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@ Zonally averaged changes
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Apparent surface fluxes
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Climate models, essential to hypothesis testing

Observations 1980-2000
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Comparison with models
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Excess P-E near Antarctica?

Antarctica is loosing mass
e 0.14£0.41 mmyr-1SLE, 1961-2003
e 0.21+0.35 mmyr-1SLE, 1991-200c
e ~0.4 +£0.35mmyr-1SLE,2002-200°
Wahr and Velicogna 2007.

Increasing evidence of melt
e« Jacobs 2001, Rintoul 2006,
« Aoki et al 2005

Melt of ice shelves?
e <5% over 30 to get extra 50 mm.yr-!
e no sea-level rise
e negligible gravity signal

e consistent with ocean melt
s e 700 years at ~50mm.yr-. 1
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Table 5.1, Fraction of CO; emissions taken up by the ocean for different time pertods.

Time Period Oceanic Increase (GIC)  Net CO, Emussions’ (GtC)  Uptake Fraction  Reference

. 1750-1994 118219 28319 0422007 Sabineetal, 2004a
o 19802005 5329 143£ 10 037007 Chapter7°




Zonal oxygen changes
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&  Apparent surface fluxes

Oxygen flux

Heat flux
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eDecrease 1.8+-0.9 umol.I-}
eEquivalent to ~1% decrease
eEquivalent flux
«0.6+-0.3 10 mol.yr-!
0.2 to 0.7 10 mol.yrt in the literature (eg
Keeling and Garcia 2002)
Implications:
Reduce O2 exchange with atmosphere
eReduced water mass ventilation in the subduction
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High latitudes processes and
symm etry
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Conclusions

*Changing freshwater fluxes
Plausibly attributable climate change
eEvidence of increased melt of Antarctic ice
eleration of hydrological cycle
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@ Global Oxygen Changes
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eDecrease 1.8+-0.9 umol.I-
eEquivalent to ~1% decrease
eEquivalent flux
*0.6+-0.3 10 mol.yr-!
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In the literature (eg
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Climate Differences
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@ Consequence of ocean acidity
and renewal change
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e Impacts on organisms that have
calcareous shells (in particular aragonite)

e Coral reefs
« Changes in upwelling

Table 5.1, Fraction of CO; emissions taken up by the ocean for different time pertods.

| Time Period Oceanic Increase (GIC)  Net CO, Emussions’ (GtC)  Uptake Fraction  Reference

1750-1994 118219 28319 0422007 Sabineetal, 2004a
1980-2005° 5329 143£ 10 037007 Chapter7°

23




@ Warming of the Southern Ocean
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Observations (Gille) Model

Temperature change on 27.00 surface 2001-2010

O’Farrell + Budd, in prep




@tar@tl ¢ lce Mass Loss from GRACE

ANTARCTIC CLIMATE
* BastWest dividing line Rate of mass change between April, 2002 and June, 2007.
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Rate of ice volume change:
All Antarctica:  -149 km3/yr
West Antarctica:  -115 km3/yr

ast Antarctica: -23 km?3/yr
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Data Distribution: profile data
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@Changes on neutral surfaces
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(See: Bindoff & McDougall, 1994, 2000)
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Decadal variability

Mixed layer depths and section lines
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i Extremes of modelled mixed layer development

Sep. 1965

Message: the water mass variations related Murray et al. 2007
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Climate Differences
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@ Data and method
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1. Convert Hydrobase?2
from pressure to density
oS- levels
2 2. Optimally interpolate
\inPae 800,000 pre-1988
T b profiles to 40,000 post-
1988 locations

37




@ Data and method

ANTARCTIC CLIMATE
& ECOSYSTEMS

. % oy -t S
! £ o
=Y _.‘j_'l'f : - ..1"
1 . gy~ §
i W W_H':{l\: (\_
LA '-:'l;'r', :
e £ & 1% L
0 .| --. I' " |" ; o
b R AR R A O 1 i
1 se] R R sLEZRRE ¢
i iy {4 g ﬁ; 1"];- .-I:.: Hai G
itk o AL § Torat P AR AN
i | ""ll_.:'_)-__)-.'...- = “m
fs] e
= i i =
180 W 10w oW Ba 1w

Helm et al., inprep

Convert Hydrobase?2
from pressure to
density levels

Optimally interpolate
800,000 pre-1988

profiles to 40,000 post
1988 locations

Directly compare 197C
with the early 1990s
using a ‘snapshot’
approach
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@ Freshening of intermediate
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- water on isopycnals (y,=27.0)
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@ Zonal changes on density
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Deepening
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@ Global oxygen decreases
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@ Key findings 1970’s to
1990’s

 On neutral density surfaces:

 Globally coherent
temperature/salinity changes

 Warming/increasing salinity of upper
thermocline waters

e Cooling/freshening of mode and
Intermediate waters

e Oxygen decrease Iin upper
thermocline, mode, intermediate
waters and CDW

- Il ArnAanct ~Aharn~a~nce Anc~tiread 1 A
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Total sea level rise '

Steric sea level rise = = -

Antarctic] [Arctic |

South Pole Equator North Pole

* f Heat and GO, increased / decreased into ocean * * Deepening / shallvwing of isotherms, isopycnals
and CaCO; horizon

{ f Freshwater {Precipitation - Evaporation) increased / decreased Decreased pH

D Freshening
Salinification
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Subduc;tion Changes
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CSIRO MK3 model

ANTARCTIC CLIMAT

o Schematic of changes...

