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Effects of Meteorological Conditions on Cloud and Snowfall Simulations
in the Yeongdong Region: A Case Study Based on Ideal Experiments
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High Impact Weather Research Department, National Institute of Meteorological Sciences, Gangneung, Korea
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Abstract This study uses a cloud-resolving storm simulator (CReSS) to understand the indi-
vidual effect of determinant meteorological factors on snowfall characteristics in the Yeong-
dong region based on the rawinsonde soundings for two snowfall cases that occurred on 23
February (Episode 1) and 13 December (Episode 2) 2016; one has a single-layered cloud and
the other has two-layered cloud structure. The observed cloud and precipitation (snow crystal)
features were well represented by a CReSS model. The first ideal experiment with a decrease in
low-level temperature for Episode 1 indicates that total precipitation amount was decreased by
19% (26~27% in graupel and 53~67% in snow) compared with the control experiment. In the
ideal experiment that the upper-level wind direction was changed from westerly to easterly,
although total precipitation was decreased for Episode 1, precipitation was intensified over the
southwestern side (specifically in terrain experiment) of the sounding point (128.855°E,
37.805°N). In contrast, the precipitation for Episode 2 was increased by 2.3 times greater than
the control experiment under terrain condition. The experimental results imply that the low-level
temperature and upper-level dynamics could change the location and characteristics of precipita-
tion in the Yeongdong region. However, the difference in precipitation between the single-lay-
ered experiment and control (two-layered) experiment for Episode 2 was negligible to attribute
it to the effect of upper-level cloud. The current results could be used for the development of

guidance of snowfall forecast in this region.
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Table 1. Configuration of ideal experiments using the CReSS (Version 3.5.0) model.

Model Parameters Setup

Horizontal dimension 320 x 320 (160 km x 160 km)
Horizontal resolution 500 m

Vertical layer 50 layers

Vertical resolution 200 m

Time step 1.5s

Integration period 10800 s (3 h)
Integration interval 300 s (5 min)

Bubble (Potential temperature perturbation) 5K

Radius of bubble (rx, ry, rz)

10 km (rx), 10 km (ry), 5 km (12)
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Fig. 1. Perturbation fields of horizontal (left) and vertical (right) warm bubbles (potential temperature) at the initial time.
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Table 2. Summary of numerical experiments for the sounding run.

Experiments Topography Temperature Wind Humidity
CTRL NOTR No terrain Same as OBS” Same as OBS Same as OBS
CTRL_TERR Terrain - - -
Episode 1 TEMP_NOTR No terrain —-3°C (<3 km) - -
TEMP_TERR Terrain —-3°C (<3 km) - -
EAST NOTR No terrain Same as OBS E (>2km) -
EAST TERR Terrain - E (> 2 km) -
CTRL_NOTR No terrain Same as OBS Same as OBS Same as OBS
CTRL_TERR Terrain - - -
Episode 2 EAST NOTR No terrain - E (>2km) -
EAST TERR Terrain - E (> 2 km) -
CLD1 _NOTR No terrain - - 10% (> 3 km)
CLD1 TERR Terrain - - 10% (>3 km)

*OBS denotes initial sounding profile for each episode.
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Fig. 2. Initial temperature, moisture, and wind profiles in control (CTRL) experiment for the sounding run of (a) Episode 1 and
(b) Episode 2, and temporal changes of main snow crystal habit.

71E dFolME FE TR BdS &8ete 4 2 AFeA e 7€ dFEHE OEA 59 A
FAY Aol S F= AR AP Ee= SSTY g AlZhrd 017} Ths gk PRSI RS 0] -85
3E FHeE 7w AHS AAS bl Jth(Ahn HAEd B35 Abed AR 7N o] AAS 4\“63
et al, 1998; Lee and Kim, 2008; Jung et al., 2012). 3224} 3k TE Kim et al. (2018)2] AtollA A3

sh=7148ks U7l A319E 4% (2021)



AR ARy
d F 7 A ogisd e Ad fol mE
AFYE FEI 5 ex ulY H5 HEE 2™
W= AL AANAKTable 2). $4 Episode 1
o] F#(CTRL) AL 93 %714 a7 F
gFo] Aloj(shear)7} 5 g\o}uq 7420] WrAEl7] A =Fs)
A& 20161 2 239 1500 UTC X}EE A}& GiEeke

