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Motivation: Why invest time in
characterising satellite instruments ?

Met Office
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Outline
Met Office

AReview approaches to post-launch characterisation
(SNO, Aircraft, ground-based, ...)

ACharacterisation based on NWP, examples:
A SSMIS & TMI
A FY-3A&B
A MSU & AMSU-A
A ATMS

AConclusions and Future Perspectives
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Approaches to post-launch
Metofice characterisation

ASimultaneous nadir overpass (SNO) i eg. MSU & AMSU-A
AAircraft underflights

AGround-based observations (eg. GRUAN)

AComparison with NWP

AOn-orbit maneuvers

AVicarious calibration
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Simultaneous Nadir Overpass
(SNO)

Met Office

A Sun-synchronous satellites give SNOs in
pol ar regions ( e&ex, et

A Potential issue with dynamic range of
atmospheric states (& Tz ) sampled:

A not a serious issue for temp. sounding
channels

A is a problem for water vapor channels

A [1] Establishes inter-satellite biases

Nerth {N10 and N11)

A [2] Estimated biases modeled by a
range of parameters / mechanisms,
including:

A Bias shifts and drifts

A Instrument temperature related variability

A Scene temperature dependent biases

A Channel frequency shifts

Cheng-Zhi Zou, NOAA



Simultaneous Nadir Overpass

AMSU-A recalibration

Met Office Zou and Wang, JGR, 2011.
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operational calibration
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Aircraft underflights

e.g. JAIVEx Metop-A IASI vs ARIES
Metofice Gulf of Mexico 30/4/2007
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AVHRR channel 1 image from
MetOp on 30 April 2007

JAIVEX campaign, Stu Newman
(A. Larar, ACP, 2010)
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top of atmosphere (MetOp)

Model fields from

Met Office UM and

ECMWEF analyses

Dropsondes and
FAAM 146 in situ
measurements

Ag Ag T, (100 feet)
surface



Aircraft underflights

Met Office
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Ground-based
wetorce  ©-0. GRUAN

GCOS Reference Upper-Air Network
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© GRUAN Lead Centre (Jan 2014)

AGRUAN aims to provide high quality, traceable, measurements
for climate studies & the validation of satellite observations (e.g. Calbet, ITSC-19)

AHow?i1 EU® s -GIAN pkoject (see later)

© Crown copyright Met Office



Post-launch characterisation using NWP
Met Office

A SSMIS - reflector emission, warm load intrusions
A TMIT reflector emission

A FY-3A i pass band uncertainties, radiometer non-
linearities, and transient processing issues

A MSU-AMSU-A - pass band shifts and drifts
A ATMS - striping (1/f calibration noise)
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Post-launch characterisation using NWP
Met Office

A SSMIS - reflector emission, warm load intrusions
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SSMIS: Instrument and scan geometry

Met Office Special Sensor Microwave Imager / Sounder (SSMIS)

Main
Reflector

Single Cold

Footprint Calibration
Reflector
Warm Load
Feedhorns

833 KM
Altitude

Ground
Track . _

ACombined imaging (19 GHz i 91 GHz, 150 GHz) & sounding (50 - 60 GHz, 183 GHz) capabilities
AFirst launched 2003 (F-16). Currently 4 SSMIS instruments on orbit (F-16 i F-19)
AOpen design made calibration challenging



SSMIS Instrument biases:
warm load solar intrusions & reflector emission

Met Office
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SSMIS Reflector emission

Met Office problems in ascending node

not evident in descending node
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SSMIS Iinstrument biases:
Metofice Warm load solar intrusions

M DGS Version 4.0

For F-16 - 3 or 4 times per orbit

_ solar radiation illuminates warm
[Roset [Window | [Seai= Vehites | [ | load tines, through:

Oct 42005 000000 2005277 rame |EEEE
CIKI & @01 - o _ ' ADirect illumination ; or
wmen | ot o | 031500 | - : AReflected illumination

sun @ |SSMIS = @
Sat — 73.1| -136.2 855
Lat Lon Alt

Addressed in subsequent
SSMIS instruments through:

SSIS Parts W) ﬂﬂﬂ Fence ’T 3 -
Sensor Beams ‘ mﬂwﬂﬂﬂﬂ ¢ : AFenCe; and

; - AReducing reflectivity of the
canister top

Beam Position | 286.50 | Scan Angle | 229.20 deg

Mike Werner
Aerospace Corp.




SSMIS instrument biases:
Metofice REflector emission - entering Earth shadow

ations \Mnduw /| |DMSP_5D3 /
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Mike Werner
Aerospace Corp.




