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The implementation of the provincial geo-hazard risk survey in China holds
signi�cant guiding importance in assessing disaster risks on a large scale and
across different regions. Taking the Pearl River Delta (PRD) in Guangdong
Province as a case study, characterized by a highly developed economy and
dense population yet facing challenges from geo-hazard, this study utilizes the
risk assessment system for geo-hazard along with a substantial dataset on hidden
dangers. The hazardousness levels, vulnerability, and overall risk are evaluated by
applying the risk matrix method, Weighted Informativeness method, and grey
correlation analysis method. The results indicate that: (1) The level of
hazardousness posed by geo-hazards in the PRD is typically more
pronounced in the central and eastern areas, while it is lower in the western
regions. The severity of geo-hazards is primarily in�uenced by rainfall factors,
while there is no direct correlation between slope factors and the occurrence of
geo-hazards. The relationship between altitude and the likelihood of geo-
hazards typically indicates that higher altitudes pose a greater risk. However,
this pattern does not hold for the PRD; (2) The susceptibility to geo-hazard in the
PRD is intricately linked to the level of regional economic advancement, with
areas of medium to high vulnerability predominantly clustered around
Guangzhou, Shenzhen, and Dongguan; (3) The likelihood of geo-hazard in the
PRD, with a higher risk observed in the central part and lower risk in the
surrounding areas, displaying a radial distribution pattern. Rainfall patterns and
the level of economic development in the region signi�cantly in�uence the
assessment of geo-hazard risks in the PRD.
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1 Introduction

Amidst global climate change and accelerating urbanization, a pivotal concern has
surfaced in alignment with the United Nations Sustainable Development Goals (UNSDGs):
the need to bolster the disaster resilience and adaptive capacity of intertwined natural,
social, and economic systems. This concern underscores the importance of examining
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Geological Hazard Prevention Ef�ciency (GHPE) and its in�uencing
factors. Such an examination is vital for developing strategies that
conform to SDGs, aiming to reduce the adverse effects of geo-hazard
in the rapidly evolving global landscape (Fang and Wang, 2015; Yi
et al., 2023). Utilizing scienti�c methodologies for the prediction and
prevention of disasters has emerged as a critical research focus and a
pressing necessity worldwide (Fang and Wang, 2015; Amirzadeh
et al., 2022; Yik et al., 2023). Geohazards, characterized by their
diversity, susceptibility, and dynamic randomness, have led to
signi�cant direct economic losses, casualties, and indirect
economic impacts globally. Consequently, the evaluation and
mitigation of geohazard have attracted increased scholarly
attention (Huang et al., 2004; Khalid and Ali, 2019; Amirzadeh
et al., 2022; Tang et al., 2023). Therefore, it is crucial to conduct a
comprehensive analysis of the risks and susceptibility of geo-hazard
to mitigate geo-hazards. Overseas research on geologic hazard risks
commenced in the mid-20th century, yielding signi�cant
advancements in early warning systems, risk assessment zoning,
and prevention and control management (Stevenson, 1997; Daniele
et al., 2022). Corominas et al. proposed methodologies for the
quantitative analysis of landslide hazards, vulnerability, and risk
across different spatial scales. (Corominas et al., 2014). This
framework is crucial for effective landslide hazard management,
risk zoning, and land-use planning in urban areas (Fell et al., 2008).
There studies underscore the signi�cant theoretical and practical
implications of geohazard research. The integration of practitioner
insights and �eld surveys, as well as the utilization of Geographic
Information Systems (GIS) technology and data modeling, have
emerged as common approaches in geohazard evaluation,
emphasizing the amalgamation of diverse methods (Dong et al.,
2018; Felipe et al., 2022). Biswajeet et al. conducted a geohazard
assessment by employing frequency ratio, logistic regression, and
Arti�cial Neural Network (ANN) models integrated with GIS
technology. They contributed to the advancement of
contemporary geohazard risk assessment methodologies
(Biswajeet and Saro, 2010). Segoni and Caleca proposed a novel
set of environmental indicators for the rapid estimation of landslide
risk. This approach allows for the evaluation of how effectively
municipalities have implemented sustainable urban growth
strategies to manage and mitigate the impact of landslide risks
(Segoni and Caleca, 2021). In the advanced phase, geohazard
assessment has progressed into a period of multi-platform
integration and extensive utilization, incorporating satellite
remote sensing and GIS technology (Zhong et al., 2024), ANN in
conjunction with GIS technology (Gómez and Kavzoglu, 2004), and
machine learning algorithms and InSAR techniques. (Novellino
et al., 2021), Quantitative Risk Analysis (QRA) (Caleca et al.,
2022), these new methods and technologies are crucial for risk
management and planning of mitigation measures. Geo-hazard risk
assessment involves a quantitative analysis and evaluation of the
probability that a risk area will experience geological disasters of
varying intensities, along with the potential losses that may result.
This topic holds signi�cant practical importance and represents a
crucial research �eld. With the comprehensive exploration of
natural resources and a strong focus on disaster prevention and
mitigation, the geological hazard risk investigation in China is
currently witnessing signi�cant growth (Ma et al., 2004; Qi et al.,
2012). China initiated its formal geohazard risk assessment in the

1990s. Scholars have extensively elucidated the conceptual
understanding of risk, the theoretical foundations of geohazard
risk, its components, indicator system, methodological models,
and evaluation trajectories (Zhang and Zhang, 2000; Lu et al.,
2003; Shi et al., 2012). Identifying geohazard risk involves
calculating the expected loss through an analysis of the danger
and vulnerability of geohazards (Xiang and Huang, 2000). In the
21st century, there has been a proliferation of research on disaster
risk, in�uenced by advanced foreign theories and technologies (Ma
and Mei, 2021; Zhao et al., 2023). Ruan et al. (Ruan and Huang,
2001) integrated the informativeness method and developed a
geohazard risk assessment method centered on GIS. Li et al. (Li
et al., 2004) conducted a comprehensive analysis of the major
geohazards in China, including their scale, triggering factors, and
distribution, which contributed to data accumulation and
methodological guidance for future research. Fan et al. (Fan
et al., 2012) introduced the weighted informativeness model into
landslide susceptibility evaluation, combining the informativeness
method with hierarchical analysis. Additionally, numerous studies
adopted the technology and concept of digital earth, establishing an
integrated “three investigations” system encompassing sky, space,
and earth. Early identi�cation of geological hazards is crucial,
followed by professional monitoring that relies on understanding
the laws and characteristics of dynamic geological hazard
development. This enables real-time early warning and prediction
of geo-hazard (Xu et al., 2019). A new phase in China’s geological
hazard risk assessment commenced on 31 May 2020, with the
issuance of Notice on First National Comprehensive Risk Census
of Natural Disasters by General Of�ce of State Council. This
initiative proposed mapping the distribution of geological hazards
to facilitate early detection and prevention. Ma et al. (Ma et al., 2021)
utilized the technical approaches for conducting geological disaster
risk assessment at the provincial level, using Zhejiang Province as a
case study. The researchers conducted exploratory study aimed at
developing a provincial geohazard risk evaluation model and
selecting an appropriate index system. Within the context of
territorial spatial planning, the assessment and mitigation of
geological hazard risks on a large scale and across regions have
emerged as the predominant focus of both theoretical inquiry and
practical application.

