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Abstract: Rainstorm and urban flood are always one of the most serious natural disasters in China due to the change of 
ecological environment, terrain conditions and climate change. Rainstorm and flood disasters seriously threaten the security and 
development of regional economy and society. Therefore, how to identify the high-risk areas of flood disasters is an important 
issue to be solved in the prevention of flood disasters. Taking Zhengzhou metropolitan area as the research object, based on the 
Urban Flood Risk Mitigation module of InVEST model, the vulnerability of flood disaster, the supply capacity of flood regulation 
service and the supply-demand ratio of ecosystem service in the study area are obtained through analysis, and the areas vulnerable 
to flood disaster in the study area are identified. The results show that : (1) The flood regulation service supply capacity is mainly 
manifested in the spatial distribution pattern of high in the west and low in the east. The northern Jiaozuo, northern Xinyang, 
western Zhengzhou and western Xuchang have higher supply service levels. (2) Affected by factors such as population density, 
economic development level and land use development degree, there are also obvious spatial differences in the spatial distribution 
of flood regulation service demand. The high demand area of flood regulation service is concentrated in the central urban area. 
(3) In areas with low population density and high vegetation coverage, the high supply and low demand of flood regulation 
services lead to a higher service supply-demand ratio. In the central urban area of the city, due to the large proportion of 
construction land and dense population, the supply and demand of services is relatively low. 
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1. Introduction 
The rapid development of the city has significantly 

improved the material living standards and quality of human 
beings, but the high-intensity and disorderly land 
development has also destroyed the ecological space[1]. The 
deterioration of the ecological environment has significantly 
affected the regional hydrological cycle process, making the 
city more prone to floods in the face of heavy rainfall, and 
urban floods are facing new challenges[2]. More than two-
thirds of the country 's land is threatened by floods, and more 
than two-thirds of the cities have experienced varying degrees 
of rainstorms and floods. Since 1949, floods have become 
China 's highest frequency of occurrence, the largest scope of 
impact and the most losses. Natural disasters, China has 
different degrees and ranges of floods every year, which have 
a significant impact on people 's lives and property. From July 
17,2021 to July 20,2021, affected by abnormal atmospheric 
circulation and typhoon, Henan Province suffered a rare 
heavy rainstorm in history, especially Zhengzhou City 
suffered heavy casualties and property losses. Therefore, it is 
necessary to identify areas susceptible to flood disasters and 
take certain flood control measures to protect the safety of 
people 's lives and property. 

Mastering the supply and demand of regional ecosystem 
services and protecting regional ecological security are of 
great significance for improving human well-being[3]. Based 
on the Urban Flood Risk Mitigation module of InVEST 
model, this paper obtains the runoff and runoff retention of 
the study area, and uses the runoff to represent the exposure 
intensity of the study area, so as to characterize the 
vulnerability of flood disaster[4]. The higher the vulnerability, 

the greater the demand for flood regulation services. Runoff 
retention is used to represent the supply capacity of flood 
regulation services in the study area. The greater the runoff 
retention, the stronger the service supply capacity. The ratio 
of supply and demand of ecosystem services is used to 
characterize the risk of flood disaster in the study area. The 
larger the supply-demand ratio is, the stronger the ability to 
resist flood disaster is, the smaller the risk is, and the smaller 
the supply-demand ratio is, the greater the possibility of flood 
disaster is. Identify the areas vulnerable to floods in the study 
area, and provide scientific support for the construction of 
regional ecological network pattern and ecological security 
pattern[5]. 

2. Study Area and Data 

2.1. Overview of the study area 
The Zhengzhou metropolitan area mainly includes five 

prefecture-level cities, Zhengzhou, Kaifeng, Xinxiang, 
Jiaozuo and Xuchang, with an area of 31,000 square 
kilometers. It is a temperate continental monsoon climate 
with four distinct seasons. It is dry and less rainy in spring, 
hot and rainy in summer, cool in autumn and dry and cold in 
winter. And the rainfall in summer mostly appears in the form 
of rainstorm. From July 17 to 20,2021, extreme heavy rainfall 
occurred in Zhengzhou City, and the rainfall depth reached 
617.1mm from 20 : 00 on July 17 to 20 : 00 on July 2021.This 
extreme rainfall caused serious urban waterlogging, serious 
water accumulation in the affected areas, heavy casualties and 
heavy economic losses. Based on the background of severe 
flood disasters caused by extreme rainfall, it is necessary to 
carry out risk assessment of flood disasters in Zhengzhou 
metropolitan area.  
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Figure 1. Study area location map 

 

2.2. Data source and processing 
The main sources of data are shown in Table 1.ArcGIS 

software is used to process the raster data into spatial 
resolution of 30m × 30m, WGS-1984-UTM-Zone-49N 
coordinates, and the data are clipped according to the 
boundary of the study area. 

