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•  Evalua&on	
  of	
  the	
  ISMAR	
  observa&ons	
  with	
  radia&ve	
  
transfer	
  simula&ons	
  (clear	
  sky)	
  

•  Instrument	
  noise	
  evalua&on	
  

•  Surface	
  emissivity	
  calcula&on	
  	
  



Evalua)on	
  of	
  the	
  ISMAR	
  observa)ons	
  with	
  radia)ve	
  transfer	
  
simula)ons	
  (clear	
  sky)	
  
	
  

•  All	
  flights	
  analyzed	
  

•  Concentrate	
  on	
  3	
  flights,	
  
with	
  clear	
  sky	
  and	
  low	
  flying	
  
al8tudes	
  



•  Atmospheric	
  Radia8ve	
  Transfer	
  Simulator	
  (ARTS)	
  (Eriksson	
  et	
  al.,	
  2011)	
  

•  Atmospheric	
  profiles	
  (i.e.,	
  pressure,	
  temperature,	
  water	
  vapor	
  profile):	
  ERA-­‐Interim	
  ECMWF	
  
(0.125°	
  on	
  37	
  pressure	
  layers)	
  

•  The	
  gas	
  Rosenkranz	
  absorp8on	
  models	
  are	
  used	
  for	
  water	
  vapor,	
  oxygen,	
  and	
  nitrogen.	
  
	
  
•  Note	
  that	
  the	
  ozone	
  absorp8on,	
  the	
  liquid	
  water	
  absorp8on,	
  and	
  the	
  par8cle	
  scaTering	
  are	
  

not	
  considered	
  in	
  our	
  simula8ons.	
  	
  

•  The	
  pitch,	
  roll,	
  and	
  orienta8on	
  angles	
  of	
  the	
  aircraU	
  are	
  taken	
  into	
  considera8on.	
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Figure:	
  The	
  simula&ons	
  and	
  observa&ons	
  of	
  MARSS	
  and	
  ISMAR	
  channels	
  as	
  a	
  func&on	
  of	
  &me	
  for	
  flight	
  
B893	
  at	
  zenith	
  (solid	
  lines	
  represent	
  observa&ons,	
  and	
  dashed	
  lines	
  represent	
  simula&ons.)	
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  Top:	
  Time	
  series	
  of	
  brightness	
  temperature	
  
differences	
  (simula&ons	
  -­‐	
  observa&on)	
  during	
  the	
  
flight	
  B893	
  at	
  all	
  the	
  MARSS	
  and	
  ISMAR	
  channels.	
  
BoNom:	
  The	
  flight	
  al&tude.	
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Possible	
  reason:	
  the	
  accuracy	
  of	
  the	
  ERA-­‐Interim	
  atmospheric	
  profiles	
  (with	
  
coarse	
  spa)al	
  and	
  temporal	
  resolu)ons)	
  

	
  Figure:	
  Brightness	
  temperature	
  differences	
  (simula&ons	
  -­‐	
  observa&ons)	
  against	
  the	
  aircraO	
  
al&tudes	
  during	
  the	
  flight	
  B893	
  at	
  all	
  the	
  MARSS	
  and	
  ISMAR	
  channels.	
  

Figure:	
  The	
  water	
  vapor	
  volume	
  mixing	
  ra&o	
  
profiles	
  from	
  the	
  four	
  radiosondes	
  released	
  
at	
  17:54,	
  17:57,	
  18:06,	
  and	
  18:09,	
  
respec&vely,	
  and	
  the	
  ERA-­‐Interim	
  at	
  18:00	
  
during	
  the	
  flight	
  B893.	
  

ERA-­‐Interim	
  profiles	
  reproduce	
  
more	
  water	
  vapor	
  (between	
  
2000	
  and	
  6000	
  m)	
  in	
  comparison	
  
with	
  the	
  radiosonde	
  profiles	
  
(2.6	
  )mes	
  in	
  average).	
  	
  



Instrument	
  noise	
  evalua)on	
  

The	
  brightness	
  temperature	
  moving	
  window	
  std	
  (K)	
  are	
  calculated	
  for	
  each	
  30	
  seconds.	
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Due	
  to	
  different	
  sensi8vi8es	
  to	
  the	
  water	
  vapor	
  and	
  the	
  surface,	
  the	
  channel	
  noises	
  are	
  es8mated	
  using	
  the	
  
up	
  looking	
  observa8ons	
  for	
  window	
  channels	
  89,	
  157,	
  243V,	
  243H	
  GHz,	
  and	
  the	
  down	
  looking	
  observa8ons	
  
for	
  the	
  sounding	
  channels	
  118,	
  183,	
  325,	
  448,	
  664	
  GHz.	
  	
