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Course Outline:

1. Extratropical cyclones
Definition and Introduction, Cyclogenesis, Petterssen Eq.,
Precipitation and rainbands associated with EC

2. Applications of hydrodynamic theories on weather analysis
Quasi-geostrophic theory and its application, Vertical motions

3. Tropical cyclones
Introduction, Structure, Development and motion of tropical
cyclones (typhoons).

4. Regional and Mesoscale scale weather systems

Frontal convection, land-sea breeze, Fohn, Mountain-valley
winds, Orographic precipitation, Squall lines, Mesoscale
Convective Systems, Severe Storms, etc.

(Chap. 4 mostly discussed in the Weather Lab)
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Chapter 1 Extratropical Cyclones

1.1 Definition and Introduction

Geostationary Operational Environmental Satellite-8 (GOES-11) visible satellite
image, 2200 UTC 8 Oct 2007.

Midlatitude weather is
primarily influenced by
some sort of traveling
disturbance (e.g., a
minimum in the pressure
field), today, recognized
as extratropical cyclones
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Roles of Cyclones in Earth’s Climate System

Average Incoming Solar Energy Planetary Energy Balance
500 500
Emitted energy
E 250 IE 250
z = o
" Net radiant heating
(a) | 1 1 1 1 (b) 1 | 1 1
90° 60° 30° 0° 30° 60° 90° 90° 60° 30° 0° 30° 60° 90°
Equator

(a) Average flux of solar radiation reaching the top of the atmosphere. (b) Thin black curve as in (a), blue curve is
average outgoing radiant energy flux, green curve is net radiant heating, and shaded areas represent the difference between
emission and absorption [adapted from Gill (1982), originally from Winston et al. (1979)].
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Extratropical cyclones are essential disturbances acting to mix
tropical and polar air and serving to reduce the overall equator-to-
pole temperature gradient
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Annually and zonally averaged northward heat
transport in petawatts (PW, 10'* W) to balance the net radiative
imbalance; total transport shown by black curve, partitioned into
atmospheric (red) and oceanic (blue) contributions. Uncertainty
is shown as shading of the 20 range. Negative values in the
Southern Hemisphere are consistent with poleward transport
there as well (from Fasullo and Trenberth 2008, their Fig. 7d).



Northern Hemisphere storm track defined using the standard
deviation of filtered 500-mb geopotential height from NCEP-NCAR
reanalysis during 1982-94 (Chang 2009)

. »GOE ZOE.‘ 180. ‘ 1O-WM 6W.M 0

Obvious zonal variations of storm track and note maximum
over the ocean (why?)



B +F % *x(extratropical cyclone, sometimes called extratropical low,
extratropical storm) s E_5&:

Any cyclonic-scale (1000-4000 km) storm that is not a tropical cyclone

usually referring only to the migratory frontal cyclones (2{T#&1H sRIE)
of middle and high latitudes. [AMS Glossary of Meteorology]
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Weather systems on or near the ground

Disturbance Scale Duration Max. wind
Extratropical cyclone 500-2000 km 3-15 days 55 ms™!
Cold front 500--2000 km 3-7 days 25 ms™!
Anticyclone 500-2000 km 3-15days 10ms—!
YWartn front 300-1000 km 1-3 days 15 ms™!
Hurricane 300-2000 km 1-7 days 90 ms!
Tropical cyclone 300-1500 km 3-15 days 33 ms~!
Tropical depression 300-1000 km -l deys I1Tms™?
Dry front 200-1000 km 1-3 days 20ms™!
Midget typhoon 50-300 km 2-5 days 50ms™!
Mesohigh 10-500 km 3-12 h 25 m 5=t
Gust front 10-300 km 0.5-6 h 35 m s !
Mesocyclone 10-100 km 0.5-6 h 60 m s~ !
Downslope wind 16-100 km 2-12 h 55 m g
Macroburst 4-20 km  10-60 min 40 ms™*
Microburst 1-4 km 2-15 min 70 m 5—°
Tornado 30-3600mm  0.5-90 min 100 m s™!
Suction vortex 5-50 m 5-60 s 140 m s~}
Dust devil 1-100 m  0.2-15 min 40 m s™!