 
Table 1. Data source. 

Date type Data source 
Land use Grid Ministry of Natural 

Resources of China 
http://globallandcover.com/ 

DEM Grid NASA 
https://earthdata.nasa.gov/ 

Soil 
hydrologic 

group  

Grid ORNL DAAC 
https://daac.ornl.gov/ 

Rainfall 
depth 

Number(mm) 617.1mm (2021.7.17,20:00-
2021.7.20,20:00，three 

days of rainfall in 
Zhengzhou) 

3. Research Ideas and Methods 

3.1. Research ideas and logical framework 
This paper takes Zhengzhou metropolitan area as the 

research object, and obtains the runoff and runoff retention of 
the study area through the Urban Flood Risk Mitigation 
module of the InVEST model. The runoff represents the 
exposure intensity of the study area[6], thus characterizing the 
vulnerability of flood disaster. The higher the vulnerability, 
the greater the demand for flood regulation services. Runoff 
retention is used to represent the supply capacity of flood 
regulation services in the study area[7]. The greater the runoff 
retention, the stronger the service supply capacity. The ratio 
of supply and demand of ecosystem services is used to 
characterize the matching state of supply and demand of 
ecosystem services and the ability of ecosystem to provide 
ecosystem services sustainably. The larger the supply-demand 
ratio is, the stronger the ability to resist flood disasters is, and 
the smaller the supply-demand ratio is, the greater the 
possibility of flood disasters is. 

 

 
Figure 2. Research idea diagram 

Service demand : The vulnerability 
level of flood disaster in construction 

space is characterized by runoff. 

Service supply : Runoff retention is used to 
characterize the supply capacity level of flood 

regulation service in ecological space. 

InVEST model 
Urban Flood Risk Mitigation module  

Service Supply-Demand Ratio : Flood Risk 
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3.2. Research methods  
3.2.1. Assessment of flood regulation service supply 

The supply of ecosystem services is the quantity and 
quality of ecological services provided by natural ecosystems 
to humans within a certain time and space. It is a complete 
collection of non-biological and biological components in the 
ecosystem that can provide various services[8]. The supply of 
flood regulation services is calculated using the Urban Flood 
Risk Mitigation module of the InVEST model. The InVEST 
model is a land use ecosystem service evaluation model 
jointly developed by Stanford University and other 
institutions, which uses land use and other data to evaluate 
ecosystem services. The spatial distribution characteristics 
are obtained, and the calculated runoff retention 𝑅௜ is used as 
the supply of flood regulation services (m³). The calculation 
principle of the module is shown in the formula.  
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In the formula, 𝑅௜  is the runoff retention on the pixel 𝑖 , 

which represents the supply of flood regulation services (m³) ; 
𝑄௜  is the runoff on the pixel 𝑖  ; P is the rainstorm depth, 
617.1mm ( 2021.7.17,20 : 00-2021.7.20,20 : 00, three days of 
rainfall in Zhengzhou ) ; 𝐴𝑟𝑒𝑎௜ is the area of pixel 𝑖 ; 𝑆௠௔௫೔

 
represents the possible maximum retention ( mm ) ; 𝜆 is a 
regional parameter ( 0.1 ≤ λ ≤ 0.3 ) ; 𝜆𝑆௠௔௫೔

 is the rainfall 
depth required to trigger runoff. According to the model 
manual and literature, the CN value is determined. 

