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Chapter 1 Extratropical Cyclones

1.3 Cyclogenesis based on Petterssen equation

Development of the surface cyclone should not be viewed as a passive
response to “upper-level forcing”, as discussed in 1.2.

Theoretical and observational studies have shown an active linkage
between lower- and upper-level processes during cyclogenesis.

Question: Is there any dynamical principle of describing lower-to-
upper-level relationship you had learned previously?

Petterssen equation is a classic tool on this problem.

Petterssen equation will be derived in the class.



Schematic illustrating PVA (positive vorticity advection) and NVA (Negative
vorticity advection) associated with upper-level trough/ridge
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An initial surface disturbance (low pressure) embedded with
ambient temperature gradient

(Note that relatively little thermal advection near the center)




Schematic illustrating the stability term (S) can serve to put a
brake on the cyclogenesis process

W < 0 (predicted by QG)
Y4~ ¥ > O (stable atmosphere)
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Average distribution of cyclones
over the East China Sea
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Path of Kuroshio during Feb.

2015 (from JMA)
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10—day mean 50m currents for 11-20 Feb. 2015.
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o A ER (Taivan Low) 3 8 2 o 2 MiTHB2L 7P F LR
(1000~20002 2 )< /&R » FRF R RHZ1X o
FAEFLF2Z A BT P E - XK
HEAXFREABEERA"REATE(GARF IIREREIR)Z RRBE
PRI M FHBRAZENY SR EF T BEFRESIRIE
+ F (M 1987)

M4-19 1962~19765E12F ~ 3 A ERMEEEES®H (Yu, 1980)



Differential heating over land and ocean (like peninsula) can result in
the development of cyclones over land (illustrations from Chen 1987)
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Petterssen classified the cyclogenesis into two types:

Type A: Cyclogenesis is not associated with 500-mb trough, with
dominance of thermal forcings (A;+ S + H)

Type B: Cyclogenesis is dominated by the 500-mb trough forcing
(i.e., dynamic forcing)

To better monitor the cyclogenesis, each term of Petterssen
equation should be carefully evaluated.

Q: Which one occurs more often?



Schematic illustrating a positive feedback between the lower-
tropospheric thermal advection, the upper wave, and the surface cyclone
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Schematic depiction of feedback between lower-tropospheric thermal advection and upper wave: (a) plan view
of 1000-500-mb thickness (dashed black contours), sea level isobars (gray solid lines), fronts, and selected geostrophic wind
vectors [red (blue) indicating warm (cold) thickness advection]. Orange line A-B indicates location of cross section shown in (b);
(b) vertical cross section showing before and after positions of the 1000- and 500-mb height surfaces (dashed before, solid after),
along with relative locations of warm and cold advection maxima (labeled).

Positive feedback: A developing cyclone = favor warm (cold) advection

—> stronger upper ridge/trough = stronger vorticity advection = further
intensify cyclone



