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SUMMARY 

I. Title 
El Niflo Impacts on the Seas around Korea (Science and Implementation 

Plan) 

II. Necessity and Objectives of the Study 

L Necessity 

There has been a nation-wide need for scientists to give a clear answer to 

ordinary people's concern about contemporary atmospheric disturbances, 

especially after recognizing the impacts of 1982-83 and 1997-98 warm 

episodes, the biggest two El Nifios in the 20th century. 

Understanding clearly what is El Nifio is necessary to suggest fundamental 

ideas for governmental policy making 
Analyzing the potential impacts of El Nifio on the mid-latitudinal reg10n like 

Korea and minimizing social and economic damages against future El Ninos 

2. Objectives 

Scientific understanding about the mechanism of El Nino and 

Cross-correlation among the two of oceanic and atmospheric parameters 

Reports and analyses of the worldwide damages in the aspects of ocean, 
atmosphere, society, economy during 1982-83 and 1997-98 events 

Reanalyzing the existing oceanic data in the East Sea and South Sea of 
Korea, and East China Sea, estimating the long-term variabilities, and 

utilizing them as index parameters of coupled ocean-atmosphere models 

Suggesting the direction of El Nii'io study 

III. Scope of the Study 

I. Duration: December I, 1997 - Novemver 30, 1998 (1 year) 

2. Mechanism of El Nino 
a. Understaniding El Nino/La Nina and Southern Oscillation 
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b. 1982-83 wann episode 

c. 1997-98 wann episode 
d, Monsoon processes and role 

3. Impact of El Nii\o 
a. Global impact 

b. Oceanic impact in Korea 
e, Atmospheric impact in Korea 

d, Impact on fisheries resources 

4. Strategy and future study 

IV. Results of the Study 

l. Mechanism of E\ Nino 

.1. :Jefinition of El Nifl.o 
'El Nifio' was named for the extensive regmn of anomalously high surface 

:empcr3ture from the tropical Peruvian coasts to the central equatorial Pacific 

:-iear the date line, and 'Southern Oscillation' was separately named for the 

interannual exchange of heat and water contents in the atmosphere between 
eastern and western hemispheres. Now scientists have recognized them as either 

phase of oceanic and atmospheric components of the coupled system ENSO, 

which is mostly accepted to have quasi-period.city with 2 to 7 years. ENSO 
should be replaced by El Nino as a coupled ocean-atmosphere phenomenon, 
which is more representative to ordinary people. But, this is a natural 
phenomenon which is different from anthropogenic '(additional) global warming', 

and it has not been proved yet the possibility that the global warming is closely 

associated with the intensity and frequency of El Nifios. 

b. Mechanism of El Nifio 
The most widely-accepted hypothesis of triggering mechanism of El Nifio is 

how intensively and frequently the westerly wind bursts, which is primarily 

associated with the East- Asian Monsoon, blow over the warm pool region in 

the western Pacific. Once the warm surface water is forced to move eastwards, 

it travels across the whole Pacific as equatorial Kelvin waves until it meets the 

Peruvian coasts. In the middle of heat and water exchanges between ocean and 
atmosphere while it travels along the equatorial band, zonal (Walker) and 
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meridional (Hadley) circulation systems m the atmosphere vary and 
southeasterly trades weakens, which results in reduced upwelling in the eastern 

equatorial Pacific and deepening the oceanic mixed layer. This kind of 
low-intensity state, that is, El Nifio condition, may usually persists one year or 

longer, and then the trades recover its strength back to the pre- El Nifio 

condition. If the trades are stronger than normal, equatorial upwelling is more 

activated which results in pulling up the nutrient-rich and cold subsurface water 

in the eastern and central equatorial Pacific and the warm pool region is 
extended and strengthened more than in normal years. This makes the 
extremely-high intensity state, that is, La Nifia condition, between the east and 

the west. Once heat and water are redistributed and trades weaken, it recovers 

normal high -intensity state. 

2. Impact of El Nino 

a. Is there any impact of El Nif'lo in Korea? 

It can be answered "Yes." in overall sense, but "Still don't know yet." "in 
detail. More precisely speaking, all the atmospheric disturbances between 

summer 1997 and summer 1998 were associated with other chaotic phenomena 
m shorter time scale under the non-differentiated condition with the '(additional) 

global warming'. This cannot be explained by other than complex phenomena in 

global scale such as El Nifio. The impact on the seas around Korea cannot be 
quantitalivrly estimated yet, but the correlation between El Niriu and one of the 

oceanic parameters is not insignificant. In particular, the facts that the change in 

fish species and fish catch show a large fluctuation in interannual to 
interdecadal time scales and that they seem to be related with global climate 
change may give us a clue to solve the problem by studying the relationship 

and long-term variability between fish resources and ocean-atmospheric 

parameters. 

b. How much do El Nifios contribute to typhoons, floods, and droughts in 

Korea? 

The number of typhoons attacking Korea has been statistically reduced 

during El Nino periods, which explains not that the damages by typhoons were 

small in Korea but that the sea surface temperature at the origins of typhoons 

was relatively low. One big hit may overcome tens of small hits. The annual 

fluctuation of precipitation tends to be small during an El Nifio, but the 
contribution of each El Nifio may or may not be significant to total precipitation 

at a specific time and there are several other factors to contribute to total 

precipitation in different spatio-temporal scales. Wavelet spectrum analysis may 

- 11 -



be useful to analyze for this study. 

c. How much is it confident to predict El Nifios using models? 
There has been still some failures predicting an onset of El Nifio and its 

pattern even though tremendous amount of efforts have been given to the study 

of El Niiios by the ENSO-related institutions of the U.S., Japan, and some 

other countries since the 1982-83 episode. Thus, it is required to make every 
effort to find out the index parameters of the onset of El Nino while coupled 

ocean -atmosphere models are settled and modified for predicting El Nifio and its 

impact on Korea. Heat, momentum, and water exchanges between ocean and 

atmosphere, and the feedback mechanism of clouds in the atmosphere are very 

complex and hence they are the most limiting factors of our knowledge to settle 
up the more elegant model. It can be a cheap alternative to run a model by 

way of continuous monitoring of potential index parameters of El Nino. 

V. Suggestions 

This report is ~or the science and implementation planning 'Ji 'the irnµact of 

El Nifio on the seas around the Korea'. By examining the details of the two 

biggest events 1982-8.'3 and 1997-98 as well as the other historical warm 
episodes, we hope that it could be helpful for policy makers to ::;:et Lip the 

direction of future studies of El Nino and their impacts on Korea. 

1. Monitoring index parameters 
A few index parameters among SST (sea surface temperature), 

level height), thermocline depth or ULT (upper layer thickness), SLP 
SSH (sea 

pressure), precipitation, 

region/eastern equatorial 

wind stress between 

Pacific should be 

(sea 

Korea and the wann 
continuously monitored 

level 

pool 

and 
statistically analyzed, which may be used for studying correlations and 
constructing a simple statistical model such as 'delayed oscillator model' 

2. Surveying tropical Pacific 

Understanding oceanic and atmospheric processes in the tropical region ts 

inevitable for those who want to know the global and/or local impacts of El 

Nifio. TAO (tropical atmosphere and ocean) array is one of the semi-permanent 

measurement network in the whole tropical Pacific by international cooperation. 

In accordance with the TAO network system, Ocean Climate Center (tentative), 
which is supposed to be opened in the western tropical Pacific as a 
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remotely-operated office of KORDI in 1999, could be a part of a monitoring line 

between Changmok, Koje Island and the center, Chuk Island. We could collect 

the oceanic and atmospheric data across the East China Sea and the warm pool 
of the western Pacific at least once per year. It seems difficult for universities 
alone to carry out open ocean survey in Korea, and KORDI and NORI (National 

Oceanographic Research Institute) better be coworked for il as a governmental 

research project. which might be encouraged to be collaborated with universites' 

participants. 

3. Setting up a coupled ocean-atmosphere model 
It is the most effective and scientific for us to set up a coupled 

ocean -atmosphere model while we monitor the seas around Korea as well as the 
warm pool in the western Pacific. The 'International Research Institute URI)' is 

the cooperative institute for climate prediction in the U.S. after so many trial 
and errors despite the tremendous efforts of scientists to predict ENSO for the 

past two decades due to the complexity of the mechanism. In Korea, a local 
model which include East Asian Monsoon region is suggested to be set up and 

run while a global model is accepted and modified. While the outputs from 

global models for mid- and high- latitudinal regions are ready to be proved, 
thl:!y are still a great help for setting up the boundary condition of local model 

since Korean seas are a part of globally coupled ocean-atmosphere sy"itern and 

must be affected in any complex indirect way. 

4. Correlation analysis and application 
Natural disturbances in the global atmosphere and ocean may greatly 

influence upon fish resources, agricultural outcrops, international trades. Rice 

harvest in Korea might or might not be affected by El Niflos in the past, but it 
is necessacy for Korea to watch out the intemannual fluctuations of these 

factors by analyzing the correlations because global economy in these days may 

show a large variability due to the dynamics of supply-demand between 

producers and consumers of agricultural and fish products. 
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'it I'! i' 91 'i- •1 oj {§- 0 l \'! 11 "1 ::: 1l £ '11 I'!\'! oJI xpJ-£ •J-EJI ::: 0 1 .'I. cJ l! 1'! {I 'r 
';:! %'11: AJ{l-g ,f7J£ ~cJ-. o]i() £ 0J:'. 1957-58\!:ilJ- 1976 77\:!•I 'i!'--lk 0 J-9"-<>il 
s.. A~7J-s_ -"J-Ell£. T ~{~ A]¾-@ oJJ£Ai ~ T '.V.c:f- . .::Ii'Jc}-'t!, -sti.+~ ~AJ~ -"J 
Ell ii, 'lg- '-II ::: .B. '11 2- -lj!- '3! \'17 I? qJ 0J '1) 7 I' til 7 I \'17 I, EE ::: qJ "J - til 7 I 91 •J-§. s/ % 0 I 
ttY-Q.J ~;i:J~ "'J-~oiPi q-e- ~78 "'J~~ 01%tl-lll <St:: %~-'t!'?..l1n 

- 42 -



High-Intensity State 

uu..,<,lm y 

Low--lntensity State 

(a) 

• 
(b) Conv.et""• Loop 

80-W 
High-Intensity State 

El Nlf'llo Condttlons 

Low--lntensity State 

:J~ 1-3. EH~2JOIIA1 ::i:!~S: ~EH51 Xi~S: ~EH (~E \li!!Lltt ~2!)~ [H, (al ~¢ 

~QJ ~l.:tl2J tH§f ~ 0Hff£l ~~ 26-15: (~I), (b) ~ JfAI ~f.HQJ l§AHHJI 

~~(Walker cell) ~~'ll H~¢g ~ ¢@QJ=~ ~01£1 \':I~~ [/jtJle.f 26.lS: 
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~%0] 7J'5}?l] A]4;:,~ o]~oJl ~~ .tJ-S:t}?l] ~~ ftlAJ.g- 'a''il-.:,Z.£1.l ~½oll uff~ ~ 

AJ3}A\u,_!, 1ff_1g -¥-~%9..\ ~~71- :.:g.~~<5}.:i:!..£ {1,¼~.Q..£. '1J.<>11g° tct\Ol\'tl 7J-~ ~ 

y~ ~~oj ~o}.g.q_ 1:1};g.~0J 1f'LiA]1B ~.£ :f!'ilJ!} (equatorial Kelvin waves) 

71 '11 "J 0J •P'r<>il •i %~•1"1 ., 2,1 ~ oJl 7.! ,j ~ "1--'i! c+. ',!! '/! i1li oJl q :s]::: •1 '11 •J 
0JoJl ~~Bu}~~! %£,¥,Ei -N-B"1it.2,.o:J, tt}~;(Jgj .it.i!l::-= 1r}A] .:r~% o]%A]7] 

c: "1~"J: ~ '@'o]q_ aj.'r. '.!l.'/1"1-71 '1Jl\l 0J% 7l.s'.'"1c1 ,tu) •l'll<>il 0 ).?.\'1 i a\ 

'Je1> % 0 1 •1'/l<>l!Ai 41''1'1!9-. 'a""l.'r. •1-¥1-::C Ai]"i 0 1 ",:o}<l"i, l>ll'i'- •lfi-<>11-'1 0}71 
¾ o]{}~ ~oJ ~~~cl-- >'JJ.1il1Jt~ £f:~ 1:1Hf ('a'% ¥-~%) ul]{t-of] ~£ %'5' ~ 
AJo] £f:tHA].i!., rtj-2}Ai ~£ till~~ ~o] B"~i5] t:i#~~t:f-. 

u}'if?l-~ *~oil ~~ ~T lf.lB~ ~% 0 1 1t- ~tl;tj 11.E..4 1:1}1'f~ 0 1 %~6} 

~ o]-ftol\ r:JlB1P·i ~ o}~.£ £~~ -¥-~o] *cl-- 'JFJ-5:. AJEJ\'7]- 'i:!tr"5] %~7] 7} 

.:il'![,J,'-01 Ali"i 01 "1':ot>lc:71, 'Ee: "l'll-%"1 %"17} ¾rr"'l~ Af{!',171? oll 0J,f 
cJj7)9j 'if.2. cf-§-oj oj'cc l\.'r. '<!ojOIC:71? >f\1-',' •1~91 .!l.\') 4'.g,oj Ci% Uilo1ic: 
'i!Yk71 "1%'1! ~ o]uj 'l:!1J 'd-Ell<>il o]~ AJ7]0]"1, AiE!ll\l 0JoJ]Ai "f'll-%91 -\<-OJJ 

oJI "1~ ',!!'/)llj-7} Elll\l 0J~ 7}.s'.'(-!cj >11-'i'- •1~"11•f'i .'r.,r~ %Elle+ . .::ie11-f. >il'/
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.2."lt%'l!c il-"l'i!ct . .!!.~ 4'.g,0] "1'1-%"1 %"1 ~"1°1 "1:s]c: .:C~c+. ENSO •l'i! 
'>! ojj°";~ ~~ j;jcS] 11~ £'.!!oJ]-"iC: AjE!l'lJ 0J.sj \-r'T' 01"1"11<i i'):~"J',i Aj% 
(westerly wind burst)~ 7J£2t 1il.£f:-oll ttj-e} \:!T¾21 rtj-~~ %0] %J;j\~ 0J.Q,. 
.s', o]%~c+::: 7}-\jo] 'i!t-1n91 %?'1-'i!.2..s'.Aj -1:!"i"i¾ 7f~cf. \-r'T'¾ ,J1"1oJIA1 
o]zi~ {!-~~'?J. Ai%o] ~18'}~ o]iJ-~ \:f% 1f-g:f%oJ o] 'Bjj~oJ]Ai -'tJ.~ A"jj~o] 

~~ ~1?::!oJl o}A]o}-~-? .§-i?-4 AJ~ ~%t}cij tl}'tf-£1.J Heft.Jo] tl}¥j~ ~.2..£ ~~ 

~ T 11,.2,.L-\-, A}Ai)~ 7]~ (mechanismlt ~{18] Z!-=?- r:JlAJo]c.f-. ~.S:. A~I;.Jli1J 0JoJl 

).~ n~~.9...£ ~o.ttll~ A1¾ (westerly wind bursts} 0 1 1d-T~~ -'J-~ ~~~ g_ 
7J!"!}:u}£.Ai %~.2..£ 0)%A15i ENSO~ ~~AJ7]"C ~~g ~q-~ 7}~ (Lukas, 
1987):'. 0 Jaj~ 7]clg i,t-.Jiljc: x"i91 'l)¥)-o]q (.::1'/l 1-4). 

- 44 -



- sv -

·p.:to-ro lz: l·d¥-$ ltd@-ffl" l=h 3" tY !to-ir~ 0 .fJ. l!oi" lo 
co;[-,i\s ioie>f< loP.£ll-Z86l C:fYH•f.!c lioS:_. f!;-,ef,!c -f;c"'[o 'l,,F [ofv-°.{L ¾lo 
t5%[o lo¾ 20~ ?i~ b3-k2-l:-1R -~ft ~-bRr 'b'to -::;:- ~[!¥KR i}rv5'..{L ~ 

hH~ b3."it20~% [o¾ [o ~k?:.f ~~-fv ~~~ to!il-::;:-li~ 2aO.f2; [Y~ [lo{i\i. 3 

fr l lei'<£ {,3,\, r fvilo[R IJojrr[/,1,, =:to!rrR 20s.% C:-/rr[Rv2 C:lo-!rrR 2 
O~bY ·pt3 [y{_g~fh ~[z:~O bilr2b~ lo~- i~lt?:.f ¾~f, til-::;:-li!i! i!"~L '[z: 

=:tik>ro lt5 ioiw ~f2vt,cJ" i>l2lo 1tn lo ·p\.s,%.f'v 2iv,'s-[< liolttlo [%[,z lo 
-i,"l/,,c!,llo 'Iulo II<'?~ [;j,c-fl- j>ejnjrt,;w{', [Yp lo·lHo-.1- ;-&[o lo¾ i>iii-tn {,. 
~?[o ·ti~-=71~ l@R:~ [o¾=lo ~-::;:- ~[r{of't [ot6-'qli!i! l-ol5%lo <"20~%) -{L::!,li~ 

¾1f fylJofo&ltifY -R,% "'" j; ro lo [lo% [<t,c co;[-,iR, "p)o ei,c!, !,.,\,Ir TT,% 
Pt iti ~lt3-fv 3-fttz: '.fiil"Lf-i«~~ lcil.<?-lf!Y -½lin ifR'. ~t,-fi' -{t::rq,~ ·ti"W-f:c:t· 
C:{21~-i'r loHLo, ~R ;<le lo[tl{'y eifd• t,r.;s,l!, loco;[-,iR, C:(Z86]) Df1-!AM 

1a % lo Ila ,i cs{', k ·z· I 

(L861 ·se~n7) "'itv • iel<ii"i !!jjllo 
lo8G:~R Foll9-ICHJ lo~i.ttlfHY IOia WHJ IIOffi. 1Qn;171r3 ~01:)li::> OSN3 ·v-t ~C:: 

r !,, klz Ii\ lo fo & [ti fy 
&{~ 

I r IP~ lo-tz Ii\ l,. ~ ~[Y {Za\-=S,W t:1 -{L1kk t-iFL-k~ 

fv[lofo &Ila [Yic ~ 8U1(1'oqs lo >-I fy j/, i L V I,: k, ii, f3 -/r 

______, %1','o',c!, tY IJofo &Ila fy 2 I~ I?< -it fy Io if ,c!, f\ 
'-1} ~f_.% 1" fr-it¾ 
to% tv/~-!Hll/½-&-Pt 

. 

[< ~ l},C 

" b I<> fv lio fo fu Ila % 
y 1'2 ¢ 3" [R 

'j1jL io-/r¾fo fh [la 
lo% fy fy[lofo fu [ti fy 

i'v j,. jir"' i,l< -lo-M-lof.% 
'lc1!1:%li:>-k tYlto*tY 

--

jL~ lo,c!,CS[e %f> ft~ ,/s,IB,n OSN3: f'o~ {L ,c!, [\SI 
f.s-Jl-[Lli\ ~[Pjo[Y{o- ([,cf, -lzli\%i/r) fvll,: 

'j1jL fotl<ll3h %Ho,'>- ¾1,,-½ lo[ojy-
%& ~"$1ll ~ ro 11o

1 

%to~-=!- fir%~~! 
'le l\S t 1f k lio fo tl< Ila f1 



oH 0J-tjJ7] AJ~ ~-§-.g_ ~oj]A-J ~if~~ 7]-A] ~78~ "c}'EJl~ %A]A]7]';:::t1] ~ 

'l!~ i'l:'1! 0 1 '.ll'1-. .:i17J5' -i,'Eil<>il"i "15' Sll"leJ % 0 1 >171-¥-'1! Sll 0J.2..'e-.!/-E1 I11,I 
£ iiJ½£1';::: '€lo] ~6iA]';:::t1], o]~~ 7J-~ tt}'ifoll.£ ~Ttl-2 '3!-g. +.g- aJl~oJ] 
~'1,ol 'l)- ',lojcf..<I eJ-71 uJl,'- 0 1'1-. ~'/!"ii 1972\:!4 'll- 0 1 uf'.c~ •H<>II::: '1l71>'-9J 
~ !clJ-,½i'g=o] ~~q- (.:::Z.~ 1-5) . .::z.:;!.g.. AFJ!i.. AJ-t.Jl %~oil oHTlc! ,?:..~71- "R'gT 
~ ~ 8J½oll ~o1 ~H:! t-~~£ 71-tsHA];: :;!12.tj- ~ .R.4~ u]~]7] aJl~o]tj-. rtj-

2-}-Ai, ci-ft- oHoJ]';::: ;i:}7}-ft- ollli!.tj- Ci Pl~ ~~ {r~.i!} {i-7]~- LJl7] ~2..£. -jfifbl

"l Bjerknes9I '1Lfe1.2.2f 'll~l~l;,J 114. ir1E.>'- ti¾ •1<>1I::: >171¾ 'il!i!.t:1- 71 
'i± <ll"i~ ufe}J.j •171 '!ri'J ,J1i'j,il 11'1-. ~~4 ;:;1l('T"1/c) 'r-ti' J.1°191 °1•1~ 
-t!:71]';::: ~9-7] ~ 4-\:! T7] Jt!%oJlAi {{ 0] 4E}1dcf-. 

\J-BJ ~%~ jl7J-.£ ~ APJ.£ -'JEJl';::: 'dA] 8}4~ it!% AJ~EJl91 ~~ -"g-°J-9J 
~o]tj. Bjerknes';::: t;Jl 0J:,-,.} tjj7]7} ol~~I ~%5}0:j .=i.~ M}o]~g 0]-¥-';:::71-oll qJ 

~ 7]-~g ~3:.£ ;tJ]A]~.Q..oj, .::z.~ o]itl AJZf.:?:- Wameckeoll ~on 'i!~ .::r'e 1311-
~o\ S:.6l~2..£ ;tJJA15l~Ll-. jl7J£ "cfElioJ\Ai !j!-~%oJ 7JOHA]Tt!, JtJl-'f- oHff-9} 1d
~.5:_ oJlff'7l- ~t;\JA1.:U. 5i:}7}5j~.x]oj f~7l ~¥}oJ {}g}~t:}. o] 7J4-7l- {!!-e, ~oll 7-J 

Qj 7J-4°"7l- "at.il '¾ll_Ljh.71- ~A~-81-A] ?Jg uJltj. 7J~ ff7l ~~o] Lljl] ,._J.oJ-g A]llH 

5}1(! ~:tj-~2...£ $1.£ BJ-ifJQJ +~ ~¥!-<?..! 'oll~i'-1 'ic~'o] ?.}oH{!ct. 'OH%2.l ~'3l 
~ 0J~ lfl-ToJ]Ai '¢:]£ -'r~qj'4} ~2...£. q~~ _:g-7]~ i'-'B"tl-2 <ij7JAi ~7]7} "cf 
"5°8'}~ ~7]7} 7J-4°"_?.A-J t:iJ-¼.!t!t:}. '.ff2 *oj]A-J ~7]';::: ~£.oJ]A-J ~~A]';:::~ (o]-~ 

qJ ~)2...£. o]%iil-ol 5l-7J~~.£.Ai ~ ,a,(}o]~g ~,._J't!-Ll-. oll~i!.l ~~ol <?.l'o\l:.t]1c! 
'l!Lil<>ll'-1 of'l!Lil>'-91 2]-1,- 'T'% 0 I t1~"1 °f•1>'1°>'- 0 1'l!LileJ 27l'l/ 0 I °f.oJ-11'1-. 

~B" o}~tjj 27]'1f, ~?.iJ o]~El ~~ J17] 0Jo] Q.}tffA]~, "T~t-o] <?.}~£1:i!. 

