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QL CLOUD Climatology

ANl Taracterisaton of Cloudand AcTrosol Tadiatve Dars
neded at the global scale to better understand climate feedback
(albedo change, heating rates, dehydratation of the TTL, ...)

Cloud cover and cloud types are the first parameters of importance

analyze frequency of occurrence
diurnal Cycle
GLAS provides a first lidar data set over several week periods

CALIPSO is now providing data since June 2006 and offers a unique
opportunity to better characterize vertical cloud and aerosol vertical
structure (CALIOP) and microphysics (CALIOP/IIR, to come later)

general overview

Geostationary (SEVIRI over Europe and Africa) satellites observations
will help to get better global/regional analyses of the cloud cover, its
time evolution and its diurnal cycle

t comparative analysis
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@< GLAS and ISCCP Total Cloud Cover i

s 29 September to 18 November 2003
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ud cover

Minimum of Cloud cover well observed over desert areas, south pole,
and west side of oceanic subsidence areas linked to tropical convection
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9% GLAS and ISCCP D1 CLOUD COVER i

—— 29 September to 18 November 2003
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More clouds are detected with GLAS: 10% for the D1 VIS-IR data,
15% for the D1 IR data.

Differences vary with latitude. Large differences are found at the
equator over land and in the south tropical region over ocean.

Differences between the DI VIS/IR and IR cloud cover vary also with
latitude.
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Night October 2006 Day
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Importance of diurnal cycle (> 20 % change at tropical and mid-latitudes
in southern hemisphere -low clouds-)

Lidar SNR larger during nigh-time than day-time
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Coincident SEVIRI and LIDAR DATA
Analysis

SEVIRI ‘Lidar backscatter profiles

cloud top pressure composite image
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SEVRI, GLAS and CALIOP

i CLOUD COVER

CALIOP October 2006 SEVIRI
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Some differences between the two years apparent both in the SEVIRI and
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GLAS and SEVIRI CLOUD COVER

October 2003 at 7h30am - 7h30pm

SEVIRI viewing angle restricted to 55°

SEVIRI GLAS GLAS GLAS ISCCP DX
(All) (0T>0.1) (0T>0.2)  IR/VIS-IR
Ocean Night 70 80 74(-6) 72(-8) 62
Ocean Day 76 69 65(-4) 62(-6) 63/69
Land Night 46 6d 54(-10) 50(-14) 45
Land Day 40 50 44(-6) 39(-11) 42/48

The GLAS cloud cover is larger that SEVIRI cloud cover, excepted over ocean
during day time.

The mean GLAS cloud cover after application of a threshold on OT of 0.2

is close from the SEVIRI one.

The IR DX cloud cover is close from the SEVIRI one over land but there is a large

underestimation over ocean. During daytime over ocean, DX VIS/IR and GLAS
mean cloud cover are close.

With SEVIRI from night to day (19n30 to 7h30), the cloud cover over land/ocean
Increases/decreases. In both cases, GLAS CC decreases.
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SEVIRI and CALIOP CLOUD COVER

i

October 2006 at 1h30am - 1h30pm

SEVIRI CALIOP | CALIOP | CALIOP | ISCCP DX
(All) (0OT>0.1) | (0T>0.2) | IR/VIS-IR

Ocean Night 72 75 72(-3) 68(-7) ??
Ocean Day 70 63 60(-3) 56(-7) ??
Land Night 41 56 52(-4) 48(-8) ??
Land Day 44 53 50(-3) 45(-8) ??

As between GLAS and SEVIRI, the CALIOP cloud cover is larger that SEVIRI cloud
cover, excepted over ocean during day time.

Over ocean at night, the differences observed are smaller than between GLAS and
SEVIRI.

The decrease of CALIOP cloud cover with an increasing OT threshold is smaller
than those observed for GLAS.

With SEVIRI, from 1h30 to 13h30, the cloud cover over land/ocean
Increases/descreases. In both cases, CALIOP CC decreases.

