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Quick reminder : general equations

Dynamical core : primitive equations discretized on the sphere

" Mass conservation
Dp/Dt + pdivU = 0
I Potential temperature conservation
ST DB/Dit = Q/Cp (po/p)s
Sk P =  Momentum conservation
DU/Dt + (1/p) gradp - g + 2 QAU = F
" Secondary components conservation
Dg/Dt =S8q

(see yesterday's presentation by F. Hourdin)
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Parameterization = source terms

4 N

Atmospheric GCM equations

Primitive equations in pressure coordinates

r

Momentum equation :

8,5 +(7.¥,)7 + wd, 1 £ x ﬁp V,0

transport  Coriolis gravity ® = gz peopotential

Continuity equation : w = Ogp vert. velocity

3 f’p.ﬁ+ﬂpw =0

.

g = specific humidity

Component. conservation ; th = heating rate

from all diabatic sources

“

Ovq + ﬂ'.ﬁpq + wdyq

Thermodynamic equation :

i o -
h at9+v.v,,9+map9_

Sy, S, and Q. : source terms determined by the physical parametrizations
and the radiative transfer scheme :

planetary boundary layer, shallow and deep convection
— scattering and absorption by cloud droplets and crystals

K— drag due to topography. .. /




Tendencies

Model tendencies

The integration of a given prognostic variable X (T, ¥(u, v, w), p, p, gvap) can be
written as :

=

Xepar =X+ ( ;f) At (dynamical core) (1)
*/ dyn

ot
2y (S_X) At (parameterizations) (2)
ot param




Temperature tendencies

%

Basic facts about parametrizations I

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 :

N

+ (BT )wk + (@T)an + (0:T)ase

ST = (ﬁtT)tp = (atT)m =4 (atT)lsc + (atT}diﬁ turb T (atT)conv Q

+ (0T )eaa H{OD)ox)+ (BT )atosip E’O::Aa;rz.g?a

)rographic waves

|

In the model, the total tendency of T for example is 3;Tuyn + O Tharam
— dtdyn + dtphy, where : ~
dtphy = dteva + dtlsc + dtvdf + dtcon +

dtwak + dtthe + dtajs +

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

-

Output names

— Not the same

> as their name in

the source code !
physiq_mod.f90



Specific humidity tendencies

Basic facts about parametrizations 11

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

Sq = (atQ)w — (SEQ)eva T (atQ)lﬁc p (atQ)diﬂ' turb + (at"I)cunv
+ (0i@)wic + (B@)Tn + (0:0)ajs

In the model, the total tendency of q is therefore
019dyn + Oigparam — dqdyn + dqphy, where :
dgphy = dgeva + dqlsc + dqvdf + dqcon + dqwak + dqthe + dgajs




Subroutine structure

.

physiq mod.F90 structure - I

Initialization (once) : conf phys, phyetat(,

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

Vertical diffusion (turbulent mixing) | pbl surface

%

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

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

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

Large scale clouds calcratgs

Large scale and cumulus condensation | M
Diagnostic clouds for Tiedtke diageld]
Aerosols readaerosol optic

Cloud optical parameters newmicre or nuage

Radiative processes

In blue : subroutines and instructions modifying state

variables

.

4 N

physiq__mod.F90 structure - I

Orographic processes : drag [rimg_ noro__ strato | or

drag nore

Orographic processes : lift | liffi noro strato | or

lift noro
Orographic processes : Gravity Waves |ﬁmes guwd | or
GWD_ rando

Axial components of angular momentum and
mountain torque : acam  bud

Cosp simulator phys cosp

Tracers |phyi'.‘mr:|

Tracers off-line phystokenc

Water and energy transport transp
Outputs

Statistics

Output of final state (for restart) phyredem

% ¥
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Subroutine structure

~ N

physiq mod.F90 structure - I

Initialization (once) : conf phys, phyetat(,
phys  output  open

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

Vertical diffusion (turbulent mixing) | pbl surface
Deep convection | confiz| (Tiedtke) or (Emanuel)

