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To resolve key uncertainties undermining the reliable projection of 
Australia’s climate by transforming the scale and quality of climate 
system science in Australian universities, linked with national and 
international partners.

Vision



precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <5>

Contents

Vision 4

Aims and Objectives	 6

Overview	 7

Chairman’s Report	 8

Director’s Report	 9

Strategic Plan	 13

The role of CoE	 14

Partnerships & International  
Engagement	 16

Centre Structure, Governance and 
Management	 20

Personnel	 22

Chief Investigators	 24

Research Program Overview	 32

Program 1: The impacts of tropical 
convection on Australia’s climate	 34

2013 Annual Workshop in  
Lorne	 39

Program 2 Mechanisms Explaining 
Changes in Australian Climate  
Extremes	 40

Dr Sophie Lewis 	 47

Heatwaves: Dr Sarah Perkins	 49

Program 3 The role of land surface 
forcing and feedbacks for regional  
climate	 50

Department of Environment  
Partnership	 57

Program 4 Drivers of spatial and 
temporal climate variability in extra-
tropical Australia	 58

Climate Model Downscaling Data 
for Impacts Research	 64

Dr Claudia Frauen	 65

Program 5 Mechanisms and 
attribution of past and future ocean 
circulation change	 66

Maxim Nikurashin 	 71

Dr Stephanie Downes	 72

R.V. Southern Surveyor V04  
2013	 73

Computational Modelling Support 	 74

Computational Modelling Support  
Staff Profiles 	 81

Writing workshops 	 83

Summer scholar presents	 83

The Graduate Program	 84

Penny Maher visits the Max Planck 
Institute for Meteorology 	 88

Plans for 2014	 88

Selected Student Profiles	 89

Centre Business Team	 93

Media and Communications	 94

Publications	 97

Awards, Distinctions, Outreach and 
Engagement	 101

Key Performance Indicators	 104

Financial Statement	 109

COE Cash Income & Expenditure	 111

2013 Cash Income & Expenditure	 112

2013 Cash Income & Expenditure 
Special Projects	 114



ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013<6>

el nino | rainfall | ocean circulation | jet stream | drought | floods | soil | carbon | climate change | cloud physics | ocean eddies | tropical convection | climate models | feedbacks | terrestrial |    

The ARC Centre of Excellence for 
Climate System Science is taking on the 
challenge to resolve the key uncertain-
ties undermining our understanding of 
the Australian climate system. Focusing 
on modern observations and chang-
es in recent centuries provides us the 
laboratory for understanding the pro-
cesses and mechanisms that affect our 
climate. This understanding provides 
the foundation to address limits to the 
reliable projection of Australian climate 
at regional scales over the next 50-100 
years.Climate change has been de-
scribed as the most fundamental secu-
rity challenge for our long-term future. 
Despite this acknowledgement, there is 
an unacceptable level of uncertainty in 
many areas of climate system science 
including how climate will change 
at regional scales, and how specific 
phenomenon including extremes of 
climate will change. To address these 
weaknesses in climate system science, 
the Centre of Excellence is engaging in 
fundamental research with national and 
international organisations.

The resolution of these problems 
through this research will benefit Aus-
tralia and will have a profound effect 
on the way climate is modelled and 
understood around the world. 

 Aims and Objectives

The ultimate goal of the Centre of Ex-
cellence for Climate System Science is 
to reset the foundations of the science 
behind climate modelling, to create 
the next generation of world-leading 

The aims of the ARC Centre 
of Excellence for Climate 
System Science are:

climate scientists and to create inter-
national links that will serve Australia’s 
climate science community now and 
long into the future.
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 Overview

The ARC Centre of Excellence for Cli-
mate System Science (ARCCSS) is a ma-
jor initiative funded by the Australian 
Research Council (ARC). The Centre is a 
consortium of five Australian universi-
ties and a suite of outstanding national 
and international Partner Organisations. 
We are building on and improving 
our understanding of the modelling of 
global and regional climates to enable 
enhanced adaptation to, and manage-
ment of, climate change, particularly in 
the Australian region.

ARCCSS was established in July 2011 
with extensive investment from the 
ARC, the University of New South 
Wales, the Department of Climate 
Change and Energy Efficiency (DC-
CEE), New South Wales Government, 
Monash University, the Australian 
National University, the University of 
Melbourne, and the University of Tas-
mania. We have strong links with CSIRO 
and the Bureau of Meteorology (BoM), 
and through them with the Australian 
Community Climate and Earth Sys-
tem Simulator (ACCESS) initiative. The 
Centre works in partnership with the 
National Computational Infrastructure 
Facility (NCI) and the Australian Nation-
al Data Service (ANDS).

Our focus, climate system science, is 
the quantitative study of the climate 
system designed to enable modelling 
of the future of the climate system. It 
is built on a core of the sciences of the 
atmosphere, ocean, cryosphere and 

land surface. It includes the physics, 
dynamics and biology of these sys-
tems and the flow of energy, water 
and chemicals between them. Climate 
system science builds mathematical 
models of these systems based on 
observations. It describes these obser-
vations, and the underlying physics of 
the system, in computer codes. These 
computer codes, the “climate model”, 
utilise very large supercomputers. Most 
of our work is therefore linked with the 
ACCESS model, which is co-built by 
BoM and CSIRO, and use the high-per-
formance computers provided by NCI. 

The scale of research enabled by 
ARCCSS provides for the enhancement 
of climate modelling and future climate 
projections, particularly at regional 
scales, minimising Australia’s economic, 
social and environmental vulnerability 
to climate change. Our goal, to resolve 
key uncertainties for Australia’s future 
regional climate, touches on every 
National Research Priority (NRP). Our 
fundamental objective is to improve 
the understanding and simulation of 
climate at global and regional scales. 
Achieving this will directly inform com-
munities that need regionally specific 
knowledge of future climate.  

We directly contribute to “Research 
Priority 1: An Environmentally Sustain-
able Australia” in each of our research 
programs, whilst addressing “Research 
Priority 2: Promoting and Maintain-
ing Good Health”, in Program 3. We 
contribute to “Research Priority 3: 
Frontier Technologies for Building and 
Transforming Australian Industries” by 
implementing new technologies to har-
ness new high performance computing, 
data services and collaborative systems; 
and finally, we contribute to “Research 
Priority 4: Safeguarding Australia”, since 
new climate information will enable 
ecologists to examine emerging threats 
associated with invasive pests that may 
be triggered by climate change. 

ARCCSS is also an enabling research 
initiative. By improving the capacity to 
simulate Australian climate, we provide 
the foundation for a range of climate 
impacts and adaptation research un-
dertaken by the research community.
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The Australian Research Council’s 
Centre of Excellence for Climate System 
Science has been moving from strength 
to strength through 2013. This 2013 
Annual Report is a reflection of the 
Centre’s achievements and is a credit to 
the whole team. 

The Advisory Board meets to review 
Centre activities, progress and initi-
atives, and to ensure that emerging 
strategies are consistent with the 
Centre’s goals and Strategic Plan. We 
also meet to formally review the Cen-
tre’s annual report. The Board met in 
February and we are delighted to offer 
our strong endorsement of the 2013 
Annual Report. 

The Centre’s performance has proved 
exemplary against many metrics 
through 2013.There are a large number 
of outstanding publications of course, 
including major new discoveries pub-
lished in Nature and many other lead-
ing journals. The Centre’s leadership 
in the development of the graduate 
program will have a long-term impact 
on climate system science. Workshops 
and winter schools, writing schools and 
courses on Python are intermingled 
with lectures from Centre Chief Investi-
gators, CSIRO and Bureau of Meteorol-
ogy (BoM) researchers and early career 
researchers, greatly enhancing the 
graduate experience for the students. 

I have also been delighted by the 
Centre’s leadership in communicating 
climate science in the media, to schools 
and to business. The Centre’s briefing 
to governments and business on the 
science of the Intergovernmental Panel 
on Climate Change (IPCC) is a critical 
contribution given the remarkable 
number of authors from the Centre that 
helped write the IPCC 5th Assessment 
Report. 

I would like to thank the other mem-
bers of the Board for their contributions 
this year. Their efforts in ensuring Cen-

tre activities remain strongly connected 
to CSIRO and BoM remain hand-in-
glove with the National Computational 
Infrastructure, link appropriately with 
the National Climate Change Adapta-
tion Research Facility, and continue to 
support the Federal Department of the 
Environment’s strategic agenda, are 
vital. 

The Centre will be reviewed in 2014 
by the Australian Research Council. 
This is an opportunity for the Director, 
Professor Andy Pitman, his team and 
the Advisory Board to review activities, 
to revisit goals and to review person-
nel. This is already under way and will, 
I am sure, help the Centre continue 
to maintain an outstanding level of per-
formance into the future. 

Laureate Prof Peter Doherty  
AC FAA FRS
Chairman, ARC Centre of 
Excellence for Climate System 
Science Advisory Board

 Chairman’s Report



precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <9>

 Director’s Report

195% increase in 
international journal 
publications to 124, 
with 62% in A* and 
91% in A*/A journals

Discovery of the 
contribution by human 
activities to the extreme 
summer temperatures of 
2013 (Lewis and Karoly, 
2013, published in A* 
journal Geophysical 
Research Letters)

Discovery of the impact of 
global warming on late 
20th century emergence 
of asymmetry in El Niños 
(published by Santoso et 
al., in A* journal Nature)

Discovery of the 
large-scale properties of 
tropical convection 
using cloud regimes 
(published by Tan et al., 
2013 in the A* Journal of 
Climate)

Discovery that lee-wave-driven 
mixing plays an important role 
in the abyssal ocean circulation 
(published by Nikurashin and 
Ferrari, 2013 in A* journal 
Geophysical Research Letters)

Additional Coupled Model 
Intercomparison Project 
(CMIP-5) simulations with 
the ACCESS climate model 
completed and publication 
of data on the Earth 
System Grid and on 
Research Data Australia

A significant expansion of 
the graduate program 
through enhanced winter 
schools, writing schools, 
summer intern 
scholarships, 
computational training and 
mentoring by the Graduate 
Director

All modelling tools 
ported by the 
Computational 
Modelling Systems team 
from vayu to raijin, 
minimising delays to 
researchers and enabling 
an acceleration of 
research

Increase in 
affiliated PhD 
students from 44 
in 2012 to 51 in 
2013

Major prizes won on the national and 
international stage including the 
Dorothy Hill Award to Lisa Alexander, 
the Dalton Medal to Hoshin Gupta, 
Fridtjof Nansen Medal to Steven 
Griffies, an Outstanding Young 
Scientist Award to Fubao Sun, and a 
Tall Poppy to Sarah Perkins

Four new Discovery Early 
Career Researcher Awards 
to Centre-affiliated 
researchers: Sarah 
Perkins, Yi Liu, Jennifer 
Catto and Andreas 
Klocker. 

Headline achievements 
for 2013
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This is the third Annual Report of the 
Australian Research Council’s Centre of 
Excellence for Climate System Science 
(ARCCSS). It has been an outstanding 
year with multiple successes meas-
ured by publications, capacity build-
ing (especially in the computational 
area), new graduate training initiatives, 
enhanced national and international 
collaboration, and media impact. It is 
extremely pleasing to see how quickly 
we have transitioned from a scale of 
a series of projects to one where out-
comes reflect the scale and integration 
of a true Centre of Excellence. We are 
now seeing outcomes of many of our 
outstanding cross-centre activities, the 
emergence of leadership from early ca-
reer researchers and the rapid expan-
sion of our graduate program. These 
are demonstrably benefiting from our 
strengthening national and interna-
tional partnerships and from enhanced 
training programs we have established. 

This report provides details on a 
selection of our 2013 activities to 
demonstrate our successes in achieving 
the goals we set out at the Centre’s 
inception. There are reports from 
each research program, details of the 
contribution from the Computational 
Modelling Support team, vignettes 
focused on student experiences and 
some highlights of how we have helped 
communicate ARC-funded research 
outcomes in the print, radio and 
television media. It is difficult to select 
highlights from such a wide range of 

excellent activities, but here is my very 
personal selection: 

 µ Innovative multidisciplinary research 
has emerged strongly across 
ARCCSS programs. An example 
for this important development is 
a growing focus on understanding 
the physics and dynamics of 
heatwaves. This includes better 
definitions of heatwaves (Perkins 
and Alexander, 2013), and the 
emergence of a strong link of key 
atmospheric circulation features 
to heatwaves as identified by 
analyses using modern concepts 
in atmospheric dynamics. A key 
discovery, by PhD student Tess 
Parker working with Michael Reeder 
and Garth Berry, is the influence of 
tropical cyclones on South Eastern 
Australian heatwaves, for example. 

 µ Our publications in 2013 were 
outstanding. We are delighted 
to report 10 Nature papers, 24 
Geophysical Research Letters 
papers, 13 Journal of Geophysical 
Research papers, 16 Journal of 
Climate papers, six Journal of 
Physical Oceanography papers and 
three Water Resources Research 
papers. All of these are A* journals. 
Overall, ARCCSS published four 
book chapters and 124 peer-
reviewed journal papers. Research 
in the Centre has led to a series of 
important discoveries as well as 
significant contributions to new data 
sets for use by the national and 
international science community. 
Major highlights include the update 
of an international data set used 
to examine extremes (Donat et 
al., 2013) and an innovative data 
set to examine tropical convection 
(Tan and Jakob, 2013). We are 
working to ensure these data 
are discoverable and published 
appropriately. 

 µ We have published our first 
major data sets via Research 
Data Australia with support from 
The Australian National Data 
Service (ANDS). There are five 

collections, linked with Australian 
Community Climate and Earth 
Simulator (ACCESS) 1.3 results 
prepared for the Coupled Model 
Intercomparison Project  - Phase 5 
(CMIP-5). 

 µ I am delighted by how well national 
e-research providers continue 
to partner with the Centre. 
The National Computational 
Infrastructure (NCI, a Partner 
Organisation) have not only 
provided us computational capacity 
as promised, but have also been 
strongly supportive in helping the 
Computational Modelling Support 
(CMS) team deliver outstanding 
results. There has been a hugely 
challenging transition at NCI from a 
supercomputer provider to a high-
performance research environment 
delivering computing, data services 
and support and we look forward 
to providing ongoing support to 
NCI as this transition is completed. 
ANDS, another e-research 
Partner Organisation, has also 
worked closely with the Centre in 
delivering a tools project that will 
aid access to our data. The Centre 
is also associated with a National 
eResearch Collaboration Tools and 
Resources (NeCTAR) project led by 
Partner Organisation the Bureau 
of Meteorology (BoM). Centre 
staff are on the advisory board 
and the community engagement 
group of this project. The Centre 
has provided the capacity to 
interact with these major e-research 
providers in a way that would have 
been impossible for individual 
researchers. Our CMS team 
provides the technical capacity 
to engage with the e-research 
providers, enabling us to sustain 
our contribution.

 µ We ran another very successful 
winter school for our graduate 
students and participants from a 
number of Australian and Pacific 
institutions. New in 2013 was a 
strong engagement with China. 
We invited PhD students and early 
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career researchers to the winter 
school from the Chinese Academy 
of Sciences, Nanjing University, 
Ocean University of China, Peking 
University and Tsinghua University in 
an initiative funded jointly between 
the Centre and UNSW. The winter 
school included presentations from 
Chief Investigators and Partner 
Investigators. We have also run 
training in the use of NCI, in Python, 
NCL and in Fortran. Specific training 
in the use of some of our modelling 
systems has also been provided.

 µ We have introduced a writing 
workshop to help graduate students 
and early career researchers with 
preparing manuscripts. Due to 
demand, we ran three workshops in 
2013 (one at Monash University and 
two at UNSW). These workshops 
were attended by 59 participants. 

 µ We have continued to strengthen 
links with the Centre for Australian 
Weather and Climate Research 
(CAWCR) (a partnership between 
BoM and CSIRO). CAWCR 
contributed strongly to the winter 
school, to a week-long workshop 
and to a suite of one- to three-
day workshops. ARCCSS has 
contributed strongly to CAWCR 
workshops on model evaluation 
and ACCESS events. We are also 
in the early stages of establishing 
a very exciting new joint research 
program focused on the climate of 
“Maritime Continent”, the island to 
the north of Australia that strongly 
influences our continent’s own 
climate. Major systematic biases in 
climate models, including our own, 
will be tackled and alleviated in this 
highly collaborative project. 

 µ It is a great pleasure to observe 
how our Centre increasingly 
provides a home for outstanding 
national and international experts 
on short and long-term sabbatical 
visits. This year we welcomed 53 
visitors from 12 countries. We 
are working towards a stronger 
engagement with China. In addition 

to the students invited to our winter 
school we have supported a small 
number of research fellows to 
spend time at Centre institutions. 
The first visitor, Dr Hong Yin 
from the China Meteorological 
Administration, spent three months 
at UNSW and attended our annual 
workshop.

 µ We have continued to drive 
ahead remarkably at the interface 
of science, modelling and 
high-performance computing. 
Simulations for the atmosphere 
have been carried out at resolutions 
of one kilometre and higher in our 
study of convective process. The 
oceans team further developed 
a model at ¼o resolution for 
global applications. This provides 
unprecedented opportunities 
for examining many observed 
phenomena in much greater detail 
and provides guidance on how 
to represent these phenomena 
in global climate models. To 
accelerate this work, we partnered 
with Breakaway Labs, a software 
engineering company, to re-
engineer the coupling between the 
¼o ocean model and the ACCESS 
atmospheric model. This project 
is likely to take several years, but 
will provide the laboratory for 
transformative future work in ocean 
and atmospheric science, variability 
and extremes. 

 µ Our leadership in international 
research activities is going from 
strength to strength. Five Centre 
staff completed their contributions 
to the 5th Assessment Report 
(AR5) of the Intergovernmental 
Panel on Climate Change (IPCC). 
Centre of Excellence contributions 
included: Convening Lead Author 
(Bindoff ), Lead Author (Alexander, 
Jakob, Sherwood) and Review 
Editor (Pitman) as well as multiple 
contributing authors. The highly 
influential Summary for Policy 
Makers was written by authors 
including Alexander and Bindoff.

 µ Not resting on their laurels, Chief 
Investigators Sherwood and 
Jakob took up new leadership 
positions in the World Climate 
Research Programme (WCRP) 
Grand Challenge on Clouds, 
Circulation and Climate Sensitivity. 
Steve Sherwood is leading an 
initiative on climate sensitivity 
and Christian Jakob is leading a 
program focused on atmospheric 
model development. These major 
international roles highlight the 
quality of the research leadership in 
the Centre.
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 µ We were a key sponsor of the 
year-long Maths of Planet Earth 
program. Working with BoM, the 
Centre organised a number of 
sessions under the theme of Earth 
System Modelling. David Karoly 
gave a keynote presentation 
on extreme events, Todd Lane 
discussed thunderstorms and 
atmospheric waves, Karsten Peters 
described modelling tropical 
convection and Shayne McGregor 
presented new research on the El 
Niño Southern Oscillation (ENSO). 
At the same time our Media 
and Communications Manager 
Alvin Stone helped promote the 
conference, writing media releases 
and daily reports and arranging 
interviews with major media outlets 
for some of the speakers.

 µ As part of our public outreach 
program we supported Adrift, led 
by Dr Erik van Sebille. The website 
uses ocean modelling to simulate 
the movement of plastic garbage 
throughout the oceans. Adrift 
is being used in classrooms and 
environmental organisations in 
Australia and around the world to 
highlight where our garbage goes 
once it enters the sea. The website 
was highlighted in the ARC’s 
Annual Report and on a number 
of technical review sites for the 
simplicity and effectiveness of its 
design. It continues to be a strong 
performer for the Centre, with rapid 
increases in hit rates whenever 
events involving the drift of ocean 
going items – from messages in 
bottles to chemical spills - are 
highlighted in the media.

 µ Chief Investigators have maintained 
a strong commitment to 
communicating Centre activities 
via the media, public talks and a 
commitment to providing policy-
relevant advice to State and 
Federal governments. We maintain 
an active website, Facebook and 
Twitter accounts. The single most 
significant activity was associated 
with the release of AR5 by the 

IPCC. ARCCSS actively promoted 
its findings by hosting a business 
briefing in Sydney and through a 
large number of high-profile media 
contributions. In addition, Centre 
affiliates provided 26 briefings to 
government and industry on our 
research. Associate Investigator Ben 
Newell from the UNSW School of 
Psychology engages in research on 
the Psychology of climate change 
and climate science communication. 
He ran a workshop engaging this 
community in late 2013.

 µ As in previous years, I was 
particularly happy to be able to 
again celebrate major prizes. 
Lisa Alexander won the Dorothy 
Hill Award from the Academy of 
Science. Partner Investigator Hoshin 
Gupta won the Dalton Medal and 
Steven Griffies won the Fridtjof 
Nansen Medal  - both awarded by 
the European Geophysical Union. 
The European Geophysical Union 
also awarded an Outstanding 
Young Scientist Award to Fubao 
Sun. Sarah Perkins won a Tall Poppy 
Award and then followed it with 
a successful ARC Discovery Early 
Career Researcher Award (DECRA). 
We also congratulate Yi Liu, Jennifer 
Catto and Andreas Klocker on their 
successful DECRA applications.

 µ In a clear sign of the Centre 
becoming a victim of its own 
success, Mike Rezny, the leader 
of our Computational Modelling 
Support team, was invited to join 
the Computational Development 
team at the UK Meteorological 
Office, one of the world-leading 
weather and climate prediction 
centres. While I was very sad to see 
him leave, I am looking forward 
to the ongoing benefits of his 
work through our collaboration 
with him at one of our key Partner 
Organisations.

While 2013 has been an outstand-
ing year it is important to reflect on 
how we best position ARCCSS for the 
future. In a keynote presentation at the 

2013 workshop, Dr Greg Holland from 
the National Center for Atmospheric 
Research (NCAR), another of our strong 
international partners, provided us with 
what he feels is an important grand 
challenge for us to tackle: the projec-
tion of climate extremes at regional 
scales. Research on this challenge 
requires the even closer collaboration 
of all our research programs. The var-
iability team has examined how ENSO 
variability might affect temperature 
and rainfall extremes and on the link 
between cyclones and heatwaves over 
south-eastern Australia. Further work 
on heatwaves has focused on regional 
mechanisms and associated patterns. 
The land team has explored how 
variability in transpiration, and likely 
vulnerability to drought, is affected by 
ground water underpinning large-scale 
forest ecosystems. The strong links 
between the atmosphere and the land 
have been highlighted in our work on 
soil moisture variability and tempera-
ture. The convection team discovered 
the conditions under which the heaviest 
precipitation occurs in the tropics. 
Studies of the ability of climate models 
to represent extremes are under way. 
These are all important pieces of the 
problem. However, a major goal for 
2014 must be to transform the Centre’s 
activities to the next level of collabora-
tive research by focusing our collective 
efforts on this grand challenge. That is, 
we are challenging ourselves to meet 
our goal of understanding key uncer-
tainties in projecting Australia’s climate, 
but focusing our research on our 
understanding of and ability to predict 
Australian extremes.

In summary, 2013 has been anoth-
er extraordinary year of growth and 
impact. We are transforming the scale 
and quality of university-led climate 
system science. Through 2014 we will 
further enhance our cross-Centre ac-
tivities to meet climate system science’s 
grand challenges.

Andy Pitman



precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <13>

Strategic 
Objectives:

Transform the 
quality and scale of 
University research

Transform graduate 
education at the 
national scale

Transform national 
climate science tools

Transform 
collaboration at all 
scales

Transform university-
based advice to 
stakeholders

Success pillars Our research program Our graduate program Our Computational 
Modeling program

National climate 
science fabric

Our outreach program

Strategic 
Actions we 
will:

1.1 Focus on cross-
institutional research 
published in high 
quality journals (A 
and A*) 

2.1 Develop a national 
graduate program 
led by a Graduate 
Director

3.1 Build modelling 
and analysis 
tools to support 
Australian climate 
research

4.1 Establish structures 
that encourage 
cross-institutional 
research

5.1 Develop a 
media and 
communications 
strategy led by a 
media officer

1.2 Ensure the Centre 
has a major national 
and international 
impact 

2.2 Co-supervise PhDs 
across institutions

3.2 Serve the ACCESS 
model and its 
components in 
a user-friendly 
framework

4.2 Conduct national 
workshops and 
training programs

5.2 Develop a website 
that is relevant, 
informative and up 
to date

1.3 Engage nationally 
and internationally 
via a targeted 
exchange program 

2.3 Enable students to 
collaborate across 
institutions

3.3 Serve data for 
models and from 
models in a user-
friendly framework

4.3 Conduct regular 
cross-institutional 
research team 
meetings

5.3 Communicate 
Centre research 
to schools, to 
encourage and 
inform

1.4 Increase the      number 
of organisations 
collaborating with 
the Centre

2.4 Conduct annual 
winter schools to 
educate, train and 
build relationships

3.4 Build a virtual 
climate laboratory 
in collaboration 
with key partners

4.4 Interact with 
our Board and 
Advisory group 
on key strategic 
issues

5.4 Brief business, 
industry and 
government on our 
science

1.5 Identify gaps in our 
research and attract 
additional funding 
to resolve them

2.5 Grow the PhD 
cohort via 
scholarships and 
support

3.5 Develop and share 
all tools using 
world-standard 
software practices

4.5 Contribute 
strongly to 
National Research 
Priorities

5.5 Develop 
educational 
resources for the 
community

Our Research Goals
 µ Improve our understanding 

of tropical convection and 
its role in climate variability 
and change and build this 
understanding into models

 µ Determine the risks posed 
from climate variability and 
change and enhance our 
capacity to predict how 
extremes will change in the 
future 

 µ Improve our understanding 
of regional scale land 
surface forcing and 
feedbacks and to build this 
understanding into models 

 µ Improve our understanding 
of the links between 
Australian climate 
variability and large-scale 
climate modes in the 
extratropics. 

 µ Improve our understanding 
of the physical mechanisms 
governing the ocean 
circulation, its variability, 
response to change and 
impact on biogeochemical 
cycling.

Our Research Strategy
 µ We undertake 

transformative blue-sky 
research with a critical 
mass of world-class climate 
system scientists based on 
a seven-year strategy 

 µ We develop and respond 
to ground-breaking 
ideas with vigour and 
commitment

 µ We build a national climate 
modelling infrastructure 
using our dedicated 
computational modeling 
support team     

 µ We educate the next 
generation of Australia’s 
climate scientists by 
transforming the graduate 
student experience at the 
national scale

 µ We will openly 
collaborate nationally and 
internationally

 µ We will communicate 
our science to the public 
and to policy makers with 
honesty, accuracy and 
integrity

Our Values
 µ Internationally outstanding 

science, published in elite 
journals

 µ A world-class education for 
our students and post-
doctoral researchers

 µ Unrestricted access to our 
tools, data and knowledge

 µ Honest and clear 
communication of our 
science

 µ A desire to deliver more 
than we promise

We are successful when:
 µ Our graduate students 

are outstanding and in 
demand

 µ We collaborate without 
impact from institutional 
barriers

 µ Our papers have impact on 
international science

 µ Our science is included in 
Australian and overseas 
models

 µ Researchers want to join 
our team

 µ Technology is no barrier to 
our science

 µ We communicate our 
science accurately

Our Vision: We will revolutionize our understanding of the Australian climate system by 
transforming the scale and quality of climate system science in Australian universities, 
linked with national and international partners

 ARC Centre of Excellence for Climate System Science Strategy 2012-2015
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Many members of the Centre of 
Excellence made important contribu-
tions to the 5th Assessment Report 
(AR5) by the Intergovernmental Panel 
on Climate Change (IPCC).

The AR5 is one of the most signifi-
cant reports ever written. Introducing 
the report, United Nations Secre-
tary-General Ban Ki-moon said, “The 
heat is on. We must act.” Similar 
comments came from multiple world 
governments and business groups, 
including the World Bank. The Aus-
tralian Government, through Environ-
ment Minister Greg Hunt, confirmed 
“the Coalition accepts the scientific 
assessment published in the [IPCC] 
report”.

Centre members, played many roles 
in the AR5. Professor Nathan Bindoff 
was a Convening Lead Author (detec-
tion and attribution). Dr Lisa Alexan-
der (observations), Professor Chris-
tian Jakob (model evaluation), and 
Professor Steve Sherwood (clouds 
and aerosols) were Lead Authors. 
Professor Andy Pitman was a Review 
Editor of Model Evaluation. Perhaps 
the toughest role was authorship of 
the Summary for Policymakers, and 
both Dr Alexander and Prof Bindoff 
were called on for this critical role. 
Many Partner Investigators and 

 The role of the Centre of Excellence in the 5th Assessment 
Report by the Intergovernmental Panel on Climate Change

Associate Investigators also played 
key roles.

In the lead-up to the release of the 
IPCC Working Group 1 Contribution 
to the AR5. Centre staff were heavily 
involved in commentary and then 
explanation of the report’s findings 
across all forms of media. As high-
lighted in our media report, this 
included Dr Sophie Lewis’s place-
ment as scientist in residence at The 
Age, where she advised and guided 
Fairfax reporters through the report’s 
contents. Dr Lewis also contributed 
a commentary piece on the day of 
the report’s release, “Debunking the 
persistent myth that global warming 
stopped in 1998”. The article attract-
ed 164 comments and was shared 
through social networks more than 
800 times.

Centre Director Prof Andy Pitman and 
Chief Investigator Professor David 
Karoly were leading voices at the time 
of the report’s release, appearing on 
national television and radio across 
commercial and non-commercial 
networks. Prof Pitman led Lateline’s 
(ABC1) story on the IPCC report and 
Centre researchers appeared on panel 
discussions, light current affairs pro-
grams like Channel 10’s The Project, 
commercial news programs and in all 

major metropolitan mastheads. Prof 
Pitman was also lead interview on the 
ABC’s 7pm news nationally the day 
of the report’s release. In the space of 
24 hours, our researchers conducted 
more than 30 interviews. Our Media 
Manager Alvin Stone was instrumental 
in devising and executing a coordi-
nated media strategy among commu-
nicators and scientists from multiple 
organisations. This led to more 
extensive and higher quality coverage 
in the media than occurred with the 
IPCC’s 4th Assessment Report.

To ensure the key findings in the 
report were widely disseminated, 
the Centre ran a workshop on 25 
October, 2013. In collaboration with 
the Australian Meteorological and 
Oceanographic Society (AMOS), we 
brought many of the Australian Con-
vening and Lead Authors together 
for a day to brief government and 
industry. The day began with a one-
hour executive briefing by Prof Andy 
Pitman. Approximately 30 individuals 
attended this high-level briefing in-
cluding representatives from Telstra, 
Westpac, GE, various law firms and 
Sydney Water and other government 
agencies. Further details of this event, 
including copies of presentations, can 
be found at: http://www.climatesci-
ence.org.au/IPCC-Briefing.

http://www.climatescience.org.au/IPCC-Briefing
http://www.climatescience.org.au/IPCC-Briefing


precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <15>

Chapter Name IPCC Role CoE Role

Technical Summary

Lisa Alexander Lead Author Chief Investigator
Nathan Bindoff Lead Author Chief Investigator
Peter Stott Contributing Author Partner Investigator
Rowan Sutton Contributing Author Partner Investigator

Chapter 1 (Introduction)
Rowan Sutton Contributing Author Partner Investigator
Malte Meinshausen  Contributing Author Associate Investigator

Chapter 2 (Observations) Lisa Alexander Lead Author Chief Investigator
Chapter 3 (Oceans) Susan Wijffels Contributing Author Associate Investigator
Chapter 5 (Paleoclimate) Shayne McGregor Contributing Author Associate Investigator
Chapter 6 (Carbon) Peter Rayner Contributing Author Associate Investigator
Chapter 7 (Clouds and aerosols) Steve Sherwood Lead Author Chief Investigator

Chapter 9  
(Model Evaluation)

Christian Jakob Lead Author Chief Investigator
Nathan Bindoff Contributing Author Chief Investigator
Jennifer Catto Contributing Author Researcher
Stephen Griffies Contributing Author Partner Investigator
Rowan Sutton Contributing Author Partner Investigator
Andy Pitman Review Editor Chief Investigator

Chapter 10 (Detection and Attri-
bution

Nathan Bindoff Coordinating Lead Author Chief Investigator
Peter Stott Coordinating Lead Author Partner Investigator

Chapter 11 (Projections)

Scott Power Coordinating Lead Author Partner Investigator
Rowan Sutton Lead Author Partner Investigator
Nathan Bindoff Contributing Author Chief Investigator

Chapter 12 (Projections)

Sandrine Bony Contributing Author Partner Investigator
Malte Meinshausen Contributing Author Associate Investigator
Oleg Saenko Contributing Author Associate Investigator

Chapter 13 (Sea Level Change) Stephen Griffies Contributing Author Partner Investigator
Chapter 13 (Future relevance) Kevin Walsh Contributing Author Associate Investigator

Centre of Excellence  Involvement in the IPCC 5th Assessment  Report (WG1 – Physical Science)
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 Research Partnerships and 
International Engagement

Scientific research is a collaborative 
effort. The existence of the ARCCSS is 
a natural recognition of this important 
characteristic of science. The Centre has 
united the key climate research groups 
in the Australian university sector in a 
highly collaborative research environ-
ment. However, climate system science 
obviously does not stop at the doors of 
ARCCSS, but is a much wider endeav-
our involving many more national 
and international research groups. 
In recognising the resulting need for 
strong partnerships, the Centre not 
only partnered with six national and 
five international organisations right 
from the proposal stage but also made 
it the specific portfolio for its Deputy 
Director to nurture and further develop 
its partnerships program. 

There are many good examples of the 
successes of our partnership program. 
We are now sharing a common climate 
model and data research infrastructure 
with the Centre for Australian Weather 
and Climate Research (CAWCR) making 
use of the facilities of another of our 
key partners, the National Computa-
tional Infrastructure (NCI). We co-de-
veloped our national climate model not 
only with our Australian partners, but 

also the UK Meteorological Office, for 
the atmosphere, the Geophysical Fluid 
Dynamics Laboratory (GFDL) in the 
USA, for the ocean, and the US Nation-
al Aeronautic and Space Administration 
(NASA), for the land. 

As our research evolves so does the 
need to collaborate more deeply with 
existing partners. For example, 2013 
saw a major growth in our collabora-
tion with University of Arizona in the 
area of land surface processes through 
the leadership of Professor Hoshin 
Gupta. Professors Jonathon Overpek 
and Julie Cole both visited the Centre 
on sabbatical in 2013, collaborating 
with our researchers in their work on 
drought and extremes. Collaboration in 
the oceans program has also grown via 
Joellen Russell who also works closely 
with the GFDL Earth System Model and 
Climate Model Development Teams. 
New partnerships have also emerged. 
We have established a new collabo-

Our 
Partners

Administering Institution

The University of New South Wales

Collaborating Institutions
The Australian National University
Monash University
The University of Melbourne
The University of Tasmania

Australian Partner Organisations
Australian National Data Service
The Centre of Australian Weather and 
Climate Research (CAWCR) – BoM
The Centre of Australian Weather and 
Climate Research (CAWCR) – CSIRO
The Department of Environment (For-
merly DCCEE) 
National Computational Infrastructure 
(NCI)

International Partner 
Organisations and Collaborators 

Geophysical Fluid Dynamics Laboratory 
(USA)
Hadley Centre – Meteorological Office 
(UK)
LMD – Centre National de la Recherche 
Scientifique (France)
Max-Planck Institute for Meteorology 
(Germany) 
NASA-Goddard Space Flight Center
National Center for Atmospheric Re-
search (USA)
National Centre for Atmospheric Sci-
ence (UK)
The University of Arizona 



precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <17>

rative agreement with the Max-Planck 
Institute for Meteorology (MPI-M) in 
Germany and we are exploring signing 
similar agreements with several other 
international partners in the near 
future. 

Of course, the success of collaboration 
cannot be measured by the number 
of signed agreements but must be 
evident in the day-to-day operations of 
our Centre. And it is. Not a day goes by 
where the Centre is not either hosting a 
visitor or has at least one of its staff or 
students on an extended international 
visit. In the last two years the Centre 
hosted 92 visitors (51 in 2013) for a 
total of 451 person-weeks. Our visitors 
range from exchange students, interna-
tional attendees of our winter schools 
and workshops to directors of major 
international research organisations. 
In the same time period many Centre 
staff and students made close to 200 
individual trips to our Partner Organisa-
tions, some for extended research visits 
of three months or longer. A list of 2013 
inbound and outbound visitors appears 
on page 18.

In addition to the great collaborative 
efforts with our research partners, 
Centre staff and students are constantly 
involved in many efforts of the national 
and international climate science com-
munity, ranging from their participation 
in the organisation of major events, 
to contributing in leadership positions 
of major international reports and re-
search committees. Four of the Centre 
Chief Investigators (that is one third) 
acted as Coordinating Lead Authors or 
Lead Authors for the 5th Assessment 
Report (AR5) of the Intergovernmental 
Panel for Climate Change (IPCC - see 
Vignette Pp 15). Many Centre staff con-
tinue to take leadership positions in the 
World Climate Research Programme 
(WCRP). Our Centre hosts the Co-chair 
of the WCRP’s Modelling Advisory 
Council, two Chairs of major activities in 
the WCRP Grand Challenge on Clouds, 
Circulation and Climate, the Chair of 
the World Meteorological Organisation 
(WMO) Commission for Climatology 
Expert Team on Climate Risk and Sec-
tor-specific Indices, as well as leaders of 
the WCRP Climate Variability projects 
Early Career Scientist network. We also 

lead some major international pro-
jects including Land Use and Climate: 
IDentification of robust impacts (LUCID) 
(http://www.lucidproject.org.au) in col-
laboration with Laboratoire des Scienc-
es du Climat et de l’Environnement 
and MPI. These collaborations not only 
recognise the excellence of our staff 
and the cutting-edge research we carry 
out, but provide us with opportunities 
to influence and learn from the entire 
world climate research community. 

Nurturing research partnerships re-
quires a significant investment of time 
and effort and, frequently, compromise. 
However, it is abundantly clear from 
the examples above that the return can 
be of tremendous value. It certainly 
has been for our Centre. Not only are 
we doing better research through our 
many collaborations, but we also forge 
institutional and of course personal 
relationships that will last a lifetime and 
beyond.

