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Abstract The development mechanisms of an unusual heavy snowfall event, which occurred
in the coast of Jeju Island on 23 January 2016 were investigated through a thermodynamic
approach. The formation of heavy snowfall was attributed to the enhanced thermal convection in
two ways. First, the convection was enhanced by the air-sea temperature difference between the
cold air advection in low-troposphere associated with the strengthening of the Siberian High and
abnormal warm sea surface temperature, which is 1~2°C higher than normal year over the Yel-
low Sea (YS). Second, the convective instability was increased by the vertical temperature gra-
dient between the 7 days-sustained cold air advection in low-troposphere and the abrupt cold air
intrusion in mid-troposphere induced by the southward shift of a cold cut-off vortex (—45°C) at
the formation stage. Compared to the twelve hours prior to the formation, the low-level mois-
ture increased by 5% through the moisture supply from the YS, and the air-sea temperature dif-
ference increased from 18.5°C to 28.5°C. Furthermore, the upward sensible (latent) heat flux
increased 1.5 (1.2) times over the YS before the twelve hours prior to the formation. Thereafter,
the sustained moisture supply and upward turbulent heat flux helped to maintain the snowstorm.

Key words: Heavy snowfall, thermodynamic approach, air-sea temperature, cold air advec-
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Fig. 1. Synoptic 500 hPa weather charts at (a) 1200 UTC 22 January (JAN), (b) 0000 UTC, and (c) 1200 UTC 23 January
2016. (d), (e) and (f) same as (a), (b) and (c), respectively, except for the synoptic 850 hPa weather charts. (g), (h) and (i) same
as (a), (b) and (c), respectively, except for surface weather charts. The solid lines represent the height contours with 60 gpm
interval in (a), (b) and (c) 30 gpm interval in (d), (e) and (f) or the isobar with 4 hPa intervals in (g), (h) and (i). The dashed
lines represent the isotherms with a 5°C interval in (a), (b) and (c) and a 3°C interval in (d), (e) and (f).
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Fig. 2. The COMS-1 (a) infrared imagery at 1200 UTC 22, (b) visible imagery at 0000 UTC, and (c) infrared imagery at

1100 UTC 23 January 2016.
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Fig. 3. Time series of the air temperature (red solid line, Unit: °C), snowfall (grey bar, Unit: cm), 3 hour snow (light blue bar,
Unit: cm), pressure (blue solid line, Unit: hPa), and wind (vector, Unit: m s™') at Jeju station from 0300 UTC 22 to 0300 UTC
24 January 2016. Shaded area indicates the heavy snowfall above 3 cm (3 hr)™'. Vertical dashed line indicates the time when
snow started falling at Jeju station.

(7)1200 UTC 22 January 2016 (b) 0000 UTC 23 January 2016 (c) 1200 UTC 23 January 2016

w -

W et 150 13580 et

i

1 w L |

-_s ! 200 | 11700 | w

‘ ttt $ wed 250 | 10180 ‘ S

& s
- & 300 | 890 wee

g > 1 s
= - 2 ]

. = 400 | sslo wed

N K
) . 500 5340 .
LN Bt e
DX = i
i — 700|207 H
b 850 | a4 H 850 | 1eo b
H { :
) t { 1000 \_‘m 1000 | 206 ! t
0 B “ % 20 0 0 2 ) “© 20 20 10 0 2 3 “

10 10 10
Temperature (C) Temperature (C) Temperature (C)

Fig. 4. Profiles of air temperature (black solid line, Unit: °C), dew point temperature (blue solid line, Unit: °C), and wind
obtained from radiosonde sounding data at Gosan station (33.3°N, 126.2°E) at (a) 1200 UTC 22 (before snow fall), (b)
0000 UTC 23 (when snow started falling at Jeju station) and 1200 UTC 23 (when snow is developed) January 2016.

As e 7189 o A 7F Al 229 1200 UTCHE 7o wrasl 23Y
A 1200 UTC7HA] 12A17F YA 02 F12bol| A #EF

. = =
HEHE, 7 6AZF Aol 51m s HEFEel & F71 BEAEE ©]85te] Skew T-Log P diagram
=i

Am s ]
Ao] A|ZtEHA wEby ow 7ol 7P HWol 9 S B33 TH(Fig. 4). 229 1200 UTCH-E 23Y 1200
23¢ 1100 UTCAlE 93 m s 7} B=H YT UTC7HA] 2 km ©]&}el 2F 800 hPa ©]&} &9 &
AFA G A ddz AdE thr]e d9e A aZoA a0 WE FIWsE 345°25°2 &
S nigre] A7 BEXE AR 8k A 12 F31e] 229 1200 UTCOlE H-5%0014 234 0000 UTC

Atmosphere, Vol. 27, No. 2. (2017)



182 20163 1€ 23 A= Lojt A 29 o] 13} B0 #k Al AT+

(a) 22 sst anomaly

38N

37N 1

36N 1

35N

34N 4

o |

33N

b) 23 sst anomal
G c y

(c) 24 sst anomaly
8N Tem Ty

3
3N %

36N 1

32N v — - 32
122E 123E 124E 125 126E 127E 128E

N . - — 32N —_— :
122 123 124E 1256 126E 127E 128E 122E 123E 124E 125€ 126E 127E 128E
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2016. (d) is same as (c), but for SHF.
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Fig. 7. Vertical cross-section of (a) local time change, (b) horizontal advection, (c) vertical advection, (d) adiabatic heating, (e)

diabatic heating, and () stability (K hr™") averaged (124~126°E,

34~36°N) from 0000 UTC 22 to 1200 UTC 24 January 2016.

Vertical dotted line indicates the time when snow falling at Jeju station.
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1800 UTC 22, (b) 0000 UTC 23 and (c) 0600 UTC 23 January 2016.
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Fig. 11. A schematic diagram of snowfall during 23 January 2016. The solid (dotted) circle and arrow indicate 500 hPa
(surface). Arrows indicate direction. Red and blue shaded area indicates warm ocean and moisture. Symbols ‘*’ represent

snowfalls.
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