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Quick reminder : general equations

Dynamical core : primitive equations discretized on the sphere

= Mass conservation
Dp/Dt + pdivl = 0

RS Potential temperature conservation
STEOCSER e DO/Dt = Q/Cp (pu/p)*
4 =  Momentum conservation
DU/Dt + (1/p) gradp - g + 2 2 AU= F
* Secondary components conservation
Dg/Dt =38q

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

4 N

Atmospheric GCM equations

Primitive equations in pressure coordinates

4
Momentum equation :

8,5 +(5.9,)7 + wd, o} fk x ﬁH v,

transport  Coriolis gravity ® =gz geopotential

w = Op vert. velocity

Continuity equation :

q ﬁ'p.ﬁ+ 0w =0

A

g = specific humidity
Component conservation ; th = heating rate

Orq + ﬁ.ﬁpq + wdpq

from all diabatic sources

“

Thermodynamic equation :

| 0,0+ 5.V,0+ wd,0 =

S, S, and Qnes : 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, Guap) can be
written as :

Q@

Xepar =X+ ( )f) At (dynamical core) (1)
/4 dvn

ot
g (S_X) At (parameterizations) (2)
ot param
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Temperature tendencies

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 cach process :

N\

ST — (atT)qp = (3tT)m =+ (atT)lsc =5 (atT)diff turb T (3tT)conv
+ (8:T)wk + (O T)th + (0:T)ajs

Orographic

— | waves
F (8tT)rad @ T (3£T)dissip Marine

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

Bonazzola

Output names

dtwak + dtthe + dtajs + > - Not the same

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

-

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 — (aﬁq)eva T (8#@)15:: r (atQ)diﬂ' turb + (at'?)curw
+ (0 @)wic + (B1@)Th + (8:0)ajs

In the model, the total tendency of q is therefore
al Gdyn e BI.Q{:a.rmn — dqdyn + dgphy, where :
dgphy = dgqeva + dglsc + dqvdf + dqcon + dqwak + dqthe + dqajs




Subroutine structure

#

physiq mod.F90 structure - I

Initialization (once) : conf phys, phyetatl,

phys  output_ open
Beginning change srf froc, solarlong

Cloud water evap. | reevap
Vertical diffusion {turbulent mixing) | phl surface

%

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

Deep convection clouds clouds gno
Density currents (wakes)  calwake
Strato-cuamulus strotocu if

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

Large scale clouds calcratgs

Large scale and cumulus condensation | w
Diagnostic clouds for Tiedtke diagcldf
Aerosols readaerosel opfic

Cloud optical parameters newmicro or nuage

Radiative processes

In blue : subroutines and instructions modifying state

variables

X

4 N

physiq_mod.F90 structure - IT

Orographiec processes : drag [dmg_ nore _ strato | or

drag noro

Orographic processes : lift | liff noro straio|or

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

Axial components of angular momentum and

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

B A
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Subroutine structure

- N

physiq mod.F90 structure - I

Initialization (once) : conf phys, phyetatl,
phys  output_ open

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

Vertical diffusion {turbulent mixing) | phl surface

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

Deep convection clouds clouds gno
Density currents (wakes)  calwake

Strato-cuamulus strotocu if

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

Large scale clouds calcratygs

11111

Large scale and cumulus condensation | ﬁ.s-r'f-aifp
Diagnostic clouds for Tiedtke diagcldf
Aerosols readaerosol optic

Cloud optical parameters newmicro or nuage

Radiative processes | radlwsw

In blue : subroutines and instructions modifying state

variables

. o

4 N

physiq_ mod.F90 structure - II

Orographic processes : drag [dm_q_ nore _ strato | or

drag noro

Orographic processes : lift | liff noro straio|or

lift noro

‘ Orographic processes : Gravity Waves | hines gwd | or

GWD _ rando

Axial components of angular momentum and

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

B &




Practice

cd /LMDZ20181204.trunkimodipsl/modeles/LMDZ/BENCH32x32x39
ferret

> use histhf.nc

> shade/l=48 sens

>goland 1

Sensible heat flux at 12h GMT on January 2nd
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Turbulent diffusion

Turbulent diffusion

- Turbulent diffusion or "turbulent mixing" : transport by small random
movements. Similar to molecular diffusion.

0 Ay

Dq/Dt =S, ot S=5-(K.5-) <

dz
- Prandtl mixing length : K, =1 |u|
[ : 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 = ... /‘

Shear  Bouyancy

Downgradient flux




Turbulent diffusion

-

~

Turbulent diffusion : numerics

¢ dy
ey — az
dt %
\ Q:I),.. — K.: rr-iz Ii'
L ff’q |E1'F — F.'-V'dp

Spatial discretization

'm¢3¢Q¢
Q&q.i.
ﬁ}q.l

the whole atmosphere.

