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“Nothing is invention 
Everything is written in 
nature” 
 Antoni Gaudi 



Courtesy Jim Urban 



51cm (20”) Trunk Diameter Tree 

Green Infrastructure  

To Mitigate The Urban Heat Island, 

Pollution & Storm water 

 

Large Deciduous Trees 
“A 76cm (30 inch) DBH tree provides 70 

times the ecological services of a 8cm 
 (3 inch) DBH tree” 

 
(Tree USFS, SE Section, 1999) 



Bloor St. 
Toronto, ON 

13cm (5”) diameter in 30 years 
 
This tree is a potted plant 

30 rings 



• Another way trees and vegetation 
cool the air is by absorbing water 
through their roots and evaporating it 
through the leaf’s stomata's (pores). 

  
•  A mature tree with a 30-foot crown 

transpires approximately 40 gallons 
of water per day.  
 

• Evapotranspiration alone can result 
in peak summer temperature 
reductions of 2 to 9°F (1° to 5°C).  
 

   Source: US – EPA and USFS 

Evapotranspiration and Storm Water 



Stormwater 
Interception 

Volumes 

2” Caliper Jacaranda versus 22” DBH Plane Tree 

     
    



How are we going to grow large mature trees in an urban environment? 

Large Mature Trees provide financially measurable value  
to a municipality 

 



Ratio: 2.2m2 of canopy to 1m3 of soil  





Uncompacted Soils: Walk Through compaction / 80 Proctor  

Saturation Point Field Capacity Wilt Point 

Macro-pores Micro-pores 

Water movement is highly dependent on soil structure and soil ped retention 
(Urban, 2008, Up By Roots) 

80 Proctor compacted soils have a 20% holding capacity for water 



To this day most tree roots, in of 
themselves, cannot support a large 
canopy. Most of the oxygen, 
water, nutrient absorption that the 
successful tree harvests is via other 
organisms - fungi, bacteria, etc.  
 
Tree roots have not had to become 
super efficient at harvesting water, 
oxygen, and nutrients, because the 
soil organisms have been doing 
this so well for so long.  

Glomus Intraradices 



Reach 

http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=Qj0RNltfhzaOYM&tbnid=t7Qw6j0qtiMNVM:&ved=0CAgQjRwwAA&url=https://www.dmt-nexus.me/forum/default.aspx?g=posts&t=11641&ei=vxSZUcvNIYSiiQLeq4D4AQ&psig=AFQjCNEuIny1Uz1xD0p5tdHYDdoZ9iHEgQ&ust=1369073215605821


Symbiotic relationship 



Water - Transport 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GEK9wLd5leeGHM&tbnid=4IRmTuF58bGXAM:&ved=0CAUQjRw&url=http://evolution.berkeley.edu/evolibrary/article/mcelwain_02&ei=lRiZUaiHC4nUigKP-ID4Aw&bvm=bv.46751780,d.cGE&psig=AFQjCNHwiUy7tb7-JmJ1WM4FGsPLR8mVdw&ust=1369074111126040


The End of Magical Thinking About Trees 

Abracadabra! 

Ta Da! 

*Peter MacDonagh 
 The Kestrel Design Group 



How do we grow big trees? 
 

5.6 m3 of Soil will Grow a Shrub -  But NOT a TREE 

6.8m3 Rain water 
395m2 Drainage area (2cm rain) 

(Urban, MacDonagh et al, 2008) 

4.5m3 Rain water 
265m2 Drainage area (2cm rain) 

2.3m3 Rain water 
132m2 Drainage area (2cm rain) 

22.5m3 

34m3 

11.3m3 



Municipal Soil Volume Standards 
 

  Municipalities need soil volume specifications for street tree 
plantings (shop drawing for trees) 

Toronto   Winnipeg  Markham  Whistler 
  (Standard)                         (Downtown)     (Standard)   BCSLA/BCNTA standards 
 
 

Vancouver          Langley       Kitchener     Oakville 
(SEFC Development Area )     (Standard)                  (Standard)                   (Standard) 
 

North Vancouver   Calgary       Burnaby 
(Standard for Lower Lonsdale   (Residential)    (Standard for Metro Town Development Area)  
Development Area) 

 
York Region  Brampton  Vaughan  Richmond Hill 
(Viva-Next design standard) (Joint Sustainability Matrix) 

       Connects Canopy Targets in the Official Plan to Land Use 



Storm Water Management 
   

…the other advantage of  
Soil Volume Standards 

 



