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Optical Properties of Hydrometeors E

* old: °*  new:
e interpolating tables of r(q) » explicitly consider number conc. (2mom)
* cloudice, cloud droplets * cloudice, cloud droplets, rain, snow, (graupel)

* extension to large ice particles
e fits for RRTM

subgrid scale

grid scale
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Optical Properties of Hydrometeors

Fu, 1996; Fu et al., 1998; Fu, 2007
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Code overview: icon-nwp-cloud-opt

[GE

50 pages of additions & changes
« mo_art_cloud_opt.f90
« mo_art _cloud opt calc.fo0
« mo_art_cloud _opt_data.fo0
« mo_art_cloud_opt_util.f90
« mo_newcld optics.f90
* mo_nwp_rrtm_interface.f90
« 6 calls to radiation_nwp (full grid and reduced)

* icalc_opt=0: gv,qc,qi OLD
 irad_use_2mom=1: qv,qc,qi,qr,gs 1mom
e irad_use 2mom=2: ... &gnc... 2mom

current namelist parameters:
» icalc_opt

* jrad_use 2mom

« lrad_incl_grgsqg

« |rad_use largesizeapprox

* |rad _ice_smooth_surfaces

 Irad _ice fd is_gsquared

-

10 : ECHAM, 1: Fu 1996

| reff for Imom; 2mom (1,2)
true. !snow and graupel radiation
false. !'true: from 150um new Blahak
false. ! not used (smooth or rough ice)
true. ! not used

-



1lmom: reff vs (|
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2mom: reff vs |
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Imom: reff and ddt
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2Zmom: reff and ddt
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net top solar
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outgoing long-wave
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cloud-opt vs default 201201 24h forecast

Model Level

Model Level

temperature [K] SW tendency [K/day]
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Issues: radiation workshop 201709 at DWD

[GE

bias:
« optically thicker in SW (6.3 W/m2)  good
« warmer OLR (10.1 W/m2) bad

* tune re,ice (:>Neﬁ)
debugging (calc_n0_snow)

code cleaning:
» 6 radiation calls with different argument lists
» logicals as integers

turn off old g ,4=0;+0.10;

n(T,snow) from Fields et al (2005)
* mid-latitude
« tropics (data needed)

n...(T) separately for
« microphysics (for sedimentation)
« radiation
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Extra slides



work to do %
rd
* results:
« optically thicker in SW (6.3 W/m2)  good
« warmer OLR (10.1 W/m2) bad

model dies in subroutine calc_n0_snow
 calculate snow number concentration
« T-dependent moment relations (Field et al 2005)

single-scattering albedo (a-17?), extinction coefficient
any missing physics?
» cloud optics for sub-grid and mixed-phase clouds

(shallow cumulus, artic stratus, Southern oceans)

make a list of work items left to do



Including Snow, diff ddt lw in K h-1
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cloud and snow optics: ICON physics

(CE

lce optics: Fu 96 (SW)and Fu 98 (LW)
» Liqg. optics: Key/Stamnes

B
(r.=5umor r.=f(W*,...)orr, = a (%) )
« 2-moment cloud optics (qc, qi, gr, gs, qg and number concentrations)

« 1-moment cloud optics (qc, qi, gr, gs, (qg))

» snow optics: extension to large particles from Uli Blahak



Current Status

[GE

done

— calculation of re(xi)
* cloudice, cloud droplets, rain, snow, graupel

— fits for RRTM bands
»cloud cover” for rain, snow and graupel
— works with Imom and 2mom

to do
— proper implementation into radiation interfaces
— (fine-) tuning



2mom: reff vs xi
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Snow
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1mom: upper Troposphere, h = 8000 m

(CE

dice in mg m3
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1mom: lower Troposphere, h =3000 m
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2mom: upper Troposphere, h = 8000 m
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2mom: lower Troposphere, h = 3000 m
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Snow, h =3000 m
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Simon Gruber DWD radiation talk 201709



Optical Properties of Hydrometeors

(CE

old:
interpolating tables of r(q)

cloud ice, cloud droplets




Issues

(CE

e general findings

— new re e Smaller in upper layers - stronger
cooling

— new re . larger in lower layers - stronger heating

* 1mom: re, become very large in lower layers

— tuning n;g(T)

B 2mom: partly very low n,¢ = very large re,¢
B seamless ICON: using 2mom globally (40km) and nested (5km) ?

e using qi from microphyics or from cloud cover parameterization?
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Martin DWD radiation talk 201709



ICON radiation bias
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Scores
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dei2_296 vs. dei2_292 -- climate mean errors --
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ICON radiation bias
N/

bias:

net top solar ICON - CERES 12.12 W/m?
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diagnostic clouds with convective anvil and TKE
variance

(CE

=>» convective source to cloud cover and condensate in equilibrium

----- k-1/2
ocg_D,_ ccC

At P T diss

k+1/2 . .
a/nV|I dechytime-scale
observational estimate: 1-2 hours

ICON: 1500s
=» non-convective total water variability
PDF
Aqg Ag
( A y A \ Aqiq = og4¢ taken from TKE scheme (RCLD)
p+
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RCLD and qgi/gl from ICON
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1 2 5 10 20 50 100 200

