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m Calibration methodology

— intra-calibration / inter-calibration

m Sensor “intra-calibration”

— Theoretical framework
— Results / Verification
» ERS-2 SCAT and
» MetOp-A ASCAT

B Sensor “inter-calibration”

— Theoretical framework
— Results / Verification
» ERS-2 SCAT - MetOp-A ASCAT

m (MetOp-B ASCAT calibration)
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I Calibration methodology

scatterometer instrument

% competence centre

B Stepwise relative calibration strategy

— Sensor “intra-calibration”
» Detect and correct for temporal inconsistencies of an individual
mission
— Sensor “inter-calibration”
» Detect and correct for biases between SCAT missions

— Ultilising a “set of natural calibration targets” over land

B Level 1 scatterometer data

Spatial .
Instrument Resolution Temporal Coverage Spatial Coverage
ERS- 2 SCAT 25 km May 1997 — Feb. 2003 Global
MetOp-A ASCAT 25 km Jan. 2007 — Nov. 2012 Global

24 October 2014 SCI-PRE-2014-0002-v-01 serco CECMWFM /. o
= s




I Selection of calibration targets

scatterometer instrument
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Level 1 normalise
AMI-WS / ASCAT backscatter

data a’(L,40° ¢,

azimuthal temporal
anisotropy variability
parameter § parameter v

mean backscatter
parameter ¢?

azim. isotropy /
temp. stability

mask
Threshold
spatial variability Parameter AMI  ASCAT
analysis
Azimuthal Anisotropy 0.3dB 0.2dB
Temporal Variability 0.4dB
Calibration Targets

Spatial Variability 0.25dB ?
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W Scatterometer instrument

Selected

calibration targets
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B Selection based
on global
backscatter
analysis

— Azimuthal
modulations

— Temporal
variability

m Calibration Tar.

m Verification Tar.

24 October 2014
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L Sensor “intra-calibration”

W Scatterometer instrument
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Measurement Model: a®(Ly, t;,0,0,)|=0° (L1, 0)| +|Cintra (L1, t1, 0, )|+ €

calibration coeff.

Estimate of a0 (Ly, 8) - Calibration Reference F(LT, 0):

Nobs Nac

S 1 ~
dO(Ly, 0)|= Z Z o°(Lr, t;, 6, 9)) Cintra(L7,ti,0,¢;) =0
Npps * Ngc

i=1  j=1

Perfectly calibrated

Solve for calibration coefficient: Cinerq (L1, ti) 6, ;) +e= o’(Ly, t;,0, $;) — F(LT, 0)

Ntar

> Cintrallr t,0,8)) +€)

n
tar T—1

Estimate calibration coefficient: |Cintra (i, 0, @;)|=

Intra-Cal. Coeff.

Sensor “intra-calibration”: |04 (L, t;, 0, $,)|=[0°(L, t;, 0,  )|—|Cinera (ti, 6, b;)
calibrated RCS Intra-Cal. Coeff.
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Nobps Npoly=2
7Ly, 0) = 0°(Ly, t;,0,¢;) = Bo(Lr,40°) + 2 B, (L, 40%) * (8 — 40°)P
obs “
=0 p=1
e ESCAT data of year 1998 A overpasses = 0.1 — 0.2 dB [asc - desc]
* ASCAT data of year 2007 —> Calibration reference per overpass
New Guinea Rainforest Amazon Rainforest
R ERS-2 SCAT [ascending overpass] 4. .MetOp-A ASCAT[ascending overpass]
o" = -7.365-0.063* (0-40°)-0.001* (0—40°)* : 500 o” = -7.578-0.074* (0-40°)-0.001* (0—40°)°
. _ \ | 5000
I I I it i i \\f gl Lo, Liiiiiie N . \/
10 20 30 incid enc:gngle orl 50 60 " 10 2 % incidcnc:gngle or] N ' " =
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L™ Estimation of intra-calibration coeff.

W Scatterometer instrument
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Eintra(LTr ti, 9! ¢]) = JO(LTI ti, 61 ¢]) - JO(LTI 9)

Cintra(LT,t;, 0, ;) modelled as 1-order polynomial
centred at 40° per month

Amazon Rainforest July 1999 Amazon Rainforest July 2010
ESCAT [Fore-beam / Right Swath] ASCAT [Fore-beam / Right Swath]

1-57\ TT T T T T 17T | TTTTTTTTT ‘ TTTTTTTT T [ TTTTTTTTT | TT T TT T TTT ‘ TTTTTTTT \; 1'57\ TTTTTTTT | TTTTTTTTT ‘ TTTTT T TTT [ TTT T TTTTT ‘ TT T T T TTTT ‘ TTTTTTTT T

Lol — 220 Lol —

0.5_— — 10 0,5_— — 300
s | i i P
fg 0.0; -\\ n *: 120% i‘% 0,0; *’ 7: 200%

o5 18 a5 1B

ol 1. e Oscillating alterations? ]

