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Corrected ïBackground BT for Metop B
AMSU-A channel 6

Observed ïBackground BT for  FY-3C 
MWTS-2 channel 5
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Motivation: Why invest time in 
characterising satellite instruments ?

New instrument - initial evaluation.  
Pre-QC, pre-bias correction

óMatureô instrument 
QCd, bias corrected

1ů= 0.14K

NEæTå 0.09K

T+6hr FC errors
~ 0.1K

ÅNWP DA and climate applications are extremely demanding on 
the quality of radiance data

ÅNWP is a powerful tool in the assessment of satellite data 

Instrument characterisation:

ÅInforms go / no-go decision on operational use

ÅInforms bias correction

ÅHelp to improve observation operators (improved RT modelling)

ÅImproves specification and design of future satellite instruments

Examples to follow .....  

Katie Lean
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Outline

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

ÅCharacterisation based on NWP, examples:

ÅSSMIS & TMI
ÅFY-3 A & B
ÅMSU & AMSU-A
ÅATMS

ÅConclusions and Future Perspectives
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Approaches to post-launch 
characterisation

ÅSimultaneous nadir overpass (SNO) ïeg. MSU & AMSU-A

ÅAircraft underflights

ÅGround-based observations (eg. GRUAN)

ÅComparison with NWP

ÅOn-orbit maneuvers

ÅVicarious calibration
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Simultaneous Nadir Overpass 
(SNO)

Å Sun-synchronous satellites give SNOs in 
polar regions (æx, æt ~ 45km / 50s)

Å Potential issue with dynamic range of 
atmospheric states (& TB ) sampled:

Ånot a serious issue for temp. sounding 
channels

Åis a problem for water vapor channels 

Å [1] Establishes inter-satellite biases

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

ÅBias shifts and drifts

ÅInstrument temperature related variability

ÅScene temperature dependent biases

ÅChannel frequency shifts

Cheng-Zhi Zou, NOAA



Simultaneous Nadir Overpass
AMSU-A recalibration
Zou and Wang, JGR, 2011.

SNO diagnosed biases

Biases modelled 
and corrected, using:

Åa radiance offset 
Åa radiance slope
Åradiometer non-linearity
Åa frequency shift (NOAA-15 only) 

SNO recalibrated  -
operational calibration   

Significant 
differences in 
(improved) SNO 
recalibrated vs 
operational
calibration for 
channels 5-8
Ÿ  issue for climate 
/ reanalysis
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Aircraft underflights
e.g. JAIVEx Metop-A IASI vs ARIES
Gulf of Mexico 30/4/2007

Flight track

IASI FOVs

AVHRR channel 1 image from 

MetOp on 30 April 2007

Model fields from 

Met Office UM and 

ECMWF analyses

Dropsondes and 

FAAM 146 in situ 

measurements

top of atmosphere (MetOp)

surface

Tskin (100 feet)

BAe 146 max alt.

JAIVEx campaign,  Stu Newman
(A. Larar, ACP, 2010)
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Window region residual å ī0.2 K

Aircraft underflights

Agreement between ARIES and 
IASI~ 0.1K

Potentially offers definitive 
validation of satellite radiometric 
uncertainties using traceably  
calibrated airborne radiometers

See Smith et al (ITSC-19) for 
references to S-NPP CrIS Cal / 
Val, including: 

Tobin et al, JGR, 2013.

*  ñproperty of a measurement whereby 
it can be linked to primary standards 
(ideally the SI) through an unbroken 
chain of comparisonsò

Stu Newman



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

ÅHow ? ïEUôs GAIA-CLIM project (see later)



© Crown copyright   Met Office

Post-launch characterisation using NWP

ÅSSMIS - reflector emission, warm load intrusions

ÅTMIïreflector emission

ÅFY-3A ïpass band uncertainties, radiometer non-
linearities, and transient processing issues

ÅMSU-AMSU-A - pass band shifts and drifts

ÅATMS - striping (1/f calibration noise)
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Post-launch characterisation using NWP

ÅSSMIS - reflector emission, warm load intrusions

ÅTMIïreflector emission

ÅFY-3A ïpass band uncertainties, radiometer non-
linearities, and transient processing issues

ÅMSU-AMSU-A:  pass band shifts and drifts

ÅATMS: striping (1/f calibration noise)



SSMIS: Instrument and scan geometry

Main

Reflector

Cold

Calibration

Reflector

Warm Load

Feedhorns

Special Sensor Microwave Imager / Sounder (SSMIS)

ÅCombined imaging (19 GHz ï91 GHz, 150 GHz) & sounding (50 - 60 GHz, 183 GHz) capabilities

ÅFirst launched 2003 (F-16).  Currently 4 SSMIS instruments on orbit (F-16 ïF-19)

ÅOpen design made calibration challenging



SSMIS Instrument biases:

warm load solar intrusions & reflector emission

Grey bar shows expected 
(1ů~ 0.15K) envelope for 
averaged  O-B

Gain anomalies (caused 
by solar intrusions into 
warm load)

Reflector emission 
anomaly

Also reflector emission 
anomaly- but highlighted 
the need for improved 
antenna temp 
measurements 

wc

cc

radiometer counts

Brightness temperature

TWTc TSC

CW

CC

CSC



Problems in ascending node

not evident in descending node

SSMIS Reflector emission

æTREFL ~ 80K æTB ~ 1K 



SSMIS instrument biases: 

warm load solar intrusions

warm load

Mike Werner
Aerospace Corp.

