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Abstract: Waterlogging induced by rain in urban areas has a potential risk impact on property and 

safety. This paper focuses on the impact of rain on waterlogging and evaluates the waterlogging 

risk in the central city of Shanghai. A simplified waterlogging depth model is developed in different 

areas with different drainage capacity and rainfall in consumption of simplifying the effect of com-

plex terrain characteristics and hydrological situation. Based on urban waterlogging depth and its 

classification collection, a Rain-induced Urban Waterlogging Risk Model(RUWRM) is further estab-

lished to evaluate waterlogging risk in the central city. The results show that waterlogging depth is 

closely linked with rainfall and drainage, with a linear relationship between them. More rainfall 

leads to higher waterlogging risk, especially in the central city with imperfect drainage facilities. 

Rain-induced urban waterlogging risk model can rapidly gives the waterlogging rank caused by 

rainfall with a clear classification collection. The results of waterlogging risk prediction indicate that 

it is confident to get the urban waterlogging risk rank well and truly in advance with more accu-

rate rainfall prediction. This general study is a contribution that allows the public, policy makers 

and relevant departments of urban operation to assess the appropriate management to reduce traffic 

intensity and personal safety or strategy to lead to less waterlogging risk. 
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1. Introduction 

With the extreme weather and rapid urbanization in recent years, cities in China were 

suffered by urban waterlogging because of short-time heavy rain [1-3]. In urban areas, 

waterlogging is one of the most serious natural disasters, which usually causes traffic 

break, building damage and even life death, resulting in loss of property and safety [4,5]. 

Many studies explore the causes of urban waterlogging from the perspective of attribution 

analysis and through the statistics of waterlogging events. The analysis shows that urban 

waterlogging is caused by many factors [6]. Urban waterlogging is closely related to rain-

fall. Urban climate and environmental changes lead to changes in water cycle, and the 

artificial emission of particulate matter, air pollution and urban heat island effect cause 

the change of urban microclimate, thus the precipitation mode changes [7,8]. Some studies 

conclude that heavy rain will become more often and more serious during the background 

of global warming and rapid urbanization procedure, thus urban waterlogging will be 

more serious [9,10]. From the meteorological point of view, it is generally believed that 

short-term heavy precipitation is more likely to lead to urban waterlogging. Due to its 

short duration, high intensity and strong locality, the urban drainage system exceeds the 

design standard and causes water accumulation [11]. The urban surface and river network 

conditions, as well as hydrological process are of great importance for whether the city 

will cause waterlogging or not [12]. The rainwater is not easy to permeate through the 

hard ground, resulting in reduced natural rainwater storage capacity. Poor river network, 
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construction waste or household garbage blocking pipelines, deficiencies or breakdown 

of drainage facilities will also lead to waterlogging [13,14]. Many studies start from wa-

terlogging models through hydrodynamic numerical simulation or statistical methods for 

better simulation of ground water variation [15-18], so as to predict the occurrence and 

degree of waterlogging and provide favorable tools for risk management. Accordingly, 

the occurrence of urban waterlogging will bring a series of social and economic impacts 

[19,20], usually causing road and street block flooding, traffic interruption, housing prop-

erty damage and other effects, so the risk of waterlogging is valued. Urban rainstorm wa-

terlogging risk assessment can be conducted using remote sensing or GIS technology 

[21,22], combining with land use and DEM etc. 

It is necessary to constitute an organic urban waterlogging model system with high 

accuracy of precipitation simulation, fine and accurate urban surface and river network 

information, optimized hydrodynamic model system, as well as artificial drainage facili-

ties and management. However, these methods need to take complex terrain characteris-

tics and hydrological situation into consideration. Moreover, it will require lots of relevant 

data which could not be acquired easily [23], thus it is difficult to carry out studies on 

waterlogging risk in an area where the terrain characteristic and hydrological interaction 

are not obvious. But the potential impact of rain on waterlogging is very crucial. It is nec-

essary to find out how rain impacts on waterlogging and optimize the schemes of infiltra-

tion, storage and drainage against waterlogging [24]. So, the urban waterlogging risk eval-

uation is needed. 

