Geographical patterns of thermosteric sea level:

observations and CMIP3 climate model simulations
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Thermosteric sea level is a major factor contributing to the observed Basin contribution and regional trend patterns
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gIObaI mean sea-level rise in the latter half of the 20 century and is For 1961 to 2008, regional thermosteric trends are greater than the global mean value in the Atlantic

Iikely to continue to be one of the Iargest contributing factors in the Ocean, along 20°N in the Pacific Ocean as well as near its eastern side. Geographical patterns for
1979-2008 and 1993-2008 correlate well with each other but differ from the 1961-2008 pattern. In

st 3 : : :
21™ centu ry"- Geographlcal patterns of sea-level rise are PrOduced n the 1979/1993-2008 periods, the largest trends are centred around the Australia-Asia-Pacific region
while the lowest trends are in the eastern Pacific (e.g. ENSO/PDO-like structure). Despite regional
pattern sensitivity to trend periods, basin contributions to the global mean trend are relatively

Project (CMIP3) model simulations disagree in geographical patterns. steady: about 5% for the Indian Ocean, 35% for the Atlantic Ocean and 50% for the Pacific Ocean.
Thermosteric and altimeter/tide gauge sea level trends for 1993-2008 are highly correlated (not
shown), however, this correlation is smaller for historical periods. The residuals between these fields for

differences and to increase confidence in projections of regional S€a- different trend periods (not shown) tend to be larger in the southern hemisphere, where there are
level rise*®’. Here, we describe updated 0-700 m thermosteric sea level lewer tide gauges and ocean temperature observations

estimates' for 1961-2008, at global and regional scales, including

response to dynamical processes*°. Coupled Model Intercomparison

Comparisons with observations are required to help understand these

1961 - 2008 0-700 m ThSL trend: 0.59 + 0.07 mm/yr 1993 - 2008 0-700 m ThSL trend: 0.88 + 0.18 mm/yr

s o 60°N g 10 g 0N
8 g - 2 .
pressure-corrected Argo data®, g o C w0
8 o0 20°N 8 20°N
[ J o g O Oo g 0 A\ / Oo
Objectives :
£ 20°S 5 ° | 40°8
* Jo describe the regional patterns of upper ocean thermosteric sea-level rise. § . , 60° S -10 60°S
0° 60°E 120°E 180° 120°W  60°W 0° 0 1 o 2 _1/Globl 1tb;2
* Jo compare our upper ocean thermosteric sea-level estimates with sea level estimates 159" ; 7 g
' ' ' ' ' ' ‘Eé %% o oO Oo
from tide gauges? and altimeter as well as with CMIP3 climate model simulations. zj 219% i 35/6
s Y " 16%
o | North Pac.ISouth Pac.I North Atl. ISouth At 12% 39, 16% - | North Pac. South Pac. North Atl. - South At 18% —13%
0-700 m thermosteric sea—level rise
I L L L B B B I L
el Global mean trends
1993 - YYYY
1979 - YYYY o o 1961 - 1999 0-700 m ThSL CMIP3 non-volcanic models trend: 0.84 mm/yr
—_ 1961 - YYYY : :
Fo N FEE (Y R Upper ocean global mean thermosteric sea level estimates COmPaI’ISOn W|th CMIP3 o3 NI S
£ . : : £ iav 4
£ -+ - E 2 T T 40°N
£ indicate a multidecadal trend rise of 0.59 + 0.0/ mm yr-! for models ( |96 | —| 999) £’ -y
‘g 08 ............................................ | 96 | _2008; Ol62 i 0.07 mm yr_l _For | 979_2008; and 0.88 é : I - N
- : : : : 2 :
s E o1l le + 0.18 mm yr-I for 1993-2008. Historical trends are likely The ensemble average of models without : A ...
g ! underestimated if not weighted by their time-dependent errors. volcanic forcing (no-V, top) has twice the s -2 . 40
[ : = : 60°S
0.4 oE = observed global mean thermosteric sea T e E  120E 180 12w eow o
] Slmple fit . . _ | | | A A A | % Global contribution
® Error bar weighted | | level trend, show an obvious warming 5 0 Feuce
I S N HN N PO U VNN R P RN : , £ 0 .
1999 2001 2003 2005 2007 2009 Upper ocean thermosteric sea level COﬂtI’IbuteS. about 35 along 40°S not seen In the observations, 1 ey 20%
0-700 m thermosteric contribution to to 45% of the global mean observed sea-level rise from d lack th hical s
tide gauge (circle) and altimeter (triangle) sea level dan ack the geograp ICa pattems ) T ' ' ' ' ' ! 9%
© 4 1961/1979 to 2003/2008 (filled circles). From 1993 to - - - ot P Seuth e Hor AL seuth A 5% 107
g 45;::,:::j:j::j::j:j':;:'.j.j‘:ﬁj:g:jgj::g;:cj.:jz 50032008, 1h | ler about 25 to 30% (rec observed (middle) in the Pacific Ocean.
SBL g g O & O 7 , the contribution Is smaller; about 25 to o (Ire | | | 1967 -1999 0700 m ThSL trend: 0.43 = 010 mm/
SosE iy 4 A A A A A A T triangles) The regional patterns in the Pacific Ocean . . n | mmyr .
1999 2001 2008 2005 2007 2009 51€>): from the ensemble average of models g, ' &
with volcanic forcing (V, bottom) are g & o
1965 1985 2005 1965 1985 2005 1965 1985 2005 , £ °
T e T ; . closer to the observations but asree § 0 0
40 Global ( with error bars ) Northern Hemisphere Southern Hemisphere 80 G IObaI and baSI n tl me . . g s ] 20°S
Area: 32.3 107" m? ‘ Area: 13.5 107'% m? Area: 18.8 107" m? . |eSS N 'the South Aﬂanhc and South E, s
30 . , T -2
SErIES Indian. The V-models underestimate the S 60°S

