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• IASI	  provides	  	  
-‐8461	  spectral	  channels	  between	  645	  and	  2760	  cm−1	  (15.5	  -‐	  3.63	  μm)	  

-‐with	  a	  spectral	  resolu(on	  of	  0.5	  cm−1	  aaer	  apodisa(on	  (“Level	  1c”	  spectra)	  

-‐the	  spectral	  sampling	  interval	  is	  0.25	  cm−1.	  

-‐nadir	  FOV:	  12	  km	  at	  nadir.	  

• IASI	   (Infrared	  Atmospheric	  Sounding	   Interferometer)	   is	  a	  Fourier	  Transform	  
Spectrometer	  that	  measures	  infrared	  radia(on	  emifed	  from	  the	  Earth.	  	  

• It	  has	  been	  developed	  by	  CNES,	  in	  collabora(on	  with	  EUMETSAT.	  
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The	  IASI	  instrument	  

Retrievals	  of	  several	  atmospheric	  and	  surface	  variables	  	  over	  land/sea	  by	  day/night.	  



A	  whole	  suite	  of	  atmospheric	  variables	  retrieved	  from	  IASI	  

3	  

• IASI	  addresses	  the	  needs	  of	  three	  communi(es	  that	  are	  	  more	  and	  more	  connected:	  
Numerical	  Weather	  Predic(on	  |	  Atmospheric	  Composi(on	  |	  Climate	  

• More	   than	   25	   species	   are	   observed,	   some	   well	   quan(fied	   (O3,	   CO,	   CH4),	   some	   only	  
detected	  (SO2,	  HNO3,	  NH3,	  formic	  acid,	  methanol)	  in	  special	  situa(ons	  (fires,	  volcanoes).	  

• Monitoring	  of	  several	  Essen(al	  Climate	  Variables	  

Clouds	   H2O	   Surf.	  T	   Surf.	  ε	  

Dust	   CO2	   CO	   CH4	  

O3	   NH3	   HCOOH	   CH3CH	  

Hilton	  et	  al.	  2012	  
Clerbaux	  et	  al.,	  2016	  



From	  IASI	  to	  IASI-‐NG	  
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IASI	  
2012	   2018	  2006	  

Metop-‐A	   Metop-‐B	   Metop-‐C	  



From	  IASI	  to	  IASI-‐NG	  
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IASI	  
2012	   2018	  2006	  

Metop-‐A	   Metop-‐B	   Metop-‐C	  

2021	   2028	   2035	  2015	  
Metop-‐SG-‐A2	   Metop-‐SG-‐A3	  

2009	  
Metop-‐SG-‐A1	  IASI-‐NG	  

• To	   assure	   the	   con(nuity	   of	   IASI	   for	   NWP,	   atmospheric	   chemistry	   and	   climate	  
applica(ons.	  

• Objec(ves	  of	  the	  mission:	  

• Characteris(cs:	  

• To	  improve	  the	  ver(cal	  coverage	  of	  the	  atmosphere	  (lower	  part	  of	  the	  troposphere,	  
the	  UT/LS	  region).	  

• To	  improve	  the	  precision	  of	  the	  retrievals	  and	  to	  allow	  the	  detec(on	  of	  new	  species.	  

-‐ spectral	  coverage:	  645	  -‐	  2760	  cm−1	  	  

-‐ spectral	  resolu(on:	  0.25	  cm−1	  aaer	  apodisa(on	  (0.50	  cm-‐1	  for	  IASI)	  

-‐spectral	  sampling:	  0.125	  cm−1	  (0.25	  cm-‐1	  for	  IASI).	  

-‐reduc(on	  of	  the	  radiometric	  noise	  by	  at	  least	  a	  factor	  of	  ~2	  as	  compared	  to	  IASI.	  

