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Abstract This study presents local and synoptic conditions associated with extreme heavy
snowfall events in the Yeongdong region, as well as the temporal and spatial variability of
these conditions. During the last 12 years (2001~2012), 3 extreme snowfall events occurred in
the Yeongdong region, which recorded daily snowfall greater than 50 cm, respectively. In these
events, one of the noticeable features is the occurrence of heavy hourly snowfall greater than
10 cm. It was reported from satellite analysis that these heavy snowfall may be closely related
to mesoscale convective clouds. In this paper the 3 extreme events are examined on their syn-
optic environments associated with the developments of mesoscale convective system using
numerical model output. These 3 events all occurred in strongly forced synoptic environments
where 500 and 300 hPa troughs and 500 hPa thermal troughs were evident. From the analysis
of diagnostic variables, it was found in all 3 events that absolute vorticity and cold air advec-
tion were dominant in the Yeongdong region and its surrounding sea at upper levels, espe-
cially at around 500 hPa (absolute vorticity: 20~60 x 10~ s™, cold air advection: —10~-20 °C
12 hr™"). Moreover, the spatial distributions of cold advection showed mostly the shape of a
narrow band along the eastern coast of Korea. These features of absolute vorticity and cold
advection at 500 hPa were sustained for about 10 hours before the occurrence of maximum
hourly snowfall.
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Table 1. Spatial distribution of daily snowfall (cm/day) for the 4 extreme heavy snow events selected during 12 years (2001~

2012) in this study.

No. Date N. Gangneung Sokcho Donghae  Daegwallyeong  Chuncheon  Yeongwol
Case 1 4 Mar. 2005 44(Gangneung) 54.2 61.8 59.4 0 0
Case 2 22 Dec. 2008 48.5 55.0 24.5 9.4 0.5 1.2
Case 3  11(12) Feb. 2010 24.3(49) 18.5(32.2)  11.0(42) 59.3(21.9) 6.2(0.8) 3.6(1.5)
Case 4 11 Feb. 2011 71.7 33.0 70.2 20.0 0 0
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Table 2. Precipitation characteristics of the 4 weather stations in the Yeongdong region for the extreme heavy snow events.

Period of  Total Total Mean ‘
. the amount of precipitation precipitation Maxml.ulln }1.0ur1y
Case No. Weather station S amount for the precipitation
precipitation  snowfall amount . )
event (hr) (cm) (mm) event per110d (mm hr)
(mm hr)
Sokcho 18 54.0 41.1 2.28 16.5 3 hr™'
(0300~0600 KST 4 Mar.)
Gangneung 24 442 26.1 1.08 6.63 hr!
Case 1 (0600~0900 KST 4 Mar.)
(4 Mar. 2005) Donghae 24 62.5 43.6 1.81 11.53 hr™'
(1200~1500 KST 4 Mar.)
Daegwallyeong 21 59.4 45.6 2.17 19.33 hr™!
(1200~1500 KST 4 Mar.)
Sokcho 25 73.5 75.0 3.00 10.6(0200 KST 22 Dec.)
Case 2 Gangneung 27 - 53.0 1.96 6.0(0400 KST 22 Dec.)
(21 Dec. 2008) N. Gangneung 24 57.0 66.0 2.76 15.0(0400 KST 22 Dec.)
’ Donghae 24 25.1 34.0 1.41 6.0(0500 KST 22 Dec.)
Daegwallyeong 28 20.4 14.8 0.52 2.2(0600 KST 22 Dec.)
Sokcho 86 522 74.3 0.86 3.5(0100 KST 13 Feb.)
Case 3 Gangneung 87 - 90.6 1.04 3.0(0900 KST 12 Feb.)
(11 Feb. 2010) N. Gangneung 98 76.3 110.4 1.12 2.5(2000 KST 12 Feb.)
’ Donghae 93 57.0 92.5 0.99 5.3(0800 KST 12 Feb.)
Daegwallyeong 95 99.6 85.5 0.90 3.0(1300 KST 11 Feb.)
Sokcho 38 42.5 432 1.13 3.8(2100 KST 11 Feb.)
Case 4 Gangneung 37 - 72.5 1.96 5.0(1100 KST 11 Feb.)
(11 Feb. 2011) N. Gangneung 34 89.8 101.7 2.99 14.5(2300 KST 11 Feb.)
’ Donghae 38 100.8 101.9 1.75 10.6(0200 KST 12 Feb.)
Daegwallyeong 40 63.5 474 0.80 7.5(0700 KST 12 Feb.)
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Fig. 1. Surface (al~dl), 850 hPa (a2~d2), and 300 hPa (a3~d3) weather chart of the extreme heavy snowfall events at (a)
00 UTC 4 Mar. 2005, (b) 1200 UTC 21 Dec. 2008, (c) 0000 UTC 11 Feb. 2010, and (d) 1200 UTC 11 Feb. 2011.
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Fig. 2. Infrared satellite image (white-gray color) overlapped
by surface pressure (solid line; +1000 hPa) of RDAPS10
(Case 1, 2) and UM (Case 4) at (a) 0000 UTC 4 Mar. 2005,
(b) 1800 UTC 21 Dec. 2008, and (c) 1500 UTC 11 Feb.
2011.
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a) Case 1(0400~1100 KST 4 Mar. 2005)

