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Opportunities and services

« Stormwater Management * New Architecture
» Energy Conservation » Green Jobs

« Urban Heat Island Effect * Food Production
 Aesthetics/Continuity « Roof Longevity
 Pollution Abatement « Educational Value

« Solar Panel Synergisms « Urban biodiversity

Carrot Common, Toronto (Year 3)



Green roofs in Toronto

Toronto Gross Floor Area * Coverage of Available Roof Space
G reen Roof (Size of Building) (Size of Green Roof)
Construction
Standard 2,000 - 4,999 m2 20%
Supplementary Guidelines 5,000-9,999 m2 30%

10,000-14,999 m2 40%

15,000-19,999 mz2 50%

20,000 m2 or greater 60%

Limitations

1. Substrate minimum

2. Little on plant selection

3. No requirement for
Irrigation

MTIIRIII\IIII Livegreen



Green roofs in Toronto

. l gritlab




Green roofs INn Toronto
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Toronto as a ‘hotspot’

GTA, urban sprawl
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« Low reflective surfaces (asphalt, concrete)
« Loss of vegetation and soil (evaporative cooling)
* Increase of energy use for cooling



Urban water management

Toronto's Combined Sewers System II]ElHllllwm &Emergency Senvices
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Beaches atToronto Waterfront Parks

1. Marie Curtis Park East Beach
2. 8ir Casimir Gzowski Park Beach
e 3 3 (bottom_of ‘Windemere and Ellis Ave)
LLLLLL o 3. Sunnyside Beach
5 4. Budapest Park Beach {west of Boukvad Club)
- o A 5. Hankn's Foint Beach
6. Centra Iskand Beach
7. Ward's Island Beach

. &. Clarke Beach Park (fomerly Chemy Beach)
Neighbourhcods Served by 9. Weedbine Ashbridges Bay Beach
Combined Sewers Sy stem 10. Peaches Park

11. Kew Beach

Beach water quality hotline 416-392-7161 15 Bufirs Park Eaash
14. Rouge Beach

convenbunchrmpis e

« Aging infrastructure

« Combined storm-sewer overflows

« Rapid urbanization and loss of ecosystem services
* Climate Change >> Climate extremes



Role of vegetation

Silky Lupine
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Diversity matters!

GRASSES
_I_

TALL FORBS
_I_

SUCCULENTS
WATER CAPTURE +10%
WATER LOSS +25%
SURFACE TEMP -1C

Over Sedum
Only

—

Lundholm, Maclvor, et al. (2010) PLoS one
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Tall forbs

Grasses

Creeping shrubs

Creeping forbs

Succulents
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Diversity matters

Role of functional and phylogenetic diversity?

r— Sedum kamtchaticum
L Sedum acre
r— Oenothera macrocarpa
L—— Oenothera biennis
Geum triflorum
[~ Potentilla neumanniana
I Potentilla arguta
Fragaria virginiana
Lespedeza capitata
Astragalus canadensis
Thymus serapylium
Verbena stricta
Verbena bracteata
Penstemon digitalis
Asclepias tuberosa

Zizia aurea
Campanula rotundifolia

—a g

i

Symphyotrichum novae-angliae

r Symphyotrichum laeve
| I

Solidago nemoralis
Liatris spicata

Eupatorium purpureum
g N Eupatorium perfoliatum

— Rudbeckia laciniata
_‘ Rudbeckia hirta
———— Echinacea purpurea

Achillea millefolium
Allium cernuum

Magnolia grandiflora

| | | |
150 100 50

0
Maclvor et al. (2016) J App! Ecol



Diversity matters

Role of functional and phylogenetic diversity?
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Diversity matters

Role of funct|onal and phylogene’uc diversity?




Diversity matters

Phylogenetic signal in green roof performance
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Diversity matters

Phylogenetic signal in green roof performance

Water Capture (%)
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Diversity matters

Role of functional and phylogenetic diversity?
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Phylogenetic Diversity

Productivity

Environmental Extremes

Aronson, ..., Maclvor et al. (2016) Frontiers



Summary

Green roofs are living systems and require an evidence-
based, multidisciplinary approach

Green roofs are designed experiments; new knowledge
of urban ecosystems

Toronto has leading policy, guidelines, incentives that
support green roofs

gritlab and UTSC research links plant cover, type, and
irrigation to green roof performance

Diverse plant communities can improve green roof
functioning



Wildlife habitat?

