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Recent development in upper-air COSMO Physics

Revision of cloud optical properties

Results from monitoring the operational LPI in COSM O-DE

Experiences with the stochastic boundary layer pert urbation

EDP-forecast for aviation derived from TURBDIFF within ICON
Recent verification results of the common TURBDIFF for ICON
and COSMO

Investigation of the tiling effect on TURBDIFF for the stable PBL
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effect of sinqle-premslon/v / ron /
radiation calculations
on results

Testing &Tuning of
(RevisedCloud RadiationCoupling)

TARCj

Harel Muskatel, Pavel Kial§ (
Uli Blahak (DWD)
Natalia Chubarova (RHM)

and others
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Revised parameterization of optical ice-cloud
properties:

In the COSMO radiation scheme (Ritter & Geleyn 1992)

- Optical properties of ice-clouds are described crudely and|don’t include precipitation products

extinction coeff . b P, single scattering albedo W ,

asymmetry factor gV,V delta-transmission factor f

- Effect of inhomogeneity is taken into account by means of a|constant reduction factor radgcfact =0.5

applied to the mass fractions.

New parameterizations of optical properties based on idealized calculations according to Fu

Visible-bands : Ray-tracing for randomly orientated hexagonal ice particles (Fu 2007)

IR-bands : weighted average of Mie-scattering _and related methods (Fu et al. 1998)

Optical properties are treated as functions of effective arguments

o effectiveradius R4 and wave-length

0 dspect o AR

Arguments deduced from inherent assumptions in terms of particle size distribution  N(L), mass size
relation m(L) and particle shapes (expressed by L and D):

o Suitable also for complicated ice particles (bullet rosettes, aggregates with rough surfaces,
fractional crystals)

o Extending particle sizerange (5 m-300 m) by using 7000 size-modified Generalized Gamma-
Distributions  N(L)

Fitting the calculated relations between optical properties and effective arguments

o Interms of rational functions using spectral averaging for 8 distinctive spectral bands



Problem : New cloud-radiation scheme depends on 30 parameters!

Perform idealized COSMO simulations

for many parameter combinations
- 1. SGS Shallow .
and SpeCIaI ClOUd types Cirrus |Stratus M}:xed Strato- convective C AI;WI_O fb
phase cumulus cumulus it

Replace attenuation of radiation (in %) by an analytic function
(quadratic form) of the parameters ( meta-model ):

()

~—

scaled dimensionless parameters
ranging from -1to 1

most sensitive parameters
. automatic tuning by
Calculate sensitivity of each parameter ﬂ L |  CALMO
less sensitive parameters
List of 8 most sensitive parameters L “expert-tuning "
Selectors : Real numbers :

_ Assumed number concentration of cloud droplet
Operational / new scheme

: Properties of sub-grid water clouds
Include rain, snow & graupel

Representation of sub-grid variability



Extended effective -Radius R off calculation for water clouds based on an
aerosol-climatoloqy:

Currently: arid scale clouds: R is a function mainly of cloud mass fraction q.

sub-grid clouds: using a fixed R4 as a tuning parameter

New: using
Tegen-climatology: (Tegen et al., 1997), later: prognostic aerosols (COSMO-ART)
o Optical thickness for 5 aerosol categories:

e sea-salt, mineral dust, black carbon, organics

o Assumed specific extinction coefficients => grid-column-integrated

_ _ _ aerosol-mass per m2
o Assumed mean particle radius and density _
=> aerosol number concentration

o Assumed exponential vertical decrease Nn(2) in m3
- - : : - : . convective

cloud-activation parameterization according to Seqal/Khain (2006): velocity scale
0 aerosol number concentration Nen

. . _ TKE Cpyq .
o effective updraft wind speed: Weir = MaX Wy scare 0-7 . Eﬂtﬂ raciation W

i 7 height of cloud base
q. exp - -

: : D4 characteristic cloud depth

=> effective radius: R =¢, x———— 2

NCCN(NCN,Weﬁ) c, and c,: tuning parameters
(activ.) cloud number concentration

valid for cloud water
g. composed by all
scales




Hindcast 2013060112 +00 UTC, SGS clouds, all heights

Re¢ [ m] distribution as a function of g, [gm~]

for pure water clouds in all heights (We_ff incl. w*):

Hindcast 2013060112 +00 UTC, SGS clouds, all heights

Hindcast 2013060112 +00 UTC, SGS clouds, all heights

Hindcast 2013060112 +00 UTC, SGS clouds, all heights
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COSMO radiation with different climatologies agains t measurements:

measurements from observatories at
Moscow state university
for clear sky conditions