Crevoisier	  et	  al.,	  AMT,	  2014	  

(MetIMAGE,	  MWS,	  IASI-‐NG,	  RO,	  UVNS/Sen(nel	  5,	  3MI)	  
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Carbon	  monoxide	  Impact	  of	  improved	  spectral	  and	  radiometric	  caracteris(cs	  

H2O:	  it	  is	  mostly	  the	  
spectral	  resolu(on	  

that	  mafers	  

Surface	  emissivity	  

D
O
FS
	  

IASI	   IASI-‐NG	  

0.2	  

1.0	  

Ozone	  (0-‐6	  km)	  

Carbon	  
monoxide	  

Noise	   Improvement	  of	  
the	  CH4	  
precision	  

IASI	   39	  %	  

KBr	   20	  %	  

ZnSe	   20	  %	  

Methane	  

For	  most	  of	  the	  atmospheric	  species,	  there	  is	  no	  difference	  between	  KBr	  
and	  ZnSe	  scenarios.	  

Crevoisier	  et	  al.,	  AMT,	  2014	  

Obs	  
IASI	  
IASI-‐NG	  

IASI	  

IASI-‐NG	  



7	  

Carbon	  monoxide	  IASI-‐NG:	  summary	  

IASI	   IASI-‐NG	  

Chemistry	   DOFs	   Error	  (%)	   DOFs	   Error	  (%)	   What	  the	  ‘NG’	  brings	  

O3	   3-‐4	  
PBL	  :	  60%	  
Tropo	  :	  11%	  

4-‐5	  
PBL	  :	  40%	  
Tropo	  :	  8%	  

More	  informa(on	  in	  PBL	  

CO	   1-‐2	  
PBL	  :	  16%	  
Tropo	  :	  8%	  

2-‐3	  
PBL	  :	  10%	  
Tropo	  :	  6%	  

More	  informa(on	  in	  PBL	  

HNO3	   1	  or	  less	   2	   Both	  tropo	  and	  strato	  

NH3
a	   detected	   -‐	   measured	   -‐	   >	  instrumental	  noise	  

Methanola	   detected	   -‐	   measured	   -‐	   >	  instrumental	  noise	  

C2H4
a	   detected	   -‐	   measured	   -‐	   >	  instrumental	  noise	  

SO2-‐volcanos	   If	  >	  2DU	   -‐	   If	  >	  1	  DU	   -‐	   +	  Al(tude	  of	  the	  plume	  

Climate	   DOFs	   Error	  (%)	   DOFs	   Error	  (%)	   What	  the	  ‘NG’	  brings	  

H2O	   5-‐6	   ~13%	   6-‐7	   ~10%	   Error	  improved	  by	  1.5	  

T	   6	   ~0.6K	   12	   ~0.45	  K	   Error	  improved	  by	  2.5	  

CO2	   1	  or	  less	   ~1%	   1-‐2	   <1%	   Low	  troposphere	  

CH4	   1or	  less	   ~3%	   1-‐2	   Less	  interferences	  

N2O	   detected	   -‐	   measured	   -‐	  

Aerosols	   dust	   More	  types	  

Emissivity	   0,04	  @4µm	   0,02	  @4µm	  



Calibra(on/Valida(on	  of	  IASI-‐NG	  

8	  

• 	  The	  challenge:	  more	  than	  25	  atmospheric	  species	  retrieved	  or	  detected,	  in	  
addi(on	  to	  thermodynamics,	  clouds,	  aerosols,	  surface	  characteris(cs.	  	  

• 	  Aiming	  automa(sa(on	  of	  valida(on	  and	  monitoring	  tools.	  

• 	  But:	  
-‐	  Requirements	  for	  IASI-‐NG	  are	  (ghter	  
-‐	  Some	  new	  products	  required	  for	  IASI-‐NG	  
-‐	  dedicated	  campaigns	  when	  no	  coordinated	  network	  and	  rou(ne	  data	  flux	  exist)	  

• 	  Strong	  heritage	  from	  IASI	  and	  other	  IR	  sounders:	  several	  ac(vi(es	  can	  be	  directly	  
applied	  to	  IASI-‐NG.	  

