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ABSTRACT

Numerical Study on the Impact of Sea Surface
Temperature of Yellow Sea on the Heavy

Snowfall over Honam Districts

Mo, Sun-Jin.
Advisor : Prof. Ryu, Chan-Su Ph.D.
Department of Atmospheric Science,

Graduate School of Chosun University

Analysis and numerical experiments of the development mechanism of a
heavy snowfall happening in the Yellow Sea of the Korean Peninsula were
carried out. Especially this study mainly focused on the impacts of mesoscale
meteorological phenomena on a heavy snowfall and was intended to provide
basic data in trying to reduce the concerned natural disasters.

Employed data to conduct the analysis were the synoptic charts provided by
the Korean Meteorological Administration and the numerical data produced on
the Numerical Weather Prediction Model(including synoptic meteorological
observations, radiosonde data, satellite data, RDAPS, and two-dimensional sea
surface temperature in the Yellow Sea).

Recordable heavy snowfall over Honam districts happened on December 21,
2005. Analyzed to understand the developmental structure of a heavy snowfall
were the horizontal synoptic charts(500 hPa synoptic charts in the Northern
Hemisphere, 850 hPa 24-hour temperature changes, and surface weather maps

by the hours) and the patterns of ascents(500 hPa vorticity, jet streams of 300



hPa and 850 hPa, Gunsan wind profiler, and 21-day OOUTC &850hPa omega
values). Several numerical experiments were also conducted using MM5 to
examine the development of heavy snowfall cells according to the
two—dimensional distribution of sea surface temperature. The changes of the
intensity of snowfall convection cells were strongly associated with the
two—dimensional distribution of sea surface temperature in the Yellow Sea.

As a result, the two-dimensional distribution of sea surface temperature in
the Yellow Sea didn't work the formation of heavy snowfall cells directly.
convection cells were developed in the Yellow Sea when the sea surface
temperature was low. Although SST distribution was not predominate to make
convection cell, it is strongly associated with the variation of snowfall intensity.

In the case investigated in the study, the heavy snowfall cells developed in
the sea near the Honam region, which means that the snowfall considerably
dropped in the inland areas. Thus it’s critical to figure out two—dimensional
water temperature in the Yellow Sea in estimating the amount of a heavy
snowfall and predicting one in the Honam region. Since the water temperature
gradient plays a crucial role in the coastal areas in the Honam region, the
distribution of the water temperature gradient and precipitable water will make
some of the major indexes to estimate the amount of a snowfall in the inland

areas of the Honam region.
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Fig. 3. Geopotentialheight distribution at 500 hPain 12UTC 21 December200t.
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Fig. 5. Temperature change at 850 hPa for 24 hbora 12UTC a) 20 andl)
22 December 2005. Color shading indicate the afeteraperature decreader
24 hours. The interval of contours is 2 K.
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Wind intensity over Yellow Sea become strong on Ré&cember 2005anc

wind direction is also changeddue to the changeof pressurefields.
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Fig. 7. Surface pressure distribution at 21UTC 2@l @D6UTC 21 Decembe
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Table 1. Temperature pattern of December 2005 mpewsison with other years.

Difference of

Difference of

Difference of

Period Trean (C) Toem (C) Towe (C) Tuges (C)
1st ten days 0.4 -2.7 2.4 -35
2nd ten days -3.8 -5.2 -5.5 -5.6
3rd ten days -2.9 -3.3 -3.6 -3.7
Monthy mean 2.1 -3.7 -3.8 -4.3




Table 2. Temperature change on three days at tHiéerent levels. Thick
broad indicate the temperature at maximum intensftysnowfall.

Date 20 Dec. 21 Dec. 22 Dec.
Time(UTC) 00 12 00 12 00 12
Surface -7.7 2.0 -6.7 -3.9 -4.3 1.0
850 hPa -8.5 -6.3 -13.1 -14.5 -5.7
500 hPa -23.7 -23.5 -33.9 | -38.1 -33.1
GDAPS (850 hPg) -6.0 -7.0 -10.0 | -15.0 -13.0 -10.0
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Fig. 9. Wind speed distribution at 300 hPa and 88%a for OOUTC
(upper) and 12UTC (lower) 21 December2005
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Fig. 10. Time evolution of the observational hontad wind and verticalwind
speed by windprofiler located at Gunsan. Color $hautlicate the intensityof
vertical wind speed.



Omega.Hit&. =8 = (2005.12.21 O6UTC)

Fig. 11. Time evolution of Omega values, wind, armhvergence over
the Korean Peninsulafrom O3UTC 21 with 3 hours interval
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Fig. 12. Vertical distributions of omega values amohd at 06 and 12UTQ1
December 2005. Cross section lines show right upmaet of each figuresanc
arrows indicate the intensity of vertical wind energy
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b A oy g e sviae gAAEE DEAI= FRT 8Qlo] HT
ol gk 7]/l Fo LmAtel] o A E B on FE YEAAY AFE F
stol a4 A dth(Nagata, 1993; Ninomya, 1996, 2006; Yoshizaki, 2004). =1
ol gt R FHI o5 T HsFe I #F A= Bo] o] Fo
] $tH(Olson ef a/, 1995; Lee and Lee, 1994; Lee and Lee, 2003; Jung ef a/
2005; Cheong e a/, 2006).

