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 Saral was launched on 2013-02-25 W—

« Mostly Gdr (cycles 1 to 3), but also Igdr and some Ogdr 1Hz data
are analysed and compared to Jason-2 data

* Products produced with patch 1 for:
« GDR since cycle 1
 IGDR since cycle 4 pass 395 (2013-07-10 23h56)
« OGDR since cycle 4 pass ~611 (2013-07-18 13h44)

Data availability:

« Data coverage and data editing
Instrumental performance:

« Altimeter and radiometer parameters
System performance:

« Sea Level Anomaly

« Crossover analysis

 Spectrum
Investigations:

 Ground track and inclination maneuver
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 Requirements: 95% of all possible over-ocean data during a 3-year period with no
systematic gaps

* Missing data for Saral: Xband stations acquisition problems (especially during the beginning
of the mission and for OGDR) + planified calibrations

* Missing data for Jason-2: safehold + Usingen acquisition station problem

Available data per day (%) (all surface types)
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 Requirements: 95% of all possible over-ocean data during a 3-year period with no
systematic gaps

* Missing data for Saral: Xband stations acquisition problems (especially during the beginning
of the mission and for OGDR) + planified calibrations

* Missing data for Jason-2: safehold + Usingen acquisition station problem

Available data per day (%) (without land)
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 Requirements: 95% of all possible over-ocean data during a 3-year
period with no systematic gaps

« Saral has excellent data coverage (over-ocean: 99.4%)

 SRL has slightly better data coverage over land (smaller footprint for SRL,
high SNR) than JA2

 SRL has some missing data over ocean (likely due to rain -> Ka-band), but is
less impacted than expected

Missing measurements Missing measurements
AltiKa Cycle 003 (23/05/2013 / 27/06/2013) Jason-2 Cycles 180 to 183 (23/05/2013 / 27/06/2013)
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SRL Maps of missing data JA2

SRL Missions requirements are largely fulfilled
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Data editing

« Editing applied is derived from Jason-2, land is already removed
« ~20% of available ocean data edited for SRL (varies with time)
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B B
« Editing applied is derived from Jason-2, land is already removed
« ~20% of available ocean data edited for SRL (varies with time)

— ~17.5 % edited by sea ice (varies periodically with ice coverage)
— ~2.5 % edited by threshold criteria

¢
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GDR
IGDR

% of edited points by thresholds
Mean per day

% of edited points: sea ice flag
Mean per day
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« Editing applied is derived from Jason-2, land is already removed
« ~20% of available ocean data edited for SRL (varies with time)

— ~17.5 % edited by sea ice (varies periodically with ice coverage)
— ~2.5 % edited by threshold criteria GDR

IGDR - ---

% of edited points: sea ice flag % of edited points by thresholds
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Data editing

« Editing applied is derived from Jason-2, land is already removed
« ~20% of available ocean data edited for SRL (varies with time)

— ~17.5 % edited by sea ice (varies periodically with ice coverage)

— ~2.5 % edited by threshold criteria
« Less data are edited by thresholds on AltiKa compared to Jason-2
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Figures are influenced by mesurement distribution (more data in high latitudes
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« Editing applied is derived from Jason-2, land and ice already removed

« Statistics per latitude band
« Less data are edited on AltiKa compared to Jason-2,

« But more than on Envisat (same orbit altitude) I%%F;
T amaieor ] T
g 40:— | Altika GBR thresholds 7; SRL |gdl‘: CyC|e 001 - 003
Y i Envisat: same period 2010
o A
latitude latitude
stats weighted by latitude || SARAL
Edited data (-60°/60°) 2.6 % 3.6 % 1.3%

Edited data (-30°/30°) 3.1% 4.3 % 1.7 %
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Jason-2 IGDR SARAL (cycle 1-3)

% of data valid on thresholds % of data valid on thresholds
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* sea ice flag did not work very good for IGDR (before P1)
* some data edited in rain cell areas, but less than expected
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Jason-2 GDR SARAL (cycle 1-3)

