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The objectives:

To test radiative computations with different aeroso I
datasets against the accurate RT simulations and
ground-based radiative measurements in cloudless
conditions.

This includes:

Verification of different aerosol climatologies and MACC (CAMS)
ECMWF aerosol input data against observations.

Testing radiative transfer algorithm (Ritter and Geleyn, 1992)
Implemented in COSMO model against accurate model
simulations with the same aerosol optical parameters within
their large range.

Radiative effects of COSMO-ART aerosol implementation — case
study.
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radiative transfer
Uncertainty code

in radiation aerosol

flux input parameters

possible effects from gas
constituents (water vapor,
CO,, ozone, etc)
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Testing the radiative effects of aerosol input
parameters against experimental ground -
based radiative observations

Two datasets applied:

Falkenberg/Lindenberg site
(Meteorologisches Observatorium
Lindenberg, Germany.
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Measurements at the MSU Meteorological
Observatory, 55.7N, 37.5E

MeTeopoJsorugyeckas WWW.momsu.ru
obcepBaTtopus MI'Y
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Radiative measurements:

* netradiometer Kipp&Zonen CNR-4 , (downward shortwave
and longwave radiation, upward shortwave and longwav e
radiation)

Data on aerosols and atmospheric —— -
water vapor content :

e sun sky photometer AERONET CIMEL dataset
from AERONET version 2.0, level 2.0

Meteorological observations:

* Hourly cloud observations,

e The air temperature at a height of 2m (T2m).

[ N
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Measurements at the
Lindenberg observatory !

(Falkenberg /Lindenberg
sites y. . >

52.17N, 14,12E / 52.209N St
14.121E —

At Falkenberg site (6 km to the south from Lindenberg ) BSRN-like
radiative measurements are available: all components of shortwave
radiation (direct, diffuse, global, reflected shor  twave irradiance)

Automatic weather station data. Visual cloud obser  vations;
*Directly at the Lindenberg observatory the data on aerosols and
atmospheric water vapor content are available from sun sky photometer

AERONET CIMEL dataset , version 2.0; as well as upp er —air soundings
(temperature, water vapor) , ozonezondes dataset.
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COSMO Radiative Code

Delta two stream

Solar spectral intervals parameterization

interval numbes ! 2 3 of radiative transfer.
Limits (zm) 1.53-4.64  0.70-1.53 0.25-0.70
Gaseous H,0, CO, H,;0,C0O;, O, H,O Main equations:
abSDfpﬁUn, CI‘L{,, NZO 01 02 dF
No. of k; for (7, 6,0 (7,3,0) (3, 2, 3) B _ — et ——
H,0, CO, dﬁl ﬂ'[F] -ﬂ.’ze Eit'j.-.lr
and O,
Droplet dF
scattering yes yes yes == asFy — a\Fa + a4t
absorption yes yes yes di’
Rayleigh scattering  yes yes yes
Acorst as__ s
scattering yes yes yes dd' [
absorption yes yes yes
§=1(1-a&MNd
from Ritter, Geleyn, 1992 A1l =f)
=
1 —af

1982 AFGL spectroscopic database for optical properties of
gases for gaseous transmission function . cosMo / CLM / ICON / ART User Seminar 2017
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CLIRAD (FCO05)-SW Radiative Code.

(for solar shortwave irradiance accurate
computations)

8 intervals ( um):

0.200 - 0.303; 0.303 -0.323; 0.323-0.70;
0.323 - 1.220; 0.700 - 1.220; 1.220 - 10.0;
1.220 - 2.270; 2.270 - 10.0;

Gases: H,0, O,, O,, CO,;

The absorption bands: HITRAN -12v (2004);

Two-stream adding method ( Chou, 1992).

COSMO /CLM/ICON / ART User Seminar 2017
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Relative errors of global solar irradiance calculat ed using the
CLIRAD(FCO05)-SW model against benchmark Monte-Carlo  model

as a function of cos SZA and AOT at 550nm

Testing was performed against benchmark calculations by the application of Kurchatov
Center radiation Monte-Carlo model (Rublev A.N., 2001).

