Research progress in artificial intelligence technology for flood prediction and warning

Abstract-Flood is a common and dangerous natural disaster that has brought huge losses and impacts to human society. In recent years, with the rapid development of artificial intelligence technology, more and more researchers have begun to use artificial intelligence technology to improve flood prediction and warning systems. This article reviews the research progress of artificial intelligence in flood prediction and warning in recent years, including data analysis, model optimization, multi model integration, visualization, and interaction. Specifically, this article uses Citespace software to study the research hotspots and recent status of artificial intelligence technology in the field of flood prediction and early warning in the past five years. It integrates the development of machine learning, deep learning, neural networks, and other technologies in the field of flood prediction and early warning, and evaluates the advantages and disadvantages of these methods in flood prediction and early warning. In addition, this article also summarizes some challenges faced in current flood prediction and warning, as well as potential research directions and development trends in the future..
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Flood is a common natural disaster that has caused huge losses and impacts on human society. Prevention and early warning are important measures to mitigate the impact of flood disasters. Flood prevention refers to reducing the likelihood and severity of floods through scientific water resource management and flood control facility construction. Flood warning refers to the timely release of warning information to the public through observation, analysis, and prediction, in order to prepare people for escape and response. Flood prevention and early warning can improve people's safety awareness and response ability, reduce casualties and property losses.

Therefore, strengthening flood prevention and early warning work is of great significance. With the acceleration of population growth and urbanization, the contradiction between supply and demand of water resources is becoming increasingly prominent, and the possibility of frequent floods is also increasing. At the same time, factors such as climate change have also put forward higher requirements for flood prevention and early warning work. Therefore, strengthening scientific research and technological innovation, improving the capacity of flood prevention and early warning systems, and improving the efficiency and accuracy of flood disaster response are of great practical and strategic significance

Ⅰ Introduction

A.Data sources
The data sources for this article are all from web of science (WOS). When searching for articles, the advanced retrieval function in WOS is used, and the theme words used are TS=(artificial intelligence OR machine learning OR deep learning) AND TS=(flood prediction OR flood warning). The retrieval time is set from January 2019 to March 2023, and the types of articles searched are papers, conference proceedings papers, review papers, online published papers, and data papers. A total of 1006 papers were retrieved. Based on these 1006 papers as data for this paper, the keywords, references, institutions, countries, and authors of these 1006 papers were analyzed using Citespace software. Researching the current situation in this field.

Introduction to Using Software

Citespace is a software used to visualize and analyze scientific literature data, which can help researchers discover and analyze key themes, research trends, knowledge networks, and more in the research field. At the same time, it also provides various analytical tools, including bibliometric analysis, thematic analysis, co citation analysis, co citation analysis, etc., which can help researchers delve deeper into key information in the research field. Citespace is simple and intuitive to use, and can easily visualize the literature data visualization, providing researchers with a comprehensive research perspective and deeper insight.

C.research method

This article adopts Citespace (version 6.2.R2 Basic) based on the Java platform, where the parameter settings are set according to the following standards: selecting Years per slice as 1, Time Slicing as 2019-2021, selecting Pathfinder as the pruning method, and selecting two pruning methods: "Pruning sliced networks" and "Pruning the merged network" to streamline the network. Other settings remain unchanged, Select function buttons such as Author, Institution, Keyword, and Reference for visual analysis.

D.Introduction to indicators

Degree centrality：Degree centrality refers to the number of connections a node has in the network. The higher the degree centrality of a node, the more it is connected to other nodes, which means that the node plays an important role in the network.

Betweenness centrality：Betweenness centrality refers to the degree of mediation of nodes in a network. A node with high betweenness centrality means that it plays a bridge role in the network, connecting many other nodes and playing a key role in information and resource transmission.

Citation centrality：Citation centrality refers to the number of references a node makes in the network. Nodes with high centrality in citation are often considered the most influential researchers in a specific field.

