Along the aim of COSMO-SP to consider missing interactions:

Mass fraction and number

concentration of

Optlcal properties:

Increased set of —  cloud constituents, optical thickness,
diagnostic or prognostic ~ —  Precipitation and — — single scattering albedo,
variables: _ . — asymmetry factor and
— passive tracers modifiedby  _ jeita-transmission function
(aerosols) SGS-processes
feed-back with 1
PP T2(RC)2
SGS-processe (RC)
new focus
Cloud- ) Radiation
microphysics c:: transfer
Local parameterizations: Parameterizations of source terms < ‘1'
1 integrated in
A
GS parameterizations: Parameterizations of SGS processes <€
interaction
Separation - Turbulence @ Circulations STIC
PT ConSAT
@ new focus

Surface and Soil-processes




Case StUdv: 23.06.2016 Deutscher Wetterdienst E

Wetter und Klima aus einer Hand N ‘

COSMO-DE with lateral boundaries from ICON-EU

v only for rather smooth surfaces; applied filter
v' almost saturated soil due to long standing rain period before
v" almost no clouds due to high pressure situation; + applied filter

domain averaged daily cycles of near—surface variables

T 2m TD 2m
o 2m-temperature [C] (over lond with roughness length <= 0.3 m and of cov <= 10%) Lon -5 55, Lot -5 65 . 2m-den-paint-lemp. [C] (over lond with roughness length <= 0.3 m and o cor <= 10%) Lon -5 55, Lot -5 65
] still much too cold 1934 still much too A
during day-tim " moist in the

® 183 afternoon \

nocturnal s A ¥/, W B
»#{ warm bias 17

reduced

1551 < ,f_]
" but perhaps a new
nocturnal dry bias
161 14,51
& oz o6z 08z 12z 174 L 212 232" 0z % (L4 06 0z 74 152 L4 n zﬁln 4
— ana_Im3_exp_10279 — out_Im3_rout — out_Im3_exp_10279
direct analysis of operational revised TURBDIFF
T 2mand TD_2m configuration imported from ICON

% Matthias Raschendorfer Offenbach 2017



TOH

B5H

50K+

45K 1

40K 4

J0K :
14

ICON-EU-Simulations: Same Testcase

0.7

.l

MIN = 0000101142 Hax = 0849804 AvE = 0352561 SIG = 0348004 SOR = 0,24540

NN = & Max = 1,§2082 avE = 0,832501

0.5

0.6

D4

103

SIG = D.221137 SOF = O.448950

or time=03223JUN2016

.

3 ] S0E

HIN = ¢ Max = 533708 »vE = 201528 SIG = 1.5343 SOR = 641481

low— and mid level cloud cover in % {out ic02-imp1-new st cpl-tkmin=0.0)

~ ot K

100

#0
en
-
60
50
40
3D

zD

20E
MIH = 0 Hax = 100 avE = 40,6758 5IG = 41.239€ 3JOR = 2333.91

or hour=23hr



2m—temperature [C]

Nocturnal effect of minimal diffusion coefficients in ICON

ana_icre_rout

out_ic02—imp1—new_srf_cpl-tkmin=0.0 — out_ic02—imp1—new_stt_cpl

4.5
4
) 3
: z
) 1.5
~ I
-08
ey ~ -1.5
: L ‘ -2
7 T .
- . " _4
; LS -45
7 af : e : =
HIN = —1.54084 Hax = 302832 ME = 17.2751 8K = 580114 SOR = 333353 MIN = -6:81508 Max = 228754 avE = 0277202 SI6 = DA431257 SOR = D.26282+
active minimal diff.-coeff. (operational) without minimal diff.-coeff.
out_ic0Z—imp1—new_srf_cpl — ana_icre_rout out_ic02—imp1—new_srf_cpl—tkmin=0.C — anc_icre_rout
4.5 i e,y T 45
4 v e 4 4
3 o ; N E < . 3
2 el . | e
1.5 1 s AP 1.5
| ‘o.s : | ‘os
-0.5 -0.5
-5 -15
-2 -1
: (R 2 -3 -3
TRl T N -4
vﬁiﬁ* f i -4.5 -45
- B3 b ts . T .l
1w
WIN = -B344B1 Max = 576833 AvE = D.257203 56 = G.MAI543 SCR = 108333 MM = —9.08618 Hax = 811734 AE = -DO1BB99E SIG = 1.0774B SCR = 1,18130

or time=03223JUN2016 pbr hour=3hr



STIC-effect on the Profile-Function on near-surface values:

