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1. Introduction

The Indian Ocean Climate Initiative Stage 3 (IOCI3) research agreement was
signed in March 2008 and is scheduled for completion in 2012. The vision,
aim and key objective of IOCI3 are:

Vision: The State of Western Australia is empowered with the best
available scientific knowledge for adapting to climate change.

Aim: To establish and maintain state-of-the-art and regionally-specific
knowledge of past and projected climate trends in Western Australia and
make such knowledge available in a policy ready form and for public
information processes.

Key objective: To provide outputs in a useful form to policy-makers and
other stakeholders.

IOCI3 has held two workshops to date:

1. 28 August 2008; and;
2. 26 — 27 October 2009

This report describes the proceedings of a Symposium held at the Perth
Convention and Exhibition Centre on Tuesday, 26 October 2010. The aims of
the Symposium were:

» to update Government agencies, through the representatives of the
Climate Change Policy Interdepartmental Steering Group (CCPISG),
on IOCI3 findings; and

» to seek feedback from Government agencies on their climate science
needs, and the way in which they would like climate science
information to be delivered.

2. The Program

The Symposium included an update of IOCI3 finding by the scientists in the
morning followed by facilitated group discussions in the afternoon.

Introductions Mr Paul Holper 08:55 - 09:00
Opening Address Hon Hendy Cowan, Chair of IOCI3 09:00 - 09:05
: Dr Anne Mathews, Department of
%;ZB’;VIZ of I0CI stakeholder Environment and Conservation 09:05 - 09:15
(DEC) - Climate Change Unit
. s Dr Bryson Bates, Commonwealth
A. Qverwew of |OCI3..H|ghI|ghts, Scientific and Industrial Research 09:15-10:10
achievements and deliverables. o
Organisation (CSIRO)




B. The Drying Hydroclimate of South
West Western Australia.

Climate: An Extreme View Dr Aloke Phatak, CSIRO 10:10 - 10:30

Morning Tea 10:30 - 11:00
Observed and projected changes in
the large scale atmospheric .
circulation and impacts on weather a;a?eiﬁ)t% n Fr(%(itlavrll)ksen, Bureau of 11:00 - 11:50
systems affecting Western Australia 9y
winter rainfall
Tropical cyclones affecting North
West Western Australia: Recent Dr John McBride, BoM 11:50 - 12:15
findings and research questions

Lunch 12:15 - 13:00

Group Discussion
Theme 1: To explore current
stakeholder activities, projects and o
programs in the climate science area; | Facilitated by Mr Paul Holper, 13:00 - 13:45
the information stakeholders use CSIRO
currently; other information required
by stakeholders and how IOCI3 can
assist.
Group Discussion
Theme 2: To explore how Facilitated by Dr lain Walker, 13:45 - 14:00
stakeholders would like 10CI3 CSIRO
findings communicated to them.
Future for Climate Science in Facilitated by Mr Paul Holper, 00 - 14-
Western Australia CSIRO 14:00 - 14:55
Closing Address Mr Paul Holper, CSIRO 14:55 - 15:00

3. Delegates

Other than the CSIRO and BoM personnel the delegates at the Symposium
were members of the (CCPISG) and its sub-committees.




4. Morning Session: IOCI3 Science Update

4.1 - Opening Address
Hon Hendy Cowan, Chair of I0CI3

“IOCl is close to home as [ am a farmer in the
eastern wheatbelt of Western Australia
which is currently grappling with the driest
winter on record.”

Mr Cowan’s address started with an acknowledgment of the Noongar people
as the traditional custodians of this land, followed by a welcome to the project
partners, the scientists present and the delegates.

The role, membership and recent activities of the IOCI3 Board were
described.

The role of the IOCI3 Board:
= Qverseeing and monitoring progress of the project;

= Determining the strategic direction of the Project with the objective of
achieving the maximum practical application and common benefit; and

= Developing a communication strategy to ensure delivery and
productive application of the research findings.

The membership of the Board is:
= Hendy Cowan (Independent Chair);

= Two Western Australia State Government representatives (Dr Anne
Mathews, Acting-Director DEC-Climate Change Unit and Ms Maree De
Lacey, Acting Director General of the Department of Water);

= Dr Andrew Ash, Director of Climate Adaptation Flagship, CSCIRO; and
= Dr Neville Smith, Deputy Director Research and Systems, BoM.

Although there had been delays in getting the Board established, it has made
great progress since its establishment in June 2010 including:

= Meetings in July 2010 and September 2010;

= Review of two milestone reports, i) for all milestones due for completion
in 2008 and ii) or all milestones due for completion in 2009;



= Review of project finances to 30 June 2010;
= Review of project timelines;
= Development of a draft framework for a communication strategy;

= |Initiation of discussions about what happens after the completion of
IOCI3; and

=  Approval of this Symposium as a critical element of the process of
information exchange.

Mr Cowan has been involved with I0CI since its inception. As Deputy Premier
of WA he launched I0CI Stage 1 in 1997, which completed in 2002. 10CI
Stage 2 started in 2003 and completed in 2005. I0CI Stage 3 started in March
2008 and is now scheduled for completion in 2012.

Mr Cowan said that 10CI is also close to home as “I am a farmer in the
eastern wheatbelt of Western Australia which is currently grappling with the
driest winter on record”. Mr Cowan went on to say that IOCI is as important
today as it was when Stage 1 was launched back in 1997. It is building
capacity to understand climate change in WA it is building our knowledge of
the drivers of our environment — how they are changing and why they are
changing. It will deliver this information in a policy-ready format which should
enable the planning and program development necessary for us to cope with
the climate changes ahead of us.

Mr Cowan finished his address and formally opened the Symposium with a
guote used by the Governor of Western Australia at the opening of each new
Parliament: “May Providence bless your labours”.



4.2 - Overview of I0OCI Stakeholder Feedback
Dr Anne Mathews, DEC - Climate Change Unit

“...regionally-specific knowledge of past and
projected climate trends...available in a policy
ready form and for public information
processes.”

Dr Mathews explained the aims of the 2010 Symposium, the vision, aims and
objectives of IOCI3, the progress of I0CI3, feedback from State Government
agencies from the 2009 10CI3 Workshop on the research results and climate
science needs of agencies.

The aims of this Symposium are to:

= Update the Climate Change Policy Interdepartmental Steering Group
(CCPISG) on the work of I0CI3;

= Discuss the extent to which the I0CI3 program meets stakeholder
needs; and

= Explore the future of the IOCI program in Western Australia.

The vision, aim and key objective of IOCI3:

= Vision - the State of Western Australia is empowered with the best
available scientific knowledge for adapting to climate change.

= Aim - to establish and maintain state-of-the-art and regionally-specific
knowledge of past and projected climate trends in Western Australia
and make such knowledge available in a policy ready form and for
public information processes.

= Key objective — to provide outputs in a useful form to policy-makers
and other stakeholders.

Progress of IOCI3

The progress of I0CI3 was summarised: two milestone reports submitted to
the 10CI3 Board; two workshops held to date, a 1-day workshop in August
2008 and a 2-day workshop in October 2009.

Feedback from State Government agencies on the research results presented
at the 2009 10CI3 Workshop indicated:

= There is more interest in the results of the research rather than the
methodology;



= Better engagement is needed between researchers and stakeholders;
= There needs to be clarity about what IOCI3 can deliver;

= ]OCI findings need to be accessible format for both policy development
and for translation to the wider community, and be tailored for specific
groups and levels of understanding; and

= A one-stop-shop is needed where the outputs and information arising
from IOCI can be aggregated and made available to users.

Feedback from State Government agencies at the 2009 I0CI3 Workshop on
their climate science needs included:

= Agriculture — regional scale, seasonality and extreme events data and
probability of change and access to historical data sets;

= Fire _and Emergency Services — what conditions or phenomena
associated with climate change will encourage and stimulate fires;

= Terrestrial Biodiversity — downscaled climate data covering areas
outside of IOCI 3 and easy transfer and delivery of climate data;

= Water — good observational data sets and associated outputs from
climate models, climate predictions at seasonal to 5-year timeframes,
increased confidence in climate predictions; and

» Health — local scale data on projections and risks/vulnerabilities,
duration of temperature events, frequency and intensity of extreme
events, increased reliability and certainty in models.

Other feedback from State Government agencies from the 2009 IOCI3
Workshop included:

= The value of the workshop in providing opportunities to network and
build relationships.

= The recognition of the commitment, capabilities and excellent progress
made by the I0CI3 scientists; and

= A greater understanding of the climate of Western Australia.
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4.3 - Overview of IOCI3: Highlights, Achievements
and Deliverables.

Dr Bryson Bates, CSIRO

“IOCI has a justifiably proud record in leading
regionally specific and practically-relevant
climate research in Australia.”

Dr Bates provided a summary of the findings of past IOCI programs, the
structure and aims of IOCI3 and a summary of emerging findings.

Key points include:

Summary of Findings from IOCI1 and IOCI2

= Winter rainfall has decreased sharply and suddenly in south west
Western Australia since mid 1970s (May-June-July);

» Rainfall decline accompanied by and apparently associated with
changes in the large scale atmospheric circulation that are most likely
due to combination of natural variability and the enhanced greenhouse
effect;

=  While role of land cover change is unlikely to be a major factor it should
be recognised as a possible second-order effect;

= There is increased confidence in a temperature rise and a decrease in
winter rainfall (by as much as 20 percent relative to the 1960-1990
baseline) by 2030; and

= There are no current schemes utilising climate models that provide
sufficient predictive skill for operationally-reliable seasonal forecasts for
south west Western Australia.

Major Obijectives of IOCI3

= Deliver climate research outcomes that underpin sustainable
development in north west and south west Western Australia;

= Enable Western Australia to achieve economic, social and
environmental benefits by drawing upon the strategic knowledge and
technologies derived from the national climate science programs of
BoM and CSIRO;

= Enhance Western Australia’s accessibility to the current state of
climate knowledge so that informed policy decisions can be reached;

= Build climate research capacity in Western Australia that is focused on
priority issues for the State; and
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= Facilitate partnerships that will enable stakeholders to integrate
research findings with their assessments of climate impacts,
vulnerability and potential adaptation responses.

Study Area of 10CI3

The two study areas of IOCI3: i) the north Western Ausralia
west of Western Australia encompassing the

major parts of BoM’s Kimberley and Pilbara :
forecast districts and parts of the Gascoyne E P e
and Interior; and ii) the south west lies south o e

west of a line approximately from L e
Northampton to Esperance.