Taking the central city of Shanghai as a case study, the present research attempts to 

discover the impact of rain on waterlogging and evaluate the waterlogging risk since the 

urban waterlogging problems often trouble the people’s daily life in Shanghai. Also, a 

waterlogging depth model is developed in different areas with different drainage capacity 

and rainfall in the central city. Then, based on urban waterlogging depth and its classifi-

cation collection, a simplified Rain-induced Urban Waterlogging Risk Model (RUWRM) 

is built. This will give great contribution that allows municipal administration who highly 

concerns about disaster reduction, taking action to assess the appropriateness of local traf-

fic and drainage management strategies. 

2. Materials and Methods 

2.1. The case-study city and concerns 

Shanghai, located on the east of China with a territory of 6340km2 and 24.9 million 

population, is China’s international economy, finance, trade, shipping and science and 

technology innovation centre. As shown in Figure 1, Shanghai lies in the tidal river net-

work area of the Yangtze River Delta, bordering the East China Sea in the east, Hangzhou 

Bay in the south, Jiangsu and Zhejiang provinces in the west, and the mouth of the Yang-

tze River in the north. The river network of Shanghai is mainly composed by the main 

Channel Huangpu River, passing the urban area, and its tributaries Suzhou River, Chuan 

Yang River, Dian Pu River and so on. The annual rainfall is about 1200mm and average 

rainfall day is about 132 days. About 60% of total rainfall occurs in flooding season from 

May to September with notable spatial distribution [25]. Because of deltaic deposit, the 

terrain of Shanghai is low and flat, with an average elevation of about 4 meters, and the 

low-lying elevation is only 2-3 meters. Geology is mainly constituted of cohesive soil. The 

groundwater level is high, and the diving level buried depth is generally 0.5-1.5m [26]. 

Shanghai's total population continues to grow, and its resources, environment and 

infrastructure are under great pressure. Severe weather occurs from time to time every 

year, especially in the flood season. Disasters, such as typhoon, rainstorm, high tide and 

flood etc., frequently attack the city infrastructure, so it is worth focusing on the solution 

district, especially the central city, which has the most dense of population, buildings, 

traffic infrastructure and so on [27]. Whether the heavy rain causes waterlogging or not is 

also closely related to the local terrain, underlying surface, road density and even people's 

activities [28]. The areas, usually the central city, with a large proportion of old houses 
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and old underground rainwater systems will suffer more than newly-built areas with the 

same precipitation intensity [29]. Therefore, the performance evaluation of waterlogging 

risk prediction solutions in this study will focus on the central city of Shanghai, which is 

circled by pink polygon in the right picture of Figure 1. 

Also, urban waterlogging risk gives useful information to public, policy makers and 

relevant departments of urban operation, such as drivers, drainage operational or road 

management staffs, taking notice of the area or roads which will impact by extreme heavy 

rain and waterlogging to avoid traffic jam and personal safety [30]. 

 

 

 

(a) (b) 

Figure 1. Shanghai and the study area. 

2.2. Methods 

Figure 2 depicts our model process across the entire factors that drive waterlogging 

hazards and interact with the city infrastructures and drainage controls. To find out the 

relationship between rainfall and waterlogging depth at the different areas and locations, 

urban accumulated AWS rainfall, waterlogging depth and drainage capacity information 

of different areas in shanghai with a historical series of about ten years are analyzed to 

develop a Waterlogging Depth Model (WDM). Additionally, drainage facilities infor-

mation is included. After model calibration, WDM is converted to Rain-induced Urban 

Waterlogging Risk Model(RUWRM) with the classification collection by thresholds. To 

further check accuracy of the RUWRM simulation in terms of waterlogging risk, the real-

time AWS(Automatic Weather Station) rain gauge data and Numerical Weather Predic-

tion(NWP) rainfall data are engaged in for model evaluation, thus waterlogging risk anal-

ysis is achieved. Consequently, the analysis will give cost-effective of solutions for the 

public, policy makers and relevant departments of urban operation. 

