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Climate Variability and Chum Salmon Production in the North Pacific
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The relationship between North Pacific chum salmon (Oncorhynchus keta) population and climate variability
was investigated in the North Pacific ecosystem. Time-series for the Aleutian Low Pressure, Southern Oscillation,
Arctic Oscillation, and Pacific Decadal Oscillation (PDO) indices dating back to 1950 are compared with the chum
salmon catch using a cross-correlation function (CCF) and cumulative sum (CuSum) of anomalies. The results of
CCF and CuSum analyses indicated that there was a major change in climate during the mid 1970s, and that the
chum salmon population responded to this climate event with a time-lag. The PDO and chum salmon returns
showed a highly significant correlation with a time-lag of 3 years, while the AOI with a time-lag of 6~7 years.
The favorable environments for fry chum salmon might cause better growth in the coastal areas, but higher growth
rate during the early stage does not seem to be related to the improved return rate of spawning adults. Rather,
growth in the Okhotsk Sea or the Bering Sea during immature stages has a significant correlation with return rate,
which implies the size-related mortality process. The development of a local climate index is necessary to elucidate
the effect of climate variability on the marine ecosystem around the Korean Peninsula.
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Fig. 1. Some cause-effect relationships between climate-ocean-ecosystem.
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Fig. 2. Indication of (a) climate regime shift (winter temperature at
Kodiak, Alaska) and (b) yield of pink salmon (Oncorhynchus gorbuscha)
in Alaska (Francis and Hare, 1994) and (c) North Korea in 20th century
(Ro(Z.)), 1986).
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gom, olzigh Hal e 71l 2~3d2] AIRE F
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232339 8-11¥87kA 2] SST+ NCEP/NCAR reanalysis
(NOAA-CIRES Climate Diagnostics Center, http:/www.cdc.noaa.gov/
Timeseries)?lA, o1& Feke] BEZHTE A5 A5 = Shuntov
and Dulepova(1996)5- ARE-3I5I}. gk w2l 6~118 SSTE
NCEP/NCAR reanalysis, 6~727k419] 522335 YE2H
Sugimoto and Tadokoro(1997)% $1-8-5}3t}.
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products/precip/CWIlink/daily ao_index/ao.shtml)°|™, EFESFS] &
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S, = i(x,-—u) = A\2}] F& ¥ (accumulative sum, CuSum)
i=1

S,= 54 A% TZX](observation S estimation)
x; = 52 Hf (mean)
m=FF A%

of AYANE kel gholl thsl WFS W FH gor,
27 Agel et RS EEHT Q) wEe) A5 sk
B Helsh= 2lo] Fsatc. Cusum oo 712717} %
& Uehiis 29 ge BEun 2 Sk 4ee Ut
U, §2] 712718 Uehlie TR gl B olstel At
She A%E etk 54 dEeld Cusum gto] 718717}
2 ), 1 86 /159 @Fo] PRHUK= AL L 4 Yok,

AT Y £2f

AHo| LR BFE

Aoz S7F o] W &l g ZiRiA|, ohd 1
o1e] gelefl fefAelA] &laty] fisd, Zhre] Ao Aof W5
B 2HE sk IA™S ARSI okAfer 5] o
R 3] ATEES Al e} o2 A vebdth
Zlughz 1984 SRl A74E deUlrd d7a)E A
Ht od, Ao WRANIE B Fek k. o= 53

Republic of Korea Japan
(a) P P 12 (b) 2100 - P a0
050 3D
-~ ® - 200
5§ 2 o5 me o0 T
% 16 110 g iz s
i5 8o 5 wolf 50 58
s #3 BB a0l 0 g%
EE v 410 a s 2
E = E‘-‘g 1900 a0 g
5 480 3 1750 0~
1700 10
o S 1850 a
e T . o . . L e e
§ 58858 8 H B § 5 83 8 g H B
(C) Russia (Far East) (d) 0 Canada ,
&
g 3 gE 53
i E S w 5
£ 5
2 = § a 3 "] ¢ = ﬁ
|3 g5 ,%2 100 ag%
FE g E 2 &
0} )
o L o
S T T T [, L
3 § 8§ 8 8 8 § B § 8§ 8 E & B R
(e) m United States "
610 tv releases
wE o —e—cdch
L s 20
5 E!
£ 0 Eo
E 02
200 &
100 5
o 0

g B

s = =z 2 B
S 5 & & 8 2
8 & & & & 7

Fig. 3. The numbers of fry released.



