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ABSTRACT

The Analysis of the Characteristics of Heavy Snowfall in

Youngdong Region with the Numerical Model Data Assimilation

Kim, Do-Wan
Advisor : Prof. Ryu, Chan-Su Ph.D.
Department of Atmospheric Science,

Graduate School of Chosun University

The characteristics of the snowfall in Youngdong region shows are heavy
snowfall in geographically restrict range and in same region, there is a
remarkable contrast between snow accumulation and snow day. The distance
from the coast line to divide the line of a mountain range plays an important
role in snowfall. For understanding distribution of the snowfall amount and
genesis system of snowfall at this region which shows various snowfall pattern,
it is very important to classify and study patterns of the snowfall events.

This study focuses on analyzing and understanding of the numerical model
assimilation due to three-demensional analysis system (KLAPS) data to get at
the characteristic of heavy snowfall in Youngdong region. There’s establish of
the cold-coastal conceptual model in Gangwon Youngdong region and
contribution in improvement of analysis and forecast ability about local heavy
snowfall. For this, due to the record-breaking case of heavy snowfall for fourty
years, amounted to 62.5cm (22 Dec. 2008), which is occuring in Sokcho from 21
Dec. 2008 to 22 Dec. 2008, the highest-resolutional data which is offered from
KLAPS is used. Considering that air temperature gradient of the lower and
upper part of the troposphere, the direction of the wind and wind velocity of

the lower part, and the change of the sea air refraction (difference in sea—-water

_\/_



temperature and temperature) in Youngdong region and the East sea Buoy that
is adjacent to and etc. are regarded as a critical variable to conclude snowfall
pattern.

The convergence air current is strengthen at windward side and leads to
more and more snowfall, and also thermal ridge is stretched to Youngdong
region and related lower layer wind curtain is persistently flow into Youngdong
region in the East sea. Strong northeast air current (chill air current) from high
latitude and strong southwest air current (warm air current) from low latitude
flow into this convergence zone at the center, after that these currents meet on
the East sea and then, heavy snowfall is generating by relocating the center of
the convergence from Youngdong region to the Tae back as time goes by. The
snowfall pattern of cold-coastal model in rich precipitation in the costal area
rather than mountainous area, surface wind shows NW in Youngseo region, NE
in Youngdong region, and the lower troposphere wind shows NE in the lower
part, NNE-NW wind in the upper part. The upper and the lower layer’'s the
change of the direction of the wind is affected by an influx of the upper layer’s
cold air. When the isobar is arranged to north and south direction due to
developing cP and then expand to the Maritime Province in Russia, the lower
layer of NE system which is provided heat and moisture from the oceans which
is relatively warm passing the East sea, is affected by the topography of
Youngdong region. It is analyzed that the cost-coastal heavy snowfall in

Youngdong region seems to appear by this lower layer of the NE system.
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Table 1. The case of the mountainous snowfall pattern in case of expansion of cP in
Youngdong region.

M Doegwallyeong | Sokcho ‘Wonju Inje Cheorwon |Chuncheon| Taebaek |Hongcheon
20060109 0.6 0.2 0.9 0.5 0.5
20060112 3.8 8.3 6.8 3.6 5.3 1.5 1.7
20060118 8.5 5.7
20060130 17.4 14.3
20060206 29.9 5.8 31
20060215 1.7
20060228 5.7 5.1 1.2 8.3 8 0.3 7.3 2.5
20060303 0.1
20060305 1.2
20060316 9 45
20060319 0.3
20060325 0.3
20060328 12.6 0.8 0.8 3.5 2.5 5.2 5 5.2
20060419 3.8 5
20061106 52 0.2 1
20061115 12 1 0.8
20061123 54
20061127 79 2.6
20061201 6.9 2 0.7 0.3 1 0.3
20061207 11
20061208 2.5 0.3 0.5 75 2.1
20061215 34.6 4.2
20061222 0.2 0.9 0.2
20070102 8.6 1 0.1 1.1 0.4
20070106 18.3 2.7 2.6 52 2.2 11 8
20070122 14.7 0.6 2.5 0.4 1.2 0.3 0.2
20070127 25.9 1.2 1.7 2.5 1.2 2.5 2.4 3
20070203 0.5 1.3 0.2
20070210 2 2.3
20070213 155 2.1 0.5 12.7 1
20070227 0.3
20070305 04 2.3
20070310 2.8 1
20070315 12.1
20070329 59 1.1 35
20070402 3 5.7
20070417 0.2
20071119 5.7 3.2 7 44 6.6 4.6 5.7
20071123 0.3
20071202 04
20071206 52 45 5.2 7.1 5.1 2 4.1
20071210 1.7 3 2.2 0.5 1 0.3
20071214 1.5 75 6.5 59 5.4 1.5 1.6
20071217 0.5 0.1
20071220 04 04 0.1 0.5
20071229 0.2 0.2 0.6 0.1 0.3
20030103 0.3
20070111 36.3 16.8 3.7 11.5 6.4 9.5 32 11.5




Table 1. cotinued.