Both domestic and international scholars have initiated research
on the assessment of geological hazard risks at an earlier stage. They
have made signi�cant progress in establishing the theoretical
framework, evaluation methodologies, and technical approaches.
These advancements have laid a robust foundation for the
assessment of geological hazard risks in the contemporary era.
However, there is a scarcity of results in the assessment of
geohazard risks on a large scale and across regions. These regions
are particularly characterized by high levels of social and economic
activities, complex geological settings, and signi�cant geohazard
risks. Therefore, conducting geohazard risk assessments on a
broader scale holds signi�cant research value. Commencing with
the investigation of mature single-hazard risk research can serve as a
basis for delving into the theoretical underpinnings and
methodological approaches for future multi-hazard
comprehensive risk assessments, thereby enhancing strategies for
prevention and management of multi-hazard risks (Wang et al.,
2023). To enhance the overall prevention and control capabilities of
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geo-hazard in Guangdong Province, mitigate the risks of geo-
hazards, and support and ensure high-quality development, the
General Of�ce of Provincial Government has released the “Three-
Year Action Program for Enhancing Comprehensive Prevention
and Control Capacity of Geologic Disasters in Guangdong Province
(2023–2025)." This program delineates the strategic focus for the
prevention and control of geo-hazards in Guangdong Province and
offers a foundational framework for guiding these efforts. The
present research conducts a comprehensive assessment of danger,
vulnerability, and risk by introducing a sophisticated geohazard risk
assessment system. The system is developed based on extensive
geohazard site data and socio-economic data, employing the risk
matrix, weighted informativeness method, and gray correlation
analysis method. It offers a theoretical foundation for the early
detection of geo-hazard in the PRD and facilitates coordination for
regional disaster relief efforts. It advocates for disaster prevention
and control planning and the development of resilience in the PRD.
Simultaneously, forecasting and mitigating geo-hazard on a regional
scale hold signi�cant practical importance for urban planning and
development initiatives within the PRD. This is crucial for fostering
the harmonious cohabitation of human populations and the
environment amidst rapid urbanization.

2 Study area and data sources

2.1 Study area

The PRD is the center of Guangdong Province, mainly including
Guangzhou, Foshan, Zhaoqing, Shenzhen, Dongguan, Huizhou,
Zhuhai, Zhongshan, and Jiangmen, nine cities (Figure 1). As of
2022, the region has a resident population of 77,953,600, accounting
for about 61.38% of the population of Guangdong Province; an area
of 543,449.02 square kilometers, accounting for about 30.24% of the

land area of Guangdong Province; and a gross domestic product
(GDP) of 986,480,300 million yuan, accounting for about 76.41% of
the GDP of Guangdong Province. The region has 1,430 slope-type
geohazard potential sites (Figure 2), categorized into three main
types: avalanches, landslides, and mudslides. There are
1,177 potential points of avalanches, accounting for 82.31%;
245 possible points of landslides, accounting for 17.13; and eight
mudslides, accounting for 0.56%.

2.2 Data sources

In the present research, the data of geologic disaster sites,
engineering geology rock groups, geological structure lines,
building outlines, and 29 meteorological stations in the past
20 years rainfall data are mainly from Guangdong Province
Geologic Disaster Emergency and Risk Response Technology
Center; the data of land use type are from Chinese Academy of
Sciences Resource and Environmental Science Data Center (http://
www.resdc.cn/); The administrative division data, vegetation cover
data, and road data are from the National Catalogue service for
Geographic Information (https://www.webmap.cn/main.do?
method=index); The population and GDP data are from the
statistical yearbooks of various cities (.A" title="http://stats.gd.gov.
cn/gdtjnj/).A">http://stats.gd.gov.cn/gdtjnj/).A scale of 1:100000 is
chosen for the hazardousness evaluation scale of geologic hazards,
which is more favorable for studying geologic dangers in a large area.
The size of the evaluation unit is 50 m × 50 m, i.e., the minimum area
of the raster layer is a square of 2,500 square meters. As studied in
the present research, vulnerability refers to the potential damage
caused by slope-type geohazards to the PRD’s social, physical, and
economic resources and environment. The evaluation units are at
the county and district levels, and the PRD is divided into
50 evaluation units.

FIGURE 1
Study area.
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3 Methodology

Figure 3 illustrates the methodological framework utilized in this
study. By integrating the analysis of literature (Qi et al., 2012) and
the geological characteristics of the PRD, and reference to the
Technical requirement for geo-hazard survey (1:50 000), a geo-
hazard risk assessment system is developed, focusing on both

hazardousness and vulnerability aspects. Hazardousness mainly
refers to the likelihood of occurrence of a particular scale and type
of geologic hazard in a certain area at a certain period of time under the
effect of certain triggering factors. Based on the accessibility, scienti�c
validity and operationalization of the data, the hazardousness system
incorporates eight key indicators, including slope gradient, slope
direction, and rainfall, etc., (Ji et al., 2018). Vulnerability refers

FIGURE 2
Geological hazard sites in the PRD (slope type).

FIGURE 3
Methodological framework.
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primarily to the extent to which hazard-bearing bodies within the
geologic hazard impact area are likely to be damaged by geologic
hazards (Cai and Tie, 2016). Four evaluation indicators, namely,
population density, building density, road density, and GDP density,
have been selected for the vulnerability index. The hazardousness
evaluation employed the weighted informativeness method, while
the vulnerability evaluation results were obtained using the gray
correlation analysis method. Subsequently, the hazardousness and
vulnerability evaluation results were integrated through raster
superposition calculation to determine the risk characteristics and
grade zoning of geologic hazards in the PRD.

3.1 Hazardousness evaluation system

Referring to the " the Technical requirement for geo-hazard
survey (1:50 000)" and combining the characteristics of slope-type

hazards in the PRD, eight evaluation indexes were selected (Table 1;
Figures 4–11).

(1) Elevation is a common factor in evaluating the risk of
geo-hazards. Theoretically, geo-hazards are not likely to
occur if the elevation is too high or too low because the
terrain is either too high or too low, resulting in sparse
population density. Disasters that do not affect the safety
of people’s property are not considered geological
hazards, and most geological hazards occurring in
areas with gentle terrain are not caused by the factor
of elevation.

(2) The steepness of the slope signi�cantly in�uences
geological disasters, especially slope-related ones; the
steeper the slope, the greater the potential energy of
landslides or collapses, and the more likely they are to
cause casualties.

TABLE 1 Classi�cation of indicators.