Table 1. Selected correlation coefficients (Pearson #) of growth with
environmental conditions (SST and zooplankton biomass) and return
rate of Korean chum salmon in the 1990s. Growth rates (G, G, and
G»~G;at Korean coastal area, Okhotsk Sea, and Bering Sea, rspectively)
are derived from returning female salmon to mother stream at age-3 and
4 during 1987-1997. Note that the correlations between growth and
environmental conditions were calculated from the data at the year of
scale formation and concurrent environments.

Growth rate Environmental conditions Return
Ageofadults SST  zooplankton biomass rate

G, 3 -0.343 0.924** -0.611
G 4 -0.456 0.688 0.017
Gie 3 -0.444 0.610 0.970**
Gie 4 -0.023 0.477 0.538
G, 3 -0.070 0.898* 0.058
G 4 0.036 0.319 0.837%%*
G; 4 -0.155 0.830* 0.763*

* and ** indicate the significant levels of 0.05 and 0.01, respectively.

Axel WHET Aol(fry) BRFE 3d $o AZS vinshd,
19803ty ZuhiLE 1997L47}xl—t— Az algste] F7FEA,
A& T (Fig. 3a). 2000
B 200009 Tk vjRle]] o]2 %] o1,
F43] stEe FAFE AR ALHT itk 22 FI)0]
T Ay E4re) w}%ﬂﬂw md 1821~209 nje]e] Ao A
TSt} el dof Aan f-2luets} vl A E
198058 1990 At SRR = Zv1ska 919l o), 19901 Th
HE o] 3ol 3| ATo] tha AT 1AW 20004 T 5k
‘%}% FE EAN SAZE TR FE Bo] fElvet

Rt kA Vel SvhFig. 3b). %EEVPMH“ i
291~3‘%* ulglel Xjolg Rk, do] A 19704 of
ol Al =71t gon, 1990t TRHEE 2000kiEH Zto]
o|27\71A] WRET FF o] A2 vlHskal Qlth(Fig. 3c).

Hnjofjafe] dAojAIAE Aol wpeh ThEA Vet Qict. F)
vthellxz X|o] R Fol wlg- ARk, dAZE 1929 n}
Y& WRsleH, wRET A EHe] BAR FHEA Yt
a3 okrlo} w7kl e, HA dof AL 5HE A o]
3L, ¥ Zol ulle- ik, 53], %ﬂwﬁrﬂr el =ird o 1999~2001
Bk RS o= A% fAE I 9l sARR g
Az3d dado] HAE G ChFig. 3d). ol oje] 7, 1989
Aol FA% s AYstas o] AtEke] AWHARQl Fv) &
AZE WEEE oF 59 v, SHHE
ok 20003k v 24 199633} 200139 okt A4S Al9lsichd

Holx Qe A 10d 7L,
"=
WHRET FAF] vy PE e R Jehva itk & 5 3
tKFig. 3e).

Syt dold] FALEL 1.5% Pt
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Fig. 4. Growth rates (G,, G-, and G~G; at Korean coastal area, Okhotsk
Sea, and Bering Sea, respectively) and return rates from age-4 returning
chum salmon into Korean stream.

