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Why the Arctic Ocean?

Arctic is the region in the world with most
rapid climate change

Sea level is an important climate indicator
and a proxy for many ongoing changes e _
* Freshwater influx 2=

Annual D—N L 0TI(°C) Change 1960-2011
* QOcean heat uptake
* Land Ice change
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Sea level in the Arctic

No or few continuous In-situ measurements
- Harsh conditions and high costs

Conventional altimetry has difficulties in the
Arctic

- Few satellites covering north of 66 deg N
- Satellites challenged by floating sea ice

ERS-1/2, Envisat, CryoSat-2 provide a
continuous 28 year Arctic sea level record (up
to 81.5N).

ARGO floats (October 4th 2019)
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Sea level in the Arctic: SSH from Altimetry

* Most of the Arctic is permantly or seasonal covered with
ice

White = >50% SIC in September
Light blue = >50% SIC in March

Red line = Max latitude for polar
orbiting satellites




Sea level in the Arctic: SSH from Altimetry
R

Most of the Arctic is constantly or seasonal covered with ice

Leads between ice floats can be used to measure SSH

Return waveforms can look very similar.
* ‘Mixed’ signal between sea ice ocean
* Problem with melt ponds on top of sea ice that looks like ocean

Scattering properties (Pulse Peakiness (LRM and SAR) and
Stacked Standard Deviation (SAR only)) of waveform
used to distinguish between surface types

e SAR Altimetry has finer spatial resolution,
~ thus more data from leads.

White = >50% SIC in September
Light blue = >50% SIC in March

Red line = Max latitude for polar
orbiting satellites




Sea level in the Arctic: SSH from Altimetry

e TOPEX/Poseidon, Jason-1,-2,-3
¢ Sentinel-3A/3B
e ERS-1, -2, Envisat, SARAL
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Sea level in the Arctic: SSH from Altimetry

Trend estimates (2003-2015): Envisat (2003-2011) / CryoSat-2 (2011-2015)
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Sea level in the Arctic: SSH from Altimetry

Trend estimates (2003-2015): Envisat (2003-2011) / CryoSat-2 (2011-2015)
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SH-based EWH trend (03-15) [mm/yr]
Sea level in the Arctic: Sea Level Budget ol - e - I
T 10

SSH = Ocean Mass + Steric Changes

(Altimetry = GRACE + ARGO)

Arctic challenge:

* Signal leakage - mass loss from land is 10 to
1000 times larger (measured in equivalent
water heights) than changes in the ocean

. . . Data from

* In-Situ measurements in the Arctic are UDASJ,:,-
locally very sparse database
(Behrendt

etal, 2017).



Sea level in the Arctic: Sea Level Budget — GRACE mascons

2003-2015

Normalized RMS
GSFC _ (RMS / mean trend)
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Sea level in the Arctic: Sea Level Budget — Steric Data coverage

Halosteric Thermosteric in DTUSteri

2003-2015 PSS g

DTUSteric
(only in-situ based)

ECCOv4r3
(constrained by e
GRACE and Altimetry) |




Sea level in the Arctic: Sea Level Budget

Combination Altimetry solutions

(Mass + Steric) R-coeff. RADS DTU CPOM
JPL + DTU 0.61 0.35 0.76
JPL + ECCOV4 -0.16 0.40 -0.10
GSFC + DTU 0.50 0.40 0.67
GSFC + ECCOv4 -0.10 0.37 0.00
CSR + DTU 0.49 0.19 0.69
CSR + ECCOV4 -0.05 0.16 0.17
OBPmean + DTU 0.54 0.32 0.74

OBPmean + ECCOvV4 -0.11 0.33 0.04




Sea level in the Arctic: Sea Level Budget

Combination Altimetry solutions

(Mass + Steric) R-coeff. RADS DTU CPQ
JPL + DTU 0.61 0.35
Altimetry (CPOM) JPL + DTU Steric ).10
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Sea level in the Arctic: Sea Level Budget

JPL + DTU Steric Residual

.

Altimetry (CPOM)




Sea level in the Arctic: Sea Level Budget - Trends

[East Siborian Sea




Sea level in the Arctic: Tide-Gauges — VLM model (work in progress)
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Tide-Gauges — VLM model (work in progress)

Sea level in the Arctic

[mm/yr]
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VLM Model and GPS stations
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Sea level in the Arctic: Comparison with Tide-Gauges (work in progress)
Sea Level trends (2003-2015) [mm/yr]

CPOM Altimetry . = VLM-corrected Tide Gauge trends ;5| mascons + DTUSteric
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ith Tide-Gauges (work in progress)
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Sea level in the Arctic

EETG+VLM
[ CPOM SLA
[ ]JPL+DTUSteric

180E

180W

10

[4A/ww] puaJ) |9Aa7 eas



Conclusions

A combination of JPL Mascons and the DTU Steric product has a fairly good agreement with
the regional sea level trends from CPOM altimetry.

* The seasonal nature of the steric data and lack of consistent T/S data makes temporal
correlation challenging

e The seasonal variability of the steric data is not represented in the altimetric data.

* Comparison with Tide-Gauges shows SLA-difference for both Altimetry and JPL+DTUSteric

Next steps

* More precise global VLM model and looking into the likely source of difference in SLA trends
(GRACE, Steric, Altimetry, VLM model or Tide-Gauge)

 Comparing with ICESat-2 data (see also poster: SC4-017 - ICESat-2 and CryoSat-2 in the Arctic
Ocean for November 2018)
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Sea level in the Arctic: Sea Level Budget - Trends

Arctic Sea Level [cm]
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GRACE

Sea level in the Arctic: Sea Level Budget
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Sea level in the Arctic: Sea Level Budget - GRACE

Anomalies
w.r.t. mean
[em]

For this study:
Data from 2003-2015

January

February

March

April

May

June

July

August

Septembef

October

November

December|

2016 2017 2018 201

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 @@015
?ﬁ'- A o T 3 WW L= =1 = tae [ T

\
i

GRACE-FO
launch
=

ar

Source: https://podaac-tools.jpl.nasa.gov/drive/lls/allData/tellus/L3/grace/ocean mass/RLO6/JPL

Landerer, et al, 2019