Scenario 1:  
No Source Control 
 
Scenario 2:  
Absorbent Landscaping 
 
Scenario 3:  
Absorbent Landscaping + On-
Lot Infiltration 
 
Scenario 4:  
Absorbent Landscaping + 
Green Roofs 
 
Scenario 5:  
Absorbent Landscaping + On-
street Infiltration 

Effectiveness of Source Controls at Reducing Peak Runoff From an 
Intense Cloudburst 

Multi-family neighbourhood (72% coverage on lots, no surface parking, 11m wide roads)  
Poor Soils (hydraulic conductivity of 2.5 mm/hr) 

Figure 7:  
Comparison of Neighbourhood Retrofit Scenarios  

During a High Intensity Cloudburst 

Source: Patrick Graham, Marian Kim. 
Evaluating the Stormwater Management 
Benefits of Green Roofs Through Water 
Balance Modeling, 2003. 
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Cost Comparisons Between  
Conventional Pipes Only and LID Approaches 

Total capital cost savings ranged from 15 to 80 percent when LID methods were used, with a few 
exceptions in which LID project costs were higher than conventional storm water management 
costs (source: Fact Sheet: Reducing Stormwater Costs through Low Impact Development (LID) Strategies and 
Practices, downloaded from http://www.epa.gov/owow/NPS/lid/costs07/factsheet.html 
 



caption 23 

Case Study Portland, OR 
Taggard D combined sewer basin CSO Tunnel 

Pipe reduced from 28ft diameter to 22ft diameter 

Savings: 
64 million 

Savings: 
54 million 



caption 24 



caption 25 



caption 26 

1% of budget – 21% of the volume 

10.6% of the budget - 15.8% of the volume 



caption 27 

Case Study Portland, OR 
Taggard D combined sewer basin CSO Tunnel 



Source: Low Impact Development Manual for Urban Areas, University of Arkansas Community Design Center 

 Rain Garden/Bio-Retention  
               Portland, OR 

 
 
 
  



caption 

29 

•Land is expensive 
•Collect garbage  
•High Maintenance cost 

• TSS removal 
• Invasive species 
• Weeding / Replanting 

•Liability 
•Retail push back 

• Loss of Parking 
•Fewer Drive Lanes 

Portland Approach 
 

• Maintenance 3/per year 
• Clean out Forebays-same 

contract as CB contractor 
• Replanting schedule 
 

 Council wrote their  
 Commitment to O&M 
 into the ordinance. 
 Jim Ryan – Chief Engineer BES 



Suspended Pavement Systems: 
 

Soil Cells 



Bring The Functionality of the Forest to the City 
The Silva Cell 

+ = 





H-20 Loading Specifications 
Summary of top deck stresses under H-20 loading conditions  

(32,000 lbs./14,500 kg) 



Un-compacted living 
soil to support tree root 
growth and manage 
storm water as a source 
control. 



The Queensway 
The Sustainable Sidewalk Project 

Toronto, ON, Canada  
 

Silva Cells and Rainwater Management  
Oct. 2008 

 
Design Guideline: Manage the 38mm (1.5”) rain event 

 
 
  



Rainwater  
catchment area 
for the Silva Cells 

Parking Bay  
Silva Cell  
trenches 





Perforated drain line is installed at the bottom 
of the 1st layer of Silva Cells and connected 
to the storm water catch basin 



Silva Cells 
are filled with 
Bioretention 
Soil  



Intake Catch Basin 

To Silva Cells 
(1st Flush) 

Overflow 



Intake  
Catch Basin 

Perforated  
distribution pipe 

Clean out risers 

Tree Pits 

Stormwater 
drains to next CB 



Decks on 
 
 Tree Pits 

CB 



Oct. 09 

Trees planted 



Cumulative Percent Removal by Depth 
Laboratory/Field Summary 

Soil 
Depth 

Cells 
Deep 

Cu 
copper 

Pb 
lead 

Zn 
zinc 

P 
phosphorus 

TKN 
Keldahl 
nitrogen 

12” 1 90 93 87 0 37 

24” 2 93 99 98 73 60 

36” 3 93 99 99 81 68 

Data on bio-retention removal rates of pollutants such as ammonium and 
total nitrogen is variable, so has not been included here. 