~Ylr.7} ~~~4. 0]3!0] ~l~ Off"fi""9} ~£ Off{t~ n.l-~51-lll ~~JI f~~ 'ic.:@- 0] 

°f.oJ-Bq ~1'1 ~-i}oJ °f.oJ-"1'1!, 7l\'±91 oJ-lf- %<>ii 7J-¥-71 '!ta] 0 J'i-"1"ioj '14"1 
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:l~ 1--6. 1949l::l-1978~ AIOI f.HID2} 82-J~OllAi E~e:JJH ~CfCf (llll~) Af012.l OH 
ei NOi. ~H!tel~J.:IH. (OK*HQ1g5:2J A!J:11~ ;u5z. ~g ~e:!§: 12JHI! 
Ol~:!1tiill0101, gJ§: ~~g tH~~5:jill ~~rr 0He:!Xf019J 5JH§I Ol~~rr 

;ugi I 

'l!Yk ',t>J 7]'r 'Jl c<l'i''l, ~c: >l"l'l ':l•Jg_ i!'C1 oloH"f7] ~;,foj :i!f?-i 
of] Lfst,±0.i 'l!Yk'l '!t'J '/l.SC..2t 7,l-.SC. 'll '?71 %% :a.~oH 'a: '\!lJl.Jf '.</cJ-. 
1800\:! 0 1+'1 'l!Yk '!t'il \'!.S'..2t 7,l-.5'.c: qg,f ',ftj- (Quinn et al., 1987). 
Quinn & Neal (1987):C 1525\:! 0 1+'1 'l!Yk;s oja] lt~g_ 2>f-.foj 'lf'J >171 
2} 7J.£oJ] -t!~ ~~i A].£ii}-5::l';::: l:l}, t1Hq.. 7J'7} ?J-9-- (VS)~ \l-lfl'T.'l! ~~i!} 7}

~ %<tloJl '?:!~ lf.~.'.'.j::..g.oJ 7°-12°C9.l o]~;>;]~ .!i!_OJTI, ~11~ 7JTi!J= "JI l-TS4 
~Hi5H~ 7]~~ i5ffoJl T~Jl. 7J~ 784- (S)';::: ~~ 7JTi!J=i't %4- ~ {Jzt~ AffisH 
O]QJoJ1 ~~t lf.1?'! "'T".g. O] 3°-s0c~ O]~J:1~ .!i!'t! "3lloJl T~9'. ¾Z!- 7J.£9.J 784-
(Ml';::: ~E 0]~9.l 7J.<:j=:-i'J'i!} %"T ~ Aij8\] 0]9.joJJ Z!~ JI~T.g.o] 2°-3°Co],.._J¾ 

.s!.'t! 7J~~ •H'1cJ-. .::reJLf, ~'1 "11 7f"I .£'¥- \'!i'oH 9(1:<;J g 3.7II ~~"15:lc\. 
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R 1-1. Al8 2AilJI ~2-f (1980!::!-1998!::!) ~Uh£! AIJl2J iY~ 'il ~ JI~£! ~£1~~ 

'l!! Lj h 7J£ {!~~if "i :il 'l!!'-ik 7J£ 

1803-04 S+ 5 1905 w!m 
1806-07 M 3 1907 M 

1812 M 4 1911-12 s 
1814 s 4 1914 M• 

1817 M• 5 1917 s 
1819 M• 4 1918-19 w/m 

1821 M 5 1923 M 

1824 M 5 1925-26 vs 
1828 vs 5 1930-31 w/m 

1832 M 5 1932 s 
1837 M 5 1939 M• 
1844-45 S• 5 1940-41 s 
1850 M 5 1943 M• 

I 1854 w/m 4 1951 wlm 

11857-58 M• 5 1953 M• 
1860 M 4 1957-58 s 
1864 s 5 1965 M• 
1866 M ' 4 1972-73 s 
1867-68 M 4 1976 M 
1871 S• 5 1982-83 vs 
1874 M 4 1987 M 
1877-78 vs 5 1991 w/m 

1880 M 4 1997 vs 
1884 S+ 5 

1887-89 w/m 5 

1891 VS 5 

1896-97 M• 4 
1899-1900 s 5 

1902 M• 4 

S= strong , S+c:cquite strong, VS=verystrong, 

M =moderate, w/m=near moderate 
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~~ AJ.!i!_oj] ¥!~ {!~ %~~ 2-5 ,.q 0]£ T~-8'}~';:Lil, 2';: 1},Aj~ ~7-]oj] '2-7-J 
% .?J-9-, 3~ ~A~ A]7)2} 7J£~ %!~~~ ~7} ~~o] ~';: 1-9-, 4';: ~A~A]7]2} 
7J-5:.oil ~~ 1.!i!.-:= ~it!:~.2..£ it!-~~ ~ "6}AJ1tl ~n~ ~~oTI ~~ 1:?.!if . .7} r~ 

~£..'l!- .?J-9-, 5';: ~A~ ~ 7J5:_oj] ti:-~ 1:l.!i!.7} ~~~ 1tl ~ .?J-9-£ °6}~11-- %~ 1 
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~ <>i~ AiA}O!l 9-lBffAi ~if£15j_.2_Lf-, ::.1. ~!,!..~ '2-7-]7} £1~ Oirfl %..ll ~~£ ~ 
% £I ;<] ek ,°. 7d q_ .'a.Ai .!/1-"J % iJ- 7' s'-oj Ai :: -cj- >!] -Of '1/ 9-. ¾ {! 7J-£ o] -Of .ej 7d q_ 
(M, w/m)~ •H2 t1ff-'j!- 7J~! 734-54 7J~ 784-~ W"~Ai (S, S+, VS) ¼J;J]~.2..Q. 

-:.- un. i:t,11:: 6-7\:'!. ~7l'J'cl 'llir.£.sc .>i.l'! ct!"< 10\:'! 1l£ 0 iuJ, "1'11:: 14-20\:'! 
~};<]£ {!,jo] 'i!"i~c.J-. "I'd 2<i]7] %'1! 'i'.c: 7aq.;, 'l!if-Of\'! 'it>J A]Z!-Z!-Zl.0-
~ 4\:'! 'lj£;<]'1!, ~7],j<j 7]-9'\'!>1-otl -"1"11 °] '1!£4'71 371 \'!~ 'T' 'l/cf. uffq. 
7J-~ 14-- <vs)~g 7}7:Jjl ~711~.2...£ ~~t}7loJJ~ ~,w ~£7t 1...11r- ~<>iAi t 
'""l"l'l!, 1728\l 0 i.f"1 '1r'J Zr'i.°. 14'<' Yl"i 63\l<>il 0 iec.J-. jj-Ali7l-"l 'it•~ '1 
4';': !I.\'!, 1925-26\:'!, 1982-83\l, 1997-98\1"1 3~'1/::cil, 1982-83\1"1 'l!!J.1.rr.:: 
'?'!¾ '1!1'1 A]7]2f 7J£7f 471-"l 'l!!Y.rr.21 ';SI tj-s711 LfE}'-1 °iotl ct!~ ,HJ-'! 
'?'!'r;, {1¾'12.sc -B-'it•IZ! Af{!o]'U.£.uj, 1997-98\l-"l 'l!!J.1.rr.:: o].>i.tj- ci* 7J 
sf a\ "i 'i' -& 'cl .of 21-"l 'l!! 1-1 .rr. 7J £ 21-"l '?'! ,FJ ~ -"I -l] -of 7 I otl O I 2 sl cf. 0 1 -s;- -s;- 'll 
ct! 7 I '?'! 'r -\11 E} "1 Tren berth :: :r '?'! "1 :;r "1 7 I Li .!/- -"1- {1-tll Ai '11-s! £I "i -le ~ li'- >ti :, 0 I 
O:i~tl ~;;(ffi5}A]t1J- ~~AJo] 9).tj-Jl 7Ji5}?ll ~..ll 9Jtj-. 

:.<I] 3 ~ 1982-83\'! '!I t..J k 

0 ]'1!,°. jl--'!]7] "i*otl 'it•J~ 1997-98\:'!"1 'l!!Y.rr.:S >1]-"lsl\'! 7f~ 7J£7f -\11 

'l!!Y.h.sc 7]","l'UcJ. ::r o]s!"1 'l!!Y.rr.71 -'rsc 12~ Yl"i J~otl A].sJ-'i! '1!4 'i!"i 
0 ]'1!,°. 1982\l 7~'a'/-Cj A].sJ-£1"1 1983\l 7~~1"1 "i4c"i'U9-. 0 ] 7]{! %'11:otl 'l! 
cil AiEll'll 0J-"l uf!J;~ il: 0 1 ,j£ ,!1'1!/1/iotl {la;! %i!c2.sc 0 1%~ 'l'Hl!.0- .!/-"i 40 
Sv51.ej 4'% 2,/ 2..'a. 1' 1l £1 'U.£. uj (Wyrtki, 1985), 0 1 .2f -1!:si 'i! "114' \'! \'! ~:: Ai Ell 
nJ 0J9,J ~5:.~ 7)~.2...£ 1a"~ 0,f~oll ,g;i;i~ '8ll'r1B ~% (sea level depression).£ 
LfE}';J:tj- (:I\'l 1-7). 0 ]ej~ .lE¾"r %,J\'!.of:: -'rg_ Ill.It%% (Ekman pumping) 
otl 7]'c\ofuj, 1982-83\l 'l!!J.1.rr.:S <ii 1±74lsc '-l'r'U% "II '¥- \l!.il'l -'II \l!.il 1±~1 
%~ ~5:. ¾t~9.l T.sff~9.j tH'r1B ~~g 35;.cJlis}'xltj- (Balena, 1992). ~5:. 0]~9.1 

~ '/l.il •14'\'! ~%,°_ :r 'f- \l!.il 1±~1 (Phase B)oj 'it•J~ JRioJ"1 '114'4'% tll'll 
(volume surge)-"! 7.:!2f 0 ]nj, :r qgot] ,j£ o]'Jo[]Ai ci 3711 LfE}'tl ol4'\'! ~% 
,°_ •ii \l!.il \'!;<fl !Phase C)oj 'it>Jsl'l!c:+. 0 1 >ii \l!.il 'i;-'llot)Ai '1!'/!/!/i71 'lt>Jsfa\ 
~ s.. !i ut e.l- % ~ .2..~ '811 .:;:. 7 t O l % £1 '.d ~ r•J. ~ g !2.1 '8114-1B ~ % aJl 12. q 811 "r 'r% 
2,1°1 1.5•1 e<J£ ci =1.q:;r .>i.:;rof'l!c:+. 'l!!Y"'- %~ 'tl4'¾ ol"l-"l 'l!",/~ {}~•I 
7] ~ -Y .8.. '{! ~ *~ 5:. ~ ft (North Equatorial Counter Current) 0119 (Meyer and 
Donguy, 1984), 1t* 11J-"d'J9,} ~Jil.~ ~°Y7]AJ.g- r!l.11:'r¾ <Ekman transport) 0]e}-~ 

}!:it} ~5:.!i n:}-..S.~ V1l ~AJ:i'-t-78£ ~~%ell ~ ~t.J=~ o]J;]~ ~.2...£ L}E.}';d:tj

(Springer et al., 1990). !£~. a!£ '1!'1!11]--"l '1!1'1.0- a!£ 21"1 \l-"1-l'!'i'otlAi 'it'~ 
sf:: £:'c•l/1/i (off-equatorial Rossby waves)2f '?'!-i'!:"l"i '.l)tj- (Pazan et al., 
1986). 
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:JEI 1-7. 1982-83!::1 AfOlOl! A-ltH~g}Q.J <QS:: Et~OH~OllAi g;~eJ- ~ ~£1 OH~Of~ 
~el. !/-1: 1975t'!-88t'!£I l!lrriU!2~';' Ei ~I H:e! l!! l!l rroH fl, £1 1982t'! 
OH:!.!JI9.I OHe!Of~ ~:£5=. OrcH: 1983~ M~Jl9.I OHe!Of~ !=~5=. 
( :;; 1'I ti 2! 21 '.:'. 50mm01 rn . llf ti O ~ H, I :el \::! ,;,a "1 '.:: 295= :;; g ti 'el ) 

(Balena. 1992) 
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:JE! 1-9. 1982!::'l li! ~ 6i!~E-l 1983e! 3fl!JJfAI £H~21 ~5:~0IIAi 0H¢H.e:! ~Af 221. 
iYJI ~rtill 0 £~Ei ~g ~ID rt OHe:!l!!xl-9 ~i!:r\2:1~~5: (500 dbarOII [He]- OH 
¢He:!ir:OI~ dyn.cm.£ UEJ\::!l)ffl 8~Al~ 0 0:I, !.!CH OKe:l~xJ& cm~ HAIOf~ 
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'l!!Yk 'lJAJ-o] '1H,-<>l]Jil 0 1~1::: 7fA],j'1] ':l•J-& ?£ -l'c'i.91- 7J-4'"o' '1!.<f<>l]Ai 
.s!.oj,tlq_ :<f\'!oJIAi -&£91- 7J-4'"o'eJ '1!-"I::: ~l"1"1-"-"'- '--l-Ef'--l-::: 5!0] 7f~ 'll'/! 
~o]r.}. Al.z!-TT.5'..!i 11.:i o]AJ-..Q_~ ¾r:i ~Jll .!i!._1(! tj-± ~TT3J~oJA]1i} T~ ~.£ 

ej 2r 7 I £ '--l- Ef '--l- ::: 'l'! y li ::: \:! Lil "11 °J -"I- Lil 7 I ej ')/- §_ 31 % ej 'el -"I-£ Ai '--l- Ef '--l- uj ' 
\:! Lil Oil <al 'ii'\'! 0 1 '--1 2l- >I 'r 'l! '11 eJ •J Ell ~I <>ii :1c. c" ':l •J ~ 0 1 t! cf. ,; ~I. 'a' 'll O I '--1 
oJ'll'!ro] 7].:j"-\1!§1-<>il \'le;)-~ 11-o)ol]Aj 'l')yk7f 9Hi-<>il up]::: ,'c{;!,". {;!ss 01-\' 
.3: q_ 
i~~ 'l!!yk 'lJ~,". ~\')A~¾ 4\'!'lJ~'_(>_£~ r.Jl7].Qj ~~£ ~r.Jl 

(high-intensity state)S4 A·PJ-.5:. AJ-EJl (low-intensity state) ,qo] !2.J 1ti:* <a,.,_J~ ~ 

-¥-o]uj, 'ttf'J;~ Ji\'!4'-& 0 ]~ (abnormal warming)'_(>_£ r.Ali"li= 'l'!yk 7]'{)<>11 
~ ~t;ll~ 9-';: -}!o] o}Ycl 'il-71-¾ .R1c!Ti?:- o]AJ (abnormal cooling)'.Q..£. r:llH.~ 
::: '21-'-1'--l (La Ninal''' 7J'{)ol]£ '1i¾<>il7ll >1i"l:S i?cJ-. 7J-~ 'l!!Yk 'il<>il ~~I 7J
~ 21-'-1 t.-)71 ttl-21- .l'-7] aff 1"-<>11 '1!! y 1,cej ':l •J_<>_ss All ~I.QJ '1! .,_<>ii !i!.'i."l::: "i "11~>J 
.g. o]ci~ T7}-A] ~AJ2j *~~'U ~~£. ~o}oF ~q.- ~Jt1, ~'d~~ 0]~oJl ~ 

~~li Al-%!2.J it~,': A]Tr:ll7loJl .g.1l7]~~ ~71-A]r-j '¥-71-~'i.! i?:-'d-~ 
(additional global warming)' :S ;lf s) A] ,j ~9-- i '(, "I- £Al Lil 7] -2-e ;;' -"1--'l 91- 'If 
:" '¥!'a -"1--'l 'lJAJ-o] '--l-Ef'--l-Jil "1oJ, zJ-'s':" -l',{)7]'11 >HJ-r.Jl>!j '.ll 0 ]ol] Lil~ 's'>il 
"1'11 ~SJ' (21-\' ~7,l"l"JS,, :;,_,:_ ej>JAi ;;) uf'e! % '!J:'a-"l-"i;, ½0]7] 'il~ x"I 
~ 7]%o]Jll ~5:lcf-. 0]c1~ ~~,'.: A],Z.9-1 lj!-7}-3:j,U -€:-\!§}ofl 2j~ T{li.:! o]..>.J-!2.J 

~7]"1'11 ("i•l)~-'l]ss '--l-E\1:± ''1i'il'1'11 ;,f\')'lJAJ''l)c1I, 0 1~1 'l'!\.-Jk-2}\.-Jt.-).QJ ';,f 
~62l-;'t- ~~~AJ'o] AFf" .g.1;±9'-!2.J ~~19} ~~~ol <?l't!-'?..loJlll] '?]~!i')iI V.';: 
:;'~fq_ %.,_, "'i'r7f -\'-71'1-"-"'- ci~B!~ aft '1!!\.-Jk.QJ 7J'i.7f cj 'l]'al 4' '.U;:>I 
<>ii ti:~ \'!'r;: ofaj \IJ,0<]\'!, i 7}',;AJ% •H>il~ -',';: fil_<>_uj 'ir-'l]7] £ir.Jlej 7J-£ 
£ ,q',- Ji\'!% 'i!~a;oj ~:" 1982-83\:1, 1997-98\:1"1 -9- \l!.QJ 'l'!\.-Jk:S <'i-"-\'!'i 
0]~ 2-J-=t{J g_ r:7~ 7J-€i]-?J] ¾~AJ~tj-. Kevin Trenberth (NCAR Climate and 
Global Dynamics Division)~ 0JA} ,qo]oJl 7J~ ~t!-"'Jo] 9J,r:}..ll ~2 ~9-. q-o,_!-, 

.=l ~~Jlc.17]- t1H4- ~~BlJA1 ¾~.7.] ~~ ~~]~oJ aj~iil iaor ~q-~ ?,!o]tj-. 

1982-83\:1 'l!!Yk 7]{1- -'ii-'1!:oll 9!{',g 's-"11'1 1,llj,'- {!,11~1 -'l-S:-"1 "!Oil AJ-',1:" 
"11 2~<>11<1 :<f-'ll~I '1!-il-•l'.l!cJ-. ieiLJ-, 1982-83\:1 '1!!\.-J'il. -'ii-'1ic 'li'11~1"'1'11 'll11'd
Aff\-±g_ ~_9_1(!A1 1!it-7} ~,'.: 7}AJ ~ "T"~,'.: :i 0]~ 101;:!{!- 0985-1994)~ ~~l 

~11 :rr.£.:::z.~<U TOGA (Tropical Ocean Global Atmosphere) t!-~A]~\!}2-j ..,Z-~ 

<>ii eJ •1 <i 0 1 i!11 eJ 'l'! y 1,c oil Lil •I ~ 'o "I g £1 ± ~ -"-"- ;t ~ 'll q::: 7,! o] q. 
oJ t!-~A]A~~ -=t"'JJl~~ .3.Jl] <M~~OJ~~ i:JI iaAJ7)AJ.{J:~, .:Ic.JJl ~Aj 

-\'l:"';"1 ,11 7f0<]£ '--l-'ia: T '.UcJ-. 'l!~•H':f-\'l:?i".". 'il-H, ElJ'lJ 0J 'l!r.A"i % 8"N ~ 
8°S, 131'E ~ 95"W <1°1<>11 '/!'ll'r"'l-"-"'- 'i!*I '.ll ~':lsJ~ '.U::: SJ' 7011.QJ -\'- 0 1 
(ATLAS) ~]-\,-oil "]~ 'TAO (Tropical Atmosphere & Ocean) ti:~ 0J-' (::Ii/l 1-10) 

8) ~ 7-J oJ]::, anti-El Nino, El Viejo (old man) ~ £..?.. ~%£] ~ .Q..o:j, George PhilanderOll 
91%11 ~tia-B La Nii'lalt 19901.JL!l 0].:f '~Lil %~~ 0J91 op,J- Ai'r-& ~-"Jtj :J.oJ] "rtt!:£lC 
~A]-=?-~~'Z! o]~ ~"<}'Qj tjj~At~ lt-%£l~tj. 
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0 

December 1994 

December 1994 

:J~ 1-10. EH~fil (!?-l)ilf e!I.21 ~ CHfdfil (OfcH}OIIAi TOGA £~:J~OH 9Je.f e:ig OHgj= 
2:!~ Al~~ ,1~~- ~g ~e:! ~£E 212!- 11~ 01~9.I XBT 2:!~01, gtg ~ti 
®£2 e'IZJ- 6-1021£l XBT E!~OI Ol~Olc! El$'£ ~~0121§. ~JH (drifting 
buoy) OfU£ HAI§ ~g 10JHQ.I ::SH11 ~JHS UEJUIQl. ~6:1J!I ~~g ~~~ 
~QJ 0H¢~MIEJOIIA-l 2~ OILHOII ¢~§ ~et~ HA10f21§. XBT2:!~. ~6:!JH 2:! 
~@J. ~JH 2:!~011~. JO-ff 2:!~J!IA!QJ Lil JfAI 2:!~ ,Z~B~£ CH~~ Ol~Olel 
19941::! 12~ 01~ ~AIZ!-2£ .tr:iJ:UIJ:L Al~~eH~l5:: S=2 ~~~15: !?-12:'.lAffiE 
Al2:! 2~~ _!r:i::!~. 
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o] 1)..2.9, %~, qj 0J IE.¾i'r~-t!-~711~ (Surface Velocity Program)2J ~~Q.£ 

7007H oJ,..J-91 ~1H (drifters)~ '?F?-5:A}{:1, AJ{:i %~ {iti---; (VOS), t:1]17]~ 01% 

01<>1 <'!:";&9:1.2.ai. ~<11. E11'll 0J-"I- "1x 0J£1 -ll 'l1 •1"1: 'a'llas ,..,:,i.2..ss 71~ =r 
0J -'i! ~ -'4 711 <'!:~ 0J-£1 ~ ?!- :i'f, ,ft <ii, sl ~I ~I "1 .2. .ss .i, 5011 Ss' ~I "1 'ifs! % £1 -sJ "l ~I 
"l •1 "i XBT ( 'if¾'r',& I, Ji ¾'ll 1"-, '11 'l! 711)-, "l,r, ~ £, :i'f'll" (sea state) %£1 -I'! 

~% ~-,.;HA7 {t-".§~2 '.U~ 70001H AJ5:.~ A}~~'i! t!,~{:1~ (Voluneer Observing 

Ships) 'Al~ §-oJ 9.l.9-. ~"'d-£!-~.g. IE.1;1T.g., oHT1;1 ~~ ~ tt}~~ ¥!-~ii}~ ~ 

,J- <11°J<'!:";% .!i!.~tf:: ;;!oJq_ •1-'r''l! <'!:~-:'- GEOSAT (1985\! 11~ - 1989\! 8 
~I, ERS-1/2 0991\! 7~ - \'l>ll, TOPEX/Poseidon 0992\! 8~ - l'Joj)g_ ~•1 
•i op,coJ;;cJaj, li'l!'r',&-i'- NOAA 5 ~12 (1981\! 11~ - 1'1>11£1 AVHRR -l'i"H~ 
%o\1Ai, tt}~,'.: P]~ ~t!JAd 7}AJ~"'d'i! DMSP-F8 -Fll (1987\:! 7-il - ta.~Hl~ 

SSM/191- ERS-1/2£1 -:l-\'1-~loJI "1•1"1 <'!:~"1<>1 ~9-- l'J>J- 7J"J--\'!~oJl"i£ 1Js"•I 
"il~l7l"J-'1-AI (World Weather Watch) -\'!"; 0J 0 1 ~'l}s]oJ Ei1°J 0J"l VHF "l,r .!'. 

.ssOif',!21 (50-MHz) <'!:~ 0 1 tlH,-i'l"l l.8km.o1- 18km "J-i'~l'1 sf-9-~I t11 \'!-"I ~'I 
n lfJrl'!f! AtE~Ai ;;i;JAJ- 1A1~x ~"'d~ -'t-tt~ T{:l~.ll 1!Q.9, -'d'Al~ t1t~~ 
\1!%AJ g_ >l]i'tl:: UHF "l,r .!'..ss-"l-'>!<1 (915-MHz):a Eil'll 0J 'l!rll"ioJI -ll~I ~ 
'il•l.2.JI 'll,q (:::i.'IJ 1-lll. 
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180 140W IOOW 
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60W 

1-11. gi[H E.liID2tOl/Ai TOOA AfgjJlcf ~e..!' UlJIQ.I At&&~~ ¥10HAi Af§§J til~ !:!~IH 

g/C~2J et~OlJI t±~Al~@Q.I ¥1AI~. Biak (21~LilAIOr}21 Christmas Island (31Cltif 

El)~le VHF/UHF "s'.Ill!/,Jl.ls, Pohnpei (DI0l3s'.LilAI012!!1/)l'l Piura (ml-.)~le VHF 
e.!:il. Tarawa(31Clt:HE1)21 San Cristobal (~2JlH::iJ.~{g)O!l2 UHF~~. Manus Island 

(IU¥0PrrJILl)21 Kapingarnarangi (31CttifEI). Nauru (LJ$2)0llE: ;,;;~E.1-~AI~~~ 

~Al Of~~. 
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;,ff 4 ~ 1997-98\'! 'llt.J.k 

1997\:1 3f 7J "ii 170"E :i ¾11 -"..s'_ 'l! r.jj -'i Ell "a 0JoJI ;tf "1 {} JI. 'll <j n:,,;; % ll" 
-'6'-"f'-7} 'tr%¥~%~ Qf~9.} 0tA]o}-~"r ~~ (Asia-Australia Monsoon)~ A.}~ 

-3}%°'1 ~~ ~-% {westerly wind burst}Q.\ s.1-~ ~1~~ ~~ ~~il\-o\l ~~ % 
"1'-".s'- ol%iof'liq (:I,l 1-12). oj]',:1.9] ?J-9- -'1Eil'll 0J.9] \:!'i'"'l 0 1 -'1'<! 7J'Al"I (',j-

7 I '--1 JIU:' J <>ii -'1-\'- £1 "i- e1 11-:;r 'll 'n 'ii ;!-'I- ::: q ± q :: i<c 7 I ~ Ell s:! ::: ,,1, o I .2J 'If O I 
\:! '? ½ oil "'I O I * "I 7J 'Al <>1V1 '!! o1 "1 -'1 ~ •J 'i! ~ '11 :'. ¾ti "I "ii% \'! 'i'- 71- -'!! it sf 
<Ji;tl'I} 01;101 %'1!'ll 0Jol>i.9] 2'r-& 1VJ% 1!.§f-'],1:::,,1 (~ ~t.]k.9] 7J£;.; 
'Be O I ::: tll I oi 'f! "J "'I -"..s'_ :: \'! -\'f 01 'll c<] lll g_ ~1- .9] 11 'i! q_ 0 i''il 711 °1 %'i! u:,,;; % ll" 
t"T-7} 5~ o].:f i:J]~ ~~~ ~{JE...£. ~tH EJlllJoJ: %-¥- ~ ~oJ--¥-17}/q {1~~~ 
o]•J l±'i'.§f ~-l}g_ "i4s'Sfoj llf<>il _.j:;r;J:, '-1-£1-\!l-".uj, :i "11"1°1 'l/>f Q}:oj-,aj 

t:1-111998\:1 6i 0 i+oJI ~'li"i ±'<'!"l'llt:1- (:I'll 1-13). 1998\:1 !If 01-F<>ll::: Ell 
'1l OJ 'l £ "I ¾ 0J-\'-2l- %-\'-"ii -'1 <>ii \:1.!i!_ q ',!-& >1 'i'-& ( "1- '-1 '--f) ~ -l}o] lJ :ol-"\ 'll-". 
uj , 0 I o[ oil 0J '11 7 I 'ii .9] 'i(- '11-i!'il "ii ~ ,fil £1- ( NCEP) .9] .5'. 'i!! oJ1 "; '>! :i!J-611 .9] iof \'l , 0 I cl 
~ ~~~ AiT.g. ?fi..>.J-o] 1999\:! 5~77P,•l 'Al~~q;,} ::J.. o\~~ ~~ 'B<tl ~o\]nJ 

ot~"i"l '-1£1-'-1-9, 1999\:l !Of<>ll::: 015!£ ~s!iol ±'<'!"1"1 'f-\:1 'lliriil:i!J- ',)-711 
'-t £1- \l-q. 