Cloud Liquid Water / (Cloud Ice + Cloud Liquid Water)

Temperature [K]

Occurrance Prognostic Cloud Liquid Water vs Cloud Ice  L50-89
qc & gi points: 153052  qgc only points: 270280 qi only points: 3561972

1 2 3 5 7 10 15 20 30 50 70 100 150 200

Cloud Liquid Water [log10]
&

240 250 260
Temperature [K]



ICON radiation bias — solution ideas

[GE

TKE input to cloud diagnostic
» Saturation standard deviation

Convective input to cloud diagnostic
« Detrainment mass flux
» Updraft condensate
* Cloud wake
* Cloud overlap
* Qc tendency

TKE/shallow convection: stratocumulus
Cloud albedo (aerosols, zalbvisdir)

Snow radiative properties

Layer thickness [m]

Neggers,Heus,Siebesma,2011



ICON

RRTM

code

mo_albedo:stc_albedo

ozone

_dir_briegleb
surface albedo
mo_radiation; pre_radiation mo_albedo:sic_albedo mo_albedo:sic_albedo
_nwp_steps. _dir_zaengl _di

mo_albedo:sfc_albedo mo_albedo:sic_albedo
_modis _dir_yang

mo_oJ_util:03_par_15

(

mo_o3_util-calc_o3_clim

mo_albedo:sfc_albed

erosois

mo_nwp_rmm_interface
“nwp_ozon_aerosol

mo_nwp_rad_interface hwp_rg_interface
“nwp_radiation “nWp_rg_radiafion

mo_radiation_rg:testt

mo_nwp_rg_interface
mwp_rg_radiation_reduced

Ritter-Geleyn

mo_phys_nest_utilites
“upscale_rad_input_rg

mo_o3_util:legti_vec

mo_satad sal_pres
_water

mo_satad:.qsat_rho

mo_bes_time_interpolation
“caleulate_time_intarpolation
_weights.

mo_phys_nest_utilities
‘upscale_rad_input

mo_phys_nest_uiliies
_downscale rad_oulpul 1g

rtm_interface

R, mm_raE‘iahm TJ*!W,nesL:ﬂlmas .
_reduced jownscale_rad_outpu

mo_nwp_rtm_ntertace mo_asrosol_util tune_dust

“nwp_rmim_radiation

ma_radiation:radiation_nwp

mo_nwp_rim_interlace
“mwp_rrtm_radiation mo_radiation-radiation
_repartition

mo_o3_utilcalc_o3_gems

mo_radiation_rg-inv_th
mo_radiation_rg:-opt_so
mo_radiation_rg:inv_so
mo_radiation_rg:opt,
mo_loopindicesget

_indices_c

mo_exception:-message

mo_communication-exchange

_data_mult

mo_grl_nudgintp-interpol
_scal_nudging

-~ My process
is Pgeq

mo_radiation-mtm
_interface

mao_radiafion:gas_profile ‘mo_exception: finish



ICON RRTM radiation code

(

nwp_radiation
mo_nwp_rad_interface

A

y

T~

nwp_rrtm_radiation
mo_nwp_rrtm_interface

A

y

pre_radiation_nwp_steps
sfc_albedo_modis

sfc_albedo

nwp_ozon_aerosol
nwp_rrtm_radiation_repatrtition
nwp_rrtm_radiation
nwp_rrtm_radiation_reduced
nwp_rg_radiation
nwp_rg_radiation_reduced

radiation_nwp
mo_radiation

\ 4

tune_dust
radiation_nwp

A

y

rrtm_interface
mo_radiation

\

y

newcld_optics
mo_newcld_optics

\ 4

dimensions:

nbnds_Iw =16 longwave bands
nbnds_sw = 14 shortwave bands

input:

ktype type of convection
zland land fraction
zglac glacier fraction

zcdne cloud drop number concentr.

zlwc  liquid water content
ziwc ice water content

output:

tau_lw LW optical depth

tau_sw SW optical depth

omg cloud single scatt. albedo
asy cloud asymmetry factor

\ 4

gas_profile
rrtm_interface

\ 4

art_rad_aero_interface
set_bc_aeropt_kinne
add_bc_aeropt_stechnikov
set_bc_aeropt_kinne
add_bc_aeropt_stechnikov
rad_aero_diag

newcld_optics
Irtm
srtm_srtm_224gp

psrad_cloud_optics
psrad_Irtm
psrad_srtm




ICON RRTM radiation code

[GE

* cloud diagnostic

e cloud fraction
* cloud liquid water
e cloud ice water

» cloud overlap
* McICA
* snow

» cloudice + 0.2 * snow (of cloud ice)

» effective radius

* lig and ice: Roeckner, ECHAMS docu
* |FS:

* lig: Martin et al. 1994

* ice: Ou and Liou, 1995 (fct(T))

» optical thickness
» single scattering albedo
* asymmetry factor

1/3

ri4 = f(Ind, gl, oc) (2’;‘2)
lce _ 83 8q0 216

Ty = 0.77 f(band, reliq) LWP

Tice = 0.85 f(band, r¢¢) IWP

inhomogeneity factor



