
Processing of IASI data at CMS for 
NWC applications

Lydie Lavanant
MF/DP/CMS/R&D

IASI Conference. November 2007



IASI conference. November 2007

Experimental production at CMS of nearExperimental production at CMS of near--real time atmospheric profile real time atmospheric profile 
retrievals from local HRPT MetOp IASI/AMSU/MHS acquisitionsretrievals from local HRPT MetOp IASI/AMSU/MHS acquisitions

Purpose: Purpose: 
to evaluate their potential benefit for the monitoring and shortto evaluate their potential benefit for the monitoring and short--range range 

forecast of inverse profiles available before the NWP analysisforecast of inverse profiles available before the NWP analysis
mainly in the context of meaningful meteorological phenomena (exmainly in the context of meaningful meteorological phenomena (ex
precursors of strong storms or convective systems)precursors of strong storms or convective systems)

To get some elements in the choices of the future sounder IRS ovTo get some elements in the choices of the future sounder IRS over er 
MTG, from MTG, from nowcastersnowcasters learning on real cases learning on real cases 

HRPT broken: still continue using global data over Europe until HRPT broken: still continue using global data over Europe until further further 
noticenotice
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Input data: Input data: 
IASI + IASI + coregisteredcoregistered AMSU/MHS over EuropeAMSU/MHS over Europe
PFS (HRPT) and BUFR (PFS (HRPT) and BUFR (EUMETCastEUMETCast) formats) formats
All IASI IFOVsAll IASI IFOVs

Cloud detection/channels selection:Cloud detection/channels selection:
AVHRR thresholds cloud mask/cloud type applied on IASI L1c AVHRRAVHRR thresholds cloud mask/cloud type applied on IASI L1c AVHRR

clusters clusters 
ECMWF channels selection on cloudy radiances (opaque clouds) andECMWF channels selection on cloudy radiances (opaque clouds) and on on 

clear radiances (other situations)clear radiances (other situations)

1DVar Levenberg1DVar Levenberg--Marquardt minimization:Marquardt minimization:
Guess: ECMWF 6 hour forecastGuess: ECMWF 6 hour forecast

Retrieval software



IASI conference. November 2007

IASI Level 1c AVHRR clusters :IASI Level 1c AVHRR clusters :

Description of AVHRR radiance spatial distribution into the IASI IFOV in terms of 
clusters.

Number of classes actually present in IASI IFOV (up to 7)
For each class:

-Fraction of IASI IFOV covered
-Mean value of the 5 AVHRR channels
-Standard deviation of the data ⇒ provides information about compactness of 
the cluster

Clusters can benefit to global processing for clear/cloudy selecClusters can benefit to global processing for clear/cloudy selectiontion
--one file only to readone file only to read
--no cloud mask no cloud mask coregistrationcoregistration is needed in IASI IFOVis needed in IASI IFOV
--hyperhyper--fast processfast process
--‘‘geophysicalgeophysical’’ clusters allow to simulate cloudy radiancesclusters allow to simulate cloudy radiances

Cloud detection (1)
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Cloud mask: Cloud mask: 

Adaptation of the operational MetOp/AVHRR full resolution CMS MAAdaptation of the operational MetOp/AVHRR full resolution CMS MAIA cloud IA cloud 
maskmask

--thresholdingthresholding technique applied on each AVHRR cluster to technique applied on each AVHRR cluster to single channels and 
various combination of channels differences, 
-dynamic thresholds depending on background and viewing geometry
-no local texture available

Outputs : % clear in IASI IFOVOutputs : % clear in IASI IFOV

for each cluster: for each cluster: 
-Clear/cloudy/snow/sea-ice flag
-Cloud Type: 5 opaque cloud, 3 semi-transparent, 1 class of semi-transparent 
clouds above lower clouds, 1 fractional clouds class
-Cloud top temperature for classes identified as opaque clouds
-Surface temperature from split-window for classes identified as clear

Cloud detection (2)
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MetOp/AVHRR full resolution cloud mask validation

More than 7200 sea+ land world-
wide MetOp/AVHRR targets 
collected with manual 
identification of cloud type by 
nephanalyst.

Statistical 
scores:PC=(na+nd)/(na+nb+nc+nd)

Cloud 
detected

Clear 
detected

Cloud observed na nb

Clear observed nc nd

Cloudy

Clear

Sea-ice
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Clusters validation (1)

Lower left: IASI  L1c AVHRR radiance 
classification projected on AVHRR image
Lower right: mapped full AVHRR Tb4
Middle left: cloud mask from clusters
Middle right: mapped full AVHRR cloud mask 
Upper left: ‘clusters’ cloud mask in IASI IPFS
Upper right: full AVHRR cloud mask in IASI

comparaison of cloud masks using
full-resolution AVHRR data and using
OPS clusters

study part of the IASI calval Level 1. 
done on one global orbit. CNES test case

Full–resolution AVHRR mask:
• no local texture used
• coregistered in IASI IFOV
• all pixels with same cloud type 
aggregated to the same layer 
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Clusters validation (2)

Upper figures: main layer in 
terms of coverage in IASI IFOV
Lower figures: all layers 
together

Cluster cloud mask less cloudy 
than full AVHRR mask (positive 
wing )

Dispersion of the cover for each 
cluster individually

Missed few completely clear/ 
overcast situations.
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Clusters validation (3)

Clusters cloud classification

Conclusion:

Correct positionning of the clusters 

Radiometry of clusters statically in good 
agreement with classes from full AVHRR

Enough clusters to describe the complexity of 
the situations ⇒ clusters often with the same 
cloud type after applying the cloud mask.

