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Abbreviations
Abbreviation Definition
Astron Astron Environmental Services
ARA Airborne Research Australia
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SVI Social Vulnerability Index
UHI Urban Heat Island
UHS Urban Hot Spot
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Executive Summary

As the climate changes, concerns about the urban heat island effect are growing because of the
predicted impacts on vulnerable members of the community. The severity of heat experienced in cities
during hot weather varies across the urban landscape. In particular, hard surfaces, like concrete or
bitumen, result in higher surface temperatures compared to areas that allow the infiltration of water,
such as parklands or vegetated areas. Identifying and mitigating urban heat island formation is a
priority for keeping cities liveable into the future, in the face of a warming and drying climate.

The Department for Environment and Water engaged Astron Environmental Services (Astron) to
undertake an analysis of the remotely sensed thermal data captured in 2022 and 2023 across the
Adelaide metropolitan area. The scope of the analysis was to report on the spatial trends of urban hot
spots and heat islands, provide case studies highlighting notable trends, and describe the spatial
trends in relation to where socially vulnerable members of the community live.

Thermal imagery capture across the Adelaide metropolitan area commenced in March 2022; however,
due to La Nina climate conditions, only 80% of the project area was captured in the data capture
window. The remaining 20% was captured in January 2023 in similar conditions to the 2022
acquisitions. Urban hot spots and urban heat islands were defined by spatial resolution (2 m x 2 m and
125 m x 125 m pixels, respectively) and were determined as the difference between land surface
temperature from each pixel and the mean land surface temperature of all pixels across different
spatial scales that included the Adelaide metropolitan area, Green Adelaide Region, 18 Local
Government Areas (LGA) and Department of Infrastructure and Transport (DIT) managed or owned
land. Urban hot spots and heat islands were classified into three categories: High (> 2°C but < 3°C
above the mean), Severe (> 3°C but < 4°C above the mean) and Extreme (> 4°C above the mean). Case
study examples highlighting notable findings and representative examples were selected based on
visual inspection of imagery and the spatial distribution of urban hot spots and urban heat islands,
focusing on areas identified at risk of increased urban heat. To describe the spatial distribution of
identified urban heat islands in relation to vulnerable members of the community, a Social
Vulnerability Index (score between 0 and 5) was calculated using the 2021 Statistical Areas Level 1
census data. The Social Vulnerability Index was derived using five key socio-economic indicators from
the census database.

Unfortunately, the results of this study were affected by data consistency issues related to differences
in capture date and temperature, which greatly affected confidence in results and value of
conclusions. For the 2022-2023 data, regions captured on warmer days had inherently higher land
surface temperatures than regions captured on cooler days, which had a large influence on the spatial
distribution of urban hot spots and heat islands and resulted in mixed data sets for local government
areas spread over more than one capture region. The overall quality of the data was such that it was
not possible to aggregate and compare quantitative results across space and time with confidence,
including area values for urban hot spots and heat islands and social vulnerability impacts. Results
could only be discussed in a general manner, focusing on obvious examples and broader trends, with
numerical values treated with caution.

Urban hot spots and heat islands were widespread, patchily distributed and present in every LGA
across the Adelaide metropolitan area. The North-East and Centre-West capture regions showed
markedly lower land surface temperatures and fewer urban hot spots and heat islands than the other
capture regions, as a result of data capture on cooler days. In general, the pattern of urban hot spots
and heat islands across the Adelaide metropolitan area reflected those identified from previous
analyses, with daytime urban hot spots and urban heat islands associated with highly developed
residential and industrial areas, roads, and airports, or in areas of exposed, bare soil, while night-time
urban hot spots and heat islands were associated with sealed surfaces (roads), waterbodies or western
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faces of the Adelaide Hills. Overall, daytime urban heat islands were identified across 30.0% of the
Adelaide metropolitan area, of which 12.5% were classified as High, 8.6% were Severe and 9.0% were
Extreme. Night-time urban heat islands were identified across 5.7% of the Adelaide metropolitan area,
mostly classified as High. The City of West Torrens had the highest percentage area coverage of
daytime urban heat islands (59.3%), while the City of Salisbury had the highest percentage coverage
of night-time urban heat islands (9.0%). Within DIT managed or owned land, Active Transport land
parcels contributed most to daytime urban heat islands (34.9% cover), while Rail Corridors contributed
most to night-time urban heat islands, although the contribution was relatively small (4.6%).

The social vulnerability analysis identified areas where urban heat islands intersected with areas in
which vulnerable members of the community live. For these areas, the mean Social Vulnerability Index
was 0.72 for daytime urban heat islands and 0.63 for night-time urban heat islands out of a maximum
of 5, indicating a relatively low social vulnerability. At the local government scale, the City of Charles
Sturt had the highest mean and maximum Social Vulnerability Index within areas that intersected both
daytime (mean = 1.09 and maximum = 3.54) and night-time (mean = 1.27 and maximum = 2.90) urban
heat islands. For the most socially vulnerable population, the City of Port Adelaide Enfield had the
highest land coverage of urban heat islands that intersected with high social vulnerability (Social
Vulnerability Index > 2.5), while the City of Charles Sturt had the second highest land coverage of
urban heat islands that intersected with high social vulnerability. However, the total number of people
estimated to be affected in these areas was relatively small (< 2,000 people). LGAs identified to be
most at risk in previous studies were also identified in this study; however, the local suburbs at risk
within these local government areas varied between the studies.

To identify spatiotemporal trends for the whole of the Adelaide metropolitan area with greater
confidence, it is recommended that future thermal data captures take place under comparable
conditions, with particular emphasis on similar land surface temperatures.
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1. Introduction

1.1.Background

Extreme heat events and a warming climate present a serious risk to the health and wellbeing of city
communities. As the climate changes, concerns about the urban heat island effect are growing
because of the predicted impacts on vulnerable members of the community. Urban heat Islands (UHIs)
are areas that retain more heat than the surrounding landscape and are one of the main consequences
of a changing climate in cities (Piracha and Chaudhary 2022). The urban heat island effect is attributed
to higher temperatures within city neighbourhoods compared to the surrounding suburban or rural
areas (Piracha and Chaudhary 2022). UHIs are mainly associated with buildings, urban infrastructure,
and surfaces that absorb solar radiation and dissipate heat slowly (Piracha and Chaudhary 2022).

The formation of UHIs is problematic, especially for community members who are already vulnerable.
As such, the importance of addressing UHIs is a priority for keeping cities liveable into the future, in
the face of a warming and drying climate. Between 2016 and 2018, Regional Climate Partnerships
(namely Resilient South, Adapt West and Resilient East) commissioned an investigation into the
relationships between UHIs and ‘greenspace’ across the Adelaide metropolitan region using aerial
thermal data (Arbor Carbon 2016, Seed Consulting Services 2017, 2018). In 2018 and 2019, LiDAR data
was captured and products such as digital elevation models and vegetation canopy extents were
derived. In 2022, a further project was commissioned to undertake a repeat and complete capture of
LiDAR, airborne thermal, and high-resolution satellite multispectral imagery over the Adelaide
metropolitan area (Project Area) to enable an updated analysis. The Project Area covered 1,778 km?
and comprised the Green Adelaide Region, 18 Local Government Areas (LGAs) (Figure 1), and land
owned and managed by the Department for Infrastructure and Transport (DIT). DIT land comprises
active transport, pedestrian, public transport, rail, and road corridors (not shown in maps).