Uﬂl(Flg 2a), AA Z=welel| #+
g &8 FARYE "836} =3 %E(TEMP) A9
2 HASA FEZO] AREE 1= w24 54
o] MslgH &&= WHE FstI(Kim et al, 2018)
%27 AFed AEONA 3km ©]3 LERF 3% Y7k
A 35 7l % “X*i AEe] g3E ARyt
AT o2 5FY Y L= 3T vke] 9
Fe W]sﬁlﬂu—x} 2km ©]/% =e] uighs AFl
H 5% AL, T%9) 271 CTRL 293 24
2 W3] FAHEAST 2%). g4 Episode 29| 3L
Atg &8 FARAE 9% 2 b ol T
5 727t 7P FElE vElsd 2016 12
€ 13¥ 1200 UTCS] #YEH &S5 AEE A3
TH(Fig. 2b). &5 ZZ(Episode 1)°14] EAST A&
o] Ao} /‘PE HIE 93l 53 H O 2 Episode
2°ﬂ ﬂ%d EAST ARE Ao, F5AY 74%
4 F 59 &294& #9332 A 3km ow
*JEH%EE 10%2.2 WA + F %Lé%
5 FEE v ATHCLD] A 7).

ol o]}lr

)L

o,

3. 4da 3 nE

3.1 ZM Aol B35 53
Episode 12 2016\ 2¢¥ 23~249] 7 A=A
By FAE = K7 AA Y AEHHQ dF
29 w3 a3 74 dHeoltiLee et al, 2011; Ko
et al,, 2016). o]H g FH 23X F <>ﬂ og +
u:] 6}3].1:/] 58}]0}-_9_

2 A2H”Ho] 713lE F Jge

o 457t AFEARR 54w A9y
Zoe 8% 78 Al 4Pede 4% o
Fo| FAFE sk, FEF ool Bl
¥F T BEF A9, 4300 AF A9 g

M £ o

< Uepim F3e] Alo] a7 FE18H thFig. 2a).
TAALS 7 29 0e¥ 239 1500 UTC) AH=hHe

(graupel) FEOlA] 3A17F o] 850 hPa A% 7]2-¢]

—13°C7HA] sPdslaA] UR7A1A 28 (Rimed dendrites)
= U752 (Aggregates of dendrite)©] F+=
== A

A Episode 2+= Episode 13} wIZ7IAZ A 7]1%
AR FrArgE S HESs JERAAIRE AjlElot
aL71%ke] jte Ho g d spsilon, ke A
o FlFo® wEgtk A7 7|kl St 2

SR EREIR 449

zeo] A9 717 AA #5E
(ram)-/] el =9k Yelste | Fig. 2
‘d—‘—tﬂ #+5 AFAEEH i@r‘ﬂﬁ po] 9
IO A P_O#Z‘:O] T T TE ]’“‘34
A T AT o] vl "L a7 ] A
2919 9H I 52 Episode 13 §ASH 54

Yepe,

o

PN
A

mro iy

E

E
oy
o o fo K1 = )

32 29| Hn £

3.2.1 LX(TEMP) 43

WA slE 7] Wz e g 2 A A 5
ol Bk AIE oFlE 9lal Episode 18] Z7] At
4 #AS A5E Vo= ol AF L YA
Figure 3a= A|&o] gl ZANOTR)IA 75=(CTRL)
A gk AT 74 A BEE BAFA U
ol A= Eslal EX] o]g(land use) AR
E AHEEl 7] "ol sitee I AHEE BAIES
OU:] H/H o:]om: OﬂE;(]Odoﬂ zX—l% =13
A3, 035 At S vﬁ_o—i Ho) ArHe 1.6
mme] #& YEREE ole S
mm, 57154 = Hlwd & %l‘lé}—t— FolAr). g
H TERR Ade A Ay 329 FAQ=Z A3 7
:‘]\_/\]/\Eﬂo] 7]-Q_Q7<] R@\d OTR /\16‘4_,,}‘— 1;],,27.”
FEoE AF dYo] S st on sket A

hincs

HO 2% 1 mm o]ate] st 7 ¢P~7Po} 4
YERA th(Fig. 3b).

