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RIS pregramiisiintended terntegrate research results; data
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Improved understanding of sea level change, but lack
adeguate support:

® Proposals sought to address one or more of 4 elements:
— Sea level rise and Iits regional variation
— Improved knowledge of ice mass change
— New sea level datasets
— A NASA web. portal for sea level change
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Selected N=SECISlnvestigations

sk Carmen Beenmg/Jet Propulsion Laknoratery
— SAINASANWWEL Portalfior SeallevelfChanger

sk James Davis/llamoent=Doherty Eartn O©nseratony

— “Bayesianintegraton oiMultipleGendetci bataniypestiorinvestigatonofitherCoupled
Impact e ClimaterChangelon EartirSysienms:

s James Famigletu/University e Califernias ivine
— “[landiContributions to'Regional and Global Mean Sea llevelfRISe*

e Patrick Heimbach/Massachusetts Institute of Tiechnoelogy

— “Data and Forcing Integration for Improved Estimation of Spatial Sea Level Patterns and
Their Uncertainties, With Extended Diagnostics for Closed Budget Analysis”

® Erik lvins/Jet Propulsion Laboratory

— “Ice Sheet Basal Conditions and Sea Level Rise”
e Steve Nerem/University Of Colorado, Boulder

— “Observation-Driven Projections of Future Regional Sea Level Change”
* Richard Ray/Goddard Space Flight Center

— “Past, Present, and Future Sea Level from Observations and Models”

e Eric Rignot/University of California, Irvine
— “Mass Balance and Bed Topogrank
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— GRACE;ICESAJLICERNIA0E
*= Helen FHCkers SCHPPSHNSHUIONIeIROCEanoyhapny,

— ICESAI} ICESAIEZ
Ichiro Fukumori, Jet

— Estimating mechanisms of the trend and decadal varlablllty of sea level usmg an ocean
general circulation model constrained by satellite altimeter observations

Alex Gardner, Jet Propulsion Laboratory.
— Contributions of mountain glaciers to sea level change

lan Joughin, University of Washington
— MEASURES PlI, ice sheet velocities, cryospheric science

Eric Larour, Jet Propulsion Laboratory
— Ice sheet modeling
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Univrﬁrs;]"ry 01 Colerade
CONSUUCHONS
 INOAAS
= NJ,-\,-\ Imateranaeperationaliapplicationsieissatellitesaltimeny.
SA Goddard  Space Flight Center

GRACE, ice mass contributions to sea level

e Sophie Nowicki, NASA Goddard Space Flight Center

— lce sheet modeling

e Ted Strub, Oregon State University
— Processes connecting coastal to basin-scale ocean circulation

* Josh Willis, Jet Propulsion Laboratory
— MEASURES PI, satellite altimetry, thermosteric sea level




NASA Sea Level “Road Map” Physics-based

models
constrained by
observations
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Surface melt dominates Alaska glaciers mass balance
Larsen, Burgess, Arendt, O’Neel, Johnson, Kienholz (2015),
Geophysical Research Letters

& | science for & changing world

o » Repeat glacier surface elevations measured using airborne laser altimetry
o T g supported by NASA’s IceBridge program

» ~40% of regional ice cover directly measured

Data extrapolated to all 87,000 km? of ice in Alaska/northern Canada

* Nearly all glaciers were thinning and losing
mass (red colors) during the 20 year period

Our analysis assesses each
glacier individually,
partitioning by dynamical
classes
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Ice Sheet Basal Conditions and Sea Level Rise:

Interface with Earth Structure Models and GIA
Erik lvins, Helene Seroussi, Eric Larour

x10° Basal melting (m/yr)

—120

00

Next steps:
Define range of plume parameters and improve ice thermal model



Daily Merged Altimeter + Tide Gauge SLA: 1993-2014

A daily SLA data set with enhanced coastal coverage is created by merging tide
gauge data with AVISO daily ¥%° gridded SLA fields. AVISO data within 70-100 km
of the coast are replaced by interpolated TG data. In the right hand panel, the

difference between the fields shows tzfgg ghaq jes due to the tide gauges.
ebruary

AVISO+TG AVISO
I 1 T ‘F‘- - 1 i
® Tide gauge locations v \1_ ® Tide gauge locations - ® Tide gauge locations |~
® ADCP locations gty L gl ',% ® ADCP locations ® ADCP locations
® Comparison grid cells N¥veNpRRaanty LS ® Comparison grid cells ® Comparison grid cells
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AVASOFSSHIFLENGSH(EI998=2012)

 Pacific East-West dipole is the most prominent pattern over the last 20 years
e West minus East Pacific SSH 20-year trends:
* CMIPS5 vs observations?