• 	  For	  level1:	  exper(se	  of	  monitoring	  and	  intercomparison	  ac(vi(es	  performed	  at	  CNES/
EUMETSAT	  and	  some	  labs,	  especially	  in	  the	  framework	  of	  GSICS.	  

• 	  For	  level2:	  



Thermodynamics	  variable	  
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• 	  A	  lot	  has	  been	  done	  with	  IASI.	  
• 	  Challenges:	  

-‐ 	  Going	  towards	  opera(onal.	  
-‐ 	  how	  to	  validate	  improved	  precision	  wrt	  IASI?	  	  	  

Product	  
Ver(cal	  

Resolu(on	  
Accuracy	   Reference	  data	  source	  

Temperature	  profile	  
LT,	  MT:	  0.8	  km	  

UT,	  S:	  2	  km	  

LT,	  MT:	  0.8	  K	  

UT,	  S:	  1.2	  K	  

Sondes	  
RO	  dry-‐T	  strato	  
NWP	  analysis	  

Can	  we	  demonstrate	  0.8K?	  

Specific	  	  humidity	  
profile	  

LT:	  1.2	  km	  

MT,	  UT:	  1.5	  km	  

S:	  3	  km	  

LT:	  5	  %	  

MT,	  UT:	  7	  %	  

S:	  20	  %	  

Sondes	  
NWP	  analysis	  

Ground-‐based	  Lidar,	  MWR	  
Can	  we	  demonstrate	  5%	  ?	  

Other?	  LHD?	  

Water	  vapour	  total	  
column	  

N/A	   5	  %	  
Ground-‐based	  GPS	  

High	  resolu(on	  radiometer?	  
Other?	  



Surface	  characteris(cs	  
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Product	  
Ver(cal	  

Resolu(on	  
Accuracy	   Reference	  data	  source	  

Sea	  surface	  temperature	   N/A	   0.3	  K	  

Buoys	  
OSTIA	  

High	  resolu(on	  LEO/GEO	  
radiometers	  

Land	  surface	  temperature	   N/A	   1	  K	  
Ground-‐based	  radiometers	  
Space-‐based	  high	  resolu(on	  
radiometers,	  e.g.	  SEVIRI	  LSA	  

Ice	  surface	  temperature	   N/A	   1	  K	  
In	  situ	  measurements...	  

High-‐resolu(on	  radiometers?	  
Land	  and	  ice	  surface	  

emissivity	  
N/A	   1	  %	  

Direct	  measurments?	  
Aircraa	  (ARIES?)	  

Desert	  
Tropical	  
forest	  

IASI	  
MODIS	  

Emissivity	  spectrum	  retrieved	  	  retrieved	  from	  IASI	  



Surface	  characteris(cs	  
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	  IASI-‐MSM	  
	  ARIES	  

Flight	  track	  
50	  km	  

60°	   57°	  21°	  

23°	  

20°	  

0.7	   1	  0.8	   0.9	  
58°	  

22°	  

0.7	   1	  0.8	   0.9	  
55°	  

Comparison	  of	  IASI	  and	  ARIES	  emissivity	  from	  the	  MEVEX	  Oman	  campaign,	  May	  2009	  

Emissivity	  at	  9	  microns:	  	  

Capelle	  et	  al.,	  2014	  



Clouds	  
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• 	  Very	  few	  valida(ons	  have	  been	  done	  with	  IASI.	  
• 	  Sta(s(cal	  comparison	  of	  cloud	  climatologies	  (e.g	  GEWEX	  cloud	  assessment).	  
• 	  Common	  plan	  with	  3MI	  would	  be	  an	  asset.	  

Product	  
Ver(cal	  

Resolu(on	  
Accuracy	   Reference	  data	  source	  

Cloud	  detec(on	  and	  
frac(onal	  coverage	  

6	  km	   10	  %	  
GEO/LEO	  imagery	  

Ground-‐based	  WSI,	  other	  ?	  
Cloud	  top	  phase	   N/A	   10	  %	   ???	  

