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The Way Things Worked

How we altered the Way Things Worked

Case St dies: Creating Rich HabitatsCase Studies: Creating Rich Habitats
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It wants to be a forest

99% of North America was covered by forest 
from the Atlantic shoreline to the prairies of the 
Great PlainsGreat Plains.
Today only fragments remain. 
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Pre-European settlement Present

http://earthobservatory.nasa.gov 14 October 2003



Ecological management vs. managing it to death…
Cherokee Park, Louisville, Kentucky

1909 1999
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Iroquois Park
Louisville, Kentucky

1900 1999
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It looked like everywhere and nowhere all 
t    at once . . .

Oregon high desert Sitka, Alaska Anchorage, Alaska Tennessee mountains

IHM Front Lawn
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IHM Front Lawn

A European Mansion



45”

Annual Water Cycle for an Average Year
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viridian landscape studio

15”

Graphic courtesy of Meliora Environmental Design
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Altered Water Cycle for an Average Year

45”/YR
2”2

43”
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Graphic courtesy of Meliora Environmental Design



The way we have been designing for 
stormwater does not prevent flooding.

And wastes a resource:
Too much water erodes streams
Very hot / very cold runoff 

destroys stream life
Loss of baseflow
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Valley Creek: 200 Detention 
Basins



Two important rainfall observations:
Annual Frequency from Storms

Frequency:
M t f th ti

q y

Most of the time, 
it rains 1 inch or 
less

Volume:
Over 96% of the

Volume: Annual Percentages from Storms

Over 96% of the 
annual rainfall of 
45 inches is from 
t 3 i hstorms 3 inches or 

less



Common Bulk Density Measurements or
How compacted is this soil?

Undisturbed Lands:
Forests & Woodlands

Residential
NeighborhoodsForests & Woodlands

1.03g/cc
Neighborhoods

1.69 to 1.97g/cc

David B. Friedman, District Director  -- Ocean County Soil Conservation District

Golf Courses, Parks, Athletic Fields
1.69 to 1.97g/cc

CONCRETE
2.2g/cc

B lk D it  i  d fi d  th  i ht f  it l  f il i l di  it    ( /   / bi  
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Bulk Density is defined as the weight of a unit volume of soil including its pore space (g/cc or grams/cubic 
centimeter). Water and air are important components of soil and we must frame our soil concepts so that factors 
affecting water and air dynamics are included. Thus, we are primarily interested in bulk density and pore space as 
they affect water and aeration status, and root penetration and development. 



Not just perceived impervious surfaces
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A Tree is the Best BMP. . .
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Is there a different approach?

Manage the small RainfallsManage the small Rainfalls

Recognize the importance of Soils

Recognize the importance of Vegetation

Change the perception of what it the 
RIGHT l dRIGHT landscape

We forget that the water cycle 
and the life cycle are one.
- Jacques Cousteau 
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We can restore the environment by 

reconnectingreconnecting

Water  Soils  & VegetationWater, Soils, & Vegetation
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Restoring Disturbed SitesRestoring Disturbed Sites
Sandstone Visitor Center, Sandstone, West Virginia

infiltration pools and 
swales

forested mountain

RV parking

Vi it ’  
staff 
parking

constructed wetland

Visitor’s 
Center visitor parking

pa g

viridian landscape studio
Landscape Restoration Plan

constructed wetland

water to New River



Integrating Site Infrastructure & Civil Engineering g g g g
with Landscape Restoration

Runoff from parking lots and roofs is captured in swales and pools…
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… there it infiltrates the soil, is used by plants and is cleansed



A Partnership for Restoration

National Park Service: Denver Service 
Center

A Partnership for Restoration

Center
& New River Gorge National River Park,
Sandstone WV

USDA: Natural Resources Conservation
Service, Plant Materials Center, Beltsville 

MD

Design Team

Growers
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Grass plugs grown at 
North Creek Nurseries



Vegetated Swale & Stormwater Wetlands
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Sustainable Stormwater Managementg

Rather than piping water to inlets 
for direct release into the New 
River, infiltration swales collect it 
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from downspouts. There it seeps 
into the soil and is taken up by 
plants.



