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LMK from DWD: output every hour, Δx=2.8 km; MODIS: overpass Europe 1-2 
times a day, Δx=0.25-5 km; SEVIRI: full disk every 15 min., Δx=~5 km for Europe.

Introduction Approach

Tracking Conclusions and outlook
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Patchiness, Cloud optical thickness

Long-term analysis

• Interpolate and determine total cloud cover (b), τ, BT and patchiness:
with N_cld, N_free: number of cloud, 
clear sky areas, n: amount of pixels.

• Aggregate cloud optical thickness:
with j: cloud layer index, μ: cosine
of sun zenith angle, bj: layer cloud
cover, normalised to columnar b       

with i: grid cell index, N: number of 
pixels.

For aggregation use τ=0 in clear sky cases and for domain averages use bi>0.

• Tracking: 1) Use BT threshold to define convective cells, e.g.: BT < 220 K,
2) Determine area A, distance r, overlap o in two successive images, 
3) Minimum in defines pair of cells.
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Observations

We present new methodologies for the comparison of satellite remote sensing 
observations and output of atmospheric models. We utilised observations of 
MODIS and SEVIRI to evaluate the LMK model. The comparison relies on 
observations and output from July and August 2004 and on two case studies: a 
stratiform cloud and a shallow convection case. We newly introduce the 
patchiness parameter and a novel and widely applicable method to spatially 
aggregate cloud optical thickness (τ). The comparison of τ revealed the inability 
of LMK to separate between the convective and stratiform cloud case. First 
results of the long-term evaluation show systematic overestimations of brightness 
temperature (BT) and underestimations of cloud top pressure. Further analysis 
relies on the diurnal cycle and regional dependencies of bias and RMSE.  Finally, 
we apply a tracking algorithm to MSG and LMK data which allows the analysis of 
differences in life time, origin, and path of convective cells. 

SEVIRI: 08.07.04, 10:30 UTC

p1,2 = (N_cld ± N_free) / n
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New algorithms for the evaluation of atmospheric models have been presented 
utilising LMK, SEVIRI and MODIS observations. The patchiness parameters are 
able to identify differences between LMK and satellites. The aggregation of cloud 
optical thickness is widely applicable, and cloud optical thickness turned out to be 
a valuable parameter for evaluation purposes. LMK tends to overestimate the 
frequency of large cloud optical thicknesses and shows no significant structural 
differences in cloud optical thickness fields, probably due to an overestimation of 
updrafts (see also Van Lipzig et al. 2006 and Schröder et al. 2006).
For July 2004 we found reasonable agreement in cloud cover and 
underestimations in cloud top pressure. RMSE of cloud cover has a distinct 
diurnal cycle. For August 2004 BT 10.8 μm shows a large RMSE with diurnal 
cycle. Future work will concentrate on possible uncertainties in the 
implementation of viewing geometry in the radiation module of LMK.
Due to the large RMSE the application of the tracking algorithm should be seen 
as a preliminary study. In the near future the tracking algorithm will be used for 
evaluation purposes.

Acknowledgments: We would like to thank J.-P. Chaboureau, V. Matthias, and E. van 
Meijgaard for fruitful discussions. MODIS data was received from http://daac.gsfc.nasa.gov.                          

• LM overestimates
large τ and

• shows no struc-
tural differences.

The Netherlands
BBC1: 23 September 2001
BBC2: 21 May 2003

• Useful to test 
newly implemented 
turbulence schemes
• Model underesti-
mates patchiness.

p1 = 0.50  (LMK: 0.37)
p2 = -0.03 (LMK: -0.17)

p1 = 0.66  (LMK: 0.44)
p2 = -0.48 (LMK: -0.33)

Fi
g:

 O
rig

in
, p

at
h 

an
d 

P
D

F 
of

 a
re

a,
 J

un
e,

 J
ul

y,
 A

ug
us

t 
20

05
. 

Pa
th

s 
pl

ot
te

d 
on

ly
 if

 le
ng

th
 >

 7
00

 k
m

 (c
en

tra
l A

fri
ca

).
Fi

g:
 D

iu
rn

al
 c

yc
le

 o
f 

co
n-

ve
ct

iv
e

ac
tiv

ity
, 

ex
pr

es
se

d 
in

 n
um

be
r 

of
 lo

w
 t

em
pe

ra
-

tu
re

ce
lls

, 
Au

gu
st

 
20

04
, 

LM
K 

(G
O

P)
 d

om
ai

n.

A / max(A) + r / max(r) + (1-o)
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New
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None

a)

b)

Counter for splitting a) and 
merging b).
Tracking stops if A<100 pixels 
and o=0.

Fi
g:

 T
im

e 
se

rie
s 

of
 c

lo
ud

 c
ov

er
 a

), 
cl

ou
d 

to
p 

pr
es

su
re

 b
), 

Ju
ly

 
20

04
 (O

B
S=

S
E

VI
R

I).

Fi
g:

 D
iu

rn
al

 c
yc

le
 o

f R
M

S
E 

of
 c

lo
ud

 c
ov

er
 d

), 
BT

 1
0.

8 
μm

 e
)a)

b)

• Agreement in b, diurnal cycle in RMSE.
• Underestimation  of  cloud top pressure.
• Overestimation  of  BT  (large  bias, high 
correlation (0.86)), diurnal cycle in RMSE.

• Latter possibly due to erroneous imple-
mentation of viewing geometry. This would
also explain the increasing bias with 
decreasing BT and cloud top pressure.

LMK dom.
Sea
Alps
flat land
low mount.
Poldirad
COPS

c)

BT<250 K
BT<225 K

MSG
BT<225 K LMK

Tracking of convective cells and 
comparison of origin, path, 
diurnal cycle, and PDFs of area, 
path length and life time as well 
as merging and splitting of cells 
(not shown) contains large 
potential for evaluation purposes.
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Not a single east 
component.
94% within ±45º
west.


