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BUT FIRST…

some T2(RC)2 issues
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Aerosols Input for COSMO Radiation

Tanre (1983) Tegen (1997) MACv2 (2013)

CAMS-ECMWF ICON-ART

itype_aerosol = 1 itype_aerosol = 3itype_aerosol = 2

itype_aerosol = 4 itype_aerosol = 5

Fixed 2D Monthly/Annual Climatology

Forecasted 3D aerosols
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New:

COSMO Cloud Optics Web-App

http://www.cosmo-model.org/content/tasks/operational/ims/cloudOptics/default.htm









Many thanks to
Theodore Andreadis
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New modular radiation scheme: ECRAD (Hogan & Bozzo, 2018)

• Solvers:

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

– SPARTACUS makes ecRad the only 
global radiation scheme that can do 
3D radiative effects

– Longwave scattering optional

– Can configure cloud overlap

– Cloud inhomogeneity:  stochastic 
subcolumns (McICA) or two cloudy 
regions (Tripleclouds / SPARTACUS), 
can configure width and shape of PDF

• Gas optics: RRTM-G (Iacono et al. 2008)

 Plan to develop new scheme with 
fewer spectral intervals

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

• Cloud optics:

 liquid: SOCRATES (MetOffice)

 ice: Fu 1996, 1998 (default) ,             
Yi et al. 2013  or  Baran et al. 2014

• 3D effects (SPARTACUS): globally warm by 
ca. 2Wm−2 or 1K

• Surface (under development)      Rigorous 
and consistent treatment of urban and 
forest canopies

Slide content: Sophia Schäfer

• Implemented in ICON (D. Rieger) 
• planned: operational early 2021
• Improves results in troposphere
• Ongoing tuning



Cloud Optics
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Liquid hydrometeors 
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• Original RG92 based on Stephens (1989) , Slingo & Schrecker (1982)

• COSMO - New optical properties after Hu and Stamnes (1993)

• Extended size range - including rain

1. SW- Slingo (1989)  similar to RG92     (Valid only for: 𝑅𝑒 = 4.2 𝜇𝑚, 16.6 𝜇𝑚 !)

LW- Lindner and Li (2000)   

2. SOCRATES

ecRAD: 

COSMO: 
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Liquid hydrometeors 
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Warming effect of the new scheme 
compared with RG92!



Ice hydrometeors 

• Single particle optical properties after Fu 

• Assuming randomly oriented hexagonal particles

• Using AR and Dge as the bulk parameters:

• Size range expended using 7000 generalized gamma distributions

• Include snow and graupel in the radiation scheme

• Option: rough or smooth particle surfaces

N L = 𝑁0𝐿
𝜇𝑒−𝜆𝐿

𝛿

old validity range



Ice hydrometeors 
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Cooling effect vs. RG92

Manuscript submitted to RMetS-App (2020)



CKDMIP: Correlated K-Distribution
Model Intercomparison

16 https://confluence.ecmwf.int/display/CKDMIP/

https://confluence.ecmwf.int/display/CKDMIP/CKDMIP:+Correlated+K-Distribution+Model+Intercomparison+Project+Home


Aerosols
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Task 5: CAMS climatology in ICON-ecRAD (RHM)



Bozzo et al., 801 ECMWF Memorandum, 2017

Task 5: CAMS climatology in ICON-ecRAD (RHM)



CAIIR Task 6, 2D-Aerosol (D. Rieger)

advection
sources

(emission)

sinks

(washout)

relaxation to climatology

(Tegen)

Günther Zängl’s scheme:

Prognostic equation for 2D AOD 𝜓𝑗(𝑥, 𝑦), using vertically averaged horizontal wind 𝒗𝐻,𝑗

Subtask 6.1: Improve mineral dust AOD source function 𝑆𝑒,𝑑𝑢𝑠𝑡
- Use cheap emission paramaterization, e.g.:
Kok et al. (2014) - An improved dust emission model–Part 1: Model description and comparison

against measurements. Atmos. Chem. and Phys., 14(23), 13023-13041

- Perform offline Mie calculations to derive optical properties

- Calculate AOD flux from emission flux

Accumulated dust flux (1 year, arbitrary units, non-

equidistant scale) for Kok et al. parameterization 

in ICON (preliminary results)



CAIIR Task 6, 2D-Aerosol

Subtask 6.2: Improve sea salt AOD source function 𝑆𝑒,𝑠𝑠𝑎 based on an established 

emission parameterization

Subtask 6.3: Improve anthropogenic AOD source function 𝑆𝑒,𝑎𝑛𝑡ℎ
e.g., based on emission dataset, extensive literature review required

Grythe et al. (2014) - A review of sea-spray aerosol source functions using a large 

global set of sea salt aerosol concentration measurements. Atmos. Chem. Phys., 14(3), 

1277-1297.