How trees really grow . . . or this is not an English Park
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Indigenous materials reflect place   Indigenous materials reflect place . . .
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Native trees, shrubs and grasses, along with local sandstones used in exposed 
aggregate concrete walks, paving stones and boulders



Does this thing come with a manual?
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Journey from car to 
b ildi    building . . .
Sandstone Visitor Center, Sandstone, 
West Virginia
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Places for people . . .
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tennis courts

Meeting 
House

LibLibrary
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Site Plan



Woodland Gardens
Academic Walk & Farm Drive Allées

Meadows
Rain Gardens
Riparian Restoration

Meeting 
HouseHouse
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Landscape Character:
A mix of native trees, shrubs and ground cover restore the library site. 
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Woodland Gardens:
Restore biodiversity & provide beautiful spaces for study & fun



MEADOW
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Meadows



Runoff from impervious surface is captured 
in swales and pools. There it infiltrates the 
soil, is used by plants and is cleansed.

Rain 
Garden

Meeting 
HouseStone Bridge

Rain 
Garden

Rain 
Garden

Green
Roof

Stone Bridge

Meadow
Rain 
Garden

Rain 
Garden
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Rain Gardens:
Integrate Site Infrastructure & Civil Engineering w/ Landscape Restoration



PERENNIAL PLUGS TREE WHIPSSHRUB TUBELINGS
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Rain Gardens
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Rain Gardens
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Riparian restoration:
Planted buffers of trees, shrubs & grasses improve water quality



Large stepping stones 
allow pedestrians to

to south 
lawn

allow pedestrians to 
cross drainage way and 
connect with water.

to library
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Outlet Control & Bridge Crossing



tennis courts

The front terrace 
overlooks rain 
gardens within a 

The lower terrace 
overlooks rain 
gardens & the

woodland 
landscape

Meeting 
House

Lib

gardens & the 
riparian 
restoration

Library

The mid-level terrace is 
small and intimate

The reading room terrace 
overlooks a sizable rain 
garden & sits within a 
woodland landscape
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Site Plan
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East Whiteland Basin RetrofitEast Whiteland Basin Retrofit
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East Whiteland Basin Retrofit
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PERENNIAL PLUGS TREE WHIPSSHRUB TUBELINGS



Installation – April 2006
Modify the outlet to hold small storms (1”)Modify the outlet to hold small storms (1 )
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Volunteers planted 300 live stakes and 200 container grown trees and shrubs. After planting the basin was seeded 
with wet and dry native grass and forb mixes. April 2006



Site Assessment – May 2007
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Provide a simple plan

viridian landscape studio

East Whiteland Township Stormwater Basin Retrofit, East Whiteland Township, PA



Site Assessment – June 2010Site Assessment June 2010
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Quantifying Sustainable Infrastructure for a

Green FutureGreen Future
along the Allegheny River

ecology                        urban form connections market
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Perkins Eastman Trans Associates
Clear View Strategies

GSP ConsultingCahill Associates/CH2M Hill
Viridian Landscape Studio
Continental Conservation

gy



Historic Ecology

North America was 99% covered by forest from the Atlantic shoreline North America was 99% covered by forest from the Atlantic shoreline 
to the prairies of the Great Plains. Today only fragments remain….

Pre-European settlement Present
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The floodplains along the Allegheny River all the way 
to its confluence with the Monongahela were formerly 
a diverse mosaic of different native community types.
 

http://earthobservatory.nasa.gov 14 October 2003



Existing Tree Canopy Cover

The site area has very little tree canopy 
cover when compared to adjacent 
neighborhoods
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Existing Tree Canopy Cover
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Existing Tree Canopy Cover

Which is most desirable?Which is most desirable?
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Existing Tree Canopy Cover

Which is most desirable?Which is most desirable?
Existing Tree Cover in Pittsburgh

Squirrel HillStrip District Lawrenceville
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Urban Tree Cover (UTC)

Urban Tree Canopy Cover Goals for Other CitiesUrban Tree Canopy Cover Goals for Other Cities
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Source: Watershed Forestry Resource Guide - A Partnership of the Center for Watershed Protection and US Forest Service 



Achieve 40% Tree Canopy Cover over 20 years

Target Goal: 40% Tree Canopy Cover

Achieve 40% Tree Canopy Cover over 20 years.
Canopy Coverage Benefits Include:

Heat Island Reduction

Stormwater Runoff Reduction

Air quality improvement

Carbon offset

Reduced Crime & Quality of Life Enhancement
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Target goal set by comparing several sources including Friends of Pittsburgh’s Urban Forest, American 
Forests, Watershed Forestry Resource Guide



Tree Canopy Vision Goal

Achieve 40% Urban Tree Canopy Cover using a Zonal Approach:Achieve 40% Urban Tree Canopy Cover using a Zonal Approach:

Regenerative Zone: River’s Edge to 200 feet (80%)
Regenerative Zone: Buffer to AVRR Green Boulevard (60%)
Transitional Zone: AVRR Green Boulevard to Liberty Ave/Butler Street (40%)Transitional Zone: AVRR Green Boulevard to Liberty Ave/Butler Street (40%)
Preservation Zone: Butler Street to Site Boundary (25%)

40% canopy cover can only be achieved by incorporating significant40% canopy cover can only be achieved by incorporating significant
open / park /green space (not built) in addition to a 200’ river bufferopen / park /green space (not built) in addition to a 200’ river buffer

.

