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e
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her Wetterdienst1 Introdu
tionIn
oming solar radiation is a primary driving sour
e of atmospheri
 weather and 
limate pro
esses. For realisti
weather simulation, an NWP model has to in
lude an appropriate parametrization of the radiative transferthrough the atmosphere. The divergen
e of solar and thermal radiative �uxes in the atmosphere, whi
hintera
t strongly with gases, aerosols and the simulated 
loud �eld and its inherent properties, 
ontributes
onsiderably to the diabati
 for
ing in the prognosti
 model equations. At the earth's surfa
e radiative �uxes
onstitute the major for
ing for the thermodynami
 state of the soil and the intera
tion with the atmospherevia turbulent �uxes of heat and moisture. In COSMO, the radiative transfer s
heme is based on the solution ofthe δ-two-stream version of the radiative transfer equation in
orporating the e�e
ts of s
attering, absorption,and emission by 
loud droplets and i
e 
rystals, gases (water vapor, ozone, 
arbon dioxide, air mole
ules)and aerosols in ea
h one of the eight spe
tral intervals [15, 3℄. Opti
al properties are 
omputed from relevantprognosti
 and/or diagnosti
 model variables like spe
i�
 humidity, 
loud water- and i
e 
ontent and 
loudfra
tion. Some layer properties, like ozone, 
arbon dioxide and aerosols are spe
i�ed as 
limatologi
al values.In parti
ular, the spatially variable aerosol distribution is derived from a 
limatology provided by Tanre [17℄(namelist parameter itype_aerosol=1). The a
tual layer mean values of opti
ally relevant substan
es are
onverted to radiative properties like opti
al depth τ , single s
attering albedo ω and asymetry parameter

g and forward-s
attered fra
tion through the use of empiri
al relations des
ribed in [15℄. As part of theCOSMO priority proje
t "Testing and Tuning of the Revised Cloud Radiation Coupling" T 2(RC)2, the
al
ulation of the opti
al properties at the model layers was signi�
antly revised, and an additional version ofa radiative solver was implemented. From a te
hni
al point of view, the new parametrizations 
an be a
tivatedvia 
ompilation with the "DCLOUDRAD" prepro
essor �ag. The 
hanges 
an be divided into three topi
s:radiative solver, 
lear sky opti
al properties, and 
loudy part opti
al properties.2 Implementation of the new s
hemeRadiative solverRadiation transfer s
hemes are one of the most 
omputational expensive 
omponents in numeri
al weatherpredi
tion (NWP) models. In COSMO model, with only eight spe
tral intervals, a full radiation 
al
ulation
osts as mu
h as eight times the 
ost of the entire COSMO model run. Most of NWP models 
ompromiseon the spatial and/or temporal resolution of the radiation s
heme. In the operational setup of COSMO-2.8km, with a full spatial resolution and with a temporal resolution of 15 minutes, the 
omputational 
ost ofradiation is only 3% of the entire model. This 
ompromise 
an lead to lo
al biases in net downward radiationand surfa
e temperatures. In an attempt to both redu
e errors and to de
rease the run-time we implementeda di�erent approa
h whi
h is to de
rease the spe
tral resolution by a wise sampling te
hnique, a methodknown as Monte Carlo Spe
tral Integration (MCSI) [13℄ was implemented (namelist parameter itype_m
si).Many radiative transfer s
hemes in
luding COSMO s
heme [15℄, use the k-distribution method for the gases-radiation intera
tion 
al
ulations [4℄. In this method the spe
trum is transferred from wavelength spa
e to
umulative probability spa
e. This spa
e is divided to intervals whi
h are 
alled g-points. In COSMO forea
h gas and for ea
h spe
tral interval there are between two to eight g-points. In the operational mode ofCOSMO the Fast Exponential Sum Fitting Te
hnique (FESFT) is used to fully 
al
ulate all of the mentionedg-points. In MCSI only one g-point is 
al
ulated in ea
h time step a

