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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.
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Aims and Objectives
The ARC Centre of Excellence for Climate System Science is taking on the 
challenge to resolve the key uncertainties undermining our understanding of 
the Australian climate system. Focusing on observed changes over the last 
1000-2000 years and the last 100 years provides us the laboratory for under-
standing the processes and mechanisms that affect our climate. This under-
standing 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 described as the most fundamental security chal-
lenge for our long-term future. Yet there remains 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 ex-
tremes of climate will change. To address these weaknesses in climate system 
science, the ARC Centre of Excellence is engaging in fundamental research 
with national and international organisations.

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

The aims of the Centre are:

 � To undertake world-class research specifically targeted to the fundamental 
weaknesses in the physical, chemical and biological components of the 
climate system

 � To integrate the Centre’s research with national and international partners 
through the development of a national framework of computational tools 
and human resources

 � To develop a world-leading program of graduate training and mentoring 
to expand the pool of climate researchers and develop future leaders in 
the field

 � To bring together graduate students and postdoctoral fellows into one 
organisation - the Centre of Excellence - irrespective of institution.

The ultimate goal of the ARC Centre of Excellence is to reset the foundations 
of the science behind climate modelling, to create the next generation of 
world-leading climate scientists and to create international links that will serve 
Australia’s climate science community now and long into the future.
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The ARC Centre of Excellence for Climate System Science is 
a major initiative funded by the Australian Research Council 
(ARC). The Centre is a consortium of five Australian universities 
and a suite of outstanding national and international Partner 
Organisations. We are building on and improving our under-
standing of the modelling of global and regional climates to 
enable enhanced adaptation to, and management of, climate 
change, particularly in the Australian region.

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

The Centre’s 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 scienc-
es of the atmosphere, ocean, cryosphere and land surface. It 
includes the physics, dynamics and biology of these systems 
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 observations, 
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 uses 
the high-performance computers provided by NCI. 

The scale of research enabled by the Centre provides for the 
enhancement of climate modelling and future climate projec-
tions, particularly at regional scales, with the aim of 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 im-
prove 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 Sustainable Australia” in each of our research 
programs, whilst addressing “Research Priority 2: Promoting 
and Maintaining Good Health”, in Program 3. We contribute 
to “Research Priority 3: Frontier Technologies for Building and 
Transforming Australian Industries” by implementing new tech-
nologies to harness 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. 

The ARC Centre of Excellence is also an enabling research ini-
tiative. By improving the capacity to simulate Australian climate, 
we provide the foundation for a range of climate impacts and 
adaptation research undertaken by the research community. 
In 2014 the Centre was formally reviewed and commended by 
the ARC for making excellent progress to date. The Centre will 
continue to build upon this progress to further meet its strategic 
aims in the years to come.

Overview
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Once again the ARC Centre of Excellence for Climate System 
Science has had a remarkably successful year as it continues to 
build on its already impressive performance and momentum.

The Centre underwent its mid-term review in August 2014. The 
ARC review process was both rigorous and rewarding for ev-
eryone involved, including the Board members. The final report 
from the review panel was very positive and a true testament 
to the remarkable work that the Centre is doing. The reviewers 
were more than satisfied that the Centre, working closely with its 
partners, is fulfilling its vision to transform the scale and quality 
of climate system science in Australia.

While most gratified by the outcome of the mid-term review, 
the main reward for those of us who serve on the Board of the 
Centre of Excellence for Climate System Science is in seeing a 
consistent pattern of first-rate science and expanding oppor-
tunities for trainees and junior investigators. The results and 
accomplishments outlined in this report clearly speak for them-
selves in terms of highlighting this Centre’s impact. Traditional 
measures of academic success, particularly the large number of 
research publications in top journals, tell only part of the story. 
The Centre of Excellence excels in many other game-changing 
ways.

For instance, the graduate program is operating optimally to 
ensure that the next generation of Australian (and international) 
climate system researchers have received training, mentor-
ing and leadership opportunities via winter schools, writing 
workshops and the chance to spend time at collaborating and 
Partner Organisations. The Centre also does a superlative job in 
communicating its science to a wide audience of peers and the 
general public via targeted pieces in publications such as The 
Conversation, and via traditional and online media outlets.

Of major importance for Australia’s future stature in this key 
area of science, the Centre maintains strong and effective rela-
tionships with the leading national and international partners. 
This is so at the formal and strategic levels via representa-
tion on the Board and the Centre Advisory Group by senior 
personnel from CSIRO, the Bureau of Meteorology, the Federal 
Department of Environment, the National Computational 
Infrastructure, industry, overseas partners and the university 
research sector. It is also reflected in major collaborations at the 
level of both research teams and individual investigators, where 
institutional borders are seldom a hindrance to world-class 
science.

 In summary, on behalf of the Board, it is a great pleasure to 
commend the Director and the leadership team at the ARC 
Centre of Excellence for Climate System Science, and the 
passionate researchers associated with the Centre, for their 
continuing commitment and high-level performance.

Laureate Prof Peter Doherty AC FAA FRS
Chair. Advisory Board.

Chairman’s Report
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Further increase in 
international journal 
publications to 178 – 
Almost all of these in 
leading international 
journals

Discovery explaining 
why climate sensitivity 
varies between models 
(Sherwood et al, 2014, 
Nature)

Multiple papers 
contributed to a special 
issue of the Bulletin of the 
American Meteorological 
Society on extreme events, 
including King et al. (2014), 
Lewis and Karoly (2014) 
and Perkins et al. (2014)

Major paper by Jakob 
(2014, Nature Climate 
Change) highlighting 
model development 
priorities

Discovery helping ex-
plain the warming hiatus 
(England et al., 2014, 
Nature Climate Change)

First proof that the warm-
ing hiatus has not slowed 
the rate of increases in 
extreme temperatures 
(Seneviratne et al., 2014, 
Nature Climate Change)

Discovery of how land-
atmosphere coupling and 
tropical deforestation 
interrelate (published by 
Lorenz and Pitman, 2014, 
Geophysical Research 
Letters)

First calculation of the 
magnitude and variability 
of nutrient fluxes 
through the Indonesian 
throughflow/archipelago 
(Ayers et al., 2014)

First sub-mesoscale 
simulations of the South 
Indian Ocean demon-
strating how the fine-
scale oceanic structure 
induces vertical motion 
(Rosso et al., 2014)

Multiple data sets 
published from both 
ACCESS and regional 
projections via the Earth 
System Grid and via 
Research Data Australia

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

Increase in PhD 
students from 44 in 
2012 to 49 in 2013 and 
75 in 2014

Major national and international prizes won: Andy Hogg 
(Fofonoff prize, American Meteorological Society), Nerille 
Abrams (Dorothy Hill Award, Australian Academy of Science), 
Steve Griffies (European Geophysical Union Fridtjof Nansen 
Medal), Trevor McDougall (Jaeger Medal, Australian Academy 
of Science), David Karoly (Morton Medal from AMOS), Sophie 
Lewis (AMOS Early Career Researcher Award) and Hoshin 
Gupta (John Dalton Medal, European Geophysical Union)

Five new Discovery Early 
Career Researcher Awards 
to Centre-affiliated 
researchers: Ailie Gallant, 
Max Nikurashin, Markus 
Donat, Paul Spence and 
Laurie Menviel.

Headline achievements for 2014



REPORT 2014  ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE 9

Director’s Report

This is the fourth Annual Report of the Australian Research 
Council’s Centre of Excellence for Climate System Science 
(ARCCSS). It has been another outstanding year with multiple 
successes measured by publications, capacity building (espe-
cially in the computational area), consolidation of our graduate 
training initiatives, enhanced national and international collab-
oration, 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 outcomes reflect the scale and integration of 
a true Centre of Excellence. We are now seeing outcomes of 
many of our outstanding cross-centre activities, highlighted by 
continued emergence of leadership from early career research-
ers. These are demonstrably benefiting from our strengthening 
national and international partnerships and from enhanced 
training programs we have established. 

This report provides details on a selection of our 2014 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 (CMS) 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. As in previous years, it is challenging to 
choose highlights, but here is my very personal selection: 

 � Our publications in 2014 were outstanding, increasing 
further on our 2013 performance. We are delighted to 
report 17 Nature papers, two Science papers, 17 Geophysical 
Research Letters, 20 Journal of Geophysical Research papers, 
23 Journal of Climate papers, seven Journal of Physical 
Oceanography papers and 11 Climate Dynamics papers. 
Research in the Centre has led to a series of important dis-
coveries as well as significant contributions to new data sets 
for use by the national and international science community. 

 � Model development is a priority for ARCCSS. Karsten Peters 
has successfully implemented the Stochastic Multicloud 
Model as a new convection closure in a climate model. 
Numerous other studies are under way for a range of 

convection processes, which should provide the improve-
ments in understanding that will underpin future models im-
provements. Jatin Kala developed and implemented a new 
soil albedo parameterization in the Australian land surface 
model. Dietmar Dommenget led significant developments in 
the Australian Community Climate and Earth System Simu-
lator (ACCESS) hierarchy, including the first papers using the 
hierarchy by Nicholas Tyrrell. There has also been significant 
development of high-resolution ocean models coupled into 
the ACCESS framework.

 � Other major achievements: Matthew England published a 
paper in Nature which made a profound contribution to 
understanding the warming hiatus; Shane McGregor led a 
study examining the role of the tropical Atlantic warming in 
forcing the tropical Pacific winds; research by Steven Sher-
wood published in Nature identified what is causing much 
of the spread of estimates of future warming between dif-
ferent climate models, and why most of them show clouds 
near the surface thinning out as the climate warms; Ruth 
Lorenz led an important paper examining how land-atmo-
sphere coupling strength affects how tropical deforestation 
is simulated in ACCESS; and Jeff Exbryat explained how 
spin-up procedures in global climate models explain why 
land-based soil carbon stores vary widely. 

 � We have worked hard to bring climate science knowledge 
and capacity into other communities. This includes, for 
example, a paper by Harris et al. (2014) guiding ecologists in 
their use of climate projections and a paper by Macadam et 
al. (2014) on using new information in wheat yield simula-
tion. Combined with contributing to regional-projections 
science via the New South Wales Office of Environment 
and Heritage, this highlights the role the Centre plays in 
supporting a wider research community.

 � The National Computational Infrastructure (NCI, a Partner 
Organisation) continues to be a critical partner in the Cen-
tre. NCI has provided us computational capacity as prom-
ised and beyond that, it has also been strongly supportive in 
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helping the CMS team deliver outstanding results. NCI was 
hugely supportive in helping the Centre win an ARC Linkage 
Infrastructure, Equipment and Facilities (LIEF) grant and pro-
vided the Managing Chief Investigator for this project. The 
Australian National Data Service (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 remained associated with a National eRe-
search Collaboration Tools and Resources (NeCTAR) project 
led by the Bureau of Meteorology (BoM) — a Partner 
Organisation. 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-re-
search 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.

 � We have quite dramatically increased our publication rate for 
major data sets thanks to the ongoing leadership by Paola 
Petrelli. These data are hosted at NCI and are publicly discov-
erable on the Earth System Grid (ESG) and via Research Data 
Australia. There are five collections, linked with ACCESS1.3 
results prepared for the Coupled-Model Intercomparison 
Project — Phase 5 (CMIP-5). In addition, to support a wider 
range of potential climate data users, regional projections 
data have been made available in collaboration with the 
Office of Environment and Heritage and ANDS. 

 � We ran another very successful winter school for our grad-
uate students and participants from a number of Australian 
and Pacific institutions. Hosted by the Research School of 
Earth Sciences at ANU, this year’s theme was geophysical 
fluid dynamics. We welcomed 48 students from ARCCSS-af-
filiated institutions and from Victoria University, Wellington, 
RMIT, UQ and the University of the South Pacific – the 
latter funded through the Pacific-Australia Climate Change 
Science and Adaptation Planning (PACCSAP) program. The 
school included an advanced, climate science focused, Py-
thon tutorial. Students were also given a tour of NCI facilities 
and had the opportunity to see Australia’s new supercom-
puter, a particularly exciting visit for our many Raijin users. 

 � Our Centre-wide annual workshop attracted 136 participants 
– our largest yet.

 � We organised another writing workshop to help gradu-
ate students and early career researchers with preparing 
manuscripts. Students spent three days working on a draft 
manuscript under the guidance of their academic mentors 
and a student buddy.

 � 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. The Centre of 
Excellence has contributed strongly to CAWCR workshops 
on model evaluation and ACCESS events. 

 � We have continued to develop, and will develop further, the 
cross-cutting initiative focused on the Maritime Continent. 
This involves major ARCCSS and CAWCR collaboration as 
well as international collaboration within our region. Major 
systemic biases in climate models, including in ACCESS, will 
be tackled and alleviated in this highly collaborative project.

 � We launched a new website focused on extremes. Led by 
Sarah Perkins, the Scorcher website builds an inaugural 
Extremes workshop at UNSW. The weather@home project 
was also launched and is ongoing.

 � 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 36 visitors from 12 countries. We are work-
ing towards a stronger engagement with China and with 
Southern Hemisphere countries following advice from the 
ARC mid-term review.

 � We have made a lot of progress at the interface of scientific 
modelling, high-performance computing and software engi-
neering. Simulations for the atmosphere have been carried 
out at resolutions of one kilometre and higher in our study 
of convective process. The oceans team has made extensive 
use of a ¼° resolution global model developed in 2013, and 
through collaboration with the Geophysical Fluid Dynam-
ics Laboratory (GFDL) in the US has made good progress 
towards a model with 0.1° global resolution. This will give us 
unprecedented opportunities to examine many observed 
phenomena in ever-greater detail. We have continued our 
partnership with Breakaway Labs, a software engineering 
company, to develop a fully coupled Global Climate Model 
(GCM) based on the ACCESS modeling framework. This 
work progressed rapidly in 2014, allowing us to complete 
several high-resolution global climate experiments. This 
model will be an invaluable tool for the laboratory, allowing 
us to do transformative future work in ocean and atmo-
spheric science, variability and extremes.

 � There are many examples of leadership nationally and 
internationally by Centre researchers. Lisa Alexander now 
co-chairs the WCRP Grand Challenge on Extremes, Kevin 
Walsh is a Co-chair of a Climate Variability and Predictability 
(CLIVAR) working group and Helen Phillips was appointed 
as the Australian representative on the international CLIVAR/
GOOS Indian Ocean Panel. Todd Lane is the new AMOS 
President.

 � 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 which received 38,000 hits in 2014, a small increase 
over 2013 but a doubling over 2012. We maintain a Face-
book and Twitter account with more than 1000 followers. 
We were delighted by a Centre-related story that made the 
front page of the New York Times, and research by Ste-
ven Sherwood received sustained international coverage 
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including a special board editorial in the Washington Post. 
There was also strong worldwide reporting on Matthew En-
gland’s hiatus paper to the point where it became a default 
reference point for stories on the hiatus throughout the year. 
Alvin Stone, our Media and Communications Manager, was 
a guest panellist at the Australian Science Communicators 
(ASC) conference, and closing plenary speaker at the Envi-
ronmental Institute of Australia and New Zealand (EIANZ) 
conference.

 � There were five new Discovery Early Career Research-
er Awards to Centre-affiliated researchers: Ailie Gallant 
(Monash), Max Nikurashin (University of Tasmania), Markus 
Donat (UNSW), Paul Spence (UNSW), Laurie Menviel 
(UNSW).

 � I am delighted to congratulate the following for their elec-
tions to scientific societies: Matthew England (Fellow of the 
Australian Academy of Science), Neville Nicholls (Fellow of 
the American Geophysical Union), and Ross Griffies (Fellow 
of the American Physical Society).

 � I have the pleasure of once again finishing my report by 
highlighting some outstanding personal successes amongst 
Centre researchers. We again celebrate some major inter-
national prizes. Internationally, Andy Hogg received the 
Fofonoff Award  from the American Meteorological Society, 
Steve Griffies was awarded the Fridtjof Nansen Medal by 
the European Geophysical Union and Hoshin Gupta won 
the John Dalton Medal from the European Geophysical 
Union. Nationally, Nerille Abrams was granted the Doro-
thy Hill Award by the Australian Academy of Science, and 
Trevor McDougall won the Jaeger Medal from the Australian 
Academy of Science. The Australian Meteorological and 
Oceanographic Society awards include the Morton Medal, 
won by David Karoly. An Early Career Researcher Award was 
won by Sophie Lewis. 

Our priorities for 2015 reflect our commitment to innovative 
science, building on model development and process-lev-
el biophysical science. We will continue to strive for break-
through discoveries and maintain investment in both model 
development and cross-centre initiatives such as the Maritime 
Continent. Our investment in our graduate programs and grad-
uate students will also be maintained to ensure they each have 
the very best opportunities to develop intellectually. 

In summary, 2014 was a very successful and positive year, 
as highlighted by the mid-term review. We are transforming 
the scale and quality of university-led climate system science. 
Through 2015 we will further enhance our cross-centre activities 
to meet climate system science’s grand challenges.

Andy Pitman

Visit to Australia by

Professor Sir Brian Hoskins

Prof Sir Brian Hoskins is consid-
ered one of the world’s leading 
atmospheric scientists. After 
more than a decade since his 
last trip to Australia, he visited 
the University of Melbourne and 
the ARC Centre of Excellence 
for Climate System Science as 
a Miegunyah Distinguished 
Visiting Research Fellow for two 
weeks during October 2014.

Sir Brian became the first Director of the Grantham 
Institute for Climate Change at Imperial College, London, 
in January 2008, and now shares his time between 
Imperial College and Reading University, where he is 
Professor of Meteorology. His research is in weather and 
climate, in particular the understanding of atmospheric 
motion from frontal to planetary scales. He is currently a 
member of the UK Committee on Climate Change, which 
provides advice to the UK government on policies to re-
duce greenhouse gas emissions and to adapt to the im-
pacts of climate change. He is a member of the science 
academies of the UK, USA, China and Europe and has 
received the top awards of the American Meteorological 
Society and the Royal Meteorological Society. He was 
knighted in 2007 for his services to the environment.

On October 13, Sir Brian presented his Miegunyah 
Lecture, Climate change: Are we up for the challenge? at 
the University of Melbourne to an audience of more than 
500. He discussed the current status of climate change 
science and the risks due to the impact of carbon diox-
ide and other greenhouse gases emitted through our 
activities. He outlined how looking beyond the here-
and-now and responding to these risks is a challenge 
to our species. However, he said, the challenge to our 
social, economic and political ways of working and also 
to technological development could prove extremely 
valuable.

During his visit, Sir Brian was kept very busy. In addi-
tion to spending time at the University of Melbourne 
teaching an undergraduate lecture on climate policy and 
talking to graduate students and researchers, he also 
visited Monash University and the Australian National 
University (ANU). At Monash, he gave a seminar, Do we 
understand the Hadley Cell? At ANU he gave his public 
lecture again and met with representatives from the 
federal Department of the Environment and the British 
High Commission.
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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 organizations 
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

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

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

 � Improve our understanding 
of  regional-scale land sur-
face forcing and feedbacks 
and  build this understand-
ing  into models 

 � Improve our understanding 
of  the links between Aus-
tralian climate variability and 
large-scale climate modes in 
the extra-tropics

 � Improve our understanding 
of  the physical mechanisms 
governing the ocean circula-
tion, its variability, response 
to change and impact on 
biogeochemical cycling.

Our Research Strategy

 � We undertake transformative 
blue-sky research with a crit-
ical mass of world-class cli-
mate system scientists based 
on a seven-year strategy 

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

 � We are building a national 
climate modelling infrastruc-
ture using our dedicated 
Computational Modelling 
Support  team     

 � We educate the next gener-
ation of  Australia’s climate 
scientists by transforming 
the graduate student experi-
ence at the national scale

 � We will openly collaborate 
nationally and internationally

 � We will define overarching 
research questions that 
integrate Centre activities 
and strengths

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

Our Values

 � Internationally outstanding 
science, published in elite 
journals

 � A world-class education for 
our students and postdoc-
toral researchers

 � Unrestricted access to our 
tools, data and knowledge

 � Honest and clear communi-
cation of our science

 � A desire to deliver more 
than we promise.

We are successful when:

 � Our graduate students are 
outstanding and in demand

 � We collaborate without 
impact from institutional 
barriers

 � Our papers have impact on 
international science

 � Our science is included in 
Australian and overseas 
models

 � Researchers want to join our 
team

 � Technology is no barrier to 
our science

 � We communicate our sci-
ence 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
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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 – 
Bureau of Meteorology
The Centre of Australian Weather and Climate Research 
– CSIRO
The Department of Environment 
National Computational Infrastructure 

NSW Office of Environment and Heritage

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 (USA)
National Center for Atmospheric Research (USA)
National Centre for Atmospheric Science (UK)
The University of Arizona 
The University of Oxford 

The Australian Research Council’s Centre of Excellence for 
Climate System Science (ARCCSS) has a large network of 
Partner Organisations at both national and international level 
and our relationships with our partners have seen many new 
highs in 2014. This year saw record numbers of visits to and 
from Partner Organisations, and for the first time, several centre 
staff and students spent extended periods at overseas insti-
tutions to advance their projects. Our publications regularly 
include scientists outside the ARCCSS universities. Perhaps the 
crowning achievement of 2014 was the successful joint bid with 
our national partners in the Bureau of Meteorology (BoM) and 
CSIRO to be awarded the Earth System Hub of the National 
Environmental Science Program (NESP). 

One of the Centre’s key achievements has been the creation 
of many opportunities for staff and students to interact with 

researchers from institutions other than their own university. This 
year we hosted 36 overseas visitors, many visiting several of the 
ARCCSS partners, and 25 of those visitors staying for extended 
periods. 

In addition to travelling extensively to major international 
conferences and workshops, Centre staff and students made 74 
domestic and 46 international visits to other institutions, many 
of them partners in the Centre. Some of the highlights include:

 � Christian Jakob spent three months at BoM to progress our 
joint work on tropical convection

 � Karsten Peters spent an extended period of time at both the 
UK Meteorological Office and the Max-Planck Institute for 
Meteorology to implement the results of his research into 
the Global Climate Models run by these institutions

Research Partnerships and International Engagement
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 � Cameron Cairns spent six months at the 
University of Exeter working with co-su-
pervisor Prof Geoffrey Vallis. He also 
visited the Woods Hole Oceanography 
Institute (USA) to attend their presti-
gious summer fellowship program

 � Andrew King visited the University 
of Reading for one week, where he 
worked with Ed Hawkins and Rowan 
Sutton on the timing of anthropogen-
ic emergence in climate extremes

 � Nicholas Tyrrell worked with col-
leagues at the Massachusetts Institute 
of Technology for four months 
investigating the land-ocean tem-
perature contrast in natural variability 
and climate change using simplified 
atmospheric models.

These visits not only enhance the expe-
rience of those who conduct them, they 
also show that the reach of our research 
is now far and wide.

The depth of our interactions with partners 
is also evident in the frequent inclusion 
of external authors on our publications. 
Of the 178 papers published by ARCCSS 
authors in 2014, 125 include authors from 
our partner or other organisations, which 
is a remarkable indication of the collabo-
rative and extensive nature of our research 
endeavour — both among our Partner 
Organisations and within the global com-
munity of climate system researchers.

One highlight of our growing partner-
ship program in 2014 was the award of 
significant funding via the Department 
of Environment’s National Environmental 
Science Program (NESP) to a consortium 
of researchers from the CSIRO, BoM 
and the five ARCCSS research groups to 
conduct research to further our un-
derstanding of the drivers of Australia’s 
climate for the benefit of all sectors of 
our society. The successful development 
of the proposal for the Hub with our 
two main national Partner Organisations 
and the final award of the grant by the 
Department of the Environment show 
how far we have come in building strong 
collaborative efforts in the area of climate 
science. This success is testament to the 
well-recognised and important position 
of the ARCCSS in the national research 
fabric.

2014 Inbound Visitors
(Visitors from our Partner 
Organisations in bold)
Aoki, S. Institute of Low Temperature 
Science, Hokkaido University 
Behrens, E. NIWA, New Zealand
Bellon, G. University of Auckland
Bergkamp, E. Technical University of 
Eindhoven
Best, M. Hadley Centre/Met Office 
(UK)
Bozem, H. University Mainz, Germany
Brown, J. CMAR Hobart
Graham, R. University of Stockholm
Grubisic, V. NCAR (USA)
Hoskins, B. Grantham Institute for Climate 
Change, Imperial College
Idris, N. Universiti Teknologi Malaysia
Jucker, M. Princeton University
Keyser, D. SUNY Albany, NY, USA
Latif, M. GEOMAR, University of Kiel
Liu, D. NSW DPI
Marsh, R. University of Southampton
Miller, M. ECMWF
Min, S. Environment Canada

Palmer, M. Met Office (UK)
Pankiewicz, G. Hadley Centre/Met 
Office (UK)
Ramaswamy, V. NOAA/GFDL
Raphael, M. University of California
Risbey, J. CMAR Hobart
Rohde, A. University of Freiburg
Salinger, J. IMAS
Scannell, H. University of Maine
Scoccimarro, E. CMCC/INGV, Italy
Seneviratne, S. ETH Zurich
Siebesma, P. KNMI
Singh, M. Massachusetts Institute of 
Technology
Smith, R. University of Munich
Speer, K. The Florida State University
Srokosz, M. National Oceanography 
Centre
Terpstra, A. University of Bergen
Tingley, M. Penn State University
Tsukernik, M. Brown University
Valdes, P. U. Bristol
Watts, R. University of Rhode Island
Winters, K. Scripps
Zhang, F. Pennsylvania State University
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ARCCSS Staff and Student 
2014 Destinations (major 
scientific meetings and lab visits)
Abellan, E. Ecuador
Abram, N. USA
Alexander, L. Germany, Spain, Italy, 
Netherlands, USA,
Ayers, J. USA
Barthel, A. UK, USA, New Zealand, 
Canada
Bindoff, N. Switzerland, Russia, UK
Black, M. UK, Italy
Bull, C. Germany
Cairns, C. UK, USA
Catto, J. Austria, Switzerland
Chapman, C. USA
Chen, Y. USA
Dittus, A. USA, Italy
Dommenget, D. Austria, Germany
Donat, M. Austria, Jordan, Italy, 
Switzerland, USA
Downes, S. USA
England, M. USA, Netherlands
Frankcombe, Norway, USA
Frauen, C. Vienna, Austria
Frey, W. USA, New Zealand, Japan
Hart, M. USA

Hernandez Deckers, D. Japan
Hirsch, A. USA, Netherlands, Switzerland
Hobbs, W. USA
Hogg, A. USA, UK, Germany, Sweden 
Horn, M. USA
Huiskamp, W. New Zealand, Sub 
Antarctic, USA, Italy
Jakob, C. Germany, Switzerland, 
Netherlands, New Zealand, USA
Karoly, D. New Zealand, USA, Switzerland, 
Germany, Italy, UK
King, A. UK
Lane, T. Japan
Lee, D. UK, Netherlands
Lewis, S. ETH, Zurich
Lewis, S. Switzerland, Brazil, Chile
Lorenz, R. Switzerland, Austria, 
Netherlands
Maharaj, A. USA
Maher, N. Italy
Maher, P. Netherlands, Germany
McGregor, S. Austria.
Menviel, L. USA
Nikurashin, M. USA, Germany
Oliver, E. Canada
Parry, M. UK
Parry, M. Sweden 
Pepler, A. USA, Italy

Perkins, S. USA, Switzerland
Peters, K. Abu Dhabi, Netherlands, 
Germany, UK
Phillips, H. Netherlands, USA
Phipps, S. New Zealand
Pitman, A. Germany, UK, China, 
Netherlands
Qin, X. Germany, UK, France, New 
Zealand
Ramsay, H. USA
Rosso, I. USA
Santoso, A. USA
Sherwood, S. USA, New Zealand, 
Germany, UK
Snow, K. France, UK, USA
Spence, P. Germany, France, Austria,
Stone, K. New Zealand
Sun, F. Austria
Tan, J. USA
Taschetto, A. Netherlands
Tyrrell, N. USA
van Sebille, E. Spain, UK, France, 
Netherlands, 
Vasconcellos de Menezes, Germany
Wales, S. UK
Walsh, K. USA
Wang, G. San Francisco, USA
Waterman, S. Canada, USA
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Governance and 
Management 
Centre Board

The ARC Centre of Excellence for Climate System Science 
is overseen by a Board, which is chaired by Nobel Laureate 
Professor Peter Doherty, AC. The Board provides strategic 
oversight and advice to the Centre as well as monitoring the 
Centre’s performance against its stated Key Performance 
Targets. The Board met twice in 2014 — once in Canberra at the 
Department of the Environment on 26th February, and at the 
Monash CBD conference Centre in Melbourne on 26 November. 
There were a number of changes to Board members through 
2014 due to retirements and reallocation of roles within some 
members’ organisations. 

2014 Board Members:

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

Dr Rob Vertessy, Director of the Bureau of Meteorology

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

Professor Laura Poole-Warren, PVC Research Training, UNSW

Dr Bruce Mapstone (to 2014), Chief, CSIRO Marine and 
Atmospheric Research 

Dr Helen Cleugh (from 2014), Deputy and Science Director, 
CSIRO Oceans and Atmosphere Flagship

Professor Jean Palutikof, Director of the National Climate 
Change Adaptation Research Facility, Griffith University

Ms Jo Mummery (to 2014), Assistant Secretary, Science 
and International Adaptation Branch, Department of the 
Environment

Mr Dave Johnson (from 2014), A/G Assistant Secretary, 
ERIN, Science and Monitoring Branch, Department of the 
Environment

Professor Julia Slingo (to 2014), Chief Scientist, UK Met Office.

Dr Jon Petch (from 2014), Head, Science Partnerships, UK Met 
Office.

The Centre Advisory Group 

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

Advisory Group members: 

Professor Andy Pitman, Director

Professor Christian Jakob, Deputy Director

Scott Wales (to 2014) Computational Modelling Support Team 
Leader

Dr Claire Carouge (from 2014) Computational Modelling 
Support Team Leader

Professor Lindsay Botten, Director of NCI

Dr Tony Hirst, Deputy Research Program Leader, CAWCR ESM, 
CSIRO

Peter May, Deputy Director, CAWCR-BoM 

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

Centre Executive

The Centre Director, Professor Andy Pitman, carries overall 
responsibility for day-to-day leadership of the Centre and its 
research. He is supported by the Centre Executive Group (CEG). 
The CEG is comprised of the Director, Deputy Director, Centre 
Manager, Graduate Director, Computational Modelling Systems 
(CMS) Team Leader, the Media and Communications Manager, 
and the five research program leaders. The CEG meets regularly 
via videoconference to discuss centre management, operations 
and policy. An extended Centre Executive, which includes the 
leaders of each research program, meets by videoconference 
on a monthly basis to discuss both operational and scientific 
matters. Every second month, the group is joined by all Chief 
Investigators. 

Centre Business Team

The transformative research that the Centre of Excellence 
continues to deliver is supported by an enthusiastic team of 
professional staff. 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), Simone Purdon (UNSW) 
and Swa Rath (Jun – Sep) each play an important role in 
supporting the Centre’s core functions of research, graduate 
training, outreach and communication. The team is committed 
to best practice in the tertiary education and research manage-
ment sphere. 

As in previous years, Centre Manager Stephen Gray was instru-
mental in organising a workshop for professional staff at all the 
Sydney region based ARC Centres of Excellence which brought 
together over 40 staff from nine centres. We were also pleased 
to welcome Penny Bambrick and Liz Visher from the ARC.

 

Centre Structure, Governance and Management
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2014 ARCCSS Annual Workshop in the Hunter Valley

The annual workshop came at an important time in the devel-
opment of the ARC Centre of Excellence for Climate System 
Science (ARCCSS), following shortly after our mid-term review. 
For this reason, it was both a summary of our successes to this 
point and a chance to look forward and plan the Centre’s next 
few years.

