
 

                                                                                                              
 

 
 

List of Abstracts presented at the 
 

COECSS 
First Annual Workshop 

 
25-27 September, 2012 

 
Held at the Henry Jones Art Hotel 

Hobart, Tasmania 
 

 
 

 
 

                                                                   
 



 
 
CONVECTION KEYNOTE: 
9:15 Tuesday 25 September 
 

Impact of Errors in Representation of Tropical Convection for 
Seasonal Prediction of Australian Climate 

 
Harry H. Hendon 

Senior Principal Research Scientist 
Centre for Australian Weather and Climate Research 

 Bureau of Meteorology,  GPO Box 1289, Melbourne 3001, Australia 
Phone: (03) 9669 4120. email: hhh@bom.gov.au 

 
Predictability of Australian climate largely derives from low frequency 
variations of tropical ocean surface temperatures and associated 
variations of tropical convection that drive teleconnections to 
Australian climate. I will highlight the key teleconnections associated 
with El Niño and the Indian Ocean dipole and demonstrate that 
predictive skill of seasonal forecasts using climate models is limited by 
errors in the representation of these teleconnections. These errors 
stem both from mean state biases and short comings in the 
representation of large-scale variability of tropical convection. The 
need for improved representation of tropical convection in climate 
models will be emphasized. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Harry Hendon’s biography 
 
Harry Hendon is senior principal research scientist CAWCR, 
Melbourne. He is the  team leader of the Seasonal Prediction Science 
team and Deputy Program Leader of the Climate Variability and 
Change Program.  His research interests are the dynamics and 
predictability of intraseasonal to interannual climate variability. His 
major contributions have been to the diagnosis and understanding of 
tropical intraseasonal variability, and in particular the Madden-Julian 
Oscillation, and on understanding variability of the Australian 
Monsoon. His recent work has focused on the role of ocean-
atmosphere interaction for tropical climate variability, especially in the 
Australian-Asian monsoon, and on prediction of intraseasonal to 
interannual tropical climate variations.  He has previously been 
research scientist at Division of Atmospheric Research, CSIRO Australia 
and the Climate Diagnostic Center, NOAA, Boulder Colorado. He is 
currently the co-chair of the WMO/World Climate Research Program 
Australian-Asian Monsoon Panel and has previously been chair of the 
American Meteorology Society’s Tropical Meteorology and Hurricane 
Committee.  
 
 
Education 
BA Meteorology, University of California at Los Angeles, June 1979 
PhD Atmospheric Science, Univ. of Washington, March 1985 
 
 
 
 
 
 
 
 



OCEANS KEYNOTE: 
16:15 Tuesday 25 September 
 

 
Southern Ocean Dynamics and Climate 

 
Steve Rintoul 

Antarctic Climate and Ecosystems Cooperative Research Centre 
Centre for Australian Weather and Climate Research 

CSIRO Marine and Atmospheric Research 
 
The Southern Ocean is home to the strongest winds, the biggest waves 
and the largest ocean current on Earth.   A recent revolution in ocean 
observations has provided new discoveries that highlight the profound 
influence of the Southern Ocean on past, present and future climate.  
The strong eastward flow of the Antarctic Circumpolar Current (ACC) 
connects the ocean basins, allowing the existence of a global-scale 
overturning circulation that dominates ocean heat transport.  The 
tilting of density surfaces associated with the flow of the ACC brings 
dense water to the surface at high latitudes.  Water mass 
transformations where these layers outcrop link the upper and lower 
limbs of the overturning circulation.  The ACC and overturning 
circulations are therefore dynamically linked.  Wind and buoyancy 
forcing drive the horizontal and vertical circulations; eddies transport 
heat, momentum, vorticity and other tracers; and topography 
structures both the mean flow and the eddy field.  While the 
complexity of the dynamical recipe for the Southern Ocean circulation 
poses significant challenges to both observers and modelers, the last 
decade has seen remarkable progress, built on advances in ocean 
observing systems, in numerical simulations, and in dynamical theory. 
 
 
 
 
 
 
 
 
 

 
 
 
 
Steve Rintoul’s biography 
 
 
Steve Rintoul is a physical oceanographer and climate scientist at 
CSIRO Marine and Atmospheric Research and the Antarctic Climate 
and Ecosystems CRC.  He has a long-standing interest in the Southern 
Ocean and its role in the earth system. He uses a variety of tools to 
observe the Southern Ocean, including ships, satellites, floats, moorings 
and instrumented seals.  Steve has led fourteen oceanographic 
expeditions to the Southern, Indian and Pacific Oceans.  He is a 
Coordinating Lead Author of the Oceans chapter in the 5th Assessment 
Report of the Intergovernmental Panel on Climate Change (IPCC). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ACCESS KEYNOTE: 
9:00 Wednesday 26 September 
 
 

ACCESS CMIP5 models and experiments 
 

Martin Dix 
CAWCR 

 
 
ACCESS development began in 2006. Recently results from two 
versions of the ACCESS climate model have been submitted to the 
Coupled Model Intercomparison Project (CMIP5). ACCESS is also used 
operationally by the Bureau of Meteorology for global and regional 
forecasts. This talk will present a brief history of the ACCESS 
development leading up of the CMIP5 experiments and an overview of 
the CMIP5 results from control and climate change experiments. Both 
versions of the model have mid-range climate sensitivity. 
I will also discuss the current status of the ACCESS system and plans 
for future developments, particularly within the new National 
eResearch Collaboration Tools and Resources (NeCTAR) Climate and 
Weather Science Laboratory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Martin Dix’s biography 
 
Martin Dix is leader of the ACCESS Model Systems team within the 
Earth System Modelling program of CAWCR. Prior to this he worked on 
the development and analysis of the CSIRO global climate models and 
on CCAM development. His research interests range from climate 
sensitivity to computational techniques. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ACCESS KEYNOTE: 
11:30 Wednesday 26 September 
 
 

The Community Atmosphere Biosphere Land Exchange (CABLE) 
model in ACCESS: results from ACCESS 1.3 and new simulations 

with CABLE v2.0 
 

Rachel Law, Eva Kowalczyk, Lauren Stevens, Jhan Srbinovsky, Bernard 
Pak, Tilo Ziehn and Ying-Ping Wang 

 
Centre for Australian Weather and Climate Research, CSIRO Marine and Atmospheric 

Research, Aspendale, Victoria. 
 
Two sets of ACCESS simulations were submitted to the Coupled Model 
Intercomparison Project (CMIP5), ACCESS1.0 and ACCESS1.3. The 
choice of land surface model was one of a number of differences in the 
atmospheric settings between the two ACCESS versions; ACCESS 1.0 
used the Met Office Surface Exchange Scheme (MOSES) while 
ACCESS1.3 used CABLE v1.8. Here we present an analysis of the 
simulated present-day climatology of these simulations from both 
atmosphere only (AMIP) simulations and from the historical 
simulation of the coupled model. Our analysis focused on seasonal 
means of screen-level temperature and precipitation. Many biases 
were common across both land surface models, while other biases 
appeared to be driven by changes in other choices for the atmospheric 
settings (e.g. the cloud scheme).  Differences that could be traced to the 
land surface model included warm biases with CABLE due to the 
underestimation of surface albedo but better timing of northern 
hemisphere snowmelt with CABLE.   
 
CABLE v2.0 has recently been released. Work has begun to 
comprehensively benchmark this CABLE version including single-site 
simulations, global simulations forced with prescribed meteorology 
and atmosphere only ACCESS simulations. The ACCESS simulations will 
be compared with those from ACCESS1.3. 
 
 
 

 
 
 
 
Rachel Law’s biography: 
 
 
 
Rachel’s PhD from the University of Melbourne focused on modelling 
the global transport of atmospheric constituents. She has continued to 
work in this area, firstly as part of the CRC for Southern Hemisphere 
Meteorology, and since 2000 at CSIRO. Her main interest has been in 
the atmospheric transport of carbon dioxide and estimating CO2 fluxes 
from atmospheric CO2 measurements. She has played a major role in 
international TransCom projects, to assess the contribution of 
transport model uncertainty to CO2 flux estimation. Her involvement 
in the land surface model CABLE was initially for its ability to estimate 
carbon fluxes. More recently she has taken on a coordination role for 
CABLE, supporting its transition to a community model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



EXTREMES KEYNOTE: 
9:00 Thursday 27 September 
 
Projecting climate means and extremes, and serving the needs of 

natural resource management planning 
 

Penny Whetton 
Climate Adaptation Flagship 

CSIRO Marine and Atmospheric Research 
Aspendale, Victoria, Australia 

 
Abstract:  Regional climate change projections are required to serve 
the needs of adaptation planning in a broad range of human and 
natural systems.  These descriptions of future climate need to convey 
all those aspects of climate change which may be important in driving 
system impacts, present uncertainties appropriately, but also be easy 
for users to understand and employ.  With the support of DCCEE, 
CSIRO and BoM have begun a major new project aimed at providing 
updated climate change projections for Australia specifically aimed at 
supporting the needs of natural resource management (e.g. 
ecosystems, agriculture and water resources).   These projections, to be 
completed by June 2014, will be based on analysis of CMIP5 GCM 
results, as well as a range of downscaled results.  They will effectively 
form a major update to national projections last released in 2007.  
Changes to climate extremes (e.g. heat waves, extreme rainfall, extreme 
winds) are highly relevant to many aspects of natural resource 
management, and the presentation will review work underway on 
extremes in CSIRO that will contribute to these new projections.  
Opportunities for the CofE scientists to contribute to these projections 
will also be highlighted. 
 
 
 
 
 
 
 
 

 
 
 
Penny Whetton’s biography 
 
Dr Penny Whetton is a Senior Principal Research Scientist in the 
Climate Projections Science Team at CSIRO Marine and Atmospheric 
Research and here research contributes to CSIRO’s Climate Adaptation 
Flagship. She has been the main contributor to, and editor of, the 
CSIRO's Australian climate change projections released in 1992, 1996, 
2001 and the projections released by CSIRO and the Bureau of 
Meteorology in 2007. Dr Whetton is currently working on new 
projections to be released in 2014.  She has been a major contributor to 
the Intergovernmental Panel on Climate Change (IPCC) as a lead author 
of chapters of the Third (2001) and Fourth (2007) Assessment 
Reports, and is currently a Lead Author of the Fifth Assessment Report. 
Her research group was a recipient of the 2003 Eureka Prize for 
Environmental Research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
MODES KEYNOTE: 
13:30 Thursday 27 September 
 
ENSO, decadal climate variability and climate change in the Pacific 

 
Scott Power, Greg Kociuba, Francois Delage, Christine Chung, Brad 

Murphy, and Jeff Callaghan 
 

Bureau of Meteorology, Pacific-Australian Climate Change science and Adaptation 
Planning Program, Australian Climate Science Program, Centre for Australian 

Weather and Climate Research 
  
We will show that: 

• there is much greater agreement among models on 21st century 
precipitation projections than previously thought 

• there are places where there are robust projections in 
which changes are either zero or small, that have previously and 
erroneously been interpreted as uncertain projections 

• co-dependence among climate model  projections seems 
smaller than co-dependence among climate model simulations 
of the past 

• projected changes in precipitation vary according to the phase 
and magnitude of ENSO, 

• decadal variability in both the frequency of severe tropical 
cyclones making land-fall over north-eastern Australia and the 
South Pacific Convergence Zone are  strong and robust. 
 

References 
  Consensus on 21st C rainfall projections in climate models more widespread than 
previously thought (S. Power, F. Delage, R. Colman and A. Moise, J. Climate 2012, ). 
  What caused the observed twentieth century weakening of the Walker 
Circulation? (S. Power, G. Kociuba, J. Climate 2011, ). 
  What won't change in response to global warming? (S. Power and F. Delage, 
Geophys. Res. Lett.,  submitted). 
  Non-linear rainfall response to El Nino and global warming. (C. Chung, S. Power, J. 
Arblaster, G. Roff and H. Rashid, Climate Dynamics, submitted). 
  Variability and decline in the number of severe tropical cyclones making land-fall 
over eastern Australia since the late nineteenth century. (J. Callaghan and S. Power, 
Climate Dynamics 2011). 
 

