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1. Study purposes
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× Moon acquisitions as a potential source for radiometric calibration in the TIR domain :

ÁTo perform inter-comparison between TIR instruments (relative inter-calibration);

ÁTo check the over-time radiometric calibration stability;

ÁFor absolute calibration Ĕ trying a new calibration method for TIR using the Moon 
The Moon is already used in VIS and SWIR (Pléiades, SEVIRI on MSG, MVIRI on MET7, VIIRS on NPP, HIRS on METOPé);

× IASI is considered as a reference for radiometric calibration for IR sounders (GSICS)

ÁAbsolute radiometric calibration < 0,5 K @280K

ÁInter-comparisons between sounders < 0,2 K @280K, nevertheless inter-comparisons between IASI using EW acquisitions are 

not perfect ĔDifficulties to discriminate the impact of the selected scenes from radiometric calibration defect

× Why usingthe moon asasource:

ÁNo atmosphere on the Moon Ĕspectrum close to flat, easier to calibrate the complete spectrum;

ÁMoon evolves in a predictable way depending on the Sun-Moon-satellite geometry Ĕstable spectra between several successive 
visit from all IASI

× 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)
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× How Moon acquisitions are performed with 

IASI (Fourier Transform Spectrometer + Imager IIS) :

A. A dedicated coding table was created and adapted to the moonõs dynamics;

B. Usinga dedicatedexternalcalibration on Cold SpaceviewCS2;

C. The Moonis acquired once a month when its phase is at its maximum:

A. IASI-C Moon spectrum B. IASI calibration views C. Maximum moonõs phases
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2. Overview of IASI moon acquisitions until now (2/4)
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× Only 5 External calibration dedicated to Moon acquisitions in 2019 :
ÁMay 15th : on IASI-C

ÁJune14th : on IASI-C

ÁJuly 13th-14th : on IASI-C

ÁAugust 12th : on IASI-C & IASI-B

ÁSeptember: No acquisitions

ÁOctober10th : on IASI-C & IASI-B

Exampleof the Moon transit seenin the IIS during one external calibration

V

Different types of moon transit 

inside IASI pixel
Partial (P)å Bordering (L) å

å

Central (P)V
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2. Overview of IASI moon acquisitions until now (3/4)
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× For a central transit, example of a lunar IASI-C spectrum

Due to the very few number of good lunar spectra available, a reduction of the noise is performed by averaging 

30 consecutive wavenumbers (30 x 0.25 cm-1 = 7.5 cm-1)

Central (P) V
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2. Overview of IASI moon acquisitions until now (4/4)
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× But for other types of transits, some default appears :

1. Scene instability during interferogram acquisitions :

Á View-steering is OFF during external calibration mode;

Á Moon moves in the FOV during interferogram acquisitions, so when itõs not completely inside IASI pixel:

Ý Leading to non symmetrical interferograms = problems for data processing 

2. IASI IPSF (Instrument Point Spread Function) 

are spectrally dependent : 

B1, B2 and B3 can see a scene slightly different at the 

same time because of very strong heterogeneity of the 

scene: hot Moon + cold space

3. The optical transmission at the interbands is 

very sharp : inducing an ISRF (Instrument 

Spectral Response Function) distortion at 

these wavenumbers. 

Example : loss of B1 + B2

Example : bad spectrum 

shape at the interbands

Partial (P)å
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3. First phase of the Moon Study conclusions and recommendations (1/4)
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× What wasdone during the first phase of the study in 2019 :

3.1  A precisemodel of moon radiances in the TIR domain has been developedfor the study =

(1)  Thermal emission of the lunar surface (Lunar surface T° derived from Diviner L4 cumulative GCP product and Lunar surface 

emissivity derived from Apollo Moon samples) 

+ (2)  Solar radiation reflected by the lunar surface(The distinction of soil type (for emissivitycomputation) is derived from the 

rock abundanceof the LRO/Diviner product . The radiance is a function of time depending on the geometry between Sun-Earth-

Moon and considering the Moon phase and the % of the illuminated surface)

+ (3)  Earth radiation reflected by the lunar surface (negligeable)

ĔApproximations of the model are identified and evaluatedin term of sensitivity :

ÁSurface température (LRO/Divinervs. Model Vasavadaet al.) : landscapeeffecton Tsurface