Deep convection clouds clouds gno

Density currents (wakes)  calwake

Strato-cumulus strafocu if

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

Large scale clouds calcratgs
Large scale and cumulus condensation | _ﬁ.s-r'f-aiip

11111

Diagnostic clouds for Tiedtke diageld]
Aerosols readaerosol optic
Cloud optical parameters newmicre or nuage

Radiative processes | radlwsw

In blue : subroutines and instructions modifying state

variables

%, o

4 N

physiq_ mod.F90 structure - II

Orographic processes : drag [dmg_ noro _strato | or

drag nore

Orographic processes : lift | liffi noro strato | or

lift noro

‘ Orographic processes : Gravity Waves |.ﬁ.-aim:-:.s' guwd | or

GWD_ rando

Axial components of angular momentum and

mountain torque : acam  bud
Cosp simulator phys cosp
Tracers |phyi'.‘mc|
Tracers off-line phystokenc
Water and energy transport transp
Outputs
Statistics
Output of final state (for restart) phyredem

% ¥




Practice

cd /ILMDZ20181204.trunk/modipsli/modeles/LMDZ/BENCH32x32x39 ferret
> use histhf.nc

> shade/l=48 sens
>goland 1

Sensible heat flux at 12h GMT on January 2nd

a0

400
=124

=164

—200
_o40 - W/ M2

—28q

LATITUDE
<

—32Q
4075 —380
—400
—440

ants — 450

=324

100 o 100°E
LOMGITUDE



Turbulent diffusion

Turbulent diffusion

- Turbulent diffusion or "turbulent mixing" : transport by small random

movements. Similar to molecular diffusion.

8 8
Dq/Dt =S, ot S,= E}:(I{zé)

- Downgradient flux

- Prandtl mixing length : K, =1 |w]

[ : characteristic length of the small movements
w : characteristic velocity

Turbulent kinetic energy (TKE) : K. =1 /¢

De/Dt = f(dU/dz,df/dz,e,...)

Di/Dt = .. f

Shear  Bouyancy




Turbulent diffusion

-

Turbulent diffusion : numerics

¢ dy
e — 8,
dt e
\ qf:'r; — K.:s Hz l?
X @qlsrr = _dep

'mi.ﬁafii.
[;.'q'.i.
Pq,1

the whole atmosphere.

\suh-surface model.

r dH

%

Process : Turbulent mixing of moisture (g in kg/kg) and H = C T+gZ = Dry static energy , here conserved
potential enthalpy (H = C,8). P

Spatial discretization :

Implicit scheme, yields for the first atmospheric layer :

— =000 Water (left) and energy (right) conservation Diffusion
(Fluxes
Do = K.0.H : Went flux)
downward)
. : LRY"
| Polscr = ‘P:—:E!nsi{j?jf} <€ Surface fluxes
(3)
(moisture) Turbulent diffusion is the Only one
s g parameterization which « see » the surface
= Ki(gi — gi-1) (4)
= —Evap
Qs = A + By, 08 (5) First atmospheric layer

f.L'"q,l = Kl{ﬂ1,¢+£¢ = qsrf)

A and B are cofficient resulting from solving Eq. (4) over

Eqs. (5) are the mixed boundary conditions for the

H




Turbulent diffusion
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Turbulent diffusion : numerics

Spatial discretization :
midyq;
{j'q'.i
ﬁiq,l

the whole atmosphere.
Eqgs. (5) are the mixed

\sub-surface model.