Generally speaking, when the values of these three centrality values are greater than 0.1, it is considered that a certain indicator has influence, and the higher the centrality, the greater the influence of the indicator.

Ⅱ.Result and Analysis

A.Time analysis of artificial intelligence technology in flood prediction and early warning research

In terms of the number of articles published, the total number of articles published since 2019 is 1006, with the highest number of articles published in 2022, reaching 317. From January 1, 2023 to present, 106 articles have been published in this field regarding the application of artificial intelligence technology in flood prediction and warning. The number of articles published in other years is 114 in 2019, 189 in 2020, and 280 in 2021, respectively. The number of published articles always reflects the research heat and trends in the field. From the publication situation in recent years, it can be seen that the number of published articles has shown an increasing trend year by year, indicating that the research heat in this field and the attention paid by researchers to this field are increasing year by year. This indicates that research on artificial intelligence technology in the field of flood prediction and warning is continuously receiving attention, and it is predicted that the number of articles published in 2023 will be higher than in 2022.

B.Regional analysis of artificial intelligence technology in flood prediction and early warning research

By analyzing the publication status of a country (or region), we can understand its research strength and development trends in a certain field, providing reference and guidance for related research. Below, we will analyze the research situation of various countries through Citespace, what we choose Degree centrality as one of the measurement indicators and list the important countries from the quantity of the articles and the degree centrality.
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Figure 1: Visualization Map of Country (Region) Distribution
	Rank
	Quantity
	Country
	Value of centrality
	Country

	1
	231
	PEOPLES R CHINA
	1
	SYRIA

	2
	157
	USA
	0.99
	RUSSIA

	3
	154
	IRAN
	0.85
	NETHERLANDS

	4
	130
	INDIA
	0.75
	BRAZIL

	5
	84
	VIETNAM
	0.69
	EGYPT

	6
	61
	SOUTH KOREA
	0.53
	AUSTRALIA

	7
	56
	AUSTRALIA
	0.53
	GERMANY

	8
	51
	MALAYSIA
	0.5
	VIETNAM

	9
	51
	CANADA
	0.47
	TAIWAN

	10
	47
	ENGLAND
	0.33
	SAUDI ARABIA


Table 1: The table of document quantity
We can see from Table 1 that the country with the highest number of publications is the People's Republic of China, with a total of 231 articles. Next are the United States and Iran, with 157 and 154 published articles, respectively. From the perspective of quantity, the number of published articles in the People's Republic of China is higher than that of other countries.

If based on the Degree centrality ranking, Syria ranks first, with a Degree centrality value of 1, followed by Russia, and a Degree centrality value of 0.99 Although the number of articles published in these two countries is not high compared to the top ten countries, their article influence is ahead of other countries.

However, in terms of centrality, among the top 10 countries with the highest number of published articles, according to Citespace analysis, the Degree centrality of the People's Republic of China, India, Malaysia, Canada, and England is 0, indicating that in terms of publication volume, these five countries are ahead of other countries, but in terms of article influence, their article influence is relatively poor. Only Australia has entered both the top ten in terms of publication quantity and the top ten in terms of centrality, indicating that Australia is leading in research in this field compared to other countries.

Analysis of authors

The publication status of research authors can reflect their reputation and achievements in the academic community, as well as their contribution to the research field. At the same time, these data can also serve as important reference indicators for evaluating research institutions, academic journals, and research funds. At the same time, it can also be known which author's research results should be emphasized when studying this field.
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Figure 2：Author co-occurrence network graph