120 E 180° 120°W

observed global mean trend and show an s o

2 . . . i Zlatltude
Updated sea level” (blue curves, obvious warming along 40°S in the South b\/\r’!&“ @
26% 22%
0.5

tide gauge and altimeter) and - - -
: 5aUE , ) Pacific, not clear in the observations.
bl r e ey thermosteric sea level! (red curves)
North Pac. South Pac. North Atl. South Atl. 6% 17%

estimates indicate multidecadal The basin contributions to the simulated
rise at global and basin scales. The global mean trend in no-V andV models

20

10

¥ longitude

% Global contribution

-10 L

South Pacific 80
Area: 8.99 107 ¥ m?

North Pacific
Area: 8.1 107 °m?

40

Pacific
Area: 17.1 1073 m?

1961 - 1999 0-700 m ThSL CMIP3 volcanic models trend: 0.27 mm/yr

oceans, where there are fewer in

situ observations. Variability in sea
_ level Is not necessarily mirrored
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ovel The | fof ma can Updated thermosteric sea level estimates indicate a global rise of about 0.59 £ 0.0/ mm yr-! for
SVEL TNE IMpatt 01 Majol voIcdnic |961-2008 in the upper 700 m of the oceans, with |5% from the Indian Ocean, 35% from the

eruptions (vertical lines) is evident Atlantic Ocean and 50% from the Pacific Ocean. The thermosteric contribution is about 35 to 45%

in the global njeah and ”7 most of of the global mean observed sea-level rise.
< | the ocean basin time series.
e T e T T e g e e =20 Geographical patterns of observed thermosteric sea level change are complex and sensitive to the
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periods over which trends are calculated. Comparison with CMIP3 simulations (1961-1999) shows
that no-V models lack the observed Pacific Ocean trend patterns and overestimate the observed
slobal mean trend.V-models compare better with observed Pacific patterns but agree less in the

This poster is a contribution to the Commonwealth Scientific Industrial Research Organization (CSIRO) Climate Change Research Program and Wealth from SOUth AtlaﬂtIC/lﬂdlaﬂ OceanS'They alSO underestlmate the Observed g|0ba| Mmean trend.Thermosterlc

