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Abstract Yeongdong has frequently suffered from severe snowstorms, which generally give rise
to societal and economic damages to the region in winter. In order to understand its mechanism,
there has been a long-term measurement campaign, based on the rawinsonde measurements for
every snowfall event at Gangneung since 2014. The previous observations showed that a typical
heavy snowfall is generally accompanied with northerly or northeasterly flow below the snow
clouds, generated by cold air outbreak over the relatively warmer East Sea. An intensive and multi-
institutional measurement campaign has been launched in 2019 mainly in collaboration with Gang-
won Regional Office of Meteorology and National Institute of Meteorological Studies of Korean
Meteorological Administration, with a special emphasis on winter snowfall and spring windstorm
altogether. The experiment spanned largely from February to April with comprehensive measure-
ments of frequent rawinsonde measurements at a super site (Gangneung) with continuous remote
sensings of wind profiler, microwave radiometers and weather radar etc. Additional measurements
were added to the campaign, such as aircraft dropsonde measurements and shipboard rawinsonde
soundings. One of the fruitful outcomes is, so far, to identify a couple of cold air damming occur-
rences, featuring lowest temperature below 1 km, which hamper the convergence zone and snow
clouds from penetrating inland, and eventually make it harder to forecast snowfall in terms of its
location and timing. This kind of comprehensive observation campaign with continuous remote
sensings and intensive additional measurement platforms should be conducted to understand vari-
ous orographic precipitation in the complex terrain like Yeongdong.
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=

Aete AR dibo|e & E8o] Hrh(Murakami et
al., 2003; Nam et al., 2014). GEX 7|43 Aol

2] 9k 600 km o]/doll A ZAA W] e S
A 7 70 Aot Hg Sl es)t 800~1,000 m
| o221, MEogE Avksl AAlolA|E FERo 7
= JAANE ol2H FElet vhtA "

ALHE AWElo} a17|qte] A HEEoRE F&
e AL E FE ] YAME 53] 3 A
whol] ZHA o] HIEIA| T, 2~39 9] A ZE FEA
ool Fdo] == IAst= 3ol UTHNam et al.,
2014). AL AA71E AEA FshE Awglo} 117]
o] st F&ES Aye o5 A7 9 83t
WA Faldel E5olA Has ALY 7 4
7] wZe] Fadel s71xF S718kAl Eth(Seo

2

and Jhun, 1991; Park et al., 2009; Lee et al., 2012).
A= FERGe ot =50] ol weate
A Gl o] Ftwl= Aol th(Lee and Lee,
1994; Lee et al., 2012). At F5AY 4 A+E
AoEE A MAUSS TRECR ¥ F 3
= A% #ZFo] FF57] wiEe] dAHor FH
A 7IRkeE 73 3t 7Skl A ABEE A
ato] FFY S AketE A R A Ak
of it X Rdg A77F thFEo|ATh(Lee and
Park, 1996; Lee and Lee, 2003; Kim et al., 2005). Z|<
2018 ell= B FASHY 717HE AFate] =A%
& #= 7332 (International Collaborative Experiment
for Pyeongchang Olympic and Paralympics)S 53l A
o2y B A AR = E5A A (Gehring et al.,
2020), AFetA ol A Alof el Wkt 24 YA}l wA|
= 9% A (Kim et al, 2021a) 5°] = v} )

o]Fe] A AFER skl FElg FHEe] A
S whe A AlEIE dE Aeee A e
ZHo] AANE T AAHo] gt A9 AP A7t
FEHAAA Hol T3 AAHo| ek s By A
el ojEgo] & oz dEHA JrhKwon et al,
2020). 53] GRS WL R A F3)
7HAl ZAAE wakr] wiEel At e a3t 7kst
ol vYehte Aol Utk 2HERE kel
F WA vitkE JAFst dow Eig AP o
2 o]Fojzl AH 9 UrdR NHE HsiME

’ Rawinsonde

38.5¢}
.‘ Dropsonde
3
T
T
2 Shipboard Aircraft
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375 | @)
128 128.5 129 129.5 130 130.5 131
Longitude(E)

