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- Third
- Order moments (TOMs)
- Unified

- Accounting and
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C - Condensation
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N - N-dependent
S

- Solver (for turbulence and diffusion)
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L Toucans
TOUCANS 'colors’:

@ compact and flexible turbulence parametrisation -
enables usage of different aproaches:

@ emulation of different turbulent schemes:
CCHO02, QNSE, EFB by choice of stability
functions 3, ¢3
(or rather degrees of freedom G, Rig, R)

@ usage of different mixing lengths: Prandtl-type,
TKE-type

@ four types of shallow convection parametrisation
through Ri (linked also to gy; diffusion)

@ choices in these three categories are orthogonal

@ algorithmic unification whenever possible
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LTurbulent diffusion

Turbulent diffusion:

Do S ou'w’

ot 0z

Dv S ov'w’

o 7 0z
Dsj; _ s Os;w'

ot i 0z
Dgq; _ oqiw’

ot B 0z

(u, v, w -wind components, s; = cp T +¢— Lyq — Lsqj, 0 - potential temperature,

g+ - total specific humidity,q, - specific humidity , g;- specific humidity of liquid water,
gi- specific humidity of ice, ¢ - geopotential, ¢, - specific heat capacity, L, - latent
heat of vaporization, Ls - latent heat of sublimation, S/, /s, /q, - €xternal source

D() d() 70()

terms, =7 = +u a()

T i . () - average, ()’ - fluctuation )
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LTurbulent diffusion

Turbulent fluxes

ou
T = K.
w'u maz
ov
Vo= —Kpy— TOMs
w'v 62
dJslr
o7 e 10y, _ 8(07)
Tol — KU K T (R TS KnTh(RI) Ty ——=
w'sj; gy | ~KeTh(RI)T, op &N n(Ri) 9z
ant
8@ . ,18Jt 0 a(ap)
'qy = —Kp——| —KpTa(RIT, 2 Ky Th(RI) Ty ——-
w'qy g, —KaTh(RI) T, op + g Kh Th(Ri) 57

(Km/h(e, 7, Ri, C3, Rig, R) - exchange coefficients for momentum/heat,
e= %(U' ~u' 4+ v v+ w' - w’) =TKE, 7- TKE dissipation time scale, Ri- gradient
Richardson number, C3/Rif/R - degrees of freedom, T (Ri) -stability function,
ae/si = —pw'qt/s);, p-pressure, p- density, z -height, g - acceleration of gravity,

T, 1/ Tew functions of e, 7, Ri, w's/., w'qi, C3, Rig, R)
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LTurbulent diffusion

Prognostic TKE

TKE diffusion

de To [ . oe
= A “ 2| pKke=
ot dv(e) + p Oz (p E82>

om\ > ov\’| g, 0 (e)2

M <a> +<a) 6 e L

| ~—~—r——

shear buoyancy dissipation

Kn = LkCkvVexs(Ri), Kn=LxCxGCVeps(Ri)

Ke- auto-diffusion coefficient for TKE, x3(Ri),¢3(Ri) - stability functions,
Ck,Cc - closure constants, C3 - inverse Prantl number at neutrality,

Lk, - mixing lengths
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LTurbulent diffusion

Prognostic TKE scheme - code implementation

Oe 10 Oe 1 .
e Adv(e)+pz(pKE<9z)+T€(ee)

N 2
e = <K ) > Km:V/m\/E\/Fma

v,
Iy 1 21 InFh
€ e —_— = m —, K - Km
T V3 /eF. 12K*F. § ImFom
I K*
Ke = \/EFE = —2/:6 after TKE solver
12

—_——
first time step

. Km ~ om\?2  (ov\?] ,
K - \/va m/h:/m/h/m [(&) +(02>‘| Fm/h(Rl)

& - TKE at stationary equilibrium, v = (Cxk Cf)%, F../h/c - stability functions
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L Stability functions ,