_le;\ ) I I I | I | L?JO\ 11 I‘l \.I 1 J4|OI N \SIOJ I A | leol 1 O J;O -1‘51;‘ Y I | Y I I | ‘ L1l I‘l \AJ 1 J4|0\ 1 B J ) B { I J—

incidence Angle 6 [°] incidence Angle 8 []
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ERS-2 SCAT

Right Swath:
Fore-/Mid-/Aft-beam

Ciua(40) [dB]

Mean over

e e e e Tt Calibration Targets
-0.30 May  Sep an May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan Ci’nt’)"a (ti, 40 ) ¢j)

Ji
1997 1997 1998 1998 1998 1999 1999 1999 2000 2000 2000 2001 2001 2001 2002 2002 2002 2003

0.30 —

MetOp-A ASCAT

Right Swath:
Fore-/Mid-/Aft-beam

Coura(40) [dB]

Left Swath: x| e
Fore-/Mid-/A " beam = | PocUpdate |NewCal.Tabl

Jan Sep ] May P J
2007 2007 2007 2008 2008 2008 2009 2009 2009 2010 20

ay Sep Jan May Sep Jan May Sep
10 2010 2011 2011 2011 2012 2012 2012
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LW Intra-Calibration verification
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=)

P

3
- -

ERS-2 SCAT

Right Swath:
Fore-/Mid-/Aft-beam

(=]
=3
“o
| o - = —

G40 [dB)
(=]
[=]
(=}

N
|

Verification Targets
Piloted inZGM =

‘ ‘ L ‘ 5 . : C o
May Sep Jan May Sep Jan May  Sep Jan May Sep Jan May Sep Jan May Sep Jan - t . 4 O -
1997 1997 1998 1998 1998 1999 1999 1999 2000 2000 2000 2001 2001 2001 2002 2002 2002 2003 intra L) ) ]

0.30 —

MetOp-AASCAT = .

Right Swath:
Fore-/Mid-/Aft-beam

Ciua(40) [dB]

Left Swath: 090 oo ........ e ...... T s 'é ...... e e :é S
Fore_/Mid_/ beam 025 |- I ' PrOCUpdate ' NeW CaI.TabIe

an May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan
2007 2007 2007 2008 2008 2008 2009 2009 2009 2010 2010 2010 2011 2011 2011 2012 2012 2012 2013
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IO Sensor “inter-calibration”
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Measurement Model: | o (Lz. t;, 0, ¢;) [=|od (L1, ti, 0, ¢ )| H Cinter (L1, 6, d)

Inter-Cal. Coeff.

Solve for calibration coefficient:

Conter(L7,0,¢;) + € = apyo(L1,0) —0q(L1,t;,0,0)) | oga(Lr,0) = ofa(Lr, 1,6, ;)

Calibration Reference

Estimate calibration coefficient:
Ntar

2 (éinter (LT: 0» ¢]) + E)
T=1

Einter(ei ¢]) =

ntar

Inter-Cal. Coeff.
Sensor “intra-calibration”:

Ointer (Lo t1, 0,0, = opya (L, t1, 0, 0;) = 03 (L, 1,6, ;)| | Cinter (6, 8))

Inter-Cal. Coeff.

calibrated RCS
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G |nter-calibration anomalies
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e 1 W ESCAT is calibrated with respect ASCAT
= Cinter(0, ;) 1-order polynomial centred at 40°
jm Antenna Beam Co Cq min(0) max(0)

won § [dB] [dB/deg] [dB] [dB]
oon Right Fore 0.158 -0.012 0.384 -0.068
10 Right Mid 0.194 -0.006 0.332 0.156
b .. Fore-beam | IRSES Right Aft 0.155 -0.012 0.390 -0.08
10 20 30 " ARngIe on 50 60 70
LO T T T T T T T T T T RRRRRRRRE L0 T T T T RRRRRRRRE
Mid-beam 10 i Aft-beam 1
10 20 30 50 60 70 10 20 30 _LME%LLLLLL UTG%LLL%O

40 40
incidence Angle 6 [°] incidence Angle 6 [°]
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W Scatterometer instrument
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o MMM L a2 Ak s AR AR AL RARRAAARARRARARAR S LLAAAARAY ESCAT is calibrated with respect ASCAT
B Cinter(0, @) 1-order polynomial centred at 40°
1600 Antenna Beam Co C, min(0) max(0)
RN [dB] [dB/deg] [dB] [dB]
y ::“ Right Fore -0.011 -0.002 -0.040 0.019
T LS Right Mid -0.024 -0.003 -0.042 0.040
i, e For?-bealm L ] / “ Right Aft -0.019 -0.002 -0.048 0.011
1 » » incidence4 gngle (28] o & o
Mid-beam 1 U ; Aft-beam 1 U e
'”’10””HHz\(JIIJHl‘IlanJll“““”‘““flu‘“”‘e‘o”'lluum '”’10””‘HHZ\OIVHH‘HanJl”““”‘““f“”l”‘s‘o”“‘”“m