1997\:1 12f <>ii ::: -9-"1 '-1-"1- 'II' 'Ir 0f '--1 "1- ¾ 's- \l-%-\'-, 'll 1"- \l--\'- "i "'I£ 'lJ \:1.1'. 
q 7J'i''lJ'ol P,l'll;-".uj, -9-"1'-1-"1-.91 'lJir7I-&:'. 'lJ\:1611 •loll !-2"C ,J.s: '1t711 '-1-£1-
'<!t:l-. 0is'- '1liofof 71% %'<!.91 S!l'i'\'! -&sc.::: -9-al'-1-"1- 'Pl'! 71.91 s!•l"'l"il-'1 Sf 
I °C Lil .2J _s!_ 'lJ \:1.!I. i:J- 'a: 711 '-t £1- '</ q_ oJ1 \:1.2J ~ t.] k 7] TI: ¾<>ii 'll 'l! 'l -".s'- .:a.-& 7-:! 
29!/'cl ;!:i!j- 'ite1 1'--l! 01 + ~14< .:a.-&q;';~ ?J•Jg_ -lt"IS!i~-"-9, ~t.]kej ± 
'l! 0 I + 11-nf 7f oJ1 \:1.!I. t:J- '1l" el ';!-0 I s&t:1-. 
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.:J~ 1-12. 1975- 1995~ MO\ 6He!gj20il CHe!- CHJlgJ-Oi ~~~ OHe!Ole,! 1cm]. 

~I: 1997t:"'.! 3ii! ID 2 OH el 01 ~. Of cH: 1997~ $i! @Z! OH e! 01 e:! 
(2.f @.il/ *E ~~Jl/J/ @2;£J:i] '.2-11=: ~ ~ ON£! ~iMOl/k/£1 OHe!Ot~J 
(DI~ Of2JOICH OH*e:!~BO!IAi ~@el-~~ ~£.~OIIA1 ~?li~ ~gJ) 
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::lie 1-13. DIS; oH~lHJlel (N0AA)9j S;,J e><Jrnl<s l!E! (NCfP)~IAj 
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op.]o}-~"T -@-'ic.g.. ~7]~ ~&ofl 'U~Ai ~TT:!J3tA]~ q 0J~ A]{hT.£9.J 

\11_§} (intraseasonal, annual, biennial, interannual variations)~ ~ ~ c~], 0 ] ?J. 0 1 '"-~1 
:>1)7]~ 'i'.:!'i'-~1~ (WCRP)'.9) •~£~ S;-,j'1j.9j~]~'l] '7]~\'!%'J n,) "l]"; !'c.£.::1,'l 
(CLIVAR)' "ii .l'.~-',J si"i'i' 'il"J-rJPl-~o<l A]c'o'J (GOALS) "~.:i,'l.QJ 'r'i! 
-1Hl•l ¾£1 sf'-1-ct . .::iajy-, Ii-& x"i"IIS'. -!,-','sf:;, "lsi'i Ji!.i,°"i] rJ!\1: <>il". 0 1 
A,j.g-3io]A] *~ o]-1} ¾ ¾.S..~ f 7tA]~ ~'ic9.J .£~.::,f~% )g1Ji5t7J ~Df¾ {J 

4 A]~~'i.! (Tel~"§.}~) ~~1Pd D11~oJ] ~~5t~ ti]~~~ .2_j}7t 7iA]~ ;go] 

c}j! ~ T '.?Jtj- (Webster et al., 1998), 
gtr" A]A\!}9.j ~-?7JAj~ .::r¥oJl At~ AHJ-~9.j ~. ¾~. ~~1~~~g Z!S:~ 

A]7]9t ;'.;7]7\ 1!,t,°_ A]7\.£ 'fiJ!o] 'i'-'!!sJ:= -'f- 7\:<] S;-'1,.<'-.£ 'i'11c>],J,q. ;'.;7]7\ 
?,J-.g. A]7J~ -q;j.:C., t1]7t 'i'l.9..!9, ~tJli!ifl 0JQ..!i..Jj!-Ei 4'~.9..£ t1Hf 0 ] ~ 0 1 ~0-j.S>..~ 

>]7].£ rJ!\'!Slnl, i'.!z\1: A]7]:: 71¾'!! rjj~.2..£'/-Ei ~,2 {!z\1: "f,J-o] ',-<>J.2. 
~ A]7)~ ~~~ct. o]i.~~ ¥,~~ <tl.2r7J ~~~ otA]ot, :§:.9', o}E..2l7t %~. ot 

'D\]~7} %¥-o'liAl &~9-. o}A]o}-~"r A]~9.j 7.1q.., {!:?:~ 7:l¾ ~7]7} ol~cll~ 
~Q..£. ~£~ ~.i!}-i!iflAi o]%3tE.!i.. Ci¾ ~cll15H 0J~ 4-{E-¾ 7}~tj-7t ~~tH~9.J 
~7)7t ~~ ~tr (wet monsoon)~ ~AJ~t:l- . .::rilt.f, ~.5:.oJl 7t7JHt A]<!loJ]Ai~ 

','- ,;1£1 ~7]71 i",jsf,i] sJ:=ri], %'1- 0 1''"19}.ej 7,J~, 3-%/'/-Ei 5-%! Af 0 isf 9-%!'1-
Ej 12-%! Afo]oJ] ~7]7f 'l/r:J-. <Ifaj-Aj, Ji!.~-"]"loJ]Aj:= rjJ 0J"i-Af,r-") 7.J-?,ro] l'J-7] 
uJ\ il-oJ] 'l/ "J '/- Ej '5-7,j A\ .oJ 7f 'le ',J: Sf 71] sJ '.j r:J-. '5- 'lJ 7J aJ--& s) % aj .2..£ 1' i,° £1 'i'.:\ 
"r7]A,j.il}- ufl4" ~~~ -l'!:7J]~ 7t~tj-. .g.tr9.j -q;jj! 'g"7]7t ~2 A]7)~ ~t.:c_ Z!5: 
\1: A]7].ej 'rr'l"i'll \'!:of:= '5-7,jA\~oj] o]A,J-c,jo]aj-2 '![ 'r W,.2.nj, tl\.£ o]el\1: 
-rr>l'J uJ\1"-"il 'i'.:\','7]"1]Aj S,,°_ >;'l:o]-7\ •J7]Cj2}5'. '5-'lloJI 'll•J:S '1)-7] '\lr:J-. tl]7f 
Lil e-1 :: ), I 7 I 21- 0J O I z 'e' 'l!: " 4 5'. A I ~ "I '>I 4 7 f .=l 711 "at ~ 4' 'll tj-. "ii \l !I. cj 
"i 1 I '1 711 Lil e-1 :: •l <>II :: 'll '1! '1 .2.£ 'a-at~ ? ~ 0 I "I 2, "I 7f ii O I Lil e-1 '1! ¾? 
'g9.\ 3J\oHoJl5=. ~Tii}.Jl tjl?<\]~ %~~ 0 1€-9-. o]~ ~~~ ~°'1 ~~~~ g.~~ 
7J.£7t ¾.S..3t7].£ 3tA]lfr, --9-7] t.lJoflAi.£ {1~ 7J---9-7t AJ7JrfLt ::~::7J-AJ-t:H~ 0]-'f-C 

~1t!- A]7J2j A]-3} (onset)~ oJ}~8't~ ~~ t:-f~ "5.fl3t9'. ~ 0t7t ~~ -2..rft.t 

~<>l"i" 7J~. EE:= 'lJ-of A\ 0 1.QJ .1JJ'))-E117f 'll\14 c)i'.;,J] ~0\.2.:= 7,j~"i]" \'! 
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'ijej \'!~<>II i'!~ '/.!'i'.'c. ¥!111": 0(5'. iij.2."il 'l!cJ-. l'-€' o]A,}*]71 ENSOeJ {i-"i-

4 -'11 AJoJI 'll •J¾ \re cJ-:: '/.! 'i':: -\1-'il-~ '1! .'c.5'. '/.! 'r-71 {I 'l '1 o1 ilcJ-. Matsumota 
& Yamagata (1991):: rJl'll 0JoJ]Ajej ENSOe] 7l~,f ENSOoJI Cil~ l'-i?Sl "l~~ 
T*l£.~~<3}~..Q..n:j, Webster 0995)~ o]--1!.~7]-- ~ o]--AJo]-- i:Jl~..Q...£. ~cl~~ ~ 
.'c.0J:,J- rJl'l! 0JoJ]Ajej '11°J-cJl7] 'jj~.5'\'l:S o].§-SSf'.,lcJ-. l'-i?eJ "1l7]71 ENSOoJI cJl 
•H .iiL\'!'1i7<leJ "l~:S \l-'il-~ct:: 'lloJI Ai:: C!l'l-1" %eJSSf"i'lr, 5'\'loJ]A1 \'!'il'i'! 
ENSO M], 0 ]~0 1 ~tt" 7]--~4;;:J~ ~~A]~ 1i!-% s:j~~g 5]--A]~ *<'>l--~ :;!..Q..~ 
i.+ E},J:cJ-. 

A]\! 1Al]7] %'i! ENSO ~ 0 Jft~ ~troJJJ.15:. 'T11 \:! Tl]~ ~-'8-AJ 
(interdecadal variability)o] 7Js;f~I y.q,J:g g .s!.'.,lcj- (.:r,,J 1-15). 1920-1960\'l A' 
0ioJI:: ENSO2} 'it01-"] 0f l'-i?eJ '9¾ 7J"r"ai'eJ \'!~7f 'l'l!.2.uj, 'if'lf{l%J<].lf_ 
ISO])9t 7Jq-"al'e] A,}:,!¥!711£ ko7]ej ',t,g. A,}i'f'i'. oJ-'9' nH+ ',tof,gcj-_ 7J-9-'ll'eJ 
~J9'7I 'll-rroJI Cil'11Ai 1870-1890\'l"t 1930-1960\'l Afo]oJI:: rt'.U2."1, 1890-1930\'l 
4 1960-1990\'l Al 0loJI:: ',t'l]:cJ-. .:Ieit+, '11.'c. 7J"r'lf"1 +11 \'l 9'7] '1!%AJo] :,c] 
\:! All 7J oJI 'l!! Y k9t a) '-I \{ej \'! % 'r 7] oJI ej •1 Ai ~ •J¾ '1! J<] :: :'£ :._: cJ-:: ~ 0] .s!. 
:c.S:j~tj- (Krispalani & Ashwini, 1997). ~j!J 0JoJ]Al .J]_-:,=..g- 0 ] A]4:f~TB gtrQJ 7}
% 7] no] ,Q o.J ~ tj- ~ ?;! 01 tj-_ 
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GOALS E...?...::Z.1']91 -'5---8..~ 3":~ ~91 5}-t.f7}- ~~ 0J 1d-"'T"~ (warm pool) 01 
S'loJl ~~ 7}~ fil"o] "5"iJ-5}~ o}AJo}, opr217l-, o}oJ]217} tH~2.J g'i!:"A]~~o]tj-. 

CLIVAR91 g~nJjig.g.. 1:1}.?.. 0 1~ gtr"oJ1 B-~'f:! 't!T~ ~t•'1P,i uJ~e-j~ .2.~ 0 1 

"i, ofuJJc1Jf <'-i?-'1- %•lP'i1°J4£1 i'!:71ltc PACSJOI ',l VAMQSIII "-"'-:I'i>i<>IJJ.i \<I_ 

'f7f 's) SJ '\,'OJ C,. 

10) ~u] 7]~~T U.£..::r",11 {U.S. Pan American Climate Studies Program) 
11) 0}-uJ]cl7l .g.i?A].C:.E,!J ~% ~T (international Varaibility of the American Mosnsoon 

System) 
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:.J] 2 "'J- ENSO £. ~ 

'l! til'H 0J- e<] 7'-cjf 7] (TOGA; Tropical Ocean - Global Atmosphere) •I'll 2. 10\1 
{l:9j Af'lJ7]{! (1985-1995)¾ 7Pl\'!'i El Nino - Southern Oscillation (ENSO)~ 
'J-lf 0 ] •H tf::: L~ c' if~ ~ tf'.l! cf. "; .. I, TOGA Af 'lJ 2. •H 0J- c/171 1l ~ £ '<!-"1 7ij 
~ ~ ¢:j-§-.£..?.. ENSO~ 7}-AJ ~11.~ x]If..~4'- ¾9-1 ii}t..l-'?.l ~qj Ell1fa 0JQJ ti~T~ 
.g.£o]AJ (SST anomaly)g "T1~1l t.J17.] "'T"~ A]{!it.££ ol]~ EE~ ojJ_!i!.5}-7] -'?l~ 
A]£~ ii}-5:;lt:-l-. o]~ ~ 7],e.Q.j q\7] r:fl~t!- .2.'~ (Atmospheric General Circulation 

ModeD.ilt t~ 0J qj~~ .2.~ (Oceanic General Circulation Model)g ~1\l:! (ti~"T 

\'!) 50 {I ~ 7fl 'jf tf oj 1J ~ .. I::: "J-"i ~,'. 'jf 'lJ 5] 'll~ uj, o l"i 5'. 7,/ ~I \'! Oil Ai 9j <)!, 'l,

'l/ :i>~'!r"i 's1 '?-;;Oil -91~ S1%'ll '1% (feedback mechanism)~ ¾ci 7,j:;>tf~I 
7j'l£'1JOf ',! '/lJl.7f 'lief. 

~ l ~ qj 7] <ll l!'"'i!- .5!. ~ (AGCM) 