Nt vz

b) Case 2(0000~0700 KST 21 Dec. 2008)

¢) Case 3(1600~2300 KST 12 Feb. 2010)

d) Case 4(1900~0200 KST 11 Feb. 2011)

Fig. 3. Time-height cross section of horizontal wind
observed by Gangneung wind profiler for (a) 0400~1100
KST 4 Mar. 2005, (b) 0000~0700 KST 21 Dec. 2008, (c)
1600~2300 KST 12 Feb. 2010, and (d) 1900~0200 KST 11
Feb. 2011. Solid line indicates the main wind associated with
easterlies.
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Table 3. Thermodynamic features observed from radiosonde at Sokcho related with the extreme heavy snowfall events in the

Yeongdong region.
ot e T S s 025700 T
(0000 UT((:Jazel\}lar. 2005) 770~410 hPa/~6°C @500 hPa =7 ?:38.14)1) 5.6(2.6)
(1200 UTCC o éec_ j00g) 850430 hPai-12°C @S0 hPa ~63 3238,65')2) 9.1(9.9)
(0000 UTgalsf ;eb‘ 2010) S50 hPAEC @780 hPa ~57 ﬁ?gfji ]
(1200 UTgals | ieb. 2011) 620~380 hPa/~7°C @500 hPa ~63 21?8.17')6) 6.6(7.1)

a) Case 1(0000 UTC 4 Mar. 2005)

Casel |-

b) Case 2(1200 UTC 21 Dec. 2008)

Case.2 | "o

c) Case 3(0000 UTC 11 Feb. 2010)

Case3 |~ 2

"

d) Case 4(1200 UTC 11 Feb. 2011)

Cased | “H52

Fig. 4. Skew T-log P chart from Sokcho radiosonde data at (a) 0000 UTC 4 Mar. 2005, (b) 1200 UTC 21 Dec. 2008, (c) 0000

UTC 11 Feb. 2010, and (d) 1200 UTC 11 Feb. 2011.
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Table 4. Wind direction and speed (m s™), temperature (°C), and SST (°C) from Buoy at Donghae during 24 hours on the
extreme heavy snowfall days. Gray and dark shadows indicate that precipitation amounts are more than 3 and 8 mm hr™,

