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Ku / Ka Sigma-0 analysis

P.Thibaut, S.Peyridieu, J.C.Poisson, P.Prandi, S.Philipps : CLS
N.Steunou, N.Picot : CNES
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CLS cnes. Ku / Ka Sigma-0 analysis

Differences between Ku and Ka sigma0

MLE3 /MLE4 Ka estimations

Relations Sig0 / SWH / Mispointing / ECMWF Wind
Ku/Ka AGC and SNR comparisons

Bloom event observed in Ka (an example)

Rain Cell observed in Ka (an example)

Cc 0o O 0O 0O 0O O

Ku/Ka Sig0 on iced regions
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cLs wes  AltiKa and Jason-2 data
AltiKa Jason-2

Frequency band Ka Ku
Cycle(s) 2 178-181
Tracks 1-1002 1-254
Start date 2013-04-18 2013-05-11
End date 2013-05-23 2013-06-04
Time period 35 days 24 days

Geographical selection

Distance to coast >10 km && ABS(Latitude)<66°

AltiKa Jason-2

MLE-4 MLE-3 MLE-4

Backscatter coefficient =SIGO =10*log10(PUI_MLE3) + KCAL_FACTOR_SIGO =SIGO
Signal to Noise Ratio =SNR =10*log10(PUI_MLE3/THN_MLE3) =SNR
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CLS ces  Gridded maps of SIGO, MLE-4
(Ka uncorrected for atmospheric attenuation)

AltiKa Cycles 2-2 Ka KU Jason-2 Cycles 178-181
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cLs ces  Histograms of SIGO, MLE-4 (Ka/Ku)

SIGO Histograms

AltiKa 40Hz data : ~200 tracks, 1 cycle

GlobalOcean region
—T T

— 77T — T T T T T T
Jason-2 20Hz data : 254 tracks, 2 cycles [ N
- AltiKa ]
s (not corrected -
= B . T
¢« for atmospheric =
I attenuation) -
[ Jason-2 (corrected
T for atmospheric y
i attenuation) ;
0
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o] 5 10 15 20 25
SIGO
——  AltiKa (Ka Band) c2 tracks 805-1002 Mbr = 12154634 Mean = 10.24 StdDev = 2.575
——— Jason-2 (Ku Band) c180-181 tracks 1-254 Nbr = 14490044 Mean = 13.69 StdDewv = 2.019
Atmospheric attenuation ) g Backscatter Correction :
(2013-03-14 05:39 - 2013-06-27 05:38) Altimefjcs
+ Saral valid_lat66 GOR Mean = 0.7862 StdDev = 0.3664 Nbr = 4362014 « SARAL backscatter not corrected for attenuation
»or Jason-2 valid_lat66 GDR Mean = 0.1989 StdDev = 0.1002 Nbr = 4955547 | — Yet, this is much larger in Ka- than in Ku-band
] — Based on radar propagation theory (ITU reports)
.§ _-
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& ] s
g . 5
! .
° : 2 : 100 s . R.Scharroo, 1st calval meeting
Atmospheric attenuation 10 lrequer:gy (GHZ) 1o
16
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L= fhe5. GDR SRL/JA2 X-Overs (< 3 Hours)

Scatterplot Sig0 AltiKa = f(Sig0 Jason-2) for X-over < 3h

18.50 T
. GDR: Sig0 (AL converted in JA2)
o (2013-03-14 00:00 - 2013-06-28 00:00)
: 15.38} . | — Sara,vslid_lstﬁﬁ P’ean =13.64 StdDev = {‘635 Nbr = 4418556
) F —— Jason-2 valid_lat66 Mean = 13.53 StdDev = 1.655 Nbr = 5007417 4
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£ 9.12f
o Sig0 (AL converted in JA2)
0 Saral - Jason-2 valid_lat66 (2013-03-14 00:00 - 2013-06-28 00:00)
- [T
6.0 . L | | ! L
g.OO 11,12 14,25 17.38 20.50
Sigma0 from Jason-2 GDR - cycle 173 to 182
minimum number of samples per box: 1
percentage of samples maximum number of samples per box: 112
0.0 10.0 200 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Statistics Y-X Order 1 fit polynom Legend
mean = -2.96262 y=ax+b - - - - Order 1 fit polynom :
rms = 3.01640 a = 1234377682862 Livial
std = 0.56515 b = -5.994579829295 =
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CLS cees. Gridded maps of SIGO, MLE-3
(unce#eeted—fer—ai—mesphenc—a#enaaﬂen)—_—

