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

Mass fraction and number

concentration of
cloud constituents, _

Increased set of -
diagnostic or prognostic  —

Optical properties:
optical thickness,

variables:

precipitation and — — single scattering albedo,
. — asymmetry factor and
— passive tracers modified by delta-transmission function

(aerosols)

Local parameterizations:

SGS-processes -

feed-back with
SGS-processe 1 PP T2(RC)2
new focus
Cloud- = Radiation
microphysics == transfer
Parameterizations of source terms ¢
I integrated in

GS parameterizations:
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Status about scale-separation and the impact of

surface-inhomogeneity on SAT:




The fundamental problem of missing scale separation:

» We usually apply parameterizations of effects on 1-st order budgets due to flow-patterns on

different sub-grid scales (turbulence, convection, SSO wakes, gravity waves. ...)

)

without using a clear scale-separation procedure.  sub-grid “circulations”

processes were IN ACCORDANCE WITH ITS SPECIFIC CLOSURE ASSUMPTIONS, whaf is in |
'CONTRADICTION to the need of DIFFERENT SGS schemes!!

» This missing separation causes serious problems:

» Non-realizability due to the application of not valid assumptions

» Double-counting of effects from different scale regimes

> Missing feedback between different scale regimes

0 No amplification of turbulence due to the action of circulations especially at stable stratification

+» Turbulence forecast for aviation can’t be based on EDR from turbulence scheme!

0 No decrease of Circulation Kinetic Energy (CKE) by turbulent friction
o No trigger of convective circulations by turbulent eddies or shallow surface-layer circulations

0 No consistent parameterization for sub-grid cloud generation from different scales

DWD Matthias Raschendorfer COSMO-GM 2018



Problem of the NOT-separated TKE-scheme (including

o TKE vanishes at stable stratification without vertical shear
» Unrealistic decouple of surface and boundary layer and missing stratospheric turbulence

% Artificial limitations and are necessary

< A turbulence index for aviation can’t be based on EDR

|

qz— % : W P q 2
~ |Ad Dif (- \S"FT-S'F" )[-q — -
—2° 7 A [Adv(ao)+ Dif (ag)+ ¢ - (S" F¥ A |-a ~—fima
— -
tricti fi
0] [ <0
stratification g = max {Vmin, CI}

minimal turbulent velocitv scale

artificial treatment of possible singularities

v
__ e diagnostic (linear) system dependenton TKE=¢?/2 <
> and mean vert. gradients F F"

(for all other 2-nd order moments)  =>  stability functions: s* s"

— o Implicit vertical diffusion update for mean vert. gradients using

restricted vertical diffusion coefficients KM" — max {kNH quM,H} <

minimal diffusion coefficients Kmin



Separated Turbulence Interacting with non-turbulent Circulations (STIC):

contains circulation and turbulence

virtual separation grid //

model grid

/_\>
&)
Dh / 8/14 ~T \

contains only
turbulence

N_———

e )

L

» 3D-shear production of turbulence

/
i

O But also from non-turbulent sub-grid flow patterns (circulations) -> Sl-terms

— Connected with coherent structures being NOT IN ACCORDANCE with turbulence closure

— Would be expressed by grid-scale 3D shear, if the patterns were resolved by a smaller grid

—  Extracts kinetic energy from the circulation flow and feeds turbulence

> Sl-terms appear automatically in separated 2"-order equations for pure turbulence

o Built with respect to the separation scale L and additionally filtered by the grid scale D,

> 1-st order budgets with SGS contributions from turbulence and circulations

PO =Py + pd'y”

~ ",\ "
L+5‘L¢‘L \V‘L

. : with respect to
the separation
scale L
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Separated TKE equation contains additional shear term:

« Semi-parameterized (neglecting laminar transport and roughness layer modification of transport)

transport:
(advection
+ circ. diffusion
+ turb. diffusion)

o

=

=

& CF

buoyancy
production

labil:
neutral:

stabil:

>0
=0
<0

$ !

shear production by
the mean flow

>0
g

L : with respect to the
separation scale L

shear productionby | eddy-
sub grid scale dissipation
circulations rate (EDR)
<0
5 6‘
$
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Current status of STICInICON: = —— =

| v
o dTKEshs - “due to separated horizontal shear currents” E;
v' switched on in TKE-equation and stored for EDR post-processing

v"main contributor in the stratosphere and in frontal zones
v' empirical reduction near the ground and for strong stable stratif. ~v* Introduced by Giinther Z.

