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Executive summary
Proserpine is one of the hottest towns in the Whitsunday Regional
Council and is expected to get hotter with climate change. The
population of Proserpine is forecast to grow rapidly as agricultural
land around the town is developed. Population growth will also
increase the number of people in Proserpine who are particularly
vulnerable to extreme heat and humidity (mostly young children
and the elderly). Addressing heat where vulnerable people live
(e.g. aged care facilities) and congregate (daycare centres,
schools) is of the utmost importance to ensure a healthy and
resilient community.
Urban areas are also generally hotter than surrounding rural areas
due to the urban heat island effect. The urban heat island effect
occurs as towns and cities contain hard surfaces such as buildings,
concrete and roads that absorb heat during the day. There is also
less vegetation and surface water in towns and cities which also
contributes to higher temperatures.
Whitsunday Regional Council has engaged Mosaic Insights and
Natural Capital Economics for the Proserpine Heat Reduction
Feasibility Assessment. Stage 1 of this project involves mapping
heat across Proserpine in the current and future climate. Stage 2
is an options assessment and modelling of various climate
adaptation technologies for a case study to quantify the economic
cost and benefit of implementing the climate adaptation
technology. The outputs of this will be used as an input to a Heat
Reduction Feasibility Assessment and Implementation Plan, which
will ensure the optimum cooling benefits for residents given the
lifecycle costs of investment. Stage 3 of the project creates a Heat
Reduction Feasibility Plan and creates a framework for embedding
heat reduction principles into the planning scheme.
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Mosaic Insights has conducted heat modelling of Proserpine for
the current and future climate for Stage 1 of the Proserpine Heat
Reduction Feasibility Assessment. Meteorological data was
sourced from the Bureau of Meteorology for the current climate,
and from eight climate models for the future climate. The high
emission RCP8.5 scenario was chosen for the modelling scenarios
as current emissions track closest to this trajectory. Future climate
data for 2050 and 2090 was used to align with the planning
scheme. The modelling quantified air temperature, surface
temperature and a measure of human thermal comfort called the
Universal Thermal Climate Index.
The findings demonstrated the hottest parts of the town are
those with the largest building footprints and fewest trees, such
as the sugar mill, Main Street, the hospital, Proserpine High School
and Proserpine Nursing Home. The coolest areas were those with
irrigated grass and the areas surrounding the Proserpine River.
All of the urban areas are expected to get warmer with climate
change, pushing temperatures into the extreme heat day category
across much of Proserpine by 2090.
This project is a unique opportunity for Proserpine to quantify hot
spots in the town, understand how heat will change over time due
to climate change, and address this heat through modelling of
climate adaptation technologies. The addition of the economic
analysis to quantify the costs and benefits of implementing the
climate adaptation technologies will help with business cases and
set a precedent for implementing climate change adaptation
among communities as they continue to develop.

Urban heat modelling
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TARGET model
Urban heat modelling was conducted using The Air-temperature Response to
Green/blue-infrastructure Evaluation Tool (TARGET)1, developed by the Co-operative
Research Centre for Water Sensitive Cities.
TARGET calculates the air temperature for a desired microclimate region based on the
make-up of the spatial land surface data and meteorological data.
In the TARGET model every spatial grid point (pixel) contains a fraction of:
1. Roof
2. Road
3. Concrete
4. Water
5. Trees
6. Dry grass
7. Irrigated grass
8. Building height
9. Road width

Values for these variables are based on the physical characteristics of the modelled area,
and averaged over a grid at the chosen resolution. See next slide for the spatial data
source of this study.
The schematic on the right demonstrates the conceptual framework that underpins the
TARGET model.
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Schematic of TARGET urban canyon set up. Tac is the canopy layer air temperature, and Tb is the above canopy air
temperature, which is a uniform value across the whole domain. Wroof is the roof width, Wtree is the tree width, W is
canyon width, and W* = W – Wtree. The surface beneath trees is assumed to be representative of canyon ground
level surfaces1.

