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1) Motivations: why studying the % Principle / Moist Entropy?
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"Motivations | Which kind of budget for the Earth?

1) A closed budget for enerdgr
enthalpy) :F = +/- 240 W/

—> a monitoring of
these 2 budgetsag----=-==="

2) An imbalance for entropv@
—24025(0 =-940 mW/K/m versus
+ 240[5800 = +40 mW/K/tn >
a net productionof| 900 mW/K/m
by Atm. Surf. Oceans ...

Thé‘:‘global climate system

v Y
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"Motivations Which kind of budget for the Earth?

1) Aclosed budget for energy | & a monitoring of these 2 budgets
dE/dt=0 = E =Cste

2) An imbalance for entropy
dS/dt>0 = d*S/de=07? ... but S ??

IFS DOCUMENTATION £ ECMWF

S J

LONG-WAVE SHORT-WAVE
RADIATION RADIATION

UUTRIIENT PERE AT
Loty L et L
] ! i,
i}
IR
> +

Changes in height / depth of clouds

changes in energy andntropy budgets...

A way to select the tuning of SCM/GCM?
(i.e. to get the right E with the right S ?)

CONVECTION

I TURBULENT DIFFUSION
S LOW £
CONVECTION 1

||||||||||||
I

[]
|||||||
st |I||”'.

But budget of entropy = difficult to compute ety

Hypothesis: wrong budge® wrong values| = compute the variable@energy and
of energyand/or entropy... If reference|  entropy) and_check their realisrd
values exist (obs. / analysis ?), then ...

D METEO FRANCE

5



' Contents

2) Result: a formula to compute Moist Entropy 6> 65> (6 )1
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v 4

Definition of a moist entropy potential temperature:

Computations of s> &> (&), ‘

application to FIRE-I data flights Pascal Marquet
Q. J. R. Meteorol. Soc. 137: 768—-791, April 2011 A Météo-France, DPrévi/Labo, Toulouse, France
e . ds : : d; q.
Budget of entropy is difficult to computep. T’ =P (Qlﬁ + D) — P {m- (h{ }

Entropy = state function= computable atany | — Ji V() = T'sp. (V. Jy )

point:| = qa Sa + quv Sv + Q1 S1 + i Si ‘ Hauf & Holler (1987)

I |

Od )| sa= (sa)r + cpa I (T/T,) — Rq In[p/(pa).]

: qV: Sy = (S'U)fr‘ + Cpu In (T/TT) — Rv lrlie/erk\ The aim:

|y |

di S; = (Sg)r + ¢ In (T/Tr)
| I ,.
s = s, Cra 1N (0

: ql : S; = (Sz)'r _|_ C; 111 (T/TT) > S7€f + I)d ( S)
r——?———l T Sref = Cste | 5 7 0,7
 become, Cp = 1004.7 J K1 kg
| active! !
b e ! € METEO FRANCE
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' ‘ Computations of s> &> (&) ‘

| MOIST ENTROPIC POTENTIAL TEMPERATURE | I ] (Tr, pr, r) I |

0, =10 -exp (A qt): exp

A —K 0
T qt D oIt
X — — | T
T'r' Pr/ T ‘

L’U qi + LS di
...... Cpd T

Iy

y r, Y qt (1_1_7771@)14,(1—#5%) ..........
(1_1_777«T)H,5qt ........

6, complicated ? in fact “similar” to HH87 __, M93 or E94, :except
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' ‘ Computations of s> &> (&), ‘

‘The leading term : ‘ (93)1 — 9[ exp[ A dt ]

Generalization / mixing 6, = 0 exp (_ Ly C]l)
of the 2 Betts variables: Cpa 1’

qt = Qv + q

+ absolute values of
partial entropies > [|A = [(sy)r — (Sq)r]/ Cpa =~ 5.87

() ~g(1eng) | | Testiaw.

METEO FRANCE
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' ‘ Contents ‘

3) Applications. A new formula: seek for new consequences ?

new physical properties 22 a need of validations against

observations Strato-cumulus FIRE-I ; (&), «>[4;6&; ...]