<ol BelFltt. Aol sAAHS TEste] FAg & Aol
Ag, 340l AT Aol A5, Tl A Bl =
FIEo] f2let w2 AR =0.924, p<0.01y7}F ASATE
4x11°ﬂ 3] A% B-golle Foidol waEA dstek(Table 1). ﬁ,oi
g o Ho|E FE3] e oI5 7ol FR, AlH

ol
o2 i) = |
AspitaL &

sfel ofdl vole] Aergo 2 5
713171 Al ojgEall ol

L et

2
% Koo 1
oick. ¥,

Hafjol e} shAl g ] 28l FEEZIET F3 Anw
A7t ARATGEA °ﬂ<>1 898, p<0.05; 44| 1o, r=0.83, p<0.05).
o7} A Ak 2L {P_—tﬂﬂoﬂ%g 52351 AAET &

g JRaAZt Ysiek.
Suietel] 4ol AT Qolo] HAL 150 WA

H AYFES vsl, 2712EAS ARES e & @
"ol gloy, 1 o8] gdas wldstr gl XY Bdo

(Fig. 4). ol&°l tist AduaAe] B4 Fallol e} 27143
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Fig. 5. Aleutian Low Pressure Index(ALPI) from 1950 to 2006 and
the CuSum.

22 3 AE At JFo] Gl Foz Yelgth 23]y 4%
o] Wl 3HZ 33 ol 2F AT AA(r=0.970,
r<0.01)], /3go] =2 4= AT doj= wH oM 4%
o] Z}z} A&7 23 Aol Q= Ao 7 UERGTHTable
D). o12A F3lollX ) A =7 FAET 28 AAAAE B
o]A] ¢k S v 2o] A% F vk SlAEL vt
3~597F Sl Sk AL BE AN 2919 HF AnE
ERLbE Zlold | $Eluet doji Falolxe] A7) gapdalzle|
Aztol E917] el W o]y ¢ojr} Alehdgixiul 7 the
AR Z7|ABAFBAI712) 48 el S FEe] thA] L)

B X2l HEl

AFAHA 7194 F(Aleutian Low Pressure Index: ALPI)

LFH2EA 71 (Aleutian Low Pressure)ys SEjHoke] #AL7]%
PO Z ALl Mgo] ZaliA 1, T vhdl] wo] =i <R
t}. o] A|7]¢ke) Mo we}l Ag TFe) ) g, As &
T2 SR A, 015 WEAA sjoke] At oS
FA Dk(Venrick er al., 1987; Gargett, 1997). Y-FAEA 7194
(Aleutian Low Pressure Index: ALPI}= 12€elA 397k &
T4 =S Yehl= 713524 S 20~70°N,
120°E~120°W X2 9] 100.5 kPa2] Si<=w#71gte] el o3t A
2k AAFATH ALPIF 9] 3hs VR Aduld o s dRAEA
71%ke] Fgo] FstA ebdS 2u|sic,

ALPIY %S Aung, T4 &R Ao F e e
T Aok 1950358 197647040 vl 2] W 418 veRdo] v
2 7)o FABIA R, 19770014 1988 d7kA] = %] 7]%t0]
FABIAT. 198841-1997d 7k & Hd-& FA3ATH ], 1998
FE A A7iedo] $-Askeit. webd CuSume] HE-L 1976
A A st 197638 Ao sl Frkebr] Al
Zhstc}, 1988 d7H4] A& 718 CuSume 1989'd THA] A7)
stol kA HA] F7HA| T AR R obs Bt A IS 1997
WA fAE ), 2 o) A7 AEke] ZEkAl veh A
A Z7skSicHFig. ).
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Fig. 6. Southern Oscillation Index (SOI) from 1950 to 2005 and the
CuSum.
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2] Al (Seesaw)@F O E, 3L Aol 7|¢to] &g wl e &
7180] WolRlE AARE Wikt 1960t TR Tl Ay

