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Abstract This study examined the lake effect of the Yellow Sea which was induced by the
Siberian High pressure system moving over the open waters. The development mechanism of
the convective cells over the ocean was studied in detail using the Weather Research and Fore-
casting model. Numerical experiments consist of the control experiment (CTL) and an experi-
ment changing the yellow sea to dry land (EXP). The CTL simulation result showed distinct
high area of relative vorticity, convergence and low-level atmospheric instability than that of the
EXP. The result indicates that large surface vorticity and convergence induced vertical motion
and low level instability over the ocean when the arctic Siberian air mass moved south over the
Yellow Sea. The sensible heat flux at the sea surface gradually decreased while latent heat flux
gradually increased. At the beginning stage of air mass modification, sensible heat was the main
energy source for convective cell generation. However, in the later stage, latent heat became the
main energy source for the development of convective cells. In conclusion, the mechanism of
the west coast heavy snowfall caused by modification of the Siberian air mass over the Yellow
Sea can be explained by air-sea interaction instability in the following order: (a) cyclonic vortic-
ity caused by diabatic heating induce Ekman pumping and convergence at the surface, (b) sensi-
ble heat at the sea surface produce convection, and (c) this leads to latent heat release, and the
development of convective cells. The overall process is a manifestation of air-sea interaction and
enhancement of convection from positive feedback mechanism.
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Fig. 1. Accumulated fresh snow cover amount from AWS
located at Seosan, Jeonju, Gwangju, Mokpo and Jeju during
23~25 January 2016.
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Fig. 2. Weather maps, skew T — log P diagram and IR satellite image at 1200 UTC 23 January 2016 for (a) 500 hPa weather
map, (b) 850 hPa weather map, (c) surface weather map, (d) skew T — log P diagram at Gwangju, and (¢) COMS IR satellite
image.
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Table 1. Configuration of WRF V3.7.1 model.

Domain Domain 1 Domain 2 Domain 3
Horizontal resolution 13.5 km 4.5 km 1.5 km
Domain size 430 x 370 610 x 586 670 x 865

Vertical level

51 Layers (model top 50 hPa)

Initial & boundary conditions

NCEP FNL reanalysis (6 hourly at 0.25° x 0.25°

PBL scheme YSU
MP scheme WSM6
Convective parameterization Kain-Fritsch None

Prediction length

72 hr (spin-up time 12 hr)

SST (CTL)

NCEP SST analysis
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Fig. 3. (a) Model domain configuration for WRF, (b) map
showing areas for vertical profile in Fig. 9b (@, ll, A) and
time height cross section (%). The boxed area is for
Hovmoller diagram in Fig. 12.
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Fig. 5. Schematic diagram of air-sea interaction instability (Bluestein, 1993).
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Fig. 6. 60-hr accumulated precipitation (mm) from (a) CTL and (b) EXP experiment (0000 UTC 23 to 1200 UTC 25). In Fig.
6b, lines represent the cross-section area drawn in Figs. 9 and 10.
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Fig. 7. 1000-700 hPa thickness for CTL (left panel) and 850 hPa temperature (K), 1000-700 hPa thickness (m) difference (right
panel) between EXP and CTL for time periods (a, b) 0300 UTC 23 January, (c, d) 1500 UTC 23 January and (e, f) 1200 UTC

24 January respectively. Solid line represent thickness difference (m) and shaded area represent temperature difference (K)
(right panel) and thickness (m) for left panel.

