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Motivation

How does the noise of the MW instruments SSMT2, AMSUB and MHS
evolve over their life time?

New aspects in
* Noise: Definition and calculation using Allan Deviation
e MW instruments: individual instruments of SSMT2, AMSUB, MHS on all platforms

* Evolution: assessment over whole life time

—> goals
e overview of usable data

* insight to known issue
 input for uncertainty budget of new FIDUCEO FCDR
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Outline

1. Method: Noise definition and calculation

2. Main results
a. Noise Evolution and usable data
b. Insight to known issue: AMSU-B N16 bias vs other instruments
c. Input for uncertainty budget in FCDR

3. Conclusions
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1. Method

Noise definition Noise calculation
e “count noise”: Fluctuations in instrumental * Allan Deviation: inter-scanline-wise, on each
counts: calibration view
= Deep space view (DSV) | N-1K
= View of the internal warm calibration target ACpsv = J 2(N —1) ; ;(("’SV““*‘ ~ Cosvi)*
(IWCT)
* Advantage: not sensitive to orbital variations
* Noise Equivalent Differential Temperature (NEdT) * Scaling of count noise to Temperature NEdT
= From DSV counts: “cold NEAT”
" From IWCT counts: “warm NEdT” ‘ 1 N K Opeve it — Cpsve . \ 2
= Rescaling to “scene NEAT” NEATcoa = J N —1) =t & ( ‘(.',, | >
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2.a. Noise evolution and usable data

— DSV Count noise Cold NEdT
§ \ (c) 183+1 GHz channels (c) 183+1 GHz channels
£.10 ' - - ' ' > ' X '
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- Zhedik-
A = 0.2t
‘g 0 . . . . . ~ 0.1 ) . . . .
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=
. . e F11l SSMT2
* Behaviour of Count noise and NEdT: . F12 SSMT2
= Changes in count noise = changes in NEdT * F14 55M72
. . F15 SSMT2
= But: NET also reflects changes in gain & NOAA-15 AMSU-B
$ NOAA-16 AMSU-B
] ] ) NOAA-17 AMSU-B
e Evolution different for instruments and channels ¥ NOAA-18 MHS
. . NOAA-19 MHS
= e.g.strong degradation of NOAA15, 16 in Ch3 NEAT : METOP-A MHS
= on METOP-B: Very stable count noise and NEdT METOP-B MHS
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2.a. Noise evolution and usable data

(a) 89 GHz channels (b) 150 GHz channels
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2t v 2t . ‘f :' v N 1 —
: . U N | * USable data: = m
0.5 4 0.5 iy sodlola * 37 ] —
0.3 e 0.3 | memwpmmsrtieeS e —
g.i’ | M inv‘ IR ARALL AR ) zi» ‘ | ‘ B e-g. NEdT <1K _=
1994 1998 2002 2006 2010 2014 2018 1994 1998 2002 2006 2010 2014 2018 == F14
(d) 183+3 GHz channels
5 5 e -
M3t 3. — N15
2 2 ——————
2 1}: 1}
g I N16
E 827 8.§> I
= 0. .
< 02f 02} . .
e ol  For NEdT <1K: time series
1994 1998 2002 2006 2010 2014 2018 1994 1998 2002 2006 2010 2014 2018 f I I h | . h N18
(e) 183+7 GHz channels or all channeis Wlt OUt e _N19
. e 18 2 ch ' R —————
3 s . 1z s gaps may be constructed "
2| e e ,‘ , F15 SSMT2
1r: . . 4 \s . 4 NOAA-15 AMSU-B
0.5 w J # NOAA-16 AMSU-B
03 p . NOAA-17 AMSU-B R N R
03l , M 1994 1998 2002 2006 2010 2014 2018
01 . . . . . v METOP-A MHS Time [years|
1994 1998 2002 2006 2010 2014 2018 METOP-8 MHS

Time [year]

UH
m
(21 Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG 04/10/2017 EUMETSAT Conference 2017 6 FIduceo

Periods of cold NEAT < 1 K
- “quick look” overview of noise and

NEdT for all instruments and channels



2.b. Insight to N16 bias
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Bias N16 vs MHS N18 (yellow)
increases dramatically...

...s0 does NEdT (green)

...because of the decreasing gain

RFl has more impact -2 likely to cause

the bias

04/10/2017

Channel 3 - All SNOs, six pixels around nadir
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2.c. Input for uncertalnty budget in FIDUCEO

B |
. = < == ——=
FCDR B e me e
= W»_\ \:E \sf/ %;éf A P la/'r/s
NP [ [Eesrs e 2
. . . . . AN V. g 4 T2
Count noise estimation (Allan Dev.) applied in S 10T VIR (6 BB N B B Z 90 S
. ) M + ~ |V Sg/z"’ = |
FCDR processing /7 VIO SF
£ Y -
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(£ | |
* DSV, IWCT, scene count noise estimated on- . - ‘;/T—’Mﬂf:’ | =
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* Propagated to brightness temperature Tb < r -
—> “uncertainty in Tb due to noise on scene =t 7‘5*\«%/«,&) ]
counts” on pixel level s | ; R
i S e
7 | S
& | =

uncertainty of channel3 toa Tb random effects (K)
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3. Conclusions

* We have used: Allan Deviation (not sensitive to orbital variations) for estimating
count noise and NEdT

* We provide: Overview of count noise and NEdT evolution over life time of all
individual SSMT2, AMSUB, MHS instruments

We suggest: RFl as possible explanation for AMSUB N16 bias

We provide: input for uncertainty budget of FIDUCEO MW FCDR which we work on
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Thank you!
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Scene NEdT

* Rescaling for scene NEdT

NEAT = NEATcold + (Ta,scene - Ta,DSV) -m
NEATwarm — NEATcold

TaoBcr — Lapsv

with m =
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Gain decrease - evolution of counts Channel 3 AMSUB NOAA16

mean Counts of 4 OBCT and DSV views, date 2007-01-01 to 2011-04-10, ch 3 NOAA16 AMSUB
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Gain decrease - evolution of counts Channel 3 MHS NOAA19

6 X 104 mean Counts of 4 OBCT and DSV views, date 2009-04-01 to 2010-12-29, ch 3 NOAA19 MHS
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DSV count noise spectrum

Channel 1
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* Noise spectrum calculated with bias function

* Ch2 has pink noise component
* Ch3 has stronger pink noise component in 2006 than in 2003
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20 NOAA-17 AMSU-B, Channel 1

20 + Allan dev. (inter-scan line)

DSV cou nt no i Se ‘ . . - .Allan dev. (inter-pixel)

Channel 2

20
* Ch2:inter-pixel-method too low z 10 W—W
e Ch3:in 2006, when pink noise stronger, = . | , l l
inter-pixel-method too low O Chanmel 3

DSV count noise [C
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