Lse] Ao disl] defA1A =SS (Trenberth and Shea,
1987), ol st vj7]-s¥cte] 25 2hE-S Ay RSBl Nifio-
Southern Oscillation), =+ £0iA] ENSO2RL 3}, A= 3.7
We T2 S A, Ay Al7ldls ARElES
Ao wEEdk 417} iAol W] siokrkA] medt
o} G FA]=(Southern Oscillation Index, SOIY= ©]213F &4}
S A3 3 Zow 3 B8 O (Darwin)dt FEIE ] B8]
E)(Tahiti)2] €8¢ T AT 7142 xJols FFHALE Lpr
o} Attt sOUt 59 #-& vekd o, Iy (El Nifioy} 2
A= dllgh dxjska 9lom, &) (warm phase)ehal H-2th.
T2]a ko] ke 7IXE $987](cold phase)s= #Hi¥(La Nifia)
7} S ek dAEka glo] SOIE o] &sle] dunel h

ol
=

Ke)
Wt @St A9 AR

1950-200537k%] 2] SOI2] <A AR 1950-197637}F
e st k] wojdsde] vElRR T, eyl okt
AT Zev 1977358 28 ehiuks VeRER] kghe
w 1988/1989'd 7} 199920004 9] vk S5 AlLlstas Ay
=7t ZHAE Rolar Qirk. o] A7]e] B dun FAg2
WAl vlwate] WAFI 7} GEE S Byt oie}t F=st 2
Al Ve 53] 1982/1983d7) 1997/1998 9] A= oF
7} AESIR 2 o= o] duiRos el Zo® 9
o} CuSum®] HES HH, 197638 HF31 1950-1976:3 7]
717 4] & vEho] Uzt A1 g=toluirt, 1 o] %
o= 718717 £9 gto] yeht dur) MUS Boja vk
(Fig. 6). tiAlZ SOIS+ ALPI= £2] AMH#AIE 71Xt}

2
T

gk,
AAFL

B2AF A5 (Arctic Oscillation Index, AOI)

ES25X)9(Arctic Oscillation Index, AOIY= 184 397}
A, F91 20°0014 =53 (North poley7}A1€] #ll= 7|9+ Al 3
Tk BEs) & Aoty E58 F4HOZ dA] Bulaeka) S
Heg 399 7PREE Zgetal 257 47 E7] bl
AOL= 9 U)oke] 71384 Bl A9 4= o). AOoIgke] o
9 g T A, B2 7)ol i dolr|m, HohA

A
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Fig. 7. Arctic Oscillation Index (AOI) from 1950 to 2006 and the
CuSum.
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AOIS] WS AHEW, 198737H4= &9 3ol BHE olF
£ Fd7)oln, 198835 E 199432 k9] 3k vehin 27
Z FAET AR T 19957 El = 59 gho] FAIE o]
£31 9lth CuSum2 2 W2 AR &9 7)1&71E K8}
L, 197095 19763744 k9] 71€71E yepdct, 1 % &
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Fig. 8. Pacific Decadal Oscillation Index (PDOI) from 1950 to 2005
and the CuSum.
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71&715 Vet 1994 o] F- 25 FEIgh |37} Qlrk(Fig. 7).

Eﬂxg"c}’i:ki’\‘l%zl-’f-@aciﬁc Decadal Oscillation Index, PDOI)

T2 AgBo] Ui7)Y AEHE 2oz slo] Akt R &
2], B o d 2 5 X9 (Pacific Decadal (2 Interdecadalo]2hi
= BE) Oscillation Index, PDODE 32k2] SSTol| TASHL Q)
t}. 3 ppoztal E&lE PDOIE B9 20004 2574419 o
oA, sj4H 259 1% mode EOF coefficients = 1124
kg 3l 387HA) BEFE HolthMantua er al., 1997). PDOE
A d FES 7P A vEhi, 2 wEe BElEes
£, &2 dste)l giso] glok PDO7F ¢ S vERH
FHEE G e g, SAFHEES] FAE A9 At
$ e Vet vl PDOYE €9 S WERE, B of
B Aoks we} AR 20, AFEE gl E upEek 20
vephdt}, o] 3t W29 wollE R o) FoixH, 1976/773 2
PDO HF % Frja|ele] 4=2o] AA7] upal|xl #4971 ol
3 Wisle] &2 oyl 9 £ Qo

