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Executive Summary

Climate projections for the City of Vancouver indicate that To pilot this approach, one study area in Grandview
by midcentury extreme heatents that now occur about Woodland is selected that exhibits above average urban
once every 25 years will triple in frequencly, suimer temperatures aralconcentration of social vulnerability.
temperaturedveyond 24C expected to occur twice as This framework can be applied to other neighbourhoods
often as today. The July 2009 heat wave brought attention in thefuture.

to the health risks of extreme leair Vancouver d6s sociall v, _ o

vulnerable populationstier reinforcing the seriousness AN analysis of exisgn regulations, policies, and

of anticipated climate changes dommunity health and gwdfallnes |nd|cat§s t_h&ia ncouv ? ros b uilding
comfortin Vancouver public space guidelines were craftgth underlying

assumptions abowt consistentlyemperate and rainy

This report has two goals:tg conduct a preliminary climate, andoemphasize access to sunlight and weather
assessment of heat vulnerability in the City of Vancouver protection primarily from rainWith climate change
and examine opportunities forainstreaming adaptation projections indicating a future othotter and drier

to urban heat lisnd effect into existing policies; and ii) to summers, these policiesed to be rexamined and the
propose an analytical framework for further engaging in assumptions underpinning them  adjusted to

discussion abouurban heat islandisk under the accommodate a greater number of anhoal days.
Vancouver Adaptation Strategis framework is rooted Nineteen ecommendations are made for further study of
in socdal vulnerability analysis and useghbourhood urban heatisland conditions in Vancouvand for

level population characteristicsdentifyareas of the city mainstreaming heat adaptation into existing policies and

with the highest health vulnerability to extreme heat. regulations.



Glossary

Albedo: The ability of a surface to reflect sunlight. Measured on a seale of O

Atmospheric boundary layerL owe st | ayer of the Earthds atmosphere that 1 s i
cooling.

Atmospheric heat island effectUrban heat islands that consist of both canyon layer heat island effects and boundary layer heat island
effects. Canyon layer heat island effects can be detected between the ground and upper levels of the urban tredtopaopy and ro
Boundary layer hieigland effect can be detected between the canyon layer and point at which urban pollution no longer influences
atmospheric conditions, generally one and a half kilometres above the ground.

Evaporative cooling:Evaporation of water that exercises a apelfifect on urban temperatures by removing latent heat from surfaces.

Heat wave:A prolonged period of hot weatheritagat least three consecutive days.

Radiative cooling:Emissionoflongqeave r adi ati on t h aOccurs mastlyatight he eart hds surface.
Solar absorption/A measure of solar energy absorgdiijomaterialen a scale of-D.

Solar Radiation:Energy transmitted as shadve and infrared radiation (including ultraviolet) from the sun.

Solar ReflectanceReflectance of shentave solaradiation and infrared radiation from surfatesprocesthat reduces heat transfer.

Surface Heat IslandTemperature of building and pavement surfacesmefisough thermal infrared analysis

Thermal Emittance: Ability of surfaces to radiate na@flected solar energy. Measured on a scatk of 0

Thermal MasssA measure of a material s resistance to temperature <ch
Urban Canyon: Urban morphology determined by street width and length, and building height.

Urban Heat Island Effect: Phenomenon in whidemperatures afrban areas are warrttean those in surrounding rural areas due to
capture and release of solar energy into the built environment.
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1. BACKGROUND

1.1 Risk of extreme heat events in
Vancouver, BC
In the summer of 20@detro Vancouve
experienced a heat wivatsaw
temperature recordings at Vancouver
International Airport peak at 344
(Kosatsky, Henderson, and Pollock 2012)
In a citywith average summer
temperatureis the range of 17°C to 22°C
thisrepresented a 12.5°C increase over the
10year average maximtemperature for
summer monthgKosatsky, Henderson,
and Pollock 2012)p to this moment
there was little to no concern about
extreme heat in Yiaouver, an¥ancouver
Coastal Health did not have a heat wave
definition specific to the region (Proctor
2011).

The heat evemrompted conceramong
public health ageres and local
governmenabout futurénealth risks of
heat in the Lower Mainlandancouver

Coastal Hdth and Fraser Health created
anoOExtreme Hot Weather Preparedness
and Response P&in 2010 whichnow
issues atts when temperatures reach 29°C
atVancouvetnternational Airporand

36°C in Abbotsfor@ver consecutive days
(Vancouver 20107 he Plaralso

emphasizes engaging the publeducate
them on the health risks of heat and
coadinating emergency respossgvices

in case of a heatve

Climate projections for théancouver
region further suppothese concerns
aboutheat risk. Thegeojectionsndicate
that by the 205@smmer temperatures
above 24°C can lexpected to occur twice
as often as they do now. Furthermore, by
mid-century extreme heat events that until
now occurreenlyonce every 25 years
maytriple in frequenc@vancouver 2012a)
Given this projected increase in hgtsgda
the City anticipates heigledrhealth risks
for vulnerable populatiorsxtremeheat

preparedness is thus an area of comtern

the City of
Adaptation Strategyhich wasdopted in
2012 ands based on the adaptation
planning framework created by the Local
Governments for Stainability (ICLEI).

The actions to address vulnerability to heat
recommended in the Adaptation Strategy
provide the foundation for this study,
including urban heat island effect mapping,
vulnerable population mapping, and
analysis of adaptation opportias for
buildings and public spaces to reduce

urban heat island effect.

bui l
space guidelines werafted for a

Vancouverds ding
temperate andiny climateand emphasize
access to sunlight and weather protection
primarily from raifVancouver 1992a;
VancouveR009)Vancouver 1992)s

t he

will need to be rexamined and the

regionds climate
assumptions underpinning them adjusted
to accommodatagreater number of

annuahot days. Previous research has
1
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Heat waves are generally defined as
prolonged periods of hot weather lasting
at least a few days. They occur most
commonly during summer months as a
result of slow moving high pressure
systems that settle over an area for an
extended period of time. Low leels of soil
moisture and above average sea surface
temperatures have also been shown to
impact heat wave intensitGarcia
Herrera et al. 2010)Environment Canada
defi nes a heat wave
consecutive days in which the maximum
temperature i s 32AC
context of public health, however, it is
impossible to determine a fixed definition.
In places with generally cooler climéees,
heat waves can occur at lower

temperatures. Consequently it is
recommended that thresholds for issuing
an extreme heat alert be derived from
percentiles of a placespecific temperature
series(Carlos Montero et al. 2013)

Vancouver s heat a
example, sets a threshold of 29°C during
one or twoconsecutive days.

Heat-related iliness occurs when the
bodyods t e mpbeyoritabilgy r
to cool (a condition called hyperthermia),

and can lead to death or disability.
Symptoms commonly include dizziness,
fainting, heat cramps, exhaustion, and
heat stroke(WHO 1990)

examined tradeffs between extreme heat
the City

greenhouse gas emissions reduction

infrastructure n d

policies, particularly in providing air
conditioned cool refuges duringreme
heat event@rocter 2011)

Thefirst goal of this repois to conduct a
preliminary assessment of heat vulnerability
in the City of Vancouvend examine
opportunities for mainstreaming adaptation
to urban heatlend effect into existing
policiesThe studyconducted heranalyzes
the physical qualities csample
neighbourhoodthat exhibits strong urban
heat island effect and above average levels
of social vulnerabilityt thenassesses
adaptation options gurrenturban design

and building policyNeighbourhoodevel
urban design (including qualities of
buildings, streets, and open space) impacts
community health and wbking and
functionsas a mediator for extremneat

exposure. Conductiagalysis at this scale

is therefore key tdentifyingadaptation

o fopportunities ircitiese r 6 s

It is important to note that there is a large
body of literature concerned with thermal
performance and energy conservation in
individual buildings. While this is an
important component of building local
resilience tbeat waves, the goal of this
analysis is to examine opportunities to
reduce average neighbourhood
temperatures and so lessen the severity of
heat waves. As such there is less emphasis
on building adaptations that lower interior
temperatures and insteadeus on how
individual building qualities have an
aggregate effect on neighbourhood

temperature.