Oceans Flagship and the Pacific Climate Change Science Program and was supported by the Australian Government's Cooperative Research Centres Programme Sea—level I"iSG alOﬂg 4008 iS S'tFil(iﬂgly S'tl”Oﬂgel” iﬂ ﬂO-\/ than iﬂ \/—mOdels bUt IﬂtFIgUIﬂgly miSSing iﬂ our

through the Antarctic Climate and Ecosystems Cooperative Research Centre. C.M.D was supported by a CSIRO Office of the Chief Executive (OCE) Postdoctoral Ob serve d atterns
Fellowship. J. A.C, N.JW.D.PM,,S.EEW, PM.B, ]. R. D were partly funded by the Australian Climate Change Science Program and the Pacific Climate Change Science p '

Program.We acknowledge the modelling groups, the Program for Climate Model Diagnosis and Intercomparison (PCMDI) and the WCRP's Working Group on

Coupled Modelling (WGCM) for their roles in making available the WCRP CMIP3 multi-model data set. Support for PJ.G. and the multi-model data set at PCMD,

Lawrence Livermore National Laboratory were provided by the Office of Science, US Department of Energy. We acknowledge Peter Campbell for great IT support. 1 Centre for Australian Weather and Climate Research, CSIRO, Aspendale, Australia
2 Centre for Australian Weather and Climate Research, CSIRO, Hobart, Australia

The Centre for Australian Weather and Climate Research is a partnership between CSIRO and the Australian Bureau of Meteorology. 3 Antarctic Climate and E . c dive R h Centre. Hobart Australi
ntarctic Climate and Ecosystems Cooperative Research Centre, Hobart, Australia
4 Program for Climate Model Diagnosis and Intercomparison, Lawrence Livermore Nat. Laboratory, Livermore, USA

4-o| |Atllar||t"|: T T 1 | | 'N(')rth Atllanltlcl T T 1 | | |So|u.t|h |Atllan|tlc| T T 1 hemlsphere’ par"t|CU|a|”|>/ |n _the B : 7 il /\\\\\x 77 TN
0°E 120°E 180 120 W 0°W

Pinatubo

Acknowledgments

5. Church, J.A. et al. (2008). Understanding global sea levels: past, present : .
Refe reneas and future. Sustainability Science, Special Feature: Original Article, F u rther Informa‘tlon
|. Domingues, C.M. et al. (2008). Improved estimates of upper-ocean warming and doi:10.1007/s11625-008-0042-4. . . ;
Natl on a.l Re Searc h mult-cocadal sealevel (rise. l\)laturpe, 453, 1090-1094, ot 10.1038/naturc07080. 6. Meehl, G.A. et dl. (2007). In: Climate Change 2007: The Physical Science catia.domingues@csiro.au
2. Church, J.A. et al. (2010). Balancing the sea level change over the last 50 years — Basis. Contribution of Working Group | to the Fourth Assessment
lessons for projecting the future, in prep. Report of the Intergovernmental Panel on Climate Change (eds
F LAG S H I PS 3. Gregory M. et al. (2001). Comparison of results from several AOGCMs for global Solomon, S. et dl.).
and regional sea-level change 1900-2100. Climate Dynamics, |8 (3-4), 225-240. 7. Milne, GA. et al. (2009). Identifying the causes of sea-level change.
4. Bindoff, N. L. et al. (2007). In Climate Change 2007:The Physical Science Basis. Nature Geoscience, 2(7), 471-478.
Wealth from Oceans c s I R o Contribution of Working Group | to the Fourth Assessment Report of the 8. Barker, PM. et al. (2010). Pressure sensor drifts in Argo and their impacts. .
Intergovernmental Panel on Climate Change (eds Solomon, S. et al.). Submitted to J. Atmospheric and Oceanic Technology. WWW.CSIVOo.au

Poster layout by Louise Bell, CSIRO Marine and Atmospheric Research. June 2010