Cloud	  top	  height	  /pressure	   N/A	   0.2	  km	  
Ground-‐based	  cloud	  radar,	  Lidars	  

Space-‐based	  ac(ve	  sensors	  (CALIPSO,	  
EarthCare...)	  

Cloud	  drop	  effec(ve	  radius	  
at	  cloud	  top	  

N/A	   5	  µm	   ???	  

Cloud	  liquid	  water	  path	  
from	  MWS	  and	  IAS	  

N/A	   5	  %	  
Ground-‐based	  radar,	  MWR?	  

Space-‐borne	  data:	  EartCare,	  CloudSat?	  
Can	  we	  demonstrate	  5%	  ?	  



Aerosols	  
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Product	   Reference	  data	  source	  

Dust	  AOD	  at	  10	  µm	  
GEO/LEO	  imagery	  

Aeronet	  

Dust	  mean	  al(tude	  
Ground-‐based	  and	  	  airborne	  lidars,	  

space	  lidars	  

Effec(ve	  radius	   ?	  

IASI	  AOD	   MODIS	  AOD	  

Mean	  
al(tude	  
from	  IASI	  

Calipso	  

Valida(on	  of	  IASI	  
AOD	  with	  Aeronet	  

22-‐24	  Sept.	  2009	  Australian	  
“Red	  Dawn”	  dust	  storm	  	  

-‐0.26	  ±	  1.02km	  	  

Valida(on	  of	  IASI	  alt.	  
with	  Calipso	  

Capelle	  et	  al.,	  RSE,	  2017	  



Atmospheric	  composi(on	  
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The	  challenge:	  more	  than	  25	  atmospheric	  species	  retrieved	  or	  detected.	  

Product	  
Ver(cal	  

Resolu(on	  
Accuracy	   Reference	  data	  source	  

Carbon	  monoxide	  
profile	  

3	  km	  

3	  km	  LT:	  30	  %	  

MT:	  25	  %	  

HT,	  S:	  20	  %	  

In	  situ	  measurements	  (airborne,	  ground)	  

Space-‐borne	  missions?	  
Other?	  

Carbon	  monoxide	  
par(al	  column	  

3	  km	   10	  %	   NDACC	  ground	  sta(ons	  

Ozone	  profile	   3	  km	  
LT,MT,	  UT:	  20	  %	  

S:	  10	  %	  

O3	  sondes	  
Other	  space	  missions?	  

Model?	  
Ozone	  total	  column	   N/A	   5	  %	   Ground	  Brewer,	  Dobson	  
Sulphur	  dioxide	  total	  

column	  
N/A	   50	  %	   ?	  

Nitric	  acid	  par(al	  
column	  

T,	  S	   20	  %	   NDACC?	  

How	  to	  fully	  validate	  columns?	  
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An	  example:	  Valida(on	  of	  IASI	  CO	  

Aircraf	  

Kerzenmacher	  et	  al.,	  2012	  

NDACC	  

NDACC	  
IASI	  

Averaging	  kernel	  at	  Izana	  

Total	  columns	  

No-‐correc(on	  
Al(tude	  corrected	  

Full	  correc(on	  

Also	  done	  for	  NH3	  (Dammers	  et	  al.,	  
2016),	  and	  Ozone	  Total	  and	  Par(al	  
Column	  

xs = xa + A (x – xa)	


Pommier	  et	  al.,	  2010	  
Paris	  et	  al.,	  2009	  

•  In	  IPY/POLARCAT	  biomass	  burning	  plumes	  
transport	  has	  been	  observed	  from	  Siberia	  and	  
Kazakhstan	  across	  the	  North	  Pole	  to	  North	  
America.	  

