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Introduction: The Bass Strait site is one of the main cal/val sites around the globe and the only site in the southern hemisphere that has
contributed to absolute calibration of all sea level reference missions TOPEX/Poseidon, Jason-1 and Jason-2 and Jason-3, commencing in late
1992. Sentinel-3A (S3A) was launched in Feb. 2016 and Sentinel-3B (S3B) is planned for 2018 and SWOT is planned for launch in 2021. Here
we show the S3A first year results of the integrated approach that we are developing to contribute to the new missions while keeping the effort
developed for the Jason series. We took 3 main approaches to address the S3A Cal/Val in the Australian side :
- A) we doubled up the Jason off shore mooring + GPS buoy + Burnie tide gauge and vertical land motion.
) we used the regional Gridding Sea Level Anomalies CSIRO product to track the missions evolution against the merged grids.
- C) we use a regional hydrodynamic model (SHOC) to guide our calibration network development and also as a validation of the altimetry
signals. As a tool to extend in situ measurements spatially.

! ~ “ 7 2 4 N 5
' : . . N i o s G P : C) We use a regional model”® to assist
‘ N » & . » v X - & ‘ - ‘ » y . . - -
A) Classic absolute calibration approach \ | B) Validation of individual missions against the ¢ G ,
i JAar Dt Vhio ety TR g f with the absolute calibration and have
> \‘ ) . ~— . - - ™% ber h - oo v = < - ‘ “
p ,;"'&%} = ? regional Gridded SLA a validation capability for Sentinels
T Cdmiea ) A | \ ’ NRT GSLA 01 Jan 2017 .
5 - e L l £ 10 and Q\\ OT
al Harvest "-—_:77 Rk — ’ 1 ‘ . .
- _ § b - b \". S 4 L . ‘ . .
{0 14 ™ AUPRIR——— T Sareinin
b WL\ ; - P kil ; ' |
- ' 31l R ¥ e é" i 0- : ' . ' - 14 Mean current (arrows) and bathymetry (m) 4
i i | \ (- 2 { N 1 |
e = ~ e B { - E\ % %
y ok ~ : £ - 10 '
8. 3 b v v . e . 2 ‘
oW F LA wooe Tac s TaCTWwW W YW L ::"“-;‘ g . 4 ‘ '
, = .
The fundamental goal is shared between Qfthan tn e See Lovel 5 20 o - ,
ibsolute calibration sites "‘“I-':T;:-"'“ vt £ o -
0S 3 C atl 1 SHE Sea-Hlate GPS uoys « MOONGs Se : 2 ’ =
Tate gmage + guend) Sartac . ‘o
Torreatray - p S ,:
Nefererce 30 ' p. 3 e
Frome - = o=
k % . y g 40’ = -40
a0 . . - ==
""""""""""""""""""""""""""""""""""" 4' g —
[} < =
! o g . X y ; f . A » > ™ g
| Bass Strait historical and long term absolute - o ! “
calibration zone is 8-9 km away from the S3A L - g
| crossover of passes 60 and 247, oy - - o
' With now 2 GPS buoys deployed 6 times for a couple 60 80 100 120 190 160 180
] 3 Qe At - T « 0 . B .\ ¢ ~ M ~ . . -t . . ~40°20 "‘
-of days systematically and simultancously at JAS and Passes of each satellites for a given day with GSLA in background (oceancurrent.imos.org.au) 1
| S3A for the mooring datum reference. We can
| estimate the geoid difference between the 2 sites at s Offset comparison: altimeters vs GSLA et
! . - . . , 1 I I
' ~33mm which confirms a relatively flat geoid in the - 3a:-223 ,
‘arca with a raw 16mm gps-mooring std difference and 10 oyt o | S * 3ab:-0.774 e
' a 6mm datum uncertainty. This is here performed RISV N S e L o - k& g'z':;:
! . . - — - e - o % ..‘. *” :o. s .ty .‘. . e . o2 ' e .t s 9 v . ¢
| using the products homogenized through RADS. E Ot i TR 2 A Y L St MR SR ey 4 R A 40°50
- S (] . - *% UL v, . .
. - - - . ° .._ : . - . -" P o't ¢ oy
e BssSumM'.Bt..saA ) Pass 247 . P 20k ; i o e . ‘0 . o . gt s J
. . - AT . - .t A «fore S3A be
£ ol ““C"*'«I'-‘-a" e T S S = g """"T“"‘:f'" ; o %. s % gl : % pres s.‘." * " T 144°30' 14500 145730 146700
g | o~ B : b % \ ° ~e " .. e - . aes
] © v ~ § : ¢ e S 000 005 010 015 020 025 030 035 040 1 mis
§ o T .- -0 |- : : - Current variability (m/s)
Mo“:m.;h: Fl.l:.nd l;l:o Gauge Bias Wlu:‘ndo Gauge Blas <> Filtered TG Ban g i i
an: mm an: 29 4men Mean: 29 8mm [ ¥+ Mooring Bl - ” 1
| Std Dev: 36.7men | $1d Dev: 36.8mm 5t Dev: 38.5mm ! ! E Jlsl?2OIG Oct 2016 Jan 2017 Apr 2017 Jul 2017 z :
a x 15 o $ Sentinel-3A and 3B satellites have a longer repeat cycle and they do not
prespe I~ A - PSR SOTI IS SLAP O SORUOIS] TR KNVSONG SLT5 SUIe S follow the same ground track. On the top, the map of the bathymetry for
B T — T . o ‘ ’
