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Introduction
°

Plan

. Address the link between mesoscale vertical velocity and convection at
microscale (LSM)

. Evaluation and improvement of turbulence parameterization in
convective clouds (km scale)

. Improvement of water mass conservation in AROME
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Hadley / midlat.
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"As an ascent occurs at mesoscale, if the atmosphere is
vertically stable, the ascent is quite uniform horizontally, and
| if the atmosphere is vertically unstable, the ascent occurs
preferentially in the convective ascents at microscale."
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Parameterization
°

Implications for parameterization

"As an ascent occurs at mesoscale, if the atmosphere is vertically stable, the ascent is quite
uniform horizontally, and if the atmosphere is vertically unstable, the ascent occurs
preferentially in the convective ascents at microscale."

Classical approach: a,w, + (1 — ay)we =0
Proposal: define these vertical velocities as absolute ones, a,wy, + (1 — ay)we = W

In the convective updraft, vertical velocity has 2 sources : subgrid ws and resolved-scale w,

this leads to : w, = ws + YW, avec 1 < v < .

Ft_WE:au[Ws‘l'(’Y_1)W](1/}u_¢e)




Introduction Hadley / midlat Parameterization

NH simulation Perspectives

Resolved w in the PCMT convection parameterization
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Meso-NH simulation
°

Meso-NH LES simulation

m Meso-NH : 500 m resolution, biperiodic, non-hydrostatic, anelastic model.

m ldea : use an idealized case to address the impact of a mesoscale forcing on
convection.

m Question: which impact has mesoscale vertical velocity on convection intensity
at microscale 7

m Question: which (v) fraction of the mesoscale ascent occurs in the updrafts at
microscale 7

m Quantify the link between this fraction « and vertical stability.

m = Reuvisit the Derbyshire et al. 2004 case.
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Meso-NH simulation

z (km)

Derbyshire et al. 2004 case

Profils de rappel Derbyshire et al. 2004
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Introduction Hadley / midlat Parameterization Meso-NH simulation Perspectives
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Meso-NH simulations of the D2004 case

w niveau 10 de EIRH70_NP.DER70.1.EXP02.022.nc
Grille 130 x 130, échéance = 23.00 h
Min=-7.66 Max=2.68 Moy=-1.47E-3 Ect=0.425 Rcm=0.425

Derbyshire et al. QJRMS 2004 case.
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Introduction Hadley / midlat

Parameterization

Meso-NH simulation

Perspectives

2 (km)

Idealized mesoscale forcing

Simulation zon.EIRH70_FRONT.70.YZVWF.dta

Coupe méridienne MNH en moyenne zonale et temporelle ; couleur: forgage de v ; fleches: v et w
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Introduction Hadley / midlat Parameterization Meso-NH simulation Perspectives

Meso-NH D2004 simulations with forcing

Grille 130 x 130, échéance = 5.50 h Grille 258 x 258, échéance = 36.00 h
Min=-4.74 Max=4.99 Moy=1.03E-3 Ect=0.443 Rcm=0.443
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Introduction Hadley / midlat Parameterization Meso-NH simulation Perspectives
o] [e]e) [e]e] 00000e o]

Vertical velocity diagnostics, ascending and descending
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Perspectives
°

Conclusions / Perspectives

m The link between convective intensity and mesoscale vertical velocity is
explored with parameterizations and explicit simulations.

m A significant part of the mesoscale ascent occurs inside convective updrafts =
changes the mass conservation paradigm in convective parameterizations :
convection no longer closes the mass budget.

m First ARPEGE tests with the PCMT scheme are encouraging. = Will be
tested in the Tiedtke-Bechtold scheme, which is now the operational
convection scheme in ARPEGE.

m Quantitative study of the link between (i) mesoscale forcing (ii) vertical
stability <= and convection is under progress = revisit the Derbyshire et al.
2004 case in adding a mesocale non-convective forcing.

m Synergy between parameterizations and LES studies.
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Limited-Area Models for Numerical Weather Prediction

* Explicit representation of convective motions T
18 4 - [ wims
* LAM with kilometer-scale resolution (3km—1km) | w -
- COSMO, UKV, HARMONIE, JMA, ... = 2

* At Météo-France: AROME

[ wims]

height [km]

* No deep convection scheme

* Still need a shallow convection scheme
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Interaction betwen convection and turbulence

Turbulence: extensively studied in the atmospheric boundary layer
Convective clouds associated with strong turbulence: instabilities, updraft, downdraft, gravity waves ...

