Effects of moisture upon nonlinear dynamics In a simple atmosphec model
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Introduction Fronts propagation Scattering of a simple wave by a moistu

Question: How can precipitation and moist convection affect dynaratcsynoptic scales? Fronts are considered agak discontinuities(=only in the gradients). front
- | - Example: Numerical modelFinite volume method (Bouchut [5])
At present, large-scale precipitation and its effect oarlaheat release are not resolved jpatameterizedin GCM’s. — based on the hyperbolic structure of the equations.
Standard scheme (Betts-Miller)
= q — QSH Emergence of a precipitating regionin the scattering area where

- (q - qs) precipitation plays a role of dissipative reflector(Fig.1).

whereq Is the specific humidityy, its saturation threshold anda relaxation time. e d eaturated u(z, t)

Thethreshold effectinduced by the Heaviside functidi(-) is fundamentallynonlinear. In consequence, no traditional linea

Q(x,1)
wave solution exists anymore. Furthermore, precipitationt can be formed at the interfaée= 0/P > 0. They propagates with a velocityfollowing 5 !
the Rankine-Hugoniot conditions : s |
Objectives: derive asimple moistatmospheric model and analyse the effects of moisture galhg this specific nonlinearity. Forv = (u,0) andf = 0, - L
(u — 8)|ug] — glhs) = 1 . s
0 Q=Qs |

u u u ] . _h . h — P
Moist Convective RSW Model Method of characteristics e
. RSW—type SerRvErierTe wEr el averaging of primitive equations v . HyperbOIiC SyStem fOfT # O Wherei i - : Fig.1 Small localized parabolic disturbance propagatingnh an unsaturated region to a moisture front.
tween 2 material surfaces Forv = (u,0) andf = 0, ah=a+ = a= Confirmation of prediction for — 0 (Fig.2):
—wy = % + W wherelV = convective parameterization —3 characteristicsc+ = u £+ v/gh andcy = w. . ) e tinuou&P]  0) and e precipitating region limited by two precipitation fronts; (s»),
. . . o If 7 — 0, precipitation is discontinuo an _ . -
—wy = % —correspp_ndlng Riemann variables = v & 2+/gh andr; = % 3 types o:?precpipitation T~ e existence oMmoist characteristics,,.
e Moisture: equation for bulk humidity) including precipitation aremodified by P. P(z,1) Pz, 1)
(for simplicity, Qs —const). m IS | —
Q _ Q dr_ - g dr L 4] -Cd-Cm O Cm Cd : ) :i
P =S HQ - Q) G =+0yhP &= O\ | f o
T , This confirms the linear results of Maj@aal. [2-4]. g
3 types of non-precipitating fronexist.
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%_/ X I = l - B I e T R R L
'h ST _ _%d g UG Cil ed Fig.2 Same as Fig.1: zoom in the precipitating region= vAt, v = 5 and At =timestep)
(for small perturbations)
1 . : :
“— —~— - o Piecewise hyperbolic system for — 0 . .
| | ForP, o — —OsV - v > 0 (= CISK-parameterization), Nonlinear stage of the evolution of a | |
Moist Convective RSW model the system becomes Sim Ie wave Particular moist case:
v+ (v V) Vi f3 p propagation in an uniformlgaturated domain (g = ()s).
. — — — X _ : . : .
52 vv hv B gP v vt + (v V)v = —gVh — fk xv Comparison of wave breaking in dry and moist cases:
th+V - (vh)=—p hi + V - (vh) = BQsV - v . . L .
_ For rapid and slow relaxations, precipitation directlywscandorevents
HQ+V - (vQ)=—-P L - -
Forv = (u,0) and f = 0, When precipitation occurs,@ateau appears between breaking process (Fig.4).
Properties —2 characteristicsl' = u % /g(h — 5Qs). the precipitation front{p) and the shock fronts(z) (Fig.3). w(z, 1) fory = 5 u(z, £) fory = 100
1.Hyperbolicsystem forr 7 0 but —corresponding Riemann variableg = u 4 2+/g(h — Q) dry: u(x, 1) for P =0 moist: u(x, t) for @y < Q7 = 5 " o
piecewise hyperbolisystem forr — 0. areinvariant . 3 y 3 /o oo
. L . ;Cd
2. Linearization of the hydrodynamic part of the model The moist relative characteristic velocityvigakerthan the dry one: | | _
with v = (u,0), f = 0 andh — —#, gives the equations 1 [T ] I T, | [ | H.-
used by Gill [1] and Majdat al. [2-4]. cm =\ g(h — BQs) < cg=+/gh M I . . - | N 'N..
3. Mass is not conserved. " | I R I . i =
4. Precipitation alwaydissipatedotal energy of the (isolated) system. C, I O i B S L S _
o e 0 o ., . . 0 Fig. 4 Propagation of a localized parabolic disturbance mjraficant amplitude in an uniformly
1)2 Fig. 3 Propagation of a localized parabolic disturbance mjrsficant amplitude. saturated domain.
&gE:—ﬁ/dax 7+gh P o
P>0 P=0 X :
5. Moist enthalpym = h — 8Q, is alwaysconserved (for small perturbations) Conclusions

This simplefully nonlinear "moist-convective” model allows tgeneralize the previous linear resultg1-3] on precipitation fronts, the role of precip-
itation as dissipative reflector and moist characteristics

The finite volume scheme with moist relaxation correctlyroelices the analytical results and appears to panopriate numerical tool to analyse
fully nonlinear effects, and e.g. to show that precipitatmodifies (and can prevent) breaking.
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Work in progressrotation effects, 2D dynamics, topography effects andy2daersion of the model.