Turbulent velocity

Scalar profile for a

» Non-stable profile shape

/ profile 7 ZD SYNOP-station lawn h
4 u? from turbulence-scheme 4 4 4 upper
P o boundary of
KZp 1O — Zp h, ~20m e |
hyperbolic U" -profile the lowest
at stable stratification model layer
u®
- lowest model
KZp ZA na ~10m main level
linear ud’—prpﬁle gt o 22M Jower
KZ, non-stable stratlﬁcatéon 28 0 boundary of
’ L 0 — the lowest
g8 A, proughness layer m—»(b model layer
= =90 g : oL
u;'; 0 laminar layer (I)S o A A
o _ I'so * lo2m ( )
u® U Pom = s + b (Pa = Ps
0 lsa
14 — . H A T " in:
o 1 B 1 Jé ds SHF, = p.Us, -C,, (QA _ Ts) Effect of Kmin:
SA T % . b _ H R n > Increased transfer-velocity
Usa KD t-u LHFS = PsUsa - Lev (qvA o qvS)

DWD

Matthias Raschendorfer

COSMO-GM 2018



2m—temperature [C]
Nocturnal effect of hyperbolic profile for stable turbulent velocity scale

ana_icre_rout

out ie02-imp1 -new_arf cpl-tkmin=D.0-imode_trancnf=3 - aut ic0Z-imp1-new_srf cpl-tkmin=0.0

-

o

4.5
4
3
2

HIN = —1.54884 Hax = 242832 avE = 17,2751 5K = 5.60114 SOR = 333253 MIN = —=7.79883 Max = 883784 avE = 0128632 SIG = 0.486332 30F = 0.253M5

always with linear profile (operational) , with hyperbolic profile for stable startif.
cut_ic0Z2—imp1—new_srf_cpl—tkmin=0.0 — ana_icre_rout out icD2-impl-new_srf_cpl-tkmin=0.0-imode_trancnf=3 — ana_icre_rout

] [
E. | R Y Y T I R -

I T R

h th >

HIN = —B.BEB13 MNax = B,11734 svE = —0,019E998 515 = 1.07748 SOR = 1.18139 MIN = —9,75768 Max = €,02281 avE = (,108722 SIG = 1.07857 SOR = 1,17082

or time=03223JUN2016 pr hour=3hr



Nocturnal effect of hyperbolic profile for stable turbulent velocity scale

Potential temperature [C] {over land} Lon 336.5 422.5, Lat 20.5 70.5 Dew point temperature [C] {over land) Lon 336.5 422.5, Lat 28.5 70.5

51 §1

BN B S B R S CH B

85 3
assimilation always with linear profile (operational) with hyperbolic profile for stable startif.
— ana_icre_rout  —— out_icG2—impl—-new_srf_cpl-tkmin=0.0 —— ocut_icC2—impl—new_srf_cpl-tkmin=0.0-imode_trancnf=3

pr time=03Z23JUNZ2016 pr hour=3hr



temperature [C]
Nocturnal effect of hyperbolic profile for stable turbulent velocity scale

ana_icre_rout

HIN = —=1.13056 HWax = 200072 avE = 17,7016 S5 = B.00473 SOR = 249428

always with linear profile (operational)
cut_icO0Z2—imp1—new_srf_cpl—tkmin=0.0 — ana_icre_raut

-1.5

) Sy -4.5
—" ™

‘:—" E -
MIN = —10,8211 Max = 494801 AVE = —D, 447985 3SIG = 0827622 SQR = (,335082

pr time=03223JUN2016 or hour=3hr

out ic02-imp1 -new_af cpl-tkmin=D.0-imode_tranenf=3 - qut ic0Z-imp1-nex srf cpl-tkmin=0.0

-

MIN = —=372745 Max = B8.58603 AvE = 0238478 SI6G = 0581283 30F = 0.402445

with hyperbolic profile for stable startif.

