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Introduction

Vertical turbulent flux:

= _Kwaz
z—0: Wi = C VT +V(Y(z) -

Ky - exchange coefficient for v
Cy - drag coefficient for 1, s - 1) at surface
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Introduction

Exchange coefficients K/, and
drag coefficients Cy/y in Louis scheme:

ouN2  (ov\?]} .
Km/h = /m/h/m [((%) + (82) ‘| Fm/h(Rl)

Cui = Ciyn(z, 20, K)-Finyn(Ri)

Im/n - Prandtl mixing length for momentum and pot. temperature
Fm/n(Ri) - stability functions, Ri - Richardson gradient number
u, v, w - wind components , z - height, zp - roughness

C,\’X/H - drag coefficient at neutrality(Ri = 0)

k - von Karman constant
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Introduction
Louis stability functions F,, and F:

stable case:
. 1
Fm(Ri) = 1+ _2bRi
VI+4Ri
1
Fo(R) =
n(Ri) 1+ 3bRiv/1 + dkRi
unstable case:
2bRi
Fm(Ri) = 1-— 5
\Ri\ I
1 +3bC \/ 27 <z+zo>
bRi
Fo(R) = 1— SbRi

b, ¢, d, k - constants,

|Ri| |/ Im
1 + 3bC 27 (Z+hZOh) (Z+Zg>

20, ZoH - roughness
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Introduction

TKE equation:

dE ou ov

= T Yy A B & —; 0
o utewia v W + §(W 0")
shear (T) buoyancy (IT)
d(w - E) 19(w - p') (E)?
_AT R A7) _C L
0z p 0z L
turb. trans. of TKE pressure cor. dissipation(e)

E=3( " v+ Vv vV +w - w)-TKE (Turbulence Kinetic Energy)
L. - mixing length, C, - closure constant
0 - potential temperature, p -density, p -atm. pressure
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Introduction

extended CBR scheme:

ou ov ou\> [ov\?
— — ol — vl — _ _ [
| =—uw e v'w . L CkVE [<8z) + <az> ] x3(Ri)

- 00 .
I = %Q'W/ = —%LKCKC@/EE?%(R’)
3
M=—e = —CE(LZ
= Kn = LxCkVExs(Ri)
K, = LKCKCg\/E¢3(Ri)

x3(Ri), ¢3(Ri) - stability functions, Lx - mixing length

Ck - closure constant, C; - inverse Prandtl number at neutrality (Ri = 0)
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Introduction

The full TKE equation:

/ /
9E 2 (B PN it
dt ~ 0z D

TKE eqgation in pTKE:

= (K ) 4 (E-9)

E - TKE at stationary equilibrium
7. = £ - dissipation time scale

E’ +P w!
Ke = —W# - auto-diffusion vertical coefficient for the TKE



Turbulent scheme
00000080

Introduction

pTKE scheme:

. 2
e - (o)
Vi,

V3VE 2

Te =

I, 2K*
ImV E K*
v v

first time step

v = (CkC)*,K* = /KuKn

Ky - K, for neutral statification (Ri = 0)
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Introduction

conv. cloudiness

p T KE scheme - draft:

| Ri—Fun(Ri), Fi(Ri)

12
| Fm(Ri), Fi(Ri)—Cw, Cu
v
| Ri—Fun(Ri), Fi(Ri)
v
| Fin(Ri). Fol(Ri), I, 1y Ko, Ki K
v
| Ko, Kn— K.
v

| Ko\ B ln—E, K, .
Y

| E,Kg,7e, EO—ET

7

| E*. I, Kovy K Ko, K

ACHMT

ACCOEFK

ACPTKE
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Stability functions = and

Condition of equivalence with full TKE:

E(Lk) =

() [/ (Lk) + 11 (Lk)]

Mixing lengths relation:

fF(Ri)#
LkCk = vin ( 1)4 ]
X3
3
L I X
C  VF(Ri)i

f(Ri) = x3(Ri) — RiGos(Ri)
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Stability functions = and
From definition of F,,(Ri) and Fx(Ri):