Process : Turbulent mixing of moisture (g in kg/kg) and

potential enthalpy (H =
¢ dyg
E — 32@1;
4 qfi.‘, . Kzr?zq L
L ‘f’alsr[ — —F:-\?H[}I

C,9).
( dH :
—— = O.¢y
di
{ Fluxd
o = K.0.H positiye
downws

Implicit scheme, yields for the first atmospherie layer :

(3)
(moisture)
T ¢'¢]I,'i+1 = ';Eat;r,ii
= Kil@: — ¢i-1) (4)
= —Ewvap
50 = A + B, 10t
1,146t P (5)

ﬁf'q,l = Kl{@l,a-l—ﬁr, =, qzirfj

A and B are coflicient resulting from solving Eq. (4) over

_ .
L ¢ﬂ |Ei1"F ¢5Enﬁ {Psrf }

boundary conditions for the

P

01, 42,43, - .- - ,Un (time t)

l BL scheme
B

, K

l Soil scheme

Evaporation

l BL scheme

d1, 92, 43, - - - - ,qn (time t + dt)

A,




Subroutine : pbl surface
Tendencies :

divdl, devdl, duvdl, dvvdl
Other variables

— sens : sensible heat Hux at the surface {positive upward)
evap : water vapour Hux at the surface (positive upward )
— flat : latent heat Hux at the surface (positive downward)

— tAux, tauy : wind stress at the surface

LATITUDE

Turbulent diffusion : practice

Vertical diffusion |

80N

40°N

4075

8005

100w

ferret

> use histhf.ns

> shade/l=48 dtvdf[k=@max]*86400

> goland 1

Then choose a relevant location like for

example :
x=20/y=-10

DD
LOMNGITUDE

DTVDF*86400

100°E

145
135
1256
113
105

1D case study
TWP-ICE

- My plots in
the following



Turbulent diffusion : practice

| Vertical diffusion |

ferret
Tendencies : > use histhf.nc
At Bavde: Aurds, dvvae >plot/I=48/thick=3/x=...ly=.../lk=10:39
Other variables dtvdf*86400
sens : sensible heat Hux at the surface (positive upward) >P|0tl|=48/thICk=3/X=/y=lk=1039
evap : water vapour Hux at the surface (positive upward ) qudf*86400*1000

flat : latent heat Hux at the surface {}Jurih'i'l.'a* downward )

Subroutine : pbl surface

taux, tauy : wind stress at the surface

dtvdf*86400 dqvdf*86400*1000

20000 0L 20000 4 %

TWPICEcase  »

- 40000 g

= _ | L — |
[ )
[a [a
S’ S
- A -l
GOOOO — @ ¢+ v 0 0 a0 0000 — =
I D |
B0G00 — N 80000 — -
-
100000 —l (R > . —
T T T T T 1T 11
0.0 2.0 40 B0 80 100 0.0 40 80 120 180

K/day g/(kg.day)



Turbulent diffusion : practice

| Vertical diffusion |

Subroutine : pbl surface

Tendencies :

divdl, devdl, duvdl, dvvdl

Other variables
sens : sensible heat Hux at the surface (positive upward)
evap :
flat : latent heat Hux at the surface {:].JU:-iiTi".'E‘ downward )

taux, tauy : wind stress at the surface

Wmz_. ., .

water vapour Hux at the surface [positive upward )

ferret
> use histhf.nc

> plot/thick=3/x=.

> plot/thick=3/x=

-1*flat

Lly=
Ldy=

... -1*flat
... -1*sens

400, —

300, —

TWPICEcase

200, —

100, —

U . T T T T T

T
13 1% 20 21

22 23 24 25
JAN

26 27 28 29 J0 1 2 3
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Thermals

In a model column there are structures

of boundary layer scale

“The Thermal Model”:
Each column is split in two parts:
Ascending air from the surface and

subsiding air around it.

The model represents a mean
plume (the thermal) and a mean
cloud.