- ldealized Large-Eddy Simulations of deep convection
- Characterization of turbulence inside convective clouds, not enough subgrid turbulence Verrelle, Ricard, Lac, 2015, 2017

QJRMS
Objective: Evaluation and improvement of turbulence parameterization in Cloud-Permitting Models o(1km)
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LES of deep convective clouds

ﬂonfiguration with Meso-NH:\

% _ 1 O(pdreseti) _u,—,aui- i g N 17} © Lel/? de - e3/2
1.5 order 3D turbulence scheme: ot Pdref 8:6]- i jaxj gwef 3%v Pdref 6:67- TPdref axj T
prognostic TKE (Cuxart et al, 2000)
with Deardorff mixing length X
Dynamical Thermal Dissipation

One-moment microphysical scheme: production production
ICES3 (ice, cloud, rain, graupel, snow)

Lac et al 2018 GMD

Meso-NH

mesoscale non-hydrostatic model
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LES of deep convective clou

ﬁonfiguration with Meso-NH:W
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LES of deep convective clou

ﬂ:onfiguration with Meso-NH:W

Oc_ 1 Apwesem)| ror0| | g qoprl 10 par ey o @
1.5 order 3D turbulence scheme: ot Pdref 31]. i “731]- ‘gwef 37 Pdref 6;,»]. dref (933]- T
prognostic TKE (Cuxart et al, 2000)
with Deardorff mixing length X
. ) Dynamical Thermal Dissipation
One-moment microphysical scheme: production production
ICES (ice, cloud, rain, graupel, snow)
‘ Cloud contour (ri + rc > 0.001 g/kg) ‘
\wwlwww’lwwwl.“I
- = ~—  Lacetal 2018 GMD A &5 ﬁ L Wmsl LES: Ax=Ay=Az=50m
Meso-NH TR A2
mesoscale non-hydrostatic model 28
24
20
. C Hie
r Initial conditions: w £ i
= L H4
Unstable conditions from: [ _°1
(Weisman and Klemp, 1982) -2
Moderate wind shear - Zi
5
-6
o N
-8
90 95 100 105 110 115 Verrelle, Ricard, Lac 2017 MWR
x [km] 30 km [a

A A A N . METEO
Horizontal cross sections of vertical velocity (m/s) at 6 km AGL t=175 min FRANCE




LES of deep convective clouds Ax =50 m

Vertical cross sections of vertical velocity (m/s) t=175 min Streamlines t = 175 min
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Characterization of turbulence inside convective clouds

y [xm]

* LES: reference simulation (50-m grid spacing)

| LESfield: w (50 m) |
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Characterization of turbulence inside convective clouds
* LES: reference simulation (50-m grid spacing)

. fColanputation of reference fields at coarser resolutions Ax (500m, 1 km, 2 km) by averaging LES
ields

*  Mean filtering by boxes of size Ax (Honnert et al. 2011, Shin and Hong, 2013, Moeng 2014 ...)

Filtered field: w2X~1km Computation of terms at Ax:
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Characterization of turbulence inside convective clouds

¥ Ixm)

Computation of reference fields at coarser resolutions Ax (500m, 1 km, 2 km) by averaging LES

LES: reference simulation (50-m grid spacing)

fields

Mean filtering by boxes of size Ax (Honnert et al. 2011, Shin and Hong, 2013, Moeng 2014 ...)
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Characterization of turbulence inside convective clouds

* LES: reference simulation (50-m grid spacing)
*  Computation of reference fields at coarser resolutions Ax (500m, 1 km, 2 km) by averaging LES

fields

*  Mean filtering by boxes of size Ax (Honnert et al. 2011, Shin and Hong, 2013, Moeng 2014 ...)

