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Introduction — In-flight degradation

METEOSAT 7 VIS BAND

T
| YEARLY DRIFT 2.20% &

T T T
7785 (RUSE-0.008) | | | |
DESERT YEARLY DRIFT @ 2.20% £0.778% =0.008) . |
© 12| SEA YEARLY bmh i 3447 21, zz// (wsl 0.034) ! ! ! ! -4
H I I | 1 if
2 | | I l | 1 1
= | | | | ) ’ A1l l, - ‘TE
S | | | | -l B_ _ 4

: _ ot I T

£ 10— | ‘ 1 1 _ _L o+ | >—$ I ] W -+
= o Il a L L - - " [ I | 1 1
gL B =THTf I I | | 1 1f
g8 L3 | | | | | 1|
4 T [ | I | | | 1
= |
S 0.8[— | | | | | 1 —
S | | I 1 | 1 +
| | | | | I ]

1997 1998 1999 2000 2001 2002 2003 2004

TIME SINCE LAUNCH

Figure : VIS calibration coefficients for Meteosat-7 (Govaerts et al. 2004).
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(1) Spectral ageing model — image procesing

e 1200 UTC images: converted from DC
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(2) Meteosat-7 — spectral ageing correction
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(3) Full MFG — spectral ageing correction

e Problems in original time series

11 of 23

Reflectance ratio r

Full MFG (with seasonal correction)

. o
0.8 r

0.7

2 34% Met-4 | Met-5| 6

:11) MP’W\;N\WW
0g 1 R \%TWWW sy

-7

0.6
1983/01 1987/01 1991/01 1995/01 1999/01
Time

2003/0

Clouds Bright Vegetation

ce:
Dark Vegetation

ark Desert
Bright Desert




(3) Full MFG — spectral ageing correction

® PrOblems in Original time Series 3 Full MFG (with seasonal correction)

14+ g
1.0 M ]
l N 3

. W\/\] \":\""""‘\IM -

08 f “ww.w
2 343, Meta | Nets 6 7
198301 1987/01 1991/01 199501 1999/01 2003/01

Time

Clouds Bright Vegetation
Ocean —— ark Desert
Dark Vegetation Bright Desert

o volcanic eruptions corrected through
least-squares fitting with GACP AOD
dataset

Reflectance ratio r
o
©

11 of 23



(3) Full MFG — spectral ageing correction

e Problems in original time series

o volcanic eruptions corrected through
least-squares fitting with GACP AOD
dataset

o 6-bit digitisation

11 of 23

Reflectance ratio r

Full MFG (with seasonal correction)

11 q

1.0 MWM f

08 "Km‘v\} \‘:\“"‘W' =

08 “\'Mw

2 34% Met-4 | Met-5. 6 -7

“1983/01 1987/01 1991/01 1995/01 1999/01 2003/01
Time

Clouds Bright Vegetation

Ocean —— ark Desert
Bright Desert

ce:
Dark Vegetation



(3) Full MFG — spectral ageing correction

® PrOblems in Original time Series 3 Full MFG (with seasonal correction)

111) M%
ool “"\mw ”‘““w ‘“«,M

o volcanic eruptions corrected through
least-squares fitting with GACP AOD

Reflectance ratio r
o
©

dataset
o7 3 Mota | Mots -7
1 1011 1 2 34 et- et
O - 0.6
6 blt d|g|t|sat|0n 1983/01 1987/01 1991/01 1995/01 1999/01 2003/01
© saturation Time
Clouds Bright Vegetation
Ocean —— Dark Desert
Dark Vegetation Bright Desert
11 of 23



(3) Full MFG — spectral ageing correction

e Problems in original time series

o volcanic eruptions corrected through
least-squares fitting with GACP AOD

dataset
o 6-bit digitisation
. 1.4
o saturation 13| Meteosat-7 (with seasonal correction)
12 Nominal position I0DC

1.1

e Used ADC/XADC and I0ODC to ]
A

Reflectance ratio

i 0.9 F*
improve model parameters o8| B R
0.7 b
06 : . . . .
2000/01 2003/01 2006/01 2009/01 2012/01
Time
Clouds Bright Vegetation
cean Dark Desert
Dark Vegetation Bright Desert