• Biomass	  burning	  plumes	  have	  been	  used	  as	  a	  
contrasted	  signal	  to	  validate	  spaceborne	  IASI	  
measurements	  of	  pollutants	  (CO).	  
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Product	   Ver(cal	  Resolu(on	   Accuracy	   Data	  source	  

Methane	  mid-‐tropo.	  
column	  

N/A	   <1%	   AirCores,	  Aircraa,	  	  	  

Space	  Carbon	  mission?,	  Ground-‐
based	  FTIR	  (NDACC)	  

Models/Assimila(on	  (CAMS)	  

Carbon	  dioxide	  mid-‐tropo.	  
column	  	  

N/A	   <1%	  

Nitrous	  oxide	  mid-‐tropo.	  
column	  

N/A	   10	  %	  

CH4	  (ppb)	  

Pr
es
su
re
	  (h

Pa
)	  

CH4	  profiles	  

WF	  Merlin	  

AK	  	  IASI-‐NG	  

• 	  IASI/IASI-‐NG	  :	  mid-‐tropospheric	  column	  
	   	  between	  the	  4	  profiles:	  
differences	  ranging	  from	  13	  to	  26	  ppb…	  	  

• Mean	  value:	  ~1800	  ppb.	  
• Stratospheric	  decrease:	  -‐800	  ppb	  over	  100	  hPa	  
(~10	  km).	  
• Strong	  differences	  between	  atmospheric	  models.	  

• 	  Merlin	  total	  column	  
	   	  between	  the	  4profiles:	  
différence	  in	  XCH4	  between	  6	  and	  12	  ppb…	  

AirCore	  
LMDz-‐19niv	  
LMDz-‐39niv	  
TM5-‐60niv	  



Example	  of	  valida(on	  of	  IASI	  CH4	  mid-‐tropospheric	  column	  

IASI	  CH4	  	  
Weigh(ng	  Func(on	  	  

*	  
	  Valida(on	  of	  IASI	  CH4	  columns	  in	  the	  NH.	  

17	  

AirCore	  CH4	  	  
in-‐situ	  profiles	  

• 	  AirCore:	  atmospheric	  air	  sampler	  to	  measure	  0-‐30	  km	  profiles	  of	  CO2,	  CH4,	  CO,	  C13,	  H2O/
HDO,	  NH3,	  …	  
• 	  Originally	  designed	  at	  NOAA	  (Karion	  et	  al.,	  2010).	  Several	  EU	  teams	  now	  making	  
measurements:	  LMD/LSCE,	  U.	  Groningen,	  U.	  Frankfurt,	  FMI,	  	  etc.	  
	  Use	  of	  profiles	  measured	  at	  Timmins	  (Canada),	  Kiruna	  (Sweden),	  Trainou-‐Orléans	  and	  
Sodankylä	  to	  validate	  IASI	  CH4	  mid-‐tropo.	  columns:	  

Membrive	  et	  al.,	  AMT,	  2017	  



Valida(on	  through	  data	  assimila(on	  and	  evalua(on	  with	  TCCON	  
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Southern hemis.! Tropics! Northern hemis.!

Pr
es

su
re

 (h
Pa

)!

Model – observation CO2 (ppm)!

Free!
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Month!
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m
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(a) TCCON stations! (b) HIPPO vertical profiles!

• 	  IASI	  CH4	  from	  LMD	  and	  TANSO-‐FTS	  CH4	  from	  SRON	  are	  assimilated	  within	  C-‐IFS	  at	  ECMWF	  
(CAMS).	  
• 	  Evalua(on	  is	  performed	  against	  TCCON	  sta(ons	  (XCH4)	  and	  HIPPO	  aircraa	  profiles.	  