Km/h

by | () + ()]

Fm/n(Ri) =

we get resulting :

Fu(RI) = xa(RI)VFRI) = xa(Ri)v/xa(RN(T — Rir)
¢3(Ri) )
X3(Rf)Fm(RI)

Fa(Ri) =

Rir = Ri% - flux Richardson number
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Stability functions =,
Modified CCHO2 scheme (no critical Ri):

. 1- %
a(R) = =g =
_ f(Ri)
- f(R)VR+1-R ’
1 B
o _ Ifc —
_ (; 1-Q f(Ri)
N f(R).R+1—R) f(Ri).Q +3X\Ri
Rif GsRids(Ri) R
X3(RI) Ri— 00

R, Q, \o - constants
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Stability functions =,
Fitted QNSE scheme:

' , 14 0.75Ri(1 + a.Ri)
for Ri >0 Ri) =
or Ri >0 x3(Ri) 1+3.23Ri(1+a.Ri) ’

. . 1— b.Ri
for Ri <0 xs(Ri) = 1—(b—248).Ri '

a=13.0, b =4.16 - tuning constants
Stability function ¢3(Ri) is computed from
quadratic equation derived in modified CCHO2:

GRi
Rifc

GRiGa(RIY ~ [alRi) + 22| 63(R) + xa(Ri) =
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Stability functions

" Stability functions - ¢; and y; (stable part)

1,0

oS
0.9
08
[%4

0,6

0,5 \\
04

0,3 \
0,2

01 ~3
0,0 - - 1
Stability functions - ¢; 0,001 0,01 0,1 1 Ri10
— phi3_QNSE_fit — pl

_QNSE_fit — chi3_

\
\
N

5 4 3 2 4 [} 1 2 3 4 RIS
— phi3_QNSE_fit — phi3_CCH_mod — phi3_CBR
— chi3_QNSE_fit — chi3_CCH_mod — chi3_CBR
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Modification in

pTKE scheme:
-simplified assumptions
-derived for CBR scheme(ys; = 1)
-from Louis F,/p:

55 -
5,0 | ——
45 —
4,0
3,5
3,0 \\
25 —_— \
2,0
15 e —
T — — —
—
0,5
0,0 oo o o
5 4 3 2 - 0 1 2 3 4 Ri5
— phi3_QNSE_fit — phi3_CCH_mod — phi3_Louis
— chi3_QNSE_fit — chi3_CCH_mod — chi3_Louis
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Modification in

Relation for Kg, 7. in eTKE:
S /m X3(R)%

= AVE (R)

InVE f(Ri)

Ke = -
1% X?)(R/)E

3
4
3
4
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eTKE scheme - draft:

[Ri—Fum(R), Fi(Ri) || changed Foy
v ACTKEHMT
|F5(RD,H(RD—4CM,CH |
v

[Ri—Fum(Ri), Fi(Ri) || changed Foy
v ACTKECOEFK
[ Eo(Ri). FulRi) vl — K, K K|
v

| Kon, Koy K.

N2
|K*7E0>Imax37¢3_’fév KE77—€ | Changed KE' Te
v ACPTKE

|E. Ke.re. B0 £ |
v
|E+7Im7k\rlmk;7‘>KmyKh |
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1D test: project GABLS

wind components:

E
~
300,0 LES_NCAR
----LES_MO
LES_UIB
2000 LES_IMUK
— Louis
PTKE_I
100,0 —PTKEL
—CBR
——CCH_mod
g — QNSE_fit

2 4 6 8 10 ulmis]

---LES_CORA

2000

100,0 —

---LES_CORA
---LES_NCAR

LES_MO
LES_UIB
LES_IMUK

— Louis
PTKE_I

—pTKE_L

—CBR

——CCH_mod

— QNSE_fit
4 vimis]
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1D test: project GABLS
potential temperature:

£ | LES_CORA
300,0 ---LES_NCAR
% -~ LES_MO
= | LES_UIB

LES_IMUK

200,0 =
i 27, %/ — Louis
N
s / PTKE_I
V2
100,0 % —PTKE_L
/ —CBR
i A ——CCH_mod

—— QNSE_fit

/
0,0 == |
263 264 265 266 267 OIK]

- inversion layer under top of PBL
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'‘Dry’ AF scheme

Antifibrillation scheme
-to avoid nonlinear instabilities in diffusion equation

Decentered diffusion equation:

gyt —g0 01— B KL + AR,
ot~ At 0z

(3 - decentering factor

At - timestep, t - time
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'‘Dry’ AF scheme

(3 is function of Rm/h, o, and ay:

. - R (dFm(Ri)>

Fn(R) \ dRi
R (dF(Ri)
“ = Fh(Ri)( dRi >

We modified computation of a, and ay

according to the 'new'F,
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'‘Dry’ AF scheme

Conditions for use of 'dry’ AF scheme
are not fullfilled for all Ri:

Kn > — or ag>—1  (for Ri >0)

-2< (ay,ap) <1
2 < 3—2.a,+ay
0 < 2—3.a,+2.a9 <2
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pTKE eTKE

|RHC,.,,,CH | |RPCM,CH | =

’_ 2

S I

w

T I

< =

[ Ko, K, Ri— B, | Ko Ko Ri—8 |) ¢

= — — X

> |R: Iy Ih— K, Kn, Kn | |Ri, Imy Ih— K Kny K | i

T o

o |9

w

Y >4

2 — — =

< | [ K, Ko, Ri—p8 | Ko Ko Ri—8 ) ¢

w i w

X = ~ —~ I

= Ky Kivy Ky E®, I — Kmy Kns Kny E®, Imy X3, 93— =

& Km, Kn, ET Kum, K, ET &

< <
22 | Km Ky o0 V0, g0, 2, 6— Kim, Ky %, V0, g0, 59, f— s
88 u'w v'w giw’, 5, w’ u’w’,v’w’,q{w’,s,’fw 88
3 X
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Influence of AF scheme:

2[m

300,0

| E
300,0 ! -

&\ < i
e 200,0 \‘\‘\

= £ e
200,0 \\ E \
100,0
T f //

1000 [+ 0 T [ B 12 00
6 7 8 9 10 u[m/s] - 05 0 05 1 15 2 25 3 35
| - 60sAF —60snAF — 150sAF — 150snAF| |- 60SAF —60snAF — 150sAF — 150snAF| vimis]

CCH_mod: (3 =1.83, » =0.477, R = 0.367,Riz. = 0.186,
NTKE — 3.9
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3D test: eTKE(QNSE) vs pTKE - temperature:
01.01.2009-24.01.2009, 00:00 UTC

Diftaranca QNRA - OFER Ditteranca ONRA - OFER
10 — T 10

| o L ==
— 0 TS

200
250 .

400
500 ==
700 f=.- e
= 850 |- = A Ny

.y - 1000 L= [} gt |22

=1
12 18 24 42 12 18 24 42
b 08 8 30 36 48!0) = —r= 0 8 8 30 36 4850)

RMSE STDEV
-red - better score for eTKE

Aghy g ) STV ) )

mh
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3D test: eTKE(QNSE) vs pTKE - wind speed:

10
20
30
%0
70
100
150
200
250
300
400
500
700
850
1000
&0 mh

Differance QNRA - OPER

RMSE
-red - better score for eTKE

10

20 f=-
KDY =2

L0

100
150
200

aco
400
500
700
880
1000
D mh

70 o=

250 pRZ

Ditferanca GNRA - OFER
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3D test: eTKE(QNSE) vs pTKE - relative humidity:

Diftaranca ONRA - OFER Dittaranca ONRA - OFER

™
3
<
TTT
o

8
<
L W

RMSE
-red - better score for eTKE
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Mixing lengths

Prandtl-type mixing lengths
(CGMIXLEN="AY", in ALAROO0="CG'):

/AY _ RZ

m/h 7
) Vel
Am/h ﬁm/h"’exp(_am/h ﬁ""bm/h)

k - Von Karman constant, Hpg; - PBL height
am/h» bm/h, Am/k - tuning constants
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Mixing lengths

TKE mixing lengths:

_4 _4
LBL(E/) — ( L”P5 —; Ldo?/vn) ,

2E'
LN(E/) = W 5
E/ = aTKEE.