11 of 23



(3) Full MFG — spectral ageing correction

e Problems in original time series
o volcanic eruptions corrected through
least-squares fitting with GACP AOD
dataset
o 6-bit digitisation
o saturation

e Used ADC/XADC and I0ODC to
improve model parameters

" Full MFG (with ageing correction)

Reflectance ratio r
o
©

e Ageing correction

. A . . 0.6 Meteosat;2 34%.Mel-4 i Met-5. 6,  Meteosat-7
o parameter fitting through minimisation 198301 1987/01 1991/01 199501 1999/01 2003/01

Time
Clouds Bright Vegetation
Ocean —— Dark Desert
Dark Vegetation Bright Desert

11 of 23



(3) Full MFG — spectral ageing correction

e Problems in original time series
o volcanic eruptions corrected through
least-squares fitting with GACP AOD
dataset
o 6-bit digitisation
o saturation

e Used ADC/XADC and I0ODC to
improve model parameters

j Full MﬁG (with aéeing correcnon and normallsatlon)

e Ageing correction
o parameter fitting through minimisation

Reflectance ratio r
)
©

0.7
H H H Meteosat;2 34% Met-4 | Met-5. 6., Meteosat-7
© normallsatlon Wlth respeCt to 0‘61983/01 1987/01 1991/01 1995/01 1999/01 2003/01
Meteosat-7 bright desert Tizs

Clouds Bright Vegetation
Ocean —— Dark Desert
Bright Desert

ce:
Dark Vegetation

11 of 23



(3) Full MFG — spectral ageing correction

e Problems in original time series
o volcanic eruptions corrected through
least-squares fitting with GACP AOD
dataset
o 6-bit digitisation
o saturation

e Used ADC/XADC and I0ODC to
improve model parameters

Surface type Met-4 - 7 Met-2 -7

e Ageing correction (7yrs)  (24yrs)
L L Clouds 0.0123 0.0239

o parameter fitting through minimisation Ocean 0.0167 0.0611

l. . . h Dark vegetation 0.0140 0.0437

© normalisation with respect to Bright vegetation 0.0120 0.0266

: Dark desert 0.0142 0.0230

Meteosat-7 brlght desert Bright desert 0.0098 0.0099

e Long-term stability

11 of 23
e



(3) Full MFG — spectral ageing correction

e Problems in original time series

o volcanic eruptions corrected through
least-squares fitting with GACP AOD
dataset

o 6-bit digitisation

© saturation

Used ADC/XADC and I0DC to

improve model parameters

e Ageing correction

o parameter fitting through minimisation
o normalisation with respect to
Meteosat-7 bright desert

e Long-term stability
Published in March 2014

11 of 23




Outline

Pre-launch characterisation problem of Meteosat-7 visible spectral
response curve

12 of 23
e



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8 |,
in the overlap period 2004—2006

o Successor channel of MVIRI VIS
o Comparable spectral response curves

Operg(® 0) ——
vt 0)

0.8

0.6

0.4

Normalized flux

02 0.4 06 08 1.0 1.2 1.4
Wavelength (um)

13 of 23



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8
in the overlap period 2004—2006

o Successor channel of MVIRI VIS
o Comparable spectral response curves

e Cloudy and clear-sky target selection in
limited FOV

13 of 23
e



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8 a7 ot zan -t 7 e s

in the overlap period 2004—2006 i — S

o Successor channel of MVIRI VIS e

o Comparable spectral response curves 1 o [P DU
¢ Cloudy and clear-sky target selection in o

limited FOV

e Relative intercept differences

13 of 23



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8 T e g et s
in the overlap period 2004-2006 - =
o Successor channel of MVIRI VIS
o Comparable spectral response curves

e Cloudy and clear-sky target selection in o

0
200405 2004711 200505  2005/11 2008105

limited FOV

Meteosal-7 (SSCC correction - Met-7 spec response)

¢ Relative intercept differences b

o Validation of spectral ageing model

N S A A

o Pz

A x NN VALNEN
RATST Vet aTaT AN A Ane-an

200405  2004/11 200505  2005/11 2006105
Time

13 of 23



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8
in the overlap period 2004—2006

110

o Successor channel of MVIRI VIS b
o Comparable spectral response curves i o
¢ Cloudy and clear-sky target selection in .
limited FOV
e Relative intercept differences e
o Validation of spectral ageing model s
o Improvement using Meteosat-8 HRV curve fo=

