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Dynamical core : primitive equations discretized on the sphere

" Mass conservation
Do/Dt + pdivU = 0
" Potential temperature conservation

DO /Dt = Q/Cp (po/p)x
" Momentum conservation
DU/Dt + (1/p) gradp - g +2 2 "U= F
" Secondary components conservation
Dqg/Dt = Sq
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Dynamical core : primitive equations discretized on the sphere

" Mass conservation
Do/Dt + pdivU = 0
" Potential temperature conservation

DO /Dt = Q/Cp (po/p)x
" Momentum conservation
DU/Dt + (1/p) gradp - g +2 Q2 "U= F
" Secondary components conservation
Dqg/Dt = Sq

Parameterizations purpose : account for the effect of processes non resolved by the dynamical core
— Traditional « source » terms in the equations

* (Q : Heating by radiative exchanges, thermal conduction (neglected), condensation, sublimation,
subgrid-scale motions (turbulence, clouds, convection)

* F : Molecular viscosity (neglected), subgrid-scale motions (turbulence, clouds, convection)

* Sq: condensation/sublimation (q= water vapor or condensed), chemical reactions, photo-
dissociation (ozone, chemical species), micro physics and scavenging (pollution aerosols,
dust, ...), subgrid-scale motions (turbulence, clouds, convection)



Tendencies

[ Model tendencies

The integration of a given prognostic variable X (T, ¥(u, v, w), p, p, Gvap) can be

written as :

Xivar =X + (i—f) At (dynamical core) (1)
: dyn
- (S_X) At (parameterizations) (2)
ot param

From model outputs

temp(t+dtphys)-temp(t)=dtdyn+dtphy

ovap(t+dtphys)-ovap(t)=dqdyn+dqphy
\ vitfulv](t+dtphys)-vit[u/v](t)=dudyn+duphy /

Physics time-step :
dtphys=daysec*iphysicl/(day_step), day_sec=86400




Temperature tendencies

S

Basic facts about parametrizations 1

Each parametrization : (1) works almost independently of the others;

(2) depends on vertical profiles of u, v, w, T, q and on some interface variables

with the other parametrizations ; (3) ignores the spatial heterogeneities
associated with the other processes (except for some processes in the deep
convection scheme).

The total tendency due to sub-grid processes is the sum of the tendencies due

to each process :

\

ST — (atT)tp = (3tT)eva =+ (atT)lsc 5 (atT)diff turb e (atT)mnv
+ (0T )wk + (BT )rh + (G:T)ajs
g o (aﬁT)l‘ﬂ-d T (atT)cer P (atjj)dissip

In the model, the total tendency of T for example is 0, T4yn + 0 Tparam
— dtdyn + dtphy, where :
dtphy = dteva + dtlsc + dtvdf + dtcon +

dtwak + dtthe + dtajs +

(dtswr + dtlwr) + (dtoro + dtlif) + (dtdis + dtec)

Output names

o t the same
as their name in
the source code !
physiqg_mod.f90



Specific humidity tendencies

Basic facts about parametrizations I1

— Similiarly, the total tendency of a given tracer g writes :

S‘;‘ = (815@'}50 = (aﬁQ)c—zva == (atQ')l:-;c T (8tg)diff turb + (atQqunv
+ (atQ}Wk + (at{I)T'h + (aEQ)ajs

In the model, the total tendency of g is therefore
a.lqd},rn G i an‘. param — dqdyn -+ dgphy, where :
dgphy = dqeva + dqlsc + dqvdf + dqcon + dqwak + dqthe + dqajs




Subroutine structure

E

' physiq__mod.F90 structure - I

Initialization (once)
phys  output  open

: conf phys, phyetatl,

Beginning change srf frac, solarlong
Cloud water evap. | reevap

Vertical diffusion (turbulent mixing) | pbl Huf:facral

=

Deep convection | confiz| (Tiedtke) or m (Emanuel)

Deep convection clouds clouds gno
Density currents (wakes) calwake
Strato-cumulus stratocu if

Thermal plumes | calltherm | and | ajsec| (sec — dry)

Large scale clouds caleratgs

Large scale and cumulus condensation ﬁerf-z.lp
Diagnostic clouds for Tiedtke diagcld]
Aerosols readaerosol  optic