2090’s to 1950's

Process that matter:

B cEr B ain B 0er B loss
FFRBI|| R HFEFR 9 | s *CW Increased
e £ . s2  BE L 1o & subduction,decreased
\ T i\ l \ r x\\ J :mlﬂ'll I::} oy | Puoyancy
| Lpming | DF&ESE;\‘\“Tg?E@FD 2w
Hn DEOREASED Y B i : *SAMW Decreased

subduction, Decreased H
and FF

*AAIW Decreased
subduction, HF and FF

*CDW Decreased
entrainment, increased
HF, FF

Global schemalic
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Q Detecti on Parallel Climate Model
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Implications of Climate
Differences (1)

® Patterns are global, coherent, consistent
with earlier work.

® Salinity changes suggest
® increased “evapouration” in sub-tropics,
® increased “precipitation” at high latitudes,

® and increased strength in hydrological
cycle.

® CDW warmed and lower in oxygen

® L_ower renewal rates, decreased ventilation 3}
(even thouahwinds are stronaer)




Climate Differences
(Conclusions) (2)

® AABW now fresher (Aoki et al, 2005)

® Observations are gualitatively same as
climate change mode in CSIRO Mk3
model (and HadCM3)

® Natural variability, aliasing cannot be
ignored

® Heat content in 2004 and 2005

52




ANTARCTIC CLIMATE
& ECOSYSTEMS

COOPERATIVE RESEARCH CENTRE

Thanks..
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Science Questions

Global heat content of the oceans
and Its variations

Global observations of oxygen
change in the oceans

Globa
spatia

Globa

changes In sea-level and its
variations

observations of the

cryosphere and decadal variations
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Question: why do models not
simulate as much variability
as seen in observations.

Gregory et al 2004
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Oxygen Content Change

Chargs « popgen (weos-fet on resirsd porbice 27 1 Capeed ot 8% mid chenge  Bed +=nomserd
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Oxygen change,
WOCE- historical, 27.8 ns
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~ Oxygen content changing |
3 on global scales- implies _

ocean processes are
Important, is physical or ..
Biological?
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Helm et al, in prep
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Sea-level and its spatial
_variations

U~=. |PCC models do not agree on
&. o spatial patterns of steric
sea-level change, but do agree
on SST.

Results from TAR for sea-level.

;fﬁ?*gh Reasons:

o 8 2 S *Sea level is integrative
R «Subduction and ventilation
not well simulated

alllida ¥ e

Downes et al, in prep 2
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Cryosphere and decadal

variations?

R T e T S
- Upto 78% of observed sea-level rise is from - /Tide-gauges
- ice sheets and glaciers ovex the last 50 yfars :
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Suggest that there is decadal variations in cryospheric

component to global sea-level.
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@ Shifting outcropping zones
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B = timel

SOUTH NORTH
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—

+35.8 (360 dbj

-

Global T-S profile

=28 {#0.db)

F

-+ 36 (260 db)

L% (160 db)

°
*-24.2 (90 db) %
) 248 (100 o
g £
o BA(120db) |CI_)
—T 1 £
o
Salinity
Pure warming
Cooling and freshening on
sopycnals may be able to be
explained by ‘pure warming’

See Bindoff & McDougall (1994,2000)
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Scientific questions: E A i R

Do we understand the heat
content record (and sea-
level)?

Do we understand the
changes in ocean salinity?

* Is ocean carbon cycle

changing? :
« Is ocean ventilation N l
changing? ; |

e Can we detect the changes [ JfI"
in the SO overturning cells. ‘

« Assess ocean models (and |
GCM'’s)
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@ Solutions

ANTARCTIC CLIMATE
& ECOSYSTEMS

e ACCESS evaluations

— Freshening of bottom water,

— Change In precipitation, carbon cycle,
heat content

— Improve spatial distributions of heat,
carbon

e Detection and attribution
— Natural variations or man induced?

e |nitialisation




@ Three underlying issues for ocean

observations and models
1. Sustained observations (big risks)
- operational capability (eg IMOS)
o - Insitu programs (ARGO, SOO, etc)
=N\ #2. Timely data and model access
" — toensure timely access to data so that
all may derive benefit (repository)

— range of model outputs (eg ACCESS,
IPCC/PCMDI, re-analyses like

BlueLINK, ECCO, SODA)

R 3 Need specialist Earth System Science
Facility

HPC, Storage, technical support for ACCESS, and
managed by/on behalf of climate scientists
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e Enhanced and sustained climate
measurements ($300 million over 5
years)

— Ocean climate data, new ship(s),
additional support ($200 million)

— Terrestrial climate networks ($100
million)
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Climate Change Initiative

e An e-Research or Information

Systems for Earth Systems Science
($30 million, 5 years)

o Specialist Earth Systems Science
Facility (Service support and 100
Terraflops and data, ~$40million)

69




ANTARCTIC CLIMATE
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Climate Change Initiative

e Climate Challenge Projects ($40million)
— Australia 30 year initialisation (include
— Australia Re-analysis project

— Australian Ocean re-analysis project
(including Southern Ocean and Antarctica)

— Australian Climate Risk Managements

 New collaborative arrangements that
Include researchers and government
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Climate Change Initiative

« Mitigation and validation service for
Australian Carbon Trading Bank
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Climate Change Initiative

Enhanced and sustained climate
measurements ($300 million over 5
years)

e-Research or Information Systems for
Earth Systems Science ($30 million, 5
years)

Specialist Earth Systems Science Facllity
(Service support and 100 Terraflops and
data, ~$40million, 5 years)

Climate Challenge Projects ($30 million)

Mitigation and validation service for
Australian Carbon Trading Bank ($10
million)

Budget ($310million) 72
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Observational Risk - potential failures
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Stan Wilson