c/111 c/lsr~ £'<!% 0 1-2-~ ,i~,g. <li"rl'! tlllt ,,.,ref "i"i"l'<l 11~\'!~ ,1°1 
~ ~{1!-AJg o]ir-~ ¥-~~'?..! 1]¢f (mechanism)¾ o]B\liS}~ t~l ~.8..<5}9-. 7]~£1 

~~~Z} l'IJ~.g.. ~?i]:=:r:~'?J ti~"f-lc! .g_.s:_ (SST)~ Ai.£ qe~J ~?:jii~Ai A}-A~]i5J 

B]:i>1i''1•1::: '!l-'1l~>'.Ai ~•I 7cl~"l \'!'?-Oil -"1i'c~i:J-. <>ii% ~\'!. 'l!cJl•iell'!l 0J 
\!T~ (warm pool)~ a~T~ ..g.£. 0 1-"-J.E} %¾.;;Bil~ .¥:.~~ f-a]Lfi;.} ,Y-~ii~~ ~ 

Ai.?.. ~r.H~::: "'J~{!-A] (negative corelation)~ .!i!.'?.lr:}~A], !!.~~ ~%¥-Q.J .g-tr 
7JT<'J'£1 o/AJ:: ~qj 1;fq/Ai°J91 61J4'-~ ,g.5:.0)1}-i!} 1}.:e!-.£7]. ~jl ~tjj ~rJl'-i~ 
-91 .:i',l:,.f:C: '/l:c/151::: 'iJ-.1!£::S _11.0)::: ',l %oli:f. ojaj~ ,fl~,g. sfl'r'l! .g.5ogJ 

7].f-~if {climatological mean)~ 01%~ ¾% (control run)oJl c.H~ 1fqj~~ 1:1] 

:;, ~I ,: >i ti- e; .I: -91 ° I % ;a !I. 0 1 ::: '!l-"i ~,: 0 l'i'- oJ ~ ct . 
.A]~-3:l'l! 7]AJ~AJ-g AJ.hJli.l t!-~~ ~% 7].A].Jl c.H7] c.H"ir~.2..~ 11~% ~\1. 

7ci'll'1! -"1"1 (boundary forcing)oj tiltil '=ce1Jil l'!•I::: "i'i'it£-"1 til71'/l:% 
(slowly-evolving planetary-scale atmospheric respanse) 0] 7H 7H ~ 1] ¾7J-~ Y- ¾ ..8.. 

~ ~->4,._J 7J1f~AJ-¾ ¾~tJ.~. 12.q- ~~T7l~ ¾-c.HTT".2..~ n~~'l! c.H7l~,._J 
{more intermittent, higher-frequency synoptic and subsynoptic phenomena) g ~ 
~AJ7l~ ~~ o]~H5J.~ r:1] .£%0] ,¥!tj-. 

~4 ~~oj~ 9it£ cjf~£•= ~'?-it£ c/1~£-oj tj~ ~::: ~~2. 
TOGA<f',J ~7lo/l ti17I L!sr~ £'<!:i'f •!"J c/lsr~ £'<!;', 1l~iif::: "re' 'l].£0!I 
sf 'lief. 1f"J- "l~~ £'<!~ '11J%f1I ~•H>l 'it'.'. 1i'->1I~. oil:s ~'1!. il 'r7H1! 
'1jx] "r\e A]{l:it£-"1 7J-"r"cl' \'!~ia- "1~•1>11 •H~tf7] ~•HAi "r'!i 'Ji 'r'l '1°1 
{l:<j ~ oJ'l.'>11 'l)- 0 1°1 iif:::117 ii) "]'?-it£ £-.!Oil 9it£ £'<!% ~l~~:::<ll 'll 
oJ 'i oJ '= "J sc. ,: '1! 7ci- •I >ii 'I % t>f ::: 1 I? 0 I " ;;c >ii ~ 0 I '1l '1 "1 <>J O I ~ :,q. >ii ,: 'it of 
'Uc}. AH.£-ft qj~Q.~Ai "Window model" 0 l ~::=r1l, 0 \~-€:, c.HTT.2.. ~ii-€:, ~A]. 
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- Zl -

S'> lofY[io-/rl'o% fofull3 " ll"i>-!l.!\:¾ f•-fefy-& fofo ~foi,, la/a fy[io[i,:f, [du 
ffl'.'.~ ~1?3Ylv~ll-9: 3~ ·ti.ro [:z'.'{6 ~r2.ro lo~~ to{t ~2~ 20"'i£% kllo1},& 
31-i: {o{tifl 3lr~ "b1.g~¾* :'i[~'ff [P.i.y!Y {½[{!db~ \h 3~ ~Y[lofofrrlfa-& 

·-pn; ~ ~12~ i-lin -l,!~ ~to llo~?Y%it1. [L~.& ~t,r~ l:o~iv 
[L-t-f', -i-o 111 llof.-]i', ~ lio-'&lln [do f,t,,: l,;lL [R o -1,. 'o' · t, Jl; ,;c- -I> f.-ji', la fa, tt, fo 
t511t~ -lir~1~~ ~-b \h ?·dk-lo¾ ~lo 0{''.1::3~[¥;~ ·~-t~lo llot,rk W>-"21 ·t.iB~ 
\i', llolo [ioOSN3 {of.-ji',~ -","i', C:~B- [,clL-½ [o "-b-i-o~i! '3-fy&-fo¾ =:t,t,t, 
2o~K1t[:z'.' ~y[t,J~~ :'i~ "5[L'i: rooc-oz =t<;, '(~!J!ql?lSll! 1euoseaSB-1lll!) fv~{o* 

1-r~ltt lo3t:r O~l,s [L-::ZP "-blof,t:"[tf ~[5(UO!ll?J!J!l:ld1) r,,.:~ 20,{o (AlmqeµEA 

A:manba.J.J-MO[) fv%~ (L'i,:{'}:; [o(A1mqe1su! fBWcllll!) ~-1<>¾ *lri -hr (Ifup101 

AJUOObalJ-q~!ll) i'alo [L,!--f', il"i'l-/r C:Jl;lof, 2li< (a]'l:l(o[n 2[,lL{<ln {ofy[io[L 
111 ·t,~ folo%Fr lio% (1UOWUIB.llUO) l,-i/r •~.g- t,-[.-,l,\i',liLlin lo-!;!,; %-!,.',' I~'.' 
il"i'a"- -i-o~ lde[y-f'yfa ¾is,,;: ·t,~linlio liold~&li\c ;:;1,fai>: l½,\,-f.t li<l~i'l%¾ 
{L~~~l,s "1¥-£ ~id1f ~:fi lrio~ ~-l~io[L [lo~~"t5* loW-1"21 %{~-laR> {L-lc 

l'l: ¾f2v!,,-[o-lf -[of2lo ·t,n; lL[lei'f C:llolf1 C:l~toli' C:-13 kl~~ ;:;-[.-,l,li',litttn 
=:{Sf, I,: la In ;; -br l'l: 3 Ile =; fo ~ f.-ji', ~ lo-?,;c-~ 1f k liofo fu [ti% 3 /selo 't, f2 
r · -b ~ li• to tt, ~ l/, ,\,- -Ir ro lo fv % \i', ~ lo k lio fo fir 113 & 111 it -lo 111 lio % ¾ f• -f• fv 
% lo i'i ~ 111 il"fl: -b,:% -M-lls f•-& fy% -h lo le, 3 f, 1,,-ft, loo ~fo 111 o i<, "i', fo li• 

"-bloi<f,i,: 
ltl(o[o -[o-1,.1, -i-oll1 liof.-l/, lololz %-!,.',' 'inl•<fac 1LT,c% %fa& -t-lo 20 
1,1,c,l, C:fYli•~ ldslYE li<ls-t.& ¾&-br %f2[0 'fyfetn ·t,~ ~f•fh lio-?,;c- ~ 

1f =ik2oilflyf.-ji', ;;[olz %-!,.~ C:loK•i'l lLvta-lt &%¾ -brlt lol/,lf 'jet-, 

{o -[n~ ~ ~lo~ llo%1'\-- lo¾{¼ o~~r2~ ·ti~lii{ii ¾~ ~-b{.!?13"~ -~:Hr-(L,& 

-{a [o~~t,! Q{Z Y~ii t6g ~~R> ~~ '~lo ·~..g- t,-(v~ :foitl ~l~Fo¾ ~-(¥ 

id• llo[ojy fv%\i', lo iolz %,/o-?,;c- -b,:i,",;c-l/,lf fv[iol,;l!,-/r% "-bf\-13-h fots-1< 
~ f.!¾4o~~ ~I,} ~%!ft lL~~~ 2~ l.g.~ "ir~~~1f '~[o~"i5 Io~liR[r lo 

-& l R lo f•-& fy % C: fv [io -/r -f'o % fo fu 113 ·-bf\ -13 "[1 I~ 2 -b 2 o I, ir IL {of.- \i', ~ lo fv 
lio 111 % I,; -;\- ,I: -f'o % fo fu 113 C: f.- ji', la lo -? ,a, Ii> 1f lo fy llo I,; fh ;, i< lo fo fir 113 % 111 Jo 
· -b fo Io .fa Io ;s Ii< -br -i> lo fo lo l'l: llo Bd~ f.t lio &-br ::: le i<> IL lio ?v % \i', il" ,,- l/, 1f k 
~n; [lo~[?- W-l"i5 ~~ltJ :foltJ ~-th ~Y~ii [Ll{-1 ~f:.::~ 'Vllr-l.!1-aiif! ~..g-{y:g.K 

:fo~-[LltJ 2-4? {L~iftt-6 ·ti,&. lo*-k ~2"i5 ~~do'fo [lofr-b:r ~-{!?%lo 2Q~~ 

fY[iolni',% [o;,,; ,!--[n lio~e, ,cl/,-)( '-t-,(ZJJ,J) 111,1,¢ 31, le:O 'inol'b !<>lo!• 
Io -io 2 o I,, -I, ,I: o Ile -br =: le Ile I,: ;; f.- \i', la lo -? ¢ Ii> 1f fy lio I,; 11s 3 I,, fo fir ff3 % 

(WY.)0) W.,. .s-~~ [t:, fo 11¥- J.c Z l>' 

·titoif1d ~-l..gj!{{y ~ l:z-tZ {r[z ~~%lo ~,,potff;}lll UO!leqmllacl., 

fvj/,~~ :&- i,~i,; ~ft 20!,ic[L ~I,;~ l½&R c:-~E ¾-a 



• ';~-°-I~ Oj~,JOj -~ Oj~ ~ti~~I. "1£~"1"1 Jl'/! ~'r"l 
{equatorial cold tongue)oJlAl %*-t:! %£] 7]~ (~ol), %tQ:f.Q.J 'i:f~UJ--8".f ltf~ % 
0 1 °f"i -rr'll>l"i 'l/>'1 \',le} . .'E~. %i''i! •1?>1 °1;'<"1-"-I >il,,_l'i! ;!>1',j 0 f'l! 
cJ1 •l"loJl-'1 Jl'l:!'71"1 'i""i'll 'r 'll:::-'1£ 'lt 'r \rti:+. %Eil'\l 0JoJl,,,121 •ff-ll- J,16 
cJoiJ .ft~~ oJi:l~ .2.;r: ~~~.': ~OJ ~~o/JJ.i 71,11- 7J~~~ t:r't!~ W~ €cf-. 

cJl 71-~ 0J 1l '1'}>11 21 -;-! 'il 'l!'ll >J :i!f "i-;-! OJ >J (nonlinear dynamic properties) g 
7.1131::: ;!." 'llrr 7J+ 0 171 aJll,-o/1 ,iJ'Jl"i-"-I '/!i5f::: 71-¥~ {!>fi5f~I >li'!~ 
4- '.U:: ~1J-£.i:JJ2j 1ij~o] lf.~4".g. oJAJ2j ol]~4 ..-::1~9.] 7]~oJl q{~ 1f..4~ }l 

ct '!HJ-'1,1 tf71 '11•1,,_1 'l!Ri5fc}. 1l'l'f5'.'<!." "I." R% (small perturbation)oJI 
*Ci ~{}ii}~] ~%<5}~, r.Jl7J.2._~o]y- %ij 0J£.~1?]-E._.£, r.c}.£. ~-§-Cl}';: ~~.5!.tj- ~ 

{/-'I' 0J'Jg .tl. 0 J::: {!<jof 'll"t. 1J'l'}5'.'i'/o/l 21'1' %eJl'lJ 0Jo/l-'121 JI~ ~'T'"l 
{cold tongue)91 ~ff"ia_.g. '€l~-3i.Q.£. {!;tJ].!i!_tj- Li,¥- 7J-"6}J1., t.i-Y- ¾..ll, EE Li~ Ai~ 

-°-I 'l!el ~,J-£1::: 7<i'J 0 1 'l!ct. :ie14, .!/-~.ti.ct£ li'B'r-/c-21 7f•J- i" '11%>1 
(bias)::: cJ1°J"1 %>1 °J,!:'/!g ttfef-'1 'lr'J'l'ct. •1~'<! li'l:!?-&,"- %Eill\1°JoJl>i 
:: %-~?.il ;;i;}{fA] ?l:i!., AiEJllfa 0JoJlAi';: ¾~5] lgA] '?£711 Y-El\!-9-. .£~-€:- 5':.~ 

%eJl'\l 0J"1 '!Irr 7J-¥oJl>1 .ti. 0 1::: "1£"loJl-'121 7J-~ "icJl'li'J¾ .i!fso'll7f•I::: 7<I 

•J0 1 'llct. "';, .ll.\'l?-&.i!f 7J-,9-'ll' 0 1 "!£ 'iti!coJ1>1 Li.!/- 'lc,I 4E1-'d-r+. ENSO 'r 
7J °s'JoJI 7J•l~I 'll'J¾ uJ>J::: l\lit '/1\'!% i\fi'<'Jl\£ "1'1!1'1"1-"-I 7)-9-::: {!•J 
0 l '.ll q. "I sc. 'r ,l 111 (ITCZ) ::: '1l ¾ 4141 s\-1'!:T'oJ) >1 \'!:~ '1 ::: 51 :i!f 'it el !i'. '<! oJl 
-'1 ::: "I £ 'its\- -°-I .§J ¾ ~ q. cJ1 -'\'-li'-"1 1l 'I'} 'i'. '<! oJ) -'i .ti. 0 l ::: 'il zJ-~ 11- ~l ::: "i eJI 
l\l 0JoJl>i 'd-'r"l (warm pool) 0 ) lO"N;,- ttfef %'i'-"-I Li.!/- 'l!el ~,J,i::: ;! 0 )i:+. 
0 1-t! ';'a-"-I >l~'il 'Js\-"J'J T'•I (gradient)::: Lj.lj' 7J~ '/l:\'l, %•i'!l-•J T'•I 
::: "I£ 'J'i'o/1 >j Lj .!/- Qfi5f Al 4 E1- 'd-ct. % eJI 'll 0J"1 "I£ 'il''i'oJI >1 Lj 'i' "Al 4 
E1-4 ::: .l£ \'l ?-& ," eJI 0Js\->1;:; "]- 0 I'?::: T % "1 .it "I 71 5'. '<! oJI -'1 .l'. ~ '1 Oj '.ll "i \'.l-
7] nff~oJl AJ7]C ?;!Q.£ ~'i!cf-. 

11 'l'r ,,._ 'i'! g '"""'°" -9-el ~ Sil "I sc. 'r;,, 11121 \ll 'r "l 0 1 ~ 'll'•I ,1 i" ,i •I::: 71, "1 
"11-'i "I £ oJI cJ1 oil "l t/1 'ii "I '<! ,1. Sil 7J ~ \'I.\'! .§J-;:; ,,;. 0 I tc 7f "I ::: "111-oJI 111 'I' 0 I ;,, 
~ ~~~'?..! ~%~ ~% T ~~ ?;!<'.l]t:1-. ~~. qj7] Llltr"tr .2._r..jl (AGCMs)oJ]A-l 

.l'.~"i"i \'.l-." '11'f\'P}%g ,iji'jtf7) uJl1i'-oJI, "1"1"1'<! :;J~I 91"1 !local boundary 
forcing)oJI cJl~ "IT'"!'<! '1!%% 7HI- -l}!lVJ'.l/711 >il%~ct. 'lln 'J-eJl(mean 
state).91- 71 .f 'll it '1l \'! .§J- (climatological-mean annual cycle)7f uj el 7f ,t '1 ::: 'i± 
\? 1J~5'.'i'/% >f%i5foj 'lit/I Eil'\l 0JoJIAi21 li\'l'r-& 0 JAJ5<J;s ',I ~I'll ~"l"i Oil 
";i5f::: ;! 0 1 'l!sij oJ-','"l"I-"' '.Vi:+ . .:J'eJ4, 1990\'lt/l cic'l!"il 'l!t/1 Eil'll'lf"/1>1 2-'il 
%~ 4Et\:!- \:!-T7l{!- {warm episode):: A!]~.?.. oJ]~~z] *tt:l-. ~AJoJl {!-~ ~ 
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tj Lf-& 0]'119) .lE'.'19-& o]AJI'!~ ~o] ~ cj ';;!:;,J £Afisf7] ~'ii>ic: ,1111'!"1-otl 
J.i,¥-E1 T{1 ld_ oJAJ77}A] tj. 0J~ A]{r*Y.oJ]Ai t:lj7]2} "3ljOJ§j ~-~t:J ~1 g_ .:i!.i:=] 

~ 'l! .fl. 7f '.ll tj _ uf 2j Aj, 'll ')I 'l '11 "ii "; 1] -\'I- (operational prediction center) otl >1 :-: 
'$lr.Jl E.Jl,:EJ 0J~ ~%;.Jg *~i5}?;:: %e.l~ 41JoJl til~ 0\i5ff9} :i)~.2.L;l/~ ¾%i>t<xl 
:.J.. Jt!%Aj% oj]~i5}~ ~JAJ~ ';;'~o] ~.fli5}cf-. 

1J"iJ-5'..L;JJ-S- ~7-1]"6}-C c~ ~.8..~ T\'Gt- 7]'€~11 ~~J~o] op,j 15ff~£jA] *~ 
AJEJl9-. o}-3!77};.q qj7]9} <'Sff°J ~ ~~ AJ*~ ZjA}{!-Zjg 't!~Al:11:--= :;!o] oj~Jl] 

11 ~ 2. \!l §I ~ :il}oJl ~ "OCJ g ? ~:::J•l oJ1 -TI~ 1! "<'{j o] ~ 11» s:j .:i!. 9J := AJ ElJ 9-. iiJ1 °J ~-¥! 
.£.~§I Tlff?4A}~ 'E'711 offAi (< 1° x 1°) Elj~ 0Jg 7}£;,;j<c!t:, t:1}~{:-~ {l.'2..~ 
~~t}:::: ~5:. £~31} (equatorially trapped waves)~ ~g_ T 9}g_ 15:.7} £11B, 

11~.2..~£¼] ENSO ?7\~ ~1!-3:J..Q...£. AijA~~.sff';lj T '.U,tj. !fr'?.} o]ifi .2...S~- {}

A] *~ ~% ZjA}Z}zt g ~JI] <5}1(!, ~5:. 31}%£~ (equatorial waveguide) 1-JloJ]Ai 

9l .lE\'!4'-& \'!~::: c):: .ilf11 ~ -',-•l"i ?.s'. 0 1-'i-<>i"l'1I "19 ENSO 'c7]9) ,Joi! 
.". "i-il-ll'i'11 '!!.ilf~ ',/'1I 'i!cJ. 11ilalot1>1 t:il7li?¥!- £'1!'i"f~ \'!.ol->l•I::: iL 
Slfotl t:il•l•i::: 'Jt:il'IE-.s'. of::: ?;! 0 1 \'!.s'. WcJ. 'llc"i t:il7]i?¥!-£~"l 4''!J,j,cf7f 
¾ .". 11 ii£ "1 ° I 2j \'!, 0 1 7,l -& 'll. t:il % Ell 'll 0Jotl •i J!. \'! 4'-& 9j 'l! I'!~::: -i!-;) 'I _Q_.§'_ 

'l! a; <>I 1-]j l/l "] 'l! ENSO 9' 7] C: Lj .!/- "i Sf '11 '/l ~'ii \ll ?;! 0 1 9. t:il .!/- 11-9\ 11 ii£ ,'I ot] 
•PHJ t:il7Ji?¥!-£,Jlo] '1! 0Ji?¥!-£<~.!l_tj 4''1l ,j,cf'{},jo] >J,J-SJ \-)-& :,J-,'-otlc: 
t:il7]9j aj 0J Afo]eJ "1%;,l -'I-%~ ,ff'ljSfc: ?,)oJ <>I'=- ,J£ 'l!¾'il 7,jo]q_ :.i o] 
¾';: r.H7]';i:-~5'..~0] ~!c. i.§:ej:.~014 ¾.f:. <ti~ %~~4 ~,': .H.'t! T.g.AJoj]Ai9.J 

~,': Tf"5'..T:i: (fine structure)oJl ~g ~ T <JjJl uJ\~ 019-. 0J't! ~A\]~ tff~ti\.7] 

~'il•i::: al'l!\'!"1-9\ T'\o?7J \'!%'J AfoJ9j '<!,VJ~ ¾<i -,!c 0 J•l~ -¥/.fl.7f '.l/ 
tj_ 

~ Y .rr. ~ off '; ii} 1] q.J ~ .£. ~ .g. % ~ ~ £...?.. % 711 £. i::,i! 4 ~ ~ .2. c;Y..?.. 4~ T 91 
ti-. %71].£.i:;!!oJ]';: CCA (Canonical Correlation Analysis)~ 01%~ HJ-~ (Bamston 

and Ropelewski, 1992), SSA (Singular Spectrum Analysis I~ 0 1 %~ '!i-'ll. 
Autocorrelationg 01%~ l!J-~ %01 912..ol, Qcj~.!i'..L;Y_?..';: ¾Z!-t!-J.fl tj]7]-i5H 0J ~ 
il£'1! (Cane and Zebiak, 1986), "!<!--',-al hybrid£'<!, t:il7l-•1°J 7.li1£"1 .!,j-o] 
'.ll tj_ 

"1 4 ~ Cane-Zebiak .5'. ',!I_ 

4.1. cJl7l "i•l "J-161 (Zebiak, 1986 %~) 

-(P'/p,), 

- (P' Ip,), 
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E (P"/po) + c~[(u;)x +(v:)l] = -Q1 - Q,,"- 1 

(), - aTexp[(T-30'C1/I6.7"C] 

(j; //[ M(c + c") - M(c)] 

M(x) - ( 0, X <CC 0 
X, X ) 0 

-'tl<>ll"-l Q, ~ ~~ o]AJfa;] (sensible heat anomaly)~ Y-Etl.lla:J, Q: t {}~ o]AJ 

>I (latent heat anomaly);'; '-1-E\\!!'1-. T(x.y,t)"::. :<]'lJB ~'!Irr SST 0 1"1. T:C. 

SST o]AJ~l9-. C(x,y,t) ~ .A] 7J-tl_ 1llla1! Jf.~¾ Tia~] {surface wind 

convergence) 0 ]oj_ c" :'. n'/!"iiss 0 1'1121- {!: 0 ] ~l~"i:C. ?"1"1 "r,l o]-l}~] 
(anomalous convergence/t:}. 

c" = -cu:)% - (v: )) 

'11<>1]Aj "1%'i! tJl7]"lOJ-,"- Gill (1980)"i]Aj •1%-<! '1!4 Qrj- ~-
- AJ "c!-.,,,JE!l (steady state), 

'I £ ~I El 'i! <>ii Aj .el cl '!I 'll '1 "J- '1l "I ~ 
- ~ 1 P}%,& Rayleigh friction EC: Newtonian cooling 

- ~7)-tr't!-.g.. 7}~ 0),-'J~) (heating anomaly)~ .2J~.2...£ tt~tl 
0 i'l!:'. il SST anomaly2t -i'PIIB :<l"l'l'<! 7}'ll4 

iil r.H7l :,;~ ~£1 ~£ Tia (If..\1¾ T~.2.£- uff7H~T~)oJl 
7] ,1 'i! '1-. 
T~ S-l¾~ (convergence feedback)t ~7-t~ (iterative procedure)½ 
<}%<}::: 5'.'/l<>il 0 1%"19. 5'.\l!<>IIAJ zt 'i!~l.91 7}'ll:'. c1 '2~1.QJ "r'll'll-~ 
uf :' '1-. 

- 5']-:','/l "1-% (feedback),"- if£.2j- -i'!'l'!-t! 7f'<!,"- 1!~1 ef,J-'l)- 0 1 "rsltf";:_ ;;I 

q.<>1]"..! -3J-%,;f7] Uil~<>il B]cj',jojo]oj, 
D ~l~'i! 'i''ll 0 VJ-~l.2J-
iil 'i"J~ '!Irr "r'll<>il -\i'-AloJI "i'l-<!'1-. 

- ~lt!-'il "}%9I ~4le ,lrr 'i',lrJI -¥-c<>IIAJ SST 0 )-l}>)<>il rJI~ rJl7l.91 '1! 
g, ~-i>l ~5:. y,gqJ (ITCZ !:E"C SPCZloJJJ•i~ ~%oJl il¾¥!9'. 0 1~ ~¾ 
:'. ENSO 7]{1- '\s'"il -i'!~B ef,J-'l)- 0]AJ-~)"i)Aj i'Plt}rj-_ 

4.2. Sil 0J "i'fl "J-'ll"'i (Zebiak and Cane, 1984 %~) 

Ut - /30 y V - -g·h, + __L 
pH 
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fioY V = - rv 

u -

J.i!I- 2::: ztzt AJ-t:i!f sft g t.fEf'-lloJ, AJ-tft Af01.Q] ,;Joj (shear) "J-'<l"l :'. 

- __L YsU, - fioYVs pHI 

U, = UJ - Uz 

~ oJl A~ JI ~ %~ u1 ¾ ~ E.. 'a, % -,;; %4;:- (entrainment velocity or upwelling 

velocity, w,).g. qg i4 {J- 0 ] 7'11~~ "'r 'U9-. 

"aI -ui•V(T+T) U1•VT- [M(w,+w,) - M(w,)]T, 

( T- T,) 
- M( W 5 + Ws) Hi - Us T 

~ ~9-1 .2..'E"~ :;!~ t>J-.f:. 0 1-'J* (anomaly flow)oJl ~~ ~~l 4-_g.~ 0 1-ft-~. % 

.v.J1 i;J-,C: ~~ff" (mean flow)oJl ~~ "'r_g. 01'?1-*l~ 0],W.~ 4-El-i.ll~, P~Ajt!f ~J~ 

lf.¾21 ~ {J-fll~~ (thennal dissipation)¾ ~o]~tj-- T(x,y,t)';: :i:]7J£1';: ~~ 

SST~. T,(x)';: A]~Sl';: :i!JTI" "'r~"'r_g. TJ:Jff (mena vertical temperature 

gradient)~ 4E-t\R9-. lf..¼E...£ JI:!~!il:: 4-_g. 0 ],'·J-*l T~:: q-g4 1[ 0 1 7821~9-. 

T, - rT' + 0-r)T 

h > 0 

T2[tanhb2(h - h) - tanhb2hl. h < 0 
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h(x):= ~178¥! AJ¾~ ~1!"~ 01~ Y-E.f-\:Rt:l-. -=:Ii!lJl. T~~~ T.g. o]AJ~l (~ 

7.\-).Q.J -,Z.llH T
2 

:= %'5" 0 1 ~faH ~ TIii~ AJ5}¾ T.g_ ~} 0 1 ~- AJ-¼ ~1111£. Y-~ ~:i!} 

"9-" 7f>J~cJ. ";, 

T ~ 
' 

( T- T,) 
H, 

oJ~~ %~~:: %.Q.J Ti?:, oJ~% ~¾QJ ¾%, ~. 5'..i:~ "'J';.Q.] 1¥-JJJl \!!~£. ~l~ 
5}:: ~'?Jr~], Ti?:,.Q.J T~-,Z.5:~ J1AJA]7].Jl "'Ji5}£. 'i±ir<5l o]%~9-:: 7}7J% 1:1} 

'\I-~5' ~cJ-. 

' (2 days)- 1, Ca= 60 ms- 1, a = 0.031 m2s- 3"C- 1, 

/l 
r, -

1.6 x 104 m 2s- 2 , r = (2.5 years)- 1
, c = (g'Jl)v 2 = 2.9 ms- 1

• 

(2 days)·', a, - (125 days)-', r - 0.75 , T, _ 28 t: , 
T, - -40-C, b1 ~ (80m)- 1 , b2 - (33m)- 1 , H - 150m, H, - 50m 

