AFE TAA AEH AFE olisteias] HAUl}
olFHAZ #AI AT
A study on the generation and the movement of low

CO2 concentration in summer at Gosan, Korea

20094 2H

FEMRER KE P
RRHE



2N o EH AFE o4
o)5AR HF AT

LIRS

BN KRR KB

= ME

20094 2H

g}
=

A

i

2

3}



AFE DA 4B ASE ol stetae AU}
olF AR #AI AT
A study on the generation and the movement of low

CO2 concentration in summer at Gosan, Korea

o] =R A HAIEHY] RO AZE.

20094 24

A7 ST AN RS AET
A9 (3)
I (e
I Qb

AZ st oe
20094 24



A study on the generation and the movement of low

CO2 concentration in summer at Gosan, Korea

Kyoung-Sik Kang

(Supervised by professor I1I-Ju Moon)

This thesis submitted in partial fulfillment of the
requirement for the degree of

master of fisheries science

DEPARTMENT OF FISHERIES SCIENCE
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2008. 12



3-1 9]
3-2 7]

W A H A

— = =) — <t <t © o~ o~ o~ o~ o~ (@)) (@)) —
A — V : . : : : . 5 3 . . —
T
N ; :
Dol : P il T N |
S : : ; : : ; : P A
r PO : : : : : : i H e
M Pl : ‘e N .
. . . . . . . . . . C 7A .
Do : D e S
S N o e Wl o
e ) : Do . O
oo o : : N K8
PP o O 3
P - A R T
P Tg PR g R B G
. : ‘_mXﬂ N : A‘.w EL w m EL '~ _Zrl
5 35 o B o _mw.m AR BCCREE TR
NI AR < L4 4 Lk
r, = — [=2o) _ZTI .HAF,._ XO | | | | |
M o ™ (ap] ap] o o)
. o ) m
R R
2 % a
& N R (R

12

12
12
.12
.18
.19
...20
.22

.25
.26

COz9|

=
L

2-1 A|Zkol



.31
.37
237

41

B
TH

Ho
)

4r
Hlo

_foO

Ko
o}

o

<

s}

A

3-2 ©]

e

I

4-1 A}

45
.01
.08

il

4-3 WMO-GAW

.67

72

i
byl

.70

or

78



Fig

List of Figures

. 1. The map of continuous monitoring site for CO. and air pollutants.

The continuous monitoring of atmospheric CO: in Korea has been

carried out at Gosan(33°17°26"N, 126°09'563"N, 71.2m), Jeju ....cccccuveneee. 5
Fig. 2. The pictures of the station for continuous atmospheric CO2
monitoring at GOSAN, JEJU .oiiviiiii e 5
Fig. 3. The schematic diagram for continuous greenhouse gas monitoring at
Gosan, JaI . T o By, S W . 8
Fig. 4. The schematic diagram for continuous COs monitoring at Gosan, Jeju
......................................................................................................................... 10
Fig. 5. A graph of concentrations of COz observed at Gosan, Jeju, 2002
=2006. All data are calculated MINULE AVEIraAZE  tuviiriieeiieeeeeeeeeeeeseeeeens 13
Fig. 6. Hourly mean of CO; concentration after first selection at Gosan, Jeju,
ZOUR-2006. ........ [0 S i D 13
Fig. 7. The of atmospheric CO: concentration at Gosan, Jeju, 2002=-2006
......................................................................................................................... 14
Fig. 8. The CO; daily variation between 2002-2000.....cccccoovirviiriiiiriniiiiniinniinnn. 16
Fig. 9. The mean daily cycle in atmospheric CO: concentration at Gosan...16
Fig. 10. Diurnal variation of CO; regarding the wind direction in summer,
2002-2006. ... 000 ..ccooererennnneneers I oeeeeeeeen sl neeeen s 17
Fig. 11. The of atmospheric CO2 concentration at Gosan, Barrow, South Pole
respectively.... ™. . s ... X BE . B BW® & 17
Fig. 12. Box-whisker plot (5%, 25%, median, 75% and 95%, open circles

indicate averages) of CO: monthly mean time series as well as

estimated linear rend, based on raw hourly records at Gosan, Jeju,

200272000 e 21
Fig. 13. Trend in radiative forcing growth rates of the CO2 ..ccovvreveeieniinn... 24
Fig. 14. Wind rose in June, July, August at gosan, during the period 2002