ISCCP 25" Anniversary Symposium, New-York, July 2008
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GLAS-SEVIRI CLOUD COVER

October 2003 OVER ALL MSG-COVERED AREA
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9% CALIPSO-SEVIRI CLOUD COVER

iy October 2006 OVER ALL MSG-COVERED AREA
NIGHT OCEAN DAY
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MAIN CLOUD TYPES OVER OCEAN

-

GLAS/GLAS 0OT<0.2/GLAS ALL LAYERS/SEVIRI/DX IR/DX VIS-IR

HIGH<440hPa (Cir.ov) Middle LOW>680hPa Part
Night |36/20 21 20/9 6/7/10 4 38/45/54 29 16
10 14 38
Day 25/16 18 9/4 6 5/6/8 5 38/40/43 32 21
10/18 15/16 39/35

Decrease of the high cloud cover from night to day. Increase of the low cloud
amount for SEVIRI.

SEVIRI and DX VIS-IR high cloud close from GLAS OT>0.2.
Large amount of partially covered pixels for SEVIRI.

ISCCP 25" Anniversary Symposium, New-York, July 2008



Institut
% Pierre
RS Simon
Laplace

-

MAIN CLOUD TYPES OVER OCEAN

GLAS/GLAS 0OT>0.2/GLAS ALL LAYERS/SEVIRI 7h30 -

Night

Day

SAME BEHAVIOuR OF GLAS and CALIOP VS SEVIRI

HIGH<440hPa (Cir.ov)
36/20 21 20/9

25/16 18 9/4 6

Middle
6/7/10 4
5/6/8 5

19h30
LOW>680hPa Part
38/45/54 29 16
38/40/43 32 21

Some differences : GLAS high cloud before application of an OT threshold is larger,
High cloud, same behaviour than in 2003. SEVIRI low cloud opposite behaviour.

CALIOP/CALIOP OT>0.2/CALIOP ALL LAYERS/SEVIRI 1h30 -

Night
Day

HIGH<440hPa (Cir.ov)
28/19 22 14/8

24/19 18 1/7 4

Middle
6/6/10
5/5/9

ISCCP 25" Anniversary Symposium, New-York, July 2008

4
4

LOW>680hPa
41/42/51 29
33/31/40 24

13h30
Part
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MAIN CLOUD TYPES OVER LAND

GLAS/GLAS OT>0.2/GLAS ALL LAYERS/SEVIRI/DX IR/DX VIS-IR

Night

Day

HIGH<440hPa (Cir.ov)

53/34 37 19/11
20

36/22 26 10/4 8
10/17

Middle LOW>680hPa
9/12/18 4 3/4/8 2
16 11
8/10/13 5 7/8/9 6
16/16 16/15

SAME BEHAVIOUR OF GLAS and CALIOP VS SEVIRI

Part
3

4

Some differences : GLAS high cloud before application of an OT threshold is larger,
CALIOP mid-cloud amount is larger during day time

CALIOP/CALIOP OT>0.2/CALIOP ALL LAYERS/SEVIRI 1h30-13h30

Night

Day

HIGH<440hPa (Cir.ov)
40/30 32 16/10
30/23 26 9/6 6

Middle LOW>680hPa
9/11/19 5| 6/7/10 2
14/13/19 4] 9/9/12 5
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HIGH CLOUD COVER
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g DAY and NIGHT (sep.)
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For some regions SEVIRI high cloud frequency larger than CALIOP one's
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Q. SEVIRI PARTIAL CLOUD COVER
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LOW CLOUD
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COMPARISON AT PIXEL LEVEL:

83%/89% 82%/92% SEVIR] 83%/92% 81%/94%

Ocean Night Land Night Ocean Day Land Day

clear | cloud| par | clear | cloud| part | clear | cloud| part | clear| cloud| part

cle. | 18/25| 84 | 4/2 143/55] 1/1 | 0/0 | 24/32¢ 13‘F? DI0/5 [42/60] 6/34 | 3/0
clo.| 10/6 | 05/64| 13/3 | 16/7 [40/37| 2/0 | 5/2 |58460| 14/5 | 14/5 | 39/35( 710