Cloud optical parameters newmicro or nuage

Radiative processes | mdf-?mm|

In blue : subroutines and instructions modifying state

variables

X,

-

/

S

physiq__mod.F90 structure - IT

Orographic processes : drag [dﬁ‘ﬂg_ nore__strato | or

drag noro

Orographic processes : lift | iifi noro_strato | or

lift noro
Orographic processes : Gravity Waves .ﬁi‘iﬁ.es” quwd | or
GWD rando |

Axial components of angular momentum and
mountain torque : acorre bud

Cosp simulator phys cosp

Tracers | phytmc]

Tracers nﬂlnljne . phystokenc

Water and energy transport lransp
Qutputs

Statistics

Output of final state (for restart) phyredem
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Subroutine structure

E

physiq mod.F90 structure - I

Initialization (once)
phys  output  open

: conf phys, phyetatl,

Beginning change srf frac, solarlong
Cloud water evap. | reevap

Vertical diffusion (turbulent mixing) | pbl Huf:faml

=

Deep convection | confiz| (Tiedtke) or (Emanuel)

Deep convection clouds clouds gno
Density currents (wakes)  calwake
Strato-cumulus stratocu if

Thermal plumes | calltherm | and

E (sec = dry)
Large scale clouds caleratgs

Large scale and cumulus condensation ﬁerf-z.lp
Diagnostic clouds for Tiedtke diagcld]

Aerosols readaerosol  optic

Cloud optical parameters newmicro or nuage
Radiative processes IMI

n blue : subroutines and instructions modifying stat
In bl ubroutine d instruet nodifying state
variables

X,

-

physiq__mod.F90 structure - IT

Orographic processes : drag [dﬁ‘&g_ nore__strato | or

drag noro

Orographic processes : lift

ift noro strato|or

lift noro
Orographic processes : Gravity Waves hines quwd | or
GWD rando |

Axial components of angular momentum and
mountain torque : acar  bud

Cosp simulator phys cosp

Tracers | phytmcl

Tracers Dﬁ‘-—.HHE . phystokenc

Water and energy transport transp
Outputs

Statistics

Output of final state (for restart) phyredem

/
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Effect of subrid-scale transport <  Today

Coupling with surface <«

Clouds and radiation

~ Tomorrow




Radiation

| Radiation 1|

Subroutine : radlwsw

Tendencies :
dtswr, dtlwr Temperature tendencies due to solar radiation (SW = short wave,

and thermal infra-red (LW = long wave)

The total radiative tendency is the sum of the SW and LW tendencies.

Other variables
dtswl : clear sky SW tendency
dtlw( : clear sky LW tendency
tops : net solar radiation at top of atmosphere (positive downward)
topl @ net infra-red radiation at top of atmosphere (positive upward)
topsl), topl0 : same for clear sky

— sols : net solar radiation at surface (positive downward)
soll : net infra-red radiation at surface (positive downward)

— solsfl), soll0 ; same for clear sky

New variables : -
S[L]Wdn[up]TOA[SFC][clr] :
Short[Long]Wave

Downward[upward] radiative flux at
Top-Of-Atmosphere[Surface][clear-sky]

Z (Pa)

Cloud radiative effect (CRE) :
Old names : VAR - VARO
New names : VAR - VARCcIr

ferret

“use histhf.nc

“plot/thick=3/k=10:39 (dtswr[x=@ave,y=-
30:30@ave,l=@ave])*86400

~ plot/thick=3/k=10:39 (dtswr[x=@ave,y=-
30:30@ave,l=@ave])*86400

TWPICE case
dtswr*86400 dtlwr*86400

S N Y N
I
o000 — o 20000 —
40000 — F bbb b g 40000 —
— fa\ —
[
S
1 1 1 1 1 1 1 1 1 1 N
BOCOO— 1 L b BOOCD —
gooon— b P AL bbb 80000 —
1 1 II 1 1 1 1 1 1 1
100000 —_ + i 0 % % b a1 100000 —
N Y O O I
0.20 040 060 Q.80 1.00 1.20 1.40 —40  -2.0 2.0

K/day K/day




In physiqg.def (deepL translation)

HHHHHHH BRI H B R AR R R AR R AR AR AR
#
# Radiation
HHHHHHH R H TR AR AR A AR H R R R
#

# activation of the new RRTM radiation code

# 0: Old code and 1: RRTM (D=0)
iflag_rrtm=1

# Number of strips for SW. Set 2 if if iflag_rrtm=0
NSW=6

In config.def

#Radiative transfer code

#**************************

# added this flag to activate/deactivate the radiation (MPL)
# 0: no radiation. 1: radiation is activated (D=1).
iflag_radia=1