It was also the first major transitional point for the Centre of 
Excellence, with our first set of PhDs concluding their doctor-
ates and the arrival of a collection of new faces who will help 
drive the next part of our research.

It seemed apt that a line of thunderstorms heralded the arrival 
of climate scientists at the annual workshop, bringing every-
one inside for the icebreaker event. With all the new faces 
arriving at the Centre of Excellence, the icebreaker proved to 
be an important lead-in to the workshop. Our chief investiga-
tors led teams made up of students and researchers separated 
from their research program colleagues, who then had to go 
off and find out information about other researchers in the 
Centre. It was an incredibly successful approach and quickly 
broke down any barriers that may have existed. It set the tone 
and a high level of interaction for the rest of the workshop.

This year’s annual workshop introduced ‘lightning lectures’ 
that allowed everybody who had presented a poster at the 
workshop to very briefly explain their research. This was 
another particularly successful innovation, broadening and 
deepening the discussions during our poster sessions.

Our breakout sessions were also particularly focused, as we 
involved all participants in the examination of future research 
directions across the entire Centre. The breakout sessions 
looked at proposals for collaborative projects that could be 
started over the next one-to-three years.

There was also considerable discussion around the Maritime 
Continent Project, in which the Centre hopes to play a major 
role over the coming years.

We were also particularly lucky this year to welcome former 
President of the World Meteorological Organisation and 
former Director of the Australian Bureau of Meteorology John 
Zillman as a guest speaker, who delighted his audience with 
stories from the early days of climate and weather research in 
Australia.

As usual at this workshop that brings together staff and 
researchers from across the Centre, a number of prizes were 
awarded. One prize for Best Poster went to Esteban Abellan 
Villardon for his poster on the role of the southward wind 
shift in the seasonal phase locking of the El Niño-Southern 
Oscillation (ENSO).  A second prize for Best Poster was 
awarded to Andrea Dittus for her poster on a new climate 
extremes index. The Best Paper by a Student in 2014 went to 
Tess Parker for her paper, ‘The influence of tropical cyclones 
on heat waves in south-eastern Australia’. The Best Paper by 
an Early Career Researcher went to Dr Eric Oliver for his paper, 
published in the Journal of Climate, ‘Projected Tasman Sea 
extremes in sea surface temperature through the 21st-century’. 
In the final prize of the workshop, Dr Paul Spence was award-
ed the Director’s Prize for his outstanding work throughout 
the year.

The three-day workshop was also notable for the way it was 
publicised through social media channels, with a dedicated 
group tweeting comments, presentations and occasional 
amusing asides. Interestingly the most re-tweeted post was a 
selfie of the workshop from a presenter’s point of view, taken 
by Kyle Stewart during his talk.

The workshop was undoubtedly a success, setting the agenda 
for the future of the Centre, opening up further collabora-
tive opportunities across our research groups, and bringing 
together new and old staff to carry on the great partnerships 
that continue to be a hallmark of the Centre of Excellence.

PHOTO: Alvin Stone
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Centre Executive

Centre Director
Prof Andy Pitman

Deputy Director
Prof Christian 

Jakob

Team Leader - 
Computational 

Modelling 
Systems

Dr Claire Carouge

Media and 
Communications 

Manager
Alvin Stone

Centre Manager
Stephen Gray

Graduate Director
Dr Melissa Hart

Computational 
Modelling 

Support Team
Heerdegen, Petreli, 

Wales, Wolff

Administration 
Team 

Co, Haley, Purdon

Research 
Associates

Partner and 
Associate 

Investigators

Research Students 
(PhD, Masters, 

Honours)

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

Board
Prof Peter Doherty, Dr 
Rob Vertessy, Dr Helen 

Cleugh, Dave Johnson, Ian 
Dunlop, Prof Jean Palutikof, 

Dr Jon Petch,Prof Laura 
Poole-Warren  

Centre Advisory Group
Lindsay Botten, Tony 

Hirst, Peter May, Andy 
Pitman, Christian Jakob, 

Claire Carouge

Organisational Chart
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Director

Professor Andy Pitman
University of New South Wales

Deputy Director

Professor Christian Jakob
Monash University

Graduate Director

Dr Melissa Hart
University of New South Wales

Centre Manager

Stephen Gray
University of New South Wales

Chief Investigators

Dr Lisa Alexander
University of New South Wales

Professor Nathan Bindoff
University of Tasmania

Dr Dietmar Dommenget
Monash University

Professor Matthew England
University of New South Wales

A/Professor Andy Hogg
Australian National University

Professor David Karoly
University of Melbourne

A/Professor Todd Lane
University of Melbourne

Professor Michael Reeder
Monash University

Professor Michael Roderick
Australian National University

Professor Steven Sherwood
University of New South Wales

Professor Will Steffen
Australian National University

A/Professor Peter Strutton
University of Tasmania

Partner Investigators

Dr Julie Arblaster 
CAWCR - (BoM)

Dr Sandrine Bony
LMD/CNRS (France)

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

Dr Scott Power
CAWCR – (BoM)

Dr Alain Protat 
CAWCR - (BoM)

Dr Peter Stott
Hadley Centre – Met Office (UK)

Professor Rowan Sutton
NCAS (UK)

Dr Ying Ping Wang
CAWCR – (CSIRO)

Dr Ian Watterson 
CAWCR - (CSIRO)

Dr Penny Whetton (retired)
CAWCR – (CSIRO)

Associate Investigators

Dr Nerilie Abram 
ANU

Dr Gab Abramowitz
UNSW

Dr Jessica Benthuysen
CSIRO/UTAS

Dr Jennifer Catto 
Monash University

Dr Randall Donohue  
CAWCR - (CSIRO)
Dr Jason Evans
UNSW

Dr Jean-Francois Exbrayat 
University of Edinburgh

Professor Graham Farquhar
ANU

Dr Michael Gagan
ANU

Dr Ailie Gallant
Monash University

Dr Donna Green
UNSW

Professor Ross Griffiths
ANU

Professor David Griggs
Monash

Dr Will Hobbs
UTAS

Professor Neil Holbrook
UTAS

Dr Nicolas Jourdain 
LGGE - France

Dr Shane Keating
UNSW

Dr Joe Kidston
UNSW

Dr Andrew Kiss
UNSW Canberra

Dr Yi Liu 
UNSW

Dr Angela Maharaj
UNSW

Dr Simon Marsland
CAWCR - (CSIRO)

Professor Trevor McDougall
UNSW

Dr Shayne McGregor 
UNSW

Dr Timothy McVicar
CAWCR - (CSIRO)

Dr Malte Meinshausen
U.Melb

Personnel
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Dr Katrin Meissner
UNSW

Dr Laurie Menviel
UNSW

Dr Mitch Moncrieff
NCAR - USA

Professor Ben Newell
UNSW

Professor Neville Nicholls
Monash University

Dr Maxim Nikurashin
UTAS

Dr Eric Oliver
UTAS

Dr Sarah Perkins
UNSW

Dr Helen Phillip
UTAS

Dr Hamish Ramsay
Monash University

Professor Peter Rayner
U.Melb

Dr Oleg Saenko
Canadian Centre for Climate Modelling 
and Analysis

Dr Juan Saenz
ANU

Dr Agus Santoso
UNSW

Dr Robyn Schofield
U.Melb

Dr Alexander Sen Gupta
UNSW

A/Professor Steven Siems
Monash

Dr Scott Sisson
UNSW

Dr Kial Stewart 
UNSW

Dr Andrea Taschetto
UNSW

Professor Thomas Trull
UTAS

Dr Petteri Uotila
CAWCR - (CSIRO)

Dr Erik van Sebille
UNSW

A/Professor Kevin Walsh
U.Melb

Dr Stephanie Waterman
UNSW

Dr Matt Wheeler
CAWCR - (BoM)

Dr Susan Wijffels
CAWCR - (CSIRO)

Research Associates

Dr Duncan Ackerley 
Monash University

Dr Daniel Argueso
UNSW

Dr Jennifer Ayers
UTAS

Dr Mark Decker
UNSW

Dr Markus Donat
UNSW

Dr Stephanie Downes
ANU

Dr Leela Frankcombe
UNSW

Dr Claudia Frauen
Monash University

Dr Muhammad Hassim
U.Melb

Dr Daniel Hernandez Deckers
UNSW

Dr Jules Kajtar
UNSW

Dr Jatin Kala
UNSW

Dr Andrew King
U.Melb

Dr Andreas Klocker
ANU

Dr David Lee
U.Melb

Dr Sophie Lewis
U.Melb

Dr Ruth Lorenz
UNSW

Dr Shaoxiu Ma
UNSW

Ian Macadam
UNSW

Dr Laura O’Brien
Monash University

Dr Sarah Perkins
UNSW

Dr Karsten Peters
Monash University

Dr Steven Phipps
UNSW

Dr Paul  Spence
UNSW

Dr Fubao Sun
ANU

Dr Claire Vincent
U.Melb

Research Assistants

Linden Ashcroft 
U.Melb

Amelie Meyer 
UTAS

Computational Modelling 
Systems and Technical 
Programmers

Dr Claire Carouge 
UNSW

Eden Duthie
UNSW

David Fuchs
UNSW

Nicholas Hannah
UNSW

Mr Adam Hotz 
UNSW

Dr Kai Lu
UNSW

Dr Paola Petrelli
UTAS

Dr Thomas Remenyi
UTAS

Dr Scott Wales
U.Melb

Dr Marshall Ward
ANU

Dr Holger Wolff
Monash University
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Professional Staff

Vilia Co
UNSW

Anna Haley
Monash University

Simone Purdon
UNSW

Swagatika Rath
UNSW

Alvin Stone
UNSW

Susana Widjaja
UNSW

PhD Students

* Indicates 2014 thesis submission

Esteban Abellan
UNSW

Kaitlin Alexander 
UNSW

Rachel Badlan
U.Melb

Pilar Andrea Barria
U.Melb

Alice Barthel
UNSW

Martin Bergemann
Monash University

Mitchell Black
U.Melb

Christopher Bull
UNSW

Cameron Cairns
UNSW

Wasin Chaivaranont
UNSW

Chris Chapman*
ANU

Yingjun Chen
U.Melb

Dipayan Choudhury
UNSW

Hamish Clarke
UNSW

Maxime Colin
UNSW

Tim Cowan* 
UNSW/CAWCR - (CSIRO)

Anil Deo
U.Melb

Andrea Dittus
U.Melb 

Mandy Freund
U.Melb

David Fuchs*
UNSW

Peter Gibson
UNSW

James Goldie
UNSW

Sjoerd Groeskamp*
CSIRO Hobart/UTAS

Ned Haughton
UNSW

Annette Hirsch
UNSW

Lam Hoang
Monash University

Willem Huiskamp
UNSW

David Hutchinson
UNSW

Stephanie Jacobs
Monash University

Döerte Jakob*
U.Melb

Carlo Jamandre
UNSW

Robert Johnson
UTAS

Andrew King*
UNSW

Malcolm King
U.Melb

David Kinniburgh 
Monash University

Claire Krause*
ANU

Karin Kvale*
UNSW

Veronique Lago
UTAS

Veronica (Yuehua) Li 
UNSW

Yue Li
UNSW

Tammas Loughran 
UNSW

Ian Macadam*
UNSW

Nicola Maher
UNSW

Penelope Maher*
UNSW

Craig McConnochie
ANU

Adam Morgan
Monash University

Sugata Narsey
Monash University

Nidhi Nishant
UNSW

Alexander Norton 
U. Melb

Anthony Ntampos
U. Melb

Tess Parker*
Monash University

Marissa Parry
UNSW

Daniel Pazmino
U. Melb

Acacia Pepler
UNSW

Byju Pookkandy
Monash University

Ariaan Purich
UNSW

Xuerong Qin
UNSW

Sandra Richard
U.Melb

Nina Ridder*
UNSW
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Eytan Rocheta
UNSW

Cassandra Rogers
Monash University

Isabella Rosso
ANU

Fahimeh Sarmadi
Monash University

Graham Simpkins*
UNSW

Kate Snow
ANU

Kane Stone
U.Melb

Jackson Tan*
Monash

Litty Thomas
UNSW

Nicholas Tyrrell
Monash

Viviane Vasconcellos de Menezes
UTAS

Asha Vijayeta
Monash University

Elisabeth Vogel
U. Melb

Catherine Vreugdenhil
ANU

Gang Wang
Monash University

Haifeng Zhang
UNSW Canberra

Master’s Students and 
Honours Students

Ryan Bateup
UNSW

Elli Blandford 
Monash University

Ross Bunn 
Monash University (MS)

Nicholas Calhau 
UNSW

Elizabeth Donovan
UTAS

Earl Duran
UTAS

Bethany Ellis
UNSW

Wade Fairclough 
UNSW (MS)

Madeline Gamble Rosevear
ANU

Angus Gibson
ANU

Mia Gross
UNSW

Michael Horn
U.Melb (MS)

Aero Leplastrier
ANU

Amy Lewitzka
UTAS

Mathew Lipson 
UNSW

Nicholas Loveday
Monash University

Lachlan Stoney 
U.Melb (MS)

Gender
The gender balance in Centre students 
is close to parity (currently 47% female); 
however, representation of women follows 
the common pattern experienced in the 
physical sciences and drops off at the 
more senior levels. In 2014 the Centre 
supported the inaugural gender issues 
lunch at the Australian Meteorological 
and Oceanographic Society’s (AMOS) 
annual meeting. The lunch included a talk 
from Centre Associate Investigator Katrin 
Meissner and a discussion on the current 
state of gender representation in our sci-
ence. The lunch resulted in the formation 
of an Equity and Diversity Committee 
(with an initial focus on gender) within 
AMOS that is supported by the Centre 
of Excellence. The AMOS committee is 
chaired by Associate Investigator Ailie 
Gallant and includes Graduate Director 
Melissa Hart. 
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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 born in Bristol and was awarded 
a bachelor’s degree with honours in physical geography and 
a PhD in Atmospheric Science by the University of Liverpool, 
UK. He also holds a Postgraduate Certificate 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 Climate 
Change Research Centre (CCRC).

Prof Pitman’s research focus is on terrestrial 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 Australian Community Climate and Earth System Simulator 
initiative, the Academy of Science’s National Committee for 
Earth System Science, the NSW Minister for Climate Change’s 
Science Advisory Committee and the Department of Climate 
Change Advisory Committee. In 2007 he was appointed to the 
Prime Minister ’s Science, Engineering and Innovation Council on 
Regional Climate Change.

Internationally, Prof Pitman is closely affiliated 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 Intercomparison of Land Surface Parameterization Schemes, 
which is supported by WCRP and the International Geosphere 
Biosphere Programme. He also sat on the Science Steering 
Committee of the Integrated Land Ecosystem-Atmosphere 
Processes Study and is currently co-coordinator for the project 
Land Use Change: identification of Robust Impacts.

Prof Pitman is a regular invitee for keynote presentations and 
is a passionate communicator about science, contributing 
regularly to the media on the science 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 has also con-
tributed to the Copenhagen Diagnosis, an Australia-led update 
of the science of climate change. He has held editorial positions 
with the Journal of Climate and the Annals of the Association 
of American Geographers’ Journal of Geophysical Research-
Atmospheres and is currently an editor for the International 
Journal of Climatology.

Awards and accolades received by Prof Pitman include: NSW 
Scientist of the Year Award (2010), the Australian Meteorological 
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 International 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 suc-
cessful completion, plus five master’s and a significant number 
of honours students. He has published more than 150 papers in 
peer-reviewed journals and has authored 20 book chapters.

Chief Investigators
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Prof Christian Jakob
Deputy Director of ARC Centre of Excellence for 
Climate System Science

Research program: The Effects of Tropical Convection 
on Australia’s Climate

Professor Christian Jakob was awarded his PhD in Meteorology 
from the Ludwig Maximilians University, Munich, in 2001. As a 
research and senior research scientist for the European Centre 
for Medium-Range Weather Forecasts from 1993 to 2001, he 
worked on the development and evaluation of parameter-
izations 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 Modelling at Monash’s School of Earth, Atmosphere 
and Environment.

Prof Jakob’s experience and current interests are in the de-
velopment and evaluation of the hydrological cycle in global 
atmospheric models. Internationally, 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. He 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. 
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, in which a group of about 150 scientists 
collaborated on the development and evaluation of cloud and 
convection representation in models. He co-led the Tropical 
Warm Pool International Cloud Experiment in 2006.

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) 5th Assessment Report, Working 
Group 1. He has also been an editor for the Journal of Climate. 

Dr Lisa Alexander
Research program: Mechanisms Explaining Changes 
in Australian Climate Extremes 

Dr Lisa Alexander holds a Bachelor of Science and a Master 
of Science in Applied Mathematics and a PhD from Monash 
University. Between 1998 and 2006 she worked as a research 
scientist at the UK Met Office Hadley Centre, with a year on sec-
ondment at the Australian Bureau of Meteorology.

Dr Alexander’s primary research focuses on understanding the 
variability and driving mechanisms of climate extremes. Of par-
ticular 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 contributed 
to the IPCC assessments in 2001 and 2007 and to the 2012 
Special Report on Extremes and was a Lead Author of the IPCC’s 
5th Assessment Report. Dr Alexander also chairs the World 
Meteorological Organisation Commission for Climatology Expert 
Team on Climate Risk and Sector-specific Indices and is Co-chair 
of the World Climate Research Programme’s Grand Challenge on 
Extremes.

Prof Nathaniel Bindoff
Research program: Mechanisms and Attribution of 
Past and Future Ocean Circulation Change

Nathan Bindoff is Professor of Physical Oceanography at the 
University of Tasmania and a Chief Investigator in the ARC 
Centre of Excellence in Climate System Science.

Prof Bindoff is a physical oceanographer, specialising in ocean 
climate and the earth’s climate system, with a focus on un-
derstanding the causes of change in the oceans. He was 
the Coordinating Lead Author for the oceans chapter in the 
Intergovernmental Panel on Climate Change (IPCC) 4th and 
5th Assessment Reports (AR4 & AR5). Prof Bindoff and col-
leagues documented some of the first evidence for changes 
in the Indian, North Pacific, South Pacific and Southern oceans 
and the first evidence of changes in the Earth’s hydrological 
cycle from ocean salinity. His most recent work is on document-
ing the decline in oxygen content of the oceans. He has also 
worked in the Antarctic, to determine 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 development 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 now a Coordinating Lead Author of the Detection 
and Attribution chapter in the IPCC’s AR5.

His 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 green-
house gases and for projecting future changes and its impacts 
on regional climates. He led the Climate Futures project for the 
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study of impacts of climate change on Tasmania. Prof Bindoff 
has served on 13 international committees, been the invited 
speaker at 18 conferences and workshops and co-chaired two 
workshops. He was guest editor on two special volumes of Deep 
Sea Research, and convened the Oceans session of the Climate 
Change Congress, Copenhagen, March 2009. Prof Bindoff  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 studying climate dynam-
ics and climate model development at the Max Planck Institute 
for Meteorology in 1996 and finished his PhD in 2000. He joined 
the ECCO (Estimating the Circulation and Climate of the Ocean) 
project in 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 (also known as the Liebniz Institute 
of Marine Sciences) in Kiel. Since 2010 Dr Dommenget has been 
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 dy-
namics. 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-tropical oceans. He is most 
widely known for his work on the interpretation of statistical 
patterns in climate variability. His most recent projects focus on 
climate change. He developed a new type of climate model 
for the conceptual understanding of the climate response to 
external forcing, which is a fast and simple tool for researchers, 
students and the public to understand the interactions in the 
climate system.

Prof Matthew England
Research program: Mechanisms and Attribution of 
Past and Future Ocean Circulation Change

Professor Matthew England obtained his PhD in 1992 from 
the University of Sydney. He is a former Fulbright Scholar and 

was a postdoctoral research fellow at the Centre National de 
la Recherche Scientifique, France (CNRS), 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 
2006-2010. He commenced an ARC Laureate Fellowship in 2011 
and is presently Deputy Director of the UNSW Climate Change 
Research Centre. In 2014 Prof England was elected a Fellow of 
the Australian Academy of Science.

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 processes, with a 
particular focus on the Southern Hemisphere. Using ocean and 
coupled climate models in combination with observations, he 
studies how ocean currents affect climate and climate variabil-
ity on time scales of seasons 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, on our understanding of large-scale Southern 
Hemisphere climate modes, and on the mechanisms for region-
al 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/CLIVAR/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 Sherman Eureka Prize for Environmental Research (2006); the 
Australian Meteorological 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 
Intergovernmental Panel on Climate Change (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.
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A/Prof Andy Hogg
Research program: Mechanisms and Attribution of 
Past and Future Ocean Circulation Change

Associate Professor Andy Hogg completed his undergradu-
ate degree in physics at the Australian 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 
Oceanography Centre, where he developed a new, high-reso-
lution coupled ocean-atmosphere model. In 2004 he returned 
to ANU to take up a position as ARC Postdoctoral Fellow. He is 
currently 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 ARC 
Centre of Excellence for Climate System Science will be focused 
on the role of the ocean in altering the variance of modes of 
climate variability and the ocean’s response to changes in the 
major climate modes. He will investigate the physical changes 
in Southern Ocean water mass formation and the role of eddies 
and mixing in the climate system.

Due to A/Prof Hogg’s unique contributions to understanding of 
the Southern Ocean, he was awarded the Frederick White Prize 
from the Australian Academy of Science in 2012 and the Nicholas 
P. Fofonoff Award from the American Meteorological Society in 
2015. A/Prof Hogg’s publication record includes 50 scientific re-
search papers and exhibits a flair for new and innovative research. 

Prof David J Karoly
Research program: Mechanisms Explaining Changes 
in Australian Climate Extremes 

David Karoly completed his Bachelor of Science (Hons) degree 
in Applied Mathematics in 1976 from Monash University and 
was awarded 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 Mathematical 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 – which finished in May 2012. 
His current position is Professor of Atmospheric Science at 
Melbourne University’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 lead-
ing global experts on the dynamics of large-scale atmospheric 
circulation in the Southern Hemisphere and its variability. He 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.

Prof Karoly is a member of the Climate Change Authority, es-
tablished in 2012 as an independent body that provides 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 member of 
the Scientific Steering Committee for the World Meteorological 
Organization (WMO)/United Nations Environment Programme 
Scientific Assessment of Ozone Depletion 2014. During 2011-
2012, he was a member of the Joint Scientific Committee that 
provides scientific oversight to the World Climate Research 
Programme. From 2008-2009 he was Chair of the Premier of 
Victoria’s Climate Change Reference Group. He is also a mem-
ber of the Wentworth Group of Concerned Scientists and the 
Australian Academy of Sciences’ National Committee on Earth 
System Science.

Prof Karoly’s publications include 7 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 
involved, through several different roles, in the preparation of 
the Intergovernmental Panel on Climate Change (IPCC) 4th 
Assessment Report and was a Review Editor for a chapter in 
the IPCC 5th Assessment Report. Awards received throughout 
his career include the Clarence Leroy Meisinger Award from 
the American Meteorological Society (1993) and the Norbert 
Gerbier-MUMM International Award from the WMO (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 Tropical Convection 
on Australia’s Climate

Associate Professor Todd Lane was awarded his PhD in Applied 
Mathematics from Monash University in 2000, having complet-
ed his bachelor’s degree in 1997. He was a postdoctoral fellow 
with the National Center for Atmospheric Research (USA) from 
2000-2002 and a staff scientist from 2003-2005. He joined the 
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University of Melbourne in 2005, where he is now Associate 
Professor and Reader in the School of Earth Sciences. Between 
2010-2014 he was an ARC Future Fellow.

A/Prof Lane’s primary research focus is on cloud processes. 
He is internationally recognised as an expert on the genera-
tion of atmospheric waves and turbulence by thunderstorms 
and has made important contributions to many other aspects 
of mesoscale meteorology, convective cloud dynamics, and 
high-resolution atmospheric modelling. His work within the 
Centre is focused on convection in the Maritime 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 precipitation in this region.

He is the current President of the Australian Meteorological and 
Oceanographic Society, and has been the Chair of the American 
Meteorological Society’s Committee on Mesoscale Processes 
since 2012. He has received awards from the American 
Meteorological 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 completed a PhD in Applied 
Mathematics at Monash University, before 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 professor. Prof Reeder 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 principally on weather produc-
ing systems. However, he has published on a wide variety of top-
ics, including fronts, tropopause folding, extra-tropical cyclones, 
the Madden-Julian Oscillation, Rossby waves, hurricanes, gravity 
waves, solitary waves, convection, boundary layers and bushfires.

He has been the principal supervisor for more than 30 graduate 
students.

Prof Reeder is trained in mathematics but is keenly aware of the 
central role observations play in understanding how the atmo-
sphere works. For this reason he has been a Chief Investigatorin 
10 major field experiments over the past two decades. 

He is a past President of the Australian Meteorological and 
Oceanographic Society, a member of the ARC College of 
Experts, and a winner of the Loewe Prize (Royal Meteorological 
Society, Australian Branch).

Prof Michael L Roderick
Research program: The Role of Land Surface Forcing 
and Feedbacks for Regional Climate

Michael Roderick graduated with a Bachelor of Applied Science 
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 University. 
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 currently holds a 
joint appointment as Professor between the Research School of 
Earth Sciences and the Research School of Biology. He is also 
an associate editor of Hydrology and Earth System Sciences and 
was previously associate editor (2009-2013) of Water Resources 
Research. 

Professor Roderick’s principle research interests are in envi-
ronmental physics, climate science, ecohydrology (including 
plant-water relations), remote sensing and ecological dynamics. 
He has made major international contributions to understand-
ing the water-energy-carbon linkage.   

An advocate of national and international scientific collabo-
ration, Prof Roderick co-instigated and co-organised the first 
international scientific 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 US National 
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-car-
bon-nutrients at a leaf scale and in 2004 he received a Top100 
award for his research on evaporation. He was awarded the 
Australasian Science Prize in 2009 for his research on evapora-
tion and changing water availability. In 2013 he was awarded the 
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John Dalton Medal by the European Geosciences Union for his 
groundbreaking research on trends in the water cycle.  

 Prof Roderick is also an active supervisor and mentor to emerg-
ing 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 Tropical Convection 
on Australia’s Climate

Professor Steven Sherwood received his bachelor’s degree 
in physics from the Massachusetts 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 Oceanography, 
University of California, in 1995. He carried out postdoctoral 
research at Victoria University of Wellington (NZ) from 1996-
1997 and was a research scientist at the Goddard Earth Sciences 
and Technology Centre from 1998-2000. In 2001 he joined the 
faculty of Yale University, reaching the rank of professor in 2007. 
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 is an established leader in atmospheric sci-
ence. In particular, he has made significant contributions to the 
understanding of moisture-related processes in the atmosphere. 
His areas of study include: atmospheric humidity, convective 
systems, interactions between clouds, air circulation and climate, 
remote sensing of storms, and observed warming trends. Within 
the ARC Centre of Excellence, Prof Sherwood formerly led and 
still contributes to the research program The Effects of Tropical 
Convection on Australia’s Climate. This work will ultimately 
contribute towards the goal of an innovative convective param-
eterization for climate models through local process modelling, 
larger-domain models of multiscale interactions, field observa-
tions, global satellite observations of convection, and studies 
involving global climate models.

Prof Sherwood was a Lead Author of the chapter on Clouds 
and Aerosols in the 2013 Intergovernmental Panel on Climate 
Change (IPCC) 5th Assessment Report, Working Group I, and a 
Contributing Author to the IPCC’s previous report in 2007. He 
also co-authored the first US Climate Change Science Program 
report, Temperature Trends in the Lower Atmosphere; contribut-
ed to The Copenhagen Diagnosis update on the science in 2009 
and 2011; and contributed to the National Academy of Science’s 
Climate Science Questions and Answers, published in 2010. 
He currently serves on the editorial board of Environmental 

Research Letters, and on the steering committee of the World 
Climate Research Programme’s Grand Challenge on Clouds, 
Circulation and Climate Sensitivity.

In addition to those international activities, Prof Sherwood has 
co-authored over 70 papers published in peer-reviewed jour-
nals. Some of these papers have been covered extensively by 
the international media; for example, his 2005 paper in Science 
on atmospheric warming, which was named as one of the top 
100 scientific discoveries of the year by Discover magazine, and 
his 2014 study on climate sensitivity, published in Nature. 

Awards received by Prof Sherwood include the 2002 National 
Science Foundation CAREER award, and the 2005 American 
Meteorological Association’s Clarence Leroy Meisinger award. 
Since 2001, Prof Sherwood has given at least 60 invited pre-
sentations at scientific meetings or colloquia worldwide. He has 
also given many public presentations, including a briefing in the 
US House of Representatives, television and radio appearances, 
and public lectures at many venues.

Prof Will Steffen
Research program: The Role of Land Surface Forcing 
and Feedbacks for Regional Climate

Professor Will Steffen completed his bachelor’s degree in 
chemical engineering at the University of Missouri. He was 
awarded his master ’s 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 University Fenner School of Environment & 
Society and from 2008 to 2012 he was the Executive Director of 
the ANU Climate Change Institute.

His research interests range from sustainability to Earth system 
science, with an emphasis on the science of climate change, 
including approaches to climate change adaptation in land 
systems. He is known for his research on the incorporation of 
human processes 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 Bureau of 
Meteorology; and the Advisory Panel of the Earth and Sun 
System Laboratory at the National Center for Atmospheric 
Research in Colorado. Prof Steffen was also a member of the 
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Science Advisory Committee of the Asia-Pacific Economic 
Cooperation Climate Centre, Korea, and is currently Honorary 
Professor with Copenhagen University’s Department of 
Geography and Geology, and a senior fellow at the Stockholm 
Resilience Centre.

Prof Steffen has held a number of advisory roles to the 
Australian Government at various times between 2004 and 
2013: he was expert advisor to the multi-party Climate Change 
Committee; member of the Climate Commission; scientific advi-
sor to the Department of Climate Change and Energy Efficiency 
(and its forerunners); and Chair of the Federal Government’s 
Antarctic Science Advisory Committee. From October 2013 he 
has been a councillor with the crowd-funded Climate Council of 
Australia.

A/Prof Peter Strutton
Research program: Mechanisms and Attributions of 
Past and Future Ocean Circulation Change

Associate Professor Peter Strutton received his bachelor’s 
degree (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 the positions of postdoctoral scientist and research associate 
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 Centre 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 since then has been 
Associate Professor at the Institute for Marine and Antarctic 
Studies, University of Tasmania.

A/Prof Strutton’s  research focuses on biological oceanography 
and his standing 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 nutrients in the ocean, biological productivity and 
carbon exchange. Within the ARC Centre of Excellence he con-
tributes 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 two postdoctoral 
researchers, five PhD students and one Master ’s 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 where he handles 20-
25 papers per month.

Graduate Director
Dr Melissa Hart
Graduate Director of the ARC Centre of Excellence 
for Climate System Science

Dr Melissa Hart completed her Bachelor of Science (Hons) in 
2001 and her PhD in Atmospheric Science in 2006, at Macquarie 
University. 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, working on the National 
Science Foundation-funded FUSE (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, China.

Dr Hart’s main research focus is in the area of urban climate, in 
particular the impact of land-use, surface characteristics and 
anthropogenic activities on the climate of cities, and quantifica-
tion of the magnitude of the Urban Heat Island.

She is also working in the area of climate sensitivity of build-
ing-related energy consumption. Other research interests 
include: statistical climatology and air pollution meteorology; 
public perception, behaviour change and health impacts of ex-
treme 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 of the Bureau of Meteorology’s Course Advisory 
Committee.

Dr Hart has extensive international experience in tertiary edu-
cation at both the undergraduate and graduate levels. She is 
currently supervising one Master ’s and three PhD students.



ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 201430

The federal Department of the Environment and the ARC 
Centre of Excellence for climate System Science (ARCCSS) 
maintain a strong and on-going relationship. The Department 
of the Environment is a Partner Organisation that supports the 
Centre financially with an investment of $100,000 each year. 
These funds are used to appoint an early career researcher, 
Dr Ruth Lorenz, to focus on the science and modelling of 
extremes. Dr Lorenz acts as a catalyst, helping to focus a 
range of people onto key research challenges linked to 
the Department’s research needs. The Department of the 
Environment is a major investor in ACCESS via two Centre 
Partner Organizations (the Bureau of Meteorology and CSIRO) 
through the Australian Climate Change Science Program. 
Elements of the Australian Community Climate and Earth 
System Simulator (ACCESS) model are developed by two 
international partner organizations (the UK Meteorological 
Office and the Geophysical Fluid Dynamics Laboratory). The 
Centre of Excellence has worked with all of these groups such 
that the ACCESS model is accessible and version controlled 
at the National Computational Infrastructure (NCI) – a key 
element of the Australian e-research landscape funded by 
Department of Industry and the Australian Research Council. 

In 2014, Dr Lorenz completed the first analysis of the ACCESS 
modelling system’s capacity to simulate extremes. Her 
paper, published in Geoscientific Model Development used 
the ACCESS model to examine the model’s skill in capturing 
the extremes recommended by the Expert Team on Climate 
Change Detection and Indices.  Her paper (Lorenz et al., 2014) 
also reflects the nature of genuinely collaborative research 
effort including authors from CSIRO. 

A commitment the ARC Centre of Excellence made to the 
Department of the Environment was to build the GLACE-1 
experimental protocol into ACCESS1.3 and make this available 
to other users. This has been completed and a suite of 
simulations with ACCESS1.3 completed. Furthermore, in part 
because the Centre of Excellence hosted a visit from Professor 
Sonia Seneviratne, we conducted additional experiments using 
the GLACE-CMIP5 protocol. Based on Seneviratne et al. (2013), 
these simulations have been provided to the international 
community as part of GLACE-CMIP5. As a consequence, the 
results from other modelling groups linked to GLACE-CMIP5 
are available to our group and Dr Lorenz is currently analysing 
extremes and their association with coupling strength 

across these models both globally and over Australia. In the 
meantime, Dr Lorenz has completed a major paper (Lorenz et 
al., submitted) to assess ACCESS’s coupling strength using a 
wide range of coupling metrics.  

Dr Lorenz has also explored how land cover change and 
coupling strength interact to affect climate. She undertook 
a highly innovative range of experiments where she took 
a weakly coupled region of Amazonia and separately took 
a strongly coupled region and then perturbed 1 grid point 
in each, then 3, 5, 9 … etc in a suite of paired experiments. 
She was able to show that the impact of land cover change 
in ACCESS1.3 depended on coupling strength. A strongly 
coupled region combined with a small land cover change 
had a larger overall impact than a large land cover change 
in a weakly coupled region. Lorenz published this result in 
Geophysical Research Letters.  More profoundly though, we 
think we now have the results to resolve why some climate 
models simulate large-scale teleconnections from land 
cover and others do not. We appear to be able to show 
that the statistical screening methods used for significance 
do not remove the noise inherent in climate models. This 
is an exciting result and we have collaborated with expert 
statisticians on a paper to be submitted in early 2015. 

The work on land-atmosphere coupling and land surface 
processes in ACCESS, led by Dr Lorenz, has led to a number 
of associated studies focused on similar questions over the 
Australian continent.  Dr Mark Decker, for example, has 
examined seasonal land-atmosphere coupling strength 
over northern Australia to determine how the soil moisture 
state and coupling strength definition affect the conclusions 
reached. He submitted this paper to Hydrology and Earth 
System Science and it is currently in review. Dr Decker also 
worked through 2014 to replace the land hydrology in 
Community Atmosphere Biosphere Land Exchange (CABLE) 
that we think is part of the explanation for the weaknesses 
in ACCESS’s simulation of some extremes. This major model 
development research will bring groundwater simulation 
capability into ACCESS.

A series of studies by PhD student Annette Hirsch have 
examined similar questions over Australia to those examined 
by Dr Lorenz in global modelling systems. In a joint paper 
with colleagues at NASA and CSIRO, Hirsch examined how 

Department of the Environment

Department of the Environment Investment
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land surface initialization affected the skill of a model on 
seasonal forecasts. She used the CABLE land model in the 
NASA land information system that the Centre supports. She 
also used the Weather and Research Forecasting modelling 
system to find that good initialisation enhanced the capacity 
of the model to simulate seasonal extreme temperatures. 
This was published in Journal of Hydrometeorology. Building 
on this work, Hirsh again used CABLE in the Weather and 
Research Forecasting (WRF) modelling system to examine 
the interaction between land-atmosphere coupling and 
asymmetry in maximum and minimum temperature 
simulations. In collaboration with CSIRO and ETH Zurich 
colleague Professor Seneviratne, Hirsch showed that variations 
in coupling strength were determined by background 
climate, planetary boundary layer and cumulus scheme. 
However, irrespective of how experiments were configured, 
all results identified Australia as a “hot spot” of soil moisture-
atmosphere coupling for both mean and maximum 
temperatures. Results did not highlight strong coupling for 
rainfall however. Hirsch et al. (2014b) published this result 
in Geophysical Research Letters. Finally, Hirsch et al. (2014c) 
examined how land cover change interacted with coupling 
strength in a world first: the first time land cover change was 
unified with land-atmosphere coupling. 

The support by the Department of the Environment, 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 extremes in the current 
climate and examine some important science questions linked 
to coupling strength. The Department’s support has expanded 
the utilization of ACCESS and CABLE, led to innovative science 
using Australian 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 targeted funding can lead to 
high impact outcomes. By ensuring the Centre of Excellence 
remains well aligned with national strategies led by the 
Department of the Environment helps enables ARC-funding 
to have a coordinated and sustained impact on national 
priorities.
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The detailed research programs that form the backbone of the 
Australian Research Council’s Centre of Excellence for Climate 
System Science (ARCCSS) are now well developed, vibrant and 
productive. Each hosts a significant body of PhD students, each 
maintain strong national and international links and each gen-
erate publications in the international literature as well as data 
sets that we publish or software that we provide to the broader 
community. Details of our five core programs are provided on 
the following pages.

In addition to these five research programs, the Centre of 
Excellence has initiated several cross-cutting initiatives that tar-
get specific research questions or the need for specific research 
infrastructure central to the Centre’s goals. Our main activity 
that has developed through 2014 is the increased focus on the 
Maritime Continent . This represents a successful collaboration 
between ARCCSS and The Centre for Australian Weather and 
Climate Research (CAWCR). While initially embedded in the 
Tropical Convection research program, work has been initiated 
in the Extremes, Oceans and Variability programs and we an-
ticipate activities in the Land program developing in 2015. Our 

activities in this area include questions of tropical rainfall, very 
high-resolution atmospheric modelling, high-resolution ocean 
modelling and model comparison efforts linked with the UK 
Meteorological Office. As we expand our activities in this area 
we hope to make major contributions to understanding why 
climate models commonly demonstrate relatively large biases in 
this area. 

A second program that is emerging as a cross-cutting initia-
tive is the Australian Community Climate and Earth System 
Simulator (ACCESS)-model hierarchy development led via the 
Variability program. The initial plan was to develop an ACCESS 
model hierarchy for the study of the mechanisms behind 
climate variability and change related to seasonal to decadal 
ocean-atmosphere interactions. A hierarchy of models provides 
research tools that help understand the complex dynamics, are 
easy and quick to use, and can be used for very long simula-
tions. However, while this is being achieved opportunities have 
opened up for using aspects of this hierarchy in other programs. 
For example, ACCESS simulations of land cover change have 
used prescribed ocean states, as is common in this community. 

Research Program Overview
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The investment in the ACCESS model hierarchy will enable this 
work to be examined using a mixed-layer ocean model, and 
perhaps later a coupled ocean model to determine the interac-
tions linked with land-ocean feedbacks. 

Initiatives of this kind scaffold on excellent systems for code 
management, technical development, data management and 
data publishing. The Computational Modelling Systems (CMS) 
team provides this expertise and it represents the key capabil-
ity required for efforts of these kinds. Work on high-resolution 
coupling, on model hierarchies, on high-resolution atmospheric 
modelling and on other components, including the Community 
Atmosphere Biosphere Land Exchange (CABLE) model, cannot 
be achieved without a large and committed team of experts. 
Indeed, many of the efforts around ACCESS, the land surface, 
the high-resolution ocean model, and data accessibility to 
existing data sets could not conceivably be achieved without the 
support of the CMS team.

In the report that follows, we document a fraction of the 
research outcomes and progress achieved this year. We also 
note our priorities in 2015 and beyond. We have continued 
to develop our research to higher and higher standards and 
so a lot of what we profile is published in Nature, Geophysical 
Research Letters or other relatively short-form journals. While 
this highlights the currency of our science, some of the papers 
in the Journal of Climate, the Journal of Physical Oceanography 
or other core journals in our field are hard-core science papers 
which we expect to have a long and impressive impact on our 
field.

For the first time, in 2014, we have actively worked to make our 
publications open-access. Navigating the journal copyright and 
reproduction rules has not proved easy, but we have made a 
large proportion of our journal papers open-access and we 
hope this will make it easier for those of you with a specific 
interest in some of our science.
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Highlights
 � Visits by W. Grabowski (NCAR), M. Miller (ECMWF-retired), 

Gilles Bellon (University of Auckland), Pier Siebesma (KNMI)

 � Steve Sherwood – Eureka Awards finalist and high-impact 
Nature paper

 � Strong engagement with CAWCR as part of the Maritime 
Continent Initiative and the new Maritime Continent Process 
Evaluation Group (MC-PEG)

 � PhD completion by Jackson Tan – who has recently taken a 
postdoctoral appointment at NASA

 � Strong student and postdoctoral researcher participation in 
the High Ice Water Content field experiment in Darwin

 � Long-term outbound visits to international Partner Organi-
sations by Karsten Peters to MPI Hamburg and David Lee to 
UKMO.

Team
Chief Investigators: 

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

Partner Investigators:

Dr Harry Hendon (CAWCR)
Dr Alain Protat (CAWCR - BoM)
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 Wiebke Frey (University of Melbourne)
Dr Muhammad Hassim (University of Melbourne)
Dr Daniel Hernandez (UNSW)
Dr David Lee (University of Melbourne)
Dr Karsten Peters (Monash University)
Dr Claire Vincent (University of Melbourne)

PhD Students: 

Rachel Badlan (University of Melbourne)
Martin Bergemann (Monash University)
Cameron Cairns (UNSW)
Yingjun Chen (University of Melbourne)
Maxime Colin (UNSW)
David Fuchs (UNSW)
Lam Hoang (Monash University)
Malcolm King (University of Melbourne)
David Kinniburgh (Monash University)
Penelope Maher (UNSW)
Adam Morgan (Monash University)
Sandra Richard (University of Melbourne) 
Jackson Tan (Monash University)

The Impacts of 
Tropical Convection on 
Australia’s Climate

PHOTO: Alvin Stone
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This past year saw a significant amount of activity on the topic 
of tropical convection. This included increased focus on the 
Maritime Continent, research into which has become a suc-
cessful collaboration between the ARC Centre of Excellence for 
Climate System Science and The Centre for Australian Weather 
and Climate Research. As scheduled, there was significant group 
turnover with former program members moving to Singapore, 
Germany, USA, and Colombia. We continue to expand our 
activities in high-resolution models, and develop innovative 
ways to examine the observations of clouds and rainfall. All of 
these activities are part of our ongoing focus on improving the 
representation of convection in climate models. 

Convection interactions at large scales

Research by Sherwood et al., published in Nature in January 
2014 and explained in a post to The Conversation later that 
month, identifies what is causing much of the spread of esti-
mates of future warming between different climate models, and 
why most of them show clouds near the surface thinning out as 
the climate warms. As a bonus, it was also able to strongly dis-
count the lowest estimates of future warming, on the basis that 
models with lower sensitivity were all simulating too little of the 
key mixing process. The key process identified was mixing of air 
between levels near the ocean surface where these clouds form, 
and levels a few kilometres higher up. If this mixing is strong, it 
tends to thin out the cloud layer as the atmosphere warms. On 
the other hand, if the mixing is very weak, the water lost from 
low clouds is more than matched by increased ocean evapo-
ration. Thus the clouds are thickened and warming is reduced. 
This result shows that tropical deep convection plays a domi-
nant role in regulating the severity of global warming, in spite 
of the fact that the key cloud type involved is not produced 
directly by deep convection itself. This work provides additional 
motivation and justification for our program’s focus on tropical 
convection. 

As part of his PhD, Malcolm King investigated links between the 
five-day Rossby-Haurwitz wave and tropical convection. This 
wave is unlike other large-scale, convectively coupled waves 
due to its barotropic nature, which means the direct links to 
convection are not immediately clear. In a manuscript currently 
under review, Malcolm used spectral and regression analysis 
upon satellite and reanalysis data to find the five-day wave is 
associated with convection in west Africa, South America and 
near the Marshall Islands (see Figure C1). The wave-convection 
interaction follows a yearly cycle, with strengthened interaction 
in boreal spring and autumnal seasons, and suppressed inter-
action in boreal winter. The wave-related convection in South 
America was found to be directly linked to the wave modulating 
the upslope flow of moist air from the Amazon basin over the 
Andes, but other processes link the wave and convection in 
west Africa and the Marshall Islands. Studies of this coupling 
process in these regions and their representation in models are 
ongoing.

Jackson Tan conducted a thorough decomposition of total 
precipitation and its trends using satellite-derived cloud re-
gimes. This analysis discovered that most of the recent rainfall 

Figure C1: Signal of Rossby-Haurwitz wave in regional precipitation. 
TRMM 3B42 precipitation anomaly (mm hr^-1, shaded) and 850 hPa 
horizontal winds (m s^-1, vectors) regressed against 5-day wave 
bandpass-filtered 850 hPa zonal winds at lag of maximum local 
precipitation anomaly for the South American region (top), and the 
African region (bottom), superimposed over topographic contours 
(contour interval 750m). (From King, M., Wheeler, M & Lane, T. - 
submitted)

changes in the tropics are driven by changes in the frequency 
of organised deep convection (see Figure C2) — that is, highly 
organised forms of convection with widespread stratiform anvils. 
Such organised deep convection is responsible for extreme 
precipitation events but they are not represented in the current 
generation of global climate models. This raises the question 
of whether these models are reliable candidates for projecting 
future rainfall changes and further highlights the need for a 
concerted effort to improve the representation of convection in 
models.

Indeed, as part of our major focus on improving convection 
in models, Karsten Peters has successfully implemented the 
Stochastic Multicloud Model (SMCM) as a new convection 
closure in a General Circulation Model (GCM). Specifically, 
Karsten Peters is now testing the implementation of the SMCM 
within the convection scheme of the Max-Planck Institute for 
Meteorology’s (MPI-M) current generation of comprehensive 



ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE REPORT 201436

GCM European Centre Model, Hamburg version  6.2 (GCM 
ECHAM6.2). The SMCM is a mathematical model based on 
multivariate Markov-Chains, which predicts tropical convection 
given a large-scale atmospheric state. The bulk of this work was 
achieved during a long-term stay at MPI-M in Hamburg from 
August - December 2014. Testing of the modified convection 
scheme in a single-column framework indicates equal perfor-
mance compared to the standard convection scheme during 
an active monsoon period over Darwin. During suppressed 
periods, the new convection scheme indicates superior perfor-
mance compared to the standard model, mainly by inhibiting 
sporadic, very intense convective events present in the standard 
model. Full 3D simulations with ECHAM6.2 with the SMCM clo-
sure indicate improved representations of rainfall, temperature, 
moisture, and a slightly higher degree of convective organi-
sation in the tropics (Figure C3). More thorough testing of the 
new convection scheme will be performed in 2015 with plans to 
implement the closure in the Australian Community Climate and 
Earth System Simulator (ACCESS).

Maritime Continent Activities

We continue to expand our focus and activities in the Maritime 
Continent, especially with regards to convection and its interac-
tions with topography and the ocean.

Yue Li is investigating the sensitivity of the Maritime Continent’s 
simulated rainfall to horizontal resolution in the NOW regional 
coupled model. The NOW (for NEMO-OASIS-WRF) coupled 
model is configured to have two horizontal resolutions of 0.75° 
(~83km) and 0.25° (~27km) in both atmospheric and oceanic 
components. An overall cold sea surface temperature and dry 
precipitation biases shown in coarse horizontal resolution is 
largely reduced in higher resolution. Coastal rainfall is bet-
ter represented in higher resolution. It is also found that the 
maximum daily rainfall arrives at land a few hours earlier in the 
model than observed. These two simulations are still being 
evaluated in terms of coastal rainfall diurnal cycle. 

We have continued to expand our activities with high-resolu-
tion models over the Maritime Continent. Muhammad Hassim 

has continued to examine the processes controlling the diurnal 
cycle of precipitation to the north of Australia, paying particular 
attention to the reasons underlying the early morning maximum 
offshore of New Guinea (Figure 4). He has shown that offshore 
propagating gravity waves play an important role in destabi-
lizing the atmosphere offshore, making it prone to the devel-
opment of the offshore propagating convective systems. This 
work is being continued by Claire Vincent, who is examining the 
sensitivity of some of these processes to variations in large-scale 
conditions.

Also on the topic of high-resolution models, David Lee worked 
closely with Stuart Webster of the UK Meteorological Office  
to evaluate the newest version of the UK Met Office’s Unified 
Model (UM) over the Maritime Continent . This model was run 
alongside the Weather Research and Forecasting model (WRF) 
simulations, facilitating detailed comparisons between the UM, 
WRF, and observations from satellite and radar. This work has 
highlighted difficulties in representing the rainfall at one-kilome-
tre resolution in the UM, with overestimates in rain-rates over 
land. Coarser-resolution simulations (for example, four-kilometre 
resolution) generally performed better. These comparisons will 
continue in 2015. 

To determine the importance of topographically forced 
convection in the Maritime Continent, Martin Bergemann 
has developed a novel technique to extract and investigate 
tropical precipitation associated with coastlines. The objec-
tive method is applied to satellite-derived rainfall, isolating 
coastal rainfall, which shows a very strong diurnal cycle. The 
Maritime Continent, the Bight of Panama, Madagascar and 
the Mediterranean are regions where coastal interactions are 
predominant in the formation of precipitation. We show objec-
tively, for the first time, that between 40 and 60 percent of the 
total rainfall in these regions can be related to coastline effects. 
Martin also investigated the influence of modes of variability, 
such as the Madden-Julian Oscillation and the El Niño-Southern 
Oscillation, on coastal rainfall behavior. The results suggest that 
during large-scale suppressed convective conditions coastal ef-
fects tend to modulate the rainfall over the Maritime Continent 
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Figure C2: Trends in tropical precipitation from 1998 to 2009. (a) Overall observed trend as seen by TRMM (3B42 product), (b) contribution to 
trend inferred from the change in the frequency of organised deep convection. (From Jackson Tan) 
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leading to enhanced rainfall over land regions. Future work will 
use this algorithm to inform the development of parameteriza-
tions of coastal effects and as an additional tool for evaluating 
coastal precipitation in models.

Convection processes

Numerous other studies are under way for a range of con-
vection processes, which should provide the improvements 
in understanding that will underpin future improvements to 
models. This includes the structure of updrafts within convective 
systems, transport of trace constituents, transport of momen-
tum, and the influence of changes in aerosols on the structure 
and intensity of convective systems. 

Daniel Hernandez completed a careful analysis of thermals 
in 2D and 3D simulations of sea-breeze-initiated convection 
using WRF. This study builds on previous results (Sherwood et 
al. 2013), having now a fully automated algorithm that is able 
to track hundreds of thermals and obtain statistics of various 
dynamical properties of the thermals. This analysis not only con-
firms the previous results for a larger population of thermals; it 
shows that, at least for such types of less-organised convection, 
thermals are a better prototype for atmospheric deep convec-
tion than plumes, which are found to be almost non-existent. 
The main characteristic that differentiates thermals from the 
conventional plumes is their transient behavior. Thermals are 
found to be relatively small (radius ~300 m), short-lived (4-5 
min) and slow (3-4 m/s). These results constitute the first steps 
towards the development of new, thermal-based convection 
parameterizations.

Motivated by in-situ ozone and carbon monoxide mea-
surements in and around overshooting convection from the 
Stratospheric-Climate Links with Emphasis on the Upper 
Troposphere and Lower Stratosphere (SCOUT-O3) campaign, 
Wiebke Frey et al. (2014, submitted to Atmospheric Chemistry 
and Physics) performed a simulation of the observed convec-
tive storm including artificial model tracers to study transport 
processes. Both the model and measurements indicate down-
ward transport of stratospheric air into the tropical tropopause 
layer (TTL). Furthermore, the model shows upward transport of 
boundary layer air into the cloud anvil and overshooting tops. 
This shows the high potential for mixing of boundary-layer air 
and stratospheric air in the TTL in connection with overshooting 
convective clouds. These results have important implications for 
tropical ice-cloud formation and the Earth’s radiative budget.

Rachel Badlan, in collaboration with Mitch Moncrieff of the 
National Center for Atmospheric Research (NCAR), continues to 
analyse the momentum budgets of several idealised simulations 
using the WRF model, and is investigating their sensitivity to 
resolution, domain size and boundary conditions. It is found 
that even for relatively large domains that exceed the size of 
typical GCM grid boxes, momentum tendencies associated with 
horizontal gradients are still important; and yet, these terms are 
neglected in all parameterizations of convective momentum 
transport (CMT). Analyses of small-scale pressure gradients 
across convective updrafts and downdrafts also reveal signifi-
cant uncertainties in the way current parameterization schemes 
represent convective updrafts in sheared flow. These findings 
suggest that there is a need to continue to focus on the devel-
opment of CMT schemes for use in global models.

Figure C3: Precipitation improvement with a new convection closure. Time-longitude diagram of precipitation (mm/day) from (a) the standard 
configuration of the ECHAM6.2 model, (b) the modified ECHAM6.2 with the SMCM closure, and (c) observations. (From Karsten Peters)

a) b) c)
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Two projects have been examining the potential for ‘convective 
invigoration’ by changes in aerosol concentration. Muhammad 
Hassim and Wojciech Grabowski (NCAR) used the high-resolu-
tion WRF Maritime Continent  simulations to evaluate changes 
in aerosols through modifications to the model’s microphysics 
schemes. Also, Nidhi Nishant is investigating the effect of con-
vective invigoration due to aerosols occurring during shallow 
meridional circulations (SMC). For this she has been running 
idealized 3D WRF simulations in a tropical channel configura-
tion. Results from both sets of studies show the predominant 
impact of increased aerosols manifest as changes in shallow 
clouds. Investigations are continuing in 2015. 

In summary, the Convection program is conducting a broad 
range of research on tropical convection, with significant activity 
using models and observations on a range of time and spatial 
scales. Many of our activities are aligned and integrated with the 
Maritime Continent Initiative. As demonstrated by our state-
ment of intent for 2015, all of our activities continue to work 
towards the goals of increasing our understanding of convective 
processes and improving the representation of clouds in global 
models.

Figure C4: Diurnal cycle of precipitation from WRF simulations. 
Coloured shading is the average time of peak precipitation during 
4km-resolution WRF simulations during February 2010. (From 
Muhammad Hassim, Claire Vincent)

RP Convection  — Statement of Intent for 2015 

TASK

1 Further engage with CAWCR on Maritime Continent 
Initiative, including planning for the Year of the Maritime 
Continent Experiment

1 Quantify convective momentum transport using radar 
observations near Darwin 

1 Examine the convective invigoration hypothesis in WRF 
simulations 

1 Apply coastal rainfall detection algorithm to high-resolu-
tion WRF simulations 

1 Investigate changes in the diurnal cycle with the passage 
of the MJO 

1 Examine the representation of the five-day wave and 
convective coupling in CMIP5 models

1 Examine how land-sea breezes modify the relationships 
between convection and larger scales 

1 Develop a simple retrieval of convective mass-flux for 
model evaluation over large domains from radar data 

1 Compare radar and CRM-simulated convective elements 
and test how their characteristics depend on aspects of 
the environment 

2 Extend multi-cloud model implementation to 
ACCESS-SCM

2 Examine causes of ACCESS biases in the Maritime 
Continent    

2 Evaluate and improve convection-permitting versions of 
ACCESS/UM 

2 Examine the effects of coupling with the ocean on rainfall 
in the Maritime Continent  

2 Examine effects of gravity wave / convection coupling on 
convective organisation

2 Use WRF simulations to understand convective triggering 
by convective rolls

2 Quantify the importance of sources of convective memo-
ry in RCE experiments 

2 Use high-resolution simulations to inform parameteriza-
tion development activities

3 Quantify the net larger-scale impact of sea breeze 
and other mesoscale circulations introduced by sur-
face heterogeneity in a way that such effects can be 
parameterised

3 Determine the effects of large-scale atmospheric vari-
ability on the processes controlling the diurnal cycle of 
precipitation over the Maritime Continent  region using 
high-resolution atmospheric model simulations

3 Build and implement in ACCESS a new prototype cumulus 
parameterisation based on the Stochastic Multi-Cloud 
Model.

*Level 1 = to be achieved in 2015. Level 2 = substantial progress 
in 2015. Level 3 = progress towards in 2015
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Climate science comes to a computer near you

In one of the most impressive outreach events this year, Australians with a home computer 
were given the opportunity to power up a climate model and perform simulations that would 
go on to inform peer-reviewed research. Combining with the University of Melbourne, the 
University of Oxford (UK), the University of Tasmania and the National Institute of Water and 
Atmospheric Research (NZ), the Centre of Excellence helped introduce the online experiment 
Weather@Home to the Southern Hemisphere.

Weather@Home ANZ is a citizen-science approach to climate research that allows home users 
to create climate simulations for Australia and New Zealand and watch them run in real time or 
alternatively run quietly in the background.

The simulations produced by the personal computers were divided into two groups. One ran 
simulations of weather in 2013 based on the current climate, atmospheric greenhouse gases 
and ocean temperatures as they appear today. The other simulated the weather in a world like 
2013 but where humans have not changed the climate, a world with no human-related green-
house gas emissions.

The results of these experiments are already being used in detection and attribution research 
on extreme weather events in 2013. In the future, the Weather@Home ANZ project will be 
used to assess the role of climate change in Australia’s Black Saturday bushfires in 2009, the 
record rain events in New Zealand in 2011 and record rain events in eastern Australia in 2010 
and 2011, as well as extreme weather events in 2014.

To accompany the release of this citizen-science project, PhD student Mitchell Black produced 
a video explaining how it worked and how home computer users could download and run the 
simulations.

As of the end of 2014, the Weather@Home ANZ project has completed more than 40,000 
simulations of the weather in 2013, generating more than 12 terabytes of daily data.

You can participate in this project by downloading Weather@home at  
http://www.climateprediction.net/weatherathome/australia-new-zealand-heat-waves/

http://www.climateprediction.net/weatherathome/australia-new-zealand-heat-waves/
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Highlights
 � Launch of weather@home, a citizen science distributed 

computing regional climate modelling project for the Aus-
tralia and New Zealand region

 � Significant contribution to the annual Bulletin of the Ameri-
can Meteorological Society Special Supplement “Explaining 
Extreme Events of 2013 from a Climate Perspective”

 � Nature Climate Change study showing that despite the re-
cent slow-down in the increase of global mean temperature, 
temperature extremes over land have continued to rise

 � First assessment of the skill of the ACCESS1.3 CMIP5 Detec-
tion & Attribution series of experiments

 � Research Excellence awards – Prof David Karoly (part of the 
team that won the Eureka Prize for Excellence in Interdisci-
plinary Scientific Research), Markus Donat and Ailie Gallant 
(Discovery Early Career Researcher Awards), Sophie Lewis 
(AMOS Early Career Researcher Award) and David Karoly 
(AMOS Morton Medal).

Team
Chief Investigators: 

Dr Lisa Alexander (Lead - UNSW) 
Professor David Karoly (University of Melbourne)
Professor Nathaniel Bindoff (University of Tasmania)
Professor Andrew Pitman (UNSW)
Professor Steven Sherwood (UNSW)

Partner Investigators: 

Dr Julie Arblaster (CAWCR-BoM)
Dr Peter Stott (Hadley Centre, UK)
Dr Penny Whetton (CAWCR-CSIRO)

Centre Researchers

Dr Markus Donat (UNSW)
Dr Nicholas Herold (UNSW)
Dr Andrew King (University of Melbourne)
Dr Sophie Lewis (ANU)

Associate Investigators

A/Prof Jason Evans (UNSW)
Dr Ailie Gallant (Monash University)
Prof Neil Holbrook (UTAS)
Prof Neville Nicholls (Monash University)
Dr Sarah Perkins (UNSW)
Dr Hamish Ramsay (Monash University)
A/Prof Scott Sisson (UNSW)
Dr Andrea Taschetto (UNSW)
A/Prof Kevin Walsh (University of Melbourne)

PhD Students

Mitchel Black (University of Melbourne)
Andrea Dittus (University of Melbourne)
Peter Gibson (UNSW)
James Goldie (UNSW)
Stephanie Jacobs (University of Melbourne)
Tammas Loughran (UNSW)
Tess Parker (UTAS)
Marissa Parry (UNSW)
Daniel Pazmino (University of Melbourne)
Acacia Peppler (UNSW)

Mechanisms Explaining
Changes in Australian
Climate Extremes
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2014 has been a very productive year for the Extremes research 
program, with important contributions around attribution of ex-
treme events, climate drivers, projections and observation-mod-
el comparison in relation to climate extremes. There has been 
strong engagement with Partner Investigators and Associate 
Investigators and across research themes. International visitors 
came from Penn State University and Imperial College.

One major activity has been the launch of the weather@
home ANZ project. This is a citizen science distributed com-
puting regional climate modelling project for the Australia and 
New Zealand region (see page 39 for more information). It 
will provide daily data from very large ensembles of regional 
climate model simulations to investigate the causes of extreme 
weather and climate events. The project is a partnership with 
the University of Oxford, the National Institute for Water and 
Atmospheric Research (NIWA) in New Zealand and Research 
Data Storage Infrastructure Project (RDSI) at the University of 
Tasmania. The project’s launch in March 2014 was accompa-
nied by an Australian Science Media Centre news conference 
and short video presentations by the scientists (http://www.
climateprediction.net/weatherathome/australia-new-zealand-
heat-waves/). David Karoly and Mitchell Black have been instru-
mental in establishing this project.

A substantial contribution from the group has been in their 
contribution to the research on Attribution of Climate Events 
(ACE). This took the form of several papers written for the 
annual Bulletin of the American Meteorological Society Special 
Supplement “Explaining Extreme Events of 2013 from a Climate 
Perspective”, published in September. In this year’s supplement, 
which contained 24 papers, the ARC Centre of Excellence for 
Climate System Science (ARCCSS) led three out of five papers 
that focused on Australian events, with another paper being 
led by Partner Organisation The Centre for Australian Weather 
and Climate Research (CAWCR). Centre authors of these papers 
included Lisa Alexander, Markus Donat, David Karoly, Andrew 
King, Sophie Lewis and Sarah Perkins and, in an ARCCSS first, 
was reported on the front page of the New York Times with 
a quote from David Karoly. This led to great press coverage 
including an interview with Sophie Lewis on ABC Lateline (see 
page 78 for more information on research outcomes).

