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Abstract. Recently, urban flood disasters caused by rainstorm has happened more and more frequently. Chinese
government has proposed that the urban flood disasters problem should be solved by integrated and systematic
approach. The analysis of the historical rainstorm flood events of Guangzhou in the past 10 years showed that,
the urban rainstorm flood has happened more frequently in lowland, hardening underlying surface and drainage
system jacked by high water level. Guangzhou has innovatively delimited high-risk regions by watershed units,
using Remote Sensing (RS) data and GIS data, which become the basis of flood risk management. The vertical
planning, the storage capacity and river managing boundary have become three important conditions, which
should be taken into consideration in the construction projects and serve as the basis for the whole life cycle.
As a pioneer, Guangzhou has provided experience for metropolis to reduce flood risk in the construction stage.
This paper analyzes the changes and causes of the overall flood safety situation in Guangzhou, and introduces
the practice and exploration in Guangzhou from the aspects of promoting the accurate identification of flood risk
areas, guiding the spatial control of flood control and drainage safety with planning, establishing the planning
transmission mechanism, implementing the flood risk assessment system, and ensuring the transformation of
resilient city goals.

1 Background lack of relevant research content on the coupling of these fac-
tors to identify potential waterlogging prone areas (Wang and

Wang, 2018). Therefore, it is of great significance in plan-

On the study of urban waterlogging, the industry and
academia have accumulated many research results. In the
1980s, mainly studying urban waterlogging caused by rain-
storms, focusing on urban flooding caused by river basin
floods. In the 1990s, the main research was on the influence
of human factors such as urban construction on urban water-
logging. Since 2000, the drainage model began to simulate,
summarize the causes of urban waterlogging or conduct in-
depth research on a cause, and study foreign advanced con-
cepts and technical means (Xia et al., 2018).

At present, the causes of waterlogging are all single fac-
tor analysis. There are many studies on single factors such
as drainage system, underlying surface, depression, and tem-
poral and spatial characteristics of rainfall, but there is still a

ning, construction and management to study the causes of
waterlogging and identify potential flood-prone areas by in-
tegrating natural rainfall factors and ground hazard factors.
In April 2021, Chinese General Office of the State Coun-
cil issued the implementation opinions on enhancing urban
rainstorm flood. “According to the requirements of build-
ing sponge cities and resilient cities, measures should be
taken according to local conditions and cities to improve ur-
ban flood control and drainage capacity, and urban rainstorm
flood problems should be solved in a coordinated and sys-
tematic way.” (Suggestions on strengthening urban waterlog-
ging control, 2021) has been put forward. Guangzhou is lo-
cated at the Pearl River Estuary, with the geographical char-
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acteristics of coastal area. The north of Guangzhou is vulner-
able to torrential flood, the middle is prone to rainstorm flood
and tropical cyclones and storm surges in the south. In recent
years, due to the influence of extreme weather, extraordinary
storm happened in Guangzhou frequently (Ai and Wu, 2018;
Wang et al., 2020). Rapid urban development leads to the ex-
pansion of hardened underlying surface and the increase of
rainstorm flood risk (Guo and Deng, 2011; Cheng and Li,
2015). Guangzhou has tried to solve the problem of rain-
storm flood management in the source and system (Cheng,
2022; Zhan et al., 2021). This paper analyses the changes
of flood risk in Guangzhou, and introduces the practice and
exploration of Guangzhou in promoting the accurate identi-
fication of flood risk areas, which can guide the spatial flood
control in the stage of planning, and implementing the flood
risk assessment system.

2 Reasons of rainstorm flood in Guangzhou

Combination of drainage and storage has been basically
formed in Guangzhou. In recent years, Guangzhou improved
disaster emergency management by the optimizing channel
management, building water conservancy facilities and im-
proving the construction standard of drainage system.

