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1. Research Background  

As the rapid development of urban construction, the urbanization rate in China has 

reached to 58.52% until the end of 2017 (Statistical Communique, 2018). The 

traditional development mode shows to rapidly increase the imperious area and 

decrease the infiltration rate, accompany with the increase of runoff volume and the 

peak discharge, as well as the advance of peak time (Leopold, 1968, Booth, et al., 2002, 

Suriya & Mudgal, 2012). Therefore, the damage of rainstorm to the city has also been 

increased. In addition, the conventional rainwater utilization mode mainly focuses on 

the flood prevention and drainage in China, which will result in the loss of water 

supposed to be retained in the soil (Ma N, 2007). Besides, the present design standards 

of drainage facility lag behind the urbanization level and are quite unified. In a result, a 

frequent occurrence in recent years appears as: the inundation occurs during the rainfall 

and the draught come soon after (Yang L. X., 2015, Wang W. W., et al., 2015). The 

water resource statistic result of Ministry of Water Resources (MWR) shows that 400 

cities have a scant supply of water and 110 cities are serious short of among the 669 

cities all over the country. Moreover, there are 30 cities have perennial shortage of 

water among the 32 megacities. In recent years, the flood disaster has frequently 

occurred in the important cities such as Beijing, Shanghai, Guangzhou, Wuhan and 

Hangzhou. Only the “7.21” rainstorm in Beijing on 21
st
 July, 2012 affected 1.602 

million people and caused economic losses of 11.64 billion yuan (Yun H., 2012). The 

increasingly prominent problems of urban inundation, water quality and loss of 

rainwater resources seriously restrict the sustainable development of cities. 

 

Fu (2015) indicates that the traditional city construction emphasizes the economic 

development, which rarely has concern on the complex urban space and multi-type 

water problems. In order to realize the coordinated development of resources and 

environment, China began to put the Sponge City Construction (SCC) with the concept 

of "natural storage, natural infiltration and natural purification" into national strategy 

level in 2013 (Qiu B. X., 2015).After that, 16 cities were set as the first group of pilot in 

April, 2015 and the SCC was officially launched. Technical Guideline of Sponge City 

Construction (2014) promoted by the Ministry of Housing and Urban-Rural 

Development indicates: SSC focuses on the promotion and application of Low Impact 

Development (LID) and aims to realize a good city hydrological cycle through the 

techniques for infiltration, stagnation, storage, purification, utilization and drainage and 

so on. LID use the scattered and small-scale source control measures to decrease 

rainstorm runoff and mitigate the pollution so as to reduce the influence of city 

construction on regional hydrological characteristics and environment (US 

Environmental Protection Agency, 2000). As China's sponge city construction has a 

late start, it is still in the exploration and development stage, so the  corresponding 

theoretical and technical support are needed to promote a more effective 

implementation.   

 

Scholars in China and other countries have made many studies on the effect of 



individual or combined LID measures on storm water runoff. Due to the long-time 

development of LID in foreign countries, many scholars and institutions have carried 

out a large amount of research on LID measures in the aspects of site design, test 

detection and model evaluation (Dietz ME, 2007, Ahiablame LM et al., 2012). 

Although relevant experimental studies on LID measures are also conducted in China 

(Pan, et al., 2012), the model simulation is still the most common method and it is lack 

of long sequence of experimental or monitoring data at present. 

 

The effect on runoff of LID measures is related to various aspects according to the 

numerous studies, such as the scale of measures, topography of the study area and 

different climatic conditions, which will lead to a wide range of effect. Therefore, we 

should analyze the effect of the measures in many aspects when implements the SCC 

design. In addition, the current study is lack of the cost calculation for the service life 

period of LID measures, which limits the effective analysis of the costs and benefits for 

different LID measures (Liu, et al., 2015). Moreover, the research about effects of LID 

measures on inundation is also not enough, as well as the comparative study on the 

effects of measures under different rainfall intensities and rainfall duration. Studies on 

the effects of LID measures need to be developed in the future. 

 

2. Research Significance 

The existing studies about the effect on the storm water runoff of LID measures mainly 

focus on the reduction of the total runoff and peak flow. However, the inundation 

condition of hazard-affected body, as an important factor for disasters, should also be 

taken into account when assessing the risk caused by rainstorm flood on cities. 