Markus Donat and Lisa Alexander contributed to the “hiatus” 
discussion in collaboration with Sonia Seneviratne of ETH Zurich 
that was published in Nature Climate Change. This research 
shows that despite the recent slow-down in the increase of 
global mean temperature, temperature extremes over land 
(which is more important in terms of impacts) have continued 
to rise. (http://www.nature.com/nclimate/journal/v4/n3/full/ncli-
mate2145.html). In summary, the analysis showed that not only 
is there no pause in the evolution of the warmest daily extremes 
over land but that they have continued unabated over the 
observational record (see Figure E1). Furthermore, the available 
evidence suggests that the most ‘extreme’ extremes show the 
greatest change. This is particularly relevant for climate change 
impacts, as changes in the warmest temperature extremes over 
land are of the most relevance to human health, agriculture, 
ecosystems and infrastructure.

Funded by the ARCCSS, the Scorcher website (scorcher.org.au) 
was launched under the leadership of Sarah Perkins. Scorcher 
has hosted over 8000 visits since its launch in December 2013, 
providing firm evidence of the practical applications of the 
Extremes program’s cutting-edge research on heatwave metrics. 
Developed for a general audience, visitors to Scorcher instantly 
see which areas of Australia have recently experienced a heat-
wave, and may further explore past heatwaves and summary 
information for over 100 separate locations dating back to 1910. 
This allows visitors to understand recent events in an overall 
climatological context. The research underpinning the website 
also contributed significantly to the Intergovernmental Panel on 
Climate Change (IPCC) 5th Assessment Report process.

Fig. E1. Time series of temperature anomalies for hot extremes over 
land (red) and global mean temperature (black, blue). The anomalies 
are computed with respect to the 1979-2010 time period. The time 
series are based on the ERA-Interim 95th percentile of Tmax over land 
(Txp95_Land, red) and the global (ocean + land) mean temperature 
(Tm_Glob) in ERA-Interim (blue) and HadCRUT4 (black). (From 
Seneviratne et al. 2014)

Lewis and Karoly 2014 assessed the forced responses of the 
Australian Community Climate and Earth System Simulator 
(ACCESS) 1.3 in Coupled Model Intercomparison Project (CMIP5) 
detection and attribution experiments. In their study, they 
described the ACCESS1.3 contribution to CMIP5 and assessed 
several key aspects of ACCESS1.3 forced responses in these 
experiments against observations and an ensemble of par-
ticipating CMIP5 models, consisting of 40 realisations from 10 
models. Overall, ACCESS1.3 historical experiments demonstrat-
ed skill in simulating the global and regional metrics assessed 
that is comparable to the CMIP5 multi-model ensemble utilised. 
For the ACCESS1.3 historicalNat and historicalGHG experiments, 
simulated temperature trends are also predominately within 
the CMIP5 multi-model ensemble range. Similarly, ACCESS1.3 
(−0.07 to −0.12 K) and the CMIP5 models (−0.03 to −0.21 K) 
largely capture the composited observed decrease in global 
temperature (−0.04 K) following three major late 20th centu-
ry volcanic eruptions. However, like all global climate models, 
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ACCESS1.3 has deficiencies that should be considered. In 
particular, one of most notable features of ACCESS1.3 histori-
cal simulations is the reduced warming trend over the period 
1950–2005 that is evident in all ACCESS1.3 realisations at the 
global-scale for Australia, relative to both observations and the 
CMIP5 multi-model mean. This appears to be related to the 
overly strong response to increases in anthropogenic aerosols. 
Overall, these historical period experiments using ACCESS1.3 
with various forcings are useful for inclusion with other CMIP5 
models for studies aimed at detecting and attributing climatic 
changes (see Figure E2). 

Figure E2: Time series of annual global mean temperature (K) 
anomalies from the ACCESS1.3 climate model simulations. Results 
are shown for the historical (a), historicalGHG (b), historicalNat (c) 
experiments and observations. In each panel, observations are 
shown by the dashed black line, the CMIP5 ensemble mean in grey, 
and grey plumes indicate the CMIP5 5th and 95th percentiles. The 
three ACCESS1.3 realisations are indicated by blue for the historical 
experiment, red for the historicalGHG experiment and green for the 
historicalNat experiment. (From Lewis and Karoly, 2014)

Both David Karoly and Lisa Alexander helped to organise 
and lead the two-week World Climate Research Programme 
(WCRP) - Abdus Salam International Centre for Theoretical 
Physics (ICTP) Summer School on Attribution and Prediction of 
Extreme Events (http://indico.ictp.it/event/a13211/overview) in 
July in Trieste, Italy, co-sponsored by ARCCSS. Markus Donat 
also served as a tutor in the summer school’s practical sessions, 
and three students — Andrea Dittus, Mitchell Black and Acacia 
Pepler — won very competitive scholarships to attend the 
summer school. This workshop forms part of the implementa-
tion plan for WCRP’s Grand Challenge on Extremes, of which Dr 
Alexander is a Co-chair. The summer school resulted in seven 
early career-researcher-led papers (including one by an ARCCSS 
student) based on the research problems tackled by the stu-
dents during the training, which will appear in a special issue of 
the journal Weather and Climate Extremes later this year. With 
this outcome, the summer school is seen as a very successful 
activity within ARCCSS as a vehicle to train the next generation 
of young researchers with outstanding potential.

Professor Sir Brian Hoskins, one of the world’s leading at-
mospheric scientists, visited the University of Melbourne and 
two other nodes of the Centre of Excellence as a Miegunyah 
Distinguished Visiting Research Fellow for two weeks in October 
2014 (see page 11 for more details). In addition, Dr Martin 
Tingley from Penn State University visited UNSW and gave a 
recorded two-day workshop on Bayesian statistics.

There was much to celebrate in terms of awards this year. 
Members of the Extremes program were shortlisted for two 
prestigious Eureka awards in 2014, with the SEARCH (South-
Eastern Australian Recent Climate History) Team, which 
includes Prof David Karoly, winning the University of New South 
Wales Eureka Prize for Excellence in Interdisciplinary Scientific 
Research. Markus Donat and Ailie Gallant won Discovery Early 
Career Researcher Awards for 2015. Sophie Lewis received the 
Australian Meteorological and Oceanographic Society Early 
Career Researcher Award for 2014 and David Karoly was award-
ed the Morton Medal for 2014, also awarded by AMOS.

Plans for research in 2014 include: running multiple simulations 
of the climate of the 20th century to help understand the role of 
natural variability on observed changes in extremes, linking with 
the Land research program to investigate the validity of the “wet 
get wetter, dry get drier paradigm”; developing synoptic types 
for Australia to investigate the driving mechanisms leading to 
heatwaves; and understanding the role of interannual variability 
and large-scale modes in terms of their impacts on Australian 
extremes (link to Variability research program). Also, a joint 
ARCCSS/WCRP workshop will be held on data issues in addi-
tion to a continuation of the cross-centre focus on heatwaves 
through targeted workshops and collaboration.
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RP Extremes  — Statement of Intent for 2015

INTENT

1 Complete Climate of the 20th Century (C20C) runs 
which will include about 4-5 simulations covering the 
period 1951-2013. Use these to understand the role of 
natural variability on observed changes in extremes

1 Develop synoptic types for Australia to investigate the 
driving mechanisms leading to extreme events including 
heavy precipitation and heatwaves [links to Variability]

1 Understand the role of interannual variability and large 
scale modes of variability including ENSO with respect 
to their impacts on temperature and precipitation ex-
tremes, past and future [links to Variability, CAWCR]

1 [Ongoing] With CAWCR and international collabora-
tors, continue to investigate methods and examples for 
the attribution of climate-related extreme events (ACE) 
including contributing publications to the annual Bulletin 
of the American Meteorological Society (BAMS) reports

1 Investigate “wet get wetter, dry get drier” paradigm over 
land as it relates to global temperature scaling [links to 
Land]

1 A joint ARCCSS/WCRP Grand Challenge on Extremes 
workshop will develop concrete outcomes for reducing 
uncertainties in observed changes in extremes in order 
to improve model evaluation and prediction

2 An intercomparison of global and regional precipita-
tion extremes from observations and models will be 
performed with the aim of understanding the large 
differences that currently exist [links to Convection]

2 Development of more “impacts relevant” indices of 
extremes that can be used in long-term variability, de-
tection and attribution and future projection studies

2 Investigate how probability distribution functions of 
temperature have changed globally in observations 
and models with respect to extremes and how these will 
change in the future under different emissions scenarios 
using the CMIP5 archive

3 [Ongoing] Continue to develop a major new cross-Cen-
tre focus on heatwaves which will consider the dynami-
cal and physical mechanisms leading to heat waves both 
on land and in surface ocean waters, as well as better 
description of observed occurrence of heat waves. This 
will include an annual workshop on heatwaves with rep-
resentatives from multiple Research Programs, Partner 
Organisations and representatives from the impacts 
community [links to Land, Variability, Oceans].
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Highlights
 � A global evaluation and synthesis of projected changes in 

the water cycle over land and ocean

 � Development, evaluation and implementation of a new soil 
albedo module for Australian modelling systems

 � First evidence that model spin-up procedures pre-defines 
the sensitivity of soil carbon in climate models

 � First evaluation of how well the ACCESS model captures 
extreme indices

 � First coupling strength assessment for the Australian 
continent

 � First model-based analysis of how land cover change 
impacts temperature and rainfall as a function of scale and 
coupling strength

 � First regional scale observation-based analysis of the feed-
back/forcings that occur during drought in both dry and 
wet environments

 � A new method for estimating carbon uptake using satellite 
observations.

Team
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)
Dr Jeff Exbrayat (University of Edinburgh) 
Prof Graham Farquhar (ANU) 
Dr Michael Gagan (ANU)
Dr Yi Liu (UNSW)
Dr Timothy McVicar (CSIRO)
Prof Peter Rayner (University of Melbourne)

Centre Researchers

Dr Daniel Argueso (UNSW) 
Dr Mark Decker (UNSW) 
Dr Melissa Hart (UNSW)
Dr Jatin Kala (UNSW)
Dr Sophie Lewis (ANU)
Dr Ruth Lorenz (UNSW)
Dr Shaoxiu Ma (UNSW)

PhD students

Wasin Chaivaranont (UNSW)
Hamish Clark (UNSW)
Ned Haughton (UNSW)
Annette Hirsch (UNSW)
Ian Macadam (UNSW)
Etyan Rocheta (UNSW)
Litty Thomas (UNSW)

The Role of Land
Surface Forcing and
Feedbacks for Regional 
Climate
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The Land research program has had a phenomenal year. We 
have made major contributions to land model development, 
land model evaluation and approaches to modelling, the 
science of land processes and feedbacks, land processes and 
extremes, and slow processes in the land. In addition, we have 
managed to ensure that some of our science is aligned with the 
needs of policy makers and the broader research community. 
We discuss each of these areas in more detail below.

First, we highlight some overarching or systems science the 
Land program has contributed to in 2014. First of these is an 
important new paper by Chief Investigator Professor Michael 
Roderick. The title of his paper “A general framework for un-
derstanding the response of the water cycle to global warming 
over land and ocean” hints at the scope of this contribution. 
This paper was the outcome of an invitation by the European 
Geophysical Union (EGU) to Prof Roderick as a consequence of 
his winning the EGU John Dalton Medal. Prof Roderick notes 
that the public and scientific perception about changes in the 
in the water cycle associated with global warming has assumed 
that an increase in temperature enhances evaporation. The 
scientific challenge is to communicate the complete picture, 
showing that an increase in evaporation reduces temperature. 
This evaporation-temperature interaction is well known by land 
surface scientists but has not been clearly been communicated 
to the wider public. He has shown that climate models incor-
porate this two-way linkage in a way that is consistent with 
current scientific understanding and argues for the need for a 
better general understanding of the potential impacts of climate 
change on water availability based on a better understanding 
and communication of the links between changes in surface 
evaporation and surface temperature change. There were two 
major contributions from Hoshin Gupta, a Partner Investigator 
from the University of Arizona. Gupta and Nearing (2014) 
reflected on the future of hydrological sciences and Gupta et al. 
(2014) argued the need to balance depth with breadth in large-
scale hydrology. 

Land model development, evaluation and 
approaches to modelling

A core objective of the Land program is to improve the 
Community Atmosphere Biosphere Land Exchange (CABLE) 
model. CABLE is the model that is used in the Australian 
Community Climate and Earth System Simulator (ACCESS) 
model. Improving a model like CABLE is not trivial but Kala et al. 
(2014) have developed and implemented a new albedo (surface 
reflectivity) module into CABLE and tested it. This required ex-
tensive collaboration with NASA, a Partner Institution in the ARC 
Centre of Excellence for Climate System Science (ARCCSS). The 
new parameterization of albedo enables soil moisture-albedo 
feedbacks to be captured in CABLE - an important enhance-
ment to the code. The new parameterization is implemented 
into the version-controlled version of the model, with extensive 
documentation as well as a peer review application.

Another contribution, led by Jatin Kala and again including 
collaboration with NASA, focused on how the leaf area index 
parameterization in CABLE affected the simulation of heat, 

moisture, and carbon balance over Australia. Figure L1 shows 
how changes in leaf area index affects gross primary productiv-
ity over the Australian continent. The impact is not widespread, 
but rather is strongly regionalised. This is characteristic of many 
land processes and, while errors in simulating leaf area index 
might not affect the large-scale climate, evidence is strong that 
it does have a major implication at regional scales.

Figure L1: Gridded cumulative difference in monthly mean leaf area 
index (LAI) and gross primary production (Gg/month) between a 
control simulation and an experiment with perturbed LAI. (Kala et al, J. 
Hydromet, 15, 489-503, 2014)

These papers to date all use observational data either in the 
form of remote sensing or flux tower measurements. There 
have been very important contributions to the evaluation of the 
utility of remote sensing data by several Associate Investigators. 
Randall Donohue led a paper including Tim McVicar and 
Michael Roderick evaluating the use of remote sensing data for 
estimating photosynthesis at continental scales. Jason Evans and 
Matt McCabe contributed to Ershadi et al. (2014) who under-
took a multi-site evaluation using flux tower measurements of 
models of land-based evaporation.

Another contribution using remote sensing data was led 
by Mark Decker. Dr Decker explored the feasibility of using 
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vegetation greenness metrics, derived from satellites, as a proxy 
for transpiration variability over Australia. Decker et al. (2014) 
used several global evapotranspiration data sets to show that 
on a monthly time scale, greenness anomaly metrics show a 
near one-to-one relationship with the transpiration estimates 
when the time series are appropriately scaled by the mean. It 
follows that anomalous vegetation greenness metrics, when 
properly scaled, provide a tool for evaluating transpiration 
variability simulated by models like CABLE and should help 
constrain the dynamic behaviour of the land in climate model 
simulations.

Land processes and feedbacks

Feedbacks require the land to be considered coupled with the 
atmosphere and we have used the ACCESS model and the 
Weather and Research Forecasting (WRF) model extensively 
thorough 2014. 

Work in 2014 began with Global Land-Atmosphere Coupling 
Experiment-1 (GLACE-1) simulations with the ACCESS model 
using the latest release of the model (version 1.3). GLACE ex-
periments directly measure coupling strength between the land 
and the atmosphere. Coincidently, we were fortunate to host a 
visit from Professor Sonia Seneviratne, which led to an exten-
sion of the GLACE-1 work to include GLACE-Coupled Model 
Intercomparison Project — Phase 5 (CMIP-5) experiments. 
These are extensions of GLACE-1 linked with future projections 
and with the Intergovernmental Panel on Climate Change. We 
provided our GLACE-CMIP-5 simulations to an international in-
tercomparison enabling studies to include ACCESS1.3. We note 
implementation of the GLACE-1 methodology is available within 
the ACCESS modelling system at the National Computational 
infrastructure under version control. 

Flowing on from this work, Dr Ruth Lorenz explored how land 
cover change and coupling strength interact to affect climate. 
She undertook a highly innovative suite of experiments where 
she took a weakly coupled region of Amazonia and separately 
a strongly coupled region and then perturbed 1 grid point in 
each, then 3, 5, 9, and so on, in a suite of paired experiments. 

She was able to show that the impact of land cover change in 
ACCESS1.3 depended on coupling strength. A strongly coupled 
region combined with a small land cover change had a larger 
overall impact than a large land cover change in a weakly 
coupled region. Lorenz et al. (2014) published this result in 
Geophysical Research Letters. Figure L2 illustrates one of the key 
results. 

Figure L2: Scale dependence of surface air temperature to land cover change scale. The area of changed land cover takes into account the 
fraction per grid point that was covered by trees in the control run. The thin horizontal line indicates the number of grid points to be significant 
by chance on a 5% level. The thick line shows how the number of statistically significant points increase as the area of land cover change 
increases in a strongly coupled region while the dashed line shows the same for a weakly coupled region. (Lorenz & Pitman, GRL, 41, 5987-95, 
2014)

Figure L3: Change in coupling strength as a function of land cover 
change for dry (left) and wet (right) and for four atmospheric physics 
configurations. Regions that are statistically significant at the 95% level 
are stippled in red. (Hirsch et al, GRC, 41, 5883-90, 2014).
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A series of studies by Annette Hirsch has examined similar ques-
tions over Australia to those examined by Dr Lorenz in global 
modelling systems. In a paper joint with colleagues at NASA 
and CSIRO, Hirsch examined how land surface initialization 
affected the skill of a model on seasonal forecasts. She used the 
CABLE land model in the NASA land information system that 
the Centre supports. She also used the WRF modelling system 
to find that good initialization enhanced the capacity of the 
model to simulate seasonal extreme temperatures. This was 
published (Hirsch et al., 2014) in Journal of Hydrometeorology. 

Finally, Hirsch et al. (2014) examined how land cover change 
interacted with coupling strength in a world first: the first time 
land cover change was unified with land-atmosphere coupling. 
This is shown in Figure L3 for a case where moisture is relatively 
high and relatively low.

This work has a suite of implications including the dependence 
of coupling strength on land cover type, but also that the 
impact of land cover change has to be examined in the context 
of land-atmosphere coupling strength. This result is already 
influencing the design of some experiments planned as part of 
CMIP-6.

One key climatic phenomena of interest to many Australians is 
drought. However, it has proven difficult to study drought pro-
cesses using observations because of the lack of radiation data 
at suitable spatial and temporal scales. Dongqin Yin, a research-
er from Tsinghua University (Beijing) visiting ARCCSS for the 

first half of 2014 decided to tackle this long-standing problem. 
By using recently released surface radiation data from NASA 
she has, for the first time, been able to tease apart the forcing/
feedback interactions between the land surface and atmosphere 
during extended drought. Her work, published in Geophysical 
Research Letters, has shown that most of the temperature 
increase experienced during drought in dry environments 
(like most of Australia) is the result of a land surface feedback. 
Her work has given us the first regional-scale perspective on 
drought based on observations and has highlighted the funda-
mental processes that explain why moisture is so important to 
the study of temperature extremes over land.

Land processes and extremes

Climate models are now routinely used to examine how cli-
mate change or other drivers of the climate system will affect 
extremes. This is commonly examined using extremes indices. 
In a basic model evaluation paper, Lorenz et al. (2014) asked 
how well the ACCESS model could simulate these extremes. 
They examined how ACCESS represents the Expert Team on 
Climate Change Detection and Indices measures in comparison 
with observational data sets. Extremes indices are generally well 
represented, particularly those indices based on percentiles; 
indeed, trends over the last 60 years found in observations were 
remarkably well captured. Trends for annual cool nights and 
cool days are shown in Figure L4, and for annual warm nights 
and warm days in Figure L5. In both cases ACCESS is clearly 
performing reasonably.

Figure L4: Simulation by ACCESS1.3b of annual cool nights (left) and cool days (right) compared to the HadEX2 observational data. The dashed 
lines show the actual data, the solid lines are smoothed with a 21-year Gaussian filer. (Lorenz et al, GMD, 7, 545-67, 2014)

Figure L5: Simulation by ACCESS1.3b of annual warm nights (left) and warm days data (right) compared to the HadEX2 observational data. The 
dashed lines show the actual data, the solid lines are smoothed with a 21-year Gaussian filer. (Lorenz et al, GMD, 7, 545-67, 2014)
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However, the diurnal temperature range was underestimated 
because minimum temperatures (TMIN) during nights are gen-
erally too warm and daily maximum temperatures (TMAX) too 
low in the model (see Figure L6). Lorenz et al. (2014) noted that 
regions and season where the biases were largest corresponded 
to regions and seasons where soil moisture availability is limited. 
We suspect there are systemic biases in how hydrology is 
represented, something that has triggered a major effort in the 
Centre to revise this part of CABLE’s science. (Lorenz et al, GMD, 
7, 545-67, 2014)

Figure L6: Simulation by ACCESS1.3b of the diurnal temperature 
range compared to the HadEX2 observational data. The dashed lines 
show the actual data, the solid lines are smoothed with a 21-year 
Gaussian filer. 

Building on her Journal of Hydrometeorology work, Hirsch et al. 
(2014) again used CABLE in the WRF modelling system to ex-
amine the interaction between land-atmosphere coupling and 
asymmetry in maximum and minimum temperature simulations. 
In collaboration with CSIRO and ETH Zurich colleague, Professor 
Seneviratne, she showed that variations in coupling strength 
were determined by background climate, planetary bound-
ary layer and cumulus scheme. However, irrespective of how 
experiments were configured, all results identified Australia as a 
“hot spot” of soil moisture-atmosphere coupling for both mean 
and maximum temperatures. Hirsch et al. (2014b) published this 
result in Geophysical Research Letters.

A final contribution to the extremes component of the Land 
program involved two Associate Investigators, Jason Evans and 
Matt McCabe. They examined (Meng et al., 2014) the influ-
ence of interannually varying albedo on regional climate and 
drought. Albedo plays an important role in land–atmosphere 
interactions and local climate. Meng et al. (2014) used the WRF 
model with a climatological albedo, and then the assimilation 
of observed albedo over the period from 2000 to 2008. Their 
analysis shows use of observed interannual variations in albedo 
produces an enhancement in our capacity to model drought. 
This is an area we hope to explore further in the future.

Slow processes in the land

Two major papers were completed in 2014 relating to soil car-
bon. Both were led by Jeff Exbrayat, an Associate Investigator 
now at the University of Edinburgh. The first is a paper with 
strong implications for CMIP-6. Work independent of the 
ARCCSS by Todd-Brown et al. (2013) found a six-fold range in 

the amount of carbon stored in the soil in simulations conduct-
ed as part of CMIP-5. 

In the first paper, published in Geoscientific Model Development, 
Exbrayat et al. (2014) first confirmed earlier work showing the 
six-fold range in soil carbon for the present day. However, they 
were able to show that this range precisely matched a range 
that already exists at the beginning of the CMIP-5 historical 
simulations. That is, the six-fold range is largely determined by 
the response of microbial decomposition during each CMIP-5 
model’s spin-up procedure from initialization to equilibration. 
The six-fold range in soil carbon, once established prior to the 
beginning of the historical period (and prior to the beginning 
of a CMIP5 simulation), is then maintained through the present 
and to 2100 almost unchanged even under a strong busi-
ness-as-usual emissions scenario. Exbrayat et al. (2014) there-
fore highlight that a commonly ignored part of CMIP-5 analyses 
– the land surface state achieved through the spin-up proce-
dure – can be important for determining future carbon storage 
and land surface fluxes. They propose that there is an urgent 
need to better constrain the outcome of the spin-up procedure 
in order to reduce uncertainty in projected soil carbon.

In a follow-up paper in Biogeosciences, Exbrayat et al. (2014) 
extended this analysis using a reduced complexity model 
representative of current state-of-the-art models of soil organic 
carbon decomposition. They disentangled the effect of the 
time-invariant baseline residence time (k) and the sensitivity of 
microbial decomposition to temperature (Q10) on soil carbon 
dynamics at regional and global scales. They showed that as cli-
mate changes through the historical period, and into the future, 
k is primarily responsible for the magnitude of the response in 
soil carbon, whereas Q10 determines whether the soil remains 
a sink, or becomes a source in the future . They conclude that 
future estimates of soil carbon and how soil carbon responds to 
climate change should be more constrained by available data 
sets of carbon stocks.

The core purpose of the ARCCSS is the basic science of climate 
and the 2014 contributions of the Land program to this are doc-
umented above. However, we do engage with other commu-
nities to ensure our science is applied where appropriate to re-
solving problems relevant to other land-related sciences. Some 
examples of this in 2014 include Yang et al. (2014) who exam-
ined the cotton yield and water demand under climate change, 
including examining future adaptation measures. Another paper 
focused on agriculture was led by Macadam et al. (2014). This 
linked ARCCSS with CSIRO and the Department of Primary 
Industry in NSW to examine the implications of using uncorrect-
ed regional climate model output to force wheat simulations in 
the future. Harris et al. (2014) explored how climate projections 
might be used by ecologists. Cheung and Hart (2014) examined 
climate change and thermal comfort issues in Hong Kong and 
Argueso et al. (2014) explored how urbanisation and climate 
change are interwoven when examining how temperatures will 
change over cities. In the hydrological community, there are 
many challenges in using climate model information, something 
addressed by Hollander et al. (2014). They addressed the impact 
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of decisions a modeller takes in hydrological predictions in a 
paper published in Hydrology and Earth System Science.

Few of these contributions were led by ARCCSS — these are 
not our core research priorities — but these discoveries reflect 
efforts by the Centre to ensure its research feeds into policy and 
community needs.

RP Land — Statement of Intent for 2015

INTENT

Land processes and feedbacks
1 Examination of land-atmosphere coupling as a function 

of parameterization and initialization (GLACE, GLACE-2) 
[Llinks to Convection]

1 Analyse and publish GLACE-CMIP5 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 [Links to Extremes]

1 Examination of the role of teleconnections in region-
al-scale land-atmosphere coupling in land cover change 
experiments [Links to Extremes]

1 Global C20C simulations with ACCESS focused on land 
cover change [Links to Extremes]

2 Quantification of land surface influences (e.g., land 
initialization, land cover change), on Maritime Continent  
precipitation [Links to Extremes and Convection]

3 Investigating Australian drought processes using obser-
vations and satellite surface energy estimates. [Links to 
Extremes and Convection]

Model evaluation
1 Link observed and modelled salinity changes over the 

ocean with observed and modelled changes in the 
water cycle over land [Links to Oceans]

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

2 Comparison of CABLE-2 simulated carbon and soil 
moisture with satellite-based estimates

2 Contributing to CLIVAR’s Climate of the Twentieth 
Century Project using the ACCESS climate model (with 
Andrea Dittus at U.Melb)

2 Examine the statistical properties of annual rainfall in 
observations and models [Links to Convection and 
Variability]

2 Investigation of urban land-use/surface characteristics 
on local and regional climate [links to Extremes and 
Convection]

2 Using ACCESS1.3 single-column model to better under-
stand CABLE-ACCESS interactions [Links to Convection]

2 Using PLUMBER results, progress our understanding of 
CABLE’s performance relative to other land models

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

3 Progress, document and report data sets for land model 
evaluation and make these available at NCI.

Land model development
1 Incorporation of key Australian plant functional types, 

particularly eucalypts, into CABLE and test at site and 
continental scales

1 Coupling a groundwater parameterization into CABLE, 
based on CLM4 and evaluation of impact and perfor-
mance within LIS [Links to Extremes and Variability]

1 Couple CABLE-2 into LIS/WRF 
1 With CAWCR establish first operating version coupling 

CABLE to ACCESS via JULES framework
1 Coupling a groundwater parameterization into CABLE 

and ACCESS and an examination of the impact of this 
on Australian climate and climate variability [Links to 
Variability]

2 Exploration of urban parameterization building on exist-
ing CAWCR efforts [Links to Extremes]

2 Work with ecophysiologists on drought relationships 
vis-a-vis CABLE.

Land processes and extremes 
2 Land surface role in the Jan 2013/2014 Australian heat-

wave estimated from satellite observations
2 Investigating southern Australian rainfall during the last 

millennium and large-scale modes of variability (with 
Nerilie Abram)

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

1 Examine how adding fuel load affects the simulation 
of fire in south-east Australia [Links to Extremes and 
Variability]

3 Examination of how coupling strength links with ex-
tremes [Links to Convection and Extremes]

1 Examine long-term vegetation dynamics using both 
passive microwave and optical satellite observations 
(with Randall Donohue)

1 Investigating atmospheric, oceanic and land surface 
contributions to the millennium drought (with Aillie 
Gallant at Monash Uni) [Links to Extremes]

1 Investigating the stability of El Niño-Southern Oscillation 
(ENSO) teleconnections using climate model simula-
tions of the last millennium and proxy reconstructions 
from the tropical Pacific (with Allegra LeGrande from 
NASA GISS and Kim Cobb from Georgia Tech). [Links to 
Extremes]

Slow processes in the land
1 Estimation of land carbon storage from passive micro-

wave satellite data.

*Level 1 = to be achieved in 2015. Level 2 = substantial progress 
in 2015. Level 3 = progress towards in 2015
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Highlights 
 � First studies published using the newly developed ACCESS 

model hierarchy

 � Further development of the ACCESS model hierarchy, 
including improved KPP ocean mixed-layer model with a 
thermodynamic sea ice model for coupling to the ACCESS 
atmosphere model

 � Evaluation of the latest CMIP-5 model database including 
the model’s capability in simulating realistic global warming 
hiatus, El Niño dynamics or land-ocean interaction

 � A series of one-day workshops on ENSO, weather-cli-
mate-extremes connections and decadal climate variability 
related to the global warming hiatus

 � Publishing new results including research on the global 
warming hiatus, the connections between modes of vari-
ability and south-east Australian heatwaves, dynamics and 
teleconnections of El Niño and many others.

Team
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: 
Dr Peter Stott (Hadley Centre, UK) 
Dr Harry Hendon (CAWCR-BoM) 
Dr Scott Power (CAWCR-BoM), 
Dr Penny Whetton (CAWCR-CSIRO) 
Dr Julie Arblaster (CAWCR – BoM)

Associate Investigators
Dr Nerilie Abram (ANU)
Dr Jennifer Catto (Monash University)
Dr Allie Gallant (Monash University)
Dr Will Hobbs (University of Tasmania)
Prof Neil Holbrook (University of Tasmania)
Dr Nicolas Jourdain (LGGE – France)
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 Duncan Ackerley (Monash University)
Dr Claudia Frauen (Monash University)
Dr Jules Kajtar (UNSW)
Dr Laura O’Brien (Monash University)

PhD students 
Esteban Abellan (UNSW)
Lam Hoang (Monash University)
Yue Li (UNSW)
Nicola Maher (UNSW)
Tess Parker (Monash University)
Byju Pookkandy (Monash University)
Kane Stone (University of Melbourne) 
Nicholas Tyrrell (Monash University) 
Gang Wang (Monash University) 

Drivers of Spatial and
Temporal Climate
Variability in 
Extra-tropical Australia
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ACCESS-model hierarchy 
development:

The Variability research program has continued the 
development of an Australian Community Climate 
and Earth System Simulator (ACCESS) model hierarchy 
for the study of the mechanisms of climate variability 
and change related to seasonal to decadal ocean-at-
mosphere interactions. The climate system is a highly 
complex system that, as a whole, is very difficult to 
understand in its dynamics. 

The development of a hierarchy of models provides 
research tools that help understand the complex 
dynamics, are easy and quick to use, and can be used 
for very long simulations. This year the first research 
studies were published using the new developed 
elements of the ACCESS model hierarchy [Tyrrell et 
al. 2014 and Frauen et al. 2014]. The Computational 
Modelling Systems (CMS) team has provided access 
for the community to most of the elements of the 
ACCESS model hierarchy via the internet which allows 
researchers to use the models and simulations for 
further studies. (See http://climate-cms.unsw.wikispac-
es.net/ListOfExperiments for a list of experiments that 
the ARCCSS has performed). This year’s developments 
focused on improving the single-column ocean model 
simulations and on including a simple thermodynamic 
sea ice model in the model hierarchy.