Prognostic TKE scheme - code implementation

Oe 10 Oe

1
code impl.: 4+ —(&—e)

N2 N il 3
au N ov _gKhﬁe _Ce(e)z
0z 0z 0 "0z L,

—_———

/

versus

full scheme: + K,

/ I —

equivalence: &= E(/ + 1)
€
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L Stability functions

TOUCANS - stability functions:

(stationary TKE/TTE equation)
f(Ri

U+1) & I+l=ec o LB,
X3

\-’-m\(b

x3(1 — Ri¢) -filter’

/f(Ri) = ¢ and LK/e(/m) =

Fo = xs(R)WFRD, Fre 2D e riy

x3(RiP)
F(Ri)#
Fe =S 3 Pe
x3(Ri)2
Rir = R/ - flux Richardson number, [ - 'dry’ antifibrilation coefficient for TKE,

TTE- Total Turbulence Energy
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L Stability functions

Stability functions x3,¢3:

derived from stationary TKE/TTE equation - 'filtering’
no existence of critical Ri
anisotropy of turbulence % #0

valid for whole range of Ri

© 6 6 o o

choice from 3 turbulent schemes: CCH02, QNSE, EFB
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L Stability functions
L Modified CCHO2 scheme

Modified CCHO2 scheme:

@ CCHO2 scheme - Reynolds Stress Modeling scheme
@ Modified CCHO2 scheme (no critical Ri):
1 — Rir

X3(Ri) - 1—/§f 7

Ri¢

A " Ri
o(Ri) = TR,

Ri Rir.(R — Rif)
Rif G R (Rir — Rir)
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L Stability functions

L Modified CCHO2 scheme

Degrees of freedom

@ 3 degrees of freedom for shape of stability functions
Q@ Rir = R!im Rif - characterising asymptotic behaviour

i— 00
@ (s - inverse Prandtl number at neutrality
@ R -parameter characterising the flow's anisotropy

@ 1 for 'overall” intensity of turbulence - v = (CKCE)% :
but dependent on R and G;: v(R, G3)

@ 1 for TKE dissipation - C, ,
but directly dependent on v (SS 1989): C. = 712

@ togheter 3 degrees of freedom



TOUCANS C

L Stability functions
L Modified CCHO2 scheme

Choice of degrees of freedom

_ 1 o 0 Ri ] ’
Q0 3= Pre(R=0)" Riz. = R!.lnoc 5o - naturally’ related to
Prandtl number P, = f(—fh" (suplied from any turbulent

scheme)

@ R - counterpart to Rig in stability functions 3, ¢3
(can be computed from Rir and x3)

@ remaining constants in modified CCH02 scheme
(A, F, O,,..) can be determined from these 3
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L Stability functions

L Modified CCHO2 scheme

A and B system :
Modifications of CCHO2 system in order to avoid
existence of critical Ri (change in pressure correlation terms):

@ A system : dissipation rate
for heat flux is dependent on stability

@ B system : modification of
influence of heat flux on momentum flux

A and B system :

@ both have the same shape of stability functions
(dependence on 3 degrees of freedom)

@ linking relations between R, Rig. and C3 are different

Al

@ overall intensity of turbulence (R, G) = (C«C,)
is different
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L Stability functions

LQNSE scheme

QNSE scheme:

QNSE=Quasi Normal Scale Elimination
spectral analyses of the flow
valid mainly for stable stratification (Ri > 0)

no analytical form of stability functions - data points

®© 6 6 6 o

no critical Ri
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L Stability functions

LQNSE scheme

Fitted QNSE scheme:
Q@ fit of y3(Ri) (undirectly fit of R ):

1+ 0.75Ri(1 + a.Ri)
1+ 3.23Ri(1 + a.Ri)
1— b.Ri

for Ri <0 x3(Ri) = 1—(b—248).Ri ’

for Ri >0 x3(Ri) =

a=13.0, b = 4.16 - tuning constants
@ ¢3(Ri) computed from linking equation
derived in modified CCHO2 (no R dependence):