Thisreportalso sets a secondary goal: to
propose an analytidedmework for

further engaging in discussion alwban
heat islané@ffectunder thevancouver
Adaptation StrategVhis framework is

rooted in a analysis of social vulnerability

2



and proposes usingighbourhoodevel
population characteristicsfe@uspolicy
effortsin areas of the citiiat havehe
highest health vulnerability to extreme

heat. This approach will help they @it

14 and 1,/with the highest impadising
among individuals wifire-existing
illnesgsandthoseliving alondSemenza et
al. 1996; Whitman et al. 1997; Kaiser et al.
2007)The 1995 heat waweas a landmark

Urban heat island effect is broadly
defined as the difference in

Vancouver focus resources o temperature between buittup urban

areas and surrounding rural areas.
This temperature difference is
attributable to four primary drivers:
1) the extensive use of impermeable
surface coveragen urban areas that
absorbs solar radiation and remits
It as long-wave radiation, or heat; 2)
reduced natural ruroff needed for
evaporative cooling, 3) buildings
that absorband reflect long-wave
radiation at streetlevel; and 4)
waste heat generate@y human
activity like mechanized heating
and cooling systems and motorized
vehicles.

momentin drawingattention to théaealth
neighbourhoods that will benefit most risks ofextremeheat, whicltontinues to
from adaptation interventions, thus be the mostly deadly natural hazard event
year after year in the United StéBesden
and Cutter 200&linenberg 2002 17.

Thiscan largely be attributed to the relative

lowering mortatly and morbidity outcomes
duringfuture heat waveso pilot such an
approacththis reporexamines a single

neighbourhood in Vancouver, wiitie frequency of heat waves when compared to

potential for thisrameworko be applied other natural hazards.

to other areas of the city _ . o )
Klinerber@ study is significant for this

1.2 Public health risks of extreme report because it includedpatiahnalysis

heat events of the social conditions derlying the high

Eric KIlinenb eHeap Wave s e mortality rates recordadhan g s t Chi ¢

documents the July 1995 heat wave that  elderly, poor, and socially isolaltéd.

sweot through the City of Chicago and is analysis demonstrated that exjpe to

one of the earliest analyses of the extreme tmperatureandneighbourhood

relationship between social vulniditgb level social and physical sensitivity to stress

and extreme heat eveRgsearchers created high levels of vulnerability amongst
estimated the number of excess deaths due certain population grougsxaminatiorof

to heat to be upwards of 700 between July




mortaliyy data revealemncentratios of
deaths in neighbourhoodstb@ south and
wes of ChicagoThese are predominantly
low-incomeAfrican Ameican
neighbourhoods thaiperienced massive
industrial declinkeeginning in the 1950s,
erodingthe local economy and quality of
public life andeaving a legacy of poverty
and crime.

Thepublic healthiterature orsocial and
physiological vulnerability tcalhbas
expanded substantiaipceKlinenberg
andS e me n zsanitia studiesh 6
mortality outcomes of ti&hicago heat
wave The August 2003 heat wave in
Europewas a critical reminder of the
destructive power of extreme temperatures
In the first two weeks of August
temperaturesere recorded across
Western and Northern Europe at 7.5°C to
12.5°C above averdgeelgGarcia

Herrera et al. 201@xcess mortality was
recorded at 20 times that of the 1995
Chicago heat wawdortality estirates for

the month of August wene the range of
35,00theatrelateddeathswith excess
mortalitytotaing 70,000or the entire
summeKGarciaHerrera et al. 2010;
Robine et al. 2008)

Researchers examining the effects of the
2003 Europeaheat waves across nine
affected cities observed that the highest
mortality impacts were among individuals
with preexisting respiratory diseases, and
among women between the ages of 75 and
84( DO I pp ol i.Additiomdlly, a l
elderly living in old buildings with poor
insulatbn, with bedroomdirectly below

the roof and in neighbourhoods with
higher urbandat island effect had an
elevatedisk (Vandentorren et al. 2006)
While elderly agenerallyhe largest group
of concern in public health discussions
about heat waves, a number of other
factors put individuadt risk. Socio
economic disadvantage, social isolation,
pre-existing and chronic health conditions,

immigrant status, language barriers,

race/ethnicity, educatioand occupational
exposurége.gworking inconstruction or
landscajpig)areall major factors

understood to increase vulnerability to
extreme heat ever{u et al. 2012;
Kravchenko et al. 2013; Hansen et al.;2013
Jesdale, Moretkerosch, and Cushing 2013;
Aubrecht and Ozceylan 2013

Extreme heat and air quality als®

closely linked, creating another layer of risk
for vulnerable populatio(Reid et al.
2012)High ozone levsivere found to be

a major contributing factor to overall
mortality in Francduring the August 2003
heat waveResearchers found that daily
deaths were 54 percent higher on high
ozone days than on low ozone days among
people age 75 to,8dnd particularly among
individuals with cardigascular or

asthmatic conditior{(Pear et al. 2006;
Analitis et al. 2014)his synergistic
relationship between air quality and heat
maybe due to the increased generation of

secondargtmospheriparticleghat occurs
4



in intensified sunlighty to behavioural
changes as rdsnts copéy relying more
heavily on mechanized cooling systerds
air conditioned vehicléanalitis et al.
2014)

These analysexlicate thatlangside
physiologicalesponse, social and
environmentaattributes of risk are codl

to understanding heat vulnerability. As heat
wave risk interfgs in Vancouver,
identifyingthe intersections and spatial
distribution of these factonsll be critical

for assessirgdapation opportunities.
Vancouverds summer
highlighted the relevance of heat wave
preparedness for the Lower Mainland, and
t he

with extreme heat everitsresponse to

regionods

Jul yos
Sun published articles asking residents to
reach out to elderly or frail neighbours, and
to drink water and stay out of the sun.
There were particulaoncerns about

homeless individuals abitycope with

rel at i vamong people ages 65 td 388 noni n

the heagiven their unreliable access to
shelter andrinking wate(TeBrake 2009)
The high pressure systdrat ushered in
the heat wavalso exacerbatgdor air
gualityconditions resulting froelevated
smog levels across Metro Vancouver and
into the Fraser Valleis a resultyblic
health officialalso issuedn Air Quality
Advisory directed to people with
cardiovascular or pulmonary conditions
(Frances Hill 2009)

Between July 28 aBd, 200®British

Col umbiabds rapid

2 system showed an increase in mortality

ratessamong Metro Vancouver residents of

40 percent, with the highest mortddayng

accidental deaths were recordduich was

r i s ¢he Yarwoutee mp e a significant increase over derage

1This finding is particularly interesting given that

elderly individuals over 75 are generally considered
to be at higher risk than those between the ages of

65 and 74. During the July 2010 heat wave in
Quebec, for example, excess deaths for {fié 65

cohat were not statistically significant, while death

rates increased 33 percent for the 75 and older
cohort (189 excess deatffi®)stinza et al. 2013)

mor

weekly number glummer deaths between
2001 and 2008 290(Kosatsky,
Henderson, and Pollock 201R)

comparing heapecific codes from the
International Classification of Di§eases 10
Revisiaturing the heat wave with the
comparison years (268008), Kosatsky et
al (2012) found that the number of heat

specific causes of death rose significantly.

1.3 Extreme heat events in a

changing climate
Heat waves are already the deadliest
extremaveatheevent in North America.C €
As noted previoushhé danger to public
healthin Vancouvewill only continue to

growas our climate changelgat wave

C omodeling conducted using the Parallel

Climate Modgbredicsthat atmospheric
circulation over Nrth American and
Europe will alteander scenarios of
increased greenhouse gas emissions
intensifyinghe severity of heat waves in
future and making them more frequent

and longer lastin@yleehl and Tebaldi



2004y Alongside increases in heat wave
frequency and intensitgortality

atributable to heat can be expélcto
increas€Greene et al. 2011; Jackson et al.
2010; Huang et al. 2011; Peng et al..2011)
Researchers have projected thatidy

century for exampleChicago could

Increased use of air conditioning has a
notable impact on urban energy
consumption, and for cities like Vancouver
that haveggreenhousgas emissions
reductiontargets this can woagainst
sustainability goglsutiérrez et al. 2013;
Lundgren and Kjellstrom 201H8)jgh

experience a heat wave on the same level astemperatures in sumnraonths generally

the August 2003 European heat wave, with
over ten times the number of excess deaths
asin 1995Hayhoe et al. 201&ven with
anticipateduture greenhouse gas

emissions reductions aeeunlikely to halt
climate change, making adaptation to
extreme heat in our urban spaces a critical
health and comfort issue for planners and

urban designers.

