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Prognostic TKE scheme in IFS:

Current computation: | Stable surface layer | | [ Unstable surface layer |
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Figure 3.1 Schematic diagram of the different boundary layer regimes.

Turbulence Kinetic Energy (TKE=ey) computation:
Oey

0| Ke, 7= 3
Kw:CwLFw(RI)\/e_k %:ADV_F%_'_KMSQ_KHNZ_CG(?Z

z

Kwn — turbulence exchange coefficients for momentum and heat/moisture, L — turbulence length scale, F,, — stability

dependency function, C,,, Ce — closure constants, N? — Brunt-Vaisala frequency, S — wind shear, ADV — advection term,

Ri — gradient Richardson number
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Advantages of a prognostic TKE scheme:
* Regime-adaptive representation of the turbulent flow
(expected benefit at higher resolutions)
* Advection of turbulence intensity (TKE)
* Improved representation of stable boundary layer

» Possibility of better interaction with other parameterization via TKE
(length scale adjustment + additional source/sink terms)

* More degrees of freedom in the turbulence scheme
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* The original (Meteo-France) TKE scheme has been updated and
recalibrated (CY49):

* The turbulence length scale reformulation

« The stability dependency functions updated

* Cloud-dependent stability parameter introduced

« Partial equilibrium computation of the TKE source terms
« Explicit inclusion of the advection term in the TKE solver

 Utilization of the Estimated Inversion Strength (EIS) index,
friction velocity, and heat and moisture surface fluxes to
identify the stratocumulus (StCu) regime

» Interaction with deep convection via length scale
modification
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Prognostic TKE scheme in IFS:

Turbulent diffusion coefficients in TKE scheme

Km = Ckxa(Ri?)veal, Kn= CCxds(Ri7)/al

» TKE - measure of turb. intensity
» length scale - scale of the problem
» stability functions - influence of stratification

» closure constants

Ck - closure constant, C3 - inverse Prandtl number at neutrality, Rif - stability parameter in the form of flux Richardson number:

Rif = ((f—ve\’,w’)/(u’w’% +viw’ 3y
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Prognostic TKE scheme in IFS:

Prognostic TKE equation

dek 0 Bek
— = — | K¢ — ST + BT — ¢,
dt 0z ( : 62) B ¥ *
_ e+ Vv +ww 2 o
e = > -Turbulence Kinetic Energy (TKE),
ST = —u’w’?—u — v’w’?—v ~ KuS? -Shear term,
0z 0z
BT = agCO(,w’ = Eq.qiw’ + Ep,0jw' = —KnN? -Buoyancy term
3
€ = 2—95 — W S -Dissipation term
Tk L

ST - shear term, BT - buoyancy term, K, - turb. exchange coefficients for e; 7 and 7 - dissipation time scale; Eq4, and E”l

weights, C, - closure constant, S - wind shear, N - 'moist’ Brunt-Vaisala Frequency Frequency (BVF).
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The stability dependence functions:

_ Rir _ Rig
Ri) = R Ri) = £

» more flexible

P and R - determine the shape of the stability functions according to Bastak Duran et al. (2014)
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The stability dependence functions:
Cloud cover dependence:

» according to Marquet and Geleyn (2013):

. GR(P — Rif)

 Ku(Rir)

Rir = KM(Rif)R’_ R(P — Rir)
: N7 (C)

Ri = 52

Cpd O1n (6s) +g d1In (6s)

M(O) = gM(Q) T

+g M(C) F(C)(1+rv)%—/\

M (C) and F (C) - functions of C, A = 5.87 - closure constant, R = Ry qq + Ry qv. ¢p = Cpg G + Cpv Qv + €1 41, 'v = Qv /44, qq - specific

content for dry air
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The turbulence length scale:

Length scale formulations in CBR

Bougeault and Lacarrere (1989) (Lg.):

5 e L CBR
B 2 NTE i
LBL - (05 Lup3 + 0.5 Ldofvn) 3 — Lup KZ
2000 g Ldown Lasim
z+Lyp — Lesr
| T Ee@ - —ala) .
i . /
/ o (00(2') — 0.(2)) dz' = ex(2), ™ .|
Zz—Lgown 0‘”
LCBR = maxXx (min (h‘,z, Las,'m) R LBL)
10 10 L[m] 10*

