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Å LƳǇŀŎǘ ƻŦƴŜǿǊŀŘƛŀǘƛƻƴǎŎƘŜƳŜŜŎwŀŘƛƴ L/hb

Å wŀŘƛŀǘƛƻƴ ǎŎƘŜƳŜǳƴŎŜǊǘŀƛƴǘƛŜǎΥ ƛŎŜƻǇǘƛŎǎΣ ǎǳōπƎǊƛŘŎƭƻǳŘ
ƻǾŜǊƭŀǇΣ ƘƻǊƛȊƻƴǘŀƭ ƛƴƘƻƳƻƎŜƴŜƛǘȅΣ о5 ŜŦŦŜŎǘǎ

Å /ƭƻǳŘ ǳƴŎŜǊǘŀƛƴǘƛŜǎΥ ŎƭƻǳŘŎƻǾŜǊΣ ƭƛǉǳƛŘ ŀƴŘƛŎŜǿŀǘŜǊ
ŎƻƴǘŜƴǘΣ ŜŦŦŜŎǘƛǾŜǇŀǊǘƛŎƭŜǎƛȊŜ

Å {ǳƳƳŀǊȅ

Overview
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New modular radiation scheme: ecRad(Hogan & Bozzo2018)

ÅSolvers for radiative transfer equations:

ï McICA(Pincuset al. 2003), 
Tripleclouds(Shonk& Hogan, 
2008) or SPARTACUS(Schäfer et 
al. 2016, Hogan et al. 2016)

ï SPARTACUS makes ecRadthe only 
global radiation scheme that can 
do sub-grid 3Dradiative effects

ï Longwave scattering optional

ï Can configure cloud overlap

ï Cloud inhomogeneity:  can 
configure width and shape of PDF

Å Gas optics:

- RRTMG (Iaconoet al. 2008)

- ecCKD(Hogan & Matricardi 2020): 
Fewerspectral intervals but 
similar precision

Å Aerosol optics:  variable species number 
and properties (set at run-time)

Å Cloud optics:

- liquid: SOCRATES (MetOffice), 
Slingo (1989)

- ice: Fu 1996, 1997, 1998 (default) ,             
Yi et al. 2013  or  Baranet al. 2014

Å Surface (under development)      
Consistent treatment of urban and forest 
canopies

LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛƴ L/hbΥ

5Φ wƛŜƎŜǊΣ aΦ YǀƘƭŜǊΣ 

wΦ WΦ IƻƎŀƴΣ {Φ !Φ YΦ {ŎƘŅŦŜǊΣ 
!Φ {ŜƛŦŜǊǘΣ !Φ ŘŜ [ƻȊŀǊ ŀƴŘ
DΦ½ŅƴƎƭόнлмфύΥ ŜŎwŀŘƛƴ 
L/hb ςLƳǇƭŜƳŜƴǘŀǘƛƻƴ 
hǾŜǊǾƛŜǿΣ wŜǇƻǊǘǎ ƻƴ L/hb

Modular: canvaryopticscomponentsand
solverindividuallyto determineuncertainties

Operational in ICON: 14. April 2021



ŜŎwŀŘǾŜǊǎǳǎ ww¢a Υ L/hb ǎƛƴƎƭŜ ŎƻƭǳƳƴ ƳƻŘŜƭ
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Impact of ecRad, 1 year climate runs 2019: ecRadςRRTM

T ¢ {² ǘŜƴŘŜƴŎȅ T LW tendency

{² ¢h! ƴŜǘŘƻǿƴǿŀǊŘŦƭǳȄ LW TOA net downwardflux

Å ecRadcooler in stratosphere than 
RRTM (with new solar spectrum, 
Coddington et al. 2016), stronger 
cloud effects in troposphere, 
RRTM bug still visible!