» formulation Sl-sink in CKE-budget of SHS-circulation also dependent
on turbulent velocity scale. v" related extension in preparation

o dTKEcnv - “due to action of parameterized convection”
v' so far only calculated for EDR post-processing
v' Important EDP-contributor within the troposphere
* Not yet used in prognostic TKE-equation
» removing sources of detrimental jumps in space and time

> introducing turbulence-feedback into convection-scheme v" not planned for near future
» formulating detrainment/entrainment also dependent on turbulent velocity scale

» triggering SGS convective plumes by turbulent vertical velocity

0 dTKEsso = “due to action of parameterized SSO-blocking and vV
and braking of vertically propagating gravity waves” A
&%
v' Switched on in TKE-equation and stored for EDR post-processing \_/

v' important contributor above mountains and at top of stratosphere

v' empirical reduction for strong stable stratification v" Introduced by Giinther Z.

» formulation of Sl-sink in CKE-budget of mechanical SSO-circulation
dependent on turbulent velocity scale v" related extension in preparation

DWD Matthias Raschendorfer COSMO-GM 2018



Implementation of a new STIC-contribution
due to sub-grid kata- (or ana-)batic circulation induced by SSO:

G The thermal SSO contribution (dTKEtso)
A GA
— Myn M o g O\
Dt(P TKE) ~ —pu'w” -0 U+ Q(T?KE + 6—pOVW —& turbulent circulation
Y buoyancy flux | buoyancy flux
B by
0 oW

horizontal scale
of a grid box

Even for vanishing mean wind and negative turbulent buoyancy there remains a positive definite source term

==> TKE will not vanish ==>  Solution even for strong stability

COSMO Matthias Raschendorfer COSMO-GM 2018



TKE-production by sub-grid circulations:

=  Equilibrium of production and spectral transfer towards turbulence:

_ \ \/

0 is going to substitute current “circulation term”,
g A v Sin((p) Qe ~ TKE i which had already been restricted to grid-points
0 C C L. with strong SSO amplitudes by G. Zing|
\
HC(G) ~m ax{O, HC(O) _ G} mean height-amplitude of a O -surface
H-(o
S(G) =tan [(p(G)] ~ S(O)- C( ) mean slope of a G -surface
H(0)
] HC O may trigger conve‘ctlon
cC~ coherence-length alongthe O -slope
Slr'((p) d d P _ <0: anabatic
H g AN
- ==0,0, _
B B ev >0: katabatic
AGV ~ 626\/ 'Hc effective temperature difference ‘
O ventilates the SBL
- 0
. bt external 2D SSO-parameters
QEKE R Ol w ‘FH‘Z resulting TKE-production S(O)
1+s

O effective scaling parameter

DWD Matthias Raschendorfer COSMO-GM 2018



Nocturnal effect of new Sl-term from thermal SSO

Patentiol temperature [C]

5'5.....................

- oftheABL

destabilization .

JLon J36.5 4225 Lat 280 F0.5

current circ.-term with strong SSO-limitation
— aut_le®Z—impl -new_srf epl

21

b1

Py

an

no thermal circulation term at all
— ot ie02—impl —new_srf epl-pat len=0.0

Dew paint temperature [C] [Eurfoc

n 3365 422.5, Lot 28.5 705

Y

20E d
HiM = —5.2058 Merx = 727487 ovE = 00517834 3K = 483804 SOP = 00832283

new therm. SSO term with a, =1
— out_icO2—imp1-new_srf epl—pat len=0.0-a hsza=1.0

or time=03223JUNZ016 or hour=3hr



General Remarks to the STIC-Impact:

Increased shear lowers Ri-number at stable stratification within the ABL
and also enters the calculation of stability functions
» Avoids singularities of the solution

» Substitutes the introduction of artificial “long-tale” stability functions

Has a direct impact on transfer-velocities due to the adapted construction of the
transfer scheme:
» Two TKE-equations: at the roughness-layer top and the next higher half-level

> At least the latter can receive an impact by STIC-terms

Generates additional physically based turbulent mixing at heterogeneous surfaces and
stable stratification

» avoids unrealistic decoupling of a heterogeneous surface from the atmosphere

» Substitutes (at least partly) the introduction of artificial minimal diffusion

coefficients

Vertical transport by the Circulations needs to be expressed independent form turbulent

diffusion!