Indicators Classi�cation

Elevation (m) 0–100�100–300�300–500�500–700�700–1,300

Slope (°) 0~10�10~20�20~30�30~40�>40

Slope direction North, north-east, east, south-east, south, south-west, west, north-west

monthly average rainfall (mm) 120–130�130–140�140–150�150–160�160–170�170–180�180–190�190–210

Engineering geological rock group Intrusive Formation, Metamorphic Formation, Clastic Formation, Red Bedded Clastic Formation, Carbonate Formation,
Soil, Water

Vegetation cover (%) <10, 10~20�20~30�30~50�50~70�>70

Distance from fault (m) 0~500�500~1,000�1,000~1,500�1,500~2000�>2000

Land use type Cropland, woodland, grassland, shrubland, wetlands, water bodies, arti�cial surfaces, bare ground

FIGURE 4
Elevation.
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(3) Differences in slope orientation lead to variations in the
amount of solar radiation received, resulting in differences
in slope stability.

(4) Rainfall is one of the most critical factors affecting
the occurrence of geo-hazards. Long periods of
rainfall can lead to changes in soil or rock adhesion,
which can lead to the occurrence of disasters (Yu and
Liu, 2012; Tian et al., 2017). Monthly average rainfall

data from 29 meteorological stations in the PRD area for
nearly 20 years from 2000 to 2021, was utilized.

(5) The rock mass characteristics, including softness,
hardness, inter-layer structure, etc., not only directly
determines the physical and mechanical strength of rock
and soil, weathering resistance, stress distribution, and
deformation damage characteristics but is also directly
related to the slope stability and the dif�culty of surface

FIGURE 5
Slope.

FIGURE 6
Slope direction.
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erosion, which is the main cause of slope failures,
landslides, mudslides, and other disasters.

(6) Vegetation plays a role in slope protection and preventing soil
erosion, and it has a particular in�uence on the evolution and
stability of slopes.

(7) The distance from faults is highly conducive to the
occurrence of geological hazards. Faults are the external
representation of geological fracture zones, and the

surrounding rock and soil’s supporting capacity has
been destroyed, making it very susceptible to inducing
geological hazards.

(8) Different land use types determine the degree of surface
soil or rock exposure and the extent of human intervention,
among which agricultural land or various arti�cial surfaces
disturb the soil the most and are more prone to
geo-hazards.

FIGURE 7
Monthly average rainfall.

FIGURE 8
Engineering geological rock group.
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To obtain Table 4, the eight hazardousness evaluation indicators
were categorized and processed. The more signi�cant information
contained in the assessment units re�ects their greater
hazardousness. The information capacity of each assessment unit
in the study area was standardized to derive each assessment unit’s
hazardousness indicators, and each assessment unit’s risk level was
graded. Hazardousness classi�cation was carried out in combination
with the distribution density of disaster sites, and hazardousness
zones of different grades were obtained by dividing them according
to the principles of similarity and proximity.

3.2 Vulnerability evaluation system

According to relevant literature and Technical Requirements, four
evaluation indicators, namely, population density, GDP density,
building density, and road density, are utilized for vulnerability
evaluation analysis (Tang et al., 2012; Jabareen, 2013) (Figures
12–15). Synthesizing the law of occurrence of geo-hazards, the
degree of connection between each evaluation index and expert
opinion, each evaluation index is graded, in which � represents high
vulnerability, � represents medium vulnerability, and � represents low
vulnerability. The speci�c division is shown in Table 2.

3.3 Weighted informativeness method

Hierarchical analysis is a multifactor decision analysis method
that favors qualitative analysis. It can effectively sort out multiple
factors’ relationships and derive mathematical weights according to
the model. It quanti�es the decision maker’s empirical judgment and
is more convenient to use when the structure of the target factors is
complex and lacks the necessary data. Thus, it is widely used in

practice (Chang and Jiang, 2007). Since the hierarchical analysis
method is highly dependent on the experience of experts, there will
inevitably be signi�cant subjective errors, and the more objective
informativeness method is introduced. The informativeness method
is commonly used in the �eld of geohazard research. The basic idea
is to fully use the powerful spatial graphics and attribute data
management functions of GIS to realize the hierarchical
management of geo-environmental data (Ruan and Huang, 2001;
Li and Zhou, 2003). It grids the study area, and by simulating many
samples, it discovers the latent laws and derives the importance of
geo-hazard-causing factors to disasters. Speci�cally, the information
value can be used to re�ect the correlation between the in�uence
factor and the relationship between geohazards by the size of the
total information value (Wang et al., 2021). The present research
mainly adopts the weighted informativeness method, i.e., combining
the hierarchical and information methods to conduct the
hazardousness analysis.

Grid cell size determination:

Gs � 7.49 + 0.006S � 2 × 10�9S2 + 2.9 × 10�15S3 (1)

Gs is the grid cell size (m), S is the scale
The amount of information for an indicator in a grid cell is

determined:

Iij � ln
Nij�N

Sij�S
j � 1, 2, 3/n� � (2)

Iij is the informativeness value of the jth reclassi�cation of
evaluation indicator i; S is the total number of grid cells in the
evaluation area, N is the number of disasters that have occurred; Nij

is the number of cells in the distribution of disasters in the jth
reclassi�cation of indicator i,, Sij is the number of cells in the
distribution of disasters in the jth reclassi�cation of indicator i.

FIGURE 9
Vegetation cover.
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The total amount of information on the occurrence of
geohazards under the conditions of each combination of
evaluation indicators is determined:

I � �
n

i�1
ln

Nij�N

Sij�S
j � 1, 2, 3/n� � (3)

I is the total information of the evaluation unit, and n is the
number of all evaluation indicators.

In calculating the amount of information in the assessment unit,
the weighting model considers the weights of the assessment factors
rather than a simple superposition of the amount of information of a
single factor. The speci�c formula is as follows:

I � �
n

i�1
Wi • Ii (4)

W denotes the weight value of i th indicator
obtained by calculating the rows in the hierarchical

FIGURE 10
Distance from fault.

FIGURE 11
Land use type.
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analysis method, and I denotes the information value
of the I th indicator calculated by the information
quantity model.

3.4 Gray correlation analysis

Gray correlation analysis is a method for quantitatively
calculating the correlation between indices or between indices
and the development trend of the system (Hu, 2022). The
present research applies this method to evaluate the
vulnerability of geohazards in the PRD. The analysis process
is as follows:

Step 1: Classify each index into “gray categories”; each index
corresponds to the “standard gray value” under each
gray category. The sequence is composed of the p th
indicator for the ith unit:

Xi � Xi1, Xi2, /, Xip� � i � 1, 2, /, n( ) (5)

It is dimensionless, and the sequence obtained after processing is
denoted as:

X*
i � Xi1

* , Xi2
* , /, Xip

*� � i � 1, 2, /, n( ) (6)

The reference sequence for the kth class (the standard value of
the gray class) is:

FIGURE 12
Population density.