K a SIGO Histograms
i - GlobalOcean region
AltiKa Cycles 2-2 I e ST S PF
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oF tracks 805-1002;
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SIGO_MLE3

20 25

8 10 12 14 SIGo
Altika MLE-4 c2 tracks 805-1002 Nbr = 12154634 Mean = 10.24 StdDev = 2.575
AltiKa MLE-3 c2 tracks 805-1002 Nbr = 12177492 Mean = 10.25 StdDev = 2.645

Nbr: 11880 Std Dev : 4.5246631 Min : -10.003515
Mean : 8.5072336 Median : 9.6362737 Max : 26.139717

AltiKa Cycles 2-2
de\rlatlon MLE3 Backscatter coeff. (lO*IoglO(PUI MLE3) + KCAL | FACT(

MLE-4 - MLE-3 Backscatter coeff. difference

-100 0 100
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B |
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0 2 4 6
Nbr: 11880 Sid Dev : 0.39497341 Min : -2.120862
M : -0.030848179 Median : 0.03228127 Max : 1.9686637
Nbr: 11880 Sid Dev : 3.5245581 Min : 0.26907376 ean an =
Mean : 3.9460042 Median : 2.203846 Max : 16.581519

e e o = v erriene ) Workshop, 2013, August 27t - 29t Toulouse




eve ¢ I —
CLS cnes. Gridded maps of SIGO, MLE-4

(unc

AltiKa Cycles 2-2
Mean MLE4 Backscatter coeff. (SIGO)

SIGO_MLE4

8 10 12 14

Nbr: 11880 Std Dev : 4.2272748 Min : -8.93009
Mean : 8.5466407 Median : 9.6579495 Max : 23.41576
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CLS cnes. Gridded maps of SIGO, MLE-3

(unc

AltiKa Cycles 2-2
an MLE3 Backscatter coeff. (10*I0910(PUI MLE3) + KCAL FACTOR _ SIG

SIGO_MLE3

8 10 12 14

Nbr: 11880 Std Dev : 4.5246631 Min : -10.003515
Mean : 8.5072336 Median : 89.6362737 Max : 26.139717




Gy (dB)

Power
(FFT p.u)

-~z AlOng track comparison : MLE3.vs.MLE

AltiKa Cycle 2 Track 11
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CEMTRE ANTIONAL DOETUDES SPATILES
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cnes

Jason-2 / RA-2 [ AltiKa (o, yies- oo MLES)

MISSION: JASON-2, Cycle 19, 1Hz

e ;j:;*ﬂ,j«\

ol e - :
Ky F K{‘fi‘é“ Jason-2 : H=1336 km
:} T;;_ : “{"“;7 WF_Footprint_ Radius = 9.56 km
. g R ——
- -1dBr — r#%Bw

Lt lil U Ku—ban
EBtude_Envi Ra: Wz it Cycle 75

RA-2 H= 800 km

WF_Footprint_Radius = 7.6 km

-0. OSdBm .

Mu.n(ds).xx

MLE 4 - MLE 5] Backscatter coeff. dlfference

H= 800 km
WF_Footprint_Radius = 5.6 km

Alti-Ka

0 100
SIGO Diff.
C —
0.0 05 1o cation Workshop, 2013, August 27t - 29th Toulouse

Nbr: 11880 | Std Dev: 0.39497341 | Min: -2.120862
Mean : -0.030848179 Median : 0.03228127 Max : 1.9686637
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CLS cnes Ku/Ka Standard Deviation on sig0
 Poge 2 8
Standard deviation on Sigma0 Standard deviation on Sigma0
(simulated data) (real data)

| 3dB o
0.025dB =

gmz w =

AltiKa “
0dB .
Jason-2
O dB 0% 2 a 6 8 10 12
= Quite null dependency with SWH = Smaller Std for AltiKa

=» Strong dependency with SWH (>6m)
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cLs cwes  Mean SIGO = f(SWH, ¢?2), MLE-3/4

