
Leaf  Island ™ ~ 
Scaling Ecology into Urban Regeneration

By incorporating the urban waste stream in modular aquifers & soils, the 
material cycle of   cities are used to support the work of  plant 

communities, layering vegetation along roadway corridors and over 
vertical walls & city roofs. In this way, Leaf  Island processes scale the 
ecology of  exchange by building with the growth & development of  

living forms, regulating local climate in the process (see slide 5).      

Leaf  Island’s work adapts the physical features of  public & private 
properties to serve as scaffolding for ecological development. Dense 

plant cover supplied with water eliminates urban heat island, diminishing 
local peak load & energy use. Leaf  Island technologies scale back 

operating costs of  the built environment.

Urban Planning Design 
WINNER

New York Access Cities Open Innovation Call 
on Air Pollution and Urban Heat Island Effect, 

an international competition sponsored by seven 
NYC agencies and numerous private investors

2021

Contact

Joshua Harrison
Strategic Partnerships

josh@leafisland.org
Leafisland.org
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New York City needs green infrastructure.
Home to 8 million people & growing, no cost-effective solutions as of  yet have emerged to address: 

Combined Sewer Overflow, Urban Heat Island, Air Pollution, Biodiversity Loss, Increasing Energy Costs, 
Adaptive Re-Use of  a Massive Waste Stream, Flooding.

By building ecological capacities back into the fabric of  the City, Leaf  Island aims to change this.
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82% of  the US lives in cities. By 2050,      
the UN estimates two thirds of  the earth’s 

population will be urban. 

Urban density leads to ecological concerns
• Urban Heat Island Effect
• Air Pollution
• Stormwater Runoff
• Waste-stream Products

• Polluted Waterways
• Food Insecurity
• Environmental Injustice
• Climate Change

Leaf  Island brings practical solutions to meet 
emerging crises with cost-effective strategies 

& firmly grounded technologies



Leaf  Island Effect
Reducing the Urban Heat Island Effect (UHI)

Vegetation layers canopy, understory & ground cover to multiply the living surface over the City, a branching,
living architecture layering leaves in multi-layered volumes. As leaf surface area reaches & exceeds three times
landscape footprint, the lower shade leaves always run cooler than their surroundings, heat energy taken away
in masses of cool water vapor, a denser atmosphere, dropping to fill streets, sidewalks, & urban canyons below.

Upper leaves radiate heat; lower leaf layers evaporate water, cooling the air. Leaf Island products & modules
are designed and integrated to effectively & efficiently capture, hold, and deliver water to support the
essential, central work of plants on land, cooling the surroundings, in the process of capturing carbon.

Properly scaled, 
this fundamental 

feature of  land plant 
biophysics reverses 
Urban Heat Island
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Leaf  Island Effect
Reducing/reversing Urban Heat Island

Schlierin Photography Energy Partitioning in real-time:
rising sensible heat to the left;                             cool air masses dropping from evaporative heat loss to the right

Rn = H + G + LE + R + P
(Rn) = total radiation load on an area 
(H) = sensible heat 
(G) = heat moved into air, soil and water
(LE) = evaporative heat loss
(R) = respiration
(P) = photosynthesis5









Visualizing the Reach of  Urban Heat Island Reduction

Evapotranspiration of  ¼ inch over 224 ft2 produces 1 ton of  air conditioning, 
~ the quantity of  energy/needed to cool 400 ft2

A Leaf  Area Index of  about 3 over 224 ft2 of  vegetation produces  cools 400 ft2

Legend
“Greened” space at 50% of roofs 
and 50% of available walls
Area cooled to ambient

217,200 SF of added green 
space cools 388,000 SF to 
ambient, effectively eliminating 
UHI in this  area

Area Coefficient: 2.15
Avg. Building Height: 55’

Area Coefficient: 1.52
Avg. Building Height: 45’

169,500 SF of added green 
space cools 277,000 SF to 
ambient, effectively eliminating 
UHI for this area

