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Introduction

In the warm sector of extratropical cyclones
(ECs), there are strong upper-level westerly
winds and low-level southerly winds.
Vertical shear is strong

Warm and moist air 1s advected in low-levels

The warm sector 1s favorable to tornadogenesis Newton (1967)

Not all ECs cause tornadoes.

There are ECs that cause tornadoes (tornadic ECs: TECs) and that do not (non-
tornadic ECs: NTECs).

What are differences between TECs and NTECs ?




Introduction

» In Japan, 46 % of tornadogenesis are associated
with ECs.

» There 1s few studies for environments of
tornadogenesis associated with ECs

—Seko et al. (2009)

e Saroma (Hokkaido) tornado in November
2009

e Confined to case studies

» The structures and environment of TECs are not
fully understood.



The purposes of this study

» What are the characteristics of tornado-spawning
ECs?
» Comparison between TECs and NTECs

» Focusing on environmental parameters (CAPE, SREH,
and EHI) and horizontal and vertical structures of ECs

» Comparison between TECs around Japan and the US

@ Data and Period
@ Pecriod: 1961 ~2011 (JRA-55 used)
@ Tornado data: 1961~ 1993 used at Niino et al. (1997),
1994-2011: JMA




Methodology

1. ECs between 1961 and 2011 are automatically detected
(Hodges 1994, 1995, 1999)
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2. Tornadic ECs (TECs) 1n MAM, SON, and DJF are defined as
ECs that are accompanied by a tornado within 3 hours of the 6
hourly analysis time of JRA-55 ’




TEC

0.5°

0.5%

No tornado is observed in its
lifecycle

3. Non-tornadic ECs (NTECs) arg“defined as ECs that passed the
region within 0.5 ° ¢ center of TECs 1n each season, and
no tornado was observed within 5° x 5° from the center of the ECs.



Categorization of ECs in SON
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@ Latitudinal bias
@ There is large latitudinal difference of the number of
NTEC:S in the north and south of 40N.
€ ECs in SON are categorized in to those in the north of
40N (NSON) and those in the south of 40N (SSON).

The results for MAM, NSON and DJF will be presented.
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Methodology

€ Composite analysis
v" Physical variables are superposed with respect to the cyclone center.
v' Key-Time (KT) is defined as the nearest analysis time of JRA-55 from
the occurrence of the tornado.
v" To clarify the differences between TECs and NTECs of similar
intensity, ECs that have the central pressure between 985 and 1005 hPa
are analyzed.
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(a) MAM
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\ Vorticity (gray shading) and

geopotential height at 900 hPa
for the composite.
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SREH & 900-hPa geopotential height
TEC NTEC p values & TEC—NTEC
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v" There is little
difference in SREH in
MAM and NSON.

v" SREH for TECs in DJF
is significantly larger.

v' About a half of
tornadoes does not

correspond to large
SREH
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NSON

DJF

CAPE & 900-hPa geopotential height
TEC

NTEC

" p values & TEC—NTEC
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CAPE for TECs is
significantly larger in
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EHI & 900-hPa geopotential height
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Summary of differences between TECs and NTECs

MAM x O X X X
SSON X A A X A
NSON x O O X X

DJF A O @) O O

For all seasons, CAPE may be useful to distinguish TECs from NTECs.
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Comparison between Japan and the
US(MAM)

(b) Tornadoes associated with TECs
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Many tornadoes occur on land
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SREH:
» Larger in the US
» Larger values extend over wider area.

CAPE:
» Notably larger in the US

EHI:
» Larger in the US.
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Vertical distributions of differences in temperature (color) and
specific humidity (contour lines) between the US and Japan

300

400

Lower layer: warmer
Upper layer: colder
=larger CAPE
A large number of tornadoes occurs on land in the US = radiative
heating is important for higher temperature 16
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Conclusions 1

MAM X O X X X
SSON X A A X A
NSON X O O X X

DJF A O O O O

» There 1s no notable difference in SREH between TEC and
NTEC.

» CAPE shows significant differences between TECs and
NTECs in MAM, NSON and DJF

» EHI also shows the differences in NSON and DJF.
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Conclusions 2

* Differences between Japan and the US

SREH small large
CAPE small large
EHI small large
Upper-layer high low
temperature
Lower-layer low high
temperature
Wind near the strong weak
surface

Environments in the US are favorable for tornadogenesis
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Environmental parameters

Convective available potential energy (CAPE)

CAPE = gf o Q(Zg(_z)@ ®) 4

Storm relative environmental helicity (SREH)

oV
SREH = f kx— (V= c)dz h=1km
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MAM
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Exclusion of weak NTECs

DJF
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TEC NTEC p values & TEC—NTEC
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JRA-55
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