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Abstract The "Regulations on Natural Disaster Relief" were established by the 13 
Chinese government in 2009, followed by the formulation and subsequent 14 
revisions of the "National Emergency Relief Plan for Natural Disasters" in 2011, 15 
2016, and 2024. To elucidate the progress and dynamics of disaster relief 16 
emergency planning in China over the past eight years, and to facilitate the 17 
interpretation of the formulation and revision processes of emergency plans, an 18 
analysis of the literature on China’s natural disaster emergency management 19 
research from 2016 to 2024 is presented in this study. A total of 4,180 keywords 20 
from academic publications are examined for their frequency, emergence, co-21 
occurrence, and evolutionary trends, revealing a notable shift in research priorities. 22 
From 2016 to 2018, focus was placed on foundational concepts, as evidenced by 23 
the prevalence of keywords such as "emergency management" (138 occurrences), 24 
"emergency plan" (65 occurrences), and "natural disasters" (51 occurrences). 25 
Between 2019 and 2021, attention shifted toward "collaborative governance" (10 26 
occurrences) and "flood disasters" (23 occurrences), indicating an increased 27 
emphasis on cross-sector coordination and responses to extreme weather events. 28 
From 2022 to 2024, the emergence of keywords like "urban communities" (18 29 
occurrences), "community resilience" (11 occurrences), and "big data" (8 30 
occurrences) suggested a growing integration of technology and a focus on 31 
localized resilience-building. The widespread adoption of emerging technologies, 32 
including big data, the Internet of Things, and social media, in disaster response is 33 
underscored by this analysis. Additionally, the pivotal role of communities and 34 
grassroots governments in enhancing resilience is highlighted. It is projected that 35 
future research will prioritize technological innovation and the reinforcement of 36 
social resilience, thereby supporting adaptive emergency management strategies 37 
amid climate change and rapid urbanization. 38 
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1. Introduction  

Natural disasters frequently occur, posing a significant threat to society and social development worldwide. This has 

triggered a global attention on establishing effective emergency management systems (Jones et al. 2024; Padgett et al. 2024). 

In China, which is faced with diverse natural risks due to its geography and climatic conditions, establishing comprehensive 

emergency plans and response mechanisms is crucial for social development (Lu and Han 2019). An emergency plan refers 

to the strategies and plans developed in advance to address potential sudden incidents. Its primary goal is to swiftly and 

effectively manage emergencies, minimizing threats to human lives, property, and the environment. Such plans encompass 

the entire process from monitoring and early warning, information dissemination, resource allocation, to post-disaster 

recovery. They serve as a vital tool for governments and organizations to enhance their emergency response capabilities 

(Perry and Lindell 2003; Wu and Liu 2003; Penadés et al. 2017). 

The evolution of emergency management in China can be traced to the late 20th century. Initially, its application was 

confined to a limited scope; however, with rapid socio-economic growth and rising natural disaster risks, the coverage of 

emergency plans was progressively expanded across diverse domains (Zhang & Lv, 2024). The SARS outbreak in 2003 

marked a pivotal turning point, catalyzing substantial reforms in China’s emergency management system. In response, a 

comprehensive initiative was launched to strengthen the emergency management framework. The “National Overall 

Emergency Plan for Public Emergencies” was issued by the Chinese government in 2005, establishing the legal and 

institutional foundation for emergency management. Subsequently, the “Emergency Response Law of the People’s Republic 

of China” was enacted in 2007, followed by the “Measures for the Administration of Emergency Response Plans” in 2013. 

These regulations clarified governmental responsibilities and obligations, bolstering the legal framework for emergency 

management. In recent years, emphasis has been placed on enhancing overall emergency management capabilities through 

the “One Plan, Three Systems” framework, encompassing emergency plans, mechanisms, and legal systems. Emergency 

plans are positioned as the cornerstone of this framework, with their planning, guidelines, and directives providing 

actionable guidance for implementation (Zhang & Li, 2022). To address emerging challenges driven by the intensified 

climate change and rapid urbanization, continuous revisions to emergency plans have been undertaken, improving their 

scientific rigor and practical applicability (Wu et al., 2021).  

In 2009, the “Regulation on the Relief of Natural Disasters” was enacted by the Chinese government to standardize disaster 

relief efforts and to ensure basic living standards for the affected populations, with partial revisions introduced in 2019. 

These measures were designed to establish and refine the natural disaster relief system and its operational mechanisms, 

aiming to elevate the rule-of-law, standardization, and modernization of disaster relief. Enhanced capabilities for disaster 

prevention, mitigation, response, and emergency management were prioritized to minimize casualties and property losses, 

safeguard the basic needs of the affected individuals, and maintain social stability in disaster-stricken regions. Building on 

this foundation, the “National Emergency Plan for Natural Disasters” was separately formulated and revised in 2011, 2016, 

and 2024. 

Under governmental leadership, emergency response plans in China have rapidly evolved. Concurrently, academic research 

on natural disaster relief and emergency response plans has deepened, providing a scientific theoretical basis for plan 

formulation at various levels. This research also aids in clarifying the primary content and orientation of these plans. 