For F-16  - 3 or 4 times per orbit 
solar radiation illuminates warm 
load tines, through:

ÅDirect illumination ; or 
ÅReflected illumination

Addressed in subsequent 
SSMIS instruments through:

ÅFence; and
ÅReducing reflectivity of the 
canister top 



SSMIS instrument biases:

Reflector emission  - entering Earth shadow

Main reflector 

Exposed to direct sunlight

Mike Werner
Aerospace Corp.



SSMIS instrument biases

Reflector emission - leaving Earth shadow

Mike Werner
Aerospace Corp.

DGS visualisation software
was an essential complement to 
NWP-based diagnostics:

ÅIn understanding root causes

ÅImproving the design of subsequent 
instruments.



Modelling SSMIS reflector emission

Measured temperature of reflector support arm 

Constructed temperature of reflector surface 

Max. amplitude of correction ~40K
(derived from NWP / RT modelling see next) 

Reasonable agreement with 
temperature evolution 
derived from solving 
the heat transfer equation

Correction for reflector emission required:  reflector temperature (t) & Ů(ɜ) 

Bell et al, TGARS, 2008



Characterising TANT & Ů: Chs 2 ï7

Ch 1 - 5 : Ů= 0.01

6,7    : Ů= 0.02

T corr = 30 ï40 K

(effectively calibrating 

reflector emissivity 

using NWP T fields!?)

Temp sounding channels



Characterising TANT & Ů: Chs 9 - 11

Determination of 

Ůless precise due to 

larger uncertainties

in NWP q fields 

Q sounding channels

(MHS like)



SSMIS ïantenna emission correction

using constructed antenna T
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Analysis and Verification of Root Causes
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Measurements of reflector 
emissivity

Aluzio Prata & Shannon Brown
USC /  JPL 
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32 GHz ůE = 3.4 MS/m

55 GHz Ů= 0.0027

32 GHz ůE = 9.1 MS/m

55 GHz Ů= 0.0016

32 GHz ůE = 33 MS/m

55 GHz Ů= 0.0009

Measurements of reflector emissivity
The role of surface roughening



Summary of Effective Conductivity Measurements 

0 at 18h ie q=

SSMIS Mass Model
Bare Composite Reflector

SSMIS F-18
(Spare Reflector)SSMIS SN03

Original F-18
Reflector

SSMIS SN04
Original F-19
Reflector

CMIS Coupon

60.0

Pure Al

Measurements of reflector emissivity
The role of surface roughening



SSMIS status and plans
F-19
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Steve Swadley, NRL

ÅF-19 SSMIS (launched April 2014) under evaluation at NRL

ÅInitial indications are that temperature sounding channels are free of reflector emission biases.

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

Plots reproduced with the permission of
DMSP Program Office and NRL / Aerospace 
Cal/Val team. 
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SSMIS status and plans
- a new bias predictor model  to deal with 
orbital biases

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

Anna Booton 
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Post-launch characterisation using NWP

ÅSSMIS - reflector emission, warm load intrusions

ÅTMI ïreflector emission

ÅFY-3A ïpass band uncertainties, radiometer non-
linearities, and transient processing issues

ÅMSU-AMSU-A:  pass band shifts and drifts

ÅATMS: striping (1/f calibration noise)
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Reflector emission in TMI

Geer et al, TGARS, 2010
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Post-launch characterisation using NWP

ÅSSMIS - reflector emission, warm load intrusions

ÅTMI ïreflector emission

ÅFY-3A ïpass band uncertainties, radiometer non-
linearities, and transient processing issues

ÅMSU-AMSU-A:  pass band shifts and drifts

ÅATMS: striping (1/f calibration noise)



MWTS Channels    

FY-3A MWTS & AMSU-A channels 

Å FY-3 & AMSU-A are 
heterodyne radiometers

Å FY-3: 4 channels. free running LOs

Å AMSU-A:14 channels.

Å channels 9 ĕphase locked
Å channels 1-8 free running

Å Channels < 57 GHz . BW ~ 300 MHz

Peubey and Bell, JTECH, 2014



FY-3A MWTS

4

3

2



Optimisation of pass band centre 

frequency estimates

Pass band centres:

design spec.

measured

optimised

ÅShifts exist 

relative to

pre-launch 

measurements

ÅResidual biases 

for ch 3 and 4



MWTS Radiometer Non-linearity

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



Adjust passband:
variance reduced

Corrected for 
non-linearity:
leaves locally 
unbiased data

MWTS Radiometer Non-linearity



Optimising Estimates of Centre 
Frequency and �¨TMAX

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