Astron Environmental Services (Astron) was engaged by DEW to undertake the analysis of Land
Surface Temperature (LST) derived from the remotely sensed thermal data across the Project Area
and report on the spatial trends of urban hot spots and UHIs, including where these areas intersect
with socially vulnerable populations. For this report, urban hot spots are defined as small 2 m by 2 m
areas with higher-than-average LST, while UHIs are defined as larger 125 m by 125 m areas with
higher-than-average LST.

1.2.Project Objectives
The key objectives of the project were divided into three components:

1. Analysis of the 2022-2023 airborne thermal data to:
o identify UHS and UHIs (day and night) across the Project Area

o conduct a social vulnerability analysis describing trends in the distribution of UHIs
(day and night) and the vulnerable communities covered by them.

2. Mapping the distribution of UHS and UHIs (day and night) across the entire Project Area,
Green Adelaide Region, 18 LGAs and land owned and managed by the DIT.

3. Report on the spatial trends of UHS and UHIs, provide case studies highlighting notable
trends, and describe the spatial trends in relation to socially vulnerable populations.
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2. Methods

2.1. Data Acquisition and Processing
2.1.1. Airborne Thermal Imagery

Thermal data was captured by Airborne Research Australia (ARA) over five separate capture regions
by capture date across the Project Area, from 18 March to 16 April 2022 and on 6 January 2023 (Table
1). Due to unfavourable weather conditions, only 80% of the Project Area (North-West, North-East,
Centre-West, and Centre-East Regions) was captured within the ideal data capture window
(March/April). The remaining 20% of the Project Area (South Region) was captured in January 2023
under roughly similar conditions to the 2022 acquisitions (Table 1).

The data was captured following the specifications of the 2016-2018 data captures (Arbor Carbon
2016, Seed Consulting Services 2017, 2018), with data captured on days with clear sky, light, and
minimal wind. However, due to cooler weather, the optimal conditions for thermal imagery capture
(two consecutive days with 33°C or higher prior to the data captures) were not achieved. The
maximum daily temperature recorded at the Adelaide (West Terrace / Ngayirdapira) station (Bureau
of Meteorology station no. 23000) varied between 26.5°C and 33.7°C during the time of data
acquisition, whilst the minimum night temperature ranged between 12.2°Cand 16.7°C (Table 1, Figure
1). The differences in capture times and variation in daily maximum and night minimum temperatures
are significant limitations. Note: results presented in this report should be treated cautiously bearing
these limitations in mind, especially when compared to the 2016 t02018 analyses.

Table 1: Thermal data capture dates for each region (Figure 2) within the Adelaide metropolitan region and the
maximum daily temperature recorded at the Adelaide (West Terrace / Ngayirdapira) station (Bureau of Meteorology
station number 23000) on the corresponding date (Bureau of Meteorology 2023).

TR A Maximum daily Minimum night
temperature (°C) temperature (°C)
North-West 19 March 2022 33.7 16.7
North-East 26 March 2022 26.5 12.2
Centre-West 18 March 2022 29.1 15.3
Centre-East 16 April 2022 29.5 139
South 6 January 2023 28.9 16.0

The 2022-2023 thermal data was processed by ARA, including radiometric corrections, atmospheric
corrections, calibrations, and georeferencing. The thermal data was provided to Astron in an analysis-
ready format at a spatial resolution of 2 m where pixel values corresponded to LST. Prior to the
analyses, the thermal data was quality checked by Astron to ensure the data was suitable to fulfill the
project requirements. Detailed information on the thermal data processing can be found in the
products’ metadata reports (Airborne Research Australia 2022, 2023).

2.1.2. Multispectral Imagery

Multispectral satellite imagery was also provided by DEW for the Project Area to facilitate the
interpretation of the results and identify changes between the two acquisitions. Imagery provided was
four band (Red, Green, Blue and Near Infrared), 50 cm spatial resolution imagery captured by Beijing
3A in January and February 2022. No image processing of the multispectral data was conducted by
Astron.
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2.2. Data Analysis
2.2.1. Urban Hot Spot and Heat Island Identification

To identify urban hot spots, the mean LSTs were extracted from the thermal data captures. From this,
the difference from the mean LST for each pixel was calculated by subtracting the mean LST value
from the LST value for each pixel. The data range to calculate the mean LST was bounded by the 5% to
95™ percentiles of the data to exclude pixel values with extreme temperatures that were likely
erroneous (for example, few pixels that had values above 100°C or below 1°C). A UHS raster layer was
produced based on the classification of the difference from mean LST into three categories:

1. High: > 2°Cbut < 3°C above the mean LST
2. Severe: > 3°C but < 4°C above the mean LST
3. Extreme: >4°C above the mean LST.

This process was undertaken separately for each capture region (Table 1), and separately for day and
night captures.

Temperature changes within the period of time it took to capture the imagery (flight times) were
small, and there was no evidence these changes had any distorting effects on the analysis. As such,
the thermal data were not divided into smaller areas by flight line. Additional reasons for not dividing
the data into smaller parts was a preference not to introduce any additional distortions related to
spatial heterogeneity, particularly for flight lines that covered larger proportions of waterbodies,
forest, or typically warmer areas.

To identify UHIs, the thermal data of each region was resampled to 125 m using the average
resampling method, and the difference from the mean LST was calculated. The UHIs were then
classified into the same categories of difference from mean LST as mentioned above.

Mean temperatures and areas of urban hot spots and UHIs across the Project Area were calculated as
a percentage of area totals at four different spatial scales (Table 2). These data are presented in
summary tables, figures and maps in the appendices. Of note, the boundaries of data capture regions
were presented on maps to reduce misinterpretation of the distribution of urban hot spots and UHIs
due to thermal imagery captured at different times of the year.

Table 2: Spatial scales used to calculate urban hot spots and urban heat islands across the Adelaide metropolitan region.

Spatial scale Area (ha)

1. Project Area 177,800.0
2. Green Adelaide Region* 336,490.0
City of Adelaide 1,527.3
Campbelltown City Council 2,434.7
City of Burnside 2,748.7
City of Charles Sturt 5,594.5
3. Local Government Areas City of Holdfast Bay 1,425.9
City of Marion 5,607.0
City of Mitcham 7,572.0
City of Onkaparinga 52,010.4
City of Playford 35,841.3
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Spatial scale Area (ha)

City of Port Adelaide Enfield 9,444.8

City of Prospect 780.7

City of Salisbury 16,687.2

City of Tea Tree Gully 9,534.3

City of Unley 1,439.4

City of West Torrens 3,709.8

City of Norwood Payneham and St Peters 1,515.5

Town of Walkerville 357.2

Town of Gawler 4,113.9

Road Corridors 3,931.9

4. Department for Infrastructure Active Transport Corridors 1,678.6
and Transport owned or Rail Corridors 477.9
managed land Pedestrian Corridor 324.2
Public Transport Assets 52.2

1. Includes an area of ocean, approximately 2,075 km?, that is not within the scope of the analysis.

To provide context, longer-term LST analyses were also presented to highlight changes in LST due to
broader changes to climate. This analysis was conducted to complement the urban hot spot and UHI
analyses. Time series of Landsat LST were produced for individual LGAs using each cloud free capture
over the summer months (December to February) from 1987 to 2022. The methods and results for
this analysis are presented in Appendix F.

2.2.2. Case Studies - Identification of Areas and Workplaces at Risk from Urban Heat

Case studies were undertaken for individual areas identified as being at risk of work and travel related
exposure to above-average urban heat. These areas were selected based on visual inspection of the
multispectral imagery and the spatial distribution of LST, urban hot spots, and UHIs. Appropriate
localised case study areas and/or workplaces were then selected that provided good representative
examples.