ording to its probability. In COSMO weused a softer version of MCSI where a g-point is sele
ted in ea
h of the spe
tral intervals whi
h in
reases the
omputational 
os but does negle
t either of the spe
tral intervals in every time step. Of 
ourse that if theuser 
hooses to use MCSI the radiation s
heme should be 
alled more frequently. We found out the using theMCSI with full temporal resolution (
alling the radiation s
heme every time step) in COSMO-2.8km setup
an in
rease runtime by 33% with only slight redu
tion of global radiation and 2-meter temperature biases
ompared to FESFT. But using MCSI with a 100 se
onds temporal resolution (every 5 time steps) 
an givethe same bene�ts but with only 4% in
rease in runtime.COSMO Newsletter No. 19: O
tober 2019 www.
osmo-model.org



3a. Working Group on Physi
al Aspe
ts: Upper Air 24Clear sky opti
al propertiesTwo new options of an aerosol 
limatology were introdu
ed (namelist parameter itype_aerosol). The �rst,Tegen [18℄ (itype_aerosol=2), is a 2-dimensional monthly map of opti
al thi
knesses for 5 aerosol 
lasses.In COSMO it is interpolated in time, and 3-dimensional opti
al properties are 
al
ulated assuming a prede-�ned exponentially de
aying verti
al pro�le. The se
ond, Kinne [10℄ (itype_aerosol=3), is a 2-dimensional
limatology whi
h is 
onsidered to better des
ribe real aerosol loading [12℄.In addition, two new options to use time- and spa
e-interpolated (via the int2lm software) 3-dimensionalaerosol �elds of external prognosti
 fore
ast models have been implemented. The �rst (itype_aerosol=4) 
anpro
ess CAMS-ECMWF [1, 11℄ 3-dimensional aerosol mixing ratio �elds, whi
h in
lude sea salt, mineral dust,bla
k 
arbon, organi
 matter and sulphate and whi
h are sub-divided to eleven tra
ers, be
ause sea salt anddust have three size bins while bla
k 
arbon and organi
 matter have both hydrophobi
 and hydrophili
 types.The se
ond new option (itype_aerosol=5) 
an pro
ess ICON-ART [14℄ 3-dimensional aerosol mixing ratio�elds; 
urrently the operational ICON-ART only in
ludes mineral dust, but it might be expanded to otherspe
ies in the future.Cloudy part opti
al propertiesFirst, in addition to 
loud water and i
e, the opti
al e�e
t of prognosti
 snow, graupel and rain water 
ontentswas (optionally) in
luded (namelist parameter lrad_in
l_qrqsqg). The opti
al properties of solid parti
les in
louds (spe
i�
 extin
tion 
oe�
ient β, single s
attering albedo ω, asymmetry fa
tor g and delta-transmissionfun
tion δ) have been formulated as fun
tion of e�e
tive radius Re and aspe
t ratio Ar (assuming hexagonalneedles as des
ribed in [5℄) for the 8 COSMO spe
tral bands, using the spe
tros
opi
 s
attering fun
tion datafor single needles used previously in [5℄, [6℄ and [7℄. Based on these data, for ea
h realization of a Monte-Carlo-Ensemble over 7000 di�erent Gamma-type i
e parti
le size distributions the parameters Re following[5℄, Ar following [7℄, β, ω, g and δ have been 
omputed. New and rather a