1. Broadbent AM, Coutts AM, Nice KA, Demuzere M, Krayenhoff S, Tapper NJ, Wouters H (2019) The Air-temperature Response to Green/blue-infrastructure Evaluation Tool
(TARGET v1.0): an efficient and user friendly model of city cooling. Geoscientific Model Development 12:785–803

Spatial data
Geoscape surface cover data was sourced for
Proserpine and the modelling area. The Geoscape
data is produced through applying machine
learning to satellite imagery. This data exists for
most of Australia though urban areas have a higher
resolution than rural areas.
Geoscape data was available at a 2 m resolution for
almost 70% of the modelling area, including the
town itself, and a 30 m resolution for the remaining
areas to the north-west and south-west of the
town. As a result, parts of the Proserpine River
were not captured in the north-west of the study
area.
The images on the right show a close up of Main
Street and surrounding areas through a Google
Satellite image and how it is represented in the
Geoscape surface cover data, including the key for
each surface type. On the following slide is the
satellite image of the town and surrounding areas
and the Geoscape data used for modelling.
Irrigated grass, in black, was added by Mosaic
Insights over irrigated fields and irrigated parts of
the golf course.
The Geoscape surface data categories do not
directly align with the TARGET land surface
categories. How they were translated into the
TARGET categories will be explained in the
Assumptions section.
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Spatial data
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Meteorological data
The TARGET model uses six meteorological variables:
• 2 m air temperature (˚C)
• Relative humidity (%)
• Wind speed (m/s)
• Surface pressure (hPa)
• Total shortwave radiation (W/m2)
• Total longwave radiation (W/m2)
Half hourly temperature, humidity, wind speed and surface pressure
data from Proserpine Airport weather station was sourced and fed into
the TARGET model. We acknowledge the CRCWSC for supplying this
data.
The incoming shortwave radiation and incoming longwave radiation
data are derived from the ERA5 reanalysis dataset, which is a global
spatial dataset that assimilates weather observations into a weather
forecasting model to produce highly accurate global weather
observations.
An extreme heat day was chosen for modelling, 13 February 2018,
where the maximum temperature for the day was 37.5 ˚C and
occurred at 3:00 pm. The relative humidity at Proserpine on this day
began around 90% though as the temperature increased the humidity
dropped to below 40%. While the humidity more than halved on this
day it still would have ‘felt’ humid as the temperature rose, due to how
the human body responds to days with high heat and humidity.
According to the Bureau of Meteorology if the air temperature is
37.5˚C and the humidity is 40% it feels like 42˚C. It also becomes
harder for the human body to cool down through sweating. This day
was chosen to demonstrate the dangerous effects of extreme heat.
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Climate change data: 2050 – 2090
The impacts of climate change were also investigated for 2050 and 2090 for Proserpine by sourcing
climate model data from the CSIRO Climate Change in Australia website.
While there are over 40 climate models with projections of climate change for Australia, eight
climate models were preselected by CSIRO as they accurately represent the current Australian
climate and produce a range of possible climate futures. These eight models are:
• ACCESS 1.0
• CanESM2
• CESM1-CAM5
• CNRM-CM5
• GFDK-ESM2M
• HadGEM2
• MIROC5
• NorESM1
The change in temperature, relative humidity, surface pressure, solar radiation and wind was
sourced from these climate models for 2050 and 2090 using the high emissions RCP8.5 scenario and
then averaged together for a model average change. The change values (see table below) were
applied to the meteorological data of 13 February 2018 to produce an extreme heat day in 2050 and
2090. Note that a decrease in solar radiation indicates more cloudy days. The new time series of
temperature and relative humidity for 2018, 2050 and 2090 are shown on the right. The difference
in relative humidity is very small between the time steps.
The RCP8.5 scenario is the worst-case scenario in the current climate projections; however, its
emissions are consistent with the historical total cumulative CO2 emissions1. It is also the best match
out to at least 2050 under current and stated climate policies.
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Climate variable

