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Abstract While it is important to obtain the accurate information on snowfall data due to the
increase in damage caused by the heavy snowfall in the winter season, it is not easy to observe
the snowfall quantitatively. Recently, snow measurements using a weighing precipitation gauge
have been carried out, but there is a problem that high snowfall intensity results in low accuracy.
Also, the observed snowfall data are sensitive depending on wind speed, temperature, and humid-
ity. In this study, a new process of quality control for snow water equivalent (SWE) data of the
weighing precipitation gauge were proposed to cover the low accuracy of snow data and maxi-
mize the data utilization. Snowfall data (SWE) observed by Pluvio, Parsivel, snow-depth meter
using laser or ultrasonic, and rainfall gauge in Cloud Physics Observation Site (CPOS) were com-
pared and analyzed. Applying the QC algorithm including the use of number of hydrometeor par-
ticles as reference, the increased SWE per the unit time was determined and the data noise was
removed and marked by flag. The SWE data converted by the number concentration of hydrome-
teor particles are tested as a method to restore the QC-removed data, and show good agreement
with those of the weighing precipitation gauge, though requiring more case studies. The three
events data for heavy snowfall disaster in Pyeongchang area was analyzed. The SWE data with
improved quality was showed a good correlation with the eye-measured data (R* > 0.73).
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Fig. 1. The model domain and topography of the CPOS (Cloud Physics Observation Site) region.

Fig. 2. Observation system of CPOS. (a) Pluvio, (b) laser snow meter, (c) ultrasonic snow meter, (d) Parsivel and its

precipitation observation sensor.
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Fig. 3. Observation data of snow meter, Pluvio, Parsivel in CPOS, 2017. (a) February, (b) March, (c) November, (d) December.

A7k A e BEEE BAVE Qe oE  7h 228 F004E 2m s QR 2 dekei,
2

e SRR Q) B 717k ol FE ol B4 ¢ AWHOR Plviot HHANT ROzl {3}
2ol W2} o2H Aoz B 4 ik FEHE Pluvio  WolA A4 B3] A% Ao Wk,

Atmosphere,

Vol. 29, No. 3. (2019)



274 Ad A5 Y 2E T3 A FE SWE = A3 A+
Wind Speed X Relative Humidity
_ ; ﬂx —100@
Q LINE 5
§, ’ % i"x& - 80 g'
B Hj x g %x @I T
@ X : % |Bx |eo E
=3 g i % % % 3
2 I ik ; ( \H &
% |
° S &
£ . [ 0 Z
S { , =
l M l_l M o
T [ J._ T — T 10" 30
A Pluvio (Obs*10) © Parsivel —— Temperature - |
| B Laser + Ultrasonic — - +4°C 10”8, L 20
E 1052 - a'
E 104 § o 3
§ wEr 8
o ol? 2
a 1030 (=
o =
3 - o
o 5 F, .0 '101
c r10° . | O
n 3 § zov
4 . .
g'10 wl
0 —a— A 100 Laso
11117 11/6117 111117 11/16/17 1112117 11/26/17 12117
Time
Wind Speed X Relative Humidity
A
—_— 1]
Q ™ S
= ¥ o
- ¥ <
° % id
] X =
2 i g
(/)] x §
-] ]
£ <
= S
~30
J A Pluvio (Ops*10) © Parsivel — Temperature F -k
o] m Laser + Ultrasonic —O—M"C !-105?'. L 20
T i Lo Z [ o
E f S 3
£ ° o 8
g ] F oo g
o 1030 £
s 4] SN
2 . F 0 10~
é , w2 'zt &
— : -
& Wy& e - 10° 3 -20
B ST . & - ewn w smm E w |
m ’? f I
0 ™ T T 10° L-30
121117 12/3/17 12/5/17 12/7/17 12/9/17 1211117 12113117
Time
Fig. 3. Continued.
Figue 3] et 4% Qsh 4485 Amsl  ol8@ A8 tehhu slon, +4CE zow 3
BAE B4 Sl ARE *“*47%];_ Fig 4 o A58 TRIL. 0CH N|EOR J4E P
Gehdth 29 20179 2,3, 11, 129 WE ARE @ A% £F AHle] 90w 4ug WA

F2714483 tl7]  A|299 35 (2019)



