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Transforming Gray Space to Green Space:  
Integrating Stormwater Management With Urban Design



Why Retof it?
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“Very little thought is given to [cities] 
qualitative characters.  But there 
comes a time when development 
must be subject to control, when 
further growth must be planned 
such that urbanization will no 
longer proceed at the expense of 
devastating ‘nature’.”

George Kessler
1900’s



1960’s  Urbanizat ion



1960’s  Urbanizat ion



Truth or  Cartoon?



Urbanizat ion Today



Natural  Landscape
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Urbanizat ion
Houston,  Texas
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Natural  Landscape
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Urbanizat ion
Calgary,  Canada
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Natural  Landscape

Photo:   Google  Earth



Sub-Urbanizat ion
Central  Val ley,  Cal i fornia
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Moving Towards An Unhealthy Watershed
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The Red L ines  Used To Be Streams



40% Infiltration

20% Interflow 

30% Evapotranspiration

10% Surface Flow

Pre-Urban Development
The Healthy Landscape



The Urbanized Landscape
Moving Towards Watershed Destruct ion

75% Surface Flow to Pipes

5% Interflow 

5% Infiltration

15% Evapotranspiration



The Tools 
For  Green Streets



The Green Infrastructure “ Toolbox ”



Pervious concrete 
or asphalt

Compacted subgrade

Base course

Filter course

Pervious Asphalt/Concrete

Pervious joint 
concrete pavers

Compacted 
subgrade
Base course

Sand setting bed

Interlocking Joint Pavers

Gravel surface

Compacted 
subgrade

Base course

Reinforcing grid

Reinforced Gravel Paving

Pervious Paving
Rainfal l  Passes  Through Paving or  Pavement Joints



1
2

2

3

4
5

4:1 Ideal
3:1 Max.

3’-0” Min.
7’-0” Max.

Water level retains no 
more than 6” of runoff

Profile is parabolic.  Can be either 
infiltrative or flow-through

4:1 Ideal
3:1 Max.

Side slopes, typical
Condition varies

Refer to the local conditions for 
subsurface options and details.

Condition varies

Stormwater  Swales
Long ,  L inear,  Shal low Landscapes With S ide S lopes



Condition varies

Water level retains between 6” 
and 12” of runoff.  Planters, in 
steep conditions, should be ter-
raced to conform to slope.

Vertical curbs.  Allow for at least 
half of the curb height to be below 
soil grade.Profile is predominately flat.  Can be 

either infiltrative or flow-through.

Condition varies

Refer to the local conditions for 
subsurface options and details.

Stormwater  Planters
Landscapes with Vert ical  Containment



4:1 Ideal
3:1 Max.

4:1 Ideal
3:1 Max.

7’-0” Min.

Water level retains no 
more than 6” to 12” of 

runoff
Side slopes or vertical 

walls can be used

Profile is predominately flat.  Can be 
either infiltrative or flow-through.

Refer to the local conditions for 
subsurface options and details.

Condition varies

Rain Gardens
Larger  Landscapes Used For  Volume Reduct ion



Condition varies

3’-0” Min.

4’-0” Min.

Water level retains no 
more than 6” of runoff 

Side slope can be optional depend-
ing on street conditions

Profile can be parabolic or flat.  Can 
be either infiltrative or flow-through

Refer to the local conditions for 
subsurface options and details.

4:1 Ideal
3:1 Max.

Stormwater  Curb Extensions
Landscapes Within the Parking Zone In  The Street



3’-0” Max.

Condition varies

Water level retains no more 
than 3” of runoff.  Green 

gutter should be terraced to 
conform to steep conditions.

Vertical curbs.  Allow for at least 
half of the curb height to be below 
soil grade.

Profile is flat.  Can be either 
infiltrative or flow-through.

Can be curbed or “curbless” 
condition depending on type of 
street

Refer to the local conditions for 
subsurface options and details.

Green Gutters
Very Narrow,  L inear,  and Shal low Landscape Systems



Retrof i t 
Projects



NE Siskiyou Green Street
Port land,  Oregon
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2003



NE Siskiyou Green Street
Port land,  Oregon
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NE Siskiyou Green Street
Port land,  Oregon
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NE Siskiyou Green Street
Port land,  Oregon
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NE Siskiyou Green Street
Port land,  Oregon
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SE Cl inton and 18th Green Street
Port land,  Oregon



Photo:  Kevin Robert Perry, Nevue Ngan Associates

SE Cl inton and 18th Green Street
Port land,  Oregon
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SE Cl inton and 18th Green Street
Port land,  Oregon



SW 12th Avenue Green Street
Port land,  Oregon
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2005



