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Analysis of the Cold vortex and the Relation to Tornado

Nami Matsuzaki

Abstract

00O Cold air which is cut by Westerly Wave is name as Cold vortex, also called Cold
lows or Cut-off low. We know that the inside of the Cold vortex has the active convection
where cumulonimbus develops, causing a wide range of meteorological disasters, such as,
thunderstorm, heavy snow, tornado and so on. In this study, I focused on the tornado,
and then verified the relationship between the Cold vortex and the tornado, clarifying
the characteristic of the structure of the Cold vortex and developmental proceses.

O 0O It was pointed out that a Cold vortex existed on the upper layer of the tornado,
which occurred on May 6, 2012 in both Ibaraki and Tochigi prefecture. So, this study
firstly analyzed the causes of the event, and the background situations by selecting sim-
ilar cases, Cold vortexes associated with tornados, from March 26, 2008 to June 30,
2016 are analyzed. JRA-55 long term re-analysis data provided by Japan Meteorolog-
ical Agency was used for the research. I put a focus on the vertical structure of the
temperature in Cold vortexes as well as the distribution of the potential vorticity on the
upper layer of gusts.

OO As a result, this study verified that the stronger Cold vortex in spring advances
cumulonimbus especially when the difference in temperature, between ground level and
upper layers becomes large even if a Cold vortex does not merge. The southeastern
side of the trough, which often produced the convective clouds, also blows the gust by
promoting the low pressure on the surface ground. In addition, this research discoverd
that gusts were more likely to occur in the south east or east side of the tropopause

folding, and not under the Cold vortex.

Keywords

(cold vortex, cold core, tropopause, potential vorticity, tornado)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 250 hPa, PV (PYVU)& HGT ({n) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 250 hPa, PV (PYVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)

& e,

i

200

0 500 1000 1500 2000 2500

Distance from A [km]

T

0 2 4 6 8 10 12 14 18 22 28

0 4.6: T20120506 (a) 00 250 hPa O (b) 925 hPa 000000, 0000

24



2008 11 01 18Z

(a) 500 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’J(OC) & HGT (m)L (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)

i .’ ’ 0 ) D3
~\ Uy SO
AV

/
: ’ S \V R
ORSe),

2/
:é?’ll[
4 ‘ N
SO AN
~ W . 0/
ST

100

200

hPa

500

1000 - ‘ ‘ r
0 500 1000 1500 2000

Distance from A [km]

T es—

0 2 4 6 8 10 12 14 18 22 28

0 4.16: T20081107 (a) OO 250 hPa O (b) 925 hPa DD OO OO, 0000

34



2008 11 07 00Z

(a) 250 hPa, PV (PYVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m) (b) 925 hPa, PV (PVU)& HGT (m)
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(a) 500 hPa, T (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(b) 850 hPa, T’ (°C) & HGT (m)
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(a) 500 hPa, T’ (°C) & HGT (m) (b) 850 hPa, T’ (°C) & HGT (m)
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(a) 250 hPa, PV (PVU)& HGT (m)

(b) 925 hPa, PV (PVU)& HGT (m)
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