The conditions of "midlatitude summer”, and continental aerosol properties (WCP-112,
1986) were used in simulations.

00591 | | | | | | | | | | | %
Red frame restricts the
N | ™5 typical aerosol/solar zenith
. [ angle conditions in
L Moscow.

06

05

Points depict the results
from
the CIRC Phase 1 model
Intercomparisons
(Oreopoulos L. et al., 2012).
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02F

0.1

005 01 015 02 025 03 035 04 045 05 055
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Absolute difference between global solar irradiance calculated using
the CLIRAD(FCO05)-SW model and benchmark Monte-Carlo  model

as a function of cos SZA and AOT at 550nm

Testing was performed against benchmark calculations by the application of Kurchatov
Center radiation Monte-Carlo model (Rublev A.N., 2001).

The conditions of "midlatitude summer”, and continental aerosol properties (WCP-112,
1986) were used in simulations.

Red frame restricts the
typical aerosol/solar
zenith angle conditions

. iIn Moscow.

cos /

0.3F

L 10
0.2
0.1 .-5

0.4 0.2 0.3
AOT 550 nm
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Shortwave irradiance sensitivity to variation in ga S content

Water vapor, H,0:

AO~=(1(WCOSMO)-O~(WAERONET) / O~(WAERONET) l%

3,00 AQ, %

2,00

i L . :
| ' 600 Nem | Uncertainty in solar irradiance
_ -1,00 v, W% due to water vapor profile_is less
than 0.2%

-2,00
Carbon dioxide, CO,:

Uncertainty in solar irradiance due to C0O2 is less 0.1%
Ozone, 0;:

Uncertainty in solar irradiance due to variation in ozone is
less 0.2%
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Different aerosol datasets used In

the comparisons;

 Tegen climatology (Tegen et al., 1997)

(AOT550 from Tegen climatology used in COSMO model is 0.04-0.05
higher than initial Tegen dataset due to old stratos pheric and

tropospheric simulated AOT in the profile subroutine ),
e Tanre climatology (Tanre et al., 1984),
« MACC (CAMS ECMWEF) aerosol dataset,

« AERONET datasets: Moscow since 2001, and Lindenberg
(PFR+AERONET) since 2003,

e COSMO_ART aerosol (case study for Moscow conditions ),

 Macv2 climatology (Kinne et al., 2013).

COSMO /CLM/ICON / ART User Seminar 2017



The implementation of MACv2
aerosol climatology in COSMO

e The Macv2 data (Kinne et al. 2013) were added to
EXTPAR. Many thanks to Daniel Liithi ! (These data
will be available after release of EXTPAR, version 4.)

e Test version of int2Im is ready and provides the
ability to account for this new aerosol climatology
(itype aerosol=3).

* The necessary changes in radiative code have been

implemented. New version is being under final stage
of testing.
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Seasonal cﬁénges In aerosol optical thickness at
550 nm (AOT550) according to different aerosol
climatologies.

AOT550 AOT550
MOSCOW MSU MO LINDENBERG
0,30 - 0,3 -
0,25 0,25 -
0,20 0,2 -
0,15 0,15 -
0,10 e=»AERONET 2001-2014 0.1 - e==PFR/AERONET, 2003-2014
| ==Kinne MACv2 climatology ===Kinne MACV2 climatology
0,05 0,05 -
==Tegen climatology ’ —=Tegen climatology
0,00 | I | I | I | I I I l 0
123456789101112 "3 5, 3 4 5 6 7 8 9 10 11 12
month month
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Asymmetry factor for different aerosol modes
according to the Kinne MACv2 and AERONET

datasets.
Lo .MOSCOW MSU MO o] LINDENBERG
s 0,9 \_——/ 0.8 1 e

50,8 -

5
Yo = 2= D G GO GO GO @G GO @GO @GO @E» O H
207 SRttt o
©0,6 - >

= 20,5 “=p=Kinne MACV2 climatology-Total
=051 _ .k - e gy-10ta
204 & — ﬁ:m: mggﬁ zggr;neogneode £0,4 -==-Kinne MACv2 climatology-fine
< - ’ 203 ==Ki MACV2 climatology-Coarse