Fig. 1. Analysis domain and rawinsonde launch sites along with shipboard and aircraft measurements for the YES-WEX
campaign. The ESSAY campaign had been made mainly at GWNU only for the winter season of 2014~2019.
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a3 AulE We FE(mesoscale) 7173 X<
AT olal 7 S EAIRE, FUA = ofF TR
#5 g FAo] B35 Aol 2 BRR JE5A|
3 o] Bt P22 o] Foizl AA A A (natural
laboratory)ol| A AH 3} 3l & ol o)t TR 7%
o1& $3t 54 A Z(target oriented) T oL
2 gFAolgt & & Urh
ol SHA A A A olsE

2 GEAGNE 2014-201997H4] 73 @A o)
A717r2] thAdB= 7491 (Experiment on Snow Storms
At Yeongdong: ESSAY)e] Fa=o] gtont st A4
(ATt )l B eEd #5S 3 7]
A EAALS F2 £3589 wEol 37
EAoly A&Z WslE oldst= dHol= AV
AR THSeo et al., 2015; Ko et al., 2016; Kim et al.,
2018a). °|& Hgkala AR e] B Awsk Al-F
7H4 s 218 20199 % ALY BEF(F=E
2~49) 7RIS, SRS, A5d
g F o] 7ol FAlol FoJde LI E F
T YA7EAS AR 0] S E S THKim et al,
2021b). FAZ 20199 734 B2 U 7]E ESSAY
AN AAB o] Folxth A2 #Z AH A
B olgo] mE Gzl vhe AT 2 =RodAe
Ho4 Yeongdong Extreme Snowfall - Windstorm
EXpeiment (YES-WEX)Z HZ7]& gt} YES-WEX
AARlE FEAG 7 & FAE 2= AL
H i 22 AF WAUS olslE fI3 ATHS
zg o]t} Figure 1> ESSAY 7#212} YES-WEX
A Q1 £ Jo93 g UEY] B (sounding) A 2

2ol Adk 8 g 35 998 A AN Aot

B RS BN AE TR FA BN T2
AR E BALS F7 e a8, dEA Y
A AYEHRE A #Z3 Q] ESSAYSH H2 7
%3 9l YES-WEX 7 du|A%E v)w-Aese,

=
AEHoR JBAGG e BiF APo|A 44
MAUE olslE 913 BSPUED G B2 )

2.1 Mol S 53 4o

At 20143 5E] ESSAY #H|0le] dslow oF
Aol Hde] drg A9 A oldFE A 7|7k
ol 3AZF Aoz sy #=S A THKo
et al,, 2016; Kim et al., 2018a). ESSAY Z#|¢1& 75
dFdistaelA FaEd #S5S B3 A7) ui7]
A8t Fx Wslel A B4 =
=A0IRlaL, 2017 FE= 3 ARl w4

A7 - AN - -

o
Ein)

&Y - AHSH A7 S 463
S|4 = 7hdl 2 (Multi-Angle Snowflake Camera: MASC)
2 ti7lEelM A #F3 5 oA A4S Bl
A0 AN, BEAQ A7) F HekEE 5o &
Aol F7FE ATH(Kim et al., 2019).
Ak ESSAY A=l A3E QoFshd,
ge NpAoR ke W7 HE
Hopar 7hek tFEgel o8 A
A =3, 5% 52 553 I 3
2 ZYtEA Fdo] wAgte e A7+
A7 Aol 2EGEAIZE 7HA) HdEY #5E
3 A=} el thSeo and Thun, 1991; Lee and Le
1994; Lee et al, 2012). ©|& =X = T3] &3
22 F-ETHNam et al, 2014). =M= v &
s FH gEFoly 5% Fs5 A9 (Kristovich et
al., 2017, 2018), FElF £E#H 0|3 FH(Alcott and
Steenburgh, 2013; Veals and Steenburgh, 2015), 2]
I 99 WE 34 F9H S(Kindap, 2010)°A] ©i
A dogo] 2 BIHI ) ol T &abel
AbetAl A o2 mEegh s o8] fE A
Agoluz, weoloX = 34 T (lake effect)ZFal H-
ot SAIRE Al s &3 Aol TP
Al WA s A9 vkE S eh e dE 54
A oltt. Y 71 W] wEWE 1981~2010
d 7] Joetsu, Aomori, Sapporo SH +& HHTF
o] Z}Z} 6.4 m, 6.7 m, 6.0 mATHSteenburgh and Nakai,
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Table 1. Statistics of snowfall, cloud, sea surface temperature, 850 hPa temperature, and precipitable water vapor of East Sea

effect snowfall only for the ESSAY period.