Marine Stratocumulus = a paradigm of moist turbulence
“black body radiator”
—> test of a possible “Mixing In Moist Entrogy? (MIME)
Because “adiabatic & reversibfe 2 Moist Entropy = Cste
(from 2" Principle)
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‘ Applications / FIRE-1: [ 4 ;q:;q ] RFO3B-hom.

| Data fllghtS NASA & S. De Roode 1500 I L L B B 1500 . l I .
i _J-&Lc i I — ]
BT - = 1400 __ﬁ_ RF03B ] 1400 1 ° q/ (in-cloud) | ]
1300 — RF03B g — 1300 % - 13001 o 6 —
- N - 8o . g I (erid-cell)| -
1200 10 K 659_& — 1200 6 g/kg — 1200 erdreell} -
1100 — 1100 - —~ 1100 -
i O ] - ] U0 gy =010
1000 i = 1000 H 1000 | —
9004 — 900 D |
£ ool — soof- -
'J:: - - 5 —
5 700 H -1 700t —
m — — 3 —
600 H —1 600 —
500 ] o < 9[ >(clear—air) ] 500 ~
400 — = 400 — — —
B o < Ql >(in—cloud) . - s -
300 — > 300 — — —
200 — 8 — 200 ° gt (clear-air) — _
100__| o, 100 5 ° Y94 in-cloud) o .

O 1 | 1 1 1 | 1 | | | | | 1 1 1 1 SN Y0 W N . e s s s s s s s s s 1

288 290 292 294 296 298 300 302 304 306 308 0 1 23 45 6 7 89 0 0,05 0,1 0,15 0,2 0,
Potential Temperature (K) Specific vapour content (g/kg) Spec. lig. water cont. (g/kg)

Same results as Roode & Wang (2007)
| “clear-air” # “cloud” ﬂentrain. region)

| ILarge jumps in I6f and @; (entrain. region)
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Applications / FIRE-1: [ 4 ;q:;q ] RFO3B-hom.

1500 [ | T | T I T | T T T 1 | 1 |_o_ ] 1500 I 5!' T | T | T | I | I | I | I | | 1500 I T _l I I ]
1300 — —1 1300 — — 1300 H — —
1200 i '& __ 1200 i __ | © ql (grid—ce]]) .
i A< 6,> 665?9' i " Aqt)‘ 7 1200 ]
1100 |- = 1100 - 110 gy =010 ]
1000 — 1000 g+ 1000 —
—O— i I ‘ i | -
_ o0 5 o° o soft .
igf 800 y. —~ — 800§ —
2 g0l §o al  |lI%: 55 700 | .
o Pl (@) : .;
500 b < 9 (clear air) d It E ]
400 /. < 9 S Unexpected results ; R
[ ~_(in-cloud) e s
300 <), > <6 ),>] 300 - B
200 d (clear) 20l | © Dt (clear-ain | \ & N
\$ < ),> - — ‘ ]
1001~ 3§ (in-clou) 10— e ( t (in-cloud) i ]
I A s s s s s el AR PR SRR B N [ o] i
0 288 290 292 294 296 298 300 302 304 306 308 0 1 2 3 45 6 7 8 9 0 0,05 0,1 0,15 0,2 0,:
Potential Temperature (K) Specific vapour content (g/kg) Spec. lig. water cont. (g/kg)
(&), constant with z S = Spef -+ Cpd In 9 :) \
“clear-air’ = “cloud” ! foﬂ (95)1 o e e e e
— I — )
No jump in | (8,), ! 1(0s)1 = 0 exp[ A g ]:
! }l Lo o o o o o e o e e e 12




Comparisons(&); <> 4 ;

Q, HE.; ] ?

1400
1300
1200
1100
1000 7
900.
800 H
700 H- e

6 =~ 1 RFO3B (&)
500:-

400
E
300F

200 )

T T I | B
288 292 296 300 304 308

Potential Temperatures (K)

Y _ﬁR :
[ ™ (grid) _
1400 —_— <0'> 2)

. Temp. |

i s (s er s
13000 ... <6°> | | (&), [différent from
1200 = <@ 7 all other Pot

| —— <9E> rid !
1100 F (s —

(&)1=2/3-1/3
betweend & &

288 292 296 300 304 308 312 316

Potential Temperatures (K)
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’ FIRE-l REO3B - 02B-04B-08B: OK! ...and:

north-eastern Atlantic south-eastern Pacific  north-eastern Pacific
T T T T T T T T 160UV T T 4l

3 : %x 1r|prcoms| [ .-

2200 - 1 1400 A4 [ ¢

2000 & ] \ Ja0  “DYCOMS-II” | -

1800 - 11200 : - RFO1 / )

. 1 F July 2001 A

R e . { ]

2 0o ‘ = “constant” profiles for (&)1 B ‘..- .

