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North20 − temperature: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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North20 − specific humidity:  (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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North20 − u−wind: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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South20 − temperature: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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South20 − specific humidity: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|

old radiation
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South20 − u−wind: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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Tropics − temperature: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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Tropics − specific humidity: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|
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Tropics  − u−wind: (15/03/1999 12h t+24)
| TL_exp− FD|  − | TL_ref − FD|

old radiation
new rad + cloudiness
new rad + clear sky
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    Cloud
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Cloud cover − observation
(situation : observation at clear sky conditions)a
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Cloud cover − observation
(situation : observation at cloudy conditions)
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Analysis increments − spec. hum. [g/kg] & temperature [K]
( observation at cloudy conditions )
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First−guess vs. analyzed cloudiness, lwc [g/kg] and iwc[g/kg]
( observation  at cloudy conditions ) 
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Analysis increments − spec. hum. [g/kg] & temperature [K]
( observation at clear sky conditions )
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First−guess vs. analyzed cloudiness, lwc [g/kg] and iwc[g/kg]
( observation  at clear sky conditions)
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Analysis increments − spec. hum. [g/kg] & temperature [K]
( obs = 1.05 * fg)
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First−guess vs. analyzed cloudiness, lwc [g/kg] and iwc[g/kg]
( obs = 1.05 * fg)
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Analysis increments − spec. hum. [g/kg] & temperature [K]
( obs = 1.05 * fg,  modif. fg for T and q)
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First−guess vs. analyzed cloudiness, lwc [g/kg] and iwc[g/kg]
( obs = 1.05 * fg, modif. fg for T and q)
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( observation at clear sky conditions )
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Cloudiness, lwc [g/kg], iwc [g/kg]
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward longwave radiation at the surface  [RAN, dF=1.]
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = dowward shortwave radiation at the surface [RAN, dF=−1.]
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [RAN, dF=−1.]
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward shortwave radiation at the TOA  [RAN, dF=1.]
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = dowward longwave radiation at the surface  [RAN, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward shortwave radiation at the surface  [RO, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q

c

−1.0 −0.5 0.0 0.5 1.0 1.5 2.0 2.5

10

15

20

25

30

35

40

45

50

55

60

m
od

el
 le

ve
ls

Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [RAN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward shortwave radiation at the TOA  [RAN, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward longwave radiation at the surface  [RAN, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward shortwave radiation at the surface  [RAN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [RAN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward shortwave radiation at the TOA  [RAN, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward longwave radiation at the surface  [RAN, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward shortwave radiation at the surface  [RAN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [RAN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q

d

−1.0 −0.5 0.0 0.5 1.0 1.5

10

15

20

25

30

35

40

45

50

55

60

m
od

el
 le

ve
ls

Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward shortwave radiation at the TOA  [RAN, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward longwave radiation at the surface  [clear sky, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = downward shortwave radiation at the surface  [clear sky, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q

b
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [clear sky, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward shortwave radiation at the TOA  [clear sky, dF=1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Cloudiness, lwc [g/kg], iwc [g/kg]
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [MRN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [MAX, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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Sensitivity of F with respect to T, q, cloud cover a, q_lw, q_iw
F = upward longwave radiation at the TOA  [RAN, dF=−1.]

cloud
(dF/dT) * sigma_T
(dF/dq) * sigma_q
(dF/da) * 0.1
(dF/dq_lw) * 0.05 sigma_q
(dF/dq_iw) * 0.05 sigma_q
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                              Log10(Cloud Water Reflectivity) dBZARM South Great Plains 1999-04: Radar MMCR+MPLa
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                              Cloud Fraction (Percent)ARM South Great Plains 1999-04: first guess with conva

Cloud %

  0.   1.   2.   3.   4.   5.   6.   7.   8.   9.  10.  11.  12.  13.  14.  15.  16.  17.  18.  19.  20.  21.  22.  23.  24.  25.  26.  27.  28.  29.  30.
Days since 19990401 00UTC

 956.3

 920.6

 855.4

 775.4

 689.6

 603.4

 519.7

 440.0

 365.3

 296.5

 234.4

 179.6

 132.6

  93.8

  63.5
P

re
ss

u
re

  (
h

P
a)

1 - 5 5 - 10 10 - 15 15 - 20 20 - 25 25 - 30 30 - 35 35 - 40 40 - 45 45 - 50 50 - 55 55 - 60 60 - 65 65 - 70 70 - 75 75 - 80 80 - 85 85 - 90

90 - 95 95 - 100

                              Cloud Fraction (Percent)ARM South Great Plains 1999-04:  first guessb

Cloud %

  0.   1.   2.   3.   4.   5.   6.   7.   8.   9.  10.  11.  12.  13.  14.  15.  16.  17.  18.  19.  20.  21.  22.  23.  24.  25.  26.  27.  28.  29.  30.
Days since 19990401 00UTC

 956.3

 920.6

 855.4

 775.4

 689.6

 603.4

 519.7

 440.0

 365.3

 296.5

 234.4

 179.6

 132.6

  93.8

  63.5

P
re

ss
u

re
  (

h
P

a)