Urban heat island effect and heat waves
also have tremendous implications for

greenhouse gas emissions reduction efforts.

2The Parallel Climate Model is managed at the
National Center for Atmospheric Research in
Boulder, CO. Itis a coupled atmospheciean

model that that comprehe
climate system.

increases demand for cooling, with an
estimated-A0 percent ahiselectricity
demand attributable to urban heat island
effect(Killingsworth, Lemay, and Peng
2011) This additional demand jeopardizes
energy resilieneadis a serious concern

for regions with aging electricity gridse
August 2003 Northeastern blackdort
exampleresulted frona spike in electricity
demand that overloaded aging transmission
corridors during a heat evégtone 2012 p
6870) Blackouts stress transportatio
systemgshealth care, and emergency
response capacities of local and regional
government, thus posing a major challenge

to public health and safety. | e

Very Ilittle of Vancouyv
currentlyuses air conditioningrovince

wide only ondifth of residential buildings

are equipped with air conditiiogy with

the largest concentration being in the

interior of British Columbwhere summer
temperatures are routinely higher than

those in the Lower Mainlaf@rocter

2011)Givent h e

mitigation goals, this is in fact an asset in

Cityds greent

effortstoreduck ancouver ds ene
consumptionResponding to future
increases in hot weather days by requiring
mechanized cooling systems in new
developments would undermine emissions
reduction efforts and could pose a risk to

t he of t

during a heat wave. As stitis report

resilience he
explores alternative opportunities for

adapting t@xtreme heat risks by
addressintactors in the urban

environment that artificially increase

neighbourhood temperatures.

Eart hos



1.4 The relationship of extreme heat
events to urban h eat island
effect

Public health agencies prepare and respond

to heat events througiieat health warning
systems (HHWS)vhichuse

meteorological forecasts and locally
specific temperature thresholds to issue
heat advisorie¥.a n ¢ 0o oBExteemedHot
Weather Preparednessl Response P&an

is an example ef HHWS(Vancouver
2010)Measures taken to alert and prepare

the public vary from general advice on how

to avoid heat stress,ttee opening of
cooling centres arfbme outreach visits to
vulnerable individualKovats and Ebi

2006) These emergency response efforts

are critical when extreme heat events occur

and so it is laudable that Vancouver has

devoted resources to the creation of a heat

health warning system a@hdsupporting
Extreme Heat Committe€his study
howeverjs concened with understaindy

gualitiesf urban spacthatencouragée

likelihood of extreme heat events to occur
at allwith the goal of reducinge

frequency and intensity of heat waves

The key taunderstanitig the relationship
between urban form andieme heas a
phenomaon calledirban heat island
effect(UHI). At its most basic, urban heat

island effect is the tendency for urban areas

to be several degrees warmer than
surrounding rural areas. Urban heat island
effect and heat was interact
synergisticallgsUHI tends to be greater
during periods of high hegai and Boul

Zeid 2013)This synergy plags

important role in elevating the health
impacts of heat in citid3uring extreme
heat eventdHI is particularly pronounced
at nighfwhenheat stored in urban
surfaces during the day is released. This
was identified a; amportant risk factor

for mortality in Paris during the 2003 heat
wave(Laaidi et al. 2012)

Knowledge of urban heat island effect can
be traced back to the earl§} &&ntury.
One of the earliest urban climatology

studies to compare temperatures in urban

areas to those in rural areas was conducted

by Luke Howard in and around London in
1818(Stone 2012, p75) Howar d 6 s
found that central London was on average
4°C warmer than the surrounding
countrysideThis temperature differential
hasnowbeen documented in a large
number of cities. During two summer heat
waves in New York City during 20fbt,
exampletenperatures were recorded at
39°C in the city centre and renadisud
throughout the night, with ambanrrural
temperature difference of 4 to §\eir et

al. 2013)

While urban heat island effescinost
commonly associated with large cities like
New York, it is critical to understahet
urbanrural temperature differentials are
not strictly the result of highgéensities

urban areas, but aldoanges in natural
7
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land cover. Indeedne studybserved
thatsampledprawling urban areas
experienadan increase fmequency of
extreme heat everatover twicdahe rate

of compact urban arelastween 1956 and
2005(Stone, Hess, and Frumkin 2010)
The ame study found that forest canopy
coverage in the most sprawling
metropolitan regiorfsaddisappeared at
more than twice the rate of compact
regions, suggestitigatvegetated land
cover acts as a mediator between urban
development patterns and extrensd he
eventsCorresponding increases in
mortality across urban development

patterndave yet to be estimated

Vancouver is experiencing high rates of
population growth and is looking to
accommodate new residents witlsin
existing neighbourhoods. Timdicates a
needio examin@pportunities for
mainstreamingf UHI adaptationnto

developmenplanning andas well as

retrofitting aging buildirgfock when
routine maintenance is carried out and

renovations occur.

1.5 Defining urban heat island e ffect

There are two bastypes of urban heat
islandghat interact tampact air
temperaturesurface heat islands and
atmospheric heat islar{@PA 2008)

Surface heatndsto be most intense

during the daygnd emanates from

buildings and paving surfaces. Surface heat
islandsare measured remotely using

thermal infrared data.

Atmospheric heat islaneistendacross

urban areas and are genevdiigt

information materials are referring to when
addressing urban heat island effduty

are typically divided into two further
categries, canopy layer urban heat island
and boundary layer urban heat island
(Figurel). Canopy layer UHI occurs
between the ground and tree canopies and
roof tops.lt is heavily influenced by street

geometry and surface mate(@lee 1976)
Boundary layer UHI begins where canopy
layer UHI ends and extends to the point
where urban talscapeso longer
influencinghe atmosphere (about one and
a half kilometresJhis istypicallyat the

point where urban pollution no longer
exerts an influenam the planetary
boundary laydOke 1976)Atmospheric
urban heat islands are commonly strongest
at night when heat stored in the built
environment is releas@PA 2008)This

is particularly dangerous for public health,

as noted earlier.

The following section details four factors
that influence the magnituolie
atmospheric UH(EPA 2008; Stone 2012)

Capacity for evaporative coolingin

areas with natural land cover, vegetation
releases water that evaporates and helps
reduce hedhrough evapotranspiration.
Urban areas with greaganounts of

impentous surface coverage and lower

8
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levels of vegetatiorleaséess moisture

andsoraisesurface and air temperatures.

Vegetabn (e.g. park spadegsalsobeen
shown toreduce surface temperatures

through shading

Capacity for radiative cooling Albedo is
ameasure of how much solar radiaigon
reflected r om t he

than being absorbed and thaterreleased

E eathdr h 0 s

throughradiative coolindAlbedois
influenced by surfacanaterigd colour
anditsthermalcapacityi.e. theabilityto
retain or reflect hedDarksurfaceske
asphalposseskow albedq(i.e. absorb
more heaf)while othebuildingmaterials
like steel and stone have hatiledoHigh
albedo materials are thus preferable for

surtace
urban spaces to reduce UHI.