40 40
incidence Angle 6 [] incidence Angle 6 [
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m Simple and obvious SCAT calibration methodology
— Correct for biases with respect to calibration reference
m Utilising a set of calibration targets
— A robust estimation of calibration anomalies
m Calibration anomalies correspond to

— Main mission events
— On-ground processor updates

B Sensor “inter-calibration”

— Estimate and correct for biases between SCAT mission
— Merging of ERS SCAT and MetOp ASCAT
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Calibration of MetOp-B ASCAT
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™ MetOp-B calibration

<

m Objective: derive soil moisture from MetOp-B ASCAT

— Dedicated MetOp-B ASCAT model parameters not available
» Too short mission lifetime
— Current available model parameters are based on MetOp-A ASCAT

m Calibration methodology

— “intra-calibration” of MetOp-B ASCAT

— “inter-calibration” of MetOp-B ASCAT utilising MetOp-A ASCAT as
calibration reference

B Investigated MetOp-B ASCAT data
— 06-Nov-2014 to 30-Jun-2014
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MetOp-B ASCAT Calibration Targets:

e Amazon Rainforest,

* Congo Rainforest and

* Indonesia Rainforest |
Year 2013 as Calibration Reference

Right Swath: Fore-/Mid-/Aft-beam
Left Swath: Fore-/Mid-//ft-beam

Cimra (4 0‘] [ dB ]

Nov Mar Jul Nov Mar
2012 2013 2013 2013 2014

Rainforest cal. to MetOp-A ASCAT
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MetOp-B ASCAT Verification Targets:

. _ . * Upper Guinean Forest,
Right Swath: Fore-/Mid-/Aft-beam +  Indonesia Rainforest Il

Left Swath: Fore-/Mid-//t-beam « Malaysian Rainforest and

e Laos Rainforest

3
o)
*
5
0.30 | : : :
Nov Mar Jul Nov Mar
2012 2013 2013 2013 2014

Rainforest cal. to MetOp-A ASCAT

24 October 2014 SCI-PRE-2014-0002-v-01 serco ECMWF M




2:‘., LR [nter-Calibration ASCAT

scatterometer instrument

% competence centre

L0 T T T T T T T T T T T T T T T T L T A S S R °
| 19000 20000
W [ i i i s | W
17000 18000
L ] 16000 L 1 17000
0.5 15000 0.5 16000
I 1 14000 F 4 15000
L j 13000 L B 14000
12000 13000
= = 12000
g oo £ 5 z
g oy : ot
ore-peam : o' ore-peam
oo £ 9000 2
BOOO 8000
oo 7000
000 6000
05— — 5000 05— — 5000
4000 000
r 1 3000 r 1 3000
| 2000 2000
H F q 1000 r 1 1000
Differences At o i L] V) ottt )
- 20 30 40 50 60 ™ 20 30 40 50 60 ki
incidence Angle 0 incidence Angle 0[]
I th 0 1 dB WO AR R R R R R R R e T [N AR LR RN AR R R R RN LR R
ess than 0. » [ A
20000 20000
0.5 18000 05 18000
[ ] 16000 L a 16000
14000
= 14000 = z
E z 2 ]
° = g = .
& 12000 & € 12000 £
Id-peam : ' : 1IG-peam
§ <
< 10000 2 10000 S
8000 8000
05— 4 6000 05— — 6000
000 L ] 000
Y TR IR SRR R RY RN E NS FE RN PR RN B I I R
20 50 60 Kl o B s 50
incidence Angle & [°] incidence Angle £ 7]
L T T T T T T T T L0 (M T T T T T T T
20000
+ E 19000 E 1 20000
18000
L 4 17000 L 4 10000
s 16000 05
I 4 15000 L | 16000
14000 L 4
13000 [ ] 14000
= 12000 2 =
g H g - 4 B 12000 5
= 11000 £ = g
= B A T : Af
: 5 ] ]
£ g [ 0000 & -
3 o BN o eam
BOOD L 8000
7000
i 6000 A 000
05— — 3000 05— —
o0 000
L ] 000 L ]
2000 ’2000
+ b 1000 r 1\/
N\ \
Y P SRR RN FE RN TN ST TN R RRRREE Y o v een e b e b b
20 ) [ 50 ) 70 20 30 0 50 60 70
incidence Angle § (7] incidence Angle § (7]

24 October 2014 SCI-PRE-2014-0002-v-01 serco ECMWF




34

2

L3
\a i
& ScCifocco

scatterometer instrument
competence centre

Inter-Calibration ASCAT verification
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Thank you for your attention

Questions / Comments are welcome

JEE—————
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l\ NEED TO ADJUST YOUR !
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