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Abstract

Purpose/Significance The rapid development of new media technologies has
made social media platforms the primary carriers of information dissemination.
Using social network analysis to study the information dissemination structure
and patterns of emergency events in the Weibo public opinion field provides the-
oretical support for the government to efficiently respond to emergency crises.
Method/Process Taking the “Tangshan Barbecue Restaurant Assault Incident”
as an example, Weibo data was collected to construct an information forward-
ing network with strong and weak relationships between nodes. Social network
analysis was used to analyze user attributes, node attributes, network attributes,
and dissemination attributes of the information forwarding network, and to ex-
plore the role patterns of strong and weak relationships between nodes in emer-
gency event information dissemination. Results/Conclusion 1) Factors such as
gender, activity level, and geographical location of network users influence user
dissemination power; 2) The role of core nodes is particularly critical, as they
serve as “bridges” in the dissemination chain. The dissemination of weak re-
lationships and authoritative relationships is mainly concentrated among a few
core nodes, while the dissemination paths of strong relationships are relatively
dispersed; 3) The emergency event information dissemination network exhibits
high dissemination efficiency and sparse characteristics; 4) Weak relationship
dissemination remains dominant throughout the entire information dissemina-
tion process, with authoritative connections playing important roles at all stages
of information dissemination, while the role of strong connections is mainly con-
centrated in the initial stage of information dissemination. The research results
provide support for relevant departments in formulating effective emergency
event dissemination and guidance strategies.
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[Purpose/Significance] With the rapid development of new media technol-
ogy, social media platforms have become the primary carriers of information
dissemination. This study employs social network analysis to investigate the
information dissemination structure and patterns of emergency events within
the Weibo public opinion sphere, providing theoretical support for government
agencies to effectively respond to emergency crises.

[Methods/Process] Taking the “Tangshan Barbecue Restaurant Assault In-
cident” as a case study, we collected Weibo data to construct an information
forwarding network that incorporates strength relationships between nodes. Us-
ing social network analysis, we examined the user attributes, node attributes,
network attributes, and dissemination attributes of this information forward-
ing network to explore the functional patterns of strong and weak relationships
between nodes in emergency information dissemination.

[Results/Conclusions] (1) User gender, activity level, and geographical loca-
tion influence dissemination power. (2) Core nodes play a particularly critical
“bridge” role in dissemination chains, with weak and authority relationships con-
centrated among a few core nodes, while strong relationship pathways are more
dispersed. (3) Emergency information dissemination networks exhibit high ef-
ficiency and sparse characteristics. (4) Weak relationships dominate the entire
information dissemination process, authority connections play important roles
at all stages, while strong connections are mainly concentrated in the initial
dissemination phase. These findings provide a basis for relevant departments to
formulate effective emergency event dissemination and guidance strategies.

Keywords: emergency events; information dissemination; social network anal-
ysis; Weibo; strength relationship between nodes

0 Introduction

Social media platforms have become integral components of contemporary so-
cial structure. During the occurrence and development of emergency events,
the Weibo public opinion sphere has emerged as a crucial carrier for the gen-
eration and evolution of online public sentiment, serving as both an important
information source and a fermentation pool. China is currently in a critical
period of social transformation, where rapid modernization and the dual emer-
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gence of information and network societies are reshaping social structures while
introducing greater instability and risk. Unlike traditional information control
models, Weibo’ s information dissemination patterns have broken the govern-
ment agency-centric, unidirectional information control paradigm. In this en-
vironment characterized by multimedia interaction, coexistence of truth and
rumors, and multipolar information dissemination, any emergency event can
rapidly become a trending topic across the entire public opinion space. With-
out proper guidance, events can escalate quickly, triggering citizen anxiety and
panic. Understanding the dissemination structure of emergency public opinion
information on Weibo will help government agencies and relevant departments
better fulfill their roles in truth-telling and opinion guidance, thereby fostering
a healthy online environment and harmonious, stable social conditions.

1 Related Research

Research on emergency event information dissemination has gradually become
a hot topic in academia, with scholars conducting studies from two perspectives:
information dissemination patterns and network structural characteristics. Most
research employs a combination of model construction and empirical analysis,
primarily using social network analysis to mine key nodes and structural fea-
tures of information dissemination networks on social media platforms, thereby
exploring effective guidance and control strategies for emergency information
dissemination.