The research discussion groups have continued within 
the Variability program to foster collaborations, develop 
ideas and initiate new studies on outstanding problems 
in the climate variability themes. Following  the intent 
of the Variability program to be integrative with other 
Centre activities, the focus this year has been on the 
dynamics of the El Niño-Southern Oscillation (ENSO) 

Figure V1: Tropical Pacific dynamics relate to wind trends during the 
global warming hiatus period: Upper: Sketch of the tropical Pacific 
SST trend in the recent decade (surface colours), the subsurface 
temperature trends (vertical plot colours) and sketches of winds and 
ocean current dynamics (arrows). Lower: distribution of zonal wind 
stress trends in CMIP model simulations and as observed. (From 
England et al. 2014)
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variability, the interaction between heatwaves, weather dynamics 
and the large-scale climate drivers, and the longer-term decadal 
climate variability related to the global warming hiatus. 

Hiatus

Several groups in the Variability program addressed one of 
the current hot topics in climate research: How can the global 
warming hiatus in surface temperature warming in the recent 
decade be consolidated with anthropogenic climate change 
and natural climate variability? The study by England et al. 2014 
focused on how changes in the tropical Pacific winds affected 
the oceans heat uptake and the related ENSO dynamics (see 
Figure V1). They illustrated that the enhanced easterly winds 
over the tropical Pacific pumped more heat into the subsurface 
oceans. McGregor et al. 2014 studied the role of the tropical 
Atlantic warming in forcing the tropical Pacific winds. They find 
the warming trend in Atlantic sea surface temperature is a key 
driver of the observed Walker circulation (easterly wind) inten-
sification and eastern Pacific cooling. Maher et al. 2014 studied 
the possible derivers and likelihoods of a hiatus decade during 

global warming in Coupled-Model Intercomparison Project 
(CMIP) simulations. They found that the observed hiatus pattern 
is also the most likely hiatus pattern in the CMIP model simula-
tions and that such a hiatus period would have a likelihood of 
about 10-20 percent at the beginning of the 21st century.

Large-scale circulation changes

The large-scale atmospheric circulation is a strong controlling 
factor in Australia’s climate, its rainfall in particular. The Hadley 
and Walker circulations are the zonally and meridionally av-
eraged tropical circulations respectively. Both circulations are 
closely linked to precipitation in the tropics, with the interannual 
variability of the Walker circulation closely connected to ENSO. 
Schwendike et al. (2014) developed a technique to unambigu-
ously define local versions of the Hadley and Walker circulations 
and investigated changes  in these local circulations (see Figure 
V2). Their study emphasises the very large regional differences 
in changes in the local Hadley and Walker circulations. Using a 
similar technique Bayr et al. 2014 found an eastward shift in the 

http://climate-cms.unsw.wikispaces.net/ListOfExperiments
http://climate-cms.unsw.wikispaces.net/ListOfExperiments
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Walker circulation under climate change scenarios that strongly 
resemble the kind of shift seen during El Niño events. Berry and 
Reeder (2014) have devised an objective method to identify the 
Intertropical Convergence Zone (ITCZ), which is essentially the 
ascending branch of the Hadley circulation. Composites based 
on the phase of the ENSO index show a major shift in the mean 
position and changes in intensity of the ITCZ in all ocean basins 
as the index varies. In La Niña conditions, the ITCZ intensifies 
over the Maritime Continent and eastern Pacific, whereas the 
ITCZ weakens over the central and equatorial eastern Pacific. An 
analysis of changes in the ITCZ and its divergence during the 
period 1979–2009 indicates that the mean position of the ITCZ 
shifts southward in the western Pacific and that there is a broad 
global intensification of the convergence into ITCZ regions.

Land-sea contrast

Tyrrell et al. 2014 studied how the oceans’ natural variability 
affect large-scale continental climate using the newly devel-
oped ACCESS model hierarchy. They analysed a very interesting 
phenomenon (see Figure V3): Consider your room (earth) with 
a heater (the oceans), then assume we increase the temperature 
of the heater by one degree. You expect the room to warm 
by one degree or less, but surprisingly it actually warms more 
than just one degree if this room happens to be earth, with the 
heater being the oceans (see Figure 3). The dynamics involved 

Figure V2: The local Hadley (upper) and Walker (lower) circulation 
in June-August as estimated by the meridional (upper) and zonal 
(lower) divergence flux (kg m−2s−1) at 500 hPa from the ERAI reanalysis. 
Descending motion in blue and ascending motion in red. (From 
Schwendike et al. 2014)

Figure V3: The land surface temperature response to ocean warming: change in the land surface temperature in response to +1°C warming of 
the tropical (a), the extra-tropical (b), the global (c) oceans and the superposition of (a) and (b) in ACCESS-N48 simulations. (From Tyrrell et al. 
2014)
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in this are related to the hydrological cycle and the ocean’s 
capability to release water vapor when it is warming. The study 
of Tyrrell et al. 2014 analysed the dynamics of this effect on how 
it has regionally different effects for natural climate variability on 
interannual time scales. It highlights the importance of the tropi-
cal oceans and how they affect continental climates.

RP Variability — Statement of Intent for 2015 

INTENT

1 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

1 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

1 Begin work on verifying the relationship between tropical 
PV anomalies and extreme rainfall using radar observa-
tions from Darwin

1 Analysis of the dynamical effects in the land-sea warming 
contrast

1 Analysis of the seasonal ocean extra-tropical mixed-layer 
dynamics in observations (reanalysis) and in the ACCESS-
KPP model

1 Dynamics of the Southern Ocean decadal variability 
modes in CMIP simulations and simplified models

1 Analysis of CGCM model main-state biases dynamics and 
their interaction with climate sensitivity uncertainty

1 Analysis of the CMIP model’s capability in simulating 
global warming hiatus

2 Development of a consistent ACCESS N48 model 
hierarchy

2 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 ex-
tra-tropical cyclogenesis

2 Analysis of the ENSO CMIP projections and dynamics
2 Dynamics of the large-scale hydrological cycle responses 

in climate change
3 Development of a consistent ACCESS N48 model hier-

archy including the Oceans program’s high-resolution 
MOM-model

3 Conducting a set of long (500yrs+) simulations with the 
consistent ACCESS model hierarchy including the Oceans 
program’s high-resolution MOM-model.

*Level 1 = to be achieved in 2015. Level 2 = substantial progress 
in 2015. Level 3 = progress towards in 2015
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Making aspirations a reality

The work of the ARC Centre of Excellence for Climate 
System Science has had a profoundly positive effect 
on the way modelling is done and the way models 
are developed in Australia. Through the work done 
by our Computational Modelling Systems team we 
have added many innovations and improvements 
that have had a profound impact on climate model 
research.

However, some of the goals set for the seven-year 
lifespan of the Centre’s funding have always been 
considered more distant and aspirational, at best. 
One of these was to develop a hierarchy of climate 
models based on the Australian Community Climate 
and Earth System Simulator (ACCESS), as it is one 
thing to develop a model version but it is another to 
take the code, place it under version control, test it, 
publish it and detail it appropriately.

Remarkably, the Variability team led by Chief 
Investigator Dietmar Dommenget — and with the 
considerable help of Claudia Frauen, Mike Rezny, 
Scott Wales and Holger Wolff — has delivered this in 
just three years.

The team has published a list of model hierarchies, 
existing tools and experiments associated with a 
range of ACCESS models based on ACCESS 0.x, 
ACCESS 1.0 and ACCESS 1.3 using HadGEM3 and 
Community Atmosphere Biosphere Land Exchange 
(CABLE). The information includes the location of 
code, special ancillary files required to find them, 
existing publications, contact details for expertise 
and code efficiencies on the National Computational 
Infrastructure.

Unlike the fully coupled ACCESS models, this model 
hierarchy is much faster and simpler, which is optimal 
for additional sensitivity studies. This model hierarchy 
allows for a wide range of sensitivity simulations to 
test the role of sea surface temperature variability 
or the upper ocean heat exchange in the climate 
system.

This is an outstanding step forward and the hierarchy 
will be expanded over the coming years with new 
members and an extended list of experiments. With 
this foundation solidly in place, research groups 
across every Centre node and program can now be 
involved in adding to this important list.
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A sensitive paper on clouds

On the very first day of 2014, Chief Investigator Steven Sherwood produced a paper on cloud 
formation that is likely to have a profound impact on climate models and the sensitivity of our 
climate to greenhouse gases.

The paper compared observations of cloud formation in the real world with the way it is repre-
sented in models. Observations showed that when water vapour was taken up by the atmo-
sphere through evaporation, updraughts often rose to 15 kilometres, where they formed heavy 
rains. However, other updraughts would also rise just a few kilometres before returning to the 
surface, without forming rain. These smaller updraughts had the additional effect of pulling 
water vapour away from higher cloud-forming regions.

Interestingly, climate models that did not show enough of this low-level process when com-
pared to real-world observations also showed a lower sensitivity to greenhouse gases.

When the processes of cloud formation in climate models were corrected to match these 
observations it was found that this caused fewer clouds to form in a warmer climate. This 
increased the amount of sunlight and heat entering the atmosphere and correspondingly 
increased the sensitivity of the modelled climate to greenhouse gases.

When water vapour processes were correctly represented, the sensitivity of climate to a 
doubling of carbon dioxide — which will occur in the next 50 years if we follow the current 
emissions pathways — would be towards the middle and higher end of current estimates. With 
these processes the paper estimated we could see a global temperature increase of 3°C and 
more likely 4°C by 2100.

Prior to this paper the estimate of climate sensitivity for a doubling of carbon dioxide ranged 
from 1.5°C-5°C. The new estimate, with the cloud processes included, has narrowed this range 
to 3°C-5°C.

The paper received significant coverage nationally and internationally across all forms of media 
and has been extensively used and analysed by climate researchers around the world.

It is particularly significant in what it means for future climate change, as Professor Sherwood 
himself acknowledged on the paper’s release.

“Rises in global average temperatures of this magnitude will have profound effects on the world 
and the economies of many countries if we don’t urgently start to curb our emissions,” Prof 
Sherwood said.

Paper: Spread in model climate sensitivity traced to atmospheric convective mixing (doi:10.1038/
nature12829)

http://www.nature.com/nature/journal/v505/n7481/full/nature12829.html
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Things are heating up in Antarctica
It took less than eight months for a remarkable pair of papers from Oceans program re-
searchers, which modelled wind and ocean impacts around Antarctica, to have their findings 
supported by observations.

The first paper, by Dr Paul Spence and Dr Nicolas Jourdain, indicated that projected chang-
es in the winds circling the Antarctic could accelerate the warming of the ocean under ice 
shelves and along the coast of West and East Antarctica. The warming of the water beneath 
the ice shelves and along the coast produced by these wind changes was up to 4°C more 
than current temperatures. This was almost twice as much as previously estimated.

The difference in the modelling approach compared to earlier research was one of detail. 
Previous modelling had approached the question of ocean warming around Antarctica over 
large areas. Using supercomputers at Australia’s National Computational Infrastructure facil-
ity, Dr Spence’s team was able to examine the impacts of changing winds on currents down 
to 700 metres around the coastline in greater detail than ever before.

According to Dr Spence, “the processes at play are quite simple and well resolved”. The re-
search may help explain a number of sudden and previously unexplained increases in global 
sea levels that have occurred in the geological past.

A few months later, Professor Matthew England was part of the team that revealed how 
ocean temperatures around Antarctica had become more layered, with a warm layer of wa-
ter below a cold surface layer. Modelling of these conditions showed they had last occurred 
14,000 years ago when the Antarctic contributed three to four metres to global sea levels in 
just a few centuries.

The researchers used sophisticated ice sheet and climate models and verified the results with 
independent geological observations from the oceans off Antarctica. The geological data 
clearly showed that when the waters around the Antarctic became more stratified the ice 
sheets melted more quickly.

Since these results were published, observations from Antarctica have shown a greater 
depth of ocean water beneath glaciers in western Antarctica than previously observed and 
the accelerated melting of the largest glacier in East Antarctica caused by the warming of 
the ocean below it.
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Highlights: 
 � Progress on understanding near-Antarctic subsurface tem-

perature evolution, global ocean circulation and the carbon 
cycle

 � Development of high-resolution ocean model coupled into 
ACCESS framework

 � Visits from Kraig Winters (Scripps Institute of Oceanogra-
phy), Matt Palmer (UK Met Office)

 � Matthew England elected as Fellow of the Australian Acade-
my of Science. DECRA Fellowships for Max Nikurashin, Paul 
Spence and Laurie Menviel. Andy Hogg receives Fofonoff 
Award from American Meteorological Society

 � Australian Ocean Modelling meeting held in Melbourne in 
September, international Detection & Attribution workshop 
in Hobart in November. 
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Prof Nathan Bindoff (University of Tasmania) 
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Dr Leela Frankcombe (UNSW)
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Dr Paul Spence (UNSW)
Dr Maxim Nikurashin (UTAS)

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)
Dr Erik van Sebille (UNSW)
Dr Stephanie Waterman (UNSW)

PhD Students
Kaitlin Alexander (UNSW)
Alice Barthel (UNSW)
Chris Chapman (ANU)
Sjoerd Groeskamp (UTAS)
Robert Johnson (UTAS)
Veronique Lago (UTAS)
Veronica Li (UNSW)
Ariaan Purich (UNSW)
Xuerong Qin (UNSW)
Vivianne Vasconcellos de Menezes (UTAS) 

Mechanisms and 
Attribution of Past and 
Future Ocean 
Circulation Change



REPORT 2014  ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE 57

The Oceans research program is focused on understanding 
changes in the physical and biogeochemical state of the ocean 
over a range of spatiotemporal scales. Major contributions to 
Centre research in 2014 included improving our understand-
ing of subsurface ocean temperatures on the Antarctic shelf, 
a major international ocean model intercomparison, better 
understanding of fine-scale processes and carbon uptake in the 
Southern Ocean and progress on the global ocean circulation 
and carbon cycle using conceptual models.

Over the past three years the Oceans program has been 
implementing a high-resolution (1/4°) global ocean sea ice 
model in collaboration with Partner Investigator Steve Griffies 
(Geophysical Fluid Dynamics Laboratory, USA). The first results 
from this model emerged in 2013, and in 2014 we published 
new results showing the sensitivity of near-Antarctic subsurface 
ocean waters to wind stress (Figure O1. Spence et al., 2014). This 
finding has major implications for the melting of Antarctic ice 
sheets at subsurface grounding lines and was the subject of sig-
nificant media attention. Ongoing projects aim to further refine 
the ocean’s sensitivity to wind stress changes in the Southern 
Ocean. 

Development of this model has continued apace, and in 2014 
we were able to couple this high-resolution model into the 
ACCESS climate model framework (Nic Hannah, UNSW). Future 
science projects examining the role of the ocean in the coupled 
climate system will stem from these developments, while future 
development targets include the addition of a biogeochemical 
ocean model to the high-resolution model, and pushing to-
wards 0.1° (fully eddy-resolving) resolution for the ocean model.

The motivation for high-resolution climate models is derived 
from our understanding of the impact of fine-scale processes on 
the larger scale ocean circulation and climate. Fine-scale mixing 
has been observed in region of the Southern Ocean, leading to 
an understanding of the processes contributing to this mixing 
(Meyer et al. 2014). In the same region, ultra-high-resolution 
models have demonstrated the importance of resolving narrow 

filaments of ocean water in transporting nutrients to the surface 
(Figure O2; Rosso et al. 2014). Such nutrients feed into biologi-
cal activity, which controls the uptake of carbon in the Southern 
Ocean (Figure O3; Ayers & Strutton, submitted). Nutrient fluxes 
were found to vary with climate drivers, namely the Indian 
Ocean Dipole and El Niño. The magnitude of the nutrient fluxes 
through this region was large enough to support a significant 
proportion of Indian Ocean productivity. 

The Southern Ocean controls the global uptake of carbon, and 
simple conceptual models have been used to investigate how 
past changes in global climate may have been driven by this part 
of the ocean. A paper by de Boer & Hogg (2014) uses a new 
time-dependent, three-layer model of the ocean’s overturning 
circulation to examine how buoyancy fluxes and wind stress over 
the Southern Ocean can alter the ocean stratification on long 
time scales. Nikurashin et al. (submitted) have built on previous 
work to couple the carbon cycle into a conceptual model, to 
examine for triggers for glacial cycles. In both models, the role 
of interior small-scale mixing is critical; thus, an understanding of 
small scales contributes to global climate on all time scales.

The dynamics of the Southern Ocean are complicated by 
features at all spatio-temporal scales. Some of these features 
parallel atmospheric dynamics, such as the Southern Ocean 
storm tracks highlighted by Chapman et al. (in press). Similarly, 
a new understanding of the momentum balance has allowed 
quantification of the mechanism by which surface buoyancy 
fluxes control the transport of the Antarctic Circumpolar Current 
(Howard et al. 2014). Together, these papers contribute to an 
improved understanding of the dynamics that control large 
scale currents in the region.

Other highlights for 2014 include a major international ocean 
model intercomparison, with the Oceans program leading the 
Southern Ocean component (Downes et al., submitted). A new 
idealised coupled model has been used to demonstrate the de-
pendence of the interhemispheric asymmetry of global warming 
upon model resolution (Hutchinson et al., submitted).

Figure O1: Temperature response (as a function of depth and distance from coastline) of near-Antarctic waters to changes in wind stress.
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Members of the Oceans program have received a number of 
awards and prizes in 2014. A highlight was Professor Matthew 
England’s election as Fellow of the Australian Academy of 
Science. Three early career researchers won highly competitive 
ARC Discovery Early Career Researcher Awards: Max Nikurashin, 
Paul Spence and Laurie Menviel. Andy Hogg received the 2015 
Fofonoff Award from the American Meteorological Society.

Figure O2 Filaments of density gradients in an ultra-high resolution model of the region surrounding Kerguelen Island.

Major collaborative projects within the Oceans program have 
been focused on developments of the global ocean model. 
These developments have contributed to outstanding and inno-
vative science, as well as forging stronger links with ocean mod-
ellers at CSIRO and the Bureau of Meteorology. Development 
of this global ocean model will continue in the coming year, 
alongside continued development of regional higher-resolution 
models and fine-scale processes which contribute to the larger 
picture.

Figure O3 Map of the moorings used to calculate nutrient fluxes into the Indian Ocean from the Pacific.
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RP Oceans — Statement of Intent for 2015 

INTENT

1 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

1 Process model and coupled climate experiments on 
vertical and horizontal transport in the Southern Ocean 
and ocean-atmosphere coupling [Links to Variability]

1 Detection and attribution of salinity changes and ocean 
heat content in the global oceans and their conse-
quences for the surface water cycle [Links to Land and 
Extremes]

1 Process model experiments and the formulation of 
low-order models for the sensitivity of the ocean’s 
Meridional Overturning Circulation (MOC) on long time 
scales.

1 Spin-up and evaluation phase of a global OASIS-
coupled implementation of MOM-CICE-UKMO at ¼° 
ocean resolution for use by ARCCSS/CAWCR research-
ers, designed to build towards ACCESS version 2. [Links 
ACCESS and CAWCR]

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

2 Regional submesoscale ocean modelling at ultra-high 
resolution. Build on existing capability at ANU and UTAS 
(Rosso, Nikurashin), designed to feed into both process 
work and carbon cycle priorities

2 Conducting a set of long (500yrs+) simulations with 
the consistent ACCESS model hierarchy including the 
Oceans program’s high-resolution MOM model. [Links 
to Variability]

2 Investigating decadal variability in the ACCESS model as 
a function of model resolution [Links to Variability]

3 0.1° model development. Global 0.1° MOM5.1 model 
now running on raijin, but performance bottlenecks, 
final configurations and spin-up strategies present 
additional challenges. [Links with CMS, CSIRO (Hobart) 
and BoM]

*Level 1 = to be achieved in 2015. Level 2 = substantial progress 
in 2015. Level 3 = progress towards in 2015

LE
VE

L 
*

Answers blowing in the wind
A pair of key papers looking at the ocean’s role in the 
slowing of the rise in global average temperatures has 
found the answer to be blowing in the wind.

The first paper, led by Professor Matthew England, 
appeared in Nature Climate Change early in the year 
and revealed a record-breaking increase in trade winds 
for the past 13 years along the equatorial Pacific – an 
increase that was driving atmospheric heat into the 
ocean. The research community had long suspected that 
extra ocean heat uptake had slowed the rise in global 
average temperatures but had been unable to identify 
the mechanism.

Prof England found that this increase in trade winds, to a 
level never before seen in the observational record, was 
the prime cause and also explains why many models 
had failed to project this change. Once the trade wind 
acceleration was factored into models, the slowing of 
global average temperatures mirrored that seen in the 
observed world.

Importantly, the research showed that when the trade 
winds slow down again there will be a notable accelera-
tion in global average temperatures.

A follow-up paper led by Dr Shayne McGregor went one 
step further and found that the rapid warming of the 
Atlantic Ocean, at least partly caused by global warming, 
had actually turbocharged the Pacific Equatorial trade 
winds. In addition, this study also found further im-
pacts that included the amplification of the Californian 
drought and the acceleration of sea level rise in the 
Western Pacific to values three times higher than the 
global average. There was even a suspicion that this 
turbocharging effect may have been responsible for 
making El Niño events less common since 2001.

The research also has implications for climate models, 
suggesting the coupling between the Atlantic and Pacific 
Ocean basins may be far greater than that produced in 
the models, hence the fact that no models produced 
increases in equatorial trade winds comparable to that 
recently observed.

While neither paper explored future trends in the trade 
winds, both suggested that a large El Niño warming of 
the Eastern Pacific basin could drive the system back 
to a more neutral state and produce a sharp upturn in 
global average temperatures.

This research was widely profiled by the media and has 
already made a notable impact on the community, with 
both papers highly cited in the months since they first 
appeared. This work has led to a better understanding 
of the coupling between the Atlantic and Pacific Ocean 
basins, and the mechanisms regulating decadal climate 
variability in the system.
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Computational Modelling Support

The Computational Modelling Systems (CMS) team aims to en-
able researchers and students at the ARC Centre of Excellence 
for Climate System Science (ARCCSS) to use climate models and 
data in an efficient way. In order to achieve this, the team works 
directly with researchers to develop new models and model 
capabilities. The team also develops new tools to streamline 
workflows and provides support to all.

In 2014, the team went through some changes. Scott Wales 
stepped down from his leadership role while remaining in the 
team. Leadership of the team was taken over by Dr Claire 
Carouge. Dr Carouge had been working at the Centre since its 
inception but was only integrated into the CMS team during 
this year. Both Dr Marshall Ward and Dr Kai Lu left the team this 
year. Dr Aidan Heerdegen was appointed as the replacement 
for Dr Ward.        

ACCESS
The CMS team worked on several versions of the Australian 
Community Climate and Earth-System Simulator (ACCESS) 
model in the last year:

 � ACCESS v1.3 is now easily accessible and configurable by 
the Centre’s researchers thanks to Scott Wales. This version 
of ACCESS is the first to include the CSIRO Atmosphere, 
Biosphere, Land Exchange (CABLE) land model (CABLE v2).

 � Nicholas Hannah developed the ACCESS Coupled, Ocean 
Eddy Permitting (ACCESS-CM-OEP) model. It is a fully 
coupled model using the Unified Model (UM) atmosphere 
model running at N96 resolution along with the Los Alamos 
Sea Ice Model (CICE) and Modular Ocean Model (MOM) 
running at ¼° resolution and the Ocean, Atmosphere, Sea 
Ice, Soil – Model Coupling Toolkit (OASIS3-MCT) coupler.

 � Nicholas Hannah also developed the ACCESS Ocean, Ocean 
Eddy Permitting (ACCESS-OM-OEP) model, which is an 
ocean-only model using MOM, CICE and OASIS3-MCT 
as above, but with the Coordinated Ocean-Ice Reference 
Experiment (CORE 2) data set for atmospheric forcing.

 � ACCESS coupled to the K-Profile Parameterization (KPP) 
ocean model. Dr Holger Wolff worked closely with Dr Diet-
mar Dommenget to couple the UM model to the KPP ocean 
model. This work completes the creation of a hierarchy of 
ACCESS models with different complexity. This hierarchy will 
allow a full range of scientific research to be pursued using 
the ACCESS framework. A list of currently available configu-
rations is hosted on the CMS wiki: http://climate-cms.unsw.
wikispaces.net/ListOfExperiments.

The ACCESS-CM-OEP and ACCESS-OM-OEP models build 
upon the work from the Centre for Australian Weather 
and Climate Research (CAWCR) on the ACCESS Coupled 
Model (ACCESS-CM), especially for the Coupled-Model 
Intercomparison Project – Phase 5 (CMIP-5) project. One of the 
main drivers for the development of these models is the use of 
a higher-resolution ocean model than in the standard ACCESS-
CM model. Since the Ocean Eddy Permitting (OEP) models and 
ACCESS-CM share a lot of code and configuration, the OEP de-
velopment led to many improvements in usability and correct-
ness that could be fed back to ACCESS-CM. This illustrates the 
need for a stronger collaborative development of ACCESS-CM 
across CAWCR and ARCCSS.

During the development of the OEP models, Nicholas Hannah 
also developed accessory tools to help with the development of 
alternative configurations in the future. These include:

http://climate-cms.unsw.wikispaces.net/ListOfExperiments
http://climate-cms.unsw.wikispaces.net/ListOfExperiments
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 � A grid tool that takes an existing ocean grid and UM initial 
conditions and generates all the necessary CICE, UM and 
OASIS grids, masks and initial conditions. This tool auto-
mates a lot of the work associated with coupling models 
with new resolutions or masks. This tool is publicly available 
on github.com [https://github.com/nicholash/access-tools] 
and the CAWCR model developers have been encouraged 
to use it for their work.

 � A testing framework for the models. This simplifies the 
creation of both system tests (to test the models as a whole) 
and unit tests (to test particular functional units within the 
models). Tests are managed and published using the Jenkins 
continuous integration system.

 � A diagnostic tool that plots key model output metrics and 
comparisons with other model output and observations. For 
example mean SSTs, Global and Atlantic meridional over-
turning circulation, Drake Passage transport, sea ice extent 
and thickness, etc. These plots are regenerated periodically 
as a simulation progresses and are published on a website 
that has been used to communicate progress on experi-
ments within ARCCSS and outside.

In addition, Scott Wales has helped Centre researchers to 
port UK Meteorological Office simulations on the Australian 
National Computing Infrastructure (NCI) supercomputer. These 
include the United Kingdom Chemistry and Aerosols (UKCA) 
atmospheric chemistry model and the high-resolution Global 
Atmosphere 6 nested model, which are being used in Australia 
to investigate how chemicals behave in the stratosphere and to 
perform high-resolution regional simulations of weather events.

We have strengthened our links with the UK Met Office by con-
tributing to the Technical Advisory Group that directs technical 
collaboration between partners using the UM. As a result of this 
work, a shared repository system is now available for the UM 
from version 10 and above. This will allow Partner Organisations, 
including the National Institute of Water and Atmospheric 
Research (NIWA), the National Centre for Atmospheric Science 
(NCAS), the National Centre for Medium Range Weather 
Forecasting (NCMWF), the Korea Meteorological Association 
and the ACCESS community to easily share code modifications 
and model configurations across institutions.

Scott Wales has also developed a tool based on Kibana to 
monitor ACCESS usage on the NCI super-computer. This tool 
provides useful statistics on usage, which will help decisions on 
management of the ACCESS model.

Ocean
Marshall Ward has continued to develop payu, the workflow 
management tool used within the ocean modelling group. The 
most significant development is support for the ACCESS cou-
pled model and its various sub-models, including CICE, the UM, 
and the data atmosphere model of ACCESS (MATM). Much of 
this work was done in collaboration with Nicholas Hannah.

Part of the enhancements to payu involved extensive develop-
ment by Dr Ward of the Python name-list parser package, f90n-
ml. This is available as a Python package Index (PyPI) package 
and is being downloaded hundreds of times a week, indicating 
it is well written, useful, robust modular software.

Dr Ward expended a huge amount of effort and time on a 
global high-resolution (1/12º) MOM model. There were ongoing 
message passing interface (MPI) issues on raijin, NCI’s high-per-
formance computer. This affected the stability and scalability of 
this model and the MPI issues were never solved. In October, 
Dr Stephen Griffies from the Geophysical Fluid Dynamics 
Laboratory kindly offered to share the global 1/10º MOM model 
with ARCCSS. The decision was made to abandon development 
of the 1/12º and focus on the 1/10º as this was a working model, 
which meant all input fields had been proven to work at this 
resolution. With the assistance of Dr Ward, now a staff member 
at NCI, and in collaboration with Dr Paul Spence, Dr Heerdegen 
has been working on developing a running high-resolution 
model configuration.

Compatibility problems between Open MPI and InfiniBand 
initially caused major memory issues to scale the model above 
2500 CPU cores on raijin. Collaborative work between Dr 
Heerdegen, Nicholas Hannah, Dr Ward and other NCI staff 
members helped identify and work around the issue. A test for 
the high-resolution MOM+Sea Ice (MOM+SIS) model has now 
been successfully run on 15,000 cores. Dr Heerdegen is now 
ironing out the last few hurdles to get a production run ready.

Nicholas Hannah and Dr Aidan Heerdegen have been main-
taining the mom-ocean.org website, which is the official source 
of the MOM5 ocean models. During the past year they have 
integrated many source code improvements contributed by the 
user community, maintained a presence on the project mailing 
list and put a lot of work into setting up an automated testing 
framework that runs a collection of standard test cases at NCI. 
This community project is an excellent example of collaborative 
model development. 

Single Column Model (SCM)
The UM atmospheric model comes with a single column mode. 
This is particularly useful in the development of land models as 
it allows single-point simulations to be performed in the same 
framework as coupled global simulations. Some work has been 
done this year to improve the usability of the SCM:

 � Dr Kai Lu has modified the build process of the SCM to 
allow the CABLE land model to be built as a library as the 
same time. The previous version of the SCM would only 
work with a pre-compiled CABLE model, which would not 
allow the user to choose the CABLE version being used.

 � Work by Kai Lu, Holger Wolff and Greg Roff at the Bureau 
of Meteorology has been conducted to create initial and 
boundary conditions for the SCM from the ERA-Interim 
reanalysis dataset.

https://github.com/nicholash/access-tools
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However, the work on the SCM is incomplete at this date. 
When changing the CABLE version used with the SCM, CABLE 
algorithms are actually not called correctly – to the point of 
making any simulation impossible. Also, the tool creating the 
SCM boundary conditions would benefit from improvements to 
increase its automatisation and its generality. 

Regional climate
For the regional climate research, work has been done in the 
last year involving the Weather Research and Forecasting (WRF) 
model. Dr Lu regularly updated the WRF version hosted on NCI 
to keep pace with the WRF update cycle. 

Some development work has been done on the WRF version 
used for the NSW/ACT Regional Climate Modelling (NARCliM) 
experiments. This enhanced WRF model includes additional 
diagnostics useful for climate research previously developed by 
the Universidad de Cantabria (Spain) and Dr Carouge at the 
Centre. Researchers at the Climate Change Research Centre 
(UNSW) have identified issues while running NARCliM exper-
iments. Dr Carouge worked in collaboration with them to fix 
these errors. Most of the errors related to the fact that WRF is 
primarily developed for short near-term weather prediction. 
When running longer simulations for climate studies, some 
algorithms needed to be modified to prevent creating errors.

To facilitate the collaboration and the distribution of the correct-
ed model, the code has been moved to a public git repository: 
https://bitbucket.org/dargueso/unsw-ccrc-wrf/overview.

Another project of the regional climate research program is 
to couple CABLE to WRF. For this project, we are using NASA 
Unified WRF (NU-WRF), which is developed and maintained by 
a Centre partner at the Goddard Space Flight Centre (GSFC) 
in Maryland (USA). This version of WRF is coupled to the Land 
Information System (LIS) code developed at GSFC, which we 
have implemented in CABLE. This allows us to have an easily 
maintainable and upgradable WRF-CABLE coupled model. 