Inbound Visitors
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Outbound Visitors

2013 Inbound Visitors
(Visitors from our Partner Organisations in bold)

Alexander, K. University of Victoria, 
Canada

Aoki, S. Institute of Low Temperature 
Science, Hokkaido University , Japan

Birch, C. University of Leeds, UK

Brown, T. University of Arizona, USA

Cabellero, R. Stockholm University, 
Sweden

Carbone, R. NCAR, USA

Chavez, F. Monterey Bay Aquarium 
Research Institute, USA

Christidis, N. Hadley Centre/Met 
Office, UK

Chueng Chi Shing, University of Hong 
Kong, China

Cole, J. University of Arizona, USA

Cox, P. University of Exeter, UK

Dunn, R. Hadley Centre/Met Office, 
UK

Eby, M. University of Victoria, Canada

Farneti, R. International Centre for 
Theoretical Physics, Italy

Folland, C. Hadley Centre/Met 
Office, UK

Fowler, H. Newcastle University, UK

Fueglistaler, S. Princeton University, USA

Ginis, I. University of Rhode Island, USA

Grabowski, W. NCAR, USA

Gregory, J. NCAS and Hadley 
Centre/Met Office, UK

Griffies, S. GFDL, USA

Hergl, G. The University of Edinburgh, 
UK

Holloway, C. NCAS, University of 
Reading, UK

Jucker, M. Princeton University, USA

Kessler, W. NOAAs PMEL, USA

Latif, M. GEOMAR, University of Kiel, 
Germany

Lean, H. Met Office, UK

Lopez Parages, J. Departamento 
de Física de la Tierra, Astronomía y 
Astrofísica I (Geofísica y Meteorología) 
Universidad Complutense de Madrid, 
Spain

Maes, C. Institut de Recherche pour le 
Développement, New Caledonia

Ming, Y. GFDL, USA

Moncrieff, M. NCAR, USA

Naveira Garabato, A. University of 
Southampton, UK

Nurser, G. NOCS, UK

Overpeck, J. University of Arizona, 
USA

Perlwitz, J. NOAA PSD, USA

Petch, J. Met Office, UK

Polzin, K. Woods Hole Oceanographic 
Institution, USA

Seneviratne, S. ETH Zurich, Switzerland

Simpson, I. Columbia University, USA

Singh, M. MIT, USA

Smith, R. Munich, Germany

Spensberger, C. University of Bergen, 
Norway

Spreitzer, E. Johannes-Gutenberg 
University, Germany

Stewart, K. Johns Hopkins University, 
USA

Stott, P. Hadley Centre/Met Office, 
UK

Stratton, R. Met Office, UK

Tailleux, R. University of Reading, UK

Thompson, D. Colorado State 
University, USA
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Ummenhofer, C. Woods Hole 
Oceanographic Institution, USA

Webster, S. Hadley Centre/Met 
Office, UK

Xavier, P. Met Office, UK

Yin, H. China Meteorological 
Administration, Beijing, China

Zika, J. NOC, USA

Centre Personnel 
Travelling Overseas in 2013
Abramowitz, G., USA

Alexander, L., Ecuador, Fiji, Switzerland, UK

Argueso, D., Belgium, Japan

Ashcroft, L., Austria, UK

Ayers, J., USA

Bindoff, N., Sweden

Bull, C., New Zealand, Sub-Antarctic 
Islands

Chen, Y., USA

Clarke, H., Germany

Dommenget, D., Austria

Dommenget, D., USA

Donat, M., Austria, Germany, Korea, 
Switzerland, UK

Downes, S., New Zealand, UK

Exbrayat, J., Austria, UK, USA

Frankcombe, L., Netherlands, Norway

Frauen, C., USA

Frey, W., New Zealand, USA

Fuchs, D., USA

Griffies, S., France

Hart, M., Hong Kong, USA

Hassim, M., USA

Hernandez Deckers, D., Croatia, 
Germany, Netherlands

Hirsch, A., USA

Hobbs, W., USA

Hogg, A., UK

Holbrook, N., UK

Huiskamp, W., New Zealand, Sub-
Antarctic Islands

Hutchinson, D., New Zealand, Sub-
Antarctic Islands

Imielska, A., USA

Jakob, C., Brazil, France, Germany, New 
Zealand, UK, USA

Kala, J., USA

Karoly, D., New Zealand, Slovenia, UK, 
USA

Kidston, J., Ireland, UK, USA

King, A., Korea, Switzerland, UK

Klocker, A., USA

Lane, T., USA

Lewis, S., Austria, Switzerland, UK, USA

Lipson, M., Netherlands

Maharaj, A., USA

Maher, P., USA

Menviel, L., France, Spain

Nikurashin, M., France, Sweden, USA

Parker, T., Switzerland, UK, USA

Perkins, S., Austria, Ecuador, 
Switzerland, UK, USA

Peters, K., Germany, Singapore, UK

Phipps, S., India, New Zealand, Spain

Pitman, A., UK

Qin, X., New Zealand, Sub-Antarctic 
Islands

Reeder, M., USA

Rezny, M., USA

Rosso, I., USA

Santoso, A., Austria

Schofield, R., New Zealand, USA

Sen Gupta, A., New Caledonia

Sherwood, S., Greece, India, New 
Zealand, UK

Snow, K., USA

Spence, P., Canada, France, India, USA

Strutton, P., Belgium

Sun, F., Austria, China

Tan, J., USA

Tyrrell, N., Austria

van Sebille, E., Germany, Israel, 
Netherlands, Sub-Antarctic Islands, 
Sweden, UK 

Wales, S., UK

Walsh, K., Greece, Italy

Waterman, S., Israel, USA

Whan, K., Japan, USA
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Governance and 
Management  

Centre Board

ARCCSS is overseen by a Board, 
chaired by Nobel Laureate Professor 
Peter Doherty, AC. The Board provides 
strategic oversight and advice to the 
Centre as well as monitoring the Cen-
tre’s performance against its stated Key 
Performance Targets. The Board met in 
Sydney in February 2013. 

2013 Board Members:

Professor Peter Doherty (Chair), 
University of Melbourne and St Jude 
Children’s Research Hospital

Dr Rob Vertessy Director of the Bu-
reau of Meteorology

Mr Ian Dunlop, Former Chair, Aus-
tralian Coal Association, and Former 
CEO Australian Institute of Company 
Directors

Professor Laura Poole-Warren PVC 
Research Training, UNSW

Dr Bruce Mapstone, Chief, CSIRO 
Marine and Atmospheric Research

Professor Jean Palutikof, Director of 
the National Climate Change Adapta-
tion Research Facility, Griffith University

Ms Jo Mummery Assistant Secretary 
Science and International Adaptation 
Branch, Department of the Environ-
ment

Professor Julia Slingo, Chief Scientist, 
UK Meteorological Office

The Centre Advisory Group 

The Centre Advisory Group (CAG) 
meets monthly to discuss strategic and 
tactical advice at the level of individu-
al programs and projects. The CAG’s 
monthly meetings will ensure the 
Centre meets the agreed performance 
indicators, coordinated across the part-
ner and host organisations. 

Advisory Group members: 

Professor Andy Pitman, Director

Professor Christian Jakob, Deputy 
Director

Scott Wales Computational Modelling 
Support Team Leader

Professor Lindsay Botten, Director 
of NCI

Dr Tony Hirst, Deputy Research Pro-
gram Leader, CAWCR ESM, CSIRO

Dr Peter May, Deputy Director, CAW-
CR-BoM 

*Leaders of each of the Centre’s research programs 
are also involved in the CAG as required.

The Centre Director Professor Andy 
Pitman carries overall responsibility for 
day-to-day leadership of the Cen-
tre and its research. He is supported 
by the Centre Executive Group. The 
Centre Executive Group is comprised 
of the Director, Deputy Director, Centre 
Manager, Graduate Director, Compu-
tational Modelling (CMS) Team Leader 
and the Communications Officer. The 
Executive Group meets regularly via 
video conference to discuss Centre 
management, operations and policy. 
An extended Centre Executive, which 
includes the leaders of each research 
program, meets by video conference 
on a monthly basis.

 Centre Structure, Governance 
and Management
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Twelve Chief Investigators Across Five Research Programs

(Dr Lisa Alexander, Prof Nathan Bindoff, Dr Dietmar Dommenget, Prof Matt England, 
A/Prof Andy Hogg, Prof David Karoly, Dr Todd Lane, Prof Michael Reeder, A/Prof 
Michael Roderick, Prof Steven Sherwood, Prof Will Steffen, A/Prof Peter Strutton)

Computational 
Modelling Support 

Team

 (Lu, Ward, Petrelli, 
Wolff)

Administration 
Team 

(Co, Haley, Purdon)

Research 
Associates

Partner and 
Associate 

Investigators

Research 
Students 

(PhD, Master, 
Honours)-

Board

Prof Peter Dhoerty, Dr Rob Vertessy, Dr Bruce 
Mapstone, Jo Mummery, Ian Dunlop, Prof Jean 
Palutikof, Prof Laura Poole-Warren, Prof Julia 

Slingo

Centre Advisory Group

Lindsay Botten, Tony Hirst, Peter May, 
Andy Pitman, Christian Jakob, Scott Wales

Centre Director

Prof Andy Pitman

Team Leader 
Computational Modelling 

Systems

Scott Wales

Communications 
Manager

Alvin Stone

Graduate 
Director

Dr Melissa Hart

Centre Manager

Stephen Gray

Deputy Director

Prof Christian Jakob

Centre Executive
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Director
Professor Andy Pitman 
UNSW

Deputy Director
Professor Christian Jakob 
Monash University

Graduate Director
Dr Melissa Hart 
UNSW

Centre Manager
Stephen Gray
UNSW

Chief Investigators
Dr Lisa Alexander 
UNSW

Professor Nathan Bindoff 
UTA

Dr Dietmar Dommenget 
Monash University

Professor Matthew Eng-
land 
UNSW

A/Professor Andy Hogg 
ANU

Professor David Karoly 
U.Melb

A/Professor Todd Lane 
U.Melb

Professor Michael Reeder 
Monash University

Professor Michael Rod-
erick 
ANU

Professor Steven  
Sherwood 
UNSW

Professor Will Steffen 
ANU

A/Professor Peter Strutton 
UTAS

Partner Investigators
Dr Sandrine Bony
LMD/CNRS (France) 
Dr Carsten Frederiksen
CAWCR – (BoM)

Dr Wojciech  Grabowski
NCAR (USA)

Dr Stephen Griffies
GFDL – (USA)

Professor Hoshin Gupta
University of Arizona

Dr Harry Hendon
CAWCR – (BoM)

Dr Anthony Hirst
CAWCR – (CSIRO)

Dr Richard Matear
CAWCR – (CSIRO)

Dr Peter May
CAWCR – (BoM)

Dr Christa Peters-Lidard
NASA-Goddard Space Flight 
Center (USA)

Dr Scott Power
CAWCR – (BoM)

Dr Peter Stott
Hadley Centre – Met Office 
(UK)

Professor Rowan Sutton
NCAS (UK)

Dr Ying Ping Wang
CAWCR – (CSIRO)

Dr Penny Whetton
CAWCR – (CSIRO)

Associate Investigators
Dr Gab Abramowitz
UNSW

Dr Jessica Benthuysen
CSIRO/UTAS

Dr Jennifer Catto 
Monash University

Dr Randall Donohue 
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 Chief Investigators

Prof Andy Pitman

Director of ARC Centre of Excellence 
for Climate System Science

Research program: The role of land 
surface forcing and feedbacks for 
regional climate

Professor 
Andy Pitman 
was award-
ed a PhD in 
Atmospheric 
Science by the 
University of 
Liverpool, UK. 
He also holds 
a Postgrad-
uate Certif-

icate in Educational Leadership from 
Macquarie University. Prof Pitman was 
Head of the Department of Physical 
Geography at Macquarie University 
from 1999 to 2003 and Deputy Dean of 
Division from 2000 to 2003. He initiated 
the Climate Risk Centre of Research 
Excellence there before moving to the 
University of New South Wales in 2007 
to co-direct the newly established Cli-
mate Change Research Centre.

Prof Pitman’s research focus is on ter-
restrial processes in global and regional 
climate modelling, model evaluation 
and earth systems approaches to 

understanding climate change. His 
leadership, collaboration and research 
experience is extensive both nationally 
and internationally. Between 2004 and 
2010 he convened the ARC Research 
Network for Earth System Science 
which facilitated interaction between 
individuals and groups involved in 
climate system science. He is a member 
of the Academy of Science’s National 
Committee for Earth System Sci-
ence, the NSW Minister for the Environ-
ment’s Science Advisory Committee 
and the Federal Department of the 
Environment’s Science Advisory Com-
mittee. In 2007 he was appointed to 
the Prime Minister ’s Science, Engineer-
ing and Innovation Council on Regional 
Climate Change.

Internationally, Prof Pitman is closely af-
filiated with the World Climate Research 
Programme (WCRP). He was Chair 
of the WCRP’s Land Committee for 
the Global Land Atmosphere System 
Study from 2006 to 2008, and is now 
on its Science Steering Committee. As 
Co-chair, he jointly led one of the first 
major international intercomparison 
exercises: the Project for the Intercom-
parison of Land Surface Parameteriza-
tion Schemes, which is supported by 

WCRP and the International Geosphere 
Biosphere Program. He also sat on the 
Science Steering Committee of the 
Integrated Land Ecosystem-Atmos-
phere Processes Study and is currently 
co-coordinator for the project: Land 
use change: identification of robust 
impacts.

Prof Pitman is a regular invitee for key-
note presentations and is a passionate 
communicator about science, contrib-
uting regularly to the media on the sci-
ence of climate change. He was a Lead 
Author for Intergovernmental Panel 
on Climate Change (IPCC) Assessment 
Reports 3 and 4 contributing to the 
award of the Nobel Peace Prize to the 
IPCC in 2007. He is a Chapter Review 
Editor on Assessment Report 5. He has 
also contributed to the Copenhagen 
Diagnosis, an Australia-led update of 
the science of climate change. He has 
held editorial positions with the Journal 
of Climate, the Journal of Geophysical 
Research-Atmospheres and is currently 
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editor for the International Journal of 
Climatology.

Awards and accolades received by Prof 
Pitman include: NSW Scientist of the 
Year Award (2010), the Australian Mete-
orological and Oceanographical Medal 
(2009), the Dean’s Award for Science 
Leadership at Macquarie University 
(2005), the Priestly Medal for Excellence 
in Atmospheric Science Research (2004) 
and the Geoff Conolly Memorial Award 
(2004). He jointly won the Internation-
al Justice Prize for the Copenhagen 
Diagnosis (2010) and was among 
Sydney Magazine’s list of the 100 most 
influential people (2010).

Prof Pitman has a long track record 
of nurturing early career researchers 
and has supervised 10 PhD students 
through to successful completion, plus 
five Masters and a significant number 
of honours students. He has published 
more than 140 papers in peer-reviewed 
journals and has authored 20 book 
chapters.

Prof Christian Jakob

Deputy Director of ARC Centre of Ex-
cellence for Climate System Science

Research program: The effects of trop-
ical convection on Australia’s climate

Professor 
Christian 
Jakob was 
awarded his 
PhD in Mete-
orology from 
the Ludwig 
Maximilians 
University, 
Munich in 
2001. As 

research and senior research scientist 
for the European Centre for Medi-
um-Range Weather Forecasts from 
1993 to 2001, he worked on the 
development and evaluation of pa-
rameterizations for clouds, convection 
and precipitation. From 2002 to 2007 
he was Senior and Principal Research 
Scientist of the Australian Bureau of 

Meteorology and since 2007 has been 
a professor at Monash University. He 
currently is the Chair of Climate Model-
ling at Monash’s School of Mathemat-
ical Sciences. He also formerly led the 
Monash Weather and Climate Theme, 
an expert group on weather and 
climate research that forms part of the 
Monash Sustainability Institute.

Prof Jakob’s experience and current 
interests are in the development and 
evaluation of the hydrological cycle 
in global atmospheric models. In-
ternationally, he is engaged in many 
scientific and collaborative activities. 
He is the current Co-chair of the 
World Climate Research Programme’s 
(WCRP) Modelling Advisory Council. 
Prof Jakob led the prestigious Working 
Group on Numerical Experimentation 
from 2008 to 2012 and was the first 
university-based researcher to be 
appointed in that position, in which he 
is coordinating research within WCRP 
on the evaluation and development of 
the representation of the energy and 
water cycles in global models. He was 
Chair of the WCRP’s Global Energy 
and Water Cycle Experiment (GEWEX) 
Modelling and Prediction Panel from 
2007 to 2010. Before that, Prof Jakob 
successfully led the GEWEX Cloud 
System Study (GCSS), in which a group 
of about 150 scientists collaborated 
on the development and evaluation of 
cloud and convection representation 
in models. He also co-led the Tropical 
Warm Pool International Cloud Experi-
ment and organised the 3rd Pan-GCSS 
conference on Clouds, Models and 
Climate. In 2009 he was Co-chair of the 
Gordon Research Conference on Radi-
ation and Climate and also convened 
and organised the highly successful 6th 
GEWEX International Science Confer-
ence held in Melbourne the same year. 

As recognition of his prominent 
position in the climate science field, 
Prof Jakob was a Lead Author for the 
Intergovernmental Panel on Climate 
Change (IPCC) Working Group 1 Con-
tribution to the 5th Assessment Report. 
He has also been an editor for the 
prestigious Journal of Climate. 

Dr Lisa Alexander

Research program: Mechanisms ex-
plaining changes in Australian climate 
extremes

Dr Lisa Alex-
ander holds a 
BSc and MSc 
in Applied 
Mathematics 
and a PhD 
from Monash 
University. 
Between 1998 
and 2006 she 
worked as a 

research scientist at the UK Meteoro-
logical Office - Hadley Centre, with a 
year on secondment at the Australian 
Bureau of Meteorology.

Dr Alexander’s primary research focus-
es on understanding the variability and 
driving mechanisms of climate ex-
tremes. Of particular significance is her 
ongoing work assessing global changes 
in temperature and rainfall extremes, 
which has contributed significantly to 
the Intergovernmental Panel on Climate 
Change (IPCC) Assessments. She was 
awarded the 2011 Priestley Medal 
by the Australian Meteorological and 
Oceanographic Society and the 2013 
Australian Academy of Science Dorothy 
Hill Award for her contribution to this 
field of research. She has contributed 
to the IPCC Assessments in 2001 and 
2007 and the 2012 Special Report 
on Extremes and is a Lead Author of 
the IPCC’s 5th Assessment Report. Dr 
Alexander also chairs the World Mete-
orological Organisation Commission for 
Climatology Expert Team on Climate 
Risk and Sector-specific Indices.
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Prof Nathaniel Bindoff

Research program: Mechanisms and 
attribution of past and future ocean 
circulation change

Nathaniel 
Bindoff is 
Professor 
of Physical 
Oceanography 
at the Universi-
ty of Tasmania, 
specialising in 
ocean climate 
and the earth’s 
climate system, 

with a focus on understanding the 
causes of change in the oceans. He 
was the Coordinating Lead Author for 
the Oceans chapter in the Intergovern-
mental Panel on Climate Change (IPCC) 
4th and 5th Assessment Reports (AR4 
& AR5). Prof Bindoff and colleagues 
documented some of the first evidence 
for changes in the oceans in the Indian, 
North Pacific, South Pacific and South-
ern Oceans and the first evidence of 
changes in the Earth’s hydrological cy-
cle from ocean salinity. His most recent 
work is on documenting the decline 
in oxygen content of the oceans. Prof 
Bindoff has also worked in the Antarc-
tic, determining the total production of 
Adelie Land Bottom Water formation 
and its contribution to Antarctic Bottom 
Water Formation and its circulation. His 
group has contributed to the devel-
opment of some of the largest- and 
highest-resolution model simulations 
of the oceans for the scientific study of 
mixing in the oceans. He contributed to 
the IPCC’s winning of the Nobel Peace 
Prize in 2007, shared with Al Gore, and 
is a Coordinating Lead Author of the 
Detection and Attribution chapter in 
AR5 for the IPCC.

Prof Bindoff’s current interests are 
primarily in: understanding how the 
changing ocean can be used to infer 
changes in atmosphere and whether 
these changes can be attributed to 
rising greenhouse gases; and project-
ing future changes and its impacts on 
regional climates. He led the Climate 

Futures project for the study of impacts 
of climate change on Tasmania. Prof 
Bindoff has served on 13 international 
committees, has been an invited speak-
er at multiple conferences and work-
shops, co-chaired two workshops, was 
guest editor on two special volumes of 
Deep Sea Research. He has published 
more than 88 scientific papers and 42 
reports.

Dr Dietmar Dommenget

Research program:  Drivers of spatial 
and temporal climate variability in 
extra-tropical Australia

Dr Dietmar 
Dommenget 
completed his 
Diploma in 
Physics at the 
University of 
Hamburg. He 
started stud-
ying climate 
dynamics 
and climate 

model development at the Max Planck 
Institute for Meteorology in 1996 and 
finished his PhD in 2000. He joined 
the ECCO project for a postdoctoral 
position at the Scripps Institution of 
Oceanography in La Jolla, California, 
to study the predictability of El Niño in 
a joint observational data assimilation 
scheme. After three years in California 
he returned to Germany in 2003 for a 
fixed-term faculty position as a junior 
professor in the Meteorology depart-
ment at the IFM-GEOMAR in Kiel. Since 
2010 Dommenget has been a senior 
lecturer at Monash University in the 
Weather and Climate group of the 
School of Mathematical Sciences.

Dr Dommenget’s research focuses 
on large-scale climate dynamics. He 
works with climate models at all levels 
of complexity. Most of his work centres 
on the development, conducting and 
analysis of coupled general circulation 
models, but he has also developed 
simple conceptual models of natural 
climate variability. Most of his work 
focuses on sea surface temperature 

variability in the tropical and extra-trop-
ical oceans.

Dr Dommenget is most widely known 
for his work on the interpretation of 
statistical patterns in climate variability 
(EOFs or PCs). His most recent projects 
focus on climate change. He devel-
oped a new type of climate model for 
the conceptual understanding of the 
climate response to external forcing, 
which is a very fast and simple tool for 
researchers, students and the public in 
general to understand the interactions 
in the climate system.

Prof Matthew England

Research program:  Mechanisms and 
attribution of past and future ocean 
circulation change

Professor Mat-
thew England 
obtained his 
PhD in 1992 
from the 
University of 
Sydney. He is 
a former Ful-
bright Scholar 
and was a 
postdoctoral 

research fellow at the Centre National 
de la Recherche Scientifique (France) 
from 1992-1994. He was a research 
scientist in CSIRO’s Climate Change 
Research Program from 1994-1995 
and was a CSIRO Flagship Fellow in 
2005. He has been with the University 
of New South Wales since 1995, where 
he held an ARC Federation Fellowship 
from 2006-10. He commenced an 
ARC Laureate Fellowship in 2011 and 
is presently Co-Director of the UNSW 
Climate Change Research Centre.

Prof England’s research explores 
global-scale ocean circulation and the 
influence it has on regional climate, 
large-scale physical oceanography, 
ocean modelling, and climate pro-
cesses, with a particular focus on the 
Southern Hemisphere. Using ocean and 
coupled climate models in combi-
nation with observations, he studies 
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how ocean currents affect climate and 
climate variability on time-scales of sea-
sons to centuries. His work has made 
significant impact on the treatment 
of water-mass physics in models, on 
the methodologies of assessment of 
ocean and climate models, and on our 
understanding of large-scale Southern 
Hemisphere climate modes as well as 
the mechanisms for regional climate 
variability over Australia.

Prof England has served on two Prime 
Minister ’s Science, Engineering and 
Innovation Council Expert Working 
Groups (Antarctic and Southern Ocean 
Science; and Energy-Carbon-Water); 
the Climate Variability and Predictability 
(CLIVAR) International Working Group 
for Ocean Model Development; and 
the ARC Earth System Science Network 
board. He has been the Co-chair of 
the CLIVAR Southern Ocean Region 
Implementation Panel since 2008 and is 
currently a member of the WCRP/CLI-
VAR/GEWEX Drought Interest Group.

Prof England was awarded the Land & 
Water Australia Eureka Prize for Water 
Research and the Banksia Foundation 
Mercedes-Benz Australian Research 
Award in 2008. In 2007 he received 
the Royal Society of Victoria Research 
Medal. Other awards include the Sher-
man Eureka Prize for Environmental 
Research (2006); the Australian Mete-
orological and Oceanographic Society 
Priestley Medal (2005); the Australian 
Academy of Science Frederick White 
Prize (2004); a Fulbright Scholarship 
(1991-1992); and the University Medal, 
University of Sydney (1987).

Prof England has authored over 120 
peer-reviewed journal papers, and his 
research has featured in the 2nd  and 
3rd IPCC Assessment Reports. He was 
the convening lead author of the 2009 
Copenhagen Diagnosis. He has been 
an editor for the ocean sciences section 
of Reviews of Geophysics since 2005 
and an associate editor for the Journal 
of Climate since 2008.

A/Prof Andy Hogg

Research program:  Mechanisms and 
attribution of past and future ocean 
circulation change

Associate 
Professor 
Andy Hogg 
completed his 
undergrad-
uate degree 
in Physics at 
the Austral-
ian National 
University 
in 1996 and 

was awarded his PhD in Geophysical 
Fluid Dynamics from the University of 
Western Australia in 2002. He then 
spent three years as a postdoctoral 
fellow at the Southampton Oceanog-
raphy Centre where he developed a 
new, high-resolution coupled ocean-at-
mosphere model (Q-GCM). In 2004 he 
returned to ANU to take up a position 
as ARC Postdoctoral Fellow. He is cur-
rently based at ANU’s Research School 
of Earth Sciences, and holds an ARC 
Future Fellowship.

A/Prof Hogg’s research interests centre 
on physical processes governing the 
ocean and climate. His work within the 
Centre of Excellence for Climate System 
Science is focused on the role of the 
ocean in altering the variance of modes 
of climate variability and the ocean’s re-
sponse to changes in the major climate 
modes. He investigates the physical 
changes in Southern Ocean water-mass 
formation and the role of eddies and 
mixing in the climate system.

Due to his unique contributions to un-
derstanding of the Southern Ocean, A/
Prof Hogg was awarded the Frederick 
White Prize from the Australian Acad-
emy of Science in 2012. His publication 
record includes 44 scientific research 
papers and exhibits a flair for new and 
innovative research. He currently holds 
an ARC Discovery Project, and super-
vises two postdoctoral researchers and 
five PhD students.

Prof David J Karoly

Research program: Mechanisms ex-
plaining changes in Australian climate 
extremes 

Professor 
David Karoly 
completed his 
BSc (Hons) 
degree in Ap-
plied Mathe-
matics in 1976 
from Monash 
University and 
was award-
ed his PhD 

in Meteorology from the University 
of Reading in England in 1980. From 
1995 to 2000 he was the Director of 
the Cooperative Research Centre for 
Southern Hemisphere Meteorology at 
Monash University and during 2001- 
2002 he was Professor of Meteorology 
and Head of the School of Mathe-
matical Sciences at Monash University. 
From 2003 - 2007 he was the Williams 
Chair Professor of Meteorology at the 
University of Oklahoma. He returned to 
Australia in 2007 as an ARC Federation 
Fellow and Professor of Meteorology 
at the University of Melbourne – a 
position that ended in May 2012. His 
current position is Professor of Atmos-
pheric Science at Melbourne Universi-
ty’s School of Earth Sciences.

Prof Karoly’s research focuses on 
climate variability and climate change, 
including greenhouse climate change, 
stratospheric ozone depletion and 
interannual climate variations due to 
El Niño Southern Oscillation. He is 
recognised as one of the leading global 
experts on the dynamics of large-scale 
atmospheric circulation in the South-
ern Hemisphere and its variability. Prof 
Karoly is also recognised as a world 
leader in the detection and attribu-
tion of climate change, particularly at 
regional scales. Recently, he has been 
studying the impacts of climate change 
on weather extremes and their impacts 
on human and natural systems.
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Prof Karoly is a member of the Climate 
Change Authority, established in 2012 
as an independent body that pro-
vides expert advice on the operation 
of Australia’s carbon price, emissions 
reduction targets and other Australian 
Government climate change mitigation 
initiatives. In 2013, he became a mem-
ber of the Scientific Steering Committee 
for the World Meteorological Organ-
ization/United Nations Environment 
Programme Scientific Assessment of 
Ozone Depletion 2014. During 2011 
– 2012  he was a member of the Joint 
Scientific Committee, which provides 
scientific oversight to the World Climate 
Research Programme. From 2008-09 
he was Chair of the Premier of Victoria’s 
Climate Change Reference Group. He 
is also a member of the Wentworth 
Group of Concerned Scientists and 
the Australian Academy of Sciences’ 
National Committee on Earth System 
Science.

Prof Karoly’s publications include seven 
books, 15 book chapters and 96 journal 
articles on a wide range of topics from 
glacier melting rates to the ethics 
surrounding climate change. He was in-
volved, through several different roles, 
in the preparation of the Intergovern-
mental Panel on Climate Change (IPCC) 
4th Assessment Report and is a review 
editor for a chapter in the current 
IPCC 5th Assessment Report. Awards 
received throughout his career include 
the Clarence Leroy Meisinger Award 
from the American Meteorological 
Society (1993) and the Norbert Ger-
bier-MUMM International Award from 
the World Meteorological Organization 
(1998). In 1999 he was elected Fellow 
of the American Meteorological Society 
for outstanding contributions to the 
atmospheric sciences.

A/Prof Todd P Lane

Research program: The effects of trop-
ical convection on Australia’s climate

Associate 
Professor 
Todd Lane 
was award-
ed his PhD 
in Applied 
Mathematics 
from Monash 
University in 
2000, having 
completed 

his Bachelor degree in 1997. He was 
a postdoctoral fellow with the Nation-
al Center for Atmospheric Research 
(NCAR) from 2000 - 2002 and a staff 
scientist from 2003 2005. He joined 
The University of Melbourne in 2005, 
was an ARC Future Fellow between 
2010-2014, and is now an Associate 
Professor and Reader in The School of 
Earth Sciences. 

A/Prof Lane’s primary research focus 
is on cloud processes. He is interna-
tionally recognised as an expert on the 
generation of atmospheric waves and 
turbulence by thunderstorms and has 
made important contributions to many 
other aspects of mesoscale meteorol-
ogy, convective cloud dynamics, and 
high-resolution atmospheric modelling. 
His work within the Centre of Excellence 
is focused on convection in the mari-
time continent, and he is using state-of-
the-art cloud models to determine the 
processes that govern the diurnal cycle 
and variability of clouds and precipita-
tion in this region.

A/Prof Lane is the current President 
of the Australian Meteorological and 
Oceanographic Society, and has been 
the Chair of the American Meteorolog-
ical Society’s Committee on Mesoscale 
Processes since 2012. He has received 
awards from the American Meteorolog-
ical Society, the Australian Academy of 
Science, the Australian Meteorological 
and Oceanographic Society, and NASA.

Prof Michael Reeder

Research program:  Drivers of spatial 
and temporal climate variability in 
extra-tropical Australia

Professor 
Michael 
Reeder com-
pleted a PhD 
in Applied 
Mathematics 
at Monash 
University, be-
fore holding 
postdoctoral 
positions at 

the University of Munich (Germany) and 
the NASA/Goddard Space Flight Center 
(USA). He subsequently returned to 
Monash University as a member of staff, 
rising through the ranks to become a 
professor. 

 He has also held long-term visiting 
positions at the National Center for 
Atmospheric Research  (USA), the State 
University of New York at Albany (USA) 
and the University of Reading (UK).

Prof Reeder’s research is focused prin-
cipally on weather producing systems. 
However, he has published on a wide 
variety of topics, including: fronts, trop-
opause folding, extra-tropical cyclones, 
the Madden–Julian oscillation, Ross-
by waves, hurricanes, gravity waves, 
solitary waves, convection, boundary 
layers and bushfires.

Prof Reeder is trained in mathematics 
but is keenly aware of the central role 
observations play in understanding 
how the atmosphere works. For this 
reason he has been a chief investigator 
in 10 major field experiments over the 
past two decades. He has been the 
principal supervisor for more than 30 
graduate students.

Prof Reeder is a past President of the 
Australian Meteorological and Ocean-
ographic Society, a member of the ARC 
College of Experts, and a winner of 
the Loewe Prize (Royal Meteorological 
Society, Australian Branch).



ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <29>

precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

Prof Michael L Roderick

Research program: The role of land 
surface forcing and feedbacks for 
regional climate

Professor 
Michael Rod-
erick grad-
uated with 
a Bachelor 
of Applied Sci-
ence degree 
in Surveying 
from the 
Queensland 
University of 

Technology in 1984 and subsequently 
worked as a surveyor across northern 
Australia until 1990. He completed a 
Postgraduate Diploma in Geographic 
Information Systems at the University of 
Queensland in 1990. After working with 
the Department of Agriculture in Perth 
(1991-1993) he joined Curtin Univer-
sity. He was a lecturer at the School 
of Spatial Sciences, Curtin University 
of Technology, from 1993 - 1996 and 
completed a PhD in satellite remote 
sensing and environmental modelling 
at Curtin University in 1994. He joined 
the Australian National University as 
a research fellow in 1996 and holds 
a joint appointment as a professor 
between the Research School of Earth 
Sciences and the Research School of Bi-
ology. He is also an associate editor of 
two scientific journals; Water Resources 
Research and Hydrology and Earth 
System Sciences.

Prof Roderick’s principle research 
interests are in environmental physics, 
global climate change science, ecohy-
drology (including plant-water rela-
tions), remote sensing and ecological 
dynamics. He has made major interna-
tional contributions to understanding 
the water-energy-carbon linkage.

An advocate of national and inter-
national scientific collaboration, Prof 
Roderick co-instigated and co-or-
ganised the first international scien-
tific meeting to address the observed 
decline in evaporative demand and 

the implications for the terrestrial 
water balance, hosted in 2004 by the 
Australian Academy of Science. He has 
also acted as an advisor to the Nation-
al Science Foundation’s program on 
Ecohydrology. He led the Theoretical 
Developments in Carbon Cycle Science 
program of the Cooperative Research 
Centre for Greenhouse Accounting 
from 2001-2006.

In 1999, Prof Roderick received the 
J.B.S. Haldane Prize of the British 
Ecological Society for research linking 
water-energy-carbon-nutrients at a leaf 
scale and in 2004 he received a Top 
100 award for his research on evapora-
tion. He was awarded the Australasian 
Science Prize in 2009 for his research 
on evaporation and changing water 
availability. In 2013 he was awarded the 
John Dalton Medal by the European 
Geosciences Union for his ground-
breaking research on trends in the 
water cycle.

Prof Roderick is also an active supervi-
sor and mentor to emerging scientists. 
He is currently supervising three PhD 
scholars, and has seen eight of his PhD 
scholars graduate since 2001.

Prof Steven Sherwood

Research program: The effects of trop-
ical convection on Australia’s climate

Professor 
Steven Sher-
wood received 
his Bachelor 
degree in 
Physics from 
the Massachu-
setts Institute 
of Technology 
in 1987. He 
was awarded 

a Master of Science in Engineering 
Physics from the University of California 
in 1991 and a PhD in Oceanography 
from the Scripps Institute of Oceanog-
raphy, University of California in 1995. 
He carried out postdoctoral research 
at Victoria University, Wellington (NZ) 
from 1996-97 and was a research 

scientist at the Goddard Earth Sciences 
and Technology Centre from 1998-
2000.

Between 2001 and 2008 he was 
Associate Professor then Professor at 
Yale University. He moved to Australia 
at the beginning of 2009 where he is 
Professor and Director at the University 
of New South Wales’ Climate Change 
Research Centre. Prof Sherwood was a 
Lead Author of the chapter on Clouds 
and Aerosols in the Intergovernmental 
Panel on Climate Change (IPCC) 5th 
Assessment Report.

Prof Sherwood is an established leader 
in climate system science. In particular, 
he has made significant contributions 
to the understanding of moisture-re-
lated processes in the atmosphere. His 
areas of study include: atmospheric 
humidity, convective systems, interac-
tions between clouds, air circulation 
and climate, remote sensing of storms, 
and observed warming trends. Within 
the Centre of Excellence, Prof Sher-
wood leads the program The effects 
of tropical convection on Australia’s 
climate. This work will ultimately con-
tribute towards the goal of a world-
class convective parameterization for 
climate studies through local process 
modelling, larger-domain models of 
multiscale interactions, field obser-
vations, global satellite observations 
of convection, and studies involving 
global climate models.

Since 2001, Prof Sherwood has given 
over 50 invited colloquia or meet-
ing presentations worldwide. He has 
given a briefing in the US House of 
Representatives, gives public lectures 
and has made many television and 
radio appearances, including extended 
interviews and debates in local and 
national media. Prof Sherwood has also 
co-authored over 60 papers published 
in peer-reviewed journals. His 2005 
Science paper on atmospheric warm-
ing was covered extensively by the 
international media, and the associated 
study was named as one of the top 
100 scientific discoveries of 2005 by 
Discover magazine. He was a Contrib-
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uting Author to the IPCC 4th  Assess-
ment Report; a Chapter Lead Author 
to the IPCC 5th Assessment Report; 
lead author of the US Climate Change 
Science Program report Temperature 
Trends in the Lower Atmosphere: Steps 
for Understanding and Reconciling 
Differences; and contributing author to 
The Copenhagen Diagnosis in 2009. He 
was an author of the National Academy 
of Science’s Climate Science Questions 
and Answers published in 2010. He is 
also on the editorial board of Physics 
Research International.

Awards received throughout Prof 
Sherwood’s career include the 2002 
National Science Foundation CAREER 
Award and the 2005 American Mete-
orological Association’s Clarence Leroy 
Meisinger Award.

Prof Will Steffen

Research program: The role of land 
surface forcing and feedbacks for 
regional climate

Professor 
Will Steffen 
completed 
his Bache-
lor degree 
in Chemical 
Engineering at 
the Univer-

sity of Missouri. He was awarded his 
Masters degree and PhD in Chemistry 
from the University of Florida. He went 
on to serve as the Executive Director of 
the International Geosphere-Biosphere 
Programme based in Stockholm. In 
2005 he became the first Director 
of the Australian National Universi-
ty Fenner School of Environment & 
Society and since 2008 he has been the 
Executive Director of the ANU Climate 
Change Institute.

Prof Steffen’s research interests range 
from sustainability to Earth system sci-
ence with an emphasis on the science 
of climate change, including approach-
es to climate change adaptation in land 
systems. He is known for his research 
on the incorporation of human pro-

cesses into Earth system modelling 
and the past and future relationship 
between humans and nature.

Prof Steffen has collaborated with and 
consulted for scientific organisations 
globally. He has been a member of: the 
Prime Minister ’s Science, Engineering 
and Innovation Council working group 
on Australia’s Science & Technology 
Priorities for Global Engagement; the 
Advisory Board of the Australian Bu-
reau of Meteorology; and the Advisory 
Panel of the Earth and Sun System 
Laboratory at the National Center for 
Atmospheric Research in Colorado. 
Prof Steffen is also currently a member 
of the Science Advisory Committee 
of the APEC Climate Center, Korea; 
Honorary Professor with Copenhagen 
University’s Department of Geography 
and Geology; and visiting researcher to 
the Stockholm Resilience Centre.

Throughout 2013 Prof Steffen held a 
number of advisory roles to the Aus-
tralian Government including: expert 
advisor to the multi-party Climate 
Change Committee; member of the 
Climate Commission; science advisor 
to the Department of Climate Change 
and Energy Efficiency; and Chair of the 
Federal Government’s Antarctic Science 
Advisory Committee.

A/Prof Peter Strutton

Research program:  Mechanisms and 
attributions of past and future ocean 
circulation change

Associate 
Professor 
Peter Strutton 
received his 
Bachelor de-
gree with first 
class honours 
in Marine 
Science from 
Flinders 
University of 

South Australia in 1993. He went on 
to complete his PhD in Marine Science 
in 1998. He then left Australia to take 
up postdoctoral scientist and research 

associate positions with the Monterey 
Bay Aquarium Research Institute in 
California, which he held until 2002. 
From 2002 - 2004 he was Assistant 
Professor with the State University of 
New York’s Marine Sciences Research 
Center and from 2004 - 2010 he was 
Assistant, then Associate Professor at 
Oregon State University’s College of 
Oceanic and Atmospheric Sciences. In 
2010 he returned to Australia on an 
ARC Future Fellowship and has been 
Associate Professor at the Institute for 
Marine and Antarctic Studies, University 
of Tasmania, since then.

A/Prof Strutton’s research focuses on 
biological oceanography and his stand-
ing as an Antarctic/Southern Ocean 
scientist is recognised internationally. 
He has considerable expertise on how 
modes of variability (such as El Niño) 
and internal ocean waves affect nutri-
ents in the ocean, biological produc-
tivity and carbon exchange. Within the 
Centre of Excellence he contributes to 
the oceans program. He concentrates 
on the drivers of observed changes in 
biogeochemical cycles (oxygen, carbon 
and nutrients).

A/Prof Strutton is an experienced 
supervisor and mentor of early career 
researchers. He currently oversees 
three postdoctorate researchers, four 
PhD students and one Masters student. 
He has an extensive publication record 
and has co-authored two reviews of 
coastal Antarctic productivity. He is also 
an editor for the journal Geophysical 
Research Letters.
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Dr Melissa Hart
Graduate Director of the Centre of 
Excellence for Climate System Science

Dr Melissa 
Hart complet-
ed her Bache-
lor of Science 
(Hons) in 2001 
and her PhD 
in Atmos-
pheric Science 
(2006) at Mac-
quarie Uni-
versity. During 

her PhD studies she worked part-
time at the well-respected air quality 
consultancy Holmes Air Sciences (now 
Pacific Environment). She then spent 
two years as a postdoctoral researcher 
at Portland State University, Oregon, 
USA, working on the National Science 
Foundation-funded Feedback between 
Urban Systems and the Environment 
project. This was followed by five years 
in a faculty position in the Department 
of Geography, the University of Hong 
Kong, Hong Kong SAR, China.