urate �ts of type rationalfun
tions were developed for β and ω as fun
tion of Re, and g and δ as fun
tion of Ar ([7℄). In 
ontrast toprevious literature, our new �ts span a very large parameter range for Re from 2.5 to 300mi
rons and behaveasymptoti
ally �reasonably well� for larger sizes. This range is su�
ient for the �ts to be applied to the snow-and graupel hydrometeors in any model. Opti
al thi
kness τ is obtained by multiplying the respe
tive β forea
h hydrometeor type by the respe
tive spe
i�
 mass 
ontent and summation. Usage of the new �ts 
an bea
tivated by namelist parameter iradpar_
loud=4, and small modi�
ations 
an be 
hosen by the namelistswit
hes lrad_i
e_smooth_surfa
es and lrad_i
e_fd_is_gsquared.The opti
al properties of water parti
les in 
louds have been formulated as fun
tion of parti
les' water 
ontentand e�e
tive radius for the 8 COSMO spe
tral bands, using [8℄ up to 60 mi
ron with an own asymptoti
ally
orre
t extrapolation towards larger sizes up to mm diameters (namelist parameter iradpar_
loud=4).For the large parti
les (snow, graupel and rain) a geometri
al-opti
s large-size approximation based on semi-transparent spheres for the opti
al properties was (optionally) implemented (namelist parameter lrad_use_largesizeapprox).Several new options for 
al
ulation of water 
ontents, e�e
tive radii and aspe
t ratios (both are fun
tions ofnumber 
on
entration and mass 
on
entration) for various hydrometeors were implemented. That in
ludes:� Estimating NCa - the number 
on
entration of 3-dimensional hydrophili
 aerosol �elds using Tegen[18℄ or CAMS-ECMWF [1, 11℄ input data.� Estimating weff - the subgrid lo
al updraft velo
ity, using turbulent kineti
 energy, radiative 
oolingand optionally 
onve
tive velo
ity s
ale after Deardor� [2℄ (namelist parameter lin
l_wstar_in_we�).� Utilization of NCa and weff to 
al
ulate NCCN , the number 
on
entration of nu
leated 
loud dropletsfor 
omputing Re of 
loud water, using the Segal-Khain method [16℄ (namelist parameters i
loud_num_type_rad and i
loud_num_type_gs
p). i
loud_num_type_rad a�e
ts the radiation indire
t aerosolse�e
t on 
louds and i
loud_num_type_gs
p a�e
ts the auto-
onversion rate in the 1-momment mi-
rophysi
al s
heme.� Number 
on
entrations of other spe
ies (rain, 
loud i
e, snow and graupel) are either estimated 
on-sistently to assumptions on parti
le size distributions in the 1-moment 
loud mi
rophysi
s s
heme, orare prognosti
 for grid s
ale 
louds in 
ase of the 2-moment s
heme.COSMO Newsletter No. 19: O
tober 2019 www.
osmo-model.org



3a. Working Group on Physi
al Aspe
ts: Upper Air 25� "Stratiform" subgrid-s
ale 
loud droplets and i
e water 
ontents (LWCsgs and IWCsgs, respe
tively)are estimated as fun
tions of temperature and humidity. The shallow 
onve
tion LWCsgs is esti-mated by one of the 3 following methods: as fun
tion of temperature and humidity, similarly tostratiform 
louds; as equal to the LWC of COSMO shallow 
onve
tion s
heme (namelist parameterluse_q
_
on_sgs); and as fra
tion of the theoreti
al adiabati
 water 
ontent [9℄ (namelist parameterluse_q
_adiab_for_re�
_sgs). The overall LWCsgs is estimated by the default COSMO method asweighted average of the "stratiform" and "
onve
tive" parts, using the 
orresponding 
loud fra
tions.The grid s
ale water 
ontents of 
loud water and i
e, snow, graupel and rain are prognosti
 variables.� E�e
tive radii and aspe
t ratios for 
loud droplets and 
loud i
e, as well as snow, graupel and rainare estimated as fun
tion of the 
orresponding water 
ontents and number 
on
entrations. For sit-uations dominated by subgrid-s
ale shallow 
onve
tion, the e�e
tive radius of subgrid-s
ale 
louddroplets 
an be, alternatively, estimated using the "adiabati
" parametrization [9℄ (namelist parameterluse_q
_adiab_for_re�
_sgs).The list of parameters of the new 
loud-radiation 
oupling s
heme is presented in Table 1 in the Appendix.The Table in
ludes the meaning of ea
h parameter, its type, default value, available range and re
ommendedvalue.3 Case StudyPreliminary tests of the new 
loud-radiation 
oupling s
heme (implemented in COSMO 5.5) were performedover the eastern Mediterranean (COSMO-IL domain 26-36N, 25-39E) with grid spa
ing of 2.8 km. The weatherevent was 
hosen to be on 16/02/2018. During that day the eastern Mediterranean was in the warm se
tor ofa deep upper air trough approa
hing from the west (see sattelite image in Figure 1). The SW winds 
auseddesert dust adve
tion into the region. The COSMO runs (driven by IFS data) were initialized on 16/2/201800 UTC and produ
ed fore
asts up to 16/2/2018 12 UTC.