% of data valid on thresholds % of data valid on thresholds
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* For GDR (use of P1), the sea ice flag works better
* some data edited in rain cell areas, but less than expected
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AL B
: GDR . :
Comparison to Jason-2 Comparison to Envisat
(over the same period) (three years earlier)
% of data valid on thresholds % of data valid on thresholds
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« Much more valid data in the Western Pacific for SARAL than
Jason-2,

More data edited than Envisat (in rain cell areas ?)
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SLA varance (cm2)
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Latitude average of SLA variance
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* AltiKa performances are in line with Jason-2 and Envisat.
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Off nadir angle from waveforms

« Off nadir angle from waveforms is for Saral very close to 0O,
especially since 2013/04/25 (use of new geodetic bias after

X-Cal maneuvers)
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« Patch 1: update of retracking look-up tables (using flight calibration data
(PTR)) -> impact of the order of 15 cms on SWH for low sea states.

« Minimum of SWH is 12.6 cm since Patch 1, small bump appears
around 50 cm

Significant Wave Height
(2013-03-14 05:39 - 2013-06-27 05:38)
Saral v, IIidjlll GDR ' Mean = 2.6‘48 StdDev = 1.'401 Nbr = 45%6974

—— Saral/valid_all IGDR Mean = 2.639 StdDev = 1.405 Nbr = 4602048
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Significant Wave Height
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« Patch 1: update of retracking look-up tables (using flight calibration data
(PTR)) -> impact of the order of 15 cms on SWH for low sea states.

« Minimum of SWH is 12.6 cm since Patch 1 , small bump appears around
50 cm

 Global mean of SRL SWH is similar to Jason-2 and Jason-1

Significant Wave Height
(2013-03-14 05:39 - 2013-06-27 05:38)
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Mean (m)

« Patch 1: update of retracking look-up tables (using flight calibration data
(PTR)) -> impact of the order of 15 cms on SWH for low sea states.

« Minimum of SWH is 12.6 cm since Patch 1 , small bump appears around
50 cm

 Global mean of SRL SWH is similar to Jason-2 and Jason-1

* Approx. 4 cm global mean bias between SRL and JA2 when using
latitude weighted box statistics

Significant wave height Differences of Significant wave height
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« Patch 1: atmospheric attenuation is now computed and applied to
backscattering coefficient

« Shape of histograms is different for Ku- and Ka-band sig0

Mean (without weight) Mean (latitude weighted)
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« Altimeter wind speed currently provided in SRL products is not usable

Wind speed (|lat| < 66)
(2013-03-14 05:39 - 2013-06-27 05:38)
~ h'lbr I= 3]"718'45 ' 'Me!an ; 1';".07' 'Std'Dev'= _":.42'8 '

Nbr = 4418527 Mean = 7.649 StdDev = 3.599
br = 4955630 Mean = 7.721 StdDev = 3.706

Mean = 7.931 StdDev = 3.813

Percentage of total points

wins speed (m/s)
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« Altimeter wind speed currently provided in SRL products is not usable
 Lillibridge et al propose 1D wind algorithms adapted from Abdalla

* Proposed wind speed are close to model wind speed

« Wind speed starts around 1 m/s

Wind speed (|lat| < 66) Wind speed (|lat] < 66)
(2013 03 14 05 39 2013 06 27 05 38) (2013 03 14 05 39 2013 06 27 05 38)
- —— SRL alti GRA~ Nbr = 3771845  Mean = 17.07  StdDev = 5.428 —— SRL mod GDR Nbr = 4418527  Mean = 7.649  StdDev = 3.599
3 [ — SRLmod «  Nbr=4418527  Mean=7.649  StdDev =3.599 | IF— jazan Nbr = 4955630  Mean = 7.721  StdDev = 3.706 |
[ —— jazaltiipp/ S ON\Nbr = 4955630  Mean =7.721  StdDev = 3.706 —— SRLJ& br= 4418382  Mean=7.828  StdDev =3.612 |

i if1 br = 4996768 Mean = 7.931 StdDev = 3.813 = 4418434 Mean = 8.005 StdDev = 3.469

Percentage of total points
Percentage of total points

wins speed (m/s) wins speed (m/s)
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* Quite good quality of the wet tropospheric correction

« Patchl : “Afirst linear relation has been computed between the measured BT
and the simulated one. This linear relation is applied on the 23.8 GHz only. The
radiometer wet tropospheric correction which is now much more consistent with

the model one.

