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"On the use ofmoist entropy in moist turbulence ’?‘
Dycoms i m .

Courtesy : Bjorn Stevens
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Marine Strato-cumulus are paradigm of the moist turbulenogith
4 andg; often used as mixing variables (the so-called Bgtgable$

why 8 andg; ? becaused, ;) is more homogeneous thar@( g, ) (impact ofq,)

P. Marquet - March. 2013 n METEO FRANCE
4



"On the use ofmoist entropy in moist turbulence ?‘

Moist turbulence: the so-calledBetts’ (1973) L
S

variablesq@ andq; / often used as mixing variabl

1) Total water content| G+ = (v + Qi + G

L l‘|‘ L b Q;
2) Liquid-water potential temperature} ¢; = 6 exp <_ '““pqc Tsu qi
pd

L + L .
3) Optionally approximated by] ¢ ~ 6 (1 — —= q sub (i
Cpd T

exp(x) =1+ x
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'On the use ofmoist entropy in moist turbulence ?‘

1) Specific moist-air entropy Marquet (QJ-2011)
+ Marquet and Geleyn (QJ-2013)
+ Marquet QJ-2013 (a,b, submitteely variable &

--------------------------------------------------------------------------------

‘8 = Spef + Cpa In(0; )‘

-----------------------------------------------------------------------------------------------

T A q —K 0 q¢ . v at 1 y 5(1_;_5%)
2) Complete value: [0, =](0s); (—) (£> (T—) (L+nr) BT
H pr K t §

T, T (I+nr,
- . LUa Lsu ; E ----------------------- E
3) Approximation: | |(6,); = 6 exp <_ p 4 +T' b4 )gexp (A, q)
Cpd

4) Impact of the Third law Ar

lllllllll

. . Lva Lsu P
5) Optionally approximated by :| | (8,): ~ ¢ (1 — pqé +T b 1A, th
pd lllllllllll
Betts’variable: 6, ~ 6 |1 — Lvap G =+ Lsub i
Cpd 1
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Comparisons(&)4 = “constant” profiles and " _
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v 4

Height (m)
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"On the use ofmoist entropy in moist turbulence ?

The 1D-scheme of Masson (2013)|:

w' = — Ky S + Iy Eg(@’)2+ L'y Eq9’q’ =06 + g/
/
wqg = — K, a—g + ', Ey Eq’ 9’; + I, qu(q’)gg
........................ Mean + eddleS
— _/
First-order Exchange- —
fluxes coeff. + Grad. Second order fluxesl
L 2 L
K — . 1\2 p— —_ ' -
9 Opﬁ’?\/g(w) g 3 ﬁCp@ ¢
K, = L ()2 ro_ 25 L 529/@
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‘ On the use ofmoist entropy in moist turbulence ?

o =0, W = Ey W@ + E, W,
2) Buoyancy fluxes? g =
O, ~ 0 (1 + A, q'v)- (Betts’ variables) .
. E, = 66
d ~ 0.608 A, ~5.87
1) under-saturation
approximation wo = (1 +AQ) wo + (A O)uw(,
W, = Ej W/ + E w{
3) Buoyancy fluxes? Er — L+ 9 @
(moist entropy) ¢ 1 + A, Q
* i AT
Y T G(O_HATQ)
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"On the use ofmoist entropy in moist turbulence ?

1) A direct use of the Moist Entropyn 1D-turbulent schemefl = 6.7

00, ]

(’w’ 9;)1 = — Ik

2) Flux of Moist Entropy _indirectly computed
from Betts’ variables (what is presently done 93 ~ 0 (1 + Ar C]v)

(W), = (1+AQWo|+ (AO)u{
wo'|l = — Kg (E;(;) Fg EQ( ’)2 + Fg eqg’_q’
w'q'| = qungFEq’Q’JrI‘E()
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"On the use ofmoist entropy in moist turbulence ?

1) The present method{

2) Direct use of @, q,)

(w @), = | Betts'variables g, q,) (w8, = moist entropy variable
0O J
—| K| (1 AQ)aQ Kq(A@)aQ —5JA + A Q) 5 — KA ©) %
0z 0z
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£0,H1+00Q) (14,0) 77 K0 +250) (M) TP
| VAN |
A (00, 0) @ A a0 |1 ety
[KS = Ky = Kq] 3) Fromthe [{ 4) New terms with the use of:
< firstline i (g,q,) moist entropy variable
Cho = Chy = O,
it e o) Conclusion: different formulations...
I, =Ty =T, )

----------------------------------------
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On the use ofmoist entropy in moist turbulence ’?‘

2) Not for these LES?

(9
00
”LU’@I = —Kg (92:
1) Is this relevant?
K, = Ky = K,
Cps = Cpg = Cly

3) Not for the Drag-coef.
(ECUME / SURFEX) =2

. 14 04
CH = 70—
U g ( 4
CE = Ulaea
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= 2 CElO-n, i
: glﬁJ |
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neutral heat coefficient

ulOn (m/s)

neutral evaporation coefficient
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' ‘ Conclusions

1) Motivations a wish to use the @ Law and Moist Entropy's”, because it
IS the quantity that the moist-turbulenogant to see well-mixed

2) Opportunities Marquet (2011)= a writing of “s™ as s + ¢,4 IN(6&,)

3) The aim of this talk
- Turbulent fluxes of “moist entropy -8.” either computed directly
or computed indirectly_with the Betts variabld®,, ¢,) ?

> Equivalent only if ...C ,= C,,: not realistic? consequencé&s(rewind)

> Other differences even iC ,=C,,: second-order fluxes / non-lin.
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' ‘ Conclusion — QOutlook
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' ‘ Conclusion — Outlook

1) Motivations a wish to use the® Law and Moist Entropy's”, because it
IS the quantity that the moist-turbulenogant to see well-mixed

2) Opportunities Marquet (2011)= a writing of “s™ as s + ¢,4 IN(6&,)

3) The aim of this talk
- Turbulent fluxes of “moist entropy -8.” either computed directly
or computed indirectly_with the Betts variabl€#,, q,) ?

Other ideas“TPE" is in fact the Available Potential Energpf Lorenz
- There is no “moist APE” ... (even MAE of Lorenz 1978-79 ...)
- “Exergy = an alternative for APE with a moist versioaf it ...
- (total) Moist Available Enthalpy Norn(T, py,, 0,): @ new starting poin®

http:// perso. nunericabl e. fr/ ~pmar quet / Thank you ... Questions ')l
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