= ook [ 91 | = no (or small) top-PBL jump b \ E

800 || __ (Qs) : 1 H |— 91 i ) | — 9[ (

600 - 400~ 7 400 -

400 | 3 0 = (6)); 1 (QSW T

200 |- L \ | { i

200 - 4 T \ / 1200 | 7

- A Y I T T 'hl'_ i l T N T N VY AN I e ]

086 298 290 202 204 206 F300 3 988 291 294 297 300 33 /306 288 292 206 300 304 308
Potential Temperatures (K) Potential Temperatures (K) ‘ Potential Temperatures (K)
Cuijpers and Bechtold Bretherton et al. Zhu et al. (2005)

(1995) (2004) METEO FRANCE
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‘ Contents

But how (and why?) the large jumps
In ¢t and 4 may disappear with(&,),?
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‘ Thermodynamic Diagrams (Gibbs) ...reversible adiabats ? ‘

Curve seen in profile !|
|

(8)1= 8 exp(N )

dIn(&), =dIn(8) + Adg
. T

4d1n(8) = dIn(@) - dg /A
|

& = 8 exp(—q/N)

Maximum
jump in &

Mininum
jump in (&),

EO FRANCE

3D-Diagram: « conservatives » variables e

Slope da./d8=-1/(A8)
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4) Applications-2: Sc & Cu ; EUCPLISE ; ASTEX ; ...
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- 4
| Lagrangian Composite Cases

‘ Sandu and StevensI
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Various Cumulus profiles ?

| data pick-up from articles, set-up .
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5) Other results: Fluxes ...
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BOMEX-Cu (@ q, q ) ‘ ‘ Siebesma et al. JAS- 20(13
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Same with ATEX-Cu_ (€ a: q )‘ ‘ Stevens et al. JL‘;S_';%ESEO FRANCE

23

! !
w g




Height (m)

DYCOMS-II (RF02) Sc (4 o, q )‘ | Ackerman et al. (MWR-2009)
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‘ Turbulent Fluxes : (cpqT + . Lyaqy: Lyq ) variables ?

But how to go further ? What are the links betweentropy and turbulence ?
A crude idea: to replacesor § by S,or(&),? Butwhataboutg ? ? ?

D METEO FRANCE
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6) Conclusion- Outlook
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' ‘ Conclusions — 1/2

- It is indeed possible to measure Moist Entropys > 6> (&)1
reversible moist adiabats small (no) Top-PBL jumps (Sc)
CTEI (k =0.3) ; many thanks to S. de Roode, J.-L. Brenguier,

J.-F. Geleyn..
(Q.J. R. Meteorol. Soc., Vol 137. April 2011 A, p8f891)

- Others interesting new propertieEmagram & R.S. ; LES
outputs (EUCARII O. Thouron & J.L. Brenguier)

[. METEO FRANCE
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' ‘ Conclusions — 2/2

- A proposal to use(é&;), to prepare /analyse / validate CRM
LES SCM NWP GCM ?<-> measurements of (absolute)

Moist Entropy ... and (absolute) Moist Enthalpy #M.S.E.)

- ASTEX & EUCLIPSE: constraints forSet-upand analyses
of Output?

- The futuree N R CAPE ... improve (present and next)
turbulence & convection schemes ... J.F. Geleyn (ECNMAW
nov. 2010 workshop ; COST actions) ; use[ofé&s),; 6x]?
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MR WILLARDGIBES Thanks a lot / Questions ’Jl

THERMDDYNAMIGIST

http://perso.numericable.fr/~pmarquet/ 4

S pascal.marquet@meteo.fr

« A Method of Geometrical Representation of -
the Thermodynamic Properties of Substances
by Means of Surfaces » - Gibbs (1873)
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