Date Station Deegwallyeong | Sokcho ‘Wonju Inje Cheorwon|Chuncheon| Taebaek |Hongcheon
20030120 4.7 12.6 0.9 45 3.3 2.5 65.1 45
20030129 41.7 17.3 1 2.7 40.5 3.2
20081229 3.9 0.7 0.5
20090116 0.8 0.2 1.9 4
20090118 6.8 2.2
20090124 6.9 2.2 1.1 0.7
20090130 19.3
20090215 3
20090219 1.3 2.8 1.6 0.6
20090223 2.7
20090225 0.1
20090302 11.3 2.1 0.2
20090313 75
20090323 1.7 04
20090325 15.3
20090326 0.9 0.2 3
20090329 5.4 3.2
Average 9.4 7.1 1.8 3.8 2.5 24 9.2 2.5

Table 2. Same as Table 1 except for the cold—-coastal snowfall pattern.

Date Station Gangneung |N.Gangneung Sokcho Yeongwol Cheorwon Chuncheon
20060105 0.2 5.6
20060131 3.7 1 6.1 7.7 0.3
20060211 0.2 0.4 0.8
20061217 9.6 3 17.2 2.9 2.9 6.2
20070328 1.1
20071121 1.7 0.7 8
20030127 5.8
20030127
20081221 5.1 62.6 05 55 4.3
20030301 2.5
Average 35 114 14.8 3.7 4.2 5.3

Table 3. Same as Table 1 except for the warm—coastal snowfall pattern.

Date Station Gangneung Donghae Sokcho Yeongwol ‘Wonju Taebaek
20060119 05
20060313 0.3 0.7 0.3
20061205 0.3
20070317 2.8 2.1 3.6
20070319 6.8 5.6 2.3 05
20030113 6.2 3.2
Average 4.8 4.6 3.0 1.8 0.5 0.4
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Fig. 1. The case of the mountainous snowfall pattern in case of expansion of cP in

Youngdong region.
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Fig. 2. Same as Fig. 1 except for the cold-coastal snowfall pattern.
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The Fresh Snow amount
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Fig. 4. The amount of snow accumulation for 24 hours in Youngdong region.
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Fig. 5. The amount of snowfall accumulation on 22 Dec. 2008.
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21KST 21 DEC 2008

e

e

ToE -
12UTC 21 DEC 2008 (21KST 21 DEC 2008)

Fig. 9. The weather chart at 500 hPa at the Northern Hemisphere on 12UTC 21

Dec. 2008.

Table 4. Temperature pattern of Dec. 2008 in comparison with past 33 years.

. 5 Difference of Difference of Difference of
Perlod Tmean (C) o o L
Tmean ( C) Tlowest ( C) Thighest ( C)
Ist ten days 0.4 2.8 2.4 -3.7
2nd ten days -3.8 -5.4 -5.5 -5.8
3rd ten days -2.9 -3.4 -3.6 -3.9
Monthy mean 2.2 -3.9 -3.8 -4.5
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Fig. 10. Arctic Oscillation Index (AOI) from NOAA NCEP.

Table 5. Arctic Oscillation Index (AOI) from NOAA NCEP.

-3 i T I 1 T (B 1 T L o1 L T (i "l
1995 1998 1097 1043 1909 2000 2001 007 Q3 2004 2005 2006 2007 2008 2009

onth
year

Jan | Feb

Mar | Apr | May

Jun Jul

Aug | Sep

Oct | Nov

Dec

2006 | -0.170|-0.156| -1.604 | 0.138 | 0.156

1.071 | 0.103

-0.265| 0.606 | -1.029| 0.521

2.282

2007 | 2.034|-1.307

1.182 | 0.544 | 0.894 | -0.555 | -0.397

-0.034 | 0.179

0.383 | -0.519

0.821

2008 | 0.819 | 0.938

0.586 | -0.455| -1.205 | -0.090 | -0.480

-0.080 | -0.327

1.676 | 0.092

0.648

2009 | 0.800 |-0.672

0.121 | 0973 | 1.194

-1.351 | -1.356

-0.054 | 0.875

-1.540| 0.459

KKK

Table 6. Time pattern of RDAPS temperature at 850 hPa and altitude -classified
temperature which appears by the observation of the upper layer in Sokcho region.