Shanghai 
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Figure 2. Waterlogging Depth Model, Risk Model and evaluation in city concerns: flow chart. 

2.2.1. Drainage area zoning and drainage capacity of the central city 

According to the water conservancy section boundary, the city area is divided into 

14 rain water drainage zones [31]. The distribution of drainage areas is as Figure 3 shows. 

The main feature of Shanghai is flat and low-lying, most areas have no good drainage 

conditions, water discharge mainly relies on pumping. There are over 1400 rain drainage 

facilities distributed over a considerable extent in Shanghai with different drainage mode 

in charge of a number of roads and street blocks. Also, the urban land in each zone is 

further divided into several strong drainage areas and self-drainage areas because of the 

different drainage modes. Among them, the central city mainly involves Jiabaobei, Yun-

nan, Dianbei, Diannan and Pudong (Table 1), which is mainly controlled by strong drain-

age mode, supplemented by self-drainage mode. In other rural areas, the self-drainage 

mode is mainly adopted, supplemented by the strong drainage mode. 

The central city of Shanghai is the area within the outer ring, covering a territory of 

660km2, which is divided into 284 drainage units. These units are classified into four cat-

egories for different drainage capacities, those respectively follow the maximum drainage 

capability with precipitation intensity reaching 27mm/h, 30mm/h, 36mm/h and 50mm/h, 

which are called as Ⅰfor the area of imperfect drainage facilities, Ⅱfor the area of once-in-

half-a-year waterlogging with strong drainage, Ⅲ for the area of once-in-a-year waterlog-

ging with strong drainage and Ⅳ for the area of once-in-three-year waterlogging with 

strong drainage. 
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Figure 3. Drainage area zoning and their drainage mode in Shanghai. 

Table 1. Drainage information of different areas related with the central city of Shanghai. 

Zoning name Area(km2) 
River or lake 

area(km2) 

Water gate 

number 

Peripheral pump station 

discharge(m3/s) 

Jiabaobei 698.8 54.6 34 59.0 

Yunnan 173.4 7.6 21 300.0 

Dianbei 179.3 8.8 27 193.6 

Diannan 186.8 14.3 14 28.0 

Pudong 1976.6 151.1 40 90.0 

 

2.2.2. Meteorological data and waterlogging depth data 

The 11 years period (August, 2001–May, 2011) of the hourly rainfall data from about 

200 AWS observations have been acquired from Shanghai Meteorological Services(SMS) 

of China Meteorological Administration(CMA). AWS is located all over Shanghai with 

about 5km spatial resolution. The historical hourly rainfall data of Shanghai combined 

with waterlogging depth data are employed for building a regression model of waterlog-

ging. 

In this study, the second generation of regional high-resolution numerical forecast 

service system, SMS WRF ADAS Real-time Modeling System (SWARMS V2.0) is chosen 

as the NWP model, which is widely used in the operational meteorological forecast de-

partments in China. The main part of the system is based on ARPS(Advanced Regional 

Prediction System) Data Assimilation System and Weather Research and Forecasting 

(ADAS-WRF), with the National Centers for Environmental Prediction/Global Forecast 

System(NCEP/GFS) analysis field as the initial guess field[32]. The ADAS assimilation 
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system is used to achieve the assimilation application of various observation data, includ-

ing conventional weather observation, ship observation, airport ground report, buoy, air-

craft observation, air sounding observation, radar data, infrared and visible channel of 

FY-2G (FengYun-2G) data. In addition, the use of cloud initialization technology to obtain 

information about convection (such as cloud and precipitation), and by adjusting the em-

pirical parameters in the cloud analysis scheme, constructs a reasonable cloud field of high 

impact weather and the corresponding water parameters, including cloud water, cloud 

ice and so on, eventually forms fine structure of high quality numerical pattern analysis 

field in small and medium scale weather system [33-35]. In view of the fact that Shanghai 

is located in the East Asian monsoon region, the precipitation process is mostly produced 

under strong scale forcing conditions, and the physical process of cloud and precipitation 

in the mode is selected and optimized to improve the effect of the model precipitation. 