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

15. Wind speed hourly mixing ratios segregated by horizontal
wind direction merged by June, July, August at gosan, during the
period 200272006 ........oiiiiiiiiiiii s 29
16. CO2 hourly mixing ratios segregated by horizontal wind direction
merged by June, July, August at gosan, during the period 2002-2006.32
17. A graph showing the concentration of COz at gosan. the
concentration of COy is displayed as a function of direction in fore
WINA SPEEA ClaS S S, ittt ettt e et e e e et e e e eaaes 34

18. Hourly mean of CO: concentration after first selection at Gosan,

Jeju, 200278003, .o e S 39
19. Hourly mean of COs concentration after first selection at Gosan,
Jeimm@O05-2006. .ooooe B N 40

20. Backward Trajectories corresponding to low of COs concentrations

as the place of origin at GoSan, JEJU. ..veeriieiiiiiiis et 42
21. Backward Trajectories corresponding to low of CO, concentrations
as altitudes of surface 500m, 1000m, 1500m at Gosan, Jeju........c........ 43
22. Backward Trajectories corresponding to low of CO2 concentrations
and of atmospheric COs concentration at Gosan, Anmyeon-do
respectively at Gosan, Jeju, during the period Case 2 and Case 6 ..... 48
23. Backward Trajectories corresponding to low of CO: concentrations
and o atmospheric COz concentration at Gosan, Anmyeon-do, Ryori
respectively at Gosan, Jeju, during the period Case 1 and Case 4 ..... 49
24. Backward Trajectories corresponding to low of COgz concentrations
and of atmospheric COs concentration at Gosan, Minamitorishima,
respectively at Gosan, Jeju, during the period Case 7 and Case 9 ..... 50
25. GMD Carbon Cycle Sampling NetWork. o.ovviere e, 53
26. Global distributions of monthly mean CO. concentration(ppm) during
the period of Jan. 2002 to Dec. 2000 .o b5
27. Global distributions of daily mean CO; concentration(ppm) between

August 6, 2003, and August 9, 2003 .ot 56

_iv_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

28. Global distributions of daily mean CO, concentration(ppm) between
July 11, 2003, and July 16, 2003 .ot 57
26. 850hpa Streamline and Isotach in I, 1II, III as Low of COs
CONCENtratioN At (GOSAIL wuuivriiiniitiie ettt et et e e e e e e e e e aans 62
30. The relationship between CO2 concentration and wind direction at
Gosan, Jeju 2002~2003 ..o 63
31. The relationship between CO. concentration and wind direction at
Gosan, Jeju 20052006, W....... R 8 & W8 & § & ... ... 64

32. 8-day composites of MODIS chlorophyll-a provided by NASA GSFC
Distributed Active Archive Center are at 4*4km spatial resolution over

the Neighbouring Seas of Korean Peninsula for period of (a)Aug. 06"

to 13" 2002, (b)Aug. 14™ to 21™ 2002, (c)Aug. 06" to 13™, 2003,
(DA 22™ to 28™, 2005 BB.. B ... N 69

33. 8-day composites of MODIS chlorophyll-a provided by NASA GSFC
Distributed Active Archive Center are at 4*4km spatial resolution over
the Neighbouring Seas of Korean Peninsula for period of (a)Jul. 19" to
26" 2002, (O)Jul. 13" t0 20, 2003  .ooiviererecireretseiee e 70
34. 8—day composites of MODIS chlorophyll-a provided by NASA GSFC
Distributed Active Archive Center are at 4+*4km spatial resolution over
the Neighbouring Seas of Korean Peninsula for period of (a)Jul. 21"
to 28" 2003, (b)Aug. 22" to 28" 2003, (c)Jun. 19" to 26", 20086,
(DAUG. 227 £0 28", 2006 ..voverereeeeeeereriereeiee ettt e 71