GRi
Rifc

CoRids(Ri)? — [Xa(m) + } 63(Ri) + x3(Ri) = 0
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L Stability functions

LEFB scheme

EFB scheme (not coded):

@ EFB=Energy- and Flux-Budget
@ Zilitinkevich et al. 2012

@ based on budget equations for turbulence energy
(kinetic and potential) and fluxes

@ prognostic equation for time scale (resp. length scale)
@ valid for stable stratification (R/i > 0)

@ no critical R/



TOUCANS C

L Stability functions
LEFB scheme

Fitted EFB scheme (only prognostic TKE):

Q@ fit of y3(Ri) (undirectly fit of R ):
1—1.66 Ri (1—3.15Ri (2.89 Ri + 1))

for Ri >0 =
P =T 1—-0.16Ri (1—3896Ri (16Ri +1))
1_ Ri
for Ri <0 x3(Ri) = RTZ  REFE —0.455
1-— le

@ ¢3(Ri) computed from linking equation
derived in modified CCHO2 (no R dependence):

GRIGURI ~ [xa(R) + 22| 6a(Ri) + xa(R) =0

fc




TOUCANS C

L Stability functions

L Stability functions comparison

Stability functions comparison:

0.8 — 0.8
_': 0.6 | omiid _(: 0.6 | roooeiin
< CCHO2 A < CCHO2 A
© 0.4 -ccHO2 B % 0.4 FCcCcHO2 B
0.2 1 EFB 0.2 1 EFB
QONSE QONSE
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Ri Ri
4 T T T T T
3.5 i, CCHO2 A . 5 e " CCHO2 A i
3 Loi...i..CCHO2 B N 4 L . CCHO02 B |
- 2.5 Ermirre—e EFB | - EFB
s . QNSE o3 QONSE '-
< 2 N o
O 1.5 \: a5 |
Ir 1
0.5
0 ! 0 !
-4 -2 0 2 4 -4 -2 0 2 4
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L Stability functions

L Stability functions comparison

QNSE and EFB

@ QNSE fit and EFB fit have non constant

R = x3(Rir f1+1) ORi 7& 0

0.5 T T T TrIm T T TTTI1T LR T T TTTTIT

EFB
QONSE
0-25 Ll Ll Ll Lo

0.001 0.01 0.1 1 10

Ri
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L Stability functions

’

LDegrees of freedom comparison

R,Rig,C3 - space

CCHO2 A system
CCHO2 B system
EFB R=0.455,Rifc=0.25, C3=1.25 @

CCHO2 A system

CCHO2 B system

EFB R=0.455,Rifc=0.25, C3
QNSE R=0.4, Rifc=0.377, C3

=
==

=
=
SIS S

e
==y
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L Stability functions

LDegrees of freedom comparison

Degrees of freedom
[Parameter [ CCHO2 A [ CCHO2 B | QNSEA/B [ EFBA/B |

G 1.183 1.183 1.39 1.25
Rif. 0.1865 0.277 0.377 0.25
R 0.367 0.72 ~ 0.4 0.455

v(R, G3) 0.5265 0.477 0.504/0.4643 || 0.531/0.483
C.=mv? 0.8709 0.7148 | 0.798/0.6772 | 0.885/0.732
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L Stability functions

LToms parametrisation

TOMs in TOUCANS:
@ derived in modified CCHO2 scheme

@ TOMs inputs:

(*)]

© 06 60 0 O

Kh(e, T RI, C3, Rifc, R)

T*_l(ev T, Ri? Wlslliv W/q;-/ C3a Rifc, R)
T**(ev T, R’ Wlslliv W'qé, C3> Rifm R)
Th(Ri, Cs, Rire, R)

An(Ri, Cs, Rire, R)

