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Detection of clouds and aerosols over land and sea by day and 
night from hyperspectral observations in the thermal infrared 

J. Pernin, R. Armante, A. Chédin, C. Crevoisier, N. A. Scott 
Laboratoire de Météorologie Dynamique, Ecole Polytechnique, 91128 Palaiseau Cedex, France 

Introduction 
The	   determina,on	   of	   clear/cloud	   flag	   is	   a	   prerequisite	   for	   many	   applica,ons	   related	   to	   the	  
interpreta,on	   of	   radiances	   measured	   by	   infrared	   sounders	   in	   terms	   of	   geophysical	   variables	  
through	   inverse	   radia,ve	   transfer	   models.	   Here,	   we	   present	   a	   detec,on	   scheme	   specifically	  
dedicated	  to	  high-‐spectral-‐resolu,on	  infrared	  sounders	  such	  as	  the	  IASI	  instrument	  that	  aims	  at	  
detec,ng	  both	  cloud	  and	  aerosol	  contamina,on	  in	  radiances.	  

http://ara.abct.lmd.polytechnique.fr 

Computa,on	  of	  	  histograms:	  

-‐	  for	  each	  test	  (2	  channels).	  
-‐	  over	  3	  months,	  centered	  on	  the	  month.	  	  
-‐ 	  for	  each	  angle	  of	  view	  (15	  angles).	  
-‐ 	  for	  various	  configura,ons:	  land	  (northern	  
and	  southern	  hemispheres),	  sea,	  day,	  night.	  
-‐ 	  over	  land:	  for	  several	  emissivity	  clusters	  
(Capelle	  et	  al.	  2012)).	  

€ 

ΔBT test i = BTchannel 1
i − BTchannel 2

i

Computa,on	  of	  monthly	  histogram	  peaks	  

Detec&on	  of	  	  
CLOUDS	  or	  AEROSOLS	  

IASI	  MetOp-‐A	  Dust	  

MISR	  	  |	  	  Aerosol	  Op&cal	  Depth	  
at	  555nm	  (Green	  Band)	  

MODIS	  	  |	  	  Biomass	  burning	  
(	  frac&on	  in	  1°x1°	  pixel)	  

Methodology 

Channel selection 

10	  tests	  (couples	  of	  IR/IR	  or	  
IR/MW	  channels)	  :	  	  

-‐	  7	  tests	  to	  detect	  clouds	  
(high,	  middle	  and	  low)	  .	  

-‐ 	  2	  tests	  to	  detect	  aerosols.	  	  
-‐ 	  1	  test	  to	  discriminate	  
clouds	  from	  aerosols	  when	  
both	  are	  detected.	  	  

Determina,on	  of	  constant	  thresholds	  	  
for	  the	  centered	  histograms	  	  	  

over	  sea/land/desert	  

BT1-‐BT2	  

BT1-‐BT2	  

max	  

T h e	   d e t e c , o n	   s c h e m e	  
d i s c r im i n a t e s	   b e tween	   5	  
situa,ons:	   high	   clouds	   (cirrus),	  
middle	   clouds,	   low	   clouds,	  
aerosols	  and	  clear-‐sky.	  	  
It	  is	  based	  on	  nine	  tests	  for	  which	  
histograms	   of	   BT	   differences	   of	  
s e l e c ted	   channe l s	   h av i n g	  
different	   response	   to	   clouds	   and	  
aerosols	  are	  first	  derived	  from	  the	  
observa,ons;	   then	   threshold	  
tests	  values	  are	  applied.	  	  