List of Tables

Table 1. The specifications CO, monitoring system of continuous COs
MEASUIEITIEIIT Lotiiiiiiitiit ittt e e et e et e e e e e e e et reeeeeeeeeens 8
Table 2. Wind speed/Wind direction Specifications ......c...cccccevviieiieeninennnnnnn 11
Table 3. Monthly mean, maximum and minimum CO; data at Gosan, Jeju,
2002-2006 ....coovevevnggeee B R PR H B s 15
Table 4. Monthly mean growth rates CO: data at Gosan, Jeju, 2002-2006..21
Table 5. Expression for calculating radiative climate forcing. .........ccoocceevenne. 23
Table 6. Data used calculate the radiative fOrcing. ..o.coveeveoveovioeemeieeiieenaennenn.. 23
Table 7. A wind Frequency, Average Wind speed, Average COs
concentration as 12 direction Gosan, Jeju, 2002-2006 .....cccvvveveenrinnn.. 30
Table & A wind Frequency, average CO, concentration as Wind speed at
Gosan, Jeju, 200272000, ..o 35
Table 9. A wind Frequency, average CO, concentration as Wind speed at
Gosan, Jeju, 200272000, ..o 36
Table. 10 Average CO2 concentration as low concentration at Gosan, Jeju,
ez -2006. ... R TN e 38
Table 11. Low of CO2 concentration as the place of origin at Gosan, Jeju,
2002-2006. ....ooveeeeec W GRS s 38
Table 12. A wind Frequency Average COz concentration as each other case

at Gosan, Jeju, 2002-2006. .....cccccoiiiiiiiiiiiiii 65

_Vi_



Abstract

This study investigates the generation and movement mechanism of the
low COgz concentration at Gosan, Korea in summer. The used data are the
COz concentration and atmospheric variables observed at Gosan station
during 2002-2006. The methods of the analysis are the air mass tracking
technique using a background trajectory, the global CO: contribution
distributions estimated from NOAA ESRL, and the chlorophyll distributions
from MODIS. Based on the analyses, 12 cases showing the extreme low COs
contribution below 365-375 ppm are detected from the time series of COs
contribution. According to the origin, then the 12 cases are classified as
three types, (i) the Siberian continental origin type, (i) the high-latitude
ocean origin type, and (iii) the northwestern Pacific origin type.

It is found that the extreme low COs concentrations, type I and II, in
Gosan are originated from the forests in the Siberian continental and the
high-latitude oceans including the Okhotsk sea, respectively, in which a lot
of CO, are absorbed from the atmosphere by a photosynthesis activity
during the summer. The origin of Type III is not clear. It is our intension to
investigate the generation and movement mechanism of the low COg

concentrations originated from the northwestern Pacific using other data.

Keyword : the extreme low CO: concentration, chlorophyll-a, background

trajectories
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Fig. 1. The map of continuous monitoring site for CO, and air pollutants.
The continuous monitoring of atmospheric CO, in Korea has been

carried out at Gosan(33°17'26”N, 126°09'53"N, 71.2m), Jeju

il
L3

Fig. 2. The pictures of the station for continuous atmospheric COg

monitoring at Gosan, Jeju
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CO, monitoring at Gosan,

schematic diagram for continuous

Fig. 3. The
Jeju.
Table 1. The specifications monitoring system of continuous COq
measurement.
Items Components
Range 0~500 ppmv
Chopper frequency 13.098 Hz
Chopper Temperature 164.8C
Detector Temperature 438
Pressure Range 10 hpa
Barometric Pressure 1005 hpa
4~20 mA

Analog Output

{+1% of measuring span per week

{£1% of the point per week

Zero Drift
Sample Point Drift
Sample Gas Flow 1.5 L/min
FAwo] otk A tl7le] COp ¥EE AANOR ZHe7] AF Ao A
< Fig.4¢} Zo] 7] Az, 717] AL B/t NDIR 237 5oz 34
71Z271& Table 1% 2t}
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Fig. 5. A graph of concentrations of COs observed at Gosan, Jeju,

2002-2006. All data are calculated minute average.
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Table 3. Monthly mean maximum and minimum COs; data at Gosan, Jeju,