Filtered field: w2X~1km
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Characterization of turbulence inside convective clouds

Vertical cross sections: vertical heat flux computed from the LES at different Ax (500 m, 1 km and 2 km) at t=175 min
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Characterization of turbulence inside convective clouds

Vertical cross sections: vertical heat flux computed
X . . ; I

m) at t=175 min
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Characterization of turbulence inside convective clouds

Vertical cross sections: vertical heat flux computed
e : : . . ;

T
() -

from the LES at different Ax (500 m, 1 km and 2 km) at t=175 min
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Characterization of turbulence inside convective clouds

Z [km]

| w’b’{l

Vertical cross sections: vertical heat flux computed
L =L = L L 1

from the LES at different Ax (500 m, 1 km and 2 km) at t=175 min
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- coherent structures in the updraft

- nonlocal turbulence, analogy with the boundary layer PRaNce
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Evaluation of turbulence parameterizations

Off-line evaluation: computation of parameterized fluxes from the LES at Ax - w’ 9{

wd " = qbl _ﬁ) Y '!
Cuxart et al, 2000 36',,9 Oz
CBR scheme
iy _ — a0,
L mixing length of Bougeault-Lacarrere 1989 based on K gradient: 1w’ 6! —K 8_
z
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Evaluation of turbulence parameterizations

Off-line evaluation: computation of parameterized fluxes from the LES at Ax - w’ 9{

wd " = qbl _ﬁ) Y '!
Cuxart et al, 2000 36',,9 Oz
CBR scheme
iy _ — a0,
L mixing length of Bougeault-Lacarrere 1989 based on K gradient: 1w’ 6! —K 8_
z

gt 08T 0wt 00, "
dx Oz N dy Oy )

ow 00, N ow 06,

dx dr ' dy dy

_AI
w0 = Ca.(
Moeng et al, 2010

based on product of horizontal gradients: w'0) = C'(—=—

related to a mass flux (Moeng, 2014), Leonard terms
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Evaluation of turbulence parameterizations

Off-line evaluation: computation of parameterized fluxes from the LES at Ax - w'r/,

P
—A, 2 —A, . A Ot
wry, T =—g5—¢ L ef;}L
Cuxart et al, 2000 3C,, T 9z
CBR scheme
— OTrp
L mixing length of Bougeault-Lacarrere 1989 based on K gradient: '’ Tnp - 8_2

w'r! Ay — C‘ (8?1‘ amlﬁ + GEAI amAI)

np Ag ar or 37} 8?1'
W Iy | OW 6m)
dx O dy Oy

Moeng et al, 2010
based on product of horizontal gradients: " :r";w =(C(—

related to a mass flux (Moeng, 2014), Leonard terms
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Evaluation of turbulence parameterizations

- Off-line evaluation: using LES fields at Ax = 1 km (Verrelle, Ricard, Lac, 2017 MWR)

Mean vertical profiles inside convective clouds at t=175 min
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- Kgrad underestimates these two fluxes compared to REF
- Hgrad increases these two fluxes and represents the positive heat flux in mid-troposphere
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Evaluation on real cases: HyMeX campaign over the Mediterranean area

y [km]

* Evaluation on IOP6 (24 September 2012)
« convective system: triggering over the Massif Central
* a convective line develops, fastly moving eastward

* heavy rainfall over the Massif Central and South Alps (more than 150 mm/24h)

Brightness temperature (K) 7:00 UTC
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Turbulence inside convective system