Figure 1: IR 10.8 MeteoSat satellite image for 16/2/2018 at 12 UTC.
COSMO Newsletter No. 19: O
tober 2019 www.
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3a. Working Group on Physi
al Aspe
ts: Upper Air 26Eight COSMO runs have been performed, with namelist parameter variations as summarized in Figure 2. Thereferen
e experiment (Ref) in
ludes the default 
loud-radiation s
heme (iradpar_
loud=1) and Tanre aerosol
limatology (itype_aerosol=1). Exp.1 is similar to Ref, with Tegen aerosol 
limatology (itype_aerosol=2).Exp.2 is similar to Exp. 1 with Segal-Khain estimation of 
loud-droplet number 
on
entration (i
loud_num_type_rad=2 and i
loud_num_type_gs
p=2). Exp. 3 is similar to Exp.2 with 
onsideration of Deardor�
onve
tive velo
ity s
ale in 
al
ulation of the lo
al subgrid-s
ale updraft (lin
l_wstar_in_we�=TRUE),andwith tuned hydrometeor number 
on
entrations (lredu
e_qnx_vs_qx=TRUE). Exp.4 is similar to Exp.3 withsubgrid s
ale droplets and i
e e�e
tive radius 
al
ulation using water 
ontents and number 
on
entrations(luse_re�_ini_x_as_re�x_sgs=FALSE), and with tuned water 
ontent redu
tion (luse_tq
qiqs=TRUE).Exp.5 is similar to Exp.4 with an estimation of shallow Cu droplets e�e
tive radius using the "adiabati
"parametrization (luse_q
_adiab_for_re�
_sgs=TRUE), and their water 
ontent using the shallow 
onve
-tion parametrization (luse_q
_
on_sgs=TRUE). Exp.6 is similar to Exp.5 with revised asymmetry fun
tionof i
e parti
les (lrad_i
e_smooth_surfa
es= FALSE and lrad_i
e_fd_is_gsquared= TRUE). Exp.7 is simi-lar to Exp. 6 with MCSI parameterization of spe
tral bands sampling in the radiation solver (itype_m
si=1)
ompensated by more frequent 
alls to the radiation s
heme (every 3 minutes instead of 15).