090

from 4.5% to 2.1% RMS

080

13 of 23

Meteosat-7 (Spectral ageing - Met-7 spec response)

Ciouds Bright vegetation
Dark desert
Dark vegetation

Bright desert

200405 2004711 200505  2005/11 2008105
Time

Meteosat-7 (Spectral ageing ~ Met-8 spec response)

S B eggaion
o f— Diedosen —
Dark vegetation angnt desert
P AN
g \J

200405  2004/11 200505  2005/11 2006105
Time



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8
in the overlap period 2004—2006

110

o Successor channel of MVIRI VIS b
o Comparable spectral response curves i o
¢ Cloudy and clear-sky target selection in .
limited FOV
e Relative intercept differences e
o Validation of spectral ageing model s
o Improvement using Meteosat-8 HRV curve fo=

090

from 4.5% to 2.1% RMS
o Total error ~ 1.4%

13 of 23

Meteosat-7 (Spectral ageing - Met-7 spec response)

Ciouds Bright vegetation
Dark desert
Dark vegetation

Bright desert

200405 2004711 200505  2005/11 2008105
Time

Meteosat-7 (Spectral ageing ~ Met-8 spec response)

S B eggaion
o f— Diedosen —
Dark vegetation angnt desert
P AN
g \J

200405  2004/11 200505  2005/11 2006105
Time



(4) Pre-launch characterisation problem

e Using the SEVIRI HRV data of Meteosat-8
in the overlap period 2004-2006 —

o Successor channel of MVIRI VIS
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(U-1) Sensitivity study — AECV

e Simulate degraded radiances after 8 year
using both spectral and linear modeled
spectral response curves

e Compute difference for several Essential

Climate Variables 1 Vesaior™

o Aerosol optical depth over ocean 0
~ background aerosols

o Land surface albedo
5% over vegetation

o Cloud optical depth ' o
10% over ocean 0 50 100 150 200 250 300

2 1

o TOA outgoing VIS BB-radiation Broadband raancs Laa (W G
4% over vegetation

Algg (Wm2sr™)

e Decrease in difference with self-calibration
It is worth to consider the spectral ageing model for most ECVs
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(U-2)  Full MFG Regional validation

e All-sky images Meteosat-2 — 7 - ) L
o =0.7%yr !
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Conclusions

e A spectral ageing model was created, applied and validated for the
full MFG database
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Conclusions

A spectral ageing model was created, applied and validated for the
full MFG database

e Proven pre-launch characterisation problem of Meteosat-7 VIS
spectral response curve

ECV sensitivity study between spectral and linear degradation

Achievements and accompanying problems were presented:
o scientific papers in peer-reviewed journals
o oral presentations at international conferences and meetings

o personal communication and visit with EUMETSAT team working on
calibration of MVIRI VIS channel
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Future prospects — Correcting spectral response curve

e Problems with Meteosat-2 and -3

o 6-bit digitisation: decrease offset slightly
o characterisation issue of spectral response curve: replace or
mathematically adjust the spectral response curves
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Future prospects — Correcting spectral response curve

e Problems with Meteosat-2 and -3

o 6-bit digitisation: decrease offset slightly
o characterisation issue of spectral response curve: replace or
mathematically adjust the spectral response curves

e Use of Sciamachy to correct spectral response curve of Meteosat-5,
-6, and -7
o use spectra of Sciamachy and observations from MVIRI to derive
spectral response curve
o based on current response curve or starting from gaussian curve
o need co-angular data (limited!)
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Future prospects — Providing spectral ageing model

o Generate GERB-like dataset

o ageing corrected TOA fluxes
o GERB SW channel used for empirical unfiltering
o required by the Climate Monitoring SAF
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Future prospects — Providing spectral ageing model

e Generate GERB-like dataset
o ageing corrected TOA fluxes
o GERB SW channel used for empirical unfiltering
o required by the Climate Monitoring SAF
e Correct the original images
o ageing corrected DC or reflectances
o theoretical unfiltering to a reference spectral response curve (e.g.
Meteosat-7 at launch)
e Mathematical formula and parameters
o useful for LUTs of AOD, COD, ...
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