  	
  	
  



Table:	
  Summary	
  of	
  observed	
  brightness	
  temperature	
  std	
  (K)	
  at	
  MARSS	
  and	
  ISMAR	
  channels	
  for	
  flight	
  
B893.	
  Note	
  that	
  the	
  std	
  presented	
  here	
  are	
  the	
  median	
  value	
  of	
  the	
  std	
  for	
  the	
  high	
  level	
  (10	
  km)	
  running	
  
periods.	
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Frequency	
  (GHz)	
   std	
  (B893	
  up	
  looking)	
  	
   std	
  (B893	
  downlooking)	
   Channel	
  noise	
  (K)	
  

89	
   0.41	
   0.82	
   0.23	
  

118.7503+/-­‐1.1	
   0.31	
   0.23	
   0.5	
  

118.7503+/-­‐1.5	
   0.27	
   0.21	
   0.5	
  

118.7503+/-­‐2.1	
   0.21	
   0.16	
   0.5	
  

118.7503+/-­‐3.0	
   0.54	
   0.58	
   0.5	
  

118.7503+/-­‐5.0	
   0.17	
   0.24	
   0.5	
  

157	
   0.66	
   0.97	
   0.72	
  

183.248+/-­‐0.75	
   0.66	
   0.84	
   0.62	
  

183.248+/-­‐2.5	
   0.51	
   0.55	
   0.42	
  

183.248+/-­‐6	
   0.41	
   0.44	
   0.33	
  

243.2	
  V	
   0.37	
   0.58	
   0.5	
  

243.2	
  H	
   0.23	
   0.27	
   0.5	
  

325.15+/-­‐1.5	
   1.35	
   0.97	
   1.0	
  

325.15+/-­‐3.5	
   0.60	
   0.52	
   1.0	
  

325.15+/-­‐9.5	
   0.94	
   0.85	
   1.0	
  

448+/-­‐1.4	
   1.06	
   0.82	
   1.2	
  

448+/-­‐3.0	
   1.26	
   1.14	
   1.2	
  

448+/-­‐7.2	
   2.30	
   1.89	
   1.9	
  

664	
  V	
   3.24	
   2.62	
   1.5	
  

664	
  H	
   1.09	
   0.84	
   1.5	
  

•  The	
  calculated	
  std	
  is	
  in	
  the	
  range	
  
of	
  the	
  given	
  channel	
  noise.	
  

•  Similar	
  results	
  are	
  obtained	
  
from	
  other	
  flights	
  	
  

We	
  consider	
  the	
  median	
  
values	
  of	
  the	
  std	
  for	
  the	
  
high	
  level	
  (10	
  km)	
  running	
  
periods	
  as	
  representa8on	
  
of	
  the	
  ‘noise’	
  for	
  each	
  
channel.	
  	
  



Background	
  on	
  the	
  es)ma)on	
  of	
  microwave	
  surface	
  emissivi)es	
  	
  	
  

Based	
  on	
  models	
  over	
  ocean:	
  
Over	
  the	
  past	
  decades,	
  many	
  surface	
  emissivity	
  models	
  have	
  been	
  developed,	
  including:	
  
•  Full	
  emissivity	
  models	
  (Stogryn,	
  1967,	
  Wilheit,	
  1979,	
  Wentz,	
  1983,	
  Prigent	
  and	
  Abba,	
  1990,	
  

Guissard	
  et	
  al.,	
  1992)	
  :	
  accurate	
  but	
  expensive	
  in	
  computa8on	
  for	
  the	
  opera8onal	
  requirement.	
  
•  Fast	
  models	
  :	
  FASTEM	
  (Fast	
  Microwave	
  Ocean	
  Emissivity	
  Model),	
  a	
  semi-­‐empirical	
  emissivity	
  

model.	
  It	
  improves	
  calcula8on	
  speed	
  but	
  is	
  developed	
  only	
  for	
  frequencies	
  from	
  6	
  to	
  200	
  GHz.	
  	