DWD
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Another aspect of surface heterogeneity at stable stratification

along the idea of the current “circulation-term”:

Employing the TKESV-scheme for expressionq the effect of

patterns with different surface-temperature:




Coupling of TKESV and Tile approach peutscher wetterdienst E

Wetter und Klima aus einer Hand

= TKESV scheme for turbulent diffusion carries prognostic transport
equations not only for TKE, but also for scalar variances

= Tile approach in ICON (considering different surface types with individual
mean Ts, qvs and respetcive turbulent surface fluxes

= This information could be used to define a LB flux-condition for the scalar
variances

= The related flux-aggregation of variances is similar to the flux-aggregation of
1-st order variables and is for the TKESV-approach a gain in consistency

% Ekaterina Maschulskaya and Dimitrii Minnorov COSMO-GM 2018



Flux-Aggregation for temperature variance  Deutscher Wetterdienst E

Wetter und Klima aus einer Hand

A
6,
Tile 1 (fraction a,) Tile 2 (fraction a,)
(6) %
_ 9_1—(9_>=9_”1>0 9-2—(9-)=9-"2<0
02+

Z A l’

(we')', >0

Surface temperature 7 4 !
variations modulate
local static stability
and hence the surface
heat flux

— not vanishing |
surface-flux of é}' %
temperature variance! (we')', <0

\ /

(W'B'z) = a19_"1(W)"1 + aze_nz(W)Hz >0 |

% Ekaterina Maschulskaya and Dimitrii Minnorov COSMO-GM 2018



Numerical experiment: results peuserwetersienst E

Wetter und Klima aus einer Hand

400 400 ————— 400

w50 LEro-flux LBC 3501
proposed LBC|] |

400

350 as0

300 300 300

Z (m)

250 | ] 250 | 250 250

200 | E 200} E 200} E o0t
] (%] ]

150 | ] 150 | 150 | 150 |

100 ] 100 | 100 | 100 |

50 50 50 | 50 ¢

e,

0 0

7 6 -5 -4 -3 -2 -1 0O 0 002 004 006 0.08 264 265 266

0 L L L L
0 002 004 0.06 008 0.1

Temperature variance (K2) Vertical lemperature [lux (K m/s) TKE (m2/s2) Temperature (K)
increased (6'%) reduced magnitude of less work against gravity stronger
> —> . - ..
near the surface downward heat flux — increased TKE mixing

= Near surface turbulent mixing contains the total effect of patterns with different surface
temperature without a scale separation or even a specification of additional scales.

" |t needs to be clarified, if in this special case the scale and the coherent and non-
turbulent nature of the induced circulation can really be neglected effectively.

% Ekaterina Maschulskaya and Dimitrii Minnorov COSMO-GM 2018



Status about the improvement of direct SAT:




score value

ICON: Central Europe, July 2017, 00 UTC

2017/07/01-00uTC - 2017007731-18utc | Conditional verification: clear-sky in obs and mod
INI: 00 UTC, DOM: CDE , STAT: ALL

ME ME ME
T2M (K) TD2M (K) RAD_GL_6h (W)

20+
0.
o -10_

O.
_1.
RMSE RMSE RMSE
T2M (K) TD2M (K) RAD_GL_6h (W)
90+
60+
301
i 01 0 ]
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forecast time [h]

Surface warm bias at night (about 1 K), strange cold and moist bias at 18 UTC.
Global radiation overestimated (about 30 W/m?) during day-time.