Area cooled by 2 - 3 degrees F

Legend
“Greened” space at 50% of roofs 
and 50% of available walls
Area cooled to ambient

Area cooled by 2 - 3 degrees F6



Visualizing the Significant Reach of  Urban Heat Island Reduction

Legend
“Greened” space at 50% of roofs 
and 50% of available walls
Area cooled to ambient

Area cooled by 2 - 3 degrees F

Linda Tool, 
a 12,000 ft2 green roof 
built by Leaf Island, 
163 Dwight St, 
Brooklyn, NY

Linda Tool Green Roof
163 Dwight St, Brooklyn, NY

• 12,000 ft 2 green roof
• 19,700 ft2 cooled to ambient temperature
• 120,000 ft 2 cooled by 2 - 3 degrees 
• 300,000 ft 3 cool, clean vapor produced 

each warm - season day
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Land plants partition energy flow: 
hot air rising/cool air sinking. 

Adaptive geometry thus entrains atmospheric flow, 
moving pollutants into contact with plant surfaces 
& microbiomes. Supplied with water and nutrients, 

these biogeochemical filters grow & develop 
in the  landscapes where we live and work.

Increasingly dense vegetation is effective at filtering 
PM2.5 by greatly increasing particle deposition rates   

(10-30x faster), and reducing ozone, nitrogen dioxide, 
carbon monoxide, and sulphur dioxide through gas 

exchange in the process.

Dense leaf  cover integrated into urban landscapes, 
adjacent to pollutant sources, works to optimally  

remove PM2.5.

1

2

3

Air carrying PM 2.5 approaches dense vegetation

Air deposits PM 2.5 as it passes through vegetation, leaf surfaces 
thus filtering the air

Rain and dew washes PM 2.5 off vegetation and into urban soils

Leaf  Island Effect
Reducing Air Pollution
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Upper leaves radiate heat 
while lower leaf  layers 

evaporate water and cool the 
air. The availability of  water is 

critical for this process to 
function effectively. Our 
projects supply water to 

support our plants.

1. 5-Boro Maintenance Facility

We give flat surfaces volume.
Building multi-layered vegetation into green infrastructure, ecological potentials are 

optimized. This method works for all such surfaces: green roofs, green walls and 
street-level green infrastructure

Sedum Green Roof Leaf Island Green Roof

Profile  Vie w

Profile  Vie w

Short Grass Short Grass
GaiaSoil GaiaSoil
Roof Deck Roof Deck

Medium Grass

Taller Leafy Plants

103° F

103° F

92° F
90° F

92° F
88° F
82° F
80° F

Movement of Water Through 
Evapotranspiration

Movement of Water Through 
Evapotranspiration

Illustration of leaf shading9



GaiaSoil ΞUltra -
Lightweight Green Roof 

System

EcoBarrierΞVegetated 
Bike Lane Protection 
Stormwater System

BlueBlocksΞFilter 
Coastline Protection + 
CSO Treatment System

TrellisΞGreen Wall 
System

GaiaSoil ΞFloating 
Wetland

Ultra lightweight green roof 
with a 30 -year warranty. 

Provides up to 33% in 
heating and cooling savings.

Used For: ≈40  sq . mile s of 
rooftop  in NYC

Ready to Build

Above - ground, ze ro-
dis cha rge  s tormwa te r 

ca p ture  s ys te m tha t is  us e d  
to  re c la im unde ve lope d 

unde rpa s s e s .

Used For: 70 0  mile s of 
unde rpa ss in NYC

Ready to Build

Coa s tline  p rote c tion  s ys te m 
tha t mitiga te s  s torm s urge s , 

s ca le s  to  up ta ke  & c le a n 
hundre ds  of thous a nds  of 

ga llons  of Combine d Se wa ge  
Ove rflow, a nd filte rs  millions  

of ga llons  in  wa te rwa ys  da ily .

Used For: 520  mile s of 
coa st line  in NYC

Pilot Project

Bike  la ne  p rote c tion  s ys te m  
tha t mitiga te s  a ir pollu tion  

a nd is  95% e ffe c tive  a t 
s tormwa te r up ta ke .

