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Geo-SST Processing

e Uses CRTM forward-modeled BTs

— Bayesian cloud detection
— Developing new “double-difference” tests
— Deterministic physical retrieval

e “Deterministic”

— Regularization of gain matrix is dynamically data-
driven, as opposed to specified via a priori covariances

e Koner, P.K., A.R. Harris & E. Maturi, ‘A physical deterministic
inverse method for operational satellite remote sensing: an
application for sea surface temperature retrievals’, IEEE-
TGRS, 53, 5872-5888, 2015



History of Inverse Model

Forward model: Y =KX
Simple Inverse: X =K1Y (measurement error)

Legendre (1805) Least Squares:
X=X, +(K"K)'K"(Y,-Y,)

vTLs: X=X +(K'K+AR)'K'(Y;-Y,)

oem: X=X, +(K'S/K+S)'K'S. (Y,;-Y,)

NASAMODIS-VIIRS ST Meeting, June 6 —10, 2016



Uncertainty Estimation

Physical retrieval
Normal LSQ Eqgn: AX = (KTK)1KTAy [= GAY]
MTLS modifies gain: G’ = (KTK + M)1KT
Regularization strength: A = (2 log(k)/||AY|[)62.q
(6., = lOowest singular value of [K Ay])

Total Error
lef]] = [[(MRM - DAX|| + ||G”
N.B. Includes TCWV as well as SST

NASAMODIS-VIIRS ST Meeting, June 6 —10, 2016

(ll(Ay - KAX)]])



DFS/DFR and Retrieval error
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U Retrieval error of OEM higher than LS

O More than 75% OEM retrievals are
degraded w.r.t. a priori error

U DFR of MTLS is high when a priori

error is high NASAMODIS-VIIRS ST Meeting, June 6 — 10, 2016



o? IS an overestimate...

...0r an underestimate

o Perform experiment —insert “true” SST error into S,
— Canonly be done when truth is known, e.g. with matchup data

NASAMODIS-VIIRS ST Meeting, June 6 —10, 2016



DFS/DFR and Retrieval error
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error is high NASAMODIS-VIIRS ST Meeting, June 6 — 10, 2016



Effect of GSICS Calibration on

Satellite — CRTM BTs

GOES-13 BT3.9 - CRTM vs Buoy SST
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT3.9+GSICS - CRTM vs Buoy SST
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Effect of GSICS Calibration on

Satellite — CRTM BTs

GOES-13 BT11 - CRTM vs Buoy SST
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Effect of GSICS Calibration on

Satellite — CRTM BTs

GOES-13 BT11+GSICS - CRTM vs Buoy SST
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT13 - CRTM vs Buoy SST
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT13+GSICS - CRTM vs Buoy SST
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT3.9 - CRTM vs Local Time
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT3.94+GSICS - CRTM vs Local Time
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT11 - CRTM vs Local Time
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13 BT11+GSICS - CRTM vs Local Time
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Effect of GSICS Calibration on
Satellite — CRTM BTs

GOES-13BT11 - CRTM vs Local Time 5+ms
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SEVIRI ISSUES (2)

e |ce buildupon 13.4um channel (Hewison &
Muller 2013)
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GOES Issues (1)

e Requires two detector temperatures around a
year

* Impacts the NeAT - =
— Seasonal variation = ‘

* Longtermtimevari =

e Should not assume oo oy
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GOES (2) - Mirror
emissivity correction
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GOES (3) — seasonal
calibration problems
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Eclipse season
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GOES issues (4) —
Instrument temperatures

e 3-axisstabilized

— Large thermal variations compared to LEO
satellites




The Midnight Blackbody
Calibration Correction (MBCC)

e Corruption of the calibration system around
the time of local midnight — stray light from a
heated part of the instrument (thought to be
the sun shield) reflected off BB

blackbody (e=1) blackbody (< 1)
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Solar contamination

GOES-13

e Solarcontaminationinthe
image plane seen close to
local midnight

e Worst can be masked
out

e Butstill can have
residual effects...
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Scattered light in MTSAT-2

Visiblechannel 3.9 micron channel

10081 MTSAT-2 7 SEFP 0 ] OOEOEl EREE1 24 .00 MeIOAS i < OOl OoEal =4 .00 McIOARS

Occurs during eclipse season around local midnight



Calibration fixes

 There are a number of different approaches to fix
GEO calibration biases/error
— GSICS (Global Space-based Inter-Calibration System)

e Provides scene temperature dependent bias based on a
linear model

— Modification to calibration algorithms and/or
recalibration
e Updated MBCC algorithm
— Model solar contamination

e Doesn’t work very well...
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GSICS + GOES

Provides a correction to BTs

Detailed Uncertainty
analysis of matchup
process applied (e.g.
Hewison 2013)

Ordinary Least Squares fit

— This mayintroduce biases
due to not taking into
account uncertainties in P
both X & Y ordinates

Wu & Yu, 2013,GOES GSICS ATBD



GSICS corrections for goes

 Nightime only data used for correction

e Data averaged over 30 days

— Midnight effect not corrected for but added to
uncertainty (Yu & Wu, 2012, “GSICS GOES-IASI

Inter-Calibration Uncertainty Evaluation”)

Systematic Error

Radiance bias at
standard scenes

Tb bias at standard
scenes
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Possible Solution:
Update MBCC algorithm

Can correct by updating MBCC

— Change algorithm on th basis
of physical model

Initial tests indicate can
significantly improve calibration

BUT
— Currently only theoretical
— Notincluded in operations
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MODIS: Addition of aerosol

 Put aerosol information in the CRTM
— NGAC profiles, multiple species (dust, salt, sulfate, soot)
— Improve match of RTM to observation
— Does this improve retrieval?
 Put aerosol inthe retrieval vector
— Allow Total Column Aerosol to vary
— X = [SST, WV, TCA]"
— Jacobian now includes dT/0TCA for each channel
— Does this improve retrieval?
e MTLS developed for 2-parameter retrieval

— Try different regularization operator since problem is now more ill-
conditioned: Truncated Total Least Squares (TTLS)

[AY[ =11 A= (Oenga)®  [AY]> 11 A= (Tenga/l0g(|AY]))?

NASAMODIS-VIIRS ST Meeting, June 6 — 10, 2016 32
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SST Requirements: Summary

Accuracy requirements for SST are high
— <0.1 K (see MODIS example for indication)
Physical retrievals use forward-modeled BTs

— Retrievals are dependent on ability to correctly model ToA BTs
with appropriate physical relationships

— Important not to conflate calibration with characterization
GSICS dataset is very powerful

— Offers prospect of diagnosing and partitioning error sources
3-axis stabilized geostationary imagers have significant
calibration issues due to thermal environment

— Their use in diurnal studies make proper removal of calibration
artifacts important
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