 
Scott Power’s biography 
 
 
Dr Scott Power is a Senior Principal Research Scientist and research 
manager in the Bureau of Meteorology and a Coordinating Lead Author 
of the next IPCC report (http://www.ipcc.ch/). Scott has published 
extensively in the international scientific literature on El Niño, global 
warming, and decade-to-decade climate variability. He previously 
coordinated the Bureau's participation in the Australian Climate 
Change Science Program, he led the development of an AusAID project 
to enhance climate prediction services in many Pacific Island countries 
(http://www.bom.gov.au/climate/pi-cpp/index.shtml) and more 
recently co-led the development of the Pacific Climate Change Science 
Program (http://www.cawcr.gov.au/projects/PCCSP) to assist 15 
vulnerable countries in the Australian region adapt to climate change. 
He is the former head of operational climate monitoring and prediction 
in the Bureau and a former acting head of Australia’s National Climate 
Centre. He is a member and former member of several international 
panels of the World Meteorological Organization dealing with climate 
issues, and he was a co-editor and co-author of the influential CSIRO-
Bureau of Meteorology report "Climate Change in Australia" 
(http://climatechangeinaustralia.com.au/). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Session 1 oral presentations: 
 
Convection 1 Hernandez-Deckers 
 

Investigating deep convection initiation by tracking rising 
thermals in cloud simulations 

Daniel Hernandez-Deckers and Steven Sherwood 
Climate Change Research Centre and ARC Centre of Excellence for Climate System 

Science, University of New South Wales, Sydney, NSW Australia 
 

Convective parameterizations in climate models rely on physical 
assumptions from cloud models, e.g., mixing properties or the 
importance of drag and buoyant forces. Some of these assumptions 
may be tested using cloud resolving simulations, given that we accept 
these as realistic. However, such verifications are not always straight 
forward. To begin with, there is no unique way of defining cloud 
boundaries, and without such boundaries it is hard to compute 
quantities related to the cloud’s dynamics. Simulations suggest that 
deep convective cumuli develop as an increasing series of rising 
thermals, at least during the growth phase. In many cases these 
individual thermals can be clearly identified from their vortical 
structure, such that it is possible to set their boundaries and trace them 
as they rise. We will present here a simple method for identifying and 
tracking these thermals as they rise, based on the basic concept of a 
rising, coherent air parcel. 
 
Usual grid-point based definitions of cloudy air result in a cloud as an 
ensemble of “active” points and not necessarily as a coherent region. 
On the contrary, the method we propose here considers coherent 
cloudy regions that match a more intuitive definition of a cloud. 
Furthermore, such definition not only allows us to directly compute 
quantities such as entrainment and detrainment rates, but also to carry 
out a complete momentum budget in order to assess the relative 
importance of the forces that initiate convection. We previously 
applied this method to 2D and 3D cloud simulations during periods in 
which thermals rise with constant vertical velocity and found evidence 
that entrainment rates are high ∼(2-3 km)−1, without  this implying 
any significant drag. Here we will show that when tracking the 

thermals even further back, the momentum budget provides important 
information about conditions and processes that trigger deep 
convection. 
 
 
 
Convection 2 – Hassim 
 

Diurnal rainfall patterns over New Guinea 
Muhammad Hassim and Todd Lane 

School of Earth Sciences, University of Melbourne 
ARC Centre of Excellence for Climate System Science 

 
Convection over the Maritime Continent region is known to have 
strong diurnal variability, both over land and over open coastal waters. 
One of the most prominent observed features of this diurnal signal 
(from satellite data) is the nocturnal (early morning) maximum in 
rainfall just off the coastal regions of New Guinea and Sumatra. 
 
The processes controlling the initiation and organisation of convection 
leading to the coastal offshore maxima are still unresolved. Several 
hypotheses have been proposed and these include the influence of 
down-slope mountain winds, diurnal (land) breeze circulations and 
gravity-wave excitation from previous convection over land during the 
preceding afternoon. 
 
In this study, results from convection-permitting WRF simulations are 
analysed for New Guinea in an attempt to uncover the underlying 
mechanisms for the offshore maxima in diurnal rainfall. These 
simulations were conducted for a period of suppressed large-scale 
(MJO) influence during the Year of Tropical Convection (YOTC) in 
order to maximise the local diurnal forcings. Results will be presented 
and discussed. 
 
 
 
 
 



 
Convection 3 – Peters (Jakob) 
 
The performance of a simple stochastic cloud model compared to 

observations 
Karsten Peters, Christian Jakob and Laura Davies 

Monash University, School of Mathematical Sciences 
 
Despite intensive research over the past decades, an adequate 
representation of convective processes in numerical models of the 
atmospheric circulation remains one of the grand challenges in climate 
system science. In particular, the models struggle in representing the 
high variability in tropical convection. Mounting evidence suggests that 
this model deficiency partly results from formulating current 
convection parameterization schemes in a purely deterministic 
manner. Here, we evaluate the diagnostic performance of the 
Stochastic Multicloud Model (SMCM, Khouider et al., 2010) relative to 
observations of tropical convection. In the SMCM, the evolution of an 
ensemble of three cloud types (congestus, deep convection and 
stratiform) is represented by a multivariable, multistate Markov-Chain 
process on a lattice, thus yielding area fractions per cloud type. We 
drive the SMCM with an observed large-scale atmospheric state over a 
tropical region (190x190 km2 centered over Darwin). The 
performance of the SMCM strongly depends on the predictor choice 
used for driving the evolution of the cloud ensemble. In particular, 
using moisture convergence rather than convective available potential 
energy (CAPE) as predictor determining the occurrence of convection 
is crucial. Diagnostically, the SMCM performs well compared to 
observations – an encouraging result on the road towards a novel 
convection parameterization. 
 
 
 
 
 
 
 
 

 
Convection 4 – Walsh 
 

Tropical cyclones, convection and climate 
Kevin Walsh 

 School of Earth Sciences, University of Melbourne 
 
 
Why are there only about eighty tropical cyclones a year over the 
entire globe, and why does this number vary only somewhat from year 
to year? Tropical cyclones are highly organised convective systems 
whose formation can be well predicted by numerical weather 
prediction models, but an explanation of the relationship between their 
formation rate and tropical climate remains elusive. This talk reviews 
the current state of the art of the numerical simulation of tropical 
cyclones in climate models, discusses the latest climate theories of 
formation, and makes some recommendations regarding numerical 
experiments that might be conducted to understand better the 
relationship between tropical cyclone formation and climate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Oceans 1 – Morrison 
 
 
Interplay between Southern Ocean overturning and ACC transport 

Adele Morrison and Andy Hogg 
 ANU 

 
The eddy field in the Southern Ocean offsets the impact of 
strengthening winds on the meridional overturning circulation and 
Antarctic Circumpolar Current (ACC) transport. There is widespread 
belief that the sensitivities of the overturning and ACC transport are 
dynamically linked, with limitation of the ACC transport response 
implying limitation of the overturning response. We employ an 
idealised numerical model to investigate the response of the large-
scale circulation in the Southern Ocean to wind stress perturbations at 
eddy-permitting to eddy-resolving scales. Significant differences are 
observed between the sensitivities and the resolution dependence of 
the overturning and ACC transport, indicating that they are controlled 
by distinct dynamical mechanisms. The modelled overturning is 
significantly more sensitive to change than the ACC transport, with the 
possible implication that the Southern Ocean overturning may increase 
in response to future wind stress changes without measurable changes 
in the ACC transport. It is hypothesised that the dynamical distinction 
between the zonal and meridional transport sensitivities is derived 
from the depth dependence of the extent of cancellation between the 
Ekman and eddy-induced transports. 
 
 
 
 
 
 
 
 
 
 

 
 
Oceans 2 – Nikurashin 
 
 

Water Mass Transformation by Diapycnal Mixing in the Deep 
Ocean 

Maxim Nikurashin1, Raffaele Ferrari2, Jonas Nycander3 
1 Institute of Marine and Antarctic Studies, University of Tasmania, Hobart, Australia  

2 Massachusetts Institute of Technology, Cambridge, MA USA  
3 Stockholm University, Stockholm, Sweden 

 
Direct observations show that small-scale turbulent mixing is 
enhanced in the deep ocean in regions of rough topography. The 
enhancement extends 1-2 km above the topography suggesting that 
mixing is sustained by breaking of internal gravity waves. In this study, 
water mass transformation rates resulting from internal wave driven 
mixing are diagnosed using recent global estimates of internal tide and 
lee wave energy sources combined with the WOCE hydrographic atlas. 
The results show that internal wave driven mixing in the deep ocean 
can result in up to 30 Sv of water mass transformation. The bulk of this 
transformation takes place in density classes corresponding to the 
Antarctic Bottom Water branch of the meridional overturning 
circulation. While two-thirds of this transformation is accomplished by 
the internal tide driven mixing, one-third, or 10 Sv, is attributed to lee 
waves, generated by deep geostrophic currents flowing over rough 
topography. The results suggest that lee wave mixing is as important as 
tidal mixing and should be represented in the climate models. 
 
 
 
 
 
 
 
 
 
 
 



 
 
Oceans 3 – van Sebille 
 

The pathways and time scales of the ocean circulation from 
Lagrangian analyses, with a focus on Southern Hemisphere inter-

ocean exchanges 
Erik van Sebille and Matthew H England 

ARC Centre of Excellence for Climate System Science 
University of New South Wales 

 
The pathways of water masses and the connection between ocean 
basins can most aptly be studied in a Lagrangian framework, where the 
ocean flow is traced out using particle trajectories. These trajectories 
can come from either numerical integration of virtual floats in high-
resolution ocean models, or from the paths of free-flowing 
observational drifters (surface buoys or Argo floats) in the real ocean. 
In either case, the trajectories can be used to directly infer the time 
scales and pathways on which regions of the ocean are connected. 
Here, we will show how Lagrangian trajectories can be used to study 
the pathways of water around the ocean, with particular attention to 
the Agulhas and Tasman leakage; two components of the inter-ocean 
exchanges of the Southern Hemisphere “supergyre”. We will show how 
Lagrangian trajectories in numerical models can not only be used to 
estimate the volumetric transports between the different ocean basins, 
but also how the details of these trajectories can be used to infer 
information on the carrying agents (eddies, mean flow) of the leakages. 
 
 
 
 
 
 
 
 
 
 
 

 
 
Oceans 4 – Downes 
 

Saturation and compensation: Southern Ocean circulation in 
CMIP5 models 

Stephanie M. Downes and Andrew McC. Hogg 

 Research School of Earth Sciences and ARC Centre of Excellence for 
Climate System Science, 

The Australian National University, Acton, ACT, Australia 
 
We use climate models from the Coupled Model Intercomparison 
Project Phase 5 (CMIP5) to evaluate the response of the Antarctic 
Circumpolar Current (ACC) transport and Southern Ocean meridional 
overturning circulation to surface wind stress and buoyancy changes.  
These circulation responses are compared with the theoretical 
predictions of eddy saturation (where the ACC transport is insensitive 
to increased surface wind stress) and eddy compensation (where 
eddies balance the increased wind-driven Eulerian overturning 
circulation). Under a future CMIP5 climate pathway the models 
robustly project reduced density in the upper 2000~m accompanied 
by strengthened stratification. Despite an overall increase in overlying 
wind stress, the projected ACC transports lie within ±15% of their 
historical state, and no significant relationship with changes in the 
magnitude of the wind stress is identified. We find that the ACC 
transport response is dominated by meridional shifts in the peak wind 
combined with increased heat gain in the southern ACC region. In 
contrast, surface buoyancy flux changes in the northern half of the ACC 
region and wind-driven surface transports are significantly correlated 
with increased upper and decreased lower Eulerian mean meridional 
overturning circulation. The models indicate a strong influence of both 
winds and buoyancy on future large-scale circulation changes. 
 
 
 
 
 
 



 
 
Oceans 5 – Klocker 
 
Estimating properties of nonlinear mesoscale eddies using mixing 

length arguments 
Andreas Klocker  

ANU 
 
Mesoscale variability in the ocean occurs as linear Rossby waves and as 
nonlinear eddies. One of the most important differences between these 
two is that linear waves cannot transport properties, whereas 
nonlinear eddies can transport momentum, mass, heat and other 
tracers and thereby contribute to ocean general circulation, the 
distribution of water-mass properties and ocean biology. 
 