Figure 2: Summary of the eight COSMO experiments.The sensitivity results of the COSMO runs are presented in 3 as fun
tion of the fore
ast range. The upperleft panel presents the averaged global radiation over the 
loudy grid points (
loud 
over > 0.1). For ea
hexperiment the global radiation of the Ref run is subtra
ted, showing the sensitivity e�e
t of the 
urrentexperiment. The upper right panel presents similar results for the averaged 2 meter tempearture. Similarly,the lower panels present the sensitivity results for the 
lear sky regions (
loud 
over < 0.1), highlighting thedire
t e�e
ts of aerosols and the MCSI parameterization.
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Figure 3: Sensitivity results of the COSMO runs as fun
tion of the fore
ast range. The upper left panelpresents the averaged over the 
loudy grid points (
loud 
over > 0.1) global radiation. For ea
h experimentthe global radiation of the Ref run is subtra
ted, showing the sensitivity e�e
t of the 
urrent experiment. Theupper right panel presents similar results for the averaged 2 meter tempearture. Similarly, the lower panelspresent the sensitivity results for the 
lear sky regions (
loud 
over < 0.1).One 
an see (Exp. 1) that the use of Tegen aerosol instead of Tanre strongly in
reases the global radiation(up to 120 W/m2) and the 2 meter temperature up to 0.5 K. Exp. 2 shows that in the 
loudy areas thenew opti
al properties and Segal-Khain nu
leation, and � most importantly � 
onsideration of rain, snow andgraupel parti
les in radiation, de
reases the enhan
ement to about 50 W/m2. Exp. 3 shows that in the 
loudyareas revision of the lo
al updraft for Segal-Khain nu
leation and tuning the number 
on
entration de
reasesthe enhan
ement further to about 35 W/m2. Exp. 4 shows that in the 
loudy areas revision of SGS e�e
tiveradius 
al
ulations and imposing upper limits to the total water 
ontents brings the enhan
ement ba
k toabout 50 W/m2. Experiments 5,6 and 7 show smaller sensitivity on average. Generally, one 
an see that thenew 
loud-radiation 
oupling s
heme a�e
ts the global radiation by 30-120 W/m2 whi
h 
orresponds to a 2meter temperature variation range of about 1 K. Important to note is, that these results are preliminary andre�e
t the model sensitivity at a single day over a spe
i�ed region only. Also, the results in
lude averaging overlarge areas, whi
h suggests mu
h higher sensitivities lo
ally. We should also note that this is the �rst attemptto test the 
ode within the 5.5 framework. Ea
h of the new s
heme 
omponents was massively tested withinthe 5.1 framework. In the appendix we provide the "re
ommended" namelist based on the studies during thelast 4-years, whi
h were dis
ussed and published in various presentations and papers, as 
an be viewed on
T 2(RC)2 web page (http://www.
osmo-model.org/
ontent/tasks/priorityProje
ts/t2r
2/default.htm).4 SummaryIn this short arti
le we inform the COSMO 
ommunity about the re
ent implementation of a revised 
loud-radiation 
oupling s
heme into COSMO 5.5. O�
ially this 
ode will be distributed with the �nal versionof COSMO - COSMO-6. The new s
heme in
ludes an optional modi�
ation to the radiation solver (MCSICOSMO Newsletter No. 19: O
tober 2019 www.
osmo-model.org



3a. Working Group on Physi
al Aspe
ts: Upper Air 28parametrization). It further in
ludes implementation of new aerosol 
limatologies and prognosti
 aerosol�elds whi
h modify the 
lear sky opti
al properties. Moreover, the indire
t e�e
t of aerosols on number
on
entrations, e�e
tive radiuses and water 
ontents in grid and subgrid s
ale 
louds is signi�
antly revised.The opti
al properties of solid and water hydrometeors for the di�erent spe
tral intervals were revised aswell. Preliminary tests show a signi�
ant e�e
t of the new 
loud-radiation 
oupling s
heme on radiation and2 meter temperature.A
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loud-radiation 
oupling s
heme is presented in Table 1. The Table in
ludesthe meaning of ea
h parameter, its type, default value, available range and re
ommended value.Parameter Meaning Type Def Range Re
omiradpar_
loud Cal
ulation of opti
al properties for solidand water parti
les. 1-old, 4-new. 2,3 arepossible but not re
ommended INT 1 1,4 4lrad_i
e_smooth_surfa
es E�e
tive if iradpar_
loud=4. If T assumesmooth surfa
es for solid spe
ies (fd>0),otherwise assume rough surfa
es (fd 
loseto 0) LOG T T/F Frad_i
e_fd_is_gsquared E�e
tive if iradpar_
loud=4 andlrad_i
e_smooth_surfa
es=T. If T
ompute forward s
attered fra
tion as
f = g2 (RG92 method), otherwise 
om-pute f = 1/(2ω) + fd with fd = fct(AR)a