Clusters cloud mask slightly reduced the 
complexity of the situation

Slightly less cloudy compared to the full 
AVHRR mask but seems precise enough for 
the selection of clear situations

Cover variability quite large for partly-cloudy 
situations

AVHRR cloud mask



IASI conference. November 2007

Mean/SD of O-A spectra:
- HRPT CMS passes. 

MAIA cloud classification at AVHRR full resolution coregistered in IASI IFOV 
Local texture used

- EUMETCast granules over Europe: 
MAIA cloud classification on IASI L1c AVHRR clusters
MAIA cloud classification at AVHRR full resolution

- 8461 channels ; 314 channels
- ECMWF analysis fields ; Arpège analysis ; 1ºx1º ; 6 hour step
- Sea/land 
- clear/opaque clouds

SST/LST from AVHRR split-window
Tcld/ Nεcld from AVHRR for opaque clouds

RTTOV8.5 with RTTOV7 predictors and GENLN2 LBL model

More than 2 useful layers:
RTE done outside RTTOV ⇒ radiances computed on each cluster and averaged

IASI monitoring at CMS (1)
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Monitoring (2).          Clear/sea. ECMWF ANA

using IASI L1c AVHRR clustersusing full resolution AVHRR

more cloudy
situations are 
detected clear
with clusters:
fractional
clouds
thin cirrus

Slight impact on window channels statistics

AVHRR -> SST

need to update SST 
coefficients



IASI conference. November 2007

Monitoring (3).           Opaque clouds/sea. Arpège ANA

AVHRR ⇒ Tcld

window channels are slightly better results with
clusters (smaller dispersion in the cloud)

using full resolution AVHRR using IASI L1c AVHRR clusters
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Clear/cloudy selection :
about twice more clear situations when using OPS clusters compared to full 
AVHRR processing (very thin cirrus, very low fractional clouds)
Slightly affect O-A statistics for window channels (ex: O-A std at 806.25 cm-1: 
AVHRR full resolution: 0.39 K; Clusters: 0.61 K)

Opaque clouds Tb:
Clustering better takes into account the radiometry complexity ⇒ better results
using OPS clusters on window channels
necessity to split full AVHRR cloud classes (mainly medium clouds) 

IASI monitoring (4)
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1DVar Levenberg1DVar Levenberg--Marquardt minimization:Marquardt minimization:
Guess: ECMWF 6 hour forecastGuess: ECMWF 6 hour forecast
TTss / / TTcldcld from AVHRRfrom AVHRR
Covariance Guess matrix computed over EuropeCovariance Guess matrix computed over Europe
Channels: subset of the ECMWF 300 selected channels (no ozone anChannels: subset of the ECMWF 300 selected channels (no ozone and d 

no NIR channels) no NIR channels) ⇒ maximum of 263 channels in clear conditionsmaximum of 263 channels in clear conditions
RTTOV8.5RTTOV8.5
Retrieved parameters: T, q Retrieved parameters: T, q (T(Tss, , TTcldcld, , εεcldcld fixed in this version)fixed in this version)

1DVar 

Weighting function of selected channels Split-window SST validation against buoys
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BIAS correction
Thickness 1000-300 hPa
Thickness 200-50 hPa
Thickness 50-5 hPa
Twv
Twv2

Zenith angle
(Zenith angle)2

(Zenith angle)3

(Zenith angle)4

Coefficients computed on the 10 
previous days

689.5 cm-1 753.25 cm-1 1525.25 cm-1
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Channels selection for 
opaque cloudy situations

753.25 cm-1

clear selected
753.25 cm-1

clear + opaque selected

clear selected
clear + opaque selected

753.25 cm-1
no 122
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IASI retrievals. First results

Cloud cover:
clear: <2%
cloudy: >70%
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Examples using cloudy radiances 
opaque clouds
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IASI retrievals. First results

clear

pt-cloudy

cloudy
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preliminary resultspreliminary results

implementation is still not finished (COimplementation is still not finished (CO22--slicing, SST coefficients update, slicing, SST coefficients update, 
AMSU/MHS, system tuning...)AMSU/MHS, system tuning...)

Test of cloudy 1D Test of cloudy 1D VarVar (cloud parameters as control variables)(cloud parameters as control variables)

NowcastingNowcasting aspects have not started: aspects have not started: 
in close coordination with in close coordination with nowcastersnowcasters to define their needs and the to define their needs and the 
pertinent output information and format for an easy use (ex: watpertinent output information and format for an easy use (ex: water vapour er vapour 
convergence in low troposphere, vertical instability index, convergence in low troposphere, vertical instability index, …….).)

Conclusions
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FIN
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Sélection par ECMWF de 300 canaux

Sélection des canaux

Redondance d’information dans 
les canaux
Problème du temps calcul pour 
suivre le temps réel.

– Au CMS avec les moyens de 
calcul actuels environ 100 
canaux sont possibles

Plusieurs méthodes possibles:
– regroupement des canaux en 

super-canaux pour diminuer le 
bruit

– sélection des canaux les plus 
informatifs :
méthode de Rodgers qui 
diminue le DOFS (degré de 
liberté du signal) connaissant le 
bruit du signal et la matrice 
d’erreur de l’ébauche
méthode choisie au CMS
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Monitoring HRPT data vs ECMWF ANALYSIS
2007/06/01 2007/06/01

SST bias ?

2007/06/012007/06/01
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