MMMMMMM

Please follow the links for:
= Dr Bates’ Powerpoint slides in ke S
Appendix 1

= Dr Bates’ Powerpoint presentation on
the 10CI3 website

:::::

nnnnnnnnnnnnnnnnnnnnnnnnnn

Troughton

zzzzz

uestions

CSIRO-WAMSI: Is I0CI3 meeting expectations?

= Dr Bates talked about the problem of dam inflows emerging in late
1990s. At that time very little was known about climate variability and
climate change. At the 2004 Australian and New Zealand Climate
Forum a senior BoM person was heard to bemoan the fact that more
was known about the climate in south west Western Australia than the
south east.

DAFWA: When will downscaling datasets be available?

= Dr Bates talked about access to the datasets — who and how that
access occurs requires discussion.

DoF: Are we now looking at winters as well as dry autumns?

= Dr Bates said that appears to be the case but we don’t want to
extrapolate too much and you will hear more on this later.

DoW: The changes in the water balance in Western Australia have been
dramatic in the last couple of years. What are the challenges of getting it
across to Government

= Dr Bates said the major challenge is the lack of, with the loss of the
Science Panel from I0CI3, effective communication with the Minister
and the Directors General.

12



4.4. - The Drying Hydroclimate of South West
Western Australia.

Dr Bryson Bates, CSIRO

“The decline in annual inflow is in fact
more consistent with a smooth declining
trend than with a sequence of sharp

breaks”

Dr Bates presented his recent work on the drying hydroclimate in the South-
West of Western Australia.

The south west region of Western Australia has experienced a sustained
sequence of low annual inflows to major water supply dams over the last 30
years. The Integrated Water Supply System (IWSS) supplies water for 1.6
million in Perth and surrounding areas.

Until recently, the dominant interpretation of this phenomenon has been
predicated on the existence of one or more sharp breaks (change or jump
points), with inflows fluctuating around relatively constant levels between
them. The study was motivated by the need for a comprehensive
understanding of a hydrologic series that appears to exhibit non-stationarity
through a thorough investigation of the associated climatic drivers.

The work presented here brought together different disciplines with different
techniques to look at a problem in a new way. The analysis showed that:

= the decline in annual inflow is in fact more consistent with a smooth
declining trend than with a sequence of sharp breaks;

= the decline is associated with decreases both in the frequency of daily
precipitation occurrence and in wet-day amounts; and

= the decline in regional precipitation is strongly associated with a
marked decrease in moisture content in the lower troposphere, an
increase in regionally-averaged sea-level pressure in the first half of
the season, and intraseasonal changes in the regional north-south sea-
level pressure gradient.

Please follow the links for:
= Dr Bates' Powerpoint slides in Appendix 2
= Dr Bates’ Powerpoint presentation on the 10CI3 website.
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Questions

DoTF —BMW: Does this mean that it won’t rain again?

= Dr Bates said what he was trying to show is that we have been trying to
look for are periods when assumptions can be made about a baseline
from which to do planning — however, this hides important features of
the trend.

CSIRO — WAMSI: What is the role of CO; in driving the trend?

= Dr Bates said that Dr Frederiksen will talk more about this but if the
trend continues we are in trouble so we need to be planning for the bad
scenario.

CCU - DEC - Now that IOCI is giving us a greater understanding of the natural
variability versus the human drivers of climate it seems as if the changes we
are seeing are not attributable to natural variability?

= Dr Frederiksen said that there is a high likelihood that what we are
seeing is GHG driven. 10CI3 is working on a method for attributing
change via a fingerprinting method which will hopefully provide
definitive evidence.

DoW: There is a clear link between the climate science - the water balance —
the water supply and ultimately water policy. Can we do the same for
ecosystems and fire?

= Dr Bates said that ecosystems haven’t received the funding to date for
this sort of work. The Bushfire CRC is doing some of it.

DEC: How important in dew point temperature depression (DTD)?

= Dr Bates said that DTD does seem critical and is used quite a bit by
meteorologists in Queensland and the east generally.

14



4.5 - Climate: An Extreme View
Dr Aloke Phatak, CSIRO

“Compared to climate science — rocket
sclence 1s easy”

Dr Phatak provided an overview of climate change extremes in Western
Australia.

Some years ago Dr Phatak worked as a rocket engineer. Referring to the
cliché ‘it's not rocket science’ Dr Phatak says that having now worked in
climate science...rocket science is easy by comparison.

Dr Phatak noted that there is no unambiguous definition of ‘extreme’ weather.
Two working definitions for the purposes of IOCI3 work are:

» Those climate events causing extraordinary economic and social (loss
of life or livelihood) damage; and

= Events that occur when physical variables such as temperature,
rainfall, etc. are at the extremes of their historical distribution, e.g.,
rainfall above the 99th percentile. It is the tails of those distributions
that are studied.

There is some suggestion that extremes will change proportionately more
than averages and the aim of IOCI3 work is to be able to say how climate
extremes will behave now, and in the future.

There are a number of approaches to studying extremes:

= Descriptive statistics: e.g., on average, how many days above 37°C
have we had in the last 20 summers?

= Statistical modelling: e.g., what is the mechanism that gives rise to
extremes, and what really extreme events might occur?

= Deterministic modelling: what are some of the broad-scale drivers of
climate, and how will they change if anthropogenic CO, emissions
continue to increase?

= Combination of statistical and deterministic modelling.

Dr Phatak and his colleagues are using statistical modelling. The combination
of statistical and deterministic modelling is IOCI’s ultimate goal.

15



Some significant challenges in studying extreme climates:
= By definition extreme events are rare, there is a paucity of data making
modelling difficult;

= Definition of what constitutes extreme varies from sector to sector, e.g.
a damaging event may not necessarily have been associated with
‘statistically’ extreme climate; and

= There is a need to be able to model those events in which the weather
variable are only classified as moderate but the combination of them
still does significant damage.

Please follow the links for:
= Dr Phatak’s Powerpoint slides in Appendix 3
= Dr Phatak’s Powerpoint presentation on the IOCI3 website
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4.6 - Observed and projected changes in the large
scale atmospheric circulation and impacts on
weather systems affecting Western Australia
winter rainfall

Dr Carsten Frederiksen, BoM NG

“Don’t take declining rainfall personally
- itis not a local effect — it is occurring
across the southern hemisphere”

Dr Frederiksen presented on the impacts of observed and projected changes
in the large scale atmospheric circulation on weather systems that drive
rainfall in Western Australia.

Dr Frederiksen referred to the fact that Western Australia has experienced the
driest winter on record. Comparing the periods 1949-1968, 1975-1994 and
1997-2006 it can be seen that July rainfall has decreased over south west
Western Australia and southern Australia but increased over central Western
Australia.

In looking at the reasons why this has occurred changes in atmospheric
circulation were examined which over time found:

= Large difference in the zonal winds that extend across the southern
hemisphere with large reductions around 30°S;

= Large changes upstream of Western Australia in the region where
storms develop; and

= Changes in the vertical averaged atmospheric temperature — warming
in latitudes 30°-60°S and cooling of the Indian Ocean.

These changes in the atmospheric circulation have led to a reduction in the
growth rate of weather systems that impact on south west Western Australia
with the result that storms have been increasingly less likely to develop and
those that do develop tend to do so further south over the Southern Ocean.

In terms of weather systems associated with north west cloudbands, and
intraseasonal oscillations that bring rainfall to central Australia and north west
Western Australia — these systems have experienced an increase in their
growth rates and are increasingly more likely to occur.

The decreased rainfall over southern Australia is also attributed to the
atmosphere becoming more stable in the region 30%-40°S, which is normally
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associated with storm development. Negative trends in the Phillips Criterion
(1950-1999) between 30°-40°S are highly significant even when the annual
and decadal variability are removed.

A small number of models are able to pick up these changes, but with only at
best half the magnitude. However, IPCC Assessment Report 5 will give more
models to choose from. The fact that the changes are affecting the entire
globe gives credence that what we are seeing in Western Australia is not local
variability. Rainfall is harder to model than large scale circulation systems.
Atmospheric instability, as measured by the Phillips Criterion, can act as a
proxy for rainfall — a reduction in instability translates roughly to a 5 mm
reduction in rainfall.

Model trends in Phillips Criterion and rainfall in Special Report on Emissions
Scenarios (SRES) are similar to those in 20th century suggesting similar rates
of reduction in rainfall to what has already occurred over south west Western
Australia.

Trends in Phillips criterion in “commit” run not statistically significant,
suggesting trends in SRES Scenarios are closely associated with prescribed
increasing anthropogenic gas forcing.

Please follow the links for:
= Dr Frederiksen’'s Powerpoint slides in Appendix 4
= Dr Frederiksen’s Powerpoint presentation on the I0CI3 website

Questions

CSIRO: Will Greenhouse Gases have a gradual or step-wise impact on
climate?

= Dr Frederiksen said that answer won't come out of this analysis.
However, a system can switch and go into a different state and so we
are very brave to be doing what we are doing to our environment.

CSIRO - WAMSI: Only two models captured the observed changes well —
why?
= Dr Frederiksen said that there may be a problem with oceans in the
models, or the coupling between the oceanic and atmospheric
components. When the atmospheric component is forced by a
combination of observed sea surface temperature and GHG forcing
some of these models do correctly reproduce the sign and magnitude
of the observed changes.

18



4.7 - Tropical Cyclones Affecting North West
Western Australia: Recent Findings and Research
Questions

Dr John McBride, BoM

“There is still much fundamental work
to be done in understanding and
improving the projections for individual
basins, including WA”

Dr John McBride presented some findings and research on the tropical
cyclones affecting the north west of Western Australia. The study of tropical
cyclones is a new addition to the IOCI program of research and so is a pilot
project.

Although it is well known that warm seas (>26°C) are an essential ingredient
for the formation of tropical cyclones, the effect of tropical cyclones on sea-
surface temperatures is one of the questions being asked by John McBride
and his fellow-researchers. Results were shown for the size of the
temperature reduction due to the crossing of a cyclone and for whether the
effect is large enough to affect the mean sea surface temperature over the
region

How important are tropical cyclones in north-west of Western Australia on
rainfall or how many of the extreme rainfall events come from cyclones? This
is being addressed through the IOCI project. Preliminary results were shown,
and a paper and report on this will be written in 2011.

How will north-west Western Australia cyclone activity change under the
climate change warming scenarios? Modelling consistently indicates that
greenhouse warming will cause globally averaged intensity to increase and
frequency to decrease. However, two downscaling methods are giving
opposite results for cyclone frequency off Western Australia. There is still
much fundamental work to be done in understanding and improving the
projections for individual basins, including Western Australia.

Please follow the links for:
=  Dr McBride's Powerpoint slides in Appendix 5
= Dr McBride’s Powerpoint presentation on the IOCI3 website
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Questions

DoH: If cyclone intensity increases — will we see more damage inland due to
flooding ?