.2.~ isH 0J,.Q.J ~"Of~ ,}i~ {}±"?~ .£.~ (linear reduced-gravity modell 0 lt:f.. 

~<>I : -'J,'-fzt'll (~<>!: 124"E - &l°W, 29"N - 29°S) 
- 'li!Yk %'11-0il ?.9cef¾.QJ '1!"1-.91- J!.'/!7] 0J-"1 '1!~;; AJ-l,'aj2_.sc >1~ 
- -l/>11 '11°Joi1,1 .>1. 0 1::: ¾'J-li-"1 .JE\'! 'll¾~-)}g ,n~~171 ~•1,1 'll'll ?oJ21 

uf 'lie t (50ml o I -"-~ 'i! -;I °il "1 o, 'll . 
('i!:, "l.<r. '11"1"1 •1-;l'll"l ~•Jc% :;,ej~foj Rayleigh 0 f'lt"l ~ -'<.~) 

- .lE t 'll "1 'i' •1 ::: ? -& SI¾ 1' 0 I Oil !lf el-•i '<!: '1! '-I ~ 
{~. lf..¾oJ]Ai~ l-J-e.f-l-J-:: Ti?:,~~:: .!i'-A]W) 

~i!JI.~"ft-:: ~~JE 7].:f l:l}~g o]-§-~ .2_i:j£.Ai A]{rf>t.Jl, KlB* 0]"'J7<l-ft 

~'-'II ~1-;J-~. 
5'..i:~ JI."';oJ]Ai.Q.J ~<=1:f~.g.. Ti?:, o]~.Q.] ~o]~ 7]~% . 

.A]ll~ "l:r1~: ~it tH* (mean currents)2} 0 ]"c} isH{} (anomalous currents)ol1 

.Q.J~ Ti?:,.Q.J o]-ff"~ £~ . 

.lE\'! 'l!?"i 0 ]'))-,". 'i'!"\-Oil>i .>i. 0 1::: "arr AJEll.sc •J--l]- sJ,i,J::: ;;a~.sc ot>l 
"l'll SST 0 1-ll-~loJI •l~l~cJ-:;, Jf"J~. 

•lcJ-oJI 7f'1i"l::: .<J"l-& •HJ-%"1°19. ".lrr •f;;t'l!-:i'f cJl7l5'.'J.sc-'/-Ei <?;Ji' .R 
1?1%g S:~~ %?:l o]AJJ,;]~ A]{!-5t7] ~tl~ Jf.tt" %~~ (standard bulk 
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formula) 0 1 >1%-11'1-. Oll 0J"1o/"1 >J{f {fzj2 10'll 0 Jq_ 
cJl7J 5''!!2 -!/'Ilic ef',l-:S ,J'l!Sf7J -'/1'11 'sll'il: tPJn SST 0 1'1]->J;, 0 J-§-sf 

cl n]i:j ,'t--§-<5}-~ AjAJ- ,.,_JEil (steady state)g ~:::9-. ~7]~ 7}~g 7.1]~"6}-~ :41] 

g f" -¥-~ 2...£.. LtT~ i) .R ~ T-€:,-"J(SST field) 4 nJ l g o] f-::: ~% 2...£.. ~~ 

7] q.JtiHAi~ 10~ Z}?cl.Q..£. 5}-oj, ii) ~-¥-~~ ;:.-5:.. T~ Sl~~ 41 {moisture 

convergence feedback).'i!t "t!lil~ 7}-~ -¥-*~ PH-%1 o]AJ-9.j '-]{} {r?c].9..S.. t:1}-~7J 

£1 ~Aji!}AJ~ lfl-*i:>l-cil 7-1]~~2..£.Ai ENSO {1§.9} ~.g_ cHTT.2. 't!?}o!l~ '{!~Jg 
n]~1A] ~2..'t!Ai o}-9 ~2 ,t£9.j ia,._Jg ,¥-:':=.~lll ~l~ (smoothing)t>}-::: R.i!t~ 

'l! cjJ >1 ejJ oJ 0J (14!,E - I 7<M')~I >1 '-1 % (westerly wind anomaly)% 3'JI £7.::! 
"."£ ,1 g 471-!/i'! (12-!/. 4-!ll 7f'i, ~ .21"1 :s 'a:\ 01.il 90\:'l{f ,j~_s,t!)g &-%Sf 
"1 ,Pl- ;s "1 'll r+. "17J '-i 7,l Af 'i1: 'l! {} 5c. {I 'ii 2 901:'l &-% % 31 \'1 <ii 51 c: •l ;;' 
::f:7]S:~2..S.. 5}-cij 25\:H15i! ~%oJ]Ai 1U,J"6}-'."S,~r~l, ~4~ j::7]S:~oJ] 1ll{}ti}-:.z] 

~~9-. 
C{j7] 7}-~4~.g.. -'f- 7}A] ~~oJ 1JA]£1~9'- ~~. IE.'t!T.g. oJAJj;]ol] l:l]?;lj8}-::: 

7}~<5J J.!l"T~ 10% ;:DI] ii}-~9-. :i ~.i!L y.g. o]"g-j;] ~Aj~~ 3.Jl] ~7}i5}-~.2.. 

Lt. t:.}-C Aj~~ ~ ~-1!<5"] 3 4\!~ T7J!;: 7}-A].i!. ~lT~t!- {!%g ii}-~t:l-. ~. {] 

%~£1 ~{}.£7}- :U% Al{!"TT.2..Sl 1?]{;£!lCr o~-9- 3.ll] Y.~r+. o] ~~..9-.~Ai 5'.. 

rJ19.J ~~o] t.il7]~ i~ 0J ztzt2J .2.1'1.oJ]Ai ~-~ T 91:: o]AJ?;]~ ~~AJ~ T '.U 
Cl-'.: :;!~ ~ T 919-. ~ . .RJBT.g. 0JAJ?;]~ "T"~~ JIJI, t.il7).1i:.~2] 7}~t.J- 'i]T 
(al~ 10% ~7}A]:;7]1r! H}'if%-?:l 0]"<J-;i:]~ 20% ~r.HA]~ T 9J.;,;]1i}, ~~.2.~oJlAi 

:: '4 100% AJ.£ ¾t!lA]~ T '.Ur+. %~, Ai¾21 'H"-& T~ (low-level moisture 

convergence)~! •l ill! t;f c: 7f',j •J- 7ll T ( /J) ~ 7% ;;' 7f>] -rJ, :S uJ1 "1 2 ,l '4.21 'll '1! 
~'?] ~7cl~ ~"o}A] <?£5!-tr+. 0]~~ 1}~ 01 -3l"~ TT.2.9.J qiAJ-oJ11i!- ~l{f.Sl-.:il ,e. TT 
.£~ T~oJl:: if,JS:~ ~t.Jg JJ]~g g uJ~G--

q_ 
il .l!.¾~l>i 'l!7.J-;Ji%:S 30% {}so>Jifl lso'l!•l{!c¾ 125'll~l'-i 160',lsa. 'ie<>l'il"l 
ii) 5''!1"1 •f'll-% g"j:ilf i'i:'1!)!c: %"1"1 (bulk formula)~l'-i '-1%-11 °1~7ll7° 

(drag coefficient)~ 20% ~ 71-Al ~ -

iii) llair -8-~% 30% ~71-Al~-

iv) '3ll °J21 equivalent depth~ 13% ½~ (86cm -- > 75cm) 

v) o~ 0J2j equivalent depth~ 16% 'a:~ (86cm --> 100cm) 
vi) ;,;i 6" (subsurlace layer)2J &-%rJ= {;~¾% 30% ½~ 

(so'l!'-li'! 0 1 3071~~1'-i 4211~"£ ;;'7f) 

0 1'1 671"1 {al';l:S -'.s-t;foJ 'l!B;Ji%, 0 f~7ll7°, 'lln•H-il-, equivalent depth~! cJI 
~ 'il~}£7} 5'..f 3.Jll 1-}E}';;ttj-, i) - iii)~ :1 ~ AJ g +~-~ °T \JJ.% 1i!-~ ~.g.. 
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lo%¾ !>¾lo lloiY% kllor,cHn [off, ,k lnolli lrlo«•iic -jafy[lor,cffn [rj,jg -lf ti 
[L -/l- '[fa=: lo-b--1£ [lo l>-lf lo ½ ~ =: ,_. fv-ra fy[blofy I< is- lo fo I!, lf, [L ff, loo -!'c ff, 

~~ ~f-iB-~ io-fv~ -=,:;-:;err llo-io-& "l{l,.iR, ·ti.lo~ ~b~ ~:f~!b ~vl:o~} lk-l!i!-li: 
~ -lL-=;>R-i. k-t-2¾ k-lL l-2~ ~w~ -k;n.g-tz[v lo%~ lrf.i ~~ ~to~ -ro {Lt2 

,!r '[~1~fo "7" ¾ E-bB,R,[L [1<;,f.,,il -kltt ts"fili.Y{Y B~1z Rii2b-lo [o~ "Wlo llo 
1~-K-\0 t=2lo lo%& lod~.Qlv ~~ ·pro z~ ¾~~ R,jyf:i,;:{?: rrt.it91:o[L [lol!-1 
~ft) ~(Al!=)!poµ;xie) fv[L"i:(fl (t;sd_g{}:[v ~,&) ~Y{lolttlt~ R,jyfy~ lo~~liLltn 
w.io lofv[L°'i::R> '{6[r~* ~lrfo ~{rrfz ~~ro [!i!¾¾ J:.y20%-tr tow.in lo 

·b[ojlc[~ =:tit,.ti [o-(z[L *""E 1f½ lo~-/,ff, fy2[L[Y =:, .. -fd~ 20S,, 

-I', [rffL3l,c ftZJJ,! 'inti-tat, ftff,i;' 1,SS fyffofofulti% i'"% 'tif2c ·bii\bti 
¾il:'E R,t,c-(z,£ kllolo{y (ff,!;'> ~,,-~e, Jrr ('fl;')% =:t1o¾~ bi>fvil. ¾il: 
~ ~½ [L[5½f-:£ -lL[:fi~(o IrE -k""i5 {L(llld!pe.18 J.,SS) liR-r: ~-:;,RiJf _gfu '.';.% 

.g.~ '~{R -Efu ~[lo¾{L -br~lo •;:; ·pg ltl{!i!.f¥fv {L(A{l?WOUB dA!)R8aU) [¥-fv[o 

*""k E[rk,/S [oj}[, *""E 2a{SfL~ fL3f,f,iz [vb [lo1'e, ~"' ai2[L 
¾ 'rrt2r ·-pt5 lk-l.<?~-B: -ld~-fvlo r llo"fflln ld!i!* [;:¾~ %-iP -!i, lr-15- ~ l~-t'v 
[o i, e,{Si/, [lo(lIIS!UBq:Xllli UmJBd!SS!p) -!<[L[l,{z 0 -[l: -!o(BUldUIBp ["1I1IOq1) [l,{2 

ll, lo¾Jf fol!, e,{e-!<[Y [L[rk,ll, lefd~ fL3.f,f,iz C:ffo¾~ .bil,i'< a½-wl/< 
E ~f-iW"'? lfc21S llo~-lL "[Ir~~ %R ~('f1'?,,[o if.{r Tz~y [lo% lolil? -.rq,[R, ·p 

i,[nlo ¾K' C:-bfole¾ [01'1,,16 liofv[L½le C:[<,'1,,[o OSN3 fy[lo1",o lidl- 'lnofo 

"" -ro % K' C: bi> ii', [I, lo [lo-Wl/< lie I~ lo-&;< fu C: 3.fd• iz R, t,ct.,~ fY20 [l, cY 
lo .bll\R a fv-lol,c loci& i2% i'"¾~ -li,af, 'lno~i'c 1~-r.t,c fdL ;;{¼ 'il,i, 
'bl¢R ~'R~ ~&~ -B:=-lL [~l~-{.@-f'.,.-:fy [ll2iJt ;:.to(-)g ;:.[o(+):fo -{L[:f1'?,,[o i}-~ 

[o:S:e, lo-,l,i/,-J,; ;;[l,fy lol<L H,gt, -li,i,-8 .(Ll-1 !>c) bll\i'< ai'L C:-bi<ln a 

f¥!h l~F [lol',-ra lol~/s-lo *"" [oll,,[L,a-ll, :::t.,J;: L .bll\f .. ¾[l,1'- C:lio/S a 
fv[,,!;,j;\ fyli•ff, Ho+io: ldtlf, lol<L li• gt, e:t;,c 'l<ol '!<8 'i,-v loll, *""1': 
20lY.fit ~lto)'.g ~fdt"i:~ l-;1.--kB gfi r ['&2og~ ~lv~rr ~-&.gfu ~3-k 
[ln C 'i,:.jjc 2i,-] [oK,,P,1£ ;;f):CE[L',' fy[[o[l,is, lz ·t,)/;{_. S [l,fv fY[loilc[Y (2p:, 

lo-!"% [t[Y *""E fyl!,16 [Lje{YT ¾fe!h lolt½i;\ fY[lo1",o ·t,p; iof,1,: ::: 

{e c:r {2 ::: [lo H• g -b c In ff.-13 ti ¾-l; ff, I,, Ito lo: -ll, ll> k> ls½~ I~ F [lo a: e, lo-t-ll< -:,r 
1,on; k,15llt~ lll-l~~ra -tslL½~ ~(siuaAa Ul.Il?M.) [Llv ~~rr row.ix -tsl~r? 

·t.:iro; 20Ptr l-YltoFt£ ~ IL~ rr-t~lllE ~ 

½%iic ,<[Y1,~ 'fb ~3-f,-loiz 3El\i k{ .. fo3 ~a./Li}IY locil,, e<IYl~ll> llo 
[~{'£ apA:J OSN3 lw20{¼'{y[lt [Yb ~[:f1'?,,lo ~-lfl Uil!oltn ¾ii' -b-ltn -{L['f1'?,,[o ~ 

~ -W.f.,.-:'? ~y[fo,~~ £ '1{[1, i.¥:E ·,:t~ ~:5-l.<?-!- \'£{2{:t: [ofy~ ~'t:ll-Y!n lo&-lfl 

{F,a "'-b -loli>:rv l><-2of.f;l~ [Y-b ::Si'<'.fv[o [Lff, [wl/, i, [iol',i, i'"f,{cf,iz 
. -b ii\ 

t3t"t ~* ~fiW.* [:t:½ lolL ~fa~ llofY~ -ltlt:f1'1: lo:foltS?lft'ic Q(!A ·titoA ~ 

%& -;;p: &·lt ~lt½ ~~ i'!n'[i-[YY{Z ~:5-f't:&~ ~(A 2lti-tR ~F-ilb~ ~d 

jL[L½ t,c½i} 2atilati k2{rr~ C:[,c[y{L::C :SS3.f,-loJ;: C:(Al 'ln[oi'< ~{cl,: 
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f'£{2[y U[L ~-:c!o-IT '!~1[oY1f ~iI, ts-&~ {r.i.O -k~1A :f;d~-~ lo-2--k i'olfljt 
·t,tofy~ -itlL -i<1"1L %& ILse-f< fy[lo]ihci" 

';, ·t,?,,-at, l~Rlo [o(A!TT)qBµBA [llnuueJaJU!) fv%ji\ [Ls\- f',q eilio-b-1'- ;;Ho 
m ~fy(L½io '.fnl:t:Fo-::!- -ro -s-~ ~-w-r}:'.~ ~a~u-ty {;!-:Itli: -tL:Si} to~~ 

'-b-W~v-rR [o(8UPf:JO[-.}SBqd) 

-',-ll:,9,-it lio-trltu [e[e[vll,ji\ 201,c-\i".1' ~ei{'dlll: lolo{Y foli• -lo 
!Lio ::;~ji\l!<llt loK-E'fu ·t,f\ta-b iofv-lt i)l!rr "'-iz-& fvii.lo liol!all, loK-il"~ 
iS -!l- li• {i,:tl,j" -I!' flr ::; fv lio ]ih ci" ·t,jl,~ n ~ l', ::; t, tat, IILF jc [<;9,-[o 'o',& l/, 
1f fy[lofo fu Ila% '-,,: lo R fL [<;9,- lo -lHY fv lio.\-.fo.£ fo fu Ila ::; ~ ['- ::; j,j-a t, [oj} 
I c 'o' ,& -,,: fy lio f,, ci" . j:, f\ ic< I, ll: lio ~ lo t,c -1l" ii. g t, ' lo lo i', f. 2111 i'¥ 2 o "' II< ilc 
[lo-g{L "f.!:~p;l lo-t:"-tA* O{}:[L ~"7IT '-bf¾{3f,. 20~dtifl [o(lll~A@ lll..IBA\) {}: 

IL ~-::!,IT lo[L'i'; Ptt-t tEHt '~l)(-l.@k:~~ (o{}[y {rr~[i: =ilom -lLl\(1'?-lo ~to 
· t, jl, j;. lit ¾% ji\ 'o'-I, lo f3 ,I-2 111 ,e_.,t [L -E' fu lo- j:>; ti: tr fv2 [¥ ~ f.l: o lih ci" Io 

to lf lo i,', a 'fl'!qaz-aue'.) yi, 

·ti '(6 F {.g ~-Th ~ lo-t~n [Y 

Tolsc&~ ::;[oi', fvliolo{Y fv%ii\ ,',./l-111 lo~%-t>fR fvliololl1lo -\o-Wji\ "'{,.lo lo 
fvliofdkll1% ol'Llo ·t,R,i'i ~le-;\- P,v-S 211<111 '-(atrt,tat, 2ofv%ji\ lo[Ls\
t.,:~ R o % R ll, fl- IR lo ii,,', I~ I' ·t, J:l; li• k lio fv% ji\ l!< lit ]:>; lit it {i!: fv[L se fl> 'i,
';_ ti: t.,: il> la Io · 1n o lo k> lo -ti n Io & t.c ; fa J:>; u, f.l: t.,: 1 :s t.,: :i, i:; ,& e; ~ fY11o IL 111 
~7fi '{r[o~-::!, to:f~.fR~Y% ~Yllo¾Jffolw 'jil~ ~[lo) ~fkt.r ~-b ~-l.g%¾ 20k

~~ tt %¾ lo¾=lo ~-l~%ifi llo~%~-lR klloRtJf "f:lli'lo½lo ~Ol-;--t°f1. O~~ 
{ici', ::; lo-le 1f fy[iol,. lofo Ii. [I,!!, il> It le le lvfvf. :S cici" % Ji- 1">? I>- ::; fs,'1,-fo- il> 
felo ·t,isc&i"i- io-!iis: 2oivf• ::;,', ~1¥1'-it fvti.Po- Id~ -,;e;t;,ll: lo-iziv&ro 
=illol~1 ~t2nlir ~l\(1'?-lo ~-::!-tu¥ 20R,~ 0~ I.<?~¾ %-tli~la ~f.9.~ lfiE 

liolelto {e-!l-l/,1f -!!'& 'c:{~ -,;eit;!ll: [o{l:[vl',l'o lf, "[i,{R 2!"19,-lo 'o'~\l,1f (3 

-.\:2["1'1,-lo 'o',&¾{~ fyli.(o llo{icll'.~% 'l/,IYii.fL ioi,;%-tl,fR ·t,n; k>lo~io: IIL{~ 
{', {ic%¾([Y~) ~1',i,-,& (ofylioiflo [o./1-fR 'fdefn ·p::;il, ¾,fu~ IILF lio%¾ 
lo%{o~-::!,- lo ~y[[o I,:, [@"ii-% fo F.rft3. ¾-ltdL [lo~ 1I (o%:t"o-i5--::!-- F-l.g~{i [o~% 0 
K 'o' ,& in 1f '-ta k lo -G-11' fv Uo f, 'o' ,& fl> 1f rr ti k lo ti: k o -!ld" fy lio f., " -ti lz 

j:, 

ii'cle=c {L[oR lo[o{Y 1111'- 'o'qfr {ic'o',!,-C: 'jl,{~li>"I<, ;;-wii\ -&felo '-,,:l)l 1°% 
ii': l/, o lll t L -w "' -& -ti 11, ;c: · -b lo ,& fo ¾ K ::; t, J:>; *"' lio-W ji\ -&-& 11, lo lo 111 lo 
'i,-fv ~%& io,',v[Y ~is: '{lei,: il>leli< fy[l,r,,i', 2l"{L l!s ~ ~/.;- l'>Rlo lol0 fY 
%-l-"?1~ '-blb -::!,- ~~{} 2lolz to~to-=is--::!-- ~ '[la--½ %-fv O&~~ to¾K folw-

·ti~ l2~1n lo{'yl:,5 .\:i!:?YlL"ic'~ 2nts~P.lY \b?YlL½R, ~(UO!l!SUB.tl) \o~ l:o\t3--&
l"fL,k lo 'rrt;,r ·t,[Yjcjlcjo eikli•ll1 lio-izlL lololo ,q,i<, -i<i'£lo ·t,J:>;!;,k 



oJ] ~~i!J:oJ ~7J-£19, .ll.T.g. 7]{!-i ~J;j~ %~ ~%.?J:o] -g-Z:j8'] ~±~ct. ~5:. 

"I ej ',! %"if \'!~::: ?J-'r 7] {!%"I g_ 'l! 7] qj ~ 'l! qJ •l 0J"i "} e] "; ',j o] oj, o] el~ 
¥!%AJoJl -¥-T~E..£. 1:l}'if%~.i!} %ElliIJ 0JofP•i2l ~¾¾% ,.qoJ!lJ -'f]AJ-X}7} ~{! 

c\ 7,i!W~'.1!<>11,.1 "r\:!-'r1l <!%<>ii 'll"r•l'll Rso ¾ ~>11::: i:Jl1l2t •l 0J ,., 0 1611 
i:Jl-i/-£ ¾~ £1%,l or-§-o] 9)<>j 0 ) ~c\::: 'l)oJcJ. ";, 7.,W J.j6,'le] •17,! AJ-E!I::: 
'!! '-1 ;,, "1- ".g. \'!%Oil til '11 1'-'ll 'll •I c\::: 'll O I c\. ,,- ,ff, "'°.g. 0 VJ- ,1 ,1 'll "1 "1 3. ,1 
.£. AJ ~"o} ~ ~ g ~~\ti}~ 1:lJ 11 ~ ~ ~ 7\ ~ (nonlinear mechanisms of 

equilibration1 6 I 9)<>j 0 ) ~c\. 0 1 'il'<>li"1£ '11°Je] '\lrr-'1 'r:£. ('s•I e}~e] T':£.1 
<>II "]Sil 7f'1l.-<]::: ~,~I Jl.±7f .-<]Hff-'1°ic\. 6 ]cl~ <>!>II Jl.'l)~.g. 6 jAJ>l"1 ',!~ 

\!l-'il;, 7,i!'J"f::: ,11 ¾Jl.•fcJ. ,J1.i1. cJJ 0J %-¥-"I "l'i--'1 \'!:ol-"l- -'1£"1 •lsr¾"i"1 
tilrr£ \'!% ,foj<>I] '11~1-'l'll "l*f (systematic time delay)7} ~•R~c\::: 'll 0 1c\. 
o]'l/~l "I\'!, ","\:! -i/-£sa.,j 'l!Yk AJEll-"l- "1-'-1'-l -)}E!I J.fo]ej \'!4a'-'l'll ,Joj1f 
7f '; '1i ',) c\. 

ENSO <>1J";o] >lli:Jlsa. oj'/-oj.-<j,j -'il•l,.1:.C qge] J.1i1f,<J :£.'{!oj {'l•~"l<>Jo) 
~c\. ~,ff, .it"r.g. 1Jl'!c (warm episode)"! J.jol.". -'1£"1"1 ',1-g-",foj '\J\:! oj.>Joj 
ojo) ~c\. ½.ii, ENSO cycle<>il 'l/Jl.~ £:" 7]or.& 'l!i:Jl Eil'\l 0J cil<>il"1 °1'1-61"1 
0 ) ~c\. 11.il, ENSO"] •J'r1J',jg_ 'lJ.,j qjS\IJ.1 7]~:. 'lf"i '<-"f::: .!/-ol-'il~ 
(random forcing of unknown origin)oJ1 ~'E-~ ~.a~ filtj-_ ~. ENSO~ ~r.H Ell 

~ 0J11 ~~ 0J-r.H1] AJ.6~Jot]A~ r:H-¥-~ ~7J~c;J 3!t-7J (deterministic processes)otl 5!l 
SIIJ.1 sc'lls171 uff¥-0ic\. C12]Lf, 01{! :i!f1j~ 01 Eil'\l 0J 01"1"1 c\e •l"l.i!f \'!~I'll 
7} '; -"J (possibility of teleconnection) g_ J:JH ~l i.5} A] ~ ~~ct. 

"1 5 ~ "'l ~ ~ % "t (Delayed Oscillator) .'i'. ',II 

5.1. Suarez & Schop! (1988) 

A]~~%A} £.~~ ~ '8 !: A]'?:! ~fll £1%1:l ~¾ (delayed negative feedback) 

g_ ¾"f"i '11:uf (oceanic wave)7f %.i!f•f::: 11..i!f;, .-<J\:!c\::: c;)ojcj_ %Eil•J 0Je] 
<l"i"l \'!%0] qJ 0Jej o].jl-.i!f7J.i!f 7,l~l\'!<>IIJ.jej ,;-,& .i!f'll<>il "1•1 ~1'\-£1:::rJI, oj 
,1,1 •l{'l'll 11.,1::: 0 1'11"1- {[.". 'l!E!lsa. ,1oJ~c\. ~. 

dT - kT- bI" 
dt 

oj1]>j k ::: e-folding'J'J~0l"i, bI"::: ~c. "i<'i'li 11..i!f;, t.J-cj\l!c\. SST \'! 
%oil "1•H 'lf,J;;f::: ef',l- oj•J-~l::: ",".g.e}~<>il sa.6UJ/i!i;, 'lf'JJ.]'()c\. £6UJaJ-::: 
J.j"c.£.£ c@:uf"i<>J >j"c 7a ~l<>il 'j/-of sj.£ 'i!l'/!:uf£J.1 %"1'.£.£ \l!AH!c\. ",",0. oj 
>J;j<>l]J.j Lfcjc.f::: 01'1 .i!f 7J .". c\t.i!f {£ 6 ] LfEj'!l "r '/Jc\.";, 
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~r ~ T- 1" - aT(t-8) 

~1]A-j O ';: ii}2j %i!J-AJI!-g -¥-*}~2...?.. t.l-E}\!! :;;! 0Jo:J, a 'C ;.,;]~~i1! S:]·~'flcl] 

~~ ~J.t ~~£1 ~t;Jg 7}-'i;5}';: :t!l"r.£.Ai, aT(t-8)';: ~~Al,,._~ it!% 

(coupled pcrturbation)$>.J _x]<f!K.i!t~ 1.flct\!!ct. ~~§:.£1 ~~ W {1,'(!2 lai < 1 

5:{!g 'i}~&Hol= t,}-oj, :.z]9:!{}:::ll 5']~~~ a> O 4 8 > O ~Zig ¾~tH°F 'tJ:ct. 
~ ~oJ]Ai !r.l-~~ K47} 3.:i!. (~. a> 1/2) :-'::JZ!AJ{!o] ¾{E-<5] ~\:! ("'~, 
a8 > 1), P{.;~JM (oscillation solution)O] ~ ~ ~ tj-. {! % .sH C ~ i{J- A]~ oJl A-j Ai~ 7cl 

~J77f7] :(}:tj-7f 'ifof2-::: -lc-'1- '-1'1}"1 'l!•HoJI ',l:sf::: 'r7J ~ 7H!i:J-. ~. O < a< 1 

oJI cil'ii>1 'l!%•H'" 23.s!.i:J- '[! 'r7J ~ 7f'l!i:J-. 
7<j 'lf 3c <! oJI >i '11 'll 0,l'oJI '-1 "1 '? el -'I-::: 2.5 ms >J £ ~ .s!. 0 I "I , C'l "1 ;a Q} 8.000km 

ie]-2 ~ uJI -""~"lll\•I 'l! '!!"ff 5'-oc::C cil"r llO'l/ ·J£ "1"1"1, 'IJ->1£1<>1 %'f-"
.?.. ~~~5}::= ~~~';: '4 40~ ~5:. i:.il~4. A]'t!~%A} o]~,'.: 2\:! oJL}J.Q.} 4-7] 

~ A~~.sH ~E..?.., oJ]t:jA]5ij ~-¥-7} ~~ii}~ 4;-5:~ 1:l]ii!~ 'i!-~ ~£~ 7}-A]Jl 

cj '=- "1 ~I sill\ "1 ::: ss. 6 "i ll\ "1 c.\ C: .5' ,c_ (higher mode )o\l 9] •H si 'it 'i! tj- 2 .'i. 0 1 
o]: ~tj-. o]{i :I=Z!oJ]A-j ENSO ~%J!t 1:1]:;:~ 2-4\'! 'T"7].?.. ~Oi\!r:.l-. 

5.2. Graham & White (1988) 

~5:. EljllJ°J ¾ 0J-¥-oJ]A-j %AP"J-"J2-l tlHt g ~(ZWS; zonal wind stress), ~£ 

