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Why do we need climate models?

 Climate models are able to realistically simulate past and
current global and regional climate conditions

* They are the best tools to project future climate change

e Climate models enable us to understand the causes of
climate variability and change, including climate extremes

Outline:

« Overview of climate models, their development & evaluation
 Evaluating the causes of recent observed climate change

« Human role in the record Australian temperature in 2019

Acknowledgements: Harun Rashid, ACCESS modelling team,
Francis Zwiers and other D&A colleagues
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Different perspectives
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Changes in the Atmosphere:
Composition, Circulation

Changes in the
Hydrological Cycle

Changes in
Solar Inputs &
Clouds
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Building a climate model

 Climate system processes and their mutual interactions are

modelled using mathematical equations

« Many of these equations are derived from the first principles of
physics, others are empirically derived from observations

« A model (of the atmosphere, for example ) is constructed by

representing the
equations numerically
on a grid (latitude,
longitude and height)

« More than 40 different
global climate models
developed around the
world

Grid Point Models
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ACCESS: the Australian Community Climate and
Earth System simulator:

A weather, climate and Earth System model for Australia built by

the Australian research community in partnership with the UK
MetOffice

Atmosphere

Atmospheric

= “:chemistry

The model: Ocean and sea-ice % ACCESS

‘ The Australian Community Climate and Carth-System Simulator
« Earth system components (atmosphere, land

surface, ocean, cryosphere, chemistry) interact with
each other

« Each component is governed by its own dynamical, i‘d cox ) Sy ens £l

Climate Change
physical, and chemical processes Hub



Computer code
Sample

« The model predicts the climate
SnapShOt a Short time (~20 E ) ig}ef?f'ig?ig}égjgss, eﬁtrainmeﬂt coeffic:(liegnts, detrainment
minutes) later using an earlier . ssesws on: saex o

call LAYER CN(k,n_dp,nlev

snapshot. The predicted 5 TS, eneon

.false.,.false.,.true.

beconv, bwk,bwkpl

SnapShOt iS then used to predict E exner layer boundaries

exner layer centres
p_layer_boundaries,p_ layer centres

’ &
the next snapshot, and so on. : recip potar thun, Tk, ZkpiZ, zhpl
' thpk,gpk ,ekml4
pkpl,delpkpl,exkpl

* The complex set of numerical Pk, délok, delprpl, exic delexipl

ekpl4,ekp34,amdetk)

partial diﬁerential equations ! Set ekml4 for next pass through loop

Do i =1, n dp
ekml4(i) = ekpld(i)

must be converted into a £nd Do
Computer program (huge , ; Calculate dgs/dth for layers k and k+1 (subroutine DQS_DTH)
more than 1 million lines long)  : seeswi®olf & b

Call DQE_DTH[dqsthk,k,th( +k),agse(l,k),exk,n_dp)

PR EEPPDDO R DD

else
Do i = 1,n dp
dgsthk(i) = dgsthkpl(i)
End Do
End If

! DEPENDS ON: dgs dth
Call DQS DTH(dgsthkpl,k+1,th(l,k+1),gse(l,k+1),exkpl,n dp)

"‘ Ezla_rth tSyét:ehms and
@~ imate Change



National Computational Infrastructure
(NCI) supercomputer: Raijin

» 84,656 cores in 4416
compute nodes

« 300 Terabytes of main
memory

» 8 Petabytes of high-
performance operational
storage capacity

« 37 Petabytes of
supporting storage space
for big data

* Replaced in Dec 2019 by
bigger, faster system Gadi
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Australia-New Zealand Regional Climate Model
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The World in Global Climate Models

Mid-1970s

Mid-1980s

™ Ciouss

Land il
Surface U

Prescribed Ice

~ “Swamp” Ocean

! AR4 Mid 2000s

TAR
Late 1990s

Rlvers Overturning

Circulation Interactive Vegetation

IPCC AR4 WGI Fig 1.2

The complexity of
climate models has
Increased over the last
few decades. The
additional processes
Incorporated in the
models are shown
pictorially by the
different features of the
modelled world.
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Climate models