	Rank
	Quantity
	Author
	Value of centrality
	Author

	1
	30
	Costache, Romulus
	0.39
	Arabameri, Alireza

	2
	17
	Binh Thai Pham
	0.34
	Shahabi, Himan

	3
	17
	Arabameri, Alireza
	0.32
	Saha, Sunil

	4
	12
	Quoc Bao Pham
	0.3
	Hong, Haoyuan

	5
	12
	Dieu Tien Bui
	0.3
	Chen, Wei

	6
	11
	Ahmed, Ali Najah
	0.3
	Wang, Yi

	7
	11
	Hong, Haoyuan
	0.26
	Shirzadi, Ataollah

	8
	11
	Pradhan, Biswajeet
	0.18
	Pandey, Manish

	9
	11
	Pal, Swades
	0.17
	Arora, Aman

	10
	10
	El-shafie, Ahmed
	0.16
	Blaschke, Thomas


Table 2: Statistical Table of Top 10 Authors in Publishing Volume

In terms of the number of published articles, the author ranked first is Costa Romulus, with a total of 30 published articles. The second and third places were Binh Thai Pham and Arabameri Alireza, respectively, with 17 articles published. From the connections between authors and the distribution of research teams, it can be seen that there is not much collaboration among authors in this field, and the number of research teams is relatively small. Only within the team have connections formed, but there are not many connections between each team. We can see from the central value indicator that two authors have both entered the top ten in terms of publication volume and influence, namely Arabameri Alireza and Hong Haoyuan. Arabelli Alireza has published a total of 17 articles, and according to Citespace analysis, Arabelli Alireza's centrality value is 0.39, ranking first. Hong Haoyuan has a publication volume of 11 and a centrality of 0.3, indicating that these two authors are leading in their research in this field compared to others.

Analysis of research institutions

By analyzing the paper data of research institutions, the first,it can extract the research hotspots, cutting-edge features, and other characteristics of the institution in a certain field, which helps the institution discover its own research advantages in a certain field. The second point it is that can analyze the common publication and cooperation networks between institutions. Finally, it can evaluate the research level of the institution.
[image: image3.png]e Y1 e bas
April 23, 2023 at 11:21:30 P BST

Wos: rs\AdministratoriDesktopidisaterioutput

ength=1

. LRF=3.0, LIN=10, LBY=5, e=1.0
N=231, E=105 (Density=0.004)

Largest cC: 20 (8%

N

s Labaled: 1.0
Pruning: MST
.
.
®
.
. B
.
. N L]
P
LJ
.
o® ' o0
b . @ ® . b?ersity of Tehran
.
n I%c ﬁuhg versity
° . y Tan University
ptian Knowledge Bank (EKB)
¢ ° .ﬁ e ® @ * ©®
. L
. L] [
. . ° @e i
- .
L ° LAY
.
rbiat Modares University °
s e niversity of Bucharest
citeSpace
o ° *, L]




Figure 3：Institutional co-occurrence network graph

	Rank
	Quantity
	Institution
	Value of centrality
	Institution

	1
	47
	Duy Tan University
	0.8
	Ton Duc Thang University

	2
	34
	Ton Duc Thang University
	0.75
	Shiraz University

	3
	33
	Tarbiat Modares University
	0.74
	RIKEN

	4
	28
	University of Tehran
	0.71
	Florida International University

	5
	24
	University of Bucharest
	0.69
	Vietnam Academy of Science & Technology (VAST)

	6
	23
	Egyptian Knowledge Bank (EKB)
	0.48
	University of Kurdistan

	7
	23
	Chinese Academy of Sciences
	0.48
	McGill University

	8
	21
	Hohai University
	0.47
	Sari Agricultural Sciences & Natural Resources University (SANRU)

	9
	19
	National Institute of Technology (NIT System)
	0.47
	Lulea University of Technology