2050

2090

Average temperature

+1.54 ˚C

+3.17 ˚C

Relative humidity

–0.15%

+0.37%

Wind speed

–1.69%

–2.17%

Surface pressure

+0.03%

+0.05%

Solar radiation

–0.17%

–1.09%

1. Schwalm R, Glendon S, Duffy PB (2020) RCP8.5 tracks cumulative CO2 emissions. Proceedings of the National Academy of Science (PNAS) www.pnas.org/cgi/doi/10.1073/pnas.2007117117

Human thermal comfort and heat stress days
Outdoor human thermal comfort
describes what meteorological
conditions ‘feel’ like to an average
person.
The two ways humans cope with
heat are by perspiring and
breathing.
When we have high heat and high
humidity, we feel very
uncomfortable as sweat does not
dry on our skin to cool us down.
It’s the combination of heat and
humidity that results in the
apparent temperature or "how it
feels".
The systems in the human body
that enable it to adapt to heat
become overwhelmed when the
hot weather continues for more
than a few days.

9

When a person is exposed to heat
for a very long time, the first thing
that shuts down is the ability to
sweat. Once a person stops
perspiring, in very short time a
person can move from heat
exhaustion to heat stroke1.
A common measure of human
thermal comfort is the Universal
Thermal Climate Index (UTCI). The
UTCI takes into account the effects
of air temperature, radiation,
humidity and wind speed, and uses
a physiological model and clothing
model to produce the UTCI
(schematic below)2.
The UTCI is then sorted into stress
category ranges.
The TARGET model outputs the
UTCI which will be analysed in this
report.

Harmon, K. 2010. Scientific American, How does a heat wave affect the human body?

1

2Loughnan,

ME, Tapper, NJ, Phan, T, Lynch, K, McInnes, JA 2013, A spatial vulnerability analysis of urban populations during extreme heat events in Australian capital cities, National Climate
Change Adaptation Research Facility, Gold Coast, 128 pp.

Assumptions
Several assumptions about the Geoscape surface cover data
were used to ensure the data could be read by the TARGET
model. These include:
Geoscape surface cover data with the following classifications
were considered as dry grass in TARGET:
•
Bare ground
•
Grass
•
Clouds
•
Shadow
It was assumed that the bare ground would become grass in the
wet season, when this simulation takes place. As grass was the
most common surface cover type, areas that were obscured by
cloud when the satellite went past (there are not many of these
points) were assumed to be grass. Finally, shadows were often
from buildings or trees shading grass (see example on right) so
these areas have been included as grass.
Swimming pools were considered water bodies. Built-up areas
were considered as concrete. Unspecified vegetation, often
shrubs, hedges or crops were considered as 70% dry grass and
30% trees. This accounts for their height above ground.
The modelling resolution was 20 m2, see example projection on
the right.
The results shown are for 3 pm, the hottest time of day.
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Results
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Air temperature – current climate
At 3:00 pm Proserpine Airport automatic weather station air temperature is 37.5 ˚C.
The average temperature across the entire model area is 36.7 ˚C at 3 pm, cooler than at
Proserpine Airport. This is because this model area includes areas of trees, irrigated grass
and water bodies such as Proserpine river, while the weather station is located near the
Airport and surrounded by dry grass.
The maximum air temperature at 3 pm anywhere in the model area is 40.0 ˚C. This is 2.5 ˚C
higher than the temperature at the Proserpine Airport weather station, due to urban heat.
The hottest areas of Proserpine are the heavily built up areas with high proportions of
buildings and roads and fewer areas of grass and trees. These hottest locations are:
• Roads
• Proserpine Hospital
• Wilmar Sugar mill
• Proserpine High School
• St Catherine’s Catholic College
• Proserpine Nursing Home
• Main Street
The sports fields (and the golf greens) with irrigated grass are the coolest areas in the town
of Proserpine.
Outside of Proserpine, the forested areas around Lagoon Creek and the Proserpine River
result in the coolest temperatures in the model area. Trees and water are effective at
cooling the environment through their ability to shade and cool the air through
evaporation.
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Air temperature – 2050
At 3:00 pm Proserpine Airport automatic weather station air temperature is 39.0 ˚C.
The average temperature across the entire model area is 38.2 ˚C at
3 pm, which is 1.5˚C warmer than the current climate model area
(36.7 ˚C, see previous page). All timesteps had 1.54 ˚C of warming
applied through the RCP8.5 climate model scenario at 2050, indicating
that during the day, the expected warming from climate change will be
prevalent across the town.
The maximum air temperature at 3 pm anywhere in the model area is
41.4 ˚C. This is 3.2 ˚C higher than the temperature at the Proserpine
Airport weather station, due to urban heat. This is most prevalent in
the hotter areas of Proserpine including the sugar mill and Main Street.
The coolest areas within the town remain the fields with irrigated grass
and areas with a high proportion of trees and vegetation.