20.00 m2s? 20.00 m?s?
Kgrad (Ax = 500 m) Tke 15.00 Hgrad (Ax = 500 m) kg 15.00
7 LN T 10,00 < - 10.00
700 f{ WA S 9.00 700(/™} 9.00
; 8.00 ; 8.00
600 7.00 600 7,00
6.00 6.00
500 5.00 500 5.00
£ 4.50 4.50
£ 400 4.00 400 4.00
™ 300 350 300 3.50
3.00 3.00
200 2.50 200 2.50
2.00 2.00
100 150 100 1.50
1.00 1.00
% 200 400 600 800 Tooo il %>° % 200 400 600 800 Tooo [O>°
X [km] 0.05 X km] 0.05
0.00 0.00

Subgrid TKE and cloud (gray shading) at 8000 m AGL - 10 UTC (24 September 2012)
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Turbulence inside convective system

20.00 m2s? 20.00 m?s?
Kgrad (Ax = 500 m) Tke 15.00 Hgrad (Ax = 500 m) kg 15.00
7 LN T 10,00 < - 10.00
700 f{ WA S 9.00 700(/™} 9.00
; 8.00 ; 8.00
600 7.00 600 7,00
6.00 16.00
500 5.00 500 5.00
£ 4.50 4.50
£ 400 4.00 400 4.00
™ 300 350 300 3.50
3.00 3.00
200 2.50 200 2.50
2.00 2.00
100 150 100 1.50
1.00 1.00
% 200 400 600 800 Tooo il %>° % 200 400 600 800 Tooo [O>°
X [km] 0.05 X km] 0.05
0.00 0.00

Subgrid TKE and cloud (gray shading) at 8000 m AGL - 10 UTC (24 September 2012)
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Turbulence and vertical velocit

E
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12

inside convective systems

Mean vertical profiles inside convective clouds between 21UTC 23 September and 10 UTC 24 September 2012

Hgrad (2 km)

— Kgrad
— Hgrad

0.2 0.4 0.6

Subgrid TKE (m?s?)

0.8
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14 — Kgrad
12

10

— Hgrad

Kgrad (2km)

g.S 6.0 6.5 7.0 75 8.0 8.5 9.0 9.5 10.0
Vertical velocity (W >5ms?)

- more subgrid TKE with the Hgrad run compared to the Kgrad run
- less intense vertical velocity in updraft cores (W > 5 m/s)

- better balance between resolved and subgrid parts
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Implementation and test in AROME
Dynamics 3D  Physics 1D

Gallego, Ricard,
Honnert ... 2022

::::::::.;:,», =

Difficulties:
|

1/ computation of horizontal gradients

» 1D physics

* Computation of in the dynamical part - physics
Honnert and El Khatib, 2020

 Different variables between dynamics (from ARPEGE/ALADIN) and physics (from Meso-NH)

-
u, v, d41 T, qv; qis e, 4, u, v, w, e, Iy, Fiy Fey I'ry syl
995 P TKE
vertical coordinate: n vertical coordinate: z

- Change of variables:

Vigz, VT, VP — Vyrg, V0 %]7’, a%’n N %’Z a%’z

K-gradient term Leonard term (Hgrad)
2/ Stability problem st 9 (0 | Ki(Ae)? 9 (Owds” L OwI0sH (O]
At 0z 0z 12 0z \ Ox Ox dy Jy METEO
FRANCE

- combined approach:




Evaluation with AROME: turbulence inside the clouds over SE F

Combined approach

K-gradient only

((((((((
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Vertical cross section: subgrid TKE (shading) and cloud contours - 20 UTC (25 September 2021)
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- more subgrid TKE with the Leonard terms run (combined approach) compared to the K-grad run ]
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Evaluation with AROME: fuzzy scores over 1 — 30 September 2021

AROMEGGU6 / AROMEGGLQ du 20210901 au 20210930 (30 runs) Réseau de 00 h Echéances 6 a 24 heures
ref BDCLIM (precipitati et rafales) d ine FRANCE voisi :52.8 km
Indicateur AROMEGGUS (val0.680) — — Indicateur AROMEGGLAQ (val:0675)