However, affected by extreme weather changes and ur-
ban development, urban flood control has faced with new
challenges (Huang et al., 2021). By 2020, there have been
639 rainstorm flood points in the whole city. Compared with
2010, the situation of rainstorm flood has increased outside
the central area (Fig. 1).

2.1 Meteorology and hydrology

According to the statistics of rainfall data from 1955 to
2010, the frequency of rainstorms in the central area of
Guangzhou was 8.7 d, the average contribution rate of rain-
storms was 32.8 %, and the average intensity of rainstorms
was 79.5mmd~!. In recent years, the heavy rainfall showed
the characteristics of greater intensity, more frequent and
wider range. The highest tide level of the Pearl River in
Guangzhou shows an upward trend. Since 2005, there have
been four high tide levels exceeding the design standard
(200-year return period) of the embankment.

2.2 Underlying surface

With the intensification of urban development, the total built-
up area of the city increased from 952km? in 2010 to
1324 km? in 2019, with a net increase of 372km?2. In re-
cent ten years, the ground impervious rate has increased from
20.18 % to 26.85 % (Fig. 2). The expansion of impervious
surface causes the increase of runoff, which is easy to cause
rainstorm flood.
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2.3 Stormwater storage

The water surface rate of the whole city is 10.15 %. However,
the water surface rate is insufficient in the northern regions,
and is large in the southern river network regions. During
the construction of city, rainwater storage space and drainage
channels are crowded, so that the drainage and flood preven-
tion ability of the river basin is sharply reduced. At the same
time, due to the large increase of impervious area, the peak
flow and total flow of rainstorm flood increase, which causes
the drainage system greatly impacted.

2.4 \Vertical design

According to the analysis of the digital elevation model, the
ground elevation of most areas in Panyu and Nansha in the
south of Guangzhou is below 8.00 m (Fig. 3), while the high-
est tide level of the Pearl River in the past two years has ex-
ceeded 8.00 m, posing a high risk of flood.

There are three vulnerabilities in the systematic control of
ground elevation in Guangzhou. Firstly, the elevation con-
nection between the old and new construction areas is not
reasonable. The terrain of the old residential areas and vil-
lages is often lower than the surrounding municipal roads
and new development plots, which are prone to rainstorm
flood disasters during heavy rains. Secondly, in the process
of urban planning and construction, the ground elevation is
not fully connected with the drainage system, resulting in
local depressions, leading to systemic flood risk. Thirdly,
improper vertical elevation control of major construction
projects such as bridges, tunnels and culverts, and rail transit
forms local depressions, which become the weakness of re-
gional drainage system. According to the analysis and statis-
tics of causes of flood points in 2020, 20 % of these points are
caused by insufficient connection between ground elevation
and drainage system.

In the face of uncertain rainfall exceeding the standard,
the flood risk management in Guangzhou has shifted from
focusing on engineering defence to urban planning control.
The following are the main practices and exploration of flood
risk management in Guangzhou in recent years.

3 Accurate identification of high-risk area

In recent years, Guangzhou has been exploring the experi-
ence of rainstorm flood management in megacities, trying
to solve the problem of flood risk management with remote
sensing means. Through the innovative use of remote sens-
ing technology and LIDAR digital elevation model and other
geographic information technology, we identified the imper-
vious ground and low-lying land, and reveal the relationship
between impervious ground, depression and urban rainstorm
flood.

Firstly, we extracted impervious ground from 105 catch-
ments area in the city. Using remote sensing technology, we
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Figure 1. Distribution of rainstorm flooding sites in Guangzhou. (a) Analysis in 2010. (b) Analysis in 2020.
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Figure 2. Analysis of impervious surface in Guangzhou.

found that, the impervious surface rate of the central urban
area is 80 %—99 %, and the impervious ground area has been
basically stable (Fig. 4). In other urban expansion areas, the
impervious surface rate is 60 %—80 %, and the impervious
surface rate increases by more than 20 % in recent years, in-
dicating a high risk of rainstorm flood. The catchment area,
which has a low average impervious surface rate in the up-
stream, but has a high rate in the downstream, has a high risk
of flooding.

