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Summary 
Since	
   its	
   launch	
   onboard	
  MetOp-­‐A	
   in	
   October	
   2006,	
   IASI	
   contributes	
   to	
   the	
   establishment	
   of	
  
robust	
  long	
  term	
  data	
  records	
  of	
  several	
  essen?al	
  climate	
  variables.	
  We	
  focus	
  here	
  on	
  4	
  of	
  them	
  
that	
  are	
  retrieved	
  at	
  LMD:	
  (i)	
  clouds:	
  physical	
  and	
  microphysical	
  proper?es;	
  (ii)	
  greenhouse	
  gases:	
  
mid-­‐tropospheric	
   integrated	
  content	
  of	
  CO2,	
  CH4	
  and	
  CO;	
   (iii)	
  dust	
  aerosols:	
  AOD,	
  al?tude,	
  and	
  
radius;	
  (iv)	
  con?nental	
  surface	
  characteris?cs:	
  spectral	
  emissivity	
  and	
  skin	
  temperature.	
  The	
  suite	
  
of	
  long	
  ?me	
  series	
  of	
  climate	
  variables	
  retrieved	
  from	
  IASI	
  con?nues	
  to	
  expand,	
  and	
  will	
  soon	
  be	
  
extended	
  to	
  the	
  processing	
  of	
  IASI	
  onboard	
  MetOp-­‐B.	
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These	
  ac(vi(es	
  rely	
  on	
  a	
  processing	
  chain	
  of	
  satellite	
  observa(ons	
  that	
  has	
  been	
  developed	
  
for	
  many	
  years	
  at	
   LMD	
  and	
   that	
   includes:	
  permanent	
  valida(on	
  and	
   improvement	
  of	
   the	
  
GEISA	
  spectroscopic	
  database	
  and	
  of	
  the	
  radia(ve	
  transfer	
  code	
  4A	
  (which	
  are	
  respec(vely	
  
the	
  official	
  database	
  and	
  code	
  for	
  IASI	
  Cal/Val	
  ac(vi(es	
  at	
  CNES),	
  development	
  of	
  dedicated	
  
cloud	
  and	
  aerosol	
  detec(on	
  schemes,	
  retrieval	
  processes,	
  and	
  valida(on	
  ac(vi(es.	
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With	
  already	
  5	
  years	
  of	
  observa?ons,	
  that	
  add	
  to	
  the	
  10	
  years	
  of	
  observa?on	
  from	
  the	
  Aqua/AIRS	
  
instrument,	
  and	
   two	
  more	
  missions	
   to	
  come,	
   IASI	
  has	
   the	
  poten?al	
   to	
  monitor	
   the	
  evolu?on	
  of	
  
these	
  variables	
  on	
  the	
   long-­‐term,	
  to	
  assess	
  poten?al	
  trends,	
  and	
  to	
  detect	
  signatures	
  of	
  specific	
  
climate	
  events,	
  such	
  as	
  ENSO	
  or	
  other	
  sources	
  of	
  climate	
  variability.	
  Based	
  on	
  both	
  its	
  excep?onal	
  
spectral	
   and	
   radiometric	
   stability	
   and	
   its	
   ability	
   to	
   characterize	
   simultaneously	
   several	
   climate	
  
variables,	
   IASI	
  has	
  already	
  demonstrated	
  that	
   it	
  can	
  and	
  will	
  play	
  a	
  major	
  role	
   in	
  the	
  monitoring	
  
and	
  understanding	
  of	
  climate	
  evolu?on	
  and	
  variability	
  in	
  the	
  coming	
  years.	
  

Method:	
  proximity	
  recogni?on	
  in	
  brightness	
  temperature	
  within	
  Look	
  Up	
  Tables.	
  

Over	
  sea:	
  Persian	
  Gulf	
   Daily	
  scale:	
  Dakar.	
  	