  	
  
	
  

Based	
  on	
  the	
  observaHons	
  over	
  land:	
  
•  Land	
  and	
  ice	
  surface	
  emissivity	
  at	
  low	
  frequencies	
  have	
  been	
  well	
  analyzed	
  based	
  on	
  the	
  

observa8ons	
  from	
  satellites	
  and	
  airborne	
  and	
  aircraU	
  (e.g.,	
  Prigent	
  et	
  al.,	
  1997,	
  2006,	
  2015;	
  
Karbou	
  et	
  al.	
  2005;	
  Harlow	
  et	
  al.	
  2011).	
  

•  However,	
  few	
  emissivity	
  studies	
  are	
  performed	
  at	
  frequencies	
  higher	
  than	
  157	
  GHz.	
  

Surface	
  emissivity	
  calcula)on	
  from	
  ISMAR	
  measurements	
  	
  



Radia)ve	
  transfer	
  equa)on	
  (clear	
  sky,	
  specular	
  reflec8on):	
  
	
  
	
  
	
  
	
  
Tbp	
  is	
  the	
  brightness	
  temperature	
  in	
  polariza8on	
  p;	
  
Tsurf	
  is	
  the	
  surface	
  skin	
  temperature;	
  
εp	
  is	
  the	
  surface	
  emissivity	
  in	
  polariza8on	
  p;	
  
τ	
  is	
  the	
  atmospheric	
  opacity;	
  
μ	
  is	
  the	
  cos(θ),	
  where	
  θ	
  is	
  the	
  incidence	
  angle;	
  
H	
  is	
  the	
  orbiter	
  height;	
  
T(z)	
  is	
  the	
  atmospheric	
  temperature	
  at	
  al8tude	
  z;	
  
α(z)	
  is	
  the	
  atmospheric	
  absorp8on	
  coefficient	
  at	
  al8tude	
  z;	
  
 
	
  

	
  
	
  
	
  
	
  

Principles	
  for	
  emissivity	
  calcula)on	
  from	
  ISMAR	
  

Tbp observed upwelling brightness temperature below the aircraft for the 
given angle for polarization p; Tu measured upwelling atmospheric 
contribution below the aircraft (ignored for very low flying conditions); Td 
measured downwelling atmospheric contribution by the radiometer above 
the aircraft in the opposite direction; Tsurf sea surface temperature from 
ERA-interim. 

The	
  surface	
  emissivity:	
  	
  



Flight off the east coast of Scotland 
A number of low-level runs at 100, 500, 1000ft for 
surface studies. 

Flight	
  B893	
  

•  Clear sky condition 
•  Wind speed is around 3 m/s 
•  Surface temperature is about 280 K 
•  Integrated water vapor content is less than 7 kg/m2 

Atmospheric	
  variables	
  	
  	
  

Figure:	
  The	
  surface	
  skin	
  temperature,	
  integrated	
  water	
  vapor	
  content,	
  10-­‐m	
  
wind	
  speed,	
  and	
  the	
  frac&on	
  of	
  total	
  cloud	
  against	
  the	
  observa&on	
  &mes	
  
during	
  	
  flight	
  B893	
  (from	
  ERA-­‐Interim	
  database).	
  

	
  Figure:	
  The	
  flight	
  track	
  of	
  B893	
  with	
  the	
  flight	
  al&tude	
  in	
  color.	
  The	
  
red	
  star	
  is	
  the	
  place	
  for	
  taking	
  off	
  and	
  the	
  four	
  squares	
  in	
  blue,	
  light	
  
blue,	
  read,	
  and	
  purple	
  show	
  the	
  observed	
  point	
  of	
  the	
  first,	
  second,	
  
third,	
  and	
  fourth	
  radiosonde,	
  respec&vely.	
  

Figure:	
  The	
  aircraO	
  al&tude.	
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Figure:	
  The	
  angular	
  dependence	
  of	
  the	
  mean	
  retrieved	
  emissivi&es	
  by	
  using	
  MARSS	
  and	
  ISMAR	
  observa&ons	
  of	
  flight	
  B893	
  and	
  simulated	
  
emissivi&es	
  by	
  FASTEM	
  and	
  the	
  emissivity	
  model	
  of	
  LERMA	
  at	
  89,	
  118.7503+/-­‐5,	
  157,	
  183.248+/-­‐6,	
  243.2,	
  and	
  325.15+/-­‐9.5	
  GHz.	
  The	
  
standard	
  devia&ons	
  are	
  indicated	
  for	
  each	
  mean	
  retrieved	
  emissivity	
  (error	
  bars).	
  

