Baroclinic Conversion

Jason P Criscio
ATMOS558
7 May 2008

Outline

|. Introduce Some Stuff

2. Talk About Some Other Stuff
3. Confuse Everyone With Some More Stuff

4. Show Some Pretty Pictures
5. GoTo The Bar

(If it's not that evident, | don't like outline slides.)




Warning & Apology

| Eric Eady

Eady, E.T,, 1949: Long waves and cyclone waves. Tellus, I, 33-52.




Eady Model

We need a theory to account for origin of disturbances (both upper & lower)
and describe the essence of their interaction

We need to understand the conditions/mechanisms leading to the growth and
the structure of observed systems

We need to identify the structures that optimally extract energy from the
basic state (i.e., growing unstable modes)

We divide the atmosphere into a steady basic state and a possible growing
perturbation/disturbance

Eady Model
i. Boussinesq approximation (i.e., basic state density is constant)
ii. f-plane (B =0)
iii. Constant vertical shear
iv. Rigid lids at top and bottom
v. Adiabatic, Frictionless, Quasi-Geostrophic, Hydrostatic

Zero mean PV in domain. So where do we get baroclinic conversion???

Eady Model

We want to "Eady-ize" the system...
= ¢ Linearize
= —fkxV—aVp—gk+F * Hydrostatic-ize

* Anelastic-ize

¢ Adiabatic-ize

¢ Frictionless-ize

* Boussinesg-ize

¢ f-plane-ize

e QG-ize
Perturb-ize
Rigid lid-ize
Periodic BC-ize
Unbounded in y-ize
Jazzercise!?




Eady Model
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Eady Model Energetics
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A. Ageostrophic Geopotential Flux

B. Vertical Geopotential Flux * No basic state conversion term

C. Baroclinic Conversion
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D. Vertical Heat Flux

" " £ * Converts basic state energy
E. "Creates" PE with northward heat flux
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Eady Model Energetics
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®  Only term that can take energy from basic state

®  When we integrate over the entire Eady domain, it is evident that the
meridional heat flux is where all the energy comes from
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Eady Model Energetics
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® Now we have a path that can convert basic state
potential energy into kinetic energy

® Now we want to find out if the disturbances grow
® But first, another quick review of QG theory...




QG Theory
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Eady Model Growth

F Eady Model =Q+q =fo+ iv2él+ﬁ02®/
or our Eady Model... q=Q+4¢ =/ T e
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s C; % A q/; =0 * PV is conserved
fo Oz e CL e Att =0, we have no disturbance

A A et Assume wavelike solution

LOTS OF REALLY UGLY MATH
I'M TALKIN BEAT-WITH-THE-UGLY-STICK BAD
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% [(s — coth s)(s — tanh s)] where § = o




2 0 alwa
O . e gc ro
C d O PDIC Dd O
ere € d O ave O
C e do oc oo
cotn|s
v
P
R
00 O c O D aep
I B e A ole allo and e atio O
o o o erio o o
nh's
D C 10 %
O dplid 2ro C d
o4 o 102 1l 244 28 =
X o o o
arg z DIg
0 C cd D
O OPOSP CI'ec C
ONg ro O e

13

Eady Model

In terms of energetics, we have thermally direct circulation (i.e., warm air rising,
cold air sinking)

In terms of energetics, we have meridional transport of heat (i.e., cold air to the
north, warm air to the south)

Westward phase tilt of disturbance against basic state shear provides mechanism
for baroclinic conversion

PV = 0 in the interior, so all PV is at the boundaries. Therefore, we expect decay
as we move away from the surface/top

We see this in the real atmosphere: all PV is in the tropopause, and if we invert
the PV on boundary we get a distrubance in the interior (c.f.,, Bretherton 1966)

Maximum amplitudes are near boundaries, much like tropopause extrusions

So we have a realistic representation of a baroclinic disturbance from a very
simple model

Cyclogenesis results from exponential growth of the unstable normal mode




Eady Model

® Unrealistic Aspects of Eady Model
® Growth rate too small
® Growth results from infinitesimal perturbations, not precursors
® No interior PV
Phase tilt constant in time
Linear shear everywhere
Fixed tropopause
Fixed, flat top and bottom boundaries
B effect ignored

No diabatic processes

WRF B-Wave

Idealized baroclinic wave built into WREF (::cough:: black box ::cough::)
Baroclinically unstable jet u = u(y,z) on a f-plane

Periodic BCs in x-direction (what goes out comes back in)
Symmetric BCs in y-direction

4km Rayleigh Damping layer at top; not rigid lid but close enough
Non-hydrostatic (though Hydrostatic wasn't much different)

No physics

Ax = Ay = 100km; 41 x 81 grid points

zpor = Okm; zrop = | 6km; 65 vertical levels

At = 600s; run for 7 days (~lhr on dual Athlon MP 2400+ 2.0GHz)




Initialization

WRF BWAVE WRF BWAVE
Valid: 0001-01-01_00:00:00 Valid: 0001-01-01_00:00:00
Pressure (hPa) at 0.25km Pressure (hPa) at 9km

Potential Temperature (theta) (K) at 0.25 km Potential Temperature (theta) (K) at 9 km
Wind (m/s) at 0.25km Wind (m/s) at 9km

10 20 30

Pressure Contours: 964 to 974 by 2 Pressure Contours: 267.5 to 323.5 by 2

Initialization

WRF BWAVE WRF BWAVE

Valid: 0001-01-01_00:00:00 Valid: 0001-01-01_00:00:00

Pressure (hPa) at 2km Pressure (hPa) at 5km
Potential Temperature (theta) (K) at 2km Potential Temperature (theta) (K) at Skm
Wind (m/s) at 2km Wind (m/s) at 5km

10 20 30 10 30

Pressure Contours: 762.5 to 796.5 by 2 Pressure Contours: 495 to 551 by 2




Go B-Wave, Go!

WRF BWAVE WRF BWAVE

Valid: 0001-01-01_00:00:00 Valid: 0001-01-01_00:00:00

Pressure (hPa)  at 0.25 km Pressure (hPa) at 9km
Potential Temperature (theta) (K) at 0.25km Potential Temperature (theta) (K) at 9km
Wind (m/s)  at 0.25km Wind (mfs) at 9km
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Pressure Contours: 267.5 10 323.5 by 2

10 20 30

Pressure Contours: 964 10 974 by 2

Go B-Wave, Go!

WRF BWAVE

WRF BWAVE

Valid: 0001-01-01_00:00:00 Valid: 0001-01-01_00:00:00

Pressure (hPa) at 2km Pressure (hPa)  at 5km
Potential Temperature (theta) (K) at 2km Potential Temperature (theta) S at Skm
Wind (m/fs) at 2km Wind (mfs) at 5km

10 20 30

Pressure Contours: 762.5 10 796.5 by 2

10 20 30

Pressure Contours: 495 1o 551 by 2




Go B-Wave, Go!

WRF BWAVE
Valid: 0001-01-01_01:00:00
Pressure (hPa) at 2 km

Potential Temperature (theta) (K) at 2km
Wind (m/fs) at 2km

10 20 30

Pressure Contours: 762.5 10 796.5 by 2

Eady, E.T,, 194

WRF BWAVE

Valid: 0001-01-01_01:00:00

Vertical Velocity w (m/3)
Wind (mfs) at 2km

at 2km
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ng waves and cyclone waves. Tellus, I, 33-52.