The SWARMS Rapid Refresh (SWARMS-RR) is mainly designed for short-time forecast, 

which is established based on ADAS-WRF with a horizontal resolution of 3km after ob-

servation assimilation every hour for 24 hours. SWARMS-RR starts once a day at 18UTC 

with the 6 hour forecast field as the initial guess from SWARMS 2.0 at 12UTC, and the one 

hour forecast field of RR system after ADAS assimilation as the rest of the initial guess. 

SWARMS-RR rainfall data, from June to August of 2011 with the spatial resolution of 3km, 

are employed for real-time prediction of waterlogging risk. 

In this study, waterlogging depth data with site and occurrence time information are 

gained from Shanghai Water Authority(SWA) with a period of August, 2001 to May, 2011 

from 14 rain water drainage zones of Shanghai.  

2.2.3. Pre-processing of the historical data 

In terms of spatial distribution, the AWS rainfall data are pre-processed in our re-

search for four parts in accordance to the distribution of waterlogging depth data to in-

vestigate their relationship in the same areas. The hourly waterlogging depth data are 

carefully examined according to rainfall event recorded in AWS in order to ensure the 

waterlogging event was caused by rain. In the other words, when waterlogging appears 

but there is no rain, the data are not applied for study. The drainage capacity information 

of different areas is determined to four levels, which follow the maximum drainage capa-

bility with precipitation intensity reaching 27mm/h, 30mm/h, 36mm/h and 50mm/h cor-

responding to the above four areas. 

3. Model setup and prediction 

3.1. Waterlogging Depth Model concerned about rainfall and drainage 

The study area is located in the central city with a high density of residential and 

commercial properties. We opted to focus on rain-induced waterlogging risk of four cat-

egories for different drainage capacities. In other words, we especially look at the four 

categories of waterlogging risk so as to examine the direct risk caused by heavy rain. Re-

searches show that the simulation of the drainage pipe network system is crucial for urban 

waterlogging [36,37]. The water flow conditions of drainage pipes are complex, with cir-

culation, reflux, pressure flow and so on under cement, asphalt surface, dense high build-

ings and large impervious area, so urban hydrological characteristics are not obvious [38]. 

But the simulation of these complex conditions require numerous input data, parameter 

calibration, and expansive computing cost [39,40]. In this paper, the hydrodynamic pro-

cess is simplified and the drainage capacity is adopted to generalize the complex hydro-

dynamic action in the grid unit. We take the waterlogging depth based on the following. 

waterlogging depth = rain induced waterlogging depth - depth in drainage capacity (1)

The rain-induced waterlogging depth presents the depth directly caused by rain. It 

is supposed to express as a linear relationship with rainfall. Depth in drainage capacity is 

equal to 27, 30, 36 and 50 for four area categories. Thus, waterlogging depth can be written 

as the following: 
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depth =a*rain + b (2)

where rain is one hour rainfall (mm), depth is waterlogging depth (cm) and a, b are 

the coefficients.  