2002-2006

COz(ppm) Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Mean 2002 380.8 382.6 379.2 381.3 378.8 374.9 385.3 389.5 379.9 381.5
Max 397.0 396.2 397.6 407.4 427.4 415.3 424.3 417.3 412.4 398.4
Min 374.6 373.8 366.3 354.7 359.8 351.9 360.7 373.1 374.4 373.8
Count 515 669 644 615 672 643 682 545 618 721
Mean 2003 385.3 385.2 385.4 385.2 385.3 380.0 375.7 370.8 372.8 382.5 385.3 386.1
Max 402.1 402.1 397.3 410.5 418.3 414.1 416.2 410.1 395.8 405.1 404.2 404.5
Min 372.1 374.1 375.0 352.4 361.3 361.8 349.6 351.8 351.2 359.9 373.4 350.9
Count 636 670 725 704 688 702 709 711 492 689 711 744
Mean 2004 387.2 380.3 379.3 380.2 380.1 378.5 381.1 384.8 377.4 379.6 382.0 383.8
Max 404.3 414.8 389.8 391.5 395.4 399.5 402.8 411.6 408.7 402.0 398.6 424.1
Min 371.5 365.0 366.1 369.0 365.7 350.3 361.9 357.0 354.6 356.5 364.6 359.0
Count 722 696 744 711 744 610 700 724 720 744 720 744
Mean 2005 388.5 387.5 385.7 394.9 389.5 385.9 383.9 383.8 383.1 386.6 389.9 389.3
Max 417.6 413.4 415.8 409.4 416.4 420.6 421.6 429.1 418.6 404.8 405.4 403.4
Min 368.7 354.7 362.9 378.2 370.0 362.9 363.0 357.8 368.1 378.1 379.7 383.7
Count 686 642 670 691 718 363 646 736 714 742 714 703
Mean 2006 390.4 392.8 394.2 394.9 395.7 393.6 392.4 395.8 395.0 398.3 398.8 400.3
Max 402.9 408.5 407.4 406.8 406.4 408.1 411.6 439.2 413.7 422.3 428.1 415.2
Min 379.4 379.3 383.0 386.5 389.0 380.0 374.7 350.5 375.2 383.8 390.8 391.9
Count 654 666 744 715 744 690 648 635 698 692 720 744
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Table 4. Monthly mean growth rates CO, data at Gosan, Jeju, 2002-2006.

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2002 380.8 382.6 379.2 381.3 378.8 374.9 385.3 389.5 379.9 381.5
1.8 1.8 -3.4 21 -25 -39 104 42 -96 1.6
COg(ppm) 2003 385.3 385.2 385.4 385.2 385.3 380.0 375.7 370.8 372.8 382.5 385.3 386.1
(EF71) 3.8 -01 02 -02 0.1 -54 -43 -49 20 97 27 038
2004 387.2 380.3 379.3 380.2 380.1 378.5 381.1 384.8 377.4 379.6 382.0 383.8
1.2 -70 -10 10 -0.1 -15 25 38 -74 22 24 1.8
2005 388.5 387.5 385.7 394.9 389.5 385.9 383.9 383.8 383.1 386.6 389.9 389.3
48 -1.1 -18 92 -54 -36 -20 -01 -08 35 33 -06
2006 390.4 392.8 394.2 394.9 395.7 393.6 392.4 395.8 395.0 398.3 398.8 400.3
1.1 2% 1.4 07 08 -21 -12 34 -08 34 05 1.5
410 -
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Fig. 12. Box-whisker plot (5%, 25%, median, 75% and 95%, open circles

indicate averages) of CO, monthly mean time series as well as
estimated linear trend, based on raw hourly records at Gosan, Jeju,

2002-2006
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Table 5. Expression for calculating radiative climate forcing.

Simplified expression for radiative forcing,

T
race gas F(Wm2)

Constant

CO2(ppm) F=a[ln(C/Cp)], Co = 278 ppm a=b5.35

Table 6. Data used calculate the radiative forcing.

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.

Dec.

2002 1.68 1.71 1.66 1.69 1.65 16 1.75 1.8 1.67
2003 1.75 1.75 1.76 1.74 1.75 1.67 1.61 1.54 1.57 1.71 1.75
F(Wm™) 2004 1.77 1.68 1.66 1.68 1.67 1.65 1.69 1.74 1.64 1.67 1.7
2005 1.79 1.78 1.75 1.88 1.8 1.75 1.73 1.73 1.72 1.76 1.81

2006 1.82 1.85 1.87 1.88 1.89 1.86 1.84 1.89 1.88 1.92 1.93

1.69

1.76

1.72

1.8

1.95
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Fig. 14. Wind rose in June, July, August at gosan, during the period 2002

-2006.
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Fig. 15. Wind speed hourly mixing ratios segregated by horizontal wind
direction merged by June, July, August at gosan, during the period

2002-2006.
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Table 7. A wind Frequency, Average Wind speed, Average COq
concentration as 12 direction Gosan, Jeju, 2002-2006.

