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Fig. 5. An isotherm map of air temperatures ("C) for different times: (a) 14:00 hours local time; (b) 21:00 hours local time; (c) 01:00 hours
local time; and (d) 03:00 hours local time.
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Is Urban Heat Island Mitigation Necessarily a Worthy Objective?

Evyatar Erell

The Jacob Blaustein Institutes for Desert Research and the Dept. of Geography and
Environmental Development, Ben-Gurion University of the Negev, Israel, erell@bgu.ac.il




ARNNEERNANANN
WL










14.7.2020 ,2'2X 7N ,]"a1 137

15:03

29.26 °C "X N11019N0

66% :n"0N' NiNY7 67% :n"on' ninY7

1.18 m/s :n1 NN 1.75m/s .1 ni'nn

63 W/m2:wnw'?7 ng'wn NNXIY 832 W/mZ:wnw'7 no'wn NN
35.61 °C :nuxinn n"niMyp 'ono 58.06 °C :nuXIinNn N'NJ"Mjp 'ono
31.15 °C :PET nwain n11v19nov 39.48 °C :PET nwaiin n1v19nov
32.57 °C :UTCI nwaiin n11v1gnov 37.27 °C :UTCI nwa1in n11019nov

Aleksandrowicz, Or, and David Pearlmutter. “The Significance of Shade
Provision in Reducing Street-Level Summer Heat Stress in a Hot Mediterranean
Climate.” Landscape and Urban Planning 229 (January 2023): 104588.

14:37

29.16 °C "X N11V19N0

67% :n"0N' ninY7

1.63 m/s :n1N NINNN

64 W/m?2:wnw'7 ng'wn NNX1Y
37.30 °C :nyxinn n'niMyp 'ono
31.01 °C :PET nwain n1v19nov
32.33 °C :UTCI nwaiin n110v19nov

29.40 °C "X NN1V19NL

66% :n"0N' NIN7

2.41T m/s NN Ninn

902 W/mZ:wnw'7 no'wn NNXiy
62.25 °C :nuXInNn n'Ni"Mj 'ono
40.02 °C :PET nwaiin n11v19nov
37.56 °C :UTCI nwaiin n11v19nov

222 1M1 ]2 NUT01AIIK IVINIT TIT 'Y 17210 NIWN 1NN 7NN



13:17 M1 12 21m

27.51 °C :aMmx N1v19no

55% :non' nin7

0.55m/s :nn n1'nn

70 W/m?2:wnw'7 ng'wn NNXI1v
32.06 °C :nuxinn N"nIMp 'ono
29.03 °C :PET nwain nm1v19nov
29.14 °C :UTCI nwa1in n110v19nov

21.10.2021 ,x20 193

28.35°C :AMX N11019NL

52% :non' ninYy

0.66 m/s :Nn1 NN

711 W/m2:wnw'7 ng'wn NNX1Y
63.40 °C :nuX1nn N'NI"Mj 'Ino
44.78 °C :PET nwaiin nM1v19no
37.70 °C :UTCI nwatin n11019nov

25.46 °C "X NN1019N0

57% :non' NNz

0.91 m/s:n1 NN

87 W/m?:wnw'7 ng'wn NNX1Y
30.24 °C :nyxinn N'nIMp 'ono
25.90 °C :PET nwain m1v19nov
26.93 °C :UTCI nwaiin n110v19nov

10:21,0"7wW1" 21M

m
=
|
=
=
=
n

25.59 °C "X N11019N0

57% :non' nin

0.86 m/s :n1N NIN"NN

666 W/mZ2:wnw'7 no'wn NNXIY
61.79 °C :nuxXinn N"NIMp 'ono
40.88 °C :PET nwa1in n110v19nv
35.47 °C :UTCI nwaiin n11v19nov

222 1M1 ]2 NUT01AIIK IVINIT TIT 'Y 17210 NIWN 1NN 7NN



Wnwn NnJMpg7 no'wn

NNYUIWNI1 NIMP NNXIVA NTTNRI »
OTXN 711 7W DIKN TN 7Y

77nN2 NWINN N'7'7WN NNYUIWn - e
Orn NIYW 2N

13:00 220 AN'WT7 nUIN e

N17N NP7 n9'WNa nNNgn e
O'NUWA 'V OYNTIPI OMI'WA
171772 TN X [T NINIXT O0™MI12X

1J1N'V 01N 'X

NMIVIINL 97 TTNI
O'NUWN NI10IINLV/MIX

1P WD N'7'7WN 1hygwn e
n7171

02:00 210 IN'WT7 VAN e

O™J'Wa 170 01NN N2 NNN9N @
O'nNdWwa 1Pvua ANl 42
21 INY NJ711K1 0019



Setting the agendainresearch

Comment

People in Hong Kong, China, seek shade as they wait to cross a street in summer.