SAME BEHAVIOR OF GLAS and™CALIOP VS SEVIRI

Partial cloud coverage included in SEVIRI CC

o= =0

Application spatial homogeneity test on SEVIRI data and excluding

of a
the cloud layer with optical thickness smaller than 0.2 increase the
agreement in all cases.
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CALIOP and SEVIRI over OCEAN

Ver. 2 October 2006
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@;. CALIOP and SEVIRI over LAND

e new October 2006
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o CONCLUSION

i

SEVIRI cloud cover and cloud frequency types have been compared
with October 2003 GLAS data and October 2006 CALIOP data for land
and ocean night and day data separately.

The same behaviour of GLAS and CALIOP versus SEVIRI is found.

The agreement at pixel scale is above 79%. For CALIOP when a spatial
homogeneity test (SEVIRI) plus an 0.2 OT threshold (lidar) are applied
the agreement is above 89%.

High SEVIRI clouds are classified high cloud by the lidar in more than 80%
of the cases. The agreement for mid-level cloud is poor and also over land
for low cloud.

The better detection of small or broken low clouds over ocean during
day-time by SEVIRI must increase the frequency of lidar clear profils
detected cloudy by SEVIRI.

Some differences, not large for the CALIOP/SEVIRI comparison,
are observed between night and day in the behavior of the lidar data and
SEVIRI data. More investigations are required.

ISCCP 25" Anniversary Symposium, New-York, July 2008




. FURTHER WORK

i

Pursue the comparison between SEVIRI and CALIOP on a longueur data set
and as a function of latitude and cloud systems in the aim to improve the
cloud diurnal and life cycle obtained with the geostationnary data.

Do the same type of analyses for other geostationnary data set in the
frame of the MEGHA-TROPIQUE experiment.

Analyses the results in order to improve the existing ISCCP climatology.

THANKS TO ASDC(NASA) AND ICARE(CNES) FOR THE DATA PROVISION

ISCCP 25" Anniversary Symposium, New-York, July 2008
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CONCLUSION

* check of coh renc and Iefm ntarlt with other
sensora&e c Imato ogJ rom Ve sensors):
GLAS ferences Wit SEVIR comparable

* DX....
* looking at cloud types separating land and ocean...
* Importance of diurnal cycle (vertical structure and CC),

. %_ov% c,Igud occurrepce much larger over ocean
subsidence areas

. P ggzr occurrence of multiple cloud layers including low
s over land

Future work

. Reﬂne Ef gorlthm to mlnlmlze error ar|d false detecflon
(aerosol-Cloud separation- ....) to analyse time evolution?

* Pursue the study usin other eostationnar satellltes in
the frame o Lhey GIQA Trop?que experpm nt

* Improve the analyses of the ISCCP cllmatology

THANKS TO ASDCISNASAg AND ICARE(CNES) FOR THE
DATA PROVISIO
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—— * check of coh renc and Iefm ntarlt ~with other _
sensora&e c Imato ogJ rom ve Sensors):
GLAS erences Wit SEVIR comparable
e DX....

* looking at cloud types separating land and ocean...
* Importance of diurnal cycle (vertical structure and CC),

. %_ov% c,Igud occurrepce much larger over ocean
subsidence areas

* Larger occurrence of multiple cloud layers including low
Pogg s over land

GLAS-IISCCP differences depend on cloud types and of their diurnal
cycle

Future work

. Refme Ef gorlthm to m|n|m|ze error ar]d false detecflon
(aerosol-Cloud separation- ....) to analyse time evolution?

* Pursue the study usin other eostationnary satellites In
the frame o LfweyMEGIQA-Trop?que expeer nt.