PDOE thAlZ 1950309k 1960 thellE= 29 a2 7Tt
1976 71302 1 ghol FAsHA W3l 1980l $dka
1990 dthe] Eutell FA| &2 1S HRl AL Algjstie MRkA
o7 oo 218 HX5ka Utk PDOY FHE 1976/77d0] Sl A
oo 73 Waks gl o] A4 PDO o919 ekl
7FAFEANME Wgo] ZXE Al7]olt}, PDO2] CuSum 1977
dofl A7 vbdskAI g, 19893} 19983 % g2 717 T2t 7]
7)) ¥bdo] USth(Fig. 8).
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Fig. 9. Trend of chum salmon catch and CuSum, 1925~2001. (a) Asia, and (b) North America.
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Table 2. Correlations between chum salmon production and Environmental
Indices over the Pacific Ocean during 1950~2001.

ALPI SOl PDOI AOI

North America 0202 -0.029 0326 0.157
Asia 0212  -0.167  0349" 0301
Pacific total 0224  -0.145 03797 0286

* and ** indicate the significant levels of 0.05 and 0.01, respectively.

HoJARIA = EAslA] Pt &% CuSume 1930t 5
109 @7k Ad=53tcirt, 1940d) FHREE 1970 TRk
A& sPshe FAIE Hola 3leH, 19803732 71502 3o
T3 o3l TlE AdsA7T AR E o] dalel o]23 gl

39, BulolA 2] ¢lo] ojFze olAjolo] ] walo] ArhE o2
Aom, 1930~1940the] ST} SAEA] ok=t). ofFe] 27
el 19200 FHk) Thh B2 guke] E2f o]Fo] o]Foix|tir},
1930 7E] 19500) ZR7k4) <k 63ko] E2] P ojFo]
o|Folzlqlt}. SFA|RE, 19500 FHIFE A7) AlAHeE o]
o382 1970t TR A Z3IQITE 1 o), oFAJo} dAojs}
TEIA 2, Ba] Aol 1980t S0l gx] Aatake] Al o1
slo] 2ol 109 ol §Hkar 9lh(Fig. 9b). CuSum2] W3}
A ofajol Aol A} ujsst FEIE Rojw Ylont, oo}
A7t 1940 dTiF-E] 71€717F v Rk g, Bv] Aol A4
Soll= 1950t FRHE S0 #3532 [ SEATE ofA]
o} Aoj9] CuSum 71€7] ¥t BRI 1980t FHHP-E]
= Br] dojx % rRIXE 718717} vhA] ko= Hl S|
gk oprJo} dofe]] nlmate] 1 7] L7 17) AulF o E Wekth 57]
g A2, 19893 7 FA| Eulofae] ofFgko] vEAEIE A7)
7} A=, e SEA 5] 19893 ATsA wFo]
Ao HR 19892 71% 9 S el s} oAEFeE o
3 vz ezt AL} CuSum G4 1980 dThe) £} FA17
o] Al7]e) FA] FES Ao E Yehie)

715 2 ghgwsie} dojakakale] duhade mlelsly] ¢fsled,
1950~2006 37k 2] EFFFe] Aojgiteds Bl ofro}, A )
ko Z o] oEFAIe SRt AHaAE Al
CH(Table 2). HIAIE, oprJo} o2l Frkeko] En] o] Arlkekn
ok AEdo] Eokth En|, ofAlo}, g FAR ALl AojBaleF
I 4 FFR ke AdEEANA PDORS 242 r=0.326", 0.349",
0.379"2 FoI3k ABAAE B oH, AOKE oo} %9 A
Abr 0213 ejsgel Al o) A 598 A r=0301",
r=0.286"V} Uehdth PDOV} thE 713X B2 Aldd
AE 7He AL PDOI o] &H= T3 2471 o7t A4
k= AR A G vA= F|Fe] SSTol7| Wl
9l Aoz AzZtETt, ALPI= 833} ko] AdAdAE, SO
29 ABAAZ Ho|1 ot BAF FAe Holx| gt}
H] 44 ALPIS} SOR= <o} o#3F Aojo] F2jAdo]