Radiometer wet troposphere correction Radiometer - ECMWF wet troposphere difference
(2013 03 14 05 39 2013 06 27 05 38) (2013 03 14 05 39 - 2013-06- 27 05: 38)
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Radiometer wet troposphere correction Radiometer - ECMWF wet troposphere difference



Wet tropospheric correction
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* Quite good quality of the wet tropospheric correction

« Patchl : “Afirst linear relation has been computed between the measured BT
and the simulated one. This linear relation is applied on the 23.8 GHz only. The
radiometer wet tropospheric correction which is now much more consistent with
the model one.

« Mean of wet troposphere difference is now for SRL very close to zero
« Std of wet troposphere difference is now slightly reduced for SRL

radiometer - model wet troposphere radiometer - model wet troposphere

M d
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------- SRL Igdr (|lat|<66) Nbr = 142 Mean = -0.01373  StdDev = 0.007474
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—— JA2 Gdr (|lat|<66) Nbr = 102 Mean = 0.005606  StdDev = 0.0004646
—— JA2 Gdr (|lat|<66) Nbr = 102 Mean = 0.01217 StdDev = 0.0005354
------- JA2 Igdr (|lat]<66) Nbr = 142 Mean = 0.005563  StdDev = 0.0004673
== |A2 Igdr (|lat|<66) Nbr = 142 Mean = 0.01233 StdDev = 0.0005606
———————— JAL Igdr (|lat|<66) Nbr = 87 Mean = 0.006186  StdDev = 0.005036
-------- JAL Igdr (|lat|<66) Nbr = 87 Mean = 0.01235 StdDev = 0.0005581
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« At SWH=2m, range_rms (40Hz for SRL, 20 Hz for JA2/JAl) is: -
e Saral: 5.1 cm
« JA2/JA1: 7.2 cm

Mean
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< Sea level anomaly N2
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« Maps of SLA (orbit — range — corrections - MSS) are very
similar for Saral and Jason-2

IGDR

Saral Ka-band SLA Jason-2  gy-pand SLA
Saral valid_all (2013-04-18 05:39 - 2013-05-23 05:38) Jason-2 valid_lat66 (2013-04-18 05:39 - 2013-05-23 05:38
T T e , T T |

Tty AR
IR
L
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00000000
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centered around -0.03, std 0.11 (m) centered around 0.03, std 0.11 (m)
[ B | I B
-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0..

Using model wet tropopshere correction
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Sea level anomaly

« Maps of SLA (orbit — range — corrections - MSS) are very
similar for Saral and Jason-2, as well as Jason-1

IGDR
Saral

Saral valid_a

Ka-band SLA
3-04-18 05:39 - 2013-0

I1(201 5-23 05:38)
T T T I T T T ] “ T

-50

Jason-1

lat6
T

Ku-band SLA

6 (2013-04-18 05:39 - 2013-05-23 05:38
' T

valid_

Jason-1

0 100 200 300 0 100 200 300
centered around -0.03, std 0.11 (m) centered around 0.14, std 0.12 (m)
-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0.

Using model wet tropopshere correction
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L Sea level anomaly N @

L B
« Using open ocean selections (|lat|<50 , bathymetry <-1000m,

ocean variability<0.2m) and model wet tropo

Mean Mean Mean Std Std Std

(Ogdr) (1gdr) (Gdr) (Ogdr) (lgdr) (Gdr)
Saral ‘ -3.2¢cm ‘ ‘ 9.84cm
Jason-2 | 4.7 cm | | 9.95 cm OGDR

Daily mean of SLA (using model wet troposphere) Daily std of SLA (using model wet troposphere)
10 Wlth |Iat| < 50 and bathy < 1000m and oceand var < 0 2m 18 Wlth |lat] < 50 and bathy < 1000m and dceano var < 0 2m
JAZ Ogdr Mean 4 736 Sthev 1. 154 I | Lo JAZ Ogdr I Mean 9 952 Sthev 0 4523
AL Ogdr Mean = -3.236 StdDev = 0.9102 4 : - AL Ogdr Mean = 9.841 StdDev = 0.4807
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« Using open ocean selections (|lat|<50 , bathymetry <-1000m,

ocean variability<0.2m) and model wet tropo

Mean Mean Std Std Std

(1gdr) (Gdr) (Ogdr) (lgdr) (Gdr)
Saral \ 32cm -2.1 \ \ 9.84cm  9.46
Jason2 |47cm 44 | |9.95cm 957 IGDR