The similarity between observed westward phase speeds in SSH fields 
and the theory for long baroclinic Rossby waves previously led to the 
assumption that these mesoscale features are linear Rossby waves. 
Recently though, with the introduction of higher resolution SSH fields, 
it was suggested that these features have properties of nonlinear 
eddies. 
 
Here I will use the fact that nonlinear eddies can transport properties, 
whereas Rossby waves cannot, and apply mixing length arguments to 
estimate phase speeds and length scales of these nonlinear eddies. I 
will then show that the estimated phase speeds are consistent with 
theory. This result implies that previous discrepancies between 
observed and theoretical phase speeds were due to a superposition of 
linear waves and 
nonlinear eddies. 
 
 
 
 
 
 
 

 
 
Oceans 6 – Zhang 
 
Sea level trend, interannual and decadal variability in the Pacific 

Ocean 
Xuebin Zhang and John A. Church 

Centre for Australian Weather and Climate Research 
CSIRO Wealth from Oceans Flagship 

CSIRO Marine and Atmospheric Research 
 
Linear trend analysis is commonly applied to quantify sea level change, 
often over short periods because of limited data availability. However, 
the linear trend computed over short periods is complicated by large-
scale climate variability which can affect regional sea level on 
interannual to inter-decadal time scales. As a result, the meaning of a 
local linear sea level trend over the short altimeter era is unclear, and it 
is not straightforward to distinguish the regional sea level changes 
associated with climate change from those associated with natural 
climate variability. In this study, we use continuous near-global 
altimeter measurement since 1993 to attempt to separate interannual 
and decadal sea level variability in the Pacific from the sea level trend 
by using a multiple linear regression model. We conclude that the rapid 
rate of sea level rise in the western tropical Pacific found from a single 
linear regression analysis is partially a result of basin-scale decadal 
climate variability. The negligible sea level rise, or even falling sea 
level, in the eastern tropical Pacific and US west coast is a result of the 
combination of decreasing of sea level associated with decadal climate 
variability and a positive sea level trend.  
 
 
 
 
 
 
 
 
 
 



 
 
 
ACCESS 1 – Marsland 
 
 

Evaluation of the ACCESS Ocean Model 
Simon Marsland, Dave Bi, Petteri Uotila, Arnold Sullivan, and Katja 

Lorbacher 
Centre for Australian Weather and Climate Research, a partnership between CSIRO and 

the Bureau of Meteorology, Aspendale, VIC, 3195 
 
The ACCESS Climate Model was used for two submissions to CMIP5, 
namely CSIRO-BOM ACCESS1.0 and ACCESS1.3. The Ocean Model 
component was used in a further experiment using climatological 
forcing that benchmarks performance of the ocean and sea-ice 
component (ACCESS-OM) against other international ocean climate 
models under the protocols of the CLIVAR Working Group on Ocean 
Model Development (WGOMD) Co-ordinated Ocean-ice Reference 
Experiments (COREs) repeat year climatology Normal Year Forcing 
(NYF). The CLIVAR/WGOMD is now undertaking a new set of CORE 
experiments using Inter-Annual Forcing (CORE-IAF). ACCESS-OM is 
contributing to a variety of these CORE-IAF ocean climate model inter-
comparison studies including: simulation of the Atlantic overturning 
and sub-polar gyre; reproduction of 20th century thermosteric sea-
level rise; simulation of Southern Ocean dynamics; and variability of 
the Arctic ocean and sea-ice climate.  An evaluation of the ACCESS-OM 
performance in CMIP5, CORE-NYF, and CORE-IAF experiments is given. 
Key metrics include surface fluxes, overturning circulation, poleward 
heat transport, mass transports through key passages, mixed layer 
depths, and the distribution of sea ice. Opportunities for future 
engagement between the CAWCR and CoECSS ocean modelling 
communities are promoted. 
 
 
 
 
 
 

 
 
 
ACCESS 2 – Spence 
 
 

A review of Australia's global ocean eddy-permitting climate 
model: ACCESS-OEP. 

Paul Spence (UNSW), Marshall Ward (ANU), Andy Hogg (ANU), Matthew 
England (UNSW) 

ARC Centre of Excellence for Climate System Science 
 
The primary objective of the CoE Ocean Group (RP5) is to improve our 
understanding of the physical mechanisms governing ocean 
circulation, its variability, and response to change. Given that the vast 
majority of ocean kinetic energy is found at mesoscales, a core focus of 
the Oceans Group has been the development of a uniquely Australian 
high-resolution global ocean model known as ACCESS-OEP. This talk 
will provide a review of: i) the challenges and achievements of the first 
year of model development; ii) the current state of ACCESS-OEP 
simulations with a particular focus on the Southern Ocean and it's 
response to wind forcing; and iii) model development and experiment 
plans for the year ahead. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ACCESS 3 – Okely 
 

ACCESS Coupled Model for Intraseasonal/Seasonal Prediction 
Patricia Okely, Andrew Marshall, Faina Tseitken, Xiaobing Zhou, 

Maggie Zhao, Guo Liu, Oscar Alves, Debra Hudson, Harry Hendon, Jing-
jia Luo 

Centre for Australian Weather and Climate Research (CAWCR) 
 

The Australian Bureau of Meteorology’s dynamical 
intraseasonal/seasonal prediction system is the Predictive Ocean 
Atmosphere Model for Australia (POAMA), and the next generation of 
POAMA will be based on the ACCESS coupled model. The success of the 
new system will hinge on (1) the ACCESS model’s representation of 
processes that influence intraseasonal and seasonal climate, and (2) 
the integration of POAMA data assimilation and ensemble generation 
systems with the ACCESS model. We will present results from free 
ACCESS model simulations, ACCESS model reanalyses, and several 
hindcast sets, focussing on how the model captures and predicts 
processes such as the El Nino Southern Oscillation and the Madden 
Julian Oscillation, and Australian climate variability. An analysis of 
hindcast skill during the development of the data assimilation systems 
shows the improvements gained as initial error is reduced. However, 
the results also suggest there may be considerable model error 
influencing the predictive skill. We will discuss future strategies for 
improving forecast initialisation and addressing the coupled model 
biases. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Session 1 posters 
 
OCEANS: 
 

Diagnosing Indo-Pacific decadal subsurface ocean temperature 
modes 

J. M. Vargas-Hernández1,2, S. Wijffels2, G. Meyers2, A. B. Couto1, and N. 
J. Holbrook1 

 
1 Institute for Marine and Antarctic Studies (IMAS), University of 

Tasmania, Hobart, Tasmania 
2 CSIRO Marine and Atmospheric Research, Hobart, Tasmania 

 
Understanding the mechanisms underpinning ocean subsurface 
temperature changes is fundamental to improving predictability over 
many regions. This paper diagnoses and describes the main modes of 
Indo-Pacific Ocean decadal-to-multidecadal subsurface temperature 
variability using ocean state estimates from the Simple Ocean Data 
Assimilation (SODA 2.2.4) for the period 1950-2008.  
An Empirical Orthogonal Function (EOF) applied across four levels, to 
466 m depth, shows that the dominant mode of upper ocean 
temperature variability of the filtered (>10-years band) and non-
detrended temperature is characterised by the long-term trend, with 
decadal scale fluctuations (28.6% of the filtered variance). The 
corresponding EOF of the detrended upper ocean temperatures 
identifies three modes explaining 20.3%, 17% and 11% of the filtered 
variance, respectively. The first two modes correspond to the multi-
decadal and decadal components of the Interdecadal Pacific Oscillation, 
with correlation coefficients r = 0.92 and r = 0.53 (significant at 
>99.5% and >90% level), respectively. The third mode identifies the 
decadal component of El Niño Modoki (r = 0.8 between the EOF time 
series and the Improved El Nino Modoki index, significant at >99.5% 
level), with the highest variance explained at the 97m depth level. This 
study demonstrates the vertical extension of the decadal modes and 
the anti-correlation between warm and cool signatures between mixed 
layer and thermocline.       
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This paper characterises differences between the classic canonical (EP) El 
Niño – Southern Oscillation (ENSO) climate phenomenon and Central Pacific 
(CP) ENSO in the upper ocean biological response. Based on analysis of 
satellite remote-sensed chlorophyll-a (Chl-a) estimates since the late 1990s, 
we find that the leading mode of interannual variability (~10% of global 
deseasonalised Chl-a variance) represents the coupling of Chl-a with CP El 
Niño, including a decadal-scale, or longer-term, trend. Whether this trend is 
natural or otherwise (e.g., anthropogenic), the limited record length makes it 
difficult to conclude. Back-reconstruction of the dominant mode time series 
to 1870 nevertheless suggests that CP El Niño has been the key driver of Chl-
a changes since the late 1990s, and the decadal-scale coupling has increased 
its amplitude. We estimate that CP El Niño induced “near-global” ±0.09 
Pg.C.yr-1 changes in ocean net primary productivity from 1998-2010, while 
EP ENSO was responsible for little over half of this amount. These findings 
highlight the linkage between interannual and decadal-scale climate drivers 
on global ocean net primary productivity since the turn of the 21st century. 
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A remarkable aspect of the upper ocean circulation in the subtropical 
Indian Ocean (SIO) is the presence of near-surface eastward flows in 
opposite direction to that predicted by both Ekman and Sverdrup 
theory. These persistent cross-gyre flows are concentrated into narrow 
bands and recently have been identified as the South Indian 
Countercurrent (SICC) and the Eastern Gyre Current 
(EGC).  Counterparts have also been observed in the South Atlantic and 
South Pacific oceans. Despite of this, details about the spatial and 
temporal variability of the eastward flows are still unknown. Some 
numerical models have simulated these currents successfully, although 
their basic dynamics remain unclear.  Therefore, my PhD research has 
three main objectives: (1) to build a detailed picture of the mean 
location, intensity and temporal variability of the SIO eastward flows; 
(2) to compare these currents with circulations in the South Atlantic 
and in the South Pacific; (3) to investigate the dynamics of these flows. 
The present work compiles the results obtained until now and they are 
related with the first objective.  It focuses on the mean SIO upper-ocean 
circulation and its long-term variability. To characterize the mean 
circulation we have used the CARS climatology and computed 4 
satellite-derived geodetic Mean Dynamic Topographies based on 
GRACE and GOCE data. Eighteen years of altimetry sea surface height 
data have been analysed to characterize the multi-scale temporal 
variability of the circulation using a combination of EOF, SSA and MEM 
methods. The results show that the intra-seasonal variability (<160 
days) explains most of the variance (34%) followed by the annual 
(18%), bi-annual (14%), semi-annual (14%) and non-linear trend band 
(6%). The trend band exhibits maximum variability in 3 areas: in the 
SICC, in the Agulhas Retroflection and the Indonesian Throughflow. We 
observed that the SIO Subtropical Gyres expanded and intensified from 

1992 to 2011. Changes in the SICC current speed in this time interval 
were striking: west of 60E its intensity has more than doubled (from 8-
12 cm/s to 20-26 cm/s). 
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A well-studied example of natural climate variability is the impact of 
large freshwater input to the polar oceans, simulating glacial melt 
release or an amplification of the hydrological cycle. Such forcing can 
reduce, or entirely eliminate, the formation of deep water in the polar 
latitudes and thereby inhibit the ocean’s meridional overturning 
circulation. Here we analyse the energetic constraints on the ocean’s 
response to anomalous freshwater forcing. We find that the total 
energy input is not closely related to changes in the net circulation, and 
show how regional variations in Available Potential Energy density 
control the ocean’s response. 
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Nutrients in Subantarctic Mode Waters (SAMW) are important to the 
global climate system. They are thought to be the main source of 
nutrients to the thermocline, supporting as much as 75% of tropical 
export production and thus impacting CO2 drawdown. While physical 
properties of SAMWs are well---studied, a large---scale circumpolar 
study of SAMW nutrients and has not been done. Subpolar westerly 
winds drive upwelling near the Antarctic continent as well as cross-
--frontal Ekman transport, influencing the T---S properties of SAMW 
formed north of the Antarctic Circumpolar Current. Strengthened 
winds may affect nutrients in SAMW as well. Depending on the 
biological response to increased nutrient availability, increased winds 
could increase nutrients upwelled and transported into SAMW 
formation regions. This study uses repeat section hydrographic data 
around the Antarctic continent to characterize variability and trends in 
SAMW nutrients from 1991 to 2011, and considers the data in relation 
to wind forcing and the Southern Annular Mode. 
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Ocean processes strongly influence the rate and pattern of climate 
change.  The extent to which the ocean can slow the rate of climate 
change depends on the transfer of properties between the surface and 
the interior of the ocean, a process known as subduction.  The volume 
and depth to which water is subducted determine the effective capacity 
of the ocean to sequester carbon.  However, exchange between the 
surface and the ocean interior is difficult to observe directly and our 
knowledge of the mechanism, location, and rate of subduction is 
therefore limited, particularly in the poorly-observed southern 
hemisphere oceans.  The importance of small-scale eddy motions in the 
subduction process is also poorly known. 
 
