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1. Study purposes

x Moon acquisitions as a potential source for radiometric calibration in the TIR domain :
A To perform intazomparison between TIR instruments (relatiadibrion);
A To check the ost@ane radiometric calibration stability;
A For absolute calibrakotrying a new calibration method for TIR using the Moon
The Moon is already used inVIS andP&dtR¢ SEVI RI on MSG, MVIRI on METY7Y

x |ASl is considered as a reference for radiometric calibration for IR sounders (GSICS)

A Absolute radiometric calibration < 0,5 K @280K

A Intercomparisons between sounders < 0,2 K @280K, nevertivelegsingens between IASI using EW acquisition:
not perfedt Difficulties to discriminate the impact of the selected scenes from radiometric calibration defect

x Why usingthe moon asasource

A No atmosphere on the Mo@pectrum close to flat, easier to calibrate the complete spectrum;

A Moon evolvas a predictable way depending on{ke&@satellite geomektystable spectra between several success
visit from all IASI

x Conduct of the first phase of the Moon study in 2019 :
Collaboration between CNES and NOVELTIS, with the help of EUMETSAT to plan the operations
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2. Overview of IASI moon acquisitions until now (1/4)

x How Moon acquisitions areperformed with
IASI (Fourier Transform Spectrometer + Imager IIS) :

A. A dedicated coding table was created and adaped taiymamics;
B. UsingadedicateexternatalibratioonColdSpaceiewCS2,;
C. The Moors acquiremhce a month whisnphase is at its maximum:

on ground
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2. Overview of IASI moon acquisitions until now (2/4)

% Only 5External calibration dedicatedto Moon acquisitions in 2019 :
A May 15th : on IASI

A Junél4th: onlASIC

A July 13ti4th on IASC

A August 12thon IASC & IASB
A SeptembeNo acquisitions

A Octobed Oth on IASC & IASIB

Exampleof the Moon transit seenin the 1IS during one external calibration

A0p-C IS image (SM2Z/SP33) 481-48%e LN

p-C IS image (SM17/5P33) 517-5258 LN MetOp-C IS image (SN18/SP33) 475-482e LN

Different types ofmoon transit

inside IASI pixel
Central (PV

Partial (P)2 Bordering (L)

MelOp—C IS image (SN15/SF33) 486—493e LN
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2. Overview of IASI moon acquisitions until now (3/4)

x Fora central transit, example of a lunar IASIC spectrum

Central (P)V

IASI—C spectrum19051520 LN 2 SN 16 PN 3
0.0010 T ' . '

0.0008

0.0006

N\

.

T

~—
o.o000 L. : . e e
500 1000 1500 2000 2500 3000
Wn [em—1]

||||||||||||
NI A

0.0004

0.0002

Radiance [W/m2/sr/m—1]

IIJJJJ

Due to the very few number of good lunar spectra available, a reduction of the noise is performed by averaging
30 consecutivavavenumbers(30x 0.25 cmt = 7.5 cm?)
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2. Overview of IASI moon acquisitions until now (4/4)
x  But for other types of transits some defaultappears :

Partial (P)
1. Scendnstability during interferogram acquisitions :
A Viewsteering is OFF during external calibration mode;
A Moon moves in the FOV during interferogram acqui
Y Leading toon symmetrical interferograpreblems for data processing
2. 1ASI IPSF (Instrumenfoint Soread Function) - L
are spectrally dependent : Example : loss of B1 + B2 _ 0ok
B1, B2 and B3 can see a scene slightly different at the
same time because of very strong heterogeneity of the S et | ,
scene: hot Moon + cold space T Tee™
3. The optical transmission at thenterbandsis = A ]
very sharp:inducing an ISRF (Instru_ment Example : bad spectrum = ]
Spectral Response Function) distortion at shape at thénterbands A
these wavenumbers. " aooeol —
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3. First phase of the Moon Study conclusions and recommendations (1/4)
x What wasdone during the first phase of thestudy in 2019 :

3.1 A precisemodel of moon radiances in the TIRdomain has beerdevelopedfor the study =

+ (2) Solarradiation reflected by the lunar surface(The distinction of soil type (for emissivity computation) is derived from the
rock abundanceof the LRO/Diviner product. The radianceis a function oftime depending on the geometry betweersunEarth
Moon and considering the Moonphase and the % of the illuminatedurface)

+ (3) Earthradiation reflected by the lunar surface fegligeable

E Approximations of the model areidentified and evaluatedin term of sensitivity :

A Surfaceempérature (LROIvinewvs. Modélasava@ al) : landscamdfeconTsurface

A Effecof Libration on Surface tempéraR@ Diviney

A Variabilitpfsolaconstansgasonariability: solaactivity for solaradiation and fonarsurfaceemperatur@ia
Vasavaeéaal. model)
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3. First phase of the Moon Study conclusions and recommendations (1/4)
x What wasdone during the first phase of thestudy in 2019 :

