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How do we evaluate the cumulative benefit of 
management practices?

Bioretention basin
with underdrain pipe



Multiple Scale Modeling and 
Analysis

Site ScaleSite Scale Sub-watershedSub-watershed RegionRegion LakeLake

Environmental Factors: Precipitation, Temperature, Solar RadiationEnvironmental Factors: Precipitation, Temperature, Solar Radiation

Management PracticesManagement Practices

Clarity
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BMP Module

BMP Module: Integrated Water Management at a Local Scale



Overflow 
Spillway

Bottom 
Orifice

Evapotranspiration

Infiltration

Outflow:Inflow:

Modified Flow &
Water Quality

From Land Surface

Storage

BMP Class A: Storage/Detention

Underdrain 
Outflow



BMP Class B: Open Channel

Outflow:Inflow:

From Land Surface

Overflow at
Max Design 

Depth

Open Channel Flow

Evapotranspiration

InfiltrationUnderdrain Outflow

Modified Flow &
Water Quality



Incorporating Benefits of Land Cover

TranspirationEvaporation +



���������	
��
��

��������	�������
���
���
��
������
�����
���

�������	
��
��

����������
 �!�������������	
��
��

������

����
���"	�



Case Study Location



Example 
LID 

Retrofit

Rain Barrel

Green Roof

GRf_1

GRf_2

GRf_3

Bio-retention

BR_1

BR_4

BR_2

BR_3

BR_5b

BR_5a

BR_5c
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Trade-off Curve
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Primary Objective
Runoff volume 
reduction



Cost Function
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Optimal Solution

Initial Run

Optimization Solutions
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Subwatersheds
Streams
Lake Tahoe

0 2 4 6 8 10 Kilometers

N

BMP Modeling

Potential 
Location

BMP types BMP configuration

1 (0-1) A, B, C… Depth Surface area …

2 (0-1) A, B, C… Depth Surface area …

… … … … …
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BMP typesBMP typesBMP types BMP configurationBMP configurationBMP configuration

1 (0-1)1 (0-1) A, B, C…A, B, C… DepthDepth Surface areaSurface area ……
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BMP Options/Design

Water Quality Evaluation Point

Sub-watershed 
Load

BMP Locations

Site-Level BMP 
Placement & 
Design



Subwatersheds
Streams
Lake Tahoe

0 2 4 6 8 10 Kilometers

NI
II

IV

Nested Watersheds

Target Load

III



Questions?
Thank You