FIGURE 13
Building density.

Frontiers in Environmental Science frontiersin.org10

Tang et al. 10.3389/fenvs.2024.1406386

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1406386


X0 k( ) � X01 k( ),X02 k( ),/, X0p k( )� � i � 1, 2, /, n( ) (7)

Typically, the “reference sequence” consists of the median of the
grayscale range. Obtained after dimensionless quantization:

X0 k( ) �
* X01 k( )

* , X02 k( )
* , /, X0p k( )

*� � i � 1, 2, /, n( ) (8)

In the second step, the correlation coef�cients between each
index in the i th cell and each gray criterion sequence are found. This
is expressed as a correlation coef�cient between the i th cell and the k
th gray category:

� i k( ) � � i1 k( ), � i2 k( ), /, � ip k( )� � i � 1, 2, /, n ; k � 1, 2, /, m( ) (9)

� ij k( ) �
� min + � � max

� ij k( ) + � � max
i � 1, 2, /, n; j � 1, 2, /, p; k � 1, 2, /, m� �

(10)

Where � is the resolution factor, 0 � � � 1, and � = 0.5 was taken
in this study.

� ij k( ) � xij k( )
* � xij k( )

*
����

���� i � 1, 2, /, n; j � 1, 2, /, p; k � 1, 2, /, m� �
(11)

The sequence of absolute deviations between each indicator in
unit i and the k gray category is:

� i k( ) � � i1 k( ), � i2 k( ), /, � ip k( )� �

� X*
i -X0 k( )

*
����

���� i � 1, 2, /, n; k � 1, 2, /, m( ) (12)

� max � max � ij k( ) i � 1, 2, /, n; j � 1, 2, /, p; k � 1, 2, /, m
����	 


(13)

� min � min � ij k( ) i � 1, 2, /, n; j � 1, 2, /, p; k � 1, 2, /, m
����	 


(14)

Step 3: Calculate the gray correlation of the ith unit with respect
to the kth class of grays to get the gray correlation vector
of the unit.

� i � � i 1( ), � i 2( ) , /, � i m( )� �

� i k( ) � �
p

j�1
� ij k( )wj��

p

j�1
wj i � 1, 2, /, n; k � 1, 2, /, m( ) (15)

wj is the importance weight of each indicator.

Step 4: Using the “principle of selecting the most important,” the
“gray category” in which the unit under evaluation is
located has been comprehensively categorized.

If � i(c) � max � i(k) | k � 1, 2, /, m	 
(1� c� k), the overall level
of unit i is considered to be in category c.

3.5 Risk matrix method

The present research adopts the risk matrix method for risk
evaluation and risk zoning. Referring to the " Technical requirement
for geo-hazard survey (1:50 000)"� Technical speci�cations for the
survey category of the National Comprehensive Natural Hazards
Risk Census� Description of the integrated risk assessment and
zoning system, the risk equivalence judgment matrix is used to
calculate the risk and vulnerability of geo-hazard by superimposing
the risk and vulnerability by the “principle of the highest.” The risk
of geohazards is shown in Table 3.

4 Analysis of results

4.1 Hazardousness evaluation

The present research calculates the number of grids occupied by
each subcategory of evaluation indicators, the number of hazardous
points falling into them, and the total number of hazardous points
using formulas (3) and (4), resulting in an information value table
for each indicator subcategory (Table 4). Multiply the hierarchical

FIGURE 14
GDP density.

Frontiers in Environmental Science frontiersin.org11

Tang et al. 10.3389/fenvs.2024.1406386

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1406386


analysis method indicators with the amount of information
operation and get the weighted information value (Table 5)
through the raster calculator for comprehensive analysis. This
results in the distribution map of the hazardousness in the PRD
under the weighted information model (Figure 16).

As can be seen in Figure 16, the low-hazardousness zones of
geological hazards in the PRD are mainly distributed in Zhaoqing

City; the southwestern part of Enping City, the eastern part of
Kaiping City, the southern and northern parts of Taishan City,
Pengjiang District, Jianghai District, the northern part of Xinhui
District in Jiangmen City; and the western part of Huicheng District
and Huidong County, Huiyang District. The total area is about
28,579.79 km2, accounting for 52.92% of the total area of the region,
and a total of 325 geological hazards have been identi�ed, accounting for
22.73% of the total number of geological hazards in the region, among
which there are 249 avalanches, 72 landslides, and four mudslides.

The medium-hazardousness areas are mainly located in Panyu
District, northern Zengcheng District, and central Conghua District
of Guangzhou City; most of Longmen County and northern
Huicheng District in eastern Huidong County of Huizhou City;
most of Shenzhen City; most of Foshan City; Doumen and Jinwan
Districts of Zhuhai City; and central Taishan City of Jiangmen City.
The total area is about 18,854.04 km2, accounting for 34.91% of the
total area of the region, and a total of 689 slope-type geological
hazards have been identi�ed, accounting for 48.19% of the total
number of geological hazards in the region, among which there are
570 avalanches, 116 landslides, and three mudslides.

The high-hazardousness areas are mainly located in Haizhu
District, Tianhe District, Baiyun District, eastern Huadu District,
western Conghua District, and southern Zengcheng District of
Guangzhou City; most of Dongguan City; most of Boro County
of Huizhou City; the southern part of Zhongshan City; Xiangzhou
District of Zhuhai City; and the central part of Taishan City, the
southern part of Xinhui City, and the western part of Kaiping City of
Jiangmen City. The total area is about 6,572.26 km2, accounting for
12.17% of the total area of the region, and a total of 416 slope-type
geological hazards have been identi�ed, accounting for 29.09% of the
total number of geological hazards in the region, among which there
are 358 avalanches, 57 landslides, and one mudslide.

Geo-hazards are most signi�cantly affected by rainfall factors. In
the hazardousness assessment zones in the PRD region, the high-
hazardousness areas tend to be rich in rainfall, and the boundaries of

FIGURE 15
Road density.

TABLE 2 Grading of vulnerability indicators.

Indicators � � �

population density 0.6~1 0.1~0.6 0.01~0.1

building density 0.6~1 0.2~0.6 0.01~0.2

GDP density 0.2~1 0.02~0.2 0.01~0.02

road density 0.8~1 0.5~0.8 0.36~0.5

TABLE 3 Geo-hazard risk level judgment matrix.

Hazardous Vulnerability Risk

High High High

High Moderate High

High Low Moderate

Moderate High High

Moderate Moderate Moderate

Moderate Low Low

Low High Moderate

Low Moderate Low

Low Low Low
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TABLE 4 Information value for each indicator subcategory.