Présentateur
Commentaires de présentation
to do: make ‘pretty’ map with relief 


Altimetry vs CMIP5
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Closmg of the Sea LeveI Budget

|— Global mean sea level

- Global mean ocean mass

— Global mean steric sea level (0-2000m)
- (cean mass + steric sea level

i ! i .




SeallleveliChangen\VvehrPortal
RPontalillcadsCarmeniBeening; JR1

s e Sealltevel Chiange Rortalwiliiseneras central
nubereEnaning collahenatieneweethie: NASA
Sealllevel changeteamasiwelllasradistiputngrand
communicating science resuits;

* The ultimate goal of the Sea LLevel Change Portal'is
to provide scientists and the general public with a
“one-stop” source for current sea level change
Information and data, including interactive tools for
accessing, viewing, and analyzing regional data,
and ongoing updates on sea level research that will
help to facilitate interdisciplinary investigations
and highlight NASA'’s sea level science.
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VWhatssSicoming upiiorthe N=S1ECH?

SENESECTFRalISVEERgINOVEMBER 10125 20115,
Sllewarasiuneerstancing ane pProjectingseatieve!
chiangeralengrtherceask ol therUiss:

shnitial releaser e Wwenportal
November/December 2015.

e AGU Town Hall Meeting December 17, 2015,
12:30-1:30 pm
® Recompetition of N-SLCT, 2016

(N -
[N\A %Y Sea Level Change Team (N-SLCT)
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COP21NOSIISIFReECOmMmMEnGation

“OPSeations iRglenal seaievel HseriienSpace
chartthtmanrcatsed climaterchangerthatiistikely,
IEeVersihlerenrtimerscales shoterthan iunareds
O years in a comprenensiveranarglonalivays AS
such the Ocean Surface’ fepograpny: Science lieam
strongly recommends continued monitoring of sea
level rise by precision satellite altimetry.”
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A.Cazenavel15, G.Larnicol?,, M.Ablain?, B.Meyssignac'15, ].F.Legeais?, Y.Faugere?, J.Benveniste3,
B.Manuel Lucas3, S.Dinardo3, J.Johannessen4, D.Stammer>, G.Timms¢, P.Knudsen’, P.Cipollini8,
M.Roca?®, S.Rudenkol?, J.Fernandesii, M.Balmaseda 12, G.Quartly!3, L.Fenoglio-Marc!4, T.Guinlel5.

1. LEGOS (France), 2. CLS (France) 3. ESA (Italy), 4.NERSC (Norway), 5. University of Hamburg
(Germany), 6. CGI (UK), 7. DTU (Danemark), 8. NOC (UK), 9. isardSAT (Spain), 10. GFZ (Germany), 11.
FCUP (Portugal), 12. ECMWF (UK), 13. PML (UK), 14. TUD (Germany), 15. CNES (France).



Context

aerosol

CCI PROGRAM

=2 ocean colour
3 ‘ﬁ cci

land couer
cci

European Space Agency

=N soil moisture
cci

_ ice sheets

Objective: To realise the best long term ECVs records the full potential of the long-term
global Earth Observation archives from satellites (not just ESA but all sources via

international collaboration) as a significant and timely contribution to the ECV databases
required by UNFCCC and GCOS




What is in the CCl-sea level product?

Sea level multi-mission product based on satellite data from ESA, CNES, EUMETSAT, NASA, NOAA,
US NAVY, ISRO...

 Current version with 7 missions (re)processed over 1993-2013
(T/P, Jason1/2, ERS-1/2, ENVISAT & GFO)

» same approach and data flow as for AVISO products but with uses improved standards developped
for climate studies.

