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1. Les mesures du nive

Echelle de marée Marégraphe mécanique Capteur pression Acoustique & Radar
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22 2 The “Sea level enic
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Glaciers - . _
Greenland (recent) — I IPCC (200 1) - =
Antarctica (recent) - . - SCrippS Institute, La Jolla,

San Diego, California
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“Sealevel enigma” (Munk 2002)
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Terrestrial storage |- _

Sum of climatic contributions
to sea level rise: ~0.7mm/yr

Ice sheets (longterm)

Permafrost

Sediment deposition
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Analyses of tide gauge

observaions- [ records ~1.5mm/yr
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Glaciers and ice caps

"= rcc (2007)

— Where does the missing observed rise
Greenland = |'| 1.1 mmiyr i come from? (MWP 1a...?)
Antarctica~ - ‘ ]
. o ; — How to predict the future,
Sum}- | L RRCHIITAU if the recent past cannot be explained?
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22 2 The “Sea level enic

Glaciers and ice caps|-
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I Observed sea-level change [l Groundwater depletion
- Thermal expansion (oceans) - Reservoir water storage
I:| Glaciers and ice caps - Soil, river, and snow water
- Greenland and Antarctica - Net SLC owing to

- Residual TWS change

IPCC-AR4 This study Other studies

Updated contributions

» Thermosteric contribution (Domingues et al. 2008)
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¢ Antarctic (0.2%x=0.4 mm/yr)
& Greenland ice sheets (0.1%+0.1 mml/yr)
¢ Glaciers & small Ice Caps (0.5%0.2 mm/yr)
¢ 0-700 m Thermosteric sea-level (0.5%0.1 mm/yr)
¢ Deep Thermosteric sea-level (0.2+£0.1 mm/yr)
¢ Terrestrial storage (...)

— Sum of contributions: 1.5 + 0.4 mm/yr

» Terrestrial water storage (Pokhrel et al. 2012)

¢ contributed a sea level rise of about 0.77 mm/yr
— Sum of contributions: ~1.9 mm/yr

Pd
A

i" o (1.5+0.77) ~2.3 mm/yr
X)
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GMSL anomaly (mm)
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Tide Pole
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— Church & White, 2011
— Jevrejeva et al., 2008

g

=1

— Ray & Douglas, 2011 '8 4

1.7+ 0.2 mml/yr
(1900-2009)

The evidence for sea level change over multi-decadal
to century timescales comes from tide gauge records
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3. Evidence for fingerprintSsou r:Tals Eleot=Na (=1 iflalolre
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4. Searching for fingerg

0 Station selection criteria:

— Tide gauge records > 50yr from 1900 Main repository of TG data:
— 70% of valid data /PSMSL
— Regional grouping based on A "y

correlation coefficients www.psmsl.org



4. Searching for fing

o Station selection criteria:
Tide gauge records > 50yr from 1900
70% of valid data

Regional grouping based on
correlation coefficients
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Local land motion are the most likely
source of this spatial variability



=2/ \/ertical land motio
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Land movements
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a Determination

—

% Other processes?
— Monitoring: Space Geodesy

O Challenges

— Rates of sea-level change: ~2 mm/yr

— Standard errors: one order of magnitude less
to be useful in long term sea level studies!



- The GPS solution

Review of Geodetic Techniques
Cal‘tel‘ et al (1989, 1993) Satellite Laser Ranging (SLR) VLBI

versus Continuous GPS

UoNR|[21SU0d SdO

versus Global GPS Processing

International infrastructure (IGS)
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gt 4. GPS vertical ve from the ULR consortium

Solution available at www.sonel.org

Calculation of uncertainties on velocities taking
Into account time-correlated noise

326 GPS velocities in the ITRF2008, from which
201 co-located at or near a tide gauge (<15km)

Median=0.3 mm/yr

% of stations

5‘

0
00 05 10 15 20 25 30 35 40
Vertical velocity uncertainty (mm/yr)
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- Data and methods

a Station selection criteria:
Tide gauge records > 50yr from 1900
70% of valid data

