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Sea level rose by more than 120 m

since the last glacial maximum
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Sea-level rise accelerated during

the 20th centur

Satelllte altlmetry
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Ocean thermal expansion a major
contributor to sea-level rise
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lce mass loss of the Greenland ice
sheet since 1992

Ice mass change (Gt/year)

Greenland contribution T T e L T e

to present-day sea level rise Year
(1992-2006) : Ice mass loss me

~ 0.2 mm/year by remote sensing t
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The West Antarctic Ice Sheet is loosing

Mass (possible long-term loss)
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Effect of global land water storage on

global mean sea level

T T T T T T o+ &orcatest variation is
s E' 3.2'u'.':3 i:;f:; ] - assoclated with ground
2.0+ - water, followed by soil
— - moisture
= 0.0- - #@no significant trend was
B _ detected
~2.0 _ @ strong decadal
) Total LaD ~ variability driven by
_4.0 B e | precipitation, strong
1950 1960 1970 1980 1990 2000 decrease in the begln
Milly, P. C., D., A. Cazenave, and M. C. Gennero o fulomcE a
(Proc. Natl Acad. Sci, 2003) ® agreeme

Ngo-duc T., K. Laval, J. Polcher, A. Lombard and A. ORCHID

GRL, 2005) (Land
WCRP, @ M

World Climate Reaearch Programme

), May 27-29, 2008



Sum of contributions Is close to the observed rise

(but some remaining deficiencies and omissions)

25 [ 1 I T | T T TT | 177171 | il | I | T T TT T T TT1 T T 1T | IR T 1T 1
" 0/700 m Thermosteric Sea Level )
20— —
15 __ Antarctic & Greenland ice sheets __
€ - Glaciers and Small Ice Caps -
E 10 Terrestrial Storage _
T}J L 2
T =l —
|
[4°] T .
A 0 —
5 —
_‘IO n_l ] | 11 | | | | 111 | I 1 | [ R N | | I | L L1 | | A |
b
80 —I ] | | IR | [ ] | | B | ] | P 1T 171 ] [ F 1T l ] ] | | i
[ Sum of Above Components =
60 :_ Sea Level 4 _:
E [ Sealevel (Satellite Altimeter) .
£ 40 » -
E — |
> - _
i (P ]
o 20 2 ]
o
vl I o -~ / _
0; . : el R o _:
WCRP@ = ot PN PR IVEEN) Y PR Domingues et al. 2008
World Climate Research Programme 1960 1970 1980 — 1990 . b

op, WMO, May 27-29, 2008



The IPCC TAR and AR4 projections

of sea-level rise are similar
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seklow wellare.the. FRCG prejections
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Statistical models consistent with larger 21st C

rise — at/above upper end of IPCC range
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UnCertalntleS I Crevasse-__

Meltwater

W Lake

Greenland
Concern about ice-

Ice Sheet ~5

sheet stability and a
substantially larger

rise in sea level

ePaleo evidence for rates of
SLR of 1 m/C in Eemian |3, 0
Surface melting i PRl

For sustained warmings above 4.5+0.9 Kint
Greenland (3.120.8 K in global average), it S W
is likely that the Greenland Ice Sheet would .\
eventually be eliminated. [Gregory and
Huybrechts, 2006]

eDynamic instability
Zwally et al. 2002, Das et al. 2008, Joughin ::‘: -

et al. 2008 SR
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Sea-level rise Is expected to have
regional variations
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Response to changes |

IS surface loading

To understand
regional sea-level
rise need to allow for =
the earth’s response
to changes In surface -g
loading (and other |- & 7EL

land motions) ) }/ Uﬂ"_ -y
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The frequency of flooding events of a given

magnitude has increased

Return Periods for Fremantle, 1897 - 2002
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Decrease in the return period of extreme

events for a 0.1 m sea-level rise

Fora0.5m
rise,alin
100 year
event could
happen
several
times/year
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Locations where .
the period between

flooding events has e N .
decreased are ? Y A
shown in red. ? so eroL i

Top — relative sea level |,

Bottom — relative to "~
yearly average sea ] - g :
level 1 .