Dr Hart’s main research focus is in the 
area of urban climate, in particular the 
impact of land use, surface characteris-
tics and anthropogenic activities on the 
climate of cities, and quantification of 
the magnitude of the Urban Heat Island. 
She is also working in the area of climate 
sensitivity of building-related energy 
consumption. Other research interests 
include statistical climatology and air 
pollution meteorology; public percep-
tion, behaviour change and health im-
pacts of extreme weather and air quality; 
and climate model downscaling.

Dr Hart holds an honorary position 
in the Department of Geography, the 
University of Hong Kong, and is a 
member of the Science Advisory Panel 
for ClimateWatch Hong Kong and 
China and the Bureau of Meteorology 
Course Advisory Committee. Dr Hart 
has extensive international experience 
in tertiary education at both the under-
graduate and graduate levels. She is 
currently supervising one Masters and 
two PhD students (still at the University 
of Hong Kong).

Each year we run an Early Career 
Research Workshop wholly organised 
and facilitated by our early career 
researchers. In 2013 Dr Ruth Lorenz 
(UNSW) and Dr Stephanie Downes 
(ANU) took on this role with great 
success. Here is their account of the 
day:

Some 65 early career researchers 
participated in the 2013 Early Career 
Researcher Workshop, most of them 
PhD students, postdoctoral research-
ers and research fellows. The event, 
organised by Dr Ruth Lorenz (UNSW) 
and Dr Stephanie Downes (ANU) was 
held at the Bureau of Meteorology 
(BoM) headquarters in Melbourne. 
We appreciate the logistical help of 
BoM staff. The day included talks 
from industry experts that provided 
an overview of career information, 
highlighting important skills and 
knowledge essential to successful 
early career researchers.

Dr Melissa Hart, the Centre’s Grad-
uate Director, started the day by 
discussing her role, and how the Cen-
tre’s goals were addressing critical 
issues in climate research highlighted 
by the Australian government. Scott 
Wales from the Computational Mod-
elling Support (CMS) team spoke of 
the need for scientists to communi-
cate their key tools, scripts, data and 
so on, with a view to placing these 
on a shared server/central repository, 
thus increasing research efficiency 
within the Centre. 

Dr Tony Hirst (CSIRO) outlined the 
different types of positions and ca-
reer paths within CAWCR, CSIRO and 
BoM. A/Prof Kevin Walsh (University 
of Melbourne), a Journal of Climate 
editor, spoke about publishing in 
high-impact journals, average man-
uscript rejection rates, the roles and 
responsibilities of the first author, 
the importance of describing im-
petus that underpins the research 
being published, and the role of the 

reviewer. The final guest speaker was 
the Centre’s Media and Communi-
cations Manager, Alvin Stone, who 
described the challenges associated 
with talking to climate-change skep-
tics and emphasised the importance 
of being properly prepared for such 
encounters.

After lunch the participants joined 
one of three breakout sessions: 
publications, led by Dr Kevin Walsh; 
presentations, led by Professor 
Christian Jakob; and media, led by 
Alvin Stone. Each session required 
some pre-workshop preparation. The 
goal of the breakout sessions was to 
further develop skills important in 
a science career by receiving con-
structive comments from experts and 
colleagues.

The workshop concluded with a 
panel of four postdoctoral research-
ers describing their career paths, 
followed by an audience Q&A. The 
four panel members were Daniel 
Hernandez-Deckers (UNSW), Sophie 
Lewis (University of Melbourne), 
Jennifer Ayers (UTAS), and Jules 
Kajtar (UNSW). Some of the discus-
sion points raised by the audience 
included: the advantages and disad-
vantages of overseas experience; how 
international scientists view taking 
up a postdoctoral position here in 
Australia; what happens when your 
PhD goes wrong, and the role in this 
connection of postgraduate student 
associations and university counsel-
lors; applying for postdoctoral posi-
tions; work-life balance; and gender 
imbalance.

The large number of attendees and 
the positive feedback after the event 
point to the success of the Centre’s 
2013 Early Career Researcher Work-
shop. Such workshops are but one 
example of the Centre’s sharing of 
experience and expertise in cultivat-
ing the next generation of Australian 
climate scientists.

 Early Career Researcher Workshop, 13/14 November 2013
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 Research Program Overview

Through 2013 researchers within 
ARCCSS have focused on the five 
research programs that formed the 
original proposal to the ARC. However, 
through 2013 we have also worked 
hard to initiate a series of joint research 
programs. Thus, while 2013 activities 
have remained consistent with those 
identified in the original proposal and 
in the 2011 and 2012 Annual Reports, 
we continue to build and plan with an 
eye to the longer term. 

As we grow through increasing 
numbers of PhD students, additional 
research fellows and Associate Inves-
tigators the scale of activity we can 
undertake increases. This is, of course, 
the point of a Centre of Excellence. The 
organisation of research across our 
research programs, combined with the 
input of the Computational Modelling 
Systems (CMS) team, has enabled 
us to undertake research with a level 
of efficiency otherwise impossible. 
The most important components are 
our scale in terms of researchers, the 
time-scale of a seven-year Centre and 
our capacity to employ a highly skilled 
technical team. These foundations 
enable much more significant achieve-
ments. This will be apparent on reading 
the research program reports. All of 
the programs have invested in building 
major tools and data sets that would 
be far too expensive in a three-year 
funding cycle but are essential in the 
longer term if transformative research 

is to be achieved. Thus, the Centre is 
heavily engaged in building new ocean 
models, new land models, new hierar-
chical modelling systems, new ways to 
confront models with data, major new 
data sets for extremes research and 
new ways to examine phenomena and 
processes in the atmosphere. However, 
more than just building these tools and 
data we are beginning to publish the 
codes and data that we create. We are 
combining with partners to manage 
code and data in version-controlled 
repositories, we have the capacity to 
properly prepare metadata, to create 
videos to help new students and to cre-
ate tool libraries to help our research-
ers. We are beginning to systematically 
publish science talks given as part of 
winter schools so students can learn 
from outstanding researchers irrespec-
tive of institution. 

Our investments remain aligned with 
the roadmap developed in late 2011. 
This roadmap was achieved through 
continuing planning within, and across, 
the five research programs. The 
planning focused on how to ensure 
the research programs were integrat-
ed Centre-wide. As part of this, we 
took advice from the Centre Advisory 
Group, which includes members from 

CSIRO, the Bureau of Meteorology 
(BoM) and the National Computation-
al Infrastructure (NCI), and from our 
Advisory Board. A major step forward, 
achieved in 2013, has been the sharing 
of research priorities between the 
Centre, CSIRO and BoM. Many of these 
priorities are linked via the Australi-
an Climate Change Science Program 
funded through the Department of the 
Environment. We have revised some of 
our priorities to avoid duplication, and 
some joint priorities now enjoy a scale 
of activity otherwise inconceivable. The 
Centre prioritises areas where we have 
clear national and international leader-
ship and we are committed to deliver-
ing major advances in these areas for 
the benefit of those across the climate 
system science community. 

Thus, the Centre’s overarching goal, to 
resolve key uncertainties undermining 
the reliable projection of Australia’s 
climate, remains central. However, we 
are developing from identifying key 



ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <33>

precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

uncertainties to actually addressing 
them within version-controlled model-
ling systems. By collaborating with our 
national and international partners we 
have brought a coordinated scale to 
climate system science in Australia such 
that we are driving a transformation of 
the quality of climate system science. 
Our research has been designed to 
address the existing weaknesses and 
uncertainties in our science by building 
on the processes and scales of climate 
science. 

In this Annual Report, the five research 
programs will highlight achievements 
and identify core priorities for 2014. 
Two research programs are integrative 
and engage expertise from all pro-
grams:

 µ Drivers of spatial and temporal 
climate variability in extra-tropical 
Australia: our climate, at large 
scales, is dominated by modes of 
variability including the El Niño 
Southern Oscillation (ENSO), the 
Southern Annular Mode, the Pacific 
Oscillation and the Indian Ocean 
Dipole. Projecting Australian climate 
requires an understanding of these 
modes, and how they interact at 
various time-scales

 µ Mechanisms explaining changes in 
Australian climate extremes – some 
extreme events link to large-scale 
behaviour of the climate and 
associated synoptic systems. Some 
extremes link to modes of variability, 
or how convection intensifies, or 
how land processes affect the 
boundary layer. Understanding 
the changes in Australian climate 
extremes requires a whole-
of-Centre approach, bringing 
together expertise from all research 
programs. 

The domain-specific research programs 
focus on one major aspect of the cli-
mate. A research program focused on 
the ocean and how the ocean changes 
is obviously important. We achieve this 
focus via the program:

 µ Mechanisms and attribution of 
past and future ocean circulation 
change.

At more local scales we have two 
research programs that are important 
in connecting smaller scale processes 
into larger scales, and how extremes 
are changing. To address weakness-
es in climate models worldwide, our 
tropical convection research program is 
designed to explore:

 µ The effects of tropical convection 
on Australia’s climate.

We also have a research program 
focused on:

 µ The role of land 
surface forcing 
and feedbacks for 
regional climate.

These latter two pro-
grams have a geograph-
ical specificity. Tropical 
convection, as the name 
suggests, is focused on 
the tropics. At the land 
surface, some drivers of 
climate are specific to 
an area such as where 
urbanisation, irrigation or 
agriculture has trans-
formed the landscape. 
These regional terrestrial 
characteristics generate 
different forcings, which 
explain why some local-
ised changes in climate 
could never be captured 
from a focus on only the 
large-scale drivers of 
climate. 

In the following we 
report on the early 
progress on each of 
these research programs. 
We also report on some 
research that does not 
fit neatly into these five 
research programs but 
bridges outwards from 
the Centre into other 
communities. In the 2012 
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                    Our Research Programs

Annual Report we highlighted integra-
tive research that bridged across our 
research programs separately. This year, 
an increasing amount of our research 
is of this kind and it is reported within 
each program. We are delighted that 
we can cite achievements, published 
in leading international journals that 
bridge our research programs. This is 
something we have strived for and will 
continue to develop in the future.
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The impacts of tropical 
convection on Australia’s climate

Important progress on fundamen-
tal aspects of moist convection 
relating to convective parameteri-
zation

Stronger ties forged with Partner 
Organisation UK Met Office, in-
cluding monthly video conferences, 
and a two-month visit by Karsten 
Peters in late 2013

Extended visits by student Penelo-
pe Maher and Daniel Hernandez to 
Partner Organisation MPI, and by 
Chief Investigator A/Prof Todd Lane 
and Muhammad Hassim to Partner 
Organisation NCAR

Visits by Wojciech Grabowski 
(NCAR), Rit Carbone (NCAR), Yi 
Ming (GFDL), Chris Holloway (Uni-
versity of Reading), Stuart Webster 
(UK Met Office) and Mitch Mon-
crieff (NCAR)

Chief Investigators Profs Christian 
Jakob and Steven Sherwood join 
the steering group of the new 
WCRP Grand Challenge on Clouds, 
Circulation and Climate Sensitivity

Increased visits between Melbourne 
and Sydney-based Centre of 
Excellence nodes (by Jackson Tan, 
Maher, Hassim, and Prof Jakob)

Three new PhD students and two 
new postdoctoral researchers join 
the group.

Chief Investigators: 
Prof Steven Sherwood (Lead, UNSW)
Prof Christian Jakob (Monash University)
A/Prof Todd Lane (University of Melbourne)
Prof Michael Reeder (Monash University)

Partner Investigators:
Dr Harry Hendon (CAWCR)
Dr Peter May (CAWCR)
Dr Wojciech Grabowski (NCAR, USA)
Dr Sandrine Bony (IPSL, France)

Associate Investigators: 
A/Prof Jason Evans (UNSW)
Prof Ross Griffiths (ANU)
Dr Mitch Moncrieff (NCAR, USA)
Dr Hamish Ramsay (Monash University)
Dr Robyn Schofield (University of Melbourne)
A/Prof Steven Siems (Monash University)
A/Prof Kevin Walsh (University of Melbourne)
Dr Matt Wheeler (CAWCR –BoM)

Centre Researchers: 
Dr Karsten Peters (Monash University)
Dr Daniel Hernandez (UNSW)
Dr Muhammad Hassim (University of Melbourne)
Dr Wiebke Frey (University of Melbourne)
Dr David Lee (University of Melbourne)

PhD Students: 
Jackson Tan (Monash University)
Penelope Maher (UNSW)
Rachel Badlan (University of Melbourne)
Malcolm King (University of Melbourne)
Sandra Richard (University of Melbourne) 
Martin Bergemann (Monash University)

Highlights Team*

* includes researchers affiliated with more than 
one program
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Karsten Peters visited Partner Organisa-
tion, the UK Meteorological Office, late 
in 2013 to implement an observation-
ally tested adaptation of a Stochastic 
Multi Cloud Model (SMCM) into the 
convective scheme of the Unified Mod-
el (UM). Since this convection scheme 
also serves as the atmosphere model 
in Australian Community Climate and 
Earth System Simulator (ACCESS), this 
work adds significantly to the goal of 
rebuilding how convection is parame-
terized in models. The aim for a more 
accurate representation of tropical 
convection in global circulation models 
is, of course, long-standing. Peters et 
al. (2013) explored the relationships 
between large and convective scales 
in observations and SMCM with the 
goal of supporting the design of a 
novel convection parameterization with 
stochastic elements. Using observa-
tions of tropical convection obtained 
at Darwin and Kwajalein, they found 
that the variability of observed tropical 
convection generally decreases with 
increasing large-scale forcing, implying 
a transition from stochastic to more 
deterministic behaviour with increas-
ing forcing. Convection shows a more 
systematic relationship with measures 
related to large-scale convergence 
compared to measures related to 
energetics. Using the observations, the 
parameters in the SMCM are adjusted 
and the SMCM forced with the time se-
ries of the observed large-scale state. It 
was found that the SMCM cloud fields 
compare better with observations when 
using predictors related to convergence 
rather than energetics (Figure C2). 
Furthermore, the underlying framework 
of the SMCM is able to reproduce the 
observed functional dependencies of 
convective variability on the imposed 
large-scale state—an encouraging 
result on the road toward a novel 
convection parameterization approach. 
The Centre-UK Met Office partnership 
was crucial in opening up the possibility 
of our engagement in model develop-
ment at a leading modelling Centre.

Combining contributions from Monash 
University and Melbourne University 
with Partner Organisations the Nation-

al Center for Atmospheric Research 
(NCAR) and the Bureau of Meteorology 
(BoM) allowed Caine et al. (2013) to 
undertake a statistical assessment of 
tropical convection-permitting mod-
el simulations. Using a cell-tracking 
algorithm with radar observations, 
they used data and simulations from 
the Tropical Warm Pool-International 
Cloud Experiment (TWP-ICE) and the 
Weather Research and Forecasting 
(WRF) model, and compared these with 
data from a ground-based radar. This 
comparison between the model and 
the radar highlighted model errors in 
the depth and size of convective cells. 
On average, WRF-simulated convective 
cells reached higher altitudes than the 
observations and also underestimated 
the size of the largest cells. Some of 
these differences were alleviated with 
a change of microphysics scheme and 
higher model resolution. Work of this 
kind provides the foundation for the 

Maritime Continent initiative that the 
Centre of Excellence will drive through 
2014. 

Other work on convection was pub-
lished by Sherwood et al. (2013). In 
numerical simulations of growing con-
gestus clouds, the maximum upward 
velocities typically occur in compact 
thermals. These maxima were tracked 
numerically and the momentum 
budget was analysed within spherical 
regions centred on the maxima using 
objectively determined radii. Such 
regions are proposed as an advanta-
geous prototype for rising air parcels, 
due to their prolonged identity found in 
laboratory flows. A conceptual model 
was proposed to explain the results as 
a result of the thermals’ internal circula-
tion and detrainment characteristics.

Several other new fine-scale modelling 
results point to other, specific revisions 
that may be needed in climate model 

Figure C1: Observed and modelled time series of deep 
convective area fraction over Darwin during the time period 
10 Nov 2005 – 18 Apr 2006. The time series are obtained by 
forcing the models with the observed parameters transition 
time-scales. From Peters et al. (2013)
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convective schemes. As part of her PhD 
work, Rachel Badlan made significant 
progress in identifying transports of 
horizontal momentum in numerical 
storm simulations, and Lane co-au-
thored a paper (Shaw and Lane, 2013) 
showing that such momentum trans-
ports are linked with the generation 
of upward-propagating gravity waves. 
Hernandez extended the analysis of 
thermal dynamics to higher resolution 
(20 meters in 2-D) and to 3-D; prelim-
inary analysis confirms that thermals 
experience less drag than assumed.   

Hamish Ramsay showed that tropical 
cyclone intensity is sensitive to tem-
peratures in the lower stratosphere 
due to activity at the tops of deep 
convective cells (see extremes research 
program). Jackson Tan, who is close to 
completing his PhD, continued work 
on a regime-identification technique 
for satellite data to identify discrete 
convective types and determine the 
large-scale conditions with which each 
is associated. Two major papers result-
ed from this work. First, in Geophysical 
Research Letters, Tan et al. (2013) 
reported a three-hourly data set of the 
state of tropical convection based on 
cloud regimes. They use satellite data 
to develop the data set (see Figure C2) 
and show that regimes derived in this 
way capture the essential properties of 
the original regimes, in particular, when 
identifying the state of tropical convec-
tion. They also provide examples for 
potential applications by illustrating the 
well-known Madden-Julian Oscillation 
and the diurnal cycle of convection in 
the framework of the newly derived 
regimes. The high temporal resolution, 
long record and global coverage of the 
regimes make them a very valuable 
tool for large-scale studies of tropical 
convection.

Tan et al. (2013) took this work in 
another direction in a paper published 
in Journal of Climate. They used cloud 
regimes to identify tropical convection 
and the associated large-scale atmos-
pheric properties. The regimes are 
derived by applying cluster analysis to 
satellite retrievals of daytime-averaged 

frequency distributions of cloud-top 
pressure and optical thickness within 
grids of 280km by 280km resolution 
from the International Satellite Cloud 
Climatology Project between 1983 
and 2008. They demonstrated that 
cloud regimes are useful indicators of 
the archetypal states of the tropical 
atmosphere (Figure C3) ranging from 
a strongly convecting regime with 
large stratiform cloudiness to strongly 
suppressed conditions showing a large 
coverage with stratocumulus clouds. 
Importantly, the cloud regimes also 
represent several transitional states. In 
particular, the cloud regime approach 
allows for the identification of the 
‘‘building blocks’’ of tropical convection: 
the regimes dominated by stratiform, 
deep, and congestus convection. The 
availability of the daily distribution of 
these building blocks for more than 20 
years opens new avenues for the diag-

nosis of convective behaviour as well 
as the evaluation of the representation 
of convection in global and regional 
models.

Examining the way tropical convection 
changes in existing models remains 
highly relevant, particularly when 
focused on the international Cou-
pled-Model Intercomparison Project 
– Phase 5 (CMIP-5) models. Partner 
Investigator Sandrine Bony led a Nature 
Geoscience paper including Chief 
Investigator Professor Steven Sherwood 
to assess the effect of a rise in atmos-
pheric carbon dioxide concentrations 
on tropical circulation and precipita-
tion. Using a relatively high emissions 
scenario they show that about half the 
tropical circulation change projected by 
the end of the 21st century, and conse-
quently a large fraction of the regional 
precipitation change, is independent 

 Figure C2: (a)The frequency of occurrence of the CD regime 
between 5oS and 5oN (four grid boxes) expressed in a time-
longitude diagram. (b) The regime which is dominant at each 
time-longitude, defined by a frequency of occurrence of at least 
2. Only the deep stratiform clouds (CD), a convectively active 
regime dominated by cirrus clouds (CC) and an intermediate 
regime dominated by mid-level congestus cloud (IM) regimes 
are plotted. (c) Same as Figure b, but using daily regimes. From 
Tan et al. (2013)
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of global surface warming. Instead, 
these robust circulation and precipita-
tion changes are a consequence of the 
weaker net radiative cooling of the at-
mosphere associated with higher CO2 
levels. These affect the strength of at-
mospheric vertical motions. This implies 
that geoengineering schemes aimed 
at reducing global warming without 
removing CO2 from the atmosphere, 
such as injection of sulphate aerosols 
into the stratosphere, would fail to fully 
mitigate precipitation changes in the 
tropics.  

Together with BoM, we organised a 
joint workshop on the Maritime Conti-
nent, held the first week of December. 
The workshop was organised to set 
in motion an initiative to tackle the 

Figure C3: Geographical distribution of the regimes over the period examined. The key to each 
panel is: Deep stratiform (CD), cirrus (CC), mixture (IM), thin cirrus (IC), trade cumulus (ST) and 
stratocumulus (SS1-SS3). Note that each abbreviation follows a simple rule that the first letter 
denotes the convective strength (Convective, Intermediate or Suppressed) and the second letter 
indicates the prevalent cloud type

problem of mean-state biases in the 
Maritime Continent region in General 
Circulation Models which affect Austral-
ian climate and are of basic importance 
and international interest. This initiative 
will more closely coordinate university 
and Centre for Australian Weather and 
Climate Research (CAWCR) activities, 
focusing and enhancing their science 
efforts toward this practical issue. The 
workshop drew several high-profile 
international visitors from partner 
institutions in the UK and the US. Based 
on insights gained from the workshop a 
revised initiative plan is under develop-
ment. Ongoing and developing pro-
jects include examination of sea-breeze 
triggering of convection, and further 
work focusing on convective organi-
sation in the Maritime Continent area. 

A goal is to further integrate relevant 
work across the Centre’s nodes.
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Associate Professor Todd Lane, during 
his three-month visit to the Nation-
al Center for Atmospheric Research 
(NCAR) in 2013, conducted large-eddy 
simulations of deep convection to help 
understand some of the fundamental 
processes of mixing, entrainment and 
turbulence that govern moist convec-
tion (see Fig. C4). At 75-m grid spacing, 
these simulations are amongst the 
largest of their kind ever conducted 
and rely on the state-of-the-art compu-
tational capabilities provided by the 
National Computational Infrastructure’s 
(NCI) new machine raijin. Further work 
with such simulations will continue into 
2014.

Fig. C4: Vorticity map from ultra-large simulation 
(using the CM1 cloud-resolving model) with 
8000x1200x334 points at 75m grid spacing (in 3-D). 
Shown is a horizontal map through the upper parts 
(10 km above surface) of a mature squall line six 
hours into the simulation - the main convective region 
of the storm is near x=380 km, the anvil extends to 
near x=200 km. (From T. Lane)

RP Convection  -- Statement of Intent for 2014
Level * Intent

Further engage with CAWCR on Maritime Continent initiative 

Encourage students/postdoctoral researchers to participate in HI Water Content (HIWC) field 
campaign 01/2014-03/2014, Darwin

Develop/improve the ACCESS/UM convection-permitting model 

Further investigate relationships between environment and convective state; implement new ome-
ga-based convective closure in the ACCESS/UM global model

Quantify the larger role of coastal and/or orographic drivers of convection (e.g., sea breezes) by 
combining satellite observations, regional simulations, and cloud-resolving model (CRM) simula-
tions 

Examine multiscale transport of horizontal momentum in convection-permitting simulations 

Complete project on Rossby-Haurwitz mode impacts on convection [this links to variability] 

Compare radar and CRM-simulated convective elements, and test how their characteristics de-
pend on the environment or stage of development 

Use coupled ocean-atmosphere regional model to assess the effects of mesoscale coupling on 
tropical maritime convection [This links to oceans]

Investigate behaviour of island convection during MJO passage, vis-a-vis the “vanguard” effect 
and diurnal cycle, using global, regional, idealised, and/or convection-permitting models

Develop a thermal-based cloud model for convective parameterization

Use coupled ocean-atmosphere-land regional simulations of the Maritime Continent region to 
assess the effects of mesoscale coupling and land processes on convection over and near islands 
and on the larger-scale state [This links to oceans]

Build scale-aware, neighbour-aware convective scheme to see how much this improves convective 
organisation in a global model

Work toward new more physically based treatment of shallow convection and deep convective 
trigger in convective schemes.

*  1 = ‘to be achieved’ in 2014, 2 = ‘substantial progress’ in 2014, 3 = ‘progress towards’ in 2014



precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <39>

The weather may not have been kind 
for the three-day annual workshop 
held this year at Lorne, but the 
climate of collaboration inside the 
conference centre and the list of 
outstanding speakers made this one 
of the Centre’s strongest events this 
year.

More than 130 people came from 
across Australia and around the 
world to take part in a hectic three 
days of research talks, poster sessions 
and strategic planning workshops 
laying out the path of future Centre 
research. Attendees came from mul-
tiple institutions inside the Centre of 
Excellence including CSIRO, the Bu-
reau of Meteorology, CAWCR, NCAS, 
the UK Meteorological Office, and 
from external institutions including 
ETH Zurich and the China Meteoro-
logical Administration. 

This year, our international speak-
ers included Greg Holland (NCAR), 
Chris Folland (Hadley Centre), Sonia 
Seneviratne (ETH Zurich), Chris 
Holloway (University of Reading) and 
Nikos Christidis (Hadley Centre). Our 
national Partner Institutions were 
also well represented with speakers 

from CAWCR, Bureau of Meteorology, 
CSIRO and the National Computa-
tional Infrastructure (NCI). 

The three-day workshop also gave us 
the opportunity to present awards to 
those people who have made out-
standing contributions to the Centre 
over the past year. Dr Sophie Lewis 
was given the Directors Award for 
her consistently strong performance 
throughout the year, particularly for 
her attribution research and media 
engagement. You can find out more 
about that on page 47. 

Dr Erik van Sebille received the award 
for Best paper by an early career 
researcher for his publication “Abys-
sal connections of Antarctic bottom 
water in a Southern Ocean state 
estimate” in Geophysical Research 
Letters. Adele Morrison was awarded 
the Best paper by a student for “On 
the relationship between South-
ern Ocean overturning and ACC 
transport” in the Journal of Physical 
Oceanography.

The intense 10-hour days and large 
collection of posters highlighted 
the quality and quantity of research 

being performed at the Centre. 
Comments by researchers from out-
side the Centre indicated that they 
were surprised and delighted by the 
depth and breadth of the work being 
carried out.

One researcher, who already has 
a collaborative relationship with 
ARCCSS, found the workshop gave 
him a chance to get on top of all the 
work that was being done by the 
Centre in his particular field. He said 
he was surprised to find areas for 
collaboration he hadn’t even consid-
ered and left the workshop with “five 
times as many ideas for future collab-
oration as I will probably be able to 
implement”.

The meeting was also relayed on 
Twitter for the first time and @Clima-
teSystem followers responded to and 
re-tweeted highlights from the talks. 
Over the course of those three days 
of tweets, we gained over 30 new 
followers – many of them researchers 
- who have continued to engage with 
the Centre through social media.

 2013 Annual Workshop in Lorne
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A major set of simulations with the ACCESS model 
of historical and near-future global climate variations 
over the period 1850-2020 was completed as part 
of Australia’s contribution to CMIP-5. These simu-
lations include different natural and human factors 
influencing climate to better understand the causes 
of observed climate variations

Noteworthy visitors during the year included Prof 
Jonathan Overpeck and Prof Julie Cole from the 
University of Arizona (Feb-June 2013), Dr Yin Hong 
from the Chinese Meteorological Academy (Sep-
Nov 2013), Dr Robert Dunn from the Hadley Centre 
(Oct-Nov 2013), and Prof Chris Folland from the UK 
Met Office - Hadley Centre (Nov 2013)

Dr Lisa Alexander received the Australian Academy 
of Science Dorothy Hill Award, Dr Sophie Lewis re-
ceived the Directors Award for Outstanding Contri-
butions to the Centre, and Dr Sarah Perkins received 
a NSW Tall Poppy Award and an ARC Discovery 
Early Career Researcher Award

Dr Alexander and Dr Perkins attended the Expert 
Team on Climate Risk and Sector-specific Climate 
Indices meeting in Guayaquil, Ecuador in January, 
followed by a pilot workshop in the same location 
in June. The Centre hosted the 6th workshop of the 
CLIVAR Climate of the 20th Century (C20C) project 
at the University of Melbourne in November, bring-
ing together researchers from the US, Japan, China, 
Germany, the UK, and Australia.

Important research advances in 2013 have been 
described in a number of journal papers, including: 
the causes of rainfall extremes in eastern Australia in 
2011-12; causes of the record summer temperature 
across Australia in 2013; increasing frequency of 
heatwaves in Australia and globally over the last 50 
years; and assessing new global data sets of temper-
ature and rainfall extremes

Chief Investigators: 
Prof David Karoly (University of Melbourne) 
(Lead), 
Dr Lisa Alexander (UNSW), 
Prof Nathaniel Bindoff (University of 
Tasmania),
Prof Andrew Pitman (UNSW), 
Prof Michael Reeder (Monash), 
Prof Steven Sherwood (UNSW)

Partner Investigators: 
Dr Peter Stott (Hadley Centre, UK), 
Dr Penny Whetton (CAWCR-CSIRO), 
Dr Harry Hendon (CAWCR-Bureau of 
Meteorology)

Research Fellows: 
Dr Sophie Lewis (University of Melbourne), 
Dr Sarah Perkins (UNSW), 
Dr Ruth Lorenz (UNSW)

Associate Investigators: 
Dr Markus Donat (UNSW)
Dr Hamish Ramsay (Monash University)
Dr Kevin Walsh (University of Melbourne)

Graduate Students
John Allen (University of Melbourne)
Julie Arblaster (University of Melbourne)
Mitchell Black (University of Melbourne,)
Andrea Dittus (University of Melbourne)
Döerte Jakob (University of Melbourne)
Agata Imielska (UNSW)
Andrew King (UNSW)
Acacia Pepler (UNSW)

Highlights Team

Mechanisms Explaining Changes 
in Australian Climate Extremes
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2013 has been a prolific year for the 
extremes group, with important contri-
butions around data sets, model evalu-
ation, and using models to understand 
changes in extremes. There has been 
strong engagement by both Partner In-
vestigators and Associate Investigators. 

A major ongoing initiative led by the 
extremes group is associated with 
developing, updating and maintaining 
major international data sets. This is 
fundamentally enabling work with sig-
nificant international impact. To provide 
a single location for information, the 
extremes group maintains a wiki (http:/
coecss-extremes.unsw.wikispaces.net) 
that documents all existing sources of 
data, including observational and mod-
el-related data. A series of significant 
publications is associated with these 

data including Donat et al. (2013a) 
published in the Journal of Geophysical 
Research-Atmospheres and Donat et al. 
(2013b) in the Bulletin of the American 
Meteorological Society. Figure E1 shows 
an example of the utility of the updated 
analyses of temperature and precipita-
tion extreme indices since the begin-
ning of the 20th century (Donat et al., 
2013). This example shows the trend in 
cool nights since 1901:

PhD student Andrew King has ex-
amined aspects of data set creation. 
In a paper published in the Interna-
tional Journal of Climatology Andrew 
compared a 0.05° × 0.05° gridded 
data set of daily observed rainfall with 
high-quality station data at 119 sites 
across Australia. He focused on how 
well these data sets captured extreme 

rainfall characteristics and found 
that the gridded data set tended to 
underestimate the intensity of extreme 
heavy rainfall events and the contri-
bution of these events to total annual 
rainfall as well as overestimating the 
frequency and intensity of very low 
rainfall events. Westra et al. (2013) 
examined trends in annual maximum 
daily rainfall and discovered statistically 
significant trends at the global scale, 
with close to two-thirds of stations 
showing increases. Published in the 
Journal of Climate, they found that the 
median intensity of extreme precipita-
tion was changing in proportion with 
changes in global mean temperature at 
a rate of between 5.9% and 7.7% K−1. 
A further contribution in the rainfall 
extremes area examined the asymme-
try in the response of Eastern Australia 

Figure E1: Trends (in annual days per decade, shown as maps) for cool nights for (left) 1901–2010 and 
(right) 1951–2010. Trends were calculated only for grid boxes with sufficient data (at least 66% of years 
having data during the period, and the last year of the series is no earlier than 2003). Hatching indicates 
regions where trends are significant at the 5% level. The time series show the global average annual values 
(in days per year) for the same indices as anomalies relative to 1961–1990 mean values (thin blue line). The 
thick blue line shows the 21 point Gaussian filtered data for HadEX2.
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extreme rainfall to low-frequency Pacific 
variability. Published in Geophysical 
Research Letters, King et al. (2013) is an 
exciting link between the variability and 
the extremes research programs. They 
used an index of extreme precipitation 
derived from a daily gridded precipi-
tation data set from 1900 to 2011 and 
found a nonlinear relationship between 
El Niño Southern Oscillation (ENSO) 
and extreme rainfall over Australia. That 
is, the strength of a La Niña has a much 
greater influence on the intensity and 
duration of extreme rainfall than the 
magnitude of an El Niño episode. 

This relationship was found in both in-
terpolated observations and reanalysis 
data and may be explained, in part, by 
shifts in the divergence of moisture flux. 
There is significant decadal variability in 
the relationship, such that the asym-

metry is enhanced during Interdecadal 
Pacific Oscillation–negative events and 
is non-existent during IPO-positive 
phases. This information has the poten-
tial to be of great use in the seasonal 
prediction of intense rainfall events that 
lead to flooding.

Dr Sophie Lewis led the running of 
an ensemble of simulations with the 
Australian Community Climate and 
Earth System Simulator (ACCESS) 1.3 
climate model as part of the Coupled 
Model Intercomparison Project – Phase 
5 (CMIP-5) detection and attribution 
experiment. This included two historical 
(1850-2005) all-forcing simulations (to 
supplement the single simulation run 
by the Centre for Australian Weather 
and Climate Research (CAWCR), three 
historical simulations with only chang-
ing greenhouse gases and three his-

torical simulations with only changing 
natural forcing factors (see Figure E3). 

All nine simulations have been extend-
ed over the period 2006 to 2020 to al-
low comparison and attribution analysis 
with recent observed climate variations. 
Data from this suite of model simu-
lations have been made available to 
other Centre researchers and are being 
published on the National Computa-
tional Infrastructure (NCI) as part of the 
Australian contribution to CMIP-5. This 
represents 1375 model years of simu-
lations dramatically increasing the scale 
of Australia’s contribution to CMIP-5 
from ACCESS 1.3 model simulations. 
These data allow improved evaluation 
of the ACCESS model against observa-
tions using the three-member ensem-
ble, as well as assessment of the relative 
contributions of different forcing factors 
to climate variations during the 20th 
century. Sophie Lewis’s contribution in 
this area was a significant factor in her 
winning the Centre Director’s Prize in 

Figure E2 (a): Map of correlation coefficients between October–March southern oscillation index and 
October–March maximum consecutive five-day rainfall index. The boxed region is the area of study called 
eastern Australia (EA). (b) Scatterplots of October–March southern oscillation index and October–March 
maximum consecutive five-day rainfall index in all seasons. Lines of best fit, calculated using ordinary least 
squares regression, are shown for (red) El Niño and (blue) La Niña years with corresponding slope values. 
The correlation (Spearman’s rank, r) and the significance of the fit (p value) are also shown. Notable 
seasons of particularly strong precipitation or strong La Niña conditions are marked in green (from King 
et al., 2013)
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2013; an acknowledgment of just how 
much work this was. 

At the same time as leading the CMIP-
5 simulations, Lewis still found time 
to publish. Lewis and Karoly (2013), 
published in Geophysical Research 
Letters, investigated the human contri-
bution to the record hot 2013 Austral-
ian summer  - the hottest Australian 
summer in the observational record. 
The scale of this summer is illustrated 
in Figure E4a, which shows probability 
density functions of mean temperature 
anomalies (relative to 1911–1940) and 
the observed 2013 anomaly (ΔT1) and 
threshold of the second hottest sum-
mer on record (ΔT2). Lewis and Karoly 
(2013) then used fraction of attribut-
able risk to compare the likelihood of 

extreme Australian summer tempera-
tures between a series of climate model 
experiments. They showed that it was 
very likely (> 90% confidence) there 
was at least a 2.5 times increase in the 
odds of extreme heat due to human 
influences using simulations to 2005, 
and a fivefold increase in this risk using 
simulations for 2006–2020 (Figure E4b, 
E4c). The human contribution to the 
increased odds of Australian summer 
extremes like 2013 was substantial, 
while natural climate variations alone, 
including ENSO, are unlikely to explain 
the record temperature. This was a 
classic “detection and attribution” study. 
What was remarkable was how fast 
Lewis and Karoly were able to do the 
analysis, write the paper and publish 
only three months after the end of the 

event – strong evidence of the capacity 
the Centre is building for quality and 
rapid research. 
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Figure E3: Global average surface air temperature variations from 1880 to 2020 from an ensemble of 
simulations with the ACCESS model with different forcing factors. One set of three simulations is run with 
observed increases (1880-2005) and projected increases (2006-2020) in long-lived greenhouse gases 
(GHGs) due to human activity, a second set of three simulations is run with estimated changes in natural 
external forcing factors (solar irradiance and volcanic aerosols), and a third set is run with all forcings, both 
natural factors, anthropogenic greenhouse gas increases, as well as changes in stratospheric ozone and 
anthropogenic aerosols. Also shown are the observed global temperature variations over the period 1850 to 
2012 from the HadCRUT3 data set. All temperatures are shown as anomalies from  1850-1900
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Figure E4 (a:) Probability density functions for Australian summer 
mean temperature anomalies (relative to 1911–1940) for observations 
(dashed black, all years shown), historical (red, 1976–2005 only), 
historical simulations using only natural forcing (green, all years shown), 
and simulations using non-evolving pre-industrial forcing (piControl, 
dark blue, all years shown relative to long-term mean) simulations. 
Vertical dashed lines show the observed 2013 anomaly (ΔT1) and 
threshold of the second hottest summer on record (ΔT2). (b) As for (a) 
but for RCP8.5 experiment (black, 2006–2020 only). (c) The fraction of 
attributable risk of extreme summer Australian temperatures exceeding 
ΔT2 for the historical (red) and RCP8.5 simulations (black). Solid 
(dashed) vertical lines indicate mean (90th percentile) FAR estimates for 
each experiment

As is often the case, teasing out the 
influence of human activity on rainfall 
is harder than for temperature. King et 
al. (2013) examined the influence of hu-
mans on the 2011-12 extreme rainfall 
over south-east Australia. Published 
in the Bulletin of the American Mete-
orological Society, results pointed to 
ENSO being a more dominant driver 
of the observed rainfall extremes than 
any human influence. This contribution 
was also significant because it involved 
a large fraction of the extremes team 
working together. The seven authors 
were from the University of Melbourne 
(Lewis, Karoly, Black) and UNSW (King, 
Perkins, Alexander, Donat). Andrew 
King is currently using CMIP-5 models 
to examine this teleconnection and see 
if they capture the non-linearity be-
tween ENSO and rainfall over eastern 
Australia.

The extremes group has maintained 
significant activity in areas of spe-
cific extreme phenomenon. Perkins 
and Alexander (2013)’s paper “On 
the measurement of heatwaves” was 
published in the Journal of Climate and 
focuses on how robust trends are to 
different measures of heatwaves. Figure 
E5 shows an example result from this 
paper. They find that the definitions you 
use can impact affect your results and 
recommend a global framework for 
assessing heat waves consistently

Perkins and Fischer (2013) explored 
heatwaves further in a paper published 
in Geophysical Research Letters. They 
examined how a 21-member climate 
model ensemble captured heatwave 
days frequency over Australia. They 
show that the trends between the 21 
different ensemble members differ 
strongly, which suggest that internal 
climate variability can strongly amplify 
or mask local trends in extreme events 
(Figure E6). Here, each ensemble mem-
ber varies strongly although a trend is 
apparent even at this level. Once aver-
aged, the model (black) clearly captures 
some of the behaviour of the obser-
vations (red), including the increasing 
trend in the number of heatwave days.
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Figure E5. Left: Climatology (1951-2008) for the yearly number of heatwaves 
and (right) length of the longest yearly event. Rows show three definitions of 
heatwaves: top is the threshold is the calendar day 90th percentile of the maximum 
temperature, based on a 15-day window, middle is similar but for the minimum 
temperature and bottom is the excess heat factor. Units are days per year
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Parker et al. (2013) also examined 
Australian heatwaves but from an en-
tirely different direction. They explored 
the underlying dynamical pattern of 
heatwaves and how they are associ-
ated with propagating Rossby waves. 
This is another exciting cross-research 
program contribution and is reported 
under Variability.