Guided by recent observational and theoretical work that identified the 
importance of regional "hot spots" related to topography and eddy-
mean flow interactions, this work explores the regional structure and 
rate of the winter subduction focussing on vertical motions  across the 
winter mixed layer. We use modelling outputs from 1/10o resolution 
Bluelink model called OFAM3 (Ocean Forecasting Australia Model) that 
covers the 1993 to 2010 period. Diagnosis of subduction rates in a high 
resolution numerical model will allow us to assess the importance of 
small-scale eddy motions in the subduction process and the impact on 
the regional pathways and sequestration. 
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The Southern Annular Mode (SAM) is the dominant mode of climate 
variability in the southern hemisphere. In recent decades, its mostly 
positive phase has been associated with a strengthening and poleward 
contraction of the westerly winds over the Southern Ocean. These 
winds drive the large-scale overturning circulation and therefore 
modulate vertical fluxes of nutrients and dissolved inorganic carbon, 
which fuel Southern Ocean productivity. The satellite ocean color data 
record is now long enough to document circumpolar and regional 
trends in surface ocean productivity, in response to the SAM. This 
presentation documents interannual and spatial variability in sea 
surface temperature, winds, mixed layer depths and surface 
chlorophyll as a function of the SAM. The poleward contraction of the 
westerlies results in cool sea surface temperature anomalies and areas 
of elevated chlorophyll south of the polar front, consistent with 
enhanced Ekman upwelling. But in the eastern Pacific sector of the 
Southern Ocean, the cool temperature anomalies extend well north of 
the polar front, with no elevated chlorophyll signal, possibly due to 
increased mixing as opposed to upwelling. While this presentation is 
focused on physics and productivity, the ultimate goal of this work is to 
understand the air-sea carbon dioxide flux for the Southern Ocean, and 
develop a predictive capability for the future. 
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Remote sensing of Southern Ocean chlorophyll concentrations is the 
most effective way to detect large-scale changes in phytoplankton 
biomass driven by seasonality and climate change. However the 
current algorithms for the Sea-viewing Wide Field-of-view Sensor 
(SeaWiFS, algorithm OC4v6), the Moderate Resolution Imaging 
Spectroradiometer (MODIS-Aqua, algorithm OC3M) and GlobColour 
significantly underestimate chlorophyll concentrations at high 
latitudes. Here we use a long-term dataset from the Southern Ocean  
(20 - 160°E) to develop more accurate algorithms for all three of these 
products in southern high latitude regions. These new algorithms 
improve in-situ versus satellite chlorophyll coefficients of 
determination (r2) from 0.23 to 0.52, 0.29 to 0.53 and 0.03 to 0.27, for 
OC4v6, OC3M and GlobColour, respectively. This study also revealed 
that pigment composition, which reflects species composition and 
physiology, is key to understanding the reasons for satellite 
chlorophyll underestimation in this region. These significantly 
improved algorithms, and our knowledge of the effect of community 
pigment composition on them, will permit more accurate estimates of 
standing stocks and more sensitive detection of regional and temporal 
changes in those stocks, with consequences for derived products such 
as primary production and carbon drawdown. 
 
 
 
 
 
 
 
 



The Leeuwin Current: the roles of topographic trapping, mixing, 
and advection in a buoyancy driven eastern boundary current 
Jessica Benthuysen1,2,5 Ryo Furue3, Julian McCreary3 Nathaniel L. 

Bindoff1,2,4,5, Helen Phillips5 
1CSIRO Marine and Atmospheric Research, Hobart, Australia; 2Centre for Australian 

Weather and Climate Research, Hobart, Australia; 
3International Pacific Research Center, School of Ocean and Earth Science and 

Technology, University of Hawaii at Manoa, Honolulu, Hawaii; 
4Antarctic Climate and Ecosystems Cooperative Research Centre, Hobart, Australia; 

5Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Australia 
 
The Leeuwin Current is a poleward eastern boundary current that is 
shelfbreak intensified. For a buoyancy driven basin, numerical 
experiments are used to investigate how shelf-slope topography, 
mixing, and advection contribute to an eastern boundary current's 
speed, transport, and spatial structure. The buoyancy forcing is 
composed of a meridional density gradient distributed over an upper 
layer depth. This density structure supports a near-surface eastward 
flow that converges over topography. The position where the upper 
layer intersects the slope sets the offshore width of the current by 
topographic trapping of Rossby waves. Vertical diffusion thickens the 
upper layer, strengthening the poleward current. Horizontal viscosity 
modifies the current width over which the zonal flow converges and 
hence controls the jet speed. Poleward density advection forms a 
cross-shelf density front, intensifying the poleward flow near the 
surface. Offshore density advection by frictionally driven, near-bottom 
flows can contribute to the jet’s frontal position near the shelf break. 
 
 
 
 
 
 
 
 
 
 
 
 

Marine Biogeochemical Cycling in a Changing Ocean 
Matthew A. Chamberlain 

Richard J. Matear 
 
The Modular Ocean Model version 4 forms the basis of CSIRO’s two 
large-scale ocean modelling systems  -  Australia Community Climate 
and Earth System Simulator (ACCESS) and Ocean Forecast Australia 
Model (OFAM).  We have merged these two systems into a single SVN 
repository that also contains marine biogeochemical cycling (Whole 
Ocean Model with Biogeochemistry And Trophic-dynamics, WOMBAT). 
The merged repository provides the capacity to share model 
development and exploit the features of WOMBAT. 
 
In this presentation, I first review WOMBAT.  Second, I present results 
from a study that investigated how resolving eddies and boundary 
currents alters the projection of climate change in the Tasman Sea.  The 
ocean eddy-resolving simulations show that with climate change both 
the East Australia Current and its eddies increase.  The increased eddy-
activity, through the process of eddy-pumping, supplies more nutrients 
to the surface water of the nutrient-limited areas of the Tasman Sea.   
Increased nutrient supply allows both phytoplankton concentrations 
and primary productivity to increase with climate change.  Such a 
response is opposite to non-eddy resolving simulations, which show a 
decline in primary productivity in nutrient-limited waters with climate 
change. 
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There is a scarcity of spatially and temporally homogenous 
measurements of ocean variability on the Australian continental shelf.  
The ocean reanalysis product Bluelink ReANalysis (BRAN) provides 
estimates of ocean variability around Australia at 1/10 degree 
resolution. BRAN reproduces the large-scale patterns of sea surface 
temperature (SST) in deep water, such as those associated with the 
East Australian Current and the Leeuwin Current, but performs poorly 
over the continental shelf. We have developed a linear statistical model 
to more accurately estimate in-shore SST using off-shore SST from 
BRAN. SST variability is separated into the mean, seasonal cycle, and 
the residual variability and separate models are developed for each 
component. The off-shore locations used to inform the model are 
determined by taking into account (i) the quality of BRAN at each 
location, (ii) the strength between the in-shore and off-shore 
variability, and (iii) the proximity of the in-shore and off-shore 
locations. Model performance is demonstrated at a point location in 
Bass Strait and then it is extended onto the continental shelf around 
southeastern Australia. We will also discuss the possibility of applying 
the model to dynamically downscaled future ocean projections of the 
21st century. 
 
 
 
 
 
 
 
 
 
 
 
 

CONVECTION: 
 

Multiscale analysis of convective momentum transport in 
convection-permitting model simulations. 

Badlan, Lane, Jakob 
 
 Convective clouds are crucial for the redistribution of heat, moisture 
and momentum in the tropical atmosphere. They can form various 
regimes, from disorganised cumuli to organised mesoscale convective 
systems. In general, organised systems are poorly represented in all 
(weather prediction and climate) models that parameterise deep 
convection. One important process that should be parameterised is the 
vertical flux of horizontal momentum by convection. In organised 
systems this transport is affected by factors such as the environmental 
wind shear, cross-updraft pressure gradients, and the strength of the 
density current because they all influence the development and regime 
of the cloud systems. The tendencies induced by the momentum 
transport affects the cloud system morphology as well.  
 
 The multiscalar nature of organised convection complicates the 
analysis and presents a challenge in understanding the nature of the 
momentum transports. This research investigates momentum 
transport in a variety of high-resolution idealised and realistic 
simulations using the WRF model. A number of methods, including 
spectral filtering, are used to separate the transports into contributions 
from convective scales, mesoscales, and stratiform regions. Initial 
analysis shows the mesoscale and convective transports change 
throughout a convective system’s evolution, with a noticeable effect of 
the mesoscale momentum transport on the large-scale flow. The 
sensitivity of these transports to model resolution will also be 
considered. This work will result in a better understanding of how both 
the mesoscale and convective scale momentum transports are 
represented by parameterisation schemes in current models. 
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The parameterisation of moist convection is a necessary task for global 
circulation models to determine grid scale precipitation. However, 
there are many elements of cumulus parameterisation that lack fidelity 
to observations. Of particular interest to this study is the  tropical 
intraseasonal variability and the interactions with global circulation. It 
is hoped that by introducing a new moisture tendency equation into 
the simplified Betts-Miller scheme, that we will gain a new perspective 
on atmospheric variability. The new tendency equation is sensitive to 
both the buoyancy and relative humidity of the environment. This 
scheme has the potential to be more flexible then adjusting to a fixed 
relative humidity profile, as in the case for the simplified Betts-Miller 
scheme. The GFDL moist aqua-planet model will be used to assess the 
new scheme, as this model facilitates our investigation in a simplified 
environment. This poster will introduce the project and describe the 
early validation of the new scheme.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Three-Hourly Dataset of Tropical Cloud Regimes 
Jackson Tan 
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We present a three-hourly, 280 km by 280 km, gridded dataset of 
tropical cloud regimes. These cloud regimes, which are often used as 
proxies for convection, are derived by applying cluster analysis to the 
joint-histograms of cloud top pressure and optical thickness from the 
International Satellite Cloud Climatology Project (ISCCP) D1 Dataset 
between 1983 to 2008. Despite D1's three-hourly resolution, the 
original cloud regimes utilise daytime-averages of the joint-histograms 
because the visible information, crucial to the clustering method, is 
unavailable during nighttime. Here, we use the ISCCP infrared data, 
which is available through the entire day, to produce a set of three-
hourly cloud regimes that is consistent through diurnal variations. 
Comparisons between both regime datasets show that these new 
regimes generally capture similar convective behaviour and possess 
comparable large-scale properties, though the identification of cirrus 
clouds is problematic due to the absence of visible correction to the 
leakage of surface radiation. To illustrate the usefulness of the 
enhanced temporal resolution, we apply these regimes to the 
investigation of the diurnal cycle of convection over Northern Australia 
with these regimes. 
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Numerical modelling is used extensively to study clouds and 
convection processes, and forms the basis of a significant component of 
the Convection Research Program. Models with horizontal grid spacing 
smaller than ~4 km do not normally require a parameterisation of 
deep convection, which improves their realism, but still parameterise 
cloud microphysics and unresolved turbulence. It is now common for 
models with horizontal grid spacing between ~4 and 1 km to be used 
for process studies, although it is known that they do not properly 
resolve convective processes; in recent years such models have been 
labelled as ‘convection-permitting’.   
 
Increasing the resolution of convection-permitting models to ~1 km 
grid spacing is often seen as the panacea for most errors in the model 
representation of deep convection. There is also a tendency to use 
these models as a proxy for ‘truth’ to validate or develop 
parameterisations. Yet, many in the modelling community have known 
for at least a decade that 1 km grid spacing is insufficient for some 
applications because the convective updrafts are overly smooth and 
entrainment and detrainment processes are not represented 
adequately. In this presentation I will give a few examples of 
improvements in the simulation of deep convection using sub-1 km 
grid spacing. These simulations resolve part of the inertial range, 
thereby resolving some entrainment processes, and produce more 
realistic convective structures. 
 