] B = DR Bl o), A A7) Ftell ALPIE
B NS4 4] E JEAE BolX glglen,

AF F2 UE ofF2 AETH, FArEtA didel 4TS
olHE ARS8 ATlA B uE T (Beamish et al., 1999;
Kaeriyama, 2003). 12]31 SOR= 28|k t}& A|4-E5a} 71 ¥
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Fig. 10. Result of cross-correlation function analysis between
regional chum salmon catches and four environmental indices dur-
ing 1950~2001. Horizonal lines indicate 95% confidential limit.

3} ool thAlZ wi) AEE Holw 9o, 1940dt] ZRk
19703t SRk Z1EA AT SOl 2 VR Itk (Minobe,
1997; Zhang et al., 1997). ZIE1 B2 7|3 oA el A =2ka1 9
A BAE AT FHE o8 XSl dig o Fd
St HAjo] o Ao},

715874 Mg el JAHoR 58 Ao E o4
< vXARE, o}z &7 0] Wstel o xpgeke] el tigl 3
el 2] #g (mechanistic process)®] BH& x| A= ki), ZefjH
&l 1976/1977d] LASH 7| EA A A= FESHAE YAt
g W3E Hol51 9l 2™ (Brodeur and Ware, 1992), 7] 51
glofl ] o |H = FEZHIES W) M THoR &
A8 AA T RS S8 Hunt er al, 2002). W23 )4
23 HolgEe] ol il Dl olFe] 3ol 7FAA
A3LE 33 dolshA GEbpiso] ofe] =iteld RaE 1 Q)
SHJung et al., 2006; Seo et al., 2006). Thd g 17 dAoje) 7
S, doje] g 22 Tt 37 sl o3 YL wWkE
2] g13] gl o AT Algle] Auslodor g Ao},
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Fig. 11. Trend of CuSum of regional chum salmon catches. (thick lines) and four environmental indices (thin lines) during 1950~2001.

71, o= R AR, 10]9] ASeE ojd ujo)
Halo) mE} 271A3A 7] o) A 9l A3, ge]an Adoje o]
7ilo] AREH, 3~4do] A} o FHsk= Ao
o] AT FE A7} Hoje] AE|Z AdbRelA sjokoz w
ZFUA A719) SFz0 uet A #9E Flojn}

olg|&t 7| Fol whE WESHH Hkgof tigh Al7Ex}O] (time-
lagyZ g3l H7] A ofAlotet Holofxie] o) BAakFa )
73 X5 439 (cross-correlation function) O = 48151
ChFig. 10). ARMA o= ofElga) 87 A|$ole] JadAs 3
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o}, &, 9 wige] My E o] At 0]Fo] o] ofF
=y AABAZE A veRdEdl, ALPIY) A-ollE B o
o F T RS ABBAV} FRA R, oot dojel= 23
9] 2JolZ FaL K23k ghr=0.282~0.285)°] LJERGTH ALPISH
371 RE Yeh s SORE B dolgl= 3-5d(r = -0.277
~ -0.385), oFAoF Ao b= 2~4A(r = -0.343 ~ -0.465) 7HES T
23 BAE UERE e, PDOIE 0~7d0] BF S25190.
1} 3dEY], r = 0.490; oFA|o, r = 0.588)2] 2}o|7} 71 gEd
A7} &8k ol#FE AIRE Aol A7) Ejoj ) skl ABE)
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Foz o7t ek A a9 sjEAgo] Aol 3ol dF
£ A Ao Azdrt 8, Aok F1) delels 5~7d9)
21017} Q& w ABEA (r = 0.361~0.497)7}F 233}, ofAJo}
AoE 0~7d BF ATIAVE frejsisl o, ARt} S5
F2 AT UeRA, 7S] Aol Qi ) AREuAZE 7
A =UTHr = 0.493).