Therefore, the hydrological characteristics and inundation condition should be both 

concerned when evaluate the effect of individual and combined LID measures. 

 

According to The Implementation Plan of Sponge City Construction Pilot Project in 

Jinan, Shandong province (2015-2017) (hereinafter referred to as The Implementation 

Plan), the Daming Lake pilot region in Jinan is exemplary due to its representative local 

condition, such as water problem, topography and urban structure. The research on the 

LID measures effect in this area can provide relevant theoretical or technical support 

for the SCC in Jinan or similar urban and region. 

3. Research Content 

Flood Simulation Numerical Model (Liu S. K., et al. 1999, Cheng X. T., 2009) and 

Flood Risk Analysis Software (FRAS) (Li Na et al., Register Number: 

2016SRBJ0650) developed independently by IWHR are used to evaluate the effect of 

individual and combined LID measures on inundation reduction in Jinan pilot area for 

SCC. The combined LID measures are set up according to The Implementation Plan to 

analyze the measures’ effect on flood reduction under the 24h design storm with 5-year, 

10-year and 20-year return period. The effects of LID measures on inundation area are 

all analyzed at pilot area, small watershed and block scale. And their effects on runoff 



volume and peak flow are also analyzed at small watershed scale. In addition, 

individual LID measures of different sizes are also set in the Square West Ditch basin to 

compare and analyze their flood reduction effect under the 24h design storm with 

10-year return period. Relevant suggestions are put forward through the analysis and 

discussion of the simulation results to provide technical support for the SCC in Jinan, 

the urban flood control and drainage issues 

4. Methodology 

The FRAS is integrated software with many models, such as 1D-2D coupling hydraulic 

model (Liu S. K. et al. 1999, Cheng X. T., 2009), hydrological model, drainage model, 

etc., which simulate the urban flood through GIS-based analysis interface. The 

one-dimensional model is coupled with the two-dimensional model by calculating the 

flood along the passage direction and the flow exchange between the passage and the 

grids on both sides. Besides, the hydrological and drainage model are both coupled with 

the one-dimensional and two-dimensional hydraulic models on the special passages 

and grids respectively. So the models are closely connected and real-time synchronous 

simulation is realized. This study improved the original hydrological model by adding 

the SCS method to couple with the surface two-dimensional hydraulics model in real 

time. And road passages or grids including the LID measures are simulated specially. 

Therefore, the software can reflect the runoff generated and confluence process more 

accurately. 

5. Scenario Design 

5.1 Scenario with the combined LID measures in the Implementation Plan 

A series of LID measures have been taken in roads, green areas and community 

within the city construction in pilot area of Jinan, involving almost all aspects of the 

SCC. However, due to the ambiguous description about the size or position of each 

measure in the Implementation Plan, we only choose four typical LID measures that 

have details in the plan to simulate: green roof, high permeability greenbelt, porous 

pavement and sunken green belt (including rainwater garden, grass swale and 

greenbelt for water retention).The setting location of LID measures within community 

and road are shown in figure 1 and 2 respectively. 



 

Figure 1 Location of LID measures within community  

 

Figure 2 Location of LID measures within road 

 

5. 2 Scenarios with different construction scale of individual LID measures 

In order to further compare the effect of individual measures on inundation reduction 

under different construction scales, this study selected Square West Ditch for scheme 

simulation. The basin is located in the central urban area with flat terrain and high 

degree of urbanization. The area of this watershed is 5.66km
2
, 16% of which is the 

residential area. The construction scale of three individual LID measures, green roof, 

permeable road surface and sunken green belt, are setting respectively. 30%, 50%, 70% 

and 100% of the settable area of different LID measures are selected to increase 

successively for the 12 scenarios, with the increase order from upstream to 



downstream (figure 5-4 to 5-6). The settable areas of green roof, permeable road 

surface and sunken green space are 0.958, 1.988 and 0.821 km
2
 respectively.  

 

Figure 5-4 Distribution of green roof with different construction scale 

 

Figure 5-5 Distribution of porous pavement with different construction scale 

 

Figure 5-6 Distribution of sunken green belt with different construction scale 
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