Angular	
  dependence	
  of	
  the	
  emissivi)es	
  	
  

•  The	
  retrieved	
  surface	
  emissivi8es	
  correspond	
  well	
  to	
  the	
  simulated	
  ones	
  with	
  FASTEM	
  and	
  the	
  emissivity	
  
model	
  of	
  LERMA,	
  up	
  to	
  243	
  GHz	
  

•  The	
  retrieved	
  emissivi8es	
  are	
  noisier	
  at	
  larger	
  incidence	
  angles,	
  especially	
  in	
  the	
  water	
  vapor	
  sounding	
  
channels.	
  

FASTEM	
  (Fast	
  Microwave	
  Ocean	
  
Emissivity	
  Model,	
  English	
  and	
  
Hewison,	
  1998),	
  a	
  semi-­‐empirical	
  
emissivity	
  model	
  used	
  broadly	
  
for	
  surface-­‐sensi8ve	
  frequencies	
  
between	
  6	
  and	
  200	
  GHz.	
  
	
  
The	
  sea	
  surface	
  emissivity	
  model	
  
of	
  LERMA	
  (Prigent	
  and	
  Abba,	
  
1990),	
  marine	
  radiometric	
  
response	
  at	
  microwave,	
  based	
  on	
  
geometric-­‐op8cs	
  approach.	
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Figure:	
  The	
  frequency	
  dependence	
  of	
  the	
  mean	
  retrieved	
  emissivi&es	
  by	
  using	
  MARSS	
  and	
  ISMAR	
  observa&ons	
  of	
  
flight	
  B893	
  and	
  simulated	
  emissivi&es	
  by	
  FASTEM	
  and	
  the	
  emissivity	
  model	
  of	
  LERMA	
  at	
  10°,	
  20°,	
  30°,	
  40°,	
  50°	
  
scan	
  angles.	
  The	
  squares	
  stand	
  for	
  the	
  FASTEM	
  results,	
  the	
  triangles	
  stand	
  for	
  the	
  LERMA	
  model	
  results,	
  and	
  the	
  
transverse	
  lines	
  indicates	
  the	
  error	
  bars.	
  

Frequency	
  dependence	
  of	
  the	
  emissivi)es	
  	
  

•  At	
  89,	
  157,	
  and	
  243	
  GHz	
  
window	
  channels,	
  the	
  
agreement	
  between	
  the	
  
retrieved	
  and	
  simulated	
  
emissivi8es	
  is	
  much	
  
higher	
  than	
  at	
  sounding	
  
channels.	
  	
  

•  The	
  emissivi8es	
  retrieved	
  
at	
  325.15+/-­‐9.5	
  GHz	
  are	
  
ques8onable	
  (too	
  much	
  
atmospheric	
  opacity).	
  



Tests	
  of	
  the	
  models	
  on	
  other	
  channels	
  (325,	
  448,	
  and	
  664	
  GHz)	
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Figure:	
  ScaTer	
  plot	
  of	
  simulated	
  and	
  observed	
  brightness	
  temperatures	
  from	
  some	
  ISMAR	
  channels,	
  like	
  325.15	
  +/-­‐	
  (1.5,	
  3.5,	
  9.5),	
  448	
  +/-­‐	
  (1.4,	
  
3,	
  7.2),	
  and	
  664	
  GHz	
  in	
  both	
  ver8cal	
  and	
  horizontal	
  polariza8ons	
  at	
  scan	
  angle	
  around	
  50°.	
  In	
  the	
  simula8ons,	
  the	
  surface	
  emissivi8es	
  are	
  both	
  
provided	
  by	
  the	
  FASTEM	
  and	
  LERMA	
  model	
  under	
  the	
  same	
  atmospheric	
  condi8on.	
  The	
  biases	
  and	
  std	
  of	
  measured	
  and	
  simulated	
  data	
  are	
  
given	
  in	
  the	
  upper	
  leU	
  and	
  the	
  lower	
  right	
  corners.	
  The	
  black	
  solid	
  line	
  represents	
  the	
  1:1	
  line.	
  