Wind Direction Count Data Frequency Wind speed COg Average

) (%) (m/s) (ppm)

N 376 1% 4.2 383.9

NNE 287 8% 4.3 383.2

NE 178 5% 3.5 385.0

ENE 131 4% 4.0 388.2

E 66 2% 3.6 388.4

Jun ESE 92 3% 3.5 386.9
(2002~2006) SE 416 12% 6.0 384.6
SSE 650 18% 6.2 384.8

S 349 10% 5.9 384.6

SSW 118 3% 5.8 383.4

SW 104 3% 5.4 382.5

WSW 83 2% 4.0 382.0

W 115 3% 4.2 381.7

WNW 118 3% 3.7 381.3

NW 179 5% 3.5 381.9

NNW 292 8% 4.4 382.8

N 165 4% 4.0 381.4

NNE 139 4% 3.7 382.8

NE 79 2% 3.4 382.9

ENE 68 2% 4.4 384.8

E 42 1% 3.5 387.0

Jul ESE 68 2% 8 1 386.5
(2002~2006) SE 411 1% 6.7 384.5
SSE 942 26% 6.8 383.3

S 665 18% 6.4 382.7

SSW 189 5% 5.1 382.3

SW 146 4% 5.9 379.7

WSW 154 4% 6.5 382.2

W 190 5% 6.4 381.0

WNW 103 3% 5.8 379.5

NW 115 3% 4.4 379.3

NNW 191 5% 4.2 381.2

N 258 7% 5.8 376.5

NNE 317 9% 5.3 374.3

NE 209 6% 4.7 375.8

ENE 162 4% 5.2 379.9

E 115 3% 41 384.7

Aug ESE 152 4% 3.2 389.8
(2002~2006) SE 614 17% 4.9 388.5
SSE 525 14% 5.6 383.8

S 469 13% 5.5 384.2

SSW 170 5% 5.7 380.9

SW 86 2% 5.4 381.4

WSW 69 2% 4.5 380.1

W 112 3% 5.0 381.0

WNW 104 3% 5.6 380.5

NW 108 3% 5.5 380.0

NNW 215 6% 7.3 376.4
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Fig. 16. COs hourly mixing ratios segregated by horizontal wind direction

merged by June, July, August at gosan, during the period 2002-2006
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Fig. 17. A graph showing the concentration of CO.; at gosan. the
concentration of CO; is displayed as a function of direction in fore

wind speed classes.
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Table 8. A wind Frequency, average CO. concentration as Wind speed at
Gosan, Jeju, 2002-2006.

Wind speed Wind Direction Count Data Frequency COz Average

(m/s) ) (%) (ppm)

N 188 8% 382.3

NNE 225 9% 382.9

NE 180 7% 382.1

ENE 120 5% 386.1

E d 1% 5% 388.3

Summer 0~3.0 ESE 131 5% 388.4
(2002~2006) SE 232 10% 390.5
SSE 200 8% 389.5

S 159 7% 387.1

SSW 96 4% 383.2

SW 92 4% 382.0

WSW 96 4% 381.5

A% 120 5% 381.0

WNW 116 5% 379.5

NW 161 7% 379.4

NNW 203 8% 382.6

N 345 8% 378.2

NNE 312 7% 377.3

NE 199 5% 384.0

ENE 152 4% 381.6

E 88 2% 378.7

Summer 3.1~6.0 ESE 159 4% 390.3
(2002~2006) SE 616 15% 384.7
SSE 756 18% 382.0

S 513 12% 381.8

SSW 161 4% 381.3

SW 88 2% 378.1

WSW 81 2% 377.6

A% 136 3% 380.1

WNW 123 3% 382.9

NW 163 4% 381.0

NNW 290 7% 375.5
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Table. 9 A wind Frequency, average CO. concentration as Wind speed at
Gosan, Jeju, 2002-2006.

