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The shaDe of the Earth and of'the water masses has been LONG debated:

“A question of the water and of the land”

re there is no hum in the water, since God and nature ever d e

Land, Sea, Geoid, Ellipsoid...

The geoid approximates mean sea level.

WHAT IS THE “ENGINE” OF GEOID UNDULATIONS, and of the CHANGING SHAPE of
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‘ Geoid Undulations: GEOLOGICAL TIME SCALES o
“At long wavelength no correlation is observed between

Cryosphere

|- _ _lce SheetMargins _  ice Sheives Ice Sheets ]

Hour Doy Mantn Yeor Century MBenmum
.1 Components of the cryosphere and their typical time scales. Source: Fig. 4.1 of IPCC (2007).
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MILLENNIUM TIME SCALES “POST GLACIAL REBOUND”

a. Peak glaciation
21 kyrs BP

(a) At peak glacial conditions
the Earth's surface is
depressed beneath the ice
sheet and slightly elevated
outside the ice sheet owing to
mantle flow.

b. During deglaciation roglacial
T T T p 'gke Later on...

v (b) During deglaciation the
depressed region rises and
peripheral regions subside.
Uplift of the Earth's surface is
frequently observed as
relative sea level fall in
recently deglaciated areas.

X

Adapted from: http://www.nrcan.gc.calearth-sciences/ inerall/geol ics/earthquake. esses/9593
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Northern hemisphere glaciation

LaSt Glaclal maXImum (N 21 kyrs BP) during the last ice ages. The set
“Rlps

up of 3 to 4 km thick ice sheets

caused a sea level lowering of
about 120 m.

Paleogeography northern hemisphere LGM
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http://en.wikipedia.org/wiki/Ice_age .
Colloque, Collége de France, 2013

Friday, June 7, 2013

B

GS Colloque, Collége de France, 2013

ICE VOLUME of ice sheets since the LGM from far field observations (coral reefs)

- Post-Glacial
Sea Level Rise
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Paleogeography the changing face of the Earth

Paleo-topography until 21 ka
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Paleo-topography until 21 ka
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Paleogeography the changing face of the Earth
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“Gravitationally self-consistent” Mediterranean paleo-topography
(LGM, 21 kyrs ago)
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Colloque, Collége de France, zg;a
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RSL observations

“RSL zones”

Fig. 2. Observed spa-
tial variability of sea
level change since the
time of the LGM from
tectonically stable ar-
eas or areas where the
tectonic rate is known
and has been removed
from the observed sig-
nal (A) Angerman,
Gulf of Bothnia, Swe-
den (73). (B) Andaya,
Nordland, ~ Norway
(72). () South of En-
gland (74). (D) Hudson
Bay, Canada (4). (E)
Barbados (16-18). (F)
Bonaparte Gulf, north-
west Australia (27).
(G) Orpheus Island,

lor Queensland,
Australia [(23) and un-
published _ Australian
National  University
datal. (H) Sunda Shelf,
southeast Asia (15).
Note the different
time and amplitude
scales. In the examples
illustrated, all observed
depths or elevations of
the sea level indicators
have been reduced to
mean sea level All
time scales are in cal-
endar years.

Sea Level Change Through the Last Glacial

Kurt Lambeck, ef al.
Science 292, 679 (2001);
DO: 10.1126/science. 1059549
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Causes of regional variability in TIM - induced sea level change (i)

“Absolute” sea surface ice thickness variation

Causes of regional variability in TIM - induced sea level ¢ e (ii
Adapted from Clark & Lingle, 1979

ICE MASSES
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the “Sea Level Equation”
Farrell & Clark (1976)
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S = sea level change m; = ice mass variation

Pis Pw = ice and water density A, = area of the oceans
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ss Colloque, Collége de France, 2013 The sea level equation (SLE) - basic ideas

Dropping some terms in the SLE.

S = G®I+p“(*®05— nz —&GS& p“G@@s
pw o ",”
Interglacial Eustatic solution!
By ()
S B S (t) B p’on

solves the SLE in the
very special case:

Oceans

the EARTH is RIGID
and
Newton constant is =0
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The sea level equation (SLE) - basic ideas

Dropping some terms in the SLE.
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Interglacial Eustatic solution!
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the EARTH is RIGID
and
Newton constant is =0
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The sea level equation (SLE) - basic ideas

>

Dropping some terms in the SLE.
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solves the SLE in the
very special case:

Oceans

the EARTH is RIGID
and
Newton constant is =0
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Model vs RSL observations - full theory Hudson bay
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Model vs RSL observations the global scale

Relative Sea Level (RSL) sites
from file sealevel.dat -NRSL= 392

RSL predcitions — model ICE5G
200 | Viscosity profile: /10.0.3 by
-LMAX= 128 -RES=48 .
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Sea level rise from tide gauges
“viewpoint of the solid Earth”