1 - 5 5 - 10 10 - 15 15 - 20 20 - 25 25 - 30 30 - 35 35 - 40 40 - 45 45 - 50 50 - 55 55 - 60 60 - 65 65 - 70 70 - 75 75 - 80 80 - 85 85 - 90

90 - 95 95 - 100

                              Cloud Fraction (Percent)ARM South Great Plains 1999-04: analysisc

Cloud %

  0.   1.   2.   3.   4.   5.   6.   7.   8.   9.  10.  11.  12.  13.  14.  15.  16.  17.  18.  19.  20.  21.  22.  23.  24.  25.  26.  27.  28.  29.  30.
Days since 19990401 00UTC

 956.3

 920.6

 855.4

 775.4

 689.6

 603.4

 519.7

 440.0

 365.3

 296.5

 234.4

 179.6

 132.6

  93.8

  63.5

P
re

ss
u

re
  (

h
P

a)

1 - 5 5 - 10 10 - 15 15 - 20 20 - 25 25 - 30 30 - 35 35 - 40 40 - 45 45 - 50 50 - 55 55 - 60 60 - 65 65 - 70 70 - 75 75 - 80 80 - 85 85 - 90

90 - 95 95 - 100

*�'��� �@B �	�� ��	� �$ 
�� ����� ����� 849 $��� 
�� ��
 ��� �0
�	��� �	�� 
�� �	����
	� �����
����� 
�,	�� 	�
� ������
 ������
	�� ����	�	
�
	�� 8�9= $��� 
�� ��
 ��� �	
���
 ������
	�� ����	�	*

�
	�� 	� 
�� �	����
	� ����� ����� ��� 	� �-*)�� � ���	���
 809 ��� $��� 
�� ����.	 8�9�

@� �() ������



����������� ��	
��� ��� �� 	�� �� ������������ ���� �� ���� ��
������ ������� �� ���

 
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29

30
31

−
20

−
10010203040506070

radiation flux  [ W/m2 ]

D
iff

er
en

ce
 fo

r 
LW

D
:  

| F
G

 −
 O

B
S

 | 
 −

  |
 A

N
A

L 
−

 O
B

S
 |

pe
rio

d:
 0

1/
05

/1
99

9 
−

 3
1/

05
/1

99
9 

(d
ia

gn
os

tic
 c

lo
ud

 s
ch

em
e)

D
ay

s 
si

nc
e 

19
99

05
01

 0
0U

T
C

b

 
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29

30
31

−
35

0

−
25

0

−
15

0

−
505015

0

25
0

35
0

45
0

radiation flux  [ W/m2 ]

D
iff

er
en

ce
 fo

r 
sW

D
:  

| F
G

 −
 O

B
S

 | 
 −

  |
 A

N
A

L 
−

 O
B

S
 |

pe
rio

d:
 0

1/
05

/1
99

9 
−

 3
1/

05
/1

99
9 

(d
ia

gn
os

tic
 c

lo
ud

 s
ch

em
e)

D
ay

s 
si

nc
e 

19
99

05
01

 0
0U

T
C

d

 
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29

30
31

−
6

−
4

−
2024681012

total water vapour content [ kg/m2 ]

D
iff

er
en

ce
 fo

r 
T

C
W

V
:  

| F
G

 −
 O

B
S

 | 
 −

  |
 A

N
A

L 
−

 O
B

S
 |

pe
rio

d:
 0

1/
05

/1
99

9 
−

 3
1/

05
/1

99
9 

(d
ia

gn
os

tic
 c

lo
ud

 s
ch

em
e)

D
ay

s 
si

nc
e 

19
99

05
01

 0
0U

T
C

a

 
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29

30
31

−
0.

25

0.
00

0.
25

0.
50

0.
75

1.
00

1.
25

1.
50

liquid water path [ kg/m2 ]

D
iff

er
en

ce
 fo

r 
LW

P
:  

| F
G

 −
 O

B
S

 | 
 −

  |
 A

N
A

L 
−

 O
B

S
 |

pe
rio

d:
 0

1/
05

/1
99

9 
−

 3
1/

05
/1

99
9 

(d
ia

gn
os

tic
 c

lo
ud

 s
ch

em
e)

D
ay

s 
si

nc
e 

19
99

05
01

 0
0U

T
C

c

F
ig
u
re
�
�
�
S
a
m
e
a
s
F
ig
�
�
�
�
b
u
t
fo
r
th
e
p
er
io
d
o
f
M
ay
�
�
�
�
�

*�'��� �?B

�() ������ @5



����������� ��	
��� ��� �� 	�� �� ������������ ���� �� ���� ��
������ ������� �� ���

                              Log10(Cloud Water Reflectivity) dBZARM South Great Plains 1999-05: Radar MMCR+MPLa
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                              Log10(Cloud Water Reflectivity) dBZARM South Great Plains 1999-05: Radar MMCR+MPLa
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