Case studies were also undertaken for individual areas where there has been substantial change in
land use, with a resultant change in LSTs, since the 2016—2018 analysis was undertaken. For these
case studies, the change in LSTs from the current and previous thermal data captures was assessed
along with a visual inspection of the current and previous multispectral imagery. Thermal data for the
case studies was derived from 2017 captures, as this was the year within the 2016-2018 period for
which aerial imagery was also available for visual representation of change. The coverage of previously
identified UHIs was also compared where data was available. From this, notable areas that fitted the
case study criteria were selected as representative examples. Of note, changes in urban heat that have
occurred since 2016—-2018 were challenging to interpret due to the variation in thermal data capture
dates over different times of the year and temperature variation between captures. Thermal data
captured in 2017 used for the analysis was captured during a substantially warmer period than
occurred during the 2022 capture period. The average temperature measured at the Adelaide Airport
weather station (station number 023034) on the capture day and previous two days was 25.9°C in
2022-2023 and 37.3°Cin 2017 (Bureau of Meteorology 2023).
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2.2.3. Social Vulnerability Analysis

To describe the spatial distribution of UHIs in relation to vulnerable members of the community, a
Social Vulnerability Index (SVI) was calculated using 2021 census data provided by DEW. The base unit
for the census data used to derive the SVI was Statistical Area Level 1 (SA1). SAls are geographic areas
designed to capture data from areas with populations of around 200 to 800 people. Where possible,
SA1ls are designed to contain, or aggregate to, whole gazetted suburbs or rural localities; however, in
urban areas, gazetted suburbs usually consist of one or more SA1s. The SVI was derived using five key
socio-economic indicators from the census database provided by DEW (Table 3). Of note, the DEW
data did not contain the number of low-income households; this was sourced independently from the
Australian Bureau of Statistics (Australian Bureau of Statistics 2021).

Table 3: Key vulnerability indicators used for SVI and their short description.

Socio-Economic Indicator Description

Number of persons older than 65 years or younger

1. Vul bl
ulnerable age groups than 15 years.

Number of persons who need assistance, living with

2. People living with disability — requires assistance a disability, long term health condition or old age.

Number of persons using language other than

English at home.

3. People of culturally and linguistically diverse Number of persons using other language and does
backgrounds not speak English well or at all.

Number of persons identifying as Aboriginal and/or

Torres Strait Islander.

4. People who are living with a chronic health Number of persons of all ages living with one or
condition more long term health conditions.

Indication of low-income households, households

5. Number of low-i h hold
umber ot fow-income households where the weekly income less than $499.

The SVI was calculated as follows:

1. For each SA1, the total number of people in each socio-economic indicator group was
determined for groups 1 to 4, along with the number of households in group 5.

The number of people in group 1 was the sum of the number of people older than 65 years
and the number of people younger than 15 years.

The number of people in group 3 was the sum of the number of people using a language other
than English at home, the number of people who do not speak English well or at all, and the
number of people identifying as Aboriginal and/or Torres Strait Islander.

2. The number values for each indicator group were normalised based on the total population
(groups 1 to 4) or total number of households (group 5) of the SA1 to give a value in the range
between 0 and 1.

3. The SVIwas calculated as the sum of the normalised individual indicators. The highest possible
value for social vulnerability was 5 (most vulnerable) and the lowest was 0 (least vulnerable).
However, the highest actual SVI for an SA1 in the Project Area was 3.54 (SA1 404011097).

The socio-economic indicators that were used in this report differed from the indicators used for
previous analyses (Seed Consulting Services 2017, 2018) in that the previous analyses only considered
people older than 75 years of age as the vulnerable age group. Also, instead of considering all culturally
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and linguistically diverse people, only those who do not speak English well or at all were considered.
Previous analyses did include the SEIFA Index of Relative Socio-economic Disadvantage Score but did
not include people that live with a chronic health condition. Finally, instead of the number of low-
income households, only the median rent paid by residents was considered.

The mean SVI score was calculated for each UHI by overlaying the polygonised UHI layers with the SA1
boundaries to assign the mean SVI score to each UHI. It was not possible to derive the exact size of
populations within identified UHIs as the scale of SA1 boundaries was coarser than that of the UHI
resolution. Rather, the number of people within a UHI was estimated on an area basis by multiplying
the area of a UHI (in hectares) by the population density of the LGA within which it was contained
(number of people per hectare). Using this method, specific estimates for the number of people within
each LGA that live within an UHI and live in an area where SVI > 2.5 are presented. These estimates
relate to the distribution of urban heat to the most vulnerable population that may be affected. While
this method is clearly limiting in its assumption of an even population distribution, it is remains useful
for interpreting UHI results and placing them in context in terms of social vulnerability.
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3. Results - Urban Heat Analysis

This section describes results from the 2022-2023 thermal data captures including mean daytime and
night-time LSTs, and resultant areas of urban hot spots and UHIs measured within LGAs and DIT areas.
These results are provided with the following caution: individual LST measurements and UHS/UHI
areas derived from the 2022-2023 thermal data captures are not directly comparable for different
LGAs and DIT areas because they were covered by different capture regions that were captured on
different days at different temperatures. Capture region boundaries were also such that LSTs for some
LGAs and DIT areas were derived from more than one capture region (the City of Playford being an
obvious example).

3.1. Project Area and Green Adelaide Region

Significant LST differences were clearly visible among the discrete capture regions where thermal data
was captured on different days during the 2022-2023 period. These differences were evident during
the day and night, accentuated along capture region boundaries, and were most apparent between
the north-west and north-east data captures (Appendix A, Figures A.1 and A.2).

The mean daytime LSTs ranged between 25.8°C and 31.0°C (5™ to 95 percentile) for the five capture
regions and dates within the Project Area, with an overall mean daytime LST of 28.7°C (Appendix A,
Table A.1). At night, LSTs ranged between 14.3°C and 17.9°C (5" to 95" percentile), with an overall
mean of 15.7°C (Appendix A, Table A.1). Within the Green Adelaide Region, the mean daytime LSTs
from the 2022-2023 thermal data ranged from 25.7°C to 29.8°C across the five captures within the
Region, with an overall mean of 27.9°C (Appendix A, Table A.2). At night, LSTs ranged from 15.0°C to
17.9°C, with an overall mean of 16.2°C (Appendix A, Table A.2).

In general, visible differences were consistent with differences in maximum and minimum daily
temperatures recorded from the Bureau of Meteorology weather station (Table 1), from which the
highest maximum daily temperature was recorded during the north-west capture (33.7°C) and lowest
on the capture of the north-east (26.5°C).

There were also visible differences in LST within capture regions related to landcover type, with
differences apparent among areas nearer to the ocean and with standing water (generally to the east),
built-up areas (generally in the centre), and non-built-up areas (generally to the east and south)
(Appendix A, Figure A.1). Differences in LST across landcover types were also related to capture date
temperature: built-up areas (in the north-east) were cooler than non-built-up areas when the
temperature was 26.5°C, whereas built-up areas (in the centre-east) were hotter than non-built-up
areas when the temperature was 29.5°C (Appendix A, Figure A.1). However, the difference in
landcover types across these regions is also likely a factor in the difference in LST. For example, areas
of native vegetation, such as that in the Para Wirra Conservation Park, were typically cooler when
compared to areas of dryland agriculture. As such, differences in land use are likely a driver of
differences in LST, though the differences in temperatures on the day of thermal data capture likely
exacerbate the variation, such that logical trends in urban heat (i.e. built-up areas compared to non-
built-up areas) may be ambiguous or less obvious.