Å ITCZ, polar cloud optically thinner, 
ocean cumulus optically thicker

Å SW effects within 24h

icon-2.6.3, R2B6, ɝὼ τπkm, 
ecRad+ tune_zvz0i = 0.85 vs. 
RRTM + tune_zvz0i = 1.1



Impact of ecRad, ice fall speedtuning: Biases vs. CERES-EBAF 2019
ICON 2.6.3, RRTM, tune_zvz0i = 1.1 
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Shortwave (SW) TOA flux biases vs. CERES:
Mid-latitude ocean clouds more reflective
Similar pattern to IFS

Longwave(LW) TOA flux biases vs. CERES

Resolution R2B6, ɝὼ 40 km

CERES-EBAF: Loeb et al. (2018) 

ICON 2.6.3, ecRad+ LW scat., tune_zvz0i = 0.85

L/hb нΦсΦоΣ ww¢aΣ ǘǳƴŜψȊǾȊлƛ Ґ мΦм 



Impact of ecRad+ ὧȾὧ-Bugfix: Surface fluxes

.ƛŀǎ ƻŦL/hb ǘƻǘŀƭ ǎǳǊŦŀŎŜŦƭǳȄWǳƭȅнлнл ǾǎΦ 9ǊŀрΣ 
ɝὼ ρσƪƳΣ ǇƭƻǘǎōȅaΦ YǀƘƭŜǊ

ÅWith ecRad: surfaceradiationflux bias
reducedby 20 W/m², overallsurface
flux biasreducedby 26 W/m² 

Å Enablescoupledclimateruns

Old routine: ὧȾὧ-Bug,tunedRRTM

New routine: ὧȾὧ-Bugfix, ecRad+ LW scat., 

new CAMEL emissivity
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Remaining regional biases ςclouds major source of uncertainty

¢h! {² ōƛŀǎǾǎΦ /9w9{ TOA LW biasvs. CERES

1.Deserts too little reflection ςLW OK, little cloud

2. ITCZ eastern oceans too optically thick

3.West Pacific too little cloud

4.Too little stratocumulus (low cloud, LW OK)

5.Southern Ocean too little reflection

6.Extratropical oceans too much cloud
(incl. Mediterranean)

Cloud coverbiasvs. CERES



Uncertainties in radiation model and inputs



Ice optics uncertainty in ICON-ecRad: BaranςFu (Jan 2018, 24h runs)

¢ T SW tendency ¢ [² ǘŜƴŘŜƴŎȅ

SW TOA flux LW TOA flux
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Å Have to assume particle size + 
shape distribution (no spheres)

Å Uncertainty 1.5 W/m² globally

Å Liquid optics uncertainty 
0.5W/m² (spheres)

Å Gas optics: up to 2 W/m² 
New ecckdgas optics: similar 
precision with 1/3 intervals



wŀŘƛŀǘƛƻƴ ǎƻƭǾŜǊǎΥ /ƭƻǳŘ ƎŜƻƳŜǘǊȅ ǘǊŜŀǘƳŜƴǘ

Solvers for global models simplify, treat only vertical dimension explicitly. Global solver uncertainty: 2 W/m² 

¢ǿƻπǎǘǊŜŀƳ ǎƻƭǾŜǊΥǎƻƭǾŜ ƛƴ 
ŎƭƻǳŘȅ κ ŎƭŜŀǊ ǊŜƎƛƻƴǎΣ ǇŀǊǘƛǘƛƻƴ 
ŀǘ ƭŀȅŜǊ ōƻǳƴŘŀǊƛŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ƻǾŜǊƭŀǇόŜΦƎΦ ww¢a ƛƴ L/hbύ

Tripleclouds/SPARTACUS:similar; 
3 regions: clear, thin cloud, thick 
cloudᴼcloud inhomogeneity

McICA: draw random clouds in 
sub-columnsaccording to overlap 
+ inhomogeneity; distribute 
spectral intervals in 1 sub-column 
each O fast, random noise

Plots adaptedfrom R. Hogan



Cloud verticaloverlapand horizontal inhomogeneity
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Å Forgivenlayerclouds, cloudoverlapdecidestotal cloudcover

Å Observations: exponential-randomoverlap, decorrelationlength
2 km (Hogan & Illingworth2000) to 100-600 m (Neggerset al. 
2011) - Shoulddependon cloudtype (Sulaket al 2020)