Thermals

N——

WX €
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Updraught = € Slow compensating subsidence
e e

d

il

-+

Internal variables of the parametrization :

— w = mean vertical velocity of ascending plumes
— a = fractionnal area covered by the updranghts

— e = lateral input rate of air into the plume (entrainment)

d = output rate of air from the plume (detrainment)

g. = concentration of constituant g in the updraughts
Source term for the explicit_equations :

Turbulent Diffusion

Transport by the thermal plums

—

- Mass conservation

:—f = ¢ — d where [ = npw
=
— Mass conservation of constituent 4
Ifqa
B0 T Ao
- Equation of movement
9 fuw
éf: = —dw+ apB
- where B is the buoyancy :
fa — 8,
B = g o
B
— and the complex part lles in the expression of ¢
and o :
e = fmazx (ll,%{a;"—ﬁ - IJ})
d =
model

Etc ...




Thermals : practice

Thermals and dry adjustulent.‘

ferret
Subroutine : calltherm > use histhf.nc
Tendencies : > plot/thick=3/x=...ly=... f0_th
dtthe, dgthe,duthe. 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
d_th : detrainment fo_th
¢ th: entrainment 0.40 -_ _—

f_th : mass flux
w_th : vertical velocity in the thermal plume (m/s, positive upward)

¢q_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)

TWPICE case >

0.0D T T T T T T T T T T T T T | T T T T T T
18 1@ 20 21 22 Z3 24 Zo 26 Z7 28 23 30 1 2 3 4 5 B 7

JAN FEB

Thermal closure mass flux (Kk’gl(mzs)



Thermals : practice

Thermals and dry adjustment

Subroutine : calltherm
Tendencies :

dtthe, dgthe,duthe, dvthe ferret )

Other variables > use histhf.ns

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

- a_th: fractional area of thermal plumes
- d_th : detrainment
e_th : entrainment
f th : mass tHux
- w_th : vertical velocity in the thermal plume (m/ s, positive upward)

- q_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
e

4075

a0's

1007 Qe 100°E
LOMGITUDE

DTTHE[K=@MAX]*86400



Thermals : practice

Thermals and dry adjustment|

subroutine : calltherm

Tendencies :

dtthe, 1[("'!1‘-.llll1'|l{'. 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
d_th : detrainment
I.‘_ﬂ'l :entralnment

f th : mass tHux

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)

TWPICE case S

Z (Pa)

ferret

> use histhf.nc
>plot/I=48/thick=3/x=
dtthe*86400
>plot/I=48/thick=3/x=
dqthe*86400*1000

dtthe*86400

40200 —

0000 —

20200 —

Z (Pa)

ly=...Ik=10:39
ly=...lk=10:39

dqthe*86400*1000

20000 —

40000 —

£0000 —

A0000 —




Large scale condensation & evaporation

Représentation des nuages Modéle « tout ou rien » :
g : concentration en vapeur d'eau Sig> q. maille nuageuse, sinon ciel clair.
qSat : concentration maximum a saturation
Si g> q._.: 2 | 1 i Toat
— la vapeur d'eau condense = nuage ‘ K
< 200 Lm >

On connait q et q. a I'échelle de la maille

— Fraction de la maille qouverte de nuages ?

Pt Modele « statistique » :

On suppose une distribution statistique de

S \Lq' dans la maille autour de g
9 Ygat qQ’

& A
P(qg) ki ——
! sat

- 200 L

q < -
P(q) |
Intervient dans Q
o] — condensation

— prise en compte des nuages dans le code radiatifs

q qsat q’

Paramétrisation simple : gaussienne o/ q = 20%



Large scale condensation & evaporation

Nouvelle paramétrisation de nuages couplée aux thermiques :

Utilisation d'une PDF bi-gaussienne pour la distribution d'eau totale sous nuageuse
Une gaussienne pour les panaches thermiques et une pour I'environnement
Comparaison des distributions prédites par ce schéma avec les distributions des LES

220. (X X - + 50 - = 500, o
2000 = — I i
@ Q© 400 - © 400, | —
o .- B El i
S 160 -3 S
= g =
= _ i 300, - 300. -
C c -
o0 ~ ()] - o — —
E g 200. - E 200, =
BO. — —
« - thermique 100, |
L a. - |

L L N s |

.80 —0.40 0.00 0.40

)
S
b3

800.