I FXI6 AROMEGGUS Il RR6 AROMEGGUS BTPG(240,250,260K) AROMEGGUS

I FXi6 AROMEGGLQ [l RR6 AROMEGGLQ BTP6(240,250,260K) AROMEGGLQ
1.
0.
08

0.752.0.75(
0.712.0.72
0.7+
==UOO UG5,
0.611,0.61

% 0564057
0.5
0.4 Z
03
0.2
0.1

FXI6(40km/h) RR6(0.5mm)  RR6(2mm) RR6(5mm) BTP6
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- slight better scores for wind gust and precipitation for the combined approach compared to K-gradient METEO
FRANCE




Semi-academic 3D AROME tests to verify mass conservation

Small domain: 48x48x90 points @1250m, setup and coupled with AROME-oper
Start with qc=0=0:=0s=0¢=0 except in (24,24,2000m) : q=1g/kg

Microphysics off except sedimentation.

Turbulence and shallow convection off.

Forecast term = 40 time steps (dt=50s)

* Flat domain (Zs=0 m)

+ T=280K,U=V=2m/s
* Hydrostatic dynamics

60 km

Qr =1 g /kg ggg-}ll and colleagues

60 km
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Semi-academic 3D AROME tests to verify mass conservation

ratio versus initial state

Time evolution of total water oper_w2rain1T280_0

— am
— surf

— alt+surt
— wolume>1E-5

[ 5 0 15 20 25 30 3 40
nb of time step

/compensated by numerical diffusion)
»

Total water: +50 %
(not so extreme if initialisation on N >
1 points, in real oper cases, partly

\

mass conservation

Cumulated surface rain (mm)
JER—
- Problem in mass conservation
fixed by changing Semi-Lagrangian
interpolators

ratio versus initial state

Seity and colleagues
2021

Time evolution of total water lintlin_w2rain1T280_0

— am
— surf

— alt+surf

— wolume>1E-5

-

w

N

Sl

4 H 1

15 20
nb of time step
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Test on real case: 25 July 2018 (RR24

(min: 0.000E+00 // max: 9.999E+03)

u New version: Seity and colleagues

2021
Improvement of rain forecasts in diurnal convection cases

No longer nessary to use Semi-Lagrangian Horizontal Diffusion (SLHD) on hydrometeors
Operational in AROME since last June with equivalent global scores and a better e
representation of diurnal convection METEO

FRANCE




Conclusion

* Characterization of turbulence from reference LES
* strong subgrid TKE inside convective clouds
= countergradient areas for turbulent fluxes due to coherent structures — nonlocal turbulence
» Off-line and online evaluations of turbulence parameterizations inside convective clouds
» K-gradient formulations not suitable: too weak subgrid TKE and too strong vertical velocity
Verrelle, Ricard, and Lac, 2015 Quart. J. Roy. Meteor. Soc.
* better representation with a parameterization based on horizontal gradients (Moeng et al, 2010)
* better vertical turbulent fluxes of heat and water mixing ratio
* better balance between subgrid and resolved parts
Verrelle, Ricard, and Lac, 2017 Mon. Wea. Rev. Strauss, Ricard, Lac, Verrelle, 2019 Quart. J. Roy. Meteor. Soc.
*  Online evaluation of a new turbulence scheme on real cases of deep convection
- evaluation on longer periods with scores and case studies in AROME
- first step towards a 3D turbulence scheme in AROME

- need for fine-scale observations of turbulence inside convective cloud

*  Mixing (turbulence and numerical diffusion) can be important also to improve QPFs

O]
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Conclusion

Najda Villefranque - CNRM

Thank you for your attention!
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LES of deep convective clouds
Gfiguration with Meso-NH: ﬁ M es o_ N H

1.5 order 3D turbulence scheme: prognostic TKE (Cuxart et al, 2000) with the Deardorff mixing length mesoscale non-hydrostatic model
Lac et al 2018 GMD