Indicators Classi�cation Nij N Nij/N Sij S Sij/S Iij

Elevation 0–100 1,087 1,430 0.7601 13450758 21749329 0.6184 0.2063

100–300 287 1,430 0.2007 5259774 21749329 0.2418 � 0.1865

300–500 50 1,430 0.0350 2009492 21749329 0.0924 � 0.9717

500–700 5 1,430 0.0035 707114 21749329 0.0325 � 2.2298

700–1,300 1 1,430 0.0007 322191 21749329 0.0148 � 3.0532

Slope (°) 0–10 848 1,430 0.5930 13169864 21690813 0.6072 � 0.0236

10–20 492 1,430 0.3441 5351586 21690813 0.2467 0.3325

20–30 79 1,430 0.0552 2678454 21690813 0.1235 � 0.8043

30–40 10 1,430 0.0070 459178 21690813 0.0212 � 1.1076

>40 1 1,430 0.0007 31731 21690813 0.0015 � 0.7381

Slope direction North 171 1,430 0.1196 3039555 21690813 0.1401 � 0.1586

North-east 155 1,430 0.1084 2470499 21690813 0.1139 � 0.0495

East 161 1,430 0.1126 2650965 21690813 0.1222 � 0.0821

South-east 200 1,430 0.1399 2798620 21690813 0.1290 0.0807

South 208 1,430 0.1455 2765026 21690813 0.1275 0.1319

South-west 172 1,430 0.1203 2662522 21690813 0.1227 � 0.0203

West 186 1,430 0.1301 2665413 21690813 0.1229 0.0568

North-west 177 1,430 0.1238 2638213 21690813 0.1216 0.0175

Monthly average rainfall (mm) 120–130 2 1,430 0.0014 1004532 21589099 0.0465 � 3.5046

130–140 39 1,430 0.0273 1794404 21589099 0.0831 � 1.1144

140–150 231 1,430 0.1615 3843969 21589099 0.1781 � 0.0973

150–160 343 1,430 0.2399 5905199 21589099 0.2735 � 0.1313

160–170 494 1,430 0.3455 4487249 21589099 0.2078 0.5081

170–180 290 1,430 0.2028 3224440 21589099 0.1494 0.3059

180–190 5 1,430 0.0035 484604 21589099 0.0224 � 1.8594

190–210 26 1,430 0.0182 844702 21589099 0.0391 � 0.7664

Engineering geological rock group Intrusive Formation 487 1,430 0.3406 6880689 21756424 0.3163 0.0740

Metamorphic Formation 219 1,430 0.1531 3756917 21756424 0.1727 � 0.1200

Classic Formation 236 1,430 0.1650 4012199 21756424 0.1844 � 0.1110

Soil 404 1,430 0.2825 6286751 21756424 0.2890 � 0.0226

Carbonate Formation 48 1,430 0.0336 219980 21756424 0.0101 1.1999

Red Bedded Clastic Formation 36 1,430 0.0252 599888 21756424 0.0276 � 0.0910

Vegetation cover <10 461 1,430 0.3224 6181325 21755959 0.2841 0.1263

10–20 273 1,430 0.1909 2879541 21755959 0.1324 0.3663

20–30 141 1,430 0.0986 2243918 21755959 0.1031 � 0.0450

30–50 303 1,430 0.2119 4025623 21755959 0.1850 0.1355

50–70 178 1,430 0.1245 3359709 21755959 0.1544 � 0.2156

>70 74 1,430 0.0517 3065843 21755959 0.1409 � 1.0018

(Continued on following page)
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the zones of each risk level are also basically coincident with the
trend of monthly rainfall. However, the slope orientation factor is
not directly related to the occurrence of geo-hazards. After the study
of geo-hazard risk in the PRD region by the information quantity
method, the chances of occurrence of geo-hazards in each slope
direction are the same, and the difference is not signi�cant, ranging
between 10% and 15%. Therefore, when conducting the subsequent
evaluation work in the geology category, careful consideration should be
given to whether the slope orientation factor should be included in the
evaluation system. The notion that higher elevation corresponds to
higher hazardousness of geo-hazards does not apply to the PRD region.
Over 61.84% of the PRD region is less than 100 m above sea level, and
most of the densely populated and economically developed areas are
located in plains and hills. In contrast, most small, high-altitude regions
are sparsely populated and have no impact on human beings.

4.2 Vulnerability evaluation

Due to different measurement units and meanings of
vulnerability evaluation indicators, it is necessary to normalize
these data. Then, based on the midpoint positions of gray classes
for each evaluation indicator, a reference sequence is constructed

X0 1( ) � 0.80, 0.80, 0.60, 0.90( )

X0 2( ) � 0.35, 0.40, 0.11, 0.65( )

X0 3( ) � 0.055, 0.105, 0.015, 0.43( )

Using the normalized results as a comparative sequence, the
adjacency matrix (Table 6 and Annexure-1) is calculated by applying
formula (12) to evaluate the relationship between evaluation
indicators and reference sequences.

Then calculate the �t of this evaluation unit with the corresponding
grade by correlation, choose the closest grade to be given (Table 2), and
the evaluation grading results are shown in Table 7.

Concerning the “Technical Requirements for 1:
50,000 Geological Hazard Risk Survey and Evaluation”, the
vulnerability of geo-hazard in the PRD was categorized into three
grades, i.e., low, medium, and high. The vulnerability grades
obtained from Table 6 were assigned to the evaluation units
through GIS, and the PRD geohazard vulnerability evaluation
was obtained after rasterization (Figure 17).

As shown in Figure 17, the area of the low vulnerability zone is
45,106.24 km2, accounting for 82.93% of the total area. It contains
28 districts and counties, including Huangpu District, Huadu District,
Nansha District, Conghua District, Zengcheng District, Yantian
District, Xiangzhou District, Doumen District, and Jinwan District.
The area of the middle vulnerable zone is 8,807.09 km2, accounting for
16.19% of the total area. It contains Baiyun District, Panyu District,
Nanshan District, Bao’an District, Longgang District, Longhua District,
Pingshan District, Guangming District, Chancheng District, Nanhai
District, Shunde District, Pengjiang District, Jianghai District,
Duanzhou District, Huicheng District, and Dongguan City. The
highly vulnerable area is 477.7 km2, accounting for 0.88% of the
total area. It contains six districts and counties, including Liwan
District, Yuexiu District, Haizhu District, Tianhe District, Luohu
District, and Futian District. These districts accounted for only 9.8%
of the study area, but 21.44% of the GDP.

Overall, the vulnerability to geo-hazard in the PRD is closely
related to the degree of economic development in the study area,
with medium to high vulnerability mainly centered around
Guangzhou, Shenzhen, and Dongguan, all economically
developed areas in the PRD. Most of these areas are located at
the entrance to the sea of the PRD, with �at terrain, a developed
economy, and a large population. In contrast, the low-vulnerability
areas lag far behind the medium-and high-vulnerability areas in
terms of population density, GDP density, or infrastructure
development. Nevertheless, the low-vulnerability regions account
for the most signi�cant proportion, reaching 82.93%, which is also
caused by the area’s uneven development.