 
 
 
 
 
 

The influence of physics parametrizations on precipitation 
extremes in the Newcastle east coast low of 2007 

James Gilmore, UNSW 
 
East coast low (ECL) events are a major source of precipitation on the 
eastern Australian seaboard. In fact, it is not uncommon for a location 
to receive a significant portion of its average yearly rainfall in one to 
two days from an ECL event. Because of this, developing ways to 
accurately simulate ECL events and compare modeled extreme 
precipitation to observations is an important and challenging goal. We 
investigate how the Weather Research and Forecasting (WRF) model 
simulates extreme precipitation for ECL events with an emphasis on 
understanding the connection to model physics. We focus on the 
Newcastle ECL of 2007, which was one of the most powerful ECLs in 
recent memory, with high precipitation and strong winds in the 
Newcastle area. We examine the sensitivity of precipitation extremes 
to microphysical schemes, radiation schemes, boundary and surface 
layer physics, and cumulus parameterizations. Using the Bureau of 
Meteorology rain gauge network, we compare to hourly model 
precipitation fields using an ensemble based approach. This 
comparison shows that WRF, when appropriately configured, does 
simulate the extreme precipitation well, although there are important 
differences between the physics parameterizations. The underlying 
mechanisms controlling these differences in modelled extreme 
precipitation will also be discussed.  
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Temperature response to future land-use changes in the Sydney 

area 
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This study examines the impact of land-use changes on local 
temperature for the Sydney area. The Weather Research and 
Forecasting model (WRF, version 3.3) has been used to simulate the 
present (1990-2009) and future (2040-2059) climate of the region at 
2-km spatial resolution. The standard land-use of the model was 
replaced with a more accurate dataset that covers the Sydney area. The 
projected changes in the urban area of Sydney were incorporated in 
the future-climate run. 
 
The projections over areas where land-use is expected to change were 
compared with their surroundings to determine how the changes in 
land-use combine with global warming at local scales. The analysis of 
the 2-m temperature diurnal cycle revealed that land-use changes 
severely affect minimum temperature in the future, whereas little 
impact is evident for maximum temperature. Indeed, minimum 
temperature increases over these areas could double the increase due 
to global warming alone. Seasonal temperature changes clearly 
differentiate areas with projected land- use changes. Minimum 
temperature differences are noticeable all through the year, but are 
especially marked during winter and spring. Other variables such as 
the surface temperature were also explored to further characterise the 
effects of land-use changes. 
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The climate of southeast Australia was simulated using the Weather 
Research and Forecasting (WRF) model. WRF was implemented using 
both a 10 km and 50 km horizontal grid and run for 25 years from 
1985-2009. The National Oceanic and Atmospheric Administration 
Centers for Environmental Prediction (NCEP) / National Centre for 
Atmospheric Research (NCAR) reanalysis supplied the lateral 
boundary conditions. The model simulated climate was evaluated 
against station-based observations of the McArthur Forest Fire Danger 
Index (FFDI), used to denote fire weather conditions and the likelihood 
of putting out any fires which may occur. WRF was evaluated against 
measures of average and extreme FFDI. WRF showed skill in 
simulating the main features of the FFDI distribution and their spatial 
variation. Biases in the model simulated climate were biggest at the 
uppermost values of the FFDI distribution e.g. days above 50. 
Increasing the resolution improved the performance of the simulations 
in most cases, although often only marginally. The skill shown by WRF 
in simulating regional climate in southeast Australia suggests it is 
suitable for use in downscaling projections from global climate models 
for this part of the world, provided that known biases in simulating 
extreme values are taken into account. 
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Concurrent with the trend of rising global average air temperature, 
there have been worldwide observations of a decline in pan 
evaporation over the last 30 to 50 years. Pans are simple devices 
traditionally used to measure the evaporative demand of the 
atmosphere and to schedule irrigation. The decline in pan evaporation 
is perhaps the most interesting of the observed trends yet identified 
that are associated in some way with climate change. The simplicity of 
pans is also their great strength as a scientific measurement – there are 
1000s of these world wide – Australia, USA, China, India, Thailand, New 
Zealand, South Africa, etc., all have them. The question is; could we use 
these pans for climate model evaluation? In fact they already have been 
so used, but the standard model of Class A pan evaporation developed 
by CSIRO-ANU required some verification before we could confidently 
do some calculations. To that end, we constructed a highly 
instrumented US Class A pan that replicated an operational pan at 
Canberra Airport in Australia to investigate the physics of pan 
evaporation under non-steady state conditions. In this talk we will 
describe the measurements (2007-2010) and what this experimental 
program has revealed to date. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:Wee-ho.Lim@anu.edu.au�
mailto:Wee-ho.Lim@anu.edu.au�


Session 2 oral presentations: 
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Uncertainties in soil and terrestrial carbon response to 20th 
century human CO2 emissions 
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Heterotrophic respiration is the mechanism that releases carbon from 
soil storages to the atmosphere under the form of CO2. Besides 
substrate availability, respiration highly depends on soil temperature 
and soil moisture although exist none exact relationship are not 
perfectly known. However, as soils constitute the largest terrestrial 
carbon reservoir, changes in climatic conditions could have global 
implications on the earth system.  
 
We implemented 3 alternative response functions of soil respiration to 
soil moisture as well as 3 response functions to temperature in the 
couple Mk3l-CABLE-CASACNP model. CASACNP can simulate the 
carbon cycle with several levels of nutrient availability limitations on 
carbon processes. This modularity allows creating 27 different model 
structures that we initialise using fixed pre-industrial conditions and 
run from 1850 to 2005 while increasing atmospheric [CO2] following 
CMIP5 data.  
 
Results indicate that tiny differences in response functions lead to 
massive differences in pre-industrial soil carbon storage between 
model structures, with larger discrepancies in cold regions of the 
Northern Hemisphere. It leads to rather large uncertainties in the 
simulated response of the biosphere to human-driven increase in 
atmospheric [CO2]. At a global scale, human emissions exceed the 
uptake of carbon by natural ecosystems. Meanwhile, regional 

variations show that industrialised countries are emitting more than 
what their biosphere could uptake whereas developing countries’ 
emissions are compensated by their regional biosphere-pedosphere 
carbon uptake. 
 
Land 2 – Sun 
 

Evaluating the evaporative demand in climate models using 
measured pan evaporation 
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3Australian Research Council Centre of Excellence for Climate System Science  

 
Evaporative demand is expected to increase in a warmer climate. 
However, pan evaporation, a measure of the evaporative demand, has 
been widely reported to be declining over several decades. This is 
known as the pan evaporation paradox, which has attracted worldwide 
attention. A large network of pan evaporation measurements are 
available and form an invaluable measurement of relevance to the 
energy balance. The worldwide pan evaporation database has more 
measurements than radiation by an order of magnitude, and for that 
reason we propose to evaluate the evaporative demand in climate 
models using measured pan evaporation as a part of standard 
evaluation of energy balance. 
 
In this study, we first calculated the atmospheric demand globally 
using the PenPan model (Rotstayn et al., 2006, GRL), which is based on 
Penman’s potential evaporation. The PenPan model is forced by the 
monthly mean outputs of radiation, wind speed, humidity and air 
temperature from an ensemble of IPCC AR4 climate model runs using 
the 20C3M and A1B emissions scenarios. We then made 
comprehensive comparisons between the modelled pan evaporation of 
the 20C3M scenario and observations from Australia, New Zealand, 
China and the US as examples. Using a formal attribution approach 
(Roderick et al., 2007, GRL) we attributed the discrepancy between 
observation and models. We finally discuss between model differences 
in the future projected changes of the evaporative demand and draw 
out the implications for the surface energy and water balances. 
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Extremes 1 – Perkins 
 
 

Closing the Gap on Heat Wave Measurement 
Sarah Perkins 

ARC Centre of Excellence for Climate System Science 
Climate Change Research Centre 

The University of New South Wales 
Sydney, Australia 

 
The effects of heat waves are felt across many different sectors, and 
have high monetary, human, and physical impacts over many global 
regions (see Karl and Knight, 1997; Trigo et al., 2005; Karoly, 2009; Cai 
et al., 2009; Coumou and Rahmstorf, 2012).  However, due to such 
wide interest the definition of a heat wave remains broad in describing 
a period of consecutive days where conditions are excessively hotter 
than normal. This has allowed for the employment of a excess of 
metrics, which are usually sector-specific, or do not appropriately 
describe important features of heat wave events. 
 
This talk will present a framework in which heat waves are measured 
based on three indices and five aspects. The indices are calculated from 
daily maximum, minimum, and average temperature, and are analysed 
to study five features of heat waves that represent heat wave duration, 
frequency and intensity. The framework has been constructed in order 
to suitably measure heat waves, and to provide practical information 
for those effected by such events. Results focus on observed heat 
waves, and are presented both globally and for Australia. Key results 
include global increases in all aspects measured, and results for 
Australia display considerable regional detail. 
 
 
 
 
 
 
 
 
 

Extremes 2 – Min 
 

 
Influence of Climate Variability on Seasonal Extremes over 

Australia 
 

Seung-Ki Min, Wenju Cai, and Penny Whetton 
CSIRO Marine and Atmospheric Research, Aspendale, VIC 3195 

 
This study examines possible impact of El Niño-Southern Oscillation 
(ENSO), Indian Ocean Dipole (IOD), and Southern Annular Mode (SAM) 
on interannual changes in seasonal extremes of rainfall and 
temperature over Australia during 1957-2010. We conduct non-
stationary Generalized Extreme Value (GEV) analysis where GEV 
parameters are specified as a linear function of modes of climate 
variability, and compare results with the case when climate variability 
are not considered. Results from AWAP and GHCNDEX observations 
consistently suggest that extreme responses overall resemble mean 
responses to climate variability. This includes anomalously drier and 
hotter [wetter and cooler] conditions over northeast Australia and 
southern coast during El Niño [La Niña] and a positive [negative] phase 
of the IOD in the cold seasons, and wetter and cooler [drier and 
warmer] conditions over much of the eastern continent during a 
positive phase of the SAM in summer. Covariation and relative 
importance of influence from ENSO and the IOD as well as an inverse 
relationship between rainfall and maximum temperature are found to 
also hold for extremes. This suggests that teleconnection mechanisms 
responsible for seasonal mean variations may be at work for 
interannual changes in extremes, providing important implications for 
climate model evaluations and regional climate projections. 
 
 
 
 
 
 
 
 



Extremes 3 – Wheeler 
 

Impacts of the Madden-Julian Oscillation on Australian Maximum 
and Minimum Temperature and Extremes 

 
Matthew C. Wheeler, Debra Hudson, and Andrew G. Marshall 

Centre for Australian Weather and Climate Research 
 
Impacts of the Madden-Julian oscillation (MJO) on Australian surface 
air temperature are examined during all seasons and explained with 
the help of previously-identified impacts on rainfall and circulation. 
Gridded observations of daily maximum and minimum temperature, 
derived from station observations, are analysed to determine when 
and where significant impacts occur. The index of the MJO that is used 
is the Realtime Multivariate MJO (RMM) index of Wheeler and Hendon. 
This index has the advantage that the relationships that are obtained 
using past data may be applied for diagnosis of impacts in real-time. 
Several temperature metrics are considered, including daily maximum 
and minimum temperature anomalies, as well as the probability of 
extremes. The largest impact on maximum temperature is warm 
anomalies observed over southeast Australia during Phase 3 of the MJO 
in austral spring. For minimum temperature the largest impact is cold 
anomalies over Queensland during Phase 7 in winter. Interestingly, 
both of these temperatures signals correspond to dry conditions 
according to the previous work on rainfall, indicating that these 
particular impacts are a result of cloud-free skies. Similarly, during the 
wet MJO phases (i.e. Phases 5 and 6) in northern Australia in summer, 
during which the MJO’s signal in tropical convection has a direct 
impact, daily maximum temperatures are everywhere cooler than 
normal and minimum temperatures are little affected. 
 
 
 
 
 
 
 
 

Extremes 4 - King 
 
Asymmetry in the response of Eastern Australia extreme rainfall 

to low-frequency Pacific variability 
 

Andrew D. King1,2, Lisa V. Alexander1,2 and Markus G. Donat1 
 

1. Climate Change Research Centre, University of New South Wales. 
2. ARC Centre of Excellence for Climate System Science, University of 

New South Wales. 
 
