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Hydrologic source control is at the heart of LID, 

which retains stormwater and disposes of it via 

infiltration and ET.  

Water quantity simulation 
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Water quality simulation (mass balance) 
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V= storage volume 

C= effluent concentration (well-mixed) 

I= inflow rate  

CI= influent concentration 

O= outflow rate  

K= first-order decay coefficient 

t= time 
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L= other loadings 

R= BMP removal fraction 

vs= settling velocity 

F= fraction of soluble form 

As= surface area 



Key points 

• Rainfall-runoff models can be used to evaluate 
water quantity performance of LID/BMP 
facilities.  

 

• When consider water quality improvement, 
additional functions are required.  
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Primary urban hydrologic, hydraulic and water quality 

models commonly used in the United States (USEPA, 2006).  
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Other models: 

• DMSTA: Dynamic Model for Stormwater Treatment Areas (Walker 1995, Walker 
and Kadlec 2002)  

• MUSIC: Model for Urban Stormwater Improvement Conceptualization (Wong et al. 
2002)  

• P8: Program for Predicting Polluting Particle Passage through Pits, Puddles, and 
Ponds (Walker 1990)  

• PREWET: Pollutant Removal Estimates for Wetlands (Dortch and Gerald 1995)  

• REMM: Riparian Ecosystem Management Model (Inamdar 1998a,b)  

• SLAMM: Source Loading and Management Model (Pitt et al. 1999b, Pitt and 
Voorhees 2000)  

• VAFSWM: Virginia Field Scale Wetland Model (Yu et al. 1998)  

• WETLAND: Wetland water balance and nutrient dynamics model (Lee et al. 2002)  

• WMM: Watershed Management Model (Wayne County, MI 1998)  
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(USEPA, 2006)  



(USEPA, 2006)  
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VAFSWM  

Wetland model - hydrologic balance 
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Pollutant mass balance approach 

pollutant mass balances for suspended solids (C1) 

in the water 

column (C2) 

in the substrate (C3) 

VAFSWM  
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Several LID/BMP models 

Complex model 

3. SUSTAIN 

4. SWMM 

5. Green Build-Out 
Model 
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Simple model 

1. The National Green 

Values™ Calculator 

2. North Carolina State 

University Rainwater 
Harvesting Model  

 



1. The National Green Values™ Calculator 

• The National Green Values™ Calculator (GVC)is a tool for 
quickly comparing the performance, costs, and benefits of 
Green Infrastructure, or Low Impact Development (LID), to 
conventional stormwater practices.  

• Developed by the Center for Neighborhood Technology (CNT) 
collaborated with the US EPA Office of Wetlands, Oceans, and 
Watersheds (OWOW) in 2004. 
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http://greenvalues.cnt.org/ 

http://greenvalues.cnt.org/
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The National GVC produces two primary hydrologic results: 
1) the runoff volume capture capacity of the green infrastructure BMPs; 

2) the total runoff volume produced by the pre-development, 

conventional development, and green development scenarios 
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The National GVC compares the lifecycle costs and benefits of 

green infrastructure BMPs to those of a conventional stormwater 

design. 

The lifecycle cost/benefit equation is: 

(Construction cost) X (number of times the component would have to 

be replaced)  

+ (annual maintenance costs) X (total number of years) 

 – (annual benefits) X (total number of years). 

The National GVC does include the following quantified benefits: 

- Reduced Air Pollutants 

- Carbon Dioxide Sequestration 

- Compensatory Value of Trees 

- Groundwater Replenishment 

- Reduced energy use 

- Reduced treatment benefits 



http://greenvalues.cnt.org/national/calculator.php 

Predevelopment  
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Conventional development 
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Green development 
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Results 

Total volume control 

Comparison  

Other green benefits 
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2. North Carolina State University Rainwater 
Harvesting Model  

• Rainwater Harvesting for Homeowners 

• Increased development and the 2007 – 2008 drought 
in NC have led to develop rainwater harvesting 
system, which can  

– captures stormwater runoff 

– stores the water for later use. 

 

• The Rainwater Harvester model 
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http://www.bae.ncsu.edu/topic/waterharvesting/ 

http://www.bae.ncsu.edu/topic/waterharvesting/


Basic rainwater harvesting system components 
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Water Balance Model powered by QUALHYMO (Canada) 
http://waterbalance.ca/ 

Two hydrologic models have been merged:  

1. The Water Balance Model for British Columbia and 

2. The QUALHYMO (QUALity HYdrologic Model) 

http://waterbalance.ca/
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The new Water Balance Model is a decision support tool that integrates 

the powerful continuous hydrologic simulation capabilities of QUALHYMO with 

the built-in suite of land use, low impact system, soil and local climate 

information. 



