Mgy

N

INNRVHA NVA

. CONSORTIUM FOR SMALL SCALE MODELING

RC%: sensitivities to the new radiation scheme parameters

P. Khainl, H. Muskatel?, U. Blahak?

lIsrael Meteorological Service, 2Deutscher Wetterdienst

COSMO General Meeting, Wroclaw, September 2015



Problem: New radiation scheme — 32 new parameters.

Which of them are most important?

Difficult to answer... it depends on cloud type.

1. Use idealized COSMO framework to create different cloud types
2. Decide which parameters are the most important for each cloud type

For example, we will find out that:

Shallow
convective

Anvil of
Cumulonimbus

Mixed

phase
cumulus

pl1,p2,p3,p4, pl,p2,p4, p1,p2,p3,p4,p5, p2,p4,p5,p6,p13,p15, p2,p4,p5,p6,p13,p15, p1,p2,p3,p4,p5,07,p8,p9,p12,
p5,p7,p8,p9, p6,p13,p15, p6,p7,p8,p9,p12, p16,p17,p30 p16,p17, p30 pl4,p21,p22,p23,p27,p28,
pl2,p14,p21, pl6,p17,p24, p13,p14,p15,p16, p29,p30
p22,p23,p27, p25, p26,p30 pl7,p21,p22,p23,
p28,p29,p30 p24,p25,p26,p27,

p28,p29,p30

All the others — predefine in the code
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29.
30.

Irad_incl_grgsqg
iradpar_cloud
Irad_use_largesizeapprox
itype_aerosol
icloud_num_type rad
radqcfact

radgifact

rad_arearat_Is i
rad_arearat_Is_s

rad_arearat_Is g

rad_arearat_Is_h
rhobulk_Is_ini_i
reff_ini_c

reff_ini_i
cloud_num_rad

zref _cloud_num_rad
dz_oe cloud num_rad
tqc_thresh_rad
tqi_thresh_rad
tgs_thresh_rad
rhos_nOshigh_rad
rhos_nOslow_rad
n0s_low_rad

rhoi_nihigh_rad
rhoi_nilow_rad
nifact_low_rad
gvsatfact_sgscl_rad

p6,p7,p13,p18,p19,p20,p30 — new tuning namelist parameters in the future version
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1a. Radiation parameters for stratus cloud

Effective Cloud Water Content - CWC

What do we need to define optical properties ? +
Effective radius of droplets R

Grid-Scale Cloudiness Subgrid-Scale Cloudiness
Effective (from microphysics)*correction Parameterization
CwWC
Res from CWC Tuning parameter

+ assuming number concentration



Parameter 1: Subgrid-scale variability factor ,radqcfact”

:> CIoud Water Content

Assume: |\/||crophy5|cs in a grid box

Mean Cloud Water
Content over the
grid box

Higher radiation
' ; t) X CWC
through “empty” areas E> Effective CWC: lower E> CWC - (radqcfact)




Parameter 1: Subgrid-scale variability factor ,radqcfact”

Where ,radqcfact” takes effect ?

Grid-Scale Cloudiness Subgrid-Scale Cloudiness
Effective (from microphysics)*correction Parameterization
CwC
Res from CWC Tuning parameter

+ assuming number concentration

[higher,,radqcfact"] |:> [highereffectiveCWC] |:> [ h|i?fernrj§|;izzc;0n ]




Parameter 2: ,,qvsatfact_sgscl rad”

[ if RH<100% } —> [ N }

[ fromRHand T ] - [ Subgrid-scale CWC }
/'

Multiplication factor ,,qvsatfact_sgscl_rad”

Where ,qvsatfact_sgscl rad” takes effect ?