sAwstel Aol old% Wskrt AlZHE A71E E]lE] ¢

HCuSum)yS:
195051 o]&2] 272 o] galo] FAle] Hlwalgich. ol dkel o
3F CuSum v} 79 873 AFe UiHE 22 732 BigE R
AF T 9tk 2, gIFE-2] CuSum TA0) 1970t FRF 2 5
S 71E o2 s 71277t v e tiEd e dolsisiET,
ALPIS} SOI= 197691, PDOR= 197509 718717} #slslgion,
olde A2 CuSum3} 4Zke] AAE JRA a1 A2l BEskA W
3bsta QItk(Fig. 11). kARE AOIS CuSumdlME W& AFE
= GEA 1970~1987d Atelel] AR 7187) HEpE o
oupx] kAl ATFRe] 2k Aght wolil gtk AORE UE o
L AFERTGE 198932 sl SEekAl ehdth 9o
ojFlFe] ¢, BuldME dole ojFFgo] 1979dE 7|HoE
HHEA L Qiglom, olajoo A= ojwrt 2 R 1982d0) W
Aol =1 Qir}, wppA] Bujof] AMaeh= doje HlE Yol 7%
o} §739) Wah BAskA 3d Ax A o FF wiFo) o)
1, oA} o= ok 6~7de] AJZte] Aol o) Hge] WFo)
g 2ol St} ofrjo} 2loje) o) F AJZkxl0l= CCF &
Aol AOIS} o}r]o} o] ojFo] HUR H& JHAdAE 7HA
= Azl s,

ol o8 QA B2 Al dek B FAY

ney

o
i

of 47

7)5-2] Wshs &3t Wi o3k ¥ IPCColiM = B4
7] WA A7-o] Harleo] B R o Ase ZloR
sk QuARE, ARG} A A o2 2 sjfeM g o A
Z B2 PSS HEstA ARt I7E ol sl e el
AR WA 2 gistE ASsPIE oS ofeer, meky
I AejAlel A2t Qe AEEY HAARE vy dddin
= Aol Al B7FsE Aot kARt AlAl 2 Ao AdAis) Q)
= A EAlolA HAL] B E 7R AL 71 F ke AlZEe R A
T3, NS AE A AT P ATE FE
5] HHasle] ok A9 252 FE4 (integration and synthesis)
OF SAE F v, TFA LR 713 Aglel wE YA
o) MER BFS A5E 7 & ZolthEl, 2000).

T R 19973 o|Fle 1 Hel B3l =2 S H
o, A7)4 o2 & o Ajdsle] JFOE QI

WSt Eol B wf ojele) HEE I3l 68 FMHIE @
oL Wi} B0 7 0|58} Mayama and Ishida(2003)y= o1&
Aojo) AT R0 14°CE ANBIET, F7lo)% dtellr g
oF doe] T T2 8~13Ce & HHolN EA e,
13°CE A=t B7F8hSeki, 2005). B8l dAgte] A 499 J

742 AT

T2 13°CE 9A 2o, 585 Hojx oln] 14°Ce 7p7ke
682 H3L 17°C7HA = LERdT), 3R QEAY Qlojrt 0 5 =2
= Ao mEA AU 4 e v gk WA
£ 7Pk R R dRARETRE W Ao /Ihe wd A0E A
Zrch, sEA|TE 222 ool Tt AFEo] x| slel o)
S WS 7F5AS XA 8L Q05-(Ishida er al., 2001), 25 3
TN Fo] yepd ksl gl