Wind speed Wind Direction Count Data  Frequency COy Average

(m/s) (°) (%) (ppm)

N 168 7% 379.2

NNE 143 6% 376.9

NE 54 2% 381.1

ENE 41 2% 383.1

E 9 0% 378.1

Summer 6.1~9.0 ESE 11 0% 378.1
(2002~2006) SE 358 14% 382.8
SSE 734 29% 381.0

S 541 21% 381.6

SSW 121 5% 380.9

SW 60 2% 379.3

WSW 56 2% 381.3

W 68 3% 382.9

WNW 38 2% 383.1

NW 35 1% 383.8

NNW 89 4% 379.3

N 49 4% 380.5

NNE 43 4% 379.8

NE 21 2% 381.0

ENE 25 2% 384.2

E 14 1% 386.0

Summer 9.0~ ESE 2 0% 386.8
(2002~2006) SE 39 7% 386.8
SSE 219 18% 385.3

S 291 24% 385.0

SSW 101 8% 381.2

SW 63 5% 382.8

WSW 42 3% 381.2

W 59 5% 380.1

WNW 70 6% 380.4

NW 47 4% 381.0

NNW 85 7% 380.9
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Table 10. Average COq

concentration as low concentration at Gosan, Jeju,

2002-2006.
CASE  Year Date(GMT+ 09:00) Date(GMT) COz Average COz Monthly & 7|F
ppm ppm  ppm (°]3})
1 2002  Jun 26 08:00 ~ Jun 27 21:00 Jun 25 23:00 ~ Jun 27 12:00 364.8 381.3 365.0
2 Jul 19 12:00 ~ Jul 19 20:00 Jul 19 03:00 ~ Jul 19 11:00 363.6 378.8
3 Aug 09 02:00 ~ Aug 12 17:00 Aug 08 17:00 ~ Aug 12 08:00 364.5 374.9
4 Aug 20 09:00 ~ Aug 21 19:00 Aug 20 01:00 ~ 08-21 10:00 363.7 374.9
5 2003 Jul 15 10:00 ~ Jul 16 22:00 Jul 15 01:00 ~ Jul 16 13:00 366.8 375.7 365.0
6 Jul 23 13:00 ~ Jul 26 05:00 Jul 23 04:00 ~ Jul 25 20:00 365.9 375.7
7 Aug 08 17:00 ~ Aug 12 08:00 Aug 08 08:00 ~ Aug 11 23:00 360.2 370.8
8 Aug 22 13:00 ~ Aug 24 02:00 Aug 22 04:00 ~ Aug 23 16:00 362.2 370.8
9 2005 Jul 24 16:00 ~ Jul 25 00:00 Jul 24 07:00 ~ Jul 24 15:00 369.9 383.9 370.0
10 Aug 25 04:00 ~Aug 30 18:00 Aug 24 19:00 ~ Aug 30 09:00 368.2 383.8
11 2006 Jun 23 10:00 ~ Jun 23 17:00 Jun 23 01:00 ~ Jun 23 08:00 375.2 393.6 375.0
12 Aug 25 08:00 ~ Aug 25 23:00 Aug 24 23:00 ~ Aug 25 14:00 369.0 395.8

Table 11. Low of COq

concentration as the place of origin at Gosan, Jeju,

2002-2006.
A
Classification 714 a4z CASE COz Average
ppm
2 363.6
3 364.5
I3 Alelg o} o & 33, st 4 363.7
7 360.2
10 368.2
Pr— 3 1 364.8
o5 =37 3
138 4 i—o E;L 3l 5 366.8
ol 9 369.9
6 365.9
3 = 3 8 362.2
| =3 o A=k ] o)
[ F5 A 5 E 3 1 e o
12 369.0
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(a) I&-The Distribution of air current by Siberian High in the Neighbouring

region of Korean Peninsula
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(b) II'¥ -The Distribution of air current by Okhotsk sea air mass the

Neighbouring region of Korean Peninsula
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(C) III¥E -The Distribution of air current by North Pacific air mass in the

Neighbouring region of Korean Peninsula
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Table 17. A wind Frequency, average CO. concentration as each other case
at Gosan, Jeju, 2002-2006.