•  The	
  atmosphere	
  is	
  quite	
  opaque	
  at	
  these	
  higher	
  frequencies	
  (very	
  limited	
  impact	
  of	
  the	
  surface).	
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  Figure:	
  The	
  flight	
  track	
  of	
  B875	
  with	
  the	
  flight	
  al&tude	
  in	
  color.	
  The	
  
red	
  star	
  indicates	
  the	
  departure	
  airport.	
  

Figure:	
  The	
  aircraO	
  al&tude.	
  	
  

Figure:	
  The	
  surface	
  skin	
  temperature,	
  integrated	
  water	
  vapor	
  content,	
  10-­‐m	
  
wind	
  speed,	
  and	
  the	
  frac&on	
  of	
  total	
  cloud	
  against	
  the	
  observa&on	
  &mes	
  
during	
  	
  flight	
  B875.	
  

•  Clear sky condition 
•  Wind speed is around 5 m/s 
•  Surface temperature is about 283 K 
•  Integrated water vapor content is less than 9 kg/m2 
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Figure:	
  The	
  angular	
  dependence	
  of	
  the	
  
mean	
  retrieved	
  emissivi&es	
  by	
  using	
  
MARSS	
  and	
  ISMAR	
  observa&ons	
  of	
  
flight	
  B875	
  and	
  simulated	
  emissivi&es	
  
by	
  FASTEM	
  and	
  the	
  emissivity	
  model	
  of	
  
LERMA	
  at	
  89,	
  118.7503+/-­‐5,	
  157,	
  
183.248+/-­‐6,	
  243.2,	
  and	
  325.15+/-­‐9.5	
  
GHz.	
  The	
  standard	
  devia&ons	
  are	
  
indicated	
  for	
  each	
  mean	
  retrieved	
  
emissivity	
  (error	
  bars).	
  

Figure:	
  The	
  frequency	
  dependence	
  of	
  the	
  mean	
  retrieved	
  
emissivi&es	
  by	
  using	
  MARSS	
  and	
  ISMAR	
  observa&ons	
  of	
  flight	
  
B875	
  and	
  simulated	
  emissivi&es	
  by	
  FASTEM	
  and	
  the	
  emissivity	
  
model	
  of	
  LERMA	
  at	
  10°,	
  20°,	
  30°,	
  40°,	
  50°	
  scan	
  angles.	
  The	
  
squares	
  stand	
  for	
  the	
  FASTEM	
  results,	
  the	
  triangles	
  stand	
  for	
  
the	
  LERMA	
  model	
  results,	
  and	
  the	
  transverse	
  lines	
  indicate	
  the	
  
error	
  bars.	
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Atmospheric	
  transmission	
  can	
  be	
  large	
  at	
  high	
  frequencies,	
  under	
  very	
  dry	
  atmospheres.	
  Over	
  
snow,	
  ice,	
  and	
  sea-­‐ice	
  transmission	
  higher	
  than	
  30%	
  in	
  50%	
  of	
  the	
  cases	
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  Figure:	
  The	
  flight	
  track	
  of	
  B896	
  with	
  the	
  flight	
  al&tude	
  in	
  color.	
  The	
  

red	
  star	
  is	
  the	
  place	
  for	
  taking	
  

Figure:	
  The	
  aircraO	
  al&tude.	
  	
  

•  Main observations over Greenland.  
•  Low-altitude run from summit down to coast for 

surface studies. 
•  Surface temperature is about 267 K 
•  Wind speed is around 4 m/s 
•  Water vapor content is less than 1 kg/m2. 

Atmospheric	
  variables	
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Figure:	
  The	
  angular	
  dependence	
  of	
  the	
  mean	
  retrieved	
  emissivi&es	
  by	
  using	
  MARSS	
  and	
  ISMAR	
  observa&ons	
  of	
  flight	
  B896	
  
and	
  simulated	
  emissivi&es	
  by	
  FASTEM	
  and	
  the	
  emissivity	
  model	
  of	
  LERMA	
  at	
  89,	
  118.7503+/-­‐5,	
  157,	
  183.248+/-­‐6,	
  243.2,	
  
and	
  325.15+/-­‐9.5	
  GHz.	
  The	
  standard	
  devia&ons	
  are	
  indicated	
  for	
  each	
  mean	
  retrieved	
  emissivity	
  (error	
  bars).	
  