In 2022-2023, daytime urban hot spots were identified across 37.9% of the Project Area, of which
21.2% were classified as Extreme (> 4°C above the mean LST) (Appendix A, Table A.1). This trend was
also evident for the Green Adelaide Region, with daytime urban hot spots identified across 35.5% of
the Region, of which 19.3% were classified as Extreme (Appendix A, Table A.2). Night-time urban hot
spots were identified across 11.8% of the Project Area and 15.2% of the Green Adelaide Region
(Appendix A, Tables A.1 and A.2), with 8.9% and 11.4% of those totals classified as High (> 2°C but <
3°C above the mean LST) for each area respectively (Appendix A, Tables A.1 and A.2).
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The spatial coverage of urban hot spots showed that daytime urban hot spots were mostly associated
with highly developed areas including residential and industrial buildings, roads, and the Adelaide
Airport, or in areas that had no development, such as areas of exposed, bare soil (Appendix A, Figure
A.1). In contrast, areas along the coastline and in the vicinity of the ocean (usually less than 2 km away)
tended to have a lower distribution of daytime urban hot spots (Appendix A, Figure A.2). Night-time
urban hot spots were identified close to the ocean or waterbodies (i.e. lakes and rivers, including the
West Lakes area for example), and along transport corridors (roads), particularly major roads
(Appendix A, Figure A.2). Similar to the LST maps, the spatial distribution of urban hot spots was clearly
also related to temperature on the date of capture, as shown by larger areas of daytime urban hot
spots in the north-west region compared to the north-east region (Appendix A, Figure A.1), and by
larger areas of night-time urban hot spots in the southern area compared to the centre-west area
(Appendix A, Figure A.2). The resultant spatial distribution of urban hot spots was also obviously
inconsistent across the Project Area, showing large differences between large swathes of the
metropolitan area that are structurally similar and should not be expected to show such differences
in urban hot spots.

The areas of UHIs across the Project Area and the Green Adelaide Region were consistent with those
observed for urban hot spots. Daytime UHIs were identified across 30.0% of the Project Area, of which
12.5% were classified as High, 8.6% were Severe, and 9.0% were Extreme (Appendix A, Table A.1). For
the Green Adelaide Region, daytime UHIs were identified across 27.8% of the Region, which also
consisted predominantly of UHIs classified as High (12.0%) (Appendix A, Table A.2). Night-time UHlIs
were identified across 5.7% of the Project Area and 8.5% of the Green Adelaide Region (Appendix A,
Tables A.1 and A.2). Most night-time UHIs within the Project Area and the Green Adelaide Region were
classified as High (4.7% and 6.9%, respectively), with less than 2% classified as Severe, and less than
1% classified as Extreme for both spatial scales (Appendix A, Tables A.1 and A.2).

The spatial coverage of UHIs across the Project Area and the Green Adelaide Region were consistent
with the distribution of urban hot spots but more aggregated, with most daytime UHls, particularly
those classified as Extreme, associated with highly developed areas or large, bare areas; most night-
time UHIs were located near waterbodies, agricultural areas, or the Adelaide Hills (Appendix A, Figures
A.3and A4).

3.2. Local Government Areas

The highest mean daytime LST was measured within the City of West Torrens (30°C), while the lowest
mean daytime LST was measured within the City of Mitcham (25.1°C) (Appendix B, Table B.1). In total,
seven LGAs had higher mean daytime LSTs than the mean daytime LST for the Project Area of 28.7°C,
though the difference was mostly less than 1°C; these LGAs included City of Holdfast Bay, City of
Marion, City of Onkaparinga, City of Playford, City of Salisbury, City of West Torrens, and the Town of
Gawler (Appendix B, Table B.1). At night, the highest mean LST was measured within the City of
Salisbury (17.4°C), while the lowest mean LST was measured within the City of Onkaparinga (14.5°C)
(Appendix B, Table B.1). Ten LGAs had a mean night-time LST higher than the Project Area mean night-
time LST of 15.7 °C, though the difference was mostly less than 1°C, except for the City of Salisbury
which was 1.7°C higher (Appendix B, Table B.1).

The area coverage of daytime urban hot spots across LGAs ranged between 24.6% (City of Mitcham)
and 57.1% (City of West Torrens) (Appendix B, Table B.1). For most LGAs, approximately half or more
of daytime urban hot spots were in the Extreme category (Appendix B, Table B.1). At night, the area
coverage of urban hot spots ranged between 2.4% (City of Marion) and 25.5% (City of Burnside)
(Appendix B, Table B.1). For urban hot spots identified at night, more than 60% of urban hot spots
were classified as High for each LGA.
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The area coverage of UHIs across LGAs was generally similar to that observed for urban hot spots, with
daytime UHIs ranging between 12.0% (City of Tea Tree Gully) and 57.7% (City of West Torrens)
(Appendix B, Table B.1 and Figure B.1), and night-time UHIs ranging between 0% (The Corporation of
the Town of Walkerville) and 9.0% (City of Salisbury) (Appendix B, Table B.1 and Figure B.2). The
majority of night-time UHIs were classified High. Ten LGAs had no night-time UHIs classified as Severe,
and only one LGA (City of Charles Sturt) had a small area (0.1%) of night-time UHIs classified as Extreme
(Appendix B, Table B.1). The Corporation of the Town of Walkerville had no night-time UHIs (Appendix
B, Table B.1 and Figure B.2).

The spatial distributions of daytime UHIs within individual LGAs tended to form irregular mosaics of
individual High, Severe, and Extreme UHIs interspersed with patchy clusters of High to Extreme UHIs
over some larger areas, and there were obvious distinctions and sharp boundaries between different
capture regions (Appendix B, Figure B.3A to B.3F). Some of the more obvious Extreme daytime UHI
clusters in built-up areas were associated with the Adelaide Airport in the City of West Torrens
(Appendix B. Figure B.3E), Parafield airport in the city of Salisbury (Figure B.3A), and the RAAF Base
Edinburgh and surrounding mixed land use (light industry/horticulture) areas in the City of Salisbury
and City of Playford (Figure B.3A). The spatial distributions of night-time UHIs were generally sparse
and consisted mostly of High UHIs, but with obvious large clusters of Severe to Extreme UHIs that
were predominantly associated with waterbodies near the Barker Inlet — St Kilda Aquatic Reserve in
the City of Salisbury (Appendix B, Figure B.4A to B.4F).

3.3. Department for Infrastructure and Transport Owned or Managed Land

Thermal statistics extracted for the land parcels owned or managed by the DIT showed that the
highest daytime LSTs (29.2°C) were associated with Road Corridors and Active Transport Corridors,
while the lowest LSTs were associated with Public Transport Assets (27.8°C) (Appendix C, Table C.1).
At night, LSTs were similar across all land parcels owned or managed by the DIT, with Active Transport
Corridors (major roads and intersections) being slightly higher (17.4°C) and Rail Corridors being slightly
lower (16.7°C) (Appendix C, Table C.1).

Active Transport Corridors had the highest percentage areas of daytime urban hot spots (50.0%) and
UHIs (34.9%), while Public Transport Assets had the lowest percentage areas of daytime urban hot
spots (32.8%) and UHIs (23.3%) (Appendix C, Table C.1). Daytime UHS areas were generally comprised
of Extreme urban hot spots to a greater extent than Severe or High urban hot spots, while daytime
UHI areas were generally comprised of High UHIs to a greater extent than Severe or Extreme UHIs
(Appendix C, Table C.1). The area of night-time UHIs was generally low across all DIT land types (2—
4%) (Appendix C, Table C.1).