Empirical studies have examined various cases. Shen et al. analyzed the network
structural characteristics of emergency information dissemination on Weibo and
WeChat during the “7-20” Henan extreme rainstorm, generating keyword prop-
agation network topologies and calculating network density based on adjacency
matrices. Wang et al. constructed an information ecology perspective model for
network public opinion analysis, examining the evolution of public opinion con-
tent and sentiment using thematic and sentiment analysis during the COVID-19
Fangcabin Hospital incident. Chen et al. proposed key participants in disaster
relief information networks based on stakeholder theory, quantitatively measur-
ing variables across 19 natural disaster cases from 2016-2021. Wang established
a public opinion dissemination model reflecting the changing characteristics of
emergency network public opinion across different stages, analyzing the “South
China Sea Arbitration” case on Sina Weibo.

Regarding network structural characteristics, Wang et al. employed stochastic
Petri nets to model emergency information evolution systems, finding that such
networks have small density, large average node distance, few actors, and clear
small-group structures. Wang et al. measured network structural features across
seven indicators from three dimensions (overall structure, position roles), using
the Jiangsu Xiangshui explosion accident as a case study. Wan et al. analyzed
opinion leader dissemination patterns in emergency network public opinion, ex-
amining influence through network centrality and cohesive subgroups. Wang
studied financial emergency events, finding that information dissemination re-
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lies heavily on opinion leaders. Xu compared mobile and non-mobile information
dissemination during the 2022 Shanghai pandemic, finding mobile dissemination
faster with looser network structures.

However, current research on emergency information dissemination remains fo-
cused on dissemination patterns and often treats all individual relationships in
information networks as equivalent, neglecting the significant differences in in-
teraction strength between real-world social platform accounts and their role in
information dissemination.

2 Construction of Emergency Event Information Dissemi-
nation Networks Considering Node Relationship Strength

2.1 Data Collection and Preprocessing

This study selected the “Tangshan Barbecue Restaurant Assault Incident” as
a sample case. According to online public opinion monitoring platforms, by
15:00 on June 21, 2022, the incident generated 1,950,756 related public opin-
ion items, with 1,812,569 (92.92%) on Sina Weibo. The platform hosted mul-
tiple topics with over 40 million cumulative views and more than 15 million
discussions. We selected Weibo as our research platform and collected data
on June 10, 2022, from the topic #PoliceReportOnTangshanBarbecueRestau-
rantAssaultCase#. Using web crawler programs, we gathered Weibo content,
forwarding user information, and user follow lists, then performed preprocess-
ing including deduplication and format standardization to construct a Weibo
information forwarding network.

2.2 Emergency Event Information Dissemination Network Construc-
tion

From the preprocessed Weibo content, we constructed an information dissem-
ination network for the Tangshan Barbecue Restaurant Assault Incident con-
taining 6,819 nodes and 7,681 edges [Figure 1: see original paper]. Each node
represents a Weibo user, and edges represent forwarding relationships between
users. The central node is the source Weibo poster. The network exhibits a
star-shaped diffusion pattern, with the most nodes directly forwarding from the
source and relatively fewer secondary forwarding nodes, demonstrating strong
media dissemination characteristics where information reaches users directly
from mainstream accounts with minimal secondary propagation.

2.3 Classification of Node Relationship Strength

To reveal influence differences between nodes and better reflect information dis-
semination intensity and speed, this study classifies forwarding edges into three
categories based on interaction strength: weak edges (no follow but forwarding),
strong edges (mutual follow and forwarding), and authority edges (forwarding
between ordinary users and mainstream media or authoritative accounts). We
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call this third category “authority relationships,” distinct from simple strong
relationships, as ordinary users are easily influenced by authoritative sources.

The classification combines forwarding relationships and follower ratios to de-
termine relationship strength and authority. For any pair of accounts A and
B with a forwarding relationship, if B forwards A’ s Weibo, we first check if B
follows A. If not, it’ s a weak edge. If yes, we calculate the follower ratio wAB
= follower count of A / follower count of B. If wAB exceeds threshold wc, we
classify it as an authority edge; otherwise, it’ s a strong edge.