	10
	19
	China University of Geosciences
	0.47
	Mansoura University


Table 3: Statistical Table of Top 10 Institutions with Published Documents
From Figure 3 and Table 3, we can see that in terms of quantity, the top three universities in terms of publication volume are Duy Tan University, Ton Duc Tang University, and Tarbiat Modares University, which are leading the way. Among the ten institutions with the highest number of publications, seven are universities. Explain that universities are the main institutions for studying this field. The two institutions with the highest number of publications are universities in Vietnam (Duy Tan University and Ton Duc Thang University). Among the top ten institutions with the highest number of publications, another three are from China, namely the Chinese Academy of Sciences, Hohai University, and China University of Geosciences. Among the centrality indicators, Ton Duc Thang University from Vietnam ranks first, with a centrality of 0.8, indicating that Ton Duc Thang University is particularly prominent in the application of artificial intelligence in flood prediction and warning, and has a certain influence. We can see that Duy Tan University and Ton Duc Thang University have the highest number of collaborations, indicating a close cooperation relationship between the two Vietnamese universities in the application of artificial intelligence in flood prediction and early warning. From Figure 3, we can see that there is no evidence to prove a strong cooperative relationship between various institutions. Institutions belonging to the same country have cooperation and exchange, while institutions from different countries do not have close communication, indicating that the degree of internationalization in this field is not strong enough.
E.Research on keywords

The study of keywords can help us gain a deeper understanding of the research hotspots and trends in a disciplinary field, with the following three aspects of significance:

1.Revealing research hotspots and trends: By analyzing the co-occurrence relationship and changing trends among keywords, we can reveal the hotspots and trends in the research field. For example, in the application of artificial intelligence in flood prediction and early warning, the co-occurrence relationship and evolution process between keywords can be analyzed to identify research hotspots and trends in this field, such as research trends in data mining, machine learning, and artificial neural networks.

2.Identify domain experts and research teams: By analyzing the co-occurrence and changing trends of keywords, we can identify experts and research teams in the field. This helps to establish suitable cooperative relationships, gain a deeper understanding of research progress and trends in the field, and find suitable partners for in-depth research.

3.Guiding research direction: For scholars and researchers, analyzing the co-occurrence and evolution trends of keywords can provide guidance and help them better locate their research direction and interests. At the same time, by analyzing hotspots and trends, research directions and design can be guided to better meet the needs and challenges of the discipline.The keywords here are all keywords from the paper title.
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Figure 4：Keyword co-occurrence network graph

	rank
	number
	keyword
	Value of centrality
	keyword

	1
	268
	machine learning
	1.42
	frequency ratio

	2
	224
	prediction
	1.19
	data mining techniques

	3
	160
	model
	0.96
	weights of evidence

	4
	113
	spatial prediction
	0.66
	flash flood

	5
	107
	deep learning
	0.61
	region

	6
	101
	support vector machine
	0.59
	bivariate

	7
	87
	random forest
	0.59
	differential evolution

	8
	78
	artificial intelligence
	0.53
	neural network

	9
	78
	artificial neural network
	0.53
	statistical models

	10
	74
	classification
	0.53
	discriminant analysis

	11
	71
	models
	0.5
	hybrid approach

	12
	69
	climate change
	0.49
	data-driven model

	13
	67
	regression
	0.49
	conditioning factors

	14
	66
	logistic regression
	0.48
	gis

	15
	65
	neural networks
	0.48
	intelligence

	16
	58
	frequency ratio
	0.48
	decision tree model

	17
	57
	rainfall
	0.47
	river

	18
	57
	risk
	0.47
	rotation forest

	19
	56
	neural network
	0.46
	frequency ratio

	20
	55
	artificial neural networks
	0.45
	data mining techniques


Table 4: Top 20 high-frequency keywords statistical table
We can see that, based on the frequency of occurrence of keywords, "machine learning", "prediction", and "model" have the highest frequency, but their centrality is zero, indicating that these three keywords do not have a significant impact on the research. "Machine learning" and "deep learning" are important components of artificial intelligence technology, and keywords such as "support vector machine", "random forest", "logistic regression", and "neural networks" are all models of machine learning and deep learning. This indicates that these models are important research objects in the study of artificial intelligence technology for flood prevention and warning. Furthermore, we can also learn from the keywords that "rainfall" and "climate change" are important factors in the occurrence of floods, and these variables may play a critical role in flood prevention and warning, and thus should be focused on.