%ElilJJ 0J9.l B:.'l!Ti?:- (ESST):c} AJ~~1JJ] (EULT), ~££.l~ Ell1Y 0J T 0J¥9..J ~~ 
-'i''III (CULT)% 011 7f>l <H71\'!9 >f 0 ioJI Z!'r!~ s!"J {!~J;, 'lJ>Jofoj 0 f'119J '(} 
o] A]~ {!%A} _s,:i_r:;jJg ~%~9-. 

EULT, a Z"5 1 + pCULT,-o 

ESST, - bEULT, 

CULT1+1 = - C zas\ 

ZHS1+1 a(ab)- 1 ESST, + E 1 

ctj 7]Ai ~A}?-i)T (p; reflection coefficient) ';: 0.1, A1 ztttl.'T (5; time lag 

parameter)';: 187H "1L A]~ Ei!J 9:l {}sll \!!'T (a; damping parameter within the 

system)';: 0.8, r.ij 7] oJl Q.J ~ 2l ~ (E; atmospheric forcing)~ If -3t $] (random)£ T 

~.9..~, il"T a,b,c';: $-]9..] ti] 7}A] uff1H\!!T A}oJg_j t!~ oJAJ~]oJ] 9:ltffAi To.Jx] 

:..:: OJT9-. 
~511 {!-'§-AloJl 9-]~ o\,ct Z!i.:!~ A\AEJ~ 9.'\~ ~ .ig.a.£ iil~, ;i;]'{!_ {rsll liH½ 

'fl {delayed negative fecdback)oJl £j '3H {1 % tij E!l{t }ii_ 't} 9-. u.J-~"i. {! -%-* 0 1 ~ g 
tc!loJ]';: .!¥-~$] i! {random forcing)oJl 9..]'3H oJ]~- 01 7-i9..J -~·7t~<Sto:J, {!%~0] -U-
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«lloJ]I{!- oj]~ 7},';;"~ A]6~2_~)., ;;::J<t! !cl%~ -3}.§-oJl Qj8~ ~~}-~'i.l '{j"O"Jg_ ~~ 
r+ 0 I 'cl 7.l ~ \'I- ~I 7 I 11 ~ .:i ill 2. -~ Lf El '11 \'! cf g .i!f ;,/ r+. 

%AP'lcf8J: 1:i}-~ g ~ ( ~ £ ~) 

oil 3- \'! 'll 'll ( 31 £ 2J "l I 

cdJ 
/ 

31 £.2] "l .>'.6 "I .uf ,,/ 

6.1. EEOF ( ~•J- 'a 'll <-I .il ~'r )(Graham & Michaelson, 1987 'if .cE) 

'11 £ 0J- EIP!I 0J<I 11-"l %•,J-.i!f -'I 'i''rr 5' "1 •I\'! 7] 'lf 'J- ~ 0 1 %Sf "I 31 £ E11 '!I 0J "1 
l£\'!'r'-io¾ <>l]";Sf7I '/!~ '¥- ,j2j -:-i'!I -'8-~l5'"1¾ 7j'l!,Sf'l!c+. sfL}:C ~•,J- 7<1'!1 
-3].:ii!.~T (EEOF; Extended Empirical Orthogonal Function) 0 1~. ct-e- i5}4~ Tr~ 
,.,_,J-,tl-5:. ~~ (CCA; Canonical Correlation Analysis) 0lct. EEOF 7)~.g_.. oJ]~A}~ 

(predictor fields)~ 'lf~Sf.it ,j~Sf:Cti] -"1%51"1, •i"i31'11 5'..S7f AJ'[f312-.5'. \'! 
~5},~ ~g_ 6-J%~ct- CCA~ SST oJJ~ .2..~g 7-1]~-&}JI, t!-~B .2..r:ill 7]~g_ ~l 
-l;'Sf:C <>1l~•l'J-~ .<l]Al~r+. '¥- Jjej <>1l~;<f•,J- Afo]oj %-"131'11 -t'-11:~ 
(covariance)Stl ~~ oJl 5:. 0 1 % ~ct. 

'roJ-s! -'IR~ Z;, (i:C -li''tl, j:C -"l'tllef Sf.it, .it%"'IE} f 21- -s!'s- '11~11 "1 
SVD (singular value decomposition) "J'li<>il "1'11-"i EOF;, 'll"l ~ T' 'lie+. ~. 

z ~ f'/3 

e:J7JJ.l / 1 ::= transpose~ 4El-\Rct. Z ~ ej,iyJ-~o]aJ-j]_ ~ ~. 2%lil/El-::::: Atii..Q:I 

-§-{E--~-a~'@ (convariance matrix) I' .£.Al ?6i~C-f--

r,.j = <Zx.Z~,>, 
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cij7]Ai x, ~ iit!~ -5{}$lj:l~ t..fE-l-\!!t:l-. < >~ f- itlT2l 6~2}U- (scalar 

product)£1 Ilj rr (expectation)% Q:j o] ~tj. ~' 

i;~'€f 9.] ~ (rows)~ r 21 .i!.frl!!JE-1-~ .£~51-iil, 3'.ii!.~~~~~ Ajgj~tj. u}~ 

7f>C]£, n"l •»(rows)~~~ 'E::: EOF"l ?ic •j,'-~ '-1-EfYluJ, q-g,J- Q 0 1 711 
~-'8 tj-_ 

p ~ /Z 

(/i,), - A; 

aj7]Ai A,~ I'QJ .i!_frJ;] (eigenvalue)!; gjo]~r:}. :ie]..ll, -N-{t-~t~'g~ qg:.q. 
{fo] AJ5!J~ T '.V_tj. 

I',,.,,,= <Z;,1-1tZ1.,-1>1 i,j = 1, nx k, I - 0, nl 

cil 7] Ai m = i + (nx*k), n = j + (nx*lJ 0 J o:j, nl (number of lags).& EQF7} 71] ~~ 

i.]~ AJ{} 7.JoJ~- :"j~~L}. oJrJ ~qj.£Ai oj.'::::. ~1~ 1:14 ]ago!] q]~ ~~o] ¥,

\'l'll4'£ ~B'-'89-. EEOF (Extended EOFl::: CEOF (Complex EOFJ71 "1~4 -'ll 
AJ.Q..£.Ai J!..Al.£1~r~] l:l]o\lAi tf{!-~2-~ ~~i5}~ oJAJg Y.E-1-~ T ,v_q~ AJ1jo] 

itcJ-. 'f.~, 5'.'l!l ofl"c"l£•1£ 01%"19, 9-::' tJ,oJl•1"-I -o!~2f 'isl B]ji'~ Tit 
~ Al*Z!-~ {:].~~ ~,-t?-~tj. 

6.2. CCA ( rr 'il-'-Jtl: 5:. ,'--'j) 

uHq- 'l!sJ~ 'J-ti:<'!711:S 7f>CI::: '/- 7f>I >fR"-1 -,l'l12~~ T~ "1 °1 "J-'/l 0 1 
"}%-!e!t:l-. EOF ~131}~ i:a-el, CCA~ 'TJ:C,; A}<'.1]5!-j tf~~ (between-field 

covariance)' 1U"g 4'1TI~t:}. 1!"J ~'11~ (linear regression)QJ ~~~~ 'l§El!.?.. % 
%"I 9, oj "1-(filtering) ;s i;j-§-sf "-, >IK >1].s.i'.!"1 'i'! 711 '1!%'j "1 'r ic 5'.S;, 7] ~ 

~ 4' 'U::: 'lf'll 0 1 it 4. 
T 7}Al 'lJ?:jA}li.~ Y,., 9} zk.l e.)-.:i!. ~ aJl (i =1,ny; k =1,nz; j,l =1,nt), 

CCA£1 ~~.g. Y 2} Z 9.] {i"J~~.Q..£.Ai A~.£&, itlT U 2} V£1 ),(J (paired 

sets)g 71]{!-iil~ :;!o]tj. ~. 

i) lj Q} V i{.g. 7}';"~ ~ £11-H AJ-t!.£~ 7}A]£~ i5}.i!., q-~ ~li.& 3j.ii!.i5t£ 
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< U, V,> = max i = j 

<U,U1 >=0 i-=1=-j 

-'11 "1"11>1 µ ::: ,11 ,H91 •~'l!i\'-"1 i!.-i\-~lls- '-l-Et'-119, U, -'4 V, >1°1"1 'rr'll"J--\'l: 

.£'_<:!.} ~)~.Q.£J.i ~ii) JfA)-t!tj. o)~g µ 2 .£ -E-E;) LJ-E}\.Jl~I:1], 0:}7)Ai~ li=!tr°<'>) 

µ £.Ai Y-E-t-~9-. J1%~E-}~ R 0 Ji!}J! ~ afl, U';:. 

U ~ RY 

'L .l!J]',iq_ 7f'o~ rr'll 5'.'e"r (";, 0°1 °1\-1 µQj ,n+1::: -'fl "1"11<1 •~'1"1 '11 
ft .Q-] j:Hl (rank of the quadruple productlol1 .Q-] 5~ J.-j ~ ;;:J .!8 tj _ :i T ~ .s!. % ny 

9:.~ nzlltj- ~tl-. ~~~.Q..£ ~lll~%"'Ji': t:H1f-{E- -il~ ~,': T.Q-] R.~~Ai ~~ 

~ tj. u}i!}A-j, TT J:tl ~ 5~ (canonical decomposition)~ EOFo:il J.-j 01 ~<>i ;q ';:_ ::.! j:1 'ti 
-iHI ?.t::: '1!%'-jg "i-"1->l'()q_ -'11"1 :il-i\-~I 11-~l"IIA1 Y "I z;; ef-'f\'!, z;; 
V 'L '1!~<1~ "r '.U~I '84. Y 'L-'/-El Z;; ofl";isf::: i'!~I::: U 'L-\'-<l Z "ii ,] 

o:f (orthogonal contribution)()~::: -3;!.Q..£-¥-Ei -3111 i11~W T '.Ur::f-. ~. 

2 SU 

2 - SRY 

0 1"1, 2 ::: zei 'i"'ll~lcJ-. 
0 1 "J-'1l 0 1 EEOF.'L<l '--I-E1-\l! 'll'l-'llVJ;"il %%"1 Uil, :il-i\-~l 11-~l"il>l •]'ii i\'

~ ~~t li=!tr'"~~c.}-. :i oJ¾~ .B..~£1~ ~~~o] 'rftr""o] EOF.Q-] ~2%,-;;;] 

(inverse eigenvalues) .Q-] 1,J.~t~~ (diagonal matrix) 0]7] rrJl~o]tj-_ ir14, Y ~ 
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4 Z J;;.Q] EEOF7f 0 f'-lcf Y,Z >J ,foj.Qj -1!:lll¾ 'I'll LJ-Ej'-1j_iL,f ~ uil:C %Ci 

l'l- sr"il "1 t:1-. 
~'l,17,l<)l'!,;,~,;o (EEOF):C 'l)'l)aj'l] EOF.2} ¾Afsf"i'lr, EEOF.Q] 2%"'1El:C 

sf '-I ej .'r. \'! 0 ] 0 I '-I cf 'll ii! "1 .'r. \'! ~ ~I i\'- Sf oj i' {! a) lill tl \'! §I <I "l ,;, .'i' S 5'. -'i 
Y- "E=-} LH ~ q. 0 l 7\ ~ ~ tj. i"- sl ,9 ~ { multiple regression) g -'?-l 6~ Ai ~ 'fr~ o-J {! x} 

li -t1]E~ ~l%6}ui, ,Y..9.. ~~ 0J-'-Jo] ~ 7J~:s=]x~ ~Ll-- -Tt~,..J~x.~~ (CCA) 

::_ r+~~;il~.Q] 'Ulfr~.s!.Ji, 1{1:7]-;,;] ~g r+e .t~oJl §j,9A)7']Jl, :J. ~ .t,&; ,t_}o]2-j 

i1-{t"~ (covariance)2J ?.8.. ~ltig R,'-}°if T '.ll?ll tll~ct. CCA'::: oJl~Al
(predictor l 2\ ii\ o\\ ": ;<\ (predictand) ;<f "- A\\ E A\o] el 'ti. ,1 \i::: 'll 71\ \'!%•a ~ oJ 
4-'I ,el 'i' '.U ::: 11- ciJ 0 \ '.l) .o_ oj , zt nJ Oil ": ,f el .'i' c~ lll 'i' ;; 'rt 'll Oil ": "f lill tl 
(canonical predictor pattems)2-l 71-¾~'Jll (weighted sum).£.,'-1 JIA].£161 .2.~~:4 
2-] isll~ g 1lrll ~~q- ~' EEOF~ A}%8l°'l ofl~Al- Ali~ ~4 ~ 0J-~A]7]2 

LJ->1, CCA;, <\%s\oj njo!J~"f EEOF 'cl-'¼.Q.5'..l/-Ei nlo!l":A EOF ~&~ ~'lj 

,p, ::: 'lt 'll ~ 0 1 % sf 'l! ct. :::i. " 4 ::. "" "' sf 71 !/1 "" ,; 1cc t:1- ,, 'ti. 211 ei "" % i' n ,Q_ 

5', \'l'iJ:AJZ)ct. 

"i1°J:'_ tlJqj~ \!! ,;>JS,sa,Ai oje] 7f;<J "<11 ~ ¾S\oj J!.\'!'r.0,~ \'l:o}AJZ) 
ct. qjTt.'i' J!.\'!'i'.OC.QJ 1":of:C ~SJ •f'll-%"1 %oJJ "1~ "il'l/411% ¾Sfoj '1/c'lSf 
~. ENSO ~AJll} i:f!:_ T\:! ,Y7J ~~oJl 9.J.OiAi 1:1Hfll} .H.1;:!4'_g.2-] lti-'8-AJoJ ¥-~ 
0 \ '-IE\,± ct. oJ '11 114-oJJ :C Ell '\l 0J c,J .'r. "ii "I oJ\ Ai J!. \'! 'i'.OC oJ AJ ~I 7f Lf E\ '-I 7\ 'l:! 
oJl Ai,¥- EE';:: ¾ 0J-¥-oJ]Ai tl}~o] ~iil-.Jl, EE etc 7Bq..oJ] ';:: 1:l}'if4 K~y.g. 01 % 
"' ojJ I" i;f 7J .'r. ~ ct. uf cf •1, E SJ .'i' \!I oJJ ,; .'r. ii i;f" '.l1 t:- J!. \'! T .0,4 tl\ 'If :i'f 21 c1 
6::1~'7.l ~lll~ L-Pr B~9}-A]{! 'ojElje.}Jl ~ 'r v_.2..~. lf.1r!"T"_g.o] 4-.g. '4¾ 7d_ 

oJoJI "!•JaJJ~t:1-:C \'l-~J.'r. \'JAJg '-i'i- 't!i?9}A\zl 114-t:I-. >!2-21 ENSO 7\{!~ 
7-\ >I \'! •1 ( T.1171) "1 "l (atmospheric forcing) oJJ qj ~ "ii 0J 91 'l) g :i'f 11 % .'i' '@ :of sf'.: 
r~] AJ'if~ 1£~ AJi1-¾ !l.5::l~r-J] o]~~ l:l}~:i!f- ~T?:]9-1 {!-lr!~ uff1H1t!T.o:J-~ 

¾•l•i 0 )-'i-oJslct. ENSOeJ ¾11 7Ji'.r %'tl 'l.'r. Ell"J°J ¾0J.l/-oJ\>i %'i"J•JeJ 
l:lHf%?4 (local zonal wind stress)o] {I-~<5"}1a, -§-"5-0] ~$:"i5}j1 oJ]3.1tl- -y4roJ <?_} 

;:f.<JoJ 'a''sl-"J'lf.Q] \!! oJ%o] ~oji,oj, %>i'!1-•J oJ-l,-7f 7J-•1-<!t:I-. 47-\ \'l'o' ~ >H 
~~ ENSO .2_cj~oJJJ,i El Nifio7} ifl-}~ ~.g_ %¾oJ A]ll1~~£. 7J-5HAH:~ AJAJ 
3:{!.2..£. ~o}-i-, uJI o]~o-J:{!tj-~ ?;! ~ '"5"~~.2..£ ~'7.}tj._ ~. ENSO~ "8]1°J.i!} tjJ 

7\7} {l~.!j'J_ 5t4£l Aj~Ei! ~oflJ.i Jt_O]!;: ~AJo\£'_.s;_ 'Q~OJ.i!} c.Jl,7\~ ~~t1J-i :f._ 

~8JlAi~ 7j~~'t.J 7j-3}-g oj'ojj~ 'r ~tj.-
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7.2. JI\'! 'l! 4c (Surface Fluxes) 

Ejj 0J*A}.2}- i:iH,[%~2 ti}cf-oJl oJ]t.iA]~ -N-if"o}~ ¾~~ TB 0lti. lf.'rl_'r.g. 
.g. t:\J.!j!-~ 1i'?l ~'rA]S>} t,\\ 0J ~iJ"¾91 T3l~~% %5}ol ~7ai'.!t:J.. T~/'r?,J 0] 

-¥I- ~ S!l--¥1-T¾ (eddy fluxes)4 i[.g.. ~~41:1°1 H.'rl"r.g.oJJ 3.~J "a5"J% n]J:.]A]P,.!

o]]! :C •ff"Jej ~>J'i! •ff"loJ]AiuJ 'lr']~cJ-. .::J.ejLJ-, %E!l>Jl 0Jej J!:\'!oJ]Aj "J'r_ % 
-;-oil "1•1 '-1-Ef'-I-'.::: >f7f/t %"1- {£ 0 ] ~78'<! '11"l<>il"i'il 'lr']tl'.::: ~'J- 0 ],}:a. tf 
cj,}5'- o]~o] 'l!ti1 7]-9"-21- .::J. \'!%'.loll u]>l'.::: "l~:C uj-¥- ¾Jl.SfcJ-. ~l'l!\'l:;}oJ] 
Ai J!:\'!'r-&<>11 'll>f-'j.2.s'c ';J•J~ u]>]'.::: ]!:C l!:'11 'l!'r~l2J- •l 0J~W"1-78°19, 
TV "T'-7] ~§}oJ]Ai~ <?.}~~ ~%/S:AJ ~ 0]{}~%4 ~.g.. ~Ur~ 4l 01 r..Ri5} 

cJ-. 
~r:Jl E.JllfJoJ~ T'd. ?7] 1i!!_%Ad2 'T£ %Ait'lJ~J~ 1::1}-'E[g~o] ,3i.£~g u:}2.} 

"i 0-J','Al \'ltf'.:::7foJI 4-¥-'i!cJ-. tJ17]oj]Aj rJl-ll-'1-% 0 1 'lr']tf'.::: ~i,1,, 0 1%"1\'! 
tir'fJ-%~ g 1t!§}Al7'J2, o]-?;12 Bff 0J ¾%oJl "a"B"J% uJ{!_tj-, 5ff 0J~ ifr%.g.. K'rl'T" 
.g- ~.£~ 1::1}¥61 ~.2..J:Ji, oJ~.g.. CrA] qJ7]i_:¥!,O!] °atiJ~ oJ~9--

H.'rlT.g. 0 ],'-J~]gJ 1t!§}oJ] r:Jl~ ~TA] !fl-%.g.. 1J~J.£.. 0H-9-- ~:g."6}q._ %~-l:r 

~I "'I (bulk fonnula)oJI 91 ~ 'i'78-& '11'!1 °J ¾ 0J--'i'-<>il Ai 2-'r-& 7] 7c! %'ii "f,;i- 0 ] 

<?.}~ff~Ai ~~4;- (latent heat flux) 01 {}S::~t+~ -3:!% ~ai'T"Di, 013!.'.: lf.'?l'r.g. 
g tj-Aj ~6J~r~] 7]0:j~ -?,!o]tj-_ o]x_i ?J--9--ofl ¾i:J= (convetive clouds) 01 ¾7}-i!i}E.. 

<le Ell 0J ~AI 5c 7c)-J- •f Al 'i! cJ-. .::i. z 1 '-1-, 'l! rJI •l "l 91 .lI \'! 'r-& oil rJI ~ 'l! 4s' (heat 
flux) ~%AJ9.j ~11"~'?..! K461] rJl~ AJrJ:&lo].J1..5:. {!~AJ ~~ ~,1-~ o}~ o]~ 

0-J<l"i ft'll.2."i, zJ- '1/!'-lil"1 cJ-:: 'i'.l~ 0 1 0-J'>'Al l!:'11 'l!4i"1- tl:~1"1'.:::<l<>ll rJI 
frij Ai £ £ 'E' tj.. 

'l! 4i' 7J ~I¾<! ~ 'r -'I :ol- •I el \'! 'l! 4s' "1- .lI '11 'r-& 1-f 0 1 "1 "I ~ 'II % .5'. '11 :;J-•I::: 
':;! o I ¾ Jl. •I cJ-. .::J. ,.i Al "! '11, Af,I] 91 'l! 4s' 0] '1 78 ") '.::: % 'ii .5'. '!! :C :>l J-~ "1 % 7f ';; 
~ IElc!T.&i A]{±~ 7]~~ ~Jll ~tj. . .:i tjJ{!oJ] Haney (1971)~ Jf.~~-&g_ qJ 

7]~~611 LA~»!t! ~~~]..?..lj!E~ ~~ ~..9-...?.. ¾61\!l.2.£.Ml ~4r:i't Jf.1c!~i?:-:i't9l £1 
% 'II g J£ ~ ~ cJ-. .lI '11 'l! 4s' ~ 'lf ~ >II '-1-Et \.JI ::: '5l :C •H °d' .5'. \!I. g rJI 7 I i? ~ .5'. '!! oil 
'll 11-"l "i 7] 1l <>ii '11 °d' 5'. '!! % ii¾ ti'.::: cj] "I] .'r. ¾ Jl. Of cJ-. 'l! rJ1 '11 'll 0J 91 'll W .5'. '!! :C 
°'1.'r.'r'l'irJI OTCZ)7f f- ,ff,, '-1-Ef'-I-'.::: li'--'1].2} "l5o"l"1 >171/1- .ll¾'r (cold 
tongue)7f Ai'-1->l~l ~"J"l"i 'll'.::: ':;!, '11'll 0J ';l-%-1'-"il"i J,t-& J!:'/'l'r-&~ _ti_o]::: 
~ 'g9.j ~~loJl -¥-~~]Jll ¥19-. 01~ ~~l~.C: Jf.~~4f~ t.'A.£~ AJ:§:.4-§-g -'t-f.} 

"I '-1-Ef '-1- '.::: .5'. \!I. "1 7] -9"-.ll 1,- (climate drift) <l! -'1} 0 ] cJ-. ti17] 2} 'll 11-"1 Al ft :C '11 °J 
.5'. '!! :c % "l ti: ~I -'I .2. 'a. J£ <l! '<! cJI 7] ¾ <! g 1-f % •f 71 '-I- "1 ~ 'II •J- % '-i -I'- ,c iO:% 
% .2.'a.4 -i'f "c 3'] oil '-i -'I- 7f 'if Al :.<ii ~"19, 0 1 "1 oJl '.::: 'll W .5'..S oil Ai ¾ Jl. ~ 2->I :.S 
O] '(! "t 'l/ -¥- el 7 f 'l/ cj-. 0-j '!! C: , J!: '/'l 'll_ 4s' % "t ,;i- O] Lj- /1- <g', Ef. C: .JI \'! '11 °J ~ ,< f <g' 

4 ~~ A}R.~ o]%ii}a:j %&!-tl:-~l~.2...£ ll]{±f.}~ ~oJ 7}~ Zf't!-i5}.J1...S:. ~:{!~ 

"J- 'll O I cf. .::i. al '-1-, .lI '11 'l! 4s' 5'. '!! % "l W Bf Al 'i' 'J •I ::: '1-'ll :C Ii :C x "1 ~ -'l! Jl. <le 

•l"i. ,±ii,:oj-1-],]'1'1 •Jir 'l!4i'<>il"i li'-:.<1]71 'lf']W 'r 'llcJ- Of'-1-91 rJl'/l.2.<lc"i .ll'l'l 
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"T .g. t! ~ ); 1 oJ1 ~ 13!- ,': ~ 4;: g ~ ~a ti} jl ~ ~ 0 I .g. .£ oll 11}- er ~ ti} ~ .2.. r& g ~l tr ~ 
T '.ilct. 01 78-9-oll ~~ 5'..C.:jl£1 iatr~ ~~ Scr~·~3.l-% (linear feedback)g A}% 
sf\'! 'l!r11'11"'ioJl•1 -&£<>1I !Ife 'l!"i''l {)>11 l'!sfoJI -c•f*l :a ']-;!'11'!1 '"' :Uc\. 
o] 'ii 'l! "i' 'i'. ,~ :: 'lJ ii ~11! I'! 9};; 7] ,'- 'J Eli .s'. sf oj 0] % sf 71 y-, 'r \'I -'r 7] .s'. I'! sf 
::: 'l! "i''l ,; 'lJ *I ;; 0 l % sf oj 'I% 'ii '? '.Uc\. o l 'ii -:i '!I £1 % i/l "J-'ll .°c 7f 'o ~ "i 
,J 21 'l! "' ~ 1 'll- 'll o 1 "l 'l!, .lE \'! 'l! "i'-'1-'ll oJJ r11 ~ o 1 •1 :a % ::: , 11 oJJ -c £ % 0 1 '1 -"I 
\'A" .2. 9 , !If 2]->j "ii ,11 sf 711 £-'¥- £ '!I :oJ-~ 'll 2 'll-'ll _11_ cJ- 'l!c-'<c "l %-'ll 'fl ~VJ O I _ci c\. 

7.3. ;<f_s_ %:o:J-

.2_c;!)¾ cijci 7}A] ~£ll2l ;i;}E.~ :t;~is}cij S:78'0"]11--}7}Jl -t!:~?;]oJl '?!-4"-~7}~ 

%:oJ-71'/loJI -tr~ \'!i'-71 1980\'1'11 oJ~ l',]-oJ 'c!'l'lol %c\. 'iHJ- •J 0J,<fK;:: 1'1-'; 
oJl -'=.';: t1]%0] 13\~}:i!. t!~BJlo]: ~ tjj,'J-· t;ff~o] 0)4" 37] uff¾E-oll A}ft£1 "-]t?-?~ 

~ ~¥.7} off-9- ~~s:j~ '.il:i!. ~"8}A]1tl', 1:1}tj-~ ~~tj,oJl"-i o]~ A}li£1 ¾.8..AJ,': 

-'¥-~ ~ cijA1S:~} ~Ll-. ~AJA}li~ ~A]-=r~ .£~Al~ "'r '.il~ 7}'",;'AJ g ~Jt?-ti}7] 

~ is}A]P,!, 1:1}t:} lflr!~g -t!:~"8}~ ~l~~oJ '.ilLt. 'O"JlT'i:! JI.£;: .:::z.~ 01 JE'i:! 0] 

5}£1 --,1 ;t:2} ¥!-ii~ E...£. nj -9- ¾ £.. ti}A] 1tl, "B!l T'i:! A} li~ 4'- Ei 11 'i:! 5}£1 ~~Lt T 

.g.g ;;i:H~-8}~ ~~~l (inverse problem):.: 0 }~ ~i!=l¾ ~~1.£ '6° 0 } ;Uc.}-. tH 0JA} 

K'l '1JEJl"I- 7f%'J"i ~~I uil11-oJI _ll_c]- '-1-:". >l.is.%:ol- 7J'lJoJI r11~ 1'1-'ll 0 I o,3csJ 
oi %cJ-. 

£1 "l .s!.{! 'll (OJ; Optimum Interpolation):: 'rol {! 1'1-'; AK 2f ,pJ 0 1 '9::: ~ 
(background field),~~ -2.~}£1 ~7.Jl~Cd Ai]-¥-A}t>J-, o]{l _2_~}21 7.10] 'Tf.2..2} AJ,{! 

5:.oll qji5ffAi £1~9.l tr:°tl~~g "BJl~Ll-. 0] t:tJ-~,': BJl 0J~:i!} 7]1}-~ol]"-i ~cl 2'.: 6] 

~, ~ ~ ~ E~ ~ (Kalman filtering) :i!} 4::<}.ql ~ ~ 7] ~ { 4-dimensional variational 

techniques) ~4 i[.g.. 1!1i± 7]~oj] tH~!' 71¾~.2..~ Zr'r¥!Lt. 
~~ ~£i~,': 4-.g., %4;-:i!} ;Q,': 5'..C;!j AJ-EJl ~~ O}L-\2}, ~ AJ-EJlojJJ,i oj]AJ-£1 

::: .2.c>f •f "i £ 71 ,,-~ cJ-. £ \ll 0 1 2 >f "I .2. 5'. ~I -;!'ii "11, -l1: ~ 11 ~ 'i'. \ll oJI r11 ~ OJ % 
*I :a .l'%t;foj .2.>1"1 \'!9}£ ~l~'i!cJ-. 'H7iloJIAj oj]AJ-'i! .2.>f7f 1"'1-'1-'ll '1!<>11 ~I 
::g.~~ .:J.. qg ~£1 ~~oJ]Ai~ ~';r<5l ll~~ -2.~}1:l' (background error field)g 