SRR

FHAY -s5HE 275

1 R2=0.59 (0.70] R2=0.58 (0.60)
_ ° :"PWS% °<-;2’I"’5) o - o ! RWsE=234 (2).33) - RMSE=1.19 (1:29)
£ | © Raineatc,<amis) N £ ME= 2,02 (2.04) S | ME=-0.87 (-0.93)
E E £
= o = [¢] 4
10 4 - -
- . - 21 p
[ [ [ ~
(=] (=} i o P
2 3 - 3 -
: 2 o 8 .
N 54 Q o »n 54 o P »n 5+ oz
2 o o K] _ K] P
E o 80(%0 3 L) e : 3 oL -
— o T —~d [e]
s sapc| T | LE N %% SO e
. o o % -1 Qi -=-a-3-0r""
g 0 T T 0 T ’ T
10° 10" 10 10° 10* 10° 10° 0 5 10 15 0 5 10 15
Total Number Conc. (#/m?3) Laser Snow Meter (mm) Ultrasonic Snow Meter (mm)
15 15
’E o o0
£ 3 E
E H ) °
5 10 @ 10 o
‘a',' = o'o
= o 3
2 ° 2 oo o
g oo (2] o o 'o
N 54 L 54 o 0 -0-0-0
s o o g o 0000
g o s 0 g 0 0 00 000
- : o@ w@Ooo0 'O QO® @
@o [ole] Qo' 5 O @XEDO GO GID @ OO @GN0 O
0 Ty Ty 0 Ty Ty
10° 10" 10*° 10° 10* 10° 10° 10° 10" 10> 10° 10* 10° 10°
Total Number Conc. (#/m?3) Total Number Conc. (#/m?3)
15 TRe=0.00 (0.60) ’
RMSE=2.72(2.74) /
‘g | ME=-2.02(-2.02)
£ /
g 107 7
[}
s /
3 /
g o / o
»w 54
' /
[
@ o O Ll des
- / SR Linh
_____ {\ade} ]
0= T T
0 5 10 15

Ultrasonic Snow Meter (mm)

Fig. 4. Comparison of data correlation of snow meter, Pluvio, Parsivel in CPOS, 2017.

HE ] AR, ¢ AP Lacs N1

sl =, et —rCut WE o B3
NS B, Pon wh ) AAH AR A5
2 el T el B welad o
2m R 42 W) BEE gL 1FoE Sk
B ApE LRI 44D We o] EF
e AR A YA A s e 13 4
29 B0l =7 heht] WEe] nE el

A %At
Figure 4914 2] 370 2@ Z&= PluvioZ 3H21H3H
g b A, dolA/Ee9 HEAAR #5

i roi‘

i

B A S v)wdk Aotk koo g 7k AMA 2
2o} 4 AAE vwd RAolw, v 2L A

A vehd olet, a5k 25 4
% Ao AL 2A et
.7}~ ARk} Pluvio T A7)
gagste] B Falspl e 9
2 7 YA geSE FAAgEE ol

ERATE A Al disl] #lel# A
AA9} Pluvio #AlI= AR & BA ¥AR, vl
Aoz Yela, 73 Aldlel tisiAe |7t ol
5+ A YEist 259 2474 A= Pluvio 2tk
- ZA JEREAIRE, A3 Aol diEl] #lolA A
AA A ete] AAET o AP o= YETE #
oA HuAst 2e3t AHA AR el FEA
7F SA JERTE 73S Al diEl #eolx A AA

Atmosphere, Vol. 29, No. 3. (2019)



276 A A&22E ¥a s B3

AEIL 283k AYA ARRT ZA, 24 Aol o
e zea A7 A7k o)A A ArR
o ) ebgieh o)l @ A Fig 304 44 S
A7t HEHAL W) HAAL AZolt 9Zo] ol
WY AHE FHAE FAF 5 Uk,

7|BA o 7 7}=elz} I/ RES 0|43t Ulbrlch(l983)
o] RHE A& ALaIglon, ol A ()& Aot

A7IM, M& P#?M 2719} B FEEe] gk nat
L TUAe] 7 A% (mm), ND)= 4+
?Mfwlté ?‘%E(m’3mm’l)olll}. A (g o8-8l