Major flooding events in eastern Australia, such as those of 1974 and 
2011, often take place during strong La Niña seasons. These flood 
events are often associated with extreme rainfalls, but the nature of the 
ENSO-extreme rainfall teleconnection remains poorly understood. 
Using gridded extreme rainfall indices, we find a non-linear ENSO-
extreme rainfall relationship exists as the strength of a La Niña episode 
has a much greater influence on the intensity and duration of extreme 
rainfall than the magnitude of an El Niño does. However, significant 
variability was observed in this relationship associated with the 
Interdecadal Pacific Oscillation (IPO). During IPO positive periods the 
entire ENSO-extreme rainfall relationship breaks down whereas the 
asymmetry is very strong at times when the IPO is negative. This 
information has the potential to be of great use in the seasonal 
prediction of very intense rainfall events that lead to flooding in 
eastern Australia.   
 
 
 
 
 
 
 
 
 
 
 
 
 



Modes 1 – Marshall 

Intra-Seasonal Prediction of Remote Drivers of Australian Climate 
Variability using POAMA-2 

Andrew G. Marshall, Debra Hudson, Matthew C. Wheeler, Harry H. 
Hendon, Oscar Alves 

Centre for Australian Weather and Climate Research 

 

We assess the ability of the Predictive Ocean Atmosphere Model for 
Australia version 2 (POAMA-2) to represent remote drivers of intra-
seasonal climate variability over Australia using a 30-year, 33-member 
ensemble hindcast dataset. Our analyses primarily focus on the 
simulation and prediction of weekly rainfall anomalies in association 
with three key climate drivers: the Madden-Julian Oscillation (MJO), 
the Southern Annular Mode (SAM), and blocking in the Australian 
region. 
 
POAMA-2 is shown to simulate well the weekly-mean rainfall variation 
associated with the evolution of the MJO over the tropical Indo-Pacific 
including northern Australia. Weekly rainfall anomalies associated 
with the SAM and blocking are also simulated reasonably well over the 
Australian region. Skilful prediction is achieved out to about 4 weeks 
for the MJO index and 2 weeks for the SAM and blocking indices, with 
POAMA-2 outperforming its predecessor POAMA-1.5 in its ability to 
predict each climate driver. These results translate to enhanced 
prediction skill for rainfall over much of eastern Australia in weeks 3 
and 4 when the MJO is present in the initial conditions compared to 
when the MJO is not present in the initial conditions, and in weeks 2 
and 3 in association with the SAM. 
 
 
 
 
 
 
 

Modes 2 – Frauen 
 

 
Analysis of the Nonlinearity of El Niño Southern Oscillation 

Teleconnections 
Claudia Frauen and Dietmar Dommenget 

ARC Centre of Excellence for Climate System Science, Monash University 
 
 
Recent studies have shown that the El Niño Southern Oscillation 
(ENSO) mode is not only nonlinear in the amplitude of its events but 
also in the spatial pattern and time evolution. In this study we are 
demonstrating that nonlinearities are also found in the global ENSO 
teleconnections. By using a low resolution version of the ACCESS 
model forced with normalized El Niño and La Niña SST pattern of 
different signs and amplitudes we show that significant nonlinearities 
exist in the ENSO teleconnections between positive vs. negative and 
strong vs. weak events. These nonlinear teleconnections also have a 
strong impact on the atmospheric circulation and precipitation over 
Australia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Modes 3 – McIntosh 
 
 

A Rossby Wave Teleconnection Conundrum 
Peter C. McIntosh1 and Harry H. Hendon2 

1 Centre for Australian Weather and Climate Research (CAWCR), CSIRO Marine and 
Atmospheric Research, GPO Box 1538, Hobart, TAS 7001, Australia. 

peter.mcintosh@csiro.au 
2 Centre for Australian Weather and Climate Research (CAWCR), Bureau of 

Meteorology, GPO Box 1289, Melbourne, VIC 3001, Australia. 

Equatorial convection can influence weather systems in mid-latitudes, 
with Rossby waves in the atmosphere acting as the teleconnection 
mechanism. Upper-level divergence due to heating near the equator 
generates stationary Rossby waves that propagate energy eastwards 
and polewards, altering the geopotential height in mid-latitudes. 
Analysis of observations indicates that both ENSO and the IOD 
influence southern Australian weather in winter and spring via Rossby 
waves originating in the Indian Ocean. On closer inspection, there is a 
“no-go zone” for Rossby waves in the southern Australian region due to 
the adverse vorticity gradient associated with the southern flank of the 
sub-tropical jet. The teleconnection mechanism must therefore be 
more complicated. There is an eddy/mean flow interaction on weather 
timescales which in turn alters the mean geopotential height field 
south of Australia in the Rossby wave “no-go zone”. The connection 
will be explored using Rossby wave ray tracing, Plumb’s wave activity 
flux, Rossby wave source terms and the height tendency due to 
eddy/mean flow interactions. 
 
 
 
 
 
 
 
 
 
 

Modes 4 – Parker 
 
 

The role of Rossby Wave breaking in heatwaves in Southeastern 
Australia, and the link to rainfall patterns in Northern Australia. 

 
Teresa PARKER, Michael REEDER, Gareth BERRY 

School of Mathematical Sciences, Monash University, Clayton, Australia 
 
Severe weather conditions in summer over the southern parts of 
Australia are invariably associated with strong transient anticyclones, 
which are accompanied by the flow of hot dry air from the interior of 
the continent. It is hypothesised that heat waves in this region are 
associated with propagating Rossby waves, which grow in amplitude 
and eventually overturn. The resulting mainly horizontal stirring in the 
atmosphere generates a low level anticyclone over southern Australia 
while simultaneously producing an upper level trough, and often 
precipitation, over northeastern Australia. 
 
Using ERA-Interim data from 1989-2009, together with the Australian 
Bureau of Meteorology’s High Quality Temperature Dataset, the 
development and characteristic dynamics of the large-scale 
atmospheric processes surrounding heatwave events over 
southeastern Australia are examined, as well as the link between these 
events and rainfall in the northeastern parts of Australia.  
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Modes 5 – Cairns 
 

Interaction Between the Hadley Cell and the Eddy-Driven Jet 
 

Cameron Cairns and Joseph Kidston 
 Climate Change Research Centre, UNSW 

 
Abstract: The dynamical interaction between the poleward edge of the 
Hadley cell and the mid-latitude eddy-driven jet is investigated using 
an idealised moist primitive equation aquaplanet model, a suite of full 
GCMs from the CMIP3 ensemble and ERA-Interim reanalysis. Recent 
studies have shown that in the real atmosphere and GCMs the unforced 
interannual variability of these two features are correlated in the 
Southern Hemisphere during austral summer. Here we show that the 
degree of interaction is determined by the time-mean separation of the 
two features. When the eddy-driven jet is well separated from the 
poleward edge of the Hadley cell the correlation approaches zero. 
When the two features are close they exhibit a strong positive 
correlation, moving in tandem. This relationship is observed in the 
simple moist model, the CMIP3 ensemble and the reanalysis data, with 
a similar decrease in correlation over the same range of jet separations 
suggesting a robust dynamical effect. We advance a dynamical 
mechanism for this effect whereby movements of the eddy-driven jet 
drives changes in the poleward extent of the Hadley cell, mediated via 
the amount of eddy wave-breaking that is projected into the Hadley 
cell. 
 
 
 
 
 
 
 
 
 
 
 
 

Modes 6 - Phipps 
 
Insights from the past: the drivers of Australian climate variability 

over the last millennium 

Steven J. Phipps
 

Climate Change Research Centre, University of New South Wales, Sydney, Australia 
ARC Centre of Excellence for Climate System Science, University of New South Wales, 

Sydney, Australia 
s.phipps@unsw.edu.au 

 
The last millennium provides valuable insights into the drivers of 
Australian climate variability on annual to centennial timescales. High-
resolution records from natural archives such as tree rings, corals and 
ice cores allow us to reconstruct past climate variability, including 
modes such as El Niño-Southern Oscillation and the Southern Annular 
Mode. Climate modelling can then be used to distinguish between 
forced changes and natural variability. 
 
Here, a climate system model is used to simulate the climate of the last 
millennium. Different combinations of natural and anthropogenic 
forcings are applied, including changes in solar irradiance, volcanic 
emissions and greenhouse gases. The simulations are then compared 
with a reconstruction of Australasian temperature spanning the last 
millennium, and with a longer record of temperature variability from 
Tasmania. 
 
Increasing greenhouse gases are found to be the dominant driver of the 
20th century warming trend in Australia. However, the pre-industrial 
climate appears to have been largely stochastic, with little evidence of 
any forced variability. Tasmanian temperatures appear to be 
dominated by a quasi-periodic mode with a period of ~50-80 years, 
driven by large-scale changes in the Indian and Southern Oceans. 
 
 
 
 
 



Session 2 posters 
 
ACCESS: 
 

NARCliM: Regional climate modeling over Australia 
L. Fita 1 , D. Argueso 1 , Y. Liu 2 , and J. Evans 1 

1 Climate Change Research Center, UNSW, Sydney, Australia 
2 Water Research Center, UNSW, Sydney, Australia 

 
NARCliM (NSW/ACT Regional Climate Modelling project) is a regional 
climate modeling project for the Australian area. It will provide a 
comprehensive dynamically downscaled climate dataset for the 
CORDEX-AustralAsia region at 50km, and  South-East Australia at a 
resolution of 10km. NARCliM data will be used by the NSW and ACT 
governements to design their  climate change adaptation plans.  
 
    NARCliM uses WRFv3.3 regional climate model (RCM) to perform an 
ensemble of simulations for the present and the projected future 
climate. WRF is run in three different model configurations (different 
combinations of physical parameterizations) that have been shown to 
perform well in the SE Australia. These three RCMs are simulating 
three different periods: 1990-2009, 2020-2039 and 2060-2079. Four 
different GCMs (MIROC, ECHAM5, CCMA and CSIRO mk3.5) from 
CMIP3 will be used as initial and boundary conditions for the WRF 
simulations. These GCMs were chosen through a process that 
considered model performance, independence and projected future 
changes. Thus an ENSEMBLE of 12 simulations for each period will be 
obtained. Additionally to the GCM-driven simulations, 3 control run 
simulations driven by the NCEP/NCAR reanalysis for the entire period 
of 1950-2009 are also performed in order to validate the RCMs 
performance in the area.  In this talk, we will present the initial results 
of the long control period simulations of the project.  
 
 
 
 
 

 
 
 
 
 

Current and future plans with the Community Atmosphere 
Biosphere Land Exchange (CABLE) model, coupled to the Land 

Information System (LIS) and the Weather Research and 
Forecasting (WRF) system. 