C L UHI ™ Long-Wave
anopv Laver W
e —> Radiation
Waste Heat €— —h E"aP'D[:Ti-ﬂSPiﬂtiﬂﬂ
M&ﬂﬂ_&h =l

Park Suburban Rural
Residential

Urban canyon effect Building height,
spacing, and orientation influence wind
patterns, energy absorptiand the
emission ofongwaveradiationUrban
canyons are a unit of urban surface
consisting ofthe walls anground between
two adjacent buildings. The imaginary
ceiling of this canyon is at rdevel, and
generally corresponds with the lower



boundary level of the urbanumalary layer
(Nunez and Oke 197%Yhen energy from
the sun is reflected and absorbed by
building wallsvith low albedgothe effects

an increasin temperatureStreet

orientation exercises an influence on solar
exposure and thus reflectance and
absorptionThisprocess becomes critical
at night when longave radiation is
released from buildings in the form of heat.
Sky view factds onemeasurement of
urban canyon, and is defined as the amount
of sky visible from the grounisthe sky
view factor is reducewlore solar radiation

is absorbed by buildings and urban heat
island effect increasésother
measurement is@ect ratipwhich is the

ratio of average building height to street
width. A higher aspect ratio denotes a
deeper canyqgibevermore and Cheung
2012)

Waste heat Human activity produces
large amounts of waste heat that
contributesto UHI. Heating and cooling

mechanicaystem buildings

combustion enginestimnsportation
vehicles, and industmaachinenrgall

generate heat that intensifies heat islands.
Release of waste hikasalsobeen shown

to negativelynfluenceozoneair quality,
further endangerimmublic healti{Ryu,

Baik, and Lee 2013)

1.6 Tools for reducing urban heat

island effect
Spaial interventions to address urban heat
islandsit at a nexus between land use
planning, urban design, engineering
technology, and ecological enhancement.
Observations abotgchniques for
reducing urban temperatures can be traced
back to antiquity. Roman planning systems
recommended that streets bédtharrowly
and buildings tall to provide divay, and
cities inthe Persian Gulf used windcatchers
to naturally ventilate buildingsd
courtyard styles of home design that

reduced solar exposure by orienting

windows towards thmurtyard Stone
2012; Palmer et al. 2Q12)

Todaythe dominant recommendations for
UHI reduction includerban greening and
expanding urban tree canopy, reducing
impervious surface coveraggngof
reflectivghigh albedanaterials, adjusting
building orientation, anging heat
tolerantbuilding material§&sago et al.
2013) The following section summarizes
adaptabn options to reduce urban heat
island effect through land use and
transportation policy.

Increase Urban VegetationVegetation
provides a variety of benethat are

widely demonstrated in empirical literature,
including seasonal shading,
evapotranspiration, and minimization of
ground surface temperatuf@sgo et al.
2013)Urban greening can be achieved by
the creation of parks, tree planting,
expansion of ground vegetation, and green

roofing.Tree canopies cool the

10



atmosphere by blocking the pathway of
solar radiation and crigggf cool surfaces

and air belowhe canopy.

A metaanalysis of empirical evidence on
the cooling effect of parks and green
spaces found an average effect size of
0.94°C during the day, which rose to
1.15°C at nighBowler et al. 2010)he

gze ofthepark and type of vegetative
cover are factors in this cooling effet)
larger parks and parks that haneee trees
tending to have a greater ef{@dwler et
al. 2010; Gago et al. 20IBjs cooling
effect of parks has been documeiddake

in the range of 500 m to 1 KBowler et

al. 201Q) Vegetation coverage can include
rooftops, withgreen roofslemonstrated to
reduce the energy consumption of
buildings andlsoretain watenecessarnp
generate an evaporative effect, thus
contributing to lower urban temperatures
(Gago et al. 2013)

Notwithstanding this evideneelditional
datasuggests that surfaces beneath trees
interact with canopy coveragéenttuence
urban cooling. A case study of
Bloomington, Indiana found that during
evening hours temperatures beneath street
trees were about @Gwarmer than
beneath otherees in the study sample,
likelyowing to the reflectance and re
emittance of solar energgrir concrete

into the underside of the candfypuch

ard Souch 1993%imilar results were
found in a stdy of temperature differences
beneath trees growing on turf and asphalt
in southern lllinoigKjelgren and

Montague 1998Y1odelling of thermal
environments in Szeged, Hungdsy
demonstratethat cooling effects of trees
can be mediated during daytime hours by
street orientation and building height,
largely as a result of altedeectexposure

to solar radiation and wind patterns

(Gulyas, Unger, and Matzarakis 2006)

These studies indicate tegpanding tree
canopy is gital piece of urban heat island
adaptatiomndshould be not cordgred in
isolation from surfaceaterial&ind urban
morphologywhen assessing adaptation
options. Rathethe threeshould be
studied together in the dert of local
climate condition® understand what the
full impact could be on urban heat island
effect.

Improve Surface ReflectivityBuilding

and street surfaces absorb sharte solar
radiation during the day and release it as
longwave radiation.€.heat) at night in a
procesgalled radiative coolirigsing
high-albedo materials on urban surfaces
decreases solar heat retention and the
output of longwave radiation, thereby

reducing urban heat island effect.

Cool roofs and pavements are measured by
solar reflectance and theremalittance, or
in other words how well they reflect solar

radiation and radiate absorbed solar energy.
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Solar reflectance is a measure betwéen 0O
of the fraction of sun light reflected from a
surface. Higher solar reflectance means a
cooler roof. Similarl{hermal emittance is
measured from-0, with higher values
indicating more radiative cooling and
congquently lower surface temperatures.
Solar absorption is measured onla 0
scalewith highervalues denoting more
absorption and hotter surfa¢@sPractical
Guide to Cool Roaf<Lawl Pavem2oiL)

Given their direct exposure to solar
radiation, rooftogurfaces are a particular
concern in the literaturBhere isa
considerable variation reflectivity and
emissivity across materials commonly use
for building roofing (Figurg.2ZCurrent
research and practice favabesuse of

white roofs for lowsloping buildings,

which have been found to achieve 20 to 40
percent energy savings throtegtuced
surface temperatur@ago et al. 2013)
White roofsare able to reflect -BD

percent of sunlight away, and can be 28 to

GECOOA cd 4EAOIAI 00i PAOO

92%

black roof metal roof
low solar reflectance high solar reflectar
high emittance low emittance

solar reflectance

Source: EPA, 2008

36°C cooler than dark roofs during peak
sunlight(A Practical Guide to Cool Roofs and
Cool Pavements?) Sproul et al. (2014)

also estimate that white roofs have an
associated net savings of $Zamen
compared to black roofs over ay&@r life

cycle.

It has been noted, however, that cool

92%
75%

white roof
nce very high reflectance
high emittance

emittance

roofingoptions must be carefully
considered within the climate context of
cities. Where cool roofs can achieve energy
savings during summer months, they also
have the potential to significantly increase
heating requirements during winter months
(A Practical Guide to Cool Roofs and Cool
Paveme@l2) Northern cities must
thereforeweigh potential traesfs

12



between energy savings on hot days and
additional heating needs on cold dayss.
city like Vancouver, which typically
experiences mild nters, this tradeff is
unlikely to be a significant impediment to

implementing cool roof policies.

Recentechndogical advances for cool
roofsaresignificantand there are now
materiahlternatives fdvasicallgvery type
of steepslope roofing materidptions

for theseroofing materials include asphalt
metal, clay, and concrefbese materials
can have a solar reflectance level of up to
0.55which isa significant gain over
convetional dark sloping roofs that have
reflectance levels of about QA®ractical
Guide to Cool Roofs and Cool P20&R)ents
Building codes are the primary tool for

promoting reflective surfaces on roofs.

Pavement construction standayelserally
do not include reflectivity in pavement
design considerations, but the Leadership

in Energy and Environmental Design

(LEED) Green Buding Rating System
does award one point for use of cool
paving materials based on a Solar
Reflectance IndgAkbari and Matthews
2012) Selection of appropriate paving
materials is highly contesgtecific,
depending on heaviness of use and load.