AltiKa Sig0 Jason-2 Sig0
MLE3 MLE4 MLE4
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CLS cnes  Ku/Ka dispersion Sig0 / ECMWF WS

Page 14
AltiKa IGDR Jason-2 IGDR
o o
z z
(=] (=]
© ©
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wn wn
7.50F N
- 1 1 1
30.00 0'03.00 7.50 15.00 22.50 30.00
ECMWF wind speed (m/s) ECMWF wind speed (m/s)
minimum number of samples per box: 1 minimum number of samples per box: 1
percentage of samples maximum number of samples per box: 12842 percentage of samples maximum number of samples per box: 17006
[ E— — S S— ]
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Order 1 fit polynom Legend Order 1 fit polynom Legend
y=ax+b - - = - Order 1 fit polynom y=ax+b - - = - Order 1 fit polynom
a = -0.489495261561 a = -0.362427498400
b = 13.652056974610 b = 16.256910009788

SigmaO (without att _atmospheric)
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CLS cnes
S AltiKa vs. Jason-2

CEMTRE ANTIONAL DOETUDES SPATILES

AltiKa Cycles 2-2 K a KU Jason-2 Cycles 178-181
atic Gai Control_(AGC)

Mean, Automatic Gain Control (AGC)

B = g 60 f .
‘ B a0k
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I
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SA0 (e T o T iy g e e s e e i A R etk
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[ B |
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Nbr : 11880 | Std Dev: 4.1837663 | Min: 13.704354 Nbr: 11879 | Std Dev: 4.0028923 [ Min: 13.955201
Mean : 28.427264 | Median - 28.844306 | Max : 50.940046 Mean : 25.202161 | Median : 24.218883 | Max: 49.081938
Altika Cycles 2-2 Jason-2 Cycles 178-181
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CLS _cnes SNR considerations

» Several studies have been made during AltiKa development to assess
hypothesis on c0 and atmospheric attenuations

c0 Ka = 60 Ku [Topex] — 1,5 dB = ¢0 Ku [Jason] — 3,5 dB

« Some margins have been considered in the link budget during
development : system margin, ageing, mispointing and rain attenuation

* In flight assessment : better SNR than expected
* Measured AltiKa 0 : 60 Ka = c0 Ku [Jason] — 2,5 dB

=>i.e. 1 dB greater than o0 hypothesis considered during development

« The 3,5 dB margins allocated to mispointing, system margin and ageing

provide additional capacity to withstand higher rain rates than targeted

 Thus, afew data are lost due to atmospheric attenuations

Saral/AltiKa 1st Verification Workshop, 2013, August 27t - 29t Toulouse
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CEMTRE ANTIONAL DOETUDES SPATILES

Grid

ded maps of SNR, MLE-4

AltiIKa vs. Jason-2

AltiKa Cycles 2-2

Jason-2 Cycles 178-181
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cLsS cnes Along-track examples : Bloom event

CEMTRE ANTIONAL DOETUDES SPATILES

AltiKa cycle 2track 894
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Waveform samples
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AltiKa Cycle 2 track 894
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cLsS cnes Along-track examples : Rain event

CEMTRE ANTIONAL DOETUDES SPATILES

AltiKa cycle 2 track 805
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OCALISATION SATELLITES CENTHE HATIINAL DVETLES SAATALES

AltiKa

"

:
iy LG 4
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(cycles 88-89 : same period)
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CLS _cnes Conclusions

d Very good instrumental behavior
d MLE3/MLE4 quite equivalent at such altitude

d In flight SNR, better than expected because of
margins in the link budget

d Only a few data are lost due to the atmospheric
attenuation
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Thank you !
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CLS ces. Ka SigmaO DSP

AltiKa 40Hz, ¢ 2 tracks 1 - 1002

GlobalOcean region, Backscatter Coefficient Power Spectra

Backscatter coeff. Power Spectra "
AltiKa, MLE-4 vs. MLE-3 i

ABS(LAT)<60

Distance to coast > 10 km
FLG_DALT ==

FLG ITER _SLA==

Spectrum({m2.km)

Wavenumber({cpkm)
——  SIGO_MLE4 a=-1.73221940895 b=-2.1246457931 sigma=0.115518639092
—— S5IGO_MLE3 a=-1.72232750093 b=-2.09501649856 sigma=0.12917864829
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