In other work, Hamish Ramsay, an 
Associate Investigator, achieved a 
rare single-authored paper in Journal 
of Climate. He used a cloud-resolv-
ing model to explore the effects of 
stratospheric cooling and sea surface 
warming on the potential intensity of 
tropical cyclones. With fixed sea surface 
temperatures, cooling near and above 
the model tropopause (~90hPa) was 
shown to increase potential intensity at 
a rate of 1m/s per degree cooling. With 
fixed stratospheric temperatures, sea 
surface warming increases the poten-
tial intensity by approximately twice 
as much, at a rate of about 2m/s per 
degree warming. These results have 
broader implications in terms of global 
tropical cyclone potential intensity 
trends in response to climate change. 
Tropical sea surface temperatures have 
warmed by about 0.15K/decade since 
the 1970s, while the stratosphere has 

cooled anywhere from 0.3K/decade 
to over 1K/decade, depending on the 
data set used. Therefore, based on the 
current model, global potential intensity 
trends in recent decades appear to 
have been driven more by stratospheric 
cooling than by surface warming. 

Finally, new work has begun to focus 
on urban areas and extremes. The 
most significant initiative is modelling 
the urban heat island effect. A paper 
by Argueso et al. (2013), published in 
Climate Dynamics, used WRF to explore 
the temperature response to future ur-
banisation over Sydney. They simulated 
the present and a period around 2050 
and included the planned expansion of 
Sydney. Analyses revealed that future 
urbanisation would most strongly affect 
minimum temperatures particularly 
during winter and spring. Work in 2014 
will attempt to determine how these 
changes might affect some significant 
impacts including human health. 

The extremes program has hosted sev-
eral key visitors through 2013. Two vis-
itors from the UK Met Office - Hadley 
Centre, a Partner Organisation, spent 
time in Australia. Robert Dunn visited 
for six weeks to work on extremes and 
Chris Folland visited to explore collab-

oration around the Climate of the 20th 
Century program. Sonia Seneviratne 
visited for four months to work at the 
interface between extremes and land 
surface processes. None of these visits 
would have been possible without Cen-
tre support. Two visitors from another 
Partner Organisation, the University of 
Arizona, spent five months in Austral-
ia. Jonathan Overpeck and Julie Cole 
worked on drought-related research 
based at the University of Melbourne. 
Dr Yin Hong from the Chinese Mete-
orological Academy visited for three 
months. This was a new Centre initiative 
to develop links with early career re-
searchers at elite Chinese organisations. 
A manuscript based on Dr Yin’s work is 
currently in submission.

We are also delighted to report that 
the World Meteorological Organization 
(WMO) has recently decided to add 
event attribution to their annual climate 
statement. The study highlighted above 
by Lewis and Karoly (2013), on attri-
bution of the summer extreme tem-
peratures in Australia, will be included. 
This is an example of the international 
impact of the Centre of Excellence. 

The researchers in the extremes pro-
gram have been honoured externally 
through 2013. Chief Investigator Lisa 
Alexander won the Australian Acade-
my of Science Dorothy Hill Award and 
postdoctoral researcher Sarah Perkins 
won a NSW Young Tall Poppy award, as 
well as a DECRA commencing in 2014. 
Congratulations to both. 

Plans for 2014 include continued 
development of tools and their appli-
cation for the attribution of  weather 
and climate-related extreme events in 
Australia, in partnership with CAWCR 
and with international partners at the 
Hadley Centre through the European 
Union-funded European Climate and 
Weather Events: Interpretation and 
Attribution (EUCLEIA) project. A major 
new cross-centre focus on heatwaves 
will be led by the extremes group and 
will consider the dynamical and physical 
mechanisms leading to heatwaves both 
on land and in surface ocean waters, 

Figure E6: Australian-averaged heatwave day frequency time series 
for each ensemble member (grey), the model ensemble average 
(black), and the observations (red)
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as well as better description of 
observed occurrence of heatwaves. 
The joint project with the University 
of Oxford and the New Zealand 
National Institute for Water and 
Atmospheric Research (NIWA) on 
the weather@home Australia-New 
Zealand regional climate modelling 
system will be publicly launched in 
the first half of 2014. This distrib-
uted computing project will recruit 
participants to run the Austral-
ia-New Zealand weather@home 
simulations on their home comput-
ers and archive the output at the 
University of Tasmania, providing 
enormous volumes of simulated 
daily weather data for the attribu-
tion of recent extreme events. 

It has been an extraordinary year for 
Dr Sophie Lewis, a Research Fellow 
based at the University of Melbourne. 
Dr Sophie Lewis works in the ex-
tremes research program and has 
made a series of sustained contribu-
tions, including helping lead the 2013 
Early Career Researchers Workshop 
and to coordinate cross-discipline 
forums for early career researchers. 
She has taken a senior role in a Na-
tional eResearch Collaboration Tools 
and Resources (NeCTAR) stakehold-
er reference group and played an 
important role in communicating 
climate science to the public. These 
contributions, combined with her re-
search excellence, led to her winning 
the inaugural Centre of Excellence 
Director’s Prize. 

For a large part of 2013, Dr Lewis 
led the running of an ensemble of 
simulations with the Australian Com-
munity Climate and Earth System 
Simulator (ACCESS) 1.3 model as part 
of a Coupled Model Intercomparison 
Project – Phase 5 (CMIP-5) detection 
and attribution experiment. These 
runs produced 1240 model years of 
simulations for ACCESS1.3. These 
simulations became the foundation 

of an attribution study published in 
Geophysical Research Letters that 
looked into the likely cause of Aus-
tralia’s recent record-breaking sum-
mer. She was the lead author in this 
attribution study, which was of one of 
the fastest-completed as measured 
from the date of the climate event 
through to the publication of results. 

The foundational research carried 
out for this study has given Australia 
a leading advantage in this field. It 
means that future attribution studies 
into extreme temperature events in 
Australia will be able to be complet-
ed in a much shorter space of time 
compared to other studies around 
the world.

As a result of this work she delivered 
a talk at the Partner Organisation UK 
Met Office and began collaboration 
with researchers in the Office’s cli-
mate attribution group. Dr Lewis also 
visited the NASA Goddard Institute 
for Space Studies. She will continue 
collaborations and discuss future 
climate simulations with researchers 
at both institutions. 

Dr Lewis has also been one of the 
Centre’s strongest communicators 
in 2013. She published numerous 
articles in The Conversation and as 
a broader commentator in main-
stream media. She was also the first 
scientist in residence attached to The 
Age newspaper where she advised 
reporters and wrote articles in the 
lead-up to the release of the IPCC’s 
AR5 Working Group 1 report. Sophie 
was also a participant in the Climate 
Fellows Program of the Climate 
Commission. More recently she has 
agreed to be Deputy Chair of the 
Climate and Weather Science Labo-
ratory’s Stakeholder and Community 
Reference Group. Clearly, Dr Lewis is 
building a strong reputation as a sci-
entist, and as a future climate science 
communicator. 

 

 Dr Sophie Lewis 
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RP Extremes  -- Statement of Intent for 2014

Level* Intent

Analyse the ACCESS1.3 CMIP-5 D&A series of experiments to describe the impact of natural 
forcings (solar, volcanic) and anthropogenic forcings (greenhouse gases, aerosols) on global and 
Australian climate. Special emphasis on differences between responses to greenhouse gas-only 
and all anthropogenic forcings, and on shorter-term responses to volcanic forcing 

Investigate the mechanisms causing the asymmetry in the response of Eastern Australia extreme 
rainfall to the El Niño-Southern Oscillation (ENSO). Examine the causes of differences in the EN-
SO-extreme rainfall relationship across a range of climate models and the implications of these 
differences for future projections of Eastern Australia extreme rainfall [This links variability]

Assess the structural uncertainties in daily gridded data sets of temperature and precipitation 
extremes for Australia and other regions to provide underpinning for detection and attribution of 
extremes

Heatwave drivers, both natural and human induced, will be explored for a range of Australian 
heatwave characteristics (e.g. event frequency, intensity, duration, extent). Natural drivers include 
low-frequency modes of variability (e.g. ENSO, Indian Ocean Dipole), prevailing weather systems, 
and interactions with the land surface. Drivers will be assessed separately, as well as the interac-
tions among natural drivers, and also combined with the anthropogenic climate change signal 
[This links to variability and land]

With CAWCR, investigate future changes in ENSO and its impact on temperature extremes using 
CMIP-5 simulations [This links to variability]

Develop a major new cross-centre focus on heatwaves. This will be led by the extremes group 
to consider the dynamical and physical mechanisms leading to heatwaves both on land and in 
surface ocean waters, as well as better description of observed occurrence of heatwaves. This will 
include a workshop on heatwaves in 2014 with representatives from multiple centre research pro-
grams and Partner Organisations and the development of a website [This links to land, variability 
and oceans research programs]

Finalise the development of the Australia-New Zealand regional modelling system for the 
weather@home distributed computing project coordinated by the University of Oxford. Launch 
the project publicly in the first half of 2014 to recruit participants to run A-NZ weather@home 
simulations on home computers and archive output at the University of Tasmania. Use weather@
home A-NZ output for attribution of extreme events, including extreme fire danger and heat-
waves.

Investigate how probability distribution functions of temperature have changed globally in ob-
servations and models with respect to extremes and how these will change in the future under 
different emissions scenarios using the CMIP-5 archive

Develop a near-global combined Climate Extremes Index from indices of observed tempera-
ture and rainfall extremes for 1960-2012. Assess the role of anthropogenic climate change and 
natural climate variability in observed changes of extremes. In partnership with NOAA NCDC, 
consider transition to operational application

With CAWCR and international collaborators, continue to investigate methods and examples for 
the attribution of climate-related extreme events (ACE)

*1 = to be achieved in 2014, 2 = substantial progress in 2014, 3 = progress towards in 2014
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As we 
come 
off the 
back of 
a record 
year in 
Australia 
for tem-
perature 
extremes, 
the work 
of Dr 

Sarah Perkins, a research fellow in 
the Centre, has grown in prominence. 
2013 has seen Dr Perkins continue 
to publish in A* journals, profile her 
research in national and international 
media, win a Tall Poppy Award and 
win a highly competitive ARC Discov-
ery Early Career Researcher Award. 

Dr Perkins is a specialist in heatwaves. 
She is developing a new system that 
identifies extreme temperatures 
throughout the year. Her heatwave 
metric has created a clearly deline-
ated measure of heatwaves that can 
be used by fellow researchers, and 
has also helped identify how heat-
waves have changed in the modern 
instrument record. Published in the 
A* Journal of Climate and Geophys-
ical Research Letters, her work has 
already reached an international 
audience. This work has also shown 
that heatwaves are getting longer, 
hotter, more intense and are occur-
ring in greater numbers in Australia 
and around the world.  

Dr Perkins’ work has also revealed the 
existence of a previously unknown 
phenomenon. Since her heatwaves 
metric focuses on daily temperature 
throughout the year, it has iden-
tified that our winters are actually 
warming faster than our summers. 
This has implications for agriculture 
and Australian fire seasons because 
warmer winters enable vegetation to 
maintain transpiration and gradually 
dry the landscape.

 Heatwaves: Dr Sarah Perkins

Her most recent publication, also in 
Geophysical Research Letters, has 
delved into the simulation of histor-
ical heatwaves in a state-of-the-art 
climate model. Despite the inherent 
difficulty in simulating rare events, Dr 
Perkins’ work has shown that numer-
ical models can simulate observed 
trends of heatwave frequency. This 
work has also highlighted that the 
variability of the climate system 
influences the frequency of Australian 
heatwaves on a year-to-year basis. 

During April-June 2013, Dr Perkins 
spent two months abroad working 
with world-renowned specialists in 
her field at ETH Zurich, and the UK 
Met Office Hadley Centre (a Partner 
Organisation). Her time at ETH saw 
her collaborate with Dr Erich Fischer, 
an expert in the measurement and 
mechanisms of European heatwaves. 
At the Hadley Centre, Dr Perkins 
collaborated with Drs Nikos Christidis 
and Partner Investigator Peter Stott, 
both of whom are at the forefront in 
isolating the human signal in ob-
served changes of extreme events. 
These collaborations have enriched 
Dr Perkins’ knowledge of appropriate 
methods to study heatwaves, which 
she has bought home with her to 
benefit the overall Australian scientif-
ic community.

Dr Perkins’ work has led to the 
second of our interactive websites, 
www.scorcher.org.au which will foster 
public education about heatwaves 
as they occur in Australia and allow 
comparison of current heatwaves 
with those in the past. The website, 
Scorcher.org.au, uses data from the 
Bureau of Meteorology (BoM), which 
is then passed through the heatwave 
metric to determine where and when 
heatwaves occur. 

Dr Perkins has been very active in 
the media as a result of her research, 
and through opinion pieces and 

interviews has encouraged broader 
discussion about Australia’s changing 
temperatures. She is already identi-
fied by the media as a high-quality 
speaker on heatwaves and is clearly 
becoming part of the next generation 
of researchers who will play a role 
in leading the public discussion on 
climate science. These are all factors 
in Dr Perkins winning a Tall Poppy 
award.

Dr Perkins’ successful application for 
an ARC Discovery Early Career Re-
searcher Award enables her to estab-
lish her own independent research. 
Her project will separate the human 
contribution to heatwaves from 
the natural contributions, as well as 
focusing on future changes. Since 
the award includes a stipend for a 
PhD student, Dr Perkins  is already 
beginning the process of training the 
next generation of researchers in an 
area of science critical to the future of 
Australia.
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Chief Investigators: 
Prof Michael Roderick (Lead, ANU)
Prof Andrew Pitman (UNSW) 
Dr Lisa Alexander (UNSW)
A/Prof Todd Lane (University of 
Melbourne)

Partner Investigators: 
Prof Hoshin Gupta (University of 
Arizona, USA), 
Dr Christa Peters-Lidard (NASA-
Goddard Space Flight Center, USA), 
Prof Rowan Sutton (NCAS, UK) 
Dr Ying Ping Wang (CAWCR-CSIRO)

Associate Investigators: 
Dr Gab Abramowitz (UNSW) 
Dr Randall Donohue (CSIRO)
A/Prof Jason Evans (UNSW)
Prof Graham Farquhar (ANU) 
Prof Peter Rayner (University of 
Melbourne)

Centre Researchers: 
Dr Daniel Argueso (UNSW) 
Dr Claire Carouge (UNSW)
Dr Mark Decker (UNSW) 
Dr Jeff Exbrayat (UNSW) 
Dr Melissa Hart (UNSW) 
Dr Ruth Lorenz (UNSW)
Dr Fubao Sun (ANU) 
Dr Jatin Kala (UNSW)

PhD students
Hamish Clark (UNSW)
Annette Hirsch (UNSW)
Ian Macadam (UNSW)
Ned Haughton (UNSW)

Highlights Team

The role of land surface forcing 
and feedbacks for regional climate

The CABLE model now under ver-
sion control with ticketing system 
and wiki

PALS system being used to bench-
mark CABLE in comparison to 
other models via PLUMBER

Multiple international publications 
in major A* and A-rated journals

Strong growth in the joint research 
between land and extremes pro-
grams

First research outcomes linked to 
urban landscapes and their impacts 
on extremes.

Discovery of the role of ground 
water in moderating seasonality in 
transpiration and representation 
of the processes in land surface 
models

Identification of the role of albedo 
and surface-atmospheric feed-
backs in initiating and intensifying 
drought
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The land research program has had a 
very effective year in terms of both re-
search outcomes and capacity building. 
The ongoing development of tools, 
central to the land research, positions 
us well for future research discoveries. 

This research program is well inte-
grated, but can be separated for the 
purposes of reporting into four broad 
themes: (1) land model development, 
evaluation and approaches to model-
ling, (2) land processes and feedbacks, 
(3) land processes and extremes and 
(4) slow processes in the land. Each of 
these will be considered in turn. 

Land Model development, 
evaluation and approaches to 
modelling

The land surface scheme, the Com-
munity Atmosphere Biosphere Land 
Exchange model (CABLE) is our primary 
research tool. CABLE is a community 
model and we have worked closely 
with Partner Organisations CSIRO and 
the National Computational Infrastruc-
ture (NCI) to develop the code, and 
the environment to share the code. A 
CABLE wiki (https://trac.nci.org.au/trac/
cable/wiki) is regularly updated and 
the model itself is hosted at NCI under 
formal version control with a ticketing 
system co-supported by the Centre of 
Excellence for Climate System Science 
and CSIRO technical staff. Through 
2013, a committee has been estab-
lished of active model developers who 
are responsible for determining wheth-
er modifications to CABLE proposed 
by researchers are accepted in future 
versions. Dr Gab Abramowitz repre-
sents the Centre on this committee.

As part of the process of evaluating 
CABLE, the Protocol for the Analysis of 
Land Surface models (PALS) system is 
used. The Centre of Excellence contin-
ues to provide some support for the 
development of this rigorous bench-
marking and evaluation environment. 
It has been used in the PALS Land sUr-
face Model Benchmarking Evaluation 
pRoject (PLUMBER) which is led from 
Partner Organisation UK Meteorolog-

ical Office and compares land surface 
models run in stand-alone mode at 
single sites with statistical or simplified 
model benchmarks. Preliminary results 
from this experiment were presented at 
the 4th Working Group on Numerical 
Experimentation workshop on sys-
tematic errors in weather and climate 
models (Exeter, UK, April 2013).

A major example of using PALS for 
new science is a paper by Exbrayat 
et al. (2013a), which highlights how 
multiple components of the Centre 
combine. This work used PALS and 
CABLE, combined with 10 flux tower 

sites from the Fluxnet network (http://
www.fluxnet.ornl.gov/fluxnet/ index.
cfm) in a collaborative project with 
Partner Investigator Wang from CSIRO. 
This highlights the value to climate 
science of long-term ecological and 
terrestrial data from initiatives such 
as the Terrestrial Ecosystem Research 
Network (TERN). The results, published 
in Journal of Geophysical Research, 
examined how multiple ways to repre-
sent soil respiration in CABLE led to a 
wide range of net ecosystem exchange 
simulations. The cause was linked to 
models not anchoring soil moisture and 
soil temperature in the same part of the 

Figure L1: Seasonal simulated net ecosystem exchange  (μmol 
m-2 s-1) for 10 sites. Default simulations are in blue and 
observations are in black. All alternative combinations of ways to 
represent soil respiration are in grey (from Exbrayat et al., 2013a)
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physical range as the observations of 
net ecosystem exchange assume. Over-
all, there was a large range in simulated 
net ecosystem exchange (Figure 1), 
something that can now be associated 
with specific processes.

This work has been extended from 
the PALS environment to a coupled 
environment using a global climate 
model and is reported later. There have 
been other efforts focused on evalu-
ating CABLE (e.g. Vargas et al., 2013) 
to identify systematic biases. This is the 
first step to resolving these via model 
development.

The pan evaporation work, reported 
in 2012, has largely been finalised. Pan 
evaporation measurements are taken 
worldwide but they are not immediately 
translateable to any quantity modelled 
in climate science. Work published by 
Lim et al. (2013) – Lim being a for-
mer PhD student of Chief Investigator 
Roderick – has led to a full understand-
ing of the physics of pan evaporation, 
leading the way to the use of these 
data for model evaluation. Lim finished 
his PhD in 2013 and is now at the Tokyo 
Institute of Technology.

Our main contribution to questions 
of modelling approach have come 
through Partner Investigator Profes-
sor Hoshin Gupta at the University of 
Arizona. An examination of the scale 
and sources of uncertainty in modelling 
linked to model structure were pub-
lished by Gong et al. (2013) in Water 
Resources Research. Another paper 
that may turn out to be profoundly 
important was published by Bishop and 
Abramowitz (2013). This work exam-
ined the question of climate model 
independence in the context of results 
from the Coupled Model Intercom-
parison Project – Phase 3 (CMIP-3). 
Commonly, results from ensembles 
of models like CMIP-3 are averaged. 
However, it is not clear whether each 
member of the ensemble is independ-
ent, and if they are not, the average 
could be misleading. Bishop and 
Abramowitz (2013) provide a method 
for determining independence and 

this work was then taken forward in 
an honours project by Ned Haughton 
supported by the Centre of Excellence. 
Ned obtained first class honours and is 
now a PhD student in the Centre. 

Land processes and feedbacks

Ongoing work has explored the 
processes and feedbacks associated 
with different land types and climate 
regimes over Australia. It examines 
regional energy and water budgets 
and how land and soil types affect 
climate – particularly irrigated areas, 
urban spaces and fire-affected regions. 
Impacts of land cover change, and 
how land processes respond to climate 
change and variability, are particular-
ly relevant. Major tools for exploring 
these feedbacks are Regional Climate 
models (RCMs) as they explicitly couple 
the land to the atmosphere. Through 
this work we collaborate with regional 
climate projects nationally, such as the 
NSW / ACT Regional Climate Modelling 
(NARCliM) and internationally, such 
as the Coordinated Regional Climate 
Downscaling Experiment (CORDEX). We 
also collaborate intensively with Partner 

Organisation NASA on the Land Infor-
mation System and with teams building 
the Weather Research and Forecasting 
(WRF) model. 

A critical process in climate system 
science is drought. It has profound 
societal impacts and is a region-
al-scale phenomenon that the Centre 
is examining in several ways. Meng et 
al. (2013) used WRF to examine how 
feedbacks associated with surface 
reflectivity change feed into the sim-
ulation of drought. They showed that 
drought- related changes in land-sur-
face conditions play an important role 
in local climate in 2002 south-east 
Australia. Specifically, drought-related 
albedo variations led to an increase in 
the severity of the extreme drought and 
land surface-atmosphere feedbacks 
were very important in the initial devel-
opment – and also play smaller roles 
in subsequent re-intensification of the 
drought conditions. Figure L2 highlights 
this result.

Clearly, the land-atmosphere system is 
coupled in the sense that both surface 
energy partitioning and the change in 
the planetary boundary layer growth 

Figure L2: Estimated contribution of the two mechanisms to the 
feedback between drought and the atmosphere: Red indicates 
where the albedo and surface energy balance dominates the 
feedback and blue indicates where the boundary layer dominates 
the feedback. From Meng et al. (2013)
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were important during the onset of 
drought in 2002. However, the plane-
tary boundary layer growth mechanism 
dominates the feedback in most loca-
tions. Meng et al. (2013) also showed 
that incorporating observations of 
albedo change increased the relative 
strength of the surface energy balance 
feedback. This has led to further work 
on albedo, and on coupling strength 
in general, at both regional and global 
scales. This work will be reported in 
2014.

At the opposite end of the land surface 
is what happens at the base of the soil 
in terms of exchanges between the soil 
and ground water. Mark Decker has 
been working on this issue, focusing on 
how groundwater dampens and delays 
the impact of precipitation anomalies 
on surface water fluxes over forests. 
This is important, as the role of ground 
water is not commonly represented in 
the land models coupled to global and 
regional climate models. Decker et al. 
(2013) showed that in systems without 
ground water, the seasonal variability 
and interannual variability of transpira-
tion closely matches rainfall variability. If 
ground water is included, this reduces 
moisture stress in dry conditions and 
helps decouple transpiration variabil-
ity from short time-scale variability in 
rainfall (Figure L3). This has led to the 
recognition that groundwater has to 
be represented in CABLE, a research 
priority for Mark Decker in 2014.

Figure 
L3: Area 
mean (over forests 
and grasslands) anomalous 
time series of precipitation, two 
proxies of transpiration (LAI and PVF), and 
transpiration from a model with groundwater 
(GW) and one without groundwater (NoGW). The 
correlation with precipitation is also shown. From Decker et 
al. (2013)

Land processes and extremes

This is research in collaboration with 
the extremes research program. Land 
processes can affect a range of surface 
extremes, though our understanding 

of this remains limited. Through 2013, 
the Centre has been examining the skill 
of the Australian Community Climate 
and Earth System Simulator (ACCESS) 
climate model to simulate extremes. 
The main contribution here has been 
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a joint effort between the land group 
led by Ruth Lorenz and the Centre’s 
extremes group. Lorenz has undertak-
en simulations with the ACCESS model 
and saved very high temporal reso-
lution data. She has then derived the 
extremes indices used in extremes work 
and evaluated these against the global 
data sets published by the extremes 
group. 

The results of this analysis are currently 
under review and will be reported in 
detail in 2014. However, systematic 
biases in maximum and minimum 
temperatures have been identified. 
Lorenz is now proceeding to work with 
others in the land group to address the 
land-associated processes that lead 
to these errors. Early work suggests 
that the progress by Mark Decker on 
hydrology will help resolve the prob-
lem of weak simulations of extremes 
temperatures in ACCESS. This is a 
connection that was largely unexpect-
ed. Simulations examining these will 

Figure L4: Bias corrected WRF projected changes of minimum temperature 
seasonal means (2030–2049 minus 1990–2009). Grid points with non-significant 
changes using a two-sided Student’s t test at 95 % confidence level are white. After 
Argueso et al. (2013)

be conducted in 2014 with the aim of 
resolving these for the next ACCESS 
model version. 

Other work has examined land-related 
extremes particularly focused on urban 
landscapes. The modelling of urban 
landscapes in models is an emerging 
area of research. We have used WRF 
to examine this in a paper published 
by Argueso et al. (2013). The impact of 
urbanisation on the maximum temper-
atures simulated over a large region 
including Sydney was negligible, but 
significant when minimum tempera-
tures were examined (Figure L4).  

and has been examined for decades. 
We are fortunate that Melissa Hart, our 
Graduate Director, has a background in 
this area. Her work has been examining 
methodological concerns associated 
with urban heat island intensity (e.g. 
Siu and Hart, 2013). While focused on 
Hong Kong, Hart is now bringing these 
skills to support our work in Australia. 

Slow processes in the land

Work on processes linked to carbon at 
the point scale were discussed above 
(Exbrayat et al., 2013a). A natural 
progression of this work is to take a 
small set of the possible parameteri-
zations of soil respiration and test how 
they perform in a climate model. This 
is what Exbrayat et al. (2013b) have 
done in a paper published in Biogeo-
sciences. For the first time, Exbrayat et 
al. (2013b) examined simultaneously 
the uncertainty in the simulation of net 
ecosystem accumulation of carbon to 
how soil respiration is modelled with 
nitrogen and phosphorous limitation. 
Figure 5 shows a key result:

We know that the terrestrial surface 
takes up around 30% of human emis-
sions of CO2 and therefore the C-only 
simulations are erroneous. Adding 
nitrogen significantly decreases the ac-
cumulation of carbon in the terrestrial 
surface, to amounts that are reasonable 
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Figure 
L5: Global 
cumulative 
human carbon emissions 
and modelled net ecosystem 
accumulation (NEA) between 1850 
and 2005 in non-nutrient limited (C), nitrogen 
(CN) and nitrogen and phosphorous (CNP) modes. 
Shaded area represents the range of NEA simulated by the 
nine combinations of water limitation and temperature limitation 
on soil respiration. The insert in the right panel shows the relationship 
between cumulative human emissions and atmospheric CO2 (in ppmv) over the 
same period

relative to observations. A key discov-
ery here is that uncertainty in how to 
simulate these processes in terms of the 
temperature and moisture controls on 
soil respiration does not change this re-
sult and the impact of adding nitrogen 
limitation is a robust result. 

Summary

Our research through 2013 in land 
processes and feedbacks has been high- 
impact. Almost all land related research 
has been published in A* and A ranked 
journals in the international literature. 
The investment in CABLE, in the Land 
Information System (LIS), in PALS and 
in how CABLE is coupled to WRF has 

provided a rich set of tools and capac-
ities. We highlight our 2014 objectives 
elsewhere in this Annual Report. These 
will stretch our capacity and challenge 
the researchers in the Centre focused 
on these terrestrial problems. We aim to 
contribute strongly to broad Centre ini-
tiatives around extremes, heatwaves and 
the Maritime Continent initiative while 
continuing to build capacity into CABLE. 
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RP Land  -- Statement of Intent for 2014
Level* Intent

Land processes and feedbacks

Examination of land-atmosphere coupling as a function of parameterization and initialization 
(GLACE, GLACE-2) [This links to convection]

GLACE-CMIP-5 experiments with ACCESS-CABLE2.0 to investigate effects of changes in soil 
moisture content and soil moisture-climate coupling for future climate projections and compare 
ACCESS to other participating models [This links to extremes]

Examination of the role of regional-scale land-atmosphere coupling in land cover change experi-
ments [This links to extremes]

Global C20C simulations with ACCESS focused on land cover change [This links to extremes]

Quantification of land surface influences (e.g., land initialisation, land cover change), on maritime 
continent precipitation [This links to extremes and convection].

Model evaluation

Examination of an improved soil albedo parameterization for CABLE

Link observed and modelled salinity changes over the ocean with observed and modelled chang-
es in the water cycle over land [This links to oceans]

Examination of influence of land surface parameters on climatic extremes and their biases within 
ACCESS-CABLE2.0 [This links to extremes]

Examine the statistical properties of annual rainfall in observations and models [This links to con-
vection and variability]

Investigation of urban land use/surface characteristics on local and regional climate [This links to 
extremes and convection]

Using ACCESS1.3 single-column model to better understand CABLE-ACCESS interactions [Links to 
convection]

Ongoing benchmarking efforts of CABLE-2 using PALS thorough evaluation of CABLE within the 
LIS/WRF environment.

Land model development

Incorporation of key Australian plant functional types into CABLE.

Coupling a ground water parameterization into CABLE, based on CLM4 and evaluation of impact 
and performance within LIS [This links to extremes and variability]

Coupling of CABLE-2 into LIS/WRF 

Examination, with CAWCR, on coupling CABLE to ACCESS via JULES framework

Coupling a ground water parameterization into CABLE and ACCESS. Examination of the impact of 
this on Australian climate and climate variability [This links to variability]

Exploration of urban parameterization building on existing CAWCR efforts [This links to extremes].

Land processes and extremes 

Land surface role in the Jan 2013 Australian heatwave estimated from satellite observations

Land surface role in the Jan 2013 Australian heatwave estimated from simulations

Examine interactions and feedbacks between extreme fire weather in south-east Australia and 
land-atmosphere feedbacks [This links to extremes and variability]

Examination of coupling strength links with extremes [This links to convection and extremes].

Slow processes in the land

Carbon, nitrogen, phosphorous interactions

Estimation of land carbon storage from passive microwave satellite data.

* 1 = to be achieved in 2014, 2 = substantial progress in 2014, 3 = progress towards in 2014
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The Department of the Environment 
and the ARC Centre of Excellence for 
Climate System Science maintain a 
strong and ongoing relationship. The 
Department of the Environment is a 
Partner Organisation that supports 
the Centre financially ($100,000 
each year) - investment that in 2013 
was used to appoint an early career 
researcher, Dr Ruth Lorenz, to focus 
on the science and modelling of 
extremes.

Through 2013, Lorenz has worked 
on the simulation of extremes in the 
Australian Community Climate and 
Earth System Simulator (ACCESS) 
modelling system. Using ACCESS in 
a “Climate of the 20th Century” con-
figuration she has examined the skill 
of the model to capture the extremes 
recommended by the Expert Team 
on Climate Change Detection and 
Indices. These indices are calculated 
from daily maximum and minimum 
temperature and daily precipitation 
(http://www.climdex.org/indices.
html). A paper published in the 
Journal of Climate (Lorenz et al., 
2013) reflects the nature of genuinely 
collaborative research effort. 

The Department of the Environment 
is a major investor in ACCESS via two 
other Centre Partner Organisations, 
the Bureau of Meteorology (BoM) 
and CSIRO,  through the Australian 
Climate Change Science Program. El-
ements of the ACCESS model are de-
veloped by two international Partner 
Organisations, the UK Meteorological 
Office and the Geophysical Fluid 
Dynamics Laboratory (GFDL). The 
Centre has worked with all of these 
groups such that the ACCESS model 
is accessible and version controlled at 
the National Computational Infra-

 Department of Environment Partnership

structure (NCI) – a key element of 
the Australian e-research landscape 
funded by Department of Industry 
and the Australian Research Council.

Lorenz used the ACCESS model, 
coupled with the Community At-
mosphere Biosphere Land Exchange 
(CABLE) terrestrial model. This is also 
a joint effort; originally developed 
by CSIRO the infrastructure around 
CABLE is co-supported by the Centre 
of Excellence as well as some funding 
from the Terrestrial Environmental 
Observing Network (TERN).

The Department of the Environment’s 
investment in Lorenz provided a 
focal point that catalysed multiple 
capacities for a study scaffolded on 
components ranging from observa-
tions through to high-performance 
computing. Her work identified a 
significant bias in the ACCESS model. 
The diurnal temperature range is 
underestimated because minimum 
temperatures during nights are gen-
erally too warm and daily maximum 
temperatures are generally too low 
in the model. These appear to be 
linked to an excess evaporation rate 
in the model. This analysis provides 
the foundation for future experi-
ments that will examine how land 
surface processes contribute to these 
systematic biases in the ACCESS 
modelling system. First among these 
is work that has already replaced the 
way soil moisture is parameterized in 
CABLE, and the coupling of ground 
water to CABLE. 

The Department of the Environment’s 
support for an early career researcher 
has therefore provided the catalyst 
for a study that has a high potential 
to significantly improve the ACCESS 

models’ capacity to simulate ex-
tremes in the current climate. The 
$100,000 investment has expanded 
the utilization of ACCESS and CABLE, 
let to innovative science using Aus-
tralian supercomputing, integrated 
research on extremes data sets with 
land modelling, led to an activity to 
replace the hydrology in ACCESS and 
led to closer collaboration between 
CSIRO and Centre researchers. It is an 
excellent example of where target-
ed funding can lead to high-impact 
outcomes. 

The relationship between the De-
partment of the Environment and 
the ARC Centre of Excellence is also 
highlighted by the invitation to the 
Centre Director to sit on the Depart-
ment’s Science Advisory Group, the 
representation of the Department on 
the Centre’s Advisory Board, and the 
involvement of the Centre in multi-
ple Departmental initiatives. These 
are all designed to ensure maximum 
integration and full engagement of 
the Centre in national climate system 
science. Ensuring the Centre of Excel-
lence remains well aligned with na-
tional strategies linked to other major 
organisations enables ARC funding 
to have a coordinated and sustained 
impact on national priorities.

Reference 

Lorenz, R., Pitman, A. J., Donat, M. G., 
Hirsch, A. L., Kala, J., Kowalczyk, E. A., 
Law, R. M., and Srbinovsky, J.: Rep-
resentation of climate extreme indi-
ces in the coupled atmosphere-land 
surface model ACCESS1.3b, Geosci. 
Model Dev. Discuss., 6, 6343-6389, 
doi:10.5194/gmdd-6-6343-2013, 
2013.

http://www.climdex.org/indices.html
http://www.climdex.org/indices.html
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Team

Drivers of spatial and temporal climate 
variability in extra-tropical Australia

Further development of the AC-
CESS model hierarchy

Development of an ocean mixed 
layer model for coupling to the 
ACCESS atmosphere model

Multiple experiments with the 
ACCESS atmosphere model at 
low-resolution coupled to the slab 
ocean or with fixed  sea surface 
temperatures (SSTs).

Discovery of a connection between 
tropical cyclones and south-east 
Australian heatwave

Publishing new CMIP-5 model 
evaluations including the changing 
dynamics of El Niño

A series of workshops on ENSO, 
weather-climate-extremes connec-
tions and climate model errors with 
Partner Investigators from BoM and 
CSIRO

Implementation of a tropical belt 
NEMO-OASIS-WRF model at NCI. 
This model is currently being used 
to understand rainfall processes 
over the maritime continent, with 
plans to use it to examine Austral-
ian rainfall and Indo-Pacific ENSO 
teleconnections.

Evaluation of the latest CMIP-5 
models in terms of their capabil-
ity to simulate realistic modes of 
climate variability

Highlights

Chief Investigators: 
Dr Dietmar Dommenget (Lead, Monash University) 
Prof Michael Reeder (Monash University) 
Prof Matthew England (UNSW) 
Prof David Karoly (University of Melbourne)
 Dr Andrew Hogg (ANU) 
Dr Lisa Alexander (UNSW) 
Prof Steven Sherwood (UNSW), 
Prof Michael Roderick (ANU)

Partner Investigators: 
Prof Rowan Sutton (National Centre for Atmospher-
ic Science, UK) 
Dr Peter Stott (Hadley Centre, UK) 
Dr Harry Hendon (CAWCR-BoM) 
Dr Scott Power (CAWCR-BoM), 
Dr Penny Whetton (CAWCR-CSIRO) 
Dr Carsten Frederiksen (CAWCR-BoM)

Associate Investigators
Dr Jennifer Catto (Monash University)
Dr Allie Gallant (Monash University)
Dr Will Hobbs (University of Tasmania)
Prof Neil Holbrook (University of Tasmania)
Dr Joe Kidston (UNSW)
Dr Shayne McGregor (UNSW)
Dr Malte Meinshausesn (University of Melbourne)
Dr Laurie Menviel (UNSW)
Prof Neville Nicholls  (Monash University)
Prof Peter Rayner (University of Melbourne)
Dr Agus Santoso (UNSW)
Dr Alex Sen Gupta (UNSW)
Dr Andrea Taschetto (UNSW)

Centre Researchers
Dr Claudia Frauen (Monash University)
Dr Laura O’Brien (Monash University)

PhD students 
Esteban Abellan (UNSW)
Lam Hoang (Monash University)
Tess Parker (Monash University)
Byju Pookkandy (Monash University)  
Nicholas Tyrrell (Monash University)  
Gang Wang (Monash University)  
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The climate variability group has con-
tinued the development of an Aus-
tralian Community Climate and Earth 
System Simulator (ACCESS) model 
hierarchy for the study of the mecha-
nisms of seasonal to decadal ocean-at-
mosphere interactions. The fully 
coupled ACCESS model is extremely 
challenging to use, complex and too 
computationally expensive for millenni-
um-scale simulations. The development 
of a hierarchy provides research tools 
that are easier and quicker to use, and 
can be used for very long simulations, 
but remain consistent with the full ver-
sion of the ACCESS model in multiple 
components. The focus this year was 
to improve the existing model com-
ponents for studies of the SST varia-
bility influence on the climate system. 
We also started the development of 
coupling a new simplified ocean model 
to the ACCESS atmosphere model. This 
model is based on the ocean mixed 
layer model developed by Klingaman 
et al. (2011) and will focus on a more 
detailed understanding of the upper 
ocean heat balance for intra-seasonal 
to multi-decadal time-scales.

A number of research discussion 
groups have been developed within the 
variability program to foster collabo-
rations, develop ideas and initiate new 
studies on outstanding problems in the 
climate variability themes. Following 
the intent of the variability program to 
be integrative of other Centre activ-

ities, the focus this year has been on 
the dynamics of the El Niño Southern 
Oscillation (ENSO) variability and the 
interaction between weather phenom-
ena, extreme climate events and the 
large-scale climate drivers. The Centre’s 
aim to resolve problems at the pro-
cess-level has also been achieved via 
research addressing errors in coupled 
climate model simulations, and how 
they may be impacting our under-
standing of the climate dynamics and 
pathways by which overcoming these 
limitations might lead to improving the 
coupled simulations.

This year saw a substantial update in 
the most important Coupled Model 
Intercomparison Project (CMIP) model 
database. This is the basis for the 
latest IPCC report and work within the 
Centre has been scaffolded from this 
database. The CMIP-5 model eval-
uation is one of the key elements in 
many of the research projects being 
done in the climate variability group. 
Currently a number of studies are 
being finished that focus on different 
aspects of the natural modes of climate 
variability. Gang Wang and co-workers, 
for instance, focused on the model’s 
ability to simulate the correct modes of 

natural variability in the global oceans. 
Downes and Hogg (2013) analysed the 
changes in the Southern Ocean circula-
tion under global warming conditions. 
They quantified the role of eddy-in-
duced circulation in compensating the 
mean overturning circulation, and in-
vestigated the role of surface buoyancy 
and momentum input in driving these 
changes. The Southern Ocean is abun-
dantly filled with eddies that transport 
heat and carbon between the equator, 
poles, and between ocean basins, thus 
it is important to quantify how they 
interact with the large-scale circulation 
in the present and future climates. The 
CMIP-5 diagnostics saved included (for 
the first time in multi-model efforts) the 
eddy-induced overturning component. 
Downes and Hogg (2013) show that 
eight climate models (two of which are 
ACCESS models) project a partial com-
pensation of the upper ocean large-
scale overturning circulation by eddies. 
In terms of surface drivers, Downes 
and Hogg (2013) find that wind stress 
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and surface buoyancy fluxes (heat and 
freshwater) combined influence the 
overturning circulation, whereas surface 
buoyancy fluxes are the primary drivers 
of changes in the transport of the 
world’s strongest current, the Antarctic 
Circumpolar Current.

