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INTRODUCTION

INTRODUCTION

WHY STUDYING ARcTIC SL?
@ Part of ESA’s SL CCI

Figure 1: ESA Sea Level (SL) Climate
Change Initiative (CCI)
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INTRODUCTION

INTRODUCTION

WHY STUDYING ARcTIC SL?

@ White spot on global sea level maps. $
The Arctic Ocean is a important ooz
climate indicator

Figure 2: SL CCI ECV v2.0 1995 - 2015
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INTRODUCTION

WHY STUDYING ARcTIC SL?

@ The Arctic SL challenging —_—
Figure 2: SL CCI ECV v2.0 1995 - 2015

SCIENTIFIC AND TECHNICAL CHALLENGING

@ Regional coverage (satellites/tide gauges/argo)
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INTRODUCTION

Sea Ice Extent, Sep 1991

WHY STUDYING ARcTIC SL?

@ The Arctic SL challenging

Credit: NSIDC

SCIENTIFIC AND TECHNICAL CHALLENGING

@ Seasonal/permanent ice cover
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INTRODUCTION

WHY STUDYING ARcCTIC SL?

@ The Arctic SL challenging

SCIENTIFIC AND TECHNICAL CHALLENGING

@ Seasonal/permanent ice cover
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INTRODUCTION

WHY STUDYING ARcTIC SL?

@ Radiometer contamination

@ The Arctic SL challenging

SCIENTIFIC AND TECHNICAL CHALLENGING

@ Satellite instruments

@ Sea-ice affects the range corrections

v
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INTRODUCTION

. @ Sea-ice contamination
WHY STUDYING ARCTIC SL?
@ Ocean tides and atmospheric loading

most important due to the lack of
leads (Ricker et al., 2016)

@ Especially the tides are inaccurate in
the Arctic (Cheng and Andersen,

@ The Arctic SL challenging 2011; Stammer et al., 2014)

SCIENTIFIC AND TECHNICAL CHALLENGING

@ Insufficient geophysical models

v
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INTRODUCTION

WHY STUDYING ARcTIC SL? Satl

llite
‘Ground Track

Earth's Rotation

. . Satellite Direction
@ The Arctic SL challenging Figure 3: Satellite orbits

SCIENTIFIC AND TECHNICAL CHALLENGING

@ Residual orbit errors
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INTRODUCTION

OCEAN

WHY STUDYING ARCTIC SL?

ICE FLOE

@ The Arctic SL challenging

0 10 30 30 40 50 6 70 % % 01010

Figure 3: CryoS?tTQ waveforms

SCIENTIFIC AND TECHNICAL CHALLENGING

- @ Retracking
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REVIEW OF THE ARCTIC SEA LEVEL

REVIEW OF ARCTIC SEA LEVEL PRODUCTS

ARCTIC SEA LEVEL PRODUCTS
(INCOMPLETE)

@ Laxon and MacAdoo (1994); Laxon et al.
(2003) used SSH from ERS-1/2 making sea-ice
thickness and gravity anomalies, respectively.

@ Peacock and Laxon (2004) first to construct a
MSS (10 year period)

@ Since then several e.g. (Prandi et al., 2012)
(DUACS) (1993-2009) (Cheng et al., 2015)
(1993-2011), (Armitage et al., 2016)
(2003-2014), (Andersen and Gaia, 2016)
(1993-2015) have followed

PN

DT S
® ©
Figure 5: (Cheng et al., 2015)

Figure 7: (Peacc‘;é;‘cwz;nd Lazon,

2004)

Table 1: Trends (mm/year)

Period trend
(mm/year)

(Prandi (1993- 3.6+1.0

et al, 2012)  2009)

(Cheng (1993- 1.7 £ 1.3
et al., 2015)  2011)

(Andersen (1993- 2.2+1.0
and  Gaia, 2015)

2016)
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REVIEW OF THE ARCTIC SEA LEVEL

THE ArcTIC CCI SEA LEVEL DTU/TUM PRODUCT

ABouT

New improved SL record
Current version: Work in progess: Version 2.1
Soon version 3.0 (CCI SL budget closure)

ImproveEMENTS OF CCI_SL DTU/TUM pPrRODUCT

Former (reprocessed but largely un-retracked) New (ALES+ retracked, REAPER
and in house processed)

@ No filtering constrains to the MSS

@ Dedicated Arctic processing

@ Larger amount of data, especially in the sea-ice covered regions

@ Improvements of geophysical corrections )
JiUJ DTU Space TUTI
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DATA PROCESSING

DATA DESCRIPTION

Making the 25 years SLA record based on satellite altimetry:

ERS-1 (REAPER, (Brockley et al., 2017))
ERS-2 (ALES+, (Passaro et al., 2018) )
Envisat (ALES+, (Passaro et al., 2018) )

CryoSat-2 (DTU inhouse LARS processing of SAR/SARIn (Stenseng and
Andersen, 2011), RADS (Scharroo et al., 2013) of LRM)

Table 2: Geophysical corrections

Corrections Model Comments

‘Wet troposphere Prefer using model ERS1, not possible - as
(ECMWF) far as we know?