Bass Strait Absolute Bias: S3A Pass 60 e o - .
0 - - . - z é the Bass Strait in between main land Australia and Tasmania also has the
0t i 10 E . :
| -g p £ mean (SHOC model) ocean current displayed as arrows. Satellite tracks
- o] . - a A < 5 A /\/\ /\\ $ for Topex-Jason (in red), | (green) and Sentinel-3B (blue) are
X NG i O LI R & - 2 2 Y \ o % superimposed. Coastal tide gauge sites are also indicated. A zoom on our
@ R \( » c < cal/val region is on the right. With the cal/val mooring sites at crossovers
40 } i 4 £ - ; 3 ’ % :
’ o} : 5 H 4 8 for the Sentinel-3 satellites, ground GPS sites in blue circles (->
) L 9 ° - - -
<.m} [ UrFiered TG Bue | -] troposphere characterization) at the S3B site we now have a Sbeam wave
Mooring Bias Filtered Tide Gauge Bias  UnFillered Tide Gauge Blas —&— Fiered TG San 10 41 @ 2 : : ; 5
Mean: 22 Smen Mean: 25 9mm Mean: 28 5men & Mooring Bias o ADCP. An open question is where to put an extra mooring site dedicated to
. SdOov: M 4nem . 314 Dov: 37 fmon 544 Dov: 40 Senm - " - A5 H 1 & SWOT with an additional wave ADCP for monitoring over the scientific
S3a Cycle o g9 ) : : : phase?
Apr 2016 Jul 2016 Oct 2016 Jan 2017 Apr 2017 Jul 2017 Oct 2017
SLA RMS
Bass Strait Absolute Bias: S3A Pass 247 . - A \ ‘ q - - a . 2 .
~{n - - ‘ S3A ingested in GSLA since june 2017, with now a reference offset of ~19mm in the RADS. O
1 ] . : - SR Jason - 23 . ; 5 %
- ‘ Note the S3A coming closer to the Jason-3 as the other non-reference orbit missions seem to e ° 25 v - e z
" | P——— T R R - . e W Y . | drift away, ... 1s this a sign of some remaining offset mapping through the GSLA process ? SHOC - Jason | 5.6 88.5 21 144 19.7 i’
s B e o _— 25 e T f SHOC - $3A 5.5 046 86.6 134 19.1 P
@ 204 “4 — -
& i & R 2 -~
-1 z g— SHOC - S3B 6.6 25 NC 25 | sss 03 |8
3.5 —_——=1 I = Bumie TG 24 5.6 5.6 68 884
Mooring Bias Fitered Tide Gauge Blas  UnFiltered Tide Oauge Blas O Fidered TO Buw - -
Mean: 31, 7men Mean: 31 Omm Mean: 31 1mm &— Moorng Bus 3 y 4 Tides corrected
| 51d Dev: 20.6mm | $1d Dev: 22.1mm 514 Dev: 22.2men L £y
[/ LA = TAW_ | DO@E"aS] Mg = £.J90 wun
0 g ! : 2 =~ l_.' . ol 4
s E Using the mooring at a Sentinel-3A crossover, £ ol
Bass Absclute Bias: » - N — i
140 — e - r 1 B recording bottom pressure year round and the T-S e 1!
120 } 1 ' ~ . " AN |
100 | ; density extrapolated from the not too distant JASON < w0t
4 A g . o A ite .
- )} & . > - f, 3 e . y e 4 Pl > 158 A A S A A A A A & A A A
¢ '..’( Snminbranbus e - - sile \%(?l’kb well and proy ldt§ an (.)pllmugd wlld ?‘. Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug
s o % " " 4 extension to the JASON calibration system. The - Swell events
-] A model validates well against the moorings (still some O 1 [T —— T T
e j improvement to be implemented on the tidal e 10} dotde (s3a-jas) RMS = 1.03¢m
o | = 1 o . o 5t =eg* 2
Els | —— T F——————— N forcing), the numbers produced by the model in the z 2 :
s S St v~ Mooring Bas mooring network design are impressively confirmed | G|
a - - - 20 ' by the mooring observations and gives us confidence | "g' ol ' X
Ry fOl’ fllllll't‘ blratcg}" dC\CIopmcnl (Cg S“’()T’ bul ; ‘:A'g‘*t;;'p”&t—‘ N’g*[‘)&*j;n'w —’:;l‘)"‘ ‘M‘;——A—B—_VNGQV*TT\*J‘-*-X:J(}—
K J J - | U r U Ul
While the number of repeat cycles available remains small the placement of the absolute also lead to our next development of using the model -
N » p ' - 0 & son e f1 ¢ y - 4 . N oAt selars e y . - H
calibration mooring at a crossover doubles our capability to contribute to the S3A SSH to extend spatially the altimetry validation across the B e A S S S S S S R
evaluation. wider arca. & 10} detide and deta omamic height RMS = 0.98 .Cm
Here one can notice a quite consistent behavior between ascending and descending passes. The moorings at the Sentinel-3B are now operational Z [ ' '
One can also notice the significant improvement in the statistics with the SAR mode. and provides not only pressure, temperature and sl
There 1s an expectable mean difference between SAR and PLRM which probably points to salinity, but also boast a new generation ADCP 10  median Mhered RMS = 0.57 om®
need for SSB handling. system which does perform good SSH estimates at