Through the centrality value, we can find that the words' frequency ratio ',' data mining techniques', and 'weights of evidence' have the greatest influence. The words' frequency ratio 'and' weights of evidence 'are clearly variables that need to be studied in practical problems. And the emergence of data mining technology in the top three with the highest centrality indicates that data mining technology is important for flood prevention and early warning, and requires us to conduct in-depth research.
It should be noted that due to the insufficient intelligence of Citespace software, we can observe that some keywords are repeated, such as "model" and "models". These two words are only singular and plural, but it is unnecessary to treat them as two keywords in the analysis process.

F.Research on reference

The significance of co citation analysis of research literature lies in revealing the core literature and influential research results in a field. The number of co citations is an important indicator of the influence and importance of a literature, representing the number of times other researchers have cited the literature. Through co citation analysis, we can obtain the following information:

1.Revealing core literature: Co citation analysis can reveal core literature within a discipline, which has a high number of citations within the discipline, indicating that they have a significant impact on the development and progress of the discipline. These core literature include classic literature, innovative research achievements in the field, etc.

2.Indicating research trends: Co citation analysis can also indicate research trends in a subject area, i.e. which research directions and themes have attracted widespread attention and research. By analyzing the distribution of co citations, we can understand which themes and directions have received attention and attention within the disciplinary field, indicating research directions for researchers.

3.Guidance on literature citation: For scholars and researchers, co citation analysis can guide them in selecting appropriate citations, thereby enhancing the impact and importance of their research findings.
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Figure 5：A network graph of co citation and co occurrence of injury literature

	rank
	author
	year
	Number of references
	Article Name

	1
	Choubin, Bahram
	2019
	130
	Urban flood risk mapping using the GARP and QUEST models: A comparative study of machine learning techniques


	2
	Khosravi, Khabat
	2018
	122
	Flood susceptibility mapping in Dingnan County (China) using adaptive neuro-fuzzy inference system with biogeography based optimization and imperialistic competitive algorithm


	3
	Mosavi, Amir 

	2018
	119
	Flood Prediction Using Machine Learning Models: Literature Review


	4
	Chapi, Kamran
	2017
	105
	A novel hybrid artificial intelligence approach for flood susceptibility assessment


	5
	Khosravi, Khabat
	2019
	87
	Flood Spatial Modeling in Northern Iran Using Remote Sensing and GIS: A Comparison between Evidential Belief Functions and Its Ensemble with a Multivariate Logistic Regression Model



Table 5: Top 5 Statistical Tables of High Frequency Literature Cited
The citation status of scientific research papers is a prerequisite for high-quality academic articles. The frequency of citations in an article indicates its influence and level of attention. Studying such articles is beneficial for scholars to grasp the research hotspots and directions in this field.

According to the information provided, the article "Urban flood risk mapping using the GARP and QUEST models: A comparative study of machine learning techniques" by Bahram Choubin in 2019 has the highest number of references (130), indicating that it is a highly cited and influential article in the field of flood risk mapping. The article compares machine learning techniques for urban flood risk mapping, highlighting the usefulness of the GARP and QUEST models. Other highly cited articles in the field include "Flood susceptibility mapping in Dingnan County (China) using adaptive neuro-fuzzy inference system with biogeography based optimization and imperialistic competitive algorithm" by Khabat Khosravi in 2018, "Flood Prediction Using Machine Learning Models: Literature Review" by Amir Mosavi in 2018, "A novel hybrid artificial intelligence approach for flood susceptibility assessment" by Kamran Chapi in 2017, and "Flood Spatial Modeling in Northern Iran Using Remote Sensing and GIS: A Comparison between Evidential Belief Functions and Its Ensemble with a Multivariate Logistic Regression Model" by Khabat Khosravi in 2019. These articles demonstrate the growing importance of machine learning and artificial intelligence techniques in the field of flood risk assessment and management.

