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Application of LID to Reduce Storm Runoff according to the RCP
Climate Change Scenarios

ABSTRACT

Due to climate change, increased heavy rainfalls result in flood damage every year. To investigate the storm-runoff reduction effects of
Low Impact Development (LID), this study performed runoff analyses using the U.S. Environmental Protection Agency (EPA) Storm
Water Management Model (SWMM) for past and future representative storm events of the Yongdu Rainwater Pumping Station basin.
As a result, the infiltration loss for representative future rainfalls increased by 3.17 %, and the surface runoff and peak runoff rate
increased significantly by 32.50 %, and 128.77 %, respectively. To reduce the increased surface runoff and peak runoff rates, this study
investigated the applicability of LID approaches, including a permeable pavement, green roof, and rain garden, by adjusting the LID
parameters and the ratio of installation area. We identified the ranges of LID parameters that decreased peak runoff rate and surface
runoff, and increased infiltration. In addition, when the application ratio of permeable pavement, green roof, and rain garden was 2:1:3,
best performance was attained, leading to a reduction of peak runoff of 26.85 %, infiltration loss 12.01 %, surface runoff 15.11 %, and
storage 509.47 %. Based on analyzing the effect of storm runoff reductions for various return periods, it was found that as the return
period increased, the proportion of peak runoff and surface runoffincreased and the proportion of infiltration loss and storage decreased.

Key words : Climate change, SWMM (Storm Water Management Model), LID (Low Impact Development), Storm-runoff reduction
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Fig. 1. Sewer Pipe Network Diagram of Yongdu Rainwater Pumping Station Basin

Table 1. Summary of Climate Projections from Global and Regional Climate Change Scenarios (Kang et al., 2012)

RCP scenario RCP 4.5 RCP 8.5
Temperature (°C) +2.8 +4.8
Global average N
Precipitation (%) +4.5 +6.0
. Temperature (°C) +34 +6.0
Regional average (Korea) —
Precipitation (%) +17.3 +20.4
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Table 2. Types and Characteristics of Technology Elements for LID (MOE and KECO, 2013a)

Category Undercurrent | Percolation | Permeation Evai (:it(r;mp i Ech(;lt())f; ial Grf;l;:‘r\gzter Aesthetic Est;?:phcam:oad
Bio retention Vv vV \Y; Vv \Y \Y \Y ® ®
Green roof Vv \Y; \Y Y \Y ® -
Treebox filter vV Vv \Y \Y ® @
Planter box vV \Y; Vv \Y \Y \Y ® @)
Bioswale Vv vV \Y; Vv \Y \Y \Y ® ®
Bioslope vV vV Vv Vv \Y O ®
Infiltration trench Vv \Y; vV Vv Y \Y ® ®
Dry well Vv \Y; vV vV ® O
Permeable pavement vV vV Vv vV ® O
Sand filter \Y \Y V O A
Rain barrel Vv ® -

AFA)(bio retention), 2 33K green roof), -} treebox
filter), 21 &AL (planter box), 2JA¥<5==(bioswale), 21485}
t(bioslope), ZF=H(infiltration trench), ZF5(dry well), F

4 I (permeable pavement), FefodsdX(sand filter), HlE-
(rain barrel), Bl (Rain garden) o] Aok "# G 7
784 Tlol=eRl o] & 117F4]9] LID 7840 S/ 2
£7do] Table 29} o] Aej=]o] 9lomn], 284l thet 71s+=
® - F5, 0 T A BE, - oS ovghH(MOE and
KECO, 2013a).

£ dFexde ©Re} =29 H8g0] FaL AFITS, o]
5 T 5 R Ve A EFekal 9o, A8 ATt
o] A-2%]¢]31(Bae et al., 2019; Kim and Joo, 2017; Park,
2018; Yoon et al,, 2020), Aol Agksitlal Is= T4

T4t S8l NBALS A8k

O

ha|

2.4 SWMM

A=) 28(Storm Water Management Model, SWMM)
£ mj= 3R FH(U.S. Environmental Protection Agency,
EPA)olA 7isllon, EAFH] 9 15, sk & vl
A dEd AE, 24 9 A4 58 Y AREA Stk
SWMME 7Z317] SsiFe dgdoz A 714 §39] 712
257} 87k (1) ARH FE229E 98 vigT-e] Aol
A8 9w 54 A8, ) ¥4 WY £ 74 2 5
HAEES 913 ¥4 B s A, J2lal 3) A eSS st
S B9 AgojtiBae et al., 2019).