; : . . : —35

. Recent Sea Level Rise I30

23 Annual Tide Gauge Records

= Three Year Average 125 §
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“A tide staff”
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Rate is 20 cm/century foprese fine
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Identifying the causes of sea-level change

Glenn A. Milne, W. Roland Gehrels, Chris W. Hughes and Mark E. Tamisiea, NATURE GEOSCI 2009

0. Possible causes

Terrestrial water
Ocean-atmosphere storage

Ice

Ocean circulation

2. TIM (terrestrial ice melt) fingerprints

2 A
-

Greenland

.
Vertical land Vertical land

motion motion

1. Thermal expansion

20 45 -0 05 00 05 015 20
mmyr!
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PRESENT DAY GIA component of SLR: ICE-5G (VM2) Peltier, 2004

I: Ocean-average of GIA: 0 mm/yr
Il: Rate is constant on a secular scale

present sea levels

Rate of vertical displacement today
—lce model: ICE5G -ALMA rheology: ./VSC/vsca_BENCH.dat

tide gauges

All PSMSL tide gauges
(~ 1200)

®

All PSMSL tide gauges
withT > 60 years
(~ 140)

O

Most (all?) tide gauges
are in regions of
considerable

GIA disequilibrium
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Role of GIA today PSMSL tide-gauge observations

The GLOBALLY AVERAGED RATE of SEA LEVEL RISE
is estimated using long series of T/G data
after GIA correction!

Table 3.1
Recent Determinations of Global Sea Level Rise from Tide Gauge Data

Author Estimate (mm/yr Comments
Peltier and Tushingham (1989, 1991) 24 = 09 Global data
Barnett (1990) 1-2 Global data
Nakiboglu and Lambeck (1990) 1.15 = 038 Global data
Trupin and Wahr {1990) 175 £ 0.13 Global data
Douglas (1991) 18=01 Global data
Shennan and Woodworth (1992) 1.0 = 0.15 UK. and Europe
Mitrovica and Davis (1995) 1.1-1.6 Global data
Davis and Mitrovica (1996) 1503 U.S. east coast
Peltier (1996) 1.94 = 0.6° U.5. east coast
Peltier and Jiang (1997) 18 = 06° U.S. cast coast
Douglas (1997) 1801 Global data

*Standard deviation of trends about their mean. The formal SE is a few tenths.
25
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What is the color of sea level change?

and regional (future) signals

Framework-7 scheme.

Ice2sea will improve projections of the contribution of ice
to future sea-level ri
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Ice dynamics (AIS and GIS) GIC

SMB (AIS and GIS)
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FUTURE component of SLR: Terrestrial Ice Melt (TIM) fingerprints

(a) Rate of RSL change 100 Gt/yr (GrlS) (b) Rate of RSL change 100 Gt/yr (AIS)
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SUMMARY

‘/Sea level change associated with GIA (Glacial Isostatic Adjustment)
have a marked regional character,

‘/The causes are: Earth deformations and gravity field variations, the
complex geometry of ocean floors, rotational variations, time-
dependency of the ice loads and rheological effects,

‘/The interpretation of secular sea level rise by instrumental
observations is only possible when these regional changes are

accounted for,

‘/Future sea level changes (to year 2100) will strongly depend on the

MEAN: 24 cm TIM oo s . .
190730 m | contribution of terrestrial ice melt. From the ice2sea project, we
- cm n . . .
03 -02 -01 00 01 02 only now better know what their regional pattern will be.
30
29
Foday, dine7,2073 = iy, dune 7,207 %
GS Colloque, Collége de France, 2013
(e.g. for questions..., ETC)
31 32
Friday, June 7, 2013 31 Friday, June 7, 2013 32
(a) Rate of RSL. change for year 2100 (MR) RSL Projections on specific sites: Tide gauges and LECZs / cities
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Low Elevation Coastal Zone (LECZ) data: all land area that is contiguous with the coast and 10 meters or less in elevation, see
ciesin.columbia 1 i and McGi han et al . 2007
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-8 -6 -4 -2 0 2 4 6 8
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year 2100

0

TIM:24 cm

-15 =10 =05 00 05 1.0 15

AVE=51lcm

TIM is combined with the OCEAN response (OC: sterictocean circulation)

(ECHAMS5 MPI-OM A1B, Meehl et al., 2007) - NO GIA here

Note: NOT a fully coupled TIM + OC experiment

Uneven sea level rise ice2sea forum London May 2013
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(b) TIM + ocean (HE)
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year 2100
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Comparing TIM to OC:  TIM ratio R =TIM/(TIM+OC)

(a) TIM ratio (MR)

0.0 0.2 04 0.6 0.8 1.0
TIM<OC TIM=0 TIM>OC

Comparing TIMto OC:  TIM ratio R =TIM/(TIM+OC)

(b) TIM ratio (HE)

0.0 0.2 0.4 0.6 0.8 1.0
TIM<OC TIM=0 TIM>OC

Uneven sea

level rise ice2sea forum London May 2013
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Uneven sea level rise ice2sea forum London May 2013
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