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Chapter 1 Extratropical Cyclones

1.6 Cloud and precipitation within EC
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FIGURE 11.24 Idealization of the cloud and precipitation pattern associated with a mature extratropical cyclone.

/

& 4@ f/
Widez%

frontal-band f/ a[?w cold frontal band



Fd

LEFRF F il E, L2 qpe 0t BT E(vertically pointing Doppler radar)#+ &

Rler* s R F enT Mg B, L Z RpFR £ SR % v (Houze et al. 1976)

i 4

- 0

=10

€ 8

E ¢

2 4

£ 9

| et

0 1200 1100 1000

Pacific Standard Time
<«— Band e <«— Band B3_J| |<— Band Byt Band B,—J
-~ e
Wide cold frontal bands Warm frontal bands

Time-height cross section of vertically pointing Doppler radar data and high resolution rain gauge trace obtained during the passage of
an extratropical cyclonic storm over Seattle, Washington. Radar data show 10-min average precipitation fallspeeds (m s~ !). The melting layer, charac-
terized by a large gradient of fallspeed, is shaded for emphasis. Contours labeled with zeros outline the region of precipitation detected by the radar.
Adapted from Houze et al. (1976). Republished with permission of the American Meteorological Society.



Wide cold frontal rainbands (WCFR) are dominantly stratiform rain, are
associated with a layer of enhanced mean ascent above the cold front, and
generally move with embedded winds
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Cloud structure, air motion, and precipitation mechanisms at a cold front as revealed by instrumented aircraft, radar, and other obser-
vations of frontal cyclones passing over Washington State. Vertical hatching below cloud bases represents precipitation: the density of the hatching cor-
responds qualitatively to the precipitation rate. Open arrows depict airflow relative to the front: a strong convective updraft and downdraft above the
surface front and pressure trough, and broader ascent over the cold front aloft. Cloud liquid water contents (lwc) are in g m . The motion of the rainband

is from left to right. Horizontal and vertical scales are approximate but typical of aircraft and radar observations in specific cases. From Matejka et al.
(1980). Republished with permission of the Royal Meteorological Society.
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(Hobbs et al. 1980)
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GO0 | (Shaplro et al. 1985)
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- Schematic representation of an atmospheric
density current. (After Goff, 1976)



Density current movie in the lab.




Precipitation-induced cold air feeding the leading edge of a surface front

Seitter and Muench 1985

Schematic representation of the hypothesized mechanism
responsible for the 4 May 1983 rope cloud.



Visible satellite image showing an example of rope cloud
(Seitter and Muench 1985)
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FEFENCFR Y B2 [e)F 453 (Hobbs and Biswas 1979)
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R #&EUIER(wind shift line)Z& R HK B ZUREIE
(Hobbs and Persson 1982)
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NCFRZ[E7KHCM(precipitation core)EafR[1(gap region)gd
SmE R AL E ~EE (Hobbs and Persson 1982)
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Surface analysis at 06 UTC
1 Dec. 1995
(Yu and Smull 2000)
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Accumulated Normalized Reflectivity

S e S mam Yu and Smull (2000)
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Cold Frontal Rainbands
12 January 1997
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Wakimoto and Bosart (2000)

V: Distortion of the
frontal zone



Yu and Bond (2002)
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Trier et al. (1990)

Isochrones of 'VR?O from CP-4 elevation =0.3°

360°

Stroit

FG. 18 Isochrones of the Vxg=0m s~ line from theO 3° elevation
PPI scan from the NCAR CP-4 Doppler radar depicting the horizontal
wind shift associated with the cold frontal passage. All times on 8
June 1987 (LST) Shaded region corresponds to clevatxon in excess
of 1000 m.
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Strong interaction between the blocked, along-barrier flow
and postfrontal flow (Neiman et al. 2004)
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Neiman et al. (2004)

(b) Cross-section perspective
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