Kinne-MACv2 (2013)  vs.  Tegen (1997)

January July

AOD at 550 nm & SW in clear skies, noon using CLIRAD

AOD

SW

Task 7:  Implement MACv2 climatology in ecRAD (RHM)



Radiation & 
Microphysics
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 Cloud nuclei profile nCN(z) is estimated from Tegen/CAMS aerosols

 Activation of nCN to nCCN is estimated from Segal & Khain (2006) 

 4D look-up table:

Segal & Khain (2006) 

𝒏𝒄𝒄𝒏
𝑺𝑲 = 𝒇(𝒏𝒄𝒏, 𝒍𝒐𝒈(𝝈), 𝒓𝒎𝒐𝒅, 𝒘𝑪𝑩 )

Droplet concentration: Segal & Khain (2006) scheme
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 In „active“ clouds (wnuc > wcb,min and qc > 0 or clc_con > 0 over several adjacent height 
layers), activation is at cloud base and nCN decreases exponentially above cloud base
(  autoconversion, accreation)

 Effective updraft speed wnuc for nucleation, including turbulence, radiative cooling an 
parameterized convection:

(convective velocity scale by Deardorff)

 ztop_con: PBL height as determined from Θv < Θv,surf+0.5 K, or upper bound of 
lowest continuous „clc_con“ layer

Segal & Khain scheme in COSMO
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CAMS Forecasted Aerosols number concentration 
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New cloud droplets number concentration

icloud_num_type_gscp/rad  = 4
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𝑅𝑒𝑓𝑓 based on CAMS & Segal-Khain

Peak event April 25 14Z

icloud_num_type_rad = 4

icloud_num_type_rad = 1
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Case study: April 25-27, 2018

OBS

New cloud_rad 

CAMS background aerosols

CAMS & SK Ncn  rad + 

microphysics
COSMO oper
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INP number concentrations (for IWC > 0.03 gm-3)

1-mom
Cooper

1-mom
DeMott + CAMS

2-mom
Phillips (2008)
IN=f(S,naer,CAMS)

2-mom
Phillips (2008)

IN=f(S,naer=const)

IN T =

1000 ∙ 𝑛𝑑𝑢𝑠𝑡
1.25𝑒0.46 𝑇0−𝑇 −11.6

IN(T) = 5 ∙ 𝑒0.304(𝑇0−𝑇)

ncdust = 0.162 𝑐𝑚
−3

ncsoot = 15 𝑐𝑚
−3,

ncorganic = 177 𝑐𝑚
−3
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IN(T) occurrences (for grid points with IWC > 0.03 gm-3)

Results for 45 test cases Oct-Nov 2019

Average
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INP(T) Model vs. OBS

Vergara-Temprado, J. et al., 
PNAS 115.11 (2018)

COSMO model 
results for 45 test 

cases Oct-Nov 2019
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𝑅𝑒𝑓𝑓 in Sub-Grid Scale Clouds (P. Khain)

𝑅𝑒𝑓𝑓 is does not change much horizontally and can be 

analitically estimated 

𝑅𝑒𝑓𝑓 = 𝑓𝑐𝑡(𝐶𝐶𝑁𝑐𝑙𝑜𝑢𝑑 𝑏𝑎𝑠𝑒 , 𝐻𝑎𝑏𝑜𝑣𝑒 𝑐.𝑏𝑎𝑠𝑒 , 𝑇)



34 Slide content: Alberto de Lozar

Unified Effective Radius Calculation in ICON



35

Task 9

Stochastic 

Convection
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Taken from Maike Ahlgrimm presentation

Re-analysis of SGS clouds using the Stochastic 
Convection Scheme (Sakradzija et al. 2016, 2018)



Stochastic convection scheme (P. Khain)

Subtask 9.1 Testing the stochastic convection scheme

• Verified against observations/soundings

• Find the weaknesses and the advantages of the stochastic parametrization

over the default Tiedke-Bechtold scheme

Subtask 9.2 Estimating the cloud cover from the SC scheme

• The detrainment approach will be implemented in the new scheme to deduce

the cloud cover of shallow convection

• Verification against observations

• Simulated in idealized fair weather situations, and compared to idealized LES

simulations of cloud cover

Subtask 9.3 Precipitation from the SC parametrization

• Utilize the sub-grid variability of the stochastic parametrization to estimate the

sub-grid PDF of cloud and rain water contents.

• Grid-box averaged microphysical rates will be estimated

• Estimation of precipitation from shallow convection vs. Tiedke-Bechtold



38

CAIIR Project Plan

Cloud optics 

Aerosols inputs: CAMS forecasted, CAMS climatology, 2D 
advection scheme, MACv2 climatology

Microphysics – Reff and LWC revised, Realistic cloud formation

 Stochastic convection scheme

Model testing (RHM) and tuning (P. Khain)

Cloud Optics Aerosols
Radiation & 

Microphysics
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