Last year, we identified a major issue with the coupled mod-
el. To tackle it, Dr Carouge first upgraded the NU-WRF and 
CABLE models to their latest versions in order to benefit from 
better user support from both the NU-WRF and the CABLE 
communities. This coincided with major updates of CABLE 
and NU-WRF, requiring significant work for both CABLE and 
NU-WRF. However, the issue with the coupled model stemmed 
from over-evaporation in CABLE, which required changes in 
CABLE algorithms. It was decided to update the soil model to 
an alternative algorithm based on the soil hydrology developed 
by Dr Mark Decker (UNSW). Short tests have proved success-
ful in resolving the issue in the coupled model. Longer tests 
are currently under way to fine-tune the new soil hydrology to 
produce stable long coupled simulations with CABLE-WRF. The 
work done on the soil hydrology is also essential for all users of 
CABLE, especially ACCESS users. 

In parallel to the work on the coupled CABLE-WRF model, Dr 
Carouge has developed scripts to easily re-grid the input data 
for LIS from the initial one-kilometre grid to any other resolu-
tion. This tool will re-grid all the input data from GSFC and our 
local data sets.

Data
Data collections

The year has seen the creation and extension of several data 
sets managed by the CMS team’s Dr Paola Petrelli and CMS 
collaborator Dr Tom Remenyi:

 � CMIP-5: We were able to increase the amount of CMIP-5 
data available on raijin by an extra 70 Tb and 199,000 files 
since the start of the year (updated to 11 Dec).

 � CABLE: We are helping the CABLE community to put 
together its CABLE benchmarking and evaluation data col-
lection as part of the Research Data Storage Infrastructure 
(RDSI) storage at NCI.

 � Year of Tropical Convection (YOTC): we fixed issues with 
some of the data and added some of the surface fields to 
the collection; we are now working on new data requests 
with the atmospheric community.

 � ERA-Interim: as well as regularly updating the collection we 
recently added the operative surface forecast at full reso-
lution and the ERA-Interim Land collection. We also added 
quality control on the ERA-Interim collection and improved 
the data format both in size and metadata. The new files, 
which are currently available only for the new Land and 
forecast data, are CF-compliant, follow CMIP-5 variables, 
name and conventions where applicable, use standard 
name to identify correct variable definitions and have a 
md5-checksum attribute to identify data corruption. The 
same changes will be applied to the rest of ERA-Interim and 
YOTC in the future.

Other smaller data sets downloaded are: Operational Sea 
Surface Temperatures and Ice (OSTIA-SST), International 
Satellite Cloud Climatology Project Top of Atmosphere (ISCCP 
TOA) data.

ACCESS-CMIP-5 simulations

We post-processed and quality checked two historicalNat 
simulations and nine historicalExt simulations for the previously 
published historical, historicalGHG and historicalNat simulations. 
These 11 extra simulations are now awaiting official publication 
on the Earth System Grid (ESG) node at NCI. This will occur in 
early 2015.

NCI Data Services & RDA data publishing

Dr Paola Petrelli collaborated with NCI to get the collections 
maintained by the ARCCSS (YOTC, ERA-Interim and CABLE) 

https://bitbucket.org/dargueso/unsw-ccrc-wrf/overview


REPORT 2014  ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE 63

listed on their new geo-network data service. A list of all 
available collections is at http://nci.org.au/data-collections/
data-collections/. NCI plans to make these collections (wherever 
licensing terms allow it) accessible online through a Thematic 
Real-Time Environmental Distributed Data Services (THREDDS) 
catalogue. We added a new collection for ARCCSS research 
output to the NCI geo-network. This collection will include all 
the small data sets, produced by our researchers or students, 
that don’t fit into any other data collection (such as CMIP-5). 

The first examples of this collection are research outputs from 
Dr Ruth Lorenz and Dr Daniel Argüeso. We used their example 
to define a procedure to collect necessary information on the 
data set for publication on Research Data Australia (RDA). It 
also set requirements on data quality. This procedure is pub-
lished on the CMS wiki http://climate-cms.unsw.wikispaces.net/
Data+publishing+guidelines.

Data Management Plans 

Data Management Plans (DMPs) are highly recommended both 
by institutions and by the ARC funding body and are set to be-
come mandatory. Dr Petrelli is customising an online data man-
agement tool that will help with lodging DMPs. The new tool 
will allow us to better manage our time and resources around 
data, anticipate data needs and any possible complications 
arising from data workflows. The new tool will allow researchers 
to edit, share and export DMPs. Guidelines and templates from 
each institution within the ARCCSS will be made available, so 
researchers will be able to customise their DMP without having 
any prior knowledge of requirements and policies. The tool is 
scheduled to be available to the Centre researchers in the first 
quarter of 2015.

RDA-ANDS

We increased the number of records on RDA relating to the 
ARCCSS. Now, all CMIP-5 ACCESS output simulations are listed 
on RDA. More importantly, we have started a process to add all 
the ARCCSS-publishable data sets to RDA. We are also working 
on the best way to publish software and model configuration on 
RDA and have started a dialogue with Australian National Data 
Service (ANDS) on how to best work on document “prove-
nance”, including looking at new web services designed with 
this purpose.

CWSLab
The CMS team has also been working to enhance the environ-
ment used to run the UM alongside the National eResearch 
Collaboration Tools and Resources (NeCTAR) Climate Weather 
Science Laboratory (CWSlab) project being developed by 
CAWCR and NCI. The new ‘Accessdev’ server developed by 
CWSlab in collaboration with ARCCSS CMS is now being used 
to configure and submit UM runs. This server provides support 
for the new ‘Rose’ control interface, developed by the UK Met 
Office for version nine of the model, which will drive the config-
uration of jobs in the upcoming ACCESS 2 model.

In addition to the new server, the CMS team and Centre re-
searchers have been helping the developers of other CWSlab 
projects by providing valuable feedback and testing of the 
services under development. These new services will include 
a tool for analysing climate data using reproducible workflows 
(VisTrails) as well as better services for cataloguing and publish-
ing data sets.

Training
The CMS team continued its efforts to train and inform the 
Centre’s staff and students in the use of the tools and resources 
that are available to the ARCCSS community. 

Dr Marshall Ward and Dr Holger Wolff delivered a Python 
course was delivered at the annual Winter School. Nicholas 
Hannah, Scott Wales and Dr Petrelli helped with the Software 
Carpentry course run at the Australian Meteorological and 
Oceanographic Society (AMOS) conference this year. Also, 
Nicholas Hannah and David Fuchs have started successful 
weekly support sessions at UNSW. Other knowledgeable UNSW 
students and early career researchers have joined them to help 
run these sessions. Dr Wolff has also started giving short work-
shops at Monash University.

In addition, we are collaborating with Dr Melissa Hart to better 
assess the needs of new students. We also want to develop 
small lectures in collaboration with early career researchers to 
improve the training material available at the Centre.

http://nci.org.au/data-collections/data-collections/
http://nci.org.au/data-collections/data-collections/
http://climate-cms.unsw.wikispaces.net/Data+publishing+guidelines
http://climate-cms.unsw.wikispaces.net/Data+publishing+guidelines
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CMS Statement of Intent for 2015

INTENT

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

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

2 Develop tools to automatically save model experiments 
set up to enable better sharing and reproducibility of 
experiments

3 0.1° model development. Global 0.1° MOM5.1 model 
now running on raijin, but performance bottlenecks, final 
configurations and spin-up strategies present additional 
challenges. [Links with Ocean, CSIRO (Hobart) and BoM]

3 Develop infrastructure for automatically testing core 
models to quickly identify regressions in model behaviour

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

1 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 pub-
lish data and metadata for external access

2 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 

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

1 Document outcomes on the CMS wiki for future reference
2 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

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

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

1 Work with CAWCR to facilitate the involvement of the 
community in the development of ACCESS. 

*Level 1 = to be achieved in 2015. Level 2 = substantial progress 
in 2015. Level 3 = progress towards in 2015

LE
VE

L 
*

Successful Coupling
When Nicholas Hannah joined the ARC Centre of Excellence 
for Climate System Science to work on sea ice models and 
on the coupled CICE, the Modular Ocean Model (MOM) and 
the Unified Model (UM) using the OASIS coupler, few people 
would have expected the profound effect he would have on 
Centre of Excellence processes and partnerships. 

Nicholas’ background as a software engineer meant he 
brought a wide range of skills and expertise to his work, 
with the express aim of facilitating collaborations on code 
development. 

At this stage he has coupled CICE to MOM and to UM and 
testing is under way, well ahead of schedule. 

But these project successes are only part of the story. A 
key part of Nic’s impact on the Centre goes to the way he 
organises his work and the software engineering used. Most 
of his practices are rarely performed in climate science. 
Specifically he has: 

 � Put everything under version control

 � Developed tests alongside code developments that 
are performed automatically after each code change

 � Stored everything possible to open spaces where 
anyone can access the code or information

 � Written additional programs as needed for the proj-
ect and made them generic, so as to be useable by 
others

 � Written programs that visualise standard mod-
el outputs to instantly determine the quality of a 
simulation.

Nicholas Hannah’s active communication with our partners 
CSIRO and The Centre for Australian Weather and Climate 
Research,,including regular visits to Aspendale to improve 
collaborative exercises, has allowed him to bring across 
the latest changes on the Australian Community Climate 
and Earth System Simulator system and opened even more 
doors to collaborations between our organisations. 

Along with David Fuchs, Nicholas has started a weekly one-
hour support session at UNSW for students and researchers 
where they can come together to ask questions and get 
technical help. 

Nicholas Hannah has already created a legacy, by using sys-
tems that will make it easier for someone else to pick up his 
work when he eventually moves on, and by building tools 
that will be useful to others working on a range of different 
projects.
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CMS Staff Profiles
Dr Claire Carouge 

Team Leader

Claire Carouge is the leader of the Computational Modelling 
Systems (CMS) team at the ARC Centre of Excellence for 
Climate System Science (ARCCSS). She coordinates the efforts 
of the team members distributed over the five nodes of the 
Centre.

In parallel, Dr Carouge provides the modelling support for the 
Weather Research and Forecasting (WRF) atmospheric regional 
model and CSIRO Atmosphere, Biosphere and Land Exchange 
(CABLE) land surface model at the Centre of Excellence. As such 
she has coupled CABLE to WRF via the integration of CABLE 
into the Land Information System (LIS). She has also devel-
oped new diagnostics in WRF required for simulations for the 
Coordinated Regional Downscaling Experiment (CORDEX). She 
now maintains, keeps up-to-date and documents a stand-alone 
modified WRF model and the CABLE-LIS-WRF coupled model. 
Dr Carouge is also developing a proper suite of tests for CABLE 
in collaboration with the CABLE development team at CSIRO. 
She  supports researchers using and developing the CABLE and 
WRF models at the Centre.

Dr Aidan Heerdegen

Computational Modelling Support

Aidan Heerdegen is a computational scientist with a back-
ground in physical chemistry but has also supported research in 
climate modelling. Dr Heerdegen has experience with statistical 
analysis of climate data and health statistics database software.

Dr Heerdegen has a Bachelor of Science (Hons) in Physics and 
Chemistry from Massey University (NZ), and a PhD from ANU. 
His doctoral thesis was on Monte-Carlo modelling of diffuse 
x-ray scattering from disordered materials. He joined the 
Centre’s CMS team at ANU in 2014. 

Dr Paola Petrelli

Computational Modelling Support

Paola Petrelli received a PhD from the University of Siena (Italy) 
in 2005. Her research interests then included modelling ocean 
and atmosphere interactions in Antarctica and sea ice process-
es. For the past five years she have been managing oceano-
graphic 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. At the ARCCSS her role will focus on facilitating the 
use of CMIP-5 data and, more generally, data management.

Scott Wales

Computational Modelling Support

Scott Wales completed his Bachelor of Science (Hons) in Physics 
at the University of Queensland in 2007. He went on to study 
at the University of Sydney, where he worked with cosmological 
N-Body simulations before joining the CMS team at the Centre 
of Excellence.

Scott’s interests are in high-performance scientific comput-
ing and parallel algorithms. He has worked with models from 
Bose-Einstein condensates to the formation of galaxies. Scott 
helps support the UK Meteorological Office’s Unified Model and 
guides technical collaborations with the Centre for Australian 
Weather and Climate Research (CAWCR) and the UK Met Office.

Dr Holger Wolff

Computational Modelling Support

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 in 
Melbourne, with a focus on micro-fabrication of atom chips for 
Bose-Einstein-Condensate Experiments. Following the PhD, he 
worked with CSIRO as a programmer for atmospheric modelling 
for three-and-a-half years. He joined the Centre of Excellence in 
November 2013.

Computational Modelling 
Support Collaborators
Nicholas Hannah

Ocean-ACCESS model coupling project

Nicholas Hannah has worked in a range of areas including cli-
mate model development and embedded systems. His interests 
include numerical modelling, software engineering and open 
source software. He holds degrees in computer science and 
mathematics. At the ARCCSS he is developing a new high-reso-
lution ocean-atmosphere coupled model configuration. 

Dr Tomas Remenyi

Data Management Assistant

Tomas Remenyi is a recent PhD graduate from the University of 
Tasmania’s Quantitative Marine Science program. His PhD topic 
was “Quantifying the impact of dust deposition to the Southern 
Ocean using dissolved aluminium concentrations”. Dr Remenyi 
has been working closely with CMS team member Paola Petrelli. 
His primary role is to assist with data management within the 
ARCCSS.
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The Graduate Program

Achievements for 2014
 � A successful winter school in geophysical fluid dynamics 

held in the Research School of Earth Sciences, ANU. There 
were 48 participants, seven of these from outside ARCCSS 
universities — including one participant from CSIRO and 
two from the University of the South Pacific

 � An advanced climate-science-focused Python tutorial held 
during the annual winter school

 � 23 students completed their honours, master ’s or PhD de-
grees in 2014, with 14 students submitting their PhD theses. 
Destinations for our graduated PhD students have included: 
Columbia, Princeton, Oxford, NASA, BoM, Leibniz Institute 
of Marine Sciences Kiel, ARCCSS

 � Development of an Early Career Researcher (ECR) Commit-
tee, with one PhD and one ECR representative from each 
node, giving our early career researchers a voice in the Cen-
tre beyond their individual nodes and research programs

 � Implementation of a centre-wide undergraduate summer 
scholarship program

 � A successful scientific paper writing workshop

 � Our students were authors on 42 journal articles this year, 
including 30 as first author. 

The ARC Centre of Excellence for Climate System Science 
(ARCCSS) currently has 97 honours and graduate students who 
have all been actively involved in graduate program activities 
throughout 2014. This year we have been extremely successful 
in attracting a large number of new, high-quality honours and 
graduate students, which has increased student numbers by 
close to 40. 

In addition to our regular climate science winter school and 
scientific paper writing workshops, our students have the 
opportunity to sit in, either in person, or via videoconferencing, 
on graduate-level classes held at other Centre node universities. 
We also utilise our videoconferencing facilities to broadcast 
lectures and seminars throughout the Centre, many of which 
are also recorded and made available through our website, thus 
forming part of the virtual component of our graduate pro-
gram. The student pages on the Centre’s website have recently 
been expanded to package and communicate all components 
of the graduate program more strategically. In collaboration 
with the Computational Modelling Systems (CMS) team, a vari-
ety of technical training opportunities have been made available 
for our students and postdoctoral researchers, including an 
advanced Python tutorial held during our annual winter school. 

Undergraduate summer scholarships

In 2014 we implemented a Centre-wide undergraduate summer 
scholarship initiative with a purpose of introducing outstanding 
undergraduate students to both climate science and the re-
search environment. Fourteen students were successful gaining 
scholarships and were embedded in one of our five universities 
or national Partner Organisations, with two students placed at 
the Bureau of Meteorology (BoM). Our early career researchers 
supervise the students, giving the ECRs valuable superviso-
ry experience. This initiative has been incredibly successful in 
retaining students with six past summer scholars moving on to 
honours or graduate studies within the Centre. The initiative is 
also becoming known in the wider community, with many of our 
applications coming from outside of ARCCSS institutions. 

Winter School

The ARC Centre of Excellence (ARCCSS) annual winter school, 
which is a high-level education program for honours and gradu-
ate students working in climate science, was this year held in the 
Research School of Earth Sciences at ANU from June 16-20. The 
theme this year was geophysical fluid dynamics (GFD), allowing 
students to take advantage of ANU’s world-class GFD lab.

This year the school welcomed 48 students from our node 
universities as well as Victoria University in Wellington; RMIT; 
University of Queensland; and our Partner Organisations, CSIRO 
and the Bureau of Meteorology. We were also able to wel-
come students from the University of the South Pacific, funded 
through the Pacific-Australia Climate Change Science and 
Adaption Planning (PACCSAP) program.

This year’s scientific program was developed by ARCCSS Chief 
Investigator Andy Hogg. The program consisted of GFD lectures 
delivered by Centre researchers in the morning, followed by 
laboratory sessions in the GFD lab in the afternoon.

As the majority of our students are normally modellers working 
in front of computers, these lab sessions provided a unique 
opportunity to observe the fluid processes in a lab environment. 
Experiments were analysed and each group presented the 
results during a long, yet spirited, presentation session later in 
the week.

Our Computational Modelling Systems team rounded off the 
week by running advanced Python tutorials. The students 
were also lucky enough to visit Australia’s new supercomputer, 
Raijin, at our Partner Organisation, the National Computational 
Infrastructure.

A number of prizes were given out to students. These included:

 � Best Presentation (for a rotating flows experiment) — won 
by Tess Parker (Monash), Alice Barthel (UNSW), Rebecca 
Dunn (UTAS) and Alexander Van-Brunt (Victoria University of 
Wellington)
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 � Best Photo/Video — won by Ryan Batehup (UNSW), Gang 
Wang (Monash), Isa Rosso (ANU), Mathew Lipson (UNSW) 
and Semi Qamese (University of South Pacific) for the imag-
es of their gravity current experiment.

The students also had the opportunity to get to know each 
other in a more relaxed environment. Given that the winter 
school coincided with the World Cup, the organisers held a 
Winter School Cup soccer match during a break in student 
presentations.

This third winter school has continued the success of this ed-
ucational program and highlights why it has become such an 
integral part of the ARCCSS calendar for our students.

Writing workshops 

After the success of the three scientific paper writing workshops 
held in 2013, we organised another for late 2014. The workshop 
was facilitated by Dr Peter Rothlisberg from CSIRO Marine 
and Atmospheric Research and co-facilitated by the Centre’s 
Graduate Director, Melissa Hart, Centre Chief Investigator 
Todd Lane, and Centre Associate Investigator Ailie Gallant. The 
students spent three days working on a draft manuscript under 
the guidance of their academic mentors and a student buddy. 
We have seen many successful papers culminating from these 
workshops and supervisors are noticing an improvement in 
writing quality.

 “Students usually learn to write papers ad hoc, simply using 
existing papers as guides or templates. The writing workshop has 
proven tremendously effective at getting students to step back, 
think through the key messages and package these clearly in far 
more elegant manuscripts. The first manuscript I read from one 
of my students after they attended the workshop was a joy to 
read.” (Andy Pitman) 

ECR Committee 

A new initiative within the Centre in 2014 is the development 
of an Early Career Researcher Committee. The committee 
consists of a student and an early career researcher (up to five 
years post-PhD) representative from each node, and meets via 
videoconference once every two months. The committee is 
an opportunity to give our ECRs a voice in the Centre beyond 
the research program(s) they work in. The first major initiative 
to come out of this committee was a submission to the Senate 
Enquiry on Australia’s Innovation System. For this submission 
we focused on two main challenges that dissuade early career 
researchers from beginning or continuing a research career: 
impediments to undertaking a PhD, and lack of clear career 
pathway post-PhD – both of which mean a potential loss of 
intellectual capacity for Australia.

[INSERT ECR DAY VIGNETTE]

Annual workshop 

helps ECRs plan future

The annual Early Career Researcher (ECR) Day that follows 
every ARC Centre of Excellence for Climate System Science 
(ARCCSS) Annual Workshop has become an important and 
extremely useful day for early career researchers in the 
Centre. It allows them to improve what they are currently 
doing in research while at the same time giving strong 
guidance towards their future career paths.

The line-up this year extended across a broad group of ex-
perts, including senior researchers, industry professionals, 
grant experts and communications experts. It also brought 
together the young researchers across all of our nodes, 
in a place where they could share experiences, open 
pathways to collaboration and get to know each other in a 
relaxed environment.

The day opened with our Graduate Director, Dr Melissa 
Hart, outlining the opportunities and training available 
within the Centre of Excellence. She highlighted the fact 
that 47% of students were women, detailed the set-up of 
the dedicated Early Career Researcher Committee, and 
outlined future plans for a formalised graduate program. 

The sessions from that point on included: a media Q&A 
panel; an exploration of grant opportunities worldwide, 
followed by a specialised mini grant-writing workshop 
by Emeritus Professor Peter Baverstock; an insight into 
working for the private sector, by Emily Cracknell who now 
works with KPMG Australia in the Climate Change and 
Sustainability sector; a workshop on developing CVs and 
preparing for interviews; a workshop about online profile 
building; and a workshop on scientific visualisations.

This very practical day concluded with a Q&A session 
with a group of climate scientists who have successfully 
progressed from the early to mid career. The emerging 
mid-career researchers included Discovery Early Career 
Researcher Award (DECRA) winners Shayne McGregor, 
Jennifer Catto and Aillie Gallant. Another panel member 
was RPS group Climate Risk consultant Oliver Kristevic.

This ECR Day is rapidly turning into one of the most 
important and informative events for our early career re-
searchers. The primary reason for this is that it is organised 
by the ECRs themselves who organise and plan the day 
for their colleagues. This year the primary organisers were 
Markus Donat, Laura O’Brien and Mark Decker.
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Cool science at the 2014 ARCCSS Winter School

The ARC Centre of Excellence (ARCCSS) annual winter school, 
which is a high-level education program for honours and 
graduate students working in climate science, was this year 
held in the Research School of Earth Sciences at ANU from 
June 16-20. The theme this year was geophysical fluid dy-
namics (GFD), allowing students to take advantage of ANU’s 
world-class GFD lab.

This year the school welcomed 48 students from our node 
universities as well as Victoria University in Wellington; RMIT; 
University of Queensland; and our Partner Organisations, 
CSIRO and the Bureau of Meteorology. We were also able to 
welcome students from the University of the South Pacific, 
funded through the Pacific-Australia Climate Change Science 
and Adaption Planning (PACCSAP) program.

This year’s scientific program was developed by ARCCSS Chief 
Investigator Andy Hogg. The program consisted of GFD lec-
tures delivered by Centre researchers in the morning, followed 
by laboratory sessions in the GFD lab in the afternoon.

As the majority of our students are normally modellers 
working in front of computers, these lab sessions provided 
a unique opportunity to observe the fluid processes in a lab 
environment. Experiments were analysed and each group 
presented the results during a long, yet spirited, presentation 
session later in the week.

Our competition or modelling systems team rounded off 
the week by running advanced Python tutorials. The stu-
dents were also lucky enough to visit Australia’s new super-
computer, Raijin, at our Partner Organisation, the National 
Computational Infrastructure.

A number of prizes were given out to students. These 
included:

 � Best Presentation (for a rotating flows experiment) — won 
by Tess Parker (Monash), Alice Barthel (UNSW), Rebecca 
Dunn (UTAS) and Alexander Van-Brunt (Victoria University 
of Wellington)

 � Best Photo/Video — won by Ryan Batehup (UNSW), Gang 
Wang (Monash), Isa Rosso (ANU), Mathew Lipson (UNSW) 
and Semi Qamese (University of South Pacific) for the 
images of their gravity current experiment.

The students also had the opportunity to get to know each 
other in a more relaxed environment. Given that the winter 
school coincided with the World Cup, the organisers held a 
Winter School Cup soccer match during a break in student 
presentations.

This third winter school has continued the success of this ed-
ucational program and highlights why it has become such an 
integral part of the ARCCSS calendar for our students.

PHOTOS: Anna Haley
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CONFERENCES 
AND WORKSHOPS 
ATTENDED

RESEARCH 
INSTITUTIONS 
VISITED (not 
including centre 
nodes)

SUMMER/WINTER 
SCHOOLS

Australian 
Meteorological and 
Oceanographic 
Society (AMOS) 
Annual Meeting

International 
Centre for 
Theoretical 
Physics, Trieste, 
Italy

3rd Annual ARCCSS 
Winter School

AGU Ocean Sciences, 
Hawaii 

Oxford 
University, UK

ARCCSS ECR Workshop 
2014

AGU Fall Meeting, 
San Francisco

National 
Climate 
Data Center, 
Asheville, USA 

WCRP-ICTP Summer 
School on Attribution 
and Prediction of 
Extreme Events, (Trieste, 
Italy)

GEWEX Conference, 
The Hague, 
Netherlands

University 
of British 
Columbia, 
Vancouver, 
Canada

DPG Physics Summer 
School on Physics 
of the Ocean  (Bad 
Honnef, Germany)

ARCCSS Detection 
and Attribution 
Workshop

Columbia 
University, NY, 
USA

Alpine Summer School 
on Climate Dynamics, 
Stochastics and 
Predictability (Italy)

The Latsis 
Symposium, Zurich 
Switzerland

MIT, 
Cambridge, 
USA

Woods Hole 
Oceanographic 
Institution Summer 
School on Geophysical 
Fluid Dynamics (USA)

American 
Meteorological 
Society 31st 
Conference on 
Hurricanes and 
Tropical Meteorology, 
San Diego, USA

Queenstown, 
Sub Antarctic

13th Swiss Climate 
Summer School on 
Linking Land Use, 
Land Cover, and 
Climate (Grindelwald 
Switzerland)

SPARC 2014 
General Assembly, 
Queenstown, NZ

The Hague, 
Netherlands

Fluid Dynamics of 
Sustainability and 
the Environment 
(Cambridge University, 
UK)

8th Annual CAWCR 
Workshop: Coasts 
and Extremes

National 
Center for 
Atmospheric 
Research, USA

Climate Change and 
Health: Research 
Methods Course, 
(Umea, Sweden)

III International 
Conference on ENSO

University of 
Hawaii, USA

ARCCSS Paper Writing 
Workshop

Software Carpentry 
Bootcamp

University of 
Miami, USA

Ice Sheet and Ocean 
Modelling Workshop

University of 
Southampton, 
UK

ARCCSS Heatwave 
Workshop
ARCCSS Annual 
Workshop

  

Student Prizes

Our students were extremely successful in winning both national 
and international prizes this year, including:

 � Annette Hirsch (PhD) — GEWEX Conference Student Poster 
Award

 � Marissa Perry (Hons)  — 2014 CASANZ (Clean Air Society 
of Australia and New Zealand)  — Air and Environment 
Student Award

 � Tess Parker (PhD)  — ARCCSS Prize for Best Published Paper 
by a Student

 � Pilar Barria (PhD)  — Best Hydrology Poster, 7th Internation-
al GEWEX conference.

 � Penelope Maher (PhD)  — GEWEX Conference Student 
Poster Award

 � Stephanie Jacobs (PhD)  — Best Student Poster at the CRC 
for Water Sensitive Cities conference

 � Andrea Dittus (PhD)  — ARCCSS Annual Workshop Poster 
Award

 � Esteban Abellan Villardon (PhD)  — ARCCSS Annual Work-
shop Poster Award.

Travel 

Many of our students had the opportunity during 2014 to 
spend significant amounts of time embedded in international 
research institutes, including many of our international Partner 
Organisations, or to attend northern hemisphere summer 
schools. Examples of student opportunities to attend such 
schools in 2014 include: 

 � Andrea Dittus, Mitchell Black and Acacia Pepler from our 
Extremes research program attended the WCRP-ICTP Sum-
mer School on Attribution and Prediction of Extreme Events 
(Trieste, Italy)

 � Xuerong Qin and Christopher Bull attended the DPG 
Physics Summer School on the Physics of the Ocean (Bad 
Honnef, Germany)

 � David Hutchinson and Nicola Maher attended the Alpine 
Summer School on Climate Dynamics, Stochastics and Pre-
dictability (Valle d’AostaItaly). 

Our students have also had opportunities to be involved in 
field campaigns including ocean voyages and the High Altitude 
Ice Crystal (HAIC) and High Ice Water Content (HIWC) field 
campaigns.

Our students are also actively involved in cross-node collabora-
tions and often spend time visiting nodes other than their home 
institution, or talking to researchers and supervisors at other 
nodes via videoconferencing. 
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Dongqin Yin 
The Centre of Excellence had the very good fortune 
to welcome a PhD student from Tsinghua University in 
China, Dongqin Yin, who did groundbreaking research 
with our Land program Chief Investigator Professor 
Michael Roderick and research fellow Dr Fubao Sun at 
ANU.

Dongqin’s visit was funded by the China Scholarship 
Council and extended from November 2013 to July 
2014. 

During this period Dongqin’s research focused on the 
water cycle and in particular the underlying energetics 
of drought. This research resulted in a publication in 
Geophysical Research Letters, which was her first in an 
English-speaking journal, and was described by Prof 
Roderick as “a very important paper”.

In the paper, Dongqin looked at the well-accepted 
dogma that because it is warmer during drought this 
increases evaporation and drying of the land. This 
same logic is generally used to suggest warming of the 
Earth will lead to increased drying. 

However, Dongqin found that the reduction in rainfall 
during drought was actually more important for 
increasing temperature. This was because the initial re-
duction in rainfall created a lack of water available for 
evaporation. Because evaporative cooling of the land 
wasn’t available, the surface temperature increased 
and the atmospheric temperature followed, raising 
drought temperatures even further. This suggests the 
overall warming of the Earth may not increase global 
drought area, but, instead, shifts in rainfall patterns 
may have a much greater effect on area and intensity 
of droughts.

Importantly, this kind of research was not possible 
earlier because radiation measurements had not been 
available. Dongqin made use of NASA satellite-based 
radiation data (released in March 2014) to look at the 
problem using a physics-based perspective. This al-
lowed Dongqin to be the first to study droughts using 
physical observations over a large region and to take a 
world-first approach to the problem of drought.

*Paper: Yin, D., M. L. Roderick, G. Leech, F. Sun, and 
Y. Huang (2014), The contribution of reduction in 
evaporative cooling to higher surface air temperatures 
during drought, Geophys. Res. Lett., 41, 7891–7897, 
doi:10.1002/2014GL062039. 

Plans for 2015

Graduate Program — Statement of Intent for 2015

INTENT

1 Run a student-focused winter school with a focus on 
biogeochemistry

1 Implement advanced climate-science-focused software 
training opportunities (in collaboration with the CMS 
team)

1 Continuation of a Centre-wide undergraduate summer 
scholarship program, including embedding of students 
in national Partner Organisations

1 Explore new strategies to attract graduate and honours 
students

1 Identify existing courses for leadership, plus project and 
people management, at our various nodes and encour-
age our ECRs to take these opportunities

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

2 Implement an individualised training-needs analysis for 
all incoming students

2 The ARC mid-term review highlighted the need for the 
Centre to maintain and further develop its mentoring 
program of young researchers. This is something that we 
were going to do, but we have decided to increase the 
priority of developing a formal mentoring program, with 
a focus on leadership, through 2015.

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

*Level 1 = to be achieved in 2015. Level 2 = substantial progress 
in 2015.
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http://onlinelibrary.wiley.com/doi/10.1002/2014GL062039/abstract;jsessionid=5485D0F22D49E4B574BC8B7CEE744F0C.f01t01
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Nichola Maher  
Degree: PhD
Year: 2nd yr
Institution: UNSW
Supervisors: Prof Matthew England, Dr Alex Sen Gupta

Who in the Centre of Excellence are you working with?
My PhD supervisors are Matthew England and Alex Sen Gupta.