= 0.4 is the von Kdrman constant, L,s,, = 10.0m - asimptotic length scale
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The turbulence length scale:

Wind shear contribution to L according to de Rodier et al. (2017)

» prevents over-estimation of L in stable stratification with strong shear

>

1 -
I = (CKC)4 L +Ldown

/ upgi (64(2) = 0u(2') + Co - VVex - S(2')) d2' = ex(2),
/ 95 (2) = 6u(2') + Co - Ver - S(2)) dZ' = e(2),
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* The turbulence length sale update (2):

New calibration of the length scale formulations

3 5000
_2 _2 2
L1 = (Cup I—up3 + (1 . CUP) Ldogvn) )
_3 o
_2 _2 2

L2 — (Cup,Stc Lup3 + (1 — Cup,Stc) Ldou?vn) 5 3000

£

L1,2 = max(Ll, L2) N

2000 1

[ — Lo
Lasim,p = Lasim — maX(0.0y (ZLm = Z) asim % aSlm,s)
m 1000

LIFS e CLSC maXx (mm ("527 Lasim) 3 L1,2, Lasim,p) >

Lasim,s, Cup,stc - functions of EIS
Cisc = 1.7, z1y = ledm, Cyp = 0.8, Ly, = 50.0m - calibration constants.
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L IFS, Lasim,s= — 10, Cup,Stc =0.1

Ldown

— Lasim, P

LCBR

Lies
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The turbulence length scale:
* |dentification of stratocumulus regime via EIS>4, Bowen ratio<0.25, and negative

sensible heat flux (snapshot):
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60°N -~ | 60°N

30°N 30°N
0° 0°

30°S 30°S
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The turbulence length scale:

The EIS dependence:

EIS < EIS™™™ : Lssime==30:0; €5 50 = €y = 0.8
EISSTCUL < EIS < EISS™CH & Lggmys = —10.0, Copsie = 0.2

EIS > EISS™H . [ ims=10.0, Cup stc = Cyp = 0.8

» linear intepolation of values between regimes on AEIS interval

EISStCul — 2 o, EISStCUH — 14.0, AEIS = 1.0 - calibration constants.
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Partial equilibrium computation of the TKE source terms:

Stable stratification with strong wind shear
» Under-estimation of turbulent mixing due to low value of TKE.
» Problem with temporal discretization: e[ =0 A ST + BT < 0 = =0

» TKE source terms are computed using TKE from previous time step:

STO = K (%) = LOxPy/ef (%),

t0 t0 (p/2\1 _ t0 t0 /[ _t— 2\t~
0 marks the current time-step and index '~ marks the previous time step
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Partial equilibrium computation of the TKE source terms:

Stable stratification with strong wind shear

» Solution: the TKE source terms are partly computed from TKE equilibrium conditions:
ST = (Reqg Kij + (1 — Req) Km) S2,
BT = (Req Kii + (1 — Req) Kuy) N2,

> KpjandK[ can be taken from current first order scheme, or they can be computed

consistently from equilibrium TKE, ék:

» can be taken from current first order scheme
» or they can be computed consistently from equilibrium TKE:
€ = & L2 (xs — GogsRi) S?

Req = 0.5 is a calibration constant
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Combined summer and winter one-month period TCO399:

RMSE TKE scheme versus operational

evaluated against their own analysis:

shaded boxes for confidence boundaries: * 95%  50%/95%
| n.hem s.hem

95%/99.72

improvement

Spinup up to 2 days QD

Tropics: degradation of Q]
T100(3%) and VW100 (2%)

VW850 and T850

evaluated against observation:

shaded boxes for confidence boundaries: ® 95% = 50%/95%  95%/¢
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TKE scheme: PBL wind evaluation

Surface RMSE vs obs. — TCO1279

- improvement of 10ff (~1.5%), neutral scores for t2m, t2d, and tcc

10ff 00utc T+48 rmsef[m/s] (iha3 - i9sf)

10ff 00utc T+48 rmsef[m/s] (iha3 - i9sf)