'fl~ 7]f-,il% -'1%•1::: c;!'l.c]- cj '-1-:C '1-'I~ ']~;,f:::c1J £% 01 'i!c]-. Miller & 

Cane (19891.°c 'l!r11 E!l'll 0J"1 ';J-si-"J•J 'i'.S 'i'."~<>i]<j '!!'l! -'l!E1:S "f-§-Sfoj 67J£j 
11.2.5'.-\'-El 'li:C oli'r'\'! c<fK:S %>1-•l~cJ-. ::rajy-, '1'l!'l1E1:S >f-§-sf\'! "]% 0 1 
~oj ~7] Ull~oJl .2_c~.?:j;;i;} n.?:J~ 3.ll] ~AJ~H 0 ]: ~ct. oJ t:!J~.g.. Geosat 2.£4 

_s_-;,- E!l•J"J-'I r11•1°J'l 112 £'/NI '!-§-sf::: <11<>11£ 0 1%£1'.d.2.9, 
TOPEX/PoscidonE..£4'-E.i 7}%~ 2.£A}li~ 01%~ ~TS: ~~ ~ 0 ]c} (.:rt:! 

2- I). 
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4>}~ \'!1,-7]'1J (4D-Var)t 7f"i~'l'~ "1~§J-A]7]::: 11->l];;s -,J.QJ'<lc+. 7}21~ 
T';: Al.£~~~ ~T~Ai A]£~~~ t!~~l ,'-} 0]9l ~} 0121 :a!S..~ :i!J~i5].uf, .2. 

5;} ~J.11 ~ 4£\-~ ';: 8J6l .Q...£ ll1 ~ 0 1 ~ ';: ;,;J(background field) g 711 ~{!-t:l-. !fl,~ 

7:ll{!- g ~ii].O:j 7}24 ~T~ g ~ ~:§}Al 7] ';: '-] £.~~ {trial analysis)»J1ti i *6 }1;!! 

Cr. 35;}!f1<?.l 7a!f-';: ~-3i !.!{!-~ (QI)o] ~a:J, ~TI~-il ~'i!- o}i...jc} A]{!-oj\ tH~ 
'i'.<~ 1l]"ln}>'1 !1.~l "1'11 4>1ql 11-~]71 Be+. 

a} 

20 

I - 10 _, 
~ 
w _, 
u5 
(J) 

b) 

i 

-10 

50 

/:: 0 

g 
~ 

~ -50 

-100 

300 400 500 
YEAR DAY (1992) 

300 400 500 
YEAR DAY (1992) 

600 

600 

(a) •l'?s' (171E. 

7N)rnIAi oH*l" XI 
Si. (gj= g ~tl). 

t:Jf&ii Jf~ 2~ 

"' ill I Ill c! I . TOPEX 
XI is,; 21 el ill I :.i 
g ~ti) 

(b) TAO Jll *ti 8 

140Wrnl Ai 25m -1101 
OIi Jll fl E:! ~ ~ JII 
£l ~Ai~~ ~~ 

012,Ltl ( gi:g ~ t1) 

tH~~ Jf~ 2 
,! el ill ( (jJ) . TOPEX 

XI is,; ail 11 ill((l)) 

.:J~ 2-1. Kalman i!B~ 01~£! TOPEX :il'i(OH{:el) Afs:i~~~ tlliile!- ~ JfAI 111J 

~~ 7]TI %~ 'i!:"t:1J-i;J EE';: ~liJ-tiJ.Q.£. fi~ ~*J.1]{):-<'1] ±:.B..S:lo:l, o]oJl utcl-
3>fql l!J"l/.QJ 'il.</-!1.ct ~1'1 ll!-2 iJ-;J-~ •H 0,ti:c+. 4>f~ \'l1"-7J'lJ& ~i'l/ 
ECMWFoJl-'1"1- 'il-& 'l!~l'i' ,t;,] "11-tf~ ~•H'i ,H~"1'll"i"J 01 "J-'ll.QJ 'ii!'llt 
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£"1-2->li'f -!:!'ll~f,q ',,~kl-;: '!1°lt:J-. {)>II •H"J"1 llc>iloJl-'1 'ef'i!'/lc12J- 4>H.! I'! 
~7]~~ AJtjj~c;J ;IJ-1~ °'i~<'>J AJ~ ¾ 6 ]uj, 0-)~ tgE]l2.] %:§l 7]~ 01 ½t:i ~ 
~~ £-ifiloJl i'°~.3i.Q..£ ~oj1'tA]:::: o}~ .£.etj.. 

A}li%§}-~ t>H 0J~~% ¾1:1Ji5}-~t:-ll, 11~5'..~~ O!J~ 0J{!oJ] tH 0J.£1!l.5!.] ?,:7) 

of:s !/1"11-'1, "1\ 0J'i'.'~~ ±%~f.i2 7,J;;~f7l !/1"11-'1 -'1%1'!t:J-. 'lll'- 7JAJ-'ll:C "I'd 
4-\:!{!- ENSO .2.l-]E~t!J-½ ~tHAi tH 0JA}E. %~AJAE'2!g ¾~.S}oj 1JZ!- 3JjOJ_sl__i1_ 

•1 ~ 'le i'!-~I j2 'U cj. =i. 21 oJI qj st 7]AJ- 'll oJI •1 .'r. "11 °J-t!I 7] 'i'. '~~I~ (FOAM) :J. 

¾:4 PJ~ ~~oJP•iS:. ~AFf" i,\]OJ~~ A]AEilo] 1H~£15j,r:l,. ;i;}E..%~?!" .51..c;!lo] 

A}lioJ] ~i:i}Y. ~ ~~~-a- T" '.V,~7}611 -B-~ ~~'l! 1n1ag ¾ 4- '.llo.J°F 15}~. 

'i'.,'l 7,J;;':af nJ7f;, !/1~ 7J"i~ £,"o]ojo\ ~9-- >f.E.%.<}oJl-'1 7f"1- ,' li'->ils= 
~~ (surface forcing)Q.j ~~tPJ (.2..;'<})o]q._ :r}!~ ~~oJ] r,H~ q..~5!.] A]~o\ 

Jy-~t;}1l uJl~'l!Lt i>H'T~ o}2ljQ.j A}li.~ ~7}~.2...£.Mi .!i!.t:.l- 4~ {E--i11 g 1?.!-~ 
61~ 4- 5:lcl. 
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''l!IYn/er'-14 (EI Nino/La Nifial'et::: •l 0J~ <111- %"171 'lll'!-\1-c! %"15'. 
,tefiftflll -t! ?,!~ 1997-98\! 'l!l'-ln:S '1E-\'!-'i •11711 ztst '11~"1 ~tj-1,'- _11_£ 
Q:J1'Jl 0]42 ~ T 9).ct . .:::reJL}-, EE~ ~lfr<li~oJllll 01'1! Al-';"!1aAJg '<lii"-2l ¥!-7cliil
"1-"i 'iJ •JE-5'. '-I-E1-'-l-:C ''/-71-'l'll 7]'J'-&\l-~ (additional global wanning)'9]- '&% 
tflll "1-s::: "i~~ i'l'it~ ?,!£ '11~"1 ,& 0 ]~9-. oj~c'. o(-,IF<IE->'-£ "r-\l \'l 
o]',1-"i 'l!l'-ln 'i'f\':!_11_£71 '.l)~E-u\, ''l!l'-ln ~:q:i,'' 0 14:C ¾•Joj1f %'l}tflll '8 
-?;!£ ~<'.l]~ A}9j~-'g ¾~ is}t.f~c}. J ¾oJ]Ai.£ 7}~ =ill] °a~g P]{! =}!.g_ o} 

T~£ 7]AJ- ~of11 ::.-!0]9". ~~ ~t..]li:./4Yl.f -~p-Jo] i1}tj-oJ]Ai1tl 1i:f-~.2..§!.. ~°"1 
'-1-:C ;;)o] ofy2 •1°J,f <IJ7]7f tf'-1-"i A]cc•JE-5'- %~o];: '1f'it~l. 'l!<IJ•l 0J"i 
~%0] ~r.H qj7]{f~~ 1r!~~ 7}~.2..2 ~~l-~.2...£ ~A]T~'?..! tjj7] "oii¾ .ii!.~ 

AJ7IJII £1°5'. 7]..<J~FJ-~l uJ~J;: ~~oJ cfff- 3.tj-;: {l~];: 0 ]~-"i oj7l7f ~,'_ 
4, 7]~ (mechanism) 0J '1-f~.x];i;] ?t".g_ .£.~ 7]AJo]~¾ ~YlcQJ °a-EiJ.2..£. 'U~-tl-
71] ~~ '¥!-£42l AJ-Ai-' ~~g 'a"tgtTI,& ~o] A}~o]q-, J!}-;ijoJ]~ 7]-%, %-T, ~ 
il, ~t!, {!-~, 1'.>jAJ2..f!:. %oJl r.H'B\lAi o\'i! 7\AJ~AJ~ A}~.!i!..S:.oJ] ~~ g ~42'1 
::: o;J•J 0 I '.l)~E-'-1-, 'l'"ollc: .!/-3'ci'! 'l!l'-ln/4'-14-"i '!l•JE-5'- TI'?Sioj "1\':! ;;! 

olt:J- olsi 'lll'!'l!"i 'i'!-ll~I '/-%tfoj f-e.l '-l-er~l-'i£ _.,.71l7f.lsoil "i~ ',r-s<] <>l]_ll_ 

¥1i!- 0l-Y4. ;s~ 0J-tll7J 1'l{£i:JJ (coupled ocean-atmosphere model}% 01%~ ~ 
7]3:J'U 7]AJoj].!i!_~ 'o\,i::f~ A].5:'..7} O]~e>iA]';:: i1°~~'ti ~g 3:i:Jl-8"}7J£ -8°}1:{tj.. 

"J- 1J <>ii _11_ "1 o:l -'1- ::: -\l 'i' >;1 n l'£ ~ \'1 'r 'i'-sf 7f 0 1 'i-"1 'cl 0 1 ,; ~I -'i £ 0 I "I <>ii _11_ "i 
¾i!"o] _::itj.A] 'ff'A] *~ r~]oJl 1:1]<5\]J,i, ~cl 42}oJlAi';:: ~~~'?..] Z!-=t'~A}7} 0]f

oj >I 71 :','-& AJ-sJI ~1-'i £ 'l} 7] <>ii _ll_ ;a A] .S:. 5};,j ;: 'c "l o I O I 'i-oJ JI tj- C: {l ~I -'i 0 H f-
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lolLE lio!Li,, i,:l/, !oi't-G, !Iola;% ,:,;,{a{o ~lo is-Zl t\l66l p,{e~I<, lo%{L lolo 
tf it?lo Pi9Z6l ~~Y[loi£{2R "-bloR'. it1'\-!¥ ~Y1'2 [s.[c.;2:£: lo&m-1-o to~-lo~ ½ 
Urr 2l:idd~-li:1 t,s~yt1o-rq,iR, tolt:-l,!' OR-"7 Rik-Ii:~ 3Ir[o~t1-lr .f~-lt ~¾ 

'(RR!W~ '9Z/f. 8fi61) -b~R: Z-bfo ZF5,[5 2kt1 6 =, 
-l.!? tolv:5 wrrro lo-~{y ~{n llo~lL~1} i'?,,lo 3~vllo~~ -l,!'~[13 ·p~-fa I!:'-b~ 

1-o loid~i'?,,fs- OUft(XH 20.fo lol:ol)".klc'.-W -:a-~-t.-:'ff1¥F.::~ ·t.i~1~ E-bfo E-l~ 
~ls fdai,,-,LQR [a,\-f!- obl6 ::;1, a-!i[v loltilvltrv 'lno!Holla 2¾-G- {L 

%ZZ to~-lnlo-1:22 [o[tl\rfs-Z -it~ R:t2R ·pro Elrfft 2tdolo-lL t,s{2[fo-;:;:-[~,lkt 
i.9-fr[o E{3 6%.fL 'kilo [l-l[i'fy 6f5~ ti!f.H1~~ lo84{109 ~Hr~ lo~.fv ~-lo 
-lo ·ti~R: O~Ivt5 Ir-bfs-B-'? 2~2f-1 R>z·1 O[R,Hitrr r ·~of~~ lo~R: [L 

~-,- t,,:lldi< 2¾-G- C:{h 2li< ;':Eq{hST loltiro f'i-ihtella-'i\ {o\vll13T6 ::;[lois-S ,;\ 
8661 ·t.ito~ ~-ltP Udlo-M"lo 20-t°ok~ to¾ ~~ lzl)'.:'ltt lo~ Wlz% 21{1.r 6 
-t,t!; Ri-ldofv ~vlwto llo~/?L ~lrltt 2tth:: HS?lO llo/?L~ W!;-P I!:'~ 6-E- 2HJ.tv 
.fR to~ lo-S:r l!oR:llo !o~InR:~ I!:'2d ¾?v-tzFv to-&B, ~lw~tl: -lt[L¾ 20 
S'l~lo fvi,,{s-l'do 20(£% {L,(/,,li\'!;~ {o!vll1c.T6 '-bloK F,l;-',,k lo-tl,-R, ::;{sii
lrrr ~~1~ ~lr~:--: ki?fk ¾V:Ht[r.g_ loRiR:W ~-bR{tf2HiHlc'.t1-lr ty(}{y 2lr-lt 
R{n trr¾iv to~lrfufy "¾?-ln-lo O¾-lY lo-lolvl~1:5R, ~Tb Et:s"~llt kl'i f%-HL-;:;:-



'lJ 3-21. ¾-S:-cJl-'1-eJ '!fAf 'lf"~-'l'?l sf-\'--'l'!r-"l- %.ilej Afs/-']"1°1 O!]\l_ll_cj- 2-85'. 
if~ .i!..?:- {i;E~ A,:J-"E-117} zj4fs:J1il_Ai Z:!3::.~ §. 0Jo] ~~S-1.il ~7]oJl Ai7]itoJ A} 

-T'" %:i!f-i5}ctj o] A]~ ~c.H~ %~.A]7} 7J~~ AJ'5°7]ft"~ E}.i!. AJ-i'-.2..£ .2lJ] % 
ef7f OJ,f-!JAJ- 0 1 -'f'r 'll'i~f'ljcj- (::l'l) 3-31(1998 4/21, ~s:['l)_ll_) . 

. :::ml 3-3. 1998t:! 4i! 20:il,! e:nH JI~ HHIS:gJOll HAI§ ~Af 
~{gl J:IQ:l gJ ~gJ ~£ (~~H) 

o:'41 sJ,'-7f:'; ~ -'1-"1 Lfef7f 'iii""f'i "!£cf %•1Pll 0J '1l'1f-S:-ojAj LfEfcf::: 
~1J~ 7}%0]4 ¾T %21 7JAJ-o]'t!n}z]:: o}l-jz]~ ~l-].il.21 Z!~3ic;J o,,f"O"J:% ~ 
.il 'l)cj-.il \'!'i!:~cJ-. 7]AJ-'l)ojAi 1997\l-\'-Ej 1998\l Afo]oJI ~Af-,j ,1011,J-0Jo] ii" 
t89J ~Y.il.$4 £¥- ¢J{l~.2.£ 't!"t!~~Lt2 ~ T~ ~2-4, ~Yk2l TI~~'?J 
'{J ,aJ: g AJcJ-1~ 1.££ ~$1 g g A] A}%} :i!. 1l_ q (.R_ 3-2). 

H 3-2. 1997e' 6~ 01$ 1998e' Bf!! AIOI !111!1~ Jl/,t XHoH/,t!!/ (Jl/,t~, 1998) 

~A~ A] 7] ,q °' -'t! c;J .!IJ •1 AJ- OJ 7 

1997"16~ -7-11 ~~ A]~ 7} % 70'9 'l!~.eJ ~% iIJ~ 
1998'd2~9'li Aj¾ 7J7] -&-~ -"'-* ~1} 

2~20'll AJ] ~ 5:. - 0 
:,CT 

3-119/10',l A~ -;;- .TI. .TI. 
~ AA ~~ 45ha -il-\'l .oJ-,H 

3-1115',l ¾-;I-, ¾\l- ~~ 3ha ~oj: ~J:ff 
3-1119',l - ~Fr :,,_ • , o 15~ A}i:1J/~ % 
3~29'li 7J~ ~~ "f 23.7"1~.eJ ,1 -;1-.!IJ •1 
4-1121 'll 7J-% "'~ 
5-111/2',l 

Aj¾ 7J71, 
- 0 ~~A}.i!. % {JT~oH 

7J 'if 
:,C T 

7/31-8/2 'i:f.!j!-A] llJ- ~"'5.§:.-9- 95'll '/! 'll "i •1. 414 "l ~ 21 ,1 -;J-"i Oil 
8-114',l ~.!j!-A] );:IJ- ,,_ 0 

,T J73'1J Af 0J-/-i)¾, 5'1!'9 'lJ o] ;;i:ff 1i} 

8~ll5/16 11.l 1=l ti 7 -,, ~ "F~-9- 5~A}PJf~¾, 1750ha *7aA] ;:>;].>--
• T 

- 97 -



~i5], 1997~ ~~::<lQ:'I~ ~~ 7H~-.i!} 1997-981;1 ~%Q] .ll.g_~AJ 131 19981d 

"1;; 'l'l'-1"'-lf ±c'll'i'! oi'f21 'll¾ :;:.4- %<>ii 21~ "1"11c: 4-cl i+cJ-91 7hJ-01 '1l 
'-lh21 ':l'il~ SVII 'l'c'llg g _l,l_oj"'tj-· 'il'l-'1-•l ¾<>il'i 'l'i'-l'u."il rJl•lAi 7f'cj
{! 'l},<f 2 'll ::: 'I- •I ::: * 'll '1- cJ-. * 'll '1- :,I- ~I ;<f::: 4 7-1 21 Af ~I ;; !l \':! 'l'I '-I 'u. Jf A] 

~~ oj~tffoJJ::: * 7}-%, o:j;; ½!JtH ~ ~~ ti) %.2.£ ~~o] 4ijt1~4 Ila\!~ 
4' "' 0 l 'll cJ- tee 11 <>ii "I ~ "1 ':l 1'i rJI "I <>ii 2 -ll •f :;, '.ll cJ-. 86-87 \! 'l!! '-I 1c uJ <>ii ::: 87 
\! -\l-91 -ll~ 7f%<>1l o]o] 7.Y 01-f §.4-Jf ~of,12.uj, 93-94\! 'l!!'-l'u.21 7J4- 94 
1d ~;'; 7H~-.2..£ ~~l ~£1 10%, A~"j::.A]~ 30% oJAJo] 'Qi!.t~~:i!., !j!-r-1$-]£. 50 

uJ uJ-i:l oj"J£.l 7}-~oj ~A}-5f5'.tcf. ~~ ~~~ JjAJoJJt! ~ o-j~i'g' ~~ ~9./ q.. 
31<>11 111'11 7]AJ 'l! •1°J'l!1i'7f'.;:'. 'l!!'-l'u.7f 4-21 1+2.l-<>11 °Plc: <:J•JoJI 111~> -li¾ 
~'i! ~-=?-~ 1lAJ~ t1J-7J- fil.2..E...£ ~!fr£~ 7]~ ~ 81J 0JoJl o);,;]::: -=?-~]~'i! ~fr 
AJ% ~]A]"f-'l -jetf:;, '.l/cJ-. 4-21 i+cJ-21 7]AJilf ?\'! tll"i<>il 0 Plc: 'l!!'-l'u.21 ':l 
<"l'.J'% {t-~i5}-7} $-j~ 1}--t!,£. ~A}~ tff 0J-qj7] {j~.2_~~ ~A]~ ~~ ~~ g -$j 

~ -£-% I~ 0 1 ~.!i!.¢:J'?..l lr!lilofl '.Uo1 ~.2.£ {l¾~'t.! f"A}-7)- o]~o-j~tjt?:! ~~ 

Ad it ~ oj] -=i1- j_jJ ~ 'i! l!J. ~ ~ ,2- 7l ~ ~l -tf ~ 'T° '.U ~ ~ .2.. £. 7] ill ~ tj.. 

-'t'--~ 44::: ~~¢:j.2...£. .g.'i!:" {Asia-Australia monsoonl2l ~<"l'J.2..£ ~~oJl Jl 

.g,qif, 71-!<<>il s].g,'(:!:rc-sfuj, 7J'i"'lfx oj;; ¾ ?]-of 7]'{}<>11 {1¾£1"1 'Uc\ 'l}uf 
c: Oil"JAJ .;'c'd- 7]\'!'11 '-'\-'11"8°J 27]1f'ilf l1l<t'J ~i\!7]\'!'11 'A]~]21of 27]'lf'0] 
?"fo]tj-. o] 'i- 7]\'!0] Al]ej rr'11:S op,-o] 'lJ>il 'lf'l!o] '1i'J£luj ~1"191 'l!'!l<>il 
a:}4 'JtH AJoj]Ai ~-AJ<S},o:j ~l"T', '-J-tH~oJl 1:},2-i5J-:::r1j o]~g ~uJ- 1!{!0]2.}JI ~ 

Lt. ~u}-::: 6-%1 5'J-'i!:'-¥-Ei 7~ "oh?7J}A] ~~ 78£ EEC :I O]AJ :ll]~~::: 7J-'t'--7J

llf2.9, ,tJ/?5'.oJ)Ai A]'/"f"-i ,Pf "l--:J-~tj-. ~21 'i- 7]\121 Ai]"lir'lioJI ~"1 -il-:-:! 
0 J *11- ~::: \:J"i5}-5'}-E...£. A]~oJl u}4 7cfu}-7}- "it\:! =;PH:! .!i!_O]tj-7}.5:.. tj-A] AJ-0}£ 

~<>i-21, \'€~ t1)7}- .2.::: 78-'t'--7} ~i5}c.\-, 7JTi!J:g ~o}-2} ~~5\JAi .s!.lr! W"-¥- :x11:1J 

<>ii Aj c: ;,] 111 >I 7f 6-7-%1 I Pf •Juf l:ilf 8-9-%1 (2>f ?]-of 'E ~ 7f :S •Juf l.s'. 1+"1 "1 >) 

c:cl[, 8-9-'ll<>II i+Efi+c: 1'0fc: :'."I <l/%<>11 21~ <:J•J'11 7<1-'/-7f \'lcJ-. ¾'f ,]"JOfJ 
Ai:: 0] T .2.£7} ,Y~~ t,}-L-}.'1] .£~~ o]if-:__:q], o]}!.2..£.A1 ¾1r- :xpiJo] o}~ 

tlloJJJ,1 o}~tll 0JAJ-2_£ ~ti-:= 7cf7l]~~-i ~ T '.ULt (:I~ 3-4). A]\:! 35\i A}- 0] 

7fAJ- -<11"1°1 7J~,:! 47191 ENSO7f 'll'» ¾'ll "II "l:S ~ (5-%1-9-%11 -9-21 42f 4 
~21 7]"J-t 'Jl.g.{!s;:. (warm and dry)'~ 1t!"7]~~ 7\-V-~% (short-term climate 

shiftl.'1J ~Et~ ~llJi5i-<Jic.\-. ENSO 7]{1- ¾oJl -'t'--~ 44 -&-,._J 41H :xJ~oJP•iQJ 7J-T 
'lf2 35\! •Jic~)!ltj- 111.\11.s'. ',t-& i:J;g !lS'.!c]- (::r'IJ 3-51 'll'i! ENSO7f i''-t\'l 
78i1-i'-FR..?.. ~oJ-9} ~r»~¾~ ~AJ1il.£T7} ~7}-i-~oJ riH-?- c};;ii)J~tj-. 
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MONTH 

:JEJ 3-4. $CIUCf 6JH ~~OIIAi !Yi!I ~¢~£1 2!~~IIHE!. El"!$Al~OH 
AHe 1Xlie/DI (6!!!il!-7!!!'!')'11 2'1 ie/DI (B!!!il!-9!!!'!')JI 2JH'!I 
2~£ ~~O! ~~~AleJ §~Al'tJOIIA-JE OfU£1 2~£ rutUI 
~ 2~~ ~gj. 

OfA\of 1'-€.i!f 'l'/YhC: ", 9711121 A\{! >\';'[-\'J:7'\oJ\Ai 7f-"J- 'J--\'J:£7f J','7'\ cf 
£1-cf o\ , 'l'! '-I k "11 <>il ::: l'-€ 21 7J-£7} 'll I'! "1 ~ "- ",-.f 71\ cf £1- 'd i:J-. 0 I 'il •J ~ s!. 'l! 
£2l 7J-'T~oJ ~~~ :a~ ?J~~ _ll.o];: ~.2..£ .!i!.J1£!~tj-_ ¾~2-J 7J4-0f];: ;c] 

"1<>11 cr\-21- q2o\, "<J'sf7J- -11-"1<>1\•i::: 7J-4'1f ';;'7}%\-><\ 0J ~"I -"l--'/-21- 'l!c'l'<>il>i::: 
~~ts]-;: ?J 8-J¾ li!.~Ll-. 

.i!f7j 62\1:U- (1935\o ~ 1996\o) Aj%21 7J-'r'"at.i!f 'l'/Ljk2}21 ';'!\'f>j tl\iR (7J
'l) "1, 1997H\Ai c: 'l'/ '-I 'u. "11 ¾<>ii Ai o\ ;'; ~ 21 7J4' "a, 0\ ';;' 7f5} c: •R 7} c;l-Jo •I c: '11 
.,i_q 2"R o\AJ- \iJi\ cfE}\j:q (:::i,l 3-61. ::rejcf %, 7}~, 71%21 7J'r'"at \'l:oftc 
"I -"' "1 'I Ji\ cf £1- 'it 'Ii' '1!: 0 I '-I 21- 'l'! '-I k 21- 21 ';'! -\'!: Aj O I 7j "1 'iii q Jl. .,,_ Jl. 5} Jl. '.ll q 

4-2-] Lfel-2} if~ ¾~5:.~ q}7J;: ~~AJ-El] (chaos)7l- \"€.g. .!j!-~g z]ll~fs}E.£ 

"'7\ O!\';o\ oR~ ojej~cf. oj,"- {l:oce}.'r. 'l'i'-lk<>I\ 21~ ~\'!£ '/'\'!"1"1 7\-f 
'l1 ,HOJ\'14'-"1 \'!%"at~ 'i'!'ll•fJi\ ,',j~~ii.-1<\ •J-7\oj\'; .. J,.J-<>11 7\o\~ T '.lli:J-. 
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MAY - SEPTEMBER PRECIPITATION 
FOR 4 SOUTH KOREAN STATIONS 

(AVERAGES VS. EL NINO PERIODS) 
eo,-------------------

I~ 
2 40 
C 

.§ 30 

1! 
.Q.20 

~ 
Q. 10 

0 -• -. • 19158 i:::;J 11173 ~ 1983 0 111111 

~%l 3-5. $2.IUCJ §;~9..1 4JH ~H~ {-9~•1~2 JIAl)OHkt 1957-1991t:1 MOI Ole 

ii! (5-9 !!!) !!lie i'l¢ielill !11"101 i'l~2' 4JH£1 !!!!LlhJI c'!II 8!11 l!HC>J 
Ole!!! (5-9l!!) i'l¢ie!C>J ~liil 

200 • 
I! 

0 

-200 

::mi 3-6. AH•~IA1 62e'2' (1935-1996,')C>J Ql,i l!lic i'l¢c/C>J Ole/XI. \!!Uh oH 
c: Es' HAI 0121§ (i'l!'!"i. 1997) 
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;<J] 3 ~ Ell¾ (Typhoon or Tropical Cyclone) 

3.1. ~ ,W ~ ~ 8J Mechanism 

EJl¾{'_ *E-lllf:1°J Al-¥-oJ]Ai ~,,,~'6}-:: ~tjJ,'•J ~7] 0J- (tropical cyclone)% ~<5}

o:l, lJ% -¥-~¾jij- ~% -¥-~%0] T~tr}-';: ~r:Jl T~r:Jl (ITCZ; Intertropocal 
Convergence Zone)7}- "r.£.. ~.AJt,}:: o~~ 6]A]1tl ~~J~.Q.£ ~lB 5°N-25"N, 

120"E-160"E oJ]Aj '11'11~"1711 'l/>g~ci-. 
EIJ¾ 0 l ',!-<gsfc: 3il'tloJI c/l~ 78~~ Ol{'--'j il'll:C 0 1'1 1J,l£ioj ~"I \'€2. 

4, ~lfl,-3:j.£..£. .ll.& r:}~~ T~tjj ¥-~o~~oJlAi';: s:~ ~'l!-7cl .>-J-E]lI>oj] ~7] u:ff 
~oJl ~~¾o] ~lll ~AJ.S}-0:j 7}-{r 7J~ 6~ (squall)% %1fr~cl-. oJ ~~o] :a:~-g
£...£.. :Q-~ if7]~ ~%~01~ 1tl"lilll £1o:l, oJ~o] T~7l-fi""..?.. ~i:il-cil 3:l£,¥-~oJ1 
.2_~q, o] ~%~0]7}- ~:koJl .2_~ ~ :};.-§-"ffo] ~ oJ~~ EJl¾9.l ¼]~o\ S:]o=j, ~ 

c/l 1',lc/loJJ><i 7J-fl-£J "7",joJ 7JOIJ"I'/! oJ,!oJ "l"t><J EIJ-lfoJ 'ili:J-. 1',;/c/l£1 ~~I 
2f 7J£:C '411!ofl ufe} q,'.c]J, ojl,"il:C 'J% -\'-"1¾ 0 1 7J"I"'->'- 7}78 1'\-lifoJI Jll 
~]5}-o:l ~½oJ]';: ~%4'-~%,o] 7J-oJ\A'JAi -3:J£ ¥-t11)-;i;] ~"oHl--r+. ~~% %!fr~ 
:Q-~ 5::%~0\1}- El!¾E..£ "8;,;J-5}7] ~t~Ai';: e}-tj-.£¥-Ei ~ol 7-114,: ¾ir~e>io~ t.}