## Number of calls of radiation routines ( per day)
nbapp_rad=24



Today : Parameterization of subrid-scale motions

Reynolds decomposition
Turbulence

Boundary layer convection
Deep convection
Subgrid-scale orography



Today : Parameterization of subrid-scale motions

* Reynolds decomposition
Turbulence

Boundary layer convection
Deep convection
Subgrid-scale orography

Based on the Reynolds decomposition between
* large-scale/resolved/explicit variables (dynamical core)
* subgrid-scale/unresolved/turbulent fluctuations (parameterizations)

Reynolds decomposition

—

X: "average" or "large scale" variable — pvc =p (V+
X =pv/p : air mass weighted "average" = pV
X =X+ X' : X, turbulent fluctuation

—_— 85.5 N

Eii‘: + d]V (,OVC) — 0 —_— —_— —|— dw(p? E) + d]V (ﬁV’C’) = 0

: 1
% + v.grad ¢ = —Ediv (pv’c’) — —5 oz




Today : Parameterization of subrid-scale motions

Reynolds decomposition
Turbulence

Boundary layer convection
Deep convection
Subgrid-scale orography

Based on the Reynolds decomposition between
* large-scale/resolved/explicit variables (dynamical core)
* subgrid-scale/unresolved/turbulent fluctuations (parameterizations)

Reynolds decomposition

—

X: "average" or "large scale" variable — pvc =p (V
X =pv/p : air mass weighted "average" = QGVEe
X =X+ X' : X, turbulent fluctuation

—_— .

ap‘: +div(pve) =0 = — +div(pVvc)+div (EVICJ) =0

Dg/Dt = Sq




Turbulent diffusion : Mellor et Yamada

l. Turbulent diffusion or eddy diffusion

Boundary layer approximation (horizontal homogeneity)
+ eddy diffusion

oc Oc 1 0 oc
we "0z 7 ot poz (’0 8Z)

@ Analogy with molecular viscosity
(Brownian motion <> turbulence)

@ Down-gradient fluxes.

@ Turbulence acts as a "mixing"



Turbulent diffusion : Mellor et Yamada

Turbulent diffusivity

o Prandlt (1925) mixing length : K. = I[w/| or K, = I* 21

@ Accounting for static stability (Ex. Louis 1979)

> | OV 8 %
K. = f(Ri)l 5| In with Ri = 5 (af)z (1)
' oz

- —2
@ Turbulent kinetic energy w'™ ~ e = % [HIE 42 4+ w,vz]

88 — _wfnf@ oo vaf@ + 5

o Oz oz 0 p 0z 0z

In LMDZ : Mellor and Yamada (Yamada 1983 version, see also Vignon et al. publications)




Turbulent diffusion : coupling with surface

dc 1 OF.(z)
o p 0Oz
F:z > 0] = thgf

At surface :

Fe(z=10) imposed or

Fe(z=0) = pCal|V||(cs — 1)

Where c_ and c, are values of ¢ at the surface and in the first model layer respectively



R R H R R H R H R R R R R R R R R H R R R R R R

# Turbulent boundary layer In physiq.def (deepL translation)
e s e e

# New version of Mellor and Yamada
new_yamadad=y

# Choice of numerical scheme for new_yamada4=y
# 1 MAR diagram. Good for stable CL but destroys the stratocus.
# 5 MAR schema modified. Precaunise.

yamada4 num=5

# Stable boundary layer control flag
iflag_corr_sta=4

# min on the surface stability functions
f ri_cd _min=0.01

# max of Ric for Kz. Larger decoupling for larger Ric.
yamada4 ric=0.18

# minimum mixing length for Kz
Imixmin=0

#shema of the surface layer (D:1, 1:LMD, 8:Mellor-Yamada)
iflag_pbl=12

# Thresholds for turbulent diffusion
ksta ter=1e-07
ksta=1e-10

#ok_kzmin : Kzmin calculation in the surface CL (D: y)
ok_kzmin=n



Turbulent diffusion : practice

cd /LMDZ20211102.trunk/modipsl/modeles/LMDZ/BENCH32x32x39 ferret
~use histhf.nc

* shade/l=48 sens
“go land 1

Sensible heat flux at 12h GMT on January 2nd

a0

40%

—-1za

—189

- 203

—244

LATITUDE
&

— 280
-370
40°5 _ 380
—400
—440

ants — 450

—aza

100 o 100°E
LOMGITUDE

W/ m2



Turbulent diffusion : practice

Vertical diffusion |

ferret
Tendencies : X: use histhf.ns
dtvdf, dgvdf, duvdf, dvvdf > shadel/l=48 dtVdf[k=@maX]*864oo

