risk elimination rate. 

Consequently, for susceptible enterprises, it is crucial to identify risks and take preventive measures 

before a risk outbreak, to develop resistance and reduce risk infection rate. For latent enterprises, 

measures should be taken to enhance risk immunity or decrease risk intensity, reducing the risk 

outbreak rate. For infected enterprises, a series of strategies should be employed to improve risk 

management and recovery capabilities. For enterprises with weak risk resistance and competitive 

capacity in products or services, other supply chain enterprises should consider avoiding cooperation 

or eliminating them from the supply chain. For recovering enterprises, they should reflect on the flaws 

and vulnerabilities exposed by risk events, learn from them, and improve risk learning to reduce the 

loss of immunity rate, thereby ensuring more sustainable risk immunity for the supply chain 

enterprises. 

6. SUMMARY 

In this paper, a cross-layerable fresh e-commerce supply chain network model is constructed by 

considering the dual localized worlds of node adaptability and node firms, and the propagation of 

fresh e-commerce supply chain risks on the network is investigated based on the improved SEIRS 

model by considering node elimination, and it is found that the risks continue to propagate and reach 

an equilibrium state in the network when the scale is large enough. By adjusting the parameter 

analysis, it is found that the degree of impact of risk propagation is positively correlated with the rate 

of risk infection, risk outbreak, and loss of immunity, and negatively correlated with the rate of risk 

recovery and risk elimination. 

Through this paper's summary of the research on the risk propagation of fresh e-commerce supply 

chain, although some progress has been made, there are still the following aspects that need further 

in-depth research: 

(1) When this paper constructs the dual local world network model of fresh e-commerce supply chain, 

the adaptation degree is fixed since the nodes are generated from the network, and it will not change 

with time. Future research can consider the network with time-varying adaptability. 

(2) Due to the difficulty of obtaining business data among enterprises in the fresh e-commerce supply 

chain, the weighting situation of the network model edges is not considered in order to simplify the 

model. Therefore, in order to better fit the actual situation of dynamic changes in the supply chain 

network, future research can consider establishing a weighted supply chain network model with 

transaction weights. 
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