Tell us a little about your background; how did you 
get here?
Before starting my PhD I completed a Bachelor of Global and 
Ocean Sciences (Honours) at the Australian National University. 
My honours thesis was completed in the laboratory, where I 
used a rotating table experiment to model the Antarctic Circum-
polar Current. I also spent a year at Geoscience Australia as a 
graduate researcher, where I worked on three smaller projects 
in the following fields: tsunami modelling in Indonesia, Antarctic 
Ocean acidification and Australian thunderstorms.

Tell us about your project.
I am about to reach the three-year mark of my PhD project, 
working at UNSW’s Climate Change Research Centre in con-
junction with the Centre of Excellence. My PhD thesis is entitled: 
“Natural drivers of interannual to decadal variations in surface 
climate.” In the first section of my project I used the CMIP5 
models to investigate drivers of hiatus decades over the last 
century. The second part of the project investigates the effect of 
volcanism on tropical modes of variability.

What opportunities has the Centre of Excellence 
offered you?
The Centre of Excellence has offered me many opportunities. 
Thanks to the Centre I have attended a summer school in Italy 
on the topic Dynamics, Stochastics and Predictability of the 
Climate System. I have had the support of the Centre to go on a 
voyage to the Indian Ocean on the Southern Surveyor (CSIRO’s 
previous research vessel), where I learnt how to take ocean 
measurements. The Centre has also provided access to its annu-
al winter school and writing workshop.

What are your hopes/plans for after you graduate?
After I graduate I would like to spend some time travelling, 
before hopefully finding a postdoctoral position somewhere 
overseas. 

Annette Hirsch
Degree: PhD
Year: 2nd yr
Institution: UNSW
Supervisors: Prof Andy Pitman, Dr Vanessa Haverd

Who in the Centre of Excellence are you working with?
My PhD supervisor is Andy Pitman and I’m co-supervised by 
Vanessa Haverd at CSIRO in Canberra. I also work with Jason 
Evans, Claire Carouge, Jatin Kala and Ruth Lorenz. 

Tell us a little about your background; how did you 
get here?
I did my undergraduate double degree at ANU in science and 
commerce, graduating in 2010. I took a gap year in 2011 and did 
an internship at CSIRO. I met my supervisor Andy Pitman at an 
ACCESS workshop and followed up on his offer to discuss PhD 
projects.

Tell us about your project.
I started my PhD in 2012 in the Land research program. Using 
the WRF-LIS-CABLE regional climate model, I run idealised 
model experiments to understand the role of land surface 
variability on regional climate and how we can understand the 
current limits to climate predictability in relation to our current 
understanding of land-atmosphere interactions. The main aim 
of my PhD is to understand the supply- versus demand-driven 
controls of land-atmosphere interactions by looking at moisture 
transport from the land to the atmosphere.

What opportunities has the Centre of Excellence 
offered you?
Many! I have been fortunate to do plenty of travel during my 
PhD, visiting Partner Organisations and collaborators including 
CSIRO, NCAR, NASA GSFC and ETH. I’ve also taken advantage 
of the training opportunities on offer, including the writing 
workshop and winter schools.

What are your hopes/plans for after you graduate?
I am looking for postdoc opportunities overseas at the moment, 
with the organisations that I have visited during my PhD studies. 
However, I am hoping in the long term to return to Australia 
and reconnect with the Centre of Excellence, whether that’s 
based at one of the five universities of the Centre or with one of 
the Australia-based Partner Organisations.
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Image: Canopy view inside one of the rings at the EucFACE Free Air 
CO2 Experiment at the University of Western Sydney during a field 
campaign in November 2013 to measure plant photosynthesis and 
stomatal conductance of the native woodland forest under elevated 
CO2 concentrations. (Photo taken by Annette Hirsch.) 

Elizabeth Donovan
Degree: Honours
Institution: UTAS
Supervisors: A/Prof Peter Strutton, Dr Jaclyn Brown

Who in the Centre of Excellence are you working with?
I am working with Peter Strutton.

Tell us a little about your background; how did you 
get here?
I started by doing a combined bachelor degree – Bachelor of 
Music/Bachelor of Laws. After one year of this degree I switched 
into engineering and then physics/maths. I took a couple of 
climate units and realised how much I enjoyed climate science 
and Antarctic Studies so I continued pursuing these avenues 
and graduated with a Bachelor of Antarctic Science. The hon-
ours year was a logical step for me as I wasn’t ready to leave 
the university life just then.

Tell us about your project.
My project looks at an Australian climate model, ACCESS1.0. The 
aim of the project is to assess how well the model simulates Aus-
tralian rainfall. Additionally, it is important to know how well the 
model is able to simulate drivers of Australian rainfall variability, 
such as the El Niño Southern Oscillation and the Indian Ocean 
Dipole. How well this climate model simulates these things will 
help us to understand how much we can trust future climate pro-
jections using this model, and can help to identify any issues that 
the model has concerning rainfall and climate modes.

What opportunities has the Centre of Excellence 
offered you?
The honours scholarship was a very helpful contribution for the 
year. Additionally, attending the Geophysical Fluid Dynamics 

winter school in Canberra was a very fun experience. Not only 
did I learn a lot but I also got to spend time with my family. Had 
the Centre of Excellence not funded me, I would not have been 
able to go. 

Networking is another very important thing that the Centre 
of Excellence has offered me. Our face-to-face meetings with 
other Centre students and staff have proven invaluable.

What are your hopes/plans for after you graduate?
I hope to complete a master’s degree in education and become 
a Year 11 and 12 maths and science teacher. I hope to be able to 
inspire an interest in science in young adults.

Acacia Pepler
Degree: PhD
Year: 2nd yr (mid 2014)
Institution: UNSW
Supervisors: Dr Lisa Alexander, Dr Jason Evans, Prof Steven Sherwood

Who in the Centre of Excellence are you working with?
I’m part of the Extremes research program – also known as 
“Team Extreme” — and work with Lisa Alexander, Jason Evans 
and Steven Sherwood.

Tell us a little about your background; how did you 
get here?
Well, I transferred to atmospheric science (from astronomy) in 
my first year of undergraduate studies because I had grand 
plans to join the Bureau of Meteorology as a forecaster. But the 
meteorology course didn’t run that year so I ended up doing 
research for a master’s degree, looking at the estimation of 
rainfall using radar data. During that time I managed to get a 
part-time job at the Bureau, which led to me working for several 
years understanding and communicating Australian climate 
variability. But I always loved research and kept getting involved 
in projects and papers whenever possible, so it was inevitable 
that I’d give in and do a PhD eventually.

Tell us about your project.
I’m interested in East Coast Lows, which cause a lot of severe 
weather along the NSW coast but are still fairly poorly un-
derstood. I want to understand why they occur, and how well 
they can be represented in climate models. In particular, what 
happens to East Coast Lows and coastal rain in a world without 
a Great Dividing Range or the East Australian Current, or in a 
model where they’re poorly represented?

What opportunities has the Centre of Excellence 
offered you?
The Centre of Excellence has already sent me to two winter 
schools, a paper writing workshop and a summer school in Italy, 
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and I’m going to AGU in San Francisco in December. These have 
all been fantastic opportunities for both learning new things and 
meeting people, and I’ve enjoyed it immensely. On top of that, it’s 
just been such an incredibly welcoming and friendly environment, 
which makes doing a PhD a whole lot of fun!

What are your plans after you graduate?
In the short term I’d love to do a postdoc somewhere in Europe, 
so I can experience a different institution (as well as travel 
around the other half of the world). But in the long term I really 
want to be able to find a permanent research job in Sydney, 
either through academia or CAWCR. We’ll see how that goes.

Figure: Surface pressure and rainfall for a WRF model run of an East 
Coast Low in June 2007

Martin Bergemann
Degree: PhD
Year: 2nd yr (mid 2014)
Institution: Monash University
Supervisors: Prof Christian Jakob, A/Prof Todd Lane

Who in the Centre of Excellence are you working with?
I am at Monash University, working with Prof Christian Jakob 
and Associate Prof Todd Lane from Melbourne University.

Tell us a little about your background; how did you 
get here?
I had finished a three-year apprenticeship at a steel mill when 
I decided to study meteorology at Freie Universitaet Berlin, 
Germany. Towards the end of my degree I became interested 
in paleoclimatology and paleoecology. After graduation I was 
working as a research associate at Freie Universitaet Berlin, 
where I investigated African climate change between 15 and 
seven million years ago. Although I think paleoclimatology 
is a fascinating topic I wanted to learn something new and 
started looking for PhD opportunities in different disciplines of 
atmospheric sciences. I came across an advertisement for PhD 
scholarships funded by ARCCSS, contacted my supervisor, had 
a chat with him and six months later I found myself on the other 

side of the world in Melbourne commencing a PhD project on 
atmospheric convection.

Tell us about your project.
The aim of my PhD is the stochastic parameterization of coastal 
tropical convection. Understanding coastal convection is import-
ant since it is poorly represented in global climate models. My 
project is separated into three main steps. First I have developed 
an objective algorithm that is able to detect global precipitation 
patterns that are associated with coastal land-sea interaction. In 
the second phase I try to establish a connection between detect-
ed coastal rainfall and the large-scale atmospheric state. With the 
outcome of this study we will purpose a simple stochastic model 
to parameterize coastal tropical convection.

What opportunities has the Centre of Excellence 
offered you?
Without the Centre it certainly would have been difficult to be 
co-supervised by Todd Lane from Melbourne Uni and get in 
touch with his PhD students. I also would not have gotten the 
opportunity to go on a field campaign in Darwin during the 
wet season. There I got to meet a lot of researchers from all 
over the world and got also the chance to experience what my 
research topic looks like in the real world, to me an important 
experience. I also got the chance to present first results of my 
work at national and international conferences and workshops 
as well as getting feedback from important international re-
searchers — researchers I previously had only known as authors 
of scientific papers.

What are your plans after you graduate?
Since I am in the second year of my PhD it is quite hard to tell 
what will happen  one and a half years from now. I am fascinat-
ed by the opportunities and broad applications of stochastic 
modelling. So it is possible that I will try to tackle some interest-
ing research questions with this tool. But it is also possible that I 
will change scope again.

Image: French Falcon 20 equipped with probes and radar systems 
to measure and characterise the microphysical properties of deep 
convective clouds at the Ice Water Content of Clouds at High Altitude 
measurement campaign in Darwin
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Over the course of 2014, the ARC Centre Of Excellence for 
Climate System Science (ARCCSS) has expanded its online 
presence and added a number of firsts in terms of media 
placement. In some ways this was quite surprising, as the 
previous year ‘s release of the Intergovernmental Panel on 
Climate Change (IPCC) 5th Assessment Report (Working Group 1) 
had already attracted a great deal of media interest in climate 
change, leading to a significant spike in stories during the weeks 
around that release.

This year was also very notable for the Centre’s ability to capi-
talize on opportunistic media coverage. The reason this is im-
portant is because when we take advantage of opportunities to 
comment on current events, and the media responds, it means 
that the Centre’s researchers are being recognised by reporters 
as leading experts in their field..

During 2014 we saw:

 � The rate of website hits increase to 92,821, compared to 
90,847 in 2013 and a similar small increase in unique hits - 
up to 38,181 from 37,966

 � A dramatic increase in media story placement — from 286 
stories placed in 2013 to 576 placed in 2014

 � Continued Twitter account growth, with 1012 followers on 
December 31 compared to 599 at the same period in 2013. 
Also, the Centre’s Facebook page has sustained consistent 
increases and we now have 439 followers compared to 249 
in the previous year

 � Steady growth in the list of subscribers to our newsletter, 
currently 278 compared to 186 in 2013.

This year was also notable for:

 � A dramatic increase in opportunistic media coverage, which 
accounted for a large portion of the media stories connect-
ed with the Centre

 � Our key role in the special edition of the Bulletin of the 
American Meteorological Society that saw our research lead-
ing many stories around the world, including the front page 
of the New York Times

 � How key papers from the Centre have made such an impact 
they have continued to be mentioned in various media 
stories through the course of the year

 � The way The Conversation has generated media opportuni-
ties and story placements for our researchers.

Media Impact
ARCCSS is now well established as the space to go for experts 
on climate and this has led our researchers to be contacted for 
comment on a variety of stories that were not initiated by our 
research. We have also seen our researchers featured in interna-
tional documentaries and their research being explored on the 
news and current affairs programs of other countries.

This was the year where we extended the roles of our early 
career researchers who had been developed as media spokes-
people in 2013. By early 2014, all three spokespeople had 
developed to such an extent that we were now looking for 
opportunistic media roles. This type of media approach allows 
Centre researchers to comment on news items not immediately 
related to their research but where their expertise could inform 
current events.

Media and Communications
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The first major opportunity came with bushfires and sum-
mer heat, allowing Dr Sarah Perkins and Dr Sophie Lewis to 
comment on how climate change and increasing heatwaves 
were changing fire conditions and extreme weather events in 
Australia.

In early February, in the first of two enormous media opportu-
nities, we were able to place Dr Erik van Sebille in a position to 
comment on a castaway who had drifted from off the coast of 
Mexico, across the Pacific Ocean and landed on the Marshall 
Islands. Dr Van Sebille was able to show through his earlier 
work on currents and drift that the story was plausible and that 
had the castaway not washed up in that location it is likely he 
would have drifted back out to the middle of the Pacific Ocean. 
This element of expertise applied to a story that captured the 
public’s imagination meant that Dr van Sebille’s comments 
featured in nearly every story on the castaway. In terms of 
actual numbers of mentions, we found it almost impossible to 
calculate, as we were unable to keep up with the media hits. A 
Google search suggested the number of mentions ran into the 
thousands.

The disappearance of Malaysia Airlines MH370 produced a 
further opportunity to talk about the possible drift of aircraft 
wreckage in the event it crashed into the ocean. Once again, 
this was an international story and the number of media hits 
was rapidly beyond calculation. We do know that Dr van Sebille 
featured on CNN’s The Situation Room with Wolf Blitzer in 10 
live-to-air interviews over the space of two weeks.

Sadly, after developing such an effective spokesperson, we have 
now lost Dr van Sebille to Imperial College, London, where he 
has been hired to run a climate science program. His strong 
media profile was cited as among the key reasons that he won 
that role.

With the unusually warm autumn and winter of 2014 our 
researchers had many opportunities to talk about extreme 

weather at a time when this normally falls off the agenda. The 
potential development of unusual ocean conditions, suggesting 
a possible El Niño event later in the year, also allowed members 
of our Variability program team to talk about El Niño Southern 
Oscillation processes and what they might mean for Australia. 

We have now reached a point where members of the media 
have moved beyond calling us whenever we put out a media 
release, to contacting our researchers for the broader exper-
tise and commentary on research from other institutions and 
current affair events that require expert comment.

This is an excellent position for the Centre to find itself in. It al-
lows us to maintain the profile of the Centre in the mass media 
and begin to focus on new spokespeople and new areas of 
communication that can add further to the work of the Centre 
of Excellence.

We have also continued our strong relationship with The 
Conversation, running 29 pieces this year. This has turned out 
to offer advantages that earlier in The Conversation’s life were 
not immediately apparent. We have found that opinion pieces 
written in this outlet are not only allowing us to talk about our 
research in great detail but are also acting as de facto media 
releases. Many of the stories submitted to The Conversation this 
year have resulted in additional reporting in other media outlets 
and interviews with our researchers.

Examples of leading pieces include: 

 � Australia’s hottest year was no freak event: humans caused it 
(Dr Sophie Lewis).

 � Ocean debris leads the way for castaway fishermen (Dr Erik 
van Sebille).

 � Global warming stalled by strong winds driving seat into the 
oceans (Prof Mathew England).

https://theconversation.com/australias-hottest-year-was-no-freak-event-humans-caused-it-21734
https://theconversation.com/australias-hottest-year-was-no-freak-event-humans-caused-it-21734
https://theconversation.com/ocean-debris-leads-the-way-for-castaway-fisherman-22823
https://theconversation.com/ocean-debris-leads-the-way-for-castaway-fisherman-22823
http://theconversation.com/global-warming-stalled-by-strong-winds-driving-heat-into-oceans-22954
http://theconversation.com/global-warming-stalled-by-strong-winds-driving-heat-into-oceans-22954
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 � Are we heading for a worrying super El Niño? (Dr Agus 
Santoso, Dr Shayne McGregor).

 � No, the Bureau of Meteorology is not fiddling the weather 
data (Prof Andy Pitman, Dr Lisa Alexander).

 � Human hands all over Australia’s hottest year. (Dr Sophie 
Lewis, Dr Sarah Perkins).

The raw figures for media placement continue to increase. This 
year we placed 576 stories before syndication, and due to the 
extraordinary response to the opportunistic media engagement 
performed by our researchers this is probably just the tip of the 
iceberg.

Internationally our scientists have appeared in an enormous 
number of high-profile publications. We have featured in the 
New York Times at least four times this year and even made its 
front page for the first time ever. Our researchers have been 
interviewed on every major print, television and radio network 
in Australia and have featured on major news and current affairs 
programs on every continent. You can see the list of online sto-
ries that are still available — on our website under “in the news”. 

In terms of media derived from our own media releases the 
highlights start from day one in 2014 with the release of re-
search by Prof Steven Sherwood around how models represent 
cloud formation and what this means for climate sensitivity. 
This story was rapidly picked up around the world and despite 
limited opportunities to conduct interviews it was extensively 
covered. The findings of that research continued to echo in 
stories throughout 2014.

A few weeks later, Prof Matthew England’s paper exploring 
the cause of the hiatus in global average temperatures also 
followed a similar trajectory and has continued to be cited in 
media reports throughout the year.

The media release, “Climate detectives reveal handprint of 
human-caused climate change in Australia” included a high-im-
pact graphic that, combined with the strong findings of the 
research, helped make this a major story around the world. 
It not only highlighted the research in the special Extremes 
edition of the Bulletin of the American Meteorological Society but 
continued to highlight the world-leading work of our Extremes 
program in detection and attribution. This was the story that 
made it onto the front page of the New York Times.

Other media highlights coming from media releases included 
research showing that super El Niño events would double in 
number and how the stratification of ocean waters around 
Antarctica could lead to increased melting.

An interesting aside in the development of this year’s me-
dia profile has been the increased profile of our Media and 
Communication Manager, Alvin Stone. During 2014 his work 
with the Centre has led to him being invited to a number of 
conferences as a panel member, presenter and plenary speaker 
because of his recognised expertise in helping researchers com-
municate their science.

Overall, it has been an exceptionally strong year for media 
impacts and has set in place the Centre’s profile in such a way 
that we will be able to focus on new communications challenges 
in 2015.

Online Presence
In terms of our website we continued in 2014 to maintain a 
strong online presence, surpassing the targets we set ourselves 
and maintaining a slightly increased number of hits in 2014 
(increase to 92,821 from 90,847 in 2013, and a similar small in-
crease in unique hits — up to 38,181 from 37,966). Considering 
that 2013 included an IPCC report this is perhaps better than 
expected.

What has been of particular interest is the change in the 
countries that are visiting our website. We have seen notable 
increases in the number of visits from users in India, Germany, 
China and Japan.

The website Adrift.org.au continues to perform well and is be-
coming a useful interactive resource that is being regularly high-
lighted in the media and used by those curious about the ocean 
currents. In 2013, we had 45,687 unique users and 67,077 page 
views. This increased to 49,562 unique sessions and 77,423 
page views in 2014. In both years its primary users have come 
from the United States, with 18,754 sessions in 2013 growing to 
35,252 sessions in 2014. As expected, the traffic on Adrift tends 
to come in sharp spikes related either to events or stories in the 
media. The largest of these spikes occurred on February 5, with 
5600 hits in a day, and on July 23 with 3919 hits on that day.

We have since added two additional outward-looking websites 
to the Centre’s portfolio. These include Scorcher (scorcher.org.
au), which looks at heatwaves across Australia and shows past 
records for each observation area. This website is currently 
active but still in beta form and will be developed further during 
2015. The second website is Plastinography (plastinography.org), 
which has been designed as a teaching aid to show students 
how plastic pollution spreads around the world. The website 
was developed in the latter half of 2014. For this reason we 
expect its use as a teaching tool in schools will likely develop 
through the coming year.

The Centre’s social media presence has continued to grow. 
Our Facebook page has been designed as more of an internal 
communications tool for the younger researchers in the Centre. 
Despite this modest ambition, it continues to grow and has 
gained almost another 200 followers since last year — up from 
249 followers in 2013 to 439 in 2014. Currently, we are examining 
the possibility of developing a Facebook page where the focus is 
on interacting with the general public and, potentially, schools. 

Our most outward-looking online presence, Twitter — which 
aims to engage with peers, media groups and other scientific 
organisations — continues to grow. At the end of 2014 we had 
1012 followers compared to 599 in 2013.

https://theconversation.com/are-we-heading-for-a-worrying-super-el-ni-o-26090
https://theconversation.com/are-we-heading-for-a-worrying-super-el-ni-o-26090
http://theconversation.com/no-the-bureau-of-meteorology-is-not-fiddling-its-weather-data-31009
http://theconversation.com/no-the-bureau-of-meteorology-is-not-fiddling-its-weather-data-31009
https://theconversation.com/human-hands-are-all-over-australias-hottest-ever-year-32267
https://theconversation.com/human-hands-are-all-over-australias-hottest-ever-year-32267
http://www.climatescience.org.au/content/392-news
http://Adrift.org.au
scorcher.org.au
scorcher.org.au
plastinography.org
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Note: Green = 2014  Red = 2013, Blue = 2013 and brown = 2011
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Media plans for 2015
Looking ahead, in broad terms we will be examining the 
increased use of video technology in our communications and 
expanding our public interaction, particularly with education 
professionals. Meetings with educators late in 2014 have indi-
cated that videos are a particularly useful item for outreach into 
the school system and we hope to explore avenues to develop 
suitable videos for the school system and increase our research-
er/school interaction through a variety of avenues.

We will also look at ways to increase direct engagement with 
the general public both online and face-to-face. Our strategy 
for 2015 and beyond follows the advice we received from the 
mid term review to develop our profile as a source of data and 
information for experts, government and the general public. We 
will do this against a backdrop of strategic collaboration and 
consultation with our partner organisations.

There have already been some initiatives in this area with our 
range of websites and programs that are publicly available. In 
the coming year we aim to bring all these established websites 
into a single umbrella under the Centre’s primary website.

We will additionally be looking at further developing the 
Centre’s website as recommended by the panel, with the con-
struction of targeted web pages to make climate information 
more accessible to the general public. We will also provide re-
sources and links for researchers in other fields who are seeking 
climate system data and analysis. Again we will work closely with 
other research organisations in this space. 

At the same time as we move into these area, we aim to main-
tain our current levels of story placements in the media and will 
examine ways to increase the number of visitors to our website.
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Our research lands with a BAMS
Researchers from the Extremes program at the 
ARC Centre of Excellence for Climate System 
Science have become prominent contributors 
to the Bulletin of the American Meteorological 
Society’s (BAMS) annual Special Supplement 
on Explaining Extreme Events. In this year’s 
supplement, the Centre of Excellence and our 
Partner Investigators contributed four out of five 
Australian papers. Centre authors of these papers 
included Lisa Alexander, Markus Donat, David 
Karoly, Andrew King, Sophie Lewis and Sarah 
Perkins.

The Centre’s papers went on to lead the national 
and international reporting of the BAMS Special 
Supplement and one was highlighted on the front 
page of the New York Times. 

The high profile of the Centre’s research in the 
supplement is a direct result of its international 
reputation as a world leader in studies into the 
climate factors causing extreme weather and 
climate events. 

The studies highlighted in this report looked at Australia’s hottest year on record in 2013 and were 
able to conclude that the record-breaking temperature across Australia in 2013 was virtually impos-
sible without the influence of human-caused global warming. 

The research papers presented in the BAMS Special Supplement were able to put clear figures on 
the probabilities around global warming and the significant climatic events of 2013 in Australia. They 
found in Australia during 2013 that global warming:

 � doubled the chance of the most intense heat waves

 � tripled the likelihood of heatwave events

 � made extreme summer temperature across Australia five time more likely

 � increased the chance of hot, dry, drought-like conditions seven times

 � made hot spring temperatures across Australia 30 times more likely. 

This impressive research follows on from the 2013 BAMS Special Supplement, which also featured 
a number of papers by the Extremes program team. The continuing prominence of our Extremes 
group in major journals and the media has now firmly established it as an expert voice during times 
of extraordinary weather events.

Special  Supplement  to  the
BulleƟn of the American Meteorological Society

Vol.  95,  No.  9,  September  2014

EXPLAINING

EXTREME  EVENTS

OF  2013

From  A  Climate  Perspective



REPORT 2014  ARC CENTRE OF EXCELLENCE FOR CLIMATE SYSTEM SCIENCE 79

Publications
(*Publications with student authors marked 
with an asterisk) 

Journal articles
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‘fundamental advances in understanding the 
impact of ocean eddies on the large-scale 
circulation, flow through straits, and turbulent 
mixing’

Jacobs, S. Best Student Poster at the CRC 
for Water Sensitive Cities conference in 
Melbourne, Australia

Karoly, D. AMOS Morton Medal 

Lewis, S. AMOS Early Career Researcher 
Award

Lorenz, R. GEWEX Conference Poster Award

Maher, P. GEWEX Conference Student Poster 
Award

Nicholls, N. Fellow, American Geophysical 
Union

Nicholls, N. Fellow of the American 
Geophysical Union

Oliver, E. ARCCSS Prize for Best Published 
Paper by an Early Career Researcher

Parker, T. ARCCSS Prize for Best Published 
Paper by a Student 

Parry, M. I was the receipt of the 2014 
CASANZ (Clean Air Society of Australia and 
New Zealand) – Air and Environment Student 
Award

Sherwood, S. Finalist, Eureka Prize for 
Scientific Discovery

Spence, P. ARCCSS Director’s Prize for the 
Most Outstanding Contribution to the Centre

Sun, F. 2014 Outstanding Young Scientist 
in Hydrological Sciences Award from the 
European Geosciences Union.

Briefings to Government

Abram, N. Provided material for briefing 
given by head of BoM to Department of 
Environment on recent Australian research in 
climate system science

Bindoff, N. Senate hearing. Australia’s future 
activities and responsibilities in Southern 
Ocean and Antarctic waters

Hart, M. Submission to the NSW Government 
on the ‘BASIX Target Review’ (with Amelia 
Thorpe, February 2014) 

Hart, M. Parliamentary submission to senate 
inquiry on Australia’s Innovation System

Karoly, D. Briefing in Parliament House 
Canberra on release of Climate Change 
Authority report, Reducing Australia’s 
Greenhouse Gas Emissions: Targets and 
Progress Review

Lane, T. Briefing to Minister for the 
Environment (on behalf of AMOS) on 
Australian climate science funding

Macadam, I. Presentation on climate 
projections for NSW to NSW Department of 
Primary Industries scientists and adaptation 
professionals

Macadam, I. Meeting Rick Wilson MP as part 
of Science meets Parliament

Macadam, I. Brief presentations to 
representatives of various NSW Government 
departments and public sector agencies on 
the New South Wales and Australian Capital 
Territory Regional Climate Modelling project 
steering group

Pitman, A. Visit to Department of Education 
to discuss e-research opportunities within the 
ARC Centre of Excellence

Pitman, A. Visit to Department of the 
Environment to discuss the ARC Centre of 
Excellence, progress, future and opportunities

Pitman, A. Deptartments of Finance, Industry, 
Environment, PM’s Office and Cabinet on the 
strategic importance of NCI

Pitman, A. Department of Education on the 
strategic importance of NCI

Santoso, A. Coordinated National Marine 
Science white paper on tropical oceanography

Sherwood, S. Telephone briefing to Senator 
Christine Milne

Steffen, W. Personal briefing to Clare O’Neill, 
Federal MP from Victoria

Steffen, W. Briefing on climate adaptation to 
ACT Government Heads of Departments

Steffen, W. Briefing on IPCC AR5 to ACT 
Government Strategic Board

Steffen, W. Briefing on climate science & 
policy to Mark Butler, Shadow Minister for 
Environment

Steffen, W. Briefing on climate change and 
bushfires to ACT Emergency Services Minister

Steffen, W. Presentation at Science meets 
Parliament: Session on science & policy

van Sebille, E. Working dinner with Dutch 
Consul-General.

Industry Engagement

Gallant, A. & Jakob, C. Two-hour lecture to 
water managers as part of an Urban Climate 
Masterclass for the CRC for Water Sensitive 
Cities

Green D. Presented a seminar at 39th National 
Environmental Health Congress 15th Oct 
2014 Adelaide

Green D. Presented a seminar at IUCN World 
Parks Congress, Sydney

Santoso, A. Teleconference with Finity 
Consulting director and staff, and a staff 
member of Insurance Australia Group (IAG), 
to discuss presentation slides to be presented 
at the General Insurance Seminar (17-18 Nov. 
2014). http://www.actuaries.asn.au/microsites/
general-insurance-seminar-2014

Santoso, A. Visit by IAG staff member 
(Natural Perils) to work on presentation slides 

Santoso, A. Meetings with Finity Consulting 
Director and Finity and IAG staff to discuss 
plan for the upcoming presentation 
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Santoso, A. Presented a seminar at IAG on El 
Niño-Southern Oscillation

Sherwood, S. Presentation to industry and 
government stakeholders at NARCLiM launch 
event

Steffen, W. Keynote address on climate 
science to Wine Industry Environment 
Conference

Steffen, W. Presentation on climate science to 
Australian Wine Research Institute conference

Steffen, W. Briefing to the board of the Global 
CCS (Carbon Capture & Storage) Institute

Strutton, P. Half day meeting with 
representatives from Ocean Nourishment 
Corporation regarding ocean fertilization

van Sebille, E. Presentations at Qantas Group 
Safety Conference, on the business risk side to 
climate change.

Public Talks and Lectures

Abram, N. Presenter for “Who are Scientists?” 
outreach event for high school students (Years 
8 and 9). “What does a scientist look like?”

Alexander, L. Expert presenter and 
participant in Canada Bay Council heatwave 
interdependencies workshop

Alexander, L. Australian Academy of Science 
Speaker Series: Science stars of tomorrow

England, M. “French-Australian collaborations 
in global-scale oceanography” forum of the 
French Researchers in Australia Network 2014, 
UNSW

England, M. “Strategies for a successful PhD 
completion” - AMOS PhD Symposium

England, M. Talk to students at Clovelly Public 
School: Antarctic climate research

Gallant, A. Presenter at AMOS State of the 
Climate public event. Presentation was on 
extreme rainfall

Hobbs, W. St Virgil’s College, Hobart. Talk to 
Year 10 science students about global ocean 
warming

Hogg, A. Hosted public seminar by Sir Brian 
Hoskins

Karoly, D. Australian College of Emergency 
Medicine Foundation Lecture: “Climate 
change: Why it is important for emergency 
medicine”

Karoly, D. Greenfaith Natural Disasters forum, 
Boroondara, VIC: “Natural disasters and 
human responsibility”

Karoly, D. Surf Coast Energy Group, Torquay, 
VIC: “Climate change and coal”

Karoly, D. Main Creek Catchment Landcare 
Group, Mornington Peninsula, VIC: “Climate 
Change: challenges and opportunities for the 
Mornington Peninsula”

Karoly, D. Bayside Climate Change Action 
Group, Brighton, VIC: “How has Australian 
climate changed and how will it change in the 
future?”

Karoly, D. AYCC Seed Indigenous Youth 
Climate Summit, Melbourne: “Climate 
change: Where are we now and where are we 
heading?”

Karoly, D. Brighton Bayside Life Activities 
Club, Hampton, VIC: “Climate change: Where 
are we now and where are we heading?”