Urban hot spots and UHIs that intersect with DIT areas are shown in Appendix C, Figures C.1A, C.1B
and C.1C. For clarity, these figures show only the urban hot spots and UHIs that intersect DIT areas.
Non-intersecting urban hot spots and UHIs are not shown. Note also that urban hot spots and UHIs
are represented as aggregated polygons comprising the individual pixels that intersect with DIT areas
and all connecting pixels of the same temperature classification (High, Severe, or Extreme), around
which a single border can be drawn to the edge where there are no other connecting pixels.
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4. Urban Heat Case Studies

4.1. Non-residential Related Heat Exposure
4.1.1. Case Study 1 - Industrial Areas

UHIs often develop in industrial areas. This is because industrial areas typically comprise a high density
of buildings built from materials that absorb and reflect solar radiation differently, and they generally
lack vegetation or ‘green infrastructure’ such as tree canopies, vegetated surfaces, and waterways.
Insulation of industrial buildings can also be minimal, resulting in hotter buildings, particularly
compared to well-insulated buildings that can be cooled more effectively. This then creates an
unfavourable work environment due to exposure of above average heat. This effect can result in
increased energy costs, air pollution levels, and heat-related illness (Deilami et al 2018, Heaviside
2020).

Plympton Industrial Area, located south of Adelaide Airport (SA1 40403110739) provides some good
examples of the urban heat effects of industrial areas, and differences among built and natural
features (Appendix D, Figure D.1). Heat maps of this area show clear differences in temperature that
may likely be associated with roof colour, with some roofs made from lighter materials being markedly
cooler than some roofs made of darker materials, by up to 25°C (Appendix D, Figure D.1). Asphalt
cover (e.g. roads and carparks) within industrial areas also contribute to higher LST, with many urban
hot spots over asphalt-covered areas categorised as Extreme (> 4°C or more above the mean LST).
Heat maps of this area also clearly illustrate how densely vegetated areas (e.g. linear parks and golf
courses) are substantially cooler than built areas, and how the lack of vegetated areas within industrial
areas can lead to the aggregation of urban hot spots to form larger UHIs.

The Plympton Industrial Area case study demonstrates the significance of material choices to reduce
thermal impacts and mitigate the formation of UHIs in industrial areas. It also highlights the need for
integrating ‘green infrastructure’ into hot industrial landscapes that generally lack vegetated surfaces.

4.1.2. Case Study 2 - Travel Related Exposure

Transport corridors can be sources of urban hot spots and UHIs since these areas are covered with
surfaces such as asphalt that absorb solar radiation and dissipate heat slowly, thus producing elevated
local temperatures. Major roads and intersections are prime examples of transport corridors
associated with urban hot spots and UHIs, particularly at night.

The intersection of the Anzac Highway, Cross Road, and Stonehouse Avenue at Plympton is a major
intersection that formed part of an identified UHI from the 2022-2023 thermal data, classified as
Extreme (> 4°C or more above the mean LST) (Appendix D, Figure D.2). The intersection is
approximately 50 m by 50 m, with minimal vegetation lined surfaces and no major trees visible. Some
smaller trees are evident close to the intersection, though the tree canopies are likely too small to
provide much cooling effect. Heat maps of the intersection show differences in LSTs between different
types of asphalt within the intersection itself and surrounding roads, with generally higher LSTs
associated with darker asphalts (Appendix D, Figure D.2). The darker asphalts typically had LSTs above
36°C while the LST of the lighter asphalt was closer to 33°C, indicating a 3—4°C temperature difference
related to colour (Appendix D, Figure D.2). There is also an active transport corridor along the linear
park to the north of Anzac Hwy with some tree cover and lawned area, though it appeared to have
LSTs above 36°C, despite the section south of Stonehouse Ave appearing to be irrigated (Appendix D,
Figure D.2). South-west of the intersection, further along the Anzac Highway, a cooling effect of large,
mature trees was apparent (Appendix D, Figure D.2). The temperatures recorded for tree canopies in

@astron

an «O ecocene company Page | 12




Department for Environment and Water
Urban Heat and Social Vulnerability Analysis —July 2023

this area was approximately 22—-24°C, nearly 10°C lower than the lighter coloured asphalt (Appendix
D, Figure D.2).

This case study highlights how road surface materials can contribute to landscape-scale heat, and that
the choice of materials can help mitigate thermal impacts by creating lighter coloured road surfaces.
It also highlighted the importance of tree canopy cover along roads to provide shade and cooling
effects.

4.2. Change in Land Use

Changes in land use and the potential changes in urban heat since the 2016—2018 analyses was
conducted were challenging to interpret due to the variation in thermal data capture dates over
different times of the year and the associated temperature variation between captures. The overall
inconsistency of the data was such that it was not possible to aggregate and compare results
guantitatively across space and time with confidence. As such, results for this section are discussed in
a general manner and comparisons are largely qualitative.

4.2.1. Case Study 3 - New Residential Development

New developments within urban areas have the potential to influence LSTs at the local scale, and
therefore also the formation of urban hot spots and UHIs. New developments can influence the
distribution of urban hot spots and UHIs in either a positive or negative way that is dependent on such
things as land use, building materials, and ‘greenspace’ cover. For instance, the removal of established
vegetation and mature trees can potentially increase local LSTs, while infill of new dwellings with
‘greenspace’ that replace areas of exposed, bare soil potentially reduce the local LSTs.

A new residential development area built since 2017 was identified in the City of Port Adelaide Enfield
(SA1 40402110217, near the intersection of Regency Road and Goodall Avenue) to illustrate the effect
of new developments. A new neighbourhood with parklands was built as part of a larger development
at the west side of the SA1. The residential properties have predominantly dark roofs and small, often
paved, backyards, while the parks have lawned areas with some visible tree canopies. Establishment
of new buildings with darker roofs and paved surfaces clearly increased the LST in the area shown
between 2017 and 2022 (Appendix D, Figure D.3). In contrast, buildings with lighter roofs, particularly
those close to the newly developed parks, showed somewhat lower LSTs in 2022 compared to the
previous exposed, bare soil cover in 2017 (Appendix D, Figure D.3).

Overall, the newly built properties with darker roofs in this example covered a larger area than
buildings with lighter roofs and vegetated areas such that they had a dominant influence over the
local temperature. This highlights the potential importance of integrated development design for
urban infill showing that the selection of building materials (i.e. light colour roofs and surfaces)
coupled with ‘greenspace’ can potentially mitigate thermal impacts.

4.2.2. Case Study 4 - New Transport Infrastructure

As metropolitan areas develop and the density of residential areas, commercial areas, and industrial
areas increase, it is necessary to provide sufficient infrastructure to access these areas. However, the
establishment of new roads or the re-development of existing roads often results in the change in use
of land that was previously undisturbed or used for agriculture. These changes in land use can lead to
local temperature increases that result in urban hot spots that ultimately form UHIs.

Since 2017, a major road development titled ‘the Northern Connector Project’ was commissioned and
opened to traffic in March 2020. At the southern interchange, the junction of the Port River
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Expressway and the Northern Connector, the land use has changed significantly from undisturbed
wetlands to road infrastructure (Appendix D, Figure D.4). As a result, LSTs were higher in 2022 within
areas that are now roads compared to 2017 (Appendix D, Figure D. 4). The LST was also higher in 2022
compared to 2017 in areas adjacent to the new roads that were recently cleared and remain bare
ground (Appendix D, Figure D.5).

In summary, ‘the Northern Connector Project’ highlights the result of land use change from
undisturbed, natural habitats to urban infrastructure, and how this affects local temperatures.
Furthermore, it also showed how the size of newly created UHIs can be proportional to the enormity
of change in land use and spatial scale of the development. Such areas will likely require larger
mitigation measure to reduce thermal impacts.