Other variables ~go land 1

— sens : sensible heat Hux at the surface [positive upward)

Subroutine : pbl surface

Then choose a relevant location like for

evap : water vapour Hux at the surface (positive upward)

~ flat : latent heat Hhux at the surface (positive downward) example :
- taux, tauy : wincd stress at the surface X:20/y:'10
145
BON 133
125
115
105

1D case study
40°N 2R TWP'ICE

* 5 My plots in
the following

LATITUDE
et

40°5

a0*s

100w o= 100°E
LOMNGITUDE

DTVDF*86400



Subroutine : pbl surface
Tendencies ;

divdl, dgvdl, duvdl, dyvvdl
Other variables

Turbulent diffusion : practice

[ Vertical diffusion |

— sens 1 sensible heat Hux at the surface |positive upward )

evap : water vapour Hux at the surface (positive upward |

Hat : latent heat Hux at the surface (positive downward)

taux, tauy : wined stress at the surface

dtvdf*86400

TWPICEcase  »

Z (Pa)

20000 —

40000 —

0000 —

20000 - |

0.0

20 40 60 80 100

K/day

fgrret
> use histhf.nc

“plot/l=48/thick=3/x=

dtvdf*86400

“plot/I=48/thick=3/x=

dqvdf*86400*1000

20000 —

40000 —

80000 —

Ldy=
Ly=

dq

100000 —

...Ik=10:39

.../k=10:39

vdf*86400*1000



he « thermal plume model »

(%eMone andPﬁane'IT‘ WR, 1976
AHS R &
u . ,9‘

243N Ag;

Organised turbulence/convection |

When the boundary layer is unstable

(upward > 0 sensible heat flux)

Still in the « boundary layer »

Above the « surface layer »

Often dominates vertical transport in

the « mixed layer » —

Often asscociated with cumulus

Represented in explicit simulations - Do e

(LES). Here at 8m resolution :) :)ob Lon e 2 . :) o L W T W i

e —




Boundary layer convection : the « thermal plume model »

Combinaison of turbulent diffusion with a « mass flux scheme » representing a
mean thermal plume or cell or roll

Potential temperature

initial
L final Heat flux ‘ ]
Separation into 2 sub-colums :
Zh
h ................................................. | T X :CEX“+(1 _Q)Xif
o 1= ascending plume of mass flux
; B Thermal Compensating
-'fi ......... e S ph.lrl‘lﬂ su 1d€l‘IL€ :
: JPc — QL PWy
‘ "
—'E N::_uthrz:l . % = e —d
(shghtly stable)
: mixed layer l i l l <
| affu
: e ed u{l : — €Cq — dll‘:u
\ 0z
I. Turbulent
— 1 Unstable diffusion
0 Sgurfacelayer | N N T -
0
dc
PK:.— _+“f (Cu — Cd) (9)




Boundary layer convection : the « thermal plume model »

(]
5 1IN L
e "R
o . Y - ¥
Updraught = € Slow compensating subsidence
R — vl %

d x

- Mass conservation

:—f = g — d where [ = opw
- - L] 2
Internal variables of the parametrization : _ _
: . . — Mass conservation of constituent 4
— w = mean vertical veloeity of ascending plumes 5
: i~ -
— a = fractionnal area covered by the updraughts o el
— ¢ = lateral input rate of air into the plume (entrainment ) ~ Equation of movement
— d = output rate of air from the plume (detrainment) afw 3 e
. : . — = —dl A
- ¢, = concentration of constituant g in the updraughts iz 2

Source term for the explicit_equations : - where B is the buoyancy :
Eam - 'E'I'v
g __‘a_-':'w o o
p oz — and the complex part lies in the expression of

and « :

Turbulent Diffusion - (“”%{ﬂi%_b})

Transport by the thermal plume model “~

Etc ...




