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CONFLUENT and DIFLUENT FLOW

Is this flow convergent? Is this flow divergent?
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NO: The areas of the two boxes are identical
The flow is a combination of translation and deformation
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1004mb

1000mb

an anti-cyclone
has high pressure,
and clockwise winds
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1004mb

1000mb

an anti-cyclone
has widely spaced isobars
and gentle winds



high pressure in summer
gives hot, settled, sunny
weather with gentle winds




high pressure in winter

gives very cold, settled
weather with gentle winds,

frost and possible fog.
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980mb
984mb

988mb

a cyclone or depression
has low pressure,
and anti-clockwise winds
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984mb
988mb

a cyclone has tightly
packed isobars
and strong winds




980mb
984mb

988mb

low pressure areas at
any time of year give wet
weather with strong winds



Air Masses which
affect British Weather

Arctic
Polar Marl’r::ﬁe Polar
Maritime - Continental

war arm

Tropical Tropical
Maritime Continental






What is vorticity?

Many meteorological web sites
include some form of vorticity
contours on the 500-mb charts

Why? How does having contours
of vorticity help a meteorologist
understand the atmosphere?
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vorticity

Vorticity is a measure of local spin
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On a weather chart (like the 500 mb chart), want o measure spin
about a vertical axis

So isolate the "vertical vorticity" ¢ :
This quantity is also often called "relative vorticity”
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Relative vorticity

Relative (vertical) vorticity is not a measure of “vertical spin”, but
rather a measure of horizontal spin.

The word "vertical” comes from the fact that it's thek component
of the vorticity vector.

Advantage: in one variable, both u and v wind components are used

Counterclockwise e
rotation relative to _z#
surface

q Clockwise rotation
D relative to surface

Equator
L,

Earth rotation
(counterclockwise)



vorticity sources

Vertical vorticity (spin about a vertical axis) arises from three sources:
Horizontally sheared flow, flow curvature, and the rotation of the earth.
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Absolute vorticity: shear, curvature and earth rotation. &, =4 + f

Relative vorticity: shear and curvature.

Sign convention
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—> (A) Shear (B) Curvature (C) Earth Rotation

The earth would spin counter-clockwise if you looked down on it from above the north pole



Relative vorticity is non-zero for two reasons:

_ oV au
OX oY

5

Either streamlines of wind have curvature, or

The wind field has horizontal shear (or both)



Earth’s vorticity

The Earth is a rotating sphere.

It imparts vorticity to fluid parcels
Earth vorticity along the vertical axis is called Coriolis:

f =20INE , Wwhere f is Coriolis parameter, Q is the angular speed
of earth's rotation, and © is latitude

In Southern Hemisphere, Earth's vorticity is negative (why?)

Maximum spin

Slight spin

Equator/ﬁQ No spin




Typical magnitude of the relative vorticity for synoptic scale flow,

U ~ 10 m/s,

— 10—5 S—l

L ~ 1000 km U
gzt

Typical magnitude of planetary vorticity f ~ 104 s



Geostrophic absolute vorticity

To examine the actual spin of an air parcel, need to look at vorticity
contributions from both the Earth and the parcels themselves:

Absolute vorticity: é/a — éV+ f

At 500 mb, flow is nearly geostrophic

So re-name relative vorticity as "geostrophic relative vorTici’ry"é/g

Also re-name absolute vorticity as "geostrophic absolute vorticity”



Geostrophic relative vorticity: average difference in geopotential
height around a central point.

If average height is higher across the region than at the center
point, geostrophic vorticity is positive (i.e. cyclonic)

i.e., point is lower than its surroundings, such as in a trough

If average height is lower than at center point, geostrophic vorticity
is negative (i.e., anticyclonic)

i.e., point is higher than its surroundings, such as in a ridge



Importance of vorticity

vorticity is the quantity that “spins up” (or down) during the development
of an extratropical cyclone

Surface / Surface




Relative & absolute vorticity
in higher latitudes (Canada)
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Why Care about Upper-Air?

Talked about surface pressure and what winds we expect to see at
the surface

Lots of atmosphere not at the surface that affects weather
conditions at the surface!

Need to have ways to observe and analyze the atmosphere
kilometers from the surface



Maps of weather above the surface

Upper-air weather conditions plotted on maps of constant pressure.

Data obtained from radiosondes: heights, femperatures, wind
speeds and directions, humidity




Constant Pressure Surfaces
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Simplifies math

All upper-air maps plotted on constant pressure p ™
surfaces. R

E —+ 200
Mandatory pressure levels: pressures where : 250
radiosondes always take observations. U 10

R

E

Pressure decreases faster with height closer to - 400
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A 500 mb chart

Height contours, isohypses, or heights
(isopleths of equal height)




Density decreases with height
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A volume of air will become larger when heated

Pressure decreases more rapidly with height in cold air columns
than warm air columns

500-mb Height (m)
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Warm columns of air taller than cold columns

300 mb

300 mb

300 mb

1000 mb
Tropics Mid-latitude: Polar Regions



Forming upper-level troughs/ridges

Cold air masses move south, warm air masses move horth...forming
upper-level troughs/ridges
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