Accordingly, over 4,000 papers related to natural disaster relief emergency plans, sourced from CNKI since 2016, were 

systematically reviewed and evaluated. Visual analysis methods were employed to assess research progress, dynamics, 

directions, and hotspots among domestic scholars in this field over the past eight years, facilitating further interpretation of 

emergency plan preparation and revision. The research findings will provide scientific support for policymakers and 

practitioners. This will help them further improve and innovate emergency response plans. Ultimately, these improvements 

will enhance the country's overall resilience and response capacity in dealing with natural disasters. 

2. Materials and Methods 
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Data for this study were predominantly obtained from the China National Knowledge Infrastructure (CNKI), recognized as 

China’s largest academic literature database. Journal articles, conference papers, and other scholarly works related to natural 

disaster emergency management, published between 2016 and August 2024, were selected. The analysis was informed by 

the core components and critical interpretations of the “National Emergency Relief Plan for Natural Disasters” (hereafter 

referred to as the Emergency Relief Plan). The choice of CNKI over international databases such as Web of Science, Scopus, 

or Google Scholar was driven by its extensive coverage of Chinese-language literature, which aligns with the study’s focus 

on China-specific policies and practices, though it limits the inclusion of global research perspectives. 

To construct the search string, we first identified key terms based on a review of seminal studies and expert 

recommendations. We then refined these terms using keyword co-occurrence analysis. To ensure data quality, we applied 

strict inclusion criteria, excluding studies from predatory journals and those with insufficient citations or methodological 

flaws. The search strategy was structured as follows: documents were required to include at least one of the following 

keywords in their subject: “emergency plan,” “disaster assistance,” “disaster information,” “post-disaster assistance,” 

“emergency response,” or “emergency material support” with “natural disaster” appearing in the abstract. The publication 

period was restricted to post-2016. After manual screening to exclude less relevant entries, a total of 4,180 documents were 

retained, comprising journal articles, theses, conference proceedings, and newspaper articles.  

Bibliometrics, a methodology that examines scientific knowledge using mathematical and statistical approaches, 

leverages computer-aided visualization to generate knowledge maps. These maps illustrate foundational concepts, structural 

relationships, and evolutionary trends within a field (Du et al., 2017; Hou et al., 2021). In this study, bibliometric 

visualization of the CNKI literature was conducted using CiteSpace 6.3.1 (https://citespace.podia.com/) and VOSviewer 

1.6.20 (https://www.vosviewer.com/). For CiteSpace, we set the time slicing to 1 year (2016–2024), selected keywords as 

the node type, and applied a threshold of the top 25 most frequent items per slice, with pathfinder pruning to reduce network 

complexity and highlight key trends. This annual slicing helped control bias in keyword burst detection by evenly 

distributing the analysis across the study period, though normalization was not applied, as we relied on raw frequency and 

burst strength to reflect research intensity accurately. For VOSviewer, we set a minimum co-occurrence frequency of 10 for 

keywords and used a clustering resolution of 1.0 to balance granularity and interpretability. High-frequency keyword 

analysis, keyword co-occurrence, and keyword clustering were employed to investigate research themes and the broader 

disciplinary landscape. 

3. Results and Discussion 

3.1. Keyword Frequency Analysis  

By extracting the titles, keywords, and abstracts from the selected literature, we conducted a frequency analysis of the 

terms that appeared. As shown in Table 1, a higher frequency indicates that a term is mentioned more often in the literature, 

underscoring its central role within the research field. Additionally, Betweenness Centrality reflects the mediating role of a 

term within the network, indicating the extent to which it connects other terms. 

In terms of frequency of occurrence, high-frequency terms such as “natural disaster” and “emergency response” indicate 

that these concepts hold significant importance in the research. The term “emergency management”, being the most 

frequently occurring, demonstrates that it is the central theme in both research and practice. An effective emergency 

management system is essential for enhancing disaster response capabilities and optimizing resource allocation (Zhang et 

al. 2021). 

The term “emergency response” emphasizes the necessity for rapid reaction and coordinated organization following a 

natural disaster, marking it as an indispensable component of emergency management (Guo et al. 2024). Similarly, 

“emergency rescue” and “emergency materials” highlight that the management and allocation of emergency resources are 

critical elements in responding to natural disasters. The timely deployment of materials and the efficient organization of 

rescue teams are pivotal to successful disaster relief (Gan et al. 2024; Wang et al. 2024). 
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Furthermore, “emergency plan” refers to the framework developed to address specific natural disasters, which includes 

predefined response procedures, resource inventories, and designated responsibilities. Effective emergency plans can 

significantly reduce the losses caused by disasters (Chen and Yan 2021; Wang et al. 2021). The frequent occurrence of 

“natural disaster” and related terminology underscores their importance in disaster management; a standardized definition 

and detailed categorization of disasters facilitate the formulation of targeted policies and emergency plans (Han et al. 2018; 

Zhang et al. 2018; Li et al. 2022; Liu et al. 2022). “Monitoring and early warning” indicates that the establishment and 

refinement of early warning systems directly influence the effectiveness of emergency management. Timely monitoring and 

information dissemination can considerably enhance public awareness and improve disaster preparedness and response 

capabilities (Neussner 2021; Deng et al. 2023). 