The connection between weather and 
climate phenomena and the formu-
lations of new diagnostic methods 
for climate variability studies based 
on concepts derived from weather 
phenomena has been one of the focus 
points in the climate variability team. 
Parker et al. (2013), for instance, have 

found a remarkable link between 
south-east Australian heatwaves and 
tropical cyclones (see Fig. V1). In a 
case study of the 2009 “Black Saturday” 
they demonstrated that the upper-air 
hot dry air reaching Victoria emerged 
from tropical cyclones. The tropical 
cyclones form very intense upward air 
motion, which builds large masses of 
upper level dry air that reaches into the 
extra-tropical regions supporting the 
formation of strong heatwaves there.

In collaboration with Associate Inves-
tigators, a number of studies have 
been made. One of the main focuses 

Figure V1:  The connection between south-east Australian heatwave on Black 
Saturday 2009: Backward trajectories of the upper level air in the south-east Australian 
regions (upper) and forward trajectories of the upper level air from the tropical 
cyclone off the north west coast of West Australia. From Parker et al. (2013)
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this year was on aspects of the El Niño 
Southern Oscillation (ENSO) dynamics 
(Santoso et al. 2013; McGregor et al. 
2013; Stuecker et al. 2013; Borlace et 
al. 2013; Aiken et al. 2013). This is nec-
essarily integrative work including con-
tributions form the convection, oceans 
and extremes research programs. 

Santoso et al. [2013], for instance, 
found a remarkable change in the 
ENSO dynamics under global warm-
ing. In a paper published in Nature, 
they predict that the equatorial ocean 
currents may have a substantial impact 
on the evolution of ENSO events, which 
in the future under global warming 
will change the direction of ENSO SST 
propagations (see Fig. V2). Since rainfall 
responds to SST anomalies, the result 
has important ramifications for the 
future impact of ENSO. The studies of 
McGregor et al. (2013) and Stuecker et 
al. (2013) both focus on the dynamics 
that lead to the seasonal synchroni-
zation of the ENSO events. They find 
the specific wind patterns in the boreal 
spring season cause the termination of 
El Niño events. ENSO events influence 
global weather patterns and ocean 
circulations with profound environ-
mental and socio-economic impacts 
worldwide. A better understanding of 
ENSO dynamics would thus enhance 
our capacity for climate prediction and 
risk management in a rapidly changing 
climate. 

While the core focus of the Centre of 
Excellence is the physical and biophysi-
cal climate system, our work does have 
direct value to society. Year-to-year 
variability of the various monsoon 
systems, for example, has dramat-
ic socio-economic implications for 
northern Australia and more gener-
ally across Asia. New work using the 
CMIP-5 models has evaluated climate 
model fidelity in simulating monsoon 
systems in an effort to understand the 
connections between the Indian and 
Australian monsoon systems (Li et al., 
2012) and relationships between Pacific 
Ocean variability and the Indian and 
Australian monsoons (Jourdain et al., 
2013). This latter work – joint across the 
Centre and its Partner Organisations 
CSIRO and the Bureau of Meteorolo-
gy (BoM) – first highlighted the large 
spread in observed rainfall in both the 
Indian and Australian monsoon rainfall. 
They then showed that the multi-model 
mean monsoon rainfall from 59 models 
taking part in the Coupled Model 
Intercomparison Project – Phases 3 
and 5 (CMIP-3 and CMIP-5) fall within 
observational uncertainty despite 
considerable model spread existing. 
Most CMIP models produce either a 
too peaked or a too flat seasonal cycle, 
with CMIP-5 models generally perform-
ing better than CMIP-3 ones. Impor-
tantly, most models reproduce the 
observed Australian Monsoon-ENSO 
teleconnection, with the strength of the 

Figure V2: Changes in the frequency of eastward propagating 
El Niño events from the 20th century (blue) to a global warming 
scenario 21th century (red) as predicted by the CMIP-3 and CMIP-
5 model simulation database. From Santoso et al. (2013)

relationship dependent on the strength 
of the simulated ENSO. However, over 
the Maritime Continent, the simulated 
monsoon-ENSO connection is gener-
ally weaker than observed, depending 
on the ability of each model to capture 
the ENSO signature in the Warm Pool 
region (Figure V3). A particularly rele-
vant result was the demonstration that 
no clear model consensus exists over 
the Maritime Continent. In part, this led 
to the decision in 2013 for a Centre-led 
initiative to help resolve the challenge 
of simulating the Maritime Continent. 
This major integrative initiative is re-
ported elsewhere in this report. 

Collaborations among Associate Inves-
tigators have also focused on the po-
tential affects of future climate change 
on climate variability (McGregor et al. 
2013b; Widlanski et al. 2013). McGre-
gor et al. (2013) investigated how we 
expect the activity of ENSO to change 
as a result of a warming planet. They 
decided the best way to do this was to 
look into the past, as the current gener-
ation of CMIP-5 models provide no 
clear indication of how ENSO’s activity 
will change in the future. This study 
looked to the past using proxies of 
ENSO variability, such as from lake sed-
iment cores, corals, or tree rings. The 
problem with previous studies has been 
that reconstructions of ENSO from such 
paleo-proxies have not been telling the 
same story. McGregor et al. (2013b), 
however, devised a new approach to 
analyse paleoclimate reconstructions of 
the ENSO phenomenon that resolves 
disagreements and reveals that ENSO 
activity during the 20th century has 
been unusually high compared to the 
past 600 years. 

The study of Widlanski et al. (2013) 
examined how the largest rainband in 
the Southern Hemisphere – the South 
Pacific Convergence Zone (SPCZ) – 
will respond to climate change. The 
SPCZ is the main source of rainfall for 
South-Western Pacific island nations 
and any changes in this rainfall band 
would have severe consequences for 
the vulnerable island nations already 
having to adapt to accelerating sea 
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Figure V3: DJFM rainfall in the observations (a) and in the historical CMIP-5 simulations (b), and 
difference between the 2006–2100 mean rainfall from rcp8.5 experiments and the 1850–2005 
mean rainfall (c). From Jourdain et al. (2013)
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level rise. This study finds that the fu-
ture rainfall in the South Pacific islands 
depends on the degree of tropical 
warming expected this century. For 
instance, high warming is expected to 
lead to increase, while low-moderate 
warming is expected to decrease, South 
Pacific island rainfall. Thus, the future of 
rainfall for island nations underlying the 
SPCZ is highly uncertain.

Considerable interest exists in how bio-
logical systems will respond to climatic 
changes. In particular, it is envisaged 
that long term warming will drive mass 
poleward migrations of many spe-
cies. Collaboration between Associate 
Investigators and Partner Organisation 
CSIRO has shown that migration of 
certain marine species will be heavily 
influenced by both interannual and 
decadal variability in ocean tempera-
tures, leading to abrupt shifts in distri-
bution (Sen Gupta et al., in press).

Priorities for 2014 for the variability 
research program include multiple 
goals for 2014 including analysis of 
ERA-Interim data focusing on the low 
frequency variability of the Southern 
Hemisphere storm tracks, further analy-
sis of the CMIP-5 database for decadal 
climate variability in the Southern 
Hemisphere and analysis of the ocean’s 
influence on land on continental 
scales and the associated amplification 
mechanisms involved. Ultimately, how-
ever, the long-term goal remains the 
development of a consistent ACCESS 
N48 model hierarchy that enables a 
consistent examination of processes 
that dominate variability.

*1 = to be achieved in 2014, 2 = sub-
stantial progress in 2014, 3 = progress 
towards in 2014.

RP Variability – Statement of Intent for 2014

Level* Intent

Analysis of the ocean’s influence on land on continental scales 
and the associated amplification mechanisms involved using 
ACCESS low-resolution sensitivity experiments

Explore the sensitivity of atmospheric variability to physical 
schemes in an idealised aqua-planet model

Analysis of the CMIP database for decadal climate variability 
in the Southern Hemisphere

Commence AMIP-style runs with ACCESS 1.3 for DJF to 
investigate the effects of enhanced or suppressed tropical 
convection on Rossby wave breaking and the subsequent 
development of anticyclonic PV anomalies and heatwaves

Analyse the geostrophic stirring (geostrophic turbulence) in 
the ERA I data set and determine the connection to the low 
frequency variability of the Southern Hemisphere storm track

Commence WRF runs investigating the role of mid-latitude 
Rossby wave breaking and the subsequent development of 
isolated PV anomalies on tropical cyclogenesis

Finalise the analysis of the WRF runs of banded convection in 
extratropical cyclones.

Development of the KPP mixed layer ocean model coupled to 
the ACCESS 1.0 and 1.3 UM in N96/N48 (with Julia Arblaster 
and Christian Chung)

Analysis of seasonal mixed layer dynamics in CMIP-5 model 
simulations, observations and using KPP mixed layer ocean 
model coupled to the ACCESS UM in N48

Analysis of climate sensitivity uncertainty in idealised simple 
model perturbed physics ensembles

Apply the geostrophic stirring diagnostics to examine the 
low-frequency variability of the Southern Hemisphere storm 
track in a series of AMIP-style runs with ACCESS 1.3 and the 
ACCESS low resolution models with simplified mixed layer 
oceans

Begin work on the quantification of diabatic processes in the 
production of PV anomalies over the Southern Ocean and 
their role in Rossby wave breaking and extratropical cy-
clogenesis

Development of a consistent ACCESS N48 model hierarchy
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One of the Partner Organisations in 
the Centre of Excellence is the Aus-
tralian National Data Service (ANDS). 
ANDS provided funding to the Centre 
for the Climate Model Downscaling 
Data for Impacts Research (CliMD-
DIR) project that was completed in 
2013. 

The CliMDDIR project built and 
implemented a software system that 
will enable users to access data from 
the New South Wales and Australian 
Capital Territory Regional Climate 
Model (NARCliM) data set. The 
NARCLiM data are very high-res-
olution downscaled data that are 
likely to transform the capacity of 
NSW researchers to examine climate 
change and variability over the state. 
While the project is complete, further 
development will be integrated 
into a broader set of software tools 
resourced through the NSW govern-
ment. 

CliMDDIR bridges a gap between 
climate modellers, who develop and 
run computer simulations of the 
Earth’s climate system, and climate 
change impacts researchers, who 
seek to assess the potential impacts 
of climate change on human and nat-
ural systems. The software makes im-
pacts-relevant output from Regional 
Climate Model (RCM) simulations 
available to climate change impacts 
researchers in data formats that they 
are used to handling. The system 
reads binary files of RCM output 
and exports impacts-relevant data in 
formats used by the impacts com-
munity. Users require no knowledge 
of specialist software as they interact 
with the system via a web portal that 
allows them to extract data that is of 
relevance to them. The portal also al-
lows users to create data collections 
that can be exposed to other users 
and to the broader research com-
munity via the ANDS Research Data 
Australia website. 

To ensure that the CliMDDIR software 
system met the needs of the impacts 
community, the project team worked 
closely with four groups of climate 
change impacts researchers:

µ Agricultural impacts group: 
Research on wheat yields in New 
South Wales  - led by Dr De Li 
Liu (NSW Department of Primary 
Industries)

µ Hydrological impacts group: 
Research on rivers and wetlands  
- led by Prof Richard Kingsford 
(UNSW)

µ Health impacts group: Research 
on human health - led by Dr 
Hilary Bambrick (University of 
Western Sydney)

µ Ecological impacts group: 
Research on species distribu-
tions  - led by Dr Linda Beaumont 
(Macquarie University).

Deep engagement with these groups, 
whereby researchers in the groups 
were interviewed about their data 
needs and involved in User Ac-
ceptance Testing, was essential for 
developing a web portal that us-
ers can use with ease and which is 
capable of providing the data that 
they require. Although the software 
system cannot deliver all the RCM 
data that any given impacts research-
er may require, the four collaborating 
research groups are able to use it 
to access the RCM data that is most 
fundamental to their research. This 
data is provided by the web portal in 
data files that can easily be read and 
manipulated by the collaborating 
researchers and should be sufficient 
to form the basis of research into the 
use of RCM output in the assessment 
of the impacts of climate change. 
The system is also likely to be able 
to satisfy many of the most funda-
mental RCM data needs of impacts 

researchers who were not involved in 
the project.

The software written as part of the 
CliMDDIR project has been designed 
to allow the CliMDDIR system to 
be easily extended. For example, 
although the software system cur-
rently serves data from a single RCM 
project, it was developed with future 
application to multiple different mul-
ti-simulation RCM data sets in mind. 
This makes it potentially valuable to 
anyone seeking to make RCM data 
more accessible and it is has been 
made available for this purpose 
through an open-source repository. 
Elements of the software are also 
likely to be of use to anyone seeking 
to manipulate Regional Climate Mod-
el or Global Climate Model output, 
such as researchers with a focus on 
the climate system itself.

More information about the CliMD-
DIR project can be found at the 
project website, www.climddir.org, or 
by emailing admin@climddir.org. The 
open-source software developed by 
the project can be found at:

https://bitbucket.org/a_hotz_unsw/
climddir/overview

and associated documentation can 
be found at

http://climddir.org/site_media/static/
reference/reference_guide/. 

The CliMDDIR service can be ac-
cessed via www.climddir.org/service. 
Note, however, that only registered 
users can use the service to access 
data. New registrations are subject 
to approval by the NARCliM project 
team, contactable via narclim@envi-
ronment.nsw.gov.au.
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Dr Claudia Frauen’s work this year at 
Monash University highlights how 
funding from the Australian Re-
search Council (ARC) does far more 
than just produce papers; it has a 
profound impact on the climate 
modelling community in other ways 
too.

A large part of 2013 has been spent 
by Dr Frauen on further develop-
ment of the hierarchy of ACCESS 
models. This is a major priority 
for the Centre since it provides a 
multi-model approach to resolving 
important science questions. This 
work will therefore not only lead to 
publications for Dr Frauen in 2014 
but will also directly benefit other 
researchers and underpin a variety 
of studies both inside and outside of 
the Centre of Excellence.

Dr Frauen’s work has enabled her 
to perform sensitivity experiments 
with the low-resolution ACCESS-slab 
model to study the nonlinearity in 
El Niño Southern Oscillation (ENSO) 
teleconnections, which will help re-
searchers understand the influences 
of one of the main drivers of climate 
variability in Australia. In 2014, she 
aims to produce a range of sensitiv-
ity experiments with this model to 

 Dr Claudia Frauen

study the influence of the mean state 
on climate sensitivity.

Researchers within ARCCSS have 
taken advantage of Dr Frauen’s work 
and have been able to:

µ Evaluate the skill of the Coupled 
Model Intercomparison Project 
– Phases 3 and 5 (CMIP-3 and 
CMIP-5) models in simulating 
patterns of sea surface tempera-
ture variability

µ Explore the influence of global 
sea surface temperature variability 
on land surface temperatures.

Outside the Centre, researchers at 
the Bureau of Meteorology (BoM) 
have used a high-resolution version 
of the model to perform sensitiv-
ity experiments on the Southern 
Annular Mode and mid-latitude jet 
shifts. Understanding these climatic 
phenomena is important for inter-
preting Australian rainfall variability 
and change.

A PhD student visiting from Madrid 
is also using the model to perform 
sensitivity experiments to study the 
connection between ENSO and rain-
fall in Europe.

Beyond her work on the ACCESS-slab 
model, Dr Frauen has also presented 
at national and international confer-
ences, including the Tropical Weather 
and Climate Dynamics Workshop in 
Honolulu, the AOGS Annual Meeting 
and the AMOS National Conference.
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Highlights Team

Mechanisms and attribution of past 
and future ocean circulation change

Simulations of eddy-permitting 
global ocean model currently run-
ning on NCI

Stephen Griffies awarded the 
Nansen Medal from the European 
Geophysical Union

Engagement with IPCC AR5 
through Prof Nathan Bindoff as 
Chapter 10 Contributing Lead 
Author and Contributing Author to 
the Summary for Policy Makers

Dr Kurt Polzin (Woods Hole 
Oceanographic Institution, USA) 
and Prof Alberto Naveira Garabato 
(National Oceanography Centre, 
UK) had extended visits to UTAS. 
A/Prof Andy Hogg visited Oxford 
University for three months

Major progress in building a cou-
pler to enable the eddy-permitting 
global ocean model to be used 
within ACCESS

Ongoing collaborations with Part-
ner Organisations NOAA’s GFDL in 
Princeton and CAWCR, regarding 
the development of high-resolution 
global models.

Multiple publications in A* and 
A ranked international journals 
including work on characterizing 
the deep circulation in the ocean, 
nutrients and biological productiv-
ity in the Southern Ocean and the 
dynamics of eddies

Chief Investigators: 
A/Prof Andrew Hogg (Lead, ANU)
Prof Matthew England (UNSW)
A/Prof Peter Strutton (University of Tasmania)
Prof Nathan Bindoff (University of Tasmania) 
Dr Dietmar Dommenget (Monash University)

Partner Investigators: 
Dr Stephen Griffies (GFDL, USA), 
Dr Richard Matear (CAWCR-CSIRO), 
Dr Anthony Hirst (CAWCR-CSIRO), 
Dr Scott Power (CAWCR-BoM), 

Centre Researchers: 
Dr Leela Frankcombe (UNSW)
Dr Will Hobbs  (UTAS)
Dr Andreas Klocker, (ANU)
Dr Stephanie Downes (ANU)
Dr Jennifer Ayers (UTAS)
Dr Paul Spence, (UNSW)
Dr Maxim Nikurashin, (UTAS)
Dr Stephanie Waterman (UNSW)

Associate Investigators: 
Dr Jessica Benthuysen (CSIRO/UTAS)
A/Prof Neil Holbrook (UTAS)
Prof Ross Griffiths (ANU)
Dr Andrew Kiss, (UNSW Canberra)
Prof Trevor McDougall (UNSW)
A/Prof Katrin Meissner (UNSW)
Dr Laurie Menviel (UNSW)
Dr Helen Phillips (UTAS)
Dr Oleg Saenko, (CCCMA)
Dr Juan Saenz, (ANU) 
Dr Susan Wijffels (CAWCR-CSIRO)
Dr Alex Sen Gupta, (UNSW)
Prof Thomas Trull (UTAS)

PhD Students
Robert Johnson (UTAS)
Xuerong Qin (UNSW)
Nina Ridder (UNSW)
Graham Simpkins (UNSW)
Gang Wang (Monash University)
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The oceans research program aims to 
improve our understanding of the role 
of the ocean in the climate system, 
including the effects of both physical 
and biological processes. In 2013 we 
have contributed a range of new and 
innovative results, as well as playing an 
important role in the recently released 
IPCC 5th Assessment Report (AR5) 
through Contributing Lead Author 
Nathan Bindoff.

A major focus of the oceans research 
program is the continued development 
of a global ¼° ocean-sea ice model, 
led by Paul Spence (UNSW). The model 
is now fully operational, with the first 
manuscript based on the model yield-
ing new insights into future Southern 
Ocean sea level change (Frankcombe 
et al., 2013). An illustration of the skill 
of the new modelling system is shown 
in Figure O1. In collaboration with 
Partner Investigator Stephen Griffies 
(NOAA’s GFDL, Princeton, USA) a 300-
year simulation using the ¼°model 
contributed to a global ocean model 
intercomparison project convened by 
the Climate Variability and Predict-
ability (CLIVAR) Working Group on 
Ocean Model Development; Stephanie 
Downes (ANU) is playing a lead role 
in the Southern Ocean component 
of this intercomparison project. Our 
current priority for the ¼°model is to 
merge the code base with that used in 
the Australian Community Climate and 
Earth System Simulator (ACCESS) mod-
el, thereby contributing to an Australian 
high-resolution coupled climate model. 
To achieve this, the Centre of Excellence 
partnered with Breakaway Laboratories 
via the appointment of Nicholas Han-
nah. The partnership with Breakaway 
Labs will introduce dedicated software 
engineers and formally trained com-
puter scientists to assist in developing 
the software and computer code we 
need to advance our research.

Leela Frankcombe’s paper, published 
in Geophysical Research Letters, was 
a collaborative effort including ANU, 
UNSW and Partner Institution GFDL. 
They showed that on regional scales, 
changes in sea level are significantly 

affected by local dynamical changes. 
Westerly winds over the Southern 
Ocean have been strengthening and 
shifting southward in recent dec-
ades, and this change is projected 
to continue in the future. Their study 
applied wind forcing anomalies to an 
eddy-permitting ocean model to study 
the dynamical response to a Southern 
Hemisphere westerly wind increase 
and/or southward shift. These anoma-
lies caused sea levels to fall around the 
Antarctic continental margin and have 
a global-scale impact through chang-
ing ocean heat content and the global 
overturning circulation.

Work has also continued on the bio-
geochemistry of the Southern Ocean, 
which is an important component of 
the global carbon cycle. Ayers and 
Strutton (2013) published research in 
Geophysical Research Letters into the 
distribution of nutrients in the Southern 
Ocean and its relationship to physical 
changes in the circulation. As the pri-
mary source of nutrients to the global 

thermocline, subantarctic mode waters 
play a key role in primary production 
and climate. Ayers and Strutton (2013) 
used repeat hydrographic World Ocean 
Circulation Experiment (WOCE)/CLIVAR 
data to quantify interannual subantarc-
tic mode waters nutrient variability and 
its forcing. Results showed, for example, 
that interannual variability in subant-
arctic mode waters nutrients impacts 
downstream tropical export production 
by as much as 5–12% of the annual 
mean.

We have also developed new ways in 
which remote sensing may be used 
to detect biological productivity in the 
Southern Ocean (see Figure O2) which 
enable quantification of changes on 
seasonal and interannual timescales 
(Johnson et al. 2013). We continue to 
improve models for the vertical trans-
port of nutrients, with the development 
of an ultra-high resolution (1/80°) 
regional model of the Southern Ocean 
(Isabella Rosso, ANU). 

Figure O1: Observed and modelled sea level (a) mean (in 
m) and (b) trend (in mm/yr) over the period 1993–2007. For 
the altimetry, the hatching indicates regions in which the 
observations may be influenced by sea ice. From Frankcombe 
et al. (2013)
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Figure O2: A snapshot of the intensity of biological 
productivity (chlorophyll concentration) in the 
Southern Ocean. Image: Rob Johnson, UTAS

An important component of ocean 
research is to use ocean indicators to 
better understand changes in climate 
and circulation. We have continued 
working with indicators such as heat 
content, oxygen, salinity and other 
tracers; these efforts were highlighted 
by observed freshening near the ocean 
bottom in recent decades (Bindoff & 
Hobbs, 2013).

Antarctic Bottom Water (AABW), which 
forms in Antarctica and fills most of 
the abyssal global ocean, plays an 
important role in the ocean’s overturn-
ing circulation. We have published a 
wide range of research on this topic 
in 2013, including the quantification 
of deep ocean mixing processes that 
may control the dynamical balance of 
AABW (Nikurashin & Ferrari, 2013), and 
have been finding innovative ways to 
diagnose AABW circulation pathways 
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in models (van Sebille et al., 2013). As 
a sense of the potential significance 
of deep ocean mixing processes, 
Nikurashin and Ferrari (2013) esti-
mated the water-mass transformation 
by internal wave-driven mixing in the 
deep ocean. They showed that internal 
wave-driven mixing in the deep ocean 
can sustain 20–30 Sv of water-mass 
transformation. One third or more 
of this transformation is attributed to 
lee waves generated by geostrophic 
motions flowing over rough topogra-
phy, primarily in the Southern Ocean. 
While these results are uncertain due to 
many assumptions, poorly constrained 
parameters and data noise that enter 
into the calculation, the result that lee 
wave-driven mixing plays an important 
role in the abyssal ocean circulation is 
likely robust and should be represented 
in ocean and climate models.

Figure O3: Global distribution of the energy conversion in [log10(mWm-2)] from (upper 
panel) M2 barotropic tide and (lower panel) geostrophic motions into internal tides and lee 
waves, respectively

The parameterization of AABW flowing 
off the Antarctic continental shelf 
remains another outstanding challenge; 
Kate Snow (ANU) has developed a new 
Atlantic-like sector model (see Fig. O4) 
which will be used to characterize and 
improve model simulation of AABW

The oceans program also has a strong 
interest in the role of small-scale pro-
cesses in the ocean, from fundamental 
investigations of mesoscale dynamics 
(Waterman & Hoskins, 2013) to the 
impact of eddies on the large-scale 
circulation (Morrison & Hogg, 2013; 
Andreas Klocker, ANU). This research 
requires high-resolution models run 
over a large domain, and we are 
engaged in innovative ways to do this 
research efficiently; David Hutchinson 
(UNSW) is developing a high-resolution 
coupled ocean-atmosphere model 

which will be used to investigate these 
questions.

Future plans for the oceans research 
program are centred on ocean model 
development and investigations into 
the dynamical response of the ocean 
to change. We will work to couple the 
¼° resolution global ocean model to 
a dynamic atmosphere, expanding 
the range of problems this model 
can address. We will work to include 
biogeochemical processes in models 
to address questions over the carbon 
cycle in the ocean. Our scientific goals 
for the coming year will include a new 
focus on how processes close to Ant-
arctica may respond to climate forcing, 
and consequent impacts for the deep 
ocean. 
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Figure O4: Surface salinity (left) and velocity (right) in a high resolution “Atlantic” sector model. 
Image: Kate Snow (ANU)

RP Oceans  -- Statement of Intent for 2014
Level* Intent

Using high-resolution global ocean-sea ice models to investigate the response of the Southern Ocean to 
changes in wind stress and surface buoyancy forcing associated with climate change

Process model and coupled climate experiments on vertical and horizontal transport in the Southern 
Ocean and ocean-atmosphere coupling, as well as the sensitivity of the ocean’s Meridional Overturning 
Circulation (MOC) on long time-scales

Detection and attribution of salinity changes (and ocean heat content) in the global oceans and their con-
sequences for the surface water cycle

Working towards a global OASIS-coupled implementation of MOM-CICE-UKMO at ¼° ocean resolution 
for use by CoECSS/CAWCR researchers, and to build towards ACCESS version 2

Begin assembling global ocean-sea ice models with fully interactive biogeochemistry; use these models to 
conduct simulations on the sensitivity of the ocean carbon cycle to climate change

Attribution of climate change driven changes in the water cycle through the use of ocean salinity and land-
based precipitation/evaporation data

Develop methodologies to investigate the role of fine-scale processes in ocean-atmosphere coupling.

*1 = to be achieved in 2014, 2 = substantial progress in 2014, 3 = progress towards in 2014
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Maxim Nikurashin is a researcher 
based at the University of Tasma-
nia. In 2013, Maxim’s research has 
focused on mixing processes in the 
deep ocean and the impact of this 
mixing on global ocean circulation. 
Maxim has also been developing 
a simple conceptual theory of the 
ocean overturning circulation with 
relevance to the carbon cycle.

Over the course of this work, Maxim 
has developed realistic simulations 
of eddies in the Southern Ocean at 
an unprecedented resolution and, 
in collaboration with modellers at 
the Geophysical Fluid Dynamics 
Laboratory (GFDL), for the first time 
introduced deep mixing driven by 
eddies into a climate model. His work 
has highlighted the importance of 
bottom topography for the genera-
tion of deep ocean waves and their 
effect on overturning circulation. As 
part of this he updated the global 
estimate of internal wave generation 
at the bottom of the ocean to include 
abyssal hills, which are too small to 
be resolved by satellite bathymetry 
and hence had been missing from 
previous estimates.

Maxim’s research on the role of 
eddies in the generation of internal 
waves at rough bottom topography 
and the impact this has on the deep 
ocean overturning circulation was 
highlighted in a News and Views arti-
cle in Nature, Mountain waves in the 
deep ocean (Pages 321-322, Volume 
501, 19 September, 2013).

His work in the Centre’s oceans 
program has advanced our under-
standing of the physical mechanisms 
governing the ocean circulation 
and its variability. Some of the main 
goals of the Centre’s oceans program 
include improving the way these 
physical mechanisms are included in 
dynamical ocean modelling. Through 

 Maxim Nikurashin 

2014 and beyond, efforts to improve 
these ocean models will build on 
Maxim’s discoveries in 2013.

Maxim has presented this work at key 
conferences in Australia and around 
the world, including the Australian 
Meteorological and Oceanographic 
Society (AMOS), Geoturb at the École 
Normale Superieure (Lyon) Ocean 
Turbulence conference in Santa Fe, 
and the Dynamics of the Southern 
Ocean workshop at (MIT) in Boston. 
He has also visited and gave invited 
talks at a number of international 
institutions including Stockholm 
University, MIT and Caltech.

Maxim’s research from this year has 
already produced four papers on 
deep ocean circulation and how this 
has been impacted by internal waves. 
These include a lead author paper in 
Nature Geoscience and another lead 
author paper in Geophysical Research 
Letters.  

Honeymoon Bay 
Freycinet National 
Park Tasmania 

Honeymoon bay Freycinet National 
Park Tasmania 
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Dr Stephanie Downes is an ocean 
scientist based at the Australian 
National University. She works within 
the oceans research program. The 
Southern Ocean has dominated her 
research throughout 2013 and is 
positioning Dr Downes as a leading 
expert in the deep ocean movements 
of the Antarctic Circumpolar Current 
(ACC). This expertise was highlight-
ed when she was invited to co-lead 
the Southern Ocean analysis of the 
Coordinated Ocean-Ice Reference Ex-
periments Phase II (CORE-II) interna-
tional effort. The analysis focuses on 
evaluating ocean-ice climate models 
that have been forced with the same 
atmospheric state. Through this 
process Stephanie and co-authors 
will investigate how the atmosphere 
likely influences the representation 
of the present-day Southern Ocean 
circulation, major currents, and sea 
ice in 15 different models.

Dr Downes’ research has taken her to 
a number of international institutions 
including the National Oceanogra-
phy Centre (NOC), Southampton UK, 
the British Antarctic Survey (BAS) 

and New Zealand’s Geological and 
Nuclear Science. Working with Part-
ner Investigators from four different 
countries Dr Downes is leading a Ma-
rine National Facility (MNF) proposal 
for research that aims to provide bet-
ter mixing estimates within the ACC. 
If successful, it will enable researchers 
to model at high resolution the deep 
ocean exchange between the ACC 
and the Ross Gyre to the south.

Dr Downes has published in the 
Journal of Physical Oceanography 
and the Journal of Climate in 2013 
and has prepared three papers as 
lead author for publication in 2014. 
Through 2013, she has also contin-
ued her role as Chief Guest Editor 
for a Deep Sea Research II special 
issue on “Southern Ocean dynamics 
and biogeochemistry in a changing 
climate”. Dr Downes is leading four 
other guest editors from different 
international institutions and coordi-
nating 10 publications. 

Over the past year, her work on the 
Southern Ocean has seen Dr Downes 
invited to give a presentation at both 
the Eighth Session of the CLIVAR/
CLiC/SCAR Southern Ocean Panel 
and the WGOMD/SOP Workshop 
on Sea Level Rise, Ocean/Ice Shelf 
Interactions and Ice Sheets. She also 
chaired the oceans session in Lorne 
as part of the Centre of Excellence 
annual workshop, and co-organised 
the associatedECR workshop that 
followed in Melbourne.

Finally, Dr Downes has been involved 
with a number of outreach projects, 
presenting a two-hour talk as part of 
a lecture series educating ACT high 
school teachers, and being a member 
of the Scientists and Mathematicians 
in Schools network.

 Dr Stephanie Downes
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The research voyage took place 1-26 
July 2013 off the coast of Western 
Australia, led by Dr Eric Schulz (BoM), 
Professor Nathan Bindoff (UTAS) and 
Dr Helen Phillips (UTAS). We depart-
ed from Fremantle and returned to 
Broome, spending most of our time 
out of sight of land. Figure X shows 
the voyage track. 

Fifteen scientists participated in the 
research voyage (Photo above/be-
low), and they represented a broad 
distribution of sexes, nationalities, 
disciplines and career stages. Support 
from the Centre of Excellence allowed 
the participation of PhD students 
Nicola Maher and Viviane Menezes, 
and that of postdoctoral fellow Dr 
Stephanie Downes. Student partic-
ipation was through a competitive 
application process in which six Cen-
tre students applied. We hope to run 

a similar program on future voyages. 
The students took part in all aspects 
of the data collection and assisted 
with the processing of the data. Prof 
Bindoff led many discussions about 
the interpretation of the data in the 
context of the large-scale circulation 
of the Indian Ocean.

The voyage involved a combination 
of physical, chemical and biological 
oceanography, and some meteorol-
ogy. Many different types of samples 
were taken from the water, collected 
by the CTD sampling system.We 
measured water-mass properties, 
current velocity and turbulence at 
each station. We also deployed a 
suite of autonomous sensors, includ-
ing surface drifters, Argo profiling 
floats, EM-APEX profiling floats and a 
bio-optical profiling float. Underway 
sensors sampled continuously along 

Track of R.V. Southern Surveyor V04 2013, 1-26 July, Fremantle to Broome. 

  R.V. Southern Surveyor V04 2013
Observations of remarkable eastward flows and eddies in the subtropical southeast Indian Ocean
Dr Helen Phillips, IMAS, University of Tasmania

our voyage track, filling in the gaps 
between the water sampling stations.

The centrepiece of the observations 
is an ongoing time series of meteoro-
logical and oceanographic measure-
ments recorded by a moored sensor 
platform as part of the RAMA array

(http://www.pmel.noaa.gov/tao/
rama/moorings.html). We deployed 
the mooring for the first time in 
August 2012 and recovered and re-
deployed it on our 2013 voyage.

For more information see the full 
voyage summary that is available 
from the Marine National Facility 
(MNF) website at http://www.marine.
csiro.au/nationalfacility/voyagedocs/
index.htm.
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CMS Team Update

The Computational Modelling Systems 
(CMS) provides support for ARCCSS 
researchers working with climate 
models and data. The team also works 
with the Centre’s Partner Organisations, 
including the National Computational 
Infrastructure (NCI) and the Centre 
for Australian Weather and Climate 
Research (CAWCR), to develop the 
computational capacity of the Australi-
an climate community.

The CMS team consists of five mem-
bers, each located at one of the cen-
tre’s five nodes. They provide general 
support to researchers, but their main 
role is providing specialist support for 
different models and data services 
that researchers can access through a 
helpdesk. Through this service ARCCSS 
supports the Weather Research and 
Forecasting (WRF), Modular Ocean 
Model (MOM) Community Atmosphere 
Biosphere Land Exchange (CABLE) 
and Unified Model (UM) models as 
well as access to data sets including 
Era-Interim reanalysis and the Coupled 
Model Intercomparison Project (CMIP) 
in a centralised location. This avoids 
researchers having to individually 
download large data sets.

We document here some of the major 
contributions by the CMS team, start-
ing with training and then focusing on 
each major research component of the 
Centre. 

Training initiatives in 2013

As well as providing technical support, 
the CMS team also provides docu-
mentation and training to research-
ers through the CMS wiki, YouTube 
videos and the Software Carpentry 
training course, which is held as part 
of the Australian Meteorological and 
Oceanographic Society (AMOS) annual 
meeting.

In 2013, at the AMOS annual confer-
ence, the CMS team collaborated with 
Damien Irving from the University of 
Melbourne to offer the Software Car-
pentry course. Sessions on version con-
trol were offered as well as on-to-one 
assistance to researchers. The mission 
of the Software Carpentry project is to 
help scientists be more productive by 
teaching them basic computing skills. 
Scientists often spend much of their 
time wrestling with software, but most 
are self-taught programmers. As a 
result, they spend hours doing things 
that should take minutes, reinvent a 
lot of wheels, and still don’t know if 
their results are reliable.   The project is 
supported by the Sloan Foundation 
and Mozilla (http://software-carpentry.
org). Software Carpentry ‘boot camps’ 
involve a two-day workshop, followed 
by four to eight  weeks of self-paced 

online learning. Institutions such as 
University College London, the Massa-
chusetts Institute of Technology (MIT), 
Oxford University, University of Cali-
fornia Berkeley and the International 
Centre for Theoretical Physics have all 
hosted boot camps in the past. 

Led mainly by Scott Wales, a series of 
YouTube videos has been published 
on the subject of  debugging, includ-
ing segmentation faults, use of core 
dumps, backups and SSH tips. (http://
www.youtube.com/user/COECSSCMS). 

The CMS team also maintains the CMS 
wiki (http://climate-cms.unsw.wikispac-
es.net/home) as a place for researchers 
to learn about the models we in the 
team support, data sets we host, how 
to use the NCI, and so on (see Figure 
CMS1). We also host a video semi-
nar on how to start using raijin (with 
Scott). Finally, the CMS team maintains 
a public git repository to store useful 
functions and scripts. This space is also 
free to be used by researchers within 
the Centre of Excellence (see github.
com/coecms). 

 Computational Modelling Support 
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Oceans-related CMS 
initiatives in 2013

One of the CMS team’s main initia-
tives is the development of payu. Led 
by Marshall Ward, payu is a model 
workflow management tool. In many 
computational modelling studies, a 
researcher is usually expected to handle 
all stages of operation: source code 
management, compilation, model 
execution, job scheduling, organisation 
of output data, and archival. Some 
models include scripts to facilitate these 
tasks, but each one will typically require 
a considerable investment of time to 
learn, and rarely will all services be 
provided.

Payu was developed to provide these 
services under a common interface. 
It currently supports the MOM, MIT 
general circulation model (MITgcm), 
and Generalized Ocean Layer Dynam-
ics (GOLD) ocean model and is used by 
most of the modelling researchers in 
the Centre’s oceans research program. 
The source code for payu is freely avail-
able on the Centre’s GitHub site (Figure 
CMS2). 

The main features of payu include:

 µ Management of multiple 
independent simulations, and the 
ability to run them simultaneously, 
thus improving the productivity of 
numerical research

 µ A clear separation of configuration 
and data files, allowing users to 
share input and forcing files across 
several simulations and to reduce 
data storage requirements

 µ Automated computing resource 
management, such as Central 
Processing Unit (CPU) requests 
that do not align with the 
supercomputer hardware limits

 µ Post-processing tools and 
automated clean-up of model 
output, such as the consolidation of 
data across nodes

 µ Basic support for code 
management, compilation, and 
archival of model data.

By shifting workflow management to 
payu, we have improved support in the 
following areas:

 µ We no longer need to support 
and maintain several run scripts 
across multiple models and users. 
Instead, we only need to maintain 
the central code of payu, and users 
only need to manage a single payu 
configuration file, based on the Yet 
Another Markup Language (YAML) 
standard format.

 µ Data storage follows a common 
directory format for all users. 
This simplifies collaboration and 
sharing of data, and also enables 
the tracking of disk usage within 
projects

Figure CMS1: A screen shot of the CMS wiki hosted at NCI  
((http://climate-cms.unsw.wikispaces.net/home)

Figure CMS2: A screenshot of the payu project site on GitHub
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 µ System-level problems can often be 
resolved behind the scenes, without 
requiring users to update scripts. 
Often, users need not even be 
aware of such problems

 µ Common behaviour practices 
with respect to code checkout, 
resource usage, and data archival 
and enforced by payu, ensuring 
the responsible use of computing 
resources and the integrity of model 
output data.

In the last year, payu has evolved from 
a support library to a fully functional 
command line tool, eliminating the 
need for submission scripts. Addition-
ally, the transition to the new raijin 
supercomputer has led to an overhaul 
of the internal codebase, so that users 

are no longer required to make custom 
changes to their shell environments.

