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La haute rLa haute réésolution spectrale de IASI:solution spectrale de IASI:

un outil puissant pour apprun outil puissant pour apprééhenderhender
la physique de lla physique de l’’ atmosphatmosphèèrere
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SoundersSounders : TOVS, ATOVS,   AIRS,   IASI : TOVS, ATOVS,   AIRS,   IASI (1,2,3),, IASIIASI--NG NG 
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�� Surface Surface characteristicscharacteristics : : ���&����������&������� (��&�,���*�(��&�,���*� ��!��!-!�.��!��!-!�.

�� DustDust aerosolsaerosols : : %&�!,�*%&�!,�*'�&�"'�&�" ���*�!��'������*�!��'��� �11�11)�)�&���!,*�&���!,*� �!7��!7� %1%1,%����,%���� �%'��%'�

�� CloudsClouds : : +*%$�*�,*!���%*%+!����,!�����+*%$�*�,*!���%*%+!����,!������!,�%&".�!,��!,�%&".�!,�

�� WaterWater vapourvapour & & temperaturetemperature : : 3,�3,� ��&���������!%���&���������!%� (�,!�����(�,!�����

�� GSICS validation GSICS validation activitiesactivities & radiative & radiative transfertransfer : : 
6����6���� 885��&�%9���:5��&�%9���: ���6�6 ;; Scott et Scott et alal..
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clear sky – aerosol – cloud

RetrievalRetrieval strategiesstrategies : surface & : surface & aerosolsaerosols
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surface surface characteristicscharacteristics ::
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essential for earth radiative budget
long-term monitoring of continental 
surfaces 0��"�*2

�*�!��'���%&�)�'�&�"0�� mmmm�2�(�,%���� �%'���11)�&���!,*� ��'!��
complementary to UV-VIS-NIR
-> transport studies

dustdust aerosolaerosol propertiesproperties ::
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at 8.55 mm

AIRS (2003-2006): Péquignot et al., 2008, IASI( 2007): Capelle et al., 2012

Surface characteristics Surface characteristics climatologiesclimatologies : : TTsurfsurf & & eeeeeeeesurfsurf ((lll llll l ))

�B *��!��'��C��B *%�+!��'����%��"*. ���������B����B� Time series
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DESERT SAHEL

Validation

� +%%' �+�������  !�" ��A3��*% ���%*��!%� esurf
� *%,�*���C!������ �)�
 mmmm��1%�����' ���%$���-�' !��*�$%���%�. Flight track 50 km
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new development
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Dust climatologies: AIRS & IASI 1
AIRS: Pierangelo et al., 2005; Peyridieu et al., 2010 IASI: Peyridieu et al., in prep.;    
Tsamalis

Maximum in July for both optical depth & mean altitude
Decrease of magnitudes with transport away from sou rces 

�B C��B���%��"*. �����

�A �*�!��'�

Comparison with MODIS Comparison with CALIPSO

AIRS r~0.8
IASI r~0.9

difference < 500 m
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MODIS AOD 1:30 PM IASI AOD 9:30 PM

instantaneous retrievals of AOD

First results indicate 
good correlation

�11)�&���!,*� �!7� %1 ,%���� �%'�

Dust climatologies: IASI new developments 2
Pierangelo et al. GRL 2005; Peyridieu et al., in prep .;    Tsamalis

slight westward decrease with transport
next step: validation with AERONET
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Retrieval Methodology: Cloud propertiesRetrieval Methodology: Cloud properties

eeeeeeee������  � � �� ������ (Stubenrauch et al. 1999, 2006, 2008, 2010)
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(Scott et al. 1999)
3I-TOVS NASA-AIRS

(Susskind et al. 2003)

min of ccccw
2(pk) 

on spectral cloud emissivites
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NOAA- IASI
(Gambacorta et al.)

‘a posteriori’ cloud detection

multi-spectral cloud detection
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'� ��4%'� ��4% (CIRAMOSA, Rädel et al. 2003, Stubenrauch et al. 2004, Guignard et al. 2012)

simulated eeee0lll l �A��3D62 5��'������.���%��- ��� ���	���
Mitchell, Baran
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cloud clearing & T, H 2O inversion
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Occurrence Occurrence ofof highhigh --levellevel cloudsclouds (pcld < 440 hPa)

Stubenrauch et al. WCRP, 2012

�*%�'����������

co-chairs: C. Stubenrauch, S. Kinne
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Intercomparison of 12 global global cloud datasets
+*%$�*�+�!''�' 5��'��� � : 9� :��� ����
� ��������(�����������(�1��������� %����� ;�� ������
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+�%+��&"!,�*�'!���!$��!%���(�����%��*�,.,*����!�!*� �

http://climserv.ipsl.polytechnique.fr/gewexca

&�	�����&�	����� �������������� ��
�� goodgoodspectral spectral resolutionresolution --> > esp.esp.reliablereliable Ci Ci propertiesproperties (day & night); 
� LMD retrieval better performing than NOAA retrieval (CO2 slicing)
�� cloudsclouds+ + atmosphericatmosphericT, HT, H220 profiles (RH) + 0 profiles (RH) + aerosolsaerosols