] . 400.
0O 0O OLEs
— — — Bony

—160  -1.20 0.00 0.40
(a) Se”V(g/kg ) ENVIRONMENT (C) SECAENT
81-GAUSSIAN
S A | | | |
5 - ARM | - BOM |
th |- 2400. — -
Senv 2000, 4 L
o B 0] 1~ -
= © .~ -
= > 1600. S —
= 2000 = = 9 _ -
o © ! - B

— — =]
—_— = —

I

c. I I bi-goussion " I | T T
0.0 B.O 0.0 4.0 8.0

(d) o 1-a (e) Fraction nuageuse (%) (fy Fraction nuageuse (%)




Large scale condensation & evaporation : practice

'Large scale condensation (evap & lsc)

Subroutines : reevap & fisrtilp
Tendencies :
dteva, dgeva ; tendencies due to cloud water evaporation

dtlse, dyglse @ tendencies due to cloud water condensation

Total tendencies are the sums of the evaporation and condensation tendencies.

Other variables

— plul : so called "large scale” or "stratiform" precipitation ; encompasses both

stratiform precipitation and boundary layer cumuolus precipitation.
rmeb : clond cover
- pr_lse_1: vertical profile of large seale liquid precipitation

- pr_lsc_i: vertical profile of large scale ice precipitation

LATITUDE

40°5

8075

ferret
> use histhf.ns
> shade/l=48 dtlsc[k=@max]*86400

> goland 1

100 [Vl 100°E
LONGITUDE

DTLIC[K=@MAX]|*86400+DTEVA[K=@MAX]*86400

145

135

125

115

105

9%

B

75

BS

BE

45

5



Deep convection : Emanuel scheme
Emanuel scheme

> Mixing

o
E r ~N
<L
a d
2 |k -
% Q S
Z m <5
=) S m =
@
.M 'S QD
a sl|es
gl|2c
© C
-uHc.uHIW.:lhl by
: e 1 0 N
O
o &
Tob AT
T U5
O 5 3
X = ©
M T
o) n o
=
<L
a d P
w L -
<
(/)]

LNB
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Deep convection : practice

Deep convection

Subroutine : concvl

Tendencies : ferret

> use histhf.ns
> shade/l=48 dtcon[k=@max]*86400

> goland 1

dteon, dqgeon, ducon, dveon
Other variables
plue : convective precipitation at the surface
— 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
upwid : mass Hux of the saturated updraughts B0°N
— dowd : mass Hux of the saturated downdraughts
~ dnwd0 : mass Hux of the unsaturated downdraught (precipitating

=]

downdraught) 40°N
pr_con_ | : vertical profile of convective liguid precipitation

— pr_con_i: vertical profile of convective ice precipitation

LATITULC

4075

8075

100w e 100°E
LOMGITUDE

DTCON[K=@MAX]*86400



Deep convection : practice

Deep convection

ferret

Subroutine : conevl > use histhf.nc

Tendencies : >plot/I=48/thick=3/x=...ly=...lk=10:39

lhﬂ'-ﬂIl. (l(ll'ﬂ]’l. II].IH.'I'.JII. {l‘r'l"t]ll dtcon*86400

Other variables >plot/l=48/thick=3/x=...ly=...lk=10:39
plue : convective precipitation at the surface dqcon*86400*1000

ftd : temperature tendency due to the sole unsaturated downdraughts

fgd : moisture tendency due to the sole unsaturated downdranghts dtcon*86400 dqcon*86400*1000

