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SUMMARY

The study on the variation and estimate of fisheries condition in

the Fast Sea using satellite remote sensing

1. Study on the variation and estimate of fisheries conditions

This study is focused on the relationship between the variation of the Tsushima Warm
Current (TWC) and oceanic conditions in the East Sea for construction basis information
to predict oceanic conditions and fisheries conditions. Serial station data of National
Fisheries Research and Development Institute and Japan Meteorological Agency are used
for data analysis. SOI (Southern Oscillation Index) and NINO3 SST data as index of El
Nino event are used.

The wvariation of the TWC in the East Sea shows periodicity like annual variation,
4-8years and about 16years. Especially, there is close correlation between variation of
TWC’s strength and about 16year periodicity. There is close correlation between the
variation of the TWC and El Nino event. In particular, the TWC has highly correlation
with El Nino event at 16year period. The long-term variation of the TWC has influence on
its distribution area and current circulation in the East Sea.

TWC's variation i1s closely connected with the variation of El Nino at specially fixed
period. Variation of TWC has connection with that of El Nino in 4.8year and 16.26year
period and time lag in 4.8 year and 16.26year periodicity is 1.34years and 4.53years,
respectively. In particular, about 16year periodicity between TWC and El Nino is related to
the variation of TWC and current circulation in the East Sea.

In the period when TWC's strength increase, TWC spreads widely toward central part
of the East Sea and warm eddies and cold eddies are formed. The meandering path of
TWC become complicated pattern and polar front and current circulation in the northern
part of the East Sea shrink. strong thermal front between cold water mass and warm
water mass is formed. However, in the period when TWC's strength decrease, distribution
area of TWC is leaning to the side around coastal waters of Japan and formation of eddies
1s not clearness. The meandering path of TWC is simple and polar front and cold water
mass in the northern part of the East Sea moves toward southern part of the East Sea. A

thermal front between cold water mass and warm water mass is weaker than that in the



strong period of TWC.

2. Fisheries conditions monitoring using satellite remote sensing data

In short-lived squids, recruitment success most likely depends on the physical and
biological environments at the spawning and nursery grounds. Annual catches of Japanese
common squid, 7odarodes pacificus, in Japanese and Korean waters have markedly
increased since the late 1980s, and recent catches have equaled those of the 1960s. Sakurai
et al. (2001) suggested that the winter spawning area of 7. pacificus in the East China Sea
shrank when adult stocks decreased during a cool regime that occurred before 1988, and
that its fall and winter spawning areas extended and overlapped in the East Sea and East
China Sea when adult stocks increased during a warm regime that occurred after 1989.

In the present study, we examined the relationship between the 50m temperature
estimated by remote sensing multi-channel sea surface temperature (MCSST) and fishing
ground (squid fishing ground) detected by nighttime visible channel defense
meteorological satellite program (DMSP) / operational linescan system (OLS) images in
the East Sea during 1992-2000. The DMSP/OLS data supported by national
geophysical data center (NGDC) are ranged the digital number (DN) from 0 to 63; a
spatial resolution is 2.7 km.

And a monthly and bimonthly report of in-situ temperature data on major important
serial oceanographic data by supported National Fisheries Research & Development Institute
and Japan Oceanographic Data Center are used for this study

The results are as follows: The numbers of nighttime fishing boat were distributed the
highest in October, and the lowest in April during this study. A nighttime fishing grounds
have concentrated in the East Korea Warm Current region, coastal regions of Honshu
Island, and Polar front region. Fishing grounds have distributed 11-18C of estimated
50m temperature from the satellite data. Relationship between estimated 50m
temperature and the distributed fisheries boats showed that the north boundaries of
fishing grounds have distributed the temperature of below 12°C from 1996 to 2000
and that of 13-15C during 1993-1995 and 1997-1999. Stable fishing grounds
appeared near the Korea/Tsushima Strait from January to March. The center of fishing
grounds in spring (April-Jun) have moved to the northward than that in winter, and
variations appeared largely in winter. In summer (July-September), center of fishing
grounds have formed near the Uleung Island in the south east coast of Korea, and in
autumn maximum fishing ground appeared in October, the fishing ground southward