0,3 | «#mKinne Macv2, total <03 Inne gy

02 | e=wAERONET, total 0o m==AERONET, 2013-2016-Total

0’1 | ===AERONET, coarse mode 01 —AERONET, 2013-2016-Fine

O’O - AERONET, fine mod ’o - AERONET, 2013-2016-Coarse

123456 7 8 9101112 1 2 3 456 7 8 9101112
month month
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Single scattering albedo
according to the Kinne  MACv?2 different

modes and AERONET* datasets.
SSA MOSCOW MSU MO SSA LINDENBERG

1,0 - 1

0,9 0,9

018 0,8 _...

9.7 7 0,71 Kinne MACV2 climatology-total

0,6 - - = Kinne Macv2, fine mode 06 el &

8’2 | — —Kinne Macv2. coarse mode 8’2 ] «+++ Kinne MACV2 climatology-fine

8’3 : - Kinne Macv2, total 8’2 : o cKcI)r;ngA AC2 climatology, 2013-2016

01 .  e==AERONET 01 | ===AERONET, 2013-2016

0,0 I I I I I [ [ [ [ [ | O | I I | I I I [ I [ ]
1 2 3 45 6 7 8 9101112 1 2 3 4 5 6 7 8 9 1011 12

month month

*- With special cloud filtering for Moscow AERONET d  ata.(Chubarova et
al., AMT, 2016) COSMO / CLM / ICON / ART User Seminar 2017
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The list of model runs with different
aerosol and water vapor options

COSMO-radiative scheme

No aerosols, water vapor - COSMO (COSMO_no aerosol);
Aerosol climatology - Tanre (1984), water vapor — COSMO
(COSMO_Tanre);
Aerosol climatology - Tegen (1997), water vapor — COSMO
(COSMO _Tegen).

CLIRAD(FCO05)-SW radiative code
No aerosols, water vapor — COSMO (CLIRAD, no aerosol);
AOD and SSA - Tegen (1997) ,surface albedo - COSMO, water vapor-
COSMO (CLIRAD_ Tegen);
AOD and SSA - Kinne Macv2 (2015), surface albedo - COSMO, water
vapor - COSMO (CLIRAD_Kinne) ;
AOD - from MACC(CAMYS);, surface albedo - COSMO, water vapor -
COSMO (CLIRAD_MACQO);
Aerosol, water vapor content, surface albedo according to the
measurements (CLIRAD real).

COSMO /CLM/ICON / ART User Seminar 2017
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The days for the analysis:

* Clear sky conditions were chosen when both COSMO-Ru model
and observations at the MSU MO record the absence of clouds.

MOSCOW MSU MO

August 22, 2012 (6-12 UTC);

March 29, 2014 (6-14 UTC);

July 27, 2014 (5-15 UTC);

September 16, 2014 (6-13 UTC);

November 18 (typical) and November 20 (polluted) , 2014 (8-10 UTC)
May 27, 2015 (3-11 UTC);

July 4, 2015 (3-16 UTC);

August 12, 2015 (5-14 UTC);

August 20, 2015 (5-13 UTC); N days = 11
August 22, 2015 (3-13 UTC);

August 25, 2015 (5-12 UTC);

AN N NN N Y N N N NN
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The days for the analysis:

* Clear sky conditions were chosen when both COSMO-Ru model
and observations at the Lindenberg record the absence of clouds.

Falkenberg/Lindenberg

v' February 26, 2015;
March 19, 2015;
April 20, 2015;
June 5, 2015;

July 2, 2015;
October 12, 2015.

N X X X
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Global shortwave radiation from the experimental da  ta
and modelling with different aerosol datasets.

27.07.2014, Moscow. rorso AOT 550

W/m?