out_icD2-impl-new_srf_cpl-tkmin=0.0-imode_trancnf=3 — ana_icre_rout

-1.5

-4.5

L.
-05
-1.5
-2
-3
-4
-45

||

MIN = —9,28€08 Max = 459078 AvE = -0,203486 SIC = D.817542 S0R = D,424825

Lev 60



Effect of hyperbolic profile for turbulent velocity at stable stratification:

= Right correction for nocturnal coupling
> Smaller transfer velocities

» Reduction of too excessive nocturnal BL-cooling

= Below clouds and at vegetated surfaces during summertime

» positive nocturnal T2m-bias gets even larger!

DWD Matthias Raschendorfer COSMO-GM 2018



t g — t 2m [C]
Nocturnal effect of hyperbolic profile for stable turbulent velocity scale

N I — L AN r___ 4 R | | i PRPS P %
and=lcrssoutiC transpiration area index (over lund) (out ic02—imp1-new_srf cpl—tkmin=0.0)

""""""" & B : : : D e — o 2 N
e : o B : "N oo boveeeeendd : o gt - 45
£, : O el T o - . 2 : : : ~ e
S i B iy & N, 1 S oreneean K o My~ i
e e i Ak . i > ; SR AT __ 35
R F7D . 7 G e " R IR ‘ 3
" : ; ' e 7 R . Rl =' I':/“-;“M 3 I = : Mg s ‘ _______ 2.5
: \ - : Bl el B '- A v Dl , e G e e Y .
-k ' AR o TEDREEEEEE a7 g 1
: . 7 R ; r B = S 7 = P ik > ‘:‘ ;‘ VVVVVV "
] ' . ’3 : i e -5 . - : i : E o
; ‘ —' T T 356.‘ e £ + . e F OO OO O OGO DO O OO0 S i, O : |
MIN = =144567 Hax = 583728 AvE = ¢.20195 SIG = 1494 LOP = 2242403
Atlantic sea | | after sun rise
= Attention:
— Nocturnal surface-temperature during the 100
assimilation run is warmer than measured T2m! N
&0
— Not only below some sheltering clouds 7
. [:D)
— But correlated with the amount of leaves B
» Missing decoupling of plant-surfaces with the .
still warm soil mass!? *
ZD
» Radiative cooling is almost compensated by o
heat form the soil , i o
20E SOE
» Warmer nocturnal BL with hyperbolic profiles MN = 0 Wax = 100 ME = 406758 SKG = 413996 SOR = 338391

causes (although this is an improvement) an > Semi-transparent and decoupled cover-layer in
even increased positive T2m-bials. TERRA -> is being done

pr time=03223JUN2016 pr hour=3hr




An lessen from previous ConSAT tasks:

- Pure modifications in the description of the turbulent Prandtl-layer can hardly
correct the main sources of current model-errors of the diurnal cycle of near

surface variables and of numerical instability of near-surface temperatures!

— The description of surface processes promises to provide by far the largest

potential for improvement!

l

Efforts towards a substantial, semi-transparent cover-layer (canopy)
thermally loosely coupled to the dense soil:




s A canopy-extension of TERRA has been developed already 2 years ago in
COSMO-TERRA:

Sequence of connected semi-transparent and substantial cover layers

» Coupled by long-wave radiation and atmospheric heat-transfer
> Linear cover-layer T-profile
> Without consideration of snow
» Common heat-budget of the cover-layers with implicit surface temperature
> The direct coupling of surfaces with the atmosphere becomes as smaller as

more surface-layers are above
» The soil-surface is the lowest surface
> Controlled by present external parameters and 2->3 tuning parameters

a; +a. =1=a; +a;
=6 l THF :
A T functions of SAl only
A

PHF N
6 =0, =04+, S‘EFu,d v L‘E':u,d oA .
~ v 0
0 .
—

R
=TR_a Ty +aB

=T (- [ e




» A more advanced semi-transparent C-layer extension (by M. Raschendorfer) with parameterized heat-
conduction and heat storage of the full roughness cover (e.g. plant canopy) is being adapted from an
existing test-version prepared last year within COSMO.

o The final combination with the reformulated budgets will include all related partial development!