respectively.
Case 3 Case 4
Time 2010. 02. 11 2011.02. 11
(KST) Wind Wind speed Temp. SST Wind Wind speed Temp. SST
direction (ms™) (°C) (°C) direction (ms™) (°C) (°C)
0000 ENE 12.1 0.9 9.5 ENE 7.5 2.6 9.8
0100 ENE 12.6 0.9 9.5 E 72 2.0 9.8
0200 ENE 11.8 0.8 9.4 ENE 7.8 1.7 9.8
0300 ENE 11.6 0.7 9.4 ENE 7.7 1.6 9.8
0400 ENE 10.5 0.6 9.4 ENE 7.9 1.9 9.8
0500 NE 11.4 0.5 9.5 I3 7.9 1.9 9.8
0600 ENE 11.0 0.6 9.5 ESE 9.5 1.9 9.8
0700 NE 11.1 0.4 9.4 E 9.1 1.9 9.6
0800 ENE 11.3 04 9.4 ENE 9.5 04 9.7
0900 ENE 11.5 -0.8 9.4 NE 9.1 -0.1 9.7
1000 ENE 10.7 E 9.3 -0.3 9.6
1100 ENE 10.8 0.0 9.3 ENE 8.8 -0.4 9.6
1200 ENE 11.1 -0.4 9.1 ENE 8.9 -0.4 9.6
1300 ENE 11.4 -0.4 9.0 NE 8.5 -0.3 9.5
1400 NE 12.2 -0.4 8.9 E 8.2 0.0 9.6
1500 NE 11.2 -0.3 9.1 E 8.1 0.0 9.7
1600 NE 10.7 -0.5 9.2 ENE 10.0 0.1 9.7
1700 NE 11.4 -0.7 9.3 E 10.7 0.1 9.8
1800 NE 11.0 -0.6 9.3 ENE 8.8 -0.2 9.8
1900 ENE 10.8 -0.3 9.3 ESE 11.5 0.1 9.8
2000 NE 11.0 -0.3 9.3 E 10.7 0.5 9.7
2100 NE 9.8 -0.4 9.3
2200 NE 10.1 0.0 9.2
2300 NE 9.4 -0.1 9.2
Atmosphere, Vol. 24, No. 3. (2014)
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Fig. 5. Vertical velocity (m s™") of 700 hPa at (a) 0000 UTC 4 Mar. 2005, (b) 1200 UTC 21 Dec. 2008, (c) 0000 UTC 11 Feb.
2010, and (d) 1200 UTC 11 Feb. 2011.

Table 5. Characteristics of diagnostic variables associated with the extreme heavy snowfall events in the Yeongdong region.

Case No Pre. Level Divergence AV PV Div.-Q 12 hr Temp. Change
) (hPa) 107 s™ 107°s™"  (PVU)  (kmZs' x107') (°C 12 hr'™)
Case 1 300 - 16~20 6 ~10~-20 —5~-10
500 4 16~20 1 ~10~-20 ~5~-10
(4 Mar. 2005) 850 -6 12-24 ; ~5—10 ;
Case 2 300 3 20~26 34 -30 ~5~-10
500 4 20~24 1.5~3 ~30~-100 ~5~-10
(21 Dec. 2008) 850 4 16~24 - ~10-~-30 -
Case 4 300 2 2024 6~8 - 10~15
ar F:sezou) 500 4 20~26 - ~30~-100 0~-5
: 850 -4 16~26 - ~10~-30 -

T Adagsel=e] T4 sl dret didsld Sl AXAEEe|Re] Falol 1, 2, 43 ARelM 7
el SRS 7k Abgnee] W A9, F9heh, W vre] YERT.

AN LgEolEE ANH R 300hPa =N = z2E]X o] ImolA W 4w Al AS dE
3L 850hPa oM vrout £ RxoMeE FEE o) A2 AALEEo|ke] FHORRY TPEA
54& BolA eskth 2@y 500 hPa =M= F o Fo fAEh QuE £ % wike] FEH BX
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a) Case 1(0000_UTC 4 Mar. 2005)

VVVVW&V’WV&“W-&’&’@"@”W‘:
N L ST R NN S AR R §
S e o S o e o e s e
B vwv&f—vf\/\/e/__.q/o/-s/ > 5T
il SRR Rl PR RO BV
N TR R e A 2

N s SNV B
BN =S S W B a2
K Sm%.n(‘ f A P S8 - e P

ffff!’f??

|IIIIII!.""""LélIIIIIII'l'.‘I"I'l:'IIIIIIIIII'I'.__

@ [ L oy W L i
BEotinde e

b) Case 2(1800 UTC 21 Dec. 2008) _
wwwrwvlvwwu'-WwwV|wyww—;
-W&'WI&{WWW@'WWWWWWWQ.