800 |

700 r

600 |

500 r

400 |

300

0,30
SHORTWAVE RADIATION AT GROUND 0,25£ S —t é

0,20 r

0,15 r
0,10 |

0,05 r

0,00
6,00 8,00 10,00 12,00 14,00 utc
—e— AERONET —0—MACC —0—Kinne —0—-Tegen

—®— Measurements - M - CLIRAD _real

— # — CLIRAD_Tegen ------ COSMO_Tanre

A COSMO_Tegen —@— CLIRAD_Kinne

=t CLIRAD_MACC

5 6 7 8 9 10 11 12 13 14
UTC
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Global shortwave radiation from the experimental
data and modelling with different aerosol datasets

02.07, 2015, LINDENBERG o4 AOTS50

0,35

O 0 0O 0O 0O O OO0 0O 0 O O ©
W/mz2 0,301555555555508
SHORTWAVE RADIATION 0,25
1000 ¢ 0,20 -
900 - 0,15 -
ol ST -
0,05 -
700 [ 0,00 T T T T T T T T T T T
600 - 4 5 6 7 8 9 1011 12 13 14 15 16
500 hour
apw|\leasurements
400 - —A-COSMO_Tegen -0-AERONET o-Tegen
300 - ~A—CLIRAD_Tegen =O=Kinne -o—-MACC
200 | —a—CLIRAD_Kinne
-#-CLIRAD_MACC
100 - -0~CLIRAD real
O T T T T T T T T
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
Q""Q ng QG'Q 6\'9 Q%'Q QQS'Q SRR SRS RE SR S I S

Hour,
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Global irradiance difference between model and
observations as a function of solar elevation.

d Moscow MSU MO "o o
0,1 - AOT550 I
Difference, 0,05 - | QI
4842 0
-0,05 -
20,0 | -0,1 -
L
0.0 -0,15 -
-0,2 -
-20,0 — — —
uz 2y 23
-40,0 o0 oz 02
L 5% 5=
-60,0 |- ) < < <
Difference
-80,0 | 2,0% -
-100,0 | 0,0% -
- 0, 4
-120,0 2.0%
10,0 150 20,0 250 30,0 35,0 450 50,0 550 -40% -
. -6,0% -
solar elevation
-8,0% -
ACLIRAD_real BCLIRAD_Tegen B COSMO_Tegen -10,0% -
ACOSMO_Tanre OCLIRAD_MACC OCLIRAD_KINNE 12.0% -
T c o ) o
2 > £ ¢ g
9 F X =) X
Difference=0Q -Q = § § %
measurements model @) = 3 = o)
®) O O

-

gen

COSMO_Te
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Global irradiance difference between model and
observations as a function of solar elevation.

1 Falkenberg/Lindenberg

Difference,
W/m2 A CLIRAD real B CLIRAD_Tegen
20 - ® CLIRAD_MACv2 B COSMO_Tegen
10 B ] u l
| . IA ‘ : A l 1 | ] 0% I
0 —a b RA . . | 0 =
:l -2% [
-10 | M, nA " my gt 4%
20 L = ".l .“ “ ‘ : -6%
¢ o 8" 8 8% -
-30 F - 0.. . -10% -
° " @ 12% -
40 | B ° ° o o2 ™ R c o 3
B @y ’ m : m m o o £ %
50 8 ' ° e
b .: o3 < o o o
60 } x < < S
| ) o @x %)
- o o 8
-70 G
0 10 20 30 40 50 60

solar elevation

Dlﬁerence:Qmeasurements - Qmodel
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Shortwave global irradiance difference between COSMO
and CLIRAD model simulations with the same input
parameters as a function of solar elevation.

Difference=Qcosvo - Qelirab

Difference
® Moscow

W/’m2 @ Lindenberg

50,0
45,0
40,0
35,0

25,0
20,0

= w
o
o

| | | | | | | | | J

oooo

O U110 uUl

0,0 1000 20,0 30,0 40,0 50,0 60,0 70,0
solar elevation
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Shortwave NET irradiance difference between COSMO
and CLIRAD model simulations with the same input
parameters as a function of solar elevation.