Ocean tides, etc FES 2014 Not defined close to the

coast

Inv. baro/ Atm. corr. Inv. baro from GDR Inv. baro/ atm corr??
product Best for arctic?

Mean sea surface DTU15

DTU Space
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OCEAN AND LEAD DISCRIMINATION

OCEAN AND LEAD DISCRIMINATION

DATA SELECTING

@ Separating data into ocean/ice cover by
EUMETSATSs Global sea-ice Concentration
Climate Data Record before 2015
(EUMETSAT, 2017) and reprocessing offline
product after 2015 (EUMETSAT, 2018)

@ Removing sea-ice/mixed surface measurements

@ MAD outliers detected for every track

. ERST peakiness Jul 1994
Figure 9: Peakiness

-180°

DATA SELECTING

OPEN OCEAN: Pulse peakiness and backscatter

LEADs: Pulse peakiness, leading edge
width and stack std. (CryoSat-2)

0 10 20 30 40 50

ERS1 backscatter_sitrack Jul 1994
EIE DTU_ Space ) Figure 10: Backscatter “m
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OCEAN AND LEAD DISCRIMINATION

TRANSITIONS BETWEEN SATELLITES

@ Possibility of large —a
errors e

@ Small displacements
can give large change
in sea level trend °
estimates o1

Considerations 1995.07 199509 199511 199601 199603 199605 1996.07
@ Data coverage
> 65° N = "NO" S
T/P or Jason overlap o
@ Cross-overs: not o

possible over the o >\//\

sea-ice cover
@ LRM/SAR/SARIn

transitions w2 meos  men  meo  mes  mee o

@ Global comparison of

overlapping time o=n
@ Start/end of satellite o2
issues
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OCEAN AND LEAD DISCRIMINATION

TRANSITIONS BETWEEN SATELLITES

@ Possibility of large —a
errors e

@ Small displacements
can give large change

in sea level trend o
estimates o1
- 2003-06-2
. . 1.0 e
Considerations: ° - 2003-05-1
@ Data coverage 0.8- L

2003-04-0

> 65° N = "NO"

T/P or Jason overlap - 2003-02-0¢
0.6 -

@ Cross-overs: not . -2003-01-0
possible over the = oosan
sea-ice cover 0.4~

2002-09-3(

@ LRM/SAR/SARIn
transitions 02- - 2002-08-2

@ Global comparison of - 2002-07-1¢
overlapping time 00- | / ] — ! ! ! - 2002-05-1¢

@ Start/end of satellite grooee e eE e e
issues
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‘THE SEA LEVEL RECORD

THE SEA LEVEL RECORD

PROCESSING STEPS
o Inter-satellite bias determined and corrected

o Weekly data are gridded using least squares collocation with
second-order Markov covariance function (Andersen, 1999)

o Grid size: 0.25° by 0.5°

. 160" ~18p-
C— Y.

ISSUE

o Sparse Summer data
(June-Aug.)

o Prandi et al. (2012) describes:
correlation between the presence
of sea-ice and SLA data

coverage. Using geoid data for
missing data

S
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.Envisat ALES samples 2004-08
Figure 11: Ez. Summer data
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(GLOBAL TREND AND SEASONAL VARIABILITY

PRELIMINARY results
High trend in the Beaufort Gyre and the Canadian Archipelago(!?)

@ Negative trend near the Greenlandic coast (!7), Baffin Bay (17), Kara Sea (!7)
and North of Svaldbard (!?)

@ Data covering: 1995-2018, weekly medians.
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27 YEARS OF SEA LEVEL

@ Seasonal maximum in late Autumn and minimum in late Spring
@ NO GIA ajustment
@ Global trend (1991-2018) 0.85+0.72 mm/yr

—— Monthly CCI DTU/TUM ssa —— trend: 0.85+0.72 mm/year

Sea level (m)
°
o
&

0.00
-0.05
-0.10
=05 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
DTU Space Time (year) TUTI
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27 YEARS OF SEA LEVEL

Seasonal maximum in late Autumn and minimum in late Spring
NO GIA ajustment

Global trend (1991-2018) 0.85+0.72 mm/yr

Global trend (1995-2018) 1.13+0.89 mm/yr

—— Monthly CCI DTU/TUM ssa —— trend: 1.13+0.89 mm/year

Sea level (m)
°
°
&
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VALIDATING AGAINST TIDE GAUGE
VALIDATING AGAINST TIDE GAUGE

@ Period: 1991-2018

@ Resampled to
monthly median

@ DTU/TUM SLA 350
km around tide gauge

@ Ny-Alesund R = 0.51

m)