from November.
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display, analysis, quality control 5 & 4 A= TFAA G4 971 A o]t}
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oA o] &3 AAAAEA AET AGEY FARE A8 Augiste A FAlg
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(3) AR BS o= AR

ot 2 Aol oI HAE AHETY] flste] ofgtel] =UlS AASE 914 ¢l DMSP
(Defense Meteorological Satellite Program)/ OLS (Operational Linescan System) <345
NOAA®¢] NGDC(National Geographical Data Center)Z%-E 1992-2002\1¢] wid HH A5
Algirol A gletth At=e] =32 FTP (File Transfer Protocol)E &3] TDF (Terra
Data Format)3l¥ = L3t A 5E Sea Spacerle] Terra systemolA H2E A3} Image
(Tiff s+)= A2kt

Aol o] &3 AdAEE dBTE AREA 5, Eol= R 2WAHIE 5 I A
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A97F 7] wZel elgge] dee] L Auwk $AHoz FAAS Aot o] AuE 9=
20°25 745" S - 60°25 " 45" N#} A% 28°18 157 -171°41 "85 " E9] oFite] #ZH ol Ao}
Aol VAR E dd AT Aow E AFolAE Fall A ot o) dS dhetaty]

mim rul

A% 124°E - 142°E7HA] #ebA o] 83151

ZAFZIZE &9 2o 0}94 X A 2 E23AA = Sokal and Rohlf (1981)2] WS o] &
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number) #t< 7Faste] FAS AT 2Hold Fx9 T4 (X, v)< 4 (33)3% Zrh
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290149 97 (Long. X, Lat. Yoo Bl $AH Ang<de 353 usel gagon
FASE A, B A (MY 95 () 4 (34)9 2ok
)\1: 05{ 812+ 322+\/(312+ 822)2_4'(312' 822_ 3122)}
}\2 = 512—1— 322— )\1 (3.4)
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120°E 138°E 144°E 150°E

Fig. 3.2.1.1. Map of northwest Pacific. The abbreviation K/S, T/S, S/S, ECS, NPO and
S/O indicate Korea-Tsushima Strait, Tsugaru Strait, Soya Strait, East China
Sea, North Pacific Ocean, and Sea of Okhotsk, respectively.

Numerals indicate depth (m).
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Fig. 3.2.1.2. Horizontal distribution of mean temperature at Om, 50m, 100m and 200m

in February during 30years from 1966 to 1995.
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Fig. 3.2.1.3. Horizontal distribution of mean temperature at Om, 50m, 100m and 200m

in August during 30years from 1966 to 1995.
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Fig. 3.2.1.4. Horizontal distribution of standard deviation of temperature at Om, 50m,
100m and 200m in February during 30years from 1966 to 1995.
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Fig. 3.2.1.5. Horizontal distribution of standard deviation of temperature at Om, 50m,
100m and 200m in August during 30years from 1966 to 1995.
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Fig. 3.2.1.7. Time series of temperature(a), salinity(b) and dissolved oxygen(c) at the sea surface

of each station along PM line from 1972 to 1999.
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of each station along PM line from 1972 to 1999.
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Fig. 3.2.1.9. Time series of temperature (C) at 100m of each station along PM-line
in February (a) and July (b) from 1972 to 1999.
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Fig. 3.2.1.10. Time series of salinity (psu) at 100m of each station along PM-line in