Payu continues to evolve in response 
to the needs of its user base. In the 
following months, we plan to pro-
duce a high-resolution version of the 
coupled Australian Community Climate 
and Earth System Simulator (ACCESS) 
model, and also plan to integrate its 
operation into the payu framework by 
introducing the following features:

 µ A modular framework for coupled 
multi-model simulations, such as 
ACCESS

 µ Driver support for additional 
models, such as the CICE sea ice 
model, NEMO ocean model, and 

data-driven (MATM) atmospheric 
model, as well as possible support 
for the UM atmospheric model

 µ Improved reproducibility 
support, including mandatory 
code checkout, compilation, bit 
reproducibility of output, and 
automated archival support.

While the research that results from 
numerical output should always repre-
sent the forefront of the contributions 
by the Centre of Excellence, we hope 
that payu has enabled researchers to 
be more productive and efficient, and 
has allowed them to devote less time 
to the internal computational details of 
supercomputers, and more time to the 
future of numerical modelling research.

Figure CMS3: A representation of the coupler used to connect the 
components of the modelling system
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Another major effort within the oceans 
research program links with the cou-
pling of a 0.25o model. Led by Nicholas 
Hannah from Breakaway Labs, we have 
successfully coupled the latest version 
of MOM (http://mom-ocean.org/). This 
is coupled with CICE from Los Alamos 
National Lab (http://climate.lanl.gov/
Models/CICE/) and atmospheric forcing 
from the Common Ocean-Ice Refer-
ence Experiments (http://data1.gfdl.
noaa.gov/nomads/forms/core/COR-
Ev2.html). The coupler used is (OA-
SIS3-MCT) from the Centre Européen 
de Recherche et de Formation Avancée 
en Calcul Scientific (CERFACS) (https://
enes.org/oasis). An illustration of the 
role of the coupler is shown in Figure 
CMS3. 

Further work includes tuning of the cur-
rent configuration and then coupling 
to a dynamical atmosphere model. 
This has involved contact with GFDL, 
CERFACS and most of all the ACCESS 
modelling team at CAWCR. People who 
have helped include Dave Bi, Simon 
Marsland and Eric Maisonnave (from 
CERFACS). Code contributions have 
been made to the MOM open-source 
project (http://mom-ocean.org/) and 
the ACCESS coupling infrastructure.

The transition to raijin

In 2013, Partner Organisation NCI 
upgraded the supercomputing 
environment in two critical ways: the 
high-performance computer and the 
data environment. The CMS team was 
fundamental to the Centre’s capacity 
to maintain its research through this 
period. Raijin has a peak capacity of 
1.2 petaflops, an order of magnitude 
increase from their previous machine. 
The Centre now has access to almost 
10 million hours of computer time each 
year representing a major increase 
from the commitment made by NCI in 
the original Centre application..

The transition to the new raijin super-
computer went smoothly. The CMS 
team was able to get early access to 
the supercomputer before its public 
release which meant that models were 

mostly set up by the time researchers 
were moving on to the new system.

The CMS team also set up shared li-
brary areas for people in ~access using 
existing module systems and set up a 
number of libraries useful to climate 
scientists in the ~access area, including 
visualisation tools such as basemap and 
iris as well as more general tools like 
the Oasis coupler. This is making use 
of the same module system used for 
centrally installed libraries at NCI, mak-
ing it easy for us to make new library 
versions accessible without affecting 
existing jobs.

As part of this transition, there has 
been the need to maintain ongoing 
collaboration with UK Met Office re-
searchers. Scott Wales has led this col-
laboration, working with support teams 
of the Unified Model partners (UK Met 
Office, CAWCR, KMA, NCMRWF, NIWA, 
NCAS & CoECSS) to guide joint tech-
nical development, such as coupling 
and output format standards. We now 
have access to the UK Met Office’s 
collaboration cluster ‘Monsoon’ and 
the Puma service of Partner Organisa-
tion National Centre for Atmospheric 
Science (NCAS), making it easier for us 

to collaborate and share jobs with the 
UK Met Office and UK universities.

Scott Wales has also been working 
with some of CAWCR’s support team 
to develop an upgraded version of the 
accesscollab server at NCI, which will 
allow us to use new tools being devel-
oped at the UK Met Office to configure 
and run the model. As part of this work, 
Scott set up a trac site for this to help 
organise development.

In addition to new the supercomput-
er, NCI has also been developing a 
cloud computing resource as part of 
the National eResearch Collaboration 
Tools and Resources (NeCTAR) research 
cloud. CAWCR and NCI have partnered 
to develop the Climate and Weather 
Services Laboratory on this system. 
The CMS team and Centre of Excel-
lence researchers have been closely 
involved with this to ensure that it will 
meet the needs of climate researchers. 
The team is also closely involved with 
the development of the ‘accessdev’ 
cloud service, which will provide a 
shared platform for CAWCR and Centre 
researchers to configure and run simu-
lations from.

Fig CMS 4: Use of NCI time by each research program in the 
Centre in 2013. The labels refer to percentages of the near 10 
million hours allocated to the Centre

Oceans 66%

Atmosphere 12%

Variability 8%

Land 8%

Extremes 6%
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Stated simply, the CMS team has 
been working closely with our Partner 
Organisations and with members of the 
team involved in CAWCR’s UM working 
group, creating a unified environment 
for ARCCSS and CAWCR researchers to 
use ACCESS. They have been work-
ing closely with NCI’s support team 
through the helpdesk to manage com-
putational and data issues. The team is 
also represented on the UK Met Office’s 
technical infrastructure advisory group, 
where it helps guide development of 
the UM.

Data leadership

Dr Paola Petrelli leads our data pro-
gram. A major component of her work 
revolves around the Coupled Mod-
el Intercomparison Project – Phase 
5 (CMIP-5) project, which provides 
climate model data critical to a large 
amount of the Centre’s research. Dr 
Petrelli helps researchers appreciate 
the data available, locate it, and then 
download what they need from the 
CMIP-5 data portal.

To help with this, Dr Petrelli developed 
scripts that help users to search the ex-
tensive replicated data hosted on NCI 
facilities. These scripts are now availa-
ble from the CMS team’s open-source 
GitHub page. These facilitate locating 
the data and also provide information 
on the available model versions and 

ensembles. In addition, researchers 
can use this tool to access metadata 
describing the experiments which pro-
duced the data that is difficult to find 
from the directory structure alone. .

Perhaps the most significant achieve-
ment in the data arena was the 
post-processing and subsequent publi-
cation of Dr Sophie Lewis’ ACCESS ex-
periments. The CMS team, through Dr 
Petrelli, helped prepare these ACCESS 
data for publication on the NCI Earth 
System Grid node, from where they are 
available to climate researchers from 
around the world. Through 2013, nine 
sets of simulation have been published 
with metadata in an accessible and 
searchable way, enabling multiple re-
use by researchers. 

Dr Petrelli contributes strongly to the 
national strategy around CMIP-5 in 
terms of how we approach the hosting 
and management of these data. This 
cross-research community contribu-
tion enables the Centre of Excellence 
to lead in important areas of data. 
The group helps solve issues to do 
with CMIP-5, acquisition, distribution 
and analysis. Given the importance 
of this dataset it is essential to have 
someone representing Centre users in 
discussions focusing on CMIP-5 future 
management. Finally, Dr Petrelli is part 
of the Climate and Weather Science 
Laboratory (CWSLab) Stakeholder and 
Community Reference Group for two 

of their work-packages, which involves 
participating in regular workshops and 
testing. CWSLab is a NeCTAR project 
that Centre Director Professor Andy 
Pitman contributes to via the Advisory 
Board.

Finally, through 2013, Dr Petrelli has 
been working with Scott Wales and 
Prof Andy Pitman on data strategies 
and policies. The Centre has instigated 
a data management plan linked with 
computing resources to begin the 
challenge of strategically managing 
data. We have also been examining 
what publishing data really means in 
the context of the Australian Research 
Council’s emerging policies. We aim to 
report on these outcomes in 2014. 

Land-related work 

Kai Lu’s main foci through 2013 related 
to supporting the porting of WRF from 
vayu to raijin. WRF now runs well at NCI 
and is being used by a significant num-
ber of researchers for very high-resolu-
tion research. 

Two other major efforts were linked to 
science outcomes in 2013. A study by 
Jatin Kala focused on improving how 
the CABLE land model represented soil 
albedo. Dr Kala wrote the associated 
computer code, but Dr Lu took this 
code and ensured that it met the re-
quired coding standards for the model. 
The code for implementing soil albedo 
parameterization is available at:

https://trac.nci.org.au/svn/cable/
branches/Users/kxl561/CABLE-trunk/

Similarly, Jeff Exbrayat worked on im-
plementing customised soil respiration 
functions in CABLE 2.0. These code 
changes are now available at:

https://trac.nci.org.au/svn/cable/
branches/Users/kxl561/CABLE-trunk-
Jeff/

Claire Carouge is also linked with the 
CMS team, focused on CABLE in WRF. 
She has had an extremely challenging 
year working on the coupling of CABLE, 
via the land information system, to the 

Figure: CMS5: Illustration of the data repository search engine 
available
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Figure CMS6: Screen shot of the published data sets linked 
with ACCESS and CMIP-5 (Figure CMS6 is linked with the 
Australian National Data Service (ANDS), Research Data 
Australia, and NCI and we acknowledge their support in this 
effort)

WRF model. A major systematic bias 
has been identified in winter (only) that 
has proven extremely hard to resolve. 
It is an ongoing problem that would 
likely never be resolved by researchers; 
it needs higher level technical input. 
The capacity of the Centre of Excellence 
to invest in computational science 
expertise in the long term will enable us 
to tackle some modelling problems that 
might take a year or more to resolve.

This year saw a number of changes 
for the CMS team. We were sad to see 
the departure of the team’s founder, 
Mike Rezny, who has joined the UK Met 
Office to help with the development of 
their next-generation climate model. 
We wish Mike the best of luck as he 
helps the Met Office create a model 
that can scale to the computing power 
of the future. Scott Wales took over 
the leadership role of the CMS team in 
2013. We were also joined by Holger 
Wolff, Tomas Remenyi and by Nicholas 
Hannah from Breakaway Labs. 

The CMS team provides a vital service 
to the Centre in enhancing its research 
and we thank Scott, Paola, Marshall, 
Kai, Claire, Holger, Nicholas and Thom-
as for their outstanding help through 
the year.



el nino | rainfall | ocean circulation | jet stream | drought | floods | soil | carbon | climate change | cloud physics | ocean eddies | tropical convection | climate models | feedbacks | terrestrial |    

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013<80>

CMS Team Goals for 2014

Level* Model development

Couple the high-resolution global ocean to the UM atmosphere

Couple CABLE to a hierarchy of atmospheric models including ACCESS via JULES and WRF via LIS.

Develop the technical capability within the Centre to create and run high-resolution regional coupled climate 
models aligned with our scientific goals

Support a hierarchy of coupled model components, from forcing data to high-resolution models, with a 
well-defined coupling interface to allow for comparison studies

Data

Provide a searchable catalogue of data and associated metadata produced by Centre researchers to enable 
effective collaboration and data re-use

Develop a data management plan that will ensure research done within the Centre is stored efficiently and 
available to others in the community beyond the Centre’s lifetime, making effective use of ANDS and RDSI to 
publish data and metadata for external access

Develop a clear policy around data publication cf. code and ancillary publication

Develop a “cheat sheet” on how to publish data, with DOI.

Develop a strategy for the full lifecycle of data at NCI, from initial experiment design to publication so that 
the final results of experiments are documented, locatable and reproducible

Support

Continue to provide support to researchers in running models and data analysis

Document outcomes on the CMS wiki for future reference

Build experience in the new Cloud systems at NCI, both in the tools developed as part of NeCTAR as well as 
identifying opportunities to develop resources to help Centre researchers.

Provide training opportunities in tools such as Fortran, Python and visualisation tools that researchers can 
take with them beyond the Centre to enhance their future research

Provide training opportunities in systems including NCI and data associated with ANDS and RDSI

Work with CAWCR to develop & support the new Rose user interface for the ACCESS model as part of the 
NeCTAR laboratory

1 = to be achieved in 2014, 2 = substantial progress in 2014, 3 = progress towards in 2014
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 Computational Modelling Support 
Staff Profiles 

Team Leader

Scott Wales
Computational Modelling Support

Scott Wales completed his BSc (Hons) 
in Physics at the University of Queens-
land in 2007. He went on to study at 
the University of Sydney, where he 
worked with cosmological N-Body sim-
ulations before joining the CMS team.

Scott’s interests are in high-perfor-
mance scientific computing and parallel 
algorithms. He has worked with models 
from Bose-Einstein condensates to 
the formation of galaxies. Currently he 
leads the CMS team, where he helps 
support the UK Met Office’s UM and 
guides technical collaborations with 
CAWCR and the UK Met Office.

Team Members

Dr Kai Lu
Computational Modelling Support

Dr Kai Lu graduated from the Uni-
versity of Sydney in 2007 with a PhD 
in computer science. From 2008, he 
worked as a data grid analyst in the 
High Performance Computing group at 
the University of Queensland.

His expertise is in data management 
and sharing, cluster computing, and 
grid computing. He has extensive 
experience in Linux system administra-
tion and storage management. Dr Lu 

also has excellent programming skills 
in Java, C, Fortran, SQL, and script-
ing languages (e.g. Shells, Python, R). 
He holds multiple industry certifica-
tions; for example, SUN-certified Java 
Programmer (SCJP) and Information 
Technology Infrastructure Library (ITIL) 
Foundation V3.

 As part of the CMS team, Dr Lu 
provides support in using the CABLE, 
Joint UK Land Environment Simulator 
(JULES), WRF and ACCESS Coupled 
models for researchers across ARCCSS.

Dr Paola Petrelli
Computational Modelling Support

Dr Paola Petrelli received a PhD from 
the University of Siena (Italy) in 2005. 
Her research interests included model-
ling ocean and atmosphere interactions 
in Antarctica and sea-ice processes. For 
the past five years she have been man-
aging oceanographic and climate data 
sets for the Tasmanian Partnership for 
Advanced Computing (TPAC), acquiring 
extensive experience in web services 
and software used by the earth science 
research community. 

Dr Petrelli’s role focuses on facilitating 
the use of CMIP-5 data, and more 
generally, data management. She helps 
Centre researchers locate data is avail-
able and download what they request 
from the CMIP-5 data portal. She also 
prepared scripts to help users to search 
the extensive replicated data hosted on 
NCI facilities, which are available from 
the CMS team’s open-source Github 
page. These facilitate locating the data 
and also provide information on the 
available model versions and ensem-
bles. In addition researchers can use 
this tool to access metadata describing 
the experiments which produced the 
data that is difficult to find from the 
directory structure alone. 

Dr Petrelli performed the post-pro-
cessing of Dr Sophie Lewis’ ACCESS 
experiments to prepare them for pub-
lication on the NCI Earth System Grid 
node, from where they are available to 
climate researchers from around the 
world. 
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Another important aspect of Dr Pet-
relli’s work with the CMIP-5 data is the 
contribution to the CMIP-5 committee 
and participation in other meetings and 
groups whose task is to solve issues to 
do with CMIP-5 acquisition, distribution 
and analysis. Given the importance 
of this data set it is essential to have 
someone representing the Centre users 
in discussions focusing on CMIP-5 

future management.

Dr Marshall Ward
Computational Modelling Support 

Dr Marshall Ward is a computational 
model developer with an emphasis on 
earth systems modelling. He grad-
uated from Florida State University 
in 2008 with a PhD in Geophysical 
Fluid Dynamics, where he developed a 
high-resolution model of ocean wave 
dynamics. After a brief stint in the video 
game industry, where he developed 
a graphics-rendering engine used 
in several published titles, Dr Ward 
worked as a researcher at the Australi-
an National University on the dynamics 
of the Southern Ocean, primarily using 
massively parallel ocean models. He 
has also contributed to modelling stud-
ies in lava flow, semiconductor physics 
and pipe flow. Dr Ward’s interests are 
in high-performance computing and 
ocean climate model development.

One major project led by Dr Ward is 
the development of payu, a model 
workflow management tool. In many 
computational modelling studies, a 
researcher is usually expected to handle 
all stages of operation: source code 
management, compilation, model 
execution, job scheduling, organisation 
of output data, and archival. Some 
models include scripts to facilitate these 
tasks, but each one will typically require 
a considerable investment of time to 
learn, and rarely will all services be 
provided.

Payu was developed to provide these 
services under a common interface. It 
currently supports the MOM, MITgcm, 
and GOLD ocean models, and is used 

by most of the modelling researchers in 
the oceans group. 

Dr Holger Wolff 
Computational Modelling Support

Dr Holger Wolff has a background 
in physics. After graduating from the 
University of Hannover, he successfully 
completed a PhD in Quantum-Atom 
Optics at Swinburne University, with a 
focus on microfabrication of atom chips 
for Bose-Einstein-Condensate Exper-
iments. Following his PhD, he worked 
with CSIRO as a Programmer for 
Atmospheric Modelling for three-and-
a-half years. He joined the ARCCSS in 
November 2013.

Collaborators

Nicholas Hannah
Ocean-ACCESS model coupling project

Nicholas Hannah has worked in a range 
of areas including climate model devel-
opment and embedded systems. His 
interests include numerical modelling, 
software engineering, and open-source 
software. Nicholas holds degrees in 
computer science and mathematics. 
He is developing a new high-resolution 
ocean-atmosphere coupled model 
configuration while on secondment to 
ARCCSS from Breakaway Labs.   

Tomas Remenyi
Casual Data Management Assistant

Dr Tomas Remenvi is a recent PhD 
graduate from The University of Tas-
mania’s Quantitative Marine Science 
Program. His PhD topic was “Quanti-
fying the impact of dust deposition to 
the Southern Ocean using dissolved 
aluminium concentrations”. He has 
been working closely with CMS team 
member Paola Petrelli. His primary role 
is to assist with data management.
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 Writing workshops 

In 2013 we held three science-paper 
writing workshops for our students 
and postdoctoral researchers. The 
workshops were facilitated by Dr 
Peter Rothlisberg from CSIRO Marine 
and Atmospheric Research and co-fa-
cilitated by Centre researchers and 
the Graduate Director. The students 
spent three days working on a draft 
manuscript under the guidance of 
their academic mentors and a stu-
dent buddy.

UNSW physics undergraduate Mat 
Lipson presented at the prestigious 
Universitas 21 Undergraduate Con-
ference: Urban Challenges, in 2013 
after he completed and then further 
developed a summer research schol-
arship with the Centre of Excellence 
for Climate System Science.

The Universitas 21 Undergraduate 
Conference brought together 54 stu-
dent researchers from 24 universities 
to present their work. The students 
came from a broad range of disci-
plines including the social and phys-
ical sciences, and design and engi-
neering, giving them the opportunity 
to explore some of the challenges 
they will face in their careers. Pres-
entations were made across a wide 

Each workshop began with the 
students preparing a two-minute 
concept plan of their study; this was 
then developed into the outline of 
their paper by preparing a roadm-
ap or storyboard of their narrative. 
Throughout the remainder of the 
workshop participants worked 
on drafting their manuscript with 
constant feedback from their men-
tors and peers, whilst also receiving 
valuable instruction on topics such as 

journal selection and writing success-
ful titles and abstracts.

Feedback from the workshops has 
been overwhelmingly positive and 
we plan to provide additional such 
workshops in the coming years.  

 Summer scholar presents at prestigious international conference
range of topics including everything 
from “The logic of slums” to “Poison-
ing of electro-catalysts: a barrier to 
cleaner energy technologies”.

Mat’s research, developed with the 
Centre’s Graduate Director Dr Melissa 
Hart, assessed the ability of various 
types of urban vegetation to mit-
igate the urban heat island effect 
in Sydney. Through high-resolution 
simulations, he examined the micro-
climate implications of introducing 
vegetation at pedestrian level and 
also examined the effectiveness of 
vegetation on buildings.

Mat’s research started with and then 
was a direct extension of the prelim-
inary work he carried out through 

the Centre’s undergraduate summer 
scholarships program. “The initiative 
was a fantastic way for students like 
myself to gain an understanding in 
the basics of academic research and 
be exposed to the wide range of 
exciting science being undertaken at 
the Centre,” Mat said. “It has been a 
juggling act to keep models running, 
analyse data and complete a full 
semester of coursework, but it was 
an experience I thoroughly enjoyed.” 
Mat has since joined ARCCSS as a 
full time honours student. He also 
attended the Universitas 21 Un-
dergraduate Conference with the 
support of ARCCSS and the Global 
Education Office at UNSW.
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ARCCSS currently has 55 honours and 
postgraduate students who have all 
been actively involved in graduate 
program activities throughout 2013. 
In addition to the winter school and 
writing workshops, students have 
had the opportunity to sit in, either in 
person, or via videoconferencing, on 
graduate-level classes held at other 
Centre node universities. We have also 
implemented a virtual seminar series. In 
collaboration with the Computational 
Modelling Systems (CMS) team, there 
have been a variety of technical training 
opportunities available for our students 
and postdoctoral researchers, includ-

 The Graduate Program

Achievements for 2013

ing Introduction to NCI and Python 
courses. 

Student Publications

Our students were authors on 22 pa-
pers, 20 as first author, in top journals 
this year. 

Monash PhD student Jackson Tan’s 
Geophysical Research Letters paper, 
co-authored with Christian Jakob, “A 
three-hourly data set of the state of 
tropical convection based on cloud 
regimes” was selected as an American 
Geophysical Union (AGU) “Research 

Spotlight” and profiled in an issue of 
Eos. Andrew King, along with fellow 
Centre of Excellence student Mitchel 
Black, and other Centre researchers 
from the extremes team has a paper 
on “Limited Evidence of Anthropogenic 
Influence on the 2011-12 Extreme Rain-
fall over Southeast Australia” published 
in a special supplement to the Bulle-
tin of the American Meteorological 
Society explaining extreme events of 
2012 from a climate perspective. Tess 
Parker’s Geophysical Research Letters  
paper, co-authored with Gareth Berry 
and Michael Reeder on ” The influence 
of tropical cyclones on heatwaves in 
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Southeastern Australia” received signif-
icant media interest during the January 
2014 heatwaves across Australia.

Papers with student authors are marked 
with an asterisk in the publication list 
starting on page 97.

Student Prizes

Kate Snow (ANU) was awarded Geo-
physical Fluid Dynamics Fellowship, for 
her report titled “Particle driven flows 
down an incline into a linear stratifica-
tion”.

Adele Morrison (ANU), awarded Best 
Student Paper Prize by ARCCSS for her 
paper “On the Relationship between 
Southern Ocean Overturning and ACC 
Transport” in Journal of Physical Ocean-
ography, doi: 10.1175/JPO-D-12-057.1. 

This year the UNSW node of the Centre 
of Excellence offered summer schol-
arships for talented undergraduate 
students, with a purpose of introducing 
the students to both climate science 
and the research environment. This 
initiative was incredibly successful 
with three out of the five students 
continuing on in the Centre, one as a 
PhD student, the other two undertak-
ing honours. In addition, Scott Liles’ 
research project resulted in a co-au-
thored poster at the 2013 Australian 
Meteorological and Oceanographic So-
ciety (AMOS) conference, and Mathew 
Lipson was selected to represent 
UNSW and present his research at the 
Universitas 21 Undergraduate Research 
Conference: Urban Challenges, held at 
the University of Amsterdam. Given the 
success of this initiative, these schol-
arships will be offered Centre-wide, 
including opportunities for students to 
be embedded in our national Partner 
Organisations, in 2014.  

Winter School

Our annual winter school was hosted 
by the Climate Change Research Cen-
tre (CCRC) at UNSW, with the theme 
“Modelling the Climate System”.

We had 90 participants, the majority of 
whom were graduate or honours stu-
dents. We were also happy to welcome 
participants from our Partner Organi-
sations CSIRO and BoM. We expanded 
the winter school internationally this 
year to include participants from New 
Zealand, Fiji, Papua New Guinea and 
China.

The week started with an exciting 
presentation from Professor Ann 
Henderson-Sellers titled “My modelling 
rules” where Ann used cooking/kitch-
en analogies to illustrate some of the 
challenges we face in climate model-
ling. The students were enthusiastic 
and engaged from the very begin-
ning and the session definitely set the 
scene for an exciting week of science. 
Subsequent science lectures included 
presentations from Chief Investigators 
Professors David Karoly, Steven Sher-
wood, and Nathan Bindoff, and many 
of our Centre’s early career researchers 
and Associate Investigators. CMS team 
member Dr Marshall Ward also gave a 
fascinating supercomputer primer talk.

Within the Centre we have an impres-
sive group of early career researchers 
and this year for the first time we 
handed over a large portion of the 
winter school teaching to them. They 
did a fantastic job, and all feedback 
from students was positive. The winter 
school science talks were recorded and 
are now available for virtual viewing on 
our website.

In addition to the science, this year we 
included the following skills sessions:

 µ The peer review process  - with 
Chief Investigator Professor Matt 
England

 µ Gaining funding to support your 
research - with Daniel Owens 
(UNSW Grant Management Office); 
Laurent Rivory (UNSW Research 
Strategy Office), and Discovery 
Early Career Researcher Award 
(DECRA) holders and the Centre’s  
AIs- Erick van Sebille, Shayne 
McGregor and Stephanie Waterman

 µ Careers in the climate sciences - 
with Centre Director Professor Andy 
Pitman, Associate Professor Katrin 
Meissner (Associate Investigator) 
and Kate Wilson (Executive Director, 
Science, NSW Office of Environment 
and Heritage)

 µ Communicating your science to 
the media - with Centre Media and 
Communications Manager Alvin 
Stone.

Engaging China in Climate 
Science

We have been actively exploring 
strategies to enhance our linkages 
with appropriate universities in China, 
particularly with respect to graduate 
student recruitment. This year we 
used our winter school as a vehicle to 
enhance our research profile of climate 
sciences in China, and as a destination 
for Chinese research postgraduate 
students.

We approached four Chinese uni-
versities (Tsinghua University, Peking 
University, Nanjing University, Ocean 
University of China), targeted for their 
strengths and ranking in disciplines 
imperative to the climate sciences, and 
the Institute of Atmospheric Physics at 
the Chinese Academy of Sciences, to 
nominate their best students to attend 
our winter school. This resulted in 14 
students flying down to attend the 
winter school. Thirteen of the stu-
dents were PhD candidates; one was a 
final-year undergraduate. 

The students participated in our winter 
school, experienced academic life and 
were exposed to the opportunities 
we offer in ARCCSS. The week was 
capped off with an afternoon tea kindly 
organised by the UNSW International 
Office and attended by Dr He Fuxiang, 
Science & Technology Counsellor from 
the Chinese Consulate-General.

Our visiting Chinese students were 
actively engaged during the lectures 
and laboratory sessions throughout 
the winter school and had a wonderful 
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time meeting our local students and 
postdoctoral researchers and exploring 
Sydney. We envisage that the relation-
ships developed through this initiative 
will go beyond those who attended the 
winter school and will act as a catalyst 
to an ongoing relationship with climate 
researchers at these pre-eminent Chi-
nese research institutions.

Conferences and workshops attended
Research institutions visited 
(not including Centre nodes)

Summer/winter schools

Australian Meteorological and Oceanographic Society 
(AMOS) Annual Meeting

Max Plank Institute 2nd annual CoECSS Winter 
School

Australian Meteorological and Oceanographic Society 
(AMOS) Software Bootcamp

Massachusetts Institute of Tech-
nology

ECR Workshop 2013

Australian Meteorological and Oceanographic Society 
(AMOS) Postgraduate Symposium

Geophysical Fluid Dynamics,  
Princeton University

AMSI Winter School: The 
Mathematics of Planet Earth

CSIRO Fire Modelling Workshop Reading University 

CLIVAR Climate of 20th Century Workshop National Center for Atmospheric 
Research

CLIVAR WGOMD/SOP Leeds University

Australian Mathematical Sciences Institute Student Confer-
ence

University at Albany, State Uni-
versity of New York

AMS 19th Conference on Atmospheric and Oceanic Fluid 
Dynamics

NCCARF National Adaptation Conference

CliMDDIR Technology Transfer Workshop

Davos Atmosphere and Cryosphere Assembly (DACA-13)

International Meeting on Statistical Climatology

Victorian Postgraduate Symposium for Meteorology, 
Oceanography and Climate System Science

European Geoscience Union Annual Assembly

CMIP-5 Model Intercomparisons Workshop

Student Travel

Many of our students had the oppor-
tunity during 2013 to spend signif-
icant amounts of time embedded 
in international research institutes, 
including many of our international 
Partner Organisations. Our students are 
also actively involved in across-node 

collaborations and often spend time 
visiting nodes other than their home 
institution, or talking to researchers and 
supervisors at other nodes via video-
conferencing. 
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Graduate Program  -  Statement of Intent for 2014
Level* Intent

Run a Student-focused Winter School with a focus on Fluid Dynamics

Implement advanced, climate science focused, Python workshops (in collaboration with the CMS 
team)

Implement a Centre-wide undergraduate summer scholarship program, including imbedding some 
students in CSIRO or BoM

Explore new strategies to attract graduate and honours students

Extend Centre website to package and communicate all components of the graduate program more 
strategically

Develop a virtual seminar series, covering both climate science and research skills

Build a library of virtual science lectures, to form the foundation of a virtual graduate program

Develop and implement an individualized training needs analysis for incoming students 

Develop and implement a mentoring program for graduate students

1 = to be achieved in 2014, 2 = substantial progress in 2014, 3 = progress towards in 2014
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 Penny Maher visits the Max Planck Institute 
for Meteorology 

 Plans for 2014

The Centre is working towards two 
broad and integrated objectives. First, 
we want to coordinate our existing 
initiatives into an integrated program 
for the graduate students. We have 
invested strongly in training, work-
shops, courses, supervision etc but 
now seek to bring these together, 
through 2014, into a well-constructed 
program.

A longer-term goal we are examining 
is a mentoring program for students. 
We have started this via offering 
advise on career opportunities, by 

As part of her PhD studies, Pen-
ny Maher attended the American 
Meteorological Society (AMS) 19th 
Conference on Atmospheric and 
Oceanic Fluid Dynamics at New-
port, Rhode Island, before spending 
eight weeks at the internationally 
renowned Max Planck Institute for 
Meteorology (MPI-M).

The conference brought together 
some of the giants of fluid dynamics, 
including Isaac Held and Michael 
McIntyre. The conference consider-
ably strengthened Penny’s under-
standing of the field.

From the conference, Penny flew to 
MPI-M where she continued her re-
search within the atmospheric group 
and built ties with the institute’s 

researchers. The atmospheric group 
and the institute itself is headed by 
a world leader in cloud dynamics, 
Prof Bjorn Stevens. Penny was able 
engage extensively with Prof Stevens 
and other researchers. She talked 
about aquaplanet experiments 
with Benjamin Mobis, dry dynamics 
with Levi Silvers and climate sensi-
tivity and dynamics with Thorston 
Mauritsen. She also greatly engaged 
with Robert Pincus about her cloud 
research.. Penny also presented 
her own work in the clouds and 
convection discussion group and 
gave a half-day workshop on using 
the reference manager JabRef and 
version control software Git. Pen-
ny described the time spent at the 
institute as one of the most profes-
sionally satisfying of her career.

identifying a “go to” person for all 
new PhD students who they can talk 
to (usually a senior PhD student or 
Research Fellow) and by identifying 
the Graduate Director as an advisor, 
for the students, independent of their 
formal supervisors. We have a goal 
to develop this program but advise 
from the Centre Board highlighted 
the scale of this challenge and we are 
therefore moving cautiously in this 
direction. We retain this goal in our 
2014 priorities, but recognise it as a 
long-term objective for the Centre.



ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013 <89>

precipitation | feedbacks | attribution | hydrology | thermohaline currents | climate impacts | circulation | meteorology | tropical convection | extremes | land | climate variability | oceans

Nicholas Tyrrell

Degree: PhD
Year: 2nd yr
Institution: Monash University
Supervisors: Dietmar 
Dommenget, Michael Reeder

Who in the Centre of Excel-
lence are you working with?

As a PhD student in the 
Centre of Excellence for Cli-
mate System Science I work 
closely with my supervisor, Dr 
Dietmar Dommenget, a Chief 
Investigator in the modes of 
variability group. I haven’t 
had any formal research col-
laborations with other Centre 
students, but the regular 
meetings and workshops 
have led to a network of 
friends and colleagues in the 
climate science community, 
and I’m looking forward to 
future collaborations.

Tell us a little about your 
background; how did you get 
here?

I had a slightly circuitous 
route into climate science. 
After an attempted career as 
a photographer I enrolled in 
TAFE to gain entrance to a 
science degree at Monash. 
I started doing standard 
maths/chemistry/physics then 
chose atmospheric science 
as an elective and loved it. I 
completed a BSc with hon-
ours in Atmospheric Science 
and then went straight into 
a PhD.

Tell us about your project.

I am looking at the contrast 
between global land and 
ocean temperature variability 
on year-to-year time-scales, 
and how natural variations in 
global ocean temperatures 
affect land temperatures. My 
work has mostly focused on 
the tropics, where there is a 
strong connection between 
ocean and land. We have 
recently finished a paper, to 
be submitted shortly!

What opportunities has the 
Centre of Excellence offered 
you?

The interaction between re-
search organisations is a great 
part of the Centre of Excel-
lence. The relationships that 
are forming amongst the stu-
dents are going to be impor-
tant throughout our careers 
and having such a wealth of 
knowledge in the Chief  Inves-
tigators is invaluable, along 
with the encouragement of 
the early- to mid-career scien-
tists. The practical resources of 
the Centre of Excellence have 
meant that I run experiments 
with a state-of-the-art climate 
model on a supercomputer - 
it’s awesome!

What are your hopes/plans 
for after you graduate?

After my PhD I plan on 
continuing with a career in re-
search by going overseas for 
a few years as a postdoctoral 
researcher, but ultimately I’d 
like to end up back in Austral-
ia. There’s a solid foundation 
of climate research here now 
and I’m sure that’ll continue 
in the future.

Isabella Rosso	 	

Degree: PhD
Year: 3rd yr
Institution: Australian National 
University
Supervisors: Andy Hogg, Peter 
Strutton

Who in the Centre of Excel-
lence are you working with?

I started my PhD at the end 
of March 2011 and and since 
then have been working with 
Associate Professor Andy 
Hogg, Professor Peter Strut-
ton, Dr Andrew Kiss and Dr 
Richard Matear. 

Tell us a little about your 
background; how did you get 
here?

I am originally from Italy, 
where I completed a MSc de-
gree in Environmental Physics 
at the University of Turin, in 
2008. After the Masters, I had 
different working experiences 
and it was when I got a per-
manent job as an IT consult-
ant that I realised I wanted to 
do research in oceanography. 
So I started looking for a 
place in the world where I 
could have this opportu-
nity. Soon after, I started 
searching in Australia and 
contacting potential supervi-
sors, amongst whom was A/
Prof Andy Hogg. Via him the 
Centre of Excellence gave me 
the opportunity to be here. 
Also, I am encouraged to visit 
the different nodes of the 

Centre and create a collabo-
rative network with excellent 
researchers. This is certainly a 
remarkable possibility that the 
Centre offers!

Tell us about your project.

I work on a very high-resolu-
tion numerical model of the 
Kerguelen Plateau region, 
which is located in the Indian 
sector of the Southern Ocean 
and significantly known for 
the occurrence of a very 
wide phytoplankton bloom. 
However, in this region the 
mechanisms that trigger 
such a process are not wholly 
understood. We believe that 
small-scale structures, such 
as filaments and vortices 
with length-scales of around 
10km, enhance the vertical 
transport of nutrients, in par-
ticular iron, in this region and 
may support the bloom. To 
study this, we implemented 
very high horizontal resolu-
tions experiments, at 1/20° 
and 1/80° resolutions. 

What opportunities has the 
Centre of Excellence offered 
you?

I am in my last year of the 
PhD and the path that lies 
ahead of me is still nebulous. 
My wish is to apply what I’m 
learning here to my future 
experiences and contribute 
to the knowledge we have of 
the ocean/climate system.

 Selected Student Profiles
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Jackson Tan

Degree: PhD
Year: 3rd yr
Institution: Monash University
Supervisors: Christian Jakob, 
Todd Lane

Who in the Centre of Excel-
lence are you working with?

I am working with Professor 
Christian Jakob at Monash 
University, with co-supervi-
sion by Associate Professor 
Todd Lane from the University 
of Melbourne.

Tell us a little about your 
background; how did you get 
here?

I did my undergraduate 
degree in Physics at the 
National University of Singa-
pore. After dabbling with the 
Schr√∂dinger equation for 
four years, I desired a change 
and undertook a one-year 
Masters degree in Earth Phys-
ics at the Australian National 
University in 2010, where I 
did a project in oceanogra-
phy with A/Prof Andy Hogg 
and Dr Graham Hughes. 
Following that, I ascended 
from the murky depths of the 
oceans into the rowdy world 
of atmospheric convection, 
where I have been residing 
since 2011.

Tell us about your project.

My project involves looking at 
the properties and organi-
sation of tropical convection 
over the scale of several hun-

dred kilometres using global 
satellite data of cloud proper-
ties. Because this spatial scale 
matches the typical resolution 
of a climate model, my results 
will evaluate and advance 
the model representation of 
convection. This is important 
if we wish to correct long-
standing flaws such as the 
propensity of models to have 
too much drizzle and too little 
intense rainfall.

What opportunities has the 
Centre of Excellence offered 
you?

Plenty! First, my co-super-
vision by A/Prof Todd Lane 
outside of Monash would 
have been less likely without 
the framework of the Centre.

Second, when I began my 
PhD studies, convection 
was a pretty forlorn topic at 
Monash. I was the only PhD 
student working on it, along-
side a postdoctoral research-
er. The Centre of Excellence, 
which began a few months 
after, dispelled the image in 
my mind that this field is a 
god-forsaken subject in Aus-
tralia. On top of expanding 
the number of PhD students 
and postdoctoral researchers, 
the Centre also facilitated 
regular video conferences, 
through which we can easily 
keep up with each other’s 
work.

Furthermore, through events 
like the winter school and the 
annual workshop, I encoun-
tered a formidable battalion 
of scientists working in other 
fields. With a cross-disci-
plinary subject like climate 
science, this exposure is 
incredible beneficial.

The Centre also funded my 
participation in the Dynamics 
of the Madden-Julian Oscilla-

tion field campaign, where I 
got to meet researchers from 
all over the world, researchers 
who previously exist in my life 
as only authors of authorita-
tive textbooks.

What are your hopes/plans 
for after you graduate?

I plan to stay in research, 
most likely as a postdoc, but 
not necessarily restricted to 
Australia or the Centre of 
Excellence.

Mitchell Black

Degree: PhD
Year: 1st yr
Institution: University of 
Melbourne
Supervisors: David Karoly, Todd 
Lane

Who in the Centre of Excel-
lence are you working with?

I am working under the su-
pervision of Professor David 
Karoly, Associate Professor 
Todd Lane (CIs, U. Melb) and 
Dr Lisa Alexander (CI, UNSW).

Tell us a little about your 
background; how did you get 
here?

Prior to commencing my PhD, 
I completed a BSc and MSc 
(Atmospheric Science) at the 
University of Melbourne. I 
also undertook the role of a 
Centre research assistant for 
a period at the University of 
Melbourne, working closely 
with A/Prof Lane and Prof 
Karoly on the topic of Austral-

ian precipitation events and 
their underlying processes.

Tell us about your project.

In the aftermath of an ex-
treme weather event, such as 
a flood, drought, heatwave 
or bushfire, the scientific 
community is often faced with 
the challenge of quantifying 
the event’s link to human-in-
duced climate change. In 
my PhD I hope to use model 
experiments to calculate how 
different climate drivers (such 
as carbon dioxide emissions 
and the El Niño Southern 
Oscillation (ENSO) have 
changed the probability of 
severe fire seasons occurring 
in Australia. These model 
experiments will be carried 
out as part of the weather@
home.net distributed com-
puting project, which runs 
climate models on personal 
computers volunteered by 
the general public.

What opportunities has the 
Centre of Excellence offered 
you?

The Centre of Excellence 
has been instrumental in my 
development as a young 
scientist. In addition to the 
opportunities provided at the 
winter schools, annual work-
shops and seminar series, the 
Centre has also allowed me 
to collaborate with research-
ers from local and interna-
tional institutions. 

What are your plans after 
you graduate?