\sub-ﬁurf‘ace model.

Process : Turbulent mixing of moisture (g in kg/kg) and H
potential enthalpy (H = C.8).

r dH

= C T+gz = Dry static energy , here conserved

Implicit scheme, yields for the first atmospheric layer :

qQiit5t = A + By 61
f.f'q.l = Kl{?1,¢+£¢ = q:—:.rfJ

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

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

= Oy Water (left) and energy (right) conservation
(Fluxgs
o = K.0.H <«—pesitive——— Diffusion (dowgradient flux)
downward)
| Polsrt = Poens i}” - Surface fluxes
3
: (moisture) Y Turbulent diffusion is the only one
= oo =i parameterization which « see » the
= K¢ — Gi-1) (4) surface
= —Evap

S

A

First atmospheric layer



Turbulent diffusion

a N

Turbulent diffusion : numerics

Process : Turbulent mixing of moisture (g in kg/kg) and
potential enthalpy (H = C,#).

¢ dg [ E oA
iz = 8,0, i = U0y
(Flux¢
\ ¢ = K,0.q | = K.0.H positiye
downws
th | ¢ = —Ewvap ¢'ﬂ|ﬁrf = fﬁﬁenﬁ{p_u}h:
N qisr L psrf
(3)
Spatial discretization : (moisture)
midgi = dgiv1 — Pqu
Pg,i = Kilgi — gi-1) (4)
Pg.1 = —FEvap
Implicit scheme, yields for the first atmospherie layer :
st = A + Bg, 10t
q1 1+t Py 1 (%)

Pa1 = Kilgi 1t — Qort)

A and B are coflicient resulting from solving Eq. (4) over
the whole atmosphere.
Eqs. (5) are the mixed boundary conditions for the

\sub-surface model. /

d1, 02, 93 - - - - ,0n (ime 1)

BL scheme

A B K

Soil scheme

Evaporation

BL scheme

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



Turbulent diffusion : practice

Vertical diffusion |

Subroutine : pbl surface ferret

Tendencies : > use histhf.ns

divdf, dgvdf, duvdf, dvvdf > shade/l=48 dtvdf[k=@max]*86400
Other variables > go land 1

— sens : sensible heat flux at the surface {positive upward)

- evap : water vapour flux at the surface (positive upward ) Then choose a relevant location like for
— flat : latent heat Hux at the surface (positive downward) example .

- taux, tauy : wind stress at the surface X:20/y:-10

145
135
125

20°N

115
105

s 1D case study
TWP-ICE

40°MN

M
<n

- My plots in
s  the following

LATITUDE
o

40°%5

a0es

1002w ae 100°E
LOMNGITUDE

DTVDF*86400
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Turbulent diffusion : practice

| Vertical diffusion |

ferret

> use histhf.nc

> plot/I=48/thick=3/x=...ly=.../k=10:39
dtvdf*86400

> plot/l=48/thick=3/x=...ly=.../k=10:39
dqvdf*86400*1000

Subroutine : pbl surface

Tendencies :

dtvdl, dgvdl, duvdl, dvvdf

Other variables
sens : sensible heat Hux at the surface (positive upward)
evap : water vapour flux at the surface (positive upward )
flat : latent heat Hux at the surface {].Jli':-iiT'll".'E‘ downward )
taux, tauy : wind stress at the surface

dtvdf*86400

dqvdf*86400*1000

4 1 - H
2ogao— @ 0 0 b o000 4 @

— 40000 4 &

40000 — A i
Ll 1 1 1 1 1 1 1 1 1 1
TWPICE case — »
— — — L — —
3 (=
[0 (Al
iy S
N 1 1 1 1 1 1 1 1 1 1 N
BOOOO0 — @y ¢+ 0 v BOOG0 — -
N H |
20000 — 80000 -
160000 —l R - e
s B

oo 20 40 60 40 100

K/day

0.0

4.0 a.0 12.0

g/(kg.day)

16.0



Turbulent diffusion : practice

| Vertical diffusion |

Subroutine : pbl surface
Tendencies :
dtvdl, dgvdl, duvdl, dvvdf

Other variables

sens : sensible heat Hux at the surface (positive upward)

evap :

water vapour Hlux at the surface (positive upward )

flat : latent heat Hux at the surface {}Juri:ﬂ'i".’v downward )

LAux, talLy

N

W/mz_.