ording to the new �ts. Con
erns onlythe solar frequen
y bands

LOG F T/F F
lrad_in
l_qrqsqg in
lude/ex
lude QR, QS and QG in radia-tive transfer 
al
ulations LOG F T/F Tlrad_use_largesizeapprox E�e
tive for iradpar_
loud = 4: if F new�ts for all opti
al properties of solid spe
iesare used without 
lipping. If T only for theextin
tion the large-size approximation isapplied starting from Re�=150 mi
rons LOG T T/F Titype_aerosol Type of aerosol map. Climatology: 1-Tanre, 2-Tegen, 3-Kinne. Prognosti
 datafrom int2lm: 4-CAMS, 5-ART INT 1 1-5 4
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3a. Working Group on Physi
al Aspe
ts: Upper Air 30i
loud_num_type_rad Derivation of 
loud number 
on
entrationfor radiation. 1: use 
loud_num_radtuning parameter. 2: derive fromTegen/CAMS aerosol data using Segal-Khain parametrization (e�e
tive foritype_aerosol=2,4 only) INT 1 1,2 2
i
loud_num_type_gs
p Derivation of 
loud number 
on
entra-tion for 1-moment mi
rophysi
s. 1: use
loud_num tuning parameter. 2: derivefrom Tegen/CAMS aerosol data usingSegal-Khain parametrization (e�e
tive foritype_aerosol=2,4 only) INT 1 1,2 2
lin
l_wstar_in_we� E�e
tive in 
ase ofi
loud_num_type_rad/gs
p=2 (Segal-Khain). If T, the e�. w for 
loud nu
leationis enfor
ed to be >= w∗ (
onv. vel. s
alein PBL), but only below the PBL heightor below the upper bound of the lowest"
onve
tive 
loud layer�, whi
hever ishigher. F � otherwise

LOG F T/F T

loud_num_rad Tuning parameter for 
loud number 
on-
entration for radiation (1/m3)

REAL 2E8 [0.1-10℄E8 2E8
loud_num Tuning parameter for 
loud number 
on-
entration for 1-moment mi
rophysi
s
(1/m3)

REAL 5E8 [0.1-10℄E8 5E8zref_
loud_num_rad Height of lower layer (above MSL in m)above whi
h the 
loud number 
on
entra-tion is exponentially redu
ed with height REAL 2000 500-3000 2000dz_oe_
loud_num_rad 1/e de
rease height in m of exponentialde
rease of 
loud number 
on
entrationabove zref_
loud_num_rad REAL 2000 500-3000 2000lredu
e_qnx_vs_qx T: redu
e qnx vs qx for radiation. In this
ase the 9 tuning parameters below are a
-tivated. F: otherwise LOG F T/F Trho
_n
high_rad For q
<=rho
_n
high_rad, qn
 is not re-du
ed as fun
tion of q
 [kg/m3]
REAL 0.5 E-4 [0.1-20℄E-4 0.5 E-4rho
_n
low_rad For rho
_n
high_rad < q
 <rho
_n
low_rad qn
 is linearly redu
edas fun
tion of q
 [kg/m3℄ REAL 2.0 E-4 [0.1-20℄E-4 2.0 E-4n
fa
t_low_rad For q
>=rho
_n
low_rad, the lin-ear redu
tion bottoms out at the n
-fa
t_low_rad'th fra
tion of qn
 REAL 0.1 [0...1℄ 0.1rhoi_nihigh_rad For qi <= rhoi_nihigh_rad, ni(T) is notredu
ed as fun
tion of qi [kg/m3℄ REAL 0.5 E-5 [0.1-20℄E-5 0.5 E-5rhoi_nilow_rad For rhoi_nihigh_rad < qi <rhoi_nilow_rad, ni(T) is linearly re-du
ed as fun
tion of qi [kg/m3℄ REAL 2.0 E-5 [0.1-20℄E-5 2.0 E-5nifa
t_low_rad For qi >= rhoi_nilow_rad, the lin-ear redu
tion bottoms out at the ni-fa
t_low_rad'th fra
tion of ni(T) REAL 0.1 [0...1℄ 0.1rhos_n0shigh_rad For qs <= rhos_n0shigh_rad, n0s is notredu
ed as fun
tion of qs [kg/m3℄ REAL 1.0 E-5 [0.1-20℄E-5 1.0 E-5rhos_n0slow_rad For rhos_n0high_rad < qs <rhos_n0low_rad, n0s is linearly redu
edtowards n0s_low_rad [kg/m3℄ REAL 5.0 E-5 [0.1-20℄E-5 5.0 E-5n0s_low_rad For qs>=rhos_n0slow_rad, n0s attainsthis 
onst. value [m−3℄ REAL 8 E5 [1-50℄E5 8 E5luse_re�_ini_x_as_re�x_sgs Use tuning parameters re�_ini_
,re�_ini_i for SGS e�. radius LOG T T/F FCOSMO Newsletter No. 19: O
tober 2019 www.
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3a. Working Group on Physi
al Aspe
ts: Upper Air 31re�_ini_
 E�e
tive radius for SGS
loud droplets (m). Only ifluse_re�_ini_x_as_re�x_sgs=T REAL 5 E-6 [3-15℄E-6 5 E-6re�_ini_i E�e
tive radius for SGS 
loud i
e (m).Only if luse_re�_ini_x_as_re�x_sgs=T REAL 10 E-6 [5-30℄E-6 10 E-6radq
_fa
t, radqi_fa
t,radqs_fa
t, radqg_fa
t Portion of GS and SGS q
, qi, qs, qg (re-spe
tively) "seen" by the radiation. Shouldbe <1 be
ause of subgrid-s
ale variability.In
rease leads to higher opti
al thi
kness REAL 0.5 [0.5-1℄ 0.5qvsatfa
t_sgs
l_rad S
aling fa
tor for q
 and qi of SGS 
louds:lo
al supersaturation whi
h is assumed tohave been depleted by SGS 
loud forma-tion [-℄. In
rease leads to higher opti
althi
kness REAL 0.01 [0.005-0.02℄ 0.01luse_tq
tqitqs limit TQC, TQI, TQS to some integralmaximum. Adjust q
, qi, qs a