1.‘.I'|.’|'1 LY | R e P[]{}("I[.‘-’-['l’] waler {ZIJ_I l‘-(!jl_'q.-'l"l:'i i‘n.'{‘ L']UI Il'lh'

| | | | |
("in clond" condensed water content) o | ; Vo

a2 mass Hux of the adiabatic ascent

upwid : mass Hux of the saturated updraughts 20000 — — 20000 —|
dnwd : mass Hux of the saturated downdraughts

dnwd0 : mass Hux of the unsaturated downdraught (precipita

downdraught) A
: a : : g g 40000 — — 400004+ L A -
pr_con_ | : vertical profile of convective liquid precipitation
pr_t'ull_i : vertical ]Jl'uﬁlf: of convective ice pl’E'LZi].Ji[H['iU]L = _ L =
(o (o
St S
| . ] | | | H
BOG00 — > BOODO— 4 L 1 4 i} —
TWPICE case — »
80000 — - soopo— ¢ 0
100000 — 100000 — | | | | — |
—40 -20 00 20 40 B8O -30 -20 -1.0 0.0



Deep convection : practice

Deep convection ‘

Subroutine : conevl
Tendencies :
1|TE'-”I|. (l(i"ﬂfl. illl{'illl. ||.1|-".“.]ll
Other variables

plue : convective precipitation at the surface
ftd : temperature tendency due to the sole unsaturated downdraughts

fqd : moisture tendency due to the sole unsaturated downdraughts

ferret
> use histhf.nc
> plot/thick=3Ix=...ly=... pluc*86400

pluc*86400

\

i.‘.i'l.’n'i'ﬂ]_:l v G P[][](‘]l.“-l'fl water {:Ill l"l:”l_\'l"l:'i i‘n'{‘ l{]”l“lh' /d
("in cloud" condensed water content) mm a'y
i : y 1
Ia @ mass Hux of the adiabatic ascent
upwd : mass Hux of the saturated updraughts B0.
dnwd : mass Hux of the saturated downdraughts |
dnwd0 : mass Hux of the unsaturated downdraught (precipitat
\ 0. —
downdraught
pr_con_ | : vertical profile of convective liguid precipitation .
pr_von 1 : vertical profile of convective ice precipitation 40,
TWPICE case — »  =.- h
20, -
10, -
0, T

18

T
19 20 21 22 23 24 25 26 27 28 29
JAN




What drives deep convection : triggering and closure

Triggering

ALE = Available Lifting Energy ALE =

05 W Liftin

max,PBL a
2

Cold pool
t front Density current
. Wake

f—
7707 //’7 i
T~

Triggering criteria if ALE > |CIN| then
Emanuel scheme is activated

ALP = Available:Lifting Po

o R, oo
recipitating :'i“_..-;;_',_. =0.5 s W, |

.......
Egl
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hat drives deep convection : triggering and closure

Deep convection

Subroutine : conevl

Tendencies :

dtcon. dgeon, ducon, dveon

Other variables

pluc @ convective precipitation at the surface

ftd : temperature tendency due to the sole unsaturated downdraughts
fgd : moisture tendency due to the sole unsaturated downdraughts
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

dnwd : mass lux of the saturated downdraughts

dnwd0 : mass flux of the unsaturated downdraught (precipitating
downdranght )

pr_con_1: vertical profile of convective liguid precipitation

pr_con_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




Density currents
Simulated wake properties

HAPEX92: 21 Aug 1992 squall line case

2gs

g8

o 383

e

MIIETEL

TOGA-COARE: 22 Feb 1993 squall line c:

- E o
ml @
Prognostic variables =
expressed like this : ™ d e ——
DeltaA=A -A, o




Density currents : practice

Cold pools (wakes) J'

Subroutine : calwake

Tendencies :

dtwak, dgwak

Other variables

- Alp_ wk ¢ lifting power due to cold pools

- Ale_wk : liting energy due to cold pools

- wake_s : fractional area of cold pools

- wake h : vold pool height

- wape : WAke Potential Energy

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

wake omg : vertical profile of vertical velocity difference wy,, — w.,

LATITUDE

=

40°M

B80S

ferret
> use histhf.ns
> shade/l=48 dtwak[k=@max]*86400

> goland 1

w

20— Mo o om o~ e

1007%W oe 100°E
LOMGITUDE

DTWAK|K=@MAX]*86400



Density currents : practice

Cold pools (wakes)