= Dr McBride said we don't really know yet; but this is under
investigation. Increased rainfall is only in the central eye region and this
is balanced against the fact that the overall number of cyclones may
decrease.

IOCI3 Chair: Will we see fewer cyclones?

= Dr McBride said that this is a consistent projection coimg from the
models. However, this projection is for the global average number of
cyclones; and the projections for individual regions such as the Indian
Ocean vary from model to model. It is difficult to tell from the data
since we currently only have 30-40 years of reliable data — and
interannual variability is high, giving a small signal to noise ratio.

IOCI3 Chair: Cyclone Steve in 2000 didn’t die out but did a big loop across
the top of Australia down through Western Australia and eventually out into
the Bight — will we see more cyclones like that?

= Dr McBride said that IOCI3 is the first regional study on cyclones and
there are lost of questions still to be answered including this one.
However, as part of the 10CI research we intend documenting events
such as this so they can be studies in the climate change context.

BoM: If there is a marked increase in cyclone intensity — will this have a
detrimental effect on agriculture and mining?

= Dr McBride said that hard numbers on the economic impact are difficult
to obtain. While the major focus of the IOC research is on the climate
science, as part of the work we are hoping to put together whatever
information we can on the economic impacts of tropical cyclones.

20



4.8 - A Summary of the Science
Dr Pandora Hope, BoM

“The significant shifts in Western Australia’s
climate makes IOCI an exciting project to be
part of, as our research will be central to
helping the State effectively adapt to climate
change.

Dr Hope was asked to give an impromptu view on IOCI3 research.

Dr Hope has been a scientist and science manager in I0CI since 2002. 10CI
has and continues to produce a wide range of interesting and important
results and Dr Hope noted that there was only time to present a sub-set of the
work at this Symposium.

In this Stage 3 of IOCI — the work has been extended to the north west of
Western Australia. 10CI3 scientists are improving Australia's climate models
to better simulate tropical processes in an effort to capture the observed
rainfall trends in the north west.

Australia is very well placed to be a world leader in the modelling of tropical
climates since it is one of the few countries that have access to high quality
datasets and our own global climate models. It will also give us a better
understanding of the weather systems of the region, and the drivers of
extreme events.

IOCI3 has extended research beyond winter rainfall to assess temperature,
and rainfall variability in other seasons. Summer temperatures are very
important for human health. Previous work showed that summer maximums
appear to have been cooling over the last 50 years in the north west and
south west of Western Australia. However, re-runs of the analysis using
improved and extended high-quality datasets reveal that some regions are not
cooling by as much as previously thought. If the drivers of the cooling are
short-term (aerosols or decadal variability in the phase of the Southern
Annular Mode or ENSO) we may see a rapid and sudden warming in the
future.
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Dr Hope’s work with 10CI3 includes the investigation of the weather systems
that make up the varying climate of south west Western Australia. She has
found that winter low pressure systems decreased in daily frequency in the
late 1960s, and since the late 1990s, coupled with decreased winter lows, has
been an increase in the daily occurrence of high pressure systems.

In 2006 south west Western Australia experienced mean seal level pressures
more than 2 standard deviations above the mean. In 2008 there was no
settlement of the rock-lobster, which is highly unusual. In 2010, the index of
the Southern Annular Mode (SAM) remained in its positive mode for months
throughout winter, whereas this mode which is associated with high pressures
over south west Western Australia usually persists for only about 10 days.

The extended positive phase of SAM is associated with the driest year on
record to date for south west Western Australia. I0CI3 will also provide some
high resolution datasets further down the track that can feed into
understanding these changes and future projections at the local scale.

The significant shifts in Western Australia’s climate makes I0CI an exciting
project to be part of as our research will be central to helping the State
effectively adapt to climate change.
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5. Afternoon Session: Group Discussions

Mr Paul Holper and Dr lan Walker from CSIRO facilitated the afternoon
session exploring the stakeholder needs of Government agencies, the I0CI3
communication strategy and the future of climate science in Western
Australia.

Two themes, as indicated below, were explored in the afternoon session.

Delegates were grouped by tables (five tables in total) and given 20 minutes
to discuss the theme and then a person was nominated from each table to
present the results of the discussion.

Theme 1: To explore current stakeholder activities, projec ts and
programs in the climate science area; the informati on stakeholders
use currently; other information required by stakeh olders and how
IOCI3 can assist.

Facilitator: Mr Paul Holper

The following guiding questions were provided to the delegates to facilitate
discussion in small groups.

1. What activities, projects and programs are you currently engaged in
that relies on climate information?

2. What climate information do you currently use in your work?

3. What additional climate information do you need?

4. How can I0CI3 assist?

The responses from each table that was shared with the large group are listed
below.

Question 1. What activities, projects and programs are you currently
engaged in that relies on climate information?

» Risk management.
= DAFWA: research.

= Funding applications and leveraging finding from the Commonwealth
requires climatic information.

= DoW: Heavy reliance on climate data for water resource planning
(short- and long-term).

= Determining social impacts of climate change and mechanisms of
adaptation.

= FESA: Natural disaster preparedness.
=  DoF: Monitoring fish stocks.
= River catchment modeling.
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DTF-BMW/DoSR: Advice for facility planning including water and
energy efficiency, thermal comfort, type of air-conditioning needed.
DTF-BMW/DSR. Education on climate change impacts on building
design.

FPC: Plan for forest establishment, forest health management, predict
forest growth.

DTF: Indirect use of climate information but decision making in
budgetary matters is evidence-based.

DAFWA: heavy reliance on climate data for monitoring impacts on
production and providing advice to government, industry and farmers to
facilitate planning and decisions.

DAFWA: Need a range of timescales daily through to long-term to help
inform tactical and strategic decisions (including succession planning).
DSD: Has a general watching brief. Risk management of large
development projects and liability of government.

DEC: Support other agencies in conducting risk, impact and
vulnerability assessments and provide data to other agencies.

DEC: Fire management, sustainable forest management, biodiversity
conservation.

MRWA: Current and future climate information needed for standards
and design of bridges/roads, for planning projects, for design of
rehabilitation projects, for predicting shifts in the State’s ‘food bowl’ and
its transport needs.

DoH: Look at impacts of climate change on health from all angles with
2 major priorities: i) looking after sick people and ii) preventative health
care. Need information to inform decisions all the way from projects
through to policy, and to provide advice to Department stakeholders.
Climate change has the potential to result in risks to health and
communities. It is important that risks are identified and that sectors
work together to develop adaptation strategies to reduce these risks
(e.g. agriculture, water, etc) and assist people - for example mental
health.

Question -2. What climate information do you curren tly use in your

work?

Long-term trends and variance importance to guide risk management.

DoF: Fish stocks dependent on sea-surface temperatures,
wave/winds/currents.

DAFWA: Short-term (7-day) forecasting forms the basis of so much
that we do.

Broader trends are used to inform work.

DTF-BMW: Use maximum wet bulb data to provide advice on
appropriateness of types of air-conditioners for various locations.

DAFWA: Mainly interested in rainfall and temperature. DAFWA do
seasonal projections in-house but the Department doesn’t have a lot of

24



skill. It is currently developing a generalised model. The Department
has a multi-model approach.

= FPC: Forest evaporation, temperature, extreme weather events, heat
waves and severe fire weather.

= Downscaled rainfall.
= Modelling — fine scale model for coastal strip.
= Trends in tropical cyclone.

= DEC: Broadly use BoM data for long-term seasonal temperature and
rainfall; cyclones — daily/hourly weather forecasts; seasonal fire
outlook; historical climate information to match species to site. Some
use Elders but most come back to BoM.

Question 3. What additional climate information do you need and
Question 4. How can IOCI3 assist?

Climatic Information

= FESA: cyclone projections are vital; sea level projections; probability of
extreme events such as storms (frontal storms versus out-of-character
storms such as summer mini-cyclones that have occurred in recent
years) and fires.

= DSD: Cyclones in north west of particular interest as this is a key area
of interest re. income generation for the Government.

= Information on lightning i.e. area of high strike; geographic pattern of
strike and frequency of strike.

= DoF: IOCI and WAMSI to deliver historical trends and cycles.
= Trends and projections finer scales was a recurring theme.

= |t would be useful to have a better understanding of extreme events
and what leads to them e.g. hail storms.

= Location and paths of cyclones to for example inform building codes
and manage risks to communities, particularly in north west Western
Australia but also south west.

= Effect of climate change on variability of climate.

= Standardised set of climate scenarios appropriately downscaled for
Western Australia — needs to be driven by government agencies.

= DAFWA: Farmers want a forecast and they want to use it like a recipe
to dial up decisions. In summary DAFWA want data/information to help
farmers to make decision across a variety of timescales.

= DEC: Need downscaled climate change projections for climate
parameters relevant for industries and communities.

= DSD: sea-level rise predictions to mange risk associated with large
developments projects e.g. Ashburton Reef.
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= CSIRO: Need better interaction of atmospheric and marine scientists.
Value in ensuring that WAMSI uses the same models that IOCI uses
that are good for WA. Need a clear statement re. confidence in human
induced contribution to observed and potential future climate change.

= To enable vulnerability assessments need downscaled projections on
trends and extremes on:

rainfall (extreme rain events and drought)
temperature

cyclones and other extreme wind events
sea level, storm surge and inundation

a s bRk

lightning behaviour

= Regionally specific data — practical and relevant to Western Australian
policy and in a plain language report.

= Forests — all facets of climate change including impact of fire weather,
extreme weather events.

= Data for vulnerability assessments.

= MRWA: Future climates for predicting and planning transport
infrastructure needs...i.e. where will the future ‘food bowl’ be and what
will be the roading requirements.

= Next generation weather forecasts.

= Seasonal lightening predictions.

= More information on paleoclimate beyond observed record.
= Changes in return periods of extreme events.

= Study of cyclone transition.

= DoH: Information required includes: extreme temperature events;
extreme weather storms and cyclones that can lead to injury and
increase the pressure on emergency services; vector-borne diseases
(i.e will rainfall cause more water pooling and impact on mosquitoes
and people).

Non-climatic Information

= DoH: Need to understand the vulnerability of sites across the State.
What if you can't fly in places — want to put strategies in place.
Average trends as well as extremes are important. Planning for
change and fear associated and how to reassure people.

= Understanding regional differences. If future climate changes can be
identified at regional scale then necessary adaptation measures can be
identified including behavioural change needed.

= It would be useful to look at case studies covering impacts and
adaptation across sectors.

= Vulnerability assessments on communities.
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Adaptation — more research and dollars needed and better linkages
with CSIRO adaptation programs.