25 

臺北市公共設施用地開發保水設計技術規範 

各類保水設計之保水量計算及變數說明 

項目 各類保水設計之保水量Qi(m
3) 保水量Qi計算公式 變數說明 

常用保水
設計 

綠地、被覆地、草溝保水量Q1 Q1=A1‧k‧t 

A1：綠地、被覆地、草溝面
積(m2)，草溝面積可算入草
溝立體周邊面積。 

透水鋪面設計保水量Q2 Q2=A2‧k‧t+0.15‧h‧A2 
A2：透水鋪面面積(m2) 

h：透水鋪面基層厚度(m) 

人工地盤花園貯留設計保水量Q3 Q3=0.05‧V3 
V3：人工地盤花園土壤體積
(m3) 

特殊保水
設計 

地面貯留滲透設計保水量Q4 Q4=A4‧k‧t+V4 

A4：貯留滲透空地面積或景
觀貯留滲透水池可透水面積
(m2) 

V4：貯留滲透空地可貯留體
積或景觀貯留滲透水池高低
水位間之體積(m3) 

地下礫石滲透貯留保水量Q5 Q5=(A5‧k‧t)+0.2‧V5 

A5：礫石貯留設施地表面積
(m2) 

V5：礫石貯休設施體積(m3) 

滲透管(溝)設計保水量Q6 Q6=(2.0‧k‧L‧t)+(0.069‧L) L：滲透管(溝)總長度[m] 

滲透集水井設計保水量Q7 Q7=(3.0‧k‧n‧t)+(0.015‧n) n：滲透集水井個數 

滲透邊溝保水量Q8 Q8=(2.0‧k‧L‧t)+(0.057‧L) L：滲透邊溝總長度[m] 

其他保水設計Qn 由設計者提出設計圖與計算說明並經審核認定後採用之 



3. SUSTAIN 
System for Urban Stormwater Treatment and Analysis 

Integration 

• Developed by USEPA and Tetra Tech. (2009) 

• SUSTAIN is a tool for answering the following questions: 

– How effective are BMPs in reducing runoff and pollutant 
loadings? 

– What are the most cost-effective solutions for meeting 
water quality and quantity objectives? 

– Where, what type of, and how big should BMPs be? 
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• SUSTAIN = Watershed model (rainfall-runoff) 

                         + LID assessment tools 

                         + optimization program (cost analysis)  
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BMP options in SUSTAIN 
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BMP Option BMP Type 

Bioretention Point LID 

Cistern Point LID 

Constructed Wetland Point BMP 

Dry Pond Pont BMP 

Grassed Swale Linear BMP 

Green Roof Area BMP 

Infiltration Basin Point BMP 

Infiltration Trench Linear BMP 

Porous Pavement Area BMP 

Rain Barrel Point LID 

Sand Filter (non-surface) Linear BMP 

Sand Filter (surface) Point BMP 

Vegetated Filter strip Linear BMP 

Wet Pond Point BMP 
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SUSTAIN modules 

SUSTAIN has seven modules: 

• Framework Manager 

• BMP Siting Tool 

• Land Module  
– Computes runoff and pollutant loads from land by SWMM and HSPF 

• BMP Module  
– simulation of flow and pollutant transport for BMPs 

• Conveyance Module 

• Optimization Module  
– cost-effective BMP placement and selection strategies 

• Post-Processor  
– analyzing and interpreting simulation outputs 

29 
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BMP module 

Hamon method 

Green-Ampt or 

Holtan methods 

User-specified 
Sediment: from HSPF model 

Pollutant removal: first order decay or k’-C* method 

Pollutant routing: CSTR 

weir or orifice equations 

  

orifice equations   



Performance results 
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performance summary report graph  
cost-effectiveness curve  



Preliminary application of SUSTAIN in 
Taiwan 
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各設施效益比較-線型 
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各設施效益比較-面型 
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4. SWMM 
Storm Water Management Model  

• USEPA's Storm Water Management Model (SWMM) 
was first developed in 1971. 

– urban hydrology and conveyance system hydraulics 

– dynamic rainfall-runoff simulation model used for single 
event or long-term (continuous) 

– simulation of runoff quantity and quality 

 

• SWMM 5  is extended to model the hydrologic 
performance of low impact development (LID) 
controls. (2009) 

35 



• SWMM is better suited to simulating some 
types of hydrologic source control techniques 
than others. 

– filter strips 

– infiltration trenches  

36 



Schematic representation of a filter strip in SWMM model  
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Schematic representation of a infiltration trench in SWMM model  
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Application of SWMM on green roofs simulation- 
HsinYi district, Taipei City 
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Design storm: 

-5-year of return period, 5hr 

-5-year of return period, 24hr 

-25-year of return period, 5hr 

-25-year of return period, 24hr 

70% bare roofs are 

replaced by green roofs. 
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5. Green Build-Out Model 

• Developed by Casey Trees (NPO) and LimnoTech 
(environmental engineering firm) under USEPA grant. 

• Adds the “green component” to the existing 
hydrologic and hydraulic model of the Mike Urban 
Model. 

– Trees 

– Green roofs 

– Tree boxes 
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In this case: 
Costs are high for pipes and tunnels. 
Space is limited for detention and 
retention ponds, infiltration controls, 
grassed swales, and rain gardens. 



LID strategy for the District:  

To plant trees and build green roofs. 
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Results of runoff reduction under 

different greening scenario for green 

roofs 
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Take home messages 

• LID is a source control method, emphasizing 
the vertical flow enhancement.  

• It is better to use simple tools with sufficient 
local data than to use complex ones without 
field information.  

• These tools are to assess the efficiency of 
LID/BMP, but not to “verify” their 
performance.  
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Thank you for your attention.  
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