2) Experiment with the existing test-version in COSMO: already shown
o COSMO-DE with lateral boundaries from ICON-EU last year

o domain averaged daily cycles of near-surface variables
o almost saturated soil due to long standing rain period before
o only for rather smooth surfaces: applied filter conditional
o almost no clouds due to high pressure situation + applied filter diagnostic
2m-temperature [C] (over lond with roughness length <= 0.3 m ond ol cov <= 10%) Lon -5 55, Let -5 65 . 2m-dew-peint-temp. [C] (over land with roughness lengih <= 0.3 m oad of cov <= 10%) Lon -5 55, Lat -5 65
=1 amplitude T_2m removed cold bias . TD_2m almost perfect
»| slightly —>~""% in the afternoon! " 7\ double wave!

overestimated _/#Z”

/7 still some problems :
possibly due to not resolved
inversion-layer/mixed-layer

ol after swap of net radiation 1454
&' oz o6z 06z k74 174 w6 22 2% 0z .‘%‘. oz 06z 4 2z 152 L' n 2% oz
— ona_ImJ_exp 10279 — out_ImJ_exp 10279 — out_ImJ_rimk_new_surf-icon-icon-itype_surf=1=Isfluse=T-e_surf=10-c_soil=2-itype_vdif=1
direct analysis of  revised TURBDIFF full C-layer treatment : semi-transparent +
T 2mand TD_2m imported from ICON loosely coupled + heat-storage +
adapted evapo-transpiration
e it cver e E Matthias Raschendorfer EWGLAM/SRNPW , Reading, 2017



*

s Implementation strategy for ICON:
Solving the problem of oscillating surface-temperatures first

> Necessary implicit treatment of surface-temperature is also matches with
the structure of the heat-budget for the cover-layer

» Treatment of a partial snow-cover is included

> Separation of formal modifications from physical extensions

1. Additional thermal equation for snow-free skin
2. Linearization of surface processes
3. Thermal equations for skin, snow and soil coupled through implicit

temperatures => extended linear system of equations

4. Related adaptations for snow-cover diagnostic, dynamic tiles, initialization 7
(of nested domains) and organization of model-restart

5. Cleaning the code from detrimental limitations N v
6. Necessary restructuring of code ~ large
7. Correction of various inconsistencies with respect to the treatment of water | effort!

interception and phase transitions of surface water
8. Merge with various work-arounds and extensions in ICON-TERRA

9. Including phase-transitions of precipitation (as well as soil water and the J, already
snow-cover) into the implicit treatment prepared:

10. Merge with canopy-extension, prepared 2 years ago in COSMO-TERRA

11. Canopy-interception of snow and related adaptation of snow-tiles

12. Transfer of ICON-development into COSMO?




Some of Giinthers Workarounds:

» Forcing the effect of a closed snow-cover of melting snow below a snow-free canopy
by generation of an artificial sf surface-fraction of the soil and by a reduced snow-albedo
» The artificial sf sub-tile can be warmer than Tmelt and can heat the near surface air
> Necessary corrections of this measure:
o Avoiding soil-evaporation of this tile, since real soil is snow-covered
o Artificial reduction of day-time snow-temperature (since snow should be colder than
the roughness elements), in order to avoid too excessive show evaporation
o Artificial reduction of heat-capacity of the artificial sf sub-tile, since it has to represent
sf roughness elements being loosely coupled with the compact soil

+ This had to be adapted and partly substituted

= Reduction of roughness-length above a snow-cover
+ This caused jumps in transfer-velocity after aggregation of new dynamic sub-tiles

% Now R-elements get sunk in an increasing snow-cover

= Interception of rime has been considered
» Larger interception storage and longer lasting potential evaporation
» Phase transitions between rime and dew are not considered, which creates artificial heat sources

% This could be adapted by treating super-cooled interception water



New linear-implicitly coupled budget equations at the surface :
(completely implemented)

mean cover-temp.
(of lin. vert. prof.).