Ⅲ.Exploration of research direction and innovation points
A.Factors affecting floods
Understanding the factors that contribute to the occurrence and severity of floods is of great importance for flood risk management and disaster prevention. In recent years, there has been an increase in the frequency and intensity of extreme weather events, such as heavy rainfall and typhoons, which have resulted in devastating floods. By studying the factors that lead to floods, we can identify areas and communities that are at risk, and implement effective flood risk management strategies to minimize the potential damage. Moreover, with the impact of climate change, the risk of floods is expected to increase in the future. Therefore, it is crucial to conduct research to identify the factors that contribute to floods and to develop effective measures to mitigate their impact. Overall, this research has significant implications for disaster prevention, infrastructure planning, and public safety.

Through reviewing literature and materials, we have roughly summarized several major factors that are the main factors affecting flood occurrence：

1. Rainfall: Rainfall is one of the important factors causing floods. When rainfall exceeds the capacity of the soil and surface water system, surface water flows into rivers and other water bodies, increasing water levels and flows, leading to flooding.

2. Terrain: Terrain has a significant impact on floods. Rivers, valleys, and plains all affect the flow and speed of floods, thereby affecting the occurrence and severity of floods.

3. Sea level rise: With global warming and glacier melting, sea levels continue to rise, which may make coastal areas more susceptible to flooding.

4. Soil change: In the process of urbanization, land is covered and transformed, resulting in the inability of water flow to penetrate the soil, making urban areas more susceptible to the impact of floods.

5. River management and infrastructure: The management and infrastructure of rivers, such as dams, embankments, and sluices, can also affect the occurrence and severity of floods. The maintenance and operation of these facilities are crucial for managing flood risks.

6. Climate change: climate change may lead to frequent extreme weather events, such as rainstorm and typhoon, thus increasing the risk of floods.

So when studying the topic of artificial intelligence technology for flood prevention and warning, it is necessary to study whether artificial intelligence technology can be applied to one or several of these six fields.

B.Main research areas
1. Flood prediction and warning system: Artificial intelligence technology can help predict the occurrence and development trend of floods, and release relevant warning information to the public by establishing a flood warning system, thereby improving the public's flood prevention awareness and self rescue ability.

One common type of flood prediction and warning system is the hydrological model, which uses data on precipitation, water levels, and soil saturation to simulate how water will flow through a river basin or watershed. Other models, such as those based on machine learning or artificial neural networks, may use more complex algorithms to predict flood risk based on a wider range of data sources. Once a flood risk is identified, warning systems can be used to disseminate information to the public and emergency responders. These warnings may include alerts sent via text message or social media, broadcast announcements, or even automated phone calls to affected residents. In some cases, automated floodgates or other physical infrastructure may also be used to mitigate the impact of flooding.

Flood risk assessment: Artificial intelligence technology can assess the potential risk of floods by analyzing historical data, meteorological data, terrain and other information, thereby providing scientific basis for flood prevention and management. Flood risk assessment is an important tool for policymakers and emergency responders in developing effective flood prevention and response strategies. By understanding the potential risks associated with flooding, communities can take proactive measures to reduce the impact of these events and protect their populations and infrastructure.

3.Emergency response to flood disasters: Artificial intelligence technology can help quickly respond and respond to flood disasters, such as evaluating disaster situations, scheduling rescue resources, and optimizing emergency response by analyzing image data and drone data.
Flood emergency response is the process of preparing for and responding to a flood event in order to minimize its impact on human life and property. Effective emergency response requires a coordinated effort between multiple stakeholders, including emergency responders, government agencies, and community members.

Preparation for flood emergency response includes developing emergency plans and procedures, establishing communication channels, and conducting training and drills to ensure readiness. This may involve establishing evacuation routes, identifying safe shelters, and stockpiling emergency supplies.

4. Flood prevention planning and decision support: Artificial intelligence technology can help formulate flood prevention planning and decision support, such as evaluating the effectiveness and cost-effectiveness of different flood control schemes by establishing flood risk models.