Angular	
  dependence	
  of	
  the	
  sea-­‐ice	
  emissivi)es	
  	
  

Here	
  the	
  sea	
  surface	
  model	
  results	
  are	
  just	
  an	
  indicator	
  (not	
  for	
  direct	
  comparison!)	
  
The	
  retrieved	
  emissivi)es	
  decrease	
  with	
  scan	
  angle	
  in	
  both	
  polarisa)ons.	
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e (etrieved)
e (FASTEM)
e (our model)

The	
  retrieved	
  sea-­‐ice	
  emissivi8es	
  are	
  consistent	
  with	
  
satellite-­‐derived	
  ones	
  

Frequency	
  dependence	
  of	
  the	
  sea-­‐ice	
  emissivi)es	
  	
  



Conclusion	
  

•  Under	
  clear	
  sky	
  condi8ons,	
  the	
  upward	
  looking	
  observa8ons	
  agree	
  well	
  with	
  the	
  ARTS	
  
simula8ons.	
  	
  

•  ISMAR	
  and	
  MARSS	
  signals	
  are	
  stable	
  and	
  provide	
  high	
  quality	
  measurements	
  during	
  the	
  two	
  
campaigns.	
  

•  In	
  the	
  window	
  channels	
  at	
  89,	
  157,	
  and	
  243.2	
  GHz,	
  the	
  ice-­‐free	
  ocean	
  surface	
  emissivity	
  has	
  
been	
  es8mated,	
  during	
  low	
  level	
  transects.	
  The	
  agreement	
  between	
  the	
  retrieved	
  and	
  
simulated	
  emissivi8es	
  is	
  reasonable.	
  

•  At	
  higher	
  frequencies	
  (325.15,	
  448,	
  and	
  664	
  GHz),	
  larger	
  atmospheric	
  opacity	
  limits	
  the	
  
surface	
  contribu8on	
  to	
  the	
  received	
  brightness	
  temperature,	
  and	
  the	
  surface	
  emissivity	
  
could	
  not	
  be	
  es8mated,	
  even	
  when	
  flying	
  at	
  low	
  levels.	
  

•  The	
  frequency	
  dependence	
  of	
  the	
  retrieved	
  sea-­‐ice	
  emissivi8es	
  is	
  consistent	
  with	
  satellite-­‐
derived	
  ones,	
  up	
  to	
  200	
  GHz.	
  



LERMA	
  ac)vi)es	
  to	
  prepare	
  ICI	
  (but	
  not	
  strickly	
  related	
  to	
  ISMAR)	
  
	
  
	
  
	
  
	
  
•  Prepara8on	
  of	
  realis8c	
  radia8ve	
  transfer	
  simula8ons	
  up	
  to	
  700	
  GHz	
  to	
  form	
  a	
  

training	
  database	
  for	
  sta8s8cal	
  retrieval.	
  	
  

•  Evalua8on	
  of	
  the	
  simula8ons	
  up	
  to	
  200	
  GHz	
  with	
  exis8ng	
  satellite	
  observa8ons	
  
and	
  above	
  200	
  GHz	
  with	
  ISMAR.	
  

•  Development	
  of	
  sta8s8cal	
  retrievals	
  (NN	
  or	
  Baysien).	
  	
  
	
  



LERMA	
  ac)vi)es	
  to	
  prepare	
  ICI	
  (but	
  not	
  strickly	
  related	
  to	
  ISMAR)	
  
	
  
Prepara)on	
  of	
  realis)c	
  radia)ve	
  transfer	
  simula)ons	
  up	
  to	
  700	
  GHz	
  to	
  form	
  a	
  
training	
  database	
  for	
  sta)s)cal	
  retrieval.	
  	
  
	
  

Ø  A	
   cloud	
   resolving	
   model	
   to	
   provide	
   realis8c	
   descrip8ons	
   of	
   the	
  
atmospheric	
  columns	
  (e.g.	
  WRF,	
  Meso-­‐NH)	
  

Ø  A	
   radia8ve	
   transfer	
  model	
   that	
   handles	
   scaTering	
   accurately	
   and	
  
efficiently	
  (e.g.	
  ARTS,	
  RTTOV)	
  

Ø  Evalua8on	
  with	
  satellite	
  observa8ons	
  up	
  to	
  200	
  GHz	
  (SSMI/S,	
  MHS,	
  
Cloudsat…)	
  

Cloud	
  resolving	
  
model	
  

Radia8ve	
  
transfer	
  

Observa8ons	
  

Analysis	
  and	
  
comparisons	
  



LERMA	
  ac)vi)es	
  to	
  prepare	
  ICI	
  (but	
  not	
  strickly	
  related	
  to	
  ISMAR)	
  
	
  
Prepara)on	
  of	
  realis)c	
  radia)ve	
  transfer	
  simula)ons	
  up	
  to	
  700	
  GHz	
  to	
  form	
  a	
  
training	
  database	
  for	
  sta)s)cal	
  retrieval.	
  	
