Lecture 5

Lecture 1

UK weather

UK weather is dominated by the
passage of low pressure systems
(= extratropical cyclones = depressions).
The study of mid-latitude weather systems
began in earnest when it became possible to
take synoptic weather observations.

Admiral
Robert Fitzroy
(1805 - 1865)
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5.1 The Norwegian
cyclone model

…a theory explaining the lifecycle of an extra-tropical storm.

Idealized life cycle of an extratropical cyclone (2 - 8 days)
(a)

(d)

(b)

(c)

(e)

(f)
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Where do extratropical cyclones form?

Hoskins and
Hodges (2002)

5.2 Upper-air support
Surface winds converge in
a low pressure centre and
diverge in a high pressure

⇒ must be vertical motion

In the upper atmosphere the flow is in geostrophic balance, so there is no
friction forcing convergence/divergence.
∴ if an upper level low and surface low are vertically stacked, the
surface convergence will cause the low to fill and the system to dissipate.
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Weather systems tilt westward
with height, so that there is a
region of upper-level divergence
above the surface low, and
upper-level convergence above
the surface high.

700mb
height

Downstream of troughs, divergence leads to favorable locations for ascent
(red/orange), while upstream of troughs convergence leads to favorable
conditions for descent (purple/blue).
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When upper-level divergence is stronger than surface convergence, surface
pressures drop and the low intensifies.
When upper-level divergence is less than surface convergence, surface
pressures rise and the low weakens.

Waves in the
upper level flow

Typically 3-6
troughs and
ridges around
the globe - these
are known as
planetary waves
or Rossby waves
Instantaneous snapshot of 300mb height
(contours) and windspeed (colours)
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Right now….

500mb height
(colours) and
sealevel pressure
(contours)

Temperature advection

No temperature
advection

Cold-air advection

Warm-air advection
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When a short wavelength wiggle on the jet moves into a trough, it
intensifies the trough, leading to temperature advection…

Isotherms are parallel to
pressure contours (or
equivalently height contours)
and the atmosphere is said
to the barotropic.

The trough has intensified causing isotherms
to cross height contours, which we describe
as baroclinic. Cold air advection leads to
sinking in the west, while warm air advection
leads to rising in the east.

Temperature advection sharpens the temperature gradient and
intensifies the frontal wave.
Short wavelength wiggles also
locally intensify the jet stream in
a trough ( called a “jet streak”)
leading to enhanced
convergence in the entrance
region and divergence in the exit.

Convergence

Divergence

Fastest
velocities

The jet stream is removing air above
the surface cyclone, and supplying air
to the surface anticyclone.
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An example of cyclone development in terms of upper and lower level flow
00Z 10 November 1998
300mb height
(contours)
and velocity
(colours)

http://weather
.unisys.com

TROUGH AXIS

An example of cyclone development in terms of upper and lower level flow
00Z 10 November 1998
Sea-level
pressure
(blue
contours)
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An example of cyclone development in terms of upper and lower level flow
12Z 10 November 1998

Jetstream
maximum
and trough
have shifted
downstream.

TROUGH AXIS

An example of cyclone development in terms of upper and lower level flow
12Z 10 November 1998

Surface low
has deepened
to 977 mb.
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An example of cyclone development in terms of upper and lower level flow
00Z 11 November 1998

TROUGH AXIS

An example of cyclone development in terms of upper and lower level flow
00Z 11 November 1998

Cyclone is
vertically
stacked - lack
of divergence
aloft will
cause it to
weaken.
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3D structure - the conveyorbelt model of rising and descending air

Comma cloud
associated with a
mature low
pressure system.
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Summary of cyclone development

5.3 Surface weather features
The cyclonic circulation at
the surface sharpens the
temperature gradient, leading
to the formation of fronts.

Alan Plumb
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Wind veers as the low passes over.

warm front

cold front

Slopes of
roughly 1 in 100
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Cloud classification

Occluded fronts - structure depends
on the relative coldness of the cold
air ahead of and behind the system.
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Synoptic charts

Used for compiling
weather observations
and identifying the
position of surface
lows, troughs and
fronts.

Storm Gudrun
8-9 Jan 2005

http://www.zamg.ac.at/eumetrain/ShortCases/Gudrun/index.htm
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Meteosat infrared image

200 mb
streamlines

06Z 8 Jan 2005

5.4 Anticyclones
High pressure systems
associated with ridges in
the upper level flow and
subsiding air.

Subsiding air - few clouds
Weak pressure gradients
- calm or light winds
Hot in summer and very
cold in winter.
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5.5 Blocking
When the upper level ridge (a wave on the jet stream) overturns and/or
breaks, anticyclones can persist for several weeks, blocking the path of
mid-latitude cyclones.
Two examples of blocking events over Europe:

In winter the settled weather leads to long spells of extreme cold, while in
summer it leads to heatwaves and drought. Numerical weather prediction
models struggle to predict the onset and break-up of blocks.

Northerly flow on the east side of
the blocking high can bring snow!

Mean 250mb height for January 2010
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5.6 The North Atlantic Oscillation (NAO)
Dominant mode of winter climate variability in the North Atlantic region.
Large-scale seesaw in atmospheric mass between the subtropical (Azores)
high and the subpolar (Iceland) low.
The NAO index is defined as the anomalous pressure difference between
the Azores high and the Iceland low.
It varies from day to day and year to year, but also has a tendency to
remain in one phase for intervals lasting several years.

Normalized DJF anomalous pressure difference

• Stronger than usual subtropical high
and deeper than normal Icelandic low.

Positive
NAO index

• More winter storms crossing the
Atlantic on a more northerly track.
• Warm, wet winters in Europe and
cold, dry winters in northern Canada
and Greenland.
Negative
NAO index

• Weak subtropical high and a weak
Icelandic low.
• Fewer and weaker storms crossing
the Atlantic on a more west-east track.
• These bring moist air into the
Mediterranean and cold air to
northern Europe.

19

Observed NAO index
during this winter so
far…

…and the forecast for
the rest of the winter.

http://www.cpc.noaa.gov/products/precip/CWlink/pna/nao_index.html

UK Met Office winter 2010
NAO forecast based on
re-emergence of sea
surface temperature
anomalies.
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5.7 Ensemble weather forecasting
Numerical weather prediction is only possible up to about 10 days ahead,
because the atmosphere is chaotic, i.e. itʼs evolution is very sensitive to
small changes in the initial conditions.

Forecast length at
which skill score
drops to 60, based
on correlation
between observed
and forecast
weather features
at 500 mb.

Ensemble forecasting attempts
to generate a representative
sample of the possible future
states of the atmosphere.

e.g. forecasts of London
temperature made on 26
June 1994 and 26 June 1995.
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Summary of key points
• Since the UK sits at the end of the North Atlantic storm track, our
weather is dominated by the passage of extra-tropical cyclones. These
have a characteristic life cycle of 2 - 8 days.
• Cyclogenesis requires the systems to tilt westward with height such that
there is a region of divergence aloft above the surface low pressure.
Temperature advection and the presence of jet streaks in the upper
troposphere are also important for cyclone development.
• The boundaries between warm and cold air masses are described as
fronts. As they pass over the UK, the weather, cloud cover, wind,
pressure and temperature evolve according to a characteristic pattern.
• Anticyclones are associated with upper level ridges. They bring calm,
clear conditions (warm in summer, cold in winter) and can persist for
several weeks during a blocking event.
• The frequency of storms passing over the UK is described by variations
in the North Atlantic Oscillation, a measure of the pressure gradients
over the Atlantic and the strength and orientation of the jet stream.
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