5. Social Vulnerability Analysis

The social vulnerability analysis identified areas where UHIs intersected with areas in which vulnerable
members of the community live. As described previously in Section 3.1, across the entire Project Area,
30.0% of the land area was covered by daytime UHIs, while only 5.7% was covered by night-time UHIs
(Appendix E, Table E.1, see also Table A.1). The maximum SVIs for the Project Area were 3.54 for
daytime UHIs and 3.27 for night-time UHIs (out of 5), and mean SVIs were 0.72 for daytime UHIs and
0.63 for night-time UHIs. Just less than half of the area covered by daytime UHIs had SVIs that were
above the Project Area mean for daytime UHIs, and the same was true for night-time UHIs. Overall,
the mean SVIs suggested relatively low social vulnerability within UHIs at the regional scale, with no
areas identified with SVI > 4 (Appendix E, Table E.1).

The vast majority of daytime and night-time UHIs across the Project Area were associated with SVI
scores at the low end of the range (SVI < 2). Maps showing daytime and night-time UHlIs classified by
SVl score reflected the underlying spatial distribution of SVI across the Project Area, which consisted
of a patchwork of suburb/LGA-sized areas and transition zones with similar low scores (grouped as
SVI =0, SVI between 0.1 and 1, and SVI between 1.1 to 2), with very few intersecting areas of higher
SVI scores (SVI between 2.1 and 3, or SVI between 3.1 and 4) (Appendix E, Figures E.1A to E.1F, and
Figures E.2A to E.2F). In general, the lowest scores tended to occur in areas typically associated with
industry, agriculture, and other non-residential areas such as Adelaide Airport, all of which have either
small populations, low population densities, or no residents. Higher scores (SVI > 2) only occurred in
some small pockets of high-density residential areas — these pockets highlight the areas that contain
people who are the most vulnerable to heat and most exposed to UHIs. As per Figure A.4, the most
prominent features of the night-time maps (Appendix E, Figures E.2A to E.2F) were associated with
unpopulated areas including waterbodies.

The following points were noted for UHI and SVI trends at the LGA scale:

e The City of West Torrens had the highest percentage of its area covered by daytime UHIs
(57.7%); however, the mean SVI within this LGA was 0.76 with a maximum SVI of 2.35,
indicating relatively low social vulnerability (Appendix E, Table E.1). Also, the spatial
distribution of daytime UHIs in relation to social vulnerability across the City of West Torrens
showed that the largest UHI was associated with the Adelaide Airport where no residents live.
Most other UHIs in the City of West Torrens had low social vulnerability between 1 to 2
(Appendix E, Figure E.1E).

e The City of Salisbury had the highest percentage of its area covered by night-time UHIs (9.0%);
however, the mean SVI score within these areas was 0.28 with a maximum SVI of 2.22,
indicating relatively low social vulnerability (Appendix E, Table E.1). The spatial distribution of
night-time UHIs across the City of Salisbury in relation to social vulnerability showed that the
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largest UHIs were associated with waterbodies near the Barker Inlet — St Kilda Aquatic
Reserve, which has a small population in the suburb of St Kilda (Appendix E, Figure E.2A).
Other night-time UHIs in the City of Salisbury were associated with low social vulnerability
(Appendix E, Figure E.2A).

e The City of Charles Sturt had the highest mean SVI of 1.09 and the highest maximum SVI (3.54)
within areas that intersected with daytime UHls, indicating that vulnerable residents within
the City of Charles Sturt were, on average, potentially the most affected by urban heat during
the day (Appendix E, Table E.1). The spatial distribution of SVI scores across daytime UHIs
throughout the City of Charles Sturt showed a relatively even dispersal of low SVI values
(between 1-2), with a cluster of high SVI values (3-4) evident in the northern section of the
LGA in the suburb of St Clair (Appendix E, Figure E.1B). Of note, the daytime UHIs within this
area were mostly classified as High (> 2°C but < 3°C above the mean LST) and Severe (> 3°C
but < 4°C above the mean LST).

e The City of Charles Sturt also had the highest mean SVI of 1.27 and a maximum SVI of 2.9
within areas that intersected with night-time UHIs, indicating that residents within the City of
Charles Sturt were also on average the most vulnerable to urban heat at night (Appendix E,
Table E.1). But again, similar to daytime UHlIs, night-time UHIs throughout the City of Charles
Sturt showed a relatively even dispersal of low SVI values (between 1-2). and only a small
cluster of high SVI values (3-4) evident in the north-western section of the LGA in the suburbs
of Semaphore Park, West Lakes, and Tennyson (Appendix E, Figure E.2B). The night-time UHIs
within this area were associated with the lake and were mostly classified as High (>2°C but <
3°C above the mean LST) (Appendix B, Figure B.4A).

e Only four LGAs had daytime UHIs that intersected with areas with a relatively high SVI score
(arbitrarily defined here as SVI greater than half the maximum score, i.e. SVI > 2.5). These
were the City of Port Adelaide Enfield, the City of Charles Sturt, the City of Holdfast Bay, and
the City of Onkaparinga (Figures E.3 and E.4). The City of Port Adelaide Enfield had the highest
land area (around 35 ha) covered by daytime UHIs that intersected with SVI > 2.5, which was
estimated to affect approximately 600 people (determined from the mean population density
of the LGA, assuming even density). The City of Holdfast Bay had the lowest land area covered
by daytime UHIs that intersected with SVI > 2.5, which was estimated to affect approximately
160 people. The City of Onkaparinga had the second lowest land area covered by daytime
UHIs that intersected with SVI > 2.5, but the lowest number of people affected (< 100 people),
which reflected the low population density of this LGA compared to the others.

e Only two LGAs had night-time UHIs that intersected with areas with SVI > 2.5. These were the
City of Port Adelaide Enfield and the City of Charles Sturt (Figures E.3 and E.4). The number of
people affected in each these relatively small areas (around 6 ha) was estimated to range
between 100 and 150 people.
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6. General Discussion

The results of this study were affected by data consistency issues related to differences in capture
date and temperature, both within the 2022-2023 study period and when compared to previous
studies. Differences among the 2022-2023 data stand out clearly in Figure A.1, which shows the high
degree of spatial variation in LST across the Project Area for capture regions captured on cooler and
warmer days. Regions captured on warmer days had inherently larger areas covered by urban hot
spots and UHIs than regions captured on cooler days, with sharp boundaries separating different
capture regions. Also, structurally similar areas in adjacent regions gave different results depending
on temperature, being relatively cooler than the capture region average LST on cooler days, but
relatively warmer than average LST on warmer days. This fundamentally affected the spatial
distribution of urban hot spots and UHIs across the Project Area as a whole and led to mixed data sets
for LGA areas spread over more than one capture region, particularly those which intersected the
North-East and Centre-West capture regions. Different methods used in different studies also posed
difficulties for comparison. For example, the Barker Inlet — St Kilda Aquatic Reserve was included in
the 2022-2023 analysis but not included in the Collaborative Heat Mapping for Eastern and Northern
Adelaide Project, which likely affected the mean LST used to derive urban hot spots and UHIs for this
capture region (Seed Consulting Services 2018). In general, the quality of the data was such that it was
not possible to aggregate and compare quantitative results across space and time with confidence,
including area values for urban hot spots, UHIs, and social vulnerability impacts. Hence, results are
discussed in a general manner, focusing on obvious examples and broader trends. Numerical values
are mentioned for descriptive purposes, but they should be treated with caution.