Regional grouping based on
correlation coefficients
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Trend, mm per Year

grouped into 17 regions
following Jevrejeva el al. (2006) 10 -
for regional reconstructions

-

85 95 106 115
Record Length, Years

v

Local land motion are the most
likely source of this spatial variability



Annual MSL (mm)
in northern Europe

Annual MSL (mm)

in northwestern America

Annual MSL (mm)

in Gulf of Mexico
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4. GPS velocities &

Tide gauge records

How well do they work?
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GFS-corrected
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Annual MSL (mm)
in northern Europe

Annual MSL (mm)

in northwestern America

Annual MSL (mm)

in Gulf of Mexico

Tide gauge records

4. GPS velocities a

GlA-corrected
tide gauge records

How well do they work?

GFS-corrected
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Trend, mm per Year
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o=/ Spatial Patterns oi
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D Causes?

Reference frame origin? X

» Impact on the vertical velocities

AvP(Ad, AT) = Ad + Gy i) - AT

. . G(%ij, ¢ij)
- > AR
)_/Jl)_ i G :;[85(3) = [cos(¢h) cos(hij)  COs(di;) sin(ij)  sin(gy))]
/ » Impact on the GSL change
/ ds '_1 N  n; ]
/ A (AT, Ad)=Ad+ Lﬁzzpi,j(;(x,-j,qs,j)J AT
i=1 j=1
. ] Collilieux & Woppelmann, 2011
using: ATz = 0.5 mml/yr ( PP )
Ad = 0.3 mm/yr ~ ULR5 —» ~ 0.5 mm/yr
Collilieux et al. (2014)

-

Tide gauge distribution? X
Fingerprints of land ice melting? X
Thermo-steric effect? (Ocean X

temperature)

ANY OTHER IDEAS OR SUGGESTIONS?



Table 1. Previous GMSLR estimates (data are displayed in Fig. 1). See Pirazzoli (1993), Groger & Plag (1993),
Gornitz (1995) and Douglas (2001) for similar summary tables.

Year and author(s) M (mm y'r'] 1] Period? Method(s)® GIA correction?
1941 Gutenberg L1£0.8 1807-1937 RA No
1952 Polli 1.1 18711940 RA No
1952 Cailleux 1.3 18851951 SA No
1954 Valentin 1.1 18071947 — No
1938 Lisitzin 1.1 18071943 — No
1962 Fairbridge & Krebs 12 15001950 SA No
1974 Lisitzin 1L1£04 20th century SA No
1978 Kalinin & Klige 1.5 18601960 SA No
1980 Emery 3 18501978 SA No
1982 Gornitz ef al. 12 18801980 RA No
T 1.0 18801980 RA Geological
1983 Barnett 1L5+0.2¢ 15031969 EOF No
1984 Barnett® 14 £0.1F 18811980 EOF, RA No
T 23+0.2% 19301980 EOF, RA No
1987 Gornitz & Lebedeff! 0.6 0.4 18801982 SA Geological
T 1703 18801982 SA Geological
1203 18801982 SA Geological
T 1.0£0.1 18801982 RA Geological
1989 Peltier & Tushingham 2409 19201970 EOF Presumably ICE-3G
1986 Pirazzoli Indeterminable ~ 1807-1984 — —
1989 Stewart Indeterminable  20th century — —
1990a Trupin & Wahr 1.75 £0.13¢ 19001979 SA No
1991 Nakiboglu & Lambeck 115 £0.38 18201990 SHA, RA ANU models
1991 Douglas 18 £0.1F 18801980 SA ICE-3G
1991 Emery & Aubrey Indeterminable  1807-1996 — —
1992 Shennan & Woodworth 1.0 £ 0.15% 19011988 Eu SA Geological
1993 Griger & Plag Indeterminable ~ 1807-1992 — —
1995 Mitrovica & Davis L1-1.6t 18801990 SA ICE-3G
1995 Unal & Ghil L6044 1807-1990 RA ICE-3G
1996 Davis & Mitrovica 15£03 18561995 USE ~ BA ICE-3G
1996 Peltier 1.94 £0.56* 19201970 USE ~ EOF ICE-4G
1997 Peltier & Jiang 18 £ 0.6 1856-1995 USE  SA ICE-4G
1997 Douglas I8 £0.1 18801980 SA ICE-3G
2001 Cabanes er al. 16 £0.15 19351996 SA No
2001 Church et al. 1.0-2.0 20th century APE Various models
2001 Peltier 1.84 £0.35¢ 18801980 RA ICE-4G(VM2)
2001 Mitrovica ef al. L5+01* 18802000 SA No
T 1.8 =0.1* 1880-2000 SA ICE-3G
2004 Church et al. I8 £0.3* 19502000 EOF ICE-4G({VM2), L. M
nor 175 £0.10* 18502000 EOF ICE-4G(VM2)
T 189 £0.10* 19502000 EOF L
1.91 £ 0.10* 19502000 EOF M
2004 Holgate & Woodworth 1.7 £ 0.20 16482002 RA ICE-4G
2005 MNakada & Inoue 1.5 20th century SA No
2006 Church & White 1L.7£030 20th century EOF ICE-4G({VM2), L, M
T 171 £0.40 18701935 EOF ICE-4G(VM2), L. M
T 184 £0.19 1936-2001 EOF ICE-4G({VM2), L. M
2007 Bindoff er al. I8 £0.5 1961-2003 APE Various models
mor 1705 20th century APE Various models
2007 Hagedoorn ef al. 1.46 £0.20% 20th century RA ICE-3G
2010 Wenzel & Schrivter 1.56 £0.25 19002006 NN ICE-5G(VM4)
2011 Church & White 1L7+02 19002009 EOF As in Church er al. (2004)
mor 19+04 1961-2009 EOF T