_TO

T
— cm cm
THF, - GHF, =[p.c,] e 50
mean snow-temp.
f E 11 T ﬁ (of lin. vert. prof.)
T, |THF_ -GHF_=[p.c,[—" = 0
THF
THF, M THF,
T Wen > * Wyt Tsf substantial, idealized,
sn_|§“:‘l'a—?— m 5 Tb } ;2?;?35.:;:2:}:?& =) mfg:;;z—;l:m
sn sf Tb1 C-Iayer Tb - TSf
_ b so far substituted
GHF = —ay, '(Tsf _Tb1) by T, =T,
T o so far only explicit
22 GHF. =— b i (T _ T . )and resistance of
sn o + OLb sn b1/ soil-half-layer not
b b1 considered
l

singularity for

aTsx |:|_RFu ]gx — —4('580 [Tsi]) vanishing

snow-depth

THF,, = [PHF + SRF +LRF, +LRF, + SHF + LHF]

—  THFS +| & [LRF, + SHF+LHFE, (T, -2)| r[SHFE =-pus -,

so far only explicit contribution considered 5 | HEP = [ H  gred sat( ) 0
=—|pUs, -0 -d T )L AT
EE)  so far no budget equation for T, infavourof setting T =T Tox [ ]SX PsUsa Toc *drly U] Lev s Jbx



Implicit increments of atmospheric transfer velocities:
(already implemented)

= Considering the hidden Tg,-dependency of the transfer velocity for heat USA :
which controls the virtual conductivities of SHFg, and LHF,:

aTsX [SHF]gx = _[psugﬁ ]0 ‘Cp 8TSX [LHF]gx - [pSugA 'féid 'qu?/at ’l—ev]0

[ugA]o - ugA = [ugA]O + aTSX [ugA]O '(TSX - Tgx)

= The implicit heat budgets for Sf and Sn become guadratic in TSX :
= From solutions TS*x of the decoupled versions of these implicit quadratic equations:
HT _[HT° H |0 ( . 0 )
[USA] = [USA] +0s_ [USA] T — Tsx
= This updated transfer velocity [ugA] is used in the subsequent linear system.

= The factor of the linear Tg,-dependency of the transfer-velocity is estimated by registration:

0 -1
Or,, [UgA]O ~ [USA_']O :E—J%\ ] T = (1_f3n)' Ty s Ty

S S
% Matthias Raschendorfer Offenbach 2018



Resulting matrix of the extended linear system:

altered

= All 2 + k_soil budgets are always present (even for f_sn=0 or f_sn=1)

created

» They are linearly coupled in the temperatures:

H Sn B1
isc ag ag T, ds,
fes g 3" T d
Sf of Sf Sf
° —
: Sn Sf B1 B2
ifb dpy dpy dpy dgy TB1 dB1
B1 B2 B1
dg; dg, dg, Tas ds,
. b2 B3 B4 . :
. dgs dp; dgs . '

= Can easily be tri-diagonalized by matrix-operations and solved by the standard solver

= Partly reducible by parameters:

isc: degree of corrected implicit coupling of T, to the soil- and atm. temperatures
fes:  degree of considered flux-equilibrium in diagnostics of T
ifb: degree of implicitness for effective surface fluxes used in the heat budgets

Default for test: isc=1; fes=1; ifb=1 (full implicit solution active) - modified for diagnostic points

% Matthias Raschendorfer Offenbach 2018



Scheme for snow-covered fraction and snow-depth :

= Snow is not equally distributed along the grid-cell surface, due to various sources of inhomogeneity:

Snow-covered fraction fsn

increases monotonically with mean snow-water level of a grid cell W,

c

until a critical mean snow-water level Wsn is reached.
‘g _ Wsn . . g h
= Specific snow-water-level W, = f is prop. to specific snow-depth Il
shn
A fsn A Wsn
A C
1 W,
Wsn ““““ sn
0 > 0F >
—c s C
W, Wen
= New control-parameter : ssp: spreading efficiency

ssp=0: so far operational version; not steady; itis always W_, > Wscn "
ssp=1: full snow-spreading; always full snow-cover!!