Terms with high intermediary centrality, such as “countermeasures”, “social media”, and “big data”, likely serve as 

bridges in the research, connecting multiple subtopics and research domains. Their presence suggests a certain degree of 

interdisciplinarity in the study of emergency management (Xu et al. 2021). In modern emergency management, big data 

and social media play crucial roles in information gathering, disaster tracking, and public communication. These 

technologies support decision-making by enhancing the real-time responsiveness and accuracy of efforts (Wang and Sun 

2019; Zhou et al. 2022; Li and Jiang 2023) 

Table 1. Top 25 Terms in frequency 

No. Frequency Intermediary centrality Terms 

1 238 0.17 Emergency Management 

2 174 0.2 Natural Disasters   

3 158 0.29 Emergency Response   

4 149 0.03 Geological Disasters   

5 91 0.1 Meteorological Disasters   

6 74 0.04 Emergency Incidents   

7 72 0.01 Disaster Prevention and Mitigation   

8 69 0.1 Flood Disasters   

9 63 0.13 Disasters   

10 56 0.24 Earthquake Disasters   

11 50 0.03 Emergency Rescue   

12 49 0.44 Earthquake   

13 46 0.3 Risk Assessment   

14 43 0.39 Emergency Supplies   

15 38 0.03 Emergency Plan   

16 36 0.38 Typhoon Disasters   

17 35 0.04 Disaster Relief   

18 32 0.05 Emergency Logistics   

19 32 0.42 Big Data   

20 28 0.55 Social Media   

21 25 0.7 Countermeasures   

22 23 0.09 Monitoring and Early Warning   

23 22 0.23 Unmanned Aerial Vehicles  

24 21 0.04 Disaster Management   

25 20 0.18 Earthquake Emergency Response 

Notes: Word frequency represents the occurrence of specific terms in the analyzed texts, indicating their prominence. Centrality 

values measure the importance of these terms within the semantic network, reflecting their relevance in the overall discourse. 

 

We also observed that terms such as “natural disaster”, “geological disaster”, “meteorological disaster”, “flood disaster”, 

“earthquake disaster”, and “typhoon disaster” reflect varying degrees of attention given to different types of disasters in the 

research, highlighting the diversity of research subjects. Based on the annual reports of the top ten natural disasters in China 

released by the Ministry of Emergency Management since 2019 (Supplements Table 1), the following characteristics can 

be identified: 
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Diversity of Disaster Types: According to the data, a wide variety of natural disasters have occurred in China in recent 

years, including typhoons, floods, earthquakes, landslides, and forest fires. Both 2019 and 2023 experienced super typhoons, 

such as Lekima and Doksuri, which caused severe damage, indicating that southeastern coastal cities remain highly 

vulnerable to extreme weather events (Xie and Shao 2024; Zheng et al. 2024; Yan et al. 2025). These typhoons not only 

bring strong winds and heavy rainfall but also trigger secondary disasters such as flooding and mudslides. Flood disasters 

have been recurrent across different years, particularly during the summer months (Cui et al. 2022; Wang et al. 2022b; Wu 

and Wan 2022). For instance, the torrential rains in mid-July 2020 and 2021 severely impacted Henan Province and the 

Yangtze River basin, exposing deficiencies in urban drainage systems and flood control infrastructure (Chen and Kong 

2022). Additionally, frequent earthquakes in regions such as Qinghai and Sichuan suggest the presence of geological activity 

in these areas. There is an urgent need to strengthen earthquake early warning systems and emergency response capabilities 

in these high-risk regions (Huang et al. 2024; Huang et al. 2025). 

Seasonal and Regional Characteristics: Natural disasters tend to be concentrated in specific seasons, particularly during 

summer and autumn. Heavy rainfall, floods, and typhoons predominantly occur between June and August, whereas winter 

months are characterized by low temperatures and snowstorms. The Yangtze River Basin, South China, and Northeast China 

are among the most severely affected regions. The occurrence of natural disasters also varies by geographical location. In 

central and western China, landslides and forest fires are more frequent due to mountainous terrain and dry conditions. In 

contrast, southeastern coastal areas are highly vulnerable to typhoons and flooding. These regional differences pose 

significant challenges for disaster management, necessitating the development of targeted emergency response plans to 

address the unique risks in each area. 

Impact of Climate Change: The increasing frequency and severity of natural disasters indicate a growing impact of 

climate change. Prolonged summer and autumn droughts, as well as extreme winter cold spells, pose significant challenges 

to agriculture and ecosystems. The rising occurrence of extreme weather events has forced policymakers and stakeholders 

to reassess emergency management strategies and post-disaster recovery efforts. These findings underscore the necessity of 

enhancing emergency response and preparedness. The frequent occurrence of natural disasters has compelled governments 

and relevant institutions to improve their emergency management capabilities. The emergency responses to Super Typhoon 

Lekima in 2019 and the catastrophic Henan rainfall event in 2021 both faced enormous challenges, revealing shortcomings 

in disaster forecasting, information dissemination, and resource allocation. Strengthening these areas is essential for 

mitigating future disaster impacts. 