Daily mean of SLA (using model wet troposphere) Daily std of SLA (using model wet troposphere)
10 Wlth |lat] < 50 and bathy < 1000m and oceand var < 0 2m 18 Wlth |lat] < 50 and bathy < 1000m and oceand var < 0 2m
— T R — — T T
| — JAZ Igdr Mean 4 376 Sthev 0 4894 i I —— JAZ Igdr Mean 9 573 Sthev 0 3524
L —— AL lgdr Mean = -2.143 StdDev = 0.4735 _ I —— AL Igdr Mean = 9.46 StdDev = 0.4258
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« Using open ocean selections (|lat|<50 , bathymetry <-1000m,

ocean variability<0.2m) and model wet tropo

Mean Mean Std Std

(1gdr) (Gdr) (Ogdr) (lgdr)
Saral \ 32cm -2.1 \ 21 \ 9.84cm  9.46 9.56
Jason2 |47cm 44 | 4.3 |9.95cm 957 9.65 GDR

Daily mean of SLA (using model wet troposphere) Daily std of SLA (using model wet troposphere)
10 Wlth |Iat| < 50 and bathy < 1000m and oceano. var < 0 2m 18 With |lat] < 50° and bathy < -1000m and oceano. var < 0.2m
" : — ———— T
| — JAZ Gar Mean = 4.34 StdDev = 0.5079 | L —— JA2 Gdr Mean = 9.648 StdDev = 0.3681
| —— ALGdr Mean = -2.075 StdDev = 0.4103 J [ —— ALGdr Mean = 9.563 StdDev = 0.3583
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SRL - JA2 SLA (cm)

e —
Bias between Saral and Jason-22% &

Model wet tropo + iono alti (JA2)

Difference SLA SRL —JA2

IGDR

Daily difference of SRL - JA2 SLA (lgdr)
Wlth |lat] < 50" and bathy < -1000m and oceano var < 0 2m

L —— usmg radlometer wet tropo Mean = 4 781 Sthev = 0 9003 4

using model wet tropo Mean = -6.502 StdDev = 0.5524

‘ -6.5cm

SRL - JA2 SLA (cm)

-10

GDR

Daily difference of SRL - JA2 SLA (Gdr)
Wlth |Iat| < 50° and bathy < 1000m and oceano var < 0. 2m

| |
I —— usmg radlometer wet tropo Mean = 5 928 Sthev =0. 4106 g

using model wet tropo Mean = -6.403 StdDev = 0.4149

Use of patch 1 in IGDR
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« Asc/dsc SSH differences at crossovers limited to 10 day time
differences (using radiometer wet troposphere correction)

* No large systematic asc/dsc differences
« Small positif patch near greenland

IGDR

AL/AL Crossover mean differences (using radiometer) J2/)2 Crossover mean differences (using radiometer)

IGDR valid data, (Saral cycle 1 - 3)
—T 7

IGDR valid data, |lat| < 66 (JA2 cycle 173 - 183)
—— T

0 100 200 300 0 100 200 300

Mean (cm) (mean= -0.20, median= -0.27, std= 2.68) Mean (cm) (mean= -0.59, median= -0.56, std= 1.72)
B I B ]
-4 -2 0 2 4 -4 -2 0 2 4

Saral Jason-2




L Crossover analysis

« Asc/dsc SSH differences at crossovers limited to 10 day time
differences (using radiometer wet troposphere correction)

* No large systematic asc/dsc differences

« Small positif patch near greenland
GDR

\L/AL Crossover mean differences (using radiometer wet tropo J2/)2 Crossover mean differences (using radiometer)

GDR valid data, (Saral cycle 1 - 3) valid data, |lat| < 66 (JA2 cycle 173 - 183)
— 77— — T

200 300
Mean (cm) (mean= -0.12, median= -0.11, std= 1.58)
I B |

-4 -2 o 2 4 -4 -2 0 2 a4

Saral Jason-2
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Crossover analysis N <

L =
« Mean of asc/dsc SSH differences at crossovers is close to O
« JAZ2 Igdr show periodical signal, more stable for SRL, though slightly
negatif

« Std of SSH differences (limited to 50 latitude, bathy <-1000m, ocean
variability < 0.2 m) are similar for Saral and Jason-2 (Igdr: 5.3 cm, Gdr:
5.1 cm).