80% Tree Canopy Cover

60% Tree Canopy Cover

40% Tree Canopy Cover
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25% Tree Canopy Cover



40% Tree Canopy Cover Goal

Existing Squirrel Hill Neighborhood in PittsburghExisting Squirrel Hill Neighborhood in Pittsburgh

Total Area 66 acres (same as Strip District 
scheme)

~28 Acre Canopy Coverage= 

>40% Cover
Existing Tree Cover

***Canopy cover represents green leaf cover as 
measured from a high-resolution aerial. A 40% 
canopy coverage does not mean 40% of the 
marketable area is utilized for tree plantings but 
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p g
rather that 40% of the development area will be 
covered by an elevated canopy after 20 years. 



A 4’ x 5’x 3’ tree pit (typical in 

The Importance of Soil Volume

A 4  x 5 x 3  tree pit (typical in 
urban settings) only provides 60 
cubic feet of soil!60cf

A 10’ x 34’x3’ tree trench 
provides the 1000+cf 
necessary for successful tree 
canopy cover120 f 500 f 1000 f canopy cover120 cf 500 cf 1000 cf

The success to street tree longevity is credited to the amount of soil volume available for tree growth.  A large 
tree  with a desired lifespan beyond 15 years (average life of a downtown street tree is just 13 years) needs a 
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tree, with a desired lifespan beyond 15 years (average life of a downtown street tree is just 13 years) needs a 
minimum 500 – 1000 cubic feet of soil to reach a size that significantly contributes to a healthy community 
and ecosystem. 



A Tree is the Best BMP

Soil volume targets are set at 800cf/single tree 
and 600cf/multiple trees (groves). 

Targets provide tree lifespan past 15 years to Targets provide tree lifespan past 15 years to 
>40 years.

Targets create a direct correlation between soil 
volume for trees and soil volume for stormwater 
management. 

Air and water must move into and out of the soil Air and water must move into and out of the soil 
mass
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The Importance of Soil Volume

As long as air and water can move into and out of the soil mass, these 
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options can serve dual duty for tree growth and stormwater management. 



Stormwater Calculations

Every 1-acre planted with 40% tree canopy with appropriate soil volume will have the following 

Essentially remove 886,000 gallons (per acre/per year) of stormwater 
from the combined sewer system

Every 1 acre planted with 40% tree canopy with appropriate soil volume will have the following 
stormwater benefits…

from the combined sewer system

Capture 1.2 million gallons of runoff (per acre/per year) from 
impervious surfaces

Capture 1.6 acres of adjacent impervious runoff

Enough stormwater runoff is captured per 
year (when planted at 40% tree canopy with 
appropriate soil volume) to fill  2 419 

X 2 419

appropriate soil volume) to fill  2,419 
Olympic-sized swimming pools!
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X 2,419



Prototypical Sections: Proposed Low Density with Backyard and Alley

10’ front yard

5’ porous walk with soil cells below

5’ planting strip A
10’ porous parking stall

20’ roadway

12’ alley with infiltration bed

A

20’ private backyard

20’ Building 
Setback

40’ Roadway 20’ Building 
Setback

20’ Private 
backyard

12’ Alley Private Yard

viridian landscape studio

Setback Setback

Proposed Low Density with Backyard and Alley

backyard with Storm bed



Strip District Today From 11th 21st Street

Envisioning the New Riverfront

Strip District Today From 11th – 21st Street
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View looking east from 11th Street



Proposed Strip District from 11th 21st Street

Envisioning the New Riverfront

Proposed Strip District from 11th – 21st Street
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A  New Courtyard for Germantown Friends School
Philadelphia PA
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Current Conditions
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Current C
Conditions
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Courtyard Plan

viridian landscape studio



Harvest stormwater from the roof and street . . .

viridian landscape studio

Inlets, curb breaks and downspouts with decorative splash blocks announce the cleansing chain.



Trace path of the water . . . 
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We used various techniques to express and highlight the path of the water.



Lush plantings cleanse the water . . .
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With proper soil amendments and plantings, the courtyard became a lush woodland setting.