Shadeis an essential
solution for hotter cities

V. Kelly Turner, Ariane Middel & Jennifer K. Vanos

One of the most effective
ways to keep people cool
isoftenneglected inurban
planning. Cities must work to
provide cover and reverse the
‘shade deserts’commonin
low-income communities.

694 | Nature | Vol 619 | 27 July 2023

nMay thisyear, the Los Angeles Department hshade. Low-income and

of Transportation unveiled four unusual ~ communities tend tobe worstaffected, because
talt helts icktoinstall,  they fres y live in the hottest mbanauas

lheshellen\vevesuppowdwbe.:snmple andlack es, suchasair

waytop waiting  to cope. A 2019 study of 25 cities around the

passengers — only one-quarter of bus stops in
the California ity have shelters. Los Angeles
currently experiences about 11 extreme heat
dayseach year —anumber projected toat least
triple by mid-century — and needs ways to pro-
tectpeople fromheatoutside. But the shelters,
apierced metal panel withashort overhang,
were quickly attacked for costing US$10,000
each and providing onlya tiny patch of shade,
enough foroneor two people.

The bus smps are symbolic nf a wider

world, from Berlin to Buenos Aires, found that
hotareas were typically concentrated in the
poorest neighbourhoods, largely owingtoa
lackoftreecanopy'. According tothe American
Forests Tree Equity Score — a national indicator
of disparitiesin the distribution of urban trees
— the poorest neighbourhoods in the United
States have 41% less tree canopy than do the
wealthiestones, and peopleof colour typically
livei h hird

doareas where the majority of residents are

hits go.nature.com/3jxdtm3),

HINANEWS

Limitingexposureto theSunthroughshade
isone of the most efficient and cost-effective
ways to reduce heat-related health risks out
doors. Shade is simple to create using trees,
buildings, canopies, shade salls, awnings and
yetis frequently overlooked in urban

QUESTIONSTO ASK WHEN
PLANNING URBAN SHADE

Who  Whousesthe outdoor space? {Transport
users, children, outdoor workers.)

threat or through land planning, neither of
whichadequately accounts for shade.

Shade can provide temporary reprieve
xlunng, extreme heat events, but it is not a

What  Whatdothey use it for? (Recreation,
relaxation, work, transpoit )

planningandclimate-change mitigationstrat
egies. Many cities lack shade on pavements, at

what shade type best suits the local
urban context and dlimate?

public-transportstops, i kplacesand
inschool play areas. Urban ‘shade deserts’
places lacking theshade needed 1o reduce heat
burden and protect human health outdoors

are partof the lived experience for low-in
comecommunities,and exacerbate heat-health
disparities.

Toaddressthis challenge, cities must manage
and improve the infrastructure that provides
shade, just as they do for energy or transport.
Academicsand governmentsmustadopt better
measuresof the human heat burdencaused by
directsunlight,assessthedistribution of shade
andplanandevaluateinterventionsthat reduce
thatburden effectively. They shouldensure that
thisinfrastructure lessens rather than exacer
bates inequalities. Every city should plan for
moreshade,and scientists must support those
efforts.

Recognize the benefits of shade
Shadeisanintuitivesolutiontoheat:almost40%
ofadultsinthe United States seek shade when
outdoors, according to the US National Cancer
Institute (htpsy/progressreport.cancer.gov).
Shadeis effective at cooling becauseit protects
the body from the Sun's short-wave radiation,
which includes ultraviolet and visible light -
the main factor that determines human ther
mal comfortunder warm or hot conditions
outdoors. It also protects the body from hot
surfaces and the heat they release. Shade can
reduceaperson’stotal environmental heat bur-
den by reducingair temperature, atmospheric
moisture, wind speed and total radiant expo-
sure. All else being equal, studies have found
that thenet heat burdenisupto20-40 “Cless
Intheshade thanin nearby Sun-exposed areas
inarid,temperate and tropical climates world
wide*”.Forexample, a personstandinginthe
summer sunshine in Phoenix,Arizona,on aday
with an air temperature of would expe:
rience a heat load of 80 °C in direct sunlight,
whereas someonein the shade will experience
onesimilar to theair temperature (see‘The dif*
ference made by shade”).

For centuries, shade was an integral part of
urban design. The Romans designed homes
withcourtyardsto provideshadeandfountains
to provide evaporative cooling. Buildings in
hot regions typicallyincorporated courtyards

Has the full range of shade sources
been considered: natural {trees, other
vegetation), engineered (canopies,
pergolas, shade sails) and urban
(overhangs, tunnels, canyons)?