Outside of Proserpine, the forested areas around Lagoon Creek and the
Proserpine River remain the coolest temperatures in the model area, in
the future climate.
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Air temperature – comparing 2050 to 2018
The warming from climate change does not occur uniformly across the site,
and it depends on the time of day as well. Examples on the next page show
the difference in air temperature between 2050 and 2018 at 10 am, 3 pm,
7 pm and 10 pm. At 10 am the grass and roads heat first, while at 10 pm the
areas with lots of trees are warmest as they trap heat. It should be noted
that the meteorological data used for the future climate modelling
simulations have a uniform difference of 1.54 ˚C applied throughout the day.
This demonstrates that some model areas warm faster than others at certain
times of the day.
The line graph to the right shows how the model site area average difference
in air temperature between 2050 and 2018 evolves throughout the day. The
largest warming from climate change occurs during the day with minimal
differences at night, indicating that in Proserpine the largest effects of air
temperature change from climate change will be felt during the day.
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Air temperature – comparing 2050 to 2018
See previous page for description of these maps.
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10 am

3 pm

7 pm

10 pm

Air temperature – 2090
At 3:00 pm Proserpine Airport automatic weather station air temperature is 40.7 ˚C.
The average temperature across the entire model area is 39.7 ˚C at
3 pm, which is 3.0 ˚C warmer than the current climate model area
(36.7 ˚C, see page 12). All timesteps had 3.17 ˚C of warming applied
through the RCP8.5 climate model scenario at 2090. This suggests that
at 3 pm, the model area does not warm quite as much as the climate
models would suggest. However, this is due to the large forested areas
to the north-west and south-west of the town, cooling the model area.
The maximum air temperature at 3 pm anywhere in the model area is
42.9 ˚C. This is 3.2 ˚C higher than the temperature at the Proserpine
Airport weather station, due to urban heat. This is most prevalent in
the hotter areas of Proserpine including the sugar mill, Proserpine High
School and Main Street.
The coolest areas within the town remain the fields with irrigated grass
and areas with a high proportion of trees and vegetation.
Outside of Proserpine, the forested areas around Lagoon Creek and the
Proserpine River remain the coolest temperatures in the model area, in
the future climate.
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Air temperature – comparing 2090 to 2018
The warming from climate change does not occur uniformly across the site, and it
depends on the time of day as well. Examples to the on the next page show the
difference in air temperature between 2090 and 2018 at 10 am, 3 pm, 7 pm and 10 pm.
At 10 am the grass and roads heat first, at 3 pm and 7 pm the heating is uniform across
the site, and at 10 pm the differences are close to 0 ˚C, except areas with lots of trees
are warmer because they trap heat as it tries to escape at night. It should be noted that
the meteorological data used for the future climate modelling simulations have a
uniform difference of 3.17 ˚C applied throughout the day. This demonstrates that some
model areas warm faster than others at certain times of the day.
The line graph to the right shows how the model site area average difference in air
temperature between 2090 and 2018 evolves throughout the day. The largest warming
from climate change occurs during the day with minimal differences at night, indicating
that in Proserpine the largest effects of air temperature change from climate change will
be felt during the day.
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Air temperature – comparing 2090 to 2018
See previous page for description of these maps.
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10 am

