Satellite based analysis of the capability of a
climate model to reproduce short time scale cloud
variability over the Mediterranean Area.

Preliminary results: summer-fall 2000.
G.L.Liberti (ISAC-CNR, Rome, Italy) and F.Cheruy (LMD-CNRS-IPSL, Paris, France)

OBJECTIVE: to develop a set of diagnostic tools to validate, through high
spatial and temporal resolution IR METEOSAT 1st Generation imagery, the
cloud cover of the LMDZOR4 model within the Mediterranean Area

*Use of high spatial resolution and temporal sampling
observations for climate model validation: — Climate model in a
nudged and stretched mode.

*Development of an ad-hoc diagnostics based on the comparison
of cloudiness temporal variability characteristics: — lower
sensitivity to uncertainties on cloud overlapping scheme and
satellite cloud cover definition, information content on relative role
of different part of the modeling of cloud lifecycle.

*Use of sub-regions as a composite approach
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Satellite dataset description

* IR METEOSAT B-Format
* Time: 1st JUNE - 30th NOVEMBER 2000 every 30°



INPDTS Validation: a general view

Sensitivity to input or other processes
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Satellite Cloud definition

Day night consistent
Thresholds derived, for each pixel, from the histogram of Tb over 60 days and 3 slots
Multiple cloud definition (to test reduced sensitivity)
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SUBREGIONS

CORRELATION COEFFICIENT




SUB-REGION RESULTS:

32 subregions
Tb-Tmoda

A




ISSUES

Variable
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PROBLEMS

Variable subregion size:
physically correct but statistically
can create some problem in the
interpretation of the results
Variable surface type: different
surface parameterization within
the same subregion

Variable satellite pixel # and
resolution within a model
gridbox (partially accounted by
the pixel based procedure for
cloud detection)



MODEL CLOUD COVER OVERLAP
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EXAMPLE OF TIMESERIES:
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TOOLS

 Time derivative distribution

* Time lag correlation (model vs model, sat
vs satellite)

i}- Time lag correlation (model vs satellite)
* Diurnal cycle
» Average cloud lifecycle curve
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[FR+ — FR=])/<FR= [FR+ - FR-1/<FR= [FR+ — FR=])/<FR=

(FR+ - FR-)/<FR>

Time derivative distribution symmetry
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TOOLS

Time derivative distribution

Time lag correlation (model vs model,
satellite vs satellite)

Time lag correlation (model vs satellite)
Diurnal cycle
Average cloud lifecycle curve



TaLy
1.0
Oo.e
0.6
O.d
0.2
0.2
QG20 3040
TAE LG [HR]
ALFE
1.0
0.s
0.8
0.4
0.2
0.c
O 10203044
TAE LAC [HR]
SPAlN
1.0
Oo.e 1
III
0.6 \\
O.d
0.7 =1
o.c
QG20 3040

TIME LAG |HR]

WESTERN_SaHARA

1.0
0.8

0.e

0.4

0.2

0.C
O AGER3040
TIWE LaC [HR]

LICRAINA

0.2

0.c |

Q102030470
TIME LAG [HR]

CANBRY

1.8
0.8

0.e

0.4
%

0.2

0.c
O AGEL3040
TIWE LA [HR]

Al GERLA_SE
10

nEe|

0.E

0.2

0.z

Q102030470
TIME LAG [HR]

DI LON 1A
¥

0.8

oe

0.4

0.2

0.c
O AGEL3040
TIWE LA [HR]

ALBORAN

1

0.e

0.&

\""H
0.2

o.c

Q10203040
TIME LAG |HR]

THRACIA

1.0

0.8

oe

0.4

0.2

0.C
O 10203040
TIWE L&G [HR]

AMETOL A
12

0.e

0.&

0.2

0.c

Q10203040
TIME LAG |HR]

Bal KANS

1.0
0.8
o.e

D4 \__

0.2

0.C
O 10203040
TIWE L&G [HR]

FRANCE _ATL
1.0

0.e
0.&
0.4

0.2

v

0.
Q102030470
TIME LAG [HR]

&L GERIE_ME
1.0

0.8
oe
0.4

0.2

< |

0.z
O AGEL3040
TIWE LA [HR]

EGYRT

1.0

0.e

0.&

0.4

0.2

0.c

Q102030470
TIME LAG [HR]

SE_MED

1.z
0.8

o0.e

7

0.4

0.2

0.z
O AGEL3040
TIWE LA [HR]