Enhance Surface Permeabilityand
Evapotranspirationt Urbanization is
closely associated wiie replacement of
natural ground cover with impermeable
materials like asphalt and concrete. This
interferes with naturabil infiltration by
encouragingunoff. This interference
undermines natural rates of
evapotranspiration that are instrumental in
dissipating urban heat island effect. Natural
ground cover allows about 40 percent
evapotranspiration to occur, while585
percent impervious surface coverages
redues this to 35 percent andI{®

percent impervious surface coverage
reduces evapotranspiration to about 30
percen{Arnold and Gibbons 1996)

Improving surface permeability is a key
way of supporting natural cycles of
evaporative cooling by allowing water to
filter to the soil through pores ireth
materiabnd then to slowly evaporate as
the temperatures riSeesting indicates that
using permeable surface pavimgase
effective in rainy climate$ere there is
water for the ground to ho{8antamouris
2013) Permeablsurfacesnaytherefore
beparticulay useful in Vancouke
althoughperhaps less so if climate change
brings about extended periods of hot and
dry weather. Heat waves wdikely
coincide with drought thereby reducing the
capacity of permeable surfaces in

combating extreme heat.

A frequently discussed-benefit of
permeabl@aving materiais in improving
stormwater managementich is a key
concern in the Vancouver Adaptation
Strategy. Climate projections for
Vancouver predict an increase of extreme

rain events that will heighten risks of sewer
13



ovefflows and surface water floodihge

Ci t prihwatesntanagement program
alreadyemphasizes stressign that allows
for natural runoff, and landscaping that
incorporates bioswales and rain gardens.
Linking urban heat island concerns with
stormwater magement planning is a
leadingexample of integrative climate

change adaptation planning.

Re-Shape Urban Mrphology: The

urban canopy layer of urban heat isknd
located belowoof level, and is heavily
influenced by what is referred to as urban
canyns,or streets that run betwesgense
buildings. Urban canyons have unique
microclimates thaffectthe urban canopy
layer, andreinfluenced by street
orientation, building height, canyon length,
and street widti.hese factors shape solar
exposure and wind patterns, and by
extension heat exposure of buildings and
public spacesligh-rise buildings on a
north-south orientation, for example, can

allow for shading of building facades

throughout the dafGago et al. 2013)
Assessing urban canyon effects is
particularly critical in downtown cotlest
havenumerous highise budings

Urbanmorphology analyses consider
building dimension(glensity, height,
surfaceo-volume ratio)building
alignment, street layout or pattern, street
width, size anchape of blockgnd site
coveragéopen space ratiffrode et al.
2014) Different buildng typologies create
uniguemorphologies, for example single
detached housing has a high suitface
volume ratio and low site coveraghile
highrise apartments have a wider possible
range of surfae®-volume ratios and

potential for lower site coverage

A comparative study of London, Berlin,
Istanbul, and Paris found that building
height and density correlate negatively with
heatenergy efficiencyhile surfaceo-

volume rati@orrelates positively with

heatenergy deman@®verall compact

urban blocksgrformed best in terms of
heatenergy deman@®ode et al. 2014)
Increasing building density was observed to
have the lagst pogive impact on
neighbourhoods transitioning froine

lowest levels of density.

Comprehensive assessments of available
tools to reduce urban heat island effect
have been compiled by the Environmental
Protection Agencgyhe Institute national

de sant@ublique and Health Canada

(EPA 2008; Giguere 2012; Richardson and
Otero 2012)The following is a sumnyar

of keyadaptation interventiordentified

by theseassessments.
Increase nbanvegetation

x  Selective tree planting that takes into
account soil quality, water availability,
and sufficiency of root space. Use of
technologies like cell structures can aid
tree growth under asphalt surfaces.

x  Parking lot greening to shade paved

surfaces using vegetated strips
14



surrounding the lot and vegetated
medians within the lot.
Construction ofiving walls or green
facadeshat absorb solaadiation and
improve energy performance of
buildings.

Constructon of geen roofdo
improve thermal insulation, provide
opportunities for urban agriculture,
and extend rooftop lifespans.
Investment in greenways that
simultaneously promote urban
greening and aee transportation,
thus reducingnthropogenic heat

generated by vehicle traffic.

Improve surfaceeflectivity

X

Use ofmaterial®n flat roofswith

high reflectivity like light coloured tile,
gravel, heaeflective elastomeric
membranes (including white paints),

and polished aluminum copper.

Use ofroof materialsn sloped roofs
with colour pigments that reflect
higher rates of infrared radiation.

Use of hilding materials that\ea

high thermal magkke stone,

concrete, or brick.

Installation ofdw emissivity windows
that adapt tohe angle of incident
radiation odoubleandtriple glazed
windows tlat minimize heat exchange.
Alternatelyapplication of plastic films
that bleck solaradiation.

Useof highalbedo pavement
materials omoads, parking lots, and
paved yards. Options include coloured
asphalt, whitetopping (with a concrete
layer), and reversed layering that lays
down bitumen first followed by a
high-albedo aggregate material.

Expand arfacepermeabilitandsupport

evapotraspiration

Construction of ater featurei®

parksthatencourage

evapotranspiration acdeate
microclimatefacilitated

Planting of @in gardens on private
properties tweduce runoff and
improve soil moisture, thus promoting
evaporative cooling.

Useof paverghat promote high soil
moisture levels necessary for an
evaporative cooling effect. Options
include interlocking pavensodular
paversporous concrete or asphalt,

plastic grid systems, and porous turf.

Re-shapethe ubanmorphology

X

Reducéneatenergy demands with
building typologies that featlwever
surfaceo-volume ratigshigher
density, and compact urban blocks
Balance the exterior glazing ratio
(window to surface ratios) to lower
solar gain.

Orientnewbuildings an@locksto

allow air flow to reach street level.
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% Expansion of cycle paths and bicycle
parkinginfrastructureo encourage
alternatives to driving and reduce
anthropogenic heat generated by
vehicle traffic.

Local goverments have a number of
policytools available to thetm implement
these strategiedfficial plans and other
strategic planning docume are key
opportunities tanainstream adaptation to
urban heat island into existing policies and
propose new policies and programmes to
address cliate change impacts. To the
extent that these policies are implemented
zoning byawsdesign guidelines, tree
ordinances, and parking bylaws have been
used in various capacities in Canadian and
American cities to set promdite use of
reflectiveand permablematerials, anid
protect and expartdee coverag8uilding
codes and green building standards like the
u. S. Buil ding

in Energy and Environmental Design

Green

(LEED) programme can be used to

mandate minimum solar reflectance,
improve insulation, and raise performance

standards for window performance.

Table lhighlights examples from Canada
and the United States of policies or pilot
programmes aimed at reducing urban heat
island effectUrban greening and cool
roofing arehemost common strategies
implementeat the municipal leveaind are
applied through a number of mechanisms,
including zoning bylaws, energges, and

parking ordinances.

Council s Leader shi



Table 1: Municipal Policies Addressing Urbardeat Island Effect

Vancouver, BC Protection of Trees Bylaw (2014)

The City of Vancouvero6s tree preservation byl aw was r e egenyedryithoaatme
requiring a permit. Permits for tree removainay only be granted now if: the tree is within the building envelope, the tree prevents location of
accessory buildings, the tree is dying or a danger, the tree is interfering with public utilities such that it cannot be wrebly maintained, or a treed
interfering with sewer or drainage systems.

Edmonton, AB Urban Forest Management Strategy (2012)

Edmont onds urban canopy is highly vulnerabl e to dr oug h nditiens. @he prbam t
ForesstMammge ment Strategy supports efforts to monitor and sust aalueoft h
urban canopies.

Vancouver, BC LEED Gold Building Standards (2011)

The Green Rezoning Policy requires that all rezonings the City of Vancouver meet LEED Gold status. The LEED rating system for building
design and construction includes points for addressing heat islands, including shading, reflective paving materials (at 10a28), opergrid paving,
high reflectivity roofs, or green roofs. Other points for water management and reduced energy use also carry benefits for reducing heat islead. ef
RosementLa Petite-Patrie, QC Zoning Bylaw Revision (2011)

Four requirements were integrated into the Borough of Rosemoiia PetitePat ri eds zoning bylaw to reduce
reflective or green roof requirements for all new or replaced roofs, a minimal requirement for 15 percent landscaping cogenggarking lots of 10 or
more spaces, reflectivitytandards for new paving materials, and a 20 percent landscaped open space requirement for new development sites.
Chicago, IL Chicago Energy Conservation Code (2009)

The Chicago Energy Conservation Code goes beyond the lllinois Building Energy Codethe areas of solar reflectivity and insulation. Under

Chi c a g o 0 ssloging desv robfe®on residential and commercial buildings are required to have a minimum solar reflectance of 0.72 and medi
sloping new roofs are required to have a minimum refleatae of 0.15.