Grid-Scale Cloudiness Subgrid-Scale Cloudiness
B (from microphysics)*correction Parameterization
CwWC
from CWC :
R Tuning parameter

+ assuming number concentration

higher :D : : :D higher radiation
[ gvsatfact_sgscl rad J [hlgher effective CWCJ [ attenuation J




. 114
Parameter 3: ,rhoc_nclow_rad b et

radiation scheme:

Number rhoc_nclow_rad
concentration ! .
A : higher CWC
No Ao
n \ O
L lower number
> concentration
CWC in cloud CWC due to collisions
Where ,rhoc_nclow_rad” takes effect ?
Grid-Scale Cloudiness Subgrid-Scale Cloudiness
Effective : : : .
CWC (from microphysics)*correction Parameterization
from CWC .
Resf Tuning parameter

+ assuming number concentration

higher higher number higher radiation
[rhoc_nclow_rad} I$ [ concentration J I$ [Iower ReffJ I$ [ attenuation J




Parameter 4: ,reff_ini_c”

[ if RH<100% } —> [ N }

¥

. - R« = tuning
=7 eff
[ R = 7 in SGS clouds ] [ parameter reff_ini_c l

Where ,reff_ini_c” takes effect ?

Grid-Scale Cloudiness Subgrid-Scale Cloudiness
B (from microphysics)*correction Parameterization
CwWC
Ress from CWC Tuning parameter

+ assuming number concentration

higher :r; lower radiation
[ reff_ini_c (R ) ] [ attenuation J
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1b. Idealized simulation of stratus cloud

Domain:
41X41X60 grid points Resolution: 0.025° Periodic B.C.
(around 30°E-30°N)

Stable layer
(1.5-3.3km)
with initial RH=101%

Set zenith angle to
constant=30°

Removed the radiation y )
: : Same” cloud for any
heating term in the egn.

radiation parameters
for Temperature tendency P




1b. Idealized simulation of stratus cloud

QC [kg/kgl CLC
6min %107 6min

e 3

4

L)

Height (km)
M

0 0 0

20 60 100 20 60 100
Distance (km) Distance (km)




1b. Idealized simulation of stratus cloud

Cloud Cover - CLC

=
08} . Vo -
Layers with subgrid-
061 scale cloudiness
04}  Grid-scale ]
.| cloudiness only == maximum |
=== mean

O 1 1 1 1 [
10:00 11:00 12:00 13:00 14:00 15:00 16:00



1b. Idealized simulation of stratus cloud

0.14

Integrated Cloud Water Content

0.08

0.06 |-

0.04

0.02

0.12 |
0.1

TQC (kg/m?)

0
10:00

13:00 14:00 15:00

Time

11:00 12:00

16:00



1b. Idealized simulation of stratus cloud

9
8.5
8
7.5
7
6.5
6
5.5

* 10_5

Cloud Water Content — QC (kg/kg)

| Artificial growth

due to transition of

k. layersto CLC<1 |

i m—maximum over CLC=1 layers ]
=== mea ]

N over CLC=1 layers

10:00 11:00

12:00

13:00 14:00

15:00

16:00



1b. Idealized simulation of stratus cloud

2 Rain Water Content — QR (kg/kg)

1.2
1._
0.8} 1
No Rain
0.6F [ 7 N e
04|/ o )
m—maximum

0.2 H |

=== mean

O 1 1 1 1 1
10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time



1b. Idealized simulation of stratus cloud

Cloud Cover - CLC
1 ___________ — T
0.8 ) / -
Layers with subgrid-
oer scale cloudiness
o4t  Grid-scale ]
.| cloudiness only == maximum |
=== mean
1%:00 11:00 12:00 13:00 14:00 15:00 16:00
e Integrated Cloud Water Content
. T 2 T
0.1}
0.08 - [ —
0.06
0.04
0.02 |
1%:00 11:00 12;00 13:00 14I:OD 15200 16:00

Time

9
8.5
8
7.5
7
6.5
6
5.5

10:00

Cloud Water Content — QC (kg/kg)

* 10_5

| Artificial growth

due to transition of
k. layersto CLC<1 |

I i m—maximum over CLC=1 layers ]

-

=== mean over CLC=1 layers

11:00 12:00 13:00 14:00 15:00

2 Rain Water Content — QR (kg/kg)

16:00

1.2
1_
0.8+ 1
No Rain
0.6F [ .~ e
0.4}/ . ]
m—maximum
0.2 H J
== mea
1%:00 11:00 12:00 13:00 14:00 15:00
Time

16:00



1b. Idealized simulation of stratus cloud

Cloud droplets effective radius - R_; (um)

20

15

0

low rhoc_nclow_rad (for GS)
10 w ]
Default (for GS)
5 Default (forsGs) ]

Artificial growth due to
transition of layers to CLC<1

" T T " "

high reff _ini_c (for SGS)

