Extending the Corsica facilities up to SWOT swath
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Abstract

Initially developed for monitoring the performance of TOPEX/Poseidon and follow-on Jason legacy satellite altimeters, the Corsica geodetic facilities that are located both at Senetosa Cape and near Ajaccio have been developed to calibrate successive satellite altimeters in an absolute sense.
In anticipation of SWOT, a first phase of extension of the reference surfaces of the Corsica site was carried out in June 2021 (378 nautical miles) and the second in May 2022 (508 nautical miles). The measurements were carried out simultaneously using the instruments developed by DT-INSU
as part of FOAM project (CalNaGeo and Cyclopée), which showed very good consistency (a few mm on average and ~20 mm standard deviation). GNSS processing using different software (track, MIT, differential mode / GINS, CNES, iPPP mode) and using the GPS and Galileo constellations
jointly or separately have been analyzed. The high degree of consistency, both at processing level and at instrumental level, demonstrates the great maturity acquired thanks to the synergy of the FOAM group. We present the different phases of processing and preliminary results of the
resulting reference surface (“geoid”) covering the whole SWOT right swath of pass #001 (60 km along-track and 50 km across-track).

Preliminary Calibration and Validation results of KaRIn altimeter are also presented.

Reference surface («geoid») mapping with GNSS instruments

Campaigns description GNSS processing Comparison @ Tide Gauges

Evolution of the Corsica facilities: cngc/track cngc/ippp cycl/track cycl/ippp Figure 3a CNGC 2021: GPS - Tide Gauge SSH CNGC 2022: GPS - Tide Gauge SSH Figure 3b
. Extensiqn/unificatipn qf the reference surfacc_as _ 2021 Mean (mm) | o (mm) | Mean (mm) | o (mm) | Mean(mm) | c(mm) | Mean(mm) | ¢ (mm) i i i
" Sominel-3A ground rack (méasurements in June 2021, 378 nautical mile) e / / / / / / / g — E B E Y S— = : z
= Extend and gdensify the reference surface in preparatio,n of SWOT (measure- cngc/ippp 0.7 18.1 / / / / / / s Y
ments in May 2022, 508 nautical miles) cycl/track 14.5 24.0 14.2 306 / / / / s g —
* Preliminary results cycl/ippp 33.2 27.0 34.5 27.8 18.8 19.2 / / = 100 I 1 -g 100 e
» Measurements using CalNaGeo and Cyclopée: a very good consistency (few § 100 I EI}*“_‘T:QT g 00
mm in average / 20 mm standard deviation) cngc/track cngc/ippp cycl/track cycl/ippp § o & 0
2022 Mean (mm) | o(mm) | Mean(mm) | o(mm) | Mean(mm) | oc(mm) | Mean(mm) | c(mm) o pry
cngc/track / / / / / / / / s )
cngc/ippp -2.7 18.3 / / / / / / Figure 3c CYCL 2021: GPS - Tide Gauge SSH CYCL 2022: GPS - Tide Gauge SSH Figure 3d
cycl/track 2.3 23.0 4.9 29.2 / / / / T Vi i
cycl/ippp -6.7 26.1 -4.0 22.8 -9.1 19.1 / / e - ha e WS e M1 M3 " NS