Jatin Kala1, Annette Hirsch1, Claire Carouge1, Andy Pitman1, and Jason 
Evans2 

1Centre of Excellence for Climate System Science, University of New South Wales, NSW 
2033, Australia 

1Climate Change Research Center, University of New South Wales, NSW 2033, Australia 
Presenting Author: Jatin Kala (J.Kala@unsw.edu.au) 

 
The Community Atmosphere Biosphere Land Exchange Model (CABLE) 
(Wang et al. 2011) is a land surface model (LSM) designed to simulate 
fluxes of energy, water and carbon at the land surface. CABLE has been 
coupled to the Land Information System (LIS), a flexible software 
platform designed as a land surface modeling and hydrological data 
assimilation system (Kumar et al, 2006, 2008), and to the Weather 
Research and Forecasting (WRF) model (http://wrf-
model.org/index.php), a widely adopted regional climate model. We 
will present preliminary results from CABLE simulations within LIS, 
and coupled simulations using WRF-LIS-CABLE. We will outline 
current and future plans using this modeling system to investigate, in 
collaboration with the Center for Australian Weather and Climate 
Research (CAWCR), the influence of LAI prescriptions on the terrestrial 
carbon balance, the quantification of land-atmosphere feedbacks 
during the Austral Summer, as well as investigations on the dynamic 
interaction between vegetation and increasing greenhouse gas 
concentrations under a warming climate.  
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The MOM Model Development Lab 

Tim Leslie (Breakaway Labs - timl@breakawaylabs.com.au) 
Stephen Griffies (NOAA/GFDL - stephen.griffies@noaa.gov) 

 
Computational ocean and climate modelling is a highly inter-
disciplinary community activity involving international scientists and 
engineers working at government laboratories and university 
departments. The questions addressed by such models are of interest 
for academic research, operational forecasts, and policy such as that 
related to anthropogenic climate change. To ensure simulations are 
scientifically robust and reproducible, it is important that the 
underlying software be developed using sound engineering standards. 
The release of version 5 of the Modular Ocean Model (MOM) marks a 
change in its development process, from one largely conducted by a 
scientists centred at NOAA/GFDL, to an open and transparent process 
conducted online using the Model Development Lab (MDL). The MDL is 
a web application providing open access to tools such as version 
control, bug tracking and continuous integration systems. These tools 
facilitate a community driven development process, and are consistent 
with current best practices in software engineering. This poster 
outlines features of the MDL and shows how MOM will use these tools 
to improve the scientific and engineering outcomes for this evolving 
community code. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A Comparison of the ACCESS model with satellite and ozonesonde 

observations over Melbourne and Antarctica. 
1Kane Stone, 1Roger Dargaville, 1Robyn Schofield, 2Matt Tully, 3Andrew 

Klekociuk, 1David Karoly and 4Olaf Morgenstern 
1School of Earth Sciences, University of Melbourne, Australia 

2Bureau of Meteorology, Australia 
3Australian Antarctic Division, Australia 

4National Institute of Water and Atmospheric Research, New Zealand 
 
Emissions of ozone-depleting substances (ODS) into the atmosphere 
have resulted in a steady decline of stratospheric ozone globally, and 
large ozone losses each spring within the Antarctic polar vortex. Less 
stratospheric ozone poses a health risk to life on Earth as more DNA 
damaging ultra-violet (UV) radiation reaches the surface. Stratospheric 
ozone also has a strong climate influence through absorption of 
shortwave and longwave radiation. Since the signing of the Montreal 
Protocol 25 years ago and the subsequent reduced emissions of ODS’s, 
stratospheric ozone is expected to recover to pre-1980 levels within 
the next 50 years.  
 
ACCESS coupled chemistry-climate model simulations of ozone 
concentrations over Melbourne (38°S), Macquarie Island (55°S) and 
Davis (69°S) are compared with both satellite and ozonesonde 
observations. The simulations use a high-top version of ACCESS, 
including simulated stratospheric chemistry using the UKCA model. 
Satellite observations using the Optical Spectrograph and Infrared 
Imaging System (OSIRIS) onboard the Odin satellite and the Microwave 
Limb Sounder (MLS) onboard the Aura satellite are presented. OSIRIS 
and MLS have provided vertically-resolved global swath 
measurements of ozone as well as other ozone relevant species such as 
NO2 and BrO for the past 8-10 years. Ozonesonde profiles measured 
weekly from the three sites, which provide both ozone and 
temperature data, are also compared with model simulations. 
Stratospheric variability due to dynamical effects is evaluated at 
Melbourne, Macquarie Island and Davis. 
 
 
 



 
Australian temperature trends in historical simulations of the 

ACCESS model 
Sophie C. Lewis and David J. Karoly 

School of Earth Sciences, University of Melbourne, Melbourne, Victoria, 
Australia and ARC Centre of Excellence for Climate System Science 

 
Observational records indicate a differential warming in minimum and 
maximum temperatures over the period of ~1950-2005.  As minimum 
temperatures (Tmin) have increased at a relatively faster rate than 
maximum temperatures (Tmax), the diurnal temperature range (DTR) 
has narrowed during this time. Previous comparisons of general 
circulation model (GCM) simulations with observations highlight a 
significant underestimation of the DTR trend, which is attributed to a 
strong simulated increase in Tmax. Previous discrepancies between 
modelled and observed DTR changes over the historical period have 
been linked to changes in cloudiness and also land surface process   
These are known to be poorly represented processes in GCMs that may 
impact the accurate simulation of temperature distributions and DTR.   
In this study, we compare simulated changes in Tmax, Tmin and DTR in 
two versions of the Australian Community Climate and Earth-System 
Simulator (ACCESS) model, participating in CMIP5.  The models 
investigated are ACCESS1-0 and ACCESS1-3, which incorporate distinct 
land surface and prognostic cloud schemes.  Analysis of these similar 
models provides an opportunity to understand better the cause of 
subdued simulated DTR trends over this period compared with 
observed datasets.  
 
 
 
 
 
 
 
 
 
 
 

 
Climate Model Downscaling Data for Impacts Research: 

An ANDS Initiative 
Ian Macadam1,2, David Fuchs1,2, Adam Hotz1,2, Patrice Constanza1,2, Andy 

Pitman1,2 
1ARC Centre of Excellence for Climate System Science 

2Climate Change Research Centre, University of New South Wales 
 
The high resolution output of Regional Climate Model (RCM) 
simulations is a potentially valuable source of information for research 
into the impacts of future climate change on systems that directly affect 
the well-being of society (e.g. agricultural systems). However, RCM 
output is typically not widely exposed to impacts researchers and is 
usually stored in netCDF format, which is, in general, not suitable for 
direct ingestion into their software tools. The poster gives an overview 
of a project that is helping to overcome this problem. The Climate 
Model Downscaling Data for Impacts Research project is a 1-year 
Centre of Excellence project funded by the Australian National Data 
Service (ANDS), a Centre of Excellence Partner Organisation supported 
by the National Collaborative Research Infrastructure Strategy 
Program and the Education Investment Fund (EIF) Super Science 
Initiative. The project is creating an online portal that will allow 
impacts researchers to access RCM output in data formats that they can 
easily handle. It is anticipated that the software developed, and lessons 
learnt from the project, will feed into subsequent efforts to make both 
RCM and GCM data available to end-users. This will contribute to 
ensuring that the considerable resources invested in climate modelling 
are fully leveraged. 
 
 
 
 
 
 
 
 
 
 



 
EXTREMES: 
 

Investigating the ability of AWAP to capture extreme rainfall 
characteristics 

Andrew D. King1,2, Lisa V. Alexander1,2 and Markus G. Donat1 
 

1. Climate Change Research Centre, University of New South Wales, 
Sydney, Australia. 

2. ARC Centre of Excellence for Climate System Science, University of 
New South Wales, Sydney, Australia. 

 
The AWAP 0.05° x 0.05° gridded dataset of daily rainfall is compared 
with high-quality station data at 119 sites across Australia for 
performance in capturing extreme rainfall characteristics. A range of 
statistics were calculated and analysed for extreme indices 
representing the frequency and intensity of heavy rainfall events, and 
their contribution to total rainfall. We find that the gridded dataset 
tends to underestimate the intensity of extreme heavy rainfall events 
and the contribution of these events to total annual rainfall as well as 
overestimating the frequency and intensity of very low rainfall events. 
The interpolated dataset captures the interannual variability in 
extreme indices. The spatial extent of significant trends in the 
frequency of extreme rainfall events is also reproduced. A brief 
investigation into AWAP performance in remote areas reveals issues 
such as spurious trends at gridboxes where stations come in and out of 
use. We conclude that this gridded product is suitable for use in studies 
on trends and variability in rainfall extremes across much of Australia, 
although a mask should be applied over areas with low station density. 
 
 
 
 
 
 
 
 
 
 

 
 
 

Global changes of observed temperature and precipitation 
extremes 

M.G. Donat, L.V. Alexander, H. Yang 
 
Based on newly developed global gridded data sets of climate extremes 
indices, we analyse how temperature and precipitation extremes have 
changed during the past century. We find consistent and wide-spread 
warming trends over much of the globe, as reflected by increasing 
numbers of warm days and nights and fewer cold days and night, 
higher extreme temperature values and longer warm spell durations. 
Extreme precipitation indices are characterized by a higher variability, 
and changes are spatially more heterogeneous. However, on global 
average we also find a tendency towards stronger precipitation, and 
larger areas with significant trends towards wetter conditions than 
areas with drying trends. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Extreme rainfall on the eastern seaboard of Australia 

Agata Imielska1,2, Lisa Alexander2,3, Bertrand Timbal4 
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The eastern seaboard of Australia is a different climatological entity to 
the rest of eastern Australia. Major climate drivers such as the El Niño 
– Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) are 
not the dominant drivers of climate in this region (Timbal 2010). 
Recent research has suggested that extreme rainfall along the eastern 
seaboard may be strongly influenced by east coast lows. The aim of this 
research was to investigate extreme rainfall along the eastern seaboard 
and its relationship with east coast lows. 
 
Extreme rainfall was defined as the daily rainfall total of 1% 
Probability of exceedance (Pe) – equivalent to 1 in 100 year Average 
Recurrence Interval (ARI). This was calculated using the Generalised 
Extreme Value (GEV) theory using gridded rainfall data originally 
developed as part of the Australian Water Availability Project (AWAP). 
Station data from the Australian Bureau of Meteorology’s observation 
network were also used to calculate 1% Pe and for intercomparison 
between gridded and observed values. Work is currently underway on 
trend analysis using Extreme Value Analysis (EVA). This presentation 
will focus on the results from the GEV and preliminary EVA trend 
analysis of extreme rainfall on the eastern seaboard of Australia and its 
relationship with east coast lows.  
 
 
 
 
 
 

 
 

Climate drivers of heat extremes over Australia for intra-seasonal 
prediction 

Christopher J. White1, Andrew G. Marshall1, Debra Hudson2, Oscar Alves2, 
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1 Centre for Australian Weather and Climate Research (CAWCR), Bureau of 
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3 Centre for Australian Weather and Climate Research (CAWCR), CSIRO Marine and 

Atmospheric Research, GPO Box 1538, Hobart, TAS 7001, Australia. 
 

Many sectors within the Australian community are endeavouring to 
find strategies to cope with heat extremes. The 2009 summer heat 
wave (27 January - 8 February) resulted in many temperature records 
being broken across south-eastern Australia which led to the 
devastating bushfires in Victoria, causing significant loss of life and 
property. Winter heat waves, such as the 15 - 28 August 2009 event 
over eastern Australia, typically affect subtropical areas of Australia 
and can be a major disruption to agricultural industries. Predicting 
these types of events beyond the typical 1-week timescale is a major 
challenge. This paper seeks to explore the large-scale climatic 
processes that lead to episodes of extreme heat over Australia and 
discusses the ability of the Bureau of Meteorology’s dynamical seasonal 
prediction model - the Predictive Ocean Atmosphere Model for 
Australia (POAMA) - to simulate and predict these large-scale 
processes on a multi-week (intra-seasonal) timescale, typically 2 - 4 
weeks ahead. These results will form part of a larger study 
investigating the use of POAMA for filling the current prediction 
capability gap between weather forecasts and seasonal outlooks for 
Australia. 
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The Australian Climate Observations Reference Network – Surface 

Air Temperature (ACORN-SAT) 
Blair Trewin, 

National Climate Centre, Bureau of Meteorology 
 

The Bureau of Meteorology has developed a new long-term, 
homogenised daily temperature data set for Australia, the Australian 
Climate Observations Reference Network – Surface Air Temperature 
(ACORN-SAT) data set. This data set includes data from 112 locations 
throughout Australia and covers the period from 1910 to the present, 
with more than half the locations having data for the full post-1910 
period.  
 
The construction of the new data set involved a complex and 
exhaustive quality control and homogenisation procedure. A major 
aspect of the work was the use of a homnogenisation technique, the 
percentile matching (PM) algorithm, which applies differential 
adjustments to different parts of the frequency distribution, to take 
account of the differing impacts that some inhomogeneities have 
depending on weather conditions (for example, minimum 
temperatures between a coastal site and one further inland are usually 
greatest on the coldest nights). The ACORN-SAT data set is believed to 
be the first application of techniques of this type to a national-scale 
data set. 
 
The new data set will supersede two existing data sets used by the 
Bureau of Meteorology, an annual data set which ran from 1910 and a 
daily data set which ran from 1957, and will be used in the Bureau’s 
ongoing operational analyses of climate trends and variability in 
Australia. It will also allow analyses which have not been feasible with 
previous data sets, including century-scale analyses of changes in 
temperature extremes in Australia.  