ÁEffectof Libration on Surface température (LRO/Diviner)

ÁVariabilityof solarconstant (seasonalvariability+ solaractivity) for solarradiation and for lunarsurface temperature(via 

Vasavadaet al. model)
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3. First phase of the Moon Study conclusions and recommendations (1/4)
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× What wasdone during the first phase of the study in 2019 :

3.2  Comparisonshave been performed betweenthe model 

and the mesuredmoon spectra

Ý The obtainedmoonphysicalradiances fromthe model

wereconvolvedwithIASI IPSF in orderto compare them

withthe IASI L1C spectra

Ý The relative position of the IPSF reference frame and 

the Moon model frame is determined by localizing the Moon 

in IIS images (during an orbit)

Ý The difference is larger for October compare to August. 

Due to the size of the Moon (larger = more sensitive to 

IPSF uncertainties) ? ĔWe need more data to answer
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3. First phase of the Moon Study conclusions and recommendations (2/4)
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× What wasdone during the first phase of the study 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)

Ý VYaw steering angle (platform compensation to follow earth rotation) : a systematicpositive biasbetweenminimisedand 

theoreticalvalues ĔCorrections applied for the study are satisfactory in terms of accuracy

Ý VOscillations in Y & Z axis : not correlated between the 2 axis. Due to platform attitude oscillations?

ĔCorrections applied for the study are satisfactory in terms of accuracy 

Ý LIIS FOV : a more precise estimation method was developed = showed uncertainties more important than expected 

Ý LIPSF weight between the 4 detectors (each pixel) of a same spectral band (uncertainties/variability of 2 or 3%)

ĔNeed to estimate the exact impact on the results, and pursue the study on this point

3.4  Inter -pixels mono-transit analysisshows somesystematicbiases(exemple for PN3 and PN4 of IASI-C)

Ĕcouldbecausedby IPSF weight

PN3(C) - PN4(C) Mai 2019 IASI-C PN3(C)  - PN4(C) October 2019 IASI-C

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 and recommendations (3/4)
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× What wasdone during the first phase of the study in 2019 :

3.5  Inter -comprisonsanalysisbetweentwo different

instruments : IASI-B and IASI-C

Ý Only2 transits : in August PN3 IASI-B vs PN2 IASI-C + 

October: PN3 IASI-B vs PN4 IASI-C

Ý Comparison always between a central transit (C) and a 

bordering transit (L)

Ý For the 3 bands, the differences are lower than the 

differences between the pixels of the same instrument (ex 

PN3/4 IASI-C) : radiance difference Ò 0.2 K (soÒ 0.4 %).

Ý But the comparisonisveryreduced(only2 points)

Ĕweneedmore data to consolidatethe results.

Difference of Lunar IASI BrightnessTemperature

betweenIASI-B and IASI-C in K
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3. First phase of the Moon Study conclusions and recommendations (4/4)
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× Conclusion of the first phase of the study in 2019 :

Á The potential of the Moon for IASI absolute calibration and relative inter-comparison have been evaluated for the first time. The 

radiometric model could be used for other TIR missions (IASI-NG, CRIS).

Á The results are promising and can be improved:

- For absolutecalibration using the Moon, the reached accuracy is 1 ð2 K (absolute brightness temperature)

- For relativecalibration (inter-instrument), the accuracy is Ò 0.15 Ké but we have only 2 transits

BUT the amount of available data limits the extent of this conclusion. 

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

Ý The 'central' pixel passages are the best data. The first study used also the 'nearly central' passages, but the amount of available data 

did not permit us to conclude if those passages are 'safe' to be used;

Ý Analyse more precisely the inter-pixel variations due to the detector;

Ý A longer time-series of Moon acquisitions is essential to understand the results variabilities (IPSF sensitivity, phase of the Moon);

Ý Consolidate the spectral emissivity data Ĕbetter estimation of the moon surface temperature with IASI larger spectral coverage 
than Diviner

Ý The study permitted to characterize independently some parameters of the IASI system (IIS FOV, IPSF size and weights, 

oscillations of the plateform, yaw steering) and showed non negligible and interesting uncertainties on these parameters 

Ĕwith more data the absolute calibration using the moon will reach a better accuracy