IASI cloud climatologyJuly

IASIIASI--LMDLMD
AIRS-LMD
TOVS-B

Hilton et al., BAMS  2011

CALIPSO

ISCCP

incl subvis Ci  
excl subvis Ci

day
day + night

AIRS

IASI

$��$�� -��.-��.
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AA--TrainTrain SynergySynergy :: evaluationevaluation & vertical & vertical cloudcloud structurestructure
Stubenrauch et al. ACP, 2008, 2010

pcld (AIRS) corresponds to: 
midlevel of ‘apparent’ cloud

for clouds with diffusive tops:
on av. 1.5 km below cloud top

___ LMD

--- NASA

all clouds, global
�-�*���!%� %1 ,*%�' "�!+"�

�*%�'�-���!,�*��C���� 1%��'!11����� ,*%�' �.&��

DDDDz (thin Ci) < DDDDz(Ci) < DDDDz(hgh op)
���'�����!�� ,*!���%*%+. %1 ,*%�' -���!,�*��C���� &�� ,*% �' �.&�

!�&%������!�&���1%��'�����!���!%� %1 ����" ��'!��!%��$ �'+��

A-Train synergy unique opportunity to validate IR sounder retrieval methods at global scale
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Cirrus Cirrus mircophysicsmircophysics –– IR IR spectraspectra

���� mmmm�/� �&�,���*�-��!��!%��&�,���*�-��!��!%� %1,!�������!��!-!�!�� %��� H '�&��' %�� �!,�%&".�!,�* &�%&���!��
0�$�%�&�!%��$.�!,� ,�.���*�2

4A/OP-DISORT simulations

A�
/

AIRSAIRS, cirrus emissivity spectra

3,� ,�.���* �!�+*���,�����!�+ &�%&���!�� $.�H�����0���� 11!,�2

,!�������!��!-!�!��/
���%�&"��!, ,%���!$��!%�����I�� %��

� slopes increase with decreasing De
� H��������!�!-!�. 1%�� eeee34ÎÎÎ Î �)���)�
 ��A E3�ÎÎÎ Î �)��:
� sensitivity: D e<90mmmmm, IWP<120gm -2

�H��&�,��� �*�% '�&��' %��
���%�&"��� ��' ��'��*.!�+ ���1�,�

Guignard et al. ACP 2012

Chaboureau

IASI simulator

12mmmmm 10mmmmm

IASIIASI, TB spectra 1%��,!����
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Cirrus Cirrus mircophysicsmircophysics : : &��������!7��!%� ( �-�*���!%� %1 �%'�*�

Guignard et al. ACP 2012

� logarithmic increase of De with IWC
� similar behaviour in tropics & midlat., 

summer / winter
� validation with DARDAR IWC profiles 
in progress

A��(�3D6�1%��,!�����1�%� 34�
,*%�' -���!,�*��C���� z 1�%� 4�'���5!'�� <��64�J
IWC = IWP/ z (Mace et al.2009)

Relationship between De & IWC
Chaboureau

IASI TB spectrum

Méso-NH
��������	�

MetOffice

ice crystal SSPs

Optical properties

Méso-NH
��� � �������	�


�	�����	����

e
��� ��� �

4A/OP
DISORT

Méso-NH
���������	�


IASI simulator

case study Darfour July 2007

�*%&�� %1 �K�%��# *��+�� �"�� %$���-�' $.�3�3
0���**�� A��	����**�� 3D6��"�� !�����*!�. L2
*!M�!' ,*%�'� �%� .�� �!��*���'
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IASI IASI waterwater vapourvapour : : validation by measurement campaigns

#���4A/ #�������,�!,� �!,�% �-� �����%�&"��!, (���%& %�&"��!, 4�'!%������

Antarctica, Dome C

� 3�3�����!�-�*� $���' %��%&�!��*����!���!%�
�!�!*�� ����*�� �������� �!"#�$

� &%�!�!-��$!�� 0N��I+	� � 2�,%�&���' �%�<6�
� *��+��� $!�� $�� ��� ��:�I��0N�+	I+2�

total column comparison with GPS

Deleporte, Flamant Ricaud

COPS: Rhine valley, summer 2007

%&;)��%�	��������� �� &��������� ��;����� ����� )������� (�1����<��
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How How cancan wewe detectdetect iceice supersaturationsupersaturation (ISS)?(ISS)?

IR Sounders retrieve water vapour within atmospheric laye rs of km’s

=> underestimation of RH ice :    AIRS peak for cirrus at 70% �������� ��  ��6�

improved spectral resolution : IASI peak for cirrus at 80-85%

determine probability of ISS presence in layer 
by calibration with MOZAIC (commercial aircraft)

Lamquin 2009; Lamquin et al., ACP 2012

ISS often occurs in vertical layers < 500 m

saturated region

RHi (%), radiosondes

AIRS

IASI

tropics

AIRS

IASI
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pot. Contrails
clr+thin Ci

Stubenrauch and Schumann GRL 2005

extract meteorological situations 
for potential contrails

Increase of thin cirrus over Europe

TOVSTOVS

2.8-3.5% ( 1.5%)  per decade
~0.19% - 0.25% per decade (all situations)

Ice Ice SupersaturationSupersaturation and Cirrus : impact of contrailsand Cirrus : impact of contrails

�������� &)'&������ �3 ��������������
=��������� ��� ��	������������ 	��������� ���� &)'&
= ���� ���� ������

1��M���,. %1 &%����!�* ,%����!* �!����!%��

Lamquin 2009; Lamquin et al., ACP 2012

AIRSAIRS
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� �!�%,,�����,��!�,������  !�" 3���%,,�����,��
� ���%�+�� !�,����� !����%&!,� �"�� !���!'*��

(different formation mecanism?)
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Conclusions & OutlookConclusions & Outlook

The high spectral resolution of IASI has already proven it s capability to provide
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�2���,%��!����!%��%1 �!������!�� %1 ������!�*�,*!���� - ��!�$*���0���%�%*���,*%�'�2
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#% �-�����"� ����!�-�* !� %1��� ,%�&*�C ��' -�*!'��!%��%� ���+*%$�*��,�*� '!11!,�*�
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