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PhD research motivation and aims 

PhD 
– Model urban heat mitigation in Melbourne during heatwaves 
– See how the mitigation affects human thermal comfort 
 
This talk 
– One heatwave event 
– White roofs 
– Increased soil moisture (proxy for irrigation) 

– Heatwaves can have a deadly impact upon people 
– More than 50% of global population live in urban areas 
– Cities are hotter at night than surrounding rural areas 



Case study to climatology 
Jan 28-30 2009 heatwave  
over Melbourne 
 

374 excess deaths, 714  
hospital admissions for  
heat stress 
 

3 days above 43˚C, record  
at the time 
 

1 night above 30˚C 

Soon to be a climatology 
of heatwaves in 
Melbourne 



Model set up 
Weather Research Forecasting Model V3.6 

Noah land surface scheme 

Yonsei University boundary layer scheme 

Dudhia shortwave radiation scheme 

Kain-Fritsch cumulus physics scheme 

Rapid Radiative Transfer Model longwave radiation scheme 

WRF Single Moment 5-class microphysics scheme 

Monin-Obukhov surface similarity scheme 

The Princeton 
Urban Canopy 

Model 

coupled 
to 

One of the best combinations of physics schemes for southeastern Australia on 
seasonal (Evans et al. 2011) and sub-daily timescales (Evans and Westra 2012) 



The Princeton Urban Canopy Model (PUCM) 
Attribute SLUCM 

(default) 
Princeton 
UCM 

Fraction of urban 
landscape 

✔ ✔ 

Fraction of white roof ✖ ✔ 
Fraction of asphalt ground ✖ ✔ 
Fraction of green ground ✖ ✔ 
Differentiation between 
green ground, asphalt and 
road 

✖ ✔ 

Surface albedo of roof  ✔ ✔ 
Surface albedo of white 
roof 

✖ ✔ 

Separate low, medium and 
high density urban 

✔ ✔ 
 

(Li et al. 2014) 

(Chen et al. 2011) 

Default single layer 
urban canopy model 
(SLUCM) 



Model domains + AWAP soil moisture 

10km grid 2km grid 

– Multiple three day simulations with the first 
day discarded as model spin up. 
 

– 8 member ensembles 
 

– ERA Interim reanalysis meteorological data 

Units: kgm3/kgm3 

– Replace top layer (7cm) of ERA Interim 
soil moisture with AWAP 
 

– Order of magnitude dryer 
 

– Reduces the need for a long spin up 

Old New 



Proposed heat mitigation scenarios 
Implementing white roofs on  
30%, 60% and 90% of buildings  
White roof albedo = 0.7 
Regular roof albedo = 0.2 
 
Increasing the relative soil moisture 
in urban areas to 15%, 25% and 35% 
of maximum urban soil field capacity 
– proxy for irrigation 
– originally 2% field capacity Units: kgm3/kgm3 



Results – White roofs cool the city 

0% white roofs (control run) 90% white roofs 90% white roofs minus control 
2m temperature (˚C) for 11am January 28 2009 (AEDT) 



Night time noise 
90% white roofs minus control run 

Hard to determine 
signal from the noise 
at night 
 

Climatology of 
heatwaves will make 
the night time signal 
clearer 



Results – white roofs cool the daytime 
Difference in 2m temperature between  
white roofs and control run in urban areas Scenario: 

white roof 
(%) 

Daily 
average 
T2 change 

7am to 
7pm T2 
change 
(day) 

8pm to 
6am T2 
change 
(night) 

30% – 0.12˚C – 0.17˚C – 0.06˚C 

60% – 0.24˚C – 0.36˚C – 0.12˚C 

90% – 0.38˚C – 0.57˚C – 0.18˚C 

– Considerable cooling over the 
heatwave 
 
– Cooler nights from reduced daytime 
heat storage in roofs 



Verdict on white roofs as heat mitigators 

– They can decrease the heatwave average temperature by 0.4˚C, for this 
case study 
 
– Cool the average daytime temperature by 0.6˚C 
 
– For individual timesteps, high density locations can be cooled by 2˚C 
 
– This is considerable in terms of reducing heat stress 
 
– Easy to implement 
 
– This result is only for the January 2009 heatwave, a climatology is to come 



Higher soil moisture means hotter nights 
Scenario: 
% field 
capacity 

Daily 
average T2 
change 

7am to 
7pm T2 
change 

8pm to 
6am T2 
change 

15% 0.1˚C – 0.017˚C 0.26˚C 

25% 0.15˚C – 0.036˚C 0.36˚C 

35% 0.17˚C – 0.066˚C 0.44˚C 

 soil moisture =  night time temperature. 
 

– Higher heat capacity of moist soils retains heat 
 

– Not much soil in the city reduces cooling effect 
 

– More vegetation would increase cooling? 
 

Difference in 2m temperature between  
soil moisture and control run in urban areas 



Verdict on increasing irrigation 

– They increase the heatwave average temperature by up to 0.2˚C, for this 
case study 
 
– Daytime heatwave average cooling of 0.06˚C 
 
– Night time average warming of 0.4˚C 
 
– No reduction in maximum temperature due to lack of soil in urban areas 
 
– A considerable amount of water would not help cool Melbourne during 
this very dry heatwave 
 
– Hypothesis: more vegetation would increase daytime cooling 



Summary 
– WRF was coupled the Princeton Urban Canopy Model for greater 
urban modelling capabilities. 
 

– White roofs can cool the city and reduce the daytime heatwave 
average temperature by 0.6˚C 
 

– Increasing the soil moisture, a proxy for irrigation, causes warming of 
0.4˚C at night 
 

– We hypothesise that more vegetation would help create daytime 
cooling in irrigation cases 
 

– There is some strange noise occurring, harder to extract the signal at 
night 
 

– Will use climatology of heatwaves to try and make this clearer 
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Old soil moisture AWAP soil moisture Notes 
WRF can capture 
diurnal variability 
of the heatwave 
better ✔ 
 
 
WRF has warmer 
maximum 
temperatures than 
before ✔ 
 
 
WRF has colder 
minimum 
temperatures than 
before ✔ 
 
 



Old soil moisture AWAP soil moisture Notes 
WRF can capture 
diurnal variability 
of the heatwave 
better ✔ 
 
 
WRF has warmer 
maximum 
temperatures than 
before ✔ 
 
 
WRF has colder 
minimum 
temperatures than 
before ✔ 
 
 



Model validation 
Jan 28 2009 00Z 



Future work 
– Run simulations as a heatwave climatology 
 
– Look how the urban heat mitigation strategies impact human 
thermal comfort  
 
– Dynamically downscale CMIP5 model data and repeat the 
experiments using future scenarios 



How does it affect human thermal comfort? 
Thermal comfort measures what 
the temperature feels like to 
humans 
– Temperature 
– Wind speed 
– Humidity 
– Radiation 
Using the Apparent Temperature 
AT = T + 0.33e – 0.7u – 4 
 
e = vapour pressure (hPa) 
u = 2m wind speed (m/s) 
No radiation in this equation 

Difference in 2m apparent temperature 
between white roofs and control run 



Comparing the 2m apparent temperature 
Temperature Apparent temp 

Wind speed Vapour pressure Relative humidity 

Less 
turbulent 
flow? 
Boundary 
layer 
height? 
If it 
doesn’t 
we don’t 
know 

Say why 
relative 
humidity 
would 
increase 
Turbulent 
flow less, 
moisture 
not being 
advected 
away 
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