A climate model can be used to predict the climate
response due to:

 Changes in boundary conditions, such as changes in sea
surface temperature (SST) or land surface properties

« Changes in radiative forcing factors, such as changes in

solar radiation, volcanic aerosols or greenhouse gas
concentrations

* The major difference between a climate model and a
weather forecast model is that the climate model is

used to predict the longer term behavior of the global
climate system

* The chaotic nature of the atmosphere means that

deterministic predictions for a specific time are not
possible

,“ Earth Sytems and
‘ Climate Change
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Annual mean
precipitation

Observations 1980-99

Multi-model ensemble
mean for 1980-99, from
simulations of the 20th
century

IPCC WGI Fig 8.5
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Comparison of observed global mean temperature with climate
model simulations

Models started in 1880, with data extracted for 1990-2009

IPCC AR4 individual realisations (20C3M+SRES A1B)

Temperature Anomaly (ref. 1990)
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Climate models
adequately
represent internal
surface
temperature
variability on
global scales ...

Variability of observed
and simulated
annual global mean
surface temperature
(1901-2005)
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Temperature anomaly (°C)

Temperature anomaly (°C)
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Simulated temperature changes in Australia

2.3 B Simulated past climate Australian equivalent of 2 °C global warming
B Simulated future climate above preindustrial
B Simulated past climate
g - without human emissions
—— Observed temperatures Australian equivalent of 1.5 °C global warming
—— Observed, 10-year above preindustrial
1.5+ running mean ‘
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The recent
warming
can only be
explained
by human
influence.
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Simulated temperature changes in Australia with
new ACCESS-CM2 model

Temperature change relative to 1850-1900

Low emissions scenario

Ny 48 =~ b,
e . N Ty
PSRN ‘\\ o
— S
\ )
l_/—/ \4._ / W
= 7
= (/’P

1950

[Global mean AT = 0.0]

High emissions scenario

L =

\ @\\
RS T

c:\‘

C \
LT |/

W

AT T
/ N

= bk

AN

[Global mean AT = 0.0]

61

w

to 1850-1900

*C, anomalies wrt 1850-1900
~N w =

-

o

Global mean air temperature relative ./

N

N‘u‘l \f/
J'.'V'/\~ j\/\/"\'\/\/\/

High emissions
——— Low emissions
—— 1st Historical

2nd Historical

2
gz

Hub

1960 1980 2000

2020

2040 2060 2080 2100

¢

Earth Sytems and
Climate Change



ldentifying the causes of observed climate
change: Detection and attribution

Detection of significant observed climate change and attributing
this observed change to one or more causes is a signal-in-noise
problem: identifying possible signals in the noise of natural
Internal climate variations in the chaotic climate system.

Attribution of climate change to specific causes involves
statistical analysis and the careful assessment of multiple lines of
evidence to demonstrate that the observed changes are:

 unlikely to be due entirely to internal climate variability;

« consistent with the estimated responses to a given
combination of anthropogenic and natural forcing; and

* not consistent with alternative, physically plausible

explanations of recent climate change

Climate Change
Hub
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Fingerprint detection and attribution

Greater confidence when

« \We are able to separate the contributions to observed
change from individual sources

- Decompose the observed change into space-time patterns
from different factors; GHG, aerosols, solar, ozone, internal
variability

« Account for multiple known sources of uncertainty

 Models and observations agree on the amplitude of the
contributions

* Able to demonstrate that competing explanations are not
viable

 Models simulate similar levels of internal variability to
observed

Climate Change
Hub
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Observatlons

1951-60

2001-2010

Filtering
and projection Y

onto reduced

dimension space _
Total least squares regression

in reduced dimension space

Evaluate A Evaluate
amplitude «— §4 €— goodness of
estimates fit

Earth Sytems and
‘\ Climate Change
Weaver and Zwiers, 2000 Hub
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It is extremely likely (>95%) that human activities
caused more than half of the observed increase in global
mean surface temperature from 1951-2010." IPCC(2013)