Courtesy	  of	  S.	  Massart	  



Valida(on	  strategy	  for	  IASI-‐NG…	  and	  any	  other	  mission	  

1.  Compliance	  matrix	  
What	  data	  (and	  their	  merits)	  for	  what	  product?	  

2.	  Short-‐term	  valida(on	  
• 	  Aircraa	  campaigns	  (SAFIRE,	  DLR,	  FAAM	  facili(es)	  
• 	  Balloon	  campaigns	  (CNES	  balloon	  program)	  
• 	  Combined	  ground-‐aircraa-‐balloon-‐surface	  campaigns	  at	  super	  sites	  	  

3.	  Long-‐term	  valida(on	  
• 	  Satellite	  inter-‐comparisons	  	  
• 	  ground	  networks	  	  need	  for	  con(nuous	  support!!	  
• 	  Model	  comparison/data	  assimila(on	  (indirect)	  	  

4.	  Pre-‐launch	  valida(on	  requirements	  
• 	  Selec(on	  of	  ground-‐based	  supersites	  	  
• 	  Instrument	  upgrade/valida(on	  ?	  	  
• 	  Valida(on	  test	  campaign	  

19	  



Valida(on	  strategy	  
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• 	  Coordina(on	  of	  valida(on	  ac(vi(es	  between	  missions	  would	  be	  a	  real	  asset:	  	  
-‐ 	  within	  Metop-‐SG	  (IASI-‐NG,	  3MI,	  Sen(nel5/UVNS,	  etc).	  
-‐ 	  between	  different	  pla�orms.	  
	  Best	  use	  of	  funding,	  man-‐power,	  aircraa	  availability,	  scien(fic	  objec(ves.	  

	  Mul(-‐instrument	  campaigns	  at	  Trainou-‐Orléans	  (LMD-‐LSCE-‐LERMA):	  
-‐ 	  2	  week-‐campaign	  in	  April	  2017:	  ICOS/TCCON	  +	  EM27/SUN	  (KIT/LERMA)	  
+0-‐3	  km	  	  aircraa	  +	  AirCore-‐light	  +	  OCO-‐2	  (target	  mode)	  +	  IAGOS	  (10	  km).	  
-‐ 	  plan:	  a	  campaign	  every	  3	  months.	  	  

	  CoMet	  campaign	  (coordinated	  by	  DLR):	  
-‐ 	  May	  2018.	  
-‐ 	  flights	  between	  TCCON	  EU	  sta(ons.	  	  

• 	  Specifically	  for	  GHG:	  
-‐ 	  joint	  valida(on	  strategies	  between	  Merlin,	  MicroCarb	  and	  IASI-‐NG	  (all	  launched	  
around	  2021).	  	  
-‐ 	  preparatory	  ac(vi(es	  are	  on-‐going:	  
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Example	  of	  valida(on	  of	  IASI	  CH4	  mid-‐tropospheric	  column	  

IASI	  CH4	  	  
Weigh(ng	  Func(on	  	  

*	  

LMDz	  -‐	  AirCore	  =	  12	  ppbv	  
TM5	  -‐	  AirCore	  =13	  ppbv	  
C-‐IFS	  -‐	  AirCore	  =	  19ppbv	  

	  Systema(c	  overes(ma(on	  of	  CH4	  in	  the	  
stratosphere	  by	  the	  models	  

	  Valida(on	  of	  IASI	  CH4	  columns	  in	  the	  NH.	  
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3	  CNES	  missions	  

MicroCarb	   Merlin	   IASI/IASI-‐NG	  

Date	  of	  launch	   2021	   2021	  
2007-‐2012-‐2018	  
2021-‐2028-‐2035	  

Local	  (me	   10:30	   6:00-‐18:00	   9:30-‐21:30	  

Level	  2	   Total	  column	  of	  XCO2	   Total	  column	  of	  XCO4	  
mid-‐tropo.	  column	  of	  

CO2	  and	  CH4	  

Syst.	  error	   <	  0.1	  ppm	   <	  3	  ppb	   <	  1	  ppm	  |	  <	  5	  ppb	  	  	  

Random	  error	   <	  1	  ppm	   <	  27	  ppb	   <	  3ppm	  |	  <	  12	  ppb	  	  	  

Geometry	  
Swath:	  13km	  	  
3	  FOV	  40km2	  

50km	  
Swath:	  2000	  km	  

FOV:	  12	  km@nadir	  

Coordina(on	  of	  valida(on	  ac(vi(es	  between	  these	  3	  missions	  would	  be	  highly	  valuable!!	  
23	  
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Valida(ng	  CO2	  columns?	  