Maclvor & Ksiazek (2015) Green Roof Ecosystems



Limitations?
Local factors

Roof characteristics

1
Microclimate ' .
Fesssssssssssssssssssssssssesee E.g. Roof area, percent vegetated, age, 1
E Moisture ' maintenance, irrigation E
' Extreme dryness followed by ' Other invertebrates '
: periods of inundation of water E E As prey for other invertebrates in '
E Temperature " more complex food webs E
! Extreme heat in summer and , E Vegetation !
E freezing over in winter E , Diversity, flowers, low growing E
! Solar radiation . perennials, few woody plants '
' Higher surface temp, -  / Substrate '
' drought, sun/shade E E 4 E.g.. Aggregate size, '
E Wind profile \ 4 \{ l depth, organic content E
v Waterloss = (I, =~ VM e ae--sssthgemmsmmsmmsmmmmmm===== '
+ Difficult flying cond.
: >

Connectedness Land use
Height, distance to Building complexity,
source habitat % green in landscape

Landscape factors

Maclvor & Ksiazek (2015) Green Roof Ecosystems



Limitations?

Non-indigenous species

N ALt ey, AR S

Maclvor et al. (2015) Urb Ecosyst



Green roofs as habitat for bees?

Native

sig
p>0.05

Exotic

Andrena commoda
Bombus griseocollis
Bombus rufotinctus

Lasioglossum*
Apis mellifera

Halictus rubicundus

Megachile rotundata

N:3 I

N=12

N=6

N=2 k

N=5 ——

N=2

N=8

40% 60% 80% 100%

Maclvor, Ruttan, Salehi (2014) Urban Ecosystems



Limitations?

Height: Vertical isolation from ground

Hugh Garner Housing Co-Op, Toronto (7t year) Maclvor (2016) IJEE



Limitations?

Vertical isolation from ground: Are green roofs habitat sinks?
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Green roofs as habitat for bees: Nesting

Ground nesters: Bare soil, but limited by depth.

rocky alvar { outerap boardwalk Dar
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Bees are important. Bees are diverse.




Green roofs as habitat for bees

Honey bees?

UofT New College, Toronto Royal Fairmont Hotel, Toronto

Crops dependent on diversity of bee visits, not frequency
(Garabaldi et al. 2013, Science)



Cities as a refuge?

Conservation in urban environments

Conservation Biology g

PDF
Explore this journal >

Info

8 Open Access

Essay
The city as a refuge for insect pollinators

Damon M. Hall &, Gerardo R. Camilo, Rebecca K. Tonietto,

David H. Smith, Jeff Ollerton, Karin Ahrné, Mike Arduser,

John S. Ascher, Katherine C. R. Baldock, Robert Fowler,

Gordon Frankie, Dave Goulson, Bengt Gunnarsson, Mick E. Hanley,
Janet |. Jackson, Gail Langellotto, David Lowenstein, Emily S. Minor,

Stacy M. Philpott, Simon G. Potts, Muzafar H. Sirohi,
FAdward M Snevak Graham N Stane Carach (G Threlfall

Accepted Articles

Browse Accepted Articles
Accepted, unedited articles
published online and
citable. The final edited
and typeset version of
record will appear in
future.
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City of Toronto r | .

GUIDELINES - mesgrigiien

for Biodiverse
Green Roofs

Livegreen il ToronTo

Torrance, Maclvor et al. (2013)



BEESEOERITOR

A GUIDE TO THEIR REMARKABLE WORLD

e City of Toronto Biodiversity Series ®
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Packer, Maclvor et al. (2016)
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Urban green
Infrastructure

== Urban agriculture
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scott.macivor@utoronto.ca  @jscottmacivor

Thank you. Questions?