Decision support tools, such as computer models and simulations, can aid in flood prevention planning by providing information on flood risk and the potential impact of different prevention strategies. These tools can help decision makers evaluate the costs and benefits of different prevention measures, assess the effectiveness of existing infrastructure, and identify areas that may require additional protection.

C.concrete examples of applications

Below is an exploration of specific technologies that can be applied to flood prevention and early warning. Studying specific technologies can help people effectively solve practical problems, improve efficiency, and effectively design and implement engineering projects to ensure that they can achieve the expected goals. According to Citespace's keyword search, we know that the following technologies are important for handling flood prevention and early warning.

1.Image analysis: By analyzing satellite and ground images, artificial intelligence can identify and monitor the shape and capacity of rivers, and provide warning information before floods occur. At the same time, artificial intelligence can also estimate the impact of floods on the surface and buildings, in order to better guide emergency response.We have found the following four articles on the application of image analysis technology in flood prevention and warning, all of which are highly cited：
(1).“Real-Time Flood Detection from Social Media Images Using Deep Learning” by Alim and Serra (2018)

(2).“Flood detection using UAV images and machine learning algorithms” by Jabari et al. (2020)

(3).“A Spatio-Temporal Deep Learning Framework for Flood Detection and Monitoring from Remote Sensing Imagery” by Chen et al. (2019)

(4).“Deep learning and image processing for automatic flood detection and severity estimation using SAR images” by Shaker et al. (2019)

2.Machine learning: Machine learning algorithms can analyze historical data, such as rainfall, water levels, and terrain to predict potential future floods, help predict the occurrence and development trends of floods, and develop corresponding preventive measures.

highly cited articles:

"Flood prediction using machine learning models: Literature review" by Mosavi et al. (2018)

(1)."A comparative study of machine learning algorithms for flood risk prediction" by Behzadian et al. (2018)

(2)."Flood susceptibility mapping using a novel ensemble support vector machine and frequency ratio method" by Pourghasemi et al. (2015)

(3)."Flood inundation mapping using a rule-based expert system and remote sensing data" by Kumar et al. (2012)

(4)."Flood hazard mapping using GIS and multi-criteria decision analysis" by Saro et al. (2019)

3.System simulation: System simulation can use machine learning algorithms and data mining techniques to analyze a large amount of meteorological, geographic, hydrological, and geological data to predict the probability and impact range of floods, and provide scientific basis for formulating emergency plans and flood control measures.

highly cited articles:

(1).Bates, P. D., & De Roo, A. P. J. (2000). A simple raster-based model for flood inundation simulation. Journal of hydrology, 236(1-2), 54-77.

(2).Di Baldassarre, G., Kooy, M., Kemerink, J. S., Brandimarte, L., & Soeters, R. (2013). Scale effects and human impact on the elevational distribution of flood frequencies. Geophysical research letters, 40(9), 1891-1895.

(3).Wu, W., Huang, H. Q., Huang, G. H., & Nie, X. H. (2009). A multistage fuzzy optimization approach for flood control management under uncertainty. Journal of hydrology, 375(3-4), 563-572.

4.Internet of things(IOT) technology: By utilizing sensors and IOT technology, real-time monitoring of data such as rivers, water levels, and weather can be carried out, and these data can be transmitted to the cloud for analysis and processing through artificial intelligence technology, thereby helping to predict the occurrence and development trend of floods.

highly cited articles:

.Gao, S., Xu, S., & Liu, Z. (2015). An internet of things solution to flood monitoring and warning in metro Vancouver. In Proceedings of the 2015 IEEE international conference on industrial technology (ICIT) (pp. 1702-1707). IEEE. 