The development of model-
ling systems that can provide 
robust and timely informa-
tion on the cause of extreme 
weather and climate-related 
events is an exciting chal-
lenge. Following the com-
pletion of my PhD I hope to 
continue to work towards ad-
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dressing this challenge, either 
in an Australian or overseas 
institution. 

Viviane Vasconcellos 
de Menezes       

Degree: PhD
Year: 2nd yr
Institution: University of 
Tasmania
Supervisors: Nathan Bindoff, 
Helen 
Phillips, Andreas Schiller

Who in the Centre of Excel-
lence are you working with?

I am working with Dr Helen 
Phillips and Professor Nathan 
Bindoff, both at the University 
of Tasmania. 

Tell us a little about your 
background; how did you get 
here?

I have a BSc in Oceanogra-
phy from the State University 
of Rio de Janeiro, and a MSc 
in Remote Sensing from the 
Institute of Space Research, 
both in Brazil. In my Bache-
lor dissertation I studied the 
influence of climate variability 
on tropical Atlantic fisher-
ies. For my Masters Thesis 
I studied the relationship 
between satellite-ocean 
colour and physical process 
in the Tropical Atlantic. After I 
finished my Masters, I worked 
in a consulting job for the 
oil and gas industry in Brazil, 
especially focusing on data 
analysis of ocean in-situ and 
multi-satellite observations. 
This work was done through 
a small consulting company, 
VM Oceanica, opened by my 
former supervisor and me. I 
worked there for almost 10 
years. We conducted a lot 
of different projects:  oper-
ational oceanography, data 
analysis, software develop-
ment, and anything that the 
oil industry knew about our 
expertise. During this period, 
I produced some papers 
published as co-author in 

major international journals. 
I moved to the Brazilian 
Navy – a civilian, lifetime job 
as a computer scientist, but 
I didn’t enjoy my work there. 
Looking at Google, I found 
by chance a research project 
at UTAS  that I loved at first 
sight. I decided to apply for 
an Australian scholarship, quit 
my job, and pursue my PhD 
in this project.

Tell us about your project.

My project is about the 
circulation of the South Indian 
Ocean (SIO), specifically to 
understand the near-surface 
eastward currents there. It 
was only in 2006/2007 that 
these currents were recog-
nised as permanent features 
and sources for the Leeuwin 
current. The remarkable 
aspect of them is that they 
cross the basin in a direction 
opposite to that predicted 
by the classical theories of 
wind-driven circulation. We 
don’t know the dynamics 
controlling them, nor their 
temporal variability. I have 
three main objectives: (1) To 
build a detailed picture of 

the spatial distribution and 
temporal scales of variabil-
ity of these currents; (2) to 
investigate and describe the 
dynamics of these flows; (and 
3) to compare them with 
poorly known eastward flows 
in the South Atlantic and 
South Pacific.

What opportunities has the 
Centre of Excellence offered 
you?

This year, I attended the 
Centre’s winter school and 
writing workshop  - where I 
drafted the second paper of 
my thesis. I also attended the 
Centre’s annual workshop 
and participated in an ocean-
ographic cruise in the Indian 
Ocean with Dr Phillips and 
Prof Bindoff and other Centre 
students. Last but not least, 
Prof Bindoff gave me the 
amazing opportunity to work 
on IPCC AR5 report (chapter 
10 and Summary Report), 
both which have me listed as 
a contributing author. 

What are your plans after 
you graduate?

To be enrolled at the Centre 
of Excellence and also in the 
CSIRO-UTAS QMS program 
has been a turning point 
in my career move from 
technical expert to researcher. 
I wish to continue my path 
and secure a postdoctoral 
position after I graduate. I 
intend to continue to study 
the still little-known Southern 
Hemisphere ocean circula-
tion, its variability and climate 
impacts.

Fig nn Viviane working at 
sea during the Indian Ocean 
cruise together with Nathan 
Bindoff and Stefan Riha. Pho-
to from Nicola Maher (Centre 
of Excellence student)Viviane working at sea during the Indian Ocean cruise together with Nathan 

Bindoff and Stefan Riha. Photo from Nicola Maher (Centre of Excellence student)
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Malcolm James King

Degree: PhD
Year: 1st yr
Institution: University of 
Melbourne
Supervisors: Todd Lane, Matt 
Wheeler
Who in the Centre of Excel-
lence are you working with?

I am working with Associate 
Professor Todd Lane at the 
University of Melbourne, but 
I am co-supervised by Dr 
Matthew Wheeler  from the 
Bureau of Meteorology and 
CAWCR.

Tell us a little about your 
background; how did you get 
here?

I completed my undergradu-
ate degree at the Australian 
National University, obtaining 
a Bachelor of Philosophy with 
honours in Physics in 2010. 
After this, I knew I wanted 
to continue doing research 
but was interested in a range 
of fields, including atmos-
pheric science. While I made 
up my mind on which field 
to pursue, I took up a job 
working on financial statistics 
at the Australian Bureau of 
Statistics, until I firmly decided 
upon atmospheric physics 
and started my PhD at the 
University of Melbourne at 
the beginning of 2013.

Tell us about your project.

My project seeks to investi-
gate the interaction between 
global-scale atmospheric 
waves and convection in 

the tropics. In observations, 
there is a reasonably per-
sistent level of coherence 
between tropical convection 
and wind associated with 
westward moving waves of 
a global wave number of 
1 and a period of around 
five days. This corresponds 
with a particular mode of an 
atmospheric wave known 
as a Rossby-Haurwitz wave. 
However, this wave theoret-
ically has minimal vertical 
motion associated with it, 
and thus how it connects with 
convection in the tropics is 
unclear. My aim is to try and 
tease out what the dynamics 
of the relationship between 
convection and this wave are 
through analysis of satellite 
and reanalysis data.

What opportunities has the 
Centre of Excellence offered 
you?

The Centre of Excellence has 
run a winter school in Sydney 
and a workshop in Lorne, 
which I have attended. These 
have been a great opportu-
nity to learn and see research 
from both other Centre 
groups and the larger climate 
system research community.

What are your plans after 
you graduate?

As a first-year PhD student, 
graduation still seems far 
away. Ideally, the skills and 
research experience I have 
gained will allow me to obtain 
an interesting postdoctoral 
or research position inves-
tigating some aspect of the 
climate system.
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The Centre was supported again 
this year by the excellent efforts and 
achievements of its dynamic and ef-
fective business team. Centre Manager 
Stephen Gray (UNSW), Finance and 
Resources Officer Vilia Co (UNSW), 
Media and Communications Manager 
Alvin Stone (UNSW) and Executive 
Assistants Anna Haley (Monash), Swa 
Rath (Jan – Sep, UNSW) and Simone 
Purdon (Sep ~, UNSW) each play 
an important role in supporting the 
Centre’s core functions of research, 
graduate training, outreach and com-
munications.

Some significant achievements for the 
business team this year included Anna 
Haley’s superlative handling of the 
preparations for the Centre’s annual 
workshop, which went off without a 
hitch and received praise and positive 
feedback from the 130-plus attendees. 
Swa contributed significantly to the 
preparation and running of the 2013 
winter school at UNSW and provid-
ed excellent assistance to the writing 
workshops run throughout the year. 
Simone returned from maternity leave 
in September and immediately began 
coordinating the process of compiling 
this report. Alvin’s greatest successes 
this year were overseeing a significant 
increase in web traffic and media pro-
file of Centre activities and organising 
a national video conference symposi-
um of science communicators in the 

lead-up to the release of the Working 
Group 1 Contribution to the Intergov-
ernmental Panel on Climate Change 
5th Assessment Report. Finally, Stephen 
continued his pursuit of seeking out 
and sharing best practice across the 
Centre and engaging with counterparts 
and peers in research management 
by presenting papers at the Austral-
asian Research Management Society 
Conference and the Tertiary Education 
Management Conference. Stephen’s 
contributions to the Centre were rec-
ognised when in December he received 
the 2013 UNSW Staff Excellence Award 
for People Management. 

After the success of 2012’s profession-
al staff symposium for administrators 
from the three Australian Research 
Council (ARC) Centres of Excellence 
at UNSW, Stephen Gray and Kate 
Gunn from CAASTRO (U.Syd) togeth-
er organised a half-day workshop for 
professional staff from all eight Centres 
led by universities in Sydney and 
Newcastle. Close to 50 staff attended 
the event at the The Taronga Centre, 
including staff from interstate nodes. 
The workshop gave professional staff 
from all eight Centres an opportunity 

to network, share information with 
each other about their Centres and 
present to peers on ways that they 
have improved the administration and 
management of the complex organi-
sations that Centres of Excellence are. 
We were also joined by Professor Mark 
Hoffman, PVC-Research, UNSW, who 
spoke enthusiastically on the topic of 
contributions professional staff make to 
effective research management. Fiona 
Cameron and Penny Bambrick from 
the ARC kindly shared their time and 
expertise to give a presentation on the 
process and expectations of Centre of 
Excellence mid-term reviews.

 Centre Business Team
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In 2013, the Centre has maintained and 
improved on its strong impact in media 
communications.

 µ By August we had already 
surpassed our website traffic total of 
57,998 in 2012 to 90,847 in 2013

 µ We more than doubled the number 
of media stories placed before 
syndication from 108 (2012) to 286

 µ Our Twitter account has increased 
from 173 followers (2012) to 599 
followers in 2013. Our Facebook 
page, established in 2013, has 249 
followers

 µ Our newsletter subscriptions 
continue to grow from 119 in 2012 
to 186 in 2013.

This year was also notable for:

 µ A successful strategy of identifying 
and bringing through the next 
generation of climate science 
communicators to avoid a 
dependence on senior staff for 
communicating climate science

 µ Our key role in the release of the 
Intergovernmental Panel on Climate 
Change (IPCC) Working Group 1 
Contribution to the 5th Assessment 
Report (AR5) in September; and

 µ The development of a new 
supplementary interactive website - 
adrift.org.au. 

Over the past year we have also intro-
duced an internal weekly newsletter to 
keep staff abreast of changes, seminars, 
conferences and Centre successes. 

Media impact

We started the year with the recogni-
tion that we needed to broaden the 
range of Centre researchers under-
taking a strong media role, and not 
depend on a small selection of more 
senior staff. We therefore decided to 
encourage and support several early 
career researchers as the next genera-
tion of communicators.

The three early career researchers 
chosen for these roles were Dr Erik van 
Sebille, Dr Sophie Lewis and Dr Sarah 
Perkins. All three played a prominent 
role in our media communications. 
They delivered more than 80 stories for 
the Centre through 2013. There were 
numerous highlights in the year for 
these three researchers. Dr Sophie Lew-
is was placed as a scientist in residence 
with The Age newspaper at the time 
of the release of the IPCC report; Dr 
Erik van Sebille became a lead spokes-
person around plastic pollution in our 
oceans: and Dr Sarah Perkins led much 
of the reporting of heatwaves and the 
2013 bushfires around Sydney.

Another specific challenge identified 
by our Advisory Board was to become 
more involved with The Conversa-
tion website. We therefore began 
to focus some of our efforts on this 
outlet through 2013 and increased the 
number of stories from six (2012) to 
26 in 2013. Examples of leading pieces 
include:

 µ Dr Sophie Lewis and Dr Ailie 
Gallant: “In science, the only 
certainty is uncertainty.” (Part 
of a four-part series.) https://
theconversation.com/in-
science-the-only-certainty-is-
uncertainty-17180

 µ Professor David Karoly and 
Dr Lewis: “Hottest 12-month 
period confirmed – so what 
role did humans play?” http://
theconversation.com/hottest-12-
month-period-confirmed-so-what-
role-did-humans-play-17737

 Media and Communications
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 µ Dr Lewis and Dr Sarah Perkins: 
“Climate change ‘unprecedented’ 
by 2050: study.” http://
theconversation.com/climate-
change-unprecedented-by-2050-
study-19000 

 µ Dr Lisa Alexander and Prof Steve 
Sherwood: IPCC 5th Assessment 
Report: “More certainty, not much 
news.” http://theconversation.com/
ipcc-5th-assessment-report-more-
certainty-not-much-news-18509

 µ Professor Andy Pitman: “Is global 
warming in a hiatus?” http://
theconversation.com/is-global-
warming-in-a-hiatus-18367.

We are now regularly sought by the 
editors of The Conversation to supply 
articles and engage in commentary 
around the research of others.

In 2012 we placed a total of 108 sepa-
rate stories before syndication. By the 
end of 2013, we more than doubled 
this with 286 stories placed in various 
media outlets including all the major 
metropolitan newspapers, television 
channels and many radio stations. 
Syndication added at least another 628 
media outlets to this total. 

Internationally, our scientists featured in 
reports by the BBC, Los Angeles Times, 
Guardian UK, Nature World News, New 
Scientist, the Wall Street Journal and 
many others. Example links include:

 µ Dr Shayne 
McGregor: “El Niño 
activity increased 
over last century.” 
Nature World News 

http://www.natureworldnews.com/
articles/4656/20131028/el-niño-
activity-increased-over-last-century-
new-research-suggests.htm

 µ Professor Nathan Bindoff and 
Professor Steve Sherwood: The tide 
is rising. The Sunday Age. http://
www.smh.com.au/environment/the-
tide-is-rising-20130921-2u6vw.html

 µ Prof Andy Pitman: “Record hot 
years causes fire emergency in 
Australia.” New Scientist http://
www.newscientist.com/article/
mg22029402.600-record-hot-year-
causes-fire-emergency-in-australia.
html#.UtN6BqUm-aq

 µ Dr Sarah Perkins: “Australia wildfires 
could get boost from hot windy 
weather.” Wall Street Journal 
http://stream.wsj.com/story/
latest-headlines/SS-2-63399/SS-2-
359149/

 µ Dr Erik van Sebille: “Fukushima 
radiation set to hit the US by 
2014.” Salon.com http://www.
salon.com/2013/08/29/fukushima_
radiation_set_to_hit_the_u_s_
by_2014/

We also extended our relationships with 
The Australian Science Media Centre, 
which now consistently contacts us 
for commentary on new research and 
reports. 

Online Presence

In 2013, we have further developed 
the Centre’s primary website, created 
a new interactive website based on the 
Centre’s research and extended our 
reach through social media.

Our primary website is now attracting 
interest beyond Australia with 42.6% 
of our total website hits coming from 
countries other than Australia. Coun-
tries in the top 10 for listings after 
Australia include in order the United 
States (4320), United Kingdom (1422), 
India (897), Germany (856), Canada 
(740), China (558), Japan (540), France 
(431) and New Zealand (412). 

We have added a careers page, ex-
tended the student pages and intro-
duced videos of climate animations, 
seminars, tips and tricks and abstracts 
of important papers. We have also reg-
ularly updated the research program 
pages through 2013.

Through this and the use of social 
media to broadcast these changes, we 
have more than doubled the number of 
visitors to our website. In 2013 we had 
37,966 unique visitors to the website 
and traffic leading to 90,847 hits. We 
have already planned further strategies 
to continue increasing these figures.

Note: Red = 2013, Blue = 2013 and brown = 2011
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A separate interactive website we 
developed, called Adrift, used Centre 
research on ocean currents to create a 
map of the ocean which allows users to 
find out where anything from pollu-
tion to a message in a bottle will drift 
around the ocean. This new website 
can be found at adrift.org.au. 

Adrift’s popularity had several spikes 
through the year. Its most extensive 
impact, measured by number of hits, 
was linked to a Centre-led media 
release associated with the Fukushima 
radioactive spill. We attracted over 
2000 hits each hour. Remarkably, the 
media release spread internationally 
through our social media and the great 
majority of hits on the media release 
on our website and Adrift came from 
the US, Canada, Japan and Spain. The 

Fukushima media release has been the 
single most visited page on the Centre 
website this year, attracting more than 
3000 unique visitors.

We have also extended and focused 
our social media networks. We now 
have 599 Twitter followers with more 
than half that number being research-
ers and scientific institutions. Currently 
our followers include 217 researchers 
and research institutions, 48 private 
companies and peak bodies, 30 
Non-governmental Organisation (NGO) 
advocacy groups, 54 members of the 
media and 251 members of the general 
public. Many of the media outlets and 
social network commentators have tens 
of thousands of followers, which has 
made Twitter a good tool for publiciz-
ing our work.

In total, this has been an exceptional 
year for communicating our research. 
The Centre is now established as an 
authoritative and trusted voice in the 
climate science community and is 
regularly sought by media. We have 
posted some remarkable wins this year 
that have been further emphasized by 
the strength of our role in the media 
around the IPCC report.

Looking ahead, we have created a sig-
nificant challenge to surpass the media 
successes of 2013. However, with plans 
already in place for extending the tools 
we have to reach the media and public, 
we are in a very good position to meet 
that challenge and extend our profiling 
of the Centre’s program to a broader 
audience.
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(Publications with student 
authors marked with an 
asterisk*) 

Book chapters
Rosenfeld, D., R. Wood, L. 
Donner, and S. C. Sherwood, 
2013: Aerosol Cloud-mediated 
Radiative Forcing: Highly 
Uncertain and Opposite Effects 
from Shallow and Deep Clouds. 
Climate Science for Serving 
Society: Research, Modelling and 
Prediction Priorities, G. R. Asrar 
and J. W. Hurrell, Eds., Springer, 
105-149.
Sherwood, S. C., M. J. Alexander, 
A. R. Brown, N. A. McFarlane, 
E. P. Gerber, G. Feingold, A. A. 
Scaife, and W. W. Grabowski, 
2013: Climate Processes: 
Clouds, Aerosols and Dynamics. 
Climate Science for Serving 
Society: Research, Modelling and 
Prediction Priorities, G. R. Asrar 
and J. W. Hurrell, Eds., Springer, 
73-103.
Whetton, P., D. Karoly, I. 
Watterson, L. Webb, F. Drost, D. 
Kirono, and K. McInnes, 2013: 
Australia’s Climate in a Four 
Degree World. Four Degrees of 
Global Warming: Australia in a 
Hot World, P. Christoff, Ed., Taylor 
& Francis Group, 17-32.
Zwiers, F. W., L. V. Alexander, G. C. 
Hegerl, T. R. Knutson, J. P. Kossin, 
P. Naveau, N. Nicholls, C. Schar, S. 
Seneviratne, and X. Zhang, 2013: 
Climate Extremes: Challenges in 
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Recent Changes in the Frequency 
and Intensity of Extreme Climate 
and Weather Events. Climate 
Science for Serving Society, G. 
R. Asrar and J. W. Hurrell, Eds., 
Springer, 339-389.

Journal articles
 Abraham, J. P., M. Baringer, N. 
L. Bindoff, T. Boyer, L. J. Cheng, 
J. A. Church, J. L. Conroy, C. 
M. Domingues, J. T. Fasullo, J. 
Gilson, G. Goni, S. A. Good, J. 
M. Gorman, V. Gouretski, M. 
Ishii, G. C. Johnson, S. Kizu, J. M. 
Lyman, A. M. Macdonald, W. J. 
Minkowycz, S. E. Moffitt, M. D. 
Palmer, A. R. Piola, F. Reseghetti, 
K. Schuckmann, K. E. Trenberth, 
I. Velicogna, and J. K. Willis, 
2013: A review of global ocean 
temperature observations: 
Implications for ocean heat 
content estimates and climate 
change. Reviews of Geophysics, 
51, 450-483. 
Ackerley, D., A. Lorrey, J. Renwick, 
S. J. Phipps, S. Wagner, and A. 
Fowler, 2013: High-resolution 
modelling of mid-Holocene New 
Zealand climate 6000 yr BP. The 
Holocene, 23, 1272-1285. 

 Publications
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Asrat, H. P. Borgaonkar, B. M. 
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Mundo, T. Nakatsuka, D. J. Nash, 
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M. Severi, T. M. Shanahan, 
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Viau, R. Villalba, B. M. Vinther, 
L. von Gunten, S. Wagner, E. R. 
Wahl, H. Wanner, J. P. Werner, 
J. W. C. White, K. Yasue and E. 
Zorita, 2013: Continental-scale 
temperature variability during 
the past two millennia. Nature 
Geoscience, 6, 339-346.
Alexander, L. V. and S. Perkins, 
2013: Debate heating up over 
changes in climate variability. 
Environmental Research 
Letters, 8. 
Andrews, O. D., N. L. Bindoff, P. R. 
Halloran, T. Ilyina, and L. Quere, 
2013: Detecting an external 
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in oceanic oxygen using an 
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Biogeosciences, 10, 1799-1813. 
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Fita, 2013: Precipitation bias 
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regional climate models. 
Hydrology Earth System 
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2013: Nutrient variability in 
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Mode and ENSO. Geophysical 
Research Letters, 40, 3419-3423. 
Baker, A., C. Bradley, and S. 
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modelling of stalagmite δ18O 
response to glacial-interglacial 
transitions. Geophysical 
Research Letters, 40, 3207-3212. 
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2013: The Tropospheric Land-Sea 
Warming Contrast as the Driver 
of Tropical Sea Level Pressure 
Changes. Journal of Climate, 
26, 1387-1402. 
Bindoff, N. L. and W. R. Hobbs, 
2013: Oceanography: Deep 
ocean freshening. Nature 
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Wave-cloud lines over northwest 
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Society, 139, 1311-1326. 
Bishop, C. H. and G. Abramowitz, 
2013: Climate model 
dependence and the replicate 
Earth paradigm. Climate 
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Black, M. T. and A. B. Pezza, 2013: 
A universal, broad-environment 
energy conversion signature of 
explosive cyclones. Geophysical 
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D. J. Karoly, 2013: Uncertainty in 
temperature projections reduced 
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ENSO Amplitude Variability 
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Coupled Global Climate Model: 
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C. Naveira Garabato, D. A. 
Smeed, and S. Waterman, 2013: 
Eddy-Induced Modulation of 
Turbulent Dissipation over Rough 
Topography in the Southern 
Ocean. Journal of Physical 
Oceanography, 43, 2288-2308. 
Brookhouse, M. T., G. D. Farquhar, 
and M. L. Roderick, 2013: The 
impact of bushfires on water 
yield from south-east Australia’s 
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Research, 49, 4493-4505. 
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biases and uncertainties for 
climate projections in the 
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Percentage of publications by ERA journal ranking. 91% of the Centre’s 
2013 journal articles were published in top tier journals. 
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Ren, 2013: A combination mode 
of the annual cycle and the 
El Nino/Southern Oscillation. 
Nature Geoscience, 6, 540-544. 
Tan, J. and C. Jakob, 2013: A 
three-hourly data set of the state 
of tropical convection based 
on cloud regimes. Geophysical 
Research Letters, 40, 1415-
1419.* 
Tan, J., C. Jakob, and T. P. Lane, 
2013: On the Identification of the 
Large-Scale Properties of Tropical 
Convection using Cloud Regimes. 
Journal of Climate, 26, 6618-
6632.* 
Ummenhofer, C. C., P. C. 
McIntosh, M. J. Pook, and J. S. 
Risbey, 2013: Impact of Surface 
Forcing on Southern Hemisphere 
Atmospheric Blocking in the 
Australia-New Zealand Sector. 
Journal of Climate, 26, 8476-
8494. 
Urakawa, L. S., J. A. Saenz, and 
A. M. Hogg, 2013: Available 
potential energy gain from 
mixing due to the nonlinearity of 
the equation of state in a global 

ocean model. Geophysical 
Research Letters, 40, 2224-2228. 
van Sebille, E., P. Spence, M. R. 
Mazloff, M. H. England, S. Rintoul, 
and O. A. Saenko, 2013: Abyssal 
connections of Antarctic Bottom 
Water in a Southern Ocean State 
Estimate. Geophysical Research 
Letters, 40, 2177-2182.
Vargas, R., O. Sonnentag, G. 
Abramowitz, A. Carrara, J. Chen, 
P. Ciais, A. Correia, T. Keenan, 
H. Kobayashi, J.-M. Ourcival, D. 
Papale, D. Pearson, J. Pereira, S. 
Piao, S. Rambal, and D. Baldocchi, 
2013: Drought Influences the 
Accuracy of Simulated Ecosystem 
Fluxes: A Model-Data Meta-
analysis for Mediterranean Oak 
Woodlands. Ecosystems, 16, 
749-764. 
Vianna, M. L. and V. V. Menezes, 
2013: Bidecadal sea level modes 
in the North and South Atlantic 
Oceans. Geophysical Research 
Letters, 40, 5926-5931.
Waterman, S. and B. J. Hoskins, 
2013: Eddy shape, orientation, 
propagation and mean flow 
feedback in western boundary 
current jets. Journal of Physical 
Oceanography, 43, 1666-1690. 
Wei, G., H. V. Gupta, D. Yang, K. 
Sricharan, and A. O. Hero, 2013: 
Estimating Epistemic & Aleatory 
Uncertainty During Hydrologic 
Modeling: An Information Theory 
Approach. Water Resources 
Research, 49, 2253-2273. 
Westra, S., L. V. Alexander, and F. 
Zwiers, 2013: Global increasing 
trends in annual maximum 
daily precipitation. Journal of 
Climate, 26, 3904-3918. 
Wilkins, D., E. van Sebille, 
S. R. Rintoul, F. M. Lauro, 
and R. Cavicchioli, 2013: 
Advection shapes Southern 
Ocean microbial assemblages 
independent of distance and 
environment effects. Nature 
Communications, 4, 1-7. 
Zhang, Q., A. J. Pitman, Y. P. 
Wang, Y. J. Dai, and P. J. Lawrence, 
2013: The impact of nitrogen 
and phosphorous limitation on 
the estimated terrestrial carbon 
balance and warming of land 
use change over the last 156 
yr. Earth System Dynamics, 4, 
333-345. 
Zheng, F., S. Westra, and S. A. 
Sisson, 2013: Quantifying the 
dependence between extreme 
rainfall and storm surge in 
the coastal zone. Journal of 
Hydrology, 505, 172-187. 
Zika, J. D., W. P. Sijp, and M. H. 
England, 2013: Vertical Heat 
Transport by Ocean Circulation 
and the Role of Mechanical 
and Haline Forcing. Journal of 
Physical Oceanography, 43, 
2095-2112. 

Published Conference 
Papers (refereed)

Argueso, D., J. P. Evans, L. 
Fita, and K. J. Bormann, 2013: 
Simulated impact of urban 
expansion on the future 
temperature heatwaves in 
Sydney. MODSIM2013, 20th 
International Congress on 
Modelling and Simulation, J. 
Piantadosi, R. S. Anderssen, and 
J. Boland, Eds., Modelling and 
Simulation Society of Australia 
and New Zealand, 2758-2764.
Evans, J. P., L. Fita, D. Argueso, 
and Y. Liu, 2013: Initial NARCliM 
evaluation. MODSIM2013, 
20th International Congress on 
Modelling and Simulation, J. 
Piantadosi, R. S. Anderssen, and 
J. Boland, Eds., Modelling and 
Simulation Society of Australia 
and New Zealand, 2765-2771.
Newell, B. R., A. Kary, C. Moore, 
and C. Gonzalez, 2013: Managing 
our debt: Changing Context 
Reduces Misunderstanding of 
Global Warming. Proceedings of 
the 35th Annual Conference of 
the Cognitive Science Society, M. 
Knauff, M. Pauen, N. Sebanz, and 
I. Wachsmuth, Eds., Cognitive 
Science Society, 3139-3144.

IPCC
IPCC, 2013: Summary for 
Policymakers. In: Climate Change 
2013: The Physical Science Basis. 
Contribution of Working Group 
I to the 5th Assessment Report 
(AR5) of the Intergovernmental 
Panel on Climate Change 
[Stocker, T.F., D. Qin, G.-K. 
Plattner, M. Tignor, S. K. Allen, 
J. Boschung, A. Nauels, Y. Xia, 
V. Bex and P.M. Midgley (eds.)]. 
Cambridge University Press, 
Cambridge, United Kingdom and 
New York, NY, USA. 
Drafting/contributing Centre 
Authors: Lisa V. Alexander, 
Nathaniel L. Bindoff, Viviane 
Vasconcellos de Menezes, Scott 
Power.

Reports
Karoly, D., M. H. England, and 
W. Steffen, 2013: Off the charts: 
Extreme Australian Summer Heat 
report.
Steffen, W., L. Hughes, and D. 
Karoly, 2013: The Critical Decade: 
Extreme Weather report.
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Prizes and Awards
Alexander, L. Australian 
Academy of Sciences Dorothy 
Hill Award
Griffies, S. Fridtjof Nansen 
Medal awarded for distinguished 
research in oceanography
Gupta, H. EGU 2014 John Dalton 
Medal for hydrology
Lane, T. American Meteorological 
Society Editor’s Award for 
Monthly Weather Review
McGregor, S. State finalist in 
Fresh Science
Perkins, S. NSW representative 
for Fresh Science
Perkins, S. 2013 NSW Young Tall 
Poppy Award
Roderick, M. John Dalton Medal 
of the European Geosciences 
Union
Snow, K. Geophysical Fluid 
Dynamics Fellowship, WHOI
Spence, P. FASI-ARC Grant 
awarded for collaboration with 
NEMO ocean modelling team in 
Grenoble
Sun, F. 2013 EGU Outstanding 
Young Scientists award in the 
Hydrological Sciences Division

Briefings to Government
Bindoff, N. Science Meets 
Parliament Dinner:  The Hon. 
David O’Byrne MP
Bindoff, N. Presentation / 
seminar explaining the IPCC 
process, the science and the 
implications for policy makers in 
Tasmania. 
Karoly, D.J., M. H. England and 
Steffen, W., 2013: Off the charts: 
Extreme Australian summer heat, 
Australian Federal Government 
Climate Commission report, 
Canberra
Karoly, D. Appeared at hearing 
of Senate Committee for the 
Environment Inquiry into 
Extreme Weather and Natural 
Disasters
Karoly, D. Briefing to CFA Vic 
workshop, Ballarat, VIC Climate 
change and bushfires
Perkins, S. Author on the Senate 
Enquiry into Climate Extremes, 
Parliament House, Canberra
Pitman, A. AeRIC Meeting, 
Canberra - Representing the 
interests of climate science 
within this council
Pitman, A. Briefing to the NSW 
Climate Change Council and 
Office of Environment and 
Heritage on the outcomes of the 
IPCC’s AR5 
Sen Gupta, A. Presentation to 
government officials in Timor 
Leste as part of PACCSAP 
program “Climate Projections: 
Looking into the Future”

Steffen, W. Briefing to 
Queensland Minister for the 
Environment on climate change 
impacts and adaptation, Brisbane
Steffen, W. Briefing on 
climate science to staff of the 
Department of Climate Change, 
Australian Government
Steffen, W. Briefing on tipping 
elements in the Earth System 
to Australian Defence Force 
leadership group, Canberra
Steffen, W. Briefing to Senate 
Enquiry into Climate Extremes, 
Parliament House, Canberra
Steffen, W. Briefings at 
Senate Estimate on behalf of 
Department of Climate Change 
and Energy Efficiency
Steffen, W. Briefings at 
Senate Estimate on behalf of 
Department of Climate Change 
and Energy Efficiency
van Sebille, E. Closed-doors 
briefing to Gosford City 
Councillors on climate change 
and sea level rise
van Sebille, E. IPCC AR5 
briefing to the  NSW Office for 
Environmental Heritage 

Industry Engagement
Jakob, C. Briefing to industry 
group (Stormwater Victoria) 
on climate change, specifically 
for precipitation. Talk title: Will 
climate change your stormwater 
management? 
Karoly, D. Talk to Board 
members and Directors of Pacific 
Hydropower annual retreat, 
Mornington Peninsula, VIC 
“Climate change: where are we 
now and where are we heading?”
Karoly, D. Talk to staff in 
Melbourne office, Pacific 
Hydropower: Climate change 
science and impacts: where 
are we now and where are we 
heading?”
Karoly, D. Talk as part of training 
session on Carbon Farming 
Initiative for outreach specialists, 
organised by DAFF, in Melbourne 
“Climate change science: The 
latest information”
Pitman, A. Climate and Weather 
Science Laboratory’s Project 
Steering Board - a NeCTAR 
project
Pitman, A. IPCC briefing to 9th 
Oct to Investor Group on climate 
Change
Pitman, A. IPCC Science briefing 
to industry and government 
executives
Pitman, A. Briefing to the  
Chairman and CEO of AGL on the 
outcomes of the IPCC’s AR5.

van Sebille, E. Briefing to the 
Climate Council on ocean 
circulation and changes to the 
East Australian Current in a 
warming climate

IPCC AR5 Contributions
Alexander, L. Core writing team 
member Technical Summary 
IPCC WGI
Alexander, L. IPCC Pacific Launch 
Meeting
Alexander, L. Lead Author, 
Chapter 2: Observations: 
Atmosphere and Surface
Bindoff, N. Coordinating Lead 
Author, IPCC 5th Assessment 
report
Jakob, C. Lead Author, Chapter 9: 
Evaluation of Climate Models
Karoly, D. Review Editor, Chapt 
25 “Australasia”, Working Group 
II, IPCC AR5
Pitman, A. Review Editor, Chapter 
9: Evaluation of Climate Models
Rayner, P. IPCC expert reviewer. 
Sherwood, S. Lead Author, 
Chapter 7: Clouds and Aerosols

Public Talks and 
Lectures
Alexander, L. Australian 
Academy of Science. “Science 
Stars of Tomorrow” series. Talk: 
Extreme events, the new normal.
Black, M. Public Presentation on 
“The Science of Climate Change” 
- Warragul Probus Club
Dommenget, D. Lecture and 
lab-class with rural Victoria 
high school students using the 
Monash Simple Climate Model.
England, M. Climate Science: 
Beyond Party Politics Panellists: 
Professor Herbert Huppert, Nick 
Rowley, Professor Lesley Hughes, 
Professor Matthew England, 
Don Burke. Hosted by: Robyn 
Williams”
Gallant, A. Facilitator at the 
‘Environmental Leaders Day’ for 
Victorian high school students. 
Facilitated discussions around 
climate and climate change.
Hogg, A. Talk at Merici College, 
Canberra, entitled “Oceans and 
Climate”
Hogg, A. Talk entitled “The 
Ocean’s Role in Climate” at an 
ANU Climate Change Institute 
public event
Hogg, A. Presented an overview 
of IPCC’s AR5 findings to a public 
forum on “Oil and the Yasuní ITT” 
held at ANU.
Karoly, D. Talk as part of 
Sustainable Living Festival, 
Melbourne “Climate change and 
heatwaves”

Karoly, D. Talk as part of electric 
vehicle festival, St Kilda “Climate 
change science”
Karoly, D. Climate change 
trivia quiz for secondary school 
students, organised by Quantum 
Vic, based at LaTrobe University.
Karoly, D. Speech at the Opening 
of The Living Stage, Castlemaine, 
VIC
Karoly, D. Talk at Queens College, 
University of Melbourne “Climate 
change: What’s happening and 
where are we heading?
Karoly, D. Talk via video link 
to iDEA conference, student 
conference for Doctors for the 
Environment Australia. “Science 
of climate change”
Karoly, D. Talk at launch, Post 
Carbon Pathways by John 
Wiseman, at the University of 
Melbourne
Karoly, D. Led After-dinner 
roundtable conversation with 
students at Queens College, 
University of Melbourne
Karoly, D. Talk to 90 Milers 
community group in Sale, 
Gippsland, VIC “Climate change: 
where are we now and where are 
we heading?”
Karoly, D. Talk at Environmental 
Film Festival, Swanpool, VIC 
“Climate change: where are we 
now and where are we heading?”
Karoly, D. Talk as part of Grand 
Rounds, Royal Children’s Hospital 
Melbourne “Climate change and 
health”
Karoly, D. Climate change 
trivia quiz for secondary school 
students, as part of National 
Science Week, Quantum Victoria, 
Melbourne
Karoly, D. Talk to Australian 
Skeptics group, Melbourne “Lies, 
damn lies and climate change 
skeptics”
Karoly, D. Participate in Meet the 
Scientist day, giving talks to 6 
year 9 classes at Cranbourne East 
Secondary College
Karoly, D. Talk at the Premiere 
screening of the IMAX 
documentary “The Earth wins”, 
Melbourne Museum, Melbourne
Karoly, D. Participate in Q&A 
panel discussion after screening 
of IMAX documentary “The 
Earth Wins” as part of the 
Environmental Film Festival, 
Melbourne
Karoly, D. Talk at public launch 
of Vic. State of the Environment 
Report by the Commissioner for 
Sustainable Environment, Kate 
Auty in Melbourne
Lewis, S. Presented at National 
Science Week event at Yarra 
Plenty Regional Library, Watsonia

 Awards, Distinctions, Outreach and Engagement
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Lewis, S. Presented at National 
Science Week event at Quantum 
Victoria, LaTrobe University
Nikurashin, M. National Science 
Week demonstration “Motion in 
the Ocean” using rotating table 
experiments
Perkins, S. Scientists in schools
Phillips, H. Public lecture for 
UTAS Research Week. “Hot 
Topics in IMAS: Ocean Currents”
Phillips, H. National Science 
Week demonstration “Motion in 
the Ocean” using rotating table 
experiments
Pitman, A. Talk given to NSW 
government department of 
planning on Climate science, 
extremes and NSW
Pitman, A. Politics in the Pub
Pitman, A. Pioneer Club, UNSW 
alumni: Climate Science and 
Climate Change
Pitman, A. “Why Science” - Knox 
College, Wahroonga
Pitman, A. Invited public talk at 
University of Western Australia, 
Perth
Pitman, A. “Climate science, 
climate change, climate impacts” 
to community group “STEP”
Pitman, A. Public talk to year 
12 science students on global 
warming and climate change at 
Knox College. 
Pitman, A. UBS - An update on 
IPCC Climate Science
Pitman, A. “Surviving and 
prospering through your PhD” 
AMOS NSW Student Symposium
Pitman, A. Presentation to 
the Local Government NSW 
association as part of a workshop 
on Climate Risk. “Updating the 
science of climate change”
Ramsay, H. The work presented 
at the AMOS Melbourne event: 
“The Tornadoes of 2013”
Schofield, R. Spoke to year 12 
students about studying Earth 
Sciences.
Sen Gupta, A. University of 
Timor Leste public lecture: 
“Introduction to Climate Change 
Science”
Sen Gupta, A. Lecture and panel 
discussion at University of Timor 
Leste (Agricultural department): 
“Ocean Acidification and Coral 
Bleaching” 
Sen Gupta, A. School lectures: 
Scientists in Schools program
Sherwood, S. Invited Jeremy 
Grantham lecture given at Indian 
Institute of Sciences, Bangalore.
Sherwood, S. Presentation on 
global warming to the Australian 
Institute for International Affairs, 
Sydney.