Adapted from Prince George’s County Bio-retention Manual 

Silva Cells and Soil Filtering Capabilities 
 



July 2010 
 
Trees are 
1.5 years old 



Sept. 2012 
 
3.5 years old 



July 2013 



July 2013 



Suspended Pavement Systems  
Maintenance 

Yes: 
• Clean out CB / Forebays / Porous Pavers  - on existing maintenance cycle 

 
• Clean outs on all distribution and drain pipes  - flushed on existing maintenance cycle 
 
• Efficient use of space 
 

No: 
• Invasive species 

 
• Weeding 

 
• Soil replacement due to TSS matting 

 
• Loss of parking spaces/ driving lanes / sidewalks 

 



Silva Cell Stormwater Management System: 
 

48 Blocks of Downtown Minneapolis - 2009 



Water in: 
 

•Porous Pavers 
 

•Roof Leaders disconnected  
 and run into the Silva Cells 



48 Blocks of Downtown Minneapolis 





Before After 

2nd Ave, Calgary AB 



Wilmington Stormwater Treatment 
Performance Monitoring  

L. Peter MacDonagh, ASLA, ISA, RHS, LEED AP 
Director of Science & Design, Kestrel Design Group, Inc.  

Adj. Faculty Arch. & Land. Arch., Univ. of Minnesota 
 

June 6, 2013 



Aerial view of Silva Cell Retrofit Sites in Wilmington (adapted from Jonathan Page, Ryan Winston and William Hunt, Bio & Ag Engineering, North Carolina State 
University) 

Wilmington Silva Cell Catchment Areas 

Average Annual 
precipitation: 
57.61 inches 
 
Mean 
Temperature: 
64.0 degrees F 
 
Data from 
NOAA; Period 
used to compute 
averages and 
normals: 1981-
2010 



Stormwater Treatment Performance Study Underway 
 
       Two Silva Cell Sites Being Monitored in Wilmington, NC 

North Carolina State University 
 

Dr. William Hunt’s lab 
in Raleigh, NC, 
  
Ryan Winston, 
Jonathan Page 
Bill Hunt  



The monitored parameters for this study are: 
 
•Inflow and outflow volumes and rates 
 

•nitrate-nitrite nitrogen (NO2-3-N) 
 

•total ammoniacal nitrogen (TAN) 
 

•total Kjeldahl nitrogen (TKN) 
 

•total nitrogen (TN) 
 

•Orthophosphate 
 

•total phosphorus (TP) 
 

•total suspended solids (TSS) 
 

•the heavy metals zinc (Zn), copper 
 

• (Cu), and lead (PB) 

Control monitoring equipment 

Control Monitoring Equipment 



Table Courtesy of Jonathan Page, Ryan Winston and William Hunt, Bio & Ag Engineering, 
North Carolina State University 

Note: If trees were 30’ o.c. and street was 22’ from crown to curb, 
watershed would be 660 s.f. per tree, almost 1/10 of what it is in 
Wilmington 



Table Courtesy of Jonathan Page, Ryan Winston and William Hunt, Bio & Ag 
Engineering, North Carolina State University 

Note: Typical bio-retention drainage area: surface area ratio is 
max 10:1 



Wilmington Silva Cell Monitoring  Results 

Two tree/soil/Silva Cell systems installed with 1 variable – the soil: 
  

• The main differences between the 2 soil mixes are that the 
standard tree planting medium has more organic matter and 
fine particles.   

Orange Street: North Carolina Bioretention Media:  
85-88% sand, 4.5% gravel, 8% clay and silt by volume, 3% organic matter by weight 

Ann Street: Tree Planting Media: 
85-88% sand, 0% gravel, and 13% clay and silt by volume, 6% organic matter by weight 
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Hydrograph: 12.7 mm (0.5 in) storm on 9/6/12, Ann Street (typical street tree soil),  





Blue:       Below detection limits 
 
Green:    Silva Cells performed better than mean for bio-retention in peer reviewed literature per Page et al 2013 
 
Yellow:    No comparison from peer reviewed literature provided in Page et al 2013 
 

 



Conclusion 
 

Silva Cell systems performed better or about the same as the mean for bioretention 
systems in peer reviewed literature for: 
 
• Total suspended solids (TSS)  
• Heavy Metal (Cu,Pb,Tn) 
• Pollutants (TKN,NO2,3-N,TAN,TN,O-PO3-,TP)  
 
“Unlike some bioretention systems, which leach nutrients, these two tree/soil/Silva Cell 
systems also provided nutrient removal.” 
 
“Tree/soil/Silva Cell systems have now been shown to be a viable option to provide 
sustainable storm water management in ultra urban areas, by providing tree rooting volume 
under paved areas with loads up to HS20 loading, where space does not allow for traditional 
bioretention systems.” 

University of North Carolina  



“The Washington State 
Department of Ecology 
finds the Silva Cells 
treatment system 
functionally equivalent to a 
bio-retention facility.” 