To determine a reasonable authority threshold wc, we tested values of 1,000,
100,000, and 1,000,000. The edge type distribution is shown in [Figure 2: see
original paper]. When we increases from 1,000 to 100,000, authority edge num-
bers decrease significantly but stabilize. When wc reaches 1,000,000, authority
edges drop sharply, likely because the threshold is too high, excluding many
one-way follow relationships. We selected wc = 10,000 as the authority edge
threshold, where authority edge quantities are stable. At this threshold, weak
edges dominate the network (consistent with literature showing weak relation-
ships prevail in Weibo dissemination), while strong edges are least numerous,
likely representing close relationships like friends or family, or interactions be-
tween influential opinion leaders and mainstream media.

3 Results Analysis
3.1 User Attributes

3.1.1 Gender Distribution Female users significantly outnumber males in
information dissemination [FIGURE:3(a)]. [FIGURE:3(b) shows edge type dis-
tribution by gender, revealing that female users’authority and weak edge propor-
tions closely match the overall network distribution, indicating their substantial
influence in information dissemination.

3.1.2 Follower and Following Count Distribution User following and
follower count distributions are shown in [Figure 4: see original paper] (with
logarithmic transformation for better visualization). Analysis reveals: (1) Con-
centrated distribution: most users follow 100-1,000 accounts (log10 2.0-3.0) and
have 10-500 followers (logl0 1.5-2.5), reflecting typical social media activity pat-
terns. (2) Outliers: a few users have over 10,000 followings or followers (logl0
4.0), representing particularly active or influential users (celebrities, mainstream
media) who play key roles. (3) Left-skewed follower distribution: most users
have relatively few followers, with a small number having extremely high fol-
lower counts.

3.1.3 Geographic Distribution Information dissemination participants con-
centrate in Guangdong, Sichuan, and Shanghai [Figure 5: see original paper].
These economically developed provinces lead in network penetration and user
activity, resulting in higher participation. Guangdong shows the highest user
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count, suggesting economically advanced regions are more susceptible to emer-
gency events and have stronger information dissemination power.

3.2 Node Attributes

3.2.1 Node Centrality We used degree centrality to identify key nodes, mea-
suring a node’ s importance by its direct connections [20]. In this context, it
represents the number of times a user forwarded information or was forwarded.
Table 1 lists the four most central nodes in the Tangshan incident network, all of
which forwarded information shortly after the event, demonstrating the critical
role of early forwarding.

The centrality distribution across different edge types [Figure 6: see original
paper] shows that strong-edge nodes generally have higher centrality, occupying
central positions in the network and primarily consisting of opinion leaders and
mainstream media. Weak and authority edges involve many ordinary users,
resulting in lower centrality.

3.2.2 Node Degree Distribution Degree distribution reveals the probabil-
ity distribution of edges per node [21], helping identify whether networks have
highly centralized core nodes or dispersed pathways. The overall degree distri-
bution and type-specific distributions are shown in [Figure 7: see original paper].
Most nodes have low degrees, acting as information recipients rather than dis-
seminators. However, some high-degree nodes exist—authoritative sources or
users with extensive social connections—demonstrating strong dissemination ca-
pabilities.

Comparing edge types, weak and authority edges show relatively concentrated
degree distributions, indicating their dissemination concentrates among few
core nodes. Strong edges show more dispersed distribution, suggesting strong-
relationship pathways are more distributed.

3.3 Network Attributes

3.3.1 Average Path Length Average path length measures the mean dis-
tance (number of edges) between any two nodes [22]. The Tangshan incident
network has an average path length of 2.012, indicating high efficiency—informa-
tion can spread between nodes in approximately two steps. Weak and authority
edges show relatively concentrated degree-degree correlations, suggesting their
dissemination is concentrated among core nodes with smaller degree differences.
Strong edges show more dispersed distribution.

3.3.2 Network Diameter Network diameter is the maximum shortest path
length between any node pair, measuring network scale and dissemination speed
[22]. The network diameter is 4, reflecting high compactness—information can
spread across the network quickly.
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3.3.3 Network Density Network density measures connection tightness, de-
fined as actual connections divided by possible maximum connections. The
network density is 0.000311, indicating sparse connections between nodes.

