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As revealed by advances in observing technology such as Doppler radar remote sensing and
in numerical modeling, it has been recognized that most of hazardous weather occurring in
the real atmosphere are typically organized on an intermediate (viz. meso) scale. Particularly,
because of the inherent complex of mesoscale phenomena, theoretical principal of the
synoptic meteorology usually cannot be applied to explain dynamical processes associated
with these severe weather events. The main objective of this course is to introduce various
mesoscale phenomena occurring in the atmosphere, with special emphasis on their internal
structure and associated dynamics. In this course, current understanding of mesoscale

processes will be the major theme but it will be also complemented by including some new
findings from the latest results of mesoscale research.
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The course outline will primarily include :

(1) Fundamental Concepts of Mesoscale, (2) Fundamental Principle
of Radar Observations (3) Concept of Atmospheric Convection and
Perturbation Pressure Diagnosis, (4) Midlatitude and Tropical
Mesoscale Convective Systems, (5) Severe Storms, (6) Orographic
Precipitation.



KFZE4 (reference book):

(1) Mesoscale Meteorology and Forecasting. P. S. Ray, 1986.

(2) Radar in Meteorology. D. Atlas and L. J. Battan, 1990.

(3) A Short Course in Cloud Physics, Third Edition. R. R. Rogers and M. K.
Yau, 1989.

(4) Severe Convective Storm. Carles A. Doswell, 2001.

(5) Storm and Cloud Dynamics. W. R. Cotton and R. A. Anthes, 19809.

(6) Cloud Dynamics. R. A. Houze, Jr, 2014.

(7) Radar Observations of the Atmosphere. Louis J. Battan, 1981.

(8) Mesoscale Meteorology in Midlatitudes. Paul Markowski and Y.
Richardson, 2010
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7 v g aF 2 (written report and oral presentation):
ﬁiiﬁz~§isaﬂﬁﬁ? (deadline of written report): 12/28 2020
~ $3~10F (length of text plus figure: 3~10 pages)

ef3F 2 (oral presentation): #¥Z e FL p & FILAH =P 1/4
2021 (3 min for each student)
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%2 (Topics):
1. g 1\4;}&% (Fm ¥, aand, BFF5aF, S8aF, B F
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Organized rainbands (Cyclone rainbands, Frontal rainbands,
tropical cyclone rainbands, Taiwan rainbands, Orographic rainband
etc. )

2. Ev ¢ R R FR%

Other mesoscale phenomena

ZaaE2d e 3 T33P (Report must contain following components):
(1) ez zsmnEF P 1% (Definition and background)
(2) %2 P2 - F 4 #c (Observational or modeling characteristics)
(3) v 4 E42 (Physical or dynamical processes)

(4) & AfzAnp*dE s A %27 > » (Unresolved problems or future
research directions)

(5) %ﬁij;é/l?% (References)
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(Mesoscale Definition and
Concept)




“Mesoscale” defined in Glossary of Meteorology

—Pertaining to atmospheric phenomena having
horizontal scales ranging from
, Including thunderstorms,
sqguall lines, fronts, precipitation bands in tropical
and extratropical cyclones, and topographically
generated weather systems such as
and sea and land breezes.


http://abstracts.allenpress.com/glossary/search?id=mountain-wave1
http://abstracts.allenpress.com/glossary/search?id=mountain-wave1

Orlanski (1975):

Macro > 2000 km (KR FE)

Meso @ 200-2000 km (Hf R &)

Meso B8 20-200 km (f R &)

Meso 7 2-20 km (g R )

Micro < 2 km (/MR FE)




Meso a

Meso 3

Meso y

Table 2.4. Weather systems on or near the ground

Disturbance Scale Duration Max. wind
Extratropical cyclone 500-2000 km 3-15 days 55 m s™!
Cold front 500--2000 km 3-7 days 25 ms™!
Anticyclone 500-2000 km 3-15days 10ms—?
Warm 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 S-1lldeygs 17T ms™*
Dry front 200-1000 km 1-3 days 20ms™!
Midget typhoon 50-300 km 2-5 days 50 ms™!
Mesohigh 10-500 km 3-12 h 25 m 5=t
Gust front 10-300 km 0.5-6 h 35 mos
Mesocyclone 10-100 km 0.5-6 h 60 m s~ !
Downslope wind 16-100 km 2-12 h 55 m §°
Macroburst 4-20 km  10-60 min 40ms™*
Microburst 1-4 km 2-15 min 70 m 5—*
Tornado 30-3000mm  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™!