TABLE 4 (Continued ) Information value for each indicator subcategory.

Indicators Classi�cation Nij N Nij/N Sij S Sij/S Iij

Distance from fault 0–500 219 1,430 0.1531 2730602 21756424 0.1255 0.1990

500–1,000 162 1,430 0.1133 2315822 21756424 0.1064 0.0623

1,000–1,500 137 1,430 0.0958 2012638 21756424 0.0925 0.0350

1,500–2000 122 1,430 0.0853 1757482 21756424 0.0808 0.0546

>2000 790 1,430 0.5524 12939880 21756424 0.5948 � 0.0738

Land use type Cropland 318 1,430 0.2224 4,201,113 21756300 0.1931 0.1412

woodland 571 1,430 0.3993 12153932 21756300 0.5586 � 0.3358

grassland 215 1,430 0.1503 1236230 21756300 0.0568 0.9730

shrubland 59 1,430 0.0413 422415 21756300 0.0194 0.7538

wetlands 23 1,430 0.0161 6,878 21756300 0.0003 3.9294

water bodies 0 1,430 0.0000 1473736 21756300 0.0677 0.0000

arti�cial surfaces 237 1,430 0.1657 2131023 21756300 0.0979 0.5259

bare ground 7 1,430 0.0049 130973 21756300 0.0060 � 0.2069
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TABLE 5 Scale of weighted informativeness.

Indicators Classi�cation Indicator
weights

Amount of
information

Weighted information
volume

Elevation 0–100 0.0379 0.2063 0.0078

100–300 0.0379 � 0.1865 � 0.0071

300–500 0.0379 � 0.9717 � 0.0368

500–700 0.0379 � 2.2298 � 0.0844

700–1,600 0.0379 � 3.0532 � 0.1156

Slope (°) 0–10 0.0965 � 0.0236 � 0.0023

10–20 0.0965 0.3325 0.0321

20–30 0.0965 � 0.8043 � 0.0776

30–40 0.0965 � 1.1076 � 0.1069

>40 0.0965 � 0.7381 � 0.0712

Slope direction North 0.0232 � 0.1586 � 0.0037

North-east 0.0232 � 0.0495 � 0.0012

East 0.0232 � 0.0821 � 0.0019

South-east 0.0232 0.0807 0.0019

South 0.0232 0.1319 0.0031

South-west 0.0232 � 0.0203 � 0.0005

West 0.0232 0.0568 0.0013

North-west 0.0232 0.0175 0.0004

Monthly average rainfall (mm) 120–130 0.2211 � 3.5046 � 0.7750

130–140 0.2211 � 1.1144 � 0.2464

140–150 0.2211 � 0.0973 � 0.0215

150–160 0.2211 � 0.1313 � 0.0290

160–170 0.2211 0.5081 0.1124

170–180 0.2211 0.3059 0.0676

180–190 0.1350 � 1.8594 � 0.2510

190–210 0.1350 � 0.7664 � 0.1034

Engineering geological rock
group

Intrusive Formation 0.1350 0.0740 0.0100

Metamorphic Formation 0.1350 � 0.1200 � 0.0162

Classic Formation 0.1350 � 0.1110 � 0.0150

Soil 0.1350 � 0.0226 � 0.0030

Carbonate Formation 0.1441 1.1999 0.1729

Red Bedded Clastic
Formation

0.1441 � 0.0910 � 0.0131

Vegetation cover <10 0.1441 0.1263 0.0182

10–20 0.1441 0.3663 0.0528

20–30 0.1441 � 0.0450 � 0.0065

30–50 0.1441 0.1355 0.0195

50–70 0.0789 � 0.2156 � 0.0170

>70 0.0789 � 1.0018 � 0.0790

(Continued on following page)
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4.3 Risk evaluation

Finally, the risk assessment of geo-hazards in the PRD area
was found by using the risk level judgment matrix to plot the
hazardousness and vulnerability assessments (Figure 18).

The low-risk zone covers an area of 31,842.10 km2,
accounting for 58.96% of the total area. It is mainly
distributed in the northwestern part of the PRD, i.e., most of
Zhaoqing City, Gaoming District and Sanshui District of

Foshan City, Heshan City, Enping City, eastern Kaiping City,
northern Xinhui City, southern and northern Taishan City of
Jiangmen City, central Doumen District of Zhuhai City;
northern Zhongshan City, Nansha District, western Huadu
District, and northern Conghua District of Guangzhou City,
and northwestern Longmen County, southwestern Huidong
County and Huiyang District of Huizhou City. There are
427 hidden danger points, 323 avalanches, 100 landslides and
four mudslides.

TABLE 5 (Continued ) Scale of weighted informativeness.

Indicators Classi�cation Indicator
weights

Amount of
information

Weighted information
volume

Distance from fault 0–500 0.0789 0.1990 0.0157

500–1,000 0.0789 0.0623 0.0049

1,000–1,500 0.0789 0.0350 0.0028

1,500–2000 0.0550 0.0546 0.0030

>2000 0.0550 � 0.0738 � 0.0041

Land use type Cropland 0.0550 0.1412 0.0078

woodland 0.0550 � 0.3358 � 0.0185

grassland 0.0550 0.9730 0.0535

shrubland 0.0550 0.7538 0.0414

wetlands 0.2084 3.9294 0.8187

water bodies 0.2084 0.0000 0.0000

arti�cial surfaces 0.2084 0.5259 0.1096

bare ground 0.2084 � 0.2069 � 0.0431

FIGURE 16
Hazardousness assessment of geo-hazard in the PRD.
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TABLE 6 Adjacency matrix (Main regions).

Evaluation
unit

� � �

Population
density

Building
density

GDP
density

Road
density

Population
density

Building
density

GDP
density

Road
density

Population
density

Building
density

GDP
density

Road
density

Liwan District 0.798 0.752 0.530 0.455 0.679 0.377 0.771 0.471 0.468 0.344 0.784 0.960

Yuexiu District 0.915 0.844 0.793 0.944 0.363 0.413 0.337 0.568 0.334 0.363 0.336 0.421

Haizhu District 0.840 0.853 0.565 0.514 0.631 0.557 0.880 0.595 0.452 0.428 0.716 0.746

Tianhe District 1.000 1.000 0.911 0.746 0.522 0.483 0.561 0.787 0.411 0.397 0.477 0.489

Baiyun District 0.466 0.452 0.452 0.509 0.520 0.544 0.571 0.584 0.912 0.799 0.958 0.759

Huangpu District 0.439 0.416 0.474 0.516 0.464 0.468 0.621 0.599 0.949 0.950 0.958 0.743

Panyu District 0.476 0.487 0.459 0.567 0.541 0.630 0.587 0.732 0.873 0.706 0.991 0.645

Huadu District 0.431 0.397 0.447 0.505 0.448 0.430 0.560 0.573 0.905 0.993 0.934 0.772