3 pm

7 pm

10 pm

Surface temperature – 2018, 2050 and 2090

At 3 pm In the current and future climate the surface temperature
has a similar pattern to the air temperature where the roads, sugar
mill and Main Street are some of the hottest places in Proserpine.
The coolest areas are the fields with irrigated grass and areas
around Lagoon Creek and the Proserpine River.
There are minimal differences in the surface temperature between
the current and future climate. However, like the air temperature
there are differences between the current and future climate, and
their magnitude depends on the time of day.
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The line graph to the right shows how the model site area average
difference in surface temperature between 2050, 2090 and 2018
evolves throughout the day. In 2050 and 2090 the majority of the
warming from climate change occurs between 11 am and 9 pm,
with no warming, or even some cooling during the morning.

UTCI – 2018, 2050 and 2090
The UTCI is demonstrated here in its heat stress categories
for the current and future climate at 3 pm, the hottest time
of day.

In 2018 the entire model area is very strong heat stress,
except for the areas near Lagoon Creek and the Proserpine
River, which are strong heat stress.

At 3 pm, the model site average UTCI is 40.8 ˚C, 42.6 ˚C and
44.4 ˚C at 2018, 2050 and 2090, respectively. On average,
this is a very strong heat stress day in the current and future
climate. The UTCI is higher than the air temperature due to
the humidity and exposure to solar radiation raising the UTCI
at 3 pm.

In 2050, the areas with large buildings such as the mill
experience extreme heat stress.

The maximum UTCI across the model area in 2018, 2050 and
2090 are 45.0 ˚C, 46.8 ˚C and 48.7 ˚C, respectively.
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In 2090 the number of areas with extreme heat stress
increases to most areas in Proserpine with high density
buildings and less vegetation, such as the mill, Main Street
and Proserpine High School. These areas were the hottest in
the air temperature, surface temperature and UTCI in the
current and future climate.

Summary of findings
,

Proserpine site average

Current climate

2050

2090

3 pm air temperature

36.7 ˚C

38.2 ˚C

39.7 ˚C

3 pm surface temperature

46.9 ˚C

47.1 ˚C

47.0 ˚C

40.8 ˚C
Very strong heat
stress

42.6 ˚C
Very strong heat
stress

44.4 ˚C
Very strong heat
stress

3 pm thermal stress

The modelling of Proserpine has identified the following areas as hot spots in the air
temperature, surface temperature and UTCI, a measure of human thermal comfort:
• Roads
• Proserpine Hospital
• Wilmar Sugar mill
• Proserpine High School
• St Catherine’s Catholic College
• Proserpine Nursing Home

• Main Street
These areas will remain hot spots in the future climate of 2050 and 2090, unless climate
adaptation measures are implemented.
The hot spots around Main Street, Proserpine Nursing Home and Proserpine hospital
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indicate that vulnerable people live or congregate in some of the hottest areas in the town.
This is likely to put them at an increased risk of heat stress during extreme heat, providing
further need to mitigate heat in these hotspots.
The coolest areas within Proserpine are the irrigated areas. Irrigation is an effective way to
reduce air temperatures through two mechanisms. First, the water evaporates cooling the
air and secondly it ensures healthy plants that can evapotranspirate, also cooling the air.
Irrigation for heat mitigation requires more water than a business as usual approach, though
if stormwater is captured and recycled water is utilised widespread irrigation can become
more feasible.
This heat modelling in the current and future climate will be used to select a case study in
Proserpine for a detailed heat mitigation options assessment, and subsequent cost benefit
analysis of implementing the heat mitigation measures. The results will become a Heat
Reduction Feasibility Assessment.