% Schulz and Vogel: Global radiation 3 Sep. 2018



Wetter und Klima aus einer Hand

Case StUdV: 23062016 Deutscher Wetterdienst E
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 Im-emperature [C] (over lond with roughness lengdh <= 0.3 m ond ol cov <= 10%) Lon -5 55, Lot -5 65 Y Im-dew-peint-Hewp. [C] (over land with roughness length <= 0.3 m asd o con <= 108) Lon -5 55, Lot -5 65
| still much too cold 1834 still much too KA
during day-tim 1 moist in the ’
* 183 afternoon

nocturnal
#1 warm bias

»] feuuceu

] Y <£— but perhaps a new
nocturnal dry bias

18 14,51
ﬁ LiETS L L7 LFr =z 182 Fir &" 1) léﬁ [t D M i 152 I Fid EEEII r)
ana_lm3_exp_ 10279 — out_Im3_rout out_Im3_exp_ 10275
direct analysis of operational revised TURBDIFF
T 2mand TD_2m configuration imported from ICON

% Matthias Raschendorfer COSMO-GM 2018



2m—temperature [C] at3:00 UTC
Nocturnal effect of minimal diffusion coefficients in ICON

out_icO2—impl —nes_stf_opl-tkmin=00 — out_ieD2—imp1—new_st_cpl

d G {
25 -
..~ E .
oy 1.5
h 4
1
s '_"- ‘ 0.5
: a
5 g
SHE g

T

M = —-6415868 Mek = 226754 &E = —0A77202 SIG = 0431257 30R = 026824

HIM = & Mer = 538708 »vE = 20152 &IG = 11,5343 S0R = 41481

active minimal diff.-coeff. (operational)
out_icdZ—impl—new_srf_cpl — ana_jcre_rout

_I

without minimal diff.-coeff.
out_ic02—impl —rew_srf_cpl—tkmin=0.0 — ana_icre_rout

-1.5&

4.5

MW = —E24481 Man = 5,76B3F avE = Q257203 5K = GBASS4T I0R = 105353 MIN = —0.B3418 Hax = 811734 SvE = —DO1BEI2E 3G = 1.ﬂ?i'-1-9 ICR = 118158

1 after sun rise I after sunrise
Positive nocturnal T2m-bias is mainly present at vegetated areas and can be slightly
decreased without an artificial background diffusion.



temperature [C] at3:00UTC
Nocturnal effect of an specific interpolation function for turbulent velocity within the transfer-layer

at stable stratification o - |
out e02-impt —new_af cpl-temin=0.0-imede_trancnf=3 - aut_le0Z-imp1-nes_srf_cpl-tkmin=4.0

g 5 AR £ g 0.5
'\...;..... . " . : ; P - --- = - o —iE
= L o TN : -2

SN e

% _ _ ¥ _
g, 3 - i ¥ i 5 -45

I. 'I'I- 3 ol o i} |.

ana_icre_rout

HIM = —1, 13008 Had = 240072 s = 17018 516 = D73 S0R = 349428 MIH = -3 72745 Max = B,58603 AvE = 0238478 SIG = 0581283 30F = 0408845

always with linear profile for turbulent veloclg(operatlonal) with a better adapted hyperbolic profile for stable startif.
eut_iel2—impl —new_srf_cpl—tkmin=0.0 — ana_icre_rout out icD2-impl—new_arf cpl-thmin=0.0-imode_trancnf=3 — ana_icre_rout

L} 1
MIN = —10.8211 HMax = 494801 AvE = —D 447985 HG = 0827621 SQR = 0,.335882 MIN = —3.20608 Mak = 459078 AvE = —0.3%0486 SI6 = DA1TS42  50R = D424825

The adapted profile-function reduces the surface coupling at stable stratification and keeps the
BL above the surface warmer. This seems to be proper correction.



2m—temperature [C]
Nocturnal effect of an specific interpolation function for turbulent velocity within the transfer-layer

at stable stratification

ana_jcre_rout

ot icf2-imp -new st cpl-tkmin=0.0-imede_tranenf=3 — aut iel2—imp1-new_srf cpl~tkmin=01.0
F N R . = 4.5

4
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s Z

20 1.5
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15
—08

10 s
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o -3
—4
-4.5

IE
HiM = —1,54894 Had = 42832 svE = 172751 565 = Sued114 SOR = 3352353 MIH = -7, MBE3 MAx = B437B8 AYE = Q128632 516 = 0486332 2R = D0253MS
always with linear profile for turbulent velocity(operational) with a better adapted hyperbolic profile for stable startif.
cut_ie0Z—impl—new_srf_cpl—tkmin=0.0 — ana icre rout

4.5 4.5

4 4

] 3

z 2z

1.3 1.5

1=} a5

-85 -0.8

-1.5 -1.&

- -1

-3 -3

—4 —4

—45 -4

Hitf = —BBEFE May = B11754 svE = —Q010ER9Q 515 = 1.07g408 SOR = 1.18133 MIN = —2,75768 Mek = G02281 oavE = 01087323 5S¢ = 1077 FOR = 1.17082
., after sunrise . after sunrise

But the reduced heat-flux towards the surface can‘t cool it down sufficiently
and T2m becomes even larger than smaller; possibly due to heat-transport from the soill



The lessen from these investigations:

E—
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- Purel

o
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1odifications in the description of the turbul
correct the main sources of current model-errors of the diurnal cycle of near

surface variables!

