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Abstract 

LID are spread on a small scale throughout target area, therefore, evaluation of their overall effect on flood reduction is not 
straightforward. As one solution dealing with this problem, Yoo et al. (2012) proposed a methodology for quantifying the flood 
runoff reduction effect of storage facilities by curve number (CN). Introduction of various infiltration or storage facilities causes 
the decrease in CN, which can be calculated using the runoff. The result derived was summarized in a graph showing the 
decrease in CN as an effect of the runoff reduction. That is, the runoff reduction effect of infiltration or storage facilities was 
able to be easily estimated using the derived graph. In this study, LID effects of Gimcheon Pyeonghwa district in Korea was 
quantified using this method. Additionally, the reduction amount of the runoff volume using the method suggested by Yoo et al. 
(2012) was compared with that estimated by using SWMM 5.0. As a result of this, the effect of LID facilities was shown 
similarly in both cases using the methodology used in this study and simulated using SWMM 5.0. This result verified that the 
methodology was valid even though it is straightforward and simple. 
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1. Introduction 

LID (Low Impact Development) was proposed to avoid urbanization problems like increased runoff rate and 
volume, decreased infiltration, decreased groundwater recharge and baseflow and deterioration of water quality in 
streams, rivers and shallow groundwater (Ahiablame et al., 2012; USGS, 1999). LID facilities are spread on a small 
scale throughout target area to induce retention and infiltration when runoff is generated unlike conventional 
facilities for flood runoff reduction applied after runoff generation. This is why evaluation of their overall effect on 
flood reduction is not straightforward.  

As one solution dealing with these problems, Yoo et al. (2012) proposed a methodology for quantifying the 
flood runoff reduction effect of storage facilities by curve number (CN). Introduction of various infiltration or 
storage facilities causes the decrease in CN, which can be calculated using the runoff. The result derived was 
summarized in a graph showing the decrease in CN as an effect of the runoff reduction with respect to the rainfall 
duration, return period, runoff coefficient of the catchment and size of the storage facility. The runoff reduction 
effect of a storage facility can be easily and directly estimated using the derived graph.  

In this study, effect of LID facilities applied to Gimcheon Pyeonghwa district in Korea was quantified using the 
methodology proposed by Yoo et al. (2012). First, CNs of study basin were calculated before and after the 
introduction of LID facilities. The reduction amount of the runoff volume on the introduction of the storage and 
infiltration facilities can then be estimated by rainfall-runoff simulation using CNs calculated above. Additionally, 
the reduction amount of the runoff volume was estimated again using SWMM 5.0 which had been developed to 
consider LID facilities like infiltration trench, porous pavement, etc. Finally, The reduction volume derived using 
SWMM 5.0 was compared with that estimated using the methodology used in this study to verify whether the 
methodology was valid even though it is straightforward and simple. 

2. Quantification of LID facilities 

2.1. Storage facilities and infiltration facilities 

LID facilities are to minimize the changes of hydrological conditions before and after development. In order to 
achieve this, LID principles and practices focus on treatment in the step where runoff is generated, unlike pre-
existing principles and practices for flood reduction focusing on treatment after runoff generation (Park et al., 
2008). LID facilities can be classified into two large groups: Storage facilities like underground storage, reservoir 
and infiltration facilities like infiltration trench, infiltration collector. This study considered only 4 facilities: 
underground storage, infiltration collector, infiltration trench, and crushed-stone detention pond. Among them, 
crushed-stone detention pond is included both in storage facility and in infiltration facility. That is, crushed-stone 
detention pond can perform the dual function of infiltration and retention. 

2.2. Method for storage facilities 

Yoo et al. (2012) proposed a methodology for quantifying the flood runoff reduction effect of storage facilities 
by the decrease in CN. In fact, the decrease in CN is the opposite concept to the increase in CN which can easily be 
noticed as a result of urbanization. If various infiltration or storage facilities are introduced, the CN should be 
decreased. It is not that straightforward to see how the storage facilities decrease the CN. 

The decrease in CN should be a function of the rainfall duration, return period, runoff coefficient of the 
catchment and the size of the storage facility. If the flood runoff reduction effect of a storage facility can be 
quantified using a single factor CN, then the overall effect from many different storage facilities within a 
catchment could also be quantified by the decrease in CN, simply by following the method for estimating the 
catchment-average CN with given CNs over the catchment. Additionally, the number of storage facilities, along 
with their sizes and locations, could be estimated as a flood allocation strategy for a given catchment. 
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where st  is the arrival time (min), C  is the runoff coefficient of the rational formula, L  is the length of the 
surface flow (m) and S  is the land surface slope (%). S was assumed to be 0.01% in this study, as the target 
catchment was composed of flat areas, such as parks, playgrounds and apartment complexes. 
 

2.2.3. Relation between rainfall, direct runoff and CN 
 

The runoff reduction effect from a given storage facility may easily be quantified; however, it is not easy to 
decide the appropriate size of a storage facility under the condition given for the target runoff reduction effect. It is 
simply because many trial-and-errors in a hydrologic rainfall-runoff analysis cannot be avoided to find appropriate 
size of storage facilities. This study aimed to solve this problem by introducing the concept ‘the decrease in CN’ as 
a measure of the runoff reduction effect of a storage facility. 

The runoff curve number method developed in 1972 by the US Natural Resources Conservation Service 
(NRCS) has been widely used in Korea for estimating the infiltration loss (Kim, 2003; Sonu et al., 1977). The 
runoff curve number method considers the soil type, land use pattern, vegetal cover and hydrological conditions of 
the soil in the catchment of interest. The combined effect of these factors can be quantified using a CN from 0 to 
100. This quantification of the catchment characteristics using CN is a very unique advantage for its wide 
application. In the NRCS method, the relation between the total rainfall and effective rainfall can be represented by 
the following equations (SCS, 1986): 
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where P  is the total rainfall amount per storm (mm), S  is the potential maximum retention (mm) and aI  is the 
initial abstraction. Using the modified rational formula, the hydrographs before and after the introduction of a 
storage facility can be derived and; finally, the change in CN can be estimated using Equations (3), (4) and (5). 
 

2.3. Modeling for infiltration facilities 

Infiltration is too complicated and varies depending on soil condition, constructing condition and types of 
facilities. Hence the model that can provide interpreter flow in porous media and estimate amounts of infiltration is 
required to know the capacity of infiltration facilities. SEEP/W is one of models analyzing pressure distribution 
and motion of water in porous media like soil and rock using finite element method. This model can consider a case 
of being unsaturated as well as a case of being saturated, which makes it possible to provide simulation results 
being close to the actual flow. This is why this study used SEEP/W. With this model, the infiltration capacity of 
each facility is calculated, and then the runoff reduction effect is estimated by using decrease of CN. Analysis 
results of infiltration facilities considered in this study is shown as below.  
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