CLIRAD : sophisticated

broadband shortwave radiation
—— ! - = - "#3 %& - = - "#3 %& e () (& code of Moscow state

a- () (& —o— "#$ %& —a— "#$ %& university
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Lightning Potential Index
derived from COSMO-DE

Ulrich Blahak (DWD)
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Concept of the LPI

Yair et al. (JGR, 2010), Lynn and Yair (Adv. Geosci., 2010)

Charge separation in thunderstorms is correlated with the simultaneous

presence of updrafts , super-coolded liquid water , graupel and other frozen
hydrometeor types (,cloud ice “, ,snow *)

This concept was modeled by the authors resulting into a LPI-Index:

local updraft filter :

adapted by U. Blahak

H_ e contribution only for: w3 0.5ms*
LPI = fi f> € W™ Q) dz
| H_»poc — Hop-C
\l/_l Hﬂl:c \W
: 2 A/
column updratft filter : column buoyancy filter € = S N4Ldr
contribution only if: contribution only if: qL t qF
10X10Km?2-horiz. average 20X20Km?2-horiz. average gL = qc +4q,
of column-maximum of CAPE is large |
updraft velocity is large g = 4 2 V4i4g N 2 Vqs 49g
—
2 19i+q; 45+ 4qq
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COSMO-DE oper. forecast 28.5.-31.5.2016,
combined 00 UTC runs until vw=23 h

sim. dBZ max sim. LPI

DBZ_CMAX 20160528000000 UTC +00000000

LPI 20160528000000 UTC +00000000

obs. FLRt+- 7.5 min obs. dBZ + LINET

FLR [1fkm2min] 20160528000000 UTC +/- 7.5 min 0OBS + LINET, WX, Radar Reflactivity, 20160528000000

Cum. distribution function

0.9992 [

0.9990

Cumulated
distribution function

scaled LPI

M N E

0.00

0.05 0.10 0.15
FLR in km Zmin”!

An accurate simulation of super-
cooled liguid water is essential!
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Boundary layer perturbations for convection trigger Ing
iIn COSMO-DE

Ulrich Blahak? (DWD), Kirstin Kober! (LMU)

1 Original inventor
2 Implementation and testing at DWD
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The method

perturbed physical tendencies within ABL depegndenént variances

aiming to reflegtresolved effects in variability of surfacenfluxes

convection initiation
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COSMO-DE experiments with EDA driven by ICON-
EU for Auqust 2015:

- with stoch. BL-Pert
-+ reference

strong dry BIAS

=4 0 due to overdrawn precipitation already during assimilation?

P 1 34 7T B M3 MAT B A
== Tot. Prec. Rate + stoch. BL-Pert

COSMO-DE-KENDA experiment (Axel Seifert): Tot. Prec. Rate (reference)

domain averaged precipitation-

rate vs. obs. ens. mean fisrt guess RMSE ens. spread
1_5_|||||||\|\||||\|||\ll_ T T T S S PR BTSRRI SR S TR AR AAr N AR
1 5.7 '
3.6 n
N 54 - N i '
a Q 32 - -
= = ]
7 kS
5.1 o] | I
E a Z'Bi -
48 — 2.4; n
B+ L L L O L BB L B B L
0 2 4 6 8 10 12 0 10 20 30 40 50 60 0 10 20 30 40 50 60
time in hours time in min time in min
strong spin-down for precipitation improved spread/RMSE — ratio for 1h assimilation cyc le

not yet effective for triggering more convective pr ecipitation!
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Eddy Dissipation Rate (EDR) forecasting derived fro m
TURBDIFF
- Global Validation with ICON -

Matthias Raschendorfer, Axel Barleben, Tobias Gocke,
Ekaterina Machulskaya

(all DWD)
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not yet added to TKE-equation
EDR from DroanStIC TKE- equatlon -so far only added to TKE-equation in ICON