* Improve the analyses of the ISCCP climatology
" THANKS TO ASDC(NASA) AND ICARE(CNES) FOR THE



Institut
% Pierre
RS Simon
Laplace

-

BACK-UP SLIDES
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DISTRIBUTION OF SEVIRI

e CLOUD TOPS

FOR CALIOP high clouds tops below 400 hPa Night data
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= CALIPSO CLOUD COVER
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September-October 2006

Cloud cover — Night data
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* Importance of diurnal cycle (> 20 % change at tropical and mid-latitudes
in southern hemisphere -low clouds-)

* Minimum of Cloud cover well observed over desert areas, south pole,
and subsidence areas linked to tropical convection
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i MAIN CLOUD TYPES

' T " % T T " A7 A ' ' - r ‘ ' ' ' |
60% / B GLAS alllayers | ¢ I CALIOP
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| % DX VIS-IR] -
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MidyaIMulii > 40 % low 777 Mid. ~Part. Mid. ~Part.

ISCCP 25" Anniversary Symposium, New-York, July 2008



Institut
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- MAIN CLOUD TYPES
| GLAS ' T " B CALIOP'
0% ! SEVIRI | 00%j l SEVIRI
1 DX IR
% DX VIS-IR

40% 40%

20%_ 20%

| | 0% . s
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Mid. VBt rs > 40 Midy Part. Mid. ~Part. Mid. ~Part.

ISCCP 25" Anniversary Symposium, New-York, July 2008



VER TERRE

| | B GLAS |
60%_ I SEVIRI 60%_
I DX IR
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40% 40%

20%

20%

g g
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Laplace

QGLAS - SEVIRI - DX MAIN CLOUD TYPESI;-_.-:,,

Night OCEAN Day
— 60%f} B GLAS all layers |
i |||\ GLAS top ] 60% GLAS
- % GLAS top OD > 0.2 - @ top -
17 l SEVIRI ) [ SLAS _
7 g ' X : 40% 1 Dx
2 I

20% 20% = - _
0% - - : ; 0% = = = .
Low Partial Middle High Cirrus ov. Partial Middle Iligh Cirrus ov.
LAND
B GLAS all layers % 7
I GLAS top 2 50%} B GLAS all layers
. S Z I GLAS top
40%| % gé{?m}‘)p OD>0.2_‘erreure 409 |_% GLAS top OD > 0.2
1D Anverser -1 SEVIRI
30%|
20% 20%| -
7 - E = 1
e BT T
0% M2 - 0% | = C = =

LLow Partial Middle ngh Cirrus ov. LLow Partial Middle ngh Cirrus ov.
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9% GLAS, SEVIRI and CALIOP CLOUD

i COVER
October 2006 at 1h30-13h30
SEVIRI GLAS GLAS GLAS ISCCP DX
(All) (0OT>0.1) (0T7T>0.2) | IR/VIS-IR
Ocean Night 70 80 74(-6) 72(-8) 62
Ocean Day 76 69 65(-4) 62(-6) 63/69
Land Night 46 64 54(-10) 50(-14) 45
Land Day 40 50 44(-6) 39(-11) 42/48
October 2006 at 1h30-13h30
SEVIRI CALIOP | CALIOP | CALIOP | ISCCP DX
(All) (0T>0.1)  (0T>0.2) IR/VIS-IR
Ocean Night 72 75 72(-3) 68(-7) ??
Ocean Day 70 63 60(-3) 56(-7) ??
Land Night 41 56 52(-4) 48(-8) ??
Land Day 44 53 50(-3) 45(-8) ??
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@;° GLAS and SEVIRI over LAND
October 2003