Used For: 1,250  mile s of 
b icycle  la ne s in NYC

Pilot Project

Lightwe ight, modula r a nd low 
ma inte na nce  gre e n wa ll tha t 

ca n  be  u tilize d  on  virtua lly  
a ny ve rtica l s urfa ce  to  

re duce  the  Urba n He a t Is la nd 
Effe c t, ins ula te  build ings  a nd 

ca p ture  a ir pollu ta nts .

Used For: 30 0 0  sq . mile s of 
ve rt ica l spa ce  in NYC

Pilot Project10

GaiaSoil ™
Patented, innovative ultra-lightweight soil medium. 

Exclusively manufactured by 
Leaf  Island. 

GaiaSoil supports our suite of  modular and infinitely 
scalable green technologies.

Lightest Green Roof Medium on the Market. 
1/5th the weight of top-selling alternatives

Only Green Roof Medium That Insulates.
R-value four-fold greater than top competitors’ products

Sourced & Manufactured from Recycled Styrofoam.
Removes Styrofoam from waste stream & landfills

Unbeatable Growing Capacity. 
High aeration results in 40-60% faster growth

Endlessly Reliable. 
Does not degrade or compress over timePatent: US 6,946,496 B2
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Leaf  Island’s integrated approach for roofs, walls, streets & coastlines.

Reduces air pollution &  stormwater 
runoff, captures carbon

Provides energy savings & 
increased biodiversity Provides energy savings, reuses 

greywater and creates marketable 
public space

Protects coastlines from sea level rise, 
purifies water, intercepts & treats 

combined sewer overflow
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Cost Per 10,000 SF Green Infrastructure Project

High End Cost Low End Cost

Costs savings increase 
with replication

 Streamlined permitting, design     
& engineering process

 Local manufacturing decreasing 
shipping costs

 Installation familiarity and 
favorable pricing from local 
general contractors

 Bulk rates on materials

 Less uncertainty with planning     
& logistics
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Modularity & Replicability decreases costs of  

green technology for Leaf  Island products
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Implementation cost of  GaiaSoil Floating Wetland solutions & other Leaf  Island technologies 
drops exponentially based on the success of  each project



GaiaSoil Specs.
Ultra-lightweight growing medium

Made from recycled Styrofoam

POLYURETHANE FOAM 
(FOAMED ON SITE)

EXPANDED 
POLYSTYRENE 

(EXTRUDED)

GAIASOIL (DRY) WOOD SHINGLES AVERAGE TOPSOIL 
(DRY)

ASPHALT SHINGLES COMMON BRICK GRANITE

R-Values for Common Materials at 1’’ Thickness

6.25

5

2.7

0.97
0.6 0.44 0.2 0.05
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GaiaSoil Green Roofs vs. Competitive Green Roofs

GaiaSoil Green Roof Intensive Green Roof Extensive Green Roof
Soil Depth 6-12 inches 4-12 inches 2-4 inches

Max. Saturated Weight 16-32 lbs./SF 30-90 lbs./SF 15-30 lbs./SF
Avg. Total Cost $30/SF $30-50/SF $15-25/SF

Warranty 30 years Varies by Manufacturer Varies by Manufacturer
Maintenance Low High Low

Plants Supported All Native Varieties All Native Varieties Sedum
% Buildings Supported 90% 40% 98%

Uses Recycled Materials? Yes No No
Insulation (R-Value) 11-22R 2-6R 1-2R



GaiaSoil Floating Wetlands vs. Competitive Stormwater Solutions

GaiaSoil Floating Wetland Stormwater Cisterns Bioretention Basin
(2’ depth, planted)Relative sub -

catchment at 99% 
stormwater uptake

Project Footprint

Average Total Capital Cost: $35-45/SF
Cost/Static Storage: $3.5/gallon 

+Capture 2- 8 lbs./sq. meter of carbon annually
+Not vulnerable to shallow water tables
+Mitigate the Urban Heat Island Effect
+Connect biodiversity corridors in urban areas
+Reduce airborne particulates from nearby roads
+Increase pedestrian traffic safety
+Create opportunities for urban farming
+Enrich the aesthetics of the cityscape