T R T
# Convective boundary layer / thermal model In physiqg.def (deepL
T T TSt ) HHHHHH T

# Dry convection (D:0, 0:dry adjustment,=>1:thermal model)
iflag_thermals=18

# no splitting time for thermals
# TURNS BUT POSES MORE PROBLEMS THAN IT SOLVES
nsplit_thermals=1

# tau_thermals to have a time constant on the thermals.
# invalid
tau_thermals=0

# Flag controlling training and practice
iflag_thermals_ed=8

# We will look for the air at z * ( 1+fact_thermals_ed dz) to
compute

# training (A. Jam)
fact _thermals ed dz=0.07



Boundary layer convection : practice

Thermals and dry adjustment

Subroutine : calltherm
Tendencies :

dtthe, dqthe,duthe, dvihe fgrret _
“use histhf.ns

xx — — *
- dtajs : temperature tendency due to the sole dry adjustment . shade/l=48 dtthe[k—@max] 86400
— daajs : humidity tendency due to the sole dry adjustment ~go land 1

- & _th : fractional area of thermal plumes

Other variables

- d_th : detrainment

¢ th @ entrainment

f th: mass Hux
- w_th : vertical velocity in the thermal plume (m/s, positive upward)
- th: total water content in the thermal plume

zmax _th : altitude of the top of the thermal plume (m)

- fO_th : Thermal closure mass flux
(kg/m2.s)

LATITUDE
@

4075

805

1007w o 100°E
LONGITUCE

DTTHE[K=@MAX]*86400



Boundary layer convection : practice

‘_'-I"'-ﬁermai& aud-ary adjustment]

Subroutine : calltherm

Tendencies :

dtthe, dqtheduthe. dvthe

Other variables
dtajs : temperature tendency due to the sole dry adjustment
dgajs : humidity tendency due to the sole dry adjustment
a_th : fractional area of thermal plumes

r{_r]L s detralmment

f‘-_Hl ¢ entrainment l '
fth: mass flux B 1o
w_th @ vertical velocity in the thermal plume (m/s, positive npward)
= _ - 20000 —
(_th total water content in the thermal plume ;
zmax _th : altitude of the top of the thermal plume (m) _ _
- fO_th : Thermal closure mass flux |
v/ 2 40000 —| 40000 o
(kg/m2.s) ;
z = o 4
&L &L :
[ ! -l .
60000 - | 6ONDO — |
TWPICE case > e
gocoo | | aoooo o |
100000 —a, | 100000 — G

-12.0 —B8.0

ferret

“use histhf.nc
“plot/l=48/thick=3Ix=...ly=...Ik=10:39
dtthe*86400
“plot/I=48/thick=3/x=...ly=.../k=10:39
dqthe*86400*1000

dtthe*86400 dqthe*86400*1000




Deep convection : Emanuel scheme
Emanuel scheme

LNB

UNSATURATED

Detrainment

Entrainment

yvndraught

'| ;satu rated

H

saturated
draughts

Mixed

SATURATED
A\
h

\\

LCL




Deep convection : practice

Deep convection

Subroutine : conevl
Tendencies :

ferret
dteon, dgeen, ducon, dveon o .
Other variables . use histhf.ns
) ~ shadell=48 dtcon[k=@max]*86400

pluc : convective precipitation at the surface 2
go land 1
— ftd : temperature tendency due to the sole unsaturated downdraughts
fgd : moisture tendency due to the sole unsaturated downdranghts
- clweon @ condensed water of convective clouds
("in cloud" condensed water content)
— Ma : mass Hux of the adiabatic ascent
upwd : mass Hux of the saturated updraughts BO°N
— dnwd : mass flux of the saturated downdraughts
dnwd0 : mass Hux of the unsaturated d:}wndrnught {:prm-ipifm ing
downdraught) .
pr_econ | : vertical profile of convective liquid precipitation

— pr_con_i: vertical profile of convective ive precipitation

LATITUL

4073

8005

100 e 100°E
LONGITUDE

DTCON[K=@MAX]|*86400



Large scale condensation & evaporation : practice

Large scale condensation (evap & lsc)

Subroutines : reevap & fisrtilp ferret
Tendencies : & use histhf.nc
dieva, dgeva ; tendencies due to cloud water evaporation < plotll:48lthlck=3lx=ly= p|u|*86400

dtlse, dglse @ tendencies due to cloud water condensation
Total tendencies are the sums of the evaporation and condensation tendencies.