— The main reason for the reduced amplitude of T2m seems to be a too strong

coupling of the surface with the compact soil!

l

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



X/

c=0,=0

PHF T
+2, SRR, \% RF.  Toa
" V a

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

A\

Common heat-budget of the cover-layers with implicit surface temperature

Y

Decreased direct coupling of surfaces with the atmosph. from top to bottom

A\

Controlled by present external parameters and 2 tuning parameters

ag +a. =1=a; +ag
l THF _
functions of SAIl only

'(TR—TB) T T, =a,T, +a.T,

Matthias Raschendorfer COSMO-GM 2018



Case study: 23.06.2016

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

Im-temperature [C] {over hand with roughness length <= 0.3 m and ol cov <= 10%) Lon -5 55, Let -5 65 n Im-den-point-temp. [C] over lond with roughness length <= 0.3 m aed ol cov <= 10%) Lon -5 55, Lat -5 65
=1 amplitude T_2m removed cold bias ol TD_2m  almost perfect
=] slightly ~=" 5 in the afternoon! " 7\ double wave!

overestimated /-

.’- .

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

ol after swap of net radiation s
ﬁ [Ty L L7 LFd 5L L1 iz Bﬂ.lll R lfﬁ: 5 g DEZ (L Ll 15 I i iﬂ'l" 03
— ana_Im3 exp 10279 — oul Im3 exp 10279 — oul ImJ3 rlmk_new_surf-icon-icon-itype_surf=1-Isfluse=T-¢_surf=10-c_scil=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

% Matthias Raschendorfer COSMO-GM 2018



X/

s Implementation strategy for ICON:

Cover layer as an extension of revised TERRA and TURBTRAN with implicit treatment
of sn and sf surface temperature.

» Removes striking oscillations of Tsf and Tsn at large timesteps
> No flux limiter needed anymore

» Separation of formal modifications from physical extensions

1. Additional thermal equation for snow-free skin and corrected heat-budget for
single-layer snow.

2. Linearization of surface processes

3. Thermal equations for skin, snow and soil coupled through implicit
temperatures => extended Iinear system of equations

Necessary restructuring of code

Correction of various |nconS|ste
|nterceptlon and phaS L e g e . e e

Merge with varlous work around

Official ICON-release hopefully within 2018



Resulting matrix of the extended linear system:

altered

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

created

= They are linearly coupled in the temperatures:

g E

isC

Sn Sn Sn Sn
fes a Tgs Ay
“““““““““““““ o —_—
. Sn B2
ifb asy g a, Toy Oy
B1 B2 B1

dgy gy gy TBZ de

b2 B3 B4 = .

ass aB3 aB3 . -

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

» The new features are partly reducible by parameters:

isc: degree of corrected implicit coupling of Tg, to the soil- and atm. temperatures
fes: degree of considered flux-equilibrium in diagnostics of Ty

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



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
Ly T_sf -
a4 _af
42f §
N -5F
L
40 H
r1
H -5
38
H
'}
] -7
36
F
34 [ -8t Lo 1 .
12 12 13 14 15
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 ====a [HF_sf[W/m2]_sf_cld—sx—cpl, Layer = Q.00
= QOscillations 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

e
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*» Next steps:

already

11. Including phase-transitions of precipitation (as well as soil water including
prepared!

melting of snow) into the implicit treatment
12. Merge with canopy-extension, prepared 2 years ago in COSMO-TERRA
13. Discrimination between intercepted snow and snow below the canopy, which

would resolve lots of present workarounds in the current ICON-TERRA



Prospects for improved sea-surface coupling g
Martin Kéhler COSMO-GM 2018 N

Consideration the diurnal cycle of SST

Through a heat-budget of a shallow well-mixed water layer at the sea surface
Depth of the mixed layer dependent on vertical mixing of water

o Influenced by surface drag from wind

o Stability of vertical density stratification dependent on salinity-profile

OSTIA foundation SST from UK Met Office

SST — SST,,, (K)
3

i 0 0.5 1.0 1. 2.0 2.5 3.0

- == - %  Description could be according to
s & _ Zeng and Beljaars (2005)
g g < +mkm « Or by employing FLAKE with some
| g i extensions, such as
""| T TR o Consideration of salinity
Figure 1. Cartoon of near-surface temperature gradients. o Adapted depth of the thermocline