Average Total Capital Cost: $60-160/SF
Cost/Static Storage: $2-7/gallon  

+Highest stormwater capacity relative to size
-No ecological benefits 
-If  placed underground, costs increase dramatically
-Maximum size limited
-Shorter lifespan compared to green infrastructure
-Captured water must be discharged
-Requires additional components to uptake water

Average Total Capital Cost: $40-65/SF
Cost/Static Storage: $14/gallon

+Capture 2 lbs./sq. meter of  carbon annually
+Mitigate the Urban Heat Island Effect
+Connect biodiversity corridors in urban areas
+Reduce airborne particulates from nearby roads
+Enrich the aesthetics of  the cityscape
-Requires costly excavation
-Limited by shallow water tables
-Limited by underground utilities

80 0 0  SF 20 0 0  SF 80 0 0  SF

64,0 0 0  SF

25,0 0 0  SF 16,0 0 0  SF
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Rendering demonstrating 
eco - industrial retrofit 
concept for Bruckner 

Expressway Underpass in 
Bronx, NYGaiaSoil Floating 

Wetland

Trellis Green 
Wall

Design features a hillside configuration 
for a GaiaSoil Floating Wetland designed 

for Pratt Institute on Governors Island, 
with cross section included. 

Image modification 
differentiates Leaf Island’s 
vision from that of present 
plan, multiplying the living 

coastline restoration
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+ tens of  millions saved annually on better health and wellness outcomes

+ hundreds of  millions saved annually on lower social service reliance & taxable income from newly 
created jobs

+ path to peak load reduction providing protection against brown-outs by reducing energy 
demands during heat waves 

+ new opportunities for hundreds of  miles of  newly created public & private spaces

Est ima te d

$4- 6B 
tota l va lue  
a nnua lly



Green Infrastructure Benefits

• Urban Heat Island Reduction
• Increases Air Pollution Reduction
• Increases Stormwater Mitigation
• Increases Biodiversity
• Protects Pollinators
• Decreases Food Insecurity
• Decreases Stress
• Provides Community Spaces
• Provides Recreational Spaces

• Providing Educational Opportunities for 
Public Schools

• Decreases Crime Rates
• Creates Jobs
• Expands Tax Base
• Decreases Reliance on Public Services
• Increased electricity efficiency and 

savings
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The  Te a m

J oshua  Ha rrison
Strategic Partnerships

Co- Director, Center for the Study of 
the Force Majeure at UC Santa Cruz

30 years experience in merging art 
and science to identify and 
envision climate focused 

Responses to land 
and water issues, 

challenges, 
opportunities

.

Dr. Paul S. Mankiewicz
Lead Scientist 

Founder of the Gaia Institute
Innovator in industrial ecology & green    

infrastructure, with four decades of  
regenerative work grounded in wastes -
into - resources adaptations and 

across scientific disciplines, from 
ecosystem structure & 

development, to fluid 
dynamics.

Igor Bronz
Head of Design

Urban Soils Institute
Engineer bringing hydrological methods and 

models to quantification of stormwater 
mitigation to better evaluate, scale, manage 

and benefit our innovative products. 
Integrated analysis and direction informed 

through work with top  innovators in 
Philadelphia & New York.

Michael Fishman
Client & Development Advisor

Principal City Planner, Mott MacDonald
25 years managing design teams with

public and private stakeholders on 
behalf of owners to deliver  

resilient programs from 
$15k to $2B.

Phoebe Mankiewicz
Head of Research

Yale CEA
Investigations at RPI & dissertation work 

at Yale CEA incorporates plant 
rhizosphere and microbiome 

development in ecologically engineered 
growth media designed to metabolize 

pollutants and enhance indoor 
environments.
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