 
 
 
 

 
 

Australian precipitation modelled using the weatherathome 
Citizen Science 

Experiment 
Mitchell Black and David Karoly 

Centre of Excellence for Climate System Science The University of 
Melbourne, Victoria, 3010 Australia 

 
In order to quantify uncertainty in global and regional climate model 
forecasts, large ensembles of climate model simulations are required. 
While such ensembles are beyond the capability of conventional 
supercomputing resources, they may be achieved through the 
aggregated computing power of distributed computing projects. 
 
Launched in 2010, the weatherathome.net experiment runs a 
moderate-resolution global atmospheric model (HadAM3P) with an 
embedded regional model (HadRM3P) with 50km horizontal 
resolution on personal computers volunteered by the general public. 
To date, weatherathome has generated over 641,000 model- years of 
simulations, a unique modeling resource at this resolution. Regional 
simulations for Europe, western United States and southern Africa are 
already being run in the weatherathome experiment, while an 
additional Australia-New Zealand domain will be launched in late 
2012. 
 
This study presents preliminary results for Australia from the global 
model simulations run as part of the weatherathome experiment, 
providing an evaluation of the performance of the global model in 
representing rainfall over the Australian region. A control ensemble is 
used to examine rainfall variability over seven regions of the continent, 
for the period 1960 to 2010, and is compared against a high quality 
observational dataset. Model representation of rainfall during El Niño 
and La Niña years is also explored. 
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A simple diagnostic for eastern Australian summertime rainfall 
Mitchell Black and Todd Lane 

Centre of Excellence for Climate System Science 
 The University of Melbourne 

 
Many studies have examined Australian rainfall variability and its 
relationship to large-scale climate drivers and diagnostics. Although 
there are established relationships between these diagnostics and 
rainfall in the cooler seasons, the common indices used to represent 
those drivers are unable to explain summertime rainfall variability in 
southeastern Australia, especially along the coast. Understanding 
rainfall along the east coast is of particular importance, due to the large 
population and economic value of the region. It is also a region with 
strong topographic influence that cannot be well represented in 
current global climate models.  
 
This study presents a number of simple diagnostics for characterizing 
the variability in summertime rainfall along the eastern Australian 
coastline. Conceptualised during the examination of composite 
synoptic conditions for high rainfall events, these simple yet effective 
indices provide a measure of the easterly geostrophic flow and 
associated moisture transport from the Tasman Sea. The indices are 
shown to provide statistically significant correlations with 
summertime rainfall across eastern Australia for a range of different 
timescales. In many locations these correlations are higher in 
magnitude than the common large-scale drivers of rainfall variability. 
These results, along with their potential application as a diagnostic for 
climate models will be discussed. 
 
 
 
 
 
 
 

 
 

 
The land-sea temperature contrast in natural variability. 

Nicholas Tyrrell 
Centre of Excellence for Climate System Science 

 Monash University 
 
In global warming scenarios continental surface temperatures warm 
with greater amplitude than sea surface temperatures, leading to a 
land-sea tem- perature contrast. This temperature amplification over 
land is also seen in the warming and cooling of natural variability on 
interannual timescales. The temperature contrast is due in part to the 
larger heat capacity of oceans and differences in surface moisture 
availability. It is hypothesised that the tropical oceans are also a cause 
of the increased temperature variability of the land surface, through 
warming and cooling signals in the tropical oceans being transported 
to the continents. 
Focusing on natural variability in observations and models, it is shown 
that strong correlations exist between tropical SSTs and global land 
surface temperatures. The relationship between these correlations and 
the land-sea contrast is investigated, as is the role of ENSO and a lagged 
relationship be- tween Pacific SSTs, global tropical SSTs and land 
surface temperatures. SST perturbation experiments are presented 
that show perturbations in tropical oceans elicit a tropospheric 
temperature response, which is not seen for per- turbations in 
extratropical oceans. The results of further studies comparing the 
effect of increased interannual variability in tropical verse 
extratropical ocean SSTs and the resulting land surface temperature 
response will also be presented. 
 
 
 
 
 
 
 
 



 
 
 
An Evaluation of the Modes of SST Variability in CMIP3 and CMIP5 

simulations 
Gang Wang and Dietmar Dommenget 

Centre of Excellence for Climate System Science 
 Monash University 

 
The World Climate Research Programme’s Coupled Model 
Intercomparison Project (CMIP) multi-model dataset has proved to be 
a valuable resource that has aroused much research. However, the 
significant difference and uncertainties among the simulations has led 
to troubles for climate studies as low frequency variability is difficult 
for many climate models to correctly simulate.  
 
The natural modes of sea surface temperature (SST) variability in the 
global oceans are evaluated in simulations of the CMIP Phase 3 
(CMIP3) and CMIP Phase 5 (CMIP5) models, respectively. In this 
evaluation, we examine how well patterns of the SST variability match 
between the observation and simulations on the basis of their 
Empirical Orthogonal Functions (EOF)-modes. We will compare the 
models and observations against simple null hypotheses, such as 
isotropic diffusion or a Slab Ocean model, to illustrate the models skill 
in simulating realistic patterns of variability. The analysis will also 
highlight the improvements of the CMIP5 models relative to the CMIP3 
models.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Severity and frequency of thermal stress using different coral 
bleaching indices in the Western Pacific 

C. Langlais1, A. Lenton1, J. N. Brown1, M. Kuchinke1 and A. Sen Gupta2. 
1Centre for Australian Weather and Climate Research, CSIRO, Hobart. 

2Climate Change Research Centre, University of NSW, Sydney. 
 
Unusually high water temperature is one of the major stressors for 
corals. The magnitude and time length of a thermal disturbance is used 
as a predictor of the likelihood of coral bleaching through a degree 
heating week’ (DHW) metric. DHW is calculated as when SST exceeds a 
local climatological maximum by 1degC. While useful on a large scale, 
recent studies suggest that DHW is not always appropriate when 
looking locally. The threshold may be higher for corals accustomed to 
higher background frequency of disturbances  or may be lower for 
corals that experience low SST variability (like Western Equatorial 
Pacific). The thermal stress may also depend on rate of temperature 
increase during a stress event. 
 
This work assesses different thermal stress indices around the 
Western Pacific Islands: the commonly used DHW, a variability based 
method and heating rates. Metrics are calculated using a high 
resolution ¼ daily product (NOAA Optimal Interpolation daily 
product) during 1982-2011 period. The impact of the temporal 
variability on the index is also assessed: daily, weekly and monthly. 
The results are then evaluated regionally using mass coral bleaching 
reports (from Reefbase) and improved metrics are selected for 
different regions in the Western Pacific. 
 
 
 
 
 
 
 
 



 
The Tropospheric Land-Sea Warming Contrast as the Driver of 

Tropical Sea Level Pressure Changes 
Dietmar Dommenget and Tobias Bayr 

 
In this study we address the causes of the large-scale tropical sea level 
pressure (SLP) changes during climate change. The analysis we present 
is based on model simulations, observed trends and the seasonal cycle. 
In all three cases the regional changes of tropospheric temperature 
(T_tropos) and SLP are strongly related to each other (considerably 
stronger than (sea) surface temperature and SLP). This relationship 
basically follows the Bjerknes Circulation Theorem, with relatively low 
regional SLP where we have relatively high T_tropos and vice versa. A 
simple physical model suggests a tropical SLP re-sponse to horizontally 
inhomogeneous warming in the tropical T_tropos, with a sensitivity 
coefficient of about -1.7 hPa/K. This relationship explains a large 
fraction of observed and predicted changes in the tropical SLP. 
 
It is shown that in climate change model simulations the tropospheric 
land-sea warming contrast is the most significant structure in the 
regional Ttropos changes relative to the tropical mean changes. Since 
the land-sea warming contrast exists in the absent of any atmospheric 
circulation changes it can be argued that the large-scale response of 
tropical SLP changes is to first order a response to the tropical land-sea 
warming contrast. Further, as land-sea warming contrast is mostly 
available moisture dependent, the models predict a stronger warming 
and decreasing SLP in the drier regions from South America to Africa 
and a weaker warming and increasing SLP over the wetter Indo-Pacific 
warm pool region. This suggests an increase in the potential for deep 
convection conditions over the Atlantic Sector and a decrease over the 
Indo-Pacific warm pool region in the future. 
 
 
 
 
 
 
 

 
‘Striated Delta’ clouds and associated inertia-gravity wave 

dynamics. 
A.L.Morgan & M.J.Reeder 

School of Mathematical Sciences, Monash University, Victoria, 3800 
Victoria 

Adam.Morgan@monash.edu 
 
 ‘Striated Delta’ cloud formations frequently indicate upper 
tropospheric inertia-gravity wave activity coincident with rapid 
extratropical cyclogenesis (Feren, 1995). Large-amplitude inertia-
gravity waves are able to propagate energy and momentum vertically 
throughout the atmosphere, and transfer it to the mean flow through 
breaking or attenuation processes.  
 
The specific dynamical mechanisms remain poorly understood, 
although it is hypothesised that strong parcel accelerations within the 
upper jet stream exit region are responsible for the generation of 
inertia-gravity waves. Convective activity is also preferred in the 
vicinity of the poleward jet-exit, and this is thought to modulate 
inertia-gravity wavelengths in this region. 
 
Twenty-eight ‘Striated Delta’ events are identified in MTSAT-1R 
satellite imagery over the Australia/New Zealand region during the 
period May to September 2009. These events used as tracers of upper-
tropospheric inertia-gravity wave activity, often occurring in the 
context of rapid extratropical cyclogenesis. A seasonal study is 
compiled using the high resolution ECMWF YOTC dataset. Seasonal 
study composites indicate various diagnostics symptomatic of inertia-
gravity wave activity to be clearly observed in the upper jet-exit region, 
confirming the background synoptic and dynamical conditions 
requisite for inertia-gravity wave emission. A Q-vector analysis is 
performed to attribute the synoptic scale vertical motion forcings, and 
to explain the characteristic ‘delta’ cloud shape. 
 
A selected Striated Delta case is simulated in high resolution in the 
Weather Research and Forecasting (WRF) Model, and the wave 
dynamics investigated further. 
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The effect of imposed stratospheric cooling on tropical cyclone 
maximum intensity in axisymmetric simulations 

Hamish Ramsay 
 Monash University 

 
There has been considerable debate over the role of increasing sea 
surface temperature (SST) on tropical cyclone (TC) intensity globally.  
However, according to TC potential intensity (PI) theory, SST is only 
one factor governing the thermodynamic environment of a TC, the 
other being the temperature of the entropy-weighted outflow layer – 
the so-called ‘outflow temperature’.  A recent study has suggested that 
cooling of lower-stratosphere over the tropical North Atlantic may be 
responsible for 50% of the large upward trend in PI over the past 30 
years.  In this study, the effect of the lower-stratospheric cooling on PI 
is quantified using an axisymmetric cloud model run in an idealised 
environment of radiative-convective equilibrium.  Preliminary results 
indicate a close match between the simulated increase in PI and the 
trend derived from reanalysis data.  The physical mechanisms behind 
such trends are still being investigated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Climatology of Coherent Potential Vorticity Anomalies 
Lam Hoang, Michael J. Reeder, Gareth J. Berry 

Monash University 
ARC Centre of Excellence for Climate System Science 

 
Potential vorticity (PV) anomalies are defined as local maxima in the 
PV of at least 0.1 potential vorticity units (PVU). These PV data are 
extracted and tracked from ERA-Interim dataset of European Center 
for Medium-range Weather Forecast (ECMWF).  
It is shown that there are more coherent PV anomalies in the summer 
hemisphere than in the winter hemisphere, and that in summer 
coherent PV anomalies are found in most parts in the hemisphere, 
except in some mountainous regions. There are significant changes in 
the zonal distributions of the PV anomalies over the Pacific and 
Atlantic Oceans, whereas the distribution over the Indian Ocean is 
more constant with season. 
Maps of the mean speed of coherent PV anomalies illustrate the 
meridional exchange between the tropics and higher latitudes. For 
example, along the east coast of Australia, coherent PV anomalies curve 
anticyclonically around the mean subtropical ridge, travelling from the 
midlatitudes to the tropics. This exchange is seen especially clearly on 
the 315K isentropic surface. Other oceanic regions with similar 
characteristics are the north-east Pacific (315K), central-north Pacific 
(330 K and 350 K), south-east Pacific and south-east Indian Ocean (315 
K). 
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