Secondly, by combining the DEM (2 m accuracy) of the
city’s LIDAR high-resolution digital elevation model with
the ArcGIS water conservancy analysis model, the maximum
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Figure 3. Digital elevation model analysis of Guangzhou.
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Table 1. Classification of rainstorm flooding risk degrees.

Low-lying Depth (D)  Pervious Surface  Impervious Surface

Non-depression Lower (0.4 < F <0.6)

D <0.5m Median (0.6 < F <0.8)
05m<D<1.5m Low (F =04 Higher (0.8 < F < 1.0)
D>15m High (F =1.0)

slope method was used to accurately identify the low-lying
land in the city (Fig. 5). We found that, the proportion of non-
depression land in Guangzhou is 84.85 %, and the proportion
of depression land is 15.15 %. Among them, the low-lying
depth less than 0.5 m accounted for 6.53 % of the city’s area,
the low-lying depth of 0.5-1.0 m accounted for 3.67 %, the
low-lying depth of 1.0-1.5 m accounted for 1.73 %, the low-
lying depth of 1.5-2.0 m accounted for 0.98 %, the low-lying
depth greater than 2.0 m accounted for 2.24 %.

Thirdly, dividing impermeable ground into 2 levels and
low-lying land into 4 levels, the two main impact factors were
superimposed and standardized, and then we calculated the
environmental flooding risk index (F') of points and divided
five degrees of rainstorm flooding risk (Table 1).

Fourthly, The rainstorm flooding risk degrees was divided
according to the two main influencing factors of impervious
ground and depth of low-lying land, and the contiguous areas
with high, higher and median rainstorm flooding risk degree
were preliminarily designated as high-risk areas. By com-
paring the relationship between the water surface line of the
river surge and the topography, and considering the influenc-
ing factors of the flood tide level of the Pearl River breaking
8.00 m, the boundary of the preliminarily drawn waterlog-
ging prone risk areas was revised, and the modified 62 high-
rainstorm-flood-risk areas of the city were finally determined
(Fig. 6).

The area prone to rainstorm flooding is totally 772.84 km?,
affecting about 4.8 million people. Rainstorm flood points
in 2010 and 2020 were compared with the prone areas for
verification. We found that, except the points caused by pipe
plugging, inappropriate management and other reasons, rain-
storm flood points are highly consistent with the designated
high-rainstorm-flood-risk areas.

4 Countermeasure

Guangzhou regards the delineation of rainstorm flood risk
prone areas as the base of risk management and control, and
regards the spatial requirements for storage, vertical design
and facilities layout related to flood risk control as the rigid
constraints of urban construction and the core elements of
urban safety (Kuang, 2004).
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Figure 4. Analysis of ground im-permeability in 105 catchments of
Guangzhou.
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Figure 5. Distribution of low-lying land in Guangzhou.
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Figure 6. Distribution of flood-risk areas in Guangzhou.

4.1 Blue and green space management

The concept of blue and green space management has been
promoted. Blue and green spaces have been reasonably de-
lineated. Flood and drainage channels and rainstorm storage
space has been reserved. The designated ecological control
zone covers an area of 2680 km?, accounting for about 36 %
of the city’s total area. 38 blue lines of municipal main rivers
and 17 protection lines of large and medium-sized reser-
voirs have been defined, and natural ecological spaces such
as river and lake systems, woodland, grassland, wetland, wa-
terfront space, green space and ecological corridor have been
strictly protected, while the natural flood discharge channel
and flood storage and detention area have been reserved.

4.2 River system management

According to the grade of rivers and lakes, the management
scope of rivers and lakes are between 6 and 20m. Strictly
implement water requisition-compensation balance to ensure
effective stormwater storage space. The planning department
and the water department jointly delimit more than 1300 river
management lines, take the delimited management area as
the legal basis, and manage water in different levels (Ad-
ministrative Measures for the Scope of the Urban Blue Line,
2006). New projects are not allowed to enter the management
scope of rivers and lakes, and sufficient stormwater storage
space is reserved (Fig. 7).
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Figure 7. Guangzhou River System.