2 AR5 EAE el Ahed 271739
3l 252 3% WA &5 (TEMP) A3 9 3417

2 7}eE BEXE Fig 3col AASFITE CTRL A

B Akl vlaclel 25 S(ore) Gole L O
&, AR A5 9GS WER BPoE o7 B9
itk ol @ﬂ%umwwmnwwgn

H%-r T(snow) YAF FEEFS wel T A Y
2 o]%3 Ao 71013 A= ArET TERR *E‘fﬁ
M olEdt S5 U T3l uEsTh
CTRL A 3ol s 2 Fo] FHZo=Z el
ou:] 2k A AGME kst 7M7) B 27kt
Z, TEMP 2g& A3
gL e, AA A wE
Ao R EA )
T}2-0 2 CTRL A3 TEMP A9 4 AAL
Al A3E Fig. 49+ Table 30| AAISITE 2+ 2o
A7k N E3S AAT|AL e A E=F 9 o] F Vs
e w87 Y8l Fig. 39 =Ml 99 (37.6~37.9°N,
128.6~129.1°E) Htgks A8t & 43 2%
30~35% AtelolA Ho A UrE}EiQU# 125~145
B7lA ®ol & et $53 NOTRIE= tE7
TERROIM = 74 FHHE(120~1808)7HA] A7HE o

rlr o2 N

r-[n:

Atmosphere, Vol. 31, No. 4. (2021)



450 EA 719zl 75 B A molo] IR G ol A 7)) Ale] AT

(a) CTRL_NOTR (b) CTRL_TERR
3
§: 37.8N -
g
2 3N
3
376N
(c) TEMP_NOTR (d) TEMP_TERR
3
> 378N
z
S
2 37N
S
376N
(e) EAST_NOTR (f) EAST_TERR
3
> 378N
=
3
2 37N
S
376N
128.6E 128.8E 129E 128.6E 128.8E 129E
Longitude (degree) Longitude (degree)
=] [ ] [ Ji—
02 06 1 14

Fig. 3. Total accumulated (3-h) precipitation (units: mm) derived from (a, b) control (CTRL), (c, d) TEMP, and (e, f) EAST
simulations for Episode 1. The experiments were divided into no terrain (left; NOTR) and terrain (right; TERR).

Table 3. Summary of precipitation for different ideal experiments. Units: mm.

Rain Graupel Snow Total
CTRL 0.07° 1.74 0.15 1.96
NOTR TEMP-CTRL —-0.02 —-0.46 +0.10 -0.38
EAST-CTRL +0.01 -0.32 -0.02 —-0.33
Episode 1
CTRL 0.11 1.83 0.17 2.11
TERR TEMP-CTRL -0.01 —-0.49 +0.09 -0.41
EAST-CTRL 0.00 -0.32 +0.24 -0.08
CTRL 0.63 0.04 0.00 0.67
NOTR EAST-CTRL 0.00 +0.01 0.00 +0.01
CLDI-CTRL 0.00 0.00 0.00 0.00
Episode 2
CTRL 0.59 0.04 0.00 0.63
TERR EAST-CTRL +0.56 +0.22 +0.07 +0.85
CLDI1-CTRL 0.00 0.00 0.00 0.00

The value denotes accumulated domain-averaged precipitation.
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derived from CTRL simulations, and (b, d) difference fields between TEMP and CTRL experiments at the simulation time of
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Fig. 7. The same as in Figs. 6b and 6d except for difference fields of (a, ¢) vertical mixing ratios (units: g kg™") and (b, d)
number concentrations (units: counts kg™') between EAST and CTRL experiments. The gray wind barbs denote wind fields of

u-w components (units: m s™') for EAST experiment.
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Fig. 10. The same as in Fig. 3 except for (a, c) CTRL and (b, d) difference fields between CLD1 and CTRL simulations for
Episode 2. The upper and lower panels denote NOTR and TERR, respectively.
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Fig. 11. The same as in Fig. 6 except for difference fields between CLD1 and CTRL experiments for Episode 2. The shading
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