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Summary

A Case Study on Characteristics of Heat Flux Exchange between
Atmosphere and Ocean in case of Long-term cP accompanying

Snowfall over the Adjacent Sea of Jeju Island

This study is focused on the relationship between snowfall and the
Bowen's Ratio (sensible heat flux/latent heat flux) through the calculation
of heat exchange between air and sea for snowfall events from 1993 to
2003 in Jeju Island. The four weather stations for this study are located at
Jeju, Seoguipo, Seongsanpo and Gosan in Jeju Island. In order to improve
the reliability of snowfall forecast, the Bowen’'s Ratio for snowfall, which
includes influences from atmosphere such. as wind, is compared with
temperature difference between air and sea for snowfall. As the results, in
the case of fresh snowfall, the minimum temperature differences between
air and sea were 1097C, 1237C, 115C and 14.3C at Jeju, Seoguipo,
Seongsanpo and Gosan, respectively, and the probabilities of fresh snowfall
were 26%, 29%, 13% and 23%, respectively, when the temperature
differences were higher than those. On the other hand, the minimum
Bowen ratios were 0.59, 0.60, 0.65 and 0.65 at Jeju, Seoguipo, Seongsanpo
and Gosan, respectively. The probabilities of fresh snowfall were 33%,
70%, 31% and 58%, respectively, when the Bowen ratio is higher than
those. That is, the probability of fresh snowfall with the Bowen ratio was
higher than that with temperature difference between air and sea. This

result might be because heat exchange by wind increases the probability

_iV_



of snowfall in addition to the temperature difference between air and
sea, and also the Bowen ratio. Therefore, snowfall forecast of Jeju Island
1s significantly influenced by the sea, the forecast with Bowen ratio seems
to have higher reliability than that with the temperature difference
between air and sea. The data analysis for 10 years(1993 ~ 2002) showed
that when each fresh snowfall was 0.0 to 0.9 cm, average Bowen’s ratio
was 063 to 0.67, and when each fresh snowfall was 1.0 to 49 cm,
average Bowen's ratio was over 0.72. Therefore, fresh snowfall increased

with an increase of Bowen's ratio during snowfall.

keyword : latent heat flux, sensible heat flux, fresh snow cover, bowen’s

ratio
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Fig. 1. Monthly means of short wave radiation by region in Jeju Island (1993~
2002).
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Fig. 2. Monthly means of cloud by region in Jeju Island(1993~2002).
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Fig. 3. Monthly means of vapour pressure by region in Jeju Island (1993~2002).

W/n? month
1 2 3 4 5 6 -t 8 9 10 11 12

O | | |

_5 L
_1 O |
_1 5 |

—e—jeju —©—gosan —O—seogwi —*— seongsan

-20

Fig. 4. Monthly means of long wave radiation by region in Jeju Island (1993~
2002).
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Fig. 5. Monthly means of wind speed by region in Jeju Island (1993 ~2002).
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Fig. 7. Monthly means of the temperature difference between air and sea by
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Table 1. Amount of monthly mean of fresh snow cover(cm) by regional in Jeju
island (1993 ~2002)

Stapo—-Month 1 2 3 11 12
Jeju 23.8 10.1 2.6 0 3.0
Gosan 3.2 1.8 0.1 0 1.7
Seoquipo 18.0 47 0.8 2.0 94
Seongsanpo 59.3 17.2 14 34 25.1

Table 2. Monthly mean of heat flux(@Q:+®. ; W/m’) by regional in Jeju
island(1993 ~2002)

Month

Station 1 2 3 11 12
Jeju 129 106 80 97 121
Gosan 456 365 233 338 438
Seoquipo 104 91 70 100 105
Seongsanpo 151 132 92 116 140

Table 3. Maximum depth(cm) of snow cover by regional in Jeju island (1993~
2002)

Year
Station 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Jeju 4.0 51 20 43 06 18 30 2.6 7.5 0
Gosan 0.5 0 09 04 03 06 17 0.3 1.3 0
Seoqwipo 5.1 48 02 44 12 27 25 1.0 1.5 0
Seongsanpo 28 166 39 85 59 98 135 6.2 125 05
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Table 4. Influence of wether element to heat flux on snowfall days(Jeju city)