Subroutine : calwake

Tendencies :

dtwak, dgwak

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 h : cold pool height

wape : WAke Potential Energy

wake deltat @ vertical profile of temperature difference T, et

wake deltaq : vertical profile of humidity difference g, — g,

wake omg : vertical profile of vertical velocity difference wy,, — w.,
.
[
[
e
[}

TWPICEcase 5

ferret

> use histhf.nc
>plot/I=48/thick=3/x=..
dtwak*86400
>plot/l=48/thick=3/x=..
dgwak*86400*1000

dy=
dy=

Ja00 —

40300 —

E0300 —

E0300 —

dtwak*86400

Z (Pa)

—4.0

...Ik=10:39

...lk=10:39

dgwak*86400*1000

2000 i i

sooo— b

60000 — Lt

aopogéa— o

A NN I PN
rrr 11 0o 11 17 1
-B.0 -6.0 -4.0-20 00 20 40

g/(kg.day)



Density currents : practice

]I Cold pools (wakes)

Subroutine : calwake

Tendencies :

dtwak. llﬁi'n".'tl]{

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 h:
wape : WAke Potential Energy

delia

cold pool height
wake : vertical profile of temperature difference T,, — T,
wake deltaq : vertical profile of humidity difference q,, 0

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

TWPICEcase p

BOO.

[Si¥IVR

200,

ferret
> use histhf.nc
> plot/thick=3/x=...ly=

... wake h

18 1% 20 21 22 23 24 25 2B
JAN

27 2 29 30 2 3 4 =) & 7



Large scale condensation & evaporation : practice

Large scale condensation {Evap & lsc) ferret

> use histhf.nc
>plot/I=48/thick=3/x=...ly=.../k=10:39
(dtisc+dteva)*86400
>plot/I=48/thick=3/x=...ly=...lk=10:39
(dglsc+dqgeva)*86400*1000

Subroutines : reevap & fisrtilp
Tendencies :
dteva, dgeva ; tendencies due to cloud water evaporation

dtlse, dyglse @ tendencies due to cloud water condensation

TE“'HI fl‘ll(]f'rlt'ii"h are TEIII' S1IT1S 1.IF ']III' E"v'HIIﬂ!'HTiIIJ'II Ill]'r] 1'IZI'IllI|:[‘.[I!"\!ile]|l rl."'IIIII.'i"rIII'ilf“:E.

(dtlsc+dteva)* (dglsc+dgeva)
Other variables 86400 *86400*1000

— plul : so called "large scale" or "stratiform" precipitation ; encomnasses hoth

b N Y S N
stratiform precipitation and boundary layer cumulus precipitatic A - R
rneb : cloud cover
pr_lsc 1: vertical profile of large scale liguid precipitation

s : 20000 — 20000 —
pr_lsc_i: vertical profile of large scale ive precipitation
40000 — 40000 —
— 1 Lol —
3 3
[0 [0
ey ey
-l -l
TWPICE case ————————» om0 60060 —
£0000 — 80000 —
100000 — 100000 —
-3.0 -20 -1.0 00 10 20 30 -1.20-0.50-0.40 0.00 0.40 Q.80

K/da g/(kg.day)



Large scale condensation & evaporation : practice

Large scale condensation (evap & lsc)

Subroutines : reevap & fisrtilp ferret
Tendencies : > use histhf.nc
dteva, dgeva ; tendencies due to cloud water evaporation > plot[l:48lth|ck=3IX: . Iy: .. p|u|*86400