Sea level anomaly (

0.4
0.3
0.2
0.1

— Monthly CCI DTU/TUM ssa
- trend: 2.22+0.67 mm/year
Ny Alesund tide gauge
-~ trend: -7.420.9 mm/year

1992 1996 2000

2004 2008 2012 2016
Time (year)

Figure 14: Comparison against Ny-Alesund
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VALIDATING AGAINST TIDE GAUGE
VALIDATING AGAINST TIDE GAUGE

@ Period: 1991-2018

@ Resampled to
monthly median

@ DTU/TUM SLA 350
km around tide gauge

@ Ny-Alesund R = 0.51

@ Including GIA':
Ny-Alesund R = 0.77

0.4
0.3

m)

0.2
0.1

Sea level anomaly (

-0.4

— Monthly CCI DTU/TUM ssa
--= trend: 2.22+0.67 mm/year
Ny Alesund tide gauge

- trend: 0.58+1.02 mm/year

1992 1996 2000 2004 2008 2012 2016
Time (year)

Figure 14: Comparison against Ny-Alesund

1

GPS Velocity (mm/yr): 7.98 +/- 0.49 (http://www.sonel.org)
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VALIDATING AGAINST TIDE GAUGE
VALIDATING AGAINST TIDE GAUGE

0.4
— EL, R=0.76
0.3 — E2,R=0.88
- — NI1,R=09
— C€2,R=0.81
E 02 Ny Alesund tide gauge
> T
© i
g o1 |
§ \
< 00
o
01
3 —0.2
"
-03
-0.4

1993 1997 2001 2005 2009 2013 2017
Time (year)

Figure 15: Comparing individual satellites against Ny-Alesund

CORRELATION TO TIDE GAUGE Table 3: Trends (mm/year)
Very good! J Ny- DTU/
Alesund TUM

el 2.36£13.12 3.81+£3.57
e2 —0.76+3.96 3.01+3.40
nl —3.68+3.07 —1.614+1.47

JiUJ DTU Space ¢2  1.65+5.02 12.245.02 TUTI
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VALIDATING AGAINST TIDE GAUGE
VALIDATING AGAINST TIDE GAUGE

0.4
— ELR=076
0.3 — E2R=088
T — NLR=09
— C2,R=0.88
ENolas Ny Alesund tide gauge
E 0.1 \‘ “\
s Y
S 0.0
° i 0
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g -0.2 :
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-0.4
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Time (year)

Figure 15: Comparing individual satellites against Ny-Alesund

CORRELATION TO TIDE GAUGE Table 3: Trends (mm/year)
Very good! J Ny- DTU/
Alesund TUM

el 2.36£13.12 3.81+£3.57
e2 —0.24+4.25 3.14+3.72
nl —1.61+1.47 —3.68+3.07

JiUJ DTU Space c2  13.08+2.70 6.75+5.71
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NI TN A i A 3olele): 10l VALIDATING AGAINST TIDE GAUGE

ARCTIC SEA LEVEL BUDGET CLOSURE

@ CCI Arctic sea level budget vl by Jan Even (. Nielsen, NERSC, Norway
@ SSH trend for 2003-2015 is 6.2 mm/yr (v2.0) = Steric 1.6 mm/yr + mass
4.5 mm/yr

Sea Level Steric Sea Level Ocean Mass

2000.2015 ond renyr]

Figure 16: COI Arctic sea level budget closure
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SuMMARY

SUMMARY

e 25+ years of radar altimetry data are processed

o Leads and open ocean are found. Avoiding introducing MSS errors

e DTU/TUM SLA has a good fit to the tide gauge after GIA removal

o Issues with Summer data

o Preliminary sea level rise of 1.13 + 0.89 mm /yr

e New version (v3.0) ready by December for ESA CCI SL Budget

Closure
DTU S

8 Nationg\aSCSace Institute Tl'rn
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SuMMARY

FUTURE WORK

o Further improvement of lead /ocean discrimination
(classification/machine learning, seasonal/ geographical surface
discrimination parameters, ... )

e Improve/continue time series with SARAL/AltiKa and Sentinel
3a/3b data

o Apply the new MSS DTU18
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THANK YOU FOR LISTENING!
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CLASSIFICATION

Using a unsupervised clustering: Kmeans

°
@ 12 classes and 3 parameters: (PP, LEW, Sigma0)
@ Classification is run by every month

°

Slightly better correlation coefficient with Ny-Alesund tide gauge for C2

Gauss width
Gauss width

01 02 03 o4 o 0 20 30 4 50 10 20 30 40 50
P Sigmao sigmao

EIH DTU Space Figure 17: Parameters plotted for all classes “m
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CLASSIFICATION

Using a unsupervised clustering: Kmeans
12 classes and 3 parameters: (PP, LEW, Sigma0)

°
°
@ Classification is run by every month
°

Slightly better correlation coefficient with Ny-Alesund tide gauge for C2

Original leads Model
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Figure 18: Original detection versus kmeans model “m
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