same instrument / different processing ::';:E g
different instrument / same processing —E ig -E» :3: m—
(03V/d [o] o]-1:E: o different instrument / different processing E o E oo e
GNSS measurements coupled withian~ f o £ ! } i{
altimeter, together on a stabilized-arm» QNSS data from the 2 instruments (CalNaGeo [cngc] and Cyclopée [cycl]) were processed with 2 kind of process- R B  — ——
INg: -120.0 400
. ° - track: Using TRACK software from MIT (differential mode only using GPS data, no clear improvement 3900 ey
when adding Galileo data) -> need a fix receiver in vicinity of the mobile one (less than few tens of km) SSH from each instrument/processing have been compared to tide gauges (M1 @ Ajaccio / M345 @ Senetosa) within a distance of ~250
~ -ippp: Using GINS software, from GRGS/CNES (Precise Point Positioning mode with integer ambiguity m. Note that the comparisons were made during all the nights long (3 sessions in 2021 and 5 in 2022) at Senetosa while for only about
fixing, using both GPS and Galileo data improves the precision) -> no need of a fix receiver 1h (3 sessions in 2021 and 1 in 2022) at Ajaccio.
CalNaGeo (« GNSS carpet ») -> Comparisons of the 2 processing modes for each instrument show a very good agreement (few mm in average The error bars in Figure 3 correspond to the standard deviation that ranges from ~10 mm up to ~20 mm. The standard deviation increases
: /~20 mm standard deviation) -> ippp having a similar precision it could allow to process GNSS data every- a little for all instruments when using the ippp mode for processing but this mode do not exhibits significant bias. The standard deviation
where (even very far from the coast) _ o _ is also higher for Cyclopée (cycl) compared to CalNaGeo (cngc), notably in 2021 for the previously exposed reason.
-> Comparisons of the 2 instruments with the same processing mode also agree well but exhibit larger biases (up A weighted mean, by the number of data, have been computed for all Senetosa tide gauges for each instrument/processing/year to be
June 2021 and May 2022 surveys. Black linos for surveys of Ajaccio (2005) and to 34.5 mm) and larger standard deviations (up to 27.8 mm). The larger biases and standard deviations are for  gpg to obtain «non biased ssh» and then compute the final solution (see «Weighted average of individual solutions»). The values the
Senetosa (1999) reference surfaces (bathymetry in background) Cyclopée (cycl) in 2021: This is mainly because the sonic altimeter was not compensated for air temperature and applied biases are below (values in brackets correspond to the standard deviation):
the GNSS antenna had not the geodetic quality. cngel/track/2021: -3.9 (10.3) mm  cngc/track/2022: -7.4 (10.6) mm  cngclippp/2021: -6.7 (16.1) mm  cngclippp/2022: -0.4 (16.2) mm