February (a) and July (b) from 1972 to 1999.
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Fig. 3.2.1.11. Time series of dissolved oxygen (micro-mol/l) at 100m of each station
along PM-line in February (a) and July (b) from 1972 to 1999.
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Fig. 3.2.1.12. Time series of temperature deviation at 100m of each station along PM
line in February (a) and July (b) from 1972 to 1999.
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a) Temperature deviation at 100m
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Fig. 3.2.1.13. Wavelet analysis for temperature at 100m in the southern part of Cheju Island. Solid
lines shown in the lower panel ‘b’ indicate 95% confidence level and dark red
color in the inner part of solid lines mean higher variation of a given period.
Vertical dashed line drawn in the lower panel 'c’ indicate 95% confidence level and

shaded regions represent range of dominant period.
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a) Temperature deviation at 100m
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Fig. 3.2.1.14. Wavelet analysis for temperature at 100m in the western challel of Korea
Strait the same as Fig. 3.2.1.13.
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a) Temperature deviation at 100m
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Fig. 3.2.1.15. Wavelet analysis for temperature at 100m in the western part of Ulleung
Island the same as Fig. 3.2.1.13.

_47_



ZAmbdFE 19, 49-89 22la 1699 FUIES 7HA L WEe Sk Ao ®E e

Wavelet analysis ] spectrum +#+4o] AFE¥ 25+ 1961-19993 () H3l 3 =
~2000d (AlF% FRse) 1 1971:1-2000 (&5 % A3 9)7HA

, 84, 10¥, 12¢9)= A
Ao 399 (HEs g A F5)olth
AAG A g EAA S4 A5 £F 7 2 Y HFS FaR ste] H4A % AR &
g 7Fe3 Fu(Es F7]) 39S AAHE A ®h Nyguist (25 folding) frequency @l A
°](Emery and Thomson, 1998)°] w2 2] Al Ao 2719 tHo 2 ZAHE 27 A
g 7hssk Al F3a= 0.25cycle/month=ZM, H A 4704 F7] A&E7HA E20] 7hs3dt
th H2a F94 H9YE 1X10 Yeycle/month(AF %= wH33]9)-1.3X10 cycle/month (&5 % A]
o)A, &5 % AR, ggald A a2 A AFE el &4 s
sk Hdl F7]e H9le= 72 304, 339, 39 elth (Figs. 3.2.1.13-3.2.1.15). EAstA o2 25
= 571 WellX 54 WE F7)7F A4 2
3] ol HFglohA vEeElE A9 2 AFAHS AdAHT 4 Adt (Emery and Thomson, 1998).
O BiE F7]5 oF 160024 5% A5

34
B g e Mol A9 Ame] 7|Zko]l F7]e] 2wl o

i Dﬁ?‘u
X
E\

-

Lo,
N,
o
)
[m
ox
N
N
Lo,
]
=
o)
0%
(i1
o
o
gm

e, GR TEla §ENAY AAG WA bt 2AvhdRe] WES 1 A WE
BE Al ARE F k. PM-lined] #4 100mel W@ £ AAL WaE ww

(Fig. 3.2.1.16), 1970t Zell A 1980 dt) Z7kA] F==20] W7t sh7d7] 9]
st AFS vERdTh A (2001 tigrel ol A o] Rt WiEel we AT Aol A
199758 1998 7hA] 22A|mbdk7-o] FEaFo] wid Frhsitiar stk ole | i
32.1.16°01 4 vEhd 29 A5 AFHE dAgrE = 19954 o] F 19991 71=

SAZIZA o] 7]ZbEt A mbdRe] FEE gl AV e FUlsteE Ao ® Azt

Wt 1982 7HE ‘;%~ 124 222 v o] Al o] gl Al7]ol =

fo
N
4>
rlo
o
i
o
£
>,
N
r

N
4

Aol A st Wb, 19913 19920l &= 4290 WA A3 Al7|2 A uldF 9
Aol ezl Al7]|2 AZrE T Hong and Cho (1983)% 2AAlmbyukiFol A7) 7F oksla 73t
of WebA Tl E @AV tEA vErd Tl skl S 2ARbdERo] Al o] gk A
7)ol = )\91“’] g et sa TYFECR et v, ofd Al7]dle A A