COPEM_M_ATL

A ————————

Time lag correlation

Al GERLA_ Sy

A f—r———————

CERPATHIANS
4 "y

TRIFOLTANLE
E

1.00[ T T T T A {}
C Wl
: G o & & g{.} 290 Ko g oo
L %}{} e & L+ +
r & £ o4 4 o + +++
2.0 o 4+ &%+
: H oty @ S +
r {}0 + 1t o
C _r'_l=+ N + +
[ + 4
r il +
] — +
L 4 —+
T : +y
+
G700
[ 4+
CEOF
3.BOL R N I R N
G 0.2 0.4 0.6 0.8
Mormalized Sub—region Size
nol 1. .| nol 1. | nol 1. .|
O G20 3040 O 20040 G20 040 O G20 E040
TIWE LAG [HR] THE LAG [HR] TIWE LAG [HR] TIWE LAG [HR]
HUMNGARY CYREMAICE_CRETE FREMCE_ME Al GERIE_MW
1.0 1.0 1.0 1.0
0.3 0.3 n.a|! 0.3}
\....-l-' 1
n.e n.e n.e n.e
\ . \
0.4 ) 0.4 \ 0.4 0.4
T, L
0.2 0.2 0.2 \_ 0.2
0. 0. 0. __J___| 0.
16203048 O 16203040 O 10203040 O 10203040
TIME LAT [HR] TIME LaC [HR] TIME LAT [HF] TIKE LA [HR]



TOOLS

Time derivative distribution

Time lag correlation (model vs model,
satellite vs satellite)

Time lag correlation (model vs satellite)
Diurnal cycle
Average cloud lifecycle curve



maLy
0.8
0.7e
078 /- \
074
0,72
0.7
—B-4+I0Z 46
TIE LAG IHH]
ALPE
oez|
0.6 -"N-\
0,58
0.5
0,54
.52
—-G4IL2 45
TIWE Lal [HR]
SRAIN
0.B&
0,64
0.62 \
0. B
058
0,68
—B-4+I0Z 46

TIWE LAG IHH]

WESTERN_SaHARA

0,38
0,54 oo

0,32 \
0,30

0,28

0.26

g 400 F 45
TIE Lo [HR]

Time lag:

LRI A
0,62
0.6 /\
0,58 \
0.56
0,64
0.53
BI04
TIWE LAG IHH]
CANBRY
oz
Q.20
013
1
0,18
0,14
0,12
G420 245
TIAE LAC [HR]
ALGERIA_=E
0.50
04B
048
r.44
1,47
040
BI04
TIWE LAG IHH]
IAOLO&NIA
oBa [
0.632 /v-l\
0.6
0,58
056
0,54
G420 245
TIWE LAG [HR]

ALBORAN

0,74
073
0.-rg
0, 5B 3

0.E6E

0.64

—B4I0F 4G
TIME LaG [HR]

THRACIA

0,74 .\

0,73

073
0.BR
0.6&
0,54

G420 2 45
TIWE L& [HR]

AMLTOL S

0,68 H\‘--..,

064

0.BB

0,62
0.6

0.6B

—B4I0F 4G
TIME LaG [HR]

Bal KANS

0.6
0.6B
0.56
E |
0,54
0,52

0.5
540074 5
TE LaC [HR]

model vs satellite

FRAMCE _ATL

0.EB

0,66

0,54

062

0.6a

l:I.EE;J
—BHIGZAE
TILAE L&D IHH]
&LGE RIG_ME

osd|

0.63

0.6a

.58

0.56]

.54
AT 4 S
TIME LAC [HR]

EGYPRT

0.6C

0158 |y,

.58 \

0.54

.52

0.50
—BHIGZAE
TILAE L&D IHH]

SE_MED

ose|

.46

0,44

.49

0,40

.38
AT 4 S
TIWE LaG [HR]

OPEM_M_ATL
0.14
0,12
o /\
0.0
0.08
0.04

—B4J0 24§

TIWE LAG IHH]

ATL_CFF_PORTUGAL

0.1E
0.16’/-\
014
0,12
0.1
0.0B

—-G420 245
TIWE L& [HR]

ATL_OFF_MARDCCD

0,12
o /\
Q.08
006
0,04
0.03

—B4J0 24§
TIME LAl [HR]

HUMNGARY

066
0,54
0.62
0.6
0,98
0.58

-5 40024 5
TE LaC [HR]

oo

v

v

ALCERLA_=

044
0,43 /-
1,43
0,38

0.36

0.34

—B4J0F 4G
TIME LG [HR]

ETLAS

0,54
0.52
0.5
048
045

0,44

G402 45
TWE La [HR]

OPEN_S_ATL

=0 L
-0,12
—0.14
=08
=018

-0k

—B4J0F 4G
TIME LG [HR]

CYREMAICE_CRETE

0732
07e [
0.68
0.BEB
0.4
.52

-5 420 F 4 5
TIME LA [HR]

v

PARPATHIANS
0.568
0. 54

0.52 /
0,501
0.43

048

—B4J0 24 G
TIME LAl |HA]

ATL_OFF_SPAIN

Rl
014
0,12
.10
0,0B )
Q.06
LD 4G
TIAE LaC |HR]
TUNIS LA,
071
070 /
0,68 \
0.6
0,64
.62
—B4I0F 4G
TIRE LAG IHH]
FRAMCE_NE
0,48 T
0,45
0,44 \
042
0,40
.38
LD 4G

TE LaC |HR]

TRIFOLTARNLA
O

073
076 /’ \
0,74
079
07e

—B4InF 4G
TIME LG [HR]

