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The ‘Terra-Incognita’ of turbulence modelling
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The ‘Terra-Incognita’ of turbulence modelling
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= LES : Clear inertial subrange of turbulence
= Grey zone : No clear separation of scales :
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The ‘Terra-Incognita’ of turbulence modelling

Evolving turbulence scales
Different in BL — clouds
Varying in time-space
Partially resolved
entrainment /detrainment

—+ AX—
N
X

During the diurnal cycle the simulation enters multiple grey-zones



Misrepresenting turbulence scales

Late spin-up

Convection evolution in hectometric models
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= Late spin-up



Convection evolution in hectometric models

= Missing shallow convection stage
= A moistier and cooler BL

No clear shallow Cu stage

Misrepresenting turbulence scales



Convection evolution in hectometric models

= ‘Blobby’ convection
= Non-monotonic behavior
= Lack of entrainment-mixing

‘Blobby’ deeper convection



Cloud scales in hectometric models

Cloud Morphology (Radar - Unified Model Comparison)
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The prognostic turbulent transport equations
(Wyngaard 2004)

= Subfilter 0 flux (f) conservation equation  f; = u;0 — w;0
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Dynamic High-Order turbulence modelling

First-order closure First-order closure + Leon.ard terms (Mixed Model) Level 2.5/3
(Level 2 + tilting terms)
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Yo : countergradient term



Dynamic High-Order turbulence modelling

First-order closure + Leonard terms (Mixed Model)

First-order closure o Level 2.5/3
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Turbulence length scales across the grey zone

Mesoscale (RANS) ([ ~ A)

(Il ~A) LES

(Wyngaard 2004; Honnert 2011; Boutle et al. 2014)



Convection evolution in hectometric models

= Dissipation scale to diagnose the grey zone
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Dynamic Turbulence Modelling

= Scale similarity between resolved
and subgrid eddies

= Use smallest resolved fluxes to
diagnose the subgrid scales
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Dynamic Turbulence Modelling

Germano Identity
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Dynamic Turbulence Modelling

Germano Identity
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z (m)
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LBA Case study

Deep Cu (t=6h)
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LBA Case study

80000

-,
60000
K.'

Ax =200 m

40000

20000

80000

60000

Ax =400 m

(wr) X

40000

20000

100000
80000
Ax =800 m e
40000

20000

Cloud base

SMAG

[y BT v DR nd
T T T
o 5l 95 ey oy 26
Lo, 2% .
) 80000

60000

%=

40000

e
P
o

oy

3

& 2
b

i3 &

s
2
"5 Fe
b
% WY

19

% 20000
K Tt Y- e >
oS e’y
B0 W, R e bt 5%, ool i |
3 e T ey oo y
0 %“*3*“3?? 2 0 '&,‘"‘m‘ﬁ’ ofng? 0 : . 7 ;
0 20000 40000 60000 80000 0 20000 40000 60000 80000

P T
Po ooﬁég ‘i".:bbo"(bb N ’s°q°’°
.. o,

s0000 § R o P 0% 03
P oq:;‘()s'o 99, 9% 439,08,
o~ AU @ mg O N 0

o 0% Q0. N0 8.0
N RN 1
60000 F "o Y5 ade & asa N
50 %23 WD o g n? | &P
o el A e % P ©g < e
20 0] %% ok Heo W
Do 2RO O %%,V | %
40000 | 2B 3 3o e pocPo-EQ
b 2P re p 8 Tgm
0 ®9y Qo ,v , 0% o, q
PIENGCA SR ’00 q
20000 10 "3 0 P "8 O %0 e 0 0%V,
N o Dy % © Dv%g.‘)% 3.
Fowlr  oore gy ¥ 00 Yoy 030y

0 20000

40000

60000

80000 0

20000 40000 60000 80000

% oo
368,50 fan e % 8

. . \C 100000 §, VO 7 v~
¢ o' v .t NN ‘Qq obo :\0 ° vo
‘ . ¢ . o @ o S Qﬁgw Y
‘e PR Y +* o | 80000 O Q. o
°* . . vog o+ e I [
e o o . T o oo So 2%y, 0
eo, 8 ® LR ° 0% o8 A
(3 ] . °% 6 9\ 0 a0 i
RN ., . \.‘s o, | @001, Ce 0, " 0Q %
et o Yo og.2ve §0e
. RS YN . o 0...? e 0 ¥
i . 2 ooty 40000 g\o Do QY] & ,_.‘
. A % 000 °°9 Q °
[N L o %l e d St S 9
* "o oD fage b
W e v e g 2007QQ o ®90 (FRNe V2
¢ w8l L A “. 3 0& R <o o ¢ L%
NP SR S A LA 216 S
0 20000 40000 0000 80000 100000 O 20000 40000 60000 80000 100000

X (m)

Shallow Cu (t =3 h)

Liquid water
(g kg™)

0.9001
0.8001
0.7001
0.6001
0.5001
0.4001
0.3001
0.2001
0.1001
0.0001



LBA Case study (BL representation)

Dry CBL (t = 1.5 h)

= SMAG BL lacks non-
local mixing

= Lack of entrainment
restricts ventilation of
vapour
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LBA Case study

Dry CBL (t = 1.5 h)

Shallow Cu (t = 3.0 h)
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LBA Case study

Dynamic length scales
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LBA Case study

Turbulent Diffusivity

(where gpyaro-g€.10€7)

= LocASD-SMAG maintain
strong K, in cloud

= LocASD clips Ky; negative
values in cloud (counter
gradient fluxes)
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Countergradient fluxes - Leonard terms
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(Efstathiou et al. 2024)



Summary

" The grey zone might stalling further improvement of NWP at hectometric scales
* Fundamental assumptions behind conventional schemes are no longer valid
= Full transport equations - Closure length scales not known

= Dynamic approach to derive closure parameters
= Adapts to the evolving resolved flow field in time and space
= Dynamic Smagorinsky relaxes the need for a clear inertial subrange
= Ability to better represent the BL and cloud development in the near-grey-zone
= Usability limit when the flow is poorly resolved (deep grey zone)

= Examine impact of extra production terms in connection to the dynamically derived
closure parameters



