Chapter 3
Convective Dynamics
(Part 111, Squall Lines)

T
!

3.4. Squall Lines
Observations, Theories and
Numerical Modeling

Text book materials to read:
Houze sections 8.11, 9.2
Bluestein Part |l section 3.4.9




Squall Lines

* We are going to look at

» Genera Characteristics of Squall
Lines — organization, structure,
weather

= Conceptual Models
» Theories of Long-lived Squall Lines

Squall Lines— Definition

» Squall Lineisatype of multicell storm - consist of a
line of stormswith a continuous, well developed gust
front at the leading edge of the line.

* These storms can produce small to moder ate size hail,
occasional flash floods and weak tor nadoes.




Squall Lines— Definition

e Squall lines are bands of precipitation that are at |east
partly convective.

Frontal rainbands containing only forced precipitation are
not considered squall lines

Squall lines can stretch hundreds or even thousands of
kilometers in length and last for many hours. They
therefore fall into the category of mesoscale convective
System
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A squall line made up of discrete thunderstorms
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Idealized Formation of Squall Lines
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Figure 3,72 Idealized depiction of squall-line formation inm the Southern Plains of
the United States during the spring (from Bluestein and Jain, 1985). (Courtesy of
the American Meteorological Society)

Composite Sound and Hodograph of Squall Line Cases
Studied by Bluestein and Jain (1985)
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Cross-section through a squall line of 21 May 1961 that
passed OK C (after Newton 1966)

- OUEET 83D o veo6 480 R101 [E5.1) T [0 T 1 1) W0 b ‘:.
B - - . F
R | R LT N 1] =
BISTAHCE ters| il
wal an
TEOPLFMIEE
LLe - L
a4
o -H":‘-‘L - M
M LR
U @ feo
500 S b i
4 - a
uiol il i .
i .r:;l‘ Aq | Bgr 22t @ a
L & F
nof L S : = e
s e A g 2 e W gl P T IR oo
FELTTL LR - B -1~ i LTI - e e e
L, Ll
ek TEMFLEATLAE — T = "
ook - #i*
PENFOINT ____ch_ R B oAb e
—
3= e R B
o .
G no
Ak e = m— Ty =
B0 R I — e "
fHEE A — Moy e e L W o 1088
THIE CC5TI 1890 R 0 (L] eI} wun (L1 B (C1]

Figure 16.5b. Cross section through squ all lime of 21 Nay 1901 as it pmn'i Oklahoma Cliy,
Hatching indicates probable extent of kigh 6, air of low-level crigin; crose-hatching indicaten
leention of low 8, wir of probably middle-level origin. Heavy arrows are axes of maia drafis;
thin arrows are streamlines, dashed whers air emanstes from core of stratospheric towsr,
Long deshes suggess outline of air plame originating in storm; et lower altitude cloud plume
consists of small precipitation particles. [After Newton, 1986,

Conceptual Model Squall Lineswith Trailing Stratiform
Precipitation (Houze 1989)
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Figure 9.13 Conceptual model of the kinematic, microphysical, and radar-ccho structure of a
gonvective line with trailing stratiform precipitation viewed in a verlical cross section oriented
perpendicular to the convective line (and generally parallel to its motion). Intermediate and strong
radar reflectivity is indicated by medium and dark shading. The location of line AR is shown in Fig.
9.14. (From Houze et al., 1989 Reproduced with permission from the American Meteorological
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Vertical cross
section and
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distributions
during the matur
stage of a squall
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Common patterns of mature mesoscale convective systems
—aleading line of convective showerstrailed by aregion
of stratiform rain

(a) SYMMETRIC CASE (b) ASYMMETRIC CASE




Common patterns of mature mesoscale convective systems
Theleading convective line has
1. Arc shape (convex towar d theleading edge).
2. Generally northeast-southwest orientation.

3. Rapid movement with an eastward and/or southward component (<10 m s* in
adirection normal to the line orientation).

4. Solid appearance (a series of intensereflectivity cells solidly connected by an
echo of more moder ateintensity).

5. Very strong reflectivity gradient at leading edge (i.e., gradient much stronger
at theleading edge than the back edge of the convective region).

6. Serrated leading edge (leading edge of echo isjagged, with forward- extending
protrusions at an apparent wavelength ~5-10 km).

7. Elongated cells oriented 45-90° with respect to line

Common patterns of mature mesoscale convective systems

Thetrailing stratiform region has:

8. Largesize (>104 km? in horizontal area).

9. Notch-like concavity at rear edge (believed to be
associated with meso-scale inflow of dry air that
erodes a portion of the stratiform echo).

10. A secondary maximum of reflectivity (separated
from the convective line by a narrow channel of
lower reflectivity).
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Theories for Intense, Long-Lived

Squall Lines

* Threetheoriesfor long-lived squall lines —
all deal with the optimal environmental
conditions for them.
= Thorpe, Miller and Moncrieff (1978, TMM

theory, UK)

= Rotunno, Klemp and Weisman (1988, RKW
theory, NCAR)

= Xue, Xu and Droegemier (OU)