gy Be AFdn Byatn Aaate 2292 SSTE X7}

oh
ol B3 A= EHE FHHA FUv o= A E Y T

o A

Aol A AFE¥ MM5 (Fifth Generation NCAR/Penn Stat Mesoscale
Model) 23 & vy ol g 2] Anthesoll 9j3te] 7/fUH FHEFA EFPS
7NZ22 Aol AMAw Yol FHE Y NCARNA /MAAASE AW 3449 O

gt w & o]t} (Rogers and Fritsch, 2001; Romero and Doswell, 2000, 2001; Rutiano
and Ferretti, 2001; Guo er @/, 2003;er a/, 2007a,b). ©] BH L A MAHoz o
T % APl Bo] o] e FARFY drtoltt. E EFP ] EAL 1) s =HE
sE, i) Bl AS dil) 4ALEA A" S vYgd R dEARE, iv) o Tt
A ALY AEA, v) g 28R T 5 5 A tH(Dudhia, 1993;
Grell ez a/, 1995; Dudhia ez a/, 2002).
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Fig. 13. The MM5 modeling systemflow chart (Dudhie , 2000)
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Fig. 14. Schematic representation of the verticalicture of the
model. The example is for 15 vertical layers. Ddshimes denote
half-sigmalevels, solid lines denotefull-sigma levels(NCAR, 2000)
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32. FAAE AA

Fig. 156:= 2 AFolA AH&d FAAE 995 ved 3ot
2 dTodAEs 3 FAARE A&k A 199 90 9071 %
A AR Qow, 7 AR g Es 16 kn olth o] F92 1200 1280 kn
of Jddor dvn AAE XTI FolAotd el Pt A 2992 A T X
Aol 6 km oW 112 1129 A& 7kt o] 2 @nbmel As|7t of 7]
A Al 395 AADA e HoF 142 1369 AAFR e A A
TodAeks 2@ gl FAAPE AL By B 542 Table 3o e
Wk 271218 A A A= v =714 (National Center for EnV1i<onment Prediction :
NCEP) #A85& Al&-3F%itt.
B AFAAE A 2999 AHE YFE BAS AAEAT
Table 3. The configuration of numerical model MM5.
domain domain 1 domain 2 domain 3
grid size 16 km 6 km 3 km
domain size 90x90 112 x 112 142 x 136
vertical size 33 layer (model top : 100 hPa)
cumulus scheme Grell none

explicit moisture

Mixed-Phase(Reisner)

scheme

boS ;Zr;?;aEZyer MRF
soil model 5 layer soil temperature model
radiation interaction cloud and clear air
o |00 or

topo/landuse data 30sec USGS 30sec USGS / 3sec DEM
initial data Assimilated by LAPS

lateral boundary MM5/KMA(3Bm)| mother domain (1 way nesting)

prediction length

72 hour
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Dataget: 0101 1 RIP: ter Init: 1800 UTC Tue 20 Dec 05
Fost: B.00 Valid: Q0G¢ UTE Wed 21 Dec OF (02006 LAT Wad 21 Dac G5}
Tarrain helght AMAL

CONIOURR: TNMT3=m LOT= 0.0400 HEE= 160.0 YEFTAL= 100.00

Dataset: 0101 3 RIP: ter Init: 1800 UTC Tue 20 Dec 05
Fezlk: .00 Talid: @06¢ UTC Wed 21 Dec @5 (0200 LT Med 21 Dec G5}

Fig. 15. Simulated domains and their topographyhwiittervals of a) 16
km, b) 6 km, and 3km. Line A-B in b) use for cross section analysis and
points C and D indicates the location of verticadalgsis. Line A-B is
almost parallel to the synoptic wind, resultingin a snowfall cloud
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Fig. 16. Distribution of the daily NGSST on the & Sea for a) 10p)
20, and c) 30 December 2005 and d) 10 January 2006. unit of the
SST s Celsiuswith a 1 K interval
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Fig. 17-1. Distribution of the snowfall accumulatédr three hours over
the Korean Peninsula at a) 12LST, b) 15LST, c¢) I8L&d d) 21LST
21 December2005
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Fig. 19-1. Time evolution of the vertical cross tgmt of the diversion
along line A-B shown in Fig. 15 from 12LST with ah8ur interval.
The solid and dashed lines indicate the conversaoml diversion,
respectively. The labels with a box show the maxmand minimum

valuesin the samelimited area.
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Fig. 20. SST along line A-B in Fig. 15 for the simulationsof 4 cases
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Fig. 21-1. Distribution of snowfall accumulated f8r hours at 15LST for a)
caseSN 1210,b) caseSN 1220,c) caseSN 1230,and d) caseSN__0110.
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Fig. 22-1. Vertical distribution of precipitable tea with the cross section
along line A-B in Fig. 15 for a) case SN 1210, @se& SN 1220, c) case
SN__1230, and d) caseSN__0110 at 15LST
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Fig. 24-1. Time evolution of the vertical potenti@mperature difference at two
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