To find the relationship between rainfall and waterlogging depth, hourly precipita-

tion data of AWS and historical waterlogging depth are applied. Therefore, statistics of 

the average, maximum and minimum waterlogging depth in areas of four categories with 

drainage capacity and hourly rainfall data shows their linear relationship can be ex-

pressed by some mathematical regression model. The average waterlogging depth is con-

sidered as the base line of the area when waterlogging occurs. By using the regression 

model in four categories of waterlogging risk area, area Ⅰ,Ⅱ,Ⅲ and Ⅳ respectively have 

the following average waterlogging depth model (Figure4).  

depth =0.7575*rain-4.6035 (3)

depth =1.1659*rain-30.377 (4)

depth =1.3589*rain-47.751 (5)

depth =0.2370*rain-11.327 (6)

Also, the maximum and minimum waterlogging depth can be expressed as the above 

formula with different coefficients (Figure4). If depth is negative while calculating with 

rainfall input, let it be zero. 

 

 
 

(a) (b) 

  

(c) (d) 

Figure 4. Average waterlogging depth model for four categories of areas. (a) for area Ⅰ; (b) for area 

Ⅱ; (c) for area Ⅲ; (d) for area Ⅳ. 
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3.2. Setup of Rain-induced Urban Waterlogging Risk Model 

According to different drainage capability of each areas and rainfall, Rain-induced  

Urban Waterlogging Risk Model(RUWRM) is setup in different drainage area in the cen-

tral city of Shanghai based on urban waterlogging depth information and its classification 

collection. Based on social survey results, waterlogging risk ranks in Shanghai are further 

established considering the drainage capacities and the impact of different depths of in-

undated water on roads, streets and buildings. Table 2 shows that the waterlogging risk 

in Shanghai is categorized to 5 ranks from 1 to 5 from SWA. The 5 ranks of urban water-

logging risk are named as “slight”, “low”, “moderate”, “high” and “severe” in accordance 

with the colour of “light blue”, “blue”, “yellow”, “orange” and “red”. For example, if the 

waterlogging depth is greater than 30cm and not greater than 45cm, the waterlogging risk 

is determined to rank 3 with the meaning of “moderate” impact and the colour of “yel-

low”. 

Table 2. The waterlogging risk ranks in Shanghai. 

Ranks Waterlogging Depth Risk Colour 

1 0cm<depth≤15cm slight light blue 

2 15cm<depth≤30cm low blue 

3 30cm<depth≤45cm moderate yellow 

4 45cm<depth≤60cm high orange 

5 60cm<depth severe red 

3.3. Waterlogging risk prediction 

To evaluate the performance of RUWRM, waterlogging risk prediction is done with 

NWP forecast hourly rainfall data with horizontal resolution of 3km within 24 hours. 

Based on the forecast rainfall, urban precipitation of drainage area in the central city is 

provided. Then waterlogging depth can be obtained according to WDM. Afterwards, the 

3km grid waterlogging depth is converted to waterlogging risk, which is meshed into the 

different drainage units, then different waterlogging risk of each area can be achieved. 

4. Results 

4.1. Prediction performance evaluation 

As evaluation of prediction performance, the observed and predicted waterlogging 

risk are used during June to August of 2011 in Shanghai. Firstly, observed waterlogging 

depth is converted as “observed” by using the waterlogging risk classification collection. 

Secondly, real time prediction of NWP is used to calculate predicted waterlogging risk by 

the waterlogging risk model. At last, “observed” and predicted waterlogging risk are ap-

plied to evaluate the model performance. The heavy rainfall event on August 12 of 2011 

is taken as an example. Affected by the slow-eastward-moving cold vortex in high alti-

tude, the severe convective weather occurred, with the precipitation mainly occurred in 

the central urban area and the northern part of Shanghai.From 06 to 10 am, the maximum 

cumulative rainfall in the central city reached 92.9mm. Beixinjing of Changning district, 

Wujiaochang of Yangpu district and Huanghe Road of Huangpu district get the observed 

waterlogging risk rank for 3, 4, 4, either as the predicted. The model predicted values meet 

the observation well.Table 3 shows the waterlogging risk in some heavy rain events of 

flood season from June to August of 2011.After careful examining, it is concluded that the 

most predicted waterlogging risk is totally close with the observed, occasionally, few pre-

dicted ones have one rank level difference. Totally, the prediction accuracy is 80%. 
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Table 3. Comparison of predicted and observed waterlogging risk. 