-3 (Snow Particle Size Distribution,
SP SD)—- TR 7 g ERF ol fAte] 4

HerEs] A 22 F Yok

/-\

7S FEEEAEAY, 89, 20
A 20128 20149711 G AAR A5E A
WA AR F 7 &e] S°C 0l3h T4l 5m s 2l A
s —‘:'r*—io}oq 2 ()9 BHE A5 At

7_]— ;qx-ltﬂ 3 )\]Z_ ‘—7‘41]—_,_‘_94- A (l)i A E 2dl
EZ IPRAG P AR o|Ldle] HATS

FAE F de ‘ﬂo]'a% AlRYetATt. =4 7178k
F74 3 2/d%S Estimated Snow Depth (ESD)Z}
3L, ol 2 (2)9F o] vrehdtt

ESD = AxM, )

0471*1 A= BEA S} ZHEE 3754
2 Aot )71t A5 A8
of Al 7} Aol that 49 FHFLS 221 x 107 mm'
o7 T3 pe] B 247= AFEATE ©)5S ESD
& #ASA 5} vlwste] T 2FE9 o] &4 UrE}

g I ASS EUL, ]iol ‘7%37— %—.O] 7]'0}1]

Oll

ll‘

H Flo

I3

i ok

e £
1212
°

27ge] HAAE Bl EHL F3) Pluvio SWE
E7F ARG A AEEY AR A
7t Jé_&?& AL 18kt H 3 SWESE 24517

WL AAARY B4 BF ATrt &
Xé‘?z‘ St FELAAE 183t Pluvio AEE

d=714eks t7] A207 3% (2019)

J 22 SWE Ah&of| ¥

ol

a)

AT

QC A 2)&t9t}. Figure 3914 213 23 glo|#
AR 25 A4A A=E A5 AR 219
upt #35 Aze] WEo] A veRtr] wiiel uaxq
B AA AES o) gale] FAA A A8
QC A3 stk B8, A4 AFoe 2k, u}
@, wEe] GYE FAL S glork(Schmidt, 1982)
2 ATee WA B24e) S40) SWE 240
el ‘]L— g Jﬂ7]'0]'_1_1}- =

31;}7:]] J,};Hoﬂ AA 4451 ﬂ]i I

Aetalsic. 2t 34 & 1 o
ﬁ-ﬂ_ WEES 248 W, Ao -
SHe W, AR Sl ThE T

V’ru

I WS TuSE Yo Nl gev), % =
2% WESA e A ARE flag AU QC

=
_/'i
'% R

WS 7 AR TEsle] Aelshd thes 0T
BA, 1R A Pluvio #3 AEeA 99l A
?l_

<o) SWE WislES AAste dAE o 4 (3)
< o]&3l AT 4 U
Plu(?) = Plu(t) — Plu(t — Af) 3)

oJ7]1A, Plu(fy= PluvioZ #+Z% SWE, Ar 92| A|7H
o7 HE 1025 H&dth 4 (D)2 1% FHL
34 Pluvio AFNA wAIZE S7HeE A A S &
Ast7] #g ez ol o]gshd ¥o ARt Et
<71 SWEE 24 4 2t

2];]'7:“" X]' ] ‘LJ:O]EE
SWE7} 0 mm °]/d¢l &< v‘i—%iv}. ol A+ d
gol YERA] Eol

Fe
SRR

mgm

SHoll wet 19AoA Ar AT F
?1'9] SWE tq\ii} ]’ g o% ]4']:/]'1_ T—‘?_E ]ﬂo}a\—
Zolt}, o]#dt S F=2 7 7|7ke] FRHI F
A 717k ® Agkd w) Jehbd, A 717 5
7 717k0] e yEhd wie W] wiiel] 4
#e7b dasieh ol xzlol flujEo] Awrt
29 HoZ Yehtes FES flag | f=1)E AFEE
‘-99.9°= sttt

thro2e ole] Az g)t S7Hek SWEZE #Es
A vepd F28 AAB] 9 H 103 &<t
SWE7} 30 mmEth ZA] Jebd 3% o= E} ) ek
AASES st 71E%k 30mm 10 min & 27
AHE AQelA #5H Zb A E arste] 2%
g ol Adx el 2002 8€ HF F
Abe] g&o 2 100.5mm h'e] 7FErt, 20143 29
= A5 55 FFoE 99 FRF A ] 110 em
7} b AHIZE GERETHKMA, 2002, 2014). 715
Aol 7y Ao 7 9l o].o:] A7V 100 mm ©] A+
et 715 HAed, B dAFolM e o] fez g