3.2 Comparisonshave beemerformed betweenthe model
and themesuredmoon spectra

Y Theobtainedhoorphysicabdiancdsomthemodel
wereconvolvedith|ASI IPSF anderto comparghem
withthe IASI L1€pectra

Y The relative position of the IPSF reference frame and
theMoon model frame is determined by localizing the
In1IS images (during an)orbit

ss temperature difference [K]

w
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Y Thedifference is larger for October compare to Augus |

Dueto the size of the Mdlanger = more sensitive to
IPSRIncertaintiesEAWe need more datanswer
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Absolute difference of Lunar IASI brightness temperature (Observed - Simulated)

Tt et

Band 1 MAE

—e— Band 1 Mean error
Band 1 S.Dev.

~e- Band 2 MAE

—e— Band 2 Mean error
Band 2 S.Dev.
Band 3 MAE

—e— Band 3 Mean error
Band 3 S.Dev.

InsC InsC InsC InsC InsC InsB InsB InsC InsB InsC InsC
PN3 PN4 PN3 PN4 PN2 PN3 PN4 PN2 PN2 PN3 PN4
PC PC PL PC PL PC PL PL PL PC PC
mai mai juin juillet aout aout aout oct oct oct oct




[

IASI |ASI inter-comparisonsand absolutecalibration basedon Moon acquisitions é
- - - . CcNnes -« -
3. First phase of the Moon Study conclusions arrdcommendations (2/4)

x What wasdone during the first phase of thestudy in 2019 :

3.3 Highlights of too high uncertainties for geolocation and IASI IPSF for the radiometric model
(not a problem for classical IASI EW observations because of the calibration)
Y 'V Yaw steering angle (platform compensation to follow eartlasysteomtmositivéiadetweeminimisednd
theoreticalalueg Corrections applied for the study are satisfactory in terms of accuracy
Y V Oscillations inY & Z axis : not correlated between the 2 axis. Due to platform attiide oscillations
E Corrections applied for the study are satisfactory in terms of accuracy
Y L lIISFOV : a more precise estimation method was developed = showed uncertainties more important than e
Y L IPSF weight between the 4 detectors (each pixel) of a same spectral band (uncertainties/variability of 2 or
E Need to estimate the exact impact on the results, and pursue the study on this point

3.4 Inter -pixels mong-transit analysisshowssomesystematicbiasegexemple for PN3 and PN4 of IAST)
E couldbecausebly IPSHeight

SB1 0,72 K 0,89 K
SB2 0,76 K 0,86 K
SB3 0,89 K 0,64 K
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3. First phase of the Moon Study conclusions arrdcommendations (3/4)
x What wasdone during the first phase of thestudy in 2019 :
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Differences of Lunar IASI Brightness temperatures between IASI-B and IASI-C

—e— Bl

3.5 Inter-comprisonsanalysisbhetweentwo different - B

instruments : IASHB and IASFC . -
Y Only2 transits : in August PN3-BA&I PN2 IASI+ .
October PN3 IASB vs PN4 |ASI
Y Comparison always between a central transit (C)
bordering transit (L)
For the 3 bands, the differences are lower than th*
differences between the pixels of the same instrur
PN3/4 IASC) : radiance differe@@®2K soO 0 . « ~
Y But theomparisasveryreducedonly2 points)

E weneednore data tonsolidatberesults
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3. First phase of the Moon Study conclusions and recommendatiof@&4)

x  Conclusion of the first phase of thstudyin 2019

A The potential of the Moon4&i absolute calibrationedativentercomparisdmave been evaluated for thenfiesThe
radiometric model could be used for other TIR missihGs QRED).

A Theresults aggromising and can be improved:
- Forabsolutealibration using the Moon, the reached acttraéy(absolute brightness temperature)
- Forrelativesalibration (intémstrument), the accura®0id5K é  bwe thave orptransits

BUT the amount of available datdimits the extent of this conclusion.

More data are needed to consolidate the results and improve the radiometric model

Y Thecentral' pixel passagebateest data. st study used also the 'nearly central' passagespbubfravailable dat
did not permit us to conclude if those passages araiste’ to be

Y Analyse more precisely thepitelvariations doghedetector;

Y A longer timeeries of Moon acquisitions is essential to understand the results variabilities (IPSF sensitorily, pt

Y Consolidate the spectral emissivify bletizr estimation of the moon surface temperature with IASI larger spectr:
than Diviner

Y The study permitted to characterize independently some parameters of the IASI system (1IS FOV, IPSF size
oscillations of thateformyaw steering) and showed non negligible and interesting uncertainties on these paral
E with more data the absolute calibration using the moon will reach a better accuracy
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