Channels	  are	  selected	  based	  on	  their	  sensi,vi,es	  to	  atmospheric	  and	  surface	  variables.	  For	  high	  
and	  middle	  clouds,	  use	  is	  made	  of	  differences	  between	  infrared	  and	  microwave	  channels	  (IASI-‐
AMSU),	  the	  laVer	  being	  ~not	  sensi,ve	  to	  clouds.	  For	  low	  clouds	  and	  aerosols,	  use	  is	  made	  of	  
difference	  between	  IASI	  channels	  located	  at	  10,	  8	  and	  4	  µm	  	  

  200
  210
  220
  230
  240
  250
  260
  270
  280
  290
  300

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

tb

01a 02a 03a
04a 04b

05a 05b
06a 06b

07a 07b
08a 08b

09a09b
TsI

  0.0
  0.5
  1.0
  1.5
  2.0
  2.5
  3.0
  3.5
  4.0
  4.5
  5.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

ia
si 

no
ise

  0.0
  0.1
  0.2
  0.3
  0.4
  0.5
  0.6
  0.7
  0.8
  0.9
  1.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

su
rfa

ce
 tr

an
sm

iss
io

n

 0.80
 0.82
 0.84
 0.86
 0.88
 0.90
 0.92
 0.94
 0.96
 0.98
 1.00

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

em
iss

iv
ity

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2
  1.4
  1.6
  1.8
  2.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

ae
ro

so
l

    0
    2
    4
    6
    8
   10
   12

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

ci
rru

s

Wave number (cm-1)

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

T

01a 02a 03a
04a 04b

05a 05b
06a 06b

07a 07b
08a 08b

09a09b
TsI

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2
  1.4
  1.6
  1.8
  2.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

H
2O

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

O
3

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

CH
4/

CO

CH4
CO

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

CO
2/

N
2O

CO2
N2O

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

Ts
ur

fa
ce

Wave number (cm-1)

T	  (1K)	  

H2O	  (20%)	  

O3	  (20%)	  

CH4	  (10%)	  

CO	  (10%)	  

CO2	  (1%)	  

N2O	  (2%)	  

Surf.	  T	  
(1K)	  

BT
	  

N
oi
se
	  

Su
rf
.	  

tr
an
s.
	  

Em
is
si
vi
ty
	  

Dust	  

Cirrus	  

  200
  210
  220
  230
  240
  250
  260
  270
  280
  290
  300

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

tb

01a 02a 03a
04a 04b

05a 05b
06a 06b

07a 07b
08a 08b

09a09b
TsI

  0.0
  0.5
  1.0
  1.5
  2.0
  2.5
  3.0
  3.5
  4.0
  4.5
  5.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

ia
si 

no
ise

  0.0
  0.1
  0.2
  0.3
  0.4
  0.5
  0.6
  0.7
  0.8
  0.9
  1.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

su
rfa

ce
 tr

an
sm

iss
io

n

 0.80
 0.82
 0.84
 0.86
 0.88
 0.90
 0.92
 0.94
 0.96
 0.98
 1.00

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

em
iss

iv
ity

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2
  1.4
  1.6
  1.8
  2.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

ae
ro

so
l

    0
    2
    4
    6
    8
   10
   12

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

ci
rru

s

Wave number (cm-1)

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

T

01a 02a 03a
04a 04b

05a 05b
06a 06b

07a 07b
08a 08b

09a09b
TsI

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2
  1.4
  1.6
  1.8
  2.0

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

H
2O

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

O
3

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

CH
4/

CO

CH4
CO

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

CO
2/

N
2O

CO2
N2O

  0.0
  0.2
  0.4
  0.6
  0.8
  1.0
  1.2

 800  1000  1200  1400  1600  1800  2000  2200  2400  2600

Ts
ur

fa
ce

Wave number (cm-1)

For	  each	  channel	  and	  each	  TIGR	  situa,on,	  we	  
compute	  the	  varia,on	  of	  BT	  (in	  K)	  obtained	  for	  
a	  given	  varia,on	  of	  one	  atmospheric	   variable	  
using	  the	  Jacobians	  computed	  by	  4A/OP-‐2012	  
(Sco$	  and	  Chédin,	   1981)	   and	   the	   last	   version	  
of	  GEISA	  (Jacquinet-‐Husson	  et	  al.,	  2011).	  

€ 

ΔTB (T) =
∂TB
∂Tnl=1

nl=42

∑ (nl) *ΔT(nl)

€ 

ΔTB (qgas) =
∂TB
∂qgasnl=1

nl=42

∑ (nl) *Δqgas(nl)

for	  T	  

for	  a	  gas	  

For	  dust	   (AOD=0.2	  and	  alt.=2.4km)	  and	  cirrus	  
(De=60µm,	   IWP=0.1	   and	   alt.=7.5km),	   use	   is	  
made	  of	  4A	  coupled	  to	  DISORT.	  
Spectral	   emissivity	   is	   a	   IASI	   climatology	   from	  
Capelle	  et	  al.	  (2012).	  
Noise	  is	  computed	  at	  the	  BT	  of	  the	  scene.	  