Test-grid-point Kenia (+33.71 +7.89):

After-noon situation; tropical hot with strong radiation forcing

3 hour ICON-global test-run (R2B6, dt=6min) with
implicit defaults of the new development version of SAT-formulation (mainly TERRA)

Emulation of so far operational explicit surface coupling only for a special grid-point

46 [ -3F
44 _4f
[} L
-1y C
Lr C
420, -
N -5F
i
40 h
gl
B -6
38
i
)
] -7
36
3
34[ -8t Loy Lo o000
12 12 13 14
Hour Hour
T_sf[C]_sf_ old-sx-cpl + Ifb=1 + itv=1 LHF _sf[W/m2]_sf_ old-sx-cpl + Ifb=1 + itv=1
----- T_sf[C]_sf_old—sx—cpl, Layer = 0.00 - ==aa |HF_sf[W/m2]_sf_old—sx—cpl, Layer = 0.00
Oscillations almost completely eliminated by ifb=1 + itv=1

Similar result but a bit larger daily amplitudes ifb=1 + itv=1 + fes=1 (not shown)

itv=1: full consideration of implicit T_sx-dependency in atmospheric transfer velocity
fes=1: full consideration of flux-equilibrium at the sf surface

15

% Matthias Raschendorfer Offenbach 2018



7

Current state :

Major adaptations in TERRA, TURBTRAN (and related interfaces) introduced into ICON-branch:

O

O

O

Restructuring the sequence of processes

Removal of various, now detrimental limitations all over the code
Reformulations related to variable-redistribution for dynamic snow-tiles
Generalization of snow-cover diagnostics

Adaptation and extension of

Sanity-checks performed:

O

O

O

O

numerically stable even for large time steps; a couple of technical ICON-testsuites
some remaining oscillations due to phase-transitions of snow or soil-water
almost minor differences compared to operational version

Technical test-suite of ICON passed

/7

) % consistent formulation of a 2-phase interception-store

s together with the so far missing implicit formulation of wg;-evolution

Matthias Raschendorfer Offenbach 2018



New implicit and simultaneous incrementation of interception water:
(partly implemented)

0
Wgr — W

o =PWF + VWF, + DWF PWEF : given precipitation-water flux-density

VWF,, = —f& (WSf).VWFS'?fOt (Tgf) : current water-vapour flux-density

explicit potential evaporation (negative for dew- or rime-fall, where £ (Wg )=1)

linear cover-function: f&(0)=0  [fs” (Wg‘fax): 1 | (for real evaporation)

DWF,, = —fJ" (WSf ) DWFZ' : current drip-water flux-density

explicit reference value at fgfpr =1 (parameter of the scheme)

rational drip-function: ' (0)=0 fsdf'or =
Wgr —>Wgt

> 00

mms) & Quadratic equation for 0<Wg <Wg™ ; automatically positive-definite and limited

K/

«» Simultaneous consideration of all sources and sinks

X/

< VWF{" still depends on previous surface temperature Tgf

> No implicit coupling between hydrological and thermal equations yet!
> Lower atmosph. BC: explicit VWFSOX and corrected SHFg, = SHFS°X +ATHFg, 11

% Matthias Raschendorfer Offenbach 2018



Implicit freezing and melting of interception water and precipitation:

= At least for Tmm —TSf Tm

(being implemented)

a liquid and frozen interception-water coexists with a smooth transition.

,T\fé']? (Tsf)z fir (Tsof)+ d.f (Ts"f)- (TSf —Tsof) : liquid fraction of wg, and its linearization

1/2

-

LHFy, =LHF§ +0;_[LHF, (T -T2)

0 [LHF]gf :_'[psuH'fred qu\S;at L -(Tsof)

ev

Tt s Sf ]
/ Lo (Tsof ) - L'fv (TSf ) =L, - fé'? (TSf )+ Ly, - [1 - fg? (TSf )

0 >
Tr'T']?n TST” =T o Tr:;X T generalized latent heat of vaporization
PHF.. =PHF® + 48 [PHF]O -(T _TO) : latent heat flux-density due to rain<->snow transition
S St s SEOATSE S including implicit extension
PHFg =L, '[RWFSf — (RWFy; +SWF, ) (Tsof ] : related explicit part

0
Or, [PHF), =L, .[RWFSf +SWF, + %) L0 (Ts"f) : related virtual conductivity including associated

% Introducing LHFg; and

» Correct and impl

phase transition of present interception water WSf

PHFg; in decoupled Tg~equation and solving this in quadratic approximation:

icit treatment of liquid and frozen interception water

» Final T is in dynamical accordance with complete turnover of latent heat.

