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COOLING DARWIN

ADVANCES IN SCIENCE AND DESIGN FOR THE MITIGATION OF URBAN HEAT

The thermal balance in the urban environment differs substantially than that of rural 

areas. Anthropogenic heat released by cars and combustion systems, higher amounts of 

solar radiation stored, and blockage of the emitted infrared radiation by urban canyons 

makes the global thermal balance more positive and contributes to the warming of the 

environment. 
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Methodology of the Mitigation Study 

2. Analysis of the Experimental Data

Minimum Surface  Temperature of Parking Lots : 45 C

Maximum Surface  Temperature of Parking Lots  : 65,7 C
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2. Analysis of the Experimental Data
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ANALYSIS OF THE EXPERIMENTAL DATA

Northern Winds – 14:00

Heat Island Intensity : 3.5 C to 5.9 C 

Maximum at :

- Knuckey Street, corner of 

Knuckey Street & Smith Street

- Cavenagh Street, just back from 

the Knuckey Street
- 80 Cavenagh Street 
- 86 Mitchell Street, opposite 

Darwin Entertainment Centre
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Methodology of the Mitigation Study 

3. Simulation and Analysis of the Existing Conditions – The Reference Case

5 m/sec
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Methodology of the Mitigation Study 

Simulation and Analysis of the Existing Conditions – The Reference Case

5 m/sec
14:00 

Ambient 32-36,4 C Surface  20-55,4 C Wind Speed : 0-5 m/sec 



Methodology of the Mitigation Study 

4. The 4 Mitigation Techniques  – The 13 Mitigation Scenarios – The 52 Case Studies  

Increase the Albedo Urban Shading 

Greenery Use of Water 



Methodology of the Mitigation Study 

5. Results – Distribution of the Ambient Temperature in the CBD Area
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Methodology of the Mitigation Study 

5. Results – Distribution of the Surface Temperature in the CBD area
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Methodology of the Mitigation Study 

5. Results – Distribution of the Wind Speed and Direction in  the CBD area

Water

Alb
edo

ne

r
y

Albe
do

Gr
een

ery

Albe
do

Albe
do

Albe
do

Albe
do

Gr
een

ery





HOLISTIC MITIGATION STUDY OF DARWIN

MONITORING
Understanding the 

Problem

MITIGATION
Design and 
Asssesment ENERGY

Assesemnt of the 
Energy Impact

ELECTRICITY
Demand and 

and peak 

VULNERABILITY
Well being and 

survivability

HEALTH
Mortality and 

Morbidityy

ENERGY
Penalties and Imapctt



PHASE 2 OF THE MITIGATION STUDY  
ENERGY CONSUMPTION STUDY

ENERGY CONSERVATION UP TO 34 KWh/m2/y

The corresponding energy savings in Sydney do 

not exceed 15 kWh/m2/y

RESIDENTIAL 



PHASE 2 OF THE MITIGATION STUDY  
ENERGY CONSUMPTION STUDY

COMMERCIAL 

ENERGY CONSERVATION UP TO 31 KWh/m2/y

The corresponding energy savings in Sydney do 

not exceed 13 kWh/m2/y



PHASE 2 OF THE MITIGATION STUDY  
ENERGY CONSUMPTION STUDY
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PHASE 2 OF THE MITIGATION STUDY  
PEAK ELECTRICITY DEMAND

The correlation we found for the semi-hourly electricity demand (ELDem) expressed

in MVA (Mega Volta Ampere) is a function of the temperature at the airport (T), the 

dew point temperature (Td), the global horizontal irradiance (GHI).

ELDem = 3.0243 + 0.8972*sma(T, 54) + 0.0003*Td*sma(GHI, 3) -1108/(107.0581 + 

0.3116*delay(GHI, 285) + 0.0326*GHI*delay(GHI, 285) + sma(GHI, 12)

Where sma (x, n) is the simple moving average of the previous n records of the

quantity x. Delay (x, n) indicates a delayed variable, namely for the time step t, it

considers the value quantity n time steps before



PHASE 2 OF THE MITIGATION STUDY  
PEAK ELECTRICITY DEMAND



PHASE 2 OF THE MITIGATION STUDY  
PEAK ELECTRICITY DEMAND

Decrease of the Peak Electricity 

Demand up to 0,8 MVA or 2 %
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LOW INCOME HOUSEHOLDS

First Victims of Urban Overheating





Hours above 30 C
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Heat Related Mortality 

and Morbidity

People is living most 
indoors than outdoors and 

the overall thermal quality 
of the indoor environment 

may affects health more 
than the outdoor thermal 
conditions. This is clearly 

shown in the study 
evaluating the impact of UHI 

and housing quality in 
London,. It is found that the 

type and quality of 
dwellings have a higher 

influence on exposure risk 
than the UHI and ranges the 

higher of temperature 
anomalies across London

HOUSING QUALITY COUNTS MORE 
THAN URBAN HEAT ISLAND IN 

MORTALITY

IMPACT OF HOUSING QULITY AND  UHI ON HEALTH 

The dwelling-attributable deaths in   is 

23.5, deaths per million 

The UHI-attributable deaths in   is 6.1, deaths 

per million 

In Paris, the Relative Risk value for the well 
and badly insulated houses was 0.4 and 1.0 

respectively

Heat Related Mortality



MITIGATION STUDY  
HEAT RELATED HEALTH STUDY

Mortality Data : 2000-2015

Morbidity Data 2000-2017

The heat-relevant cases account for 

about the 55% of the all annual deaths, 

while this proportion is only around 

17% in hospital admissions, indicating 

that only a portion of the morbidity 

cases with heat-relevant diagnoses 

results in deaths. 

However, while people above 65 take 

only 43% of the hospital admissions, 

they account for 65% of the deaths 

with heat-relevant diagnoses. 