Date Sites 
Observed waterlogging 

risk 

Predicted waterlogging 

risk 

06/17/2011 

Wuzhong Road, the Central city 3 3 

Outer Ring Road 3 2 

Yishan Road, Xuhui 1 1 

07/31/2011 The Orient Sports Center, Pudong 1 0 

08/03/2011 

Puxi Road, Xuhui 3 2 

Wujiaochang, Yangpu 1 1 

Gaoqiao, Pudong 2 2 

08/04/2011 

Xinzhuang, Minhang 3 3 

Wuzhong Road 4 4 

Xianxia Road 4 4 

Middle Ring Road 2 2 

08/12/2011 

Beixinjing, Changning 3 3 

Wujiaochang, Yangpu 4 4 

Huanghe Road, Huangpu 4 4 

08/13/2011 The whole central city 1 1 

4.2. The performance of a heavy rain case evaluation 

The heavy rainfall event on August 4th of 2011 is taken as a case to evaluate the model 

performance. On that day, due to the influence of trough in high altitude, severe precipi-

tation occurred in Shanghai,while a rainstorm occurred in the central city. Rainfall values 

of six automatic stations exceeded 50 mm, and the maximum cumulative rainfall was 68 

mm. Figure 5 depicts the NWP rainfall in Shanghai and in the central city, as well as cor-

responding waterlogging risk product by using waterlogging risk model. On the water-

logging event on August 4th of 2011, the waterlogging depth of Wuzhong Road and Xian-

xia Road (B) were 48cm, Xinzhuang (A) exceeded 30cm, and Middle Ring (C) was near 

25cm. So according to the waterlogging risk model, the observed waterlogging risk rank 

of Wuzhong Road and Xianxia Road was 4, Xinzhuang was 3and  Middle Ring was 2. 

And from the prediction, the rank of waterlogging risk in Wuzhong Road and Xianxia 

Road was 4, Xinzhuang was 3 and Middle Ring was 2. The predicted results were close to 

the observed. 

The results show that the distribution and rank of urban waterlogging risk is differ-

ent because of different rainfall conditions. The greater the rainfall intensity is, the higher 

the waterlogging risk rank will be. When the hourly rainfall is higher than 25mm, there is 

slight risk in someurban areas of imperfect drainage facilities. When the hourly rainfall is 

higher than 40mm, there is low risk in most areas of the central city. When the hourly 

rainfall is above 50mm, it will get moderate or high risk in the areas where the rain falls. 

   

(a) (b) (c) 

Figure 5. Rain and waterlogging risk evaluation on August 4th of 2011. (a) for NWP rainfall in 

shanghai; (b) for rainfall in the central city; (c) for predicted waterlogging risk. 
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4.3. Practice on drainage decision support by waterlogging risk prediction 

On the practice, a rainstorm event in Shanghai on July 14 of 2011 is chosen. During 

this event, the precipitation in the northwest of central city of Shanghai exceeded 100 mm 

within 24 hours. Based on the NWP heavy precipitation forecast, the waterlogging risk 

prediction is given by using RUWRM. Clearly, severe waterlogging is expected in the 

northwest of the central city, while moderate or slow waterlogging in the southwest . The 

real-time operational dispatching control system of Shanghai urban rainwater pipe net-

work in this area is mainly controlled by rainwater pumping stations, which is responsible 

for the pipeline drainage in one area (Figure 6). For practice, TianLin pumping station and 

its pipeline control blocks are concerned. According to the arrangement of the dispatching 

system, the rainfall alarm is conducted, and combined with the waterlogging risk predic-

tion, the pumping station load alarm was considered, as well as  the drainage arrange-

ment and online personnel dispatching were managed through the system. Benefit from 

the waterlogging risk prediction, the drainage management personnel conducted the pre-

drainage of the drainage pipe network and unblocked the pipeline in this area, increasing 

the capacity of rainwater absorption, and enhancing the discharge capacity of waterlog-

ging water. At the same time, the rainfall station and water monitoring instrument were 

used to monitor the rainfall and waterlogging depth, while the alarm messages were sent 

to the drainage and flood control staff through the decision support system, so that they 

could more accurately know the waterlogging situation for their monitor and disposal. 