ICH AN

080
0vB r\
078

0,74

072

070
G402 45
TIWE La [HR]

W_kED

0.8
073

0.7E /q
074

072
0.7

—B4InF 4G
TIME LG [HR]

AL GERIE_MW

.52
0,60
048
I:I.11-l2’2~J
0,44

0.42

5420 F 4 5
TIE LAl [HR]




TOOLS

Time derivative distribution

Time lag correlation (model vs model, sat
vs satellite)

Time lag correlation (model vs satellite)
Diurnal cycle
Average cloud lifecycle curve



NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

MALY
1,00
0.8
07
0.6
0.6
0.4
O 5401520
uT
ALRS
1,00
0.9
0.8
07
0.6
0.6
0.4
O 5401520
uT
SR
1,00
0.9
0.8
07 %
0.6
0.6
0.4
0 5401520
uT
WESTERN_SaHARA
1,00
0.9
0.8
07
0.6
0.6
0.4
O 5401520
uT

NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

LrREINA
I - mane
0,90
0.80
070
0,50
0,50
0,40
O 5401520
uT
CAMBRY
100
0,90
0.80
070
0.5
0,50
0,40
O 5401520
uT
ALGERIA_SE
100
0,90
0.80 |I
070 |
0,60 ]
0,50 \x
0,40
4 & A0IESS
uT
WMOLOLLA
100
0.80
070
0.5
0,50
0,40
O 5401520
uT

NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

1,00
0.9
0.8
07
0.6
0.6
0.4

1,00
0.9
0.8
07
0.6
0.6
0.4

1,00
0.9
0.8
07
0.6
0.6
0.4

1,00
0.9
0.8
07
0.6
0.6
0.4

ALBORAN

O 5401520
uT

THRAA

a 51E-152CI

AMLTOL S

O 5101520
uT

Bl KANS

/

O 5401520
uT

ilurnal cycle

NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

&

FRAMCE _ETL
1,00
.40 oy
0.80
0.7
0,60
0,50
.40
8 5101520
uT
BLGE RIG_ME
R e
.00
0.80
0.7 I"'\
0.5
0,50
.40
8 5101520
uT
EGYRT
1,00
.00
0.80
0.7
0.5
0,50
.40
o & 101520
uT
SE_MED
1,00

090
0.BC
0.7e
0.B2
060
040

O 5401520
uT

NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

OPEN_N_ATL
1.00

.40 @‘
0.8
o7
0,60

0.6
0.4

O 5401520
uT

ATL_OFF_PORTUGAL

1,00
.40 b

0.8

070

0.5

0.6
0.4

O 5401520
uT

ATL_OFF_MARDCCD

1,00
0.9
0.8
07

0.6
0.6
0.4

O 5101520
uT

HUMNCARY
1,00
0,80
0,70
0,60
0,50
0,40

O 5401520
uT

NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

A GERLS_ Sy
1.00

0.4
0.8
0.7 |
0.5 !

OB by
v

0.4

O 5401520
uT

BTLAS

1,00
0.9
0.8
07
0.6
0.6
0.4

O 5401520
uT

DPEN_S_ATL
1,00 A
(k1) f
0,80 b
070
0.6
0,50
0,40

O 501520
uT

CYREMAICE_CRETE

1,00
0.9
0.8
07
0.6
0.6
0.4

O 5401520
uT

NORMALIZED <GC™= NORMALIZED <CC™= NORMALIZED <CC™=

NORMALIZED <CC=

CERPATHIE NS

1,00
o0 PP
0.8 }
0.7 "'J ‘\'
0.BC
0.6
0.4
O 5401520
uT
ATL_OFF_SPLIN
1,00
0.8
07
0.6
0.6
0.4
O 5401520
uT
TUNIS LA
1,00
0.9
0.8
07
0.6
0.6
0.4
O 5101520
uT
FRENCE_MNE
1,00
0.8
07
0.6
0.6
0.4
O 5401520
uT

NORMALIZED <CC= NORMALIZED <CC= NORMALIZED <CC=

NORMALIZED <CC=

TRIFOLITAR LA
1,00

0.9
0.8
07
0.6
0.6
0.4

O 5401520
uT

O 5401520
uT

W_kED

100 e
0.9
0.8
07
0.6
0.6
0.4

5112-152&

AL GERIE_MW
1.00

0.9
0.8
07
0.6
0.6
0.4

a 51G152CI



TOOLS

Time derivative distribution

Time lag correlation (model vs model, sat
vs satellite)

Time lag correlation (model vs satellite)
Diurnal cycle
Average cloud lifecycle curve
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Conclusions

« A preliminary set of diagnostic tools has been produced
focusing on the description of temporal variability of
cloud cover. The approach is designed to decrease the
sensitivity to cloud overlapping scheme and satellite
cloud detection.

* Modelers will now start to investigate the usefulness of
the information obtained with such a set of diagnostic
tools. => Refinements of the tools and definition of
guantitative estimations.

 The overall LMDZ validation activity include also
validation of water vapour vertical structure and a
Lagrangian approach (cloud tracking) to investigate
cloud lifecycle characteristics
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