: wind stress at the surface

ferret

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

Ldy=..L -1flat
..ly=... -1*sens

400, —

300, —

TWPICEcase  »
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Deep convection : Emanuel scheme
Emanuel scheme
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Deep convection : practice

Deep convection

Subroutine : conevl
Tendencies :

dteon, dgeon, ducon, dveon ferret ]
Other variables > use histhf.ns

pluc : convective precipitation at the surface > shade/l=48 dtcon[k=@ maX]*86400
— [td : temperature tendency due to the sole unsaturated downdraughts > go land 1

fqd : 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 BO°N
— dnwd : mass Hux of the saturated downdraughts
— dnwd0 : mass Hux of the unsaturated downdranght (precipitating

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

— pr_con_1: vertical profile of convective ice precipitation

LATITULC

805

1007 [Vl 100°E
LOMNGITUDE

DTCON[K=@MAX]*86400
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Deep convection : practice

Deep convection

ferret
Subroutine : concvl > use histhf.nc
Tendencies : > plot/I=48/thick=3/x=...ly=.../k=10:39
dteon, clql'ﬂn. ducon, dveon dtcon*86400

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

fqd : moisture tendency due to the sole unsaturated downdranghts dtCOﬂ*864OO dqcon*86400*1000
I R | L 11

clweon ; condensed water of convective clouds L L

("in cloud" condensed water content) A . S R I T T T S

Ma : mass Hux of the adiabatic ascent
upwi : mass Hux of the saturated updraughts 20600 — 20000 —
dnwd : mass Hux of the saturated downdraughts

dnwdl ; mass Hux of the unzaturated rln*.i'm{mught {_pr{*-.-i}:'lm

downdranght)

. - : 2 N . - 40000 — 40000 —
pr_con_| : vertical profile of convective liquid precipitation
pr_t'ull_i : vertical ]Jrufllf: of convective ice pl‘l."n:i}}i[uriun = _ =
o =1l
T e
| -l
EO200 — EOOG0 —
TWPICE case  »
£80Q00 —| 80000 —| E
100400 — 1000060 — ||| | .. .




Deep convection : practice

Deep convection ‘

ferret
Subroutine : conevl > use histhf.nc

Tendencies : > plot/thick=3/x=...ly=... pluc*86400

1|tli'-l'|'I|. El(l"ﬂfl. [1||.i'[llfl. ||.1;'l"|.]ll
Other variables
|=l||n : convective [nm'ipihltirm at the surface
ftd : temperature tendency due to the sole unsaturated downdraughts

fqd : moisture tendency due to the sole unsaturated downdranghts

("in clond" condensed water content)

clweon @ condensed water of convective clouds *

Ma : mass Hux of the adiabatic ascent
upwid : mass Hux of the saturated updraughts 6. —
dnwd : mass Hux of the saturated downdraughts

dnwd( : mass Hux of the unsaturated tlmi'ndmllght (precipitat

: 50.
downdraught)
pr_con_| : vertical profile of convective liquid precipitation i
pr_con_1: verl ical jJrui!lt' of convective ice precipliatlon a0, —

TWPICEcase — »  =0.- h

20, —
10, \
a. T 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
JAM

I
an




What drives deep convection : triggering and closure

Triggering

ALE = Available Lifting Energy

ALE=05W 2 Littin

max,PBL

Cold pool
t front Density current
Wake

',épf,—’{%,_zﬂ*”'//; _ f;_j’.:-

Closure

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

L)

ALP = Available Lifting Power. .-

| e -

v i e
.

recipitating

owndraught AN

o ug;,@

¥ ot - ——

s mass flux M,

b

a

=f(ALP) -

-
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Deep convection

Subroutine : conevl
Tendencies :
dteon, dgeon, dacon, 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 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 Hux of the saturated downdranghts
dnwd0 : mass flux of the unsaturated downdraught (precipitating
downdraught)
pr_con_1: vertical profile of convective liguid precipitation

pr_con_i: vertical profile of convective ice precipitation

hat drives deep convection : triggering and closure

\

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

AR

22

. 382

_BEEiIEE

TOGA-COARE: 22 Feb 1993 squall line c:

> E "
@
= S
Prognostic variables -
expressed like this : = e
Delta A=A, - A, =]




Density currents : practice

Cold pools (wakes)

Subroutine : calwake
Tendencies :

dtwak, dgwak ferret
Other variables > use histhf.ns

A N P OUR L e > shade/I=48 diwak[k=@max]*86400
- Ale wk : lifting energy due to cold pools
= >goland 1