The numbers on the axes are for guidance only and to not
represent rigorously derived scales. Variability exists in both
the temperature and depth scales.






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

Turbulent velocity

Scalar profile for a

/ profile ZD SYNOP-station lawn h
4 udp) from turbulence-scheme 4 1 ;1 ppeé ¢
o oundary o
Kz 1O h 0 Zp h, ~20m the lowest
yperbolic U" -profile del
at stable stratification modet fayer
u®
N lowest model
KZp Za n, ~10m main level
linear u¢—proﬁle at o X 2M lower
KZ, non-stable stratiﬁcat%on 20 0 boundary of
” L 0 A the lowest
K | jroughness layer e ) model layer
Ug) OU N laminar layer (I)S o o
"0 _ ls0 + Toom ( )
u¢ u ¢2m_¢s+ 0 ) ¢A_(I)S
0 lsa
0 _ = H 0 T = Effect of Sl-terms (or Kmin):
b 1 _ 1 f dv SHFg = pgUg, 'de(eA _Ts) ( )
SA o 0 _H A n > Increased transfer-velocity
Usa K9 t-u LHFS = PsUsa - Lev (qvA - VS) .
> Non-stable profile shape
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Atlantic sea |

t g — t 2m [C]

Nocturnal effect of hyperbolic profile for stable turbulent velocity scale
I
|

ana_icre_rout ([}

1% s HE E IE HE i3
MIH = 44507 Hax = 583728 AE = 02195 96 = 1484 l:cm = RI4303

| after sunrise

= Attention:

Nocturnal surface-temperature during the
assimilation run is warmer than measured T2m!

Not only below some sheltering clouds
But correlated with the amount of leaves

» Missing decoupling of plant-surfaces with the
still warm soil mass!?

» Radiative cooling is almost compensated by
heat form the soil

» Warmer nocturnal BL with hyperbolic profiles
causes (although this is an improvement) an
even increased positive T2m-bials.

pr time=03223JUN2016
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> Semi-transparent and decoupled cover-layer in
TERRA ->is being done

or hour=3hr




Wetter und Klima aus einer Hand

Coupling of TKESV and Tile approach peutscher wetterdienst E

TKESV scheme: carries prognostic transport equations not only for TKE (SGS
kinetic energy), but also for scalar variances (where SGS potential energy)

— The scalar-variance equations require boundary conditions at the surface

Tile approach: considers different surface types within a grid box

— grid-box mean fluxes of T and g are computed as the sum of the tile-specific
fluxes

(= second-order aggregated moments are used as LBC for the first-order equations
— for mean temperature and humidity)

Similarly: in the TKESV scheme, the aggregated third-order moments (scalar-
variance fluxes) are proposed to be used as LBC for the second-order moments
(scalar variances)

The use of the same type of information provided by the tile approach for
the boundary condition for the second-order moments
makes the entire model more physically consistent

% Ekaterina Maschulskaya and Dimitrii Minnorov COSMO-GM 2018



Outlook:

Implementing a semi-transparent substantial cover-layer built from R-elements being thermally
decoupled from the rigid soil

> Larger amplitude of diurnal cycle

> Reduction of evaporating surface

> Treatment of snow below a plant canopy

Expressing missing transport by parameterized sub-grid circulations

» Additional vertical and horizontal diffusion at circulation scales

Expressing the effect of turbulence on circulations

> Automatically introduces turbulent feedback:

o Dependency of Sl-terms on turbulent length scale and thermal stratification

Describing near surface thermal circulations caused by land use roughness
» Kata- and anabatic circulations at buildings and vegetation

o0 Nocturnal labialization and daytime stabilization of transfer between soil and canopy

DWD

Matthias Raschendorfer COSMO-GM 2018