Lop/down- represents the distance that a parcel originating from the given
level, and having initial kinetic energy equal to the scaled mean TKE

of the layer, can travel upward(downward) before being stopped by
buoyancy effects

N - Brunt-Vaisala frequency

aTke-tunable degree of freedom
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Mixing lengths

In the code we use /,,.
Conversion is made by L (/n):

v, xs(Ri)?
L=IxLle = L :
Ko G (R

— |, becomes function of Ri.
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Mixing lengths

Combinations of mixing lengths
CGMIXLEN=:

'ELL' /= [BL
'EL2" Ri > 0: fy = min(/BL, IN); Ri < 0 : I,y = \/IBLIAY

'EL3' Ri > 0 fy = min(/N, ImaX): Ri < 0 : [, = JAY

m>»'m

EL4’ Ri>0:/, = (L +

Ay

-2
) iR <0l =AY
'ELS' Ri >0 /lp=min(/BL IN): Ri <0 : [, = /B

m >'m

max
/m

- limitation for mixing length



Mixing lengths

[e]e]e]e] }

Mixing lengths

2,00E+03 - ~ ELO
1,80E+03 \ﬁ\ \ ELA
1,60E+03
. \ N\
N\ N

- EL2
—EL3

1,40E+03

1,20E+03

£ N ) N ~EL4

S 1,00E+03

N 8,00E+02 1/ S —EL5
6,00E+02 Al N
4,00E+02 (S )

2,00E+02 ﬁ»/

0,00E+00 T
0 10 20 30 40 50 60 7

CCH_mod:

(3 =183, v =0.477, R = 0.367, Rir. = 0.186,
aTtke = 3.9, 0 = 360s, t = 360s

19.04.2009 00:00 UTC

i
0"'[]80
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Vertical profile of Prandtl number at neutrality

Trubulent Prandtl number:

K
Prt = -
r K,
In the code:
Prt(Ri = 0) = Prty = m
h
Conditions:

free atmosphere: Prtg = —

surface: Prtg = 1



Mixing lengths
(o] }

Vertical profile of Prandtl number at neutrality

Solution with use of /A/h

Am 1
Mo G
B _
Br

Usage:

IAY

Iy = /AY/
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ACMIXLENZ

‘old’

{ | Hpgr—lm/n(2) = 177, (2)

| HPBL"I,':\/(/, (2)

l

0 BL N
[E°—e8t, 1

[ L85, LV, Ri— 1L, 11

[ 1B, 18, 1Y — b

)

,AV
I, Prto = 13—y
h

ACMIXLENZ

ACMIXELEN




Preparations for TOMs
°

We need to modify the code so, that there are no
modification of exchange coefficients K,/ after
their calculation from stability functions F, .

Currently there are two modifications:
@ 'moist’ AF scheme

@ parametrisation of moist gustiness
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'Moist’ antifibrillation scheme

Shallow convection parametrisation:

Ly.min [0, 20922
Ri* = RidJri E 0 5
@[3 + (5]

g - specific moisture, gs - specific moisture for saturated air
L, - latent heat of vaporization, ¢, - specific heat capacity
Riy - 'dry’ (without shallow convection parametrisation) Ri
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'Moist’ antifibrillation scheme

'Moist’ antifibrillation scheme:

L . Km/n(Ri*) — Km/n(Rig)
K. o(Rig, Ri*) = Knn(Rig) + iy : ,
/n(Rig; Ri") m/h(Rig) 14 (Bm — 1)(Kon/n(Ri*) — Kimyn(Ria)) At
Lo s
m @XDAMP

g< - specific moisture for saturated air after mixing

XDAMP - damping factor

OBm - decentering factor,obtained independently by considering the ratio
of the vertical gradients before and after mixing
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'Moist’ antifibrillation scheme