Toronto, ON Green Roof Bylaw (2009)

The first City in North America to require and set standards for green roof construction on new building permit applicatiooger 2000 The Bylaw
is applicable to new residential, commercial, institutioal, and industrial development. Coverage requirements are linked to roof size and range froi
20 percent to 60 percent. Cash-iieu payments of $200 per Atan be made at the discretion of the Chief Planner.

Seattle, WA Green Factor (2007)

The first city in North America to integrate a landscaping requirement into its municipal zoning bylaw. The Green Factor is designedaascoring
system with minimum scores determined for each zone Landscaping options are provided and include green roofs, rain gexdeegetated walls,
trees, and shrubbery.

Chicago, IL Green Alleys Initiative (2006)

Began as a pilot program to improve stormwater filtration and surface reflectivity. Approaches incorporated into the progiaciude permeable
surface paving, rainwatercapture, use of light coloured surface materials, and industrial materials recycling. Green alleys provide benefits for
stormwater management as well as urban heat island control.

Portland, OR Green Roof Density Bonusing (2001)

Portl andods ixloded aFlpor ArgalRatian bbnus for projects in the city centre that include green roofs. The amount of additional densi
is determined by the coverage of the green roof. Building owners signh an agreement to ensure that the roof will be maintaabhedde.
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2. METHODOLOGY

2.1 Neighbourhood s election

This report seeks to establish a framework
for analyzing extrenmeat adaptation
opportunities based on an understanding
of the spatial distribution pbpulation
vulnerability to heat in Vancouver.pilot
thisanalyticairameworka study areaas
identified that exhibitn above average
degree of social vulnerability aisb
provides a rich variety of buildings and
public spacdsr neighbourhood atysis

A map of urban heat island measurements

in Vancouvewas obtained through the
Simon Fraser UniversRemote Sensing
and Spatial Predictive Modeling, vabich
completedhe heat map dfletro
Vancouveused in this studydo et al.
2014) Social vulnerability data was
provided by Natural Resource Canada in
the form of a Socidulnerability Index
(SoVI) for Metro Vancouver. Qnaying
these data sets pointechtmispotsat the

Dissemination Are@®A) levelacross the

City with high health risk to extreme heat.

The following sections describe the
approach taken to integrate daga sets
and identify the study area.

2.1.1 Social Vulnerability Index

The goal of théletro Vancouver SoVl is
to quantify the relative influence of
differentsocial characteristittet make

communities morer less/ulngable to

natural hazards. This is intended to capture

thesensitiity of a population to hazards
and itscapacity to respond and recover
(Cutter and Finch 2008he SoVI follows
theprincipal components analy§i€A)
methodology advanced Gytter, Boruff,
and Shirley (200@)th Dissemination Area
leveldata from the 2006 Canadi@msus
The analyticgdowerof the indexies in
enabling spatial cgarisons of

vulnerability, rather than returning an

3 A principal components analysis is a statistical
method for measuring the structure (direction and
magnitude) of data.

absolute value of vulnerabi(Butter and
Finch 2008)

A total of 12 factors influencing sici
vulnerability were specified in the RDA
used to generate the indégpendix A
provides a list of tise factors, theensus
variables that comprise them, and their
relative influence on overall vulnerability.
In all, these 12 factors were estimated to

explaina reasonabk2 percent of Metro

Vancouver 0 Generallyther abi |

factors identifieds havinghe strongst
influence on vulnerabilifg.gincome, age,
isolation minority statugducationand
languageare consistent with the literature
on vulnerability to extreme héatibrecht
and Ozceylan 2013)

Positive SoVI scores indicate higher levels
of social vulnerability. The literature differs
on what threshold constitutes high
vulnerabilityCutter, Boruff, and Shirley
(2003¥or example specify >1 standard

deviations as defining high vulnerability,
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whileCutter and Finch (2008)ecify >2
standard deviations. tims study used the
average of these two values and assumed
thatdissemination areas with SoVI scores
>1.5 standard deviations from the mian

behighly vulnerable.

| conducted &ot spot analysigith

ArcGIS 10.2 using the Ge@sd Gi*

statistic todentify spatial clusters of higher
social vulnerabiliffFigure 3)The Gi*
analyzed each Dissemination Area in

relation to its surrounding Dissemination

Areas. Statistically significant hot spots are

Dissemination Areas with high SoVI values

that are suaunded by other

Dissemination Areas with high values. The

results of the Gi* statistic were graphed by
standard deviation, with hot spots >1.5
standard deviations considered highly
vulnerableAreas of high vulnerability were
concentrated to the east andth of
Vancouver. In particular, hot spots were
identified in east Strathcona and west

GrandviewWoodland, as well as the Riley

Park, Kensington Cedar Cottage,
Collingwood, Sunsetnd Marpole areas of

east and south Vancouver.

2.1.2 Urban heat island map

The Metro Vanauver Urban Heat Island
Mapshowsmaximum air temperature on a
typical hot summer day relative to the
temperature reading at Vameer
International Airpor(Figured). Regression
modelingconducted with elevation data
and Landsat imagestmated temperatures

across Metro Vancouwver six hot

summer days between 2001 and 2010 when

tempeatures above 26 were recorded at
Vancouver International Airpofthese

data layers included land surface
temperatures, Normalized Difference
Water Indexa predictor of evaporative
cooling), elevation, sky view factor, and
solar radiation. Maximum temperature
readings from 59 weather stations through
Metro Vancouver were used to calibrate
and validate the modétee Appendix C

for weather statiolocations in the City of
Vancouver)The six regression models
were averaged to estimate maximum
temperatures on a typical hot summer day
(Ho et al. 2014)

Vancouver has a complex microclimate
due to its unique geography, with
mountains to the north, the Pacific Ocean
to the west, and the seanid FraseYalley

to the east. The heat map shows
predictably cool areas in heavily wooded
areas like Pacific Spirit Regional Park and
Stanley Parknd in areas exposedtzean
breezes. The map is unusual in that
downtown Vancouver is actually
considerably cooler than the southern areas
of the city, unlike many other cities that
have elevated UHffects intie

downtown core. This is likelye to he
proximity ofthedowrtown toocean
breeze$Englsh Bay and the Burrard

Inlet). The highest positive temperature
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SoVI Hotspot Analysis
GiZ Score

- <-1.551d. Dev.

[ 1.5 --0.50 Std. Dev.
[ ]0:50-0.5051d. Dev.
[ 0.50 - 1.5 Std. Dev.

I 15-255td. Dev.
I > 25 ste. Dev

Source: Natural Resources Canada, 2008
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Daily Maximum Temperature relative to
Vancouver International Airport

— High : 5.70

B Low:-5.10
Source:Ho et al, 2014
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differential relative to recordings at
Vancouvetnternational Airport was just
over 8C, concentrated to the south of the
False Creek Flats industrial area and in
pockets to the east of this aautheast
Vancouver also had large concentrations of
urban heat island effect.

| converted the original Metro Vancouver
Urban Heat Island layeoim a raster map

to a vector map, intersected this map with
Dissemination Area boundaries for the
City of Vancouver, and calculated average
heat values for each Appendix D. |

then visually overlaitde final UHI map

with the SoVI hot spot map to iddntihe
areahat has the highdstvel ofsocial
vulnerability and elevated urban heat island
profile.

Thefinal study area identified is the
Commercial Bive area of Grandview
Woodland Thearea i®ounded to the
south by E 1 Ave, to the east by Clark

Drive, to the west by Commercial Drive,

and to the north by Venables Street (see
Figure 3. The study area measures about

0.44 kilometres in size.

