Teaching Weather and Climate Summer 2008

Midlatitude Cyclones

Equator-to-pole temperature gradient tilts pressure
surfaces and produces westerly jets in midlatitudes

Waves in the jet induce divergence and convergence
aloft, leading to surface highs and lows

Surface circulations amplify the wave by transporting
heat to the north and south around the surface low

Resulting “cyclones" are
crucial to the transport of
energy through the middle
latitudes
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Midlatitude Cyclones
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Hemispheric
westerlies typically
organized into 4-6
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Convergence and Divergence
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What initiates “cyclogenesis?”
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Divergence, Vorticity, and Tilt
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Initiation of a Cyclone Initiation of a Cyclone
) ) _ * Surface winds respond to surface pressure gradient ...
* Vertical cross-section looking North transport cold air southward behind the low and warm
+ Imagine a short wave trough passes overhead air northward ahead of low
* Where will surface low develop? + This amplifies the upper level frough and ridge

+ Enhances upper-level divergence
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upper level Figure 9-16 When air slows, the dots converge. When winds
divergence aloft are faster, the dots are farther apart. —_—

Temperature advection is key! b 3G
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Fronts

A Front = is the boundary between air masses; normally
refers to where this interface intersects the
ground (in all cases except stationary fronts, the
symbols are placed pointing to the direction of
movement of the interface (front)

Warm Front a5 6 6
Cold Front v v v

Stationary Front . [

Occluded Front A @ A & A

Midlatitude Cyclones

Characteristics of Fronts

+ Across the front - look for one or more
of the following:
- Change of Temperature
- Change of Moisture characteristic
*RH, T,
- Change of Wind Direction
- Change in direction of Pressure Gradient
- Characteristic Precipitation Patterns

How do we decide
what kind of front it is?

If warm air replaces colder air, the front is a warm
front

If cold air replaces warmer air, the front is a cold
front

If the front does not move, it is a stationary front

Occluded fronts do not intersect the ground; the
interface between the air masses is aloft

Scott Denning

CSuU CMMAP

Lifecycle of a Midlatitude Cyclone
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What maintains the surface low?

Imagine a surface low forming directly below upper level low
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Typical Cold Front Structure

+ Cold air replaces warm; leading edge is steeper due to
friction at the ground

- Strong vertical motion and unstable air forms cumule
clouds (thunderstorms!)

+ Upper level winds blow ice crystals downwind creating
cirrus and cirrostratus
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Typical Warm Front Structure

+ Inan advancing warm front, warm air rides up over colder
air at the surface; slope is not usually very steep

+ Lifting of the warm air produces stratus clouds and
precipitation well in advance of boundary
+ At different points along the warm/cold air interface, the

precipitation will experience different temperature
histories as it falls to the ground
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Summary of Cyclone Weather
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Conveyor Belt Model

This model describes
rising and sinking air
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Follow the Energy!

* Midlatitude storms release gravitational
potential energy arising from the
temperature differences found in the
different air masses north and south of
the polar front

+ Cold, dense air pushes warmer, less dense
air up and out of the way

+ "Up warm, down cold"

* These storms let the atmosphere lower
its center of mass ... "air falling down"
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Lifecycle of a Midlatitude Cyclone

Pressure surfaces tilt
because of N-S
temperature contrast
Passing wave initiates
divergence and cyclonic
vorticity
Cold air undercuts warm,
and flows south
Cold air advection
undermines upper
trough, deepening it
N-S mixing in cyclone
eventually consumes the
available potential
energy, and cyclone dies

Midlatitude Cyclones

The "Big Picture”

- We've emphasized horizontal transport of

energy to balance the planetary energy
budgeft:

- Hadley Cell
- Subtropical divergence
- Midlatitude cyclones and conveyor belts
* What about vertical motion?
- "Up-warm, down cold"”
- "Up moist, down-dry"
- Severe weather is all about vertical motion, and
represents local release of energy that
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