We shifted 'moist’ AF into computation of Ri

Modification in stability functions F,,/, instead of K,/
Fm/n(Ri") = Fp 4(Ri, Ri*) = Fp/n(Rig) +
Fryn(Ri*) — Fr/n(Ria)

U . _ o2 (ov\2
1+ (Bm — 1)(Fnyn(Ri*) — Fm/h(Rld))/m/hJ(%) +(82) at
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'Moist’ antifibrillation scheme

Special form of x3 , ¢3 in modified CCHO02
derived by Daan Degrauwe:

S—1

% = Rs-1
21

BT RiLSs—1

S = %:%[a(l+p)—\/(l+p)2a2—4pa
R GRi

o = , p=

Ri fc R "fc
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'Moist’ antifibrillation scheme

S
— Rif) -1
x3(1 i) lec 1

Inversion of F; in modified CCHO2:

0 = S+ ((F’Ri®>—1)0—2) S*+
+((2-2F’Rig) o +1) S+ (F® - 1) o
Rfl _ RifCSS—J

GoS—1
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'Moist’ antifibrillation scheme

QNSE:
- unable to invert Fj analytically
- we fitted QNSE functions x3 , @3

in modified CCHO2 :
R,(5 - functions of Ri, Rir. = 0.377, v = 0.464
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Moist gustiness modification

Gustiness:

w'i’ ou\? av2%
Wl/} N[<&> +(az)‘|

(@@ < [0-6]

NWP model
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Moist gustiness modification

Moist gustiness
-induced by moist convection:

Kapy = 1 Kan 5 Caiig =77 Cuyn

J 7 \?

PRC Pr P
1 — | U] —
7 \/ +((JPr+Jgr) ) Jm

Jp, - precipitation flux, J3, - typical steadily strong precipitation flux
Jm - momentum flux:

ou ov

above surface = p.K,. (5)2 o (5)2 , surface = p.Cpy. (7% + V?)

U - typical surface friction velocity, v = 0.8 - tuning constant
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Moist gustiness modification

We shifted moist gustiness
in to the computation of /,,

nlj//?hC / PRC/ /b

Km/h ~ /m/h/m



Preparations for TOMs
Mixing lengths

New 'moist’ AF scheme (with Ri") and moist
gustiness par. influence mixing lengths /,

but /,,/, are also inputs for them.

To avoid iterative methods we simply use /¢
(without 'moist’ AF scheme and 'moist’ gustiness)
in both schemes.
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ACTKECOEFK

‘old’

[ Ria, Ri*— Fon/n(Ri*), Fon/(Ri)

Fonyn(Ri*)s Frnyn(Ria)s Imy Ih—
Kgr/h‘ K;r/h‘ K

K3, Ri—sp

|} 'dry’ AF scheme

i

T ’~
| Km/h’ K;/hvﬁm% K,;/h

|} ‘moist’ AF scheme

[ Ko dei =27

l

moist gustiness

K'  Kn. ~PRC_, KIPRC [PRC
| Km/h‘ K,y — Km/h s Ky
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ACTKEHMT

‘old’

| Rig— Fonyn(Rig)

|Fm/h(R’Id)" Cm/H

| Cpm/Hs Rig—Bs

|} 'dry’ AF scheme

PRC

| Cm/Hs Ridy Ipr—5

moist gustiness

| Cny> ¥ERE, JPrAC,\';?,C.,




irbulent scheme <ing lengths Preparations for TOMs Shallow conv. cloudiness
ooe

! v

P PRC 1PRC ] 1!'PRC ¢PRC
|Km/h,Jp,ﬂy | |/m/h , Ri'—KIPRC, KE |

!