In-‐situ	  profile	  
(August,	  Canada)	  
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• 	  Mean	  value:	  ~395	  ppb.	  
• 	  Strong	  varia(on	  near	  the	  surface	  (<	  4	  km).	  

WF	  MicroCarb	  

WF	  IASI	  
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From	  IASI	  to	  IASI-‐NG	  
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IASI	  
2012	   2018	  2006	  

Metop-‐A	   Metop-‐B	   Metop-‐C	  

Mid-‐tropospheric	  columns	  of	  CO2	  
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IASI	  vs.	  IASI-‐NG	  

IASI	  and	  IASI-‐NG	  spectrum	  	  
Averaged	  over	  the	  whole	  tropical	  TIGR	  situa(ons	  

Computa(on	  with	  the	  4A/OP	  RT	  code,	  using	  the	  GEISA-‐11	  spectroscopic	  database	  

0.5	  cm-‐1	  

0.25	  cm-‐1	  



Valida(on	  plan	  

Goal:	  
-‐ 	  To	  assess	  the	  usefulness	  of	  GHG	  columns	  products	  for	  their	  intended	  scien(fic	  applica(ons	  	  
-‐ 	  To	  assess	  the	  products	  quality	  by	  comparing	  them	  to	  data	  which	  are	  regarded	  as	  a	  reference.	  

Central	  ques(ons:	  
-‐	  How	  representa(ve	  are	  the	  satellite	  retrieved	  products	  for	  the	  actual	  atmospheric	  state?	  
-‐	  What	  are	  the	  systema(c	  and	  random	  errors?	  	  
-‐	  How	  well	  are	  the	  temporal	  varia(ons	  of	  XCO2/XCH4	  captured	  (daily	  to	  annual)?	  	  
-‐	  How	  well	  are	  spa(al	  structures	  captured,	  from	  local	  emission	  sources	  to	  global	  features?	  	  

How:	  
-‐ 	  Defini(on	  of	  quan(ty	  to	  be	  validated.	  
-‐ 	  Iden(fica(on	  of	  already	  exis(ng	  and	  planned	  instruments,	  networks,	  programs,	  and	  satellite	  
missions	  which	  are	  poten(ally	  suited	  to	  be	  included	  in	  the	  valida(on	  organiza(on.	  
-‐ 	  Iden(fica(on	  of	  poten(al	  gaps	  (upda(ng	  of	  exis(ng	  sensors	  ?	  to	  start	  the	  development	  of	  
missing	  valida(on	  instruments	  or	  concepts?)	  
	   	  organiza(on	  of	  the	  scien(fic	  community	  (both	  at	  na(onal	  and	  interna(onal	  levels).	  

Scope:	  	  
Short-‐term,	  long-‐term	  or	  campaign-‐based	  valida(on	  ac(vi(es.	  	  
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Valida(on	  plan:	  example	  of	  Merlin	  

-‐	  ICOS,	  NOAA/ESRL,	  etc	  	  through	  GAW.	  

-‐	  TCCON,	  COCCON	  	  total	  columns	  

Lidars	  

Balloons	  (AirCore,	  Amulse,	  pico-‐
SDLA,	  SPECIES)	  

AirCraa:	  
-‐  in-‐situ	  (CRDS,	  Amulse,	  SPECIES)	  
-‐  Passif	  (Bremen	  MAMAP,	  	  
UK	  GHOST,	  ESA	  ACADIA,	  SRON	  SPEX)	  
-‐  Ac(f	  (CHARM-‐F)	  
-‐  Drones?	  

