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Urban heat

State of the Arts in




%%%ﬁ%
S o nw..__r AH...

o 9
52.4.: \ \ #

TRIBE
A S

Urban h o
eat |



Oasia Hotel Downtown, WOHA :_ AGROB BUCHTAL GmbH / Infinitude
Architects, Singapore (2016) i
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* Exploration of tropical design

Trees, gardens, sky terraces; 22 different types of
creepers; space for animals and insects

Like a tree in the city

A good ‘neighbour’

Green Plot Ratio Community Plot Ratio Self Sufficiency Index
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https://upload.wikimedia.org/wikipedia/commons/f/fa/Oasia_Hote 100%

|_Downtown%2C_Singapore_-_Facade_A %282019%29.jpg
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Jonathan Anderson/LinkedIn
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Glass and steel skyscrapers reflect and amplify solar heat
Oasia’s facade is 20°C cooler than a typical skyscraper

Redluced solar heat gain = less air conditioning needed + intake is
cooler

Instead of contributing to the urban heat island, it cools the air
surrounding it
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Understanding and
measuring the urban
heat island in Cairns
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Tropical climate in Cairns

Climate Classification 3 : N Hum  Rain
of Australia - 3 % mm

80.0 — 750
77.5— 700
72.5 — 650
70.0 — 600
67.5 — 550
65.0 — 500
62.5 — 450
60.0 — 400
27.5 — 350
55.0 — 300
52.5 — 250
20.0 — 200
47.5 — 150
45.0 — 100

425 — 50 . .
P EE el

Bureau oF i o Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MereoroLocy - .

I Humidity
Temperature

I Rainfall

oA Caims

https://www.cairns.qld.gov.au/__data/assets/pdf_file/0017/6
5321/Technical-Report-Tropical-Design_Part1.pdf
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Key fa Cto rS Characteristic contributing to heat 1sland Effect on the energy balance

Lack of vegetation Reduce evaporation

° ° Widespread use of impermeable surfaces Reduce evaporation
d r I VI n U H I S Low solar reflectance of urban materials Increase net radiation
Urban geometries that trap heat Increase net radiation

Urban geometries that slow wind speeds Reduce convection
Increase energy use Increase anthropogenic heat

Construction materials suace Tempeature 02y
LOW FEﬂectIVIty Surface Temperature (Night)

Air Temperature (Night)

High thermal mass

Evaporation and
evapotranspiration
Fewer waterbodies, trees
Impervious built surface

Temperature

Urban geometry
Reduced wind flow
Increased energy
absorption
Reduced long-wave

Rural Suburban Pond Warehouse Urban Downtown Urban Park Suburban Rural

radiation to Space or Industrial  Residential Residential

Source: https://www.usgs.gov/media/images/urban-heat-islands
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Understanding urban heat
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Measuring the UHI in Cairns




@ Traffic lights
@ Light poles
@® Bus stop / Security camera
@ Business
Undefined / Palm trees

URBANHEAT
PROJECT

MEASURING URBAN
MICROCLIMATE
INCAIRNS

2017: placed 86 sensors 2-3.5 m off the ground aiod

PALLAVIBARDE
JUNE2021

Collected temperature and humidity data every 15 minutes

[Only 26 providing reliable data]
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Highest recorded temperature
Esplanade. _ _g& 486
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Highest temperatures recorded by JCU sensors
during the Nov/Dec 2018 heatwave in Cairns
Image: Bronson Philippa/loT JCU

Australian Government

Bureau of Metcorology

Temperature (C)

Calrns

REGIONAL COUNCIL

2018 heatwave impacts: spectacled flying
foxes, ecosystem impacts, human impacts,
technology, assets

For four consecutive days in late November 2018 - 25 o 29 shown in Figure |. Hot, sticky conditions continued into ensuing
November = temperatures soared to above 42°C in the centre days, all just as the BoM had predicted and wamed at a Local
of Caims, the highest temperatures recorded in the region,? as Disaster Management Group meeting a fortnight earlier.

Comparison of Heatwave Temperatures across Cairns

ann 45.0

43.6 43.6

44.3

42.1

Temperature () at Caims CBD (JCU) amfjum Temperature (*C) at Cairns Aero (BoM) Temperature (*C) at Cairns Racecourse (BoM)

Figure |: Comparizon of the highest recorded temperatures within the CBD by lames Cook University with those recorded at Caims Airport by the Bureau of Metearology.
Data provided by Cairns Regional Council

QFES Heatwave Risk Assessment




Mapping Cairns land surface
temperature using Landsat-8 imagery

REGIONAL COUNCIL

LEGEND

] Statistical area 1 boundary

LST Nov 2020 to Feb 2021 (°C)
Bl 27.7054
30.1087
32.5120
34.9153
37.3186
39,7218
42.1251
B 44.3435
Bl 46.1922




0ld buildings

3 7,

Manoora

Manunda

Partamatta Park

LEGEND

Vulnerability

I 0.06 - 0.154
0.154 - 0.248
0.248 - 0.342
0.342 - 0.436
0.436 - 0.53
0.53 - 0.624
0.624 - 0.718
0.718 - 0.812

B 0.812 - 0.906

I 0.906 - 1




Pedestrian data
opportunities
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Sensor data: Nov 2018 vs 2020

i LEGEND
Sensor
Locations £

S—_—

Figure:
Comparison of Sensor Data in Novemebr 2018 to 2222
November 2020

LEGEND Temperature 1pm (°C) Temperature 9pm (°C)
B 30.0000 I 28.0000
33.0000 B 25.7500
36.0000 I 31.5000 ! 0 100 200 m
9.000C 2500 = ' ; [ —

7 N el
Il 42.0000 Filepath: L\A10015..FT.UH_Caims DRGE




Temperature change
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Vegetation change: Comparing
NDVI between 2018 and 2020

S IR TR
Sensor
" decrease
between 1.5 to
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https://www.cplusg.com.au/city-centre-alive-stages-1-2-cairns
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Landscaping

25% area within the site to be landscaped:

e buffer & screen planting
* deep planting
* podium planting

e specimen planting

Design principles:

green and lush with emphasis on foliage

use of tropical species suitable for
climate of Cairns and microclimates

use of vertical and horizontal
landscaping for quality & effect

use of street in addition to site for
landscaping

Cairns

REGIONAL COUNCIL
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Vertical landscaping Caitns

REGIONAL COUNCIL

CAIRNS REGION PLANNING SCHEME

.7.d — Exam ple of vertical landcsping in Morth Cairns

Figure S
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Cairns

REGIONAL COUNCIL

Street canopies

: 3.3 — The rainforest » — The architectural
m its natural setting exXpressi rainforest canopy

Figure 5C 3.8.d — Street canopy (typical cross se
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Cairns

Separation and view retention

Figure SC6.16.3.2.a - Separation between buildings

Figure SC6.16.3.10.a — Human scale at streetscape level



BMT microclimate simulations
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$3: Cool pavement S4: Green roof S5: Combination of options




Take homes

* Tropical design for heat mitigation needs place-based
understanding

* |tis difficult to accurately measure the UHI and
microclimates

* Evidence-based urban planning helps mitigate urban heat
and justifies infrastructure spends
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