2.1.3 Methodological limitations

There are several limitations to both the
vulnerability hot spot analysis and urban
heat island map that are worth noting.
First, the Social Vulnerability Index was
completed using 2006 census datbso is
potentially outdated. An updated index is
currently being produced using 2011
census dataut given the methodological
changes tthe2011 census it is unclear
how comparable these indices will be.
Given concerns about data reliability in the
2011 census the 2006 data was deemed
preferable for a spatial anialyds

vulnerability

Second, th8oVI follows an unweighted
factor analysis methodology thatrésse
theoretical justification for assigning a
particular factor more importance than

anotherln the index werall social

vulnerality is a product of intersecting
attributes, and so thgsgenerallya robust
approach to spatial analysis of vulnerability.
In the case of heat vulnerahilitgwevey

there are particular factors that are
understood to elevate health risks (e.g. age,
health status, income) and so the SoVI can
only be undersual as a general proxy for
heatvulnerabilityTo myknowledgethis

SoVI is the only existing vulnerability index
for Vancouver and so is applied to this
study howevera more finggrained
vulnerability analysis could be achieved by

building a specific heat vulnerability index.

Third, some Dissemination Areas in
Vancouverds downt own
that are substituted with the mean values
for the entire data set (MelVancouver)

for the purposes of running the principal
components analysi$iese values may be
missing due to privacy concerns with data
DAD s t h Thiscadldl

impact on the hot spot analysis by skewing

i n W i

the area data for the downtown.
22
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Finally, the urban heat island map does not
account for nighttime temperatures, which
have been demonstrated to have a

powerful influence on mortality. As further

efforts are made to map the heat landscape

of Metro Vancouvehis will be an
important gap to address.

2.2 Neighbourhood a nalysis

The neighbourhood analysis of the study
area is informed by the sciebasis
underlyingurban heat island effedts.
collected information aboatea
demographics, building typoldoyiding
agecurrent zoning, curretand usegity-
owned property, nemarket housing
locationslaneway accesse canopy
coveraggjrinking fountaiocation parks,

and surface materiéteofing and paving

| obtained dta onGrandviewWoodland
demographics from the background
information materials prepared by the City
of Vancouver for the current local area

planning process$his information

validated the results of the SoVI analysis,
indicating a higher than average presence
of disadvantaged teeholdsThe City of
Vancouverds online
provided information okurrentland usg
parksjocation of heritage properties,
location of cityowned lots, nomarket
housingand drinking fountain§ he Ci t
Urban Forest Strategy provided
information on tree canopy coverage for
GrandviewWoodlandl observedaneway
accesdyuilding typology (single detached,
townhouse, apartment up to 3 stories,
apartment over 3 storigg)ofingcolour,
andimpermeable surface covertigeugh
Google Maps satellite imaged verified

my observations through a site visit

Finally, | retrieved digital copes of policies
and bylaws relevant to urban heat island
adaptation andovemga range of tools
leveraged by planners to leqpent
sustainabtly policies. These documents
include zoning distrigtdesign guidelines,

parking bylaws, tree bylaws, and strategic

pl atf

plansThe full list of policies and bylaws
consdered is provided in Appendix B

It is worth noting that while Metro

orm VanMap .
Vancouver producesgional strategic

plans relating to land use and
transportation, they are not included in this

analysis. This is owing to the fact that these

yos

strategies only indirectly effect
neighbourhoodevel planning processes
and so have less impact on localized
adaptation interventions. Additionally, this
project does not delve into the current
local area planning process that
GrandviewWoodland is going through.
With ongoing setbacks to the planning
process and recent addition of a Citizens
Assembly to make reconmations for a
new Local Area Plathere is no drafilan

at an advanced enough stagenfdusion

in this analysis
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3. NEIGHBOURHOOD
ANALYSIS

GrandviewwWoodlands one of

Van c o u v distidctandrdivesse
neighbourhoods. Its historic roots reach
backto the early days of Vancouver when
Commercial Drive functioned as a logging
corridor between New Westminster and
False CreeR.oday it is a thriving,
pedestriatoriented retail centre and a hub
for political activism and cultural

expression in Vanceer.

The 201Xanadiaensus recorded a
neighbourhood population of 27,2@ith
above average segments of certain socially
vulnerable groups, as compared to the City
of Vancouver overall. Grandview
Woodland haadisproportionately high
concentration ofdith singlgparent
households (26 percent, comparedtip Ci
share at 16 percent) and-loaome
households (35 percent, compared to City

share at 27 percent). It also has a higher

than average percentage of individuals who eastwith residential and institutional uses

identify as Aboriginal, North Annean
Indian, or Métis (9 percent, compared to
City shee of 2 percent). This is likety

part due to the large number of non
market housing complexes serving First
Nations and Métis individuaBrandview
Woodland is rich in linguistic diversity,
with jug overhalf of residents identifiy
Engish as their dominant language, and
Chinese (25 percent) being the next most
frequently spoken languaespite this
diversityof languageonly onethird of
residents were born outside Canada, while
city-wide thisgroupjumps to 45 percent
(Vancouver 2012b)

GrandviewWoodland benefits from a
variety of land uses dudt®location to

the east of the False Creek Flats industrial
landsyetail corridoon Commercial Drive,
andwide spectim of residential housing
typesThe study areanalyzed in this
reportsits between industrial rail yards on

the wessideandtheretail coridor to the

in betweenThe following sections
describe the physical qualities of the study
area amformed by the literature about
neighbourhood design amdan heat
island effectThis chapter discussecal
assets, tree canopy coverageent

zoning andand uses, building typologies,
and surface materig®hotos of the study
site that visually demonstrate what is
described here can be found in Appendix
E.

3.1 Asset mapping

An analysis of
on this neighbourhood indicated threg t
study area hasnumber of registered
heitage builohgs, cityowned properties
non-market housing units, and parks with

drinking water faciliti€sigures).

Heritage Buildings: There are 15 sites
with designated hitage building&leven
of thesesites are single detached hames

the traditional Britann&rchitectural style
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of the GrandviewVoodland
neighbourhoodrhis style features wood
frame construction, wooden roof shingles,
and accents likmy windows, turrets,
dormers, angorchegVancouver 2013)
Oneheritagesite consists @lix4-storey
woodframe row homeis the Britannia
style with wood sidingsphalt shingles,
and dormersThe remaining sites ae
commercial building located on
CommercieDrive, and th@&ritannia
Secondary School aBdtannia

Community Services Complex.

City-Owned Properties:The Cityof
Vancouvepwns 19 parceis the study

area, thougkome parcels tied together in a
single development. Existing buildings on
these propertiesclude thdBritannia
Community Serviceo@plexthree non
market housing developments (two

operated by the

Society and one operated by the Mennonite

Social Housing Societyhe threestorey
strataapartment develagent,andfive lots

Lud Ma

with ageingsinglefamily homesThese
singlefamily homeand the 3torey
apartment buildingre on the1Ave and
Clark Drive block, where there are also
four empty lot®wned by the Cityfhe
remaining two properties are used dspa
Grandview Park and Mosaic Creek Park.

Non-Market Housing: There are ten
nonrmarket housing siteésthe study area
includingthethree owned by the Ceyd
operated by neprofit associationEive
further sites are amps, and the remaining
two are a Vancouver Native Housing

Society property and BC Housing property.

These sites includbe Charles Square-Co
op, Charleswood Cour©perator:
Mennonite Social Housing Society;-City
owned propertyfrandview Cap,
Watershed Gop, Tidal Flats Gop,
Lud Ma H@pearatarinugd Na
Housli\:ufzjj1 éoi:ie\,{q((:aityovvr?eéiJ psrolpenryf/J
The Marjorie White Buildin@perator:

LudMa Nati ve;Giywwned ng
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property, Sitka Cep, Grandview Terrace
(BC Housing), and 1339 Graveley Street

(Vancouver Native Housing Society).

Parks and Drinking Fountains:There

are two parks within trstudy ared:)
Grandview Woodlan@ark, located at
Commercial Drive and Charles St,2nd
Mosaic Creek Park, locate€harles St

and McLean DiEach park has one
drinking fountainand Grandview Park

also has a playground featuring a fountain

for children to play ifiThere is additional

recreational space in the area, including the

Britannia Secondary School yard and
gymrasium, track, field, pool, ice rink, and
tennis courts attached to the Britannia
Community Services Compl€xurrently

the school yard space at Britannia
Secondary School is an open area with no

trees angravel surface coverage

Active TransportationCorridors: There
is an existingike routaunning through

the study arean Woodland Drive, fch

forms a piece & largeroutestretching
7.5 km from Adanac St in the north to E
59" Ave in the southThe route is
designated a oLocal
indicating that the path is on a-waffic
neighbourhood street that is shared with

motor vehicles.