Matthias Raschendorfer always added to TKE-equation
Enabled by the concept of : i[-a_fR_E_EC_;“G_R_Ié_:: ndependent
STIC: Separated Turbulence Interacting with 'I'_'_'_'_'_'_'_'-'-'-'_-'-'-'-'-'_'li on model
(non turbulent sub-grid scale)  Circulations , Lt _CI_IIS_E_S_I;__SCEISI_B_):' grid scale
1+ dTKEss —(GRIB);
GRIB contains only (isotropic) turbulence l_ ________________ (GRIB)
| / up to a separation scale L : I : |
1.0 >TKE) =  Adw+Dif + Boy +  Sh +i CSh . - EDF
L main contribution :
Tq|2 S above BL 3
- L 3 i q
~ A2 1 Cf=r) ¢ ! = B
e g, =oNx rq\glwtﬁ'i' - rv@#t NV, + - rva ¢ "(NVJL + ra'\’”\"
+  rvévae qV . =1 =1 V :
i=1 |L S — 1 M
=-Td, SF - ~7Gd, S'V'FM =TGq, S'R |
| transport - chear production | Sh€ar production eddy-
ume (advection roc{uctioyr o thepmean fo | DY sub grid scale dissipation
tendenc ' gitfusion) P y : circulations  rate (EDR)
labil: >0 s 30 . |<0
neutral:=0 i :

@ stabil: <0 v, , ,
w9 s [] 9 - a&2R |©
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True Positive Rate

Effect of Convection as additional TKE source:
Tobias Gdcke, Ekaterina Machulskaya

EDP=YEDR

EDP,
ACARS EDP May 05 2015, 01 UTC, lev 55 ICON lev 55
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Revision of the combined turbulence- and SAT-scheme
TURBDIFF for ICON and COSMO:

Matthias Raschendorfer (DWD)

Inblock-data structur@ndwith stronger modularization
Generalized semi-implicit vertical diffugadseo fomon-gradient fluxgs
OneadditionaBTIGterm activédue to separateslGS horizontal shear circulatipns
Increased shear —production of TKEDy:termsalso considered for Ri-number
Less restrictiverevention of possible singularities
Application of some firstmpirical hyper-parameterizati@iog Glnther Zangl):

Some parameters of the scheme formulated as afuatmodel-state variables:

e.g.”minimal diff-coeff” = fnc ( “Ri-number”, “hegidve ground” )

Completenoist physics applied to surface level (includirgutent cloud diagnostics)
Near-surface interpolatiohvertical profiles inonserved variables

Zero-concentration conditifor gi and gc at the surface (eagpaction of foyg

% Matthias Raschendorfer EWGLAM/SRNWP Rome 2016
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Upper air verification with COSMO-DE for June 2016:

| K Terng
d revised Reference = !!Humn ; hﬁ‘éﬂnnﬁ mitd — aba)
Legen TURBDIEE Routine Column 2 EG_T WEAY BRI
+ M H + 2 Avaroging ricsd:-
+ 12 H . w12 m 1BOED4 — 1E0630 00 UTE
+ DFH .- + K} H
Dbseraian e a e e e ey

rel. humidity

—

(6]

= () 1 DS R



Near surface verification with COSMO-DE for JlGe 20

revised version of TURBDIFF
Reference = Routine

below
800 m

3.0

25

20

TEMPERATURE AT 2M - 00 Run

Stratification : All German Stations below 800 m - From: 2016-06-04 To: 2016-06-30 .
- ME COSMC-DE 10279 1el
. = ME COSMO-DE 18
red uctlon Of & RMSE COSMO-DE 10279 17
& RMSE COSMO-DE 1 : r
I & Skill MSE - RV COSMO-DE 10279 L
nOCturna Warm & Skill MSE - RV COSMO-DE 1; L
bias e A
e 1101 -

PRESSURE REDUCED TO MEAN SEA LEVEL -00 Run
Stratification ._All German Stations below 800 m - From; 2016-06-04 To: 2016-06-30

ME COSMO-DE 10279

ME COSMO-DE

RMSE COSMOC-DE 10279

RMSE COSMO-DE

Skill MSE - RV COSMO-DE 102739
Skill MSE - RV COSMO-DE
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Step
DEW POINT TEMPERATURE AT 2M - 00 Run TOTAL PRECIPITATION - ETS -00 Run
Stratffication : All German Stations below 800 m - From: 2016-06-04 To: 2016-06-30 Stratification | All German Stations below 800 m - From: 2016-06-04 [To: 2016-06-30
30 m ME COSMO-DE 10279 n contingency table interval frorm 4296 to BE52 B ETS COSMO-DE 10279+18
se = VE COSMC-DE ror - ETS COSMO-DE+18
& RMSE COSMO-DE 10279
& RMSE COSMO-DE LERS
20 e Skill MSE - RV COSMO-DE 10279
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2
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Step threshold