H7) 918 g 243 tEe] A3, d93kd W YAtk Figure 5S¢ t7181 G 4548 B9 0] B =
TE T ASIE A%k MaEe THSE 48 olrh miedlh Fitere vhE {92 W dd

Atmosphere, Vol. 28, No. 1. (2018)

59



60 2016 19 234 ~25 9l WA sl A&t thAd wd WlAY S 4

Fol o5t vy side] 7)ele 719 43
Spr)ge). o714 HREE Flge F7HQ) A
$3h ARPAA ) £, ke o G ek
= o e A7 el 1
9 & wP Ae R BLW 5371

o

& 12 o

it

S T TTFY Aol ]

, 89 5HA Wl it F A¥AAE
7} Aglo] melgh 23 ¢ A7t

ALl 60A7F F 74 S UeER 2ol
CTL #3de A8t & Aol 16~30 mme)
Zdrere Beo] slAth(Fig. 6a). 2ol M]3l EXP A ¥
5o Aol o3k 7padnt FsA 2olkHS B A
gl o} Afafitell= 73] w9 HAY §1AchFig. 6b).

4
3w AUS 242

o

Ao o

k.
=
Hu

e Bate] 19| Aol
243 Asle] gl sl 24 s

& flel CTLE RS 55 @& EZ3IUtHFig. 7). =
B (thickness)& F 71¢] MZ th2 S Aol 1

T3z, - 20)2 QulElE gee] Aoz vERd 4= o)
Ry o

o714 Rpz %3719 71A744(287) kg K, g
E FH7EE0.8m s79) Ie 7FEK), p, pe 2
=9 71hPa)elth 3 7% W9 Hg 71229
w37 e 715 el Hgdd rtdely, 2=
o|FE EAsl=t AMEETE Aol H RS CTL
A At EXP AP A7e] 850 hPa 7] zfo]al 4
212 1000 hPa-700 hPa 5¥ =lelt}. Z} Aj7H= U
FAo] z7le WSt A& 23 0300 UTC, U
FAe fFol &l Fe7d=rt =3d 239 1500
UTC, 73] Ax} $a8=s 249 1200 UTCS &
A3}t

&7 AE 7] NS 239 7|8 EXP
ARA ghellA CTL A8 A3 34e W Fig. 7bollA]
= 2ol 2~4°C2] 850 hPa 7] =}o]9} 20m
ol HRIt} ol& o] FAIEHA Ue
9] 1000-700 hPa 5$7} CTL %kell ®l&l o
ek Yol &S ougth T A7k A
off W}t B F7H8kal 22 AlZHA tiE
37199 §717F EXP AFelA o galbithe AS
ePATHFigs. 7d, f). Alsl7F EA1s= CTL A&
AMe A3l ElrHe] 3 ok ti7]e] 2EAR <l

=

4

R o o

=7 geE 7] A28 15 (2018)

g M|l 717t 7HE FHo dAskE A7
3} FE71FR A8 d19 Felvt ZHA 2 EXP A
o= M7 2ASHA] o} 71 E3E Wiz B
&17] wiEel EXP thEaL71ke] @717t CTL A9
nrh w7 Jalstdek

3.2 AstY 24

3.2.1 FA LS Y

Figures 8a, b= CTL A3 EXP A3o] 2ot %]
dubeke] At AgEolxo|t) iR vy fF
Jo] ghlsl FAd o] =hd 23Y 1500 UTCS] A=
e WA S Th Bl ARSS 4le v} P

_ov Qg

élf ax ay (2)

AgEOE 2] ©9E s'olth CTL 494 3K (Fig.
8a) 1% 39°NOIAFE] Aaid7A] tFAd e
525x107 s7'9] T AU AgE0|L gEo] BX
gt} ol 2 F7|7F WS nith 92 o] FshHA
FFHo 2 HE 9 HEEA IR A3 A7|UA &=
Sho] olaf WAYEIITE whHol EXP 42 #(Fig. 8b)
£t CTL A¥AFse= AutEA 5x107° s o]&}e]
2o g AgEo|x gl YElEth & t§a7Y
of Zt F7I7F AWML t B Axg B 9E o)F
ol 7Fhell o8k A7 YA £8e] A71A|
[e]