Laneway AccessThere are 12 blocks

with laneway access, all located south of
William St and north of E'Ave.The
laneways are paved with asphalteaekl,
and vary in current conditiofhey

provide parking access for both single and

multifamily homes.

3.2 Tree canopy

As part othe background research ttoe
Urban Forest Strategy, the City of
Vancouvecommissioned a LIDARee

canopy map of thaty. Using this map the

City was able to calculate canopy cover for

each neighbourhood. Cityde tree canopy
coverage is 18 percemhich is
comparable to Victoria but falls below

Seattle (23 perceltjancouver 2014)
Over time canopy coverage has declined
from 22.5 pernt in 1995 to its current 18
Btcenk ie part e th gapsanythe 6
Protection of Trees Bylaw that allowed
property owners to remove one tree per

year without a permit.

GrandviewWoodland falls below tlogy
average with canopy coverage of 13.6
percent. Tee canopy coverage in the study
area is concentrated to the south and east
in residential areas. Areas with limited tree
coverage include industrial sites along Clark
Drive andextending to McLean Drivand
facilities surrounding the Britannia
SecondarycBool and Community Services
Complex (Figur@). The study area lies
directly to the east of the False Creek Flats
rail yards, which also has extremely limited
tree canopy covera@aaps in tree

coverage amostlyaround industrial and
commercial buildisgwhere there is a
predominance of surface parking for cars

and trucksand larger building footprints
27
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Canopy covege provided bgtreet trees
varies considerably across the study area,
with some streets benefitting fr@arger
mature treeand other streets witlewer
building having smaller and younger trees
There are no streee#s located around
industrial buildings

3.3 Building age

GrandviewWoodland has a
disproportionately older building stock
relative to the citygs a whol@-igure 8)
Within the study area over half of existing
buildings were constructed between 1900
and 195%9see Tabl8). The largest share of
buildingsvas castructed in the 1910s
(125, 3%ercenk

This age profilpresentslder
neighbourhoods like Grandvigoodland
distinct challeng@s adapting residential
buildings to increased heat str@sser
homes are more likely to have poor
insulation, iareasing heat gains during hot

days. In addition, the traditional style of

Table 2 Building Age Summary

Year

1900s
1910s
1920s
1930s
1940s
1950s
1960s
1970s
1980s
1990s
2000s
2010s
Total

Site Count Proportion

49 13%
125 32%
18 5%
5 1%
20 5%
25 6%
45 12%
58 15%
21 5%
17 4%
9 2%
1 <1%
393

Source: Ekaterina Aristova, 2014

this neighbourhood featurgiseply

pitched roofs with wood @sphalt

shingles that have low albedeplacing

aging shingles with alternative falifedo

roofing materials is ondagptation option

for older homethat can contribute at

neighbourhood scale to reducing urban

heat island effed®n a household health

and comfort level, howevegtnofitting

homes for longerm improved thermal

performanceni hot weather can require

deepefand more costlygnovations to

the building envelope, and in particular
walls and windows. Improving insulation
and air sealing around windows sh&p
eliminate thermal bridges, which are points

of poor insulatorghatdlow heat transfer.

The nultifamily dwellings the study area
were built gmarily in the 196a8980s and
largely follow the Britannia style, though
there are some exceptions (e.g. the BC
Housing normarket housing
development)rhese buildings are also
woodframe but differ in a few notable
ways. Rooftops, for example, témée

flat and a number of buildings feature

balconies on each unit.
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3.4 Existing zoning and current land
use
The existing zoning for the study area is
predominantly RM and RM4N, which
applies to 255 parcels in the study area
(Figure 9)This is a zoning district for
medium density mufiamily residential
uses. RMIN differs in thait requires
additional noise nggation considerations
for residencethatare located on E'Ave,

an arterial street.

The western and northemmost blocks of
the study are zoned for light industrial
activity (+2), which includes cultural
activities ke artist studios or publishing
services, services like vehicle repair store
wholesaling, and light manufacturing,
including food and beverage
manufacturing, clothing and textiles
manufacturing, and vehicle equipment
manufacturingn total 104 parcelsea
zoned $2. These uses tend to generate

greater levels of waste heat, which

SECOPMEM®OET C I TETC
Venables St
&
=
=]
R,M'4 CD-1 o
! RS-1 =
i RM-4 =3
1=2 . =0
—
§u
CD-1 =
RM-4N J
E 1°" Ave

contributes to rising neighbourhood
temperature€-2C zoning runs along
Commercial Drivggroviding for

pedestriatoriented retail space with some

residential space abosdotal of 40
parcels are zoned2CT.

There are two lots designated1Rf®it

both are currently utilized as park space.
Existing single family homes are primarily
located in the oiti-family RM4 and RM
4N zonesComprehensive Development
zoning is in plze forthree parcels,
includingthe Britannia Secondary School
and Britania Community Services
Complex, as well as the noarket
housing development on the block of
Graveley St and Woodland Drive.

The current use map indicates that the
study area hasade stock of muitamily
housing, primarily woedame apartment
buildings up to-3toreys in height (43 in
total) (Figure 10)There arereadditional
12 apartment buildings oktbreys and
over. Ten of these sites are-nuarket

housing complexes. The remaining
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residential housing stock is primarily single
famly detached homes, with otfiyee

sets of ronhomesn the boundaries of the
study area. Thedustrial building stock is
one to two storeys in height with igrade
roofs and large areas of surface parking.
There are only a handful of mixed use
buildings thiahave groundevel retaivith
residential units above, and nearly all are

located alonGommercial Drive.

The maximum permittdtbor gpace ratio
(FSR) in RM4(N) areas is 0.Ashich is

wel below the average densities for
compact urban blocks.$2.5 that were
found by Rode et al (2014) to perform the
best with regards to heatergy denmal.
These compact bloctsohad average
heighs of six storeys, which is higher than
what is currently found in this area of
GrandviewwWoodlandWhile the 12 and
C-2Czones permitdensity up to 3 FSR
(depending on mix of uses in the case of C
2C sites)most buildings are well below

this maximum analsohave a number of

features (lowree canopy coverage, surface
reflectivity, and permeabilitigat are

known to exacerbate UHI

3.5 Surface materials: Reflectivity

and permeability
Figure 1Xoughly captures roofing colours
within the study area. Materials used on
single family homes are predominantly
grey, dark grey, or black ashpalt shingles
while roofs on commercial and industrial
buildings are grey, black, or brownish in
colour. These materials tend to have high
thermalemissivity and low albedo,
meaning thegbsorhhigh levels of solar
radiation andradually heae buildings
that they coveAs discussed previously,
heat retention like thisnds to increase
energy deands for coolingand reduces
indoor comfort. It also increases
requirements faoof maintenance. There
are a few notable examples in the study
area of mukfamily buildings with white
lightgrey roofing materials, which

demonstratethat using lighglcoloured

materials with higher solar reflectance is
feasibldor the GrandviewVoodland area.

Particularly concerning is the
overwhelming use of dark roofing materials
onthelow-grade roofs dight industrial
buildings to the vetand north of the
study area, ardgh concentration of
surface parking throughout the industrial
areasin combination with roadways and
laneway throughout the neighbourhood,
there iextensive impermeable surface
coverage throughout the study area that
reduces evapotranspiration armleases
absorption of solaadiationThe low level
of canopy coverage in this atggh
proportion of impermeable surface
coverageanduse oflow-albedamaterials
on low-gradeoofsis likely a major
contributing factoto elevated heat island
effects in Grandview Woodland and
neighbouring Strathcana
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Historic Britannia Style of Detached Home

Indasyeal Buildings, Impermeable Surfaces, Flat Roofs
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