¢
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SSH at XOvers (using model wet troposphere)
Mean per cycle (|lat|]<50, bathy < -1000 m, ocean var < 0.2 m)

SSH at XOvers (using model wet troposphere)
Std per cycle (|lat]<50, bathy < -1000 m, ocean var < 0.2 m)

(x107)

Using model wet tropopshere correction
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—— JA2 Gdr Nbr =11  Mean = -0.002517 StdDev = 0.004314 L —— JA2 Gdr Nbr = 11 Mean = 0.05112 StdDev = 0.002704
pl
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Crossover analysis N <

A =
« Mean of asc/dsc SSH differences at crossovers is close to 0
« JAZ2 Igdr show periodical signal, more stable for SRL, though slightly negatif

« Std of SSH differences (limited to 50 latitude, bathy <-1000m, ocean variability <
0.2 m) are similar for Saral and Jason-2 (Igdr: 5.3 cm, Gdr: 5.1 cm).

» For SRL, performances are similar using radiometer or model wet
troposphere correction, whereas for JA2 use of radiometer improves
performances at mesoscale

¢
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SSH at XOvers (using model wet troposphere) SSH at XOvers

Mean per cycle (|lat|]<50, bathy < -1000 m, ocean var < 0.2 m)

(x107)

Std per cycle (|lat|<50, bathy < -1000 m, ocean var < 0.2 m)

04-22 05-27 07-01 4
— T T T T T 7T — T T T 04-01 04-15 04-29 05-13 05-27 06-10 06-2
= SRL Gdr Nbr = 11 Mean =-0.003767 StdDev = 0.002219 0.07 p=—r—r—v T—T—T——T—T— T—T—— T —r—r—
I A2 Gar Nbre 1  Mean =|-0.002517 StdDev = 0.004314 | — SRLGdrmod" ~ Nbr=11 Mean=0.05173 'StdDev = 0.003133 '
I~ SRLIgdr Nbr =15  Mean = -0.003435 StdDev = 0.002413 —— JA2 Gdr mod Nbr =11 Mean = 0.05112 StdDev = 0.002704 1
=== A2 Igdr Nbr = 15  Mean = -0.005858 StdDev = 0.007429 ---- SRL Gdr rad Nbr =11 Mean = 0.05164 StdDev = 0.003595
0.06 f----- JA2 Gdr rad Nbr =11 Mean = 0.04863  StdDev = 0.00298
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( Multi-mission crossover analysisey &

* Maps of Saral — Jason-2 crossovers for IGDR and GDR (3
cycles)

« Positif values for Atlantic, Negatif values for Pacific

 Positif structure in region of high SWH (near Antarctic)
« Using GDR reduces the amplitude of these structures

J2/AL Crossover mean differences (using model wet tropo) J2/AL Crossover mean differences (using model wet tropo)
valid data, |lat| < 66 (JA2 cycle 173 - 183)
—

valid data, |lat| < 66 (JA2 cycle 173 - 183)
T T | T T T T | T T T T

0 100 200 300
Mean (cm) (centered around mean= -6.51, median= -6.42, std= 1.97) Mean (cm) (centered around mean= -6.40, median= -6.34, std= 2.06)
I ——— I B

-4 2 0 2 4 -4 2 0 2 4




‘ Multi-mission crossover analysisey:

« Maps of Saral — Jason-2/Jason-1 crossovers (for GDR (3 cycles))

» Positif values for Atlantic, Negatif values for Pacific

« Positif structure in region of high SWH (near Antarctic)

e Currently SRL SSB=3.5%SWH. Using different SSB solutions, modifies

the structures

SSB from products SRL product SSB
JA2 SSB 2012 (N. Tran)