DAFWA: Through current collaboration need information on different
levels impacts on downscaled data. Need the evidence that underlies
the messages we are giving to our stakeholders to ensure that
information is accepted i.e. credibility behind the communications.
Farmers like to know the nuts and bolts of why things happen. Value
for farmers in seeing changes in the atmospheric circulation patterns to
gain confidence in climate change science. Potential for system
collapse and to get to this need to understand vulnerabilities.
Psychological preparation that their future will be different than before
the impacts.

The issue is how to address sceptics in rural communities.

IOCI needs to provide leadership to Government to provide further
confidence re. anthropogenic climate change. I0CI Board needs to
provide information to Government to raise the profile in Cabinet. State
Government needs to take the view that it has to plan like Local
Government is doing. Need leadership from Government that there is
a risk and a need to respond. To do this need good information in a
form that is readily understood.

Climate change response should be integrated into other activities in
the State and not competing with other programs.

Information with education focus.

Interpretation of climate data for sports and recreation opportunities i.e.
evaporative versus refrigerated air-conditioning in Geraldton.

Refinement of information.

Implications of the changes to the resource and energy sectors i.e.
platform exposure, integrity of coastal pipelines, railroad connections to
ports, power transmission, water access and planning.

Policy ready data important to influence policy decision making.
Publically available data and report.

Broad brush won’t suit every sector may need to be customised for
different sectors.

South west Western Australia factors that contribute to the cyclone
impact including on transport links and the environment.

How is extra rainfall going to affect roads.
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Theme 2: To explore how stakeholders would like 10CI3 find ings
communicated to them.

Facilitator: Dr lain Walker

The following guiding questions were provided to th e delegates to
facilitate discussion in small groups.

1. The Board is tasked with developing a communication strategy for
IOCI3. Do you have any suggestions/changes/comments on the
communication strategy framework?

2. Are you aware of the IOCI3 website? Do you use the information on
this website for your day-to-day work? Do you have any suggestions
for improvement?

3. Afinal IOCI3 synthesis report is planned for release at the end of the
IOCI3 project using the style of the AR4 IPCC Summary for
Policymakers. How do you think this synthesis report should be
structured and presented for it to be useful for you?

4. A final I0CI3 workshop is planned for 2011. What format do you think
this workshop should take?

The responses from each table that was shared with the large group are listed
below.

Question 1. The Board is tasked developing a Commun ication Strategy
for IOCI3. Do you have any suggestions/changes/
comments on the communication strategy framework?

= to support the delivery of IOCI key goals, outcomes and science
findings;

= to deliver IOCI to climate science program policies;

= to provide different levels of communication needed in styles suits
dependent on the audience,;

= to promote and convince that science is robust and trustworthy by
creating an interactive presentation model;

= to identify the missing gap of IOCI to I0CI3 needs and develop a better
way of communication;

= to focus long, loud and consistent trusted voices;

= to access media/story telling and spell the implication of the
information;

= to speak with the Minister and media by IOCI trusted voices;

= to refine the mechanism of science information and customisation for
public access; and

= to focus on education.

Question 2. Are you aware of the IOCI3 website? Do  you use the
information on this website for your day-to-day wor k? Do
you have any suggestions for improvement?

= Yes aware of the website, but not used:;
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Yes, a dedicated website is useful to make publications available.
The use of website is occasional not used effectively because not
promoted enough,;

The need to understand how the IOCI website fits with other websites
(e.g., climate change in DEC are using for projections. How can I0CI
website add value to this?);

The IOCI website audience does not come to you?

The 10CI website should provide an easy access link to BoM website
and other relevant web science link/sites;

The need to improve — very technical information, un-package and
repackage;

The final synthesis reports to link in e-fliers in a more detailed info on
the web;

The public/seminar/leverage — how do I0CI website deliver this
information to the community?

The 10CI website should develop and design to be the first POA of call
— could be good for case studies but no where near providing info to
the public;

The IOCI website is not well publicised;

The 10CI website should identify the audiences?

The availability use of access to download I0CI report.

Question 3. A final IOCI3 synthesis report is plann  ed for release at the

end of the IOCI3 project using the format of the AR 4 IPCC
Summary for Policymakers. How do you think this

synthesis report should be structured and presented for it
be useful for you?

Access of public report — not aware; destination schedule; simple
language and summary of all IOCI report;

To provide synthesis report should be a brief document, quick and
easy to read, and provides all the key information need for Western
Australia climate change;

The need of summary for policy maker format;

Summary and interpretation of the key scientific findings in simple form;
and

The high level of information about how various agencies will be
affected by the findings.

Question 4. A final IOCI3 workshop is planned for 2  011. What format do

you think this workshop should take?

The Purpose? Showcase IOCI; all stakeholders and 1 dog symposium.
To continue workshop and engage with community in large form.
IOCI3 — 2011 Workshop?

Several purposes for I0CI4?

Continuation of 10CI4?
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Future for Climate Science in Western Australia.
Facilitator: Mr Paul Holper, CSIRO

The afternoon session also explored the future of climate science in Western
Australia and in particular the need to continue IOCI

The I0CI3 Science Management Team (Dr Bates, Dr Frederiksen and Dr
Hope) identified a number of areas for potential future climate research
(Appendix 7).

The summary of the General discussion and questions that followed are listed
below:

= DEC - From a user's perspective improving downscaled climate
projections will be valuable in the future. To what extent will the
existing climate science meet the demand for downscaled climate
projections and to what extent might new (beyond 10CI3) fundamental
climate science be needed to deliver those downscaled projections?

= Dr Bates talked about a new stochastic downscaling model that is
being deployed in 10CI3. This model, developed in collaboration with
the International Research Institute for Climate and Society, can be
used to simulate daily weather sequences at a much large number of
sites than what was possible in the past. The model has been
successfully fitted and tested in southwest and northwest regions of
WA.

= DPC -Who is collecting and maintaining the data?

= Dr Bates said the downscaled climate projections will be generated by
CSIRO. Research in Australia is heavily fragmented and never enough
resources are devoted to maintaining data sets. It is not clear where
the data products be stored, perhaps the iVEC server?

= MRWA - Will the Powerpoint presentations be available on the website
and would the scientists be available to give talks to individual
agencies?

= Mr Paul Holper said ‘yes’ to both.

= |OCI Chair - Does the Commonwealth Government put funding into
climate science programs?

= Mr Paul Holper said they contribute significantly to programs including
the Australian Climate Change Science Program and the South East
Australian Climate Initiative.

= DEC - We will need to build a business case for an IOCI4.
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= |OCI Chair - The success of an I0CI4 bid will depend on outcomes of
IOCI3. DEC, with the Climate Change Unit, should be able to take the
lead on the bid for an I0OCl4.
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Closing Comments
Mr Paul Holper, CSIRO

Mr Holper summarise the day’s proceedings and outcomes and said that, it
has been inspiring to see how the climate information is used and how it will
be used in the future.

Clear messages from the Symposium include:

Communication of the science needs to be long, loud and consistent;

The value proposition of I0CI3 needs to be clearly demonstrated if
there is to be an 10Cl4;

We need to get better at translating the science into policy;
We need to be realistic about what IOCI can deliver; and

Some delegates feel there is a need for a technical committee between
the researchers and users.
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6. Delegate Surveys

A feedback survey form (Appendix 7), similar to that which was provided to
the participants at the 2009 I0OCI3 Workshop, was distributed at the end of the
at the 2009 I0CI3 Workshop, was distributed at the end of the 2010 10CI3
Symposium. The feedback survey was designed to enable delegates to
provide feedback on the presentations given and the usefulness and
relevance of the information provided at the 2010 Symposium/2009
Workshop. Of the 38 delegates present at the 2010 Symposium, 22
completed the feedback survey form and their responses are summarised
below.

Question 1. How well would you rate your understan  ding of the
research presented today?

Understanding- Symposium 2010 Understanding ; Workshop 2000

BPcor Wlow EModerate MGood M Very Good

e Mhsuficent — Woderate  #Good — mVeryGood
I 0%

\ 3% L/
. i ‘

The pie charts above show that 64% of the delegate rated their understanding
of the research presented at the 2010 Symposium to be good/very good, 36%
moderate and the remaining 0% poor/low in comparison with the previous
2009 workshop where there 61% of the participants rated their understanding
of the research presented as good/very good, 25% moderate and 14%
insufficient. The insufficient understanding of the research presented in 2009
has decreased to 0% in 2010 indicating that by presenting the work of IOCI3
in simple, non-technical language the level of understanding of the
participants has increase.
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Question 2. How relevant are the research objectiv  es of IOCI3 to the
issues your agency/sector seeking to address?

Relevance - Symposium 2010

B Notrelevant B Somewhat relevant @ Moderatley relevant

Rffighlyrelevant B Very relevant

0t &%

’

The pie charts above show that (73%) of the delegates rated the relevance of
the research presented at the 2010 Symposium to be highly relevant/very
relevant, 23% moderately relevant and the remaining 4% not
relevant/somewhat relevant in comparison with the previous 2009 Workshop
where 61% of the participants rated the relevance of the research presented
as good/very good, 11% moderate and 22% insufficient. The insufficient
relevance of the research presented in 2009 has decreased to 4% in 2010
from 22% in 2009 indicating that the work presented by the I0CI presenters is
more relevant to the issues of the agency/sectors seeking to address them
than in 2009.



Question 3 How useful will the results of the IOCI 3 research be to your
agency/sector?

Usefulness - Symposium 2010 Usefulness - Workghgp 2000

1 Notuseful B Somewhat useful - & Moderatley useful

Rhighhyuseid  BVery el nSameshatuseh - Wbloderately el Highlyuseul - mvery sl

0% 5%

The pie charts above show that 76% of the delegates rated the usefulness of
the research to their agency/sector to be highly useful/very useful, 19%
moderately useful and the remaining 5% not useful/somewhat useful in
comparison with the previous 2009 Workshop where there 69% of the
participants rated the usefulness of the research presented as highly
useful/very useful, 28% moderately useful and 3% somewhat useful. The
results show that the useful/very useful response has increased in 2010
indicating the work of IOCI3 research is a useful for the participants to their

agency/sector.
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Question 4 How confident are you that the results of the I0CI3 will help
your organization to progress effective policies?

The pie charts above show that 50% of the delegates rated their confidence
that the results of IOCI3 will help their organisation to progress effective
policies to be highly confident/very confident, 45% moderately confident and
the remaining 5% not confident/somewhat confident in comparison with the
previous 2009 Workshop where there 56% of the participants rated their
confidence of the research presented as highly confident/moderately
confident, 33% moderately confidence and 11% somewhat confident. The
somewhat confident/not confident response of the research presented in 2009
has decreased to 5% in 2010 indicating that the organisations are more
confident that the results of IOCI3 will help their organisation to progress

effective policies.
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Question 5. What is the name of your organisation?