10m-wind : only small differences
upper air-wind : indifferent variations




o~

Deutscher
Wetterdienst

Ines Cerenzia'+? Ekaterina Machulskaya® CGM, 2016  1/2




ldealized simulation of t

decreasing surface temperatures temperature profiles after 10 hours

warm tile ||
— - +3K =
X, =
ey
n I 2
- 2
cold tile [ -3K
~_
Run-time [h]
: Results:
Experimental setup: S
: : : . patterns of T_S even sharpen
simulation with COSMO-Single-Column decoupling of surface
representing column above a 400X400m 2 idealized flat surface already represented by tiling
with 100X100m 2 checker board elements (of T _S=6K after 8h)
using TURBDIFF (with): non-linearity of “ flux=K*grad(T) "~

. : dominates against extra mixing by
- surface tiling (2Tiles), thermal circulations

- a STIC-term for thermal driven near surface circulations (Tcirc) Tcircis a thermal SSO-term and (in

- progn. scalar variances (SV), (with) Var(T_S)aslo wer BC (SBC)  contrast) produces MORE mixing.

_ _ It should not be active at flat
COSMO-LES: 3.125 m horizontal resolution surfaces!



Radiation Transport two-stream; revised optical cloud Ritter and Geleyn (1992)
Local P properties Blahak (->)
Parameteriz. i _ . _
of atmospheric 1-moment; 3 prognostic ice phases;
S —— Microphysics prognostic rain and snow Doms (2004)

_ _ Seiffert (2010)
A optionally 2-moment version

> any other not yet considered process (e.g.  SSO driven thermal circulations  or
: horizontally propagating GW)

- deep 2-class (updraft-downdraft) mass-flux Tiedke (1989),
;'—> Convection equations with moisture convergence update by Bechthold et al. (2008)
, shallow closure and simplified microphysics optionally
S EIEEls ' Sub-grid Scale orographic blocking and breaking of
Parameteriz. of ! g grap g : 9 Lott and Miller (1997)
sub-grid scale __5 Orography (SSO) vertically propagating Gravity Waves
atmospheric e ©)
processes 2-nd order closure; progn. TKE with
|5 Quasi-Isotropic addit. scale-interaction terms (STIC);
(dependent on  —> Turbulence horizont. BL-approx. with opt. 3D- TURBDIFF
horizontal extensions; turb. sat.- adjustm.
resolution) : Raschendorfer
transfer resistances based on (2001,->)
Surface-to- constant turbulent /laminar
—> Atmosphere Transfer diffusion fluxes normal to no;[
and Roughness Layer roughness-covering surfaces; tiﬁ q TURBTRAN
effects

Matthias Raschendorfer EWGLAM/SRNPW , Rome, 2016






Ritter and Geleyn (1992)

Local Radiation Transport two-stream; revised optical cloud properties Blahak (->)
Parameterizations .. :
: 1-moment; 3 prognostic ice phases; prognostic
of atmospheric source . d Doms (2004)
terms Microphysics TELI BT Sy .
Seiffert (2010)
A optionally 2-moment version
Bee> any other not yet considered process (e.g.  SSO driven thermal circulations  or horizontally propagating GW)
. _ deep 2-c|as§ (upd.raft-downdraft) mass-flux equations Tiedke (1989),
= Convection with moisture convergence closure and .
: I shallow simplified microphysics update by Bechthold et al. (2008) optionally
Grid-scale |
Raramerenzations ! Sub-grid Scale Orography orographic blocking and breaking of vertically Lott and Miller (1997)
of sub-grid scale (SSO) effects propagating Gravity Waves (GW)
atmospheric
processes Quasi-Isotropic 2-nd order closure; progn. TKE with addit. scale-
—> Turbulence P interaction terms (STIC); horizont. BL-approx. TURBDIEF
(dependent on - with opt. 3D-extensions; turb. sat.- adjustm.
horizontal
resolution) transfer resistances based on constant Raschendorfer (2001,->)
S Surface-to-Atmosphere turbulent /laminar diffusion fluxes
Transfer and Roughness normal to roughness-covering surfaces;
— Layer effects LU SEUSS

soil pores;
moisture and root mass dep. conduct.;
coupled with roughness-layer concept

Matthias Raschendorfer EWGLAM/SRNPW , Rome, 2016



Calling frequency of radiation code computational ¢ ost

versus quality gain:

Additional CPU time %

180

160

140

120

100

80

60

40

20 -

0

call radiation every model time step
+153% in total run time

1

default = 15 min

*'/10% _+3% +1%
T T - AT :l T * T T T T T ?
0 5 10 15 20 25 30 35 40 45 50 55 60

Radiation call time [min]

/ clear sky