cycl/track/2021: -89.4 (16.3) mm cyclitrack/2022: -20.2 (17.9) mm  cycl/ippp/2021: -109.1 (21.5) mm cycl/ippp/2022: -9.3 (18.7) mm

Weighted average Tide correction Estimation of precision @ crossover

— Senetosa tide gauge (minus 10 years mean)

| | | | || || —— Senetosa tide gauge (minus 10 years mean)
— Ajaccio tide gauge (minus 10 years mean) - :ICC"’e“de ?‘sv‘ga;g;“';‘bl:réoeyeafsmea“) - 2021 2022 2021—2022
Of in d VI d ua I SOI u t IONS Sl T S SSH differences @ crossover
2021 2022 Mean = -8.2 mm / StD = 22.3 mm Mean =+3.5 mm/ StD =21.1 mm Mean =-7.4 mm / StD = 19.3 mm
02 — dista_nce t Ajaccio ||||||| [ERRRRRRERE [ERRERRRER T 70 02 . distance to Ajaccio ||||||| [TrrrrrrTTT [rrrrrrrs ; T N 70 E E E - 200 TTTTTTTTTTTTTTTTTTT 200 TTTT | TTTT | TTTT | TTTT 200 TTTT | TTTT | TTTT | TTTT
-~ distance to Senetosa Flgure 53 distance to Senetosa ) i Flgure 5b UMM pisng K piuragh 0 B Figure 6b b i 7 B 7
SSH Standard Error Aft i ias li i i 015 015 F f\/ 5 60 P I 1 T 1 T I
er applying the bias listed in «Comparison . , 260 : \ {5 E S 4 L 1L 1L |
. v @ Tide Gaugesy, the final GNSS SSH have 2 i o1l : ; £ g, Vean: -4mm L 1 L 1L i
1 i | . . 01p , y i 350 5 50 ALE N |eeefenennns o: 21mm |
LI Npooefennseced & been computed using a weighted average of : N R \ - Min/Max: @ 150 = —{150— {150 - i .
e ... individual solutions (instrument/processing). s ez o F EPE TR oo I 1L N I ]
- i ('Z'_ei:";n:mm The weights used come from the standard 2 o 13 £ b 1z ALTM et . L 1 L i 1L |
o 7 Min/Max: deviation at Senetosa tide gauges of individual - 402 ’ 03 § E ) 1100] Tioof _
. . . . [ B = -0.05+ = o — — I — — — —
: +0.2mm / +38mm sez0 solutions (see values in brackets in «Compari- 005 ] 00 R £ 8 10 n 1L i ]
e son @ Tide Gauges»). b ER 01 R ' = - I 1 1t .
2 Figure 4 shows the standard error of this aver- - 1, SR R R TR R T PR i, L 1t 1 | ]
0ols o . . . . . . _ E 015 10 P Y ! | i I i E sl — E - - - 4 L 4
— £ aging illustrating that the individual solutions H13E T [ DI\ . | I A ‘ E L] " ol 1 sl N i
are sometimes «far» from ea.Ch other (hlgh 02 _Iole‘-ol7lllzlolt;;h(;0117'702‘-()'8%;"2:0‘(\)1:()1()17ro"sl-olf,::’flz:oi;(;gr' .10\6.-].0.]\2:2.0:0\0. I Iole‘-llllllzlolo:olo‘ ooz llzjo‘ozololz 0 02" = 112 :00: ‘OOr 05 23 yllz 2000 05‘ 2 1‘2 OL’ 0 o 12‘0‘0 0 ‘;5 20120000 05‘ 27120000 —— i ] i | I |
omo  Standard error), for example in the gulf of . Time _ _ _ Time P i e T L 1L {1 ]
05N Ajaccio. This needs further investigation, but The GNSS SSH being surveyed not at the same time (and even in 2 different years, 2021 and 2022), these SSH needs to be Fiaureea| | a0 I 1 [ 1 1 ]
the overall distribution of the standard error corrected from tides. We computed a tide correction based on Ajaccio and Senetosa tide gauges SSH. This correction is a 9 S B o B 0 Lo I N oL L
. . . . i i i i i i i H g i 7 - 3 - ' -100 -50 0 50 100 -100 -50 O 50 100 -100 -50 O 50 100
4LEN e (See Flgure 7b) IS malnly in between 0 and 10 IS:I.mple W5€|ght3dszV?I:age (1/(d1|:8t|ance :]O tldei:r?alégf?)) of Aja.cci::lo andf 2esr|]_letosa SI?)H (blac;!lneﬁ on I;Igsurest5a arzc; ﬁ]b) On Jw %‘:;“’ a‘;ﬁ Q& J" gi‘" ¢ Crossover differences (mm)  Crossover differences (mm)  Crossover differences (mm)
; i ; igures 5a an , the magenta line shows the difference in term o signal beween Ajaccio and Senetosa: (i) the mean . , . . - ,
mm |.IIustrat|ng.a very good consistency of all (~?8 mm) illustrates a potegtial datum inconsistency or a constant differencegduring the corJ13idered periods (e.g. Dynamic Differences of SSH (corrected from tides) have been computed at crossover locations of the surveyed tracks (grey lines in Figure 6a). Figure 6a
owa  INdividual solutions (see also «GNSS process- e illustrates the geographical distribution with the statistics of the whole crossover data set (yearly respective histogram and statistics are given in

Atmospheric Correction difference), (ii) while the standard deviation illustrates potential tide gauge measurement errors or
more likely SSH differences due to physical signals (e.g. Dynamic Atmospheric Correction differences).

The tide correction are computed relatively to the mean over 10 years (2013-2023) for each site (Ajaccio and Senetosa). The
mean SSH for Ajaccio and Senetosa is respectively 48.5150 m and 48.1679 m. The difference between both SSH mean is
0.3471 m and should physically corresponds to the geoid difference between the 2 locations.