The following organisations were represented by those that submitted survey

forms.

Organisation

Department of Water, Western Australia (DOW)

Department of Commerce, Western Australia (DOC)

CSIRO

Department of Environment and Conservation, Western Australia (DEC)

Bureau of Meteorology (BOM)

Department of Mines and Petroleum, Western Australia (DMP)

Department of Forests Production Commission, Western Australia (FPC)

Department of Main Road Western Australia (MRWA)

Department of Planning, Western Australia (DPI)

Department of Health, Western Australia (DOH)

Department of Agriculture, Western Australia (DAFWA)

Department of Treasury and Finance, Western Australia (DTF)

Department of State Development, Western Australia (DSD)

Department of Fire Emergency Services Authority, Western Australia (FESA)

Department of Sports and Recreation, Western Australia (DOS&R)

Indian Ocean Climate Initiative (IOCI) — Board

Question 6. What aspects of the Symposium were usef  ul for you?

Comment

¢ No comment.

e The talks — got more understanding of the science exposure to stakeholders who
will be ultimate users.

» Discussion in the afternoon and networking

» Summary of IOCI3 emerging findings. Discussion of Communication Strategy for
IOCI3

» Discussions and presentations

» Research reports and group exercises.

e Technical presentations

* Science talks. Climate communication issues.

* Info from discussion sessions

» Interaction with various State Government people, research updates and
workshop discussion.

* Understanding the needs of stakeholders

» Information on specific changes to climate trends. And all the coloured maps and
graphs were used well to illustrate points.

» Discussions of small group sessions. Meeting key I0CI people — human face.
Overview of latest research. Central location of venue.

» Better understanding of likely magnitude and direction of changes to some climate
variables. Appreciation of the efforts within IOCI of understanding and predicting
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climate change.

* Presentations

e Tropical cyclones.

« Provision of information. Collective discussion and potential integration across
many and varied aspects.

»  Scientific/technical presentations. Discussions out of session. Hendy Cowan’s
frank comments.

e Overview of current work and opportunity to provide input to discussion

» Interaction with the government agencies

» Discussions about use of info. How it can be used.

e Latest trends in climate science. Ability to question researchers and provide them
with future consideration in their research and networking.

» Discussion session.

Question 7. What aspects of the Symposium were leas  t useful for you?

Comment

« No comment.

¢ No comment

* Not applicable

* No comment

* Not applicable

* None - all relevant.

« None.

¢ No comment

* Needed a stronger call to arms

* None to speak of.

» Presentations possibly too long

» Overcrowded room. Smaller table size for easier/better group discussions.

* No comment

e Discussion 2

» | found it difficult to follow some of the scientific language, especially the
abbreviations — LR, LLR, GRI, Miroc. A lot of them weren't explained, which
leaves me wondering if they were really relevant in a workshop of this type? (ie to
a non-scientific audience.)

* Not applicable

¢ No comment

e None, really.

¢ No comment

e To much technical information in some presentations.

« Stats and some of the science. But, | understand it is necessary building blocks
to adaptation.

«  While interesting, the intricacies of climate models was extensive. A more
streamlined focus on implications/results/trends. Would be very useful.

» Detailed discussion re research models.
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Question 8. Any other comments?

Comment

No comment.

No comment

Overall, a good symposium

No comment

Continuation of the IOCI project stage 4 to help assists Western Australia’s future
climate change weather forecasting.

No.

No comment

No comment

No comment

No comment

No comment

More interactions with stakeholders (very small forum today). Good to map out
GAPS. Include Technical people (not just policy in Govt) eg. Verve Vs Office of
Energy

Need to know more of the likely effects of changes to all aspects of climate — what
are the feedback loops. More work required on predicting extremes e.g. damaging
heatwaves, extreme fire weather.

No comment

Part of ensuring 10CI4 happens is to demonstrate how it is different to other
climate science organisations. What won't happen if it doesn’t go ahead?.

No comment

No comment

No comment

No comment

No comment

Yes, for IOCI4

Look forward to more interesting effort into science re social impacts, Regional
‘profiles’ breakdown plus Adaptation.
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Appendix 1 —Delegates

Thirty eight delegates attended the Symposium. The following organisations were represented:

OO0 0000000000 O0OO0OO0OOoOOo

Bureau of Meteorology

CSIRO

Department of Agriculture and Food
Department of Commerce

Department of Environment and Conservation
Department of Fisheries

Department of Health

Department of Mines and Petroleum
Department of Planning

Department of Premier and Cabinet
Department of Treasury and Finance
Department of State Development
Department of Sports and Recreation
Department of Water

Forest Products Commission

Main Roads Western Australia

Fire and Emergency Services Authority of Western Australia
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Appendix 2 - Dr Bates’ Powerpoint Slides

J‘ Overview of I0CI: Highlights, Achievements and
Deliverables

Climate Adaptation Natianal Research Flagship
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wWa, gOv.al1 Taarvas of Melvomlagy Climate Adaptation csino

' Major Objectives

1. Deliver climate research outcomes that underpin sustainable
development in NW & SWWA

2 Enable WA to achieve sconomic, social & environmental benefits
by drawing upon the strategic knowledge & technologies derived
from the national climate science programs of BoM & CSIRO

3. Enhance WA's accessibilily to the current state of climate
knowledge so that informed policy decisions can be reached

4. Build climate research capacity in WA that is focused on pricrity
issues for the State

5 " Facilitate parinerships that will enable stakeholders to integrate
research findings with their assessments of climate impacts,
vulnerability & potential adaptation responses

o i crinm

] Study Areas for I0CI 3

Key Findings: I0C| Stages 1 & 2

10CI's Role

= Winter rainfall has decreased sharply & suddenly in SWWA since mid
1970s (May-June-July)

« Rainfall decline accompanied by & apparently associated with
changes in the large scale atmospheric circulation that are most likely
due to combination of natural variability & the enhanced greenhouse
effect

= While role of land cover change is unlikely to be a major factor, it
should be recognised as a possible second-order effect

= There is increased confidence in a temperature rise and a decrease
in winter rainfall (by as much as 20 percent relative to the 1960-1990
baseline) by 2030

e There are no current schemes utilising climate models that provide
sufficient predictive skill for operationally-reliable seasonal forecasts
for SWWA
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To assist Western Australian Government in:
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exploring & raising awareness of the nature & magnitude of the
impacts of climate variability & change

establishing processes to assess & monitor vulnerabilities to
observed & projected climate change

developing or stimulating appropriate sector-based responses to
climate vulnerabilities on seasonal to multi-decadal time scales
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I0CI 3 Themes

1. Baselines, predictability of WA climate & attribution of
climate change

2. Current & future climate of the north-west including
extreme events

3. Very-high resolution climate change projections for the
south-west

4. Science leadership & support
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. Theme 1: Baselines, Predictability of WA Climate & ~ Theme 2: Current & Future Climate of the North-West

Attribution of Climate Change . Including Extreme Events
1.1 Detection & Attribution of Changes to Weather Sy & Large Scale
Circulation Drivers (Carsten & Jorgen Frederiksen — 12/2011) 2.1 Observed & Modelled Climate for the North-West (Leon Rotstayn -
| 612012
1.2 South-west Western Australia's Regional Surface Climate & Weather il )
Systems (Pandora Hope - 12/2011) I 2.2 Troplcal Cyclones in the North-West (John McEBride — 12/2011)
fill
1.3 Quantlfication of Limits of S | Pr ility of WA Rainfall & il 2.3 Statistical Downscaling for the North-West (Steve Charles - 12/2011)

Surface Temperature (Carsten Frederiksen —completad) / ‘

2.4 Physical-Statistical Modelling of Extreme Events (Dsborah Abbs & Eddy
1.4 Regionally Specific Climate Data & Monitoring to Support Understanding i Campbell - 6/2012)
of Past, Present & Future Climate |David Jones — 12/2011) I

Fhitlanad Kescirels m

[ 4

@

Theme 3: Very-High Resolution Climate Change

. Projections for the South-West ~ Theme 4: Science Leadership & Support
f I Aims
i 3.1 Statistically Downscaled Ciimate Change Projections for the South- 1. Well-informed State partners & stakeholders who have a good
West (Steve Charles - 12/2011) : understanding of relevance of research results & their implications

(Synthesis for Policy Makers report)
2. Enhancement of WA's access to state-of-the-art climate knowledge so
that informed policy decisions can be made
3. Communications strategies & protocols that lead to an appropriate &
effective release of research findings
4. Partnerships with stakeholders to enable them to use research output
from IOCI 3 in their assessments of the potential consequences of climate
change
. Pursuit of opportunities to bulld climate research capacity in WA that is
focused on priority issues for the State

3.2 Climate Exiremes: Potential Forecast Skill & Clirmate Change Scenarios
(Eddy Campbell - 6/2012)

]

Bryson Bates (CSIRQ), Carsten Frederiksen & Pandora Hope (BoM)

et &)
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Emerging Findings & Achievements from 10CI 3 - Emerging Findings & Achievements from 10C1 3

| e & Purpose-buill web area attached to Bureau's Climate Change Tracker
| 1. Dramatic & ongaing reduction in intensity of storm development over 1 has been buill to make available new rainfall & temperature high-quality
SW WA & across mid latiludes of Southern Hemisphere datasels to State stakeholders
7. Data sets &software have been developed to sludy relationships

2 Large decline in SW May-July rainfall in late 1960s has persisted & | - d < Y :
‘expanded spatially, & interannual variability of rainfall is continuing to ‘ belween tropical cyclogenesis & cyclone inlensity in NW as a function
of underlying sea surface temperature

decline. |
3. WA max &min surface temperalures have fairly high potential il 8. Stalistical downscaling models for the Kimberley and Pilbara regions

predictability in all seasons over wide spread areas of WA i have been fitted & tested: observed rainfall trends in these regions can
4 High-quallty daily rainfall network for WA expanded from 40 to 213 . s el s e ‘

stations i 9. Statistical downscaling model has been successfully extended so that it
5. High-quality daly station temperature network for WA expandd from i et Sl Rley Tt O B B S ConKUr SRy

19 lo 25 slations 10 Stochastic weather generation madel for daily max & min temperature

) has been implemented

Hlaunoss Kaaparch Q
e bdtima chian
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Concluding Remarks

1. 1OCI has a justifiably proud record in leading regionally-specific &
practically-relevant climate research in Australia

2. Effective policy development & adaptive activity in the areas of
water resources, biodiversity, agriculture, human heaith & the
built environment require knowledge of the latest developments in
climate science

3. Outputs from |OCI 3 will enable nents of the imp of
climate variability & climate change on these sectors,
vulnerabilities & potential adaptation strategies

4. Placement of scientists with expertise in data management,
climate impacts, & statistical & dynamical downscaling in Perth
will grow the partnerships that already exist

e 1= ey O—— Q

- e ) sy



Appendix 3 - Dr Bates’ Powerpoint Slides

10!