10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time
Reff_c_gs No cloud
------ Reff c_sgs
Reff c¢_gs radgcfact=0.5, qvsatfact_sgscl rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
- Reff_c_sgs
Reff_c_gs radqcfact=1, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
------ Reff_c_sgs
Reff_c_gs radgcfact=0.75, qvsatfact_sgscl_rad=0.005, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
Reff_c_sags
Reff_c¢_gs radgcfact=0.75, gvsatfact_sgscl rad=0.02, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
------ Reff_c_sgs
Reff_c_gs radgcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=6e-05, reff_ini_c=5e-06
ffffff Reff _c_sgs
Reff_c_gs radgcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=2e-05
Reff_c_sgs
defa u It —»> Reff_c_gs radgcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
------ Reff_c_sgs

Reff_c_gs:
mean effective
radius for CLC=1
layers

Reff_c_sgs:
mean effective
radius for
0<CLC<1 layers



1b. Idealized simulation of stratus cloud

Optical depth in visible - TAU

60 .

50 high qvsatfact_sg

40

i high radqcfact

e

30 Default: low reff_ini_c _

\ Default: rhoc_nclow_rad OFF
~— "\ lowqvsatfact_sgscl
_ - 20  low radqcfact . =
high reff_ini_c - -

/ low rhoc_nclow_rad

10 | | 1 1 1
10:00 11:00 12:00 13:00 14:00 15:00 16:00

Time

TAU_C_SO No cloud

TAU_C_SO radqcfact=0.5, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
TAU_C_SO radqgcfact=1, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
TAU_C_SO radgcfact=0.75, gvsatfact_sgscl rad=0.005, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
TAU_C_SO radqcfact=0.75, qvsatfact_sgscl_rad=0.02, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
TAU_C_SO radqcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=6e-05, reff_ini_c=5e-06

TAU_C_SO radqcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=2e-05

default —» TAU_C_SO radqcfact=0.75, qvsatfact_sgscl rad=0.01, rhoc_nclow rad=0.6, reff ini c=5e-06

. . But there is diffuse radiation !
{ exp(-TAU) = 0 ] I:> { No direct radiation ] |:> { (forward scattering) ]




1b. Idealized simulation of stratus cloud

1000 .
No cloud
800
* 60-90% radiation attenuation
600 . . ’ <
e Only diffuse, no direct (can’t see the sun)
400 K
200 E
0 1 1 1 1 1
10:00 11:00 12:00 13:00 14:00 15:00
Time
global_rad No cloud
global_rad radqcfact=0.5, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
global_rad radqcfact=1, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
global_rad radgcfact=0.75, qvsatfact_sgscl_rad=0.005, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
global_rad radqcfact=0.75, qvsatfact_sgscl_rad=0.02, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
global_rad radqcfact=0.75, qusatfact_sgscl_rad=0.01, rhoc_nclow_rad=6e-05, reff_ini_c=5e-06
global_rad radqcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=2e-05
default —» global_rad radqcfact=0.75, qusatfact_sgscl rad=0.01, rhoc_nclow_rad=0.6, reff_ini_ c=5e-06

Global Radiation (W/m?)

33

16:00



1b. Idealized simulation of stratus cloud

Reduction of global radiation (%)

Reduction of global radiation (%) vs. TQC

100
GEEEEEmEP 0000000 6 0 0 0 o o o o o
o00000O® © O © © © o ¢ o o
30_~ ®
~..Q...Q e O e o o o o o e b4
_ 20050008 © © & @& o o s
GO-W ° .
o
40
20 F
( oS> eeeeese ¢ ¢ © © o o o o o o |
0.08 0.09 0.1 0.11 0.12

Integrated Cloud Water Content - TQC (kg/m?)

® No cloud
radqcfact=0.5, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06

® radqcfact=1, gvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06
radqcfact=0.75, qvsatfact_sgscl_rad=0.005, rhoc_nclow_rad=0.6, reff_ini_c=5e-06

® radqcfact=0.75, qvsatfact_sgscl_rad=0.02, rhoc_nclow_rad=0.6, reff_ini_c=5e-06

® radqcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=6e-05, reff_ini_c=5e-06
radqcfact=0.75, qvsatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=2e-05

default —» ® radqcfact=0.75, qusatfact_sgscl_rad=0.01, rhoc_nclow_rad=0.6, reff_ini_c=5e-06

0.13
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2. Method: How to define sensitivity to model parameters ?