Key Concepts in Disaster Management and Technological Applications: Terms such as “risk assessment”, “disaster 

management”, “disaster relief”, and “disaster prevention and mitigation” represent different phases and approaches within 

disaster management, spanning from pre-disaster prevention and preparedness to post-disaster relief and recovery. These 

concepts highlight the comprehensive nature of disaster response strategies. Meanwhile, emerging technological terms such 

as “big data”, “social media”, and “drones” indicate the increasing role of advanced technologies in disaster response (Lu 

et al. 2019; Guo et al. 2020). The integration of these technologies has become a crucial research focus in emergency disaster 

relief, as they enhance the efficiency of disaster response through real-time information collection, situational awareness, 

and rapid decision-making. 

3.2. Burstiness Analysis 

Burstiness analysis is a method in bibliometric analysis used to identify instances where the frequency of a specific 

keyword increases sharply within a given time period. This phenomenon typically indicates that the keyword has garnered 

significant attention from researchers, possibly in relation to specific events or emerging research hotspots. Figure 1 presents 

the co-occurrence map of keywords derived from the analysis. The higher the burst strength, the more attention the keyword 

received during the particular time frame.  

In the context of the burst analysis, the term "flood disaster" (burst=7.17) stands out prominently, especially around 2022. 

This surge aligns with significant policy shifts in China’s disaster management framework, driven by the devastating "7·20" 
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Henan rainstorm event in 2021, resulted in severe urban flooding and substantial casualties (Li and Jiang 2023). After the 

disaster, a series of policy revisions were introduced to strengthen flood resilience. The State Council issued directives 

targeting comprehensive flood prevention planning, urban drainage improvements, and faster emergency response protocols. 

Concurrently, the Ministry of Emergency Management (MEM) revised the “National Flood Control and Drought Relief 

Emergency Plan” in 2022, prioritizing real-time monitoring, IoT-based data integration, and cross-regional resource 

coordination. 

Other keywords such as "social assistance”, "database”, and "risk management" experienced short-term bursts between 

2016 and 2017. The research intensity of these keywords rapidly increased, only to stabilize or decline shortly thereafter, 

indicating that these areas were likely closely related to specific events. In contrast to short-term bursts, some keywords, 

such as "information extraction”, experienced sustained bursts from 2016 to 2018, indicating that research on the application 

of these technologies or methods in disaster relief maintained a longer-term intensity. This is likely because information 

extraction technology gradually became more widely applied in disaster response, continuously improving in practical uses. 

Other keywords, such as "resilience" and "collaborative governance”, began to burst in 2022, signaling that these concepts 

have increasingly garnered  attention in recent years. This surge may be linked to the growing focus on addressing complex 

disasters and enhancing societal resilience, which have become cutting-edge topics in current research (Fan and Liu 2019; 

Wan et al. 2022; Zhan and Wang 2024).  

The burstiness of these keywords not only reflects the current research hotspots but also provides clues for future research 

trends. Analyzing the time series of keyword bursts reveals the evolution of research hotspots over different time periods. 

For instance, between 2016 and 2017, researchers were more focused on managing disasters through methods such as "social 

assistance" and "databases." However, after 2020, with the advancements in technology, the research focus has 

progressively shifted toward leveraging emerging technologies like deep learning and big data for disaster response. This 

shift suggests that future disaster relief research may increasingly rely on technology-driven solutions. The widespread 

application of these technologies could potentially transform traditional disaster management models and provide new 

perspectives for the development of emergency response plans (Ma and Mei 2021; Sun et al. 2022; Yang et al. 2024). 

 

Fig. 1 Top 25 Terms with the Strongest Citation Bursts. The red bars represent the time period in the high-frequency 

concentration of the corresponding term 
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3.3. Keyword Co-occurrence Cluster Analysis 

The keyword co-occurrence map illustrates the relationships between different keywords. Each node represents a 

keyword, with the size and color of the node indicating its importance or category within the dataset. The lines connecting 

the nodes represent the co-occurrence of these keywords within a specific context or dataset, and the thickness of the lines 

indicates the frequency or strength of the co-occurrence. Figure 2 presents the co-occurrence map of keywords derived from 

the analysis. 

 

Fig. 2 Keyword co-occurrence clustering map. Each node represents a keyword, with size indicating frequency and color 

representing its cluster. The thickness of connecting lines indicates the strength of co-occurrence between keywords. Each color-coded 

cluster represents a distinct research theme or area. 

In the Figure 2, the same color represents terms grouped into a category, which can be seen as corresponding to a primary 

research area or direction. However, this does not mean that they strictly belong to one category; rather, it reflects varying 

degrees of emphasis. For example, in the red cluster on the right side, the representative keywords include "emergency 

supplies”, "emergency rescue”, "emergency logistics”, and "genetic algorithms." This keyword cluster highlights an 

important direction in the research field of natural disaster relief emergency plans, specifically the application of intelligent 

algorithms and optimization techniques in emergency management and resource allocation. 

Keywords such as "BP neural network", "NSGA-II algorithm", "ant colony algorithm", "genetic algorithm", "demand 

forecasting", "fuzzy demand", "uncertain demand", "case reasoning", "early warning mechanism", "risk perception", and 

"robust optimization" indicate that researchers are actively exploring and applying various intelligent algorithms to solve 

complex problems in emergency management. Closely associated keywords such as "earthquake rescue", "emergency 

rescue", "emergency supplies", "emergency supply distribution", "emergency supply scheduling", "emergency supply 

delivery", "emergency resource allocation", and "disaster relief supplies" reflect how, in the context of natural disaster 

emergency management, these algorithms are widely used in tasks such as optimizing resource allocation, demand 



      Evidence in Earth Science                        10.63221/eies.v1i01.33-51 

 Huang et al., 2025                                                                                                                                          Page 40 
 

forecasting, and path planning, helping to improve the efficiency and accuracy of emergency response (Liu et al. 2020; 

Wang et al. 2022a). 