3.3.4 Network Clustering Coefficient The clustering coefficient measures
neighbor connectivity, defined as the ratio of actual to possible edges among
a node’ s neighbors, averaged across all nodes [22]. The network clustering
coefficient is 0.061, also indicating loose connections.

Degree-degree correlation measures the relationship between a node’ s degree
and its neighbors’ degrees [21]. The Pearson correlation coefficient r is -0.883,
showing that high-degree users tend to connect with low-degree users—a com-
mon phenomenon where influential users disseminate information to the masses,
while ordinary users participate by forwarding or commenting.

3.4 Dissemination Attributes

3.4.1 Dissemination Depth Analysis Dissemination depth measures the
hops from source to specific nodes [23]. In Weibo forwarding networks, depth-1
represents direct forwarding from the source, while depth-2 represents indirect
forwarding through first-level users. [Figure 8: see original paper] shows that
authority and strong edges mainly exist at depth-1, playing crucial roles in
initial dissemination. At depth-2, weak edges dominate, indicating that once
information spreads from core users, it rapidly diffuses through weak connections
across the network—a finding consistent with the theory emphasizing weak ties’
importance in information bridging.

3.4.2 Dissemination Stage Analysis The information dissemination pro-
cess can be divided into four stages: incubation, climax, mitigation, and decline
[24,25]. [Figure 9: see original paper] shows forwarding volume over time. The
source Weibo was posted on June 10, 2022, about #PoliceReportOnTangshan-
BarbecueRestaurantAssaultCase#. Information quickly peaked, then gradually
declined.

[Figure 10: see original paper] shows edge type distribution across stages. Dur-
ing the climax stage, authority edges account for 15.4%, strong edges 7.5%, and
weak edges 77.0%. During mitigation, authority edges rise to 44.9%, strong
edges drop to 2.1%, and weak edges decrease to 53.0%, indicating stabilization
where familiar relationships and authorities play important roles. During de-
cline, authority edges drop to 33.0%, strong edges remain at 2.1%, and weak
edges rise to 64.8%, showing reduced authority influence and a return to familiar
weak relationships.
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4 Conclusions and Implications
4.1 Conclusions

Based on the Tangshan Barbecue Restaurant Assault Incident, we constructed
an emergency event information dissemination network considering node rela-
tionship strength, analyzing user attributes, node attributes, network attributes,
and dissemination attributes. Key findings include:

User attribute analysis reveals that female users, highly active or influential
users, and users from economically developed provinces have stronger dissemi-
nation power. Node attribute analysis shows that nodes connected by strong re-
lationships generally occupy central positions, likely comprising opinion leaders
and mainstream media. Weak and authority relationship pathways concentrate
among few core nodes, while strong relationship pathways are more dispersed.
Network attribute analysis indicates the emergency information dissemination
network has high efficiency and sparse characteristics. Dissemination attribute
analysis demonstrates that weak relationships dominate throughout the process,
authority connections play important roles at all stages, while strong connec-
tions are mainly concentrated in the initial dissemination phase.

4.2 Implications

These results deepen understanding of emergency information dissemination
patterns and offer insights for managing agricultural emergency information
dissemination:

Regarding user attributes, focus on active network users (female users, econom-
ically developed region users, influential opinion leaders) and develop targeted
guidance strategies based on their information needs. For node attributes, mon-
itor and guide core nodes (public figures, mainstream media) in real-time to
prevent inaccurate or misleading information, and emphasize interactions be-
tween mainstream agricultural media accounts that rapidly expand dissemina-
tion scope. For network attributes, leverage social media’ s powerful dissemina-
tion capabilities by releasing official information early to guide public opinion
and prevent misinformation. For dissemination attributes, emphasize the domi-
nant role of authority connections through government agencies and mainstream
media for effective information release and verification, particularly during ini-
tial stages. Monitor and guide key nodes to manage dissemination direction and
speed more effectively.

Limitations include incomplete user attribute crawling and insufficient method-
ological diversity. Future research will enrich user characteristics (age, occupa-
tion, education) through interviews or questionnaires and introduce methods
like machine learning and graph neural networks to predict dissemination paths
and node relationships, thereby improving comprehensiveness and effectiveness.
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