\\\\\\\\\\\\\\\\\

WCRP 99 Percentile Trends Si
2 (Woodworth and Blackma

World Climate Research Prog




Climate projections for TE2100

*|mproved storm surge
projections:

*Ensembles
=[_onger experiments

=Higher resolution

=\\What about the other
IPCC AR4 models?
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Ensemble projections of change in extreme

sea levels

Uncertainty in large scale patterns

of time average sea level change
Uncertainty in % Ry TR
large scale | ]
atmospheric : :
forcing

30 year DJF mean PMSL 1961-1990

Add in ice melt
uncertainty

Run surge model simulations to estimate
- UNcertainty range in local extreme water
levels ) -

Downscale to get uncertainty in
Regional scale atmospheric
forcing

60N
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Port 50 vyr EAZ100{unpert) Lowe, G & F

Obs 50 yr 50 yr

(m (m ratio (m ratio
Wick 1.11 1.02 0.92 0.91 0.82
Aberdeen 1.25 1.05 0.84 0.82 0.65
NorthShields 1.66 1.12 0.67 0.96 0.58
Whitby 1.93 1.19 0.60 1.09 0.55
Immingham 2.14 1.60 0.75 1.52 0.71
Lowestoft 2.36 1.89 0.80 1.85 0.78
Felixstowe 2. 50 2.01 0.80 2.05 0.82
Thames 2.91 2.82 0.97 2.36 0.82
Dover 1.77 1.60 0.91 1.44 0.81
Newlyn 1.02 0.70 0.69 0.65 0.64
I1fracombe 1.49 1.20 0.80 0.88 0.59
MilfordHaven 1.44 1.05 0.73 0.85 0.59
Holvhead 1.51 1.18 0.78 1.03 0.68
Heysham 3.16 2.32 0.73 1.60 0.50
Millport 1.72 1.70 0.99 1.34 0.78

Based on 1961-1990 data, unperturbed model

+ o+ o+ o+ o+ o+

I S S SIS



Do long time-slices provide an advantage?
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Sheerness Skew Tide RL for QUMP RCM ensemble (Stationary fit 5 Irgst)
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Requirements for improved projections

Complete upper ocean observing systems

Sustain observing systems — in situ and satellite (Altimetry,
gravity, SAR); data archeology, paleo data

Deep ocean observations?

More rigorous testing of ocean models — reconcile existing
differences

Ice sheet and glacier contributions — in situ and satellite
observations, understanding and modelling; ice sheet
stability

Extremes — high resolution data (space and time, length of
series and models), waves and river flows, hurricane data
sets, mid latitude storms, extend storm surge models,
Inundation and erosion

Terrestrial storage, Geodetic reference frames, surface
loading

Small community with many contributions




Oll & Gas Industry and Sea Level Monitoring

Philip Woodworth, Lesley Rickards and Thorkild Aarup

Make all met ocean (esp. sea level) data acquired by the O&G
Industry available. Some data are accessible via the SIMORC
project (www.simorc.org) but it is not complete.

O&G Industry could provide more access to offshore platforms
for a range of operational oceanography; e.g. tide gauges and
GPS for storm surge monitoring, satellite calibration or even
tsunami warning.

O&G Industry could host permanent GLOSS-standard coastal
tide gauges at sites that it owns. Priority locations include W.
Africa (e.g. Nigeria, Cote d’lvoire), Caribbean, S America, N
Africa and Middle East.

O&G Industry could support training of operators of GLOSS
stations in developing countries, and support
Installations/maintenance to complete global networks.

Support workshops — extremes, sea level

Encourage OGP Metocean Committee to send
representatives to meetings of the GLOSS Programme.



http://www.simorc.org/

THE WORKSHOP. 163 scientists from 29 countries attended the Waorkshop on Undesstanding Sea-level
ize znd Varabdity,! hosted by th hic Commission of UNESCO in Paris
June 6-9, 2006. The Workshop was D_E‘nged by the World Climate Reseasch Programme (WCEP)® to bring
together all relevant scientific expertise wi riew towards identiffing the uncertainties associated with p

aad fin

as the research and obae:":monal activities needed for
nargowing these nacestainties. The

Intergovernmental Oceanogrs

e sea-level rise and vagiabl

as W
orkshop was also conducted in support of the Global Earth

Obzervation System of Systems (GEOSS) 10-Year Implementation Plan;? as such, it helped develop
internationsl and mterdisciplinary scientific consensus for those observational requarements needed to

abality.

address sea-level rize and its

The Issue — Since the beginning of high-acouracy satellite altimetry in the eacly 19905, global mean sea-level

has been chserved by both tide gauges and altimeters to be rising at a rate of just above 3 mm/
compased to a rate of less than 2 mx ac from tide gaunges over the previous cent The exteat to which
this increase reflects natural vanab: known. About half of the
tinreter record can be attzibuted to thermal expansion due to =

year,

v versus anthropog,

¢ climate change is =

sea-level rise dusing the first decade of the =
warming of the ocezns; the other mzjor contributions inchude the combined effects of melting glaciers and i
land (such as the depletion of aguifers and increas dams E:ld

rweets. Changes in the storsge of water or

LESEIVOIrs) femain Very nncertain.