- wake_s : fractional area of vold pools
— wake h : cold pool height
— wape : WAke Potential Energy

21
- wake deltat : vertical profile of temperature difference T, — T, o 20
wake deltaq : vertical profile of humidity difference ¢, = ¢, '8
: s s ? ; i 18
wake omg : vertical profile of vertical velocity difference wy,, — ws -
16
40°M 15
14
13
N 12

1
E ¢ 10

5 3

a

7

40°5 &

5

4

3

2

805 ]

a

100w oe 100°E
LONGITUDE

DTWAK[K=@MAX]*86400
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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 7', T,

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

wake omg : vertical profile of vertical velocity difference wy,, — ws
=
[
e
[t}

TWPICEcase  »

ferret

> use histhf.nc

> plot/I=48/thick=3/x=..
dtwak*86400

> plot/I=48/thick=3/x=..
dgwak*86400*1000

dy=

dy=

dtwak*86400

3000 —

40000 —

E0CO0 —

80000 —

7 {Pa)

. lk=

10:39

...lk=10:39

dgqwak*86400*1000

AR
2o000| |1 f |
IIIIEIII Ii
400{)0—55555"' Do
IIIIEIII Ii
BDDGD—EEEEE :
IIIIEIII Ii
soooo— L L B
R

100040 7 .
rr1rrrrrrr 1o

—B.0-5.0-40-2.0 0.0 20 40

g/(kg.day)




Density currents : practice

iCnld 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 7', T,
wake deltaq : vertical profile of humidity difference g,, I

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

TWPICEcase p o

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

SO0 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1

GO0, —

200, —

Q. T T T T T T T T T T T T | T T T T T

18 1% 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7
JAN FEE
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Thermals

In a model column there are structures

of boundary layer scale

i- L N ) Wl

Y LY M""‘W ) A
Nefoi-A

D TRDY Y

“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——

W €

\l-

*

r v

W L

Updraught = €

Slow compensating subsidence

O

e

—

I

-

Internal variables of the parametrization :

— w = mean vertical velocity of ascending plumes

— a = fractionnal area covered by the updraughts

— ¢ = lateral input rate of air into the plume (entrainment)
— d = output rate of air from the plume (detrainment)

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

Turbulent Diffusion

Transport by the thermal plumg¢

—

- Mass conservation

:—f = ¢ —d where [ = opw
£
— Mass conservation of constituent g
dfq,
e M e
- Equation of movement
8 fus
élr: = —duw + aplB
— where B is the buoyancy :
fa — &,
B — y - s
=
— and the complex part lies in the expression of =
and o :
e = fmar (l:l. %{a;l% - b})
d =
2 model

Etc ...




Thermals : practice

Thermals and dry adjustment

Subroutine : calltherm
Tendencies :

dtthe, dqthe,duthe, dvthe ferret

Other variables > use histhf.ns

- dtajs : temperature tendency due to the sole dry adjustment > shadel/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 tx
- 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

805

1007w o= 100°E
LONGITURE

DTTHE[K=@MAX]*86400
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Thermals : practice

Thermals and dr;, ad}ﬁsﬂnenﬂ

ferret
Subroutine : calltherm > use histhf.nc
Tendencies : > plot/I=48/thick=3/x=...ly=...lk=10:39
dtthe, dqthe,duthe, dvthe dtthe*86400
Other variables > plot/l=48/thick=3/x=...ly=.../k=10:39
dtajs : temperature tendency due to the sole dry adjustment d qthe*86400*1000

dgajs : humidity tendency due to the sole dry adjustment

a_th: fractional area of thermal plumes dtthe*86400 dqthe*86400*1000

id _th : detrainment

e th: entrainment
f th: mass tx

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

_ — 20000 —
q_th; total water content in the thermal plume
zmax _th @ altitude of the top of the thermal plume (m] Y -
- fO_th : Thermal closure mass flux HEEE R GEE
(kg/m2.s) EERRERE
e = - e .
& &
-l I N R N -l
60000~ 1 1 4 i@ i i i 60000 —

TWPICE case - p-

E0C00 — 00460 —




Thermals : practice

Thermals and dry adjustment.‘

ferret
> use histhf.nc
> plot/ithick=3/x=...ly=... f0_th

Subroutine : calltherm
Tendencies :
dtthe, dqthe,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:
e th:
1_”|:

w th;

q_th:

AIEAX

detrainment
entraimment 0.40
mass flux

vertical velocity in the thermal plume (m/s, positive upward)
total water content in the thermal plume

th : altitude of the top of the thermal plume (m)