JULY 2009

viridian landscape studio



Planted in the style of the Wissahickon Forest

Photo: Wissahickon Creek near Philadelphia c. 1865 
from the National Gallery of Art by John Moran 

Painting: View on the Wissahickon
by James Peale 1830
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Planting Palette
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JUNE 2009

Construction sequence 
is critical and hard to 
controlcontrol
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AUGUST 2009
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Emulating the Wissahickon Forest

Tight groves of beeches will grow tall. Shrubs and River Birch provide a view of green and will lean 
ground cover have been planted to complete the 
forest layers.

away from the building toward the light
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Emulating the Wissahickon Forest
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Measures of success

Students can 
monitor everything 
from stormwater 
infitrated to water infitrated to water 
quality to 
biodiversity
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Cathedral of Hope
East Liberty Presbyterian Churchy y

viridian landscape studio
Viridian Landscape Studio CH2MHill



Site Plan

Benches in 
Groundcover

Large Canopy Allee

Bus Stop

Existing
Walk RaingardenRaingarden

LawnLawn
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Stormwater Management Plan: Infrastructure

Stormwater Storage bedStormwater Storage bed

Raingardens

Downspouts &  
Infrastructure
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Substrate Plan: Soil Volume (min. 600cf per tree)
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Trench Configurations and Sizes: Soil Volume
What happens underground / who maintains it?pp g

Standard or Porous 
Paving

Porous Hardscape or 
Groundcover

Soil  & Stormwater Infiltration Bed/ Root Zone

Planting Trench

Soil Cells or 
Structural Soil
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Soil  & Stormwater Infiltration Bed/ Root Zone



Hardscape Materials
Paving Option Diagram

Pervious Paving

Standard Paving

Planting Bed

g

Potentially Pervious Paving 
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Hardscape Materials
Porous paving options

Porous ConcretePorous Concrete

Porous AsphaltPorous Pavers
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Porous Asphalt
Porous Resin Bonded Aggregate

Porous Pavers



Management Plan: Public vs. Private

viridian landscape studioViridian Landscape Studio CH2MHill



Maintenance Plan: Tree Ownership?

viridian landscape studio



Green Utilities: Soils, Trees and Stormwater
If we solve the stormwater and give proper soil volume, we can achieve 
streetscapes that solve our CSO problems, deliver robust Urban Forests and 
provide livable communities
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Restoring the City: The Greening of Greenfield School

Viridian Landscape St dio               SMP Architects               Meliora En ironmental Design    Viridian Landscape Studio        •       SMP Architects        •       Meliora Environmental Design    
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Vegetation Assessment Practices: Site Inventory 
Adj t P kl dAdjacent Parkland
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Existing Plan

Secret Garden

Plant Bed

Climbing 
Structure

Kindergarten 
Play Yard

Climbing 
Structure

Basketball
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Climbing Structure
Dumpster

Bike lock‐up



Overall Plan
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Stormwater Plan
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East Play Yard
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East Play Yard: Cross Section
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East Play Yard: Entry Feature
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East Play Yard: Entry Feature
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East Play Yard: Entry Feature
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West Play Yard: Cross Section at Infiltration Swale

Evapotranspiration 
by plants

Excess Runoff is 
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Infiltrated



South Swale

Rain ChainRain ChainRain ChainRain Chain

Rain Rain 
GaugeGaugegg
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Porous Pavers: 
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Rubber Play Surface
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Salvaged Stone

Marble and granite from Independence Mall
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Granite from the Philadelphia Zoo Sandstone Bridge Abutments from Schuylkill River Bridges



viridian landscape studio



viridian landscape studio



viridian landscape studio



viridian landscape studio



Greenfield Green FactsGreenfield Green Facts
38 trees planted
59 shrubs planted
503 herbaceous perennials503 herbaceous perennials

Phase 1 Existing
17225 f I i C 98 7 % f I i C17225 sf Impervious Cover 98.7 % of Impervious Cover
230 sf Pervious Cover 01.3% of Pervious Cover

Phase 1 As Built
14783 sf Impervious Cover 84.7% of Impervious Cover
2672 sf Pervious Cover 15.3% of Pervious Cover

Phase 2 Existingg
8756 sf Impervious Cover 85.1 % of Impervious Cover
1537 sf Pervious Cover 14.9% of Pervious Cover

Phase 2 As Built
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Phase 2 As Built
4905 sf Impervious Cover 47.7% of Impervious Cover
5388 sf Pervious Cover 52.3% of Pervious Cover



viridian landscape studio



We can restore the environment by 

reconnectingreconnecting

Water  Soils  & VegetationWater, Soils, & Vegetation
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And celebrating place!And celebrating place!

viridian landscape studio Mark Gormel 2005