dat sea level wind air-sea fresh snow sebsible heat latent heat
ae pressure (P) (W)  temp.(C) cover(cm) flux (w/m’) flux (w/m’)
1993.01.16 1,023.5 7.8 8.0 0.6 85 161
1993.01.19 1,026.0 5.6 7.0 2.0 53 88
1993.01.27 1,022.5 10.2 7.4 4.0 102 212
1993.01.28 1,027.3 8. 7.2 15 78 132
1993.02.22 1,017.2 10.7 7.6 0.8 110 239
1993.02.23 1,024.3 105 9.2 0.3 131 217
1993.03.01 1,025.8 10.3 7.8 0.6 109 227
1994.01.20 1,024.5 4.3 7.8 0.2 45 80
1994.01.21 1,020.0 6.7 9.7 5.1 88 112
1995.02.05 1,026.4 47 9.1 2.0 58 92
1996.01.09 1,027.1 7.3 89 0.3 88 145
1996.01.17 1,025.9 1.7 9.0 0.2 21 38
1996.01.18 1,025.7 4.0 8.4 1.0 46 86
1996.02.01 1,027.2 9.3 105 05 132 230
1996.02.02 1,029.8 77 95 05 99 150
1996.02.05 1,024.2 8.3 94 0.2 106 202
1996.02.06 1,031.7 5.8 7.3 0.1 57 108
1996.02.09 1,026.4 8.0 79 1.6 86 186
1996.02.10 1,029.1 5 11.8 23 120 167
1997.01.06 1,032.5 8.3 12.% 0.6 143 213
1997.01.07 1,033.7 6.0 9.3 05 76 127
1998.01.19 1,026.6 75 10.5 1.2 107 156
1998.01.23 1,021.8 6.7 7.1 0.2 64 143
1998.01.24 1,027.6 8.3 9.9 1.8 111 155
1998.01.25 1,029.0 47 85 04 54 86
1999.01.08 1,020.4 7.0 9.3 1.2 88 125
1999.01.09 1,026.3 9.3 89 09 112 205
1999.02.12 1,026.2 11.3 7.4 09 113 248
1999.12.19 1,027.9 5.0 104 0.3 70 109
1999.12.20 1,029.1 8.7 109 3.0 128 252
1999.12.21 1,028.2 5.7 10.8 2.0 83 125
2000.01.20 1,032.9 9.8 10.6 0.3 141 232
2000.01.26 1,030.4 79 9.7 0.3 104 173
2000.01.27 1,031.7 8.8 11.7 2.6 139 212
2000.02.08 1,019.9 14.1 8.8 0.3 168 388
2000.02.15 1,021.2 9.3 114 1.8 144 244
2001.01.13 1,019.1 6.6 5.2 0.1 46 139
2001.02.14 1,024.7 5.1 12.3 54 85 104
2001.01.15 1,028.7 7.0 11.8 75 112 153
2001.01.16 1,030.7 8.1 94 14 103 185
2001.03.09 1,024.1 55 9.6 2.0 72 159
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Table 5. Value of snow cover for 3 years by regional in Jeju island (1993 ~2002
; 850hPa temp., heat flux, max. wind)

SNOW cover 850hPa temp. Heat flux(Qh+Qe)  Max. wind("s)

date jeju seongsan 0OUTC 12UTC jeju seongsan  jeju seo:zlgsa
1999. 1. 7 - 0.8 -71 -93 159 257 12.3 94
1999. 1. 8 1.2 7.3 -10.3 -10.7 135 236 12.3 9.1
1999. 1. 9 09 3.8 -10.1 -9.7 156 222 12.0 7.1
1999. 2. 3 1.2 1.1 -11.3 -103 192 286 10.2 9.2
1999. 212 09 14 -10.3 -99 148 242 89 8.7
1999.12.19 0.3 10.8 - -10.3 94 130 12.7 5.3
1999.12.20 3.0 2.4 -11.1 -11.7 146 152 12.7 5.6
1999.12.21 20 135 -109 -97 141 176 10.0 6.3
2000. 1.20 0.3 6.2 -11.3 -123 178 202 12.9 7.1
2000. 1.26 0.3 0.2 -121 -11.3 121 220 13.9 7.8
2000. 1.27 2.6 0.2 -125 -73 174 201 13.6 389
2000. 2 .8 0.3 - -105 -131 188 268 16.3 85
2000. 215 1.8 0.9 -119 -115 190 242 14.4 85
2001. 1.14 54 10.0 hz-9. =14 9+ 178 11.9 85
2001. 1.15 75 125 e SRR W w70 142 9.2 55
2001. 1.16 14 11.2 -115 -115 115 101 8.7 5.7

Table. 59 HZFEHES BA AFA AF 87~163 = HAFTH b 120
msQl whol] AAFEQl H§- 53~94 W, HIF 76 W= Huiuizto] 10 %S
WA oo SAFd AF 5EEAA EE£AY

APEAZ vpghe] oJgk zpolrt Y= S F4 T 5 dnh 54X gir) ¢
S EFY dA e vus s AFA A9e FdE 119 W', BAE A Y
S 141 W/m'sE AAE Aol siFelA ti7l= dudtske] 22 WmAE =
A e