7

Matthias Raschendorfer Offenbach 2018



Next steps:

Operationalization of my development branch in ICON

. : . : ., m= <& 1-st official ICON-release -> COSMO
Adding melting of snow and freezing/melting of soil-ice into the implicit heat budgets

m— <« 2-nd official ICON-release -> COSMO
Incorporation of a multi-layer snow-model
Introducing the extension with a decoupled, substantial and semi-transparent cover-layer, including
o the partitioning of fluxes into those related to B and C
C
o expressions for the additional conductivity — Og

and the additional heat capacity G :

T, —T° 1 : : ’
THF, —GHF, = [pc° % T =—-(T,+T,) linear vertical T-profile of R-layer
all o8 C, due to the mass of R-elements and interception water
GHF =- CB BE: '(TC_TB1)
O3 | Cips a5 due to the exchange of SH and LR between B and C

based on an already developed prototype, present in an older test-version of COSMO!

>
» largely prepared just by the current implementations into ICON!
» removal of remaining conceptual deficiencies!

>

significant impact on simulated properties!

Matthias Raschendorfer Offenbach 2018






Direct STIC-impact on SAT: k=ke-1

. In TURBTRAN, the SAT-resistance has a two contributions: z=2z2,

k=ke

o Roughness-layer resistance with a laminar and a turbulent part Z=2,
(only for scalars):

c=d,+2, =0,

H
H 1 H KZouo 1 Zo 1 T
rSO = H [7\“ +In H ]: H /n|: H i| di | h roughness
KSO ‘Uo k KlUq Zo mlzﬁtace ::;g layer
height length
earth
o Turbulent Prandtl-layer resistance with an unstable =03
and a stable branch:

s éeH,M K

0. Zo ﬁ 1 S = 1 unstable M) uj = 7)( turbulent velocity

Is hy | \ud —1 stable hy =2z, -z,
( 1 y4 —0(neutr y4
. ; In( A j 1120 (neutral) >In£ AJ u! > uf | (unstable)
o _1"' de 1 .<1_V1 Zy + 77 -ha Zy
0A — H™ |0
KY/-U Ku y4 h :
g - ya)m[—Aj oyt [y i < uf | (stable)
0 0

1 SHF, =p.ut, -c. 6, - T

ud, = ———| transfer velocity s = Pstsa pd( A S)
+, — H n n

S0 oA LHFs = pgUsp - Ly (qvA - qu)

DWD Matthias Raschendorfer COSMO-GM 2018



lterative solution for TKE and the stability-functions:
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The STIC-scheme including

Matthias Raschendorfer, (DWD)

partly substituting artificial
security limits and related

laminar-, tilted surface- stratification damping _
with optional positive and roughness-layer- . scaling factor optlopally
definite solution of correction l' STIC-impact: ‘1' tconthrlbl:ltll]g
rognostic TKE-equation M M 0 physica
:ndgoptional vertiga| I'M : (F + ' additional SGS shearby : + SHS circulation €= horizontal
smoothing of FM F" \ ) + SSO wakes, diffusion
! « SSO density currents
2 2 \1: * plumes of SGS convection
5o 3 =% L [Adv(q,)+Dif(q,)+ ¢ (S"FM —S"FH)] g ——_¢?
including . trictions f :
restrictions for
non-gradient >0 very stable <0
diffusion stratification q= max{vmin, q}
now more flexible T
/ tentiallv reducing stabl minimal turbulent velocitv scale
artifici‘i’l treatment of possible singularities Fs)tor;cz}ifat)i,oze- dzcr:r::?nz avie

— o diagnostic (linear) system dependenton TKE=g%2 <
> and mean vert. gradients FTM =

(for all other 2-nd order moments)  =>  stability functions: ¥ St —

—_—

e Implicit vertical diffusion update for mean vert. gradients using
restricted vertical diffusion coefficients KMH — max {kz’“,gqu’H} <_€ |

minimal diffusion coefficients