INg>. Figure 6b). The global standard deviation (21 mm) is coherent with the precision estimation illustrated in «GNSS processing». The mean (-7.4
mm) for 2021-2022 illustrates a very good consistency between the 2 surveys.

These crossover differences have been applied to the SSH to produce the final SSH series. Details on crossover computations, crossover
correction method, as well as GNSS processing strategy can be found in:

Bonnefond, P, Laurain, O., Exertier, P., Calzas, M., Guinle, T., Picot, N. and the FOAM project Team (2022). Validating a new GNSS-based sea

level instrument (CalNaGeo) at Senetosa Cape, Marine Geodesy, https://doi.org/10.1080/01490419.2021.2013355

Map of the final solution and precision estimation (with external references)
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This gives a difference of only 12.9 mm illustrating very small potential remaining errors
that can come from: (i) GNSS “geoid” error, (ii) error in vertical references (tide gauges
positioning) and/or (iii) difference in ocean dynamics between the 2 sites (including MSL
rise).

SWOT SSH bias from L2 LR (Science Phase)

Method and results
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Full width of right swath (data available for cycle 002) Eastern part of left swath (data available for cycle 001&002) Eastern part of right swath and western part of left swath (no data for cycle 001&002)
(nadir altimeter close to Sentinel-3A)
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More to come as soon as more cycles can be analyzed.

height_cor_xover OR NOT height_cor_ xover

Definition from handbook: height _cor_xover: Height correction to ssh_karin and ssh_karin_2 computed from a combination of crossovers between KaRIn/KaRIn measurements
and KaRIn/nadir altimeter measurements on different passes within a temporal window surrounding the SSH measurement. This correction provides an estimate of residual errors
that have not been removed with use of ancillary attitude and calibration data during processing. This correction is not applied in forming ssh_karin, ssh_karin_2, ssha_karin, or
ssha_karin_2. The value of height_cor_xover should be added to the value of ssh_karin, ssh_karin_2, ssha_karin, and/or ssha_karin_2 by the user if it is to be applied.

Pass 001 / Cycle 002 (NOT corrected with height_cor_xover) Pass 279 /| Cycle 001 (corrected with height_cor_xover) Pass 279 / Cycle 002 (corrected with height_cor xover)
SSH KaRIn uncertaint

height correction from crossover calibration

heeight correction from crossover calibration centered SSH bias

Centered SSH bias

SSH KaRIn uncertaint SSH KaRIn uncertaint height correction from crossover callbration Centered SSH bias