Difference=NET -osmo - NET | raD

Diff , - -

frerence . Net irradiance ® Moscow
400 - @ Lindenberg
35,0 - o ©
2t
25,0 -
20,0 - .... ®

15,0 - ) ®e ®

10,0 - ® ® ®

50 - ® ®

0,0 T T T T T T 1

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

solar elevation
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Statistics of absolute and relative differences between the
COSMO and CLIRAD radiative codes.

Absolute Relative
Dif\f/srenzce difference
m_
35,0 - 8% 1

30,0 - 7% -

250 - 6% - I

' 5% - T
20,0 n 4% ]
15,0 - 3% -
10,0 - 2% -
50 - 1% -

0,0 T T T 1 O% T T

— —

o m o, = 2 L o L

= < Q | = < O <

O = e O Q = 5 Qo

0 ol 0 3 o 0 v

@) Q ] Z Q ) L o

= @ m = 0 <

O ) o m

= £ > = = a

= < - Z

— _

Difference=Q(Net)cosmo — QINET) ¢ 1rap
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Global irradiance difference between model and
observations.

D|ﬁerence:Qmeasurements B Qmodel

Difference
20% MOSCOW LINDENBERG
00% | M2 . —T— . 0% (" . .
-2,0% - —I— r 204 - t
-4,0% -
4% -
-6,0% -
-+ 6% -
-8,0% - |
-10,0% - T -8% 1 {‘
-12,0% - -10% -
= c ) ) ) c
o S = Q c S 12% -
| ) ] <C © > _
) — X s = — 3 c o c
= < & < = = o 2 v =
) o = o %) 0 < I | |
3 = = O e} o @) a O
O © @) O O = < < >
O o a4 n
_1 - @]
$) O O
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T2M sensitivity to changes in net
radiation at ground

- =
MOSCOW MSU MO
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[ }
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FALKENBERG/LINDENBERG
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T2M gradient of about 0.7- 1 °C per 100 Wm-2
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Réﬂdiative and temperature effects of the COSMO-ART
aerosol application compared with COSMO—Ru outputs

960

°sS mb mb
Moscow, clear sky conditions = ™= ol L
%5 ||| cosmo-ART || cosmo- Cosmo-
g70 ||| ARTHTEGEN - ART+TANRE
970
50 - dQdueto . - 0,3 s 970
ART aerosol, AR Temperature " 75
Wm-2 ,” P \\\ effect %80 70 980
,‘,"’I’f\\\*\ \\\\ ags5 985 —12:00 gg5
OIO :; I ‘\\ OIO 990 930 _;jgg 990
*o N -
—— COSMO-ART aer > ~‘\\\\ - . 6 8w 6 8 10
SN :\ 1000 1000 1000
\
-5,0 | ——COSMO-ART+Tanre RN - 0,310 106gms 1005 Wwogms 10-6gm-
\ *
\
—— COSMO-ART+Tegen N
-10,0 | === COSMO-ART, temperature effec - -0,6
P Case study,
=== COSMO-ART+Tanre, temperature e 04 07 2015
-15,0 | --- COSMO-ART+Tegen, temperature effect - -0,9
Simulations were fulfilled by
-20,0 - - -12  Alexander Kirsanov.
09:36 10:48 12:00 13:12 14:24 15:36 16:48
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CONCLUSIONS

The results obtained for both sites (Moscow and Lindenberg)
demonstrate the same tendency in comparisons with model simulations.

Aerosol climatologies provide the AOT overestimation
(Tanre>Tegen>Kinne), while MACC (CAMS) aerosol is lower than the
observed data.

Using the dataset obtained from accurate model simulations we
evaluated the uncertainty of RT code in the COSMO model. According
to the RT simulations with the same Tegen climatology and similar
other atmospheric parameters the COSMO algorithm provides higher
shortwave irradiance estimates of about 5-6% for both Moscow and

Lindenberg locations.

The overestimation of solar irradiance in the COSMO algorithm is
compensated by the higher AOT in all climatologies compared with
real data. For example, for Lindenberg the application of the too high
aerosol content from Tegen climatology provides the global irradiance
underestimation of about 8% in the accurate RT code, and only 2% -
in the COSMO RT algorithm.
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