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Climate science context around urban cooling

Urban heat impacts
Climate Change
Global
Regional
Cities
Urban heat
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Impacts of urban heat are wide ranging including:
Increased mortality and morbidity, especially among children and elderly.
Impacts on mental health, increased suicides, domestic violence, road rage
Increased strain on health and emergency services

Increased power consumption, carbon emissions, consumer financial costs,
increased anthropogenic heat

Increased air pollution, then further impacting health

Social inequity (air conditioner vs. non air conditioner, leafy vs. non-leafy)
Damage to urban infrastructure (rail lines, roads, etc.)

Strain on urban vegetation

Fires

Increased water usage

Economic costs due to disruption to work activities, agriculture/horticulture
damages, power outages

dslf (2011); Zuo et al. (2015); Nicholls et 4l,1(2008); Bur iet al. (2018)
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Climate Change: Global trends

Warming currently at 1.0C. Could reach 1.5C before 2040. 1.5C is a political
goal. Already seeing impacts at 1.0C.

FAQ1.2:How close are we to 1.5°C?

Human-induced warming reached approximately 1°C above
pre-industrial levels in 2017
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Paris commitments (by largest emitters) already inadequate for 2.0C (Lewis et al., 2019).
2.0-4.9C by 2100 most likely (Raftery et al.,, 2017). Largest uncertainty in climate change is
emissions pathway. Requires immediate and drastic reductions to meet Paris agreement
- Australia not on track.

Overall change since the 2017 projections

Figure 4 Australia’s emissions trends, 1990 to 2030
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Commonwealth, of Australia (2018)
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Climate change: regional impacts

Australia has already experienced approx 1.0C warming. Some regions have experienced
greater warming (i.e. Arctic region).

Regional warming in the decade 2006-2015 relative to preindustrial
Annual average warming
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Australia’s shifting climate: temperature

Australia has experienced rising temperatures and frequency of extreme heat events.
Adaptation strategies must account for anticipated ranges of temperatures and
increased extremes.
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Australia’s shifting climate: rainfall

Australia has experienced shifts in rainfall patterns, locations and amounts.

Rainfall decile ranges
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Shifts in climate zones, impacts on vegetation

Shifts in climate are impacting types of vegetation that can be grown in regions. Some

species might no longer be suitable as urban vegetation in the future.

Climate creep —
Australia’s changing rainfall zones -

Shifts in Plant Hardiness Zones
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Figure 31. The map on the left shows the change in P! Zones calculated from on the 1971
1981, jrais) Even g i ight. (Fi NOAA).

http://www.pleanetwork.com.au/wp-content/uploads/2016/03/Australia-Changing-climate-zones.jpg, Walsh et al. (2014)
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Different emissions pathways, RCP4.5 (moderate emission reduction) and RCP8.5 (no reductions) will have varying impacts on

future temperatures and extreme events.
Table 11-X Average warming and range of warming (various models) for the capital cities, 2030 and 2090 (°C).

2030 RCP4.5 2090 RCP4.5 2090 RCP8.5
Adelaide 0.7 (0.5-0.9) 15(L.0-19) 29 (2.43.9)
Brisbane 0.9 (0.6-1.2) 3.7 (2.5-4.7)
Cenberra 08 (0611 38(2.7-4.5)
Darwin 0.9 (0.6-1.3) 3.7(28-5.1)
Hobart 0.6 (0.4-1.0) 1.4(0.9-1.9) 2.9 (2.3-4.0)
Melbourne 0.6 (0.5-0.9) 15(L1-19) 3.0(2.43.8)
Perth 0.8 (0.6-1.0) 1.7 (L12.1) 3.5 (2.6-4.2)
Sydne 0.9 (0.6-1.1) 19(1.325) 3.7 (2.9-4.6)

Source data: Webb and Hennessy (2015).
Table 11-X1 Projected frequency and spread of frequencies (various models) of extremely hot summer days (>40 °C) for Australian capital cities

Current 2030 RCP4.5 2090 RCP4.5 2090 RCP8.5
Adelaide 37 50(4.7-12) 90 (68-12) 16 (12-22)
Brisbane 038 12 (1.1-1.6) 21(1.5-39) 60 (29-11)
Canberra 03 0.6 (0.4-0.8) 14(08-28) 48(23-7.5)
Darwin 0.0 0.0 (0.0-0.0) 00(0.0-02) 13(02-11)
Hobart (>35°C) 16 20(1.921) 26(2.0-31) 42(32:63)
Melbourne 16 24(21-30) 36(28-49) 68 (46-11)
Perth 4 67 (5 4-7.5) 97 (69-13) 20 (12-25)

Sydney 03 09 (0.8-13) 20(1333)

Source data: Webb and Hennessy (2015).
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Urban Heat: factors leading to increased urban heat island

In addition to climate change, city design also contributes to urban heat effects.

