Deutscher Wetterdienst E
Wetter und Klima aus einer Hand N ‘

Addressing radiation, cloud, aerosol and
gas uncertainties with the new radiation
scheme ecRad in ICON on local to
global scales

SophiaSchafer! Maike Ahlgrimn?, Martin Kéhlet, Robin Hoga#?,
DanielRieget, Fabian Jakut Wouter Mo?, Chiel varHeerwardef,
Linda SchlemmérMirjana Sakradzija*

(1) DeutscheWetterdienst (2) Han€rtelCentre for Weather Research, (3) European Centre for Medlanmge Weather Forecasts
(4) University of Reading, (5) LudwiiigximiliansUniversity Munich, (6) Wageningen University



Overview

6

LYLRPPSHEHI RAAOKSBYOWAWR L/ hb

wlk RA BOKRINKDS NIivk @ Jich SEded (R2 dzR
2SN KRINAYRFYVI2IASEEXEOHG A

/ f 2dayRO S NIYO A 3QIPRAS AN IA i BHER (1 S NJ
O 2 y ESWHHSION MIEB D {SS

{ dzZY Y NE



New modular radiation schemecRadHogan &80zz02018) E

e
SUlTalc

A Gas optics: | properties A Solversfor radiative transfer equations
- RRTMGIéconoet al. 2008) Surface optics I McICA(Pincuset al. 2003),
- ecCK@Hogan &Matricardi 2020): Interpolate to radiation grid T ripleclouds (Shonk& Hogan,
Fewerspectral intervals but [ gmwng| | sews| | oowd|  2008) OISPARTACUSChafer et
g g
similar precision ratios|  mixing ratios properties al. 2016, Hogan et al. 2016)
A Aerosol optics:variable species number EBEREE | SPARTA(-:U-S makeKadhe only
Y _ global radiation scheme that can
and properties (set at riime) ‘ Y do subgrid 3Dradiative effects
PR rf -
A Cloud optics: “optica Aerosol opties i Longwave scattering optional
. - . - . t'
i Ilq_wd. SOCRATERItOfficg), P clear—sky : I Can configureloud overlap
Slingo (1959) opal| [ 22000 |7 I Cloud inhomogeneity can
. properties .
- ice:Fu 1996, 1997, 1998 (default) , lgl;ﬁ optial configurewidth and shape of PDF
Yi et al. 2013 oBaranet al. 2014 Y
_> ‘—
A surface (under development)

Consistent treatment of urban and forest
canopies

Interpolate to model grid

Modular: canvaryopticscomponentsand

Surface optics

solverindividuallyto determineuncertainties
Operational in ICON: 14April 2021
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Impact ofecRadg 1 year climate runs 2018cRacc RRTM
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ICON 2.6.3-ecrad - 2.6.3-rrtm, Temperature, 2019
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2.6.3-ecrad - 2.6.3-rrtm, short wave radiative temperature tendency, 2019
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A ecRaccooler in stratosphere than
RRTM (with new solapectrum, ™' = &
Coddington et al. 2016), strongefi| .. &\
cloud effects irtroposphere, . :
RRTM bug still visible! :

A ITCZpolar cloud optically thinner;[* -
ocean cumulus opticallyicker

A SW effects within 24h
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ICON 2.6.3-ecrad - 2.6.3-rrtm, long wave radiative temperature tendency, 2019
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Impact ofecRad ice fall speeduning: Biases vs. CEREBAF 2019%
ety
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Impactof ecRad+ w fw -Bugfix Surface fluxes E

Oldroutine: & & -Bug,tuned RRTM

ICON - ERA5 202007 total surface flux: LW + SW + SHF + LHF
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A With ecRad surfaceradiationflux bias
reducedby 20 W/m?2, overallsurface
flux biasreducedby 26 W/m?
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A Enablesoupledclimateruns

buiunlpey9s Xiybng- my M

180° 120°wW 60°W 0° 60°E 120°E 180°
Min:-569.3 Max:200.6

Mean:-4.95 RMS:15.46

New routine: ¢ o -Bugfix ecRad+ LW scat.,
new CAMEL emissivity



Remaining regional biasexlouds major source of uncertainty E

¢ch! oA2@ad / 9wI({ TOA LWiasvs. CERES
ICON exp012 - CERES 2019  TOA net solar radiation acc. since model start % ICON exp012 - CERES 2019 TOA net thermal radiation acc. since model start %
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Cloudcoverbiasvs. CERES
2. ITCZ eastern oceans too optically thick »

3.West Pacific too little cloud n~E2 ‘ _ e T b
4.Too little stratocumulus (low cloud, LW O )» T Y il (17

5.Southern Ocean too little reflection
6.Extratropical oceans too much cloud  ..|&=
(incl. Mediterranean) Sl | - = 1,
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Uncertainties in radiation model and inputs



DWD

Ice optics uncertainty in ICG&¢RadBarang Fu (Jan 2018, 24h rue)

¢ T SW tendency
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Solvers for global modesmplify, treat only verticaldimension explicitlyGlobal solver uncertainty2 W/m?
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Tripleclouds/SPARTACUSmilar;

3 regionsclear, thin cloud, thick
cloud© cloudinhomogeneity

McICA draw random clouds in
sub-columnsaccording to overls
+ inhomogeneitydistribute
spectral intervalsn 1 subcolum
each© fast, random noise