I

2



=g - A7NE A48 - AAY - 277

<
N
N
r 4
e
i
Bl
o ¥0
Ir
N
2k
ox
o
)
o
ut
o
ox
P,L
32
=

w2k SWEZF 102 B¢ 30 mmEch A el
S me #=2d TE g9lo] JFE FUAL o=
et @507 AR, flag 2 (f=2)= ARE
©99.9°2 AH3Fth. A4 w7 E 2ol A E3}
F571% 59 Zo|7t AAN ASHe] FHY A
TE o] &3 AL A ASAEE HESH A
Ao g 3 QZFE SWE kxo|=2THe A As7| 93
o|th.

3= FEAARE BES A AR v ws)
o] Pluvio SWE X182 QC A slh= GAE WA F
Aste] 4 YAt BEE RES V|EeR ke d
Ae AR, ol wAUe Fke-
HWE 53] SWE] o4 & ]
2 AFdM = A5 FFE
2 FEEE 10m R 238 o= Fig 33 7
o] #Z AFAAM A4 GAE HA 8~107HA] #=
= g 93, o] 7ee A A g AEHEE A2
st 7 AR 100 S e dde] sekxz A
At Zoltt, wetM o AL wEIE AEE 7
2 AHsA

Par(t)>10 m™ and Plu(f) = 0 m )

3

o71A, Par(t= BAAZR #SH b 93 F
£ Ueidth 2 @)E o83t A AE RS
3L, o] &ofl A4 4AF 47k 1020 ZAY PluvioZk
H2EA] e e flag 3 (F=3)C.E AEE -99.9°
2 A

whd | B8R A9} Pluvio AE7F BF #ZEF
e e FATE ddste] 002 A5 RS
BASIAT olg e Ate F AR BT AZEHA
Ue TR 25 dF] de Fr Ao 1 7]
Zrol A& 02 Yehtr] wjZel AR Zberh
ABHA] ke AR 7S Zolth 2] )9 o] &
F 24g Jepid o 2o

Par(f)=0/m* and Pli(f)=0 mm )

o9} 7+e 3uHA o7 FAHE FueFS olE

Data (At time interval)
Pluvio: Plu(t), Parsivel: Par(t)

l

Plu(t) = Plu(t)-Plu(t-At)

S No f=1
Plu(t) 2 Omm Plu(t) =-99.9

Yes
Plu(t) < 30mm No £=2
with At < 10min Plu(t) = -99.9
Yes
ar(t) > 10/m*
& Plu(t) > 0:
“(gr m f=3
[Par(t)= 0/m? Plu(t) =-99.9

& Plu(t) = 0mm|

QCed Data

Fig. 5. QC algorithm for Pluvio SWE data in this study.

sl B AFoME Pluvio AREE QC A3,
A S daelse® Yepl| Fig 59k 2tk
olglgh Wy Fe-HA AuE Fxd Folga
7Pkl gk Zlo) ofugt A Fe]l YA
Je Hage 21E aHT Zlovh & Ay F
Ao 734 QA9 Pluvio AR E Hlwdte] F 2479
oS Fetslar o5 Tl HFAR] SWES A% st

e Zlolth
5. HZAl|

H Aox = 3olA AERE FAIA 9= QC &
A FE o]&3te] CPOSIA #5H #HA A=At
225 Ayshy sttt A Akl 2008~201437}
A ZAHAE B AGelA] AR A5 sk AA
& 9 vjgo] BAPE At FellA G skdT
Table 12 AY¥A % (National Emergency Management

Table 1. Cases of heavy snowfall disaster and its property damage (USD) in Pyeongchang region.

Cases Vinyl house Cattle Shed Other facility Total
Feb. 10~16, 2010 492,970 0 0 492,970
Nov. 29~Dec. 4, 2011 792,947 0 39,783 832,730
Jan. 20~22, 2013 1,173,115 262,993 262,363 1,698,471
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Fig. 8. Snow capping images of the Pluvio.
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