Sea-level trend with errors(mm/yr)

(arecent review)

Spada & Galassi (2012)

35 -

3.0 -

15

1.0

a)

it

0.0
1930

1940

1950

1960

1870 1980

Year of publication

1930

2000

2010

2020



5. Hemispheric Sea Level Chano

I I I I
200+ Northern Hemisphere: 2.0 + 0.2 mmyr
Southern Hemisphere: 1.1 £ 0.2 mm#yr
Global:
150 — Average from regions: 1.8 mmiyr
— Area-weighted from Hemispheres: 1.5 mm#yr
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- 5. GPS Limitations:

Number of stations displayed : 289 List of stations

]

UOIe||9ISU0D SO

L/

Google
Tide gauge colocated with GNSS station (191): Display i———
9 4 A Active Stations = y
Active station (133) No data for 30 days
No data for 30 days (32) Decommissioned 3
T No observations in SONEL
Decommissioned (6) Not colocated with GNSS &
No observations in SONEL (Survey) = 20 - o T
Q‘ﬁde gauge not yet colocated with GNSS station (98) UPDATE ) DEFAULT )

GLOSS dedicated GPS@TG Data Assembly Centre (www.sonel.org)

0 Working hypotheses
1. GPS antenna vertical movement < Tide gauge land movement
2. Land movements are linear over the tide gauge records length




5. De 'importance d’'ob
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v’ Origine des écarts ? Processus physique
ou question meétrologique ?

v’ Erreur systématique ou anomalie ?

LES OBSERVATOIRES

v’ Principaux attributs de I'observation :
% Pérennité, Continuité, Acces, Qualité |

& des financements...
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v’ Origine des écarts ? Processus physique
ou question meétrologique ?

v’ Erreur systématique ou anomalie ? LES OBSERVATOIRES
v" Principaux attributs de I'observation :




5. Other suspect: Tide

SODA ocean climate model (CMIP5)
1871-2008 Assimilation Run
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58 8888 48 8

s =2

EEEREE

28

Trend (mm/yr)

N

(@)

1
N

Global MSL
8 ®
BEEEEEENR,
®
» Area-weighted 7
° TG locations
20 40 60 80 100 120
Northern Hemisphere
i 143
. R
) ®
® .
®
20 40 60 80 100 120

Southern Hemisphere

o o)aBOEy o

20

40 60 80
Period length (yr)

100 120