Å Uncertaintydue to overlap: 1 W/m² in global flux

Å Reflectivityand longwaveemissivitynon-linear functionsof
opticaldepth: also needhorizontal cloudvariabilityς
uncertainty1 W/m² in global flux

Neggerset al. 2011



Global 3D cloudand surfaceeffects
3D cloud effects:

ÅGlobal 3D effects, surface: 
Shortwave -0.6 7Í ȟLongwave 1.6 7Í , 
total 1.0 7Í (Hogan et al. 2019)

ÅLong - term total +1.4 7Í , warms by 
1ͯK (more at poles, Schäfer 2017)

3D orography: slope angle, shadowing, 
longwave skyview (with MeteoSwiss )

Instantaneous 3D cloud effects in Era5 field, 
01.04.2000 0UTC. Plots by R. Hogan

{ƘƻǊǘǿŀǾŜŘƛǊŜŎǘŜŦŦŜŎǘǎƻŦƛƴŎƭǳŘƛƴƎǎƘŀŘƻǿƛƴƎōȅ
ƻǊƻƎǊŀǇƘȅƻƴ ǎƘƻǊǘǿŀǾŜŘƛǊŜŎǘŦƭǳȄ



Cloud input uncertainty

[ŜŦǘΥ ¢ƻǘŀƭ ŎƭƻǳŘ ŎƻǾŜǊ 
ōƛŀǎ ǾǎΦ /9w9{ ŀƴŘ 
Dh//tΣ нлмф

Right: Zonal meancloud
water in ICON 2019 and 
IFS 2000-2004, plotsby
M. Ahlgrimm, IFS data
courtesyof P. Bechtold 

Å ICON haslesscloudcover, cloudiceand mostlylesscloudwater than satelliteobservations
and 9/a²CΨǎIFS model, but the cloudsarequite reflectiveςwhy?

Å Uncertaintiesin retrievals, microphysicsΣΧespeciallyat poles



Cloud particle size parametrization, aerosols

Plots by A. de Lozar
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Å Currently: ice effective radius in 
radiation inconsistentwith 
microphysics

Å A. de Lozar: include precipitation, 
effective radius consistent with 
microphysics ςeven more reflective!

Å Include general particle species + 
large-particle optics O explicit 
precipitation (ongoing, with R. Hogan, 
COSMO PP CAIIR)

{² ¢h! ŦƭǳȄōƛŀǎǿƛǘƘŎƻǳǇƭŜŘŜŦŦŜŎǘƛǾŜǊŀŘƛǳǎǾǎΦ /9w9{Σ нлмф

Å Aerosols: monthly climatology (Tegenet 
al. 1997); Alternatives: new climatologies, 
aerosol advection, ICON-ART: advection, 
chemistry + optical properties 



[ƻŎŀƭ ŎƭƻǳŘ ƛƳǇǊƻǾŜƳŜƴǘΥ {ƻǳǘƘŜǊƴ hŎŜŀƴ

Bias in Southern Ocean: ICON in SOCRATES region 20180217  6UTC  
M. Köhler, M. Ahlgrimm, Anna Possner(Frankfurt University)

cloud cover
default ICON SW net TOA type of convection

ŎƭƻǳŘ ŎƻǾŜǊSW net TOA ǘȅǇŜ ƻŦ ŎƻƴǾŜŎǘƛƻƴ

turn off shallow convection if EISnew > 7K
no 

convection
shallow

convection
mid-level

convection

deep 
convection

рΥнл¦¢/

SW TOA flux up in 
Wm-2 versus 

CERES

{² ¢h! ŦƭǳȄ ǳǇ ƛƴ 
²ƳπнǾŜǊǎǳǎ /9w9{

Clouds in Southern 
Oceannot reflective
enough: limit shallow
convectionby
Estimatedinversion
strengthcriterion
(Marquet, Bechtold 
2020)ᴼimproved
stratiform cloudand
shortwaveflux

Cloud cover, Shortwavenet downwardTOA, convectiontype , shortwaveflux biasvs. 
CERES with default ICON (above) and EIS criterion(below), Southern Ocean case

More localcloudand radiationevaluation/ improvementplanned, with colleagues from Wageningen 
University (FESSTVaLcampaign Germany), Frankfurt University, Israel Meteorological Service, 
MeteoSwiss, TeamXcampaign