   Over	
  desert:	
  solar	
  village	
  
Correla?on	
  between	
  AERONET	
  coarse-­‐mode	
  AOD	
  and	
  IASI	
  10µm	
  AOD	
  over	
  25	
  
AERONET	
  sites	
  (over	
  sea	
  and	
  monthly)	
  during	
  the	
  IASI	
  period	
  (~533	
  items):	
  R=0.854	
  

Comparisons	
  between	
  AERONET	
  coarse-­mode	
  AOD	
  and	
  IASI	
  10µm	
  AOD	
  

Objec(ve:	
  retrieval	
  of	
  the	
  dust	
  op?cal	
  proper?es,	
  ver?cal	
  
distribu?on,	
  size	
  and	
  analysis	
  of	
  their	
  interac?on	
  with	
  the	
  
climate	
  system	
  

IASI	
  contribu(on:	
  
• 	
  Observa?ons	
  available	
  day(me	
  and	
  nighNme,	
  over	
  ocean	
  and	
  over	
  land	
  
• 	
  Access	
  to	
  the	
  mean	
  aerosol	
  layer	
  al(tude	
  and	
  to	
  the	
  par(cle	
  size.	
  
• 	
  10	
  μm	
  :	
  preferen?al	
  detec?on	
  of	
  dust	
  aerosol	
  coarse	
  mode	
  

March	
  2010	
  

Objec(ve:	
  Obtain	
  an	
  accurate	
  es?ma?on	
  of	
  spectral	
  emissivity	
  (oeen	
  considered	
  	
  as	
  
constant)	
  and	
  surface	
  temperature	
  in	
  order	
  to	
  improve	
  the	
  retrieval	
  of	
  tropospheric	
  
proper?es	
  and	
  to	
  es?mate	
  the	
  radia?ve	
  budget.	
  	
  

Method:	
  Physical	
  inversion	
  of	
  the	
  RTE	
  using	
  a	
  fast	
  RT	
  model.	
  

IASI	
  contribu(on:	
  Surface	
  temperature	
  and	
  emissivity	
  con?nuous	
  spectrum	
  at	
  0.05	
  µm	
  
resolu?on	
  between	
  3.7	
  and	
  14.0	
  µm	
  for	
  monthly	
  grid	
  (1°X	
  1°)	
  or	
  for	
  each	
  IASI	
  spots.	
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large	
  spa?al	
  varia?ons	
  of	
  emissivity	
  at	
  
very	
  local	
  scales	
  consistent	
  (10%	
  varia?on	
  
for	
  an	
  area	
  <	
  0.5°)	
  

Savanna	
  

Seasonal	
  variations	
  of	
  IASI	
  emissivity	
  	
  
(at	
  3.8	
  and	
  8.55	
  µm)	
  and	
  surface	
  properties	
  

	
   Opportunity	
   of	
   long-­‐term	
  monitoring	
   of	
  
con?nental	
   surfaces	
   at	
   global	
   scale,	
  
including	
  cri?cal	
  regions	
  (Sahel,	
  etc).	
  	
  

Comparison	
  between	
  IASI	
  emissivity	
  	
  
and	
  ARIES	
  “in-­‐situ”	
  emissivity	
  at	
  9	
  µm	
  

MEVEX	
  Oman	
  
aircrae	
  campaign	
  

(May	
  2009)	
  
Péquignot	
  et	
  al.,	
  2006	
  
Capelle	
  et	
  al.,	
  2012	
  	
  

Pierangelo	
  et	
  al.,	
  2004	
  
Peyridieu	
  et	
  al.,	
  2012	
  

Chédin	
  et	
  al.,	
  2003	
  
Crevoisier	
  et	
  al.,	
  2009ab,	
  2013	
  
Thonat	
  et	
  al.,	
  2012	
  

Objec(ve:	
  to	
  beoer	
  understand	
  surface	
  sources	
  and	
  sinks	
  of	
  greenhouse	
  
gases	
  and	
  the	
  related	
  processes	
  (transport,	
  flux).	
  
IASI	
  contribu(on:	
  mid-­‐tropospheric	
  integrated	
  contents	
  of	
  CO2,	
  CH4	
  and	
  
CO	
  over	
  both	
  land	
  and	
  sea,	
  day	
  and	
  night.	
  