£ ok LID 7150] F7iEe] f& deje] 23E At
4= 9JE= SWMM (ver. 5.1) AFg31Ick SWMMeIA] Algsh=
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Table 3. Parameter Ranges of Permeable Pavement (Kim et al.,
2017; Kim, 2020; Park, 2018; EPA, 2015)

Layer Parameter Range*
Berm Height (mm) 0(0)
Vegetation Volume Fraction 0(0)
Surface layer
Surface Roughness (n) 0.011-0.1 (0.1)
Surface Slope (%) 0-3(1)
Thickness (mm) 100-250 (100)
Void Ratio 0.12-0.21 (0.15)
Pavement Impervious Surface Fraction 0-100 (0)
Permeability (mm/hr) 6.5-25400 (100)
Clogging Factor 0(0)
Thickness (mm) 150-450 (150)
Void Ratio 0.5-0.75 (0.75)
Storage
Seepage Rate (mm/hr) 10-10800 (0.5)
Clogging Factor 0(0)
Flow Coefficient 0-28.28 (0)
Drain Flow Exponent 0.5(0.5)
Offset (mm) 0-200 (6)

* (): default value

LID APd2 24, Bl

=7dU(Rain garden), £7g=53}, £

7 AT eE) HEE, ABEE5(Rooftop disconnection),
22 5 Z §7loltk. SWMMOollA] LID= Surface, Pavement,
Soil, Storage, Drain, Drainage Mat 5 & 67]] 52 2o 2
EdsH, 24 T Alold vt B Eo] o5 9 AFEHEA
g

Tables 3 and 4= F5~d 33 (Permeable pavement)?} S 43
3K Green roof) 2] Hl1E4U(Rain garden)] Y= T4 =3}



Table 4. Parameter Ranges of Green Roof and Rain Garden (Kim et al., 2017; Kim, 2020; Park, 2018; EPA, 2015)

Layer Parameter Range™
Green roof Rain garden
Berm Height (mm) 0-25 (0) 0-300 (0)
Vegetation Volume Fraction 0-1(0) 0-1(0)
Surface layer
Surface Roughness (n) 0.1-0.8 (0.1) 0.1-0.41 (0.1)
Surface Slope (%) 0-5(1) 0-5(1)
Thickness (mm) 50-150 (50) 100-900 (100)
Porosity 0.4-0.78 (0.5) 0.4-0.78 (0.5)
Field Capacity 0.2-0.3 (0.2) 0.2-0.3 (0.2)
Soil Wilting Point 0.05-0.01 (0.1) 0.05-0.01 (0.1)
Conductivity (mm/hr) 0.5-203.2 (0.5) 0.5-36 (0.5)
Conductivity Slope 5-15(10) 5-15 (10)
Suction Head (mm) 3.5(@3.5) 3.5(3.5)
Thickness (mm) 25.4-50 (3)
Drainage mat Void Fraction 0.5-0.6 (0.5) -
Roughness (n) 0.1-0.4 (0.1)

* (): default value
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Table 5. Changes of Precipitation, Peak Runoff, Infiltration Loss, Surface Runoff, and Storage Volume

Precipitation (mm) Peak runoff (cms) Infiltration loss (mm) Surface runoff (mm) Storage (mm)
Past 308.27 7.96 12.62 285.35 12.25
Future 400.31 18.21 13.02 378.10 12.25
Rate of change (%) 29.86 128.77 3.17 32.50 0.00
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Fig. 2. Parameter Sensitivity of Permeable Pavement
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Fig. 3. Parameter Sensitivity of Green Roof
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Table 6. Runoff Analysis according to the Ratio of Installation Area of LID

PP:GR:RG Peak runoff (%) Infiltration loss (%) Surface runoff (%) Storage (%)
1:1:1 14.77 15.29 10.83 381.75
2:1:1 8.35 12.72 9.95 353.22
1:2:1 8.46 18.98 8.06 300.21
1:1:2 26.30 14.14 14.35 487.67
1:2:3 26.85 16.27 13.86 474.12
1:3:2 14.83 19.46 9.58 346.40
2:1:3 26.85 12.10 15.11 509.47
2:3:1 231 18.49 6.55 254.02
3:1:2 14.77 13.76 12.00 417.09
3:2:1 231 14.32 7.81 289.36

Table 7. Runoff Analysis by Applying the LID for Each Return Period

Return period (yr) Precipitation (mm) Peak runoff (cms) Infiltration loss (mm) | Surface runoff (mm) Storage (mm)
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