ordingly(for radiation). T leads to lower opti
althi
kness LOG F T/F Tluse_q
_adiab_for_re�
_sgs Use "adiabati
" parametrization for SGSshallow 
onve
tion e�e
tive radius LOG F T/F Tluse_q
_
on_sgs E�e
tive if luse_q
_adiab_for_re�
_sgs=T.F: use "adiabati
" parametrization forSGS shallow 
onve
tion LWC. T: use LWCfrom shallow 
onve
tion parametrization(if l
onv=T) LOG F T/F Talpha1_adiab_rad Linear deviation with height (above
loud base) of SGS shallow 
on-ve
tion e�e
tive radius from theadiabati
 value alpha1_adiab_rad-alpha2_adiab_rad*(z-z
b). [-℄ REAL 0.95 [0.7-1℄ 0.95alpha2_adiab_rad Linear deviation with height (above
loud base) of SGS shallow 
on-ve
tion e�e
tive radius from theadiabati
 value alpha1_adiab_rad-alpha2_adiab_rad*(z-z
b). [1/m℄ REAL 1.2 E-4 [1-2℄E-4 1.2 E-4beta_adiab_rad Ratio of 
loud-average number 
on
entra-tion (of SGS shallow 
onve
tion) with re-spe
t to the 
loud 
ore value (obtainedfrom Segal-Khain) REAL 0.38 [0.2-1℄ 0.38gamma_adiab_rad Linear deviation with height (abovere�=12mi
ron level) of SGS shallow 
onv.q
 from the "pseudo-adiabati
" value.[1/km℄ REAL 0.45 [0.2-0.7℄ 0.45itype_m
si 1: Monte Carlo Spe
tral Integration in theradiation solver. Re
ommended togetherwith nin
rad=5. 0-Default from RG92 INT 0 0,1 0Table 1: List of parameters of the new 
loud-radiation 
oupling s
heme. The parametersare separated to groups a

ording the 
orresponding parametrization: Opti
al propertiesderivation; E�e
t of large hydrometeors on radiation; Aerosols e�e
t in 
lear sky and ondroplets number 
on
entration in 
louds; Redu
tion of hydrometeors number 
on
entrationsfor large water 
ontents; Method of e�e
tive radius 
al
ulation; Tuning water 
ontents "seen"by radiation; "Adiabati
" parametrization for liquid water 
ontent and e�e
tive radius inshallow 
umulus; New method for radiation solver. The Table in
ludes the meaning of ea
hparameter, its type, default value, available range and re
ommended value.
COSMO Newsletter No. 19: O
tober 2019 www.
osmo-model.org