S

= el

£

WW&—"@J’*WWPW’VVVG"'WW r\.;r
i
WW’WWWWWW&’WWWKV&’Wv@r

T=

-MWMWVT\“‘VM/{I"/V/W/J/;J

v‘_ T ! l
St B’"“"’a/a/.a/e/[@(@/@"@_f’&[a/e/
_\h_._._li-.,“--..'*i..\._._'-

AT
\K'\'\n

"

M»rrrfmw

]

'Hﬂ/fﬁfﬁf??ﬁ?—

11t qu.LLLLLLL}_u 1z ; cE

] 1

c) Case 4(1500 UTC 11 Feb. 2011
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Fig. 6. Vertical cross section of wind and divergence (solid line; x 107 s™") for (a) 0000 UTC 4 Mar. 2005, (b) 1800 UTC 21
Dec. 2008, and (c) 1500 UTC 12 Feb. 2010. The unit of y-axis which represents pressure level is hPa. These figures are
obtained from FAS system of KMA.
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a) Case 1(0000 UTC 4 Mar. 2005)
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b) Case 2(1800 UTC 21 Dec 2008)
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Fig. 7. Same as Fig. 6 except for the absolute vorticity (solid line; x 107
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s™") and potential vorticity (dashed line; PVU).
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Fig. 9. Locations for time-height cross section are indicated
by A (Case 1; 37.44°N, 130.47°E), B (Case 2; 39.36°N,
130.67°E), C (Case 4; 34.53°N, 129.69°E) and D
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Fig. 10. Time-height cross section of absolute vorticity (x 107 s™) for (a) 0000 UTC 4 Mar. 2005, (b) 1800 UTC 21 Dec. 2008,
and (c) 1500 UTC 12 Feb. 2010. The unit of y-axis which represents pressure level is hPa. These figures are obtained from FAS

system of KMA.
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Atmosphere, Vol. 24, No. 3. (2014)



360 FE A9

S Al o B E 8 8

a) Case 1(0000 UTC 4 Mar. 2005

. 1.s —
o — 1] __t:_‘—_ ______ ]
lee 1
— X
|‘|EE= " = " - W A -..F.E.‘r
b) Case 2(1800 UTC 21 Dec. 2008)
) 1., - .E———-.._Ii.ll ' |II . — - ] -||I u

12 1:2

_xr"_f :1&2..
©) Case 4(1500 UTC 11 Feb. 2011
e ﬂ

1= —].E —— -] d’@
i O
- B
s e =l
fE -
L 100
g g B W, BE, bE, b
.iliP:LF.Ji s Fi wo Fi 3 Lo 1] 1 I_"—Hgl H JEE ,‘Fn H JI_J;:?.J]

Fig. 11. Same as Fig. 10 except for the potential vorticity (PVU).

2% o]fF7F Yeha Ho A5 Al o -20°C
12hr'e] 73k 3] o]Frt B3It 29 AlEle] A
S+ Ao A5 Al < 10817 ARE 3= 500~700
hPadll 4] ©F —10°C 12 hr''e] &% o|F7} Bx st} 1

37 4kels] gl7] #1249 35 (2014)

232 49 A9 AT Hd A7 veRs] <F 10
A ZF AFE ¢F 500 hPa ZENA —10~—20°C 12 hr!
o] gb7] o|F7F B2 o] P Hul A7 3
A7 AFE st Hdl AFAlZbel= 300~400



361

G - 2FE - eI - Ht - S
a) Case 1(0000 UTC 4 Mar. 2005)

=
(81

i anz j [ 152 el
'

ane
] i3
foka | FTRC c-urm o5

b) Case 2(1800 UTC 21 Dec. 2008)

oty

L o= e " —= 1
.JEE__I“ el 112 1:2 1%< =2 152 .IE:_‘EEI"
©) Case 4(1500 UTC 11 Feb. 2011)
) 10 e 1o 1Ly R 1L
-]-r;;f:r” ;-::AE'. i [ B oafm;. i J;ﬂ'“#;- i J:-l_'*:—”;- i IJ'i’I.;ﬂ_-“x
Fig. 12. Same as Fig. 10 except for the temperature advection (°C 12 hr™").
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Table 6. Features of 3 extreme heavy snowfall events in the Yeongdong region.