• Sensi&vi&es	  of	  IASI	  channels	  to	  various	  atmospheric	  and	  surface	  components	  (averaged	  over	  
the	  whole	  TIGR	  tropical	  situa&ons)	  and	  channel	  loca&ons	  

Histograms and thresholds 
• 	  Over	  sea:	  influence	  of	  the	  scan	  angle	  

• 	  Over	  land:	  influence	  of	  the	  emissivity	  

Test	  1	  |	  July	  2008	  |	  Sea	  |	  Night	  

All	  angles	   Per	  angle	   All	  angles	   Per	  angle	  

Test	  5	  |	  July	  2008	  |	  Sea	  |	  Night	  

Test	  1	  |	  July	  2008	  |	  Sea	  |	  Night	  
All	  emissivi,es	   Per	  emissivity	   All	  emissivi,es	   Per	  emissivity	  

Test	  5	  |	  July	  2008	  |	  Sea	  |	  Night	  

For	  low	  clouds	  and	  aerosols,	  use	  is	  made	  of	  difference	  between	  IASI	  channels	  located	  at	  10,	  8	  and	  4	  
µm,	  which	   implies	   taking	   into	   account	   the	   surface	   characteris,cs	   over	   land.	   This	   is	   achieved	   by	  
using	  the	  surface	  emissivity	  derived	  from	  IASI	  observa,ons	  (Capelle	  et	  al.,	  2012)	  and	  by	  compu,ng	  
histograms	  according	  to	  the	  emissivity.	  	  
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Test	  1	  |	  July	  2008	  |	  Sea	  |	  Night	  

Test	  5	  |	  July	  2008	  |	  Sea	  |	  Night	  
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clouds	  
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Low	  
clouds	  

6	  =	  Undefined	  

2+3	  =	  Aerosols	  

5	  =	  Heterogeneity	  

1+4	  =	  Clouds	  

1+2+3+4+5	  =	  not	  clear	  sky	  

Output	  of	  cloud	  detec,on	  (July	  2008	  –	  Night)	  

Results and validation 

MODIS	  CERES	  (TERRA)	  	  |	  	  Cloud	  Frac&on	  	  |	  	  10h30	  PM	  MODIS	  CERES	  (TERRA)	  	  |	  	  Cloud	  Frac&on	  	  |	  	  10:30	  AM	  

IASI	  MetOp-‐A	  |	  	  9:30	  PM	  IASI	  MetOp-‐A|	  	  9:30	  AM	  
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IASI	  cloud	  cover	  monthly	  evolu&on	  (2008-‐2009)	   IASI	  cloud	  cover	  annual	  la&tudinal	  evolu&on	  (2008)	  
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200801	   200901	   200912	  200801	   200901	   200912	  

Northern	  tropics	   Southern	  tropics	  

Cloud	  amount	  (%)	   Cloud	  amount	  (%)	  
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Detec&on	  of	  dust	  aerosols	  
(July	  2008)	  

Poten&al	  dust	  source	  aereas	  
(Formen&	  et	  al.,	  2011)	  

Cloud	  tests	   Aerosol	  tests	  

T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	   T9	  

Cloud	  =	  0	  

Aerosol	  =	  0	  

Cloud	  =	  1	  

Aerosol	  =	  0	  

Cloud	  =	  0	  

Aerosol	  =	  1	  

Cloud	  =	  1	  

Aerosol	  =	  1	  

If	  |TsurfERA-‐I	  –	  TsurfIASI|	  	  

>	  3.5	  K	  	  
else	  	  

Heterogeneous	  
scene	  

Clear	  sky	   Cloud	   Aerosol	   Aerosol	   Thin	  cloud	   Undefined	  

Aerosol/Cloud	  tests	  

T10	  