The keyword clusters such as "emergency capability”, "resilience assessment”, and "urban community" reflect research 

directions in the fields of natural disaster relief and emergency management, focusing on resilience building and evaluation, 

community governance, emergency capacity improvement, and multi-level risk management. Through terms like 

"resilience”, "resilient cities”, "resilient governance”, "resilience assessment”, and "resilience evaluation”, it is evident that 

researchers are highly concerned with improving the adaptability and recovery capabilities of cities, communities, and other 

entities in the face of disasters. Notably, “social organizations” in this cluster suggest the growing involvement of non-

governmental organizations (NGOs), which collaborate with local governments and communities to enhance preparedness 

through training, resource mobilization, and grassroots initiatives. The concept of resilience has become increasingly 

important in recent disaster management research, especially in responding to sudden natural disasters like climate change, 

earthquakes, and floods (Zhou et al. 2021). This group of keywords also emphasizes multi-level methods for resilience 

assessment and governance. Researchers construct evaluation systems and methods (such as fuzzy comprehensive 

evaluation, Delphi method, Bayesian networks, etc.) to systematically assess and improve the resilience of different levels 

(Huang et al. 2021). 

Keywords such as "local government”, "government assistance”, "community”, and "community resilience" highlight 

the important role of government and social forces in emergency management and resilience building. Local governments 

and communities, as organizations directly facing the public, play a critical role in enhancing emergency response 

capabilities and building resilient communities. These keywords also emphasize the importance of communities as the 

foundational units of emergency management and disaster response. Building community resilience is a key part of 

improving overall social resilience, involving the enhancement of community response capabilities in the face of 

emergencies through multi-source information integration and the improvement of emergency response abilities (Qin et al. 

2017; Wilson et al. 2018). 

Keywords such as "city”, "urban flooding”, "rainstorm”, "rainstorm waterlogging”, "rainstorm flooding”, "rainstorm 

flood disasters”, "extreme weather”, "secondary disasters”, "meteorological disaster warning information”, "flood”, 

"flooding”, "flood disasters”, "disaster chains”, "disaster situation”, and "emergency disasters" clearly indicates that 

researchers are highly focused on meteorological disasters, especially the impact of natural disasters like rainstorms and 

flooding on cities. 

Keywords such as "information diffusion”, "information services”, "public safety”, and "meteorological disaster warning 

information" indicate that research in this field also involves the dissemination and management of disaster information. 

During a disaster, the timely and accurate transmission of information is crucial for enhancing public safety awareness and 

guiding emergency response actions. Therefore, building effective information diffusion mechanisms and providing timely, 

accurate information services is a key focus of research in this area. 

Keywords such as "disaster chain" and "secondary disasters" highlight the research on the cascading effects of natural 

disasters and the subsequent secondary disasters they trigger. These studies focus on how to identify, predict, and manage 

the series of secondary disasters that may follow an initial event, ensuring that comprehensive response measures can be 

implemented when facing a disaster chain. For example, a typhoon may cause heavy rainfall, which in turn leads to flooding, 

and flooding may further result in traffic jams and the occurrence of secondary disasters. Such research contributes to a 

more comprehensive understanding and management of the complexities of disasters. 

The keywords such as "information dissemination”, "crisis communication”, "sentiment analysis”, and "social media" 

indicate that this area of research focuses on how to effectively communicate and release information during crises or 

disaster events. This includes using social media platforms (such as government Weibo) to disseminate disaster warning 

information, real-time updates on the situation, and rescue progress, while also examining the public's reactions and 

emotional tendencies towards these communications. 
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Keywords such as "big data”, "data mining”, "machine learning”, "deep learning”, and "text classification" indicate that 

researchers are exploring how to use big data and artificial intelligence technologies to improve the efficiency and accuracy 

of disaster management. Through these technologies, researchers can extract useful information from large amounts of 

disaster-related data and conduct pattern recognition and predictive analysis (Li et al. 2022; Bai et al. 2022). The terms 

"information extraction" and "information retrieval" highlight the use of text mining and natural language processing 

techniques to automatically extract disaster-related information from various data sources, such as social media, news 

reports, and government documents, in order to facilitate rapid collection and dissemination of disaster information. 

Keywords such as "Internet of Things (IoT)”, "smart cities”, and "object-oriented" indicate that the concepts of IoT and 

smart cities are being applied in disaster management. IoT technology enables real-time collection of disaster-related data 

through sensor networks, while smart city systems integrate this data to provide comprehensive disaster emergency support 

for urban managers 

3.4. Keyword Evolution Analysis 

The period from 2016 to 2024 is divided into three time-intervals, and high-frequency keywords for each period were 

statistically analyzed to uncover trends in the evolution of research hotspots. The results are shown in Table 2. 