PI (mm h") SI (cm h']) CTH (km) SST-Tgso (K) Tgso (K) PWYV (mm)
Number 207 176 101 310 310 811
Mean + SD 09+0.9 09+0.9 23+0.6 19.5+£3.5 263.5+3.7 85+28
Median 0.5 0.6 2.2 19.9 263.0 8.2
Geomean 0.4 0.4 2.2 19.2 263.5 8

PI Precipitation Intensity, SI Snowfall Intensity, CTH Cloud top height, SST Sea Surface Temperature, Tgso 850 hPa
temperature, PWV Precipitable Water Vapor, SD Standard Deviation.
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Fig. 2. Histograms of precipitation intensity, snowfall intensity, cloud top height, air-sea temperature difference (SS7 — Tyso),
850 hPa temperature, and precipitable water vapor of East Sea effect snowfall only (28 events) for the ESSAY period.

Administration) OI (Optimal Interpolation) SST (Sea
Surface Temperature)AF55 ©|-&3tA . 283l 717
T 94433 HA 2" (Global Navigation Satellite
System, GNSS)S &3l 3= H, GPS (global
Positioning System) ¢3S |83l dj7] Sl &)
e =710 28 GPS ANEAR7} FAE ] XA}
o] SRR AAEE AL 7P HE AES
olake] BAMPHLS [ee et al. (2012), Ko et al. (2016),
2] Kim et al. (2018a) 5ol AAI3] A =o] St}

3 a3 74717 2] 850 hPa B &=+ 263.5
Ko, Ha 3171xH850 hPa &9} slH2: 2}
o])= 19.5KE Nam et al. (2014) QA ZS} FAFSH
Foldth o= Ad AFAFeME AAIE uiet
7ol Falde sl71ake FEAY T &l ogh
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Fig. 3. Vertical profiles of temperature (yellow line) and dew-point temperature (cyan line) for the 154 whole rawinsonde
soundings during the snowfall period only. Thick solid brown and blue lines indicate layer-average profiles of temperature and

dew-point temperature, respectively.
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Fig. 4. Vertical profiles of temperature and dew-point

temperature for 0600 and 0900 KST 20 January 2017 just

before the thunder snowfall was observed around at noon.
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22+ (inverted V) FEj e} thEF 500 hPa JL=7HA] &
S @S 2x4o] Axd s} Ha)o] & weds)
JE AS & 4 JtHRibeiro and Bosart, 2018). Kim
et al. (2018b)> WRF &8 5299 #A| of= #4
< B3 FdEAE Pl e A5 & AAets
(1.5 Potential Vorticity Unit)’} & 5km =784 U
ot A A4S F438] FEA7= b 7)o A
o2 45t AtHLee et al., 2002). 2|3 F3l4de]
sleH 2=7F HdEt 3°C 7HF 2% (Kim et al,
2018b), Fig. 4¢l AIAJE vke} 7ol 0900 KSTell 900~
700 hPa %= F-2o] 53 717t ddd A9 3y
o]Fol 93l 52 WrEWE S TTMAHE AR
setEch