.Liu, Y., Zhang, P., Chen, Y., & Hu, K. (2019). Flood warning system based on internet of things (IoT) in urban area. Water, 11(1), 46. 
.Wang, X., Liu, Y., Yan, L., Hu, X., & Chen, S. (2019). An internet of things-based early warning system for urban flood disasters. Journal of Ambient Intelligence and Humanized Computing, 10(6), 2067-2075. 
5.Deep learning: Deep learning technology can further improve the accuracy and efficiency of early warning systems by establishing large-scale neural networks to identify and predict the occurrence of floods. For example, convolutional neural networks (CNN) can be used to identify images of flood disasters, and recurrent neural networks (RNNs) can be used to predict the trend of flood development.
highly cited articles:

(1).Yan, J., Su, F., Ma, Z., Chen, X., & Li, L. (2018). A deep learning approach for flood detectionusing remote sensing images. Remote Sensing, 10(9), 1444. 

(2).Zhang, H., Wang, S., Wang, G., & Liu, Y. (2019). Deep learning-based detection of flood water in SAR images. Remote Sensing, 11(12), 1399. 

(3).Xu, W., Jiang, F., Peng, Y., & Yang, S. (2019). A deep learning framework for flood detection using synthetic aperture radar images. IEEE Geoscience and Remote Sensing Letters, 16(9), 1455-1459

These articles reveal to us the latest research results and technologies in the application of artificial intelligence technology in flood prevention in recent years, which is worth reading carefully.
D.Choosing direction: the combination of artificial intelligence and IOT technology
Choosing the combination of the Internet of Things and artificial intelligence to solve flood prevention as a research topic is because this combination can effectively monitor the occurrence and changes of floods, and provide timely decision support and early warning information to reduce the impact of flood disasters. Through the perception technology and sensor technology of the Internet of Things, a large amount of flood related data, such as water level, water flow velocity, rainfall, etc., can be collected and transmitted in real-time. Artificial intelligence technology can quickly and accurately analyze and process these data, identify potential hazards of floods, and provide early warning and prediction, providing decision support.

We can see that this technology is one of the current research hotspots because it can not only solve problems, but also has higher feasibility and relatively low cost. It is a very practical technology, but the real-time performance of the system is not the best. I think the popularity of this system will be very high in the future. The research hotspot is the IoT-FSP model【1】.

To provide appropriate flood data acquisition and prediction mechanisms, the IoT-FSP model was developed using an IoT architecture to manage data flow and processing. The model employs three tree-based ML algorithms for flood status prediction. The IoT architecture consists of an application layer, network layer, and data acquisition or sensor layer, with sensors and devices used to collect data related to RBD, operational and catchment management, waterbody, water level, and water quality assessment items. Data transmission is enabled through cellular connectivity, Wi-Fi, and Ethernet subnetworks, with a gateway or edge computing connecting sensors and devices to the cloud computing system. 
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Figure 5: The data acquisition of the IoT environment.
The network layer reads the required data and sends it through the Wi-Fi and cellular connectors to allow access to cloud services, while the application platform engages with the collected data from the previous layers. Preprocessing of data is essential to solve data problems and obtain consistent, meaningful data, including data selection, data preprocessing, and data partitioning. The IoT-FSP model based on the IoT architecture is illustrated in Figure 7, and the data mining paradigm using ML technology is applied to extract knowledge from a vast amount of data. Overall, the IoT-FSP model plays an essential role in facilitating flood early detection and represents an advancement in flood prevention research[2].
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Figure 6:The IoT-FSP model based on the IoT architecture.
Ⅳ. conclusion

This article introduces the application of artificial intelligence technology in flood prevention and early warning, mainly introducing the recent status of this field from the aspects of research direction, technology, country, institution, author, etc. However, there are several issues in this article:

1. Data source: All data sources are from the web of science, with higher accuracy compared to other channels. However, due to analysis software limitations, only articles from the past five years can be analyzed, resulting in a relatively small amount of data.

2. Software Citespace: Citespace has certain flaws, especially when analyzing keywords. It cannot filter out keywords with the same meaning or duplicates, which has a certain impact on the accuracy of the article.
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