In the periods of 2016-2018, 2019-2021, and 2022-2024, "emergency management" consistently occupied a central 

position as a keyword, with its frequency fluctuating slightly (138 →  155 →  139). This suggests that emergency 

management, as a foundational theory and practical framework, has remained a focal point of research across different 

periods. The frequency of "natural disasters" did not decrease in any of the three time periods (51 → 59 → 57), indicating 

that research has continuously focused on natural disasters and their responses. 

Furthermore, there was a noticeable increase in the frequency of "flood disasters" (11 → 23 → 33), which suggests that 

the impact of climate change on different types of natural disasters has become more significant over time. The frequency 

of "emergency response" and "emergency plans" remained relatively stable during 2019-2021 (58 and 53), demonstrating 

the interdependent relationship between emergency response and plan formulation within emergency management research. 

However, from 2022-2024, research related to "emergency response" saw an increase (60). The frequency of "emergencies" 

remained stable (49 → 51 → 29), while "risk management" remained present throughout each period, highlighting the 

ongoing emphasis on risk assessment and management mechanisms, particularly in the context of frequent disasters. 

Additionally, emerging research topics have begun to appear. Keywords from 2022-2024, such as "urban communities”, 

"community resilience”, and "resilient cities”, suggest that future research will increasingly focus on the capacity of cities 

to cope with natural disasters, as well as the autonomy and resilience-building of communities. The frequency of terms like 

"social organizations" and "social assistance" indicates that the role of social forces in emergency management is becoming 

more prominent, and in the future, a collaborative governance model involving governments, communities, and social 

organizations may emerge. The appearance of technical terms such as "meteorological services" and "big data" highlights 

the growing application of technology in natural disaster emergency management, which is expected to become a key focus 

of future research, particularly in data-driven decision-making. 

2016-2018: During this period, research primarily focused on foundational concepts such as emergencies, meteorological 

disasters, and geological disasters, as well as specific disaster types. This suggests that the research in this phase 

concentrated on emergency management and the formulation of response plans for various types of disasters (Figure 3). 
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Fig. 3 2016-2018 keyword co-occurrence time map. Each node represents a keyword, the size indicates the frequency, and the 

color indicates the time it first appeared. The thickness of connecting lines indicates the strength of co-occurrence between keywords. 

2019-2021: During this period, more disaster types such as flood disasters and earthquake disasters emerged as key focus 

areas. The appearance of the term "collaborative governance" indicates that the academic community began to emphasize 

the coordination among different departments and organizations in emergency response efforts. Research during this phase 

became more focused on collaborative cooperation in disaster response and the formulation of specific response plans for 

various types of disasters (Figure 4). 
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Fig. 4 2018-2021 keyword co-occurrence time map. Each node represents a keyword, the size indicates the frequency, and the 

color indicates the time it first appeared. The thickness of connecting lines indicates the strength of co-occurrence between keywords. 

2022-2024: Keywords such as urban communities, emergency management capacity, resilience, and big data emerged, 

reflecting the growing focus on the role of urban communities in disasters, enhancing emergency management capabilities, 

using big data technologies for disaster response, and the necessity of building resilient cities. This indicates that research 

is gradually moving towards a more refined and technology-driven direction, exploring ways to strengthen society's 

emergency response capacity and resilience (Figure 5). 
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Fig. 5 2022-2024 keyword co-occurrence time map. Each node represents a keyword, the size indicates the frequency, and the 

color indicates the time it first appeared. The thickness of connecting lines indicates the strength of co-occurrence between keywords. 

The shift from "emergency response" to "collaborative governance" reflects multiple driving factors. Politically, the 

establishment of the Ministry of Emergency Management in 2018 centralized disaster management in China, fostering 

cross-sectoral coordination and elevating collaborative governance as a priority. Major disasters, such as the 2021 Henan 

“7·20” rainstorm, exposed limitations in traditional response-focused approaches, prompting a shift toward integrated 

governance to address complex, multi-stakeholder challenges. Globally, the Sendai Framework for Disaster Risk Reduction 

(2015–2030) has influenced this trend by emphasizing resilience and cooperation, encouraging China to align with 

international best practices. These factors collectively explain the observed evolution in research focus. 

From the analysis of keywords across these three time periods, it is evident that research in the field of natural disaster 

relief and emergency planning is gradually shifting from foundational theories to a greater emphasis on practical 

applications and technological innovations. Research hotspots have transitioned from emergency management and plan 

development to emerging areas such as collaborative governance, resilience building, and the application of big data. Future 

research may focus more on how to leverage technological means to enhance the intelligence of emergency management 

and how to strengthen the overall resilience of society in the context of urbanization and climate change. 
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Table 2. High-frequency keywords for each time period 