Estimated contribution from different forcings to observed
global mean temperature change 1951-2010

[ | | [ l Different forcing factors
GHG — greenhouse gases

Observed ANT — combined human-

| | related factors

GHG ' ' OA — Other human-

ANT | related, mainly

aerosols
; | OA NAT — natural factors,
solar, volcanoes
— NAT

F—— Internal Variability
IPCC AR5 WGI Fig 10.5
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IPCC Special Report Climate Change and Land

.., land surface air temperature has risen nearly twice as
much as the global average temperature”

Global Land Temperature Anomalies, January-December
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How we know we’re
causing global warming

Shrinking upper atmosphere Less heat escaping to space

Cooling upper atmosphere /# Rising tropopause

Winter warming faster than summer

Less oxygen in the air

Nights warming faster than days W More heat returning to Earth

: _ Pattern of ocean warming
More fossil fuel carbon in trees
) ) More fossil fuel carbon in ocean
More fossil fuel carbon in coral




Global warming increases the likelihood of
extreme temperatures

INCREASE IN AVERAGE
>

PREVIOUS
e CLIMATE

NEW
CLIMATE

More hot
weather

o

More record
hot weather

Less cold

weather
> NEW

RECORD
CEF R . oo

THE ANGRY
SUMMER

PROBABILITY OF OCCURENCE

PREVIOUS
RECORD

SOURCE: Modified from: Intergovernmental Panel on Climate Change (IPCC). (2007). Climate Change 2007: The Physical Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change. Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K., Tignor, M.M.B., Miller, H.L. Jr and Chen, Z. (eds). Cambndge, UK and New York, NY, USA: Cambndge University Press

From climatecommission.gov.au
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Annual Tmean anomaly (°C)

The record hot year across Australiain 2013
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Compare Australian average annual
temperatures from climate model
simulations with observations for
1911-2005

Lewis & Karoly (2014) BAMS
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The record hot year across Australiain 2013

Change in probability
of extreme Australia
average annual
temperatures for a
warming climate

Virtually impossible
for annual temps
hotter than in 2005
without human
influences on climate
(only 1in 12,000 in
model simulations)

Lewis & Karoly (2014) BAMS
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Mean temperature anomaly (°C )

The record hot year across Australiain 2019

Australia in 2019 set a new record for the hottest annual
average temperature across the country.

Model simulations with human influences on climate indicate
one year in seven is likely to beat the 2013 record hot year.

Annual mean temperature anomaly
Australia (1910 to 2019)

15 Austrmlian Bureau of Meteom gy

1910 1920 1930 1940 1950 1960 1970 1980 1990
Year

2000 2010

15-year running everage s shown by blackcurve

Based on a 30-year climatolog y (1961-1290)

Mean Temperature Deciles

1 January to 31 December 2019
Distribution Based on Gridded Data

hitpformm bom gov.au
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Summary

- Climate models are physically-based mathematical models of
the complex non-linear coupled climate system

« Climate model simulations represent both forced and chaotic
variations of the climate system

« Agreement between climate model simulations and
observations requires that the observed variations lie within
the range of simulated variations from a large ensemble of
model simulations

* There is better agreement between the pattern and magnitude
of simulated and observed large-scale temperature changes
over the last 50 years than for other variables, like rainfall

* Human activities have been the major cause of the observed
Increase In global and Australian mean surface temperature
since 1950

* “All models are wrong! but some are useful” (G E Box)

Climate Change
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Key Messages

« Human influence on the climate system is clear

« The more we disrupt our climate, the more we
risk severe, pervasive and irreversible impacts

* We have the means to limit climate change and
build a more prosperous, sustainable future

AR5 WGI SPM, AR5 WGII SPM, AR5 WGIII SPM

IDCC &) @

IPCC ARS Synthesis Report INTERGOVERNMENTAL PANEL oN ClimaTe chaneée tsv?no LKEF’E
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