CASE Wind Direction Count Data Frequency CO2 Average mean
(°) (%) (ppm)
N 5 14% 367.3
NNE 7 19% 368.0
NE 5 14% 372.1
CASE 1 ENE 1 3% 371.0
ESE 4 1% 3731
S 4 1% 370.8
SSW 2 5% 369.6
Sw 2 5% 369.7
NW 2 5% 361.6
NNW 4 11% 362.3
N 3 23% 364.4
& 2 15% 365.3
CASE 2 SSW 1 8% 363.6
SW 1 8% 364.0
NW 2 15% 361.6
NNW 4 31% 362.3
N 18 21% 363.1
NNE 32 37% 363.2
NE 7 8% 367.6
CASE 3 ENE 5 6% 373.0
E 4 5% 370.9
SSE 3 3% 363.6
S 4 5% 367.5
NNW 11 13% 359.8
N 1 3% 358.9
SE 10 29% 374.5
CASE 4 SSE 6 17% 363.7
S 3 9% 366.3
Ssw 2 6% 353.5
w 2 6% 356.5
WNW 3 9% 359.6
NW 3 9% 357.9
NNW 1 3% 359.9
N 1 3% 367.7
NE 4 1% 368.8
CASE 5 E 5 14% 371.5
SE 3 8% 366.6
wsw 4 1% 367.0
w 3 8% 367.9
WNW 2 5% 368.8
NW 2 5% 372.4
NNW 10 27% 365.8
N T 2% 365.0
ESE 4 3% 365.6
CASE 6 SE 5 8% 364.4
SSE 24 37% 368.4
S 19 29% 366.6
Ssw 3 5% 362.9
Sw 5 8% 358.4
WSW 2 3% 363.0
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CASE Wind Direction Count Data Frequency CO2 Average mean
) (%) (ppm)
N 9 10% 359.1
NNE 12 14% 356.9
CASE 7 NE 11 13% 359.8
SE 4 5% 365.3
SSE 4 5% 359.6
SSW 2 2% 3711
w 6 7% 361.3
NW 2 2% 357.3
NNW 33 38% 359.4
SSE 6 16% 365.7
CASE 8 S 23 61% 362.2
SSW 9 24% 364.4
SE 2 25% 364.5
CASE 9 SSE 3 38% 363.2
S 2 25% 364.1
WSW 1 13% 369.8
N 30 22% 367.4
NNE 8 6% 365.5
NE 14 10% 369.2
ENE 13 10% 366.3
CASE 10 E 2 1% 370.5
ESE 14 10% 374.6
SE 5 4% 371.8
S 9 7% 367.1
SSW 5 4% 367.4
S 3 2% 365.9
w 2 1% 371.3
WNW 4 3% 370.5
NW 6 4% 368.8
NNW 19 14% 370.9
CASE 11 SE 11 69% 368.8
SSE 5 31% 369.4
N 1 13% 377.6
NNE 2 25% 377.4
NE 1 13% 378.3
ENE 2 25% 375.6
ESE 2 25% 376.9
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Aug 06 2002 ~ Aug 13 2002

Chiorophyl a concenlration (mgem—3) Chorophyl a concenlration (mg+m-3)

0,01 of 0.3 1 |3 10 00| o1 623 1 |3

Aug 06 2003 ~ Aug 13 2003
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Fig. 32. 8-day composites of MODIS chlorophyll-a provided by NASA GSFC

Distributed Active Archive Center are a t 4*4km spatial resolution

over the Neighbouring Seas of Korean Peninsula for period of

(a)Aug. 06™ to 13" 2002, (b)Aug. 14" to 21" 2002, (c)Aug. 06™ to
13" 2003, (d)Aug. 22" to 28", 2005
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Jul 13 2003 ~ Jul 20 2003 el

Chlorophyl a « el [mg=m - 3)

0.0

b, RN A

Fig. 33. 8=day composites of MODIS chlorophyll-a provided by NASA GSFC

Distributed Active Archive Center

are at 4*4km spatial resolution

over the Neighbouring Seas of Korean Peninsula for period of

(a)Jul. 19™ to 26™ 2002, (b)Jul. 13"
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Jul 21 2003 ~ Jul 28 2003

Chorophyll a concenliation (mg*m-3)
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Fig. 34. 8-day composites of MODIS chlorophyll-a provided by NASA GSFC

Distributed Active Archive Center are at 4*4km spatial resolution

over the Neighbouring Seas of Korean Peninsula for period of

(a)Jul. 21™ to 28™ 2003, (b)Aug. 22" to 28™ 2003, (c)Jun. 19" to
26", 2006, (d)Aug. 22" to 28™, 2006
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