o Hu

o ojEh BAlElE Ti7lelEe] Meds shdel
oFo] AH) A8Eo

ao =

B akxe] FHL fFwst

o
N
=
( mE’
o,
_0|L
3Q
)
o
rr
=2
1y
s
M bt S moh

7| De i - De 78S ©v|Sith. Figures 8c,

d= T 239 239 1500 UTCS] A FH FH Aot}
CTL A8 A3} (Fig. 8oy 4l LE&ET 1Y (Fig

8a)7 FAEH HEIE 9= 39°NoIAHE Asjsto s
E0]9E —10x107° s oo 73 @Yo &
Aske AL g9l & 4 Qo A AgsEol=9 ¢
X7} AFeE o] Bluestein (1993)°] A|AgF ASIT
o] 3 T AU LEETI} FEg ol Aant HYo)
sl S 7Jskr7)7] wolth EXP A ¥4 I(Fig.
8d)= CTL Ad@Ae}= 2] Al Aajste] -5 x
10° s o]3ke] wre 3 S Ho|n FEd 3

s rl

>~



oA - 7% 61

Fig. 8. Relative vorticity at the surface (x 10~ s™', top panel) and divergence at the surface (x 107 s™', bottom panel) for CTL
(a, ¢) 1500 UTC 23 January and EXP (b, d) 1500 UTC 23 January, respectively.
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125°E (blue line) at 1500 UTC 23 January, shown in Fig. 3. 7R A= AL & 4 A} o)#H 3 A= A3

g=7)14eks] 7] A28d 13 (2018)
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Fig. 10. Cross section of equivalent potential temperature (K), dew point depression (K) and wind vector for 124°E, 34~42°N
(N-S) and 35.5°N, 123.5~128.5°E (E-W) at 1500 UTC 23 January. Green shaded areas represent dew point depression, blue
solid lines represent equivalent potential temperature. (a) CTL N-S, (b) CTL E-W, (¢) EXP N-S, (d) EXP E-W cross section,

respectively.

o] ti717t w9 B 3he ofnlglit). o]

Ak ot A agEolxo o oavt H3 I 2
2 98] A FPo s o] wad 4=
Uepdth 54 A GHEE (Fig. 10b)olA]
2 700 hPa7b4] st i /Rd o2 Yehve W& &
T 79, dsH PFE wEske d3eE, TEOE
M A9 2] BoE ) v EXP
A A7HFigs. 10c, dye CTL AFwE F313k 47
+Eolu =2 tF9] Aol VEhA] ettt 900
hPa o] g e &4 792 A& SA=
HHEAA T Q4tshe HAollA] A2} tl&EaL7]
ol g7l RmakZ Azl ofgt dE ol sl
AstATHFig. 4). 7171 FExlgel wet dAdsh=
773 Al % (convective boundary layer)S #235}7] 9
3l Ml dellA] g7]e] s mE 1% 29 T=29

i

o
)
B0
N
Y

= bl
AAFO) AR BES RA & W17t BEA
955 AAErY Qs G S0 A% g
315 t7lel £97t Ford e ¥ 4 ek,

3.3.2 Heat flux ¥4

ez EAA AEde] diZle Mg A
G EOIERE RIS FEFLE vl EPY S g
dS FRlsATh dEL7I¢e 7t AslE Al
o AME7F EerEe] d &8 WEIEA JHgHoR
olr 7] fste] AE7IZE Fete] AE &3 FE &

Atmosphere, Vol. 28, No. 1. (2018)



64 2016 19 234 ~25 9l WA sl A&t thAd wd WlAY S 4

Fig. 11. Accumulated latent heat flux (top panel) and sensible heat flux (bottom panel) (J m2) during 0000 UTC 23~1200 UTC

25 January for (a, ¢) CTL, (b, d) EXP.
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Fig. 12. Hovmoller diagram averaged over 123~126.5°E and 35~39°N (box in Fig. 3b) from 0000 UTC 23 to 0000 UTC 25
January for (a) latent heat flux at surface (W m™2), (b) sensible heat flux at surface (W m™2), (c) sea-air temperature difference
(K), (d) specific humidity difference (g kg™') and (e) wind speed (m s™'), respectively.
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