Satellites	  

Models,	  Assimila(on	  
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Balloon-‐borne	  measurements	  

• 	  CNES	  balloon	  facili(es:	  
• Annual	  BSO	  campaigns:	  	  

-‐ 	  Open	  Statospheric	  Balloons	  for	  heavy	  payloads	  (>100kg)	  
-‐ 	  3	  sites:	  Timmins	  (Canada),	  Kiruna	  (Sweeden)	  and	  a	  future	  
tropical	  site.	  

• Meteorological	  balloons	  (<3	  kg)	  from	  Aire-‐sur-‐Adour	  (ASA).	  

• BPS	  ballons	  (e.g.	  Stratéole-‐2,	  ConcordIASI):	  See	  P.	  Cocquerez	  
presenta(on.	  

Timmins	  
(2014,	  
2015)	  

Kiruna	  
(2016)	  

Sodankyla	  (U.	  
Groningen)	  

Aire	  sur	  
l’Adour	  

Alice	  
Springs	  
(2018)	  

Trainou	  
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Balloon-‐borne	  measurements	  

• 	  Excellent	  agreement	  
between	  the	  AirCores,	  
especially	  for	  CH4	  
(within	  2	  ppb	  when	  
resolu(on	  taken	  into	  
account)	  

AirCore	  profiles	  and	  associated	  uncertain(es	  

• 	  For	  CO2:	  <0.2ppm	  

• 	  For	  CH4:	  <3ppb	  

• 	  Important	  ver(cal	  
gradients	  translate	  into	  
large	  uncertain(es.	  

Uncertain(es	  
CO2	   CH4	  

CO2	   CH4	  
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Way	  forward	  

• 	  Crea(on	  of	  a	  new	  «	  super-‐site	  »	  in	  the	  South-‐West	  of	  France:	  

-‐	  ASA	  is	  the	  main	  candidate	  due	  to	  available	  CNES	  infrastructure	  +	  man	  power.	  

-‐ 	  Could	  combine:	  con(nuous	  measurements	  of	  CO2/CH4/CO	  for	  ICOS	  +	  FTS	  (either	  
TCCON	  or	  COCCON	  type	  instruments)	  +	  regular	  balloon	  launches	  (AirCore,	  maybe	  
Amsule)	  +	  regular	  SAFIRE	  flights.	  

-‐ 	  Could	  be	  used	  to	  host	  specific	  campaigns.	  

-‐ 	  Interest	  of	  a	  sta(on	  in	  French	  Guyana	  to	  be	  assessed.	  

• 	  Need	  for	  coordinated	  measurement	  campaigns:	  

-‐	  Involvement	  of	  different	  vectors/space	  mission/scien(fic	  objec(ves.	  

-‐ 3	  main	  regions	  of	  interest:	  	  

-‐ 	  mid-‐la(tudes	  (linking	  TCCON/ICOS	  sta(ons)	  

-‐ 	  tropics	  (benefi(ng	  from	  new	  balloon	  site?)	  	  

-‐ 	  high-‐la(tudes	  (from	  Kiruna:	  BSO	  +	  meteorological	  balloons	  +	  TCCON/NDACC	  +	  
COCCON	  +	  YAK)	  	  a	  great	  project!	  

• 	  Par(cipa(ng	  to	  the	  funding	  of	  TCCON/NDACC	  networks	  would	  be	  greatly	  appreciated.	  
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The	  CoMet	  campaign	  

Carbon	  Dioxide	  and	  Methane	  Missions	  for	  HALO	  
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The	  CoMet	  campaign	  

Carbon	  Dioxide	  and	  Methane	  Missions	  for	  HALO	  
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The	  CoMet	  campaign	  

Carbon	  Dioxide	  and	  Methane	  Missions	  for	  HALO	  
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La	  campagne	  CoMet	  

Carbon	  Dioxide	  and	  Methane	  Missions	  for	  HALO	  
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En	  résumé…	  
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