Are the Oceans warming? Is sea level
rising?
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Coastal
Development

During the last two
thousand years of
stable (and in some
places falling)
relative sea level,
our coastal society
has developed.

In first meter

150 Million people
1 Trillion Dollars of
GDP

Church et al. 2010




The last interglacial may be a useful analogue for the future:
Sea level > 6.6 m (95%) above today.
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Salt marsh data indicates a sea-level acceleration.
Maybe a small rise over two millenia?
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Global Mean Sea Level (mm)
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GMSL from TOPEX/Poseidon, Jason-1 and Jason-2 satellite altimeter data
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Sea-level rise is not uniform

1993 to 2011
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Sea-level rise accelerated during the 20t
century —rise is continuing
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Ocean heat content and steric sea-
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Worldwide, glaciers are melting
The Rhone Glacier 1900 and 2000

The Centre for Australian Weather and Climate Research ‘m ’

@hmgh et al . 2@ ﬂaﬁmership between CSIRO and the Bureau of Meteorology CSIRO



Depleting aquifers — Storing water in

reservolirs
(b) Cumulative contribution of terrestrial water storage change to GSL
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Observed sea
level and the
contributions

Glaciers and
thermal
expansion the
largest
contributions

Church et al. 2011
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Sea level (mm)
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100 Observed sea level
= Sea level (TGs) = uncertainty . .
---Sealevel (SatAE) and the contributions

ol UM of comps s uncertainty g are almost equal since

the early 1970s.

The observed sea level
and the sum of
contribution has
accelerated.

Opens door for using
observations to
constrain projections.
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Global Mean Sea Level (cm)
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Observed sea level consistent with
projections but tracking towards upper end

15— ! '- ! ! ! ! ! !

Tide Gauges set to 0 at 1990

TOPEX)‘Poseldon Jason1 OSTMJ’Jasonz

Outer _range of a!l scenarlo_s (W|thout_ rapidice’ )

—
o
I

Outer i'ange of ail scenario?s (with "rai)idice")

Global Mean Sea Level (cm)
431

5 i i 1 i 1 i i 1 i
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

As in Garnaut update: Based on IPCC 2007 and Church and White 2011



eVdPOIdlC cdl |0 Ea ICE 101TallO

A CA ' L
— AC1 fl‘:i'}-j: i

‘ oS - /’

ol collap ] 1CE s

T

) L

. e (Y
\ing P I
e | . * AR




—
(&)

sea-level rise (M)
—

_C bl
on

o
\

B1
B2
A1B
AT

TAR
SRES

A2
A1FI |
B1
B2
A1B
A1T

AR4
SRES

A2
A1FI

—

— e

—

V&R (2009

A1B

SRES V&R (2009)

R (2011)

cca
3 88
¥ ¥ 5
SEM
RCP4.5

K (2011)

P (2008)

Australian Government

Bureau of Meteorology

The Centre for Australian Weather and Climate Resear:
A partnership between CSIRO and the Bureau of Meteorolc \Wjllis and Church, 2012




Sea-level rise will not be uniform because of &=
ocean changes and gravitational changes_
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Updated regional projections for the A1B

Scenario L
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Beyond 2100

How close are we to
a commitment to
melting of the
Greenland Ice
Sheet?

Robinson et al. 2012
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Figure 2 | Threshold estimates. Probability distributions of the regional
surmmer temperature threshold for a, growth and b, decline of the GIS using
the fully coupled climate-ice-sheet model (black solid lines) and the
negative SMB criterion (grey solid line). The dashed black and grey lines

of the GIS using each method, respectively.

show the distributions of the gobal mean temperature threshold for decline



Approaching a threshold for Greenland melting

Greenland ice sheet evolution under 4xCO,
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Simulated using the HadCM3 AOGCM coupled to the ice sheet model of
Huybrechts and De Wolde (Ridley et al., 2005)

The last interglacial may be a useful analogue for the future:
- Sea level > 6.6 m (95%) above today.



Need regional distributions of sea- Ievel
rise projections
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Statistically significant trends in annual 99 percentile observed

sea levels and sea levels reduced to their annual medians \
Menendez and Woodworth, 2010



To maintain current flooding risk, need an
allowance larger than GMSL rise
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Summary

Sea level was higher in a warmer world and is rising now. The
rate of rise has increased.

Ocean thermal expansion and mass changes (glaciers, ice
sheets and terrestrial reservoirs) explain sea-level change.

Sea level will continue to rise during the 215t century. We will
need to adapt (extreme events).

The amount of adaptation is dependent on future emissions.
The regional distribution is inadequately understood.

There are long-term commitments.

There is potential for a larger rise.

To minimise costs monitoring and understanding is essential.
Need to manage risk.

Need to strengthen science/government/business/community
partnerships.



UNDERSTANDING
SEA-LEVEL RISE
and VARIABILITY
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(a) Pacific Decadal Oscillation (PDO) index (1900-2008)

3.0 s e e e,
{1 L] - ! .1 | -
(LAY
'] k|| L] | (TN (] B
U LTM R l' IR L s
SO L LAt i )
1 O UUURY U | BF: IURUURL YU DU SO AUt A
M T T ETAETe LS, [ : =
B Y NSNS S| S N S NS —
1900 1920 1940 1960 1980 2000
(b) Pacific Decadal Oscillation (PDO) index (1993-2008)
3.0 — =
2.0 -
x 104] B
f Nt
e Aok
= 0.0 - =l <AL
Altimeter sea level linear trend (mm yr™") (1993—2008)
BO°N
12
10
40°N
8
6
20°N i
2
0° a
-2
20°s -4
-6
-8
40°3
-10
-1z

60°S

i IF o L o o
40%€ BO°E 120% 160°E 160°W 120°W 8o°w 8O%E 120° 160°€ 160°W 1207 80w



The Ocean is continuing to warm and
expand
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