Methods:	
  non	
  linear	
  inference	
  scheme	
  for	
  CO2	
  and	
  CH4	
  and	
  spectral	
  
double	
  differen?al	
  approach	
  for	
  CO.	
  

Trend:	
  +2.1	
  ppm	
  yr-­‐1	
  CO
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  (
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m
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Monthly	
  CH4	
  and	
  trend	
  from	
  IASI	
  

CH4	
  growth	
  rate	
  from	
  IASI	
  

Impact	
  of	
  2010	
  Amazonian	
  drought	
  on	
  
Dire	
  and	
  related	
  CO	
  and	
  CO2	
  emissions	
  
MODIS	
  fires	
   IASI	
  CO	
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Satellite	
  Data	
  

Downloading	
  

Channel	
  selec?on	
  

LMD	
  Archive	
  	
  
(L1b/c	
  data)	
  

Cloud	
  detec?on	
  

Inverse	
  models	
  
(neural	
  networks,	
  Bayesian	
  
inference,	
  classifica?on,	
  
Look-­‐Up-­‐Tables,	
  etc.)	
  

Climate	
  variables	
  

TIGR	
  
database	
  

Valida(on	
  archive	
  
(L2,	
  in	
  situ	
  obs.,	
  

models)	
  

GEISA	
  
Spectroscopic	
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ARSA	
  
database	
  

Radiosoundings	
  

Downloading	
  

Quality	
  check	
  

Cloud	
  detec?on	
  

Co-­‐loca?on	
  in	
  
space	
  and	
  ?me	
  

Computa?on	
  of	
  
radia?ve	
  biases	
  models	
  

-­‐	
  observa?ons	
  

Cal/Val	
  

Radia(ve	
  transfer	
  codes	
  
(4A,	
  STRANSAC;	
  

nadir	
  and	
  limb	
  viewing;	
  	
  
clear	
  sky	
  or	
  scaoering)	
  

To	
  be	
  fully	
  useful	
  for	
  weather,	
  climate	
  and	
  environmental	
  applica?ons,	
  satellite	
  observa?ons	
  
must	
   be	
   qualita?vely	
   and	
   quan?ta?vely	
   controlled	
   during	
   the	
   instruments	
   life?me:	
   any	
  
radiometric	
  systema?c	
  error	
  not	
  iden?fied	
  in	
  the	
  level1	
  radiances	
  may	
  propagate	
  as	
  errors	
  in	
  
the	
   retrieved	
   variables.	
   At	
   LMD,	
   two	
   complementary	
   approaches:	
   (i)	
   an	
   intercalibra(on	
  
approach	
  and	
  (ii)	
  a	
  "stand	
  alone"	
  approach	
  have	
  been	
  developed	
  which	
  aim	
  at	
  iden?fying,	
  
and	
   eventually	
   at	
   correc?ng,	
   devia?ons	
   or	
   trends	
   (natural,	
   spurious)	
   between	
   pairs	
   of	
  
channels	
   of	
   different	
   instruments	
   (in	
   LEO/LEO	
   or	
   GEO/LEO	
  modes).	
   In	
   close	
   collabora?on	
  
with	
  CNES,	
   LMD	
  contributes	
   to	
   the	
  monitoring	
  and	
   intercomparison	
  of	
   IASI	
   radiances	
  with	
  
companion	
   instruments	
   in	
   the	
   framework	
   of	
   the	
   Global	
   Space-­‐based	
   Inter-­‐Calibra(on	
  
System	
  (GSICS)	
  of	
  WMO.	
  

TIGR 

Cal./Val. 

The	
  4A	
  (Automa(zed	
  Atmospheric	
  Absorp(on	
  Atlas)	
  fast	
  and	
  accurate	
  line-­‐by-­‐line	
  radia?ve	
  
transfer	
  code	
   (Scoo	
  &	
  Chédin,	
  1981)	
   is	
  developed	
  and	
  maintained	
  LMD.	
   It	
  has	
  been	
  made	
  
opera?onal	
  (OP)	
  in	
  coopera?on	
  with	
  the	
  French	
  company	
  Novel?s	
  (hop://www.novel?s.net/
4AOP/).	
   It	
   is	
   the	
   reference	
  code	
   for	
   the	
  CNES/EUMETSAT	
   IASI	
  Level	
  1	
  Cal/Val	
  ac?vi?es	
  and	
  
opera?onal	
  processing.	
  