SSMIS instrument biases
Metofice REflector emission - leaving Earth shadow

Ml DGS Version 4.0

Vehicle From Sun

DGS visualisation software
was an essential complement to
NWP-based diagnostics:
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Almproving the design of subsequent
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Mike Werner
Aerospace Corp.



Modelling SSMIS reflector emission
Met Office

Correction for reflector emission required: reflector temperature (t) & U(3)

Measured temperature of reflector support arm

/ Constructed temperature of reflector surface
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Bell et al, TGARS, 2008



Characterising Tyt & U: Chs 217 7

Met Office Temp sounding channels
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Characterising Ty & U: Chs 9 - 11

Met Office
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(0-B)/K

SSMIS T antenna emission correction
using constructed antenna T

Met Office
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Measurements of reflector
emissivity

Met Office G\Igélc; Ijgaﬁa & Shannon Brown

e, @\/160 Y0%ec (
S

Effective Conductivity, U
[MS/m]

183 GHz Pure Al at 300 K
/];i=18°
0 = 36.59 MS/m

e, =0.0015/
e, =0.0014-




Measurements of reflector emissivity
The role of surface roughening

Met Office

32 GHz (g = 3.4 MS/m 32 GHz (g = 9.1 MS/m 32 GHz 0 = 33 MS/m
55 GHz U= 0.0027 55 GHz U= 0.0016 55 GHz U= 0.0009

© Crown copyright Met Office



Measurements of reflector emissivity

The role of surface roughening

Emissivity Computed from 32 CHz Effective Conductivity Measurements
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SSMIS status and plans

F-19
Met Office

F—19 SSMIS OB-BK ECMWF RTTOV—-10 Ch. 4 54.4 GHz H

DTG: 2014090206
02145-02144

No. Scenes: 403738 Min 9.36 MEAN 0.49
Max 2.45 SDEV 0.45
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.
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Steve Swadley, NRL

NAVDAS-AR Observation Sensitivity

I
30 40

24 Hr Fcst Error Norm Reduction

23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21
MAY JUN

2014

AF-19 SSMIS (launched April 2014) under evaluation at NRL
Alnitial indications are that temperature sounding channels are free of reflector emission biases.

2014

AEarly assimilation experiments show F-19 performing well in NAVDAS-AR.

© Crown copyright Met Office

Plots reproduced with the permission of
DMSP Program Office and NRL / Aerospace
Cal/val team.



SSMIS status and plans
- a new bias predictor model to deal with
MetOffice  5rpital biases

Evolving (VarBC) Fourier series expansion in orbital angle () shows
promise in correcting complex orbital biases.

Cumulative counts with overlaid fits for (O - B) for 115 cycles Cumulative counts for (C - B) for 115 cycles
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Post-launch characterisation using NWP
Met Office

A TMIT reflector emission

© Crown copyright Met Office



Reflector emission in TMI
Met Office
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Post-launch characterisation using NWP
Met Office

A FY-3A i pass band uncertainties, radiometer non-
linearities, and transient processing issues

© Crown copyright Met Office



TOA
Brightness Temp (K)

TOA
Brightness Temp (K)

FY-SA MWTS & AMSU-A channels

Met Office

MWTS channels

260

240

220

A FY-3 & AMSU-A are
heterodyne radiometers

A FY-3: 4 channels. free running LOs

48

50 52 54

56 58 &0 A AMSU-A:14 channels.

Frequency (GHz)
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Peubey and Bell, JTECH, 2014



Pressure /hPa

FY-SA MWTS

a Weighting functions b Mean temperature profiles
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= Pre-launch measured
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Optimisation of pass band centre

fr N Im
Al eguency estimates
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MWTS Radiometer Non-linearity

Met Office
g Calibration Error (non-linearity) h calibration Error (non-linearity)
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In general the response of a MW
radiometer will be slightly
non-linear wrt the

measured scene temperature.

If perfect linearity is assumed between the
2 calibration points (cold space and a warm target)
then an error (bias) results



MWTS Radiometer Non-linearity

Met Office

Channel MWTS-2 Channel MWTS-3 Channel MWTS-4

B\,
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Adjust passband:
variance reduced
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Optimising Estimates of Centre

Frequency and "Ty,ax
Met Office

Solid lines represent
Contours of std(fg_dep)

Dotted lines represent
Contours of mean(fg_dep)

Optimised estimates (spots)
obtained from an empirical
penalty function