Å ICON: ecRadoperational since April 2021: fast and flexible, can represent cloud inhomogeneity and  
sub-grid 3Deffects; parametrisation choicesO uncertainty estimation

Å ecRadimprovescloud and radiation in ICON, global flux balance and general model state

Å Main uncertainties: gas model, cloud-radiation interaction (up to 2 W/m²) andcloud input ( 1ͯ0 W/m²)

Ongoing work:

Å Further code optimisation and evaluation and improvement of radiation together with clouds:       
cloud condensate, cloud geometry, particle size and shape etc. (with colleagues at DWD, ECMWF, 
MeteoSwiss, COSMO project CAIIR, KIT, DLR, FrankfurtandWageningenUniversity, etc.)

Å Implementation and evaluation of ecckdgas model and user-defined cloud particle species 
(with R. Hogan, D. Rieger, H. Muskatel) 

Å Aerosol evaluation, ecRadin ICON-ART (with colleagues at KIT, CAIIR and project Permastrom)

Å Interactions between clouds, radiation and dynamics (with colleagues at ETH)

Summary

Thankyoufor yourattention!
/ƻƴǘŀŎǘΥ ǎƻǇƘƛŀΦǎŎƘŀŜŦŜǊϪŘǿŘΦŘŜ
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Å IƻƎŀƴΣ wΦ WΦ ŀƴŘ aŀǘǊƛŎŀǊŘƛΣ aΦ όнлнлύΦ 9ǾŀƭǳŀǘƛƴƎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ƎŀǎŜǎ ƛƴ ǊŀŘƛŀǘƛƻƴ ǎŎƘŜƳŜǎΥ ǘƘŜ /ƻǊǊŜƭŀǘŜŘ Yπ5ƛǎǘǊƛōǳǘƛƻƴ aƻŘŜƭ 
LƴǘŜǊŎƻƳǇŀǊƛǎƻƴtǊƻƧŜŎǘ ό/Y5aLtύΣ DŜƻǎŎƛΦ aƻŘŜƭ 5ŜǾΦ

Å LŀŎƻƴƻΣ aΦ WΦΣ WΦ {Φ 5ŜƭŀƳŜǊŜΣ 9Φ WΦ aƭŀǿŜǊΣ aΦ ²Φ {ƘŜǇƘŀǊŘΣ {Φ !Φ /ƭƻǳƎƘ ŀƴŘ ²Φ 5Φ /ƻƭƭƛƴǎ όнллуύΣ wŀŘƛŀǘƛǾŜ ŦƻǊŎƛƴƎ ōȅ ƭƻƴƎπƭƛǾŜŘ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΥ 
/ŀƭŎǳƭŀǘƛƻƴǎ ǿƛǘƘ ǘƘŜ !9w ǊŀŘƛŀǘƛǾŜ ǘǊŀƴǎŦŜǊ ƳƻŘŜƭǎΣ  WΦ DŜƻǇƘȅǎΦ wŜǎΦΣ ŘƻƛΥмлΦмлнфκнллуW5ллффпп 