- fO_th : Thermal closure mass flux
(kg/mz2.s)

TWPICEcase  »

0,00 — T T T T T T T T T T T T T T T T T T T

22 23 24 25 26 27 28 29 3 1 2 3 4 S5 & 7
FEB

kg/(m2.s)

18 19 20 27
JAN

Thermal closure mass flux



Large scale condensation & evaporation : practice

'Large scale condensation (evap & lsc)

Subroutines : reevap & fisrtilp

Tendencies :

dteva, dgeva : tendencies due to cloud water evaporation

dtlse, dglse : tendencies due to cloud water condensation ferret

> use histhf.ns

> shade/l=48 dtlsc[k=@max]*86400
>goland 1

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 cumulus precipitation.

145

rineb ¢ eloud cover

BO°N 135

- pr_lsc_| : vertical profile of large scale liquid precipitation
125

— pr_lsc_i: vertical profile of large scale ive precipitation
1153
40°N 103
9%
BS
75

[55]

LATITUDE
b

55

805

100 e 100°E
LONGITUDE

DTLSC[K=@MAX]|*86400+DTEVA[K=@MAX]*86400
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Large scale condensation & evaporation : practice

Large scale condensation (evap & lsc)

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

dtlse, dglse : tendencies due to cloud water condensation

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

Other variables

— plul ; s0 called "large scale" or "stratiform" precipitation ; encombasses both

stratiform precipitation and boundary layver cumulus precipitatic
rineb ¢ eloud cover
pr_lsc_|: vertical profile of large seale liquid precipitation

pr_lsc_i: vertical profile of large scale ice precipitation

Z (Pa)

TWPICE case ——»

ferret

> use histhf.nc

> plot/lI=48/thick=3/x=...ly=
(dtlsc+dteva)*86400

> plot/I=48/thick=3/x=...ly=

(dglsc+dqeva)*86400*1000

86400

(dtlsc+dteva)*

20000 —

40300 —

EOC00 —

20300 —

100000 —__

=30 -20 —-1.0 0.0 1.0

K/da

Z (Pa)

...1k=10:39

.../k=10:39

(dglsc+dqgeva)
*86400*1000

20000 —

40000 —

EO000 —

80000 —

100000 —

—-1.20-0.80-0.40 0,00 040 Q.80

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 > pIotII=48[th|ck=BIx= Iy= p|U|*86400

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

Other variables
— plul ; s0 called "large scale" or "stratiform" precipitation ; encompasses both p|u|*86400

stratiform precipitation and boundary layer cumulus precipitation.

rueb : cloud cover
‘ . | mm/day

pr_lsc_|: vertical profile of large seale liquid precipitation 160
pr_lsc_i : vertical profile of large scale ive precipitation

120, —

—
TWPICE case a0, ]
40.
0. — T T T T T T U T ! !

|
18 19 20 21 22 23 24 25 26 27 2B 29 W 1 2 3 4 5
JAN FEE



Radiation : practice over the tropical belt

| Radiation I|

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

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
dtlwl) : 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)

dtswr*86400 dtlwr*86400

tops0, topl0 : same for clear sky
~ sols : net solar radiation at surface (positive downward) N 7
soll : net infra-red radiation at surface (positive downward)
- : 20000 — 20000 —
— solsl), s0ll0 ; same for clear sky
40000 — 40000 —
=) . =) .
&L &L
TWPICE case > ~
EOS00 — EO000 —
B0000 A0000 —
00000 — 0 g 100000 —
T T T T T T T T T
020 040 080 QB0 1.00 1.20 1.40 —4.0

K/day




Radiative-Convective Equilibrium over the tropical belt

RAD
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Radiative-Convective Equilibrium over the tropical belt

RAD VDF+THE+CON+WAK+LSC+EVA
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Radiative-Convective Equilibrium over the tropical belt

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

------- SW ~------ VDF ®— THE
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Radiative-Convective Equilibrium over the tropical belt

RAD VDF+THE+CON+WAK+LSC+EVA
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Radiative-Convective Equilibrium over the tropical belt

RAD VDF+THE+CON+WAK+LSC+EVA
------- SW ------- VDF ®— THE 4— CON
o— LW She— WAK

T Tendencies

20900 —

40200 —

140200 e

—-3.0




Radiative-Convective Equilibrium over the tropical belt

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

------- SW ======= VDF @ THE L CON

o— LW | Fhe— WAK
T Tendencies X L SC+

EVA

20900 —

40200 —

140200 e

—-3.0




Energy budgets

4 \

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 + sols + sens + flat

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)

K /

Trytodoit!
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