SW 12th Avenue Green Street
Port land,  Oregon
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SW 12th Avenue Green Street
Port land,  Oregon
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SW 12th Avenue Green Street
Port land,  Oregon
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NE Sandy Boulevard Rain Gardens
Port land,  Oregon



2006
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NE Sandy Boulevard Rain Gardens
Port land,  Oregon



Photo:  Kevin Robert Perry, Nevue Ngan Associates

NE Sandy Boulevard Rain Gardens
Port land,  Oregon
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NE Sandy Boulevard Rain Gardens
Port land,  Oregon



NE Sandy Boulevard Rain Gardens
Port land,  Oregon

2006
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NE Sandy Boulevard Rain Gardens
Port land,  Oregon
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NE Sandy Boulevard Rain Gardens
Port land,  Oregon
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Brisbane City  Hal l  Rain Garden
Brisbane,  Cal i fornia
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2008



Brisbane City  Hal l  Rain Garden
Brisbane,  Cal i fornia
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Brisbane City  Hal l  Rain Garden
Brisbane,  Cal i fornia
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Brisbane City  Hal l  Rain Garden
Brisbane,  Cal i fornia
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2008
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Logus Road Green Street
Milwaukie,  Oregon
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Logus Road Green Street
Milwaukie,  Oregon



2008
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Logus Road Green Street
Milwaukie,  Oregon
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Logus Road Green Street
Milwaukie,  Oregon



2009

















Smith Memorial  Student  Union Plaza
Port land,  Oregon
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2009



Smith Memorial  Student  Union Plaza
Port land,  Oregon
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2009



Smith Memorial  Student  Union Plaza
Port land,  Oregon
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Smith Memorial  Student  Union Plaza
Port land,  Oregon
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Smith Memorial  Student  Union Plaza
Port land,  Oregon
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Smith Memorial  Student  Union Plaza
Port land,  Oregon
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Smith Memorial  Student  Union Plaza
Port land,  Oregon
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Smith Memorial  Student  Union Plaza
Port land,  Oregon
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Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon

Photo:  Kevin Robert Perry, Nevue Ngan Associates

2010



Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon
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2010



Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon
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Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon
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Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon
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Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon
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Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon
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2010



Urban Center  Plaza Stormwater  Retrof i t
Port land,  Oregon

Photo:  Kevin Robert Perry, Nevue Ngan Associates



Visual iz ing 
Retrof i ts
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Before

Captur ing S idewalk  and Street  Zones
San Francisco,  Cal i fornia
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Captur ing Overly  Wide Streets
Hartford,  Connect icut
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Hartford,  Connect icut
Captur ing S idewalk  and Street  Zones
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Captur ing Landscape Zone
Hartford,  Connect icut
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Nashvi l le ,  Tennessee
Captur ing S idewalk  and Street  Zones
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Nashvi l le ,  Tennessee
Captur ing S idewalk  Zone



Photo:  Kevin Robert Perry, ASLA

Captur ing Parking Zone
Philadelphia,  Pennsylvania
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Captur ing S idewalk  and Street  Zones
Sacramento,  Cal i fornia



Photo:  Kevin Robert Perry, ASLA

Captur ing Overly  Wide Streets
Sacramento,  Cal i fornia
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Before

Typical  Residentia l  Street
San Mateo County,  Cal i fornia
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Conceptual  Green Street
San Mateo County,  Cal i fornia
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Typical  Residentia l  Street
San Mateo County,  Cal i fornia

Before



Conceptual  Green Street
San Mateo County,  Cal i fornia
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Before

Typical  Residentia l  Street
San Mateo County,  Cal i fornia
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Conceptual  Green Street
San Mateo County,  Cal i fornia



Before
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Typical  Arter ia l  Street
Covington,  Kentucky
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Conceptual  Green Street
Covington,  Kentucky



Before
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Typical  Arter ia l  Street
Covington,  Kentucky



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
Covington,  Kentucky



Typical  Commercial  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
San Mateo County,  Cal i fornia



Typical  Commercial  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
San Mateo County,  Cal i fornia



Typical  Commercial  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
San Mateo County,  Cal i fornia



Typical  Arter ia l  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
Nashvi l le ,  Tennessee



Typical  Arter ia l  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
San Mateo County,  Cal i fornia



Typical  Arter ia l  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
San Mateo County,  Cal i fornia



Typical  Arter ia l  Street
Indianapol is ,  Indiana
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
Indianapol is ,  Indiana



Typical  Arter ia l  Street
San Mateo County,  Cal i fornia
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Before