& We know from previous |OCI research findings:

« declines in number of wet days & extreme amounts; confined
mainly to May, June & July

« declines accompanied by & asseciated with changes in large-scale
atmospheric circulation

= reduction in intensity of low pressure system formation across
southern Australia (esp. southwest WA)

» increase in MSLP.in winter & decline in atmospheric moisture in

| The Drylng Hydrocllmate Of winter & spring important in explaining declines

Southwest Western Australia * Our approach:
= use a suite of modern, model-based statistical approaches

« bulld detailed representations of changes in surface water

: _ Background

MNational Research

Bryson Bates (CSIRO) FLAGSHIPS coio ! ) avallability & associated climatic drivers
; Richard Chandler (UCL, UK) Il » verify the underpinning statistical assumptions
| Steve Charles & Eddy Campbell (CSIRO) 1! 106 Werkshop 201102 st ()

% change from 1910-1968 Data Flow Diagram

L Idisn Ocwan Ghimate wniiaihe

Recent MJJ rainfall: l_ R : I
locy, locL,

1969-1999 2000-2008

. \rinLs Trends & Explanatory
| nflow Govarlates (SLR & GLM)

Period of interest: 1958 to 2007
Source: Hope & Ganter (2010) TP Q

Significance Traces

R T e I0CL

LLR vs LR Discontinuity Test
g 2] g 3
= {
= 8 \
Q 2 8 | o
3 s- z |
£ ﬁ 3 i
| S
e | %8 , o
O T T T — T i |
1920 1960 2000 1920 1960 2000 Iit T T T T T
1 2 & 10 [ 8 10 12
Water Year Water Year ‘ ng f Smoothing paramet:

HOCI Workshep 24M1(/2010 ey Q i 1OGI Werkshap 28101204 el draz e



Rainfall Analysis

Sub-regic d fo Resuls i
e .I@& I[ﬂ General_is:jtlj_ine;?r&odelling .I_%
— i

Trend in log mean wet-day rainfall amounts per decade:

Interpratation. rainfall decline strongest in the north and east

3 ~0.0289 — (0.0222 x Lat1) — (0.0498 x Long1)

where Lat1 and Long1 first-order Legendre polynomial
transfermations of latitude & longitude

I Trend in daily rainfall occurrence:

{nterpratation. decline strongest in the west at low altitudes

1
;9{;;;;7;'59 { | 10C] Warkshop 2691012010

!
Jl 1, 0C Warkshop 28/10/2010

I @ c 35 Rainfall Occurrence & l @ c
Changes in Atmospheric Circulation : ‘Synoptic Patterns (NHMM)

i
HMSP B PG il
i i\t |
| I i
| = 2 : ©
i
iU y 2
I [
| - 3
I, "M o3 4 A 5 O M 3 4 A 3 O
lif Manth
i)
| 10 i
I 87
f = 1
IH =1 | wn
H = f
-, I &
ol 3- =
M4 A B O [ I T S it = -
Month Menth | :
|
e i

I
| 10GI Workhop 2611072014 [y et Q (' 1001 Workshop 28(0/2010

[l 2 Frequencies of Synoptic Types _l% Eg Key Atmospheric Predictors I @ c

- I‘ :'\ b Taltiative |
1 I
it e
May-June-July il MDY
i | E ] oTO
Mixed" Wet i o
it a1 & - predictors L Question:
! | il Is the temporal trend in the
1 L — B probability of the 'Dry’ synoptic
i =3 type due to an individual
| fi g e predictor or a combination of
i I predictors?
i g ! | g o
i 1380 1380 2000 1960 1880 2000 1880 1880 2000 il g
il Year Year Year i sal EE A ve ¥
ff Little evidence of changes in persistence i HALF: NORMAL QUANTILED
i fesd Q [11" 1001 Werkshop 281012010 ogedonng Q

['] 100 Workahop 28i10/3010



Stoacy-state probabilly

Wet across SWWA .

0 01 02 D3 04 OS5

1901 1931 1901 1881 2021 2051 2OB1 2111 2141 2171 2201 2231

Dry across SWWA

1871

Bates stal. 2008

1901 1831 1961 1901 2021 2051 2081 2111 2141 217

10CL

Conclusions -

e Litlle evidence of discontinuity in the mean of annual dam inflow series
(smooth, nonlinear declining trend)

o A drying climate:

@ substanlial regionally-varying declines in daily rainfall occurrence & wet-
day amounts in vicinity of dam calchmenls

« increasing/decreasing Irends in probabilities of 'dry'/'wet’ synoptic types for
MJJ (bleak short-temn prognosis)

@ Increase In MSLP & DTD in MJJA; decrease in PG in MJJ — all imporiant &
all favour drier conditions

» projections indicate further drying with increasing CO,

* MSLP, PG and DTD have demonstrable impact on trends in
frequencies of synoptic lypes — trends driven by individual factors &
not their interactions

o Tangible benefit in using a multifaceted approach to the study of the
nature & drivers of changes in hydrologic series o

= : ——
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Appendix 4 - Dr Phatak’s Powerpoint Slides

10C1
e < <

Indian Ocesn Climate Initiative

Climate — An Extreme View

Aloke Phatak
Mark Palmer, Yun Li & Eddy Campbell

CsiRO

CSIRO Mathematics, Informatics and Statistics

10C

Climate Extremes

* Surprisingly ... there is no
unambiguous definition of
what constitutes ‘extreme’
behaviour

+ Some alternative definitions:

I, “[Extremes are] those
climate events causing
extraordinary economic and
social (loss of life or
livelihood) damage.”
Easterling et al. (2000).

* eg, Perth hailstorm, floods in SE
Queensland, European
heatwave of 200

IOCL

Climate Extremes

* In speaking of climate change, we often think
of changes to average quantities

* But impacts often occur at the extremes

* Some suggestion that extremes will change
proportionately more than averages

Outline

* What are climate extremes and why are they
important?

* How do we describe extreme climate?

+ Current work - two examples:
— Extreme rainfall
— Hot-spells

* Challenges in modelling and predicting climate
extremes

Climate Extremes

2. Events that occur
when physical variables
such as temperature,
rainfall, etc. are at the *
extremes of their
historical distribution
— eg, rainfall above the |

99t percentile 5 : = 2w

ity ramtalt o)

03

o VR |

Describing Climate Extremes

* Ultimately, we want to be able to say something about how
climate extremes behave now, and in the future
— assess potential impacts in many areas

* Approaches

— Descriptive statistics: e.g,, on average, how many days above
37°C have we had in the last 20 summers?

— Statistical modelling: e.g., what Is the mechanism that gives rise
to extremes, and what really extreme events might occur?

— Deterministic modelling: what are some of the broad-scale
drivers of climate, and how will they change if anthropogenic
CO, emissions continue to increase!

~ Combination of statistical and deterministic modelling
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Describing Climate Extremes

7 -
£ % /
£
4 [
i £
§ &
&
o
&
&
r T T T 1 = T T T T
a 1o 20 e @0 -] 1 w0 100 1000

day rainfalf (mm) Retun Perod  (vears)

Return-level plot: how often would be expect to see an eventas large as X 7

Example I: Extreme rainfall in NWWA

lllustrative example

Half-year wet season, 1958 — 2008, data from
BoM, Water Corporation, DAFWA

Top two 24-hour maxima

Spatial model to characterise pattern of extreme
rainfall that can be used in impacts studies

Are there large-scale drivers of extreme rainfall
that may change under a changed climate?

Rl ety 1)

Example I: Extreme rainfall in NWWA

] * By analysing extremes
at a range of smaller
£ intervals, e.g,, 10, 20,

... minutes, we can

"] estimate intensity-

" duration-frequency
(IDF) curves, which
are useful in
infrastructure design

* Also have measure of
variability around
these estimates

— =Tk —T— T
5 ® B 0 e X0 50 1000 2000 5000
Curston tmned)

ocCL

Climate Extremes — Current Work

[ Se——

* Projects 2.4 and 3.2: Statistical modelling of

current climate extremes in VWA and potential
impact of climate change on extremes
Two examples:

— Modelling runs of high temperatures
— Extreme rainfall in NWWA

oCL

Example | — Extreme Rainfall in NWWA

o VR |

Example |1: Hot spell distributions

= lllustrative example

= Run of days on which T, > 37°C
« Perth airport: 1958 — 2009, DJF

= Ultimate objective: what large-scale

circulations affect hot spells, and will they be
affected in a changed climate?
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Example I1: Hot spell distributions

Frequency

Duration Intensity

o1 o
L L
.

64

probability
(iR e}
L
probability
a3

0.3 04

probability
6.2

]

0.0

rew o vt

a 5 1o s 20
Number of hot spells

i R [ i e
2 4681 M

TEROL LAY

Hot spell length (day)  Hol spell intensity (°C)

o S VER

Example II: Hot spell intensity

First excess (C)

T
1860 1870

ZH])M
ol

1880

'l
i

1830 2000 2010

Climate Extremes — Challenges

¢ Damaging events
that are not
associated with
extreme climate

2 4 &

scaled windspeed

-2

a

scaled rainfall

Example I1: Hot spell length

Hot spell length (day)
4
h
o

o, o o

e I i
T T T T T T
1960 1970 4980 1900 2000 2010

e A VER

Climate Extremes — Challenges

» By definition, extreme events are rare —
paucity of data — and modelling extremes is
hard!

» Definition of what constitutes extreme varies
from sector to sector, e.g., a damaging event
may not necessarily have been associated with
‘statistically’ extreme climate

* Need to work closely with stakeholders
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Appendix 5 - Dr Frederiksen’s Powerpoint Slides

locl,

Indian Ocean Climate Initiative

‘mm' Carsten S. Frederiksen
CSIRO Perth, 26 October 2010

Acknowledgements: Jorgen 8. Frederiksen, Janice M. Sisson and
Stacey L. Osbrough
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Irigure 1. Rainfall deciles for the poriod January o Augist 2010 for WA, Theling in the
e southa et WA (SWWA) regi in s dotument.

_I_OCJ_. July % Rainfall Changes

% Rainfall Change (1975-94)-(1949-68)

Decreases in July rainfall over
SWWA and over southern
Australia but also increases
over central WA.

