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Is it Dangerous?
Key Impacts in the Coast.
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e Sea-level variability
and rise
Inundation
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VWA ICDD Is it Dangerous?

Sea-level variability
and rise

— Inundation

— storm surges, waves
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Sea-level variability
and rise

— Inundation

— storm surges, waves
— coastal erosion
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e Sea-level variability
and rise
— Inundation
— storm surges, waves
— coastal erosion
— Impacts on emergency and escape routes
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e Sea-level variability
and rise

— inundation

— storm surges, waves

— coastal erosion

— Impacts on emergency and escape routes

— Environmental refugees — a here and now issue

* not “if” but “when and where and how will we respond?”

— Associated issues of security, food and water security,
health, poverty. What are the consequences for near and far
neighbours? What are our responsibilities?
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Total = Mass (water exchange) + Volume (thermal expansion)

Why GLOBAL SEA LEVEL RISE in the
past 40 years (1961-2003) did not

match what would be expected from
the SUM of the WATER EXCHANGE
BETWEEN OCEAN AND OTHER
RESERVOIRS (ice sheets, mountain

glaciers, small ice caps, land) and
THERMAL EXPANSION?
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New Estimates of Global——
Ocean Heat Content
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Smaller amplitude of the 1970-1980s decadal signal.
Increased rate of warming from 1976/1977 (climate shift).
Smaller rate of warming for 1993-2003.
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Decadgylovar?%%ilitfm models with volcanic forcing in good agreement.
Simulated multi-decadal trends tend to underestimate observed warming
(30% smaller in the upper 300 m and 10% smaller in the upper 700 m).
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Glacier melting ¢
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The Greenland Ice St
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(1992-2006): Remote sensing measurements
~0.2 mm/an (Cazenave, 2006)
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Land water storage ¢
global sea le
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Components of the
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Deep ocean (Antonov et al., GRL, 2005; Kohl et al., JPO, 2007).

lce sheets (linearly increases towards the 1990s estimates, as compiled in
Lemke et al., IPCC, 2007)

Glacier and small-ice caps (Dyurgerov and Meier, 2004).
Terrestrial storage (Ngo-Duc et al., GRL, 2005).
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Sum of the components are in good agreement with updated estimates of sea level.
Different decadal variability is an indication of the uncertainty in the

estimates and unknown variability of the cryospheric contributions.
Satellite altimeter and in situ estimates diverges after 1999
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Close to a threshold for —
Greenland melting! =

Concern about ice- Phosodccillicial
sheet stability and a [T S
substantially larger [0 g  COSGaEsEs
ri se in sea I eV el e PN T 3=e
*Evidence for rates of SLR

SE0 1 : A / !
. . . i g:‘:‘ Am.'.a__a'.T; % ' e by Surface
on 1 m/C in last interglacial [i /4" S SO S
Surface melting T NN
For sustained warmings above 4.5+0.9 K | e S Qaqoryoq NARSARSUAR ™\

in Greenland (3.1%+=0.8 K in global average),
it is likely that the Greenland Ice Sheet
would eventually be eliminated. [Gregory
and Huybrechts, 2006]
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Close to a threshold for
Greenland melting!

e

Concern about ice-
sheet stability and a
substantially larger

rise in sea level
*Evidence for rates of SLR
on 1 m/C in last mterglamal
eSurface melting

For sustained warmings above 4.5%+0.9 K W
in Greenland (3.1%0.8 K in global average), [ { ¥ !
it is likely that the Greenland Ice Sheet |
would eventually be eliminated. [Gregory
and Huybrechts, 2006]
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Close to a threshold for
Greenland melting!

Crevasse
e Meltwater

o~ Lake

Concern about ice-
o ceSheet\

sheet stability and a

substantially larger

rise in sea level

*Evidence for rates of SLR
on 1 m/C in last interglacial g
Surface melting

For sustained warmings above 4.5+0.9 K
in Greenland (3.1%+0.8 K in global average),
it is likely that the Greenland Ice Sheet
would eventually be eliminated. [Gregory
and Huybrechts, 2006]
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Uncertainties I
Greenland and WAIS

[ 0ss of ice shelves
Rapid propagation up the ice
stream; Antarctic Peninsular
and Greenland.

Penetration of ocean
water under the ice

West Antarctic Ice Sheet and
some outlet glaciers in
Greenland.
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\W/rDD _ The frequency of flooding

lorld Climate Research ngramgve ntS h aS al re ady i n

Return period fvears)
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185 et Perlods for Fremantle, 1897 - 2002 A1lin 5 year event
.. ] becomesalin2
L | e year event.
Fora 0.5 m
rise, a 1 in 100
E sl year event
could happen
several
times/year!

D WMo, int
June 24, 2008. Drastic change in the earth system during Global Warmin
University of Hokkaido



Deltaic regions less than 1C
above mean high water

Anthoff et al., 2008




Projected Coastal Megacities: 2010

By 2100, tens of millions/year will have to respond to coastal flooding;
Most vulnerable regions are South and South-East Asia; Africa; Carribean;
Indian Ocean Islands; Pacific Ocean Islands.

Tianjin
Seoul J

Shanghai
X - Manila
@.‘g‘wgs

) ] j Bangkok
v Mumbai Q

Karachi

Los Angeles

Nicholls, Pers Comm. |ima

Madras\ Jakarta ) .