When  Atwhat times of day and year does
shade provide the most benefit? For
example, school playgrounds are
used more often in the morning and at
midday than are public playgrounds.

Where  Where can shade beplaced lomaximize
the reduction in heat burden? For
example, st publicly acoessible and
within easy walking distance?

How  Howmuch shade isneeded n agiven
much  space tomeet overall shade targets
across an area?

andoverhangs, andin some cities, streets were
orientedtoblocktheSun.Butthe advent ofair
conditioning,cheapelectricityand agrowing
reliance on cars, rather thanwalking, means
that shade is no longer a priority. Today, few
cities explicitly manage the distribution and
extent of shade, its change over time and its
value tosociety.
Assessments of tree shade find that mar-
ginalized communities are consistently the
mostbereftof shade. Areport by The New York

“Marginalized
communitiesare
consistently the most
bereftofshade.”

Times using the Tree Equity Score found that
wealthy Americans with an income of more
than $100,000 live in areas with 50% more
treecanopy thandothose living in poverty (see
also https://treeequityscore.org). Astudy in
Hyderabad, India, found that although stre
vendors rely ontree shadefor their livelihoods,
gentrification has pushed them away from
well-shaded streets®.

Measure heat burden better

Cities need to measure and plan for shade on
the basis of human experiences of heat, not
Jjustair temperaturesand infrastructure. Cur
rently, researchersand urban authorities tend
tomanage heat eitherasan acute public-health

foravoiding prolonged exposure
to unsafe outdoor air temperatures. For indi
viduals with heatillness, mechanical cooling
indoorscould betheonly way tolower thecore
body temperatureback tosafe levels. Thatis
why heat emergency management hasfocused
onsolutionssuchas directing peopletoindoor
cooling centres rather than outdoor solutions
suchasshade.

When it comes to outdoor conditions,
a lot of attention has focused on ‘heat
islands’ — the observationthat many cities are
hotter than rural areas Inlarge part because of
heat trappingmaterials suchasasphalt. Based
on this concept, cities including Athens, New
Delhi, PhoenixandLos Angelesare Introducing
cool roofs' and road surfaces that are painted
white or incorporate materials that quickly
re-radiatesolar energy rather than absorb it.
These canreduce surface temperatures effec
tively, yet from latemorningto late afternoon,
theextra energy reflected canaddtothe heat
I)mduv experienced bythe human be »dy with

Pacts on air P ’.Such

solutions will not protect people from sunlight
unlessinterventions alsointroducevertical ele:
mentssuchas trees. Moreover, the heat Island
occurs predominantly at night, whereasthe
highest heat burdensto peopleand thegreatest
benefits of shade occur duringthe day.

Heatislands are frequently assessed using
land surface temperature, as measured by
satellites. For instance, a global network of
city mayors called C40 recommends using a
varlety of surface temperaturesensorsinacity
toassess heat vulnerability andtoguide action
(seego.nature.com/3hdenqa). But thesemeas-
urestell cities whereurbansurfacesarehottest,
not e sarily where people feel hottest. One
study In Tel AvivinIsrael foundthatresidential
neighbourhoods thatare poorly shaded (some
withas little as 12% shade) appear cool In sur
Face temperature maps because of abundant
turf. Yet regions in the city that have ample
shade from tall buildings (with 64%shade)
would appear hottestonasurfacetemperature
mapbecause of heat-trapping surfaces (see
go-nature.com/44jn2zb).
need to deploy better measures
urlmw humans experience heat. Instead of
focusingonair or surface temperatures, they
should track the mean radiant temperature:
the net thermal exchange between the human
body and the environment that surrounds it.
This metric is typically derived over small

Nature | Vol 619 | 27 July 2023 | 695

Turner, V. K., Middel, A.,
& Vanos, J. K. (2023).
Shade is an essential
solution for hotter cities.
Nature, 619(7971), 694—
697.
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Aleksandrowicz, Or, Shachar Zur,
Yonatan Lebendiger, and Yoav Lerman
(2020). “Shade Maps for Prioritizing
Municipal Microclimatic Action in Hot
Climates: Learning from Tel Aviv-Yafo.”
Sustainable Cities and Society 53:
101931.
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Beer Sheva Shade and Tree Maps

Analysis and mapping by Or Aleksandrowicz and Morel Weisthal, oraleks@technion.ac.i
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Aleksandrowicz, Or, Shachar Zur, Yonatan Lebendiger, and Yoav Lerman. “Shade Maps for

Prioritizing Municipal Microclimatic Action in Hot Climates: Learning from Tel Aviv-Yafo.”
Sustainable Cities and Society 53 (February 1,2020): 101931.
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