Case 1 Case 2
(0000 UTC 4 Mar. 2005) (1200 UTC 21 Dec. 2008)

Case 4
(1200 UTC 11 Feb. 2011)

Center of low in the Center of low in the
Sfc chart east region of Japan, Honshu of Japan,
Secondary cyclone or vortex Secondary cyclone or vortex

Upper level Trough & thermal trough Trough & thermal trough

Center of low in the
south-eastern region of Japan,
Secondary cyclone
Closed low & cold core

chart (500 hPa) (500 hPa) (500 hPa)
Obs. data Wind orofi Trough (300 hPa) Trough (300 hPa) Closed low (300 hPa)
ind profiler
(East or North NE-E (4 km) I(\];?lljn\g szf;l)SE
wind altitude) ’
Radiosonde o i o - o -
(12 hr temp. —6°C 12 hr -12°C 12 hr —7°C 6 hr
change) (500 hPa) (580 hPa) (500 hPa)
20~60 x 107 ™" 20~30x 107 s 20~50x 107 s
Absolute (Sfc~500 hPa) (700~300 hPa) (Sfc~400 hPa)
vorticity Vorticity development Vorticity development Vorticity development
(20 x 107 s™" at 700 hPa) (20 x 107 s™" at 500 hPa) (20 x 107 57" at 500 hPa)
prior to 6 hr prior to 10 hr prior to 12 hr
Diagnostic Center of potential vorticity at 500~300 hPa level is located on the west region of the Korean
variables Potential peninsula, except for 500 hPa of case 2 and 300 hPa of case 4
vorticity 1~2 PVU increase (below 1~1.5 PVU increase (500~ 1~1.5 PVU increase (500~
500 hPa level) prior to 2 hr 300 hPa level) prior to 12 hr 350 hPa level) prior to 12 hr
—10°C 12 hr™' (500 hPa) —25°C 12 hr' (500 hPa) —12°C 12 hr' (500 hPa)
12 hr temp. . . .
advection Strong cold advection Strong cold advection Strong cold advection

at 500 hPa prior to 10 hr at 300 hPa prior to 12 hr

at 500 hPa prior to 9 hr
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Table 7. Forecasting guidance using observation data and diagnostic variables for the extreme heavy snowfall in the Yeondong

region.
Forecasting guidance
* Yeongdong region is located in the rear of the low pressure and on the front of the high pressure.
Surface chart * Development of secondary cyclone or vortex over the Yeongdong or over East-sea near the

Yeongdong region.

Upper level chart

Significant trough and thermal trough at 500 hPa level is located over the middle part or
southern part of the Korean peninsula.
Similarly trough at 300 hPa level is located.

Vertical wind

Wind speed is 5~13m s\,

* Northerly or easterly wind is observed from surface to 3~4 km altitude.

12 hr temp. advection

« Strong cold advection (~10~—20°C 12 h™") with narrow shape at 500 hPa level is located over
the Yeondong region or near East-sea.

Absolute vorticity .
precipitation time.

Vorticity (20~60 x 107 s™") is shown from lower atmosphere to 500 hPa level.
Strong vorticity (=20 x 107 s™") is shown at 700~500 hPa level prior to 6~12 hr of max.

» The center of potential vorticity at 500~300 hPa level is located over the west of the Korean

. . eninsula.
Potential vorticity p

« Potential vorticity (1~2 PVU) near the Yeongdong region at max. precipitation time moves from

upper level toward 600~500 hPa level.
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