Scale and duration of middle-

and high-level disturbances

Disturbance Horizontal scale Duration
Long wave 8000—40000 km 15+ days
Short wave 3000-3000 km 3-15 days
Cyclone wave 1000-3000 km 2-5 days
Jet stream 1000—-8000 xm 5—-15 days
Low-level jet 300-1000 km 1-3  days
Jet streak 200-1000 km 2-5 days
Anvil cluster (MCC) 50-1000 km 3-36 h
Individual anvil 30-200 km 1-5 h
Supercell storm 20-50 km 2-6 h
Cumulonimbus 10-30 km 1-3 h
Cumulus 2-5 km 10—-100 min
Overshooting dome 2-5 km 2-10 min
Tornado vortex signature 1-5 km 20-90 min
Overshooting turret 100500 m 1-2 min
Thermal 100-1000 m 5-20 min
In-cloud turbulent eddy 10-100 m Variable
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- Horizontal-length scales and time scales for the following atmospheric
phenomena: A, dust devils; B, tornadoes and waterspouts; C, cumulus clouds; D,
downbursts; E, gust fronts; F, mesocyclones; G, thunderstorms; H, sea/land/lake
breezes, mountain—valley circulations, and meso-highs and meso-lows; |, pre-
cipitation bands; J, coastal fronts; K, mesoscale convective systems; L, the
low-level jet; M, the dryline; N, “bombs’ and tropical cyclones; O, upper-level
jets; P, surface fronts; Q, extratropical cyclones and anticyclones; and R, troughs
and ridges in the baroclinic westerlies.

Q: Extratropical
cyclones and
anticyclones

R: Troughs and
ridges in the
baroclinic westerlies

Only Q and R fit well
in the quasi-
geostrophic regime



Timeline of events and advances both within and

outside the field of meteorology.

U.S. Civil War '
(1861-65) First Trans-

Atlantic Telegraph

1887 Hertz: first radio transmission

First zeppelin airship
Dec. 1903 Wright Bros. 1* flight
First AM radio broadcast

World War |
(1914-1918)

1927: Lindbergh- First sold trans-
Atlantic flight

World War Il 1« glectronic computers

(1939-1945)

1850

1860

1870

1880

1890

1900

1910

1920

1930

1940

1870 U.S. Weather Bureau established

1890 U.S. Weather Bureau becomes civilian

1904: V. Bjerknes outlines numerical weather prediction

1919 Founding of American Meteorological Society
1922 Richardson publishes results of first NWP effort

1928: CFL condition for numerical stability published




Norwegian polar front cyclone model devised by J. Bjerknes and
collaborators of the Bergen School during 1920s.
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Schematic showing four stages in the development
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of extratropical cyclones as envisioned in the Norwegian polar
front cyclone model. Panels |, Il, Ill and IV represent four suc-
cessive stages in the life cycle. (Top) Idealized frontal configu-
rations and isobars. Shading denotes regions of precipitation.
(Bottom) Isotherms (black) and airflow (colored arrows)
relative to the moving cyclone center (red dot). Red arrows
indicate the flow in the warm sector, and blue arrows indicate
the flow in the cold air mass. Frontal symbols are listed in
Table 7.1. [Adapted from Mon. Wea. Rev., 126 (1998) p. 1787.]



An example of extratropical cyclone not
fitting the cyclone model

An intense extratropical cyclone over the North
Pacific. The spiral cloud pattern, with a radius of nearly 2000
km, is shaped by a vast counterclockwise circulation around a
deep low pressure center. Some of the elongated cloud bands
are associated with frontal zones. The region enclosed by the
red rectangle is shown in greater detail in Fig. 1.21. [NASA
MODIS imagery. Photograph courtesy of NASA. ]

Cloud pattern of a tropical cyclone

The cloud pattern associated with Hurricane Floyd
September 14, 1999. The eye of the hurricane is clearly visible.
The radius of the associated cloud system is ~600 km. Data
from NOAA GOES satellite imagery. [Photograph courtesy of
Harold F. Pierce, Laboratory of Atmosphere, NASA Goddard
Space Flight Center.]



Some of the most intense cyclones developing over the ocean exhibit significant
departures from the cyclone model, especially with warm core, spiral cloud bands
coiled up tightly about the cyclone center, and stronger warm front.

Fig. 8.32 As in Fig. 8.31 but for tightly coiled, warm core
storms. [From Extratropical Cyclones: The Erik Palmén Memorial
Volume, Amer. Meteorol. Soc. (1990) p. 188.]