Å WƛƴƎΣ ·ΦΣ ½ƘŀƴƎΣ IΦΣ {ŀǘƻƘΣ aΦ Ŝǘ ŀƭΦLƳǇǊƻǾƛƴƎwŜǇǊŜǎŜƴǘŀǘƛƻƴƻŦ¢ǊƻǇƛŎŀƭ /ƭƻǳŘ hǾŜǊƭŀǇƛƴ D/aǎ .ŀǎŜŘƻƴ /ƭƻǳŘπwŜǎƻƭǾƛƴƎaƻŘŜƭ 5ŀǘŀΦ WΦ aŜǘŜƻǊƻƭΦ wŜǎ 
Å [ƛΣ WΦπ[Φ CΦΣ Ŝǘ ŀƭΦ όнлмнύΣ !ƴ ƻōǎŜǊǾŀǘƛƻƴŀƭƭȅπōŀǎŜŘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŎƭƻǳŘ ƛŎŜ ǿŀǘŜǊ ƛƴ /aLtо ŀƴŘ /aLtр D/aǎ ŀƴŘ ŎƻƴǘŜƳǇƻǊŀǊȅ ŀƴŀƭȅǎŜǎΣ WΦ DŜƻǇƘȅǎΦ wŜǎΦ
Å [ƛΣ WΦπ[ΦΣ ·ǳΣ YΦπaΦΣ WƛŀƴƎΣ WΦ IΦΣ [ŜŜΣ ²Φπ[ΦΣ ²ŀƴƎΣ [Φπ/ΦΣ ¸ǳΣ WΦπ̧ ΦΣ Ŝǘ ŀƭΦ όнлнлύΦ !ƴ ƻǾŜǊǾƛŜǿƻŦ/aLtр ŀƴŘ/aLtс ǎƛƳǳƭŀǘŜŘŎƭƻǳŘƛŎŜΣ ǊŀŘƛŀǘƛƻƴŦƛŜƭŘǎΣ ǎǳǊŦŀŎŜ
ǿƛƴŘ ǎǘǊŜǎǎΣ ǎŜŀǎǳǊŦŀŎŜǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀƴŘǇǊŜŎƛǇƛǘŀǘƛƻƴƻǾŜǊǘǊƻǇƛŎŀƭŀƴŘǎǳōǘǊƻǇƛŎŀƭƻŎŜŀƴǎΦ WΦ DŜƻǇƘȅǎΦ wŜǎ
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Impact of ecRad, 24 h-forecasts, July 2020: ecRadςRRTM

Å ITCZ, polar cloud optically 
thinner, ocean cumulus 
optically thicker

Å ecRadcooler in stratosphere 
than RRTM (with new solar 
spectrum scaling, Coddington 
et al. 2016), stronger cloud 
effects in tropospher

icon-2.6.3, R3B7, ɝὼ ρσkm, 
ecRad+ tune_zvz0i = 0.85 vs. 
RRTM + tune_zvz0i = 1.1

¢
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T LW tendency¢ {² ǘŜƴŘŜƴŎȅ

SW TOA net downwardflux [² ¢h! ƴŜǘŘƻǿƴǿŀǊŘŦƭǳȄ
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Impact of ecRad, ice fall speedtuning: Biases vs. CERES-EBAF 2019
L/hb нΦсΦоΣ ww¢aΣ ǘǳƴŜψȊǾȊлƛ Ґ мΦм 

ICON 2.6.3, ecRad+ LW scat., tune_zvz0i = 0.85
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Resolution R2B6, ɝὼ 40 km

CERES-EBAF, CERES-MODIS: Loeb et al. (2018) 

ICON 2.6.3, ecRad+ LW scat., tune_zvz0i = 0.85

ICON 2.6.3, RRTM, tune_zvz0i = 1.1 

¢ƻǘŀƭ¢h! ŦƭǳȄ ōƛŀǎŜǎ ǾǎΦ /9w9{Υ wa{ ŘŜŎǊŜŀǎŜǎ
hǇŜǊŀǘƛƻƴŀƭ ƳƻŘŜƭ ǾŜǊǎƛƻƴ ƛƴŎƭǳŘŜǎ ƳƻǊŜ ǘǳƴƛƴƎ

Totalcloud cover biases vs. CERES: 
slightly increases



/ƭƻǳŘ ŦŜŜŘōŀŎƪǎΣ нпƘπŦƻǊŜŎŀǎǘǎ Wǳƭȅ нлнлΥ ŜŎwŀŘςww¢a

/ƭƻǳŘ ŎƻǾŜǊ Cloud water Cloud ice

Å Icon-2.6.3, R3B7, ɝὼ 40 km

Å With ecRad, high andlow cloudsincrease, 
mid-level cloudsdecrease

Å Slightly less total cloud cover

Resolution R2B6, ɝὼ 40 km

¢ƻǘŀƭ ŎƭƻǳŘŎƻǾŜǊ



T SW tendency

{² ¢h! ŦƭǳȄ [² ¢h! ŦƭǳȄ
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Solver uncertainty in ICON+ecRad: Tripleclouds-McICA(Jan 2020, 24h runs)