T

+ One-moment microphysical scheme: ICE3 (ice, cloud, rain, graupel, snow)

* No radiation scheme

* No Coriolis force

Skew-T Log-P diagram

Tropopause: -
Hodograph U, V (m.s™) RH =25 %
r Initial conditions: - — Linear decrease
) W e from the surface
+ Unstable atmosphere yaya
(Weisman and Klemp, 1982) _y W \
* Moderate wind shear R N\ Boundary layer :
j / n"’ ‘ i r, = 16g/kg
B e |

CAPE ~ 2800 J/kg

Surface fluxes:
LH 350 W/m?2
SH 200 W/m2




Structure: toroidal circulation
S | |
/

==

y= 2.25 km

K.m.s™

0.016

0.012

0.008

0.004

0.000

"~ “8H-0.004

—0.008

—-0.012

-0.016

1

flux u'8, (K.m.s*)
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LES of deep convective clouds
Generalization of previous results:

¢ =75 min Initiation stage Vertical cross Sfﬁtmlons of vertical velocity (m/s)
Strauss, Ricard, Lac, Verrelle 2019 QJIRMS ] -
T s - -
* New LES (50-m grid spacing): wnE RS T 23 @&y Suds b v o gliG:
« on alarger domain: 80x80 km? T s 'g?x.';ﬂ 2&@; £t ""?v.wa.,zrr.;w oo, ﬁ"‘iﬁe aﬁ‘;n 5
e during 4 hours: t =135 min

Maturity stage F‘j‘:”:m
Population of clouds at different stages '

«em)

« Off-line evaluation for vertical and horizontal thermodynamical fluxes and dynamical fluxes of 3 schemes:
H-gradient formulation MOENG  K-gradient formulation CBR  K-gradient formulation SMAG

o sL 2 Ri a—n Ax
’H;TfnpAm — —%D /max(0,1 — #);7”
r T T4

. a7 Ri Richardson number
Smagorinsky, 1963 TR i Pr Prandt! number O]
i np : D deformation tensor L
dx; FRANCE




Evaluatio f turbulence

REF LES Vertical pdfs at t=135 min
10° 10° —
. . I
" & Off-line evaluation w't; (m skg kg*)
12 » 12t 5
10 10
10| 10|
- 10° _ w  Thermodynamical fluxes:
o s Better distribution with Hgrad
107 107
2 2|
104 10
Esn =60
c) d)
10° 0
14
12} 107 [ {20t
10|
E 8 107 E 107
6
107 m,;
3 10% 10" [.]
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Evaluation of turbulence parameterization
‘ REF LES Vertical PDFs at t=135 min Hgrad MOENG

10° 10°

Off-line evaluation u'r}, , (m s*kg kg*)

10" 10" AX - 1 km

w? w  Thermodynamical fluxes:
Better distribution with Hgrad
Dynamical fluxes:

j - : w  Slightly better with Hgrad but
015 -0010 -0.005 0000 0005 0010 O 865 o010 -nn.n-a 000005 00T 15 better Variances Wlth CBR
1 kg kgt (ms'kg
& (mKSgr%(f ¢BR 4 Kgradq éMAG

O]
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8015 0010 -0.005 0000 0005 0010 0015 -0.015 -0.010 -0.005 0000 0005 0.010 0015 Ailuds




Turbulent fluxes inside convective systems

Mean vertical profiles inside convective clouds between 21UTC 23 September and 10 UTC 24 September 2012

14| — Kgrad 14 — Kgrad
— Hgrad — Hgrad
12 12
16 20 Hgrad (2 km)
Hgrad (2 km)

E 8 E 8

= =

N N

Kgrad (2km)

Kgrad (2km)

—%.12 —-0.10 —0.08 —-0.06 —0.04 —-0.02 0.00 0.02 (9,00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

wo' (Kms %) wr (kg kgt ms )
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@ — more intense subgrid turbulent fluxes the Hgrad run compared to the Kgrad run
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