  
	
  

Ø  Very	
   high	
   sensi8vity	
   of	
   the	
   simula8ons	
   to	
   the	
  microphysics	
   of	
   the	
   frozen	
  
par8cles	
  

Ø  Cloud	
   models	
   do	
   not	
   provide	
   all	
   the	
   necessary	
   informa8on	
   for	
   the	
  
calcula8on	
  of	
  the	
  op8cal	
  proper8es	
  of	
  the	
  frozen	
  par8cles	
  

Ø  Some	
   hypotheses	
   have	
   to	
   be	
  made,	
   with	
   necessary	
   consistency	
   between	
  
the	
  assump8ons	
  in	
  the	
  cloud	
  model	
  and	
  the	
  radia8ve	
  transfer.	
  

Cloud	
  resolving	
  
model	
  

Radia8ve	
  
transfer	
  

Observa8ons	
  

Analysis	
  and	
  
comparisons	
  

Interpreta8on	
  of	
  cloud	
  model	
  outputs	
  in	
  
terms	
  of	
  radia8ve	
  transfer	
  inputs:	
  
necessary	
  consistency	
  between	
  the	
  

cloud	
  model	
  and	
  the	
  calcula)on	
  of	
  the	
  
hydrometeor	
  op)cal	
  proper)es	
  



LERMA	
  ac)vi)es	
  to	
  prepare	
  ICI	
  (but	
  not	
  strickly	
  related	
  to	
  ISMAR)	
  
	
  
Prepara)on	
  of	
  realis)c	
  radia)ve	
  transfer	
  simula)ons	
  up	
  to	
  700	
  GHz	
  to	
  form	
  a	
  
training	
  database	
  for	
  sta)s)cal	
  retrieval.	
  	
  
	
  

Two	
  areas	
  of	
  special	
  interest:	
  
	
  
Ø  Simula8ons	
   of	
   snow	
   clouds	
   (key	
   contributors	
   to	
   the	
   scaTering	
  

effects)	
  

Ø  Polarized	
  scaTering	
   (with	
   the	
  recent	
  analysis	
  of	
   the	
  MADRAS	
  data	
  
at	
  157	
  GHz,	
  V	
  and	
  H)	
  

	
  



	
  
	
  
Thank	
  you	
  for	
  your	
  aTenHon!	
  



Discussion	
  ?	
  

About	
  the	
  polarisaHon:	
  
	
  
•  For	
  MARSS,	
  at	
  89	
  GHz:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  em	
  =	
  cos(θs)2ev	
  +	
  sin(θs)2eh	
  
where	
  ev	
  and	
  eh	
  are	
  the	
  two	
  orthogonal	
  polarized	
  surface	
  emissivi8es	
  at	
  θs	
  scan	
  angle.	
  

	
  
•  For	
  the	
  rest	
  channels	
  of	
  MARSS	
  and	
  ISMAR:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  em	
  =	
  cos(θp)2eh	
  +	
  sin(θp)2ev	
  
where	
  θp	
  is	
  the	
  polariza8on	
  angle	
  which	
  is	
  converted	
  and	
  calculated	
  by	
  the	
  scan	
  angle.	
  
	
  
	
  

About	
  the	
  ARTS	
  simulaHons:	
  
	
  
•  Our	
  TBs	
  are	
  a	
  liTle	
  higher	
  than	
  the	
  results	
  of	
  Patrick	
  for	
  flight	
  B893	
  between	
  16.6	
  and	
  17.2	
  h	
  when	
  the	
  

flight	
  runs	
  and	
  orbits	
  at	
  bank	
  angles	
  between	
  20	
  and	
  60	
  degrees.	
  	
  
•  The	
  differences	
  come	
  from	
  different	
  configura8on	
  of	
  ARTS?	
  or	
  different	
  resolu8on	
  of	
  the	
  input	
  database?	
  	
  