Karoly, D. Environmental Film Festival, Tatura, 
VIC: “The story behind ‘The Earth Wins’ and 
implications for our future”

Karoly, D. Baw Baw Sustainability Network, 
Poowong, VIC: “Climate change: Challenges 
and opportunities for Gippsland

Karoly, D. Eastern Alliance for Greenhouse 
Action, local government alliance in eastern 
suburbs of Melbourne: “Climate change: The 
latest science”

Karoly, D. Trinity College Melbourne: “IPCC 
5th Assessment and the latest on climate 
science”

Karoly, D. Talk, Beyond Zero Emissions, 
Melbourne: “IPCC 5th Assessment and the 
latest on climate science”

Karoly, D. Grand Rounds, Austin Hospital, 
Melbourne: “Climate change and natural 
disasters”

Karoly, D. Burnett-Mary Region Climate 
Summit, Maryborough, Qld: “Climate change 
and the cost of impacts on our economy and 
community”

Lewis, S. Presenter at Balwyn High School 
Xplore program

Lewis, S. Present at AMOS State of the 
Climate public event on temperature extremes

Maharaj, A. “Climate Science in the 
Classroom: How do you get a 15-year old 
engaged?” — Weatherwatch meeting, 
Turramurra

Newell, B. North Sydney forum: “Has the 
climate changed on climate change?”

Newell, B. The Climate Action Network 
Australia: “The psychology of climate change 
communication”

O’Brien, L. Visit to a group of Year 6 students 
at Shelford school Caulfield, VIC: “My work as 
a mathematician and scientist” 

Perkins, S. Red Hill Science day, NSW 
Parliament house, Year 9 students: “What is 
climate change?”

Perkins, S. Sydney Nerd Nite “The changing 
nature of Australian heatwaves” —  Sydney 
Arthouse hotel

Perkins, S. Expert presenter and participant in 
Canada Bay Council heatwave preparedness 
workshop

Perkins, S. Scientists in Schools, Masada 
College, St Ives

Pitman, A. Managing Climate Variability 
Climate Research Forum. ARC Climate System 
Science research program

Pitman, A. “The future climate” — Friday 
College (a college for seniors run by Roseville 
Uniting Church)

Pitman, A. Talk to KPMG: “Nature and use of 
climate models”

Pitman, A. Westpac Technology Women’s 
Forum: “Climate Change: Separating Fact from 
Fiction”

Schofield, R. Talk to students at Merri Creek 
Primary School about planetary science (sun, 
stars, moon day/night)

Sen Gupta, A. Several half-day-of-science 
talks at high schools 

Sen Gupta, A. Climate talk at InfoDay UNSW 
for prospective students

Sherwood, S. Talk at New Scientist Live, a 
public event held at the National Museum

Sherwood, S. Presentation to UNSW United 
Nations Club forum on Climate Change

Sherwood, S. Public lecture on climate 
change at Chapel by the Sea, Bondi

Spence, P. Member of CSIRO Scientists in 
Schools - partnered with Year 3 students at 
Ascham school in Edgecliff, Sydney

Steffen, W. Lecture on climate science to Year 
12 students at Canberra Grammar

Steffen, W. Presentation to Navigating our 
Future conference

Steffen, W. Presentation on adaptation to 
climate change in the ACT to Weston Creek 
Community Council

Steffen, W. Public lecture on climate change 
at UWS

Steffen, W. Panel member at UTS speakers’ 
event on the reporting of climate change

Steffen, W. Presentation on carbon cycle at 
CANW in public forum

Steffen, W. Presentation at South Australia 
Climate Change Adaptation Showcase

Steffen, W. ACT community engagement 
forum on climate change

Steffen, W. Keynote presentation at 
symposium on Climate Impacts in Bangladesh

Steffen, W. Presentation on climate change 
and security to Australian Defence Force 
College forum

Strutton, P. Presentation on Argo floats 
and climate to three Year 9 classes at the 
Tasmanian Museum and Art Gallery

Strutton, P. Presentation on the ocean’s role 
in climate to Year 10 class at Taroona High 
School

Tyrrell, N. Demonstrated for a Sacred Heart 
secondary school visit to Monash SEAE

van Sebille, E. Public presentation on climate 
science for the Dutch community in Sydney

van Sebille, E. Talk for Science Week at the 
Australian Museum on plastics in the ocean 
for Year 7 and Year 9 school students

van Sebille, E. Visit to Balmain Public Primary 
School for two talks on oceanography

van Sebille, E. Lecture on plastics in the ocean 
for school class in remote NSW, organised 
through the Australian Museum.

Scientific and Community 
Engagement

Dommenget, D. Meeting with the DKRZ for 
work on project for an interactive climate 
model (The Monash Simple Climate Model) at 
German high schools
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Green D. Presented a seminar at the CSIRO/
BoM Air Quality Australia: Future Research 
Directions workshop

Griffiths, R. Invited lecture at symposium 
marking the 50th anniversary of the G.K. 
Batchelor fluid mechanics laboratory at the 
University of Cambridge

Hobbs, W. Participated in climate change 
videoconference with writers and novelists 
organised by The Wheeler Centre

Holbrook, N. Organising Committee for 
Australian Meteorological and Oceanographic 
Society (AMOS) Hobart Centre special public 
event, entitled “El Niño-history, impacts and 
prediction”

Holbrook, N. Research Leadership Fellow 
(Sustainability), CRN Research Futures

Johnson, R. & Strutton, P. Provision of a 
regional satellite chlorophyll product to the 
Southern Ocean research community through 
a collaboration with IMOS

Maharaj, A. Collaborative research project 
commenced with University of Newcastle 
(Dr. Xiaoli Deng-Engineering) and Universiti 
Teknologi Malaysia (Dr. Nurul Idris) and 
Technical University of Denmark (Dr. Ole 
Andersen) on coastal altimetry in South Pacific 
and Maritime Continent

Maharaj, A. Research collaboration with 
University of Reading (Dr. Remi Tailleux) and 
Seoul National University (Student- Chelsea 
Nam) on understanding Rossby wave 
propagation

Santoso, A. Appointed CSIRO adjunct science 
leader effective 5/9/2014

Steffen, W. Honorary Professor at 
Copenhagen University’s Department of 
Geography and Geology

Steffen, W. Visiting researcher to the 
Stockholm Resilience Centre

Steffen, W. Keynote address on climate 
science to Climate Action Summit

Steffen, W. Presentation on IPCC AR5 to ACT 
AMOS meeting

Strutton, P. Co-lead of the Blue Water and 
Climate node of Australia’s Integrated Marine 
Observing System

van Sebille, E. Launched plastinography.org

van Sebille, E. Briefing to the Climate Institute 
on post-AR5 climate science.

Editor Roles

Abram, N. Editor, Climate of the Past

Ackerley, D. Editor in Chief, the Bulletin of the 
Australian Meteorological and Oceanographic 
Society

Alexander, L. Member Editorial Board, 
Weather and Climate Extremes

England, M. Associate Editor, Reviews of 
Geophysics

England, M. Associate Editor, Journal of 
Climate

Evans, J. Associate Editor, Journal of Climate

Jakob, C. Associate Editor, Journal of Climate

Karoly, D. Chief Editor, Australian 
Meteorological and Oceanographic Journal

Perkins, S. Associate Editor, Advances in 
Statistical Climatology, Meteorology and 
Oceanography

Phipps, S. Co-ordinating Guest Editor, 
Proceedings of the PAGES 2nd Young Scientists 
Meeting, Climate of the Past

Pitman, A. Associate Editor, International 
Journal of Climatology

Roderick, M. Associate Editor, Hydrology and 
Earth System Sciences

Saenko, O. Editor, Journal of Climate

Sherwood, S. Editor, Environmental Research 
Letters

Steffen, W. Senior Editor, Regional 
Environmental Change

Steffen, W. Senior Editor, The Anthropocene 
Review

Strutton, P. Editor (Ocean Sciences), 
Geophysical Research Letters

Sun, F. Editor, Journal of Geo-disasters 

Walsh, K. Editor, Journal of Climate

Walsh, K. Associate Editor, Australian 
Meteorological and Oceanographic Journal.

International Committee 
Memberships 

Abram, N. Co-lead of Ocean2k (high 
resolution) working group, PAGES 2k project

Abram, N. Steering committee for Australasia 
2k working group, PAGES 2k project

Alexander, L. GEWEX Scientific Steering 
Group member

Alexander, L. Co-chair WCRP Grand 
Challenge on Extremes

Alexander, L. Chair of the World 
Meteorological Organisation Expert Team 
on Climate Risk and Sector Specific Climate 
Indices

Alexander, L. Member World Meteorological 
Organisation Expert Team on Climate Change 
Detection and 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, World Climate Research 
Programme’s (WCRP) Global Energy and 
Water Exchanges (GEWEX) Hydroclimatology 
Panel (GHP)

Jakob, C. Chair, WCRP Modelling Advisory 
Panel Meeting

Karoly, D. Member, Scientific Steering 
Committee, WMO/UNEP Scientific Assessment 
of Ozone Depletion 2014

Lane, T. Chair, American Meteorological 
Society Committee on Mesoscale Processes 

Phillips, H. Member of the CLIVAR/IOC/
GOOS Indian Ocean Panel

Phillips, H. Member of the Scientific 
Steering Committee for the 2nd International 
Ocean Research Conference organized 
by the Intergovernmental Oceanographic 
Commission of UNESCO and the 
Oceanography Society

Phipps, S. Co-lead, PAGES Aus2k Working 
Group

Phipps, S. Co-lead, SHAPE 
(Southern Hemisphere Assessment of 
PalaeoEnvironments)

Phipps, S. Treasurer, Australasian Quaternary 
Association

Phipps, S. Corresponding member, INQUA 
Palaeoclimate Commission

Pitman, A. Member, WCRP-GLASS Science 
Steering Committee

Sherwood, S. Steering Committee member, 
WCRP Grand Challenge on Clouds, Circulation 
and Climate

Strutton, P. Membership on the Tropical 
Pacific Observing System Scientific Steering 
Committee

Wales, S. UK Met Office Technical Advisory 
Group (ARCCSS Representative)

Walsh, K. Co-chair, U.S. CLIVAR Hurricane 
Working Group.

Australian Committee 
Memberships

Allen, J. Council Member, Australian 
Meteorological and Oceanographic Society

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

Gallant, A. Chair of Equity and Diversity 
Committee — AMOS

Griffiths, R. Sectional Committee (Earth 
Science), Australian Academy of Science

Jakob, C. Chair of Climate Modelling, Monash 
University 

Karoly, D. Member, Australian Academy of 
Science National Committee on Earth System 
Science

Karoly, D. Member, Museum Victoria Research 
Committee

Lane, T. President. Australian Meteorological 
and Oceanographic Society (AMOS)

Lane, T. Awards Committee Member. 
Australian Meteorological and Oceanographic 
Society (AMOS)

Macadam, I. Member, Climate Virtual Lab 
Community Reference Group

Phillips, H. Member, Organising Committee 
for the 2014 Australian Meteorological and 
Oceanographic Society Annual Conference, 
12-14/02/2014.
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Key Performance Indicators
Key Result Area Performance Measure Reporting Frequency Target 

2014 Achieved 2014 Notes

Research 
findings

Number of research outputs Annually   

Journal papers Annually 55 178

Book chapters Annually 10
4 reports plus contributions to 
14 chapters of the IPCC Fifth 
Assessment Report

Peer reviewed conference proceedings Annually 10 1 1
Quality of research (defined as percent of the 
journal publications in top tier journals) Annually 80% 87% 2

Number of invited talks/papers/keynote 
lectures given at major international meetings Annually 15

Number and nature of commentaries about 
the Centre’s achievements (list media releases 
and articles separately)

Annually  

Media releases 10 16

Articles 30 576 articles plus 102 radio/TV 
appearances

Citation data for publications At review 100  1289 citations in 2014 of 2011-14 
publications

Research 
training and 
professional 
education

Number of attended professional training 
courses for staff and postgraduate students Annually 4 10

Number of Centre attendees at all 
professional training courses Annually 90 >300

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 3

PhD 10 22
Number of new postdoctoral researchers 
recruited to the Centre working on core 
Centre research (assumes that no continuity of 
the centre beyond 2017)

Annually 10 4

Number of new Honours students working 
on core Centre research and supervised by 
Centre staff

Annually 10 13

Number of postgraduate completions and 
completion times, by students working on 
core Centre research and supervised by 
Centre staff

Annually 15 12 

Completion time (Average, in years) 3.75 3.84
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
75 PhD

4 MS
13 Hons

Number of mentoring programs (this is an 
integrated program, split into sub-programs 
on the basis of student need)

Annually 1 see footnote 3

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 22

Number of national and international 
workshops held/organised by the Centre Annual 3 7

Number of visits to overseas laboratories and 
facilities Annually 50 46

Examples of relevant interdisciplinary research 
supported by the Centre Annually 12 ˃12 4

End-user links

Number of government, industry and 
business community briefings Annually 20 35

Number and nature of public awareness 
programs Annually 1 1 5

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 10,000 Unique browsers: 38,181. 
Website hits: 92,821

Number of public talks given by Centre staff Annually 50 67
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Key Result Area Performance Measure Reporting Frequency Target 
2014 Achieved 2014 Notes

Organisational 
support

Annual Cash and In-kind contributions from 
Collaborating Organisations See Financial Statements on page 90

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). 

ARC grants $3m $5.4 mil
Other Australian Competitive 
Grants $100,000 $50,000

Other Commonwealth, State 
and Local Government Grants $200,000 $1.89 mil

Industry/Private Sector Grants $0 $0
Number of new organisations collaborating 
with, or involved in, the Centre Annually 1 1 6

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 organisations. We are therefore setting 
these measures to reflect new significant 
partnerships).

Supercomputing time at NCI 
(million hours) 3+ 10.11

On-line storage to serve 
models, tools and data 
(Petabytes)

3
0.47 Pb (Used)
0.93 (Available)

Key software system availability 
(Evo, Subversion, NCL) 
(percentage availability)

90% 98.76%

Governance

Breadth, balance and experience of the 
members of the Advisory Committee At review See Page 16 for details of the Board 

membership

Frequency, attendance and value added by 
Advisory Committee meetings At review

The board met Twice in 2014. The Centre’s 
mid-term review found that the board is 
engaged and functioning very effectively.

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 >150 (predominantly via 

Videoconference)
PhD students mentored 
by staff of more than one 
institution

30 27

PhD students spending time at 
non-enrolled institution 15 34

Research Fellows spending 
time at non-enrolled institution 7 34

Capacity building of the Centre through scale 
and outcomes

Recruitment and training of 
staff 15

9 new centre employees  
5 Associate Investigators added 

38 (Honours, MS, PhD) 
Recruitment and training of 
students 10 38 (Honours, MS, PhD)

International linkages 10 16 7
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 55 178

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 73
Development/updating of 
significant data sets of national 
significance

7 10 *

Development/updating of 
significant modelling tools of 
national significance

7 8 *
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Key Result Area Performance Measure Reporting Frequency Target 
2014 Achieved 2014 Notes

ADDITITIONAL COECSS TARGETS

Research 
Findings

Review/Synthesis papers, reports, book 
chapters etc. Annual 10 4 reports + contributions to 14 

IPCC chapters
Number of Cross-institutional publications 
(percentage of journal papers produced by 
the centre - the increasing percentage reflects 
growing connectivity of Centre Research)

 60% 76%

Number of invited talks/papers/keynote 
lectures given at major international meetings Annual 10 36

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

13 ARCCSS affiliated contributors

Contributions via use of Centre 
research (e.g. via analyses, 
publications, tools etc.)

5 48 8

Talks, briefings etc. on IPCC 5th 
Assessment Report 5

Research 
Training and 
Professional 
Education 

Establishment and delivery of a virtual 
graduate program At Review

Lectures delivered virtually to multi-institutions  24 19
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 2 6 *

New/Refined/updated software tools for 
data analysis developed and served to the 
community

Annual 10 8 *

Shared climate-modelling system available to 
the community. At Review

 Modules available to the community via 
shared-modelling systems Annual 5 6 *

New/refined/updated data sets served to the 
community Annual 10 10 *

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  n/a 9

International, 
national and 
regional links 
and networks

Number of visits by overseas researchers to 
Centre [in person months] 6 5.1

Number of Centre staff involved in leadership 
positions in major international committees/
science programs

Annually 5 25

Footnotes 
1. We have not focussed on conference proceedings. 

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. This number uses the former definition of A* and A 
and does not count journals that were not included 
in that assessment. Several of these journals would 
likely be viewed A* or A if this process was repeated 
and hence 87% is a very conservative estimate 

3. We have not delivered an integrated mentoring 
program. We have delivered a very large number of 
components of this program. These are developing 
into a constructed program through the leadership 
of the Graduate Director 

4. This is difficult to quantify. The vast majority of the 
Centre’s research crosses our five research programs 
which themselves each combine discrete disciplines. 
Therefore our research is by nature inter-disciplinary 

5. 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 and note 
that profile-raising and engagement were among the 
recommendations contained in the ARC mid-term 
review

6. We signed an MOU with Oxford University on 29 
May 2014

7. This number includes our overseas partner 
institutions as well as labs where ARCCSS staff and 
students made substantial visits to during 2014

8. Number of ARCCSS-authored papers cited in the 
IPCC Fifth Assessment Report

9. The National Framework for Climate Science has 
been superseded. We have commenced discussions, 
via our board, with the Department of Environment 
to identify a suitable metric to replace this KPI.

 * New/Refined/updated software tools for data 
analysis developed and served to the community
i. A grid tool that takes an existing ocean grid and 

UM initial conditions and generates all the neces-
sary CICE, UM and OASIS grids, masks and initial 
conditions

ii. Testing framework for ACCESS-CM-OEP and 
ACCESS-OM-OEP

iii. A diagnostic tool for MOM that plots key model 
output metrics and comparisons with other model 
output and observations

iv. Development of Payu to support ACCESS coupled 
model and each sub-model

v. Development of python namelist parser, f90nml

vi. Genesis, tool to create boundary conditions for the 
single column model. Development of its capabilities 
to use the ERA-Interim reanalysis dataset.

vii. Regridding tool for LIS input dataset
viii.Quality control on ERA-Interim collection. 

*  Modules available to the community via 
shared-modelling systems

i. ACCESS-CM-OEP: fully coupled model with ocean at 
¼°. Using OASIS-CMT for coupler

ii. ACCESS-OM-OEP: MOM at ¼° using CORE 2 atmo-
spheric forcing

iii. ACCESS coupled to KPP ocean model
iv. KPP parallelization 
v. MOM5 at 1/10° 
vi. New hydrology in CABLE. Works in CABLE offline.

* New/refined/updated data sets served to the 
community

i. CMIP5: extended
ii. YOTC: extended and new improved format for netcdf 

conversion.
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Financial Statement

Executive Summary
The Australian Research Council Centre of Excellence for Climate 
System Science (ARCCSS) 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 
(ARC). This statement provides an analysis of the income and 
expenditure of the Centre of Excellence.

In 2014, the ARCCSS received $4,907,014 (101%) income compared 
to the full-year budget of $5,162,834. In terms of the Centre’s ex-
penditure, $4,725,876 (100%) was spent compared to the full year 
budget of $5,367,439. 

In 2014, personnel accounted for the highest proportion of 
expenditure of $3,486,597 (74%), followed by travel and annual 
workshop expenditure of $671,403 (14%). Overall, the Centre’s 
cash balance in 2014 is $181,138 and the life-to-date cash balance 
is $4,309,063.

Financial Management and 
Performance
Quarterly financial reporting provides: institutional expenditure by 
university; details of actual income received; and personnel, schol-
arship, travel and equipment expenditure. The Centre’s Finance 
and Resource Officer prepares consolidated financial statements 
for review by the Director. The Centre-wide finances are discussed 
at Centre of Excellence executive meetings. At the recommenda-
tion of the Board, financial statements will be tabled at all biannual 
board meetings. 

The Centre meets its reporting requirements to the ARC by 
submitting the annual Centre Outputs and Detailed Income and 
Expenditure Report (CODIE). The Centre also meets all other 
reporting obligations set by Partner Organisations that provide 
financial support. 

2014 Income

Cash income totalled $4,907,014 from all sources. The Centre of 
Excellence derived its income from the ARC, the Department of 
Environment and the NSW Office of Environment and Heritage, 
the NSW Science Leveraging Fund (SLF), participating universities, 
and other Partner Organisations.

Income is summarised by source in detail, below, and in Table 1: 

1: Australian Research Council Funding

The Centre received indexed income from the ARC of $3,498,407. 
This was distributed to the institutions in accordance with the in-
ter-institutional agreement and was used for payroll, scholarships, 
consumables, 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. The Department envisages that support will be 
maintained after the life of the program, although no 
commitment has been made at this time. In 2014, the 
Centre received $100,000. 

2.2 The NSW Science Leveraging Fund (SLF)
Funding is provided to the Centre via a Science Leveraging 
Fund of $500,000 that was received in 2011 and 2012. No 
funding was received in 2014.

2.3 NSW Office of Environment and Heritage (OEH)
With the efforts of the OEH and the ARCCSS combined, 
the NSW Government will ensure a significant enhance-
ment of efforts towards climate system science research 
specifically relevant to NSW, whilst maintaining strong and 
coordinated links with the Commonwealth Government. 
The OEH provided $170,000 funding in 2014.

3: Collaborating Organisation Funding

Cash contributions to the Centre of Excellence from the adminis-
tering and collaborating organisations amounted to $1,184.607 as 
follows:

$571,342 UNSW
$120,892 ANU
$139,189 U.Mel
$104,186 U.Tas
$280,851 Monash
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4: In-Kind Contributions

In-kind support totalled $3,889,209 in 2014. The Centre is grate-
ful for $2,788,806 of in-kind contributions, provided by the ad-
ministering 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 towards the Centre. 
It also includes the overhead burdens of Centre-funded staff. 
Additional in-kind contributions of $1,100,403 were provided by 
Partner Organisations. Again, this was mainly personnel time. 
The in-kind of $1,100,403 includes:

ORGANISATION IN KIND 
BUDGET

IN KIND 
ACTUAL

UNSW 610,783 1,057,150
ANU 161,418 196,371
Monash University 348,630 508,961
U.Melbourne 663,312 813,118
U Tasmania 165,917 194,406
CAWCR-Bureau of Meteorology 172,851 172,851
CAWCR-CSIRO 167,696 167,696
Department of the Environment 50,000 50,000
National Computational Infrastructure 0 480,000
OEH 80,000 80,000
Geophysical Fluid Dynamics 
Laboratory 15,000 15,000

Hadley Centre/UK Met Office 33,399 57,775
LMD/Centre National de la Recherche 
Scientifique 5,550 5,550

National Center for Atmospheric 
Research 32,112 32,112

National Centre for Atmospheric 
Science 17,000 17,000

University of Arizona 18,800 18,800
NASA-Goddard Space Flight Center 22,419 22,419
TOTAL 2,564,887 3,889,209

2014 Leverage

The Centre’s 2014 cash income of $4,907,014 and in-kind sup-
port of $3,889,209 total $8,605,765, with ARC funding account-
ing for $3,498,407 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.

2014 Expenditure

In 2014 the Centre expended $4,725,876, analysed below:

Equipment Costs  $134,343 2.84%
Lease/Hire Equipment $458 0.01%
Materials & Maintenance $182,873 3.87%

This amount included computer software, repairs and mainte-
nance, student fees, consumables, internal printing, consult-
ing, entertainment, marketing, utilities, office suppliers and the 
cost of producing the annual report.

Personnel (including on-costs) $3,486,597 73.78%
Other $15,281 0.32%
Scholarships $234,921 4.97%
Travel and Workshop Costs $671,403 14.21%

Travel is critical to maintain effective collaboration between 
researchers and to maintain the Centre’s international standing. 
The costs for the Centre are tightly controlled and monitored on 
a trip-by-trip basis.

2014 Income Vs Expenditure

Income and Expenditure is based on cash and is derived from 
the institutions’ general ledgers. The collaborating institutions 
certify income and expenditure by formally acquitting all grants 
as at 31 December 2014.

The Centre’s cash expenditure of $4,725,876 was below income 
of $4,907,014 by $181,138. 

The Centre will carry over a balance of $181,138 to 2015. The 
carry-over by institution is as follows:

UNSW $13,0961 surplus
ANU $107,393 deficit
U.Mel $27,699 surplus
UTas $26,250 deficit
Monash $43,411 surplus

In summary, as at 31 December 2014, the financial position for 
the life of the ARCCSS after its fourth year of operation is as 
follows:

Total Cash Income $14,494,958
Total Expenditure $10,185,895
Surplus carried forward to 2015 $4,309,063
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Actual Forecast
Income 2011 2012 2013 2014 2015 2016 2017 2018 TOTAL
Australian 
Research 
Council- 
Centre of 
Excellence

3,148,827 3,269,977 3,395,785 3,498,407 3,446,192 3,000,000 3,000,000 0 22,759,188 

University 
Cash 
Contributions

1,130,663 1,092,401 1,184,607 1,471,983 1,311,174 1,336,344 1,278,550 50,298 8,856,020 

Others 668,435 277,640 326,622 275,793 160,000 160,000 60,000 0 1,928,490 
Total Income 4,947,925 4,640,019 4,907,014 5,246,183 4,917,366 4,496,344 4,338,550 50,298 33,543,699 

Expenditure 2011 2012 2013 2014 2015 2016 2017 2018 TOTAL
Australian 
Research 
Council- 
Centre of 
Excellence

1,000,856 2,899,352 3,467,682 3,337,563 3,682,761 3,505,708 3,614,690 1,612,732 23,121,343 

People Cost 687,853 2,264,265 2,655,473 2,537,204 2,850,761 2,711,708 2,772,690 1,139,724 17,619,677 
Scholarship 85,360 65,288 103,828 125,074 135,774 146,500 146,500 69,700 878,024 
Non-People 
Cost

227,643 569,799 708,381 675,285 696,226 647,500 695,500 403,308 4,623,642 

University 
Cash 
Contributions

386,466 884,006 1,035,970 1,215,515 1,594,732 1,413,170 1,330,702 650,021 8,510,583 

People Cost 177,012 491,072 617,472 490,280 908,645 712,654 616,130 231,468 4,244,733 
Scholarship 105,949 159,177 131,093 473,717 380,687 400,680 413,086 237,153 2,301,541 
Non-People 
Cost

103,505 233,758 287,405 251,518 305,400 299,836 301,486 181,400 1,964,308 

Others 
(exclude 
special 
projects)

31,729 202,171 227,502 488,089 611,936 167,000 154,000 16,000 1,898,427 

People Cost 30,586 177,745 213,652 482,660 611,936 167,000 154,000 16,000 1,853,578 
Scholarships 0 0 0 0 0 0 0 0 0 
Non-People 
Cost

1,143 24,426 13,851 5,429 0 0 0 0 44,849 

Total 
Expenses

1,419,051 3,985,530 4,731,154 5,041,166 5,889,429 5,085,878 5,099,392 2,278,754 33,530,353 

ARCCSS Cash Income & Expenditure

Other (including Interest Distributiion)

University Cash Donations

Australian Research Council - Centre of Excellence

Department of Environment

NSW Office of Environment & Heritage

Income by Source
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1. 2014 Cash Income UNSW ANU U. Mel U.Tas Monash 
Uni Total A$ FY 

Budget
% 

Variance
Australian Research Council- Centre of 
Excellence

1,620,237 406,682 416,682 400,822 653,984 3,498,407 3,498,407 0%

Department of Environment 100,000 0 0 0 0 100,000 100,000 0%
NSW Office of Environment and Heritage 170,000 0 0 0 0 170,000 170,000 0%
University Cash Contributions 571,342 123,440 139,189 357,161 280,851 1,471,983 1,280,273 15%
Other (including Interest Distribution) 5,793 0 0 0 0 5,793 5,793 100%
Total 2,467,373 530,122 555,871 757,983 934,835 5,246,183 5,054,473 4%

2. 2014 Cash Expenditure UNSW ANU U. Mel U.Tas Monash 
Uni Total A$ FY 

Budget
% 

Variance
Leased/Hired Equipment 0 0 0 78 0 78 0 100%
Materials & Maintenance (IT and lab) 0 0 0 0 0 0 0 0%
Personnel 1,761,593 323,919 349,640 425,342 649,649 3,510,144 3,876,638 9%
Consumables 131,932 11,726 15,516 -2,326 25,915 182,764 199,000 8%
Purchased Equipment 10,206 0 10,691 0 14,266 35,164 42,000 16%
Scholarship 180,170 42,414 27,185 282,249 66,773 598,791 400,000 -50%
Shared Equipment/Facilities 0 0 0 0 0 0 0 0%
Travel - Conferences and workshops (Dir, 
COO, CIs)

67,198 15,889 53,070 15,150 18,212 169,520 175,000 3%

Travel - Conferences and workshops 
(Postdocs and students)

213,856 30,872 15,532 28,775 80,685 369,720 388,500 5%

Travel - New staff relocation expenses 8,625 0 6,693 0 0 15,318 19,000 19%
Travel - Regular meetings of Centre staff 24,455 0 0 4,133 6,253 34,841 42,000 17%
Travel - Visitor travel to the Centre 30,574 0 7,601 10,089 22,194 70,458 87,301 19%
Travel - Visits to nodes (Dir, COO, CIs) 13,652 0 0 842 0 14,494 15,000 3%
Travel - Visits to nodes (Postdocs and 
students)

11,149 0 0 5,445 7,477 24,071 24,000 0%

Other 0 0 1,349 14,456 0 15,805 0 100%
Total 2,453,411 424,820 487,278 784,234 891,424 5,041,166 5,268,439 4%

3. Summary 2014 Income Vs. 
Expenditure / Carry Over

UNSW ANU U. Mel U.Tas Monash 
Uni

Total A$ FY 
Budget

% 
Variance

Total Income 2,467,373 530,122 555,871 757,983 934,835 5,246,183 5,054,473 4%
Total Expenditure 2,453,411 424,820 487,278 784,234 891,424 5,041,166 5,268,439 4%
Income less Expenditure 13,961 105,302 68,593 -26,250 43,411 205,017 -213,966 196%

Carry over to 2015 surplus / (deficit) 13,961 105,302 68,593 -26,250 43,411 205,017 -213,966 196%

2014 Cash Income & Expenditure
((Year to Date December 2014)

Expenditure by Purpose

Other

Travel - total

Scholarship

Purchased Equipment

Consumables

Personnel
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Summary Cash Income/Expenditure 2014 
(Affiliated Projects)

In summary, as at 31 December 2014, the financial position for 
the life of the ARCCSS’s Affiliated Projects after their fourth year 
of operation is as follows:

Total Cash Income $180,000
Total Expenditure $231,297
Deficit carried forward to 2015 $51,297

1. 2014 Cash Income UNSW FY 
Budget

% 
Variance

CSIRO 180,000 180,000 0%

Total 180,000 180,000 0%

2. 2014 Cash Expenditure UNSW FY 
Budget

% 
Variance

Shared Equipment/Facilities 2,003 2,003 0%

Personnel 229,915 229,915 0%

Consumables 553 553 0%

Travel - Conferences and workshops (Dir, COO, CIs) -1,399 -1,399 0%

Travel - Conferences and workshops (Postdocs and students) 0 0 0%

Travel - New staff relocation expenses 0 0 0%

Travel - Regular meetings of Centre staff 225 225 0%

Travel - Visitor travel to the Centre 0 0 0%

Travel - Visits to nodes (Dir, COO, CIs) 0 0 0%

Travel - Visits to nodes (Postdocs and students) 0 0 0%

Other 0 0 0%

Total 231,297 231,297 0%

3. Summary 2014 Income Vs. Expenditure / Carry Over UNSW FY 
Budget

% 
Variance

Total Income 180,000 180,000 0%

Total Expenditure 231,297 231,297 0%

Income less Expenditure -51,297 -51,297 0%

Carry over to 2015 surplus / (deficit) -51,297 -51,297 0%

2014 Cash Income & Expenditure

AFFILIATED PROJECTS
(Year to Date December 2014)
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