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1) multi-spectral cloud detection 2) cloud property retrieval by
* ! 1
+ +
*CA (tot, high, midlevel, loyv °Z,1\s
p/z, T,tt\s / B evertical extension
*horizontal extension »cloud layering |
«bulk microphysical properties *microphys. prop. profiles
)

goodspectralresolution-> esp.reliable Ci propertiesday & night)
atmosphericT, H,0 profiles (RH) +clouds+ aerosols

+ o+ $* )
choosevariables &thresholdsfor AIRS cloud detection
AIRS cloud heightevaluation -> retrieval transferto IASI
TOVS-LITE (Stubenrauch et al. JGR 2005)



IR Sounders: TOVS, AIRS, I|ASI
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TIGR atm. profiles

| @ / L2 atm. profiles (T,HO), T
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proximity recognition
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TIGR transmissions surface
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clear / cloudy Pequignot
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..... { CALIPSO L1/L2 data
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‘A posteriori’ cloud detectiod based on spectral coherenceapf
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cloud property retrieval

*
Cloud detection:
<# [) =>
Spatial resolution:
$ $ %
Observation time: ! I'" 1 11
Sampling: $ %
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" CALIPSO

1) Development of cloud detection method
2) Evaluation of AIRS cloud height

tirs CALIOP
spots AIRS tous les 5 km
13.5 km

\

golfball /@
AMSU /
40-45 km

3) Vertical extent (De) of high opaque clouds / Ci/ thin Ci
4) Vertical insight into high opaque clouds / Ci / thin Ci

5) Cloud height relative to tropopause

6) Multiple scattering correction of Ci lidar signal
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1) Development of ‘a posteriori’ cloud detection
CALIPSO sampling:(5 km x 0.07 km ) in (13.5 km x 13.5 km)

§ 0.7 = high/low clouds $* ( + ot AIRS Jﬁ'é@r;é’:g%
S 0.6 'Y ¥
g 05p CALIPSO cloudy
T 04F ==nunns CALIPSO clear sky
£ 03f r .
e . +) go|fba|\|x7'”’:’" /

: - eC|d > 0.05 40-45 km

’ " U'4G(e{lnfsi,'ﬁ S (e| )/ Eig < 0.2 (9mm</ <12 nm)
o 0.2¢ .
Tyd & over land: T,4-T4,+> -3K
£0.16 |-
§ 0.14 ;—
A ice/snow(L2, detected by microwave)
€ 0.08 .
Bosf s(g)/ ey < 0.3 & Tg(11mm)-Tg(7mm) > -5K

0.02 F .
0 kel similar to MODIS-ST (Frey et al. 2008)

-10 0 10
Tg(11um)-Tg(7um) (K)
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agreement With CALIPSO: 85 (80) % over ocean (sea ice)
80 (73) % over land (snow)

( $ )+, -
global CA : 66 %(0% for not cloudy) 74% (30% for not cloudy)
HCA/CA:40% - 36% LCA/CA:42% - 47%

&

S

agreement with LMD multi-spectral cloud detection (DT ;):

(for determination of trace gases, aerosols & surfano@ssivity)
70% over ocean (30°N-30°S)
72% over land (30°N-30°S)

% & $
(lowlevel cloud fields)




— == idar wssaw radar——— MODIS, AIRS
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2) Evaluation of AIRS cloud height with CALIPSO
(highest cloud, detected Abkm)
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Stubenrauch et al. JGR 2008, ACPD 2010
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norm. cld occurrence

norm. frequency

norm. cld occurrence

norm. cld occurrence

ar——— I\/IODIS AIRS OCO

- (highest cloud, detected abkm)
0.2 :—
0.1 :— V4 $ 23 '
- /. %
o - L e | I | 1 1
-600 -400 -200 0 200 ( ( (
s PeialAIRS)-Pmia(CALIPSO) (hPa)
- midlatitudes
B INMD
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0.2 - ; 0.25 $ 7
B . O i
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2) Evaluation of AIRS cloud height with CALIPSO

Stubenrauch et al., JGR 2008

® 0.4 - @ i 7
é : % - Kk cloudse,; > 0.6
= s g r in clouds e,4 < 0.6
& nl @ B
< < o2l
0.1 [ i
0 - 0 .
6 -4 2 0 2 4 6 6 -4 -2 0 2 4 6
z,qms'z{mid}cg,ugp (km) zAIRS'z{mid}CALIGP (km)
& & O+, $ (highest withr>0.1)
& % - - % AT
sampling: (5 km x 0.07 km ) in (13.5 km x 13.5 km)
Dz, . (AIRS-CALIPSO) + 1.5 km: Dp,,4(AIRS-CALIPSO) £ 75 hPa:
High: 51% 55% 66% High: 72%  81% (thick); 63% (thin)
Low: 70%  74% 80% Low: 59%  69% , 38%

hghst / hghst w>0.1/ closest layer
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Parasol =

radar——— MODIS, AIRS

E .

3) Vertical extent (Dr) of high opaque clouds / Ci/ thin Ci

. ‘apparent’ geometrical cloud thickness

real geometrical cloud thickness

cloud type
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Parasol ==

4) Vertical insight into high opaque clouds / Ci / thin Ci

radar——— MODIS, AIRS

cloud type

$*

real geometrical cloud thickness

pos. of max backscatter
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rel. pos. of max backscatter &el. radiative height

. ‘apparent’ geometrical cloud thickness, position of nax. backscatter
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= = ar— — fadar—— MODIS, AIRS

Parasol ¥

— = = — s =S

g i o tropics
g 4 O thin Ci
b i A .
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6) Multiple scattering correction of cirrus lidar signal

0.6
0.55 all, fitted, o0 nmterp ol at ed
l. o T 2i0 K, =25
T T = 230 K, =2
0.5
xxx
0451
+ y
H"“M-h
0.4 | + —
I ?“qu
0.35 - T

Lamquin et al. JGR, 2008

a Increasing with decreasing crystal size
(Sassen & Comstock 2001

D, increases with J,(Stubenrauch et al. 2004
=>a =f(Ty)

Ty ems s oae b e s oo @r = 1L —eXp (Eys/a)

en (AIRS)
tys =t par/h
hH2-l 2GI $* $4) hH25
+ ( (! D
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according to:

| HB6& " " % (
) according to:
| HB6& " " % (
#*+ $1% & ) 1) b
»

#0/1
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June 2010

Uncertainties

J
- L all
(:I 6 L ....
i o ° o0
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90 -30 30 Iat(._qo

GEWEX CA, Berlin

Estimation:
CA: CA(ey, < 0.05)

largest over deserts &
Antarctica

CP, CT, CEM:

difference between min?2
& next smallest?

CP: ~40-50 hPa,
slightly smaller forAIRS

High clouds:
CT: 4K, CEM 0.05

Low clouds:
CT: 24K, CEM: 0.1-0.25
slightly smaller for TOVS
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Zonal averages of HCA, MCA and LCA

CALIPSO 2007-2008
ISCCP  1984-2004
Jan Jul TOVS-B 1987-1995
AIRS  2003-2008
IAS 2008

IASI preliminary:
use of av. AIRS L2 atm. profiles

HCA/CA:

CALIPSO highest
TOVS ~ AIRS ~ |IASI
ISCCP lowest
LCA/CA:

agreement,
except at higher latitudes

IASI
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(1987-1994)  $=8 (2003-2009)

V2@ 2 *
J ) )-L 6=)212:
$7 ) )4-L 6=)2l/214:

TOVS-E TOVS-R AIRS | Al 3)
1 ! 1 ! T
1987 1995 2003 2007 ~2020
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