SAFNWC types

|15

30%1- ] 80%|  GLAS types i

B clear 1 ~ et ]
i partial j - low )
60%| low s 60% B middle .
. 0 Ll]i(ildle e ) ‘ high and cir. ov. i
igh and cir. Ov - bl _
. A0%r CiIgI'US over ] 40% ClTps ovel
Night | ) ‘ N
20%} | : 20% !
3 | 1 Lal- | -I _
0% clear middle cirrus over b clear low high
low high partial middle cirrus.over
GLAS SEVIRI
types types
! SAFNWC ] — | | i
80% 1 Cleartypes - 80%}- GLAS types :
i - ]l:)artial i e - : %?;lr 1
or oW 5 or middle
Day®0%} Emiddie | "1 ¥ high and cir. ov. y
- igh and cir. ov.. ! hd . _
40%} cic udover . 40% C1Irus over
20%} 20% “ J —
0% clear | middle ~ cirrus over 0% clear low high |

low high partial middle cirrus over



GLAS - SEVIRI CLOUD COVER

rtlgee
20%— OCEAN _____  209%— —LAND —

I DAY [ NIGHT DAY
16%; 83%/85% | 1% 1 80%/91% 82%/90%

12%} 12%}

8%}

8%}

4%} 4%}

_ || e N e

NO CL PARTIAL NO CL PARTIAL 0% NO CL PARTIAL NO CL PARTIAL
CL NO NOD CL CL NO NO CL CL NO NO CL CL NO NO CL

greement frequency (CL-CL and NOCL-NOCL)

0% '—

G Ocean Night Land Night QOcean Day Land Day
clear cloud par clear cloud part clear cloud part clear cloud part
16/19 4/6 2/2 35/49 1/3 0/0 20/18 12/13 8/6 46/58 4/6 1/0
clea
A R 14/6 66/68 14/12 20/6 45/42 3/1 5/2 63/67 12/9 14/4 36/32 3/1
CI]
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@;° GLAS and SEVIRI over OCEAN
October 2003

- SAFNWC types ] ! ' ' ]
80%F yP i 80%|  GLAS types i

|15

B clear 1 ~ B clear ]
i partial ] - low :
60%| low s 60% B middle .
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 40%) CiIgI'US over : 40%L CIITUS OVEI
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20%} Ll - 20% ]

0% : : 0% :
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GLAS SEVIRI
types types
! SAFNWC - — ' | w
80% 1 Cleartypes i 80%}- GLAS types .
0% i Fﬁftial i 60% ; : %%gr :
or oW 5 or middle ]
Day® i 0 E}icﬂldle i A . high and/cir. ov. .
— igh and cir. ov. - Tl . _
40%r cirrus over j 40% T°°"
20%} 20% J ]
0% ' . . 0% 2= I .| a
clear middle  cirrus over clear low high
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Institut
% Pierre
RS Simon
Laplace

-

MAIN CLOUD TYPES OVER OCEAN

GLAS/GLAS OT>0.2/GLAS ALL LAYERS/SEVIRI

Night
Day

HIGH<440hPa (Cir.ov)
36/20 21 20/9
25/16 18 9/4 6

Middle
6/7/10
5/6/8

4
5

LOW>680hPa
38/45/54 29
38/40/43 32

CALIOP/CALIOP OT>0.2/CALIOP ALL LAYERS/SEVIRI

Night

Day

HIGH<440hPa (Cir.ov)
28/19 22 14/8

24/19 18 1/7 4

Middle
6/6/10
5/5/9
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4
4

LOW>680hPa
41/42/51 29
33/31/40 24

Part
16
21

Part
17
24




Institut
@ Pierre
RS Simon
Laplace

g MAIN CLOUD TYPES OVER

GLAS/GLAS OT<0.2/GLAS ALL LAYERS/SEVIRI/DXIR/DXIR-VIS
HIGH<440hPa Middle LOW>680hPa Part

Night 36/20 21 10 6/7/10 4 14 38/45/54 29 38 16

Day 25/16 18 10/18 | 5/6/8 5 15/16|38/40/43 32 39/35/[21

GLAS/GLAS OT<0.2/GLAS ALL LAYERS/SEVIRI/DXIR/DXIR-VIS

HIGH<440hPa Middle LOW>680hPa Part
Night |53/34 37 20 9/12/18 4 16 3/4/8 2 11 3
Day 36/22 26 10/17| 8/10/13 5 16/16|7/8/9 6 16/15]|4
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LOW CLOUD COVER
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October 2003

(day + night)
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