Hyt 5 cmoli AAHAl 850 hPa 7|22 -9.7~-141 CTE YEhdal lor
ol AlFE AAEAR AN, 2002)0A4 -12 CTold}, = A4l A F#
/N tEAEA(H, 200D -12 Teolstd& B3l A3 vzl vt
t}.

a

facs
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4. FAAEAZ(AHAH)F B A8 ( Bowen's ratio)d 334
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Fig. 12. Relationship between fresh snow cover and Bowen's ratio by regional in
Jeju island (1993~2002)
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Table 6. A value of Bowen's ratio on snowfall days by regional in Jeju island
(1993 ~2002)

snowfall fresh snow cover

No Snowfall - .
min. mean min. mean
Jeju < 0.46 0.46 0.65 0.56 0.71
Gosan < 053 0.53 0.65 0.54 0.71
Seogwipo < 045 0.45 0.61 0.52 0.66
Seongsanpo < 051 0.51 0.69 0.65 0.75

o

Table 62 Av 10W7H1993~2002) A9 ZFAddA & o n
Hlagh Aojvk 1 AR @] ds Aol AFAeE kR Go] Hf R g
H1(0.65)7F Hls=atdom A AZO06D7F 7HE wEskar 20697 o] 7t
T EA dERET A A0 S Al HaA BHAARZE AR A S A ¢
b 370 A Ygo] 052~0560.%2 AALE AF 065HT wHA UERTH o] =
A ZAEGA BA7E = YEpd A do] depaks FAoR AT 5

A nrhs AF Byl gAgo] @ol et Avel7]E s,

rol

Table 7. Bowen’s ratio and the temperature difference between air and sea by
fresh snow cover rate in Jeju Island(1999~2003).

Temperature difference fresh snow Bowen’'s fresh snow

between air and sea (C) cover rate ratio cover rate
Jeju 10.9 26 0.59 33
Gosan 14.3 23 0.65 58
Seogwipo 12.3 29 0.60 70
Seongsanpo 11.5 13 0.65 31
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Table 7> < 51 19(1999~20031) A dAdelA &) 71xpo] <3 2144
sHEy wdno] o NAAH FES Had Aotk 1 Axnf AAHHA AH
d HA A AT, At Az, dakEe A ZhzE 109, 14.3C, 12.
3T, 115CoIem 1 o9 szl A ANHA &S 7+ 26%, 23%,
29%, 13%°]dth. 12ft} Table 79 WERT AAHA] Al H AR AN =
747k 059, 0.65, 0.60, 0.652 ZAFE Y 1 o]Ae] wedn|o| A AAAN gL
33%, 58%, 70%, 31%°.% e} si7|xtEr dybA o =7 yEtsth B
A 7F 7R A o S&o] EA UERVYE ol L

o] o] 4g& wAH HLHE =y wiEolth o] AdelA e
o] AFAre] FAAGE 7)Aol o)F gEHTE B og FEo]

5. A 3:d7H(1999~2001. 1) AIFA <9 BAdnjo 19 54

AFA Ao BAH) (Qn/ Q. )FE H 3 H & 06 o] H&E
Efue 7] 27F 10.9°C )%, 850 hPa 7]o] -10 Teolde] o=z ZALH T
olgfgt 7o dFHE E& wol gd HA 2HMde] gle A

CHFig. 13~15). a4k A1 9L 2001d% A A AHA 060142 v&2 2AMH
o #7|xk= 143 T ol o ® tE Agrt & AolE el 850 hPa
7)ol -11 Coloz ZAE T 19999 1¥€ol+= Alg Aol glglem 2000
9 19l YEhd 03 ecm AFAL BARZE 7bE = eSS o It
(Fig. 16~18). AAE A 9L 3d7F H 4 0560142 v&=2 ey 7=t
7} 123 Tol%, 850 hPa 71&°] -10 Col4de oz FAHEAH(Fig. 19~
21). AtE A& 3dzt Ha 0650109 vEE YElYH §7 A7 115 T
o] 4k 850 hPa 7]20] -11 ColAe e & ZALEAvH(Fig. 22~24). AF %
47 A el A HA AAREA didz7de] 3UzE AREE ZAEIE Ay} A9 A
o® 7]z % 850 hPa 7]x7F o Bv= g 06 ooz v
123793
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Fig. 16. Change of fresh snow cover and Bowen's ratio in Gosan (January 2001)
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FHo 2 AFASF(925hPa Divergence, 850hPa Omega)
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Fig. 27. 925hPa Divergence, 850hPa Omega
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5 524 2 QWE (850hPa Temperature, Q Vectors)
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6. YEAZHH(Div Q, wind(kts))
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Fig. 30. South and North vertical a section in Jeju island (Div Q, wind(kts))
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