T3, 2018 39 8~9doE Aol 300 hPaZlA|
Fst 7] 2 71gEFH @A ol X A7Istel ke
S FstAA di7] FakEel ]
LA AlE 2R FEAGoE 2d 5 ®
g 737 AEEAY. 805 BE4olA 39 8Y
() 10.5mm (3.6 cm)°] Sl Figure 5=
A&y ASAEE FEoto] Aues, 4 2
3L ovkgh A e] AIZHESE YeRd Aol
= 71gEe] EE F3sr] #el sdole s
(2~3 km oJUDollM = BF AFel, vhde] 1 9 4%
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ux| g} Bo] A= ©AIZke] 2F 4 (squall line)S
Sk AT 7120] 20°ColA oF 10417 5t
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2018d 39 1590|t}. 850 hPa Y7 | =S B
Bzzo)| T WgFo g w3l S2M0] gl
o B Faxe] AL AZom wAksle] 7F
e Hole e & F AthY71=e AR
). 2 Ao #Ed FS54AHE Fig 5% 5
WAoo 2 Fig, 60l AAISIETE 39 159 15~18A] AF
olof sl59] Fo] AMFALGANAN EF o= FA5H
A 2= AErt 3A FstE A B3 35 5
7t} S E719 fd-e 1821479 A& 1~2km
oAM= YEleH, 152 ¢ 4km AETHA] A
It B71F Hde AF A GAF AlEe]
uhgro] AZE Q) o] F 52 A3 Hold F&
FAZE °F 1km7bA] 7FAskdth. Figure 69 AA1E
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Z3)Pole Bkl =FEe] AAS Wl At
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B FAE tfeel o
fFEsAY s e PR st
dBE oA s7] wiEel, FEA e FUEH} A
A BEolAl e Bt AR A A QL )8
AhstaL Sl

3. YES-WEX ojjt|Zdz}

3 wEesk ko] Qth(Lee et al, 2012). o] Z <13}
o] AlW|g]o} 27]qte] M7 AL Hls| =A
2 ZAFE Aol 27190 Mo ofstEHA
e gl g Ave A7IgE E8she A8
A FEAFN 5F WA H5F AL 17 7Y
2 o Aol fEe AL Bt 28ER F
N A71xE AATE A T8e TS

A 9H(Lee et al., 2012; Nam et al., 2014), 44 =
o] g 7]x}el eJaf} AP o ® AFEH= AL o
Z, 53l 23 A delle si7IxE EaxdeR
ZhgaiA| vt dw, Ade 912 2 AIZF 2ga 7t
Tol= sl &3 olejol ek o5 fEE=

3
o N

I

FAZ 1 717 mlAYF] A&shA €t 28] A A
FAA ae] ofgt oFst 7FAdolu; Sk K] 7
A 9H Foll g e od3] o AA ol

ESSAY A#Q] 8 ZAyd| o|stH T3] &3 7
e FE FH R 47 Adel o3 AHE w7
wZof] AAAQ] RN FAHA ] e = we
Holo}. 3R ¥F T Al o] Al 42 AlES
A dres E3] oy dl, ol F= A¥H 2
o g3 7IQ1g). ol & EW, =AE B 28523
Yl 5E 32 E5HA e 77t it
ol ReF o tj7)7F X o= ug- PFsh] Wi
of Bk Ax] RKatal FEANA HEE Wk
o7 S met el ukgho] A €th o=
slejo M= BaE vl gl Abde] AW gy ot
7$E (barrier jetye] IFolFL T F Uk AAHL
2z e A A E(barrier jet)2= HH|tHE A
Z Ao} djube} Ah S wet el HEoR
£ vlEH(Kingsmill et al., 2013), ©r] otel|2 AbaS
met gEor F= vie ol Arh(Garreaud and
Munoz, 2005). ©]¢} 722 vl £ kmol d|3st
= T3 #E viEolA R I5A G2 B km o9
TR @l Mt A A ES} HEY] dEAY
oA FEElor & TR 7IERANe] BiE EH
(Cold Air Damming: CAD) @/J¢|t}. CAD= 4H o
FHoF Hi= wigo] A} FsiA A 9)e wWEk

[t Ho
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o2 ZFo] viyo] EAA AR Apte 3] e Aot CAD ARl th719 9 EH5 el 29}
b abapae] SAEe Ao ol drhDunn, 1987,  ut Bl 3k ARSI Hlas] Skl ¥
Bell and Bosart, 1988). CADT‘:— ALd 7 A w73l Fig. 300 AAIE 7Hd717F 15471 ©=(sounding)
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