Other wvariables

- plul ; so called "large scale" or "stratiform" precipitation ; encornpasses both p|u|*86400
stratiform precipitation and boundary layer cumulus precipitation. |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
rneb ¢ cloud cover mm/day
pr_lse | : vertical profile of large scale liguid precipitation 60
pr_lse i: vertical profile of large scale ice precipitation
120, —
TWPICE case ————»
B0, —
40,
Ur =1 T T T T T | T 1 1

18 1% 20 21 22 23 24 25 26 27 Z8 23 30 1 2 3 4

JAN



R R R S R T R R R TR R R

# Convection In lghﬁyisig&def
HHHHHBHARHHHHHH AR R R R R R R
#Convection scheme switch
#(D:2, 1.LMD, 2:Tiedtke, 3:KE New Physics, 30:KE AR4)
iflag_con=3

#output level of energy conservation diagnostics
if_ebil=0

#maximum efficiency of cld water->precipitation conversion (D: 0.993)
epmax=0.999

#Convective entrainment mixing law (D:1, 0:AR4=flat PDF, 1=PDF)
iflag_mix=1

#weights of the bell shaped and flat PDF (used only if iflag_mix=1) (D: 1 0)
ggal=1
ggqa2=0

#reference fractional area of precipitating downdraughts,
# def = original: 0.01
sigdz=0.003

#flag for wb (= vert velocity at LFC);
# 0->wb=wbmax, 1->wb=f(plfc) bounded, 2->wb=f(plfc) linear, D=1
# Si iflag_wb>=10 : wbeff_min=iflag_wb*0.1
# wbmax : assymptotic value
flag_wb=50
wbmax=2.8



Deep convection : practice

Deep convection ‘

ferret
Subroutine : concyl Xo use histhf.nc
Tendencies : ~plot/I=48/thick=3/x=...ly=.../k=10:39
dteon, dqeon. ducon, dveon dtcon*86400

Other variables “plot/I=48/thick=3/x=...ly=.../k=10:39
plue : convective precipitation at the surface dqcon*86400*1000
- ftd @ temperature tendency due to the sole unsaturated downdraughts

fgel : moisture tendency due to the sole unsaturated downdranghts dtcon*86 400 dqcon*86 400*1000

{fl'l.’n"l._'t}ll i t'illl{]i"Il.‘:'-{‘l'] waler {illI l‘-(!jl\-‘l"i;l-i_‘f{.‘ I;']_Ulll'lh'

L] | [ Y N N
I "in cloud" condensed water q::'mr:rnr] T i | N i i i i i i
Ma : mass Hux of the adiabatic ascent b : R
upwi : mass Hux of the saturated updraughts 20000 —| - 20000 —|
dnwid : mass Hux of the saturated downdraughts
dnwdD : mass Hux of the nnsaturated downdraught (precipita N B
downdraught) A A
. X . T 40000 — — 4000 — L b Db
pr_con_ | : vertical profile of convective liquid precipitation P o
pr_t.'ull_i : vertical ]Jl'ufil{z of convective ice pl‘t‘n:i}}i[utiu]t = _ L =
[ [
S S
-1 -1 | |
60000 — ey GODOO — L Yy -
TWPICEcase  »
0000 —| - sooco— 1 b e
100000 — — 100000 — | | | | - | —
—40 —20 00 20 40 GEO -30 -2.0 -0 00



Deep convection : practice

Deep convection ‘

fgerret
Subroutine : conevl X: use hiSthf.nc
Tendencies : ~ plot/thick=3/x=...ly=... pluc*86400

dteon, dgeon, ducon, dveon
Other variables
plue : convective precipitation at the surface
ftd @ temperature tendency due to the sole unsaturated downdraughts

fgel : moisture tendency due to the sole unsaturated downdranghts
1

clweon : condensed water ol convective clouds /d pluc*86400
("in cloud" condensed water content) mmj/aay
| 1

Ma : mass Hux of the adiabatie ascent
upwid : mass Hux of the saturated updraughts 60, —
dnwid : mass Hux of the saturated downdraughts

dnwdl) ; mass Hux of the unsaturated downd raught {precipitat

\ 50. —|
downdraught ]
pr_con_ | : vertical profile of convective liquid precipitation =
pr_t'ull_i : vertical pruﬂl{z of convective ice pl‘t‘n:i]}i[utiu]t 40,

TWPICEcase — » 0. h

20, —

1N

D " T T T T T T T T T T T T | T T

18 19 20 21 22 23 24 25 26 27 28 29 A0 1 2 3
JAN




Density currents / cold pools | wakes

; #
Czated by reev o

jion of convective rainfall Trigger new conve

recipitating
owndraught

&




Density currents / cold pools | wakes
Simulated wake properties

HAPEX92: 21 Aug 1992 squall line case

. 3EEIEE

Bz

e

5283338

ar
A
L7

=k

TOGA-COARE: 22 Feb 1993 squall line c:

I

Prognostic variables
expressed like this :

iﬁﬁﬁ&ﬁﬁﬁ;ﬁgﬁﬁﬁﬁﬁgﬁgaﬁﬁ

Delta A=A - A




Density currents : practice

Cold pools (wakes)

Subroutine : calwake

Tendencies :

dtwak. degwalk

Other variables

- Alp wk ! lifting power due to cold pools

- Ale wk : lifting energy due to cold pools

— wake s : fractional area of cold pools

— wake T : cold pool height

— wape : WAke Potential Energy

- wake deltat : vertical profile of temperature difference T,, — T,
wake deltaq : vertical profile of humidity difference g, — q.

wake omg ; vertical profile of vertical velocity difference wy — we

wk for « wakes »
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Density currents : practice

Cold pools (wakes)

ferret
Subroutine : calwake < use histhf.nc
f:ﬂ_liﬂﬂflﬁf:]: “plot/l=48/thick=3/x=...ly=.../lk=10:39
e doualeseino
TRERES | “plot/l=48/thick=3/x=...ly=.../k=10:39
Alp wk : lifting power due to cold pools dqwak*86400*1000

Ale wk : lifting energy due to cold pools
wake s : fractional area of cold pools
wake 1 : cold pool height dtwak*86400 dqwak*86400*1000

wape : WAke Potential Energy I I Y O O

wake deltat : vertical profile of temperature difference T, 1% —
wake deltaq @ vertical profile of humidity difference ¢, — g,

wake omg ; vertical profile of vertival velocity difference wy, — w, 09007 2000097 4 4

40600 — 40000 — 1o b

wk for « wakes »

Z (Pa)
Z (Pa)

0000 —

TWPICEcase

BOODO — v v 0 0 o a0 iy

20000 — BOODO — 11l obr

— g
UL UL
~B.0-B.0 —40-2.0 0.0 20 4.0

g/(kg.day)




Density currents : practice

iCuld pools (wakes)

ferret
“*use histhf.nc
“ plotithick=3/x=...ly=... wake_h

Subroutine : calwake
Tendencies :
dtwak, nlqwat}{
Other variables
Alp_ wk : lifting power due to cold pools
Ale wk : lifting energy due to cold pools
- wake s : fractional area of cold pools
wake Tt o cold pool height
wape : WAke Potential Energy
wake deltat : vertical profile of temperature difference T, — T,
wake deltaq : vertical profile of humidity difference g, — g5
800, R T .

wake omg : vertical profile of vertical velocity difference wy, — we

GO, —

wk for « wakes »
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What drives deep convection : triggering and closure

. L Triggering (is convection active?) and closure (with which intensity?) are
based on sub cloud processes in LMDZ

It uses estimations of subgrid scale vertical velocity provided by the
Thermal plume model and the cold pool scheme

(Catherine Rio’’s PhD)

/ Available lifting energy \
ALE (J/kg) scaling with w'2,

— Triggering: max (ALE,,ALE_,) > |CIN]

Available lifting power
ALP (W/m?) scaling with w'3
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What drives deep convection : tri

-
P

ggering and closure

| Deep convection

Subroutine : conevl
Tendencies :
dteon, dgeon, ducon, dveon
Other variables
pluc @ convective precipitation at the surface
ftd : temperature tendency due to the sole unsaturated downdraughts
fqd ; moisture tendency due to the sole unsaturated downdraughts
clweon @ condensed water of convective clouds
("in cloud" condensed water content )
Ma : mass lux of the adiabatic ascent
upwd : mass Hux of the saturated updraughts
dnwd : mass Hux of the saturated downdranghts
dnwd0 : mass flux of the unsaturated downdraught (precipitating
downdraught )
pr_con_l : vertical profile of convective liquid precipitation

pr_eon_i: vertical profile of convective ice precipitation

\

The deep convection scheme
IS then coupled to 2 PBL
processes :

1. Thermals

2.Density currents (or
wakes or cold pools)

PBL

Shallow

convection

Density
Currents

Deep
convection




In physiqg.def (deepL
translation)
B

# Flags wakes
R

#Wake scheme switch (D:0, 0:AR4, 1:New Physics)
iflag_wake=1

#multiplicative factor of the damping by gravity waves, def: 4.
coefgw=4

#wake density = number of wake centers per m2, def: 8.E-12
#wdens_ref=8.E-12

wdens_ref o=1e-09

wdens_ref |=8e-12

# Ajustement convectif prealable au calcul des poches
ok _adjwk=y

# Prevent some crashes

# Filter out bad wakes
flag_wk_check trgl=n
iflag_wk_check_trgl=2
iflag_alp_wk_cond=1



Energy budgets

( N

Radiation II : Energy budget

Energy budget at the top of the atmosphere :
nettop = tops-topl = (SWdn-SWup) - (LWup-LWdn)