Nansha District 0.424 0.387 0.450 0.457 0.435 0.412 0.567 0.474 0.870 0.930 0.949 0.951

Conghua District 0.416 0.344 0.441 0.407 0.420 0.342 0.546 0.389 0.830 0.711 0.907 0.806

Zengcheng District 0.422 0.361 0.443 0.474 0.431 0.369 0.551 0.507 0.859 0.791 0.916 0.874
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The area of the medium-risk zone is 16,871.65 km2,
accounting for 31.24%. It is distributed in the eastern part of
Panyu District, the northern part of Huangpu District, the
northern part of Baiyun District, northern Huadu District,
the southern part of Conghua City, and southern Zengcheng
District in Guangzhou City; the eastern part of Dongguan City;
the majority of Longmen County, most of Boro County,
southern Huicheng District, and northern Huidong County
in Huizhou City; the southern part of Zhongshan City; the
majority of Zhuhai City; the central part of Taishan City, the
western part of Kaiping City, Pengjiang District, and Jianghai
District in Jiangmen City; the southern part of Shunde District
in Foshan City; the southern part of Nanhai District and
western Nanhai District in Foshan City. A total of
676 hazardous sites were identi�ed, comprising
561 avalanches, 111 landslides, and four mudslides.

The high-risk area is 5,291.84 km2, accounting for only 9.8% of
the study area. It is distributed in the western part of Dongguan City;
the central part of Panyu District, Haiju District; Yuexiu District;

Tianhe District; the southern part of Baiyun District; southern
Huadu District and southern Huangpu District in Guangzhou
City; most areas in Dongguan City; most regions in Shenzhen
City; the northeastern part of Huicheng District in Huizhou City;
and the central part of Xiangzhou District in Zhuhai City. There are
327 hazardous sites, 293 avalanches, 34 landslides, and
no mudslides.

Combined with the geo-hazard risk zoning and the PRD geo-
hazard environment, the following characteristics were identi�ed:

(1) The northwestern part of the study area has a low risk for
geological hazards.

The northwestern part of the study area, i.e., Zhaoqing City
District, accounts for 27.40% of the total area, and the lithology
is dominated by intrusive and metamorphic rocks mixed with a
small amount of red-layered clastic rocks. The reasons for the
low risk are high terrain, with the highest peak in the PRD,
Qixingyan Peak, being more than 500 m above sea level; geo-

TABLE 7 Results of vulnerability evaluation grading.

Evaluation unit � � � Vulnerability class Evaluation unit � � � Vulnerability class

Liwan District 0.646 0.568 0.551 high Shunde District 0.547 0.705 0.701 medium

Yuexiu District 0.77 0.396 0.358 high Sanshui District 0.43 0.686 0.872 low

Haizhu District 0.748 0.609 0.519 high Gaoming District 0.403 0.594 0.897 low

Tianhe District 0.934 0.515 0.425 high Pengjiang District 0.485 0.792 0.788 medium

Baiyun District 0.452 0.785 0.724 medium Jianghai District 0.469 0.814 0.777 medium

Huangpu District 0.436 0.692 0.843 low Xinhui District 0.379 0.542 0.931 low

Panyu District 0.48 0.85 0.733 medium Taishan City 0.373 0.526 0.896 low

Huadu District 0.421 0.645 0.899 low Kaiping City 0.375 0.532 0.908 low

Nansha District 0.405 0.602 0.923 low Heshan City 0.388 0.557 0.943 low

Conghua District 0.378 0.537 0.925 low Enping City 0.377 0.533 0.914 low

Zengcheng District 0.401 0.589 0.922 low Duanzhou District 0.457 0.808 0.77 medium

Luohu District 0.76 0.67 0.528 high Dinghu District 0.384 0.548 0.938 low

Futian District 0.869 0.504 0.422 high Gaoyao District 0.39 0.561 0.903 low

Nanshan District 0.536 0.886 0.636 medium Quang Ning County 0.381 0.541 0.919 low

Bao’an District 0.518 0.812 0.671 medium Huaiji County 0.377 0.534 0.917 low

Longgang District 0.5 0.838 0.699 medium Fengkai County 0.377 0.534 0.92 low

Yantian District 0.511 0.615 0.752 low Deqing County 0.378 0.536 0.925 low

Longhua District 0.642 0.792 0.579 medium Sihui City 0.402 0.594 0.879 low

Pingshan District 0.482 0.728 0.714 medium Huicheng District 0.447 0.868 0.724 medium

Guangming District 0.467 0.78 0.765 medium Huiyang District 0.46 0.638 0.843 low

Xiangzhou District 0.405 0.605 0.946 low Boluo County 0.384 0.549 0.933 low

Doumen District 0.395 0.574 0.94 low Huidong County 0.374 0.529 0.901 low

Jinwan District 0.381 0.546 0.94 low Longmen County 0.374 0.528 0.902 low

Chancheng District 0.653 0.766 0.587 medium Dongguan City 0.55 0.714 0.704 medium

Nanhai District 0.501 0.758 0.744 medium Zhongshan City 0.431 0.676 0.856 low
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hazards occur primarily in mountainous areas and will not
affect normal human activities; and low population density,
with an average of 4,638 people/km2 in the study area, while the
northwestern part has only 613 people/km2. Hence, the low
population density has little impact on the natural
environment, resulting in a naturally small risk of
geological disasters.

(2) The risk of geo-hazards in the PRD is high in the center and
low in the surrounding areas, exhibiting a radial pattern.

The �nal risk zoning indicates high-risk areas in most parts of
Guangzhou City, Dongguan City, and Shenzhen City, radiating
outwards: Huizhou, Zhuhai, and Jiangmen have high-risk areas
extending outwards from the central region, followed by Zhaoqing,
Foshan, and other low-risk areas, aligning with this pattern. The causes
are multi-faceted: the central terrain is low, while the surrounding
terrain is high; �at areas are rich in water resources, facilitating
population concentration; natural geo-hazards are more likely to
affect human activities in these areas; and human activities destroy
the original natural conditions, increasing the likelihood of disasters.

FIGURE 17
Vulnerability assessment of geo-hazard in the PRD.

FIGURE 18
Geo-hazard risk zoning in the PRD.
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(3) The risk of geological disasters is directly related to the degree
of economic development.

The risk of geo-hazards is determined by both hazardousness
and vulnerability. Among the hazardousness study factors,
vegetation cover and land use type are related to human
activities. When natural disasters occur, the vulnerability survey
examines the degree of human loss, and economically developed
areas naturally concentrate the majority of the population,
leading to a higher risk of geological disasters. However,
more investment in disaster prevention and mitigation will
be needed in economically developed areas. The high risk of
geological disasters is based solely on the indicator factors in
this study, excluding investment in disaster prevention and
mitigation. Hence, economically developed areas seem to
have a high disaster risk, but the actual risk will be lower
with a robust early warning system and scienti�c investment
in disaster prevention and mitigation.