3.2.2. Flood regulation service demand assessment 
The demand for ecosystem services mainly refers to the 

amount of service functions that humans consume, use, or 
need and expect[9]. Different service needs have different 
quantitative evaluation methods[10]. The demand for flood 
regulation services is quantified by vulnerability[11], and the 
exposure intensity of the study area is represented by runoff, 
thus characterizing the vulnerability of flood disasters. The 
higher the vulnerability, the greater the demand for flood 
regulation services. The calculation method of runoff see 
formula (4): 

 

 𝑄௜ሺmଷሻ ൌ ቊ ൫𝑃 െ 𝜆𝑆௠௔௫೔
൯

ଶ
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𝑄௜ is the runoff on the pixel 𝑖 ; P is the rainstorm depth, 

617.1mm ( 2021.7.17,20 : 00-2021.7.20,20 : 00, three days of 
rainfall in Zhengzhou ) ; 𝐴𝑟𝑒𝑎௜ is the area of pixel 𝑖 ; 𝑆௠௔௫೔

 
represents the possible maximum retention ( mm ) ; 𝜆 is a 
regional parameter ( 0.1 ≤ λ ≤ 0.3 ) ; 𝜆𝑆௠௔௫೔

 is the rainfall 
depth required to trigger runoff. According to the model 
manual and literature, the CN value is determined. 

3.2.3. Quantification of supply and demand ratio of flood 
regulation service 

The supply-demand ratio of ecosystem services can 
characterize the matching state of supply and demand of 
ecosystem services and the ability of ecosystems to provide 

ecosystem services sustainably[12]. The formula is calculated 
as follows: 

 

 𝐸𝑆𝐷𝑅 ൌ
ௌି஽

ሺௌ೘ೌೣି஽ౣ౗౮ ሻ/ଶ
                (5) 

 
In the formula, 𝐸𝑆𝐷𝑅  is the supply-demand ratio of 

ecosystem services ; 𝑆 and 𝐷 are the supply and demand of 
ecosystem services, respectively. 𝑆௠௔௫  and 𝐷୫ୟ୶   represent 
the maximum supply and demand of ecosystem services, 
respectively. The benefits obtained by human beings from 
ecosystem services to meet their own needs are defined as the 
well-being provided by ecosystems to human beings[3]. The 
greater the ESDR, the better the service demand is satisfied, 
and the more the demand is satisfied. The more well-being we 
think, the less likely the flood disaster will occur. 

4. Result 

4.1. Analysis of flood regulation service supply 
The higher the runoff retention, the higher the supply 

capacity of flood regulation services, the higher the level of 
flood risk, and the lower the flood risk[13]. It can be seen 
from the figure that the supply capacity of flood regulation 
service is mainly manifested in the spatial distribution pattern 
of high in the west and low in the east. Among them, the 
supply service level in the north of Jiaozuo, the north of 
Xinyang, the west of Zhengzhou and the west of Xuchang is 
higher, mainly due to the high vegetation coverage and large 
forest land distribution area in the west of the study area, 
while the green space area in the east is less. 

 

 
Figure 3. Flood regulation service supply diagram 

4.2. Flood regulation service demand analysis 
Affected by factors such as population density, economic 

development level and land use development degree, the 
spatial distribution of flood regulation service demand also 
has obvious spatial differences[14]. The high demand area of 
flood regulation service is concentrated in the central urban 
area of the city. The main reason is that the density of 
construction land in urban areas is high and the water network 
is developed. The rainstorm causes large runoff in this area, 
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high vulnerability of flood disaster and high risk of flood. 
 

 
Figure 4. Diagram of flood regulation service demand 

4.3. Flood risk analysis 
The supply-demand ratio of ecosystem services also 

showed significant spatial differences. In areas with low 
population density and high vegetation coverage, the high 
supply and low demand of flood regulation services lead to a 
higher ratio of service supply to demand. In the central urban 
area, due to the large proportion of construction land, dense 
population, and low service supply and demand, the flood risk 
in the central urban area is high. 

 

 
Figure 5. Flood risk map 

5. Conclusion 
Based on the balance between supply and demand of flood 

regulation services, this paper analyzes the flood risk of 
Zhengzhou metropolitan area. The main conclusion is that 
due to the large proportion of construction land and dense 
population in the urban center, the flood risk is high. In areas 
with high vegetation coverage, the risk of floods is low 
because vegetation can control floods. For the urban center 
with high flood risk, some measures can be taken to improve 

its flood control capacity.  
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