Mean SSH differences at JA2/SRL XOvers Mean SSH differences at JA2/SRL XOvers
mod wet tropo + SSB (AL & J2) mod wet trop 0 + SSB (AL! + SSB NON OFFICIAL ()2)

3 35-day cycles GDR

SRL hybid SSB (R. Scharro)
JA2 SSB 2012 (N.Tran)

Mean SSH differences at JA2/SRL XOvers
mod w et tropo + SSB HYBRID_P1 (AL) + SS5B NON OFFICIAL ()2)
: — i ; —




‘ Multi-mission crossover analysiss &
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* Bias between SRL and JA2 at crossovers stays stable

SSH at IGDR XOvers
Mean per cycle (|lat|<50, bathy < -1000 m, ocean var < 0.2 m)

-2
(x107) 04-22 05-27 07-01
'2 L L) L] L l L] L L) L] L) L] L] L) L] L] T
—— SRL-JA2 (tropo rad) Nbr = lg Mean = -0.04776 lsthev = .007045
—— SRL-JA2 (tropo mod) Nbr = 15 Mean = -0.06469 StdDev = 0.002074

Mean (m)

| use\fi&hl in Igdr
1 L L l L L 1 l

L I L 1 L I L L 'l I L L 1 ' L L L I L L L I 'l
174 176 178 180 182 184 186

JA2 cycles
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SLA Spectrum Jason-2/AltiKa - Cycle 998 pass 175 to 289
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o [ | H | b
o | : AltiKa
107 — -4 : o I—"‘a 56 cm @ 4OHZ
L 11 1 1 l 11 I 1 L
10° 10" 10’
Wavenumber{cpkm)
.@’ E— Jason-2 Edit a=-2.41681077813 b=-5.99983925407 sigma=0.076962938649
D LS AltiKa Edit a=-2.45716226043 b=-6.10631082494 sigma=0.055389755955

» 40Hz AltiKa SLA noise < 20Hz Jason-2 SLA noise = good performances of the altimeter

» Spectral hump is still present on AltiKa SLA PSD but shifted to shorter scales (mainly due to the
smaller waveform footprint)

» The AltiKa SLA PSD is closer to the theoretical ocean PSD for wavelength between 90 to 50 km
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¢ Ground track and inclination
=== man euxcepieg—peaeh—Enmsat—@pbn—_

- Saral/ Altika is currently not exactly over the historically Envisat ground track
 routine calibrations (over Australia) started to drift over ocean -> will be taken
iInto account early september onwards

Missing measurements Missing measurements
Altika Cycle 1 passes 0001 to 1002 (zoom australia) 10 Altika Cycle 2 passes 0001 to 1002 (zoom australia)
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Missing measurements Missing measurements Missing measurements
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- Saral/ Altika is currently not exactly over the historically Envisat ground track
* On 2013-07-29 00h53 , an inclination maneuver took place for Saral, in order
to put it on the same ground track as Envisat.

Pass statlstlcs maximum of latitude

Enwsat Igdr cycle 90/91 ! ' I I I ! I I I ' 1
: : 8134 saral Igdr cycle 4/5 7]
Maximum of latitude : . .
- Inclination maneuver EN
per pass ﬁ - = :
S 5152 e R < .
o S 1
.*E 81.50 fakBitpian e MR Rty ; ' v — :
% L e e R I L M TR
E ey TR A A '
% 81.48
£
81.46 I
|

L 1 1
4/494 4/994 5/492 5/992

Pass number

- the inclination of Saral is still different from Envisat

the maneuvers of 29/07 (inclination) and 31/07 had a negative impact on the
y of the orbit of the IGDR (for large periods of the day)
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Conclusion N G

SRL has excellent data coverage (slightly less in open ocean
than for JA2 due to sensitivity to rain, but much more than
expected)

SRL has excellent data quality (some data edited due to rain
cells, but less than expected)

Performances of along-track data and at crossover points are
similar to Jason-2, as well as for IGDR as for GDR.

Some patches between Saral and Jason-2 remain:
- SSB
Radiometer ground processing can still be improved

Only 5 months after the launch, Saral shows excellent data
quality