(e, L, Ri, G, Rig, R)

M(C), Cierm(C) - TKE correction

@ in QNSE and EFB R is computed
point-wise (for each Ri) from x3 and Rif
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L Stability functions

L GABLS experiment

GABLS experiment - stable stratification

o
S | — TOUCANS: mod. CCHO2 - LES_MO
—— TOUCANS: QNSE fit == LES_NCAR
—— LES_CORA —— LES_UB
o | --- LES_IMUK
S |
o
E
= o
= o
(=] N
S
<
o
S |
—
o oo
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L Stability functions

L GABLS experiment

GABLS experiment - stable stratification

o
S | — TOUCANS: mod. CCHO2 - LES_MO
—— TOUCANS: QNSE fit == LES_NCAR
—— LES_CORA —— LES_UB
o | --- LES_IMUK
S |
o™
E
= o
= o
(=] N
S
<
o
S |
—
o 4
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L Stability functions

L GABLS experiment

GABLS experiment - stable stratification

o
S | — TOUCANS: mod. CCHO2 - LES_MO
—— TOUCANS: QNSE fit == LES_NCAR
—— LES_CORA —— LES_UB
o | --- LES_IMUK
S |
o
E
= o
= o
(=] N
S
<
o
S |
—
o 4

263 264 265 266 267 268
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LLength scale

Mixing lengths

Qo

(%)

computed independently before stability functions
(with exception for Ri*/** due moist AF scheme)

choice between Prandtl-type and TKE-type mixing
lengths

TKE-type mixing lengths dependent on e and Ri
(influence of shallow convection parametrisation)

vertical profile connected to Prandtl number
(possible change in Unifying perspectives ...)

possibility of prognostic extension
(more in Unifying perspectives ...)
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LLength scale

Mixing length conversion: Ly . - In:

@ comparison of TKE prognostic scheme with similarity
laws (RMC 2001) =

F(Ri)4
LKCK = I//m ( i)
X3
g
L I X3
Ce V3 f(Ri)3
@ choice of one L:
1 v
L= (L) = —I,
( K ) e

@ conversion L(/,,) enables usage of both mixing length types
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LLength scale

Prandtl-type mixing lengths /,, and /,
(CGMIXLEN="AY", in ALARO0="CG') :

RZ

1+exp< Am/hy +bm/h>
m/h ﬁm/h‘f'EXp( Am/hy | H. o + m/h)

(r is Von Karman constant, z is height, am/h: bm/n, Bm/n and
Am/h are tuning constants and H, is PBL height)

/m/h
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LLength scale

TKE mixing lengths:

@ modified Bougeault and Lacarrere (1989) approach:

4 4
L + Lagin
L (e, N2) — <f’2d>

Bl

Lup(€e) (Ldown(€)) - upward(downward) mixing distances, N is Brunt-Vaisala

Frequency

@ mixing length for stable regimes:

[2.e
LN(ev N2) = W
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LLength scale

TKE mixing lengths:
@ EFB mixing length (not coded)

L(eR) = —"2 - o3(Ri)
1+ GQZ \Vwu +wv”’

Cq - constant, Q angular velocity of Earth’s rotation
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LLength scale

Mixing lengths

6 mixing lengths in the code:

Parameter CGMIXELEN | Ri >0 Ri <0
AY [ Lge = £ | Lac
EL1 LBL LBL
EL2 | Lo min (v/Le. Lec, Let)
EL3 | min (Ly, Lmax) | Loc
Loc L
EL5 min (LBL, LN) LBL
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LLength scale

Mixing lengths

S |
< — EL1 — EL4
— EL2 EL5
EL3
o
S |
®
E
= o
5 7
[
=
o
s |
-
e
o o
0 20 40 60 80
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LLength scale

L Vertical profile of Prandtl number

Vertical profile of Prandtl number P,

@ TKE scheme - P (Ri =0) = —3 valid for isotropic
turbulence: free atmosphere

@ Louis scheme - P, link to mixing Iengths:

Pe =272 = P.(Ri =0) =

GC
/GC

@ TOUCANS - combination of both formalism: (3 =
Conditions:

free atmosphere: Prty = —-
I G
Im

surface: Prtg=— = 1
In

)\:1 /37m1

Solution: 42 = =, o=
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L Shallow convection parametrisation

Shallow convection parametrisation

O Ri* after Geleyn 1987 :
g W L.min[O,W].&7
; ; 5012 Tovl?
oT [+ B (el
Ri
dp -cloudiness switch = (requires moist AF)

Ri* =

O Ri** - modification of Ri* with usage of moist entropy
potential temperature 65 (Marquet 2010)
(requires moist AF)

© Ri, - computed from moist BVF (Marquet and Geleyn
2012) - dependent on external cloudiness

Q combination of Ri,, and Riy, = g <a|na(fsl)) @“]Qi[ﬂf

dz oz
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L Shallow convection parametrisation

Shallow convection cloudiness - SCC

@ required on half levels as input for g;; diffusion for
separation of g; flux

@ influence on TKE correction after TOMs solver

@ in TOUCANS related to Ri(on half levels) in shallow
convection parametrisation:

@ in Rip case directly equal to external cloudiness

@ in remaining cases SCC computed by inversion of
Rim(SCC) relation from Ri - nonlinear dependence

@ for all Ri's in shallow convection parametrisations
consistent computation of SCC
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LSummary

Summary

@ TOUCANS - compact and flexible turbulence
parametrisation

@ emulation of 3 turbulent schemes: CCHO02,
QNSE, EFB from perspective of one theory
- 3 degrees of freedom

@ usage of different mixing lengths: Prandtl-type,
TKE-type (enabled by L(/,))

@ four types of shallow convection parametrisation
with consistent computation of SCC

©

choices in these three categories are orthogonal

©

algorithmic unification whenever possible

@ scheme uses 6 switches(1 for TOMs) and 7 parameters (2 for
TOMs) + some optional tuning
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Thank you for your attention!
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LSummary
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Thermodynamic quantities ACTQSAT
e e
0, T, > i Ry = F Ri' = Rin,
o 0,13 Ri = Fuyn + C ACTKEHMT
Ri' = au, a9+ Couph = fc
Conjis I = 2P €
[Tttt — BT ] ACMRISS
T
[Hror 9= by ] ACMIXLENZ
2
|Hr"“. 5, b, u,v, T — L — I, + ‘ ACMIXELEN
[Couines sompaion Gt ] ACNEBNSC
ettt R Ry Ty B8 R \ AwRs

T o, 1,0
0, o 15655 C = M(C), Clers Rims Risy + 1 = (i)

ACMRIP

e

ACMIXELEN

BRI = Fongn + 0,0, 1800C — R
ACTKECOEFK

R = s a0 -+ Kongn = Bus Bo, B

Resolved cloud fraction ACNEBCOND

T KE, B0, e — E

R Ko ACPTKE
Ko 0(Rin) > Ko 08 K+ Ko K i
K, Ri', E*, L'PRC o 7,(T")o, (T,
first part: u, v, ge, 816, Kin iy Conj ACDIFV1
[ OB e = oy ] ane Grous panav
T
(oot s a0 Ko g+ ¥, 70 7 ] ACDIFV2
A G, 507 — G, Ty
ACDIFV3
E* 0, S0 g, T T M(C), Crrm B
v
[Prermodymamie quanities | ACTQSATS
1
[Rzolved clowd fraction ] ACNEBCOND

T
Tl o ] ACCDEY
Figure 1 Draft of turbulent schemne (in subrontine APLPAR). Yellow are subroutines of b

lent /diffusion scheme . Red are parts for LCOEFK_RIM=FALSE. Green are parts connected with
turbulent /diffusion scheme