 
 

 

(a) (b) (c) 

Figure 6. Rain, waterlogging risk prediction and drainge practice area on July 11th of 2011. (a) for 

rainfall in the central city; (b) for predicted waterlogging risk; (c) for TianLin pumping station and 

its pipeline control blocks. 

4.4. Discussion and Suggestion 

This study presents a quick and less expensive method by using rainfall to induce 

waterlogging risk given the drainage capacity in different areas with less attention to com-

plex surface condition and hydrological process, so that social impact of waterlogging risk 

can be well concerned. Therefore, property loss threat caused by waterlogging on roads, 

buildings and street blocks, as well as live or health threat on residents can be recognized 

by waterlogging risk ranks easily. 

In preparation, with speedy dissemination of waterlogging risk prediction to rele-

vant official departments and organizations by emergency department during flood sea-

son, it can be arranged notice and action at the public level to increase awareness. People, 

such as drivers are generally advised about how to increase their preparedness, including 

knowing how and when they will go away from the waterlogging areas, how and where 

they will park their cars, what types of emergency action and help they may need. Various 

departments of city government can also make preparations and appropriate emergency 

items to help citizens respond to waterlogging. 
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In order to minimize loss, damage, and health risks during waterlogging, the relevant 

departments can rapidly operate their emergency facilities at different parts of the city. 

Relief and rehabilitation works are monitored, and emergency instructions are provided 

to other organizations and service departments, such as the electric supply authority, wa-

ter supply and sewerage authority, traffic management department, fire service, and so 

on. 

Immediately after a waterlogging strikes, a report outlining the estimated work can 

be send to the relevant departments, along with commentary. It also prepares restoration 

lists of buildings, houses, and all types of structures, as well as lists of roads and streets 

that are to be raised above the floodwater level. 

5. Conclusion 

The present study focused on the setup of the relationship between the urban water-

logging risk, rainfall and drainage capacity in the central city of Shanghai. In this paper, 

the drainage capacity is adopted to generalize the complex hydrodynamic action and ar-

tificial drainage in the urban grid unit. The waterlogging depth model is built between 

rainfall and drainage capacity by regression method with pre-processed historical data. 

Waterlogging depth model was created for the calculation of the rainfall associated with 

the drainage for building relationship based on a period of about 11 years data. What is 

more, a simplified rainfall-induced urban waterlogging risk model is introduced to ex-

pand the use range of waterlogging depth model. Also, predicted waterlogging risk is 

carried out by NWP forecast rainfall data from some heavy rain events from June to Au-

gust of 2011, and analysis shows that predicted waterlogging risk is close to observation. 

On the basis of the previous section of results and discussion, some suggestion is offered 

to the public, policy makers and relevant departments of urban operation. 

The results show that waterlogging is closely linked with rain and drainage, and wa-

terlogging depth has the linear relationship with rainfall and drainage capacity. That is to 

say, more rainfall leads to higher waterlogging risk, especially in the central city with im-

perfect drainage facilities. Rain-induced urban waterlogging risk model can rapidly gives 

the waterlogging rank caused by rainfall with a clear classification collection. The results 

of waterlogging risk prediction indicate that it is confident to get the urban waterlogging 

risk rank well and truly in advance with more accurate rainfall prediction. Information 

with urban waterlogging risk gives the public, policy makers and relevant departments 

of urban operation timely adjust their routine and emergent management who are hoping 

to diminish traffic intensity and personal safety. In urban construction and development 

processes,more attention to the improvement of drainage capacity will lead to less water-

logging risk. 
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