Buenos Aires Rio de Janeiro Calcutta
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Bay of Béngal
Major Surges

1737
1864
1876
1897
1970

300,000 killed
100,000
100,000
175,000

300,000 ,
1971 (tide plus 6m surge)

|
1991

" -

140,000 (10 Million homeless)

And at least 23 surge events with over 10,000 killed since 1737

These considered lower limits as economic damage adds to eventual total
(Murty, Flather and Henry, 1986 Progress In Oceanography
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Murty and Flather, 1994 Journal of Coastal Research 2 Lowe et al. 2008
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ICDD Climate projecti
World Climate Research Programme

TEZ1ES8

e Improved storm
surge projections:
—Ensembles
—Longer

experiments

—Higher resolution

 \What about the other
IPCC AR4 models?
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\A/r DD  Today's sea level unprecedented
" Word imate Research Pro during modern civilisation
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The Science Sho

Ongoing sea-level rise is inevitable! It is an issue for

Here and now, The 215t C and The long term. Remaining gaps in ability to
predict how much sea level will rise and changes in extreme events.

» |sitdangerous? At what level? For whom?
= Need to adapt
Impacts felt through extreme events — more frequent, more severe.

LDCs and the poor most at risk. Require local and regional planning.
Planning to avoid the impacts of severe events.

Need to narrow uncertainties
= Need to mitigate to avoid the most extreme scenarios

Without significant, urgent and sustained action, we could pass a threshold
during the 215t C, committing the world to metres of sea-level rise!

» Environmental refugees a here and now issue
Not “if” but “when, where and how will we respond?”

» Essential and urgent that science/government/business/community
partnerships are strengthened!
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THE WORKSHOP. 163 scieatists from 29 couatsies attended the Workshop on Undesstanding Sea-level
hic Commission of UNESCO in Paris

the World Climate Fesearch Programme (WCEP) to baing
iated with past
as the research and chservational actrvities needed for

Fize and Varability.! hosted by the Intergovernmentsl Oceanogrs,

June 6-%, 2006. The Workshop was crganized by

w towards idents

together all relevant scieatific expertise with a v 1z the nncestainties assoc

and funzre sea-level rise and varab:
narrowing these nacertamnties. The Workshop was slso condmncted in support of the Global Earth
Obzairation System of Syetems (GEOSS) 10-Year Impleaneatation Plaa;? as meh, it helped develap
international end nterdisesplinary seentific consensus for those obserrational requirements needed to
address sea-level rise s varability.

The Issue — Since the begins of high-acouss 2l mean sea-level

the eacly 19905, glol

has been chzerved by both tide ganges and altimetess to be gising at a zate of just above 3 mm/year,
d to a rate of less th:

2 m The extent to whach

yeac from tide ganges over the previouns century

this inceease reflects natural v v wersus anthzopogenic climate change is unknown. About half of the

meter record can be attributed to thermal expansion duetoa
include the com

1 as the depletion of aguifers and increases i

sea-level rize during the first decade of the al

warming ed effects of mel

sheets. Chan,

ns; the other major contribution

a the storage of water on land (=

reservoirs) femain very uncertain

The Motivation — The ceastal zone has changed profonadly dozng the 202 ceatiey, primasly due to
growing populstions and increasing nebanization. In 1990, 23 percent of the woeld s populstion (o 1.2
billion people) lived both within 5 100 km distance and 100 m elevation of the coast at densities about thres
times higher than the global average. By 2010, 20 out of 30 mega-cities will be on the coast, with many low-
Iying locaticas theeatensd loy sea-level case. With coastal development coatawmag at a zapid pace, sousty is
hecoming inecreasingly vulaesable to sea-l

Husricane Fatain

rel rise and wadability— ecently

demonsteated in New Oideans. Flising sea levels will contcibute to increased storm susges and flooding, even

icricane intensities do aot increase in response to the warming of the oceans. Rising sea levels will alse

toibute to the erosion of the wordd's sand

beaches,
t

70 percent of which have been retreating over the pa

ing islands are alzo vulnerable to sea-

centuey. Low

lewel size.

An im

coved understanding of ses-level sise and

rties associated
with sea-leval size projections, thns contribmting to
more effective cosstal planning and management.
Adaptation measuges, inchnding enhanced building
codes, restrictions on where to build, and developing
infiastoactaces bettes able to cope with foodiag,
should help to minimize the poteatial losses.

ty will help redurce the nncerta

Relation to the IPCC Assessments — The Thizd
Asseszment Report (T.

AR)* of the Intergovernmental
Panel on Climate Change (IPCC) estimated that sea

lewel will rise between 9 and 58 cm by the ead of the 21 century.
The Fourth

reviewved by governments. The Wockshop complemented the TAR

sseszment Report (due in 2007) is cneren

being

by starting with the set of uncertamties it identifs

1, then focusing on
the soientific and observational requirements needed to eduee those
nncertainties, a3 well 35 nncertainties identified during the Workshop.
The Woikshop did not attempt to develop projections of futuge
hanges a5 the TAR did. The Woskshop patticipaats seached
1zensus that the increase in the ate of global mean

sea-level dse towards the end of the 202 ceatiny, to
just abowe 3 mum per year from less than 2 mm per year
on average over the previons century, is a zobust
finding. The Extended Woskshop Report’ will address \
how the many nncertainties in understanding the causes

ge an
acceleration could be reduced for mput to fovae IPCC

level cl

its recent 1

of 20% century s

Assessment Reports.

WCRP-. | @) I

World Climate Research Programma
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Report of
the WCRP
Workshop

(163 participants, 29 nations)