Vo b o el

lut-:-ullil

N P T P T D
Rainfall Change (1997-2006)-(1949-68)

=

What are the causes of these
rainfall changes?

O N L (L A )

‘:Ill&-:lili!

EE ]

e

+ |Introduction

* Decadal Changes in Large Scale Atmospheric Circulation
during 20" Century

= Impact on Weather Systems affecting WA winter (July)
rainfall

— Focussing on the periods 1949-1968, 1975-1994 and
1997-2006

+ Shifts and Trends in Atmospheric Instability and
relationship with SWWA winter rainfall during 20 century

* Projected chan#es in Atmospheric Instability and storm
tracks under different climate change scenarios
(SRESB1, SRESA1B and SRESAZ)

— Implications for SWWA rainfall
« Conclusions

WARO CSC Special Climate Statement 21
TG AU THOW 16HPE e DB ver | |

| Impact on Water Availability - WA
Reduced Inflows to Dams

T
311,197 2 [558 6

7. 10w (01T G
D493 3

s mn

Yeun durne fn.

g,

Figure 1. Rainfall decites e BO@128 B (184L.68)p @ﬂﬁﬁﬁ\maﬁ amd (1997-2008)

southwest defives the soutliwest WA (SWWA) region refe to b thic

_!_O_C‘_!d Changes in'Atmospheric Circulation
= = Changes in thermo- -

dynamic/dynamic
forcing—
SfAnthropogenic or Natural

Changes In climate of
'SH (global) circulation

1l |-Fegdbac'lxs

Changes in SH weather
systems
JL
Changes in WA
surface climate (rainfall
temperature, extremes,
ete)
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__IO_E;‘ Changes in Atmospheric Circulation Winter (July)

July Zonal Wind (300hPa ~ 9km)
(c) (1975-94)-(1949-68)
= S

| ——
(6) (1875-94)

m:-..r_
B ~1-0%03 1 2 3 & 3 W

SH Changes are of Hemispheric
Extent. This is Not a Local Effect

ential) |

(1975-94)-(1949-68)

Warming between 30S — 60S;

Cooling over Indian Ocean

!_?i Impagts on \Weather Systems

(1949-68) stormtrack

The structure of the stormtrack
=i affecting SWWA has not
changed

However, the Growth Rate of
these weather systems has
continually decreased since
the (1949-68) period:
(1975-94): -33.5%

(1997-2006); -37.1%

- i 4

Consequently, these weather
systems are increasingly less
likely to develop

3 W T G
{1997-2006) stormtrack
i

N, “{

There is also an increasing

i further south over Southern
Ocean

1y ind (100E-130E)
(1975-94)—(1949—68)

hPa

— ¢
(1975-94)
@

Y

EEERE NN

= e e SRR S
Large Changes upstream of WA —
in region where storms develop

483188y g

_l_g_% Impacts on Weather Systems

The dominant weather systems are associated with eastward propagating

storms
_ (1949-68)

Structure at
300hPa
(~9km)

Amplitude -
largest
impact over
SWWA

Stormtrack

i ol 17 o e B ]

| e ]
20 40 B0 B0 100 120 140 160 180 200 220 240

19CI July Weather Systems.assogiated with Northwest
—= Cloudbands

300 hPa - eastward propagating weather system with period ~ 8 days

YW e 55 2) ) &
308 [ NS g o,
L)
- N
° 3 1208 i) 120M eow [
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300 hPa Divergence

Largest impact on rainfall
over central WA

lecl,

300 hPa Divergence

( proportional to rr_s}infali)

i fomtr

Largesi impact on rainfall
over central/northwest WA

Weather Systemsiassociated with Intraseasonal
Oscillations (1SOs) — Reriods 25-60 days

Weather Systems associated with Northwest
Cloudbands

The Growth Rate of these
weather systems has
continually increased since
the (1949-68) period:

(1975-94): +24.9%
(1997-2006): +45.4%

Consequently, these weather
systems are increasingly
more likely to occur

The Growth Rate of these
weather systems has also
continually increased since
the (1949-68) period:

(1975-94): +28.7%
(1997-2006): +30.6%

Consequently, these weather
systems are also increasingly
more likely to occur

_!_‘lcéa CMIP3 Models Ability to Simulate Rainfall Changes

()

Rainfall Difference (1975-1994) - (1949-1968)
{mmimonith)

Miroc Hi-res

Miroc Med-res.

July Weather Systems associated with Intraseasonal
Oscillations (ISOs) — Beriods 25-60 days

300hPa - Global structure associated with Indian monsoon

e = =]

N2

E AnE |H 100 L
Large impact over central/northwest WA

|QC Changes in Atmospheric instabjlity and Impacts on
——— SWWA Rainfall

CMIP3 Models

The Phillips Criterion gives a measure of how
unstable the atmosphere is to storm development
© Phillips Criterion 1948-1868 (mis)
T At

i
HADGEM1

B T e o o
The atmosphare has become more
stable in regions normally associated
with storm development

Negative trends of about
0.1m/slyear over SWWA
and upstream

— T an o o
Shguttairiéariation (std) — Phillips Criterion (m/s)

Decadal variation about
trend of about 1.2m/s
over southern Australia

Interannual variation
about trend of about
3.6m/s over southern
Australia
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Trends - Phillips Criterlon {m/s per year)

ny =

Negative trends of about
0 1mis/vear nvar SWWA

(87E, 308)

R AR 0E
Interannual Variation (std) — Phillips Critetion (m/s]

W= W e e e

- -«H_ Interannual variation

!_-!e'.—,—aaﬁt —— ' e about trend of about

=R == 3.6m/s over southern
b i - " Australia

Trends in July'Rainfalk(mm/month per year)

Miroc3_2_hires Model

Trends

~-0.4mm/menthlyear
over SWWA

(TR T ads
EEXE 5

Decadal Variation - stdev
X (mm/month)

Projections of Trends indulysAimospheric [nstabllity (m/s par year)

— (2001 -2100Q)

Miroc_3_2 medres
(9 SRESB1 - 550ppm by 2100

(o SRESATE - 700 ppm by 2100

@ Significance

Dy e
—‘r& - = <

& SRESA1B ~700 ppm by 2100
N

) Si‘g-niﬁcance

g
o o
-
—_—T T
e e

Trends — Phillips Criterlon {mis per year)

19Cl,

(8}

Miroc3_2_hires Model

Negative trends of about
0.05m/s/year over SWWA
and upstream — about half
observed

Decadal variation of
similar size to observed

Interannual variation of
similar size to observed

Trends in July Rainfall(mm/month per.year)

I\[grocii

2_hires

Medel
,“ '\

i Trends

. ~-0.4mm/monthiyear

(116.5E, 24.58)

= & § 3% § 1 U

1ocL,

L e

Projections of Trends inuulypAtmospheric Instability (m/s per year)
— (2001-2100)

Miroc_3_2_medres

Mirec3_2_medres SRESA2

Phillips Criterion Stud—t 2001~2100 Trend significance

Commit Run ( ~ 365ppm)
Phillips Criterion Stud—t Commit (stndsv. m/s)

1208 180 1200

Trend significance
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Projectionsiofifirends inJuly Rainfall

(mm/month peryean) — (2001-2100)

: MMimc_ﬂ_z_medres

SRESB1 « SRESB1

SRESA1B I’ SRESA1B
©  SRESA2

Trends H

~ -0.2Zmm/menth/year [

over SWWA [

I z

.'_Qé_. Conclusions

Changes in the large scale atmospheric circulation have
affected the growth rate, and hence likely development, of
weather systems affecting WA during winter

Winter rainfall decreases over SWWA are directly related
to a continuing decrease in the growth rate and reduced
intensity of weather systems associated with storms

Increases in winter rainfall over the central and northwest
of WA are associated with increasing growth rate of
weather systems associated with Northwest Cloudbands
and the ISO

There is a clear relationship between change in
atmospheric instability (30S-40S) and rainfall, both
hemispherically and over southern Australia

Negative trends in Phillips Criterion (1950-1999) between
305-408S are highly significant.

Phillips Criterion (m/s)

“,

Future Projections of.Ghanaes in Atmospheric Instabllity and
Ralnfall

SRESB1

Sresb1(2080-99) — 20¢3m(1980-99)

SRESA1B

SRESA2

ltogl,

Conclusions

+ “Good" coupled models show similar trends but with much
smaller magnitude (at best ~50%)

* Further large reductions in atmospheric instability are
possible under SRESB1, SRESA1B and SRESA2 —
implying further reductions in growth rate of storm track
modes and SWWA rainfall

+ Model trends in Phillips Criterion and rainfall in SRESA1B
and A2 scenarios are similar to those in 20" century,
suggesting similar rates of reduction in rainfall to what has
already occurred

+ Trends in Phillips criterion in “commit” run not statistically
significant, suggesting trends in SRES scenarios are
closely associated with prescribed increasing
anthropogenic gas forcing



Appendix 6 - Dr McBride’s Powerpoint Slides

Category 5
Tropical
Cyclone

| Laurence
December
| 2009

Indian Ocean Climate initiative

Tropical cyclones affecting
North West WA

Recent Findings and Research
Questions

John L McBride CAWCR - Bureau of
Meteorology J.McBride@bom.gov.au

19CI
Question - What is the effect in the

other djrection?

How do tropical cyclones change the
sea surface temperature?

Do they make a change large enough to matter in
the study of the climate off North West WA?

19C

e i

Category 5
Tropical
Cyclone
Laurence
December
2009

ol W

We all know that Sea Surface
temperature effects tropical
cyclones:

They form only where sea temperature exceeds 26 C

The heat energy in the warm sea is the basic energy
source for tropical cyclones

They decay rapidly once they move over land

19C

s et e
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Temperature trace

/ 28 C, For
example

Temperature(°C)
6'4021 222324 2526 27 28 29 30

= G1 @5:4565m)

20— G2m2ee550m)

= G3 (D26:30-100m)
40| G4 @r100-125m)
60
:é: 80
£100
S 120

Temperature
profiles for a
number of actual
tropical cyclones in
the Northwest
Pacific

(courtesy I-I Lin

National Taiwan University

Reference: Lin et al.
Monthly Weather Review,
2010, p. 3744-3757

Temperature trace

/ 28 C, For
example

locl,

We have taken 30 years of tropical cyclone tracks
and high resolution 6-hourly SST data and
studied this

-- for the globe

--- for the Southern Indian Ocean

The mechanical \/WW\f

turbulence
generated by the
strong winds at the
surface, mixes the

colder, deep water /

to the surface,
through the mixed
layer ~22C

Temperature trace

'\
28 C, For
example

-
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19C

Anindividual O(—/ Y/

cyclone track (/ &

Consecutive / %/
pasilions (fixes) 2

-along the track

\ Sea surface
| temperature
N time series before and
after cyclone passage
for every position
along the track

1o¢
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25
20 Statistics of
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18 reduction
parameter
8
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. 2009

B o) W

o SST REDUCTION AND RECOVERY TIME IN RESPONSE TO TC PASSAGE
We define 05 T T T 1 f

two f i
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T T
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s
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REDUCTION |
‘

SST ANOMALY FROM CLIMATOLOGY (°C)
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o VR

Studies of
the
Recovery-
Time
parameter
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‘between CSIRG and the

o SEVEER

How important are tropical
cyclones North West WA rainfall?