“Contractors may use the 
Silva Cells BMP at project 
sites without seeking 
additional Ecology 
approval…” 







caption 70 

Peak flow 
reduction               

Increase in 
Quality 

Storage 

Stormwater Trifecta 

• Evapotranspiration 
• Interception 
• Ground Re-Charge 

http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAQQjRw&url=http://www.clipartguide.com/_pages/0808-0710-2914-4649.html&ei=wTweU6KNLI_toASo3YGQDA&usg=AFQjCNFJ7MVj6CYm8yNOTMw3zRUM1oVn_w&sig2=rfG09l0FfSGS1IgCHV41AQ
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Interception 

A model of a hackberry tree in the Midwest estimates that interception will increase as 
follows with tree age (see Figure 13.2): 
 
• a 5 year old hackberry intercepts 0.5 m3 (133 GAL) rainfall per year 
• a 20 year old hackberry intercepts 5.3 m3 (1,394 GAL) rainfall per year 
• a 40 year old hackberry intercepts 20.4 m3 (5,387 GAL) rainfall per year    
          

(McPherson et al, 2006). 



caption 72 

Evapotranspiration Model for City of Toronto 
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Evapotranspiration Model for City of Toronto 



“Nearly all of the associated problems 
result from one underlying cause: loss of 
the water-retaining and 
evapotranspiration functions of the soil 
and vegetation in the urban landscape.” 

EPA Report: Urban Stormwater 
Management in the US 
 

 



Where to Find Us 
 

Blog: Green Infrastructure  
For Your Community 

Find more information 



Charlotte 
    NC 





 
Suspended Pavement Vaults 
 
Charlotte, NC – 1985 
Tyron St.           (25 years)  
 
Willow Oaks: 
40cm (16”) DBH  
13.5m (44ft) High 
19m³ (700ft³) of soil / tree 
 
98% survival rate 



•11.3 cubic meters 
 

•(400  cubic feet) at year 12 
 

•200mm (8”) diameter DBH 

National Geographic Headquarters 
    Washington, D.C. 
 
          Soil Trenches 

Jim Urban, LA 



400 cubic feet  
At year 16 

400 cubic feet  
At year 25 



11.3 cubic meters (400 cubic feet)  
At year 16 

Less than 2.8 cubic meters 
(100 cubic feet)  
At year 16 
Third replacement 

Value for Money 



Value of Urban Tree Benefits Over 50 Years 
Avg. tree in compacted soil lifespan: 13 years; Estimated Silva Cell lifespan: 50 years 

Total Benefits over 50 years:  $2,717.66 
Total Costs over 50 years (installation & 
maintenance): $5,811.95 
Net Lifecycle COST over 50 years: $3,094.29 

Total Benefits over 50 years: $41,769 
Total Costs over 50 years (installation & 
maintenance): $16,341.75  
Net Lifecycle BENEFITS over 50 years: $25,427.22 
 





Vegetation and tree cover, shown in green, decline as build-up urban 
areas, in black, grow.  Red and yellow areas area mixture of the two.  

The growing urban heat island corresponds to the changing land cover.  
The hottest areas appear in black and expand from downtown Atlanta 
and Hartsfield International Airport.  

Courtesy of Trees Atlanta 

Vegetation and Heat-Island Trends in Metro Atlanta Area  



The map above is a projection of 
the area with a 20 percent 
increase in tree canopy from 
1993 levels.  

•Heat 
 

•Hydrology 
 

Courtesy of Trees Atlanta 



Current storm water problems and why GI is 
uniquely suited to solve these problems 

Huge 
Pipe 

Medium Pipe 

Flood Control 
Volume 

Rate 
Water Quality 

Flood Control Old problem and solution 

New problem and solution 

Source Controls 



RUN OFF the 
Landscape 

Green Infrastructure 
Avoided Gray Infrastructure Costs 

GRAY 
Infrastructure 

RECHARGE the 
Landscape  

GREEN 
Infrastructure 

BLUE 
Infrastructure 

Green Infrastructure to Reduce Gray Stressors and Improve Blue Quality 

EMERGENCY EVERYDAY 



City of Vancouver 
Water Wise Landscape Guidelines 
   2009  

Permeable parking strips  
over clear crush structural 
rooting zone (eg: Structural Cells) 



1 Soil / water 
dynamics 

2 Water to and 
into the system 

3 Sediment and 
debris 

4 Water 
distribution 

5 Water out of 
the system 

6 System 
maintenance 

Urban Storm Water Systems 
First principles  
 

https://www.youtube.com/watch?v=-OMnKnCYVAg 

Webinar: Using trees and soils in urban stormwater management  

James Urban 
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