5 5
41.9°N ....._ai.u...u E e = 419N ._.ni.u...u E ‘\:;g 41.9°'N ....._ai.u...u E u“...E Zem L A 0 419N ._.ni.u...u E uu....é - Figure 186 41,9°N ....._ai.u...u : uu...E Zem L A 0 41.9°N ._.ni.u...u E uu....é - Figure 196 ::\I '::g
! f Mean: -123mm ! i .;::-;:'Mean: +2mm 4 ! 1 ' ! Mean: -98mm ! 1 ' 1 Mean: +4mm 4 ! 1 ' ! Mean: -301mm ! 1 ' 1 Mean: +4mm :-
ALENens -4 o:- 32mm 41BN fneg o7 ot 0.5mm ALE'N fanefunennnaspnsnnnnfunnannnt o 29mm ALE'N fanefunenemnsimnmamsnfuneannst o 2mm BLE'N fanrfunennmanpnsmnsnfuannnnns} o 41mm D s SeREI i [
Min/Max: H : Min/Max: H Min/Max: Min/Max: ; H H i Min/Max: H H H H Min/Max: i
-202mm / -52mm L ! el b [+4mm -142mm / -21mm L +2mm / +11mm -375mm / -225mm i ! H +2mm / +48mm
PR L] o R L] T 3 VR (V8 NN (ST e O PO W USSR B S (. - 3 RN B9 DL (ST [ RO W LN . DU 315 r’ o
: ° g : E Figure 17¢c ; i ' : ’ : : : : E : i ' : ° E : ! : : E i,
B Z ALENfeenis = B s SR SR ] e e S = B et SRR IR & R e e e e = g
-.:w-w SLOWE 000 D0R  BEMD LEW I.FD:; ! i ; ! i -.:W-W SLOMT D000 D0M0E  DIMO  LEoW |_in:-c- i i i | ! i i LSOND  -LOROD  -DS000  DOGOD  GAOD  LAvW0  LEON
41,5 N - -0 415N pe= Bl - LY. S - R LR 7| M S EUR— —— =20 4] SN b i - LML W - LR PR 1 T S N S— — -20 TR 1 B SRR SRR BT - TP
L U DN i { | i | 15— —— T i 1 i | 1 ! T S
I height_cor_xover from L2 LR file: +8.9 mm/km [ height f L2 LR file: +22.2 m ' . -
1 T height_cor_xover from ssha over Med sea: -1.2 mm/km ] 1 [ h::ght_gg[_zgxz: f:gm ssha ovleer Med sea: +22.8 22§Em | height_cor_xover from L2 LR file: -6.0 mm/km
H H i i A 1.0 - ] ! { 1 ! ' ' - height_cor_ ‘ P i i ; : i ; 1 L height_cor_xover from ssha over Med sea: -10.5 mm/km
CLR | e P— —— ETILTY] DO T S s ] CLR | S e —" p— AL AN ferefumcsssabosnancafanen 1.0 A - 7 P T T D" — L PRI S T S p— - 1.0 -
Figure 17a - _ : Figure 18a - Figure 18b . // ] Figure 19a o~ Figure 19b .
E 05 ; E 05- r — : i i : i : : : T o5 - N
F o F S e O B g e / F & F ST e O T s e - F O g e O T g \
. . - Al 4 o . . . Ed - H H x r h ]
For this pass and cycle, the height_cor_xover looks bad (+8.9 mm/km from LR file/ g 00 For this pass and cycle, the height_cor_xover looks correct (+22.2 mm/km from LR~ 5 °° e ] For this pass and cycle, the height_cor_xover looks not very good (-6.0 mm/km from 5 00 R .
. . . — . . . | [ b ] 1 i H -
-1.2 mm/km from ssha over Med sea, Figure 17d) and should not be applied (this % . file / +22.8 mm/km from ssha over Med sea, Figure 18d) and should be applied. & - ] LR file / -10.5 mm/km from ssha over Med sea, Figure 19d) but should be applied g \ ]
is most probably due to a bug in processing that makes it incorrect for each first pass £ °° However, it looks like there’s a remaining cross-track slope in the ssh bias. 2 05- o ] (if not it will lead to a strong cross-track slope). However, it looks like there’s a remain- ¢ 05 ]
of each 28 passes flow => to be discussed with the project team). Moreover, the slope ol ] The flag (height_cor_xover_qual) indicates that the correction is bad (2) which is not - P ] ing cross-track slope in the ssh bias (the one from ssha over Med sea should improve [
looks very close to zero for the right swath so that we do not see any clear cross-track T Figure 17d| coherent (correction needs to be applied). or # Eiaure 18d| it). . o o o Aor : ]
| in the ssh bi ; ] Eo g ] The flag (height_cor_xover_qual) indicates that the correction is bad (2) which is not [ Figure 19d|
slope in the ssh bias. sh | | | ‘ . ] _cor_ _
. . . . . . . -l 8 Lt Lt 8 S L — . =1, n S PRI I P I | IR | IR N . . - r |
The flag (height_cor_xover_qual) indicates that the correction is bad (2) which is 6 40 20 0 20 40 60 s 40 20 o 20 40 e coherent (correction needs to be applied). e w20 0w a0 6o
nadir cross-track distance (km) nadir cross-track distance (km) nadir cross-track distance (km)

coherent.





