Frontogenesis 11

Nuerical simulation of the development of a
baroclinic perturbation of a jet and associated
frontogenesis
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Diagnostic of frontogenesis

The horizontal gradient of potential temperature V ,,0 (we do not use
the buoyancy b ) is given, from primitive equations, as

D,V,0=0-06V,w
with
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v=(u,v) is teh horizontal velocity and is expanded as v= Vv,
Similarly, we split Q = Qg+Qa

Frontogenesis is characaterizes by
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Numerical simulation of barocinic instability and frontogenesis
From a baroclinic jet. First case: rigid top boundary.
Initial conditions of the jet and of the temperature distribution.
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Development of the surface instability

* Anticyclonic migration to the south and cyclonic migration to the north.

* Initial development in the difflent region of the flow.

* Ageostrophic forcing dominates the geostrophic forcing (except at the very beginning)

* War front develops first (until day 5)
d, 6, Q at the surface

Fq Fa at the surface

{ F,ci.=100
}'2 c.i. =200
¢: trait fin; 0: trait épais; Q:vecteurs; valeurs Fg: trait fin; Fa: trait épais; valeurs négatives

4 négatives en tiretés (frontolyse) en tiretés



Dévelopment of the instability at the rigid top

* Same initial structure than at the ground
* Dévelopment of a unique front conecting cyclone and anticyclone
* Fast intensification of the front

* Quasi-rectilinear front except wrapping in the core of the cyclone
¢, 6, Q at the lid 96’ % at the lid
(b) day 4

(a) day 0 (b) day 4

7 | Eci.=100

| ci.=100 ] % ci.=200
% T T————
¢: thin; 0: thick ; Q:vectors; negatives values Fg: thin; Fa: thick; negative values

5 are dashed (frontolysis) are dashed



Numerical simulation of baroclinic instability and frontogenesis.
Second cas: tropopause séparating the troposphere fro the stratosphere,
Both with unifor potential vorticity.

Initial conditions of the jet and temperature

u, 6 at day 0
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U W, PV atz =6 km ~ 6,0,Qatz=6km

(a) day 6 (b) day 7 , _ - (b) day 7
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Sections of the frontal s

system
Upper level front wraps inside the ._E.,
depression core N
(d) day 9
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0 and frontogenetical functions | 6 and frontogenetical functions
atz=6km,day7 atz=6km,day9
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