» Afull reprocessing is planned in June 2016

V1.1 SL ECV V1.1 SL ECV V2.0 SL ECV i
Extension Extension Extension E
[1993-2013] [2014] __[2015]




Improvements of the sea level record

for climate studies

The development of new algorithms/altimeter standards is finished
The evaluation is on-going, and a selection meeting is planned to select the best

algorithms for SL_cci V2.0

New tides (model) corrections:
GOT4.10 and FES2014 was evaluated

New orbit solutions
New GFZ and CNES orbit solutions

New atmospheric fields

From ERA interim the Japanese reanalysis
(JRA-55)

From radiometer correction (University of
Porto)

Standard deviation of GPD V2.0 - GPD V1.1
Mission j1, cycles 2 to 529
T T l L] ¥ L] T

Standard Deviation (cm)
I

0.0 0.1 0.2 0.3 0.4 0.5



Improvements of the sea level record

for climate studies: Validation

. Global Mean Sea Level budget over 2005-2013 (CCI
Assessment of SL_cci ECV : o . i : s

products via: ——— CCI GMSL 2,89 mm/yr

— Mean GOM 2,04 +/- 0,08 mm/yr

Mean Argo(2000m) 0,84 +/- 0,08 mm/yr

m— Mean GOM + Mean Argo(2000m) 2,88 +/- 0,11 mm/yr

*Internal consistency check and
comparison with in-situ data

Comparison with ocean modeic
assimilation experiments, by
quantifying changes of the
model performances.

mm

Sea Level (

*sea level budget studies at

inter-annual scales -10'_\ A\

-15f

Credits: LEGOS

‘Eﬂ i [l I 'l i
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Time (yr)




Improvements of the sea level record

for climate studies

« New Seal-Level Arctic products significantly improved over the frozen Arctic Ocean
- Very good coverage over leads and SLA quality seems good
- Continuity between open and ice covered ocean (thanks to new retracking)

2002-12-12 12:00:00

Envisat SLA
from 20 Hz
Envisat Data

Evaluation
on- going




ESA CCl Sea Level: Uncertainties

« Uncertainty in GMSL trend:
+0.5 mml/yr over 1993-2013 and £0.36 mm/yr over 2000-2013

« Uncertainty in GMSL variations (available in the next release): ~+2. mm

5_

Linking error

MSL (cm)

1750032004 2005 2006 2007 2008 2009 2010 2011 2012 2013
See Zawadzki et al. presentation on Thursday 09:45, Grand Ballroom 1



confidence interval (mmj/yr)

See Prandi et al. presentation on Thursday 10:15, Grand Ballroom 1



different products
for different needs

htt|5_:_//www.avis_(_)_.altimetry.fr_ -

Link:

dataset: daily, along track or gridded ("4°x"4°)

Many products: mono and multi-mission nea
RT or delayed (with update  ~5month)
objectives: optimised for mesoscale and oce

http://www.esa-sealevel-cci.org

Link:

dataset: monthly, gridded (V4°xV4°)
r
1 product: multi-mission, delayed (with
update ~1yr, since Dec 2014)

an

circulation. Provide frequently updated data and near RT

products, high accuracy GMSL...

common applications: sea level studies at

monthly to multi-decadal time scales, ocean

circulation studies operationnal oceanography,
assimilation in reanalysis(1993-2013).

objective: optimised for long term trends and
decadal variability
common applications: sea level studies at
interannual to multi-decadal time
scales, trend studies, assimilation
in long term reanalysis (1958-2013).




A.Cazenavel15, G.Larnicol?,, M.Ablain?, B.Meyssignac'15, ].F.Legeais?, Y.Faugere?, J.Benveniste3,
B.Manuel Lucas3, S.Dinardo?3, J.Johannessen?4, D.Stammer>, G.Timms¢, P.Knudsen?, P.Cipollinis,
M.Roca?®, S.Rudenkol?, J.Fernandes!!, M.Balmaseda 12, G.Quartly!3, L.Fenoglio-Marc!4, T.Guinlel5,

1. LEGOS (France), 2. CLS (France) 3. ESA (Italy), 4.NERSC (Norway), 5. University of Hamburg
(Germany), 6. CGI (UK), 7. DTU (Danemark), 8. NOC (UK), 9. isardSAT (Spain), 10. GFZ (Germany), 11.
FCUP (Portugal), 12. ECMWF (UK), 13. PML (UK), 14. TUD (Germany), 15. CNES (France).
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