The Motivation — The cozstal zone has anged profouadly dusng the 20% centiey, primacly die to

growing populztions and increasing ucbanization. In 1990, 23 pescent of the wosld’s population (or 1.2

billion people) Lived both within 2 100 km distance and 100 m elevation of the coast at deasitiez about theee
times higher than the global average. B
Iy
hecoming increasingly v

2010, 20 out of 30 megs-cities will be on the coast, with many low-
th coastal development continuing at a rapid pace, society is
Inerable to sea-level rise and variability—as Huaricane Katrina recently

g locations threatened by sea-level rise.

demensteated in New Quleans. Rising sea levels will contzibute to increased storm sucges and Elood.mv even

if huericane intensities do not increase in response to the warming of the oceans. Rising sez levels

contobute to the erosion of the wodd's sandy beaches,
70 pescent of which have been retreating over the past
centnsy. Low

ring islands are also vnlnerable to zea-

se.

An impzoved undesstanding of sea-level gise and

ty will help reduce the uncestainties associated
with sea-level size projections, thus contrbuting to
more effective cozstal planning and management.
Adaptation measures, including enhanced building
codes, restrictions on whese to build, and developing
with flooding,
should help to minimize the potentizl losses.

infrastructinres hetter able to cope

Relation to the IPCC Assessments — The Third
Aszessment Report (TAR)* of the Intergoveramental
Panel on Climate Change (IPCC) estimated that sea
rise between 9 and 88 cm by rhe end

1e 21% centusy.
being
reviewed by governments. The \‘_o_k hop compleme 1ted the TAR

5 CLLLTH

ourth Assessment Report |

by starting with the set of uncertamties it identified, then focusing on B

the scientific and observational requirements aeeded to reduce thoze
nacertainties, as well az nacestainties identified dusing the Workshop.
The Workshop did niot attempt to develop projections of futie
changes as the TAR did. The Workshop participants reached
consensus that the increase & rate of global mean
sea-level cize towards the ead of the 20% ceatucy, to

the

just above 3 mm per year from less than 2 num per vear
on average over the previous century, is a sobust

The Extended Workshop Report? will address
the many nacertainties in uaderstanding the canses

of 20% century ses-level change and its recent
acceleration conld be reduced for input to future IPCC

A ment Reports.

WCRPs | @

nate Research Programme
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Sea levels currently rising at over 3 mm/yr

GMSL from TOPEX/Poseidon and Jason-1 satellite altimeter data
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Regional patterns of Sea-level Rise
Global Sea Level Trends: 1993-2005

Lo
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Estimate sea-level by representing the variability

using patterns determined from altimeter data

El Nino Nov 1997 La Niha Feb 2000
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Approach |

« Use satellite altimeter data to identify patterns of
spatial variability
e Expand historical tide gauge data as a sum of these
patterns; ie
SSH'(x,y,t) = U"(X,y)a(t)
 Determine amplitudes of patterns by minimising

difference between observed and reconstructed sea
level

e Take account of error estimates and available
Information on spatial correlations; ie minimise

S(a) = (HU'a — SSHO)T R1 (HU'a — SSH°) + a'Aa



The distribution of available sea-

level data changes with time

300

tions

8 5
S 200

Number of loc

100 F---

1980-89 L
o b RN PP e g
- : ¢

0 90 180 270 360

1880
1900
1920
1940
1960
1980
2000

A Y .
T
C 0 | | =
W R P @ 0 90 180 270 360

World Climate Research Prog Church an dw




20-year trends
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Ocean temperatures control the

regional patterns of sea-level
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Significant spatial variations in trends

of sea level rise from 1950 to 2000

Latitude

Sea-level rate of change from reconstruction (mm/year), 1950 -> 2000
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What about the trends?
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100 year change in location (degrees)
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Present day latitude of max of xsect (degrees).
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New estimates of ocean heat content and

ocean thermal expansion
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The Science Shows:

= Ongoing sea-level rise is inevitable! Itis 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.

= |s it dangerous? 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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