Meso a

Meso 3

Meso vy

Table 2.5. 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 26 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




fé g}l0.000km— Quasi- Geostrophic Regimle Sy
e £ . I
© o = |
+3 4 . | R
3 "3’,1— : | Q
o 2l 2 " Ty S S
2> 8 |000km— =
| g : Po
F| 8 . N
Sy 2 = 'b‘-
T T . J
3| 8 100kmf- H .
@ 3| ' :
o @ e .
QO = o o= u
w133 .
= ‘}f§ % % :
6 @ 2' a E :
S 3|8 10 ke[~ :
w wr -
— ¢ ~ 0 M
2518 :
c 1 -
211 :
s 3| % -
22| & I km— & .
3| ® .
w e -
&g _i .
2 .
Tg'f B :
=i 3 100 m = .
g |« Cannot be resolved by :
i 3 % routine synoptic observations = 12 h
@ -
3 _ -
g 1Omp u
ki A :
£ 1 L = 1 ]
102 10° 10t 1o° 10®
N 10 min in f'en | day | week

Time Scale (seconds)

Figure 1.1 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; ], 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



The distribution of 500-mb geopotential height at 00 UTC 20 Nov. 1964




Weather analysis map showing the horizontal scales of synoptic cold

and warm fronts, anticyclone and tropical depression.
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Satellite image showing different sizes for Hurricane Floyd and Andrew
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Mesoscale Convective Complex (MCC) revealed by an enhanced infrared satellite
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Figure 10.11

An enhanced infrared satellite
picture for June 22, 1981, which
shows a Mesoscale Convective
Complex extending from central
Kansas across western Missouri.
This organized mass of thunder-
storms brought hail, heavy rain,
and flooding to this area.



A multicell storm

Figure 10.3

A multicell storm. This storm is composed of a series of cells in successive stages of growth. The thunderstorm in the middle is in its
mature stage, with a well-defined anvil. Heavy rain is falling from its base. To the right of this cell, a thunderstorm is in its cumulus stage.
To the left, a well-developed cumulus congestus cloud is about ready to become a mature thunderstorm.



Convective lines along
the southeastern coast
of Taiwan
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Track of Xangsane (2000)
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Major Mountain
Barrier over
Taiwan (highest
mountain ~4 km
MSL)

SMR: Snow
Mountain Range

DTM: Da-Tun
Mountain

CMR: Central
Mountain Range

CR: Coastal Range



Low-level PPI of radar reflectivity

v, H U.--TC Orographic Rainband
dZ (OR)

--- Quasi-stationary

--- Orientation closely
linked to the terrain
feature

“Typhoon Rainband (TR)
--- Fast movement

~ --- Curved feature

-13.0 -3.0 7.0 17.0 270 37.0 47.0
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Figure 10.5
The lower half of a severe squall-line-type thunderstorm and some
of the features associated with it.




Microburst associated with a
small-scale vortex touching
the ground

Cloud base
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Figure 10.22

A devastating F5 tornado about

200 meters wide plows through Hesston,
Kansas, on March 13, 1990, leaving al-
most 300 people homeless and 13 injured.



Figure 10.28

Graduate students of the University of Ok-
lahoma use a portable Doppler radar to
probe a tornado near Hodges, Oklahoma.




The powerful tornado
touched down in southern
Maryland and ripped through
the town of La Plata,
destroying most of the
historic downtown. The
twister--the strongest ever
recorded to hit the state and
perhaps the strongest ever
recorded in the eastern U.S.--
flattened everything in its
path along a 24-mile (39 km)
swath running west to east
through the state.

The tornado's path can be
seen clearly in this
panchromatic image acquired
on May 1 by the Advanced
Land Imager (ALI), flying
aboard NASA's EO-1 satellite.
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Synoptic weather chart showing airflow roughly follows isobars (blue contous)

Adapted from CWB

HEIGHT(m), WIND(kts), TEMPERATURE(°C) AT 700 hPa

Valid at 09 SEP 2014 DOUTC

GFS (T319)
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A vertical section and a plan view of a mesofront (Fujita, 1955)
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A convective line developed offshore
in southeastern Taiwan during
TAMEX (Jorgensen et al. 1991)
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FIG. 2. Composite radar reflectivity map over a 10-min period from 20 scans of the P-3’s lower
fusetage C-band radar. During the composite period, the aircraft execuied an L-shaped flight
pattern (solid line). The composite was constructed by maximizing the radar reflectivity from
each sweep at each grid point. The radar echoes over Taiwan are ground chutter. The domain of
the map is 240 X 240 km®. The small box centered on the line is the 54 X 54 km? Doppler
analysis domain. The wind observations (| full barb = 5 m s™') were determined from an earlier
300-m track and show the cyclonic shear across the band.

TIME= 1557 0 TO 16 2 0 RADAR ALTITUDE=

Flight-level data collected as the aircraft

penetrated the line (Yu et al. 2001)
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Figure 10.5
The lower half of a severe squall-line-type thunderstorm and some
of the features associated with it.




An example showing the hydrostatic and nonhydrostatic
pressure observed at a gust front

Wakimoto (1982)

GUST-FRONT
RELATIVE FLOW

pressure nose

\ J\b—_

PRESSURE

hydrostatic | RISE

Pressure , :
l (5pv2) nonhydr:o}tcﬁc :
: WINQSPEED
Windspeed INCREASE

!
I - windspeed decreoss
! n warm air

DIRECTIONI SHIFT

l
1
l

. : céld l warm
Air Temperature AE sl
JOROP

Wind Direction

F1G. 29. Conceptual model of the surface observations
during the passage of a gust front in stages II and I11.
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Significant in-cloud warming associated with storm updrafts and a relatively
weak cooling near the cloud top (Kingsmill and Wakimoto 1991)
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Vertical cross sections of a
convective line showing
pressure and temperature
perturbations within the
convective cloud (Yu et al. 2001)