Date 20 Dec. 21 Dec. 22 Dec.
Time(UTC) 00 12 00 12 00 12
Surface -6.7 2.2 -6.7 -39 -43 1.0
850 hPa 15 -53 -12.1 -14.5 -5.7 -
500 hPa -21.7 -215 -32.9 -36.2 -30.1 -
GDAPS (850 hPa) =57 -7.0 -11.0 -16.0 -10.0 -10.0
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Fig. 11. Temperature change at 850 hPa for 24 hours from a) 12UTC 20 to d) 12
UTC 22 Dec. 2008. (Color shading indicate the area of temperature decrease for 24

hours. The interval of contours is 2 K).
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Fig. 16. The GDAPS pressure field by 1 atm unit on a) 18UTC 21 and b) 06UTC 22
Dec. 2008.
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Fig. 17. The images of GMS(Geostationary Meteorological Satellite). (a) 2333 UTC 20,
(b) 0533 UTC 21, (c) 1133 UTC 21, (d) 1733 UTC 21, (e) 2333 UTC 21, (f) 0533 UTC
22 Dec. 2008, respectively.
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Composite image of SST (C)

Dec. 16 - Dec. 22, 2008

NOAA Satellite.

Satellite Ocean Information Lab.
NFRDI, KOREA

Fig. 18. The daily average sea surface temperature by MTSAT on 21 Dec. 2008.
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TFig. 19. The reflectivity images of the radar for (a) 00 UTC 21, (b) 06 UTC 21, (c) 12
UTC 21, (d) 18 UTC 21, (e) 00 UTC 22, (f) 06 UTC 22 Dec. 2008, respectively.
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Fig. 20. The analysis of the wind field and dew point depression at 850 hPa on (a)
12U0TC 20, (b) 00UTC 21, and (c) 00UTC 22 Dec. 2008.
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Fig. 21. Same as Fig. 20 except for 925 hPa.
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Fig. 22. Schematic diagram of KLAPS process.

Table 7. Input data for the KLAPS analysis.

e nl
i, 2 nn
g =l 1=

g, Zid  REd

Data Numbers of Data Period Variables Remark
f GTS: 300
Surface . 3 hourly Surface variables .
(GTS: SYNOP, Station: 30 Used in every 3 hour
o . (1 hourly) |(Cloud type and amount)
SHIP, BUOY) | Aviation Station: 50
Upper-air GTS: 50 12 hourly Wind, T, T, Used in every 6 hour at
(GTS: TEMP) (6 hourly) Osan
Satellite Brightness temp,
Full coverage Hourly Albeldo, Cloud Drift | IR1, IR2, IR3, VIS, CDW
(GMS: Tzp, CDW) i
Wind
. Reflectivity, Composite Reflectivity at 7
Radar 8 Every 10 Min ) . )
Radial velocity Radar in Korea
AWS 470 Hourly .
T Wind, SLP, RH Resolution 17 km
BUOY 5 Hourly
) Approximately . . .
QuickSCAT At sea : Sea Surface Wind Polar orbit satellite
4 Times a day
ATOVS 2 Times a day 3-dim T, T, Retrieved at NOAA 16
All data f FSL
ACARS 100(100/10) Hourly Wind, T ata from
300 hPa above data from KAL
‘Wind Profiler 25 Hourly ‘Wind 400 hPa under data from JMA
MM5(30 km) 3 hourly 3-dim. variables Forecast
First guess
GDAPS(1.875°) 6 hourly 3-dim. variables Analysis

Input candidates

SATEM(satellite sounding), SATOB(cloud drift wind)
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Fig. 23. The analysis of the vertical sectional equivalent potential temperature in
Gangwon region on 08UTC 20 Dec. 2008.

Fig. 24. The analysis of the vertical sectional wind field in Gangwon region on
21UTC 20 Dec. 2008.
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Fig. 25. The analysis of the vertical sectional dew point depression convergence
zone in Gangwon region.
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Fig. 28. The vorticity distribution at 500 hPa for every 12 hour from (a) 00UTC 21
to (c) 00OUTC 22 Dec. 2008.
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Fig. 29 The vertical sectional vorticity of the East and the West and moisture flux
in Gangwon region on (a) 22UTC 20, (b) 05UTC 21, and (¢) 20UTC 21 Dec. 2008.
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Fig. 31. The section at diagram of the omega which is cut verticality the east and
the west from (a) 18UTC 20, (b) 06UTC 21, and(c) 18UTC 21. Dec. 2008.
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