_48_



12
6- L
< j
g 10 - f,\ .I'I\\.\ / '/'\
‘é o \ / i :'II \/ /\
2 ~_/ [\ ~
£ gl \/ -.\II / "\,\ J,a"\——"l
: )
B (a) February
g L1 | I I I VT B T B R N
12 i\ /
6 — .-’f Y Il'II ""\I ‘I\'\I / I.'I ",“‘I
g VAR / \ o \'\v/ \ /
g 10 7\ A/
= \ N AY \/
8- lIIII / N
£ 8 \
@
= - (b) July
§ 11 | I T I R T I I T B I B
- 12 +
8
T - M
E 10 |- \/*- /_/ \\_ /\
8- = '\\II .- /' \"‘-, !f' / \
- (c) Yearly mean
-3 NI Y T S N Y N T I
'75 '80 ‘85 '90 '95
Year
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Fig. 3.2.1.17. Horizontal distribution of mean temperature (C) at 100m in February from
1904 to 1994 .
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Fig. 3.2.1.18. Horizontal distribution of mean temperature (C) at 100m in August from
1904 to 1994,
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Fig. 3.2.1.19. Horizontal distribution of temperature('C) at 100m from September
to October in 1969.
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Fig. 3.2.1.20. Horizontal distribution of temperature (C) at 100m in February of 1989.
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Fig. 3.2.1.21. Horizontal distribution of temperature (C) at 100m in July of 1989.

Shaded areas indicate eddies.
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Fig. 3.2.1.22. Horizontal distribution of temperature (C) at 100m in February of 1982.

Shaded areas indicate eddies.
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Fig. 3.2.1.23. Wavelet analysis for SOIl. Solid lines shown in the lower panel b’ indicate 95%

confidence level and dark red color in the inner part of the solid line mean higher

PN

variation of a given period. Vertical dashed line drawn in the lower panel 'c
indicate 95% confidence level and shaded regions represent range of dominant

period.
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a) NINO3 SST deviation
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Fig. 3.2.1.24. Wavelet analysis for NINO3 SST the same as Fig. 3.2.1.23.
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Fig. 3.2.1.25. Cross spectrum between SOI and temperature at 100m in the western

channel of Korea Strait.
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Fig. 3.2.1.26. Horizontal distributions of CPUE of the squid angling fishery at even number
months in 1998.
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months in 1998.
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Fig. 3.2.1.30. Horizontal distributions of squid catches of the surrounding net at even number

months in 1995.
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Fig. 3.2.1.31. Horizontal distributions of CPUE of the surrounding net at even number months
in 1995,
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Fig. 3.2.2.2. Horizontal distributions of nighttime fishing fleet from January to December, 1993.

White color indicate nighttime fishing boats.
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Fig. 3.2.2.2. (continued)
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Fig. 3.2.2.3. GIS Image analyst result of nighttime fishing fleet from January 1993 to January 1994.
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Fig. 3.2.2.3. (continued)
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Fig. 3.2.2.4. Seasonal stack image producted by Image Analyst result on the nighttime
DMSP/OLS images from January to December 1993.
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Fig. 3.2.2.5. Interannual variation of nighttime fishing ground derived from DMSP/OLS
in the East Sea from 1992 to 2000.
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Fig. 3.2.2.6. Interannual variation of the squid catches by the jigging fishery and DN
(digital number) derived from DMSP/OLS images from 1992 to 2000.
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Fig. 3.2.2.7. Monthly variation of squid catches and DN from 1992 to 2000.
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Fig. 3.2.2.8. Monthly distribution of the nighttime fishing ground and the calculated
center of fishing ground from 1992 to 2000.
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Fig. 3.2.2.13. Relationship between the nighttime fishing ground and the estimated

50 m water temperature from MCSST.
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Fig. 32.2.14. Interannual variation of the nighttime fishing ground and estimated 50m

water temperature from 1993 to 1998.
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