In climate change studies, we talk about
extreme events, How many of the extreme
rainfall events come from cyclones?

berween CSIRO ond the

/ Rainfall
analysis
gridboxes

/ -

coastline
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/ Rainfall

analysis

gridboxes
7:0(\ -
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Any rainfall on the analysis

grid within 500 km of cyclone
centre counts as cyclone

rainfall
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So, we also at looking at “Rapid

Intensification”
() AMSW, =0 m s ,
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How will North West WA cyclone
activity change under the climate-
change warming scenarios?

Two bodies of work going on under 10CI

a) participate in international science
through WMO Expert Team and other activities
Use these activities to extract the results from
International studies relevant to WA

(McBride - project 2.2)

19CI
nature |
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Balanced against this, higher resolution modelling
studies typically project substantial increases in
the frequency of the most intense cyclones, and
increases of the order of 20% in the precipitation
rate within 100 km of the storm centre.

For all cyclone parameters, projected changes
for individual basins show large variations
between different modelling studies.
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Tropical cyclones and climate change

Thomas R. Knutson'*, John L. McBride?, Johnny Chan?, Kerry Emanuel?, Greg Holland®, Chris Landsea®,
Isaac Held', James P, Kossin’, A. K, Srivastava® and Masato Sugl”
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een d
Intensity of troplcal cyclones grantly complicate both the h\uﬂnnd I'm tarm trands and thelr attribution to rising levels ll
-tnm mumuunnm Trend detection Is further Impeded by ; ’

ih In trop rd

Therefore, it
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ln Ua: precipitation rate within 190 Iun of Uwumn centre. For allewlunemrm\us projected changes for [ndividual basins

Note the international stalus:

Intensity :Future projections based on theory and
high-resolution dynamical models consistently indicate
that greenhouse warming will cause the globally
averaged intensity of tropical cyclones to shift towards
stronger storms, with intensity increases of 2-11%
by 2100.

Frequency: Existing modelling studies also
consistently project decreases in the globally averaged
frequency of tropical cyclones, by 6-34%.

How will North West WA cyclone activity
change under the climate-change
warming scenarios?

Two bodies of work going on under 10CI

a) Carry out downscaling studies both:
statistical downscaling - Genesis Parameter and
dynamical downscaling - using the CCAM
dynamical model for future climate scenarios.

(Deborah Abbs - project 2.4)

60



GPI vs Direct Detection

_ Direct Detection CGAM: GPI (Nov—Apr)
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Tropical cyclones affecting
45 North West WA
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John L McBride CAWCR - Bureau of
Meteorology J.McBride@bom.gov.au
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' Red is Increase, blue is
=+ = - decrease

The message:
CCAM: G P
Drect Detection  The two downscaling methods are giving
. | opposite results for cyclone frequency off
2 “ Western Australia

= This lack of consistency for individual

There is still much fundamental work

_| to be done in understanding and

7 |improving the projections for
-'individual basins, including WA

o SV

Study of Tropical Cyclones is a new component of 10CI:
Part of IOCI-phase 3, not in the earlier phases.

Very much a pilot study or a beginning study

Resources:

= 20 % of the time of twa senlor scientists: John McBride, Deborah Abbs
for 2 1/2 years,

= Full time employment of a junior scientist (PO-2 or post-declevel] for 2
¥ years

« Is covered by two 10CI-3 projects
* Project 2.2 Tropical Cyclones in the North West
« Project 2.4 Physical Statistical modelling of extreme
events
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Two maijor activities:

a) What do we know about Tropical Cyclones off
the West Australian coastline?

Interesting science? Interesting questions?

* The effect of cyclones on SST

= The contribution to rainfall

«  The mechanisms of rapid intensification

= Other aspects — state of the data sets, current
procedures, economic impacts

= Note: | need some help from “stakeholders” on

gathering data on industry-wide economic
impacts of tropical cyclones on WA

Thank You

HiEest:
i

AUSTRALIA

ey

1925 1989-1999

10C

Two major activities:

b) How will WA tropical cyclones change under
global warming? What do we know about
Tropical Cyclones off the West Australian
coastline?

Participation in international science on the question,
through WMO and Expert Team activities

Direct study for the region using both statistical
downscaling (genesis parameter) and dynamical
downscaling (CCAM)

All working towards being able to make quantitative
projections of future cyclone activity
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Appendix 7 — Future of Climate Science in Western A ustralia

lacl Already-Emer lecl, Already-Emerging Research
rr— Opportuniiies i Opporiunities

%, P"me“’“-""”""' Proféctnd Changai Weatiar Sz and Climide: 2. Climate Sclence Integration for lmpacts, Vulnerabillty & Adaptation
Variability Assessmenls
*To Imprnue umrmrg of abgerved & ﬁ'ﬂjeﬂﬂd chmale \'9"1“3“'15' & aTn prowida clatichical & rfpnslmlﬂ.a] drwnacaslad daia mate thal mart and.iaar

change from several hundsed years balfone present Lo end of 217 Cantury

» T Improve alifibution of the causes al obaarved climate change :ﬂ:;:r:::::: ranga, sccessibillly & usablily of data sets

Componants: Companens:

sAnalysis of patao-cimatic records fo.g. cave lemalions, tree & coral ings) sUpdaled & refined cbservalional & climate model data sels

ehnalysis of ACRE Reanalysss praducls « Clutstanding daia digitisstion {e.g. pre-1907 raintall)

=Detection & allibution of the causes of ohesrved cimale change « Improvement of dala qusiity {a.0. MSLP deta for 1840s)

wDetalad analysas of hislorical records sEvakiation CMIFPS cimata models for WA {exbemes as well as mesns)
sAnafyss of data from the Austrakin Water Avalabilily Profact = Taiared climale projections at regionat to locel scales delivered thraugh
wAmaysis of cirnale model runs for IPCC ARS (.9, changes in climale wab-bagad platform

warizidlity, Imgact on potential prediclabllily & seasanal pradiction) shitlegratian of underpinning scienca into secter managarment sirategles

1aC). Already-Emerging Research 1ac! Already-Emerging Research
—— Op onunﬁies e Op artunﬂies

3, Corrend frenids & Plagsivle Fufire Clangas in e Behaviour of Climate

& Waather Extremes
. npact of Climate Chapge on Large-Scale Procasses

slo charullia'ma iha past. prasent & prosected behaviour of many types of i
ST #To guaniily the aliribulion of cbsaprved changes in the hydroclimate of NW &

SW WA {natural & anthropoganic)

To uce updaled climate chanpe scenarios
Epn e o To guaniily e Impacl of cbaarved & projected chmate changs on vegetation

Componenis;
d Companants’
#Drivars of wealhar exiramas (a.g., asrosals, SAM, 10D, MG, .} wimpacts on vegstation _— itin I:Mhﬁ'ﬂ k. omwiFcin ol
sintensiy-frequency-duratien characterstics of heatwaves 8 droughts planning, =tc) '
=Sevare slorms {inc, wind, lighining, hal, iropical cyclones, & stonn surgs) siLand-alr interachions & modutation of palential changes In regonal climate
eCaastal Inundalion £ eroson wariability
sFire wealther (2.9, wind, lamperatura, relative hurmiddy, fghbring) simpact of lard chearing on SW WA rainfall
aSimuRtaneous extremes (e.9., ran + wind + fiood + slorm surge) = Aftrbutien af groundwaler rechange & runalf decines

sRuns of oxirames (.., @ so-called 1in 100 year event that has ccourrad
Ut Hrmeks iy N [RsL10 years)

iecl. Already-Emerging Research 18C1 Already-Emerging Research
— ODHHHEI'ES — Oppo ungies

5. Understancing & Enhancing Adaptive Capacily

& Sclence Leadership, Suppart & Communication

¢ Objectives:
o ndareliind primary sléinons of adapie i idlaptive Daliaios i
il SO SR G e TR T have wallinformed State parkers B Sakeholders {Lo. good understanding

of relevance & implicalions of research resulis)

To enh dapli it
» I'x enhance adsplivecapacily »To devalop parinerships with Stale agencies & other slakeholders lo enabie

Componenls them fo use msearch oulput from IDCE

wSocial Network Arialysis of adaplive capacily amang regional stakeholders Etioais

sDevalopment of localy-ressvant cimale storylines with reglonal stakeholders «Projact mansgamant

eAnalysis of bariers {0 undersiandings & misunderstandings of clmale changs alnterpratation of lalast developments in climate science for WA slakehoiders

within regions
; I0C1 wabsite mantenance
sAnalysis ol arders 1o regional gimate change communication blosin g

#Face-lo-Tace Inleractiona
Provision & evalualion of climate change communication tools 1o il
;mwdm ” e o snowiedge brokerng & commusication (updales & bulating)

Study region: Swan-Canning calchment area
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Appendix 8 — Feedback Survey

FEEDBACK SURVEY

Thank you for attending today’s Symposium. Please take a few minutes to complete this feedback survey. Your feedback on
today’s symposium will enable us to tailor future IOCI workshops/symposiums to meet your needs.

1. How well would you rate your understanding of the research presented today?

Poor Low Moderate Good Very Good
0-25% 25-50% 50-75% 75-85% 85-100%
1 2 3 4 5

O O O O O

2. How relevant are the research objectives of IOCI3 to the issues your agency/sector is seeking to address?

Not relevantat Somewhat Moderately Highly Very

All relevant relevant relevant relevant
1 2 3 4 5

O O O O O

3.  How useful will the results of the I0CI3 research be to your agency/sector?

Not useful at all Somewhat Moderately Highly useful Very useful
Useful useful

1 2 3 4 5

O O O O O

4. How confident are you that the results of the IOCI3 will help your organisation to progress effective policies?

Not confident at Somewhat Moderately Highly Very

All confident confident confident confident
1 2 3 4 5

O O O O O

5. What is the name of your organisation?

THANK YOU FOR YOUR FEEDBACK.