These proportions reflect earlier 

studies claiming that older people are 

not just more likely to get hospitalised

but even more likely to die due to 

excess heat.

Consequently, the ageing population 

poses an increased risk of heat related 

mortality in Darwin. 
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MITIGATION STUDY  
HEAT RELATED HEALTH STUDY

The equations for the connections between daily maximum and mean temperatures and the 

daily hospital admissions are  : 

Daily Hospital Admissions  = −2.45 + 0.079 ∗ DMT + 𝜀𝑛

Daily Hospital Admissions = −1.74 + 0.066 ∗ MDT + 𝜀𝑛

While 1°C increase in daily maximum causes 7.9% increase in hospital admissions, 

1°C increase in daily mean temperature only raises the hospital admissions by 6.6%. 

This difference signals a higher dependency of morbidity on daily maximum than 

mean temperatures

HEAT RELATED MORBIDITY



MITIGATION STUDY  
HEAT RELATED HEALTH STUDY

When the dataset was filtered for days with higher temperatures and relative

humidity, the strongest significant connections were found on days with both

daily mean temperatures and relative humidity above the 80th percentiles

calculated for the whole period 

Daily Hospital Admissions = −76.92 + 2.63 ∗ DMT + 𝜀𝑛

On these hot days with high humidity, 1°C increase in daily maximum

temperature raised the number of hospital admissions by 263%. 

Nevertheless, the strength of this connection has not increased when days with 

even higher temperature and humidity thresholds were considered. 

This result indicates a high level of risk awareness in the local population.

HEAT RELATED MORBIDITY
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MITIGATION STUDY  
HEAT RELATED HEALTH STUDY

The equations of the connections between the daily maximum temperatures

and the medians and averages  of the daily mortality are l

MEDIAN DAILY MORTALITY= −1.70 + 0.049 ∗ DMT + 𝜀𝑛

AVERAGE DAILY MORTALITY = −1.43 + 0.044 ∗ DMT+ 𝜀𝑛

Equations show that 1°C increase in daily maximum temperatures

raises the median and averages of the mortality anomalies by 4.9 and 4.4%,

respectively.

The analysis was repeated for the mortality data series aggregated for the

Darwin Urban and Rural Health Districts with similar results 

HEAT RELATED MORTALITY
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HEAT RELATED HEALTH STUDY HEAT RELATED MORBIDITY

Up to 39 % reduction of the Hospital Admissions



MITIGATION STUDY  
HEAT RELATED HEALTH STUDY HEAT RELATED MORTALITY

Anomalies in 

mortality increased 

by 5% and 4% for 

every 1°C increase 

in daily maximum 

temperatures 

resulting that the 

combined scenario 

can save 9.66

excess deaths per 

year per 100 000 

within the Darwin 

Urban Health 

District



MITIGATION STUDY  
HEAT RELATED HEALTH STUDY HEAT RELATED MORTALITY

Annually, four deaths
could be avoided in a 
population of 100 000 

above 65 with the 
implementation
of the combined 

mitigation scenario.
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FUTURE 
CLIMATE AND 

IMPACT

People is living most 
indoors than outdoors and 

the overall thermal quality 
of the indoor environment 

may affects health more 
than the outdoor thermal 
conditions. This is clearly 

shown in the study 
evaluating the impact of UHI 

and housing quality in 
London,. It is found that the 

type and quality of 
dwellings have a higher 

influence on exposure risk 
than the UHI and ranges the 

higher of temperature 
anomalies across London

HOUSING QUALITY COUNTS MORE 
THAN URBAN HEAT ISLAND IN 

MORTALITY

IMPACT OF HOUSING QULITY AND  UHI ON HEALTH 

The dwelling-attributable deaths in   is 

23.5, deaths per million 

The UHI-attributable deaths in   is 6.1, deaths 

per million 

In Paris, the Relative Risk value for the well 
and badly insulated houses was 0.4 and 1.0 

respectively

Heat Related Mortality









Number of hours per year above 30 C











For the future climate, 2050, the 
estimated reduction of the CO2

emissions for the residential 
sector, under the MIROC 1 
scenario is close to 210000

tonnes of CO2 per year.

Under the current climatic 
conditions, the estimated CO2

reductions because of the 
retrofitting of the existing 

residential buildings is close to 
49000 tonnes per year.

Under the current climatic 
conditions, the estimated 

reduction of the carbon dioxide 
emissions from the commercial 

buildings, is close to 18700 tonnes 
per year

For the future climate, 2050, the 
estimated reduction of the CO2

emissions for the residential 
sector, under the CCCMA3 
scenario is close to 380000

tonnes per year.



About 2600000 new jobs 
between 2020 and 2050 

associated to the construction 
of very energy efficient new 

residential buildings.

About 8400 new jobs 
associated to the light 

retrofitting of the existing 
residential building stock

About 43000 new jobs 
associated to the light 

retrofitting of the existing 
commercial building stock

About 2260000 new jobs 
between 2020 and 2050 

associated to the retrofitting 
of the existing residential 

building stock, (deep 
retrofitting)
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Mitigation techniques based on the use of 

water, greenery, and cool materials can 

reduce the average peak ambient 

temperature up to 2,5 C

Mitigation techniques can reduce the cooling 

needs of a residential and office  building up 

to 33 kWh/m2/y  . 

The energy conservation potential is up to 

1726 GWh for the Darwin area

Application of Mitigation Techniques can 

reduce the peak electricity demand up to 2 % 

The total electricity demand over the summer 

period may be reduced by 0.8 MVA   

Application of mitigation technologies can 

reduce the heat related morbidity up to 40  % 

and reduce the heat related mortality by 9,7 

additional deaths' per 100000 inhabitants t


