
   
         Stephanie Jacobs 
          Ailie Gallant, Nigel Tapper, Danijel Belušić 

                School of  Earth, Atmosphere and Environment, Monash 
                     
                  Stephanie.Jacobs@monash.edu 

	  

Cooler citizens 

Simulate a heat wave 

Use WRF 
urban to… 

References: 
Cowan et al. (2014) More frequent, longer and hotter heat waves 
for Australia in the 21st century J Climate doi:10.1175/JCLI-
D-14-00092.1  
 
Kalkstein et al. (2013) http:// www.coolrooftoolkit.org/wp-
content/uploads/2013/12/DC-Heat- Mortality-Study-for-DDOE-
FINAL.pdf 
 
Loughnan et al. (2012) Mapping heat health risks in urban areas. 
Int J Population Res 

International Journal of Population Research 7

N

0 30 60

Kilometers

9 to 10
8 to 9
7 to 8
6 to 7

5 to 6
4 to 5
3 to 4
1 to 3

Vulnerability index

Figure 1: A map of the statistical district of Melbourne showing the
weighted vulnerability index for each POA, on hot days.

in each POA was then mapped using MapInfo software
[58], Figure 2. The di!erence between absolute and relative
vulnerability was also examined by determining the change
in health outcomes for each POA between hot days and
nonhot days. Here we define “absolute vulnerability” as areas
where AHO are generally higher than the overall Melbourne
average on nonhot days throughout the summer. These areas
have generally poorer health and further increases in AHO
are apparent during periods of hot weather. In these areas,
the population presents high mortality rates and morbid-
ity rates during summer but increase further during hot
weather.

Areas of “relative vulnerability” are defined as areas
where AHO are average or below average on nonhot days
throughout the summer period but where during periods
of hot weather there is a notable increase in AHO. In these
areas, mortality and morbidity rates are typically low during
summer (compared with the Melbourne average) but during
hot weather these rates markedly increase, indicating that
these populations are still vulnerable during hot weather
despite having low rates of AHO on nonhot summer days.

3. Results

The threshold temperature defining hot days for the Mel-
bourne region during the study period was a mean T of 30!C,
based on previous work [11]. There were 26 days that exceed
this threshold during the study period. There was an average
of 327 AHO per day in Melbourne on hot days, compared
with 279 AHO per day on nonhot days. This represents a 17%
increase in AHO on hot days in summer. This is consistent
with results presented in Nicholls et al. [11].

3.1. Regression Analysis. Eight of the ten variables initially
examined were significantly correlated with AHO; these are
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Figure 2: A map of the statistical district of Melbourne showing
the relative change in AHO for each POA between baseline (nonhot
days) and hot days.

variables 1–8 in Table 2. Five of the eight variables, namely,
proportion of aged care facilities, ethnicity, and households
with single persons over 65 years of age, areas with large
proportion of persons in the vulnerable age groups 0–4 years
and 65 years and older, and urban density, made significant
contributions to the spatial distribution of the vulnerability
index. A model with these five variables included explained
47% of the spatial variability of relative AHO on hot days.
The proportion of aged care facilities and the location of
ethnic groups together explain 40.9% of the spatial distri-
bution of AHO on hot days. A condition index of 7.2 was not
suggestive of multicolinearity between the variables in this
model.

A map of the weighted vulnerability index demonstrates
a clear picture of increased vulnerability (areas shown as
orange to red in Figure 1) mainly in the inner urban POAs on
a northwest to southeast axis, which transects the inner city
region. There does not appear to be increased vulnerability
in areas within the CBD.

Maps were also generated for the actual AHO on hot days
and for the relative change in AHO in each POA between hot
days and nonhot days, but these cannot be shown due to con-
fidentiality restraints necessary when using potentially iden-
tifiable health data. The pattern of AHO on hot days broadly
resembles that of the predicted vulnerability as shown by
the map of the vulnerability index in Figure 1. However,
there is an interesting anomaly in the northeast suburbs
where the predicted vulnerability is high (decile 8–10), but
the AHO on hot days is average or just above average (deciles
5–7). Some of this variation is explained by calculating the
relative change in AHO from baseline (nonhot days) and
hot days (see Figure 2). Some areas in Melbourne show
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MITIGATING URBAN HEAT ISLANDS

This study evaluated two common urban heat 
island mitigation strategies—increasing reflectance 
and increasing vegetative cover.

Increased Reflectance
Studies indicate that roofs and pavements make up 
60% to 70% of urban surfaces in an average U.S. city. 
About 20% to 30% are roofs and 30% to 45% are 
pavements (Akbari et al., 2009). O! en, these surfaces 
are dark and will typically absorb more than 80 percent 
of sunlight. Solar energy absorbed by roofs becomes 
heat that can be transferred into the building or blown 
o"  the roof to heat the surrounding community. 

Replacing and upgrading roofs and pavements with 
more reflective materials reverses this warming, 
turning urban surfaces into assets instead of burdens. 
Cool surfaces are measured by how much light they 
reflect (solar reflectance or SR) and how e#  ciently they 
radiate heat (thermal emittance or TE). Solar reflectance 
is the fraction of sunlight (0 to 1, or 0% to 100%) that is 
reflected from a surface. SR typically ranges from about 
0.04 (or 4%) for charcoal to 0.9 (or 90%) for fresh snow. 
Solar reflectance is also referred to as albedo. High 
solar reflectance is the most important property of a 
cool surface. 

Thermal emittance (TE) measures the e#  ciency 
(0 to 1) with which a surface emits thermal radiation. 
High thermal emittance helps a surface cool by radiating 
heat to its surroundings. Nearly all nonmetallic surfaces 
have high thermal emittance, usually between 0.80 and 
0.95. Uncoated metal has low thermal emittance, which 
means it will stay warm. An uncoated metal surface that 
reflects as much sunlight as a white surface will stay 
warmer in the sun because it emits less thermal 
radiation. TE is the second most important property 
of a cool surface. 

Figure 1 demonstrates how albedo can keep a surface 
cool. The $ gure depicts two identical roofs that are 
receiving the same amount of sunlight. On both roofs, 
a portion of the sunlight will heat the building, some will 
heat the city air, some will heat the upper atmosphere, 
and some will be reflected into space. The white roof 
reflects the vast majority of the sunlight back into space, 
thus keeping the building, city, and planet cooler. 

Figure 1. Di! erence in heat dispersal on a black versus white 
roof. Much more heat is reflected when utilizing white roo$ ng 
material. Source: Lawrence Berkeley National Lab
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RCP8.5 change in heatwave amplitude (Cowan et al. 2014) 

(Kalkstein et al. 2012) 

Fig. 3. Summer heat wave metric increases over 2081–2100, compared to the 1950–2005
climatology, for (left) RCP4.5, and (right) RCP8.5: (a,d) HWF, (b,e) HWD, and (c,f) HWA.
Stippling indicates where the 2081–2100 and 1950–2005 climatologies are not significantly
di↵erent at the 95% confidence level (i.e., most regions are significant) based on a Mann-
Whitney U test.
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Mitigating the urban heat island to 
improve thermal comfort and mortality 

Aim: to find the ideal configuration of  green infrastructure to 
create a cooler urban climate during heat waves and save lives 