Incoming Incoming Incoming Incoming
shortwave longwave shortwave longwave
radiation radiation radiation radiation
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longwave
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Outgoing ~ heat
shortwave
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(3|bAed°)

¥ ¥
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FIGURE 19.2  Schematic depiction of energy flux in urban area. Graphic by Alison Vieritz, adapted from Oke, T.R., 1988. The urban energy balance.
Progress in Physical Geography 12, 471—508.
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Urban Heat: factors leading to increased urban heat island

Urban vegetation can reduce UHI while impervious surfaces can exacerbate UHI effects.

Table 5: Average LSTs of the major land surface types for the City of Port Phillp focus areas.

UHI: Night of 25 February 2012

South Melbourne DAY (°C) St.Dev.(C)  NIGHT (C)  St. Dev. (°C)
Tot @ 11pm, T, @ 1am

Temperature (°C)

St.Dev.(C)  NIGHT(C)  St.Dev. (*C)

Fgum 13: West-east UHI transect 25 February 2012. The air temperatur transect s corrected to 1am. The
to 1.05am. NDVI values indicate fraction of
CBDwas'akenas37°48‘ 51.0906", 144° 57 47.2782" (intersection of Swanson St and Bourke St,

Coutts and Harris (2013)
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Numerous studies show heat mitigation effects due to green infrastructure. Perhaps 0.5-2C reductions in air temperature, 5-20C

reductions in surface temperatures, 5-10C thermal comfort indexes (i.e. UTCI).

TABLE 19.1 Studies Conducted on the Effectiveness of Green Infrastructure in Mitigating Urban Heat Island (UHI)
and Improving Thermal Comfort
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Urban Heat: vegetation and irrigation

Irrigated grass can have large surface temperature cooling impacts during the day but

small effects at night. Trees also have large cooling effect during the day.
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Neighbourhood

Neighbourhood

Street

Microscale (site)

Step 1
Prioritise
Neighbourhoods
« Thermal imagery
= Social vulnerability
* Activity maps

Step 2
Characterise
Neighbourhood
« Identify existing UG
* Identify built forms
* 3D consideration

Step 3
Maximise cooling
of existing UGI
* irrigation

Step 4
Prioritise streets
based on exposure
« canyon dimension
« street orientation

Step 5
Identify specific
UGl for locations
within the street

Prioritisation Framework for optimising UGI cooling benefit I

Norton et al. (2015)
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c) Canyon Prioristation: Street Trees

Canyon
Orientation
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Recommendations for urban green infrastructure

Table 2
Modes of cooling provided by different urban green infrastructure options during summer and priority locations to optimise those cooling benefits.

UGl Green open spaces Trees Green roofs Vertical greening

Shades canyon surfaces? Shades roof, not internal
canyon surfaces

e peopie?

Increases solar reflectivity? Yes, if plants healthy

Evapo-transpirative cooling?

Priority locations * Wide streets with low | » Wide streets, low * Sun exposed roofs + Canyon walls with direct
buildings — both sides buildings — both sides + Poor insulated buildings sunlight
* Wide streets with tall | » Wide streets, tall * Low, large buildings * Narrow or wide canyons
buildings = sunny side buildings = sunny side + Dense areas with little where trees are unviable

* In green open spaces | available ground space

Norton et al. (2015)
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Contents lists available at ScienceDirect

Urban Climate

EI < journal homepage: www.elsevier.com

Development of the VTUF-3D v1.0 urban micro-climate model to support
assessment of urban vegetation influences on human thermal comfort

Kerry A. Nice® > %", Andrew M. Coutts® ¢, Nigel J. Tapper® ¢

Geosci. Model Dev., 12, 785-803, 2019
https://doi.org/10.5194/gmd-12-785-2019

© Author(s) 2019. This work is distributed under
the Creative Commons Attribution 4.0 License.

The Air-temperature Response to Green/blue-infrastructure
Evaluation Tool (TARGET v1.0): an efficient and
user-friendly model of city cooling

Ashley M. Broadbent'34, Andrew M. Coutts**, Kerry A. Nice’*, Matthias Demuzere®”, E. Scott Krayenhoff®!2,
Nigel J. Tapper**, and Hendrik Wouters”

(Nice et al., 2018; Broadbent et al., 2019)

CRC for NNPUPNY VN N -
' m Water Sensitive Cities 4t water sensitive cities conference watersensitivecities.org.au



Now that the models have been built and validated, they can be built into
the CRC scenario tools. The real work begins now as the CRC community
starts planning our future.
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