Sherwood, S. Public lecture on 
climate change at Haberfield 
Public Library
Sherwood, S. CoECSS & IPCC 
briefing to government and 
industry.
Spence, P. Member of Scientists 
in Schools CSIRO scheme
Steffen, W. Lecture at SHE/ICSS-
Asia Conference, ANU, Canberra
Steffen, W. Lecture on climate 
adaptation, with Jean Palutikof 
and Martin Parry, Canberra
Steffen, W. Launch of Climate 
Commission’s “Angry Summer” 
report, Sydney
Steffen, W. Public lecture on the 
climate science-policy interface, 
Griffith University, Gold Coast 
campus
Steffen, W. Launch of the Climate 
Commission’s “Extreme Weather” 
report, Sydney
Steffen, W. Climate Commission 
public forum, North Parramatta
Steffen, W. Presentation on 
climate change impacts on urban 
areas, Planning Inst of Australia 
Natl Conf, Canberra
Steffen, W. ACT Climate Change 
Council public forum, Canberra
Steffen, W. Presentation on 
extreme weather and climate 
change to local council 
representatives, Melbourne
Steffen, W. Presentation to 
CSIRO Complex Systems Science 
workshop, Sydney
Steffen, W. Presentation on 
climate change to Association of 
Professional Engineers, Canberra
Steffen, W. Launch of Climate 
Commission’s “Critical Decade 
2013” report, Sydney
Steffen, W. Climate Commission 
public forum, Canberra
Steffen, W. Presentation on 
Critical Decade to Wine Assoc of 
Australia conference, Melbourne
Steffen, W. Climate Commission 
public forum, Melbourne
Steffen, W. Presentation on 
climate communication to 
Clilmate Action Hobart group
Steffen, W. Richard Jones 
Memorial Lecture, University of 
Tasmania, Hobart
Steffen, W. Keynote presentation 
of climate science challenges, 
Strategic Science in Antarctica 
conf, Hobart
Steffen, W. Climate Commission 
public forum, Adelaide
Steffen, W. Presentation 
on climate change risks to 
community nurses assoc, 
Adelaide
Steffen, W. Presentation 
on climate change risks to 
community services group, Gold 
Coast

Steffen, W. Presentation on 
climate change risks to Municipal 
Association of Victoria retreat, 
Creswick, VIC
Strutton, P. Public Lecture at 
UTas Maria Island field camp 
entitled ‘Iron fertilisation of the 
ocean: Give me a tanker of iron 
and I’ll give you an ice age! … or 
not?’
Strutton, P. Public lecture for the 
Australian Institute of Physics, 
Tasmanian Chapter. “Interactions 
between physical and biological 
processes in the ocean”
Strutton, P. Visit to primary 
school class to discuss weather 
and climate
Tyrrell, N. Appeared in a video by 
the Climate Institute.
van Sebille, E. Talk at Sydney 
Nerd Nite “Rubber duckies at the 
end of the ocean”
van Sebille, E. Presentation 
at the Yeah Sessions “Ocean 
circulation and garbage patches”
van Sebille, E. Talk to two school 
classes at the Australian Museum 
for Science Week. “Garbage in 
the ocean and adrift.org.au”
van Sebille, E. Scientists in 
Schools program.
van Sebille, E. Interactive Skype 
chat to Year 1 of Caulfield 
Grammar School (Vic) on ocean 
currents, rubber duckies, and 
Antarctica
van Sebille, E. Talk about IPCC 
and Climate Change to Year 9 
students from western NSW 
during their visit to Parliament 
House
van Sebille, E. Presentation on 
plastics in the ocean at the NSW 
AMOS Annual General Meeting

Scientific and 
Community Engagement
Alexander, L. External review of 
DoE Centre Lawrence Berkley 
National Laboratory
Bindoff, N. Member of NCI 
Assessment Panel which will 
consider applications for storage 
at the node to be proposed by 
the major participating partners 
(ANU, BoM, CSIRO, GA)
Dommenget, D. Setup of a web-
based interactive interface of the 
Monash Simple Climate Model 
on the DKRZ (German Climate 
Computing Center). This is for 
public outreach and education at 
schools.

Gallant, A. Victorian Certificate 
of Education (VCE) Environmental 
Science curriculum review 
panel meeting. I am a 
member of the review panel 
reviewing and developing the 
VCE Environmental Science 
curriculum for Year 11 and 12 
students.
Gallant, A. Victorian Certificate 
of Education (VCE) Environmental 
Science curriculum review 
panel meeting. I am a 
member of the review panel 
reviewing and developing the 
VCE Environmental Science 
curriculum for Year 11 and 12 
students.
Hart, M. Presented CoECSS 
graduate opportunities at AMSI 
summer school careers session
Jakob, C. Presentation to 
a potential CoECSS bid in 
Neuroscience
Lane, T. Delivered evidence (on 
behalf of AMOS) to the Senate 
Enquiry on Extreme Weather
Lewis, S. Scientist in residence 
program at The Age through Aus 
Science Media Centre
Lorenz, R. Visit ETH Zurich, 
discussions with Sonia I. 
Seneviratne and Edouard L. 
Davin
Perkins, S. collaboration with 
Erich Fischer and Reto Knutti 
@ ETH Zurich on projections of 
heatwaves in the CESM model
Perkins, S. collaboration with 
Nikos Christidis and Peter 
stott at the Hadley Centre on 
the detection and attribution 
observed changes in Australian 
heatwaves.
Perkins, S. collaborating with 
Chris White @ BoM on drivers of 
Australian heatwaves
Pitman, A. Contributed to a 
panel discussion as part of the 
2013 Australia-China Climate 
Change Forum hosted by 
UNSW for the Department of 
Environment.
Pitman, A. National Leadership 
- Co-chaired with Tom Keenan 
(Director of CAWCR). A joint 
initiative across the CoECSS and 
CAWCR around ACCESS
Sherwood, S. Contributed to a 
panel discussion as part of the 
2013 Australia-China Climate 
Change Forum hosted by 
UNSW for the Department of 
Environment
Spence, P. Met with CSIRO/
CAWCR groups to discuss 
MOM vs NEMO ocean model 
development plans
Steffen, W. Contributed to a 
panel discussion as part of the 
2013 Australia-China Climate 
Change Forum hosted by 
UNSW for the Department of 
Environment
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Steffen, W. Honorary Professor 
at Copenhagen University’s 
Department of Geography and 
Geology
Steffen, W. Visiting Researcher to 
the Stockholm Resilience Centre
Steffen, W. Honorary Professor 
at Copenhagen University’s 
Department of Geography and 
Geology
Strutton, P. Co-lead (with Jayson 
Semmens, UTas) of an Australian 
National Network in Marine 
Science collaborative research 
project with ~20 participants 
across ~10 institutions
Tyrrell, N. Involvement in AMSI 
summer school careers session
van Sebille, E. SIMS Harbour 
Hike: Presenting the work 
on plastics in the ocean and 
demonstrating adrift.org.au at 
the Marine Science Fair, Clifton 
Gardens, Sydney

Editor Roles
Alexander, L. Member Editorial 
Board: Weather and Climate 
Extremes
England, M. Associate Editor, 
Journal of Climate
England, M. Associate Editor, 
Reviews of Geophysics
Karoly, D. Chief Editor, 
Australian Meteorological and 
Oceanographic Journal
Lane, T. Associate Editor, Monthly 
Weather Review
Pitman, A., Editor, International 
Journal of Climatology.
Roderick, M. Editorial Board 
Member, Water Resources 
Research
Roderick, M. Editorial Board 
Member, Hydrology and Earth 
System Science
Sherwood, S. Editor of Physics 
Research International
Strutton, P. Editor for 
Geophysical Research Letters
Sun, F. Journal of Geo-disasters 
(Springer)
Walsh, K. Editor, Journal of 
Climate

International Committee 
Memberships 
Alexander, L. Chair of the World 
Meteorological Organisation 
Expert Team on Climate Risk and 
Sector Specific Climate Indices
England, M. Co-chair, CLIVAR/
CliC/SCAR Southern Ocean 
Region Implementation Panel
England, M. Member, WCRP/
CLIVAR/GEWEX Drought Interest 
Group

Evans, J. Co-chair of the World 
Climate Research Programme’s 
(WCRP) Global Energy and 
Water Exchanges (GEWEX) 
Hydroclimatology Panel (GHP)
Jakob, C. Attend and present 
at the CLIVAR Southern Ocean 
Panel meeting in Hobart
Jakob, C. Chair, the 2nd session 
of the World Climate Research 
Programme’s Modelling Advisory 
Council
Karoly, D. Advisory Panel, 
Climate and Atmosphere 
Centres, National Institute for 
Water and Atmosphere Research, 
(NIWA), NZ
Karoly, D. Scientific Steering 
Committee, WMO/UNEP 
Scientific Assessment of Ozone 
Depletion 2014
Lane, T. Chair, American 
Meteorological Society 
Committee on Mesoscale 
Processes
Perkins, S. CLIVAR ECS 
organisational team
Pitman, A. Science Steering 
Committee, Global Land-
Atmosphere System Study 
(GLASS)
Phillips, H. Member of the 
Scientific Steering Committee 
for the 2nd International Ocean 
Research Conference organised 
by the Intergovernmental 
Oceanographic Commission of 
UNESCO and the Oceanography 
Society
Phipps, S. Treasurer, Australasian 
Quaternary Association
Schofield, R. Organizing 
committee for the WCRP Special 
Workshop: Climatic Effects of 
Ozone Depletion in the Southern 
Hemisphere
Steffen, W. APEC Climate Centre 
Science Advisory Committee 
member
Walsh, K. Co-chair of U.S. CLIVAR 
Hurricane Working Group

Australian Committee 
Memberships
Allen, J. Ordinary Council 
Member, Australian 
Meteorological and 
Oceanographic Society.
England, M. Chair, Science 
Advisory Panel to the Australian 
Climate Commission
England, M. Member, Climate 
Scientists Australia
England, M. Member, Australian 
Academy of Science National 
Committee for Antarctic 
Research
Evans, J. National computational 
infrastructure Merit Allocation 
Scheme committee

Griffiths, R. Sectional Committee 
(Earth Science), Australian 
Academy of Science
Holbrook, N. Convenor, National 
Climate Change Adaptation 
Research Network for Marine 
Biodiversity and Resources
Jakob, C. ACCESS Roadmap 
Working Group
Karoly, D. Wentworth Group of 
Concerned Scientists
Karoly, D. Climate Change 
Authority
Karoly, D. National Comittee on 
Earth System Science, Australian 
Academy of Science
Karoly, D. Science Advisory 
Panel, Australian Government 
Climate Commission (Member)
Karoly, D. Australian Academy of 
Science National Committee on 
Earth System Science (Member)
Karoly, D. Museum Victoria 
Research Committee (Member)
King, A. AMOS NSW Committee 
2013
Lane, T. Vice-President, 
Australian Meteorological and 
Oceanographic Society
Lane, T. Advisory Committee, 
Bureau of Meteorology Training 
Centre Forecasters Course
Macadam, I. Attended Climate 
and Weather Science Laboratory 
(CWSLab) Workshop by videocon 
as part of the the CWSLab 
Community Reference Group
Macadam, I. Became member of 
Climate Virtual Lab Community 
Reference Group
Perkins, S. AMOS 2013 
conference committee 
Perkins, S. Greenhouse 
2013 conference organising 
committee
Perkins, S. AMOS 2013 
national conference organising 
committee
Perkins, S. Organising committee 
for Greenhouse2013 conference
Phillips, H. Member of the 
organising committee for AMOS-
2014 - the national conference 
of the Australian Meteorological 
and Oceanographic Society to be 
held in Hobart in Feb 2014.
Phillips, H. Member of the 
organising committee for the 
2014 Australian Meteorological 
and Oceanographic Society 
Annual Conference, 12-
14/02/2014
Pitman, A. Member, Climate 
Scientists Australia.
Pitman, A. Board meeting of the 
Climate and Weather Science 
Laboratory, a NeCTAR supported 
program supported by the 
Department of Industry.

Pitman, A. Science Advisory 
Committee to the High-level 
coordination group on climate 
science for the Department of 
Environment
Pitman, A. National Committee 
for Earth System Science 
committee meeting
Pitman, A. Regional Natural 
Resource Management 
Planning for Climate Change 
Fund Steering Committee for 
Department of Environment
Steffen, W. Member of the 
Climate Commission, Australian 
Government
Steffen, W. Member of the 
Australian Academy of Science’s 
National Committee on Earth 
System Science
Steffen, W. Chair of the Federal 
Government’s Antarctic Science 
Advisory Committee 
Steffen, W. Member of the 
Climate Commission, Australian 
Government
Steffen, W. Member of the 
Australian Academy of Science’s 
National Committee on Earth 
System Science
Steffen, W. Chair of the Federal 
Government’s Antarctic Science 
Advisory Committee 
Strutton, P. Co-Lead of the 
Bluewater and Climate node of 
Australia’s Integrated Marine 
Observing System (imos.org.au)
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Key Result Area Performance Measure Reporting Frequency Target 
2013 Achieved 2013 Notes

Research 
findings

Number of research outputs 

Annually

  

Journal papers 45 124

Book chapters 8

4 book chapters  
+ 2 significant 
reports + IPCC AR5 
contributions

Peer reviewed conference proceedings 7 3 1

Quality of research (defined as percent of the 
journal publications in top tier journals) Annually 0.8 91% 2

Number of invited talks/papers/keynote 
lectures given at major international 
meetings

Annually 15 28

Number and nature of commentaries 
about the Centre’s achievements (list media 
releases and articles separately)

Annually   

Media releases 10 16

Articles 30 67 print. 110 online 3

Citation data for publications At review 60
601 citations in 
2013 of 2011-13 
publications

Research 
training and 
professional 
education

Number of attended professional training 
courses for staff and postgraduate students Annually 3 13

Number of Centre attendees at all 
professional training courses Annually 60 274

Number of new postgraduate students 
working on core Centre research and 
supervised by Centre staff (include PhD, 
Masters by research and Masters by 
coursework). Note we do not plan a Masters 
by Coursework program.

Annually   

Masters by coursework 0 0

Masters by Research 2 0.5 4

PhD 10 13

Number of new postdoctoral researchers 
recruited to the Centre working on core 
Centre research (assumes that no continuity 
of the centre beyond 2017)

Annually 5 4

Number of new Honours students working 
on core Centre research and supervised by 
Centre staff

Annually 10 3 5

Number of postgraduate completions and 
completion times, by students working on 
core Centre research and supervised by 
Centre staff

Annually 2

1 PhD (3 years, 11 
months)
1 MSc (2 years , 3 
months) 

Completion time (Average, in years) 3.8
Insufficient 
completions to 
calculate average

Number of Early Career Researchers (within 
five years of completing PhD) working on 
core Centre research

Annually 15 26

Number of students mentored Annually 40 54

Number of mentoring programs (this is an 
integrated program, split into sub-programs 
on the basis of student need)

Annually 1 1 6

 Key Performance Indicators
The table below shows the Centre’s progress against its key performance targets (KPTs) for calendar year 2013.
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Key Result Area Performance Measure Reporting Frequency Target 
2013 Achieved 2013 Notes

International, 
national and 
regional links 
and networks

Number of international visitors and visiting 
fellows (significant visits –excludes visits of 
less than a week).

Annually 10 24

Number of national and international 
workshops held/organised by the Centre Annual 2 6

Number of visits to overseas laboratories 
and facilities Annually 50 81

Examples of relevant interdisciplinary 
research supported by the Centre Annually 10 10

End-user links

Number of government, industry and 
business community briefings Annually 15 36

Number and nature of public awareness 
programs Annually 1 0 7

Currency of information on the Centre’s 
website (we expect a weekly update of 
the Web site in year 1, standardizing to a 
fortnightly update in subsequent years)

Annually 26
>52 (content 
updated at least 
weekly)

Number of website hits Annually 10000 37,022 (Unique hits) 8

Number of public talks given by Centre staff Annually 40 93

Organisational 
support

Annual Cash and In-kind contributions from 
Collaborating Organisations

See Financial Statements on 
page 112

Other research income secured by Centre 
staff (list research income from ARC grants, 
other Australian competitive grants, grants 
from the public sector, industry and CRCs 
and other research income separately). 
Note we may consider future applications 
for CERF and CSIRO Flagship Collaborative 
Research Programs but timing will depend 
on circumstances, our strategic plan and 
discussions with CSIRO colleagues.

ARC grants  
$3m +

 
$2,828,297

Other Australian Competitive 
Grants $100,000 $472,282

Other Commonwealth, State 
and Local Government Grants $200,000 $1,548,494

Industry/Private Sector Grants Nil Nil

Number of new organisations collaborating 
with, or involved in, the Centre Annually 2 1 9

Level and quality of infrastructure provided 
to the Centre (note the Centre already 
includes all organizations with significant 
capacity. We do anticipate new capacity 
emerging, but we will be advised by 
the Board on the strategic advantage of 
partnering with new organizations. We are 
therefore setting these measures to reflect 
new significant partnerships

Supercomputing time at NCI 
(million hours) 3 + 9.95 

On-line storage to serve 
models, tools and data 
(Petabytes)

2 0.64Pb

Key software system 
availability (Evo, Subversion, 
NCL) (percentage availability)

90% 99.6%



el nino | rainfall | ocean circulation | jet stream | drought | floods | soil | carbon | climate change | cloud physics | ocean eddies | tropical convection | climate models | feedbacks | terrestrial |    

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013<106>

Key Result Area Performance Measure Reporting Frequency Target 
2013 Achieved 2013 Notes

Governance

Breadth, balance and experience of the 
members of the Advisory Committee At review

See page 20 for 
details of the Board 
membership

Frequency, attendance and value added by 
Advisory Committee meetings At review

The board met once 
in 2013. Advice 
from the Board is 
implemented by the 
Centre Executive

Vision and usefulness of the Centre strategic 
plan At review

The Centre strategic 
plan was approved 
by the Board. It is 
reviewed annually. 
This document 
informs Centre 
direction and 
priorities.

The adequacy of the Centre’s performance 
measure targets At review

The Board assesses 
performance 
against targets. 
These measures 
will be reviewed 
annually.

Effectiveness of the Centre in bringing 
researchers together to form an interactive 
and effective research team

At review   

Cross-institutional meetings 
per year 10

>80 
(predominantly via 
Videoconference)

10

PhD students mentored 
by staff of more than one 
institution

20 22

PhD students spending time 
at non-enrolled institution 10 8

Research Fellows spending 
time at non-enrolled 
institution

5 8

Capacity building of the Centre through 
scale and outcomes

At review   

Recruitment and training of 
staff 15

9 new centre 
employees 
11 Associate 
Investigators added 

Recruitment and training of 
students 10 16

International linkages 10 18

Establishment of national 
leadership through 
workshops and conferences

5 7

National 
benefit

Contribution to the National Research 
Priorities and the National Innovation 
Priorities

Annually   

Journal articles relevant to 
NIPs 45 124

Projects relevant to NIPs 
(assumes NIPs does not 
change and “projects” are 
of a significant scale beyond 
the capacity of an individual 
researcher)

10 10

Measures of expansion of Australia’s 
capability in the priority area(s)

At review   

PhDs relevant to NIPs 10 50

Development/updating 
of significant data sets of 
national significance

5 11 11

Development/updating of 
significant modelling tools of 
national significance

5 9 12
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Key Result Area Performance Measure Reporting Frequency Target 
2013 Achieved 2013 Notes

ADDITITIONAL COECSS TARGETS

Research 
Findings

Review/Synthesis papers, reports, book 
chapters etc. Annual 3 7

Number of Cross-institutional publications 
(percentage of journal papers produced 
by the centre - the increasing percentage 
reflects growing connectivity of Centre 
Research)

 60% 78%

Number of invited talks/papers/keynote 
lectures given at major international 
meetings

Annual 10 28

Demonstrated contribution of Centre 
participants to the 5th Assessment report of 
the IPCC

At Review   

Engagement via Convening 
lead authors, lead authors 
and review editors

5 13 CoE affiliated 
contributors

Contributions via use of 
Centre research (e.g. via 
analyses, publications, tools 
etc.)

5 48 13

Talks, briefings etc. on IPCC 
5th Assessment Report 10 18

Research 
Training and 
Professional 
Education

Establishment and delivery of a virtual 
graduate program At Review   

Lectures delivered virtually to multi-
institutions  24 21

Winter School in support of virtual graduate 
program  1 1

Number of PhD students involved in cross-
institutional activities (highlights that 
new PhD students will be primarily cross-
institutional from Year 1)

 80% 84%

National 
Benefit

New/refined/enhanced software modules for 
the climate models developed and served to 
the community. 

Annual 1 2 14

New/Refined/updated software tools for 
data analysis developed and served to the 
community

Annual 7 9 15

Shared climate-modelling system available 
to the community. At Review   

Modules available to the community via 
shared-modelling systems Annual 4 10 16

New/refined/updated data sets served to the 
community Annual 7 11 17

Effectiveness of the Centre as the University 
Sector's leading contributor to the National 
Framework for Climate Science

At Review   

Acknowledged contributions to the National 
Framework for Climate Science (measured 
via Centre board and/or Department of 
Climate Change and Energy Efficiency)

5  1 18

International, 
national and 
regional links 
and networks

Number of visits by overseas researchers to 
Centre [in person months] 4 48

Number of Centre staff involved in 
leadership positions in major international 
committees/science programs

Annually 5 12



el nino | rainfall | ocean circulation | jet stream | drought | floods | soil | carbon | climate change | cloud physics | ocean eddies | tropical convection | climate models | feedbacks | terrestrial |    

ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 2013<108>

Notes to KPIs

1. We have not focussed on conference 
proceedings. We are, instead, focussing 
more on increasing our impact within 
the peer reviewed literature. There 
will be occasional major conferences 
that generate proceedings that we will 
contribute to, but we do not intend this to 
be a major priority.

2. Our basis for “top tier” are those journals 
most respected in our community, 
broadly informed by the former ERA A*/A 
rankings. 

3. We significantly underestimated the 
impact our media strategy would have, 
given strong research outcomes. 

4. We have under-achieved on Masters by 
Research students; noting that we have 
exceeded our metrics on PhD students. 
We will continue to seek Masters by 
Research students, but where possible 
prioritise PhD students.

5. We have under-achieved on Honours 
students enrolled in 2013. We ran a 
successful undergraduate summer 
research scholarship program in 2013/14 
which is likely to result in a higher number 
of enrolments in 2014.

6. We have not delivered an integrated 
mentoring program. We have, however, 
delivered a very large number of 
components of this program. These are 
developing into a constructed program 
through the leadership of the Graduate 
Director. 

7. We have not yet got an integrated Public 
Awareness Program. However we have 
established a strong media profile, a very 
strong scientific awareness program and 
we are also very visible to federal and 
state governments. We will continue to 
bring these strands together into a fully 
integrated Public Awareness Program. 

8. We have exceeded this proposed 
metric by a considerable margin. Our 
website has proven very effective at 
communicating our science, in part 
enhanced via a media strategy including 
twitter, regular press releases etc. This 
clearly raises the question of the scale of 
investment needed to resolve Note 7 – 
our Public Awareness Program. 

9. We are in dialogue with potential partners 
to add in 2014. We are acting strategically 
in this area to ensure our partnerships are 
genuinely mutually beneficial. 

10. We have greatly exceeded this metric. 
When we submitted the case for the 
centre we underestimated the quality 
and ease-of-use of professional video 
conferencing systems. We have installed 
Cisco systems at each node of the 
Centre and these are used routinely by 
staff, research fellows and students for 
discussions and collaboration. There are 
meetings across the Centre on an almost 
daily basis that provide avenues for 
innovation.

11. This relates to major “enabling” data 
sets that are valuable across several 
researchers or research programs. In 
2013, these included: regularly updated 
ERA-interim data set; CMIP5 replica – 
major contribution to the creation in 
Australia of 100 Tb of data and Obs4MIPs 
-  observations-based datasets used for 
climate model evaluation; and multiple 
CMIP5 output of ACCESS simulations.

12. This relates to significant modelling tools 
of national significance.  The report 
includes Centre support in helping serve 
CABLE, WRF, LIS, MOM4, ACCESS1.0 and 
ACCESS 1.6.

13. CI-authored publications cited in IPCC 
AR5 (Working Group 1 - The Physical 
Science Basis).

14. This relates to individual modules that 
have been developed, or refined or 
enhanced via Centre activities. Significant 
additions have been made to CABLE and 
MOM in 2013. 

15. Additions in 2013 include scripting around 
various components of CMIP-5 data, UM 
+ KPP coupling, a tool for collaborative 
ACCESS infrastructure development, and a 
newly created C interface for working with 
UM output files. 

16. These include help from the Centre in 
hosting and serving some components 
of CABLE, UM and WRF at NCI, CICE, 
MOM5, WPS, MitGCM, GOLD and payu.

17. See note 11.

18. ARCCS is an acknowledged contributor 
to the Australian Climate Change Science 
Program. (see http://www.climatechange.
gov.au/climate-change/grants/australian-
climate-change-science-program) At the 
time of printing there were no additional 
specific acknowledgements of the Centre’s 
2013 outputs, however through our 
Centre Advisory Group (CAG) we maintain 
a strategic integration and coordination 
with CSIRO, BoM and NCI, all working 
within the National Framework
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Executive Summary

The Australian Research Council Centre of Excellence for 
Climate System Science formally commenced operations 
on 1 July 2011. The Centre’s financial affairs are conducted 
within the established procedures, controls and delegations 
of the relevant universities, and as set out by the Australian 
Research Council. This statement provides an analysis of the 
income and expenditure of the Centre.

In 2013, the Centre received $4,907,014 income compared to 
the full year budget of $4,882,199. In terms of expenditure, 
$4,731,154 was spent compared to the full year budget of 
$4,721,704. 

In 2013, personnel accounted for the highest proportion 
of expenditure of $3,486,597 (74%), followed by travel and 
annual workshop expenses of $671,403 (14%). Overall, the 
Centre’s cash balance in 2013 is $181,138 and the life to date 
cash balance is $4,309,063.

Financial Management and Performance

Quarterly financial reporting provides an ongoing record of 
institutional expenditure by university and details of actu-
al income received and personnel, scholarship, travel and 
equipment expenditure. The Centre’s Finance and Resource 
Officer prepares consolidated financial statements for review 
by the Director and Centre Manager.

The Centre meets its reporting requirements to the ARC by 
submitting the annual Centre Outputs and Detailed Income 
and Expenditure (CODIE) Report. The Centre meets all other 
reporting obligations set by partner organisations that pro-
vide financial support.

2013 Income
Cash income totalled $4,907,014 from all sources. ARCCSS 
derived its income from the Australian Research Council, the 
Department of Industry, Innovation, Climate Change Science, 
Research and Tertiary Education (Now Department of Envi-
ronment), the NSW Office of Environment and Heritage, The 
NSW Science Leveraging Fund (SLF), Administering, Collabo-
rating and Partner Organisations. 

Income is summarised by source in detail below and table 1 
that follows: 

1: 	 Australian Research Council Funding

The Centre received indexed income from the ARC of 
$3,395,785. This was distributed to the institutions in accord-
ance with the inter-institutional agreement and was used for 
salaries, scholarships, equipment, materials, maintenance and 
travel.

2: 	Government Funding

2.1 Department of Environment (formerly known as 
DIICCSRTE)

Funding has been sourced from the Australian Climate 
Change Science Program, which will run until 30 June 2016. 
In 2013, the Centre received $100,000. 

2.2 The NSW Science Leveraging Fund (SLF)

$500,000 was awarded to the Centre via the Science Lever-
aging Fund. This income was received in 2011 and 2012. No 
additional funding was received in 2013 however work on the 
project continued with carried over surplus funds.

2.3 NSW Office of Environment and Heritage (OEH)

With the efforts of the OEH and the Centre combined, the 
NSW Government will ensure a significant enhancement of 
efforts towards climate systems science research specifically 
relevant to NSW, whilst maintaining strong and coordinated 
links with the Commonwealth Government. The OEH provid-
ed $217,000 funding in 2013.

3: Collaborating Organisation Funding

Cash contributions to the Centre from the administering 
and collaborating organisations amounted to $1,184.607 as 
follows:

$553,355 ............... UNSW

$120,892 ............... ANU

$141,175 ............... U.Mel

$107,000 ............... U.Tas

$262,185 ............... Monash

4: In-Kind Contributions

In-kind support totalled $3,698,751 in 2013. The Centre is 
grateful for $2,475,066 of in-kind contributions, provided 
by the administering and collaborating organisations. The 
contributions are primarily personnel related, and consist 
of the apportioned salary, on-costs and burdens of faculty 
members and other university staff members who contribute 

 Financial Statement
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Travel is critical to maintain effective collaboration between 
researchers and to maintain the Centre’s international stand-
ing. This figure includes in-bound and out-bound sabbatical 
visits and workshop costs. 

2013 Income Vs Expenditure

Income and Expenditure is based on cash and is derived 
from the institutions’ general ledgers. The collaborating insti-
tutions certify income and expenditure by formally acquitting 
all grants as at 31 December 2013.

The Centre’s cash expenditure of $4,731,154 was below 
income of $4,907,014 by $175,860. 

The Centre will carry over a surplus of 2013 funds of 
$175,860 to 2014. The carry-over by institution is as follows:

UNSW ................................................$46,081 surplus

ANU ....................................................$107,393 deficit

U.Mel ..................................................$22,421 surplus

UTas ....................................................$41,569 deficit

Monash .............................................$256,319 surplus

In summary, as at 31 December 2013, the financial position 
for the life of the Centre after its third year of operation is as 
follows:

Total Cash Income .....................................................$14,494,958

Total Expenditure........................................................$10,191,173

Surplus carried forward to 2014 ............................$4,303,785

Summary Cash Income/Expenditure 2013 
(Affiliated Projects)

In summary, as at 31 December 2013, the financial position 
for the life of the Centre after its third year of operation is as 
follows:

Total Cash Income .....................................................$474,794

Total Expenditure........................................................$295,912

Surplus carried forward to 2014 ............................$178,882

time on Centre-related work. This figure also includes the 
overhead burdens of Centre funded staff. 

Additional in-kind contributions of $1,223,685 were provided 
by partner organisations. Again, this was mainly personnel 
time. The in-kind of $1,223,685 includes:

$379,485  (CAWCR – Bureau of Meteorology, CSIRO, 
Dept of Environment)

$130,000 (NSW OEH)

$8,571 (Australian National Data Service)

$540,000 (National Computational Infrastructure)

$165,629 International Partner Organisations (Geophys-
ical Fluid Dynamics Laboratory, Hadley Centre, 
LMD, NASA – Goddard Space Flight Centre, 
National Center for Atmospheric Research, 
National Centre for Atmospheric Science)

2013 Leverage

The Centre’s 2013 cash income of $4,907,014 and in-kind 
support of $3,698,751 total $8,605,765 with ARC funding 
accounting for $3,395,785 of the total income. The Centre’s 
leverage of $5,209,980 equates to $1.53 (centre leverage/ 
ARC funding) of external funding and in-kind contributions 
for each $1.00 received from the ARC.

2013 Expenditure
In 2013 the Centre expended $4,731,154 analysed below (pro-
portion of total):

Equipment Costs .........................$139,463 .........2.95%

Lease/Hire Equipment  ..............$458 .................0.01%

Materials & Maintenance  .........$182,873 .........3.87%

This amount included computer software, repairs and 
maintenance, student fees, consumables, internal printing, 
consulting, entertainment, marketing, utilities, office suppliers 
and the cost of producing the annual report.

Personnel  .....................................$3,486,597 ......73.78% 
(including on costs)

Other ..............................................$15,281 ............0.32%

Scholarships  ................................$234,921 .........4.97%

Travel & Workshop Costs  .........$671,403 .........14.21%
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COE Cash Income & Expenditure

Actual Forecast

2011 2012 2013 2014 2015 2016 2017 2018 TOTAL

Income

ARC 3,148,827 3,269,977 3,395,785 3,498,407 3,411,000 3,513,330 3,618,730 0 23,856,057 

University Cash 
Contributions

1,130,663 1,122,401 1,184,607 1,210,972 1,226,489 1,259,765 1,258,965 0 8,393,862 

Others 668,435 247,640 326,622 215,000 160,000 160,000 60,000 0 1,897,697 

Total Income 4,947,925 4,640,019 4,907,014 4,924,379 4,386,489 4,419,765 4,318,965 0  34,087,616

Expenditure

ARC 1,000,856 2,899,352 3,467,682 3,468,635 3,582,311 3,700,501 3,823,387 1,910,577 23,853,300 

People Cost 687,853 2,264,265 2,655,473 2,761,692 2,872,160 2,987,046 3,106,528 1,615,394 18,950,410 

Scholarship 85,360 65,288 103,828 106,943 110,151 113,456 116,859 60,182 762,067 

Non-People Cost 227,643 569,799 708,381 600,000 600,000 600,000 600,000 235,000 4,140,823 

University Cash 
Contributions

386,466 884,006 1,035,970 1,137,147 1,194,005 1,253,705 1,316,390 1,084,056 8,291,745

People Cost 177,012 491,072 617,472 648,346 680,763 714,801 750,541 788,068 4,868,076

Scholarship 105,949 159,177 131,093 187,026 196,377 206,196 216,506 112,583 1,314,907

Non-People Cost 103,505 233,758 287,405 301,775 316,684 332,707 349,343 183,405 2,108,761

Others (exclude 
special projects) 31,729 202,171 227,502 437,021 324,885 209,500 219,664 126,226 1,177,698

People Cost 30,586 177,745 213,652 412,021 299,885 184,500 194,664 101,226 1,614,279

Scholarships 0 0 0 0 0 0 0 0 0 

Non-People Cost 1,143 24,426 13,851 25,000 25,000 25,000 25,000 25,000 164,420

Total Expenses 1,419,051 3,985,530 4,731,154 5,042,803 5,101,200 5,163,706 5,359,441 3,120,859 33,923,744
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UNSW ANU U. Mel U.Tas Monash Uni Total A$ FY Budget % Variance

1. 2013 Cash Income

Australian Research Council -  
Centre of Excellence

1,574,994 392,822 392,822 398,682 636,465 3,395,785 3,395,785 0%

CSIRO Marine and  
Atmospheric Research

0 0 0 0 0 0 0 0%

Department of Environment  
(formerly known as DIICCSRTE)

100,000 0 0 0 0 100,000 100,000 0%

Department of Trade Investment  
and Regional

0 0 0 0 0 0 0 0%

NSW Office of Environment  
and Heritage 

217,000 0 0 0 0 217,000 217,000 0%

University Cash Contributions 553,355 120,892 141,175 107,000 262,185 1,184,607 1,169,414 1%

Other (including Interest Distribution) 9,622 0 0 0 9,622 0 100%

Total 2,454,971 513,714 533,997 505,682 898,650 4,907,014 4,882,199 1%

2. 2013 Cash Expenditure

Leased/Hired Equipment 0 0 0 458 0 458 0 100%

Materials & Maintenance (IT and lab) 148,597 13,409 12,798 0 8,228 183,032 220,000 17%

Personnel 1,780,121 450,673 322,197 450,867 482,739 3,486,597 3,410,670 -2%

Purchased Equipment 12,040 30,183 64,158 33,081 0 139,463 83,000 -68%

Scholarship 109,442 58,346 22,473 0 44,660 234,921 386,586 39%

Shared Equipment/Facilities 0 0 0 0 0 0 0 0%

Travel - Conferences and workshops 
(Dir, COO, CIs)

142,967 3,870 44,447 753 28,021 220,058 241,339 9%

Travel - Conferences and workshops 
(Postdocs and students)

132,433 64,627 9,361 38,468 45,529 290,418 159,200 -82%

Travel - New staff relocation expenses 692 0 3,160 0 0 3,852 8,000 52%

Travel - Regular meetings of Centre 
staff

10,090 0 431 1,525 2,302 14,348 84,000 83%

Travel - Visitor travel to the Centre 68,281 0 8,455 17,416 15,305 109,456 76,000 -44%

Travel - Visits to nodes (Dir, COO, CIs) 4,225 0 24,045 399 805 29,474 10,000 -195%

Travel - Visits to nodes  
(Postdocs and students)

0 0 0 3,019 776 3,795 6,000 37%

Other 0 0 50 1,264 13,966 15,281 36,908 59%

Total 2,408,890 621,107 511,576 547,251 642,331 4,731,154 4,721,704 0%

3. Summary 2013  
Income Vs. Expenditure / Carry Over

Total Income 2,454,971 513,714 533,997 505,682 898,650 4,907,014 4,882,199 1%

Total Expenditure 2,408,890 621,107 511,576 547,251 642,331 4,731,154 4,721,704 0%

Income less Expenditure 46,081 -107,393 22,421 -41,569 256,319 175,860 160,495 -10%

Carry over to 2014 surplus / 
(deficit)

46,081 -107,393 22,421 -41,569 256,319 175,860 160,495 -10%

2013 Cash Income & ExpenditureTotal A$

Australian Research Council‐ Centre of Excellence

Australian Research Council‐ Centre of Excellence indexation
distribution

CSIRO Marine and Atmospheric Research

Department of Environment (formerly known as DIICCSRTE)

Department of Trade Investment and Regional

NSW Office of Environment and Heritage

University Cash Contributions

Other (including Interest Distribution)

2013 Cash Expenditure

2013 Cash Income
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UNSW ANU U. Mel U.Tas Monash Uni Total A$ FY Budget % Variance

1. 2013 Cash Income

Australian Research Council -  
Centre of Excellence

1,574,994 392,822 392,822 398,682 636,465 3,395,785 3,395,785 0%

CSIRO Marine and  
Atmospheric Research

0 0 0 0 0 0 0 0%

Department of Environment  
(formerly known as DIICCSRTE)

100,000 0 0 0 0 100,000 100,000 0%

Department of Trade Investment  
and Regional

0 0 0 0 0 0 0 0%

NSW Office of Environment  
and Heritage 

217,000 0 0 0 0 217,000 217,000 0%

University Cash Contributions 553,355 120,892 141,175 107,000 262,185 1,184,607 1,169,414 1%

Other (including Interest Distribution) 9,622 0 0 0 9,622 0 100%

Total 2,454,971 513,714 533,997 505,682 898,650 4,907,014 4,882,199 1%

2. 2013 Cash Expenditure

Leased/Hired Equipment 0 0 0 458 0 458 0 100%

Materials & Maintenance (IT and lab) 148,597 13,409 12,798 0 8,228 183,032 220,000 17%

Personnel 1,780,121 450,673 322,197 450,867 482,739 3,486,597 3,410,670 -2%

Purchased Equipment 12,040 30,183 64,158 33,081 0 139,463 83,000 -68%

Scholarship 109,442 58,346 22,473 0 44,660 234,921 386,586 39%

Shared Equipment/Facilities 0 0 0 0 0 0 0 0%

Travel - Conferences and workshops 
(Dir, COO, CIs)

142,967 3,870 44,447 753 28,021 220,058 241,339 9%

Travel - Conferences and workshops 
(Postdocs and students)

132,433 64,627 9,361 38,468 45,529 290,418 159,200 -82%

Travel - New staff relocation expenses 692 0 3,160 0 0 3,852 8,000 52%

Travel - Regular meetings of Centre 
staff

10,090 0 431 1,525 2,302 14,348 84,000 83%

Travel - Visitor travel to the Centre 68,281 0 8,455 17,416 15,305 109,456 76,000 -44%

Travel - Visits to nodes (Dir, COO, CIs) 4,225 0 24,045 399 805 29,474 10,000 -195%

Travel - Visits to nodes  
(Postdocs and students)

0 0 0 3,019 776 3,795 6,000 37%

Other 0 0 50 1,264 13,966 15,281 36,908 59%

Total 2,408,890 621,107 511,576 547,251 642,331 4,731,154 4,721,704 0%

3. Summary 2013  
Income Vs. Expenditure / Carry Over

Total Income 2,454,971 513,714 533,997 505,682 898,650 4,907,014 4,882,199 1%

Total Expenditure 2,408,890 621,107 511,576 547,251 642,331 4,731,154 4,721,704 0%

Income less Expenditure 46,081 -107,393 22,421 -41,569 256,319 175,860 160,495 -10%

Carry over to 2014 surplus / 
(deficit)

46,081 -107,393 22,421 -41,569 256,319 175,860 160,495 -10%

(Year-To-Date Dec 2013)
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1. 2013 Cash Income UNSW
DIICCSTRTE 246,166
BoM 50,000
CSIRO 178,628

UNSW UNSW

Materials & Maintenance (IT and lab)

Personnel

Travel ‐ Conferences and workshops (Dir, COO,
CIs)

Travel ‐ Conferences and workshops (Postdocs
and students)

Travel ‐ New staff relocation expenses

Travel ‐ Regular meetings of Centre staff

Travel ‐ Visitor travel to the Centre

Travel ‐ Visits to nodes (Dir, COO, CIs)

Travel ‐ Visits to nodes (Postdocs and students)

UNSW FY Budget % Variance

1. 2013 Cash Income

DIICCSTRTE 246,166 246,166 0%

BoM 50,000 50,000 0%

CSIRO 178,628 170,909 5%

Total 474,794 467,075 2%

2. 2013 Cash Expenditure

Materials & Maintenance (IT and lab) 32,288 32,288 0%

Personnel 215,501 215,501 0%

Travel - Conferences and workshops (Dir, COO, CIs) 11,887 11,887 0%

Travel - Conferences and workshops (Postdocs and students) 36,236 36,236 0%

Other 0 0 0%

Total 295,912 295,912 0%

3. Summary 2013 Income Vs. Expenditure / Carry Over

Total Income 474,794 467,075 2%

Total Expenditure 295,912 295,912 0%

Income less Expenditure 178,882 171,163 0%

Carry over to 2014 surplus / (deficit) 178,882 171,163 0%

2013 Cash Income & Expenditure
SPECIAL PROJECTS

(Year-To-Date Dec 2013)

2013 Cash Income 2013 Cash 
Expenditure
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