No. 2016-2018 2019-2021 2022-2024 

1 Emergency Management/138 Emergency Management/155 Emergency Management/139 

2 Emergency Plan/65 Natural Disasters/59 Emergency Response/60 

3 Natural Disasters/51 Emergency Response/58 Natural Disasters/57 

4 Emergent Events/49 Emergency Plan/53 Emergency Plan/44 

5 Emergency Response/47 Emergent Events/51 Flood Disasters/33 

6 Disaster Prevention and Mitigation/34 Geological Disasters/29 Emergent Events/29 

7 Meteorological Disasters/31 Disaster Prevention and Mitigation/26 Disaster Prevention and Mitigation/24 

8 Geological Disasters/25 Meteorological Disasters/24 Geological Disasters/20 

9 Disaster Relief/23 Flood Disasters/23 Urban Communities/18 

10 Disasters/22 Earthquake Disasters/19 Emergency Management Capability/18 

11 Emergency/21 Disasters/17 Public Health Emergencies/17 

12 Countermeasures/20 Public Emergencies/17 Collaborative Governance/16 

13 Earthquake/19 Countermeasures/15 Meteorological Disasters/16 

14 Earthquake Disasters/19 Public Health Emergencies/15 Emergency Rescue/15 

15 Emergency Rescue/19 Emergency Rescue/14 Risk Assessment/15 

16 Risk Management/19 Emergency Capability/13 Emergency Management System/12 

17 Emergency Handling/16 Disaster Management/13 Community Resilience/11 

18 Crisis Management/11 Earthquake/12 Earthquake Disasters/10 

19 Local Government/11 Emergency Supplies/12 Urban Waterlogging/10 

20 Earthquake Emergency/11 Meteorological Services/12 Emergency Capability/10 

21 Influencing Factors/11 Risk Assessment/12 Disaster Vulnerability Analysis/10 

22 Flood Disasters/11 Typhoon/11 Resilience/9 

23 Disaster Vulnerability Analysis/11 Emergency Handling/11 Resilient Cities/9 

24 Public Emergencies/11 Emergency Management System/11 Resilience Governance/9 

25 Emergency Capability/10 Collaborative Governance/10 Kaiser Model/8 

26 Risk Assessment/10 Earthquake Emergency/10 Big Data/8 

27 Emergency Supplies/9 Analytic Hierarchy Process (AHP)/10 Analytic Hierarchy Process (AHP)/8 

28 Meteorological Services/9 Emergency/10 Climate Change/8 

29 Social Assistance/9 Measures/10 Disasters/8 

30 Social Organizations/9 Disaster Relief/10 Public Emergencies/8 

The format in the table is keywords/frequency 

 

3.5. Resilience Framework Analysis 

Resilience has emerged as a key concept in disaster management research, yet its theoretical grounding in this study 

remains underdeveloped. To strengthen the analysis, we integrated the established resilience frameworks, specifically 

the Sendai Framework for Disaster Risk Reduction (2015–2030) and Cutter’s Disaster Resilience of Place (DROP) 

model, to contextualize and interpret our findings. The Sendai Framework outlines four priorities to enhance disaster 

resilience: (1) understanding disaster risk, (2) strengthening disaster risk governance, (3) investing in disaster risk 

reduction for resilience, and (4) enhancing disaster preparedness for effective response and recovery. The keyword 

analysis reveals a clear shift toward governance and resilience-building, aligning with the second and third priorities of 

the framework. High-frequency terms such as 'collaborative governance,' 'community resilience,' and 'emergency 

management capacity' suggest a growing emphasis on local-level empowerment and resource integration — key tenets 

of the Sendai Framework. Moreover, the rise of technological keywords like 'big data,' 'Internet of Things (IoT),' and 

'social media' supports the first priority of enhancing risk understanding. These technologies contribute to real-time 

monitoring and early warning systems, reinforcing the framework’s call for data-driven risk awareness and management. 

Cutter’s DROP model emphasizes the multi-dimensional nature of resilience, encompassing social, economic, 

institutional, and infrastructural factors (Cutter et al 2008). Our analysis reflects this multi-dimensionality, particularly 

through the clustering of keywords like 'risk assessment,' 'emergency logistics,' and 'urban communities,' which indicate 
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both physical preparedness and social capacity building. The concept of 'community resilience' — emerging strongly 

between 2022-2024— resonates with DROP’s social dimension, highlighting the importance of grassroots involvement 

and local governance. Additionally, terms like 'collaborative governance' and 'social assistance' suggest a shift toward 

institutional resilience, where local governments and social organizations play pivotal roles in disaster response and 

recovery. 

Building on these frameworks, future research should explore how emerging technologies can further enhance 

resilience across multiple dimensions. Key directions include: 1) Integrating big data and IoT systems to improve 

predictive analytics and early warning mechanisms, advancing the Sendai Framework’s first priority 2) Strengthening 

collaborative governance models to promote cross-sectoral coordination, in line with both Sendai and DROP’s 

institutional focus 3) Enhancing community resilience by fostering local capacity-building initiatives, ensuring that 

resilience extends beyond infrastructure to encompass social and economic systems. 

3.6 Research Limitations 

While this study provides valuable insights into the trends and evolution of China’s natural disaster emergency 

management research, several limitations should be acknowledged:  

The data source is limited to CNKI, China’s largest academic literature database. It offers comprehensive coverage 

of Chinese studies but may introduce a national bias by excluding international perspectives. This focus was deliberate, 

given the study’s aim to analyze research trends within the context of China’s unique emergency management system 

and policy framework. However, it may overlook relevant global research published in English or other languages, 

potentially limiting the generalizability of the findings. International databases such as Web of Science (WoS), Scopus, 

or Google Scholar could provide a broader perspective, and their exclusion reflects a trade-off prioritizing depth within 

the Chinese context over global breadth. Future research could benefit from incorporating these diverse data sources, 

combining bibliometric analysis with content analysis or expert interviews to gain a more comprehensive understanding 

of the field. 