4.3 Vertical elevation management

Vertical elevation is managed in concert with flood control
systems. According to the designed flood level of the river,
the vertical design requirements based on flood safety are
clarified, and the vertical elevation control of the construc-
tion land is given priority in accordance with the principle
that is conducive to rainwater removal.

For areas with ground elevation lower than the maximum
flood level of 8.00 m along the Pearl River, different ground
elevation control strategies should be adopted in different ar-
eas. In the southern coastal wetland area, the terrain is rela-
tively low-lying, and the drainage method is combined with
storage and drainage, and super levees are constructed to
cope with the superposition of rainstorm and storm surge. In
the central urban area, the drainage mode is mainly gravity
flow.

4.4 Low impact development

Guangzhou divides the city into many cells, and reduce
runoff of every cell by low impact development. A special
section on low impact development is set up in regional plan-
ning. In the stages of land transfer and construction project
planning permits, the requirements of low impact develop-
ment should be clearly stated. The planning of each cell must
reserve enough rainwater storage space to ensure the runoff
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Figure 8. An example of rainwater storages layout map.

control capacity (Zheng and Qin, 2022). The layout of rain-
water storage space shall be shown on the planning drawing,
which will become a legal basis map (Fig. 8).

In the pross of creating Lingnan eco-city with mountains
and water, Guangzhou has controlled the source of urban
flood and improved the rainstorm flood prevention capacity
of the watershed.

5 Discussion

5.1 Focus on the whole basin system flood risk

assessment

Based on the flood risk assessment and analysis of plots, the
subsequent focus should be on the flood risk assessment of
river basins, and the water security content should be ana-
lyzed from the perspective of river basins, so as to improve
the flood security of the region more systematically.

5.2 More closely coordinate the relationship between
river management and land development

In urban planning and construction, the blue-green ecolog-
ical space should be reasonably delineated, the use control
of potential high-risk areas for waterlogging should be rea-
sonably adjusted in combination with land use planning, and
the relationship between river system and land development
should be coordinated and optimized.

5.3 Detailed flood risk assessment on major
infrastructure

Carrying out refined flood risk assessment in the early stage
of major infrastructure such as tunnels, subways and cul-
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verts, identifying potential flood risk points, and improving
the flood risk resistance of major infrastructure.

6 Conclusions

This paper mainly analyses Guangzhou rainstorm flood risk
management experience in recent years. In the face of un-
certain excessive rainfall, Guangzhou rainstorm flood gover-
nance practice innovation mainly embodied in:

Firstly, change the point from constructing engineering
defence to building the flood risk control system, through
the planning, construction control and improve management,
which reduce the risk of rainstorm flood.

Secondly, institutional innovation. Guangzhou took the
lead in establishing a transmission mechanism for rainstorm
flood control in China, and implemented a flood risk assess-
ment system at the stage of planning. Strictly protect the
blue-green space, rationally control the intensity of urban de-
velopment, use ecological rainstorm flood control measures
in low impact development, and coordinate vertical elevation
management with drainage system.

Thirdly, use the GIS and other technical means, and take
watershed as the unit to identify the high rainstorm flood risk
area accurately, which becomes the base of risk management
and control.

This planning method has supported the Security and Re-
silience of Guangzhou’s Territorial Spatial Planning, Urban
Renewal, Guangzhou Sponge City Construction and other
major planning and construction programs, and has been al-
ready applied and practiced to more than 100 flood risk as-
sessment projects. Since the launch of the flood risk assess-
ment system, a total of 17.66 x 10°m? of storage capacity
has been implemented, equivalent to more than 170 small
reservoirs.

Data availability. The data are not publicly accessible. It is re-
quired in the analysis of rainstorm flood events of Guangzhou.
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