[Roo R~ re Ree | [Rinc Ri—p |

‘old’ "new’
N = NZ
= =z O
SE g
X X {|HPBL»E0«R"4’Im/h | |HPBLaE07Rid*>’;l7/h |} X X
== ==
o0 o0
<< <
[Ris, Ri*—Foo/n(Ri*), Fryn(Ria) | |’$/w Rig, Ri*—Ri' | o
v x
= : s
frz/h(@*)f'ﬂh(R’d)’lm/hH [Ri",1g, Jp,—~PRE | 2
Km/h’Km/h’KN Z
7 !
X Kd 5 0 pi/_. | =2
i |Km/h,Rld*>ﬁ | |HPBL7E SRI—=10 | i
O o
¢ i
d  jow % PRC__, /PRC
b | Km/h’ Km/h’ﬁ’"H Krln/h | /r/n/h”y *}lm/h | =
<

ACTKECOEFK  ACMIXLENZ




Shallow conv. cloudiness
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Shallow convection cloudiness

Ri’ should be limited by:
Riy (no clouds in grid box) and

Ri, (Richardson number for saturated air
- 100 % cloudiness in grid box):

, 1+ Lot ding L, dq, 1
Rim = & Ra 12 g dz T oT dz ) (om2 . (ov)?
1+(CW) v E

gw - specific moisture corresponding to wet bulb temperature

Ry - gas constant for dry air, R, - gas constant for water vapor
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Shallow convection cloudiness

Shallow convection cloudiness N, ,:
Ri" — Ri

N, D pr
e Ri., — Riy
Ri" = min(max(Riy, Ri"), Rin)



Shallow conv. cloudiness

TOUCANS

|HPBL, E®, Rig—13, | ACMIXLENZ, ACMIXELEN

| 19 Rig, Ri*—Ri' |
v
[Ri", Rim, Ria—Ri"", Nowp |t Acwmripp
[Ri", 18, Jor—PRC |
v
ACMIXLENZ, ACMIXELEN
[l lire |

[ Rias Jor— Cuay 227 5. |

}

|HPBL, E0,Ri"—1 |}
¥

j

j

ACTKEHMT
| Gy = |
|I,’,:’7,’$C,Ri"~7<;:7,fc,f<,’v"?‘,ﬁ | ACTKECOEFK
|7<,’,§7,'fc, KRRE, EO, [PRE, Ri"'— K, K, E*+ | ACPTKE

|K,,,, K, u®, V0, q2, s, B— "W, VW', qjw’, sfw’ |} ACDIFV1, ACDIFV2
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Shallow convection cloudiness distribution:

Ri differences frequency - 45086 cases with shall. conv. par.
016

(Ri_s-Ri_m)/(Ri_c-Ri_m)
(Ri_pp-RI_m)(RI_d-RI_m) s
NCVPP

frequency

g 5 8 5



s Shallow conv. cloudiness .
)00e0 oo

Internal modularity

Richardson number - Ri” = Neypp |

Mixing lengths - In, Iy

VNN

[av Jlecr |[ece [[ews |[ewa [[es |[- |

Exchange coefficients - f(m, Rh \

[ Louis |[m. ccHoz |[f. anse ][

TKE solver - Km, Ky |

Diffusion - u'w’,v/w’, giw’, sj,w’ |




Shallow conv. cloudiness
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External identification

‘old’ 'new-+=target’
|ACMRIPP Ri" = Nevpp |
[acnEBCOND |
L preparation computations
[acnEBCOND | [accoev |
v )
[acnEBN | [radiative cloudiness |
l i radiation
[acranEB | [acranes |
v v
[TURB+DIFF | [TurB-+DIFF |
v )
[accpev |  [acnEBconD |
v )
| 3MT | | ACCDEV | condensation and precipitation
v
[3mT |




@ New turbulent scheme:
e equivalence with full TKE scheme
@ easy implementation
(new stability functions F,, ;)
e modified TKE solver
e modified 'dry’ AF scheme

@ Mixnig lengths from TKE
@ Preparations for TOMs:
e modification in 'moist’ AF scheme
e modification in moist gustiness par.
@ Shallow convection cloudiness
@ computation
e used in cloudiness computations



Thank you for your attention!
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