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

Other variables

— plul : 50 called "large scale" or "stratiform” precipitation ; encompasses both p|u|*86400
stratiform precipitation and boundary layer cumuolus precipitation. |
1 1 1 1 1 1 1 1 1 1 1 1 | | |
rneb ¢ cloud cover mm/day
pr_lsc 1: vertical profile of large scale liguid precipitation 160
pr_lsc_i: vertical profile of large scale ive precipitation
120,
EEE—
TWPICE case w0
40, -
0. T T T T T T ] T T T

18 19 20 21 22 23 24 25 26 27 2B 29 30 1 2 3
JAN



Radiation : practice over the tropical belt

| Radiation I|

Subroutine : radlwsw
Tendencies :

diswr, 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
dtsw() : 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)

— sols0, soll0 ; same for clear sky

TWPICE case

Z {Pa)

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

dtswr*86400 dtlwr*86400

20000 — 20000 —
40000 — 40000 —
— "8\ —

(o

P

(]
£0000 — G000 —
BOGO0 — 80000 —
Wwoooo — 0 gl v 160060 —

T 1T 1T T T T T T 11
0.20 0.40 080 Q.80 1.00 1.20 1.40 —4.0

K/day




Radiative-Convective Equilibrium over the tropical belt

RAD

RAD

SW

@ RAD

Lw

CONV

T Tendencies

20300 —

40200 —

G000 —

820200 —

100300
—-3.0

L

)

1
' ¢

B R _

——— i

3.4



Radiative-Convective Equilibrium over the tropical belt

RAD

VDF+THE+CON+WAK+LSC+EVA

------- VDF

T Tendencies

20300 —

40200 —

G000 —

820200 —

100300
—-3.0

| | | ' | S I
Tt o " 1 —— T
! ! —eg., L= T !
: : : A aa : :
A - > S N -
: : : : 2R : :
: : ’ =" | : : : o
AR\
raiave L -
: : : | 1. : :
4 e
| | | l f | | -
T : l A : :
VARV A R T u
N I
: : : '. by :
Q : : '. by : B
! : : '. Ly :
o : | LN : —
. : : l LN :
- ! i l ! \Y i
o 4
: ! ) L0 !
i R .
! £ ISt !
e i [ L e
— 1 A 'ql_ 1 —
] | | | | |
—2.0 —1.0 0.0 1.0 20 a.d



Radiative-Convective Equilibrium over the tropical belt

RAD VDF+THE+CON+WAK+LSC+EVA

....... SW -====== VDF THE

20300 —

)
40200 —

1
'
LY

B0G00 — - b

L

820200 —

100000 * E——

—-3.0 2.0




Radiative-Convective Equilibrium over the tropical belt

RAD VDF+THE+CON+WAK+LSC+EVA

------- SW -===-=-=-= VDF THE A CON

20300 —

)
40200 —

1
'
LY

B0G00 — - b

L

820200 —

100000 * E——

—-3.0 2.0




Radiative-Convective Equilibrium over the tropical belt

RAD VDF+THE+CON+WAK+LSC+EVA

------- SW -===-=-=-= VDF THE A CON

A
== WAK
LW T Tendencies

20300 —

40200 —

100300 e

—-3.0




Radiative-Convective Equilibrium over the tropical belt

RAD VDE+THE+CON+WAK+LSC+EVA
....... SW ce-e--- VDF —FHE A CON
WAK
o LW =
X LSC+
> EVA
20000 — : —
40000 — -
000 — E L
BO300 — : —
To0o00 I ______
- 3.0 4.0




Energy budgets

//’

Radiation II : Energy budget

Energy budget at the top of the atmosphere :

nettop = tops-topl = (SWdn-SWup) - (LWup-LWdn)

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

bils soll + scols + sens + flat

It

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)

L

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

e

Trytodoit!



	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31
	Diapo 32
	Diapo 33
	Diapo 34
	Diapo 35
	Diapo 36
	Diapo 37
	Diapo 38
	Diapo 39
	Diapo 40
	Diapo 41
	Diapo 42
	Diapo 43
	Diapo 44