Urban hot spots and UHIs were widespread, patchily distributed and present in every LGA across the
Adelaide metropolitan area in 2022—-2023, covering more than 30% of the total area in the day and up
to 12% of the region by night. The North-East and Centre-West capture regions markedly lower LSTs
and fewer urban hot spots and UHIs than the other capture regions as a result of data capture on
cooler days. As expected, daytime urban hot spots and UHIs were mostly associated with highly
developed residential and industrial areas, roads, and airports, or in areas of exposed, bare soil.
However, heat accumulation was not exclusively restricted to urban areas, as seen in the City of
Onkaparinga, where large areas of UHIs were evident across large swathes of agricultural land. Cooler
areas during the day were associated with higher vegetation cover and less urban development
including forested areas in the Adelaide Hills, such as contained in the City of Mitcham, which likely
provided a cooling effect to reduce mean LST across the capture region. Overall, the City of West
Torrens had the largest percentage area coverage of daytime UHIs in 2022-2023, of which most were
classified as Extreme.

The City of West Torrens was an example of where the formation of urban hot spots and UHIs was
dominated by large infrastructure, and how capture temperature at different times had a significant
bearing on results. Most urban hot spots and UHIs were associated with the Adelaide Airport, which
covers approximately 20% of the land area within the LGA. This was consistent with the findings of
the Western Adelaide Urban Heat Mapping Project in 2017; however, the percentage coverage of
urban hot spots and UHIs was found to be lower in 2022—-2023 than in 2017. The difference in coverage
of urban hot spots and UHIs between the two studies illustrated the effect of capture temperature. In
February 2017, data were collected when temperatures were high (39.2°C during the day and 25.2°C
at night, the fourth hottest day and second warmest night of the 2016/2017 summer) and during a
prolonged hot period when maximum daytime temperatures in the days prior to data capture were
close to 40°C (Seed Consulting Services 2017) such that heat had accumulated in the landscape. In
contrast, the most recent thermal data was collected in March 2022 when the maximum day
temperature did not exceed 25°C and the night minimum temperature was below average, and the
specified optimal conditions for thermal imagery capture (2 days > 33°C) were not achieved. As such,
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it appears likely that the identification of urban hot spots and UHIs was overestimated in 2022—-2023
as the criteria to identify urban hot spots and UHIs is more sensitive to the mean LST captured during
cooler conditions. However, while the coverage of urban hot spots and UHIs may be overestimated,
the areas where urban hot spots and UHIs are most dominant are likely to be comparable as these
areas would be expected to accumulate heat even under mild conditions, particularly those areas
categorised in 2022—-2023 as Extreme.

Night-time urban hot spots and UHIs were predominantly associated with waterbodies, both along
the coast and near areas such as the Barker Inlet — St Kilda Aquatic Reserve and the West Lakes region.
This was somewhat unexpected as waterbodies are not usually associated with heat accumulation;
however, similar temperature changes within the West Lakes region between day and night were
recorded previously in the Western Adelaide Urban Heat Mapping Project (Seed Consulting Services
2017). The 2017 study found that during the day, water provided a strong cooling effect due to its
high heat capacity, but at night, water was slow to cool, leading to higher temperatures than the
surrounding environment. From this, it was speculated that prolonged warm periods may cause this
area to heat above the surrounding temperature and become a contributor to evening heat islands
(Seed Consulting Services 2017). Further work is needed to describe the seasonal and diurnal heat
dynamics of these water bodies to better understand the influence they have on the formation of
urban hot spots and UHIs within the Project Area. Overall, the City of Burnside has the largest
percentage area coverage of night-time UHIs in 2022-2023, due to heat retention in the west-facing
Adelaide Hills on the eastern boundary of the LGA.

The City of Burnside (and other eastern LGAs) was an example of how geography and natural features
of the landscape and environment can play a role in the formation of UHIs. The spatial distribution of
night-time urban hot spots within this LGA and others bordering the foothills of the Adelaide Hills
showed UHIs along the western face of the hills. This was consistent with results of the Collaborative
Heat Mapping for Eastern and Northern Adelaide Project (Seed Consulting Services 2018), where it
was speculated that this trend may be related to the sea breeze at night that may be too weak to cool
the higher elevations, or the westward-facing hills that have exposure to the sunlight later in the
afternoon, allowing them to continue absorbing heat later into the day (Seed Consulting Services
2018). Regardless of the driver, given the consistent findings between years it is likely that this
phenomenon is not random. Although conditions prior to data capture in 2022—-2023 were cooler
compared to previous years, the identified areas where night-time urban hot spots were most
prominent was consistent between years. These patterns of UHS accumulation offer some insight into
the way in which heat accumulation in the landscape can be influenced by aspect, elevation, and
meteorology.

Assessment of urban hot spots and UHIs within the DIT owned or managed land highlighted how roads
and paved surfaces were strong contributors to urban heat during the day, while rail infrastructure
contributed to night-time heat. The 2022-2023 results were consistent with previous results that have
shown how major roads and railways tend to have the largest warming impact, followed by minor
roads, and how road surface materials retain more heat during the night than most other surface
materials in the region (Seed Consulting Services 2017, 2018). Overall, it is clear that DIT managed or
owned land are contributors to urban hot spots and UHIs and should be prioritised to mitigate thermal
impacts.

Identifying where urban heat mitigation and greening strategies have made an impact to UHI
formation was difficult given the differences in data acquisition between years and the spatial extent
of analyses in comparison to the current study. That said, case studies of urban heat that identified
areas of notable change since the previous analyses highlighted some effective thermal mitigation
strategies, and areas of concern. For example, a case study of new residential development
highlighted the importance of integrated development design for urban infill showing that the
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selection of building materials coupled with ‘greenspace’ is effective to mitigate thermal heat. These
findings were in line with strategies and technologies previously recommended. An area of concern
was the ‘Northern Connector Project’ that highlighted the negative effect of large urban infrastructure
projects on urban heat that will likely require larger mitigation measure to reduce thermal impacts.

The spatial trends of UHIs in relation to socially vulnerable members of the community showed that
although UHIs covered large areas, social vulnerability in areas that intersected with UHIs was
relatively low, and that LGAs identified to have the highest coverage of UHIs were not necessarily the
ones to have the highest social vulnerability. Average SVI in areas where both daytime and night-time
UHIs were identified was < 1, and the intersection of UHIs with SVI data reflected the underlying
patchy distribution of SVI values across the Adelaide metropolitan area, which mostly consisted of SVI
scores at the lower end of the range (SVI < 2). As an example, the City of West Torrens had the highest
coverage of daytime UHIs and the City of Salisbury had the highest coverage of night-time UHIs;
however, the mean SVI scores for these areas were less than 1 and maximums were less than 2.5,
indicating relatively low social vulnerability. The analysis identified some small pockets of dense,
residential areas within daytime and night-time UHIs where SVI > 2.5, indicating the areas with
residents who are both the most vulnerable and the most exposed to heat, but these patches were
relatively few, small in area, and likely contain a relatively small number of residents in total (< 2,000
people).