Å Uncertainty: 2 W/m² 
systematicdifference in 
global flux (similar settings 
available) +  random 
variability in McICA

Å Triplecloudsslightly more 
expensive, cheaper with 
ecckdgas optics

T T LW tendency



LƳǇŀŎǘ ƻŦ ŜŎwŀŘΣ ὧȾὧπ.ǳƎŦƛȄΣ ǘǳƴƛƴƎ Υ .ƛŀǎŜǎ ǾǎΦ /9w9{π9.!C нлмф
Old routine: ὧȾὧ-Bug,tunedRRTM hƭŘ ǊƻǳǘƛƴŜΥ ὧȾὧπ.ǳƎΣǘǳƴŜŘww¢a

bŜǿ ǊƻǳǘƛƴŜΥ ὧȾὧπ.ǳƎŦƛȄΣ ŜŎwŀŘҌ [² ǎŎŀǘΦΣ 

ƴŜǿ /!a9[ ŜƳƛǎǎƛǾƛǘȅ

New routine: ὧȾὧ-Bugfix, ecRad+ LW scat., 

new CAMEL emissivity
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Shortwave (SW) TOA flux biases vs. CERES [ƻƴƎǿŀǾŜό[²ύ ¢h! ŦƭǳȄ ōƛŀǎŜǎ ǾǎΦ /9w9{

Resolution R2B6, ɝὼ 40 km

/9w9{π9.!CΥ [ƻŜō Ŝǘ ŀƭΦ όнлмуύ 



¢ƻǘŀƭ¢h! ŦƭǳȄ ōƛŀǎŜǎ ǾǎΦ /9w9{Totalcloud cover biases vs. CERES: decreases

Impact of ecRad, ὧȾὧ-Bugfix, tuning : Biases vs. CERES-EBAF 2019
Old routine: ὧȾὧ-Bug,tunedRRTM

New routine: ὧȾὧ-Bugfix, ecRad+ LW scat., 

new CAMEL emissivity

ὧ
Ⱦὧ
π.
ǳ
Ǝ
Ŧ
ƛ
Ȅ

Σ
 
Ŝ
Ŏ
w
ŀ
Ř

Σ
 
ǘ
ǳ
ƴ
ƛ
ƴ
Ǝ

Old routine: ὧȾὧ-Bug,tunedRRTM

bŜǿ ǊƻǳǘƛƴŜΥ ὧȾὧπ.ǳƎŦƛȄΣ ŜŎwŀŘҌ [² ǎŎŀǘΦΣ 

ƴŜǿ /!a9[ ŜƳƛǎǎƛǾƛǘȅ
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CERES-EBAF, CERES-MODIS: 
Loeb et al. (2018) 



SW TOA flux LW TOA flux

Overlap uncertainty in ICON+ecRad, 2019, 1y-run: overlap vs. exp-ran, 2km 

{² ¢h! ŦƭǳȄ LW TOA flux

Å aŀȄƛƳǳƳπ
ǊŀƴŘƻƳ 
όw¢¢h±ύΥ          
πм ²κƳч 
ŘƛŦŦŜǊŜƴŎŜ ƛƴ 
Ǝƭƻōŀƭ ŦƭǳȄΣ 
{²π[² 
ƻǇǇƻǎƛǘŜ

Å 5ŜŎƻǊǊŜƭŀǘƛƻƴ
ƭŜƴƎǘƘмƪƳΥ
м ²κƳч ǘƻǘŀƭΣ 
Ҍн ²κƳч{²



/ƭƻǳŘ ƘƻǊƛȊƻƴǘŀƭ ƛƴƘƻƳƻƎŜƴŜƛǘȅ

Å Reflectivity and longwaveemissivitynon-linear 
functionsof opticaldepth: needvariability.

Å Use 2 or more cloud regions, inhomogeneity 
parameter fractional standard deviation(FSD) 

; default: FSD =1

Å Parametrised FSD by cloud type (Ahlgrimm and Forbes 
2016, 2017): global flux +0.9 W/m²

January2019

July2019

Change in SW TOA flux 2019: parametrisedFSD vsFSD=1
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