Atmospheric	
   radia?on	
   analysis	
   requires	
   accurate	
   descrip?on	
   of	
   spectral	
   proper?es	
   of	
  
atmospheric	
   gases	
   and	
   par?cles.	
   The	
   spectroscopic	
   database	
  GEISA	
  was	
   ini?ated	
   in	
   1975,	
  
with	
  its	
  latest	
  update	
  in	
  2011	
  (Jacquinet-­‐Husson,	
  JQSRT,	
  2011;	
  58	
  coauthors,	
  26	
  laboratories).	
  
GEISA	
   is	
   presently	
   the	
   largest	
   spectral	
   bank	
   in	
   the	
   world.	
   It	
   is	
   used	
   by	
   more	
   than	
   300	
  
laboratories	
   (atmospheric	
   physics,	
   astrophysics,	
   planetology).	
   GEISA	
   is	
   the	
   reference	
  
database	
   for	
   IASI	
   Level	
   1	
   Cal/Val	
   ac?vi?es	
   and	
   opera?onal	
   processing.	
   GEISA	
   is	
   freely	
  
accessible	
  from	
  the	
  Ether	
  exper?se	
  center	
  website	
  (hop://ether.ipsl.jussieu.fr/).	
  	
  

The	
   Thermodynamic	
   Ini(al	
   Guess	
   Retrieval	
   (TIGR)	
   data	
   set,	
   in	
   its	
   latest	
   version,	
   is	
   a	
  
climatological	
   library	
   of	
   2311	
   representa?ve	
   atmospheric	
   situa?ons	
   selected	
   by	
   sta?s?cal	
  
methods	
  from	
  80,000	
  radiosonde	
  reports	
  (Chédin	
  et	
  al.,	
  1985;	
  Chevallier	
  et	
  al.,	
  1998).	
  Each	
  
situa?on	
   is	
  described,	
   from	
  the	
  surface	
  to	
  the	
  top	
  of	
  the	
  atmosphere,	
  by	
  the	
  values	
  of	
  the	
  
temperature,	
  water	
  vapour	
  and	
  ozone	
  concentra?ons	
  on	
  a	
  given	
  pressure	
  grid.	
  	
  

For	
   a	
   wide	
   range	
   of	
   applica?ons	
   (forward	
   and	
   inverse	
   models	
   valida?on,	
   verifica?on	
   of	
  
satellite	
  measurements),	
  LMD	
  has	
  elaborated	
  the	
  Analyzed	
  RadioSoundings	
  Archive	
  (ARSA)	
  
database,	
  extended	
  on	
  a	
  monthly	
  basis,	
  star?ng	
  from	
  observa?ons	
  by	
  worldwide	
  distributed	
  
radiosonde	
  sta?ons	
  and	
  combining	
  them	
  with	
  surface	
  and	
  other	
  auxiliary	
  observa?ons.	
  	
  

Objec(ve	
   :	
   to	
   understand	
   cloud	
   forma?on	
   in	
   combina?on	
   with	
   upper	
  
tropospheric	
  rela?ve	
  humidity	
  and	
  aerosols	
  and	
  cloud	
  radia?ve	
  budget.	
  
IASI	
  contribu(on:	
  retrieval	
  of	
  cloud	
  pressure,	
  temperature,	
  emissivity	
  of	
  all	
  
clouds;	
   ice	
   water	
   path,	
   effec?ve	
   par?cle	
   size	
   and	
   indica?on	
   of	
   par?cle	
  
shape	
  of	
  semi-­‐transparent	
  cirrus,	
  day	
  and	
  night.	
  
Methods:	
  weighted	
  χ2	
  method	
  using	
  CO2	
  absorp?on	
  band.	
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