For given time step t:

 Perform idealized COSMO simulations for many parameters combinations
* Replace the radiation dependency on the model parameters by an analytic
function or a Meta-Model (MM):

a,1 +a,,X, +a,3x
- E pl T Gp2ip THEPS p E:E:
\R(xl,xz,x3,x4) = by iXpX;

J X X

\ X, = radqcfact

Attenuation of global radiation (%) / X, = qusatfact_sgscl_rad

. % rhoc_nclow_rad
“Effective” parameter : S
X4 =reff_ini_c

R —R(X1,X5,%3,X4)

100 X no cloud 1,42,43,44
Rno cloud fp (xp) - fp (xp,def)

MAX{fp (xp)} - MIN{fp (Xp)} \ f» chosen to get smoothed

dependence on x,,
More about f,, on the next slide... e
fp filxq) = x4

f2(x2) = x;
f3(x3) = —1/(x3 — qo)
aﬁ fa(xg) = x4

@ = Sensitivity to parameter X,




Why f,, ?

“Effective” parameter: X, =

fo(Xp)—fp(Xp,def)

MAX{fp(xp)}=MIN{fp (xp)}

N

&0
Model sensitivity on

parameter x, too much
depends on parameter value

R

A
Aa
A
Xp
Model sensitivity on /@Fi&
parameter X, similar to =3

any parameter value A
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3. Sensitivity results: which parameter is no. 1 for stratus?

= IR BT 1. High %,

Now we have formulas for R and —— for any point in parameters space. e
0%y 2. Low X,

: : 5 OR 3. High¥
In the following slides, we look at the values of R and — at 2
axp \< 4. Low fz

6. Low .52:3
Example for 2 parameters : o 7. High X,
X1 8. Llow %,

high
low high Xo

low




3. Sensitivity results: which parameter is no. 1 for stratus?

95 Attenuation of globall 40 Derivation of global
o radiation R (%) radiation -~
L v p .
30 0 0 0 0000000
g5 | high X,=radqcfact |
207 '
8 0 I | © o
o
10 ‘k{?@@$$¢¢$f+§$_
75 g S mreraraly
& o + 7
0 i % &f PEEPE LD S 2-
70 -"r‘-*. g%
65 | O |
default X5, X3, X4
60 | — 20 | '
0.08 0.1 0.12 0.08 0.1 0.12

TQC (kg/m2)

TQC (kg/m?2)

o000 2_32 (high %)
R
+++ 9%, (low %,)
orR =
000 %, (high %1)
IR i
+++ 6_3?2 (low %;)
000 g—i (high %)
IR i
+++ %, (low %)
00O 5—;; (high %)

oR
+++ < (lOW il)
0X,



3. Sensitivity results: which parameter is no. 1 for stratus?

7> Attenuatilon of globall 40 Derivation of globall
radiation R (%) radiation 2%
90+ ] 30| xy |
hlgh f2= f +
gvsatfact_sgscl_rad +
85 i S . +
20 ¢ LT T -
80t

75
701

65

60

gvsatfact_sgscl rad

default X, X3, X4

0.08

0.1 0.12
TQC (kg/m?)

++++++ +
VN R

o
>

o
+

0.08

TQC (kg/m?)

0.1 0.12

00O 2_32 (high %,)
R

+++ 9%, (low X,)
orR

00O 6_552 (high %,)

oR
5o (low )

| oR
OO0 %, (high %)

+++ oK low %
8_9?3( ow X,)
oR =

00O a—@(hlgh %)

oR
+++ Py (lOW iz)
0X,



3. Sensitivity results: which parameter is no. 1 for stratus?

7> Attenuatilon of globall 40 Derivation of globall
radiation R (%) radiation 2%
90+ 30 | 0Xp 1
85 | i
20 I ettt Tt - i
high %3=rhoc_nclow_rad L - rrrrrFe” !
8 0 i | . e, OO S o + 5
W, LSRR DD = B SRE AT,
7 5' "-:iiiii:{c:;'-;.:':E-::'f:-'.':f:-E:::E:E;::::- Q{}pr 0oC0oe ) © o
: j@g s i N
- w I EEEEEE
70t low X;=rhoc_nclow_rad . 0 2 < s
o O 090000 o
65 |
60 default X1, X,, X, 50 | |
0.08 0.1 0.12 0.08 0.1 0.12