Plotsadaptedfrom R. Hogan



Cloudverticaloverlapand horizontainhomogeneity E

Random overlap Exponential-random overlap (x=0.6) Maximum—random overlap Maximum overlap
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Cloud cover Cloud cover Cloud cover | R ' L‘Ij N';H‘Q\ECEU? ‘E}’Frtﬁ;\ y,_Eme
A Forgivenlayerclouds cloud overlapdecidestotal cloudcover '
A Observationsexponentiatrandomoverlap, decorrelationlength ——— .
2 km (Hogan dllingworth 2000)to 100600 m Neggeretal. ¢ .| |
2011)- Shoulddependon cloudtype (Sulaket al 2020) T
A Uncertaintydueto overlap: 1 W/m2 in globalflux é »
A Reflectivityandlongwaveemissivitynon-linear functionsof < .
opticaldepth: alsoneedhorizontal cloud variability g % ——
uncertaintyl W/mz2 in globalflux ‘oo a2 s o5 os 0
Crf1ea|4 Cp(;oj 12

Neggerset al. 2011



Global 3xloudandsurfaceeffects

% TOA SW 3D eﬂect (mean 0 03 W m?)

Surface SW 3D eﬂect (mean 0 55 Wm?
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3D cloud effects:

©
A Global 3D effects, surface:

Shortwave -0.6 71 hLongwave 1.6 7 i
total 1.0 71  (Hogan et al. 2019)

+1.4 71 , warms by
x 1K (more at poles, Schafer 2017)

Instantaneous 3D cloud effects in Era5 field,
" 01.04.2000 OUTC. Plots by R. Hogan

3D orography: slope angle, shadowing,
Iongwave skyview (with MeteoSwiss )
Surface direct SW radiation, radtopo master 20211028, 034&{“
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Cloud input uncertainty E

ICON ecRad - CERES 2019, total cloud cover, Meaf-3.5 RMS:8 > . [ ST \C)F @RI O 200_’ S NJ Zonal mean LWP
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20 water in ICON 2019 ancéx-

. IFS 2002004, plotsby  »; S | o
© M. Ahlgrimm, IF8ata e nal mean wewip
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A 1CONhaslesscloud cover cloudice and mostly lesscloud water than satellite observations
and9 / a 2 FShodel butthe cloudsare quite reflectiveg why?

A Uncertaintiesin retrievals microphysic& &speciallyat poles



Cloud particle size parametrization, aerosols

6

shart reff 1mom shart reff rrim Exp1 - Exp2

A Currently. iceeffective radiusin
radiationinconsistentwith
microphysics

A A. de Lozar: include precipitation,
effective radius consistent with

12000

B0

height {m)

g
haight {m)

haight {m)

000

microphysicg; even more reflective! = =0 ¢m « 0 =0 em) « ©ooB0 pm e
_ _ | . . B .
A Include general particle species + " Tensi'dsVoe " rretienty " erequency

i i ey PIotsbyA delLozar
largeparticle optics explicit (2 oTnfleizs & O dzLS TSRS0I RAEER /no
preC|p|tat|On (OngOIng Wlth R HOgC ICON cpl_reff_ecrad - CERES 2019 average TOA shortwave flux error,
COSMO PeAIIR) : I

10

A Aerosols:monthly climatology Tegenet
al. 1997); Alternatives: nealimatologies
aerosol advection, ICOART: advection, ™
chemistry + optical properties

o
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Bias in Southern Ocean: ICON in SOCRATES region 20180217 6UTC
M. KohlerM. Ahlgrimm, Anna PossnéfrankfurtUniversity)

{z ¢ht ¥
default ICON SWnet )T(BA type of convection 2 YT G S NE 978

P

Clouds irSouthern
Oceannot reflective
enough limit shallow

-5

convectionby
Esﬂmated_nvgrsmn Iy
strengthcriterion no shallow mid-level convection l

turn off shallow convection if EJG,> 7K  convection  conyectionconvection
GeLs 2¥

SW TOA flux up i

(Marquet, Bechtold
y & ’o‘vﬁ% B Verdug

2020)° improved Of 2dzR 02 @S W net TOA

wwwww

stratiform cloudand
shortwaveflux

.....

Cloudcover Shortwavenet downwardTOA convecﬂontype shortwaveflux biasvs.
CERE®ith defaultICON &bove and ElSriterion (below), SoutherrDceancase

More localcloudandradiationevaluation/ improvementplanned with colleagues from Wageningen
University FEESSTValampaign Germany), Frankfurt University, Israel Meteorological Service,
MeteoSwissTeamXcampaign



Summary E

A ICONecRadoperational since April 2021: fast and flexible, can represeloud inhomogeneityand
sub-grid 3D effects; parametrisatiorthoices® uncertainty estimation

A ecRadmprovescloud and radiation in ICON, global flux balance and general model state
A Mainuncertainties gas model, clougadiation interaction (up to 2 W/m?2) andcloud input¢ 10 W/m?)

Ongoing work:

A Furthercode optimisationandevaluation and improvement of radiation together with clouds
cloud condensate, cloud geometry, particle size and shape etc. (with colleagues at DWD, ECMW
MeteoSwiss COSMO project CAIIR, KIT, Bk&hkfurtand WageningerUniversity, etc.)

A Implementation and evaluation @fcckdgas modeland userdefined cloud particle species
(with R. Hogan, D. Rieger, H. Muskatel)

Aerosolevaluation,ecRadn ICONART (with colleagues at KIT, CAIIR and pr&gchastron)
Interactions between clouds, radiation and dynamics (with colleagu&d ki)

To I
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Impact ofecRadg 24 hforecasts, July 202@cRad; RRTM E
RE

A ITCZ, polar cloud optically SW TOAet downwardflux [ 2 oyhSi2 6y o7 (N
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Impact ofecRad ice fall speeduning: Biases vs. CEREBAF 2019%
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Impact ofecRagl o o -Bugfix tuning: Biases vs. CEREBAF 201%
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