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Motivations: 



by land surface feedbacks). Traditionally, climate extremes are studied in the context of probability density functions 
(PDF) of variables including temperature and rainfall. Fig 1, for example, shows temperature where the range of 
values measured are shown on the horizontal axis, and the frequency is shown by the vertical axis. Extremely cold, or 
hot temperature extremes form the “tails” of this distribution. This natural approach provides a clear definition of an 
“extreme” using the distribution’s percentiles and facilitates the application of extreme value techniques (Alexander 
and Tebaldi, 2012). Potential changes in extremes, via natural and anthropogenic influences, can be interpreted as 
changes to the overall shape, location and scale of the PDF (Fig 1). Clearly, changes in the mean climate as well as 
changes in variance and/or symmetry will affect climate extremes, and must be integral to the focus of our Centre. 

PDFs of climate variables are already changing. The 
Earth’s (IPCC, 2013) and Australia’s (AAS, 2015) 
climate are changing due to the build-up of greenhouse 
gases, land cover change and other human-drivers. This 
leads to changes at multiple scales, which influence the 
PDF depicted for the example of temperature in Fig 1. 
At the global scale, the change in temperature is set by 
the equilibrium climate sensitivity, which is likely in the 
range of 1.5-4.5oC per doubling of carbon dioxide in the 
atmosphere (IPCC, 2013). This large range is a result of 
a strong influence of complex and poorly understood 
phenomena, such as clouds and ocean heat uptake 
(Bony et al, 2015). While vital to the change of the 
PDF, climate sensitivity alone is insufficient to describe 

changes at the spatial scales of importance to human or ecosystem vulnerability. It is also vital to understand how 
large-scale modes of climate variability are modulated by climate change (Cai et al, 2015), how these changing 
modes affect weather systems and how local processes, such as land surface interactions, further affect the 
characteristics of the distribution resulting in a complex multi-scale influence on the overall change in shape (Fig 1). 

One example of the PDF-view of extremes is provided by Australian 
temperature observations (Fig 2). The change in the average, expressed 
as a shift of the distribution to the right, clearly has large implications 
for the “tails”, implying an amplification of risk of hot weather. The 
chance of experiencing a very warm month (>2 degrees above normal) 
increased from 2.2% in the 30 year period 1951-1980 to 6.6% in the 
following 30 years from 1981–2010. This remarkable increase, over 
Australia, of hot temperature extremes in 50 years occurred with a 
warming in the global mean of <1oC. The increase in frequency has 
occurred with an increase in the strength, duration and frequency of 
heatwaves (Perkins and Alexander, 2013). One of our objectives is to 
understand the physical mechanisms driving the amplification of the 
changes, as observed for temperature, at the tails of the distribution. 
Our understanding of the average climate is now good enough that 
mathematical models of the Earth’s climate capture the observed 
patterns of variability and change at continental scales and above with 
considerable skill (Flato et al, 2013). Indeed, confidence that some of 
the recently observed changes in climate can be attributed to greenhouse 
gas increases (Fischer and Knutti, 2015) has influenced national and 
international climate policy, which is now focused on limiting future 

global-mean temperature increases to 2°C. However, there is a large mismatch between the traditional focus of 
climate science on averages and the extreme events that directly affect natural systems, and our economic and social 
activities. The community has assumed that skilful simulations of averages imply skilful simulations of extremes. 
Unfortunately, when climate models are objectively assessed in their ability to simulate extremes, significant 
weaknesses emerge. Those have been linked to problems with resolution (Palmer, 2014), existing (Bony et al, 2015) 
or missing (Sheffield and Wood, 2011) process representations and a lack of focus on model development (Jakob, 
2014). While the most recent state-of-the-art climate models simulate aspects of the increasing trend in warm nights, 
they are unable to simulate consecutive dry days or heavy precipitation days over Australia (Fig 3), severely limiting 
their use in decision making in almost all sectors of society. What is most worrisome is that no national or 
international group has established the capacity to bring to bear the full arsenal of climate research on climate 
extremes. This will be the purpose of the ARC Centre of Excellence for Climate Extremes. We will interrogate a 

Fig 2 Distribution of monthly maximum 
temperatures (anomalies relative to 1951-
1980) for 104 locations and all months of 
the year, for 1951–1980 (pink), 1981–2010 
(orange) and 1999–2013 (red). 

Fig 1 The effect of a change in mean, variance and 
symmetry on the occurrence and intensity of extremes. 
 

Page 11 of 701CE170100023 (Draft) Prof Andrew Pitman PDF Created: 16/12/2015

Not only change in mean, but also variance 
(extreme events) 



Urbanization 



Land-atmosphere feedbacks 



What is the effects of concrete 
surface and waste heat releasing 

from city?  



Cities accounts 
for 2% of land 
area  

Cities consume 
60%-85% of 
energy  

Cities responsible 
for 70% CO2 
emission 



Urban heat island in 
Sydney: 



Nested WRF simulation domains	
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Urban heat island effects

(S Ma et al., 2017a, JOC) 



Urban heat stress 
mitigation options: 



Green roofs 



White roofs 



[14] There is large spatial variability in the change in heat
island (Figure 1). Linear regression analysis identified the
main causes of this variability. The change (ALB minus
CON) in the annual mean heat island is strongly positively
correlated with the change in the urban absorbed solar
radiation (r = 0.70, p ! 0.01). The change in absorbed

solar radiation is a function of the magnitude of the
incoming solar radiation and urban characteristics. For
instance, more solar radiation is reflected in urban areas
with larger roof fraction and a larger increase in roof albedo
(lower albedo in the CON simulation). The Arabian Penin-
sula and Brazil are examples of regions where the urban

Figure 1. ALB minus CON simulations of urban minus rural air temperature for 1980–1999 climatology (!C) (a) annual
(ANN), (b) December–February (DJF), (c) June–August (JJA). The urban temperature is the air temperature in the urban
canopy layer. The rural temperature is the average 2-m air temperature of the ‘‘rural’’ surfaces (i.e., the vegetated and bare
soil surfaces) in the grid cell. Land areas displayed in white are grid cells that have zero urban area in the model.
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Cooling effects of white roof 

(Oleson et al., 2010, JGR) 



Irrigation  



Solar Panels? 



Options of heat stress reducing 

(S Ma et al., 2017b, JAMC) 



Benefits of Solar panel: 
Electricity generation and CO2 

emission reduction 

(S Ma et al., 2017, NSR) 



Economic benefits thanks to 
Cooling effects of Solar Panels 

(S Ma et al., 2017, NSR) 