Illustration:  Kevin Robert Perry/Jason Hirst, Nevue Ngan Associates

Conceptual  Green Street
San Mateo County,  Cal i fornia



Project Area

1  
Site

2  
Site

3 
Site 4 

Site

5 
Site

6 
Site

7 
Site

San Pablo Richmond El Cerrito Albany Berkeley Emeryville Oakland

San Pablo Avenue Green Stormwater  Spine
Retrof itt ing 7  S ites  in  7  Cit ies  in  the East  San Francisco Bay Area



San Pablo Avenue Green Stormwater  Spine
Retrof itt ing 7  S ites  in  7  Cit ies  in  the East  San Francisco Bay Area



San Pablo Avenue Green Stormwater  Spine
Retrof itt ing 7  S ites  in  7  Cit ies  in  the East  San Francisco Bay Area

San Pablo Avenue Green Stormwater  Spine Project
City  of  Berkeley,  Cal i fornia Nevue Ngan Associates

[ nev-ū-non ]

Stormwater curb extensions capture runoff from San Pablo 
Avenue.

Grated trench drains allow stormwater to flow into adjacent 
sidewalk planter.

Sidewalk planters capture stormwater from both San Pablo 
Avenue and private parking lot.  This will require acceptance and 
coordination of improvements with private owner.

1

2

Existing private landscape is modified and enhanced to better 
manage stormwater.

Bus stop is relocated to this location and includes a new 
stormwater canopy.

Sidewalk planters capture stormwater from both San Pablo 
Avenue and McDonald’s parking lot, and bus canopy.

Grated trench drains allow stormwater overflow to flow 
into a stormwater curb extension in San Pablo Avenue.

All existing trees are retained with streetscape 
improvements.

Stormwater overflow from stormwater curb extensions 
is captured within a series of grated green gutters within 
parking zones/driveway zones.

4
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Preliminary Stormwater Improvement Concept Plan Scale: 1”=25’
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San Pablo Avenue Green Stormwater  Spine Project
City  of  R ichmond,  Cal i fornia Nevue Ngan Associates

[ nev-ū-non ]

Preliminary Stormwater Improvement Concept Plan Scale: 1”=25’
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Stormwater curb extensions capture runoff from San Pablo 
Avenue, Andrade Avenue, and McBryde Avenue.

A new rain gardens capture stormwater from private parking lot.  
This will require acceptance and coordination of improvements 
with private owner.

Boardwalks allow stormwater to be connected between the curb 
extensions and rain garden.

1

2

Existing parking spaces are modified to allow for only parallel 
parking, however, additional parallel parking is allowed on 
McBryde Avenue

Existing bus stop is adjusted to this location.

A new bus stop canopy is located near bus stop conveys 
stormwater to adjacent stormwater curb extension.

Trench drains used for stormwater conveyance.

A new corner plaza for placemaking, art, and pedestrian 
seating.

Existing parking lot could be modified in the future to 
incorporate a more expansive plaza space.

Existing private signage is protected at this location.
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San Pablo Avenue Green Stormwater  Spine
Retrof itt ing 7  S ites  in  7  Cit ies  in  the East  San Francisco Bay Area



Greening Our 
Schools



Green Routes  To School

Photo:  www.parknpool.com



San Carlos Urban Greening Plan

URBAN GREENING PLAN
City of San Carlos and Redwood City

PROPOSED WORK PLAN



San Carlos Urban Greening Plan

San Carlos/Redwood City Urban Greening Plan 
Planning Area Boundary

SAN  CARLOS/ REDWOOD CITY URBAN GREENING PLAN AREA BOUNDARY
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Illustration:  Nevue Ngan Associates

The Retrof i t  of  A Neighborhood
San Car los  Urban Greening Plan



Illustration:  Nevue Ngan Associates

Conceptual  Master  Plan
San Car los  Urban Greening Plan

CENTRAL
MIDDLE SCHOOL 

BRITTAN ACRES
ELEMENTARY SCHOOL 

WHITE OAK
ELEMENTARY SCHOOL 
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Before

Typical  Residentia l  Street
San Car los  Urban Greening Plan



Illustration: Nevue Ngan Associates/Mark Sanborn

Conceptual  Green Street
San Car los  Urban Greening Plan
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Before

Typical  Residentia l  Street
San Car los  Urban Greening Plan
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Conceptual  Green Street
San Car los  Urban Greening Plan
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Before

Emerald Oak Drive 
Elk  Grove,  Cal i fornia
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Emerald Oak Drive 
Elk  Grove,  Cal i fornia



Thank You!

Urban Rain   Design

Kevin Robert Perry, ASLA

kevin@urbanraindesign.com
www.urbanraindesign.com

(503) 928-5522