Energy input (received solar energy minus reflected solar and emitted LW energy)

Positive in the tropics, negative at the poles
Surface energy budget (from the atmosphere to the surface) :

bils soll + scls + sens + flat

Il

soll = lwdnsfc-lwupsfc (same for sols)

flat : latent heat flux (from the atmosphere to the surface)

Negative when there is surface evaporation

sens : sensible heat flux (from the atmosphere to the surface)
Positive when the atmosphere heats the surface (polar regions)
Negative when the atmosphere is heated by the surface (continents & oceans)

e ®

Trytodoit!




The parameterization of subgrid scale orography
in LMDZ

Mountains influence the dynamics of the atmosphere at different length scales:

- They force gravity waves that take angular momentum from the earth and
transport it through the atmosphere over long distances

- At large-scales mountains contribute to the steady planetary wave, to the storm
tracks, to the low-frequency variability

- F is the force exerted by an obstacle on a fluid

- The drag is the component of the force F that decelerates the fluid because it is
opposite to the wind

- The lift is the component of the force that modifies the direction of the flow but
does not decelerate it.



Outline

Drag controlled by gravity waves
Lift and forcing of the steady planetary waves

Why are gravity waves important for stratospheric circulation?

Why are planetary waves important for stratospheric
circulation?



1. drag_noro : drag controlled by
gravity waves

The Lott and Miller (1997) scheme treats the Subgrid Scale
Dynamics controlled by the Gravity Waves

Non-dimensional height of the mountain: H,=NH/U
H is the maximum height of the obstacle

- At small H,, all the flow goes aver the mountain, gravity
waves are forced by the vertical motion of the fluid

Tau the surface stress due to the gravity wave :

7 = pbGB(y)NUH?

- At large H, the vertical motion of the fluid is limited and part
of the low-level flow goes around the mountain for z<z,.
The surface stress is then: ; _ PCdebUZ



drag_noro

The scheme depends on 4 parameters Cy G, R, and z,

- C4 and G control the amplitude of the blocked-flow drag
and of the gravity-wave drag.

- R,c and z, control the vertical distribution of these drags.
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Freely propagating gravity wave drag
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2. lift_noro: The component of the force that modifies the direction of the flow

Pressure force acting on the mountain to the left due to the
background pressure gradient associated with the mean flow:

F=MVP Uf ; MV is the mountain volume

The lifting of the air over the mountain is balanced by the force »

acting on the mountain and then results in a push to the right
(Smith 1979).

Between the narrow ridges of a mountain air can be blocked
and separated from the large-scale flow.

A region of complex terrain acts as if it has a height larger
than the actual height.

A solution could be to increase the sizes of the mountains

In lift-noro the mean orography is kept and the missing forces are applied.



Conservation of potential vorticity for an adiabatic motion:
PV =L iF 4ty 80
dz

If the motion to the South or North is large enough, one can’t
consider that fis constant.

The mountain triggers a steady Rossby wave.




3. Why are gravity waves important for the middle atmosphere circulation?

The sources of gravity waves are orography, but also convective and frontal systems.
Gravity waves can propagate vertically and break.

The moment flux deposition due to gravity wave breaking is parameterized (for
example in hines_gwd).

This breaking affects the mean circulation in the stratosphere (Quasi-Biennal
Oscillation) and the mesosphere (changes in the zonal wind).
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In the mesosphere

-At 50 km in the stratosphere, there is a
maximum of Temperature at the summer pole

- Thermal wind: In January, u>0in the Northern
Hemisphere u<0 in the Southern Hemisphere

- But not in the mesosphere, because of gravity
wave breaking!

Gravity waves:
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4. Why are planetary waves important for stratospheric circulation?

-At 50 km in the stratosphere, thereis a
maximum of Temperature at the summer pole

- Thermal wind: In January, u>0 in the Northern
Hemisphere u<0 in the Southern Hemisphere

-But the meridional gradient of temperature is
less strong than what is expected by radiative
considerations.

- This is because of the Brewer-Dobson
circulation, linked to Rossby-wave breaking.
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