ﬁ 10ff 00utc T+48 rmsef[m/s] (iha3 - i9sf) i ;
5-025 M -025-01 05 0 0.05-0.1 | ] | | 0.5

=T ]

Low level jet in stably stratified
GABLS 4 case
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TKE scheme : fog evaluation on TCO1279 q

with hourly station data (Dec. 2022)

Overall improvement in fog (visibility <1km) detection:

I
POD 15.927 f__[;[

FAR 71.650 g
ETS 13.104 g[

Visibility,
12.9.2022 6UTC

Thanks to Ivan Tsonevsky for data

17.773

70.854

14.575

_Equitable threat score: TKE-control (Dec.2022)
e L] e g

Le%%fals'e gﬁrm Db



e Evaluation:

* Overall large-scale scores show slight improvement at
TCO399 compared to the operational setup

* Improvementin T, VW, and Z at 850 hPa and 700 hPa

* Tropics: a slight degradation at 100hPa of T (3%) and VW
(1%), and TD (1.5%)

« Qverall improvement in Europe

« Acceptable representation of StCu regions

* Low level jet (LLJ) representation improvement
* Fog representation improvement

* Interaction with deep convection
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TKE scheme : Interaction with deep convection

- Increase of turbulence length scale (L) in deep convection cloud (ALMAVX — maximal L in cloud)

SCM case — TWPI_CE: clouq cover evoluti_on:
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Sensitivity to DC
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- additional transport
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TKE scheme : precipitation in Tropics

(TCO1 279) Precipitation distribution:

0.25

tropics, 0.1x0.1°, daily

0.20 A

0.15 A

pr*f(pr)

0.10 A

0.05 A

0.00 Tr——————

Sensitivity to DC
interaction (ALMAVX)

— TKE
—— no deep
- no deep,TKE, ALMAVX=200

—— TKE, RCBMF(x7)
- TKE, ALMAVX=100, RCBMF(x7)

RCBMF(x7)

TKE, ALMAVX=200, RCBMF(x7)
IMERG

Thanks to Tobias Becker

pr [mm/day]
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TKE scheme : precipitation in Tropics (TCO1279)

Cluster size distribution:

3.0

frequency * size
(]
wm
1

TKE, avg: 20.7

no deep, avg: 11.5

no deep, TKE, ALMAVX=200, avg: 12.9
RCBMF(x7), avg: 19.9
TKE, RCBMF(x7), avg: 20.3
TKE, ALMAVX=100, RCBMF(x7), ayg: 22.0
TKE, ALMAVX=200, RCBMF(
GPM IMERG, ayd: 26.5 2~ >

Sensitivity to DC
interaction (ALMAVX)

1.0 - . \
05 / /\®
0.0 A
10° 101 102 103 104

Thanks to Tobias Becker
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Additional slides
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Waves in StCu region - Geopotential and relative tclw (compared to domain mean) — Tco399
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Waves in StCu region - Geopotential and relative tclw (compared to domain mean) — Tco1279
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Animation (1 hour time step) of tclw, relative tclw, and tcc — Tco399 vs Tco1279

tciw it tciw
2022-06-09 T+ Oh. tclwMean: 0.030 , STD: 0.040
EXP: icdp [control Tco1279] (49r1.0 Tco1279)

2022-06-09 T+ Oh. Diff tclwMean: 0.000 , STD: 0.067
EXP: icdp [control Tco1279] (49r1.0 Tco1279)
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A Tco399 control experiment
Color shades show clwc

Black shading is the geopotential
Blue line is tclw

Arrows are wind vectors parallel
to the cross section (vertical

velocity is scaled by 50)
Vertical coordinate is the model

level
Vertical cross-section along —21 deg latitude
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2022-06-09 1+45n. ciwc Mean: 0.000. S10D: 0.000
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Vertical cross-section along —21 deg latitude

2022-06-09 1 +45h.ciwc Mean: 0.000. S10D: 0,000

A Tco399 control experiment
Color shades show the departure
of clwc to cross-section mean

Black shading is the geopotential

Blue line is tclw
Arrows are relative wind vectors

parallel to the cross-section
reference is cross-section mean

wind vector)
Vertical coordinate is the model

(vertical velocity is scaled by 50,
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