The bibliometric analysis method itself has constraints. While it effectively identifies trends, co-occurrences, and 

keyword bursts, it cannot fully capture the qualitative depth of the studies analyzed. Future research could benefit from 

incorporating more diverse data sources, such as Web of Science or Scopus, and combining bibliometric analysis with 

content analysis or expert interviews to gain a more comprehensive understanding of the field. 

4. Future Outlook 

Building on the identified trends, this section outlines the anticipated changes in natural disaster emergency 

management in China, focusing on the impacts of climate change and accelerated urbanization within the scope of the 

study’s subthemes. 

Climate change is expected to intensify the frequency and severity of extreme weather events, such as floods, 

typhoons, and droughts, posing new challenges to emergency management. The increasing prevalence of keywords like 

“flood disasters” (33 occurrences in 2022–2024) signals a growing research focus on climate-driven hazards. Future 

studies are likely going to prioritize advanced technologies—big data, IoT, and drones—to enhance predictive modeling 

and real-time response capabilities, ensuring emergency plans adapt to evolving climate risks. For instance, integrating 

machine learning with meteorological data could improve early warning systems (Yang et al., 2024). 

Accelerated urbanization, reflected in keywords like “urban communities” (18 occurrences) and “resilient cities” (9 

occurrences), will amplify disaster risks, particularly urban flooding and infrastructure strain. As cities expand, research 

will likely emphasize collaborative governance models, involving local governments, communities, and NGOs, to 

strengthen urban resilience. The 2021 Henan “7·20” rainstorm underscored the need for such coordination to address 
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urban vulnerabilities. Future efforts may focus on smart city technologies and community-level preparedness to mitigate 

these risks, aligning with the Sendai Framework’s resilience goals. 

These anticipated shifts reinforce the study’s subthemes—technology integration, governance, and resilience—

highlighting their critical role in addressing climate change and urbanization. Research will likely deepen in these areas, 

balancing innovation with practical, localized solutions to safeguard China’s disaster management framework. 

5. Conclusion 

This paper systematically analyzes research literature on emergency management of natural disasters in China from 

2016 to 2024 and summarizes the following key conclusions: 

1) Rapid Development of the Research Field: In recent years, research on emergency plans for natural disaster relief 

in China has experienced significant growth. This progress is attributed to the continuous improvement of the 

government’s emergency management system and the widespread application of technological solutions in disaster 

response. China's emergency management system has rapidly advanced, establishing a framework centered on the "One 

Plan, Three Systems" approach through the formulation and revision of various emergency plans and legal regulations. 

2) Evolution of Research Hotspots: By analyzing keyword frequency, burst detection, co-occurrence, and 

evolutionary trends in relevant literature from CNKI between 2016 and 2024, this study reveals the shifting research 

focus in the field of natural disaster emergency response planning. Early research predominantly focused on 

fundamental concepts and specific disaster types, such as sudden incidents, meteorological disasters, and geological 

disasters. However, the focus has gradually shifted toward emerging areas such as collaborative governance, resilience 

building, and big data applications. This trend indicates a transition from theoretical research to practical applications 

and technological innovations. 

3) Extensive Application of Technological Methods: The application of emerging technologies in disaster response 

has become a key research direction. Technologies such as big data, social media, drones, the Internet of Things (IoT), 

and smart cities play a crucial role in disaster information extraction, early warning systems, emergency response, and 

resource allocation. The widespread adoption of these technologies not only enhances the efficiency and accuracy of 

disaster response but also provides scientific support for the formulation and revision of emergency plans. 

4) The Role of Communities and Local Governments: The importance of communities and local governments in 

disaster response has become increasingly prominent. Researchers are highly focused on enhancing the adaptability and 

recovery capacity of cities and communities in the face of disasters, as well as strengthening emergency response 

capabilities through collaborative efforts between governments and social forces. Community resilience building, as a 

key component of overall societal resilience, has emerged as one of the major research hotspots in recent years. NGOs 

further amplify these efforts by facilitating community-level preparedness, leveraging their flexibility to deliver training, 

resources, and post-disaster support, complementing governmental strategies. 

5) Compared to global studies, China’s trends reflect a unique blend of centralized governance and rapid urbanization, 

differing from technology-driven approaches in the USA or cross-border coordination in the EU. While strategies like 

collaborative governance and resilience-building are broadly applicable, their implementation in China is shaped by its 

political system and disaster profile, suggesting relevance to other influential nations (e.g., USA, EU) but with context-

specific adaptations. Reciprocal influence is evident: China adopts global frameworks like the Sendai Framework, while 

contributing to international knowledge through initiatives like the Belt and Road, fostering collaborative research and 

technology transfer. 

6) Drawing from these findings, efforts could focus on several areas to enhance future disaster management. 

Strengthening the development of big data and IoT infrastructure nationwide could improve real-time monitoring and 

response capabilities. Enhancing collaboration between governments, NGOs, and communities might further support 
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effective governance frameworks. Additionally, prioritizing resources for community-based resilience initiatives, such 

as training and local resource centers, could bolster preparedness at the grassroots level. 
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