
Lecture 2 Conservation laws and planetary waves

Potential vorticity

Orographic forcing of Rossby waves

Barotropic Instability

Baroclinic Instability

Fronts and wave breaking

Midlatitude storm tracks



Planetary Balance and conservation

If the time scale of the motion is larger than :

> f-1 > N-1

hs > 10min
And for scales large such U < L/f,  L<~ a (earth 
radius).

The flow is in 
Buoyancy ~vertical component of pressure force.

And in :
coriolis force ~ horizontal component of pressure 

force.
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Geostrophic Balance

If the Rossby Number is much smaller than 1 (R0 = U/(fL) << 1)
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Where u and v are zonal and meridional velocity components and 0 a 
particular latitude
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Shallow water
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Conservation of Potential Vorticity

Full system
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Quasi-geostrophic



Rossby Waves

High PV

Low PV

Phase      group (Energy flows to the east)

Zonal flow U

Possibility of stationary because:

f0+dy

f0-dy

Qs=( +f1)/H

Qs=( +f2)/H









U zonal-comp. V meridional comp.

H height PV potential vorticity

Stationary response due to orography (shallow water global model)













Barotropic and Baroclinic Instabilities

The major source of midlatitudes weather 















Thermal wind relation

f*Uz=-g* y/

Lower level thermal wave

Cold

Warm

U(z)

The phase velocity:

C=U(z=0)+Uz(z=0)/

The perturbation temperature

q = q0*exp [ ik(x-ct)]*exp(- z)

Elements of Baroclinic Instability

Upper level Rossby wave

U(z)

C = U /(k2+ 2)

U(z) Influence of lower level into upper one

Influence of upper level into the lower one

Baroclinic growth

















Baroclinic effects:

Atmospheric Fronts

Transfer of momentum and heat poleward

Breaking upper and lower waves 















Collective effects of baroclinic waves (daily weather) 

Produce 
Storm tracks and quasi stationary patterns affecting 
the basic flow (westerlies) 





Storm Track
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Cyclone System
(~one week)
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Frontal System
(~2 days)

Cloud System
(~2 hours)

Non-hydrostatic
dynamics

Hydrostatic
dynamics

Time-space scale of atmospheric systems



Environment 
for cyclone

development.

Produce 
frontal systems
and low level
convergence

Strong vertical
ascents, associated

with the front,
transport

upward moisture 
and other tracers

The cloud 
System

releases latent 
heat that further 

intensifies the front

Intense fronts
produce more
cyclogenesis

Intense cyclone
waves can modify

the storm track

Well resolved by present GCM s

Fairly resolved

Only parameterized

The mechanics of a storm track and its feedback

Cyclone system

Frontal system

Cloud system





I. Orlanski and B. Gross: Baroclinic lifecycles in a storm track environment. JAS 2000

Surfaces of relative vorticity as inferred from regression analysis (-24h, 0h, +24h)

SST

Developing eddy
(A)

Mature eddy (B)

Downstream developing barotropic wave
(C)

Developing baroclinic
Eddy (A)

Mature baroclinic eddy
Cyclonic rollup (B)

Upper level barotropic
(C)

Mature baroclinic eddy
(A)

Upper level barotopic wave
(B)

Anticyclonic wave breaking
(C)









Experiments on Storm Track variability

A high resolution (9km and 18km) cloud resolving non-hydrostatic model  (ZETANC*) was used to 
perform several idealized storm track simulations. The solution run for 220days and sensitivity to 
imposed SST were performed. The animation shows the column liquid water content.

The frontal rain band ahead of cold fronts displays a variety of cloud systems, from deep convective 
clouds in sub tropical latitudes to more stable stratiform clouds in the middle latitudes.



Things to remember from Lecture 2

Planetary waves are an essential part of the daily weather 
and climate.

Land-sea contrast, topographic features etc can force 
planetary waves, Rossby waves.

Its characteristics are; they propagate to the west and 
radiate energy to the east.

Also these waves could be unstable, they can grow to 
large amplitudes from very small perturbations.

The major planetary wave generation are due to 
barotropic and baroclnic instabilities. They are responsible 
for producing the daily weather. Most the time they 
transport heat and momentum to higher latitudes. Warming 
the polar regions and removing heat from the subtropics.

The assemble of all these waves tend to produce wave 
active regions which we called the storm tracks.