Results from the 2022-2023 social vulnerability analysis were similar to previous studies in general
respects but showed differences in the specific locations of vulnerable populations, as per differences
in the specific distributions of UHIs. For example, this study found that just below 50% of areas covered
by UHIs had SVI scores above the regional average, compared to 40% in the Collaborative Heat
Mapping for Eastern and Northern Adelaide Project conducted in March 2018 (Seed Consulting
Services 2018), and mean SVI values across the Project Area were relatively low. Both studies
identified the City of Port Adelaide Enfield and the City for Charles Sturt as LGAs with relatively high
social vulnerability (both day and night), with the highest numbers of vulnerable residents living within
UHls. Specifically though, within the City of Charles Sturt, the highest degree of social vulnerability in
2017 was identified in the suburb of Fulham Gardens (Seed Consulting Services 2017), whereas in
2022-2023, the suburbs with the highest social vulnerability were St Clair (for daytime UHIs) and the
lake-side suburbs of Semaphore Park, West Lakes and Tennyson (for night-time UHIs). Within the City
of Port Adelaide Enfield, the most vulnerable areas in 2017 were the suburbs of Peterhead and
Alberton (Seed Consulting Services 2017), whereas in 2022—-2023, the most vulnerable areas were in
the suburbs of Taperoo and Largs North. It should be noted that some of the differences identified
could be related to differences in social-economic indicators used, and how the number of people in
UHIs was calculated. Trends in urban heat may need to be further investigated at the suburb scale to
effectively identify the exact suburbs that should be prioritised for urban heat mitigation.
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7. Conclusions

The results of this study were affected by data consistency issues related to differences in capture
date and temperature, which greatly affected confidence in results and the value of the outcomes.
Unfortunately, thermal imagery captures in 2022—2023 across the Adelaide metropolitan area were
spread across multiple regions that were captured at different times of the year and under mild
temperature conditions that were not optimal for thermal imagery capture. As such, regions captured
on warmer days had inherently higher LSTs than regions captured on cooler days, which had a large
influence on the spatial distribution of urban hot spots and UHIs and resulted in mixed data sets for
LGAs spread over more than one capture region. The overall quality of the data was such that it was
not possible to aggregate and compare spatial and temporal trends quantitatively with confidence.
Hence, the interpretation of results from this study were focussed on qualitative descriptions of urban
heat trends across the Adelaide metropolitan area.

In 2022-2023, the pattern of urban hot spots and UHIs across the Adelaide metropolitan area mainly
reflected those identified from previous analyses, with daytime urban hot spots and UHIs associated
with highly developed residential and industrial areas, roads, and airports, or in areas of exposed, bare
soil, while at night, urban hot spots and UHIs were predominantly associated with sealed surfaces
(roads), waterbodies, or the western face of the Adelaide Hills. Unfortunately, data limitations meant
that it was not possible to quantitatively determine whether urban heat mitigation and greening
strategies implemented since the completion of previous studies had made an impact to urban heat
island formation.

Findings for individual LGAs were somewhat mixed when compared to previous analyses, in large part
due to the differences in data acquisition, and the spatial and temporal variation in daily maximum
and night minimum temperatures. In 2022-2023, the area values of urban hot spots and UHIs were
possibly overestimated compared to previous studies because data was captured when temperatures
were cooler. However, many previously identified areas of urban hot spots and UHIs measured under
hot conditions were also found to store heat under cooler conditions. Given that UHIs are a relative
measure, the area affected by urban heat may not necessarily change, but the intensity of heat in
these areas likely increases relative to elevated day and night temperatures.

Overall, despite the differences in data acquisition between years, the spatial trends of urban hot
spots and UHIs across the Adelaide metropolitan area in 2022—-2023 were somewhat comparable to
previous years for identifying socially vulnerable populations. As in previous studies, social
vulnerability in areas that intersected with UHIs was relatively low. The intersection of UHIs and
socially vulnerable members of the community was similar between years, with the LGAs previously
identified to be most at risk also identified in 2022—-2023, although the areas within these LGAs most
at risk differed at the suburb scale between years.
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Figure E.3: The area of urban heat islands (day and night) that intersect with areas of relatively high social vulnerability
(Social Vulnerability Index > 2.5) for Local Government Areas across the Adelaide metropolitan region.
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Figure E.4: The potential number of people within areas of relatively high social vulnerability (Social Vulnerability Index

> 2.5) that intersect with urban heat islands (day and night) for Local Government Areas across the Adelaide
metropolitan region.
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Appendix F: Time Series of Land Surface Temperature from Landsat
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F.1 Methods

Time series of LST were produced using cloud free (cloud < 10%) Landsat imagery. Landsat thermal
bands are captured at 100 m spatial resolution but were provided in a resampled 30 m resolution
version by the United States Geological Survey. Any remaining clouds were filtered by the pixel
quality layer provided with the data. The thermal bands were converted to LST in degrees Celsius
using a mono-window method (Qin et al. 2001, Liu and Zhang 2011). Specifically, the band values
were first converted to a sensor brightness temperature, then using the emissivity (based on a
vegetation index), atmospheric transmittance (based on near surface temperature and relative
humidity), and the approximation of atmospheric temperature (based on water vapour content at
the certain latitude and season) the brightness temperature was converted to LST.

Time series of Landsat LST were produced for individual LGAs using each cloud free capture over the
summer months (December to February) from 1987 to 2022. Captures over the summer months
were averaged to produce yearly summer LST averages, which were used to create the time series.
The time series was also used to calculate average change over time. This change calculation was
derived by fitting a linear trend line to the time series and taking the difference in LST between the
start (1987) and end (2022) of the trend line.

Due to the presence of clouds, it was only possible to produce LST time series for eight LGAs near
the centre of the Project Area, including City of Adelaide, City of Burnside, City of Charles Sturt, City
of Prospect, City of Unley, City of West Torrens, City of Norwood Payneham and St Peters, and Town
of Walkerville. Time series of LST for each suburb within the eight LGAs have also been provided as a
value-add output in this report, but without any detailed descriptions or discussion of temperature
trends for individual suburbs. Note that no cloud free data was available for four years; 1992, 1994,
1996, and 2013.

F.2 Results

Long-terms trends in Landsat mean LSTs recorded over summer (December to February) showed a
common increase between 1987 and 2022 in the order of 2°C to 4°C (Figure F.1 to Figure F.3). Year-
to-year fluctuations tended to be the same for all LGAs. Some declines in mean LSTs were evident in
cooler than average summers across all LGAs (e.g. 1989-90 and 2011-12) which aligned with La Nifia
climatic conditions known to drive cooler, wetter summers. The spatial distribution of LST change
since 1987 within each LGA showed a relatively even distribution of increases across the landscape,
though some notable pockets of cooler LSTs were evident, namely within the Adelaide City Council,
City of Prospect, City of Charles Sturt, and City of West Torrens (Figure F.1 to F.3). Cool spots were
commonly associated with large warehouse-type buildings or shopping centres (for example
Northpark shopping centre in the City of Prospect; Figure F.2). Overall, increasing LSTs since 1987
were evident across all LGAs.
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Figure F.1: Long-term time series of land surface temperature recorded over the summer months (December to
February) within the specified local government area, derived from Landsat imagery (cloud cover < 10%). The light
shading indicates the 5th to 95th percentile range, and the darker shading indicates the 25th to 75th percentile range.
The dark line is the mean land surface temperature, and the dashed black line indicates a linear fit to the data.
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Figure F.2: Long-term time series of land surface temperature recorded over the summer months (December to
February) within the specified local government area, derived from Landsat imagery (cloud cover < 10%). The light
shading indicates the 5th to 95th percentile range, and the darker shading indicates the 25th to 75th percentile range.
The dark line is the mean land surface temperature, and the dashed black line indicates a linear fit to the data.
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Figure F.3: Long-term time series of land surface temperature recorded over the summer months (December to
February) within the specified local government area, derived from Landsat imagery (cloud cover < 10%). The light
shading indicates the 5th to 95th percentile range, and the darker shading indicates the 25th to 75th percentile range.
The dark line is the mean land surface temperature, and the dashed black line indicates a linear fit to the data.
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