4.4 Result veri�cation

Eventually, the present research added result veri�cation to
validate the rationality of this study, mainly by analyzing the
number and density of hidden danger points in each risk zone.
As shown in the Table 8, high-risk areas account for 9.80% of the
total area, but they contain 22.87% of all hidden danger points, with
a density of 0.06 per square kilometer; medium-risk areas account
for 31.24% of the total area, but they contain 47.27% of all hidden
danger points, with a density of 0.04 per square kilometer; low-risk
areas account for 58.96% of the total area, but they only have 29.86%
of all hidden danger points, with a density of 0.01 per square
kilometer. From this we can see that this risk zoning is
scienti�cally reasonable and consistent with the overall situation
in PRD region, providing a certain basis and method guidance for
geological hazard risk control and management, land spatial
planning as well as resilient planning and construction in PRD.

5 Discussion

The exploration of comprehensive disaster mitigation and
prevention strategies for major geological disasters triggered by
extreme weather events, along with the enhancement of scienti�c,
technological and management skills in active disaster reduction,
pose signi�cant challenges for China’s geo-hazard prevention and
control efforts. Meanwhile, the impact of neotectonics and seismic
activity, climate change, population growth, urbanization, and the

challenges associated with cross-regional comprehensive disaster
prevention have been extensively investigated in macroeconomic
research, signi�cantly affecting the development of comprehensive
geo-hazard reduction strategies in China. The aforementioned
factors impact the macro research and development of geohazard
mitigation in China.

Ensuring urban geosafety of PRD is paramount, given its
signi�cant economic and urban density. Establishing a robust
early warning system is crucial for urban geosafety in PRD urban
agglomeration. This system should be complemented by geohazard
risk assessments and appropriate zoning measures. At the same
time, the PRD urban agglomeration, characterized by high economic
and urban density, is crucial in fostering sustainable development by
enhancing its resilience and comprehensive disaster prevention
capacity. While the present research assesses the hazardousness,
vulnerability, and risk level of geo-hazard in urban agglomerations
in the PRD, it is essential to note that the study exhibits certain
shortcomings. Due to limitations in data acquisition, additional data
related to the ecological environment, infrastructure, and socio-
economics could be incorporated in the subsequent vulnerability
assessment to enhance the analysis of results. The literature review in
this research employs a combination of the risk matrix method, grey
correlation, and weighted information method. Future studies
should emphasize the comparative analysis of different
methodologies. During the risk evaluation process, it is crucial to
closely examine the interrelationships among various disaster risk
factors and regional connections. Furthermore, investigating
in�uencing factors and the impact of environmental changes on
disaster processes and risk results is essential to develop more precise
mitigation strategies. Future research endeavors should prioritize
exploring strategies for preventing and controlling geo-hazard risks
in the PRD region.

6 Conclusion and recommendations

6.1 Conclusion

With the acceleration of urbanization and changes in extreme
environmental events, geo-hazard risk evaluation has become a
major topic for urban agglomerations seeking resilient
development. Taking the PRD urban agglomeration as the study
area and with the support of GIS, the present research �rstly
evaluates the hazardousness of eight evaluation factors, such as
elevation, slope, slope direction, and land use type, by using the
weighted informativeness approach. It then adopts the gray
correlation method and evaluates the vulnerability based on the
regional population density, building density, GDP density, and

TABLE 8 Result veri�cation.

Risk
zoning

Area
(km2)

Percentage
(%)

Number of hidden danger
points (units)

Percentage
(%)

Density of hidden danger
points (units/km2)

High -risk 5,291.84 9.80 327 22.87 0.06

medium -risk 16871.65 31.24 676 47.27 0.04

Low-risk 31842.10 58.96 427 29.86 0.01
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road density. Finally, an analysis of risk level and risk zoning was
carried out. The main conclusions are as follows:

The hazardousness of geologic hazards in the PRD is
predominantly low-risk and is located mainly in the Zhaoqing
municipal district, the high-hazardousness areas of geological
hazards are concentrated in the north, i.e., the area around
Guangzhou, Dongguan and Huizhou. Rainfall factors have the
most signi�cant impact on the hazardousness of geologic
disasters. Unlike traditional mountainous cities, over 61.84% of
the PRD region is less than 100 m above sea level, while most of
the densely populated and economically developed areas are
clustered in the plains and hilly areas, so elevation is not a major
in�uence on the hazardousness of geological hazards in the
PRD region.

Substantial regional variations exist in terms of vulnerability.
The high vulnerability area comprises only 9.8% of the study area,
the low-vulnerability zones accounting for 82.93%, The degree of
economic development has a greater impact on the vulnerability
to geologic hazards. The medium- and high-vulnerability zones
are situated at the sea entrance of the PRD, characterized by its
�at terrain, economic prosperity, and dense population. In
contrast, the low-vulnerability zones exhibit lower levels of
development in terms of population density, GDP density, and
infrastructure.

Large spatial differences in geohazard risks in the PRD.
Conversely, the central zone of the area presents a heightened
risk of geohazards, while the peripheral areas exhibit lower risks.
These geohazard patterns are distinguished by a radial
distribution. The northwestern region of the PRD exhibits a
low susceptibility to geo-hazards, comprises 27.40% of the
overall area. The causes of geologic hazards are diverse and
interconnected. Factors contributing to these hazards include
the low elevation of the central terrain, the elevated topography
of the surrounding areas, the abundance of water resources in �at
regions attracting human settlements, the increased vulnerability
of human populations to geologic events, and the alteration of
natural conditions due to human activities, which exacerbate the
likelihood of disasters.

6.2 Recommendations

(1) Pay attention to the geologic disaster risk potential
investigation and evaluation project aims to establish a
comprehensive investigation and evaluation system. This
initiative is designed to signi�cantly improve the capacity
to identify geologic disaster risks and potential hazards
effectively. Meanwhile, enhancing geological survey
protocols can facilitate timely evacuations, thereby
mitigating risks to both lives and properties.

(2) To build a geologic disaster prevention and control
management system ensures the success of the project and
enhances the geologic disaster group policy and prevention
system. Simultaneously, it has assumed the responsibility for
the prevention and management of geo-hazards, enhanced
source control, implemented dual-control measures for risks
and potential hazards, and facilitated collaborative efforts to
mitigate disasters. This system aims to establish a

comprehensive and uni�ed command and control system
to coordinate disaster mitigation efforts.

(3) Strengthen the development of scienti�c and technological
capabilities in geologic disaster management, and
establishment of an innovative platform for geologic
disaster risk prevention and control among universities,
research institutes, and local governments. The
collaboration aims to bolster scienti�c research and elevate
the level of scienti�c and technological innovation in the �eld
of geo-hazard prevention. The focus will be on addressing the
challenges and obstacles encountered in preventing and
controlling geo-hazard.
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