ATFoME 27e) e Aol exxIAdNM 9 JGE,
=3 ol wFalolx e gl A9 IF H3Ee 73
T 9FE vIHXe 24t 2 Aolga BgpeH, o] AelE A
Z1A#APgo] AYEAS Aofetar Bk e, Aol AP
3 5)FEel] A8 E O 2t Ao Aot WHE
o]d20] = Zo|th(Kim ef al., in review). YHFRH0 Z Aol 2|
o7} 72 ), 13~14°CRT} & =20) A E o] lrhd X
o] i XA} 2AE 4= lth(Mayama and Ishida, 2003; Seki,
2005). F-2jrtet Aolg) 380 WAH 2000~2001d 2] F-F, 0]
Sol 5" 199737} 19982 4€ 15U 58 159 Aol
14°CHT =2 $-20] YAHENTE A7t 47 149, 1642 o
& A%o] nlsle] 958 Wkt AMdE mesithd, g2
°] Wzt doje) FAEel) AHAQ FFE vtk B 5 Q)
o}, 5 olefl gt Fdst £44o] 7t

o] =79 B A F T3 AMLE ofrjo} dojg} Bo]
o7} WSt o-8-3h= AlERROI7E thErhe Aot} do] 3
Az} gAWMskele] BAAGNA, PDOE FEIE S} AMefgeyr o
oo FEA T QS wx 1 9lon, Algkatel7} 33U ol
)2 AAAAE e SR, A0%) 7ol daAAIT
6~7d Fofl Hf= velsith 7 2E e dojd diEiAE
PDO, AO7} Aol Q& mX= 202 vepb=dl, 7 48
Qlo] A% Eo] 9lE 7hsAdo] =k Ty o|gA oE F 8
[3lo] Ao ThE AlREALIE A FEE AL gl&
o, Fejers] @S HEEiA sAe = B7EslsiTh oFF o]
23k A7k 2017t o) VheAE A gkor, - sljofelA]
o] AejErAR] & 7Rty 7ol AA|E|ojof & ZlojT,

Exigtella g 713 B 719839 QoAb MES B85 A
o] slve AAT Holed, 7P T2 & wAKAo|g} ¢dojg
AY7Z A & 5 QIE0), 1930~19409T19) %L 0]&e] o]o],
1950~1970:d 9] Ax3 o8| 78|71 o}F 9] FA% 713
“$(Fig. 22} Fig. 3y SFEE M) 71 A A 2 A= 1
QTHFrancis and Hare, 1994). 53| cfAlo} ddoli= defivt vt
2| B2 5k 18T 2 (Urawa et al., 2001; Urawa, 2003), &7 A
oo vl S w2 WHAel AA Aalskx gla, o|=g o]f
ool EejEFelA Ak Sl 71%e] WFell o wilst
Al g3 2 2k f-Evietke} Zo] Falgo] dof Al

WAVl YXEIAL Gl StellME, ATkl 2%k SSTe
Foo] W Xoj2] AAES A o] AV o] Fef= A
7} X3 ojgli dl9e] B JFEAHE Utk Rk sihibze]
17} ddoje] MAA = B3k siojo] Frid dAjel Aot
Axsojor & oy, o)F e gt =71 g =
3] wlAE]ofof & Zlo|t},
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9] hF-E-2 Ao} SlFolA r]elgt wEES st
3k Qlch 2B E Seulela] WRE Aoy Hort &
o2 \Whs 2% EE A8 Evlolwg) Al
oF 31% (Soya Strait)o]t}, $-uet dAoi2] 3| &o] W o]f7}
ozl 7k Q& ¢ Ao, BulEge s wA i 272 2
A Z3 Aof Xol7t Fadell 8] w2 SSTE ZArhiA &
Bkal AFgshE ol R T Qe Aoluh. Fae) B Wert A5t
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