TQC (kg/m2)

TQC (kg/m?2)

o000 2_32 (high %3)
R
+++ 9%, (low x3)
orR =
000 %, (high %3)
IR i
+++ 6_3?2 (low %3)
000 g—i (high %5)
IR i
+++ %, (low %3)
00O 5—;; (high X3)

oR
+++ < (lOW fg)
0X,



3. Sensitivity results: which parameter is no. 1 for stratus?

7> Attenuation of global 40 Derivation of globall
radiation R (%) radiation 2%
90+ 30 ¢ Ixp . oR
00O a—~(highf4)
X1
w4+ 2R owz
85 i 20 6_521( ow X4)
I T oR
low X,=reff_ini_c 00O - (high%,)
2
80t

AL e

P +++ a—ﬁ(lowf )
10 Rttt ¢ ¢ & @ e g ® @@ 0%, *
- +—|—++ $‘ a_R - v
I_I_-%gxﬁ} a e e e B o 000 0%3 (high %)

oo o

o oo PP P PP

7 5 ‘ =

ot SR ow
a—%(owle)

70

oR
00O a—@(hlgh X4)

high X,=reff_ini_c

& p“Coooo T 7
% o 4+ 2R owz)
oz, ow X,

65

default il’ fz, 5Cv3

60 ' '
0.08 0.1 0.12 0.08 0.1 0.12

TQC (kg/m?2) TQC (kg/m?)




3. Sensitivity results: which parameter is no. 1 for stratus?

R = global radiation attenuation (%)

85
80
75
70

65

radgcfact

R(%y)
(%) e

. /%(“\(\/ges

o

Nwéj/

0.5 % )
x1

305 R/

25 \ aR/a%l

20

. \

10 \:‘-\"':\$:

%5 D :

X4

1. Large attenuation

2. Higher TQC -> higher
attenuation

3. Higher X1 > higher
attenuation

4. R /9%, reaches ~30%

gvsatfact_sgscl rad

90
85
80 S

75f 7

70
-0.5 0 0.5 1

30

20

10

1. Large attenuation

2. Higher TQC > higher
attenuation

3. Higher X5 > higher
attenuation

4. 9R /9%, reaches ~30%

80

75

7071
65+

60

40

20+

-20

rhoc_nclow_rad

R(%3) Yz
(%) 7/
1 93 0
X3
OR/0Xx; / /‘\\\
- / g \\\ N
S \
1 -0.5 0
X3

1. Large attenuation

2. Higher TQC -> higher
attenuation

3. Higher X3 = higher
attenuation

4. R /9@%3 reaches ~30%

reff ini_c
80
78 —
. R (X4)
(%)
74+
72 E—
0 0.5 1
X4
2
O ~
720R/ax4
-4
-6
-8
0 0.5 1
X4

1. Large attenuation

2. Higher TQC > higher
attenuation

3. Higher X4 = lower
attenuation

4. R /9%, reaches ~7%



3. Sensitivity results: which parameter is no. 1 for stratus?

Last steps:

OR OR OR OR . :
Calculate 9%, 9%, 9%y 0% for MANY points in parameters space.

Example for 2 parameters :

* Average over all points.

: . 0
 The most important parameters are those who have the highest o
14
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1. Example: Stratus cloud
a. Radiation parameters for stratus cloud
b. Idealized simulation of stratus cloud
2. Method: How to define sensitivity to model parameters ?

3. Sensitivity results: which parameter is no. 1 for stratus ?

@ Summary



Summary

Problem: New radiation scheme — 32 new parameters. Which of them are most important?
Example: Stratus cloud

Proposed method: How to define sensitivity to model parameters:

e Perform MANY idealized COSMO simulations
e Perform fit in parameters space

e (Calculate derivatives (of the fit) with respect to parameters values. The highest — wins!

Sensitivity results for stratus cloud:

* More important: radgcfact ; qvsatfact_sgscl rad ; rhoc_nclow_rad

* Less important: reff_ini_c

Thank you 1