high frequency.

REFERENCES 3. Watson, C.W.. N.J. White, J.A. Church, MA. King, R.J. Burgette and B. ACKNOWLEDGEMENTS
A i i Legresy. (2015). Unabated global mean sea-level rise over the satellite

FOR FURTHER INFORMATION L \g;t:;gf: (Z\g:‘ ;t)e A':;offﬂ: EZiigéggﬂﬁn;é;"Sziggf)z:'s%r:i‘;"d alti?netZr E,,a_ N)amm C"mat% Change. Our pqgoing Cal/Val effort heavily relies on (American, French and Eutopean) s_pace aggncies aqd d?.ta .
Benoit LEGRESY TOPEX, Jason-1 and OSTM/Jason-2. Marine Geodesy, 34:3-4, http://dx.doi.org/10.1038/nclimate2635 provision through AVISO+, RADS, CMEMS and other corrections providers. This Australian contribution is
E benoit.legresy@csiro.au pp242-260. 4. Herzfeld, M. (2006) An alternative coordinate system for solving finite supported by IMOS, CSIRO and the University of Tasmania.
W www.cmar.csiro.au/sealevel 2. King, M. A., M. Keshin, P. L. Whitehouse, |. D. Thomas, G. Milne and difference ocean models. Ocean Modelling, 14, 174 - 196, The Integrated Marine Observing System (IMOS) is a national collaborative research infrastructure,

R. E. M. Riva (2012), Regional biases in absolute sea-level estimates 5 Chen, X., X. Zhang. J.A. Church, C.S. Watson, M.A. King, D. supported by Australian Government.

from tide gauge data due to residual unmodeled vertical land Monselesan, B. Legresy and C. Harig (2017), The increasing rate of

movement. Geophys. Res. Lett., 39(14), L14604, global mean sea-level rise during 1993-2014. Nature Climate Change 7.

doi:10.1029/2012GL052348. 492.495, ‘ &