E.5'- •l + '/! .g. £11 £1.±c 26'C 0 VJ 0 I oJ 0 1 sf oj, -1'\-\'!'i' eJ oj ;a 'i! "ii 'r >'- 'll 'E sf 711 
Bct. 

><J 'd 45'.! {1- (1951 -1995'.!) Eil¾"l 'l/<g '/!£ c: ';'! 'l! ir 2771>'-"i, ;,j "l -'j s,_,e_::: 
5"N-20"N, 130'E··l45"E oJIAi 7}78 \l! 0 J '!J->JSfJI, ~l'll-'l.£.5'-c: 7-10~ AfoloJJ '/1 
£71 7}78 'Ice+ (Ji 3-3). 

ll CISK (Conditional Instability of the Second Kind): i'-71~ .¥.~(~~~JoJ1 Cit4 S:.~1 
.2.~ 1:Jl7]7} ~~1JORA]:: "'JEil~ ~'l!"31~ '3::-TI *~~·0142 t}::rl], o1~~ lg~ OH} 
rll7]oJ/Ai .g-7)~ T~ 0/ -?-~ (cumulus)~ ~~t}cxj 'r~~2£ -'J-¾ r)j7)JJ}A) ~AJ)~'{J 

rlH'l-~%{convection)~ ~E."4 r)jTT:2. >-]!::~.2..£Ai ~~78ii}ll] T{fo\ ",f,.Ji5}1:: ~78 ~
~~ g. 

- 101 -



-1i \!! l-1l 2-1l 3-1l 4-1i 5-1l 6-1l 7-1l 8-1l 9-1l 10-1l 11 -1i 12-1l 11-"'1 

:oi 'r 0.5 0.2 0.5 0.7 0.9 1.8 4.0 5.7 5.0 4.1 2.6 1.3 Zl.3 

H 3-3(b). ~klEH~2JOllkl Ell§£! ~S:~ ~~~:i.¢ (1951-1995~) 

1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 
21 27 23 21 28 23 22 31 23 27 29 30 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
24 34 32 35 39 Z7 19 26 36 31 21 32 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
21 25 21 30 24 24 29 25 23 27 Z7 29 

1987 1988 1989 1990 1991 1992 1993 1994 1995 
23 31 32 29 29 31 28 36 23 

E!1%21 'lt),~'t7J<>llcc <}~ 'l!cJ!'J >J7J'lf.2.ss 'l! 0 1%'llc a!£ .!/-2-21 %% 1!/
~%loJl ~c.'=l "i~.Q..£. {!1li5}tj-7} ~fa:} ~~.2....?.. %2}..2..1;:!Ai ~r:Jl ~% (tropical 

storm).Q...£ ~lg-"5}2, .:i:;! o] ti~ ?--17;j Ai Ell% (typhoon or tropical cyclone)..'?....?.. 

~tg'.5}~ ~-~_Q_.£ t1"Ji5}J!I 5']uj, ¾~£21 ~Ai%clloJl tl~i5}711 £]Ir! 11'3"Ji5}0:j ~ 
·lHc 2. ss 'c! •J sf ~I B i:J-. oj ;; <>ii -1i \!! Ell% 21 'l! it 7a ss ;; .!I.\'!, 6-11 <>ii cc ~I "c "i 'c! 
i5}aj 'a"~~tH AJ.Q....?.. ~Jc)}::: ?aJi'--7} W.2..til, 71loJl::: r.H~ ¥-~olJAi ~~<r!~g 
ufef sl-AJ-Sf"l "PB~ 7-\>1 -¥-"1 cfef ,;,2.ss 'c!'!l~i:J- 8-1l<>ilcc %-:;,o;-Sllss·'i'-•l 
-'t-"1 cf el ;a 7f ss ~ cl % Sil ss 'c! •J ~ c\. 9-11 <>II cc 'il""< Sil AJ-.2. ss .!/- Ei .2. "i cf 21- % ,;a 
&H"J~ .x]L} ~~~£ ~.2....?.. {!8~'5}uj, 10~91 Ell¾.': ~~ 'it~ "8ljAJ- ~i!] A]t.l

Z!i:J-. 8-11 *""<>11),i 9-1l ac11f"i£1 7eisscc '1-E!l'!l 0J 27J'lJ-21 ~11--"I- 'l/11~ -\'l~l7f 
~:=ci], o] .i!.7]~oj :§:j-AJ-ii}:C. '.l1,.2..~ Ell%.': ¾.;::- r:Jl~ ~.Q.S.. tliSM5}.A]uJ, .il7]i}

~i]@to] ~~£!~ 4-~ 1+2-t ~.2....?.. tliSM-t}:= ~o] fJ-9-. o]~.': JIJir ~..?..~ ~'ii" 

~ '.il 0 1 -'I'<!, ::l-'t-<>11 ufef 2 "1 cf " z·+ ~ E!l 21 °JAJ-7el ss ~ ai1 tf,J .sc ~i:J-. 
£fl% ¾1IoJl tl}'i:[ 0 J ~8"}.31 Tii 0 1 -3:J.': "T~¾ EJl¾sJ ~o]c}J1 <5}~ri], ~~ 

3.1]::: ~7a 0J 20-50km 78£.A]~ .e, -;:!f- IOOkmoU oJ 2 7J£ ~tj-. Ell% 'T$-J9.J l:l~ 

~~ ~A]J;fJ t1J'5J..Q..~ "F{J~ ~iiTI ~ui, Ell%9.J ~~Jt!J~Jg_ ~~8~~ 
ll-4 ~MlliJE..s'. 'c!•~"J-~oJI til•H•i .2.:c"s'0 I ~"s'.!l.i:J- 7Jsfi:J-. 

:<] I± 921" %'l! O904-1995\'l) -'t-"1 cfef<>il 'll ~J ~ nJ 'I} EJl%21 'r CC 2827H oJ 
uJ, 0 J-:;l,". 32"N-40"N, 120"E-138"E£1 'll~ '-11<>11 .'r.,r~ 7H'i'- 0 li:J-. -'t-"1 cfef<>il 'll 
~J~ 0 1'1} Ell¾.". 7-%1-9-'i! <f 0 J<>il -ll¾"loJ 'll.2.uJ, £%~I 6-11-"I- 10-1l<>II '-11;'.;tf 
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7]£ ~q (J!. 3-4). q.cj t.1-cl- 'r\'! ti1%"1 7,Js'.;s -%1\!ls'. '<tllJ!i'.\'!, 6-%1"11::: til'l! 
'tf~Q..£.!j!-Fj 7-]~ ~o]z] ?j:C. -5}AJii}til, 7~oJ1~ ~AJi5"}~ ~~-¥- ;;,;p:iJ-g %~~ 
q 8-%1 :"'. 7-%1.!I. q \l- sf sf oj %'1- ,q 'l!- g_ til zi--::! "J-~ £.s'. -'8- '4sf "1, 9il "11 ::: ¾ cj 
ell el 7} "1, !Oil "ii::: 7f'lJ- \'1 6 1 '11 oj \l-•1 '1! :S "-'l %'11 "'£.s'. ~-"1 y-{'}q_ ";, ::J 
s'.:C 6il"IJAi !Oil A\ 6 ]"11 11~1 \l-SfSfJl '.l):::t1], o]r,!:"'. -'l-til'll 0J Jl7]'lf Ai]"l"l 
Qf i!1- 91- -11- :>117 l '.ll _2_ "I , 1! \! "J ir ;\'- .l'. ::: \l- '11 '1! g_ 7J -'l % '11 " ~ -"1 Lf TI r,i o I , f 
~ fJ-'.Ur+. 

H 3-4. s'i'.I uc.1rnI gi~.; DI~ [Hl,£1 JH<;o (1904-1995l'!) 

ii \I! 1 2 3 4 5 6 7 8 9 10 11 12 tl-7ff "I-£-
1 AJ-7,n~- - - - - 1 14 68 92 68 7 - - 250 89% 
6] AJ- ;:j .£ - - - - - 2 13 15 2 - - - 32 11% 

ti" :>II - - - - 1 16 81 107 70 7 - - 282 100% 

01 %'1! '11%"11 "1~ ¾"1•1::: Af 0J- ',) 1!¾01 91!'ll 01,J-, •1~ "1'11::: 3.7i 
-'t! o]AJQ.£. <?:!~ir Tj:1.£..~ ,qoJ ~ ~¾ 0 ] 100~, ;{l~:!nJ"3Jl '2r 400~~'i} 1°1 
cf. 6 ]¾"i]Ai "1•17f 7f"J- ,!'ii J01l2J ti!% "1•1°J-\I-:"'. J!. 3-591- {!-q_ '/!'ll "1'11 
::: 1972, 1984, 1987\! 2l 7J q. ;_; ;J] el sf\'! 'I.' 'll i!l- 0 I {i '1! 60\! ti 01 11 "ii 'lt >J sf '.l! _2_ 
oJ, >1 ~ :<!J '11 :C ::I 91-"' \'! ti s'. 1959\! 2J 7J 4-i!- "i] .2J Sf\'! .£ -'i- 70\! ti 0 1 ~"ii 'lt 
AJ ~ }! o] ~ 1J o] ct. 

6 ] 7] {1- (1904-1995\!) %'1! 4-cl Lfcl-"11 'IJ•J¾ o] t! ti!% i!J-'ri!- \'!£\!l.s'
~~.!i!.l(!, E!l¾ 0 1 Lil~ii}A1 ?j~tj ~~ 1920, 1947, 19881.:! ~ 0 lti!, 518 °]~ 1.}J~ 

~ •1::: 1911, 1914, 1922, 1925, 1933, 1940, 1950, 1959, 1961, 1976, 1981, 1985, 
1991, 1994\! 01'1!9-. 01 %<>!]Ai 'i'!Y'a.7f 'l!"i\!\':! •l::: 1911, 1914, 1925, 1940, 
1976, 1991\! (43%) 6 ]"1, "°-'1]7] % off-¥- 7J-~ 'i'!Y'a.7f 'l!<>i\1°.:! 1925\!"i];:: '11% 
01 5\'l LJl;:.-9!!_2_oj, 1982\!"I]::: 4\'l 7J-Ej-9!(q_ ~'I!. ~q i!l-'r (7\'l);_; 7]-1li-~ 1950 
\! 4 1959\1 "11 i'c 'i'! '-1 n. ,1 'If '\1l sf "I ilf '.ll:\':! •1 ° I q_ 
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H 3-5. Ali::! 92\::!2.!- (1904~1995) illOHJf Jfg ~0 [HgOJI £1~ 2~ 
.,_ 

'11 'll "I "1 .,_ -?1 

'" ~ "I "1 "" "' 
-?1 1!-1 A]7] ell% 'll AfUJ/ -¥-AJ- ~AJ A] 7] ell% 'll "I "ii OJ] 

~¾ ( "I -1)) 

6 I9I4\:l 9-%1 - - 432 54 5 I959\:l 9-%! Af ef 2043. 

2 1923 \:l 8-%1 -- 1157 - 6 I972\:l 8-%1 ~IE1 1846. 

5 1925 \:l 7-%! - - 516 275 IO I979\:l 8-%1 'cc] 1162. 

7 1933 \:l 8-%1 - - 415 84 9 1981 \:! 9-%! o},:::rti]A 1314. 

8 I934\:l 7-%1 -- 265 158 4 1984\:! 9-%! = 2081. "' 
I 1936\:! 8-%! -- 1232 1646 1 1987\:! 7-%! 1!! uf 4962. 

3 1959\:! 9-%! Afef 849 2533 8 1987\:! 8-%! rjt.j- 1403. 

4 I972\:l 8-%! ~IE1 550 405 7 I 989\:! 7-%! 'cc] 1450. 

9 1984 \:! 9-%! = 189 150 3 1991 \:! 8-%! i?" ell c.j A 2630. "' 
10 1987\:! 7-%! 1'! uf 178 138 2 I 995\:! 8-%! "1 '-1 .,_ 4563. 

.?:-~"-d Ai7)~2l£ q..~ 44oJl ¾TiiH~ ~.2.'1]:: Tf~'?!o] ~.J! ~;::r:il, A] 

\:! 10\:!'(r (1986~19951 6-%/"iJAj 10-%1 AfoJ 'll~Jg ~ ell%4 -&rJl-'.j >j7J'lJ-"1 -%! 

'111"3'.~ .s'.\'f ¾ 3J7H.9J ell%:,} 2357H"l Aj7J'lJ-0J .... :,j-~f5:!.Q.9 (J!. 3-61, 200"!-'I! 
oJ-'J-"1 ,ff~i!'-:,!~ 7f;c],O. ~::'. 11]% 0 1 107H (1/31, >j7J'lJ- 0 J 197H (1/1215:!9-. 

H 3-6. All::± 10!::'!2.!- $2.IUCJOll gi~~ DI~ EH§ill ~CH~ AiJlgJ-£1 JH* 

~ 6-%1 7-%l 8-'ll 9-%l 10-'ll ~ ;,JI 
-=?-if" 

Ell tt 3 10 9 8 I 31 0 

.9c t:JHl "1 7 I 'll- 59 55 42 36 43 235 

u.}2-}J..i, ~ ~H{!- ~~~ 7}~.g. ¾T-tH.'1] ~!r..T£. ~1B .g_~Aj Ai7]'fto] Ell 

¾oJl 1:11 oH 2ilH :-.>:J .1:c. fJ" g g '?J' T '.V. t:1-. 
::J.. ~AJ .<?:!'?..!½ ~5lj~1?1, ~~}~{!~ Ai7)'{f "'5°{]0] ~1@"5}~ ..g_~Aj Ai7]~ 

0] ~1@"5};,J] £IE..~ ~r:lJi5H~.'1J 7}'i:! 0J%~ AJ-tl:-"-d ~ ;t:=tj-.JI ~ T 'id.2.19, A] 

'i'--it.5'.SJ 'll/%->! (SH'r '>! {r7]1 2.\1:2..s'- rJIJ!.5]::: 'l'ILJ1'c-'i/',''1% <1!-'J:,j- t!:~I 
7f (rt::: AJ"'ic,j rjJ7] ~-iJ-oJq 

"'itlli!J 0J \!T¾ (warm pool).'1] ~ 01 El!§.'1] ~,,_~ ~ AJ:-a- oJ]LiA]-i!.2..£ "1':J 

2) mid- latitude cyclone, extratropical cyclone, ~ "C polar-front cyclonc 0 l 2l .:il S:.. ~ i!-1 uj, 

1~-1{1 (stationary front).g- ttj-C}Ai Ai7]1}- ¾~o] ~tgo}crj AJ~. 
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~I ol % sJ e1 a}::: 1H 'l!'J :'. ~ 2. Lf, \:!?¾ :'. cJI 'ii 'a. 28°C 01 AJ "] Sil?;; 'lfi5f aj Ell 
%"1 'lf'8£<!:'. 26°C olAJol'l! 7}';i5}!'-is \:!?¾ ol.2J<>il£ 7j.2j .'i'.:C 'l!cJl"1J"lol 
Ell% < 'E::: 'ii aJ i'il '<! l "1 'l!- ,g 0 1 1f 'o ~ Sii "l <>11 Sil 'il--'il cJ- ( :i 'II 3-7l. :i •l E-is, % 
~l~.2...£ \!"r¾9.J ~%,,.JoJl 21?>~ Ell%9.J 7J£ ~ 1il5:."r7t- \!!~~~4~ {jg ~ 
-., 7] ::: <>] ,'I cJ-. :i •l Lf, 'l!! 1.J k7f ~ e1 Lf i!}"i] ::: aj ;; 'ii ol] 'l1 ~ 'l 2.is .:;, -& <! £ ~ 
~ t.J g op:] E.£ Ell% ~.AJ 21 1il x.-:,=- ~ ~ ?!l ii}~ t:~l 7] al ~q- .i!. ~ -:,=- '.Ur+. 

:J~ 3-7. Xl8 20\::!2!- gi[}l~ ADlgj-0I ~~~ XI~~ 'fl.XIS:. (Gray, 1979). 

ll 1982-831o: !9821ool] 7<1'\-.ilf -l!\J- 'll'l-"l"l"il {l~ 1f%2.'a. .'i'.'-ll1l1,- -l': 
~ 1= 0 1 W'.l.1:2.Lf, -l!oe'l2.'a. 11.'1! Eil"r1""1 l\t'.l.i:J1., 19831o.2J 71')}:'. 
{ilfl-~_Q_.£. -'ifA}oJ] A]~g ¾~"5' ~tr°~ \j>S{j~ o}L-f~C}-. u:}2}J..1 }982 

lo "ii ::: "Pli· Af aJ-~ 0 1 'Tl lo .I'. cJ- "1' ;') * 7f i5f 'll J1. ( + Zkg/1 ,000m2
), 1983 lo ol] 

;: ?~,/ol rj ~7f (+!Okg/1,000m2)-.f'llcJ-. 

2) 1986-87\l: 1986\lol]::: 'll\l.ilf "I~ (+3kg/1,000m2)-.f'l/2.aj, !9871o 7-'/I 
"gtr°.?}A) 7}%oJ A]4,=-~~.i!., .::r+ Ell% (1l}PJ-)~ {]¾~4--9.j ~t;J.Q..S.. 1:!j 

"r ~ 2J' 01 {} J: ( - !5kg/l ,000m2
) i5f 'l/ cJ-. 'l/ -l'- \j--'j!. "I •J "ii Aj £ 7-%! -'?;rnf ;sl 

{)~ 7}§-.2...£ %.!j!-~ A}Elj~ ~~tj-. 

3) 1992-931o: 19921o "ii::: 'Tl \j >} SI;: ( + lkg/!,OOOm2)-.f'll2. 19931o "i ~ol] 

;: 'l/£,1 'I-is'>!- ,J.g. '1JAJ <'ll•Hl2.'a. 1'J £'l!'!l<>il .2j~ "'*Af llJ•l7f 
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- 901 -

·1:ir;;lo loial.> 'C\l< 
lv#FY ~-tr~ k~R>-ir l-Y[lo,&[v¾-lr -t.crn,i loPt86-L661 ~yp:>~f:1 (lo(:.£R;f-12 
loJ'-[L-W-£li<!r-l ial.> jar-,[L~ li<~ C:fY2t'ti tai- :::ro rr,~-'Elo 11oro,S, %1,c 

fo~ *IP lo,fl,j'°fy [ojolele '[<rf,e 'jy, 3fY[io% jo[y[f13ja 'l¼lelo 'rr{.\'-'J','2 3 
?-,:: %0£ -bRkif\[r lo-Rfd-aY "'i'.:~ Q ~-lL'ffI-} .fdv¾t!'." llil1¥ ·titoR: B loR> :::: 
Tblalo "'5[lo{217 t2-b- lof'i'~ ~ltl [lo(o 2non; l1ollt%R>~ *1Y~ ~{2t,. t2--!
-i?~-lL~ ~lo [.g~ 'ln-l!?1f% iwri: [o-fai} '-lt:Fzr 'Iv{} W.Hi l!oiYK'Y ¾-R-£. -r,!'ltl(o 

1'\-[L O~-lL-2:- =:n; llof.!..4ii{?:, foW:llri [oTq-iW;, g -lolv-loft-% •~~ 'ln*-?t 
·-p~lvfi:::-R> :S&iYK'Y toR>li::: ½%* w20~~1i,;, ¾ 

% &~ ~~ tofo3 It Rt;: l<,R,-li:::~ ~%% lo~~~ ::::~Y[lo~{2R 'lnORd@If 
~ ~t,di: .!:~ ::::-bl'6 * ro~ ~Y1'2 f.dYf¥ ~2of}.f:,..fo ~ldv¾-irr to~-:7~ 
:::fY\\olt<F'tSf>c ·t:,)l, 1':j-n ~[lo\J, [oc,.[l- is fo li,2ofo~ -;a,,s, [o4<-\L fyl<,f,-1,, 
loBilr-ir* iidifv~ -lL~[-,.[Q [o';;.f.SR~fv ~Y[lo~ =:~vllo~~ ·ttJ¢-l.gR~ ¾& 
-B,~v ¾tr-J. t½fi:::1o 20~~{r [w20~fi:::~ ~~fi:::r!,-1?. 20~,&t =:-tiHRHi:: ~~ 
-:,, Jl, lo .fy [In l, t, h t' rr {¥-Ir Ile ~ .r,>, Jl, lo {I,· [lo l L" h ii<, lio ~ v- I i- Ile lo ½ ll!I 

•j:i[.jo ~;-, C:t,{3t, -i12of.\'-fh iar-,&-/r l<,jya', lot'ti t;,i
jL"hii<> C:fy[1ot,,t, t2i- 'fyt,,tn ·plo{¥1';-lL ;;rrt,- ;9,-jy [of,~,s, -ls- 20,!',,s, 
.fL iri'ii.fo -trr"~[L -=is~ V:,h =: [loPtl661 ·p1¢[0%-lL * lo"Ptv66T -hr"Pil86T 't!"'{h[o 

"F-W & :Ero f.!~ h'. to ~ to Fi£66T -;; -rvtL ~ ¾& ~ -ati tli t-z: ~2 :i-½ lki ~ ~ ri tR> 

-blo-altn [L)o "' ;rn ::Slw\li -If-Ir~ c'iklwlo lio./YliHs·lL jar,;[~~ P,{o loll< 
[o ;'l,.[L-folt• jar-,.cl~Rc ~-rl: "bi,, 2alo liL\si'i irK ~jya!, It• -c ~!<,"; lo 
%~ '[L~b ='.l\Ql\n ~l-dft lo%-lt l~~ 'p:llt:-hlYfR ~~%~ ~{;,~ ~~~ '% 
lt: ·~t!" 'td·d$~-k lo&~'ro [kig~ 20~1Rfo ~%lo r ·-p.1.sirNr 1tf~::i lt:-C
~ ~lb [lo[o 2n{!?rY'@¾ ~-{o ~lkilt:R ~O:f~~ Io~ft:['2 t,5~[1{R, [of,c(o 't,. 
o'(6 lof~fL ~l~Y{z lo&~~ ~lki[@g-b, r 't!"{@lt:~ lo-l:v~ ~-{2~ 2\ldb ~ 
liolt,, C:f,;{lc[Y {L"[-111<, ']l,~loli< ~i-~ loi\£8-Z86l lo:S)o ,s, fo klio;'l,.[o 

·ti io,, ( z''l()(J()'l/~~s- 1 c;; ,'l: J:i ,.p, llr 20 ""*" ro ::: lio P.s661 
·t,,o~\¥1,W()()()'l/~~l•I ,,i -biai\llr [of,~,s, [,, :C:loi\V66l :,',S6-V66l (v 

·1,W()()()'l/~~S£-l -b~ i-kn 



7]-'J•~:JAJ-oj ~'?..! 1., ~~ ~ -::i;-7} 78,lJ]ol] 0 ]*1~ °at;J~ r.HB-<:>}r:}. ~8] % 
•111998\:1).of {!-o] o]AJ7]-9"- ~-'-Jo] {!Sflll L}E]-,t <lie: cici* .::1cjsfcf. !980'dt1l 
~ 0 ]-9"--\'-Ej "IT -:-:!'11"1 7]AJ7,1!1."1 ~!l.7f 7f';Sfoj{loJ] <44 "iTn.'i'-5'. '11"11+ 
2 '.U~ o]JJ 7]~~-'J~ r.H~ ~T7} ~~~ ~~ -~~ ~t~2 '.Ur+ 
{IRIUnternational Research Intitude), NCEP(National Center for Environmental 

Predictions), NOAA OGP(NOAA Office of Global Program), Pacific ENSO 
Applications Center 'g ). 

'l'/Yk ~-;} 0 1 1:1"115'. "IT 'l!"1"1 '1! 0J-I1J7]"1 ·£Pli'!:ii'!(Teleconnectionl<>il 21 
all A]~ 1!~1 Oi~ '.kc]-:= OJ"O"Jg a]~ T '.Ug 0] ~~A].Jl 'U~ 1!-~(Glantz, 

1991)"11"1 'l'!Yk ~-'-J2 'll-\'- -"!.£ '11'll 0J S;-71 'ii''<! oft.14, -'11~1 oj2]4eJ-<>1I 7} 
':} i"- i'!:~),171 '1"1 ~cf. -\'-e11+4oJIA1.£ ~2<>11 'l'/Yk"il t1l"\"I i'!:11°1 :i1.£"i 

\'!<1-\'-El ujAtjol]Aj oj2] 7f"i 'l'!Yk"il i'!:ii'!'i! 7J,f;. '?-ll'l-"-"- !I.S:Sf:a. Ve 
,:,J7,1°l>l'1!11997.l.l-1998.12.31 ~l"i 2-:l'll!i. 213'1, ~>:>l~l -cl1t- 273'1 %). 'l'!'-1 
k7f "\"l\'!£<>11 °1>1::: 'l!•J<>II I1l"\"I -\'-{j'o!l<1c: q{j'.-J 7il'll'l 0 l:a. 71-\:!'1~! '-11% 0 1 
'T-¥1-~ oJ~~ ~~'-?.!~oJl/11 ?J-~ .2..7H~-~ -hlol'T2 '.Ur+. 

A]#-JJ}A1£.l ~1-]ir.~ -¥!-~l-t! ~T~.g., ~Ylt.7} 11.A]T~'-?.! Al, ..'.§-z!-611]~ g_ 

7}{! A-l1Al 7]~1ct~£.J 'T _8.c;_}oje}~ {!ZfAjoll5:. ~T"5}2 EJ!aj 0J ~.5:. ~-2-i!} % 

E1Jaj 0j: ~~-¥--2-ol1Ai ~l~!-~2..~ 0]-"F-Oi~~tj. r:i~ 0] --9-i'.lY-e-l-7} ~all'.U~ ~J.i 

ell JJJ °Jell r.H ~ %~ ~ 0J ~~ jl~.g. T-8:-' ~ ~, on T ~ It!_~ % _Q__.£ ~~.!H t~ §J-£.1 

'1!%'J<>il qjsfoj 0 J2Hf ~-'-J-'i ti-'1!-'8 '\'7]'J'li •1'1-'i \1"1-'-l'1 'l'/Yk 'l!•Jo!I 
qj~ t.H%~ 3::{16tjl1] ~"Ef5}~ T~oll tJj~ci '.U~ -~78°1Lt(Lie and Endoh. 
1991, Watanbe 'g, 1986, Shuto, 1996). ~~ol]Ai~ 9-~ 7]AJ-,:i.}_K~ 1:1}"fs-E..~ ~} 

qj7] I1li?~ 5'-'l'/:,f '1! 0J-qj7] -ll~.'i'-,!l %"1 "i-"''l >1l~l'1'li -ll-c 0 I A].£'1:a. '.l,l 

A] 1i!-(IRI(Intenational Research Institute), 1998), ~ AH JJ}A] --9-~ 440!1 Ai tH ~It!_% "8 
oJ1 ~1Jg ~~ i,Jj 0J~A}~£.j '?:!-,1-~:il}~ ~~~ ~1jo]r:}. 

~ <?:! Toll Ai~ °Jl 1-] lL ~~J -2~ A] iQ- :c. ~c=i ~ ~ .£ Ai EllnJ 0J tlT¾(warm 
pool, Aj 7il 180' -\'-2) "il"l<>il-'-121 'l'!Yk -c)_o:(signal)2! -,!ll} "1-711% "i"-"--'-12- •l 
1'-~l2f, I1J7I t1li?~"1 °1%7,ls'.<>i] 'lt'ia"1 °] 0 1 ~!1.-'8 'l'!Yk "i'r-"- Af%7f';"\"I 
oJ21,121 ,1°J-\'!~~1K.21 7J'lf~IK~ ~w-oloJ ,,,_:: ~1,;_ei -'-l~l'l! '1!%AJ ~ {I-½ 

~ 7,! 0 I cf. 0 I :. "I '.l- -"-"- 'l'! '-1 k .of 1'! ~1-'8 ~ \'! .£ i' \'! oil "l oil Aj "1 oli 'r \'!' 'r -& ' 
l:l}~-:;,;J-, 7JT"'ct£.J ~%Aj.il} .AJ-'.trtl-7.11 ~.Q] t.ll%~ .£A]~ T '.:?,lE..~, 3::{JA-~/11 ~ 

1-jlr.2.} -½'.!-lll~ ~1il-5:. t~~Qj ~%Ajg_ '?::!TI~ T 1)_g ?;!o]tj._ 
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-l', \'!7'-ojJAj 4'•]1'! ;<f_a l/--'J9J *-'J :0 014'\'! \'!:of9J {!AJ AJ;,jJ'l) ;<f_aoJIAj 
1Yh. "T-712} 3tl:7il¥! 7.1\i't!%(interannual cycle)~~~ ~½'8}jl, 2l- 8"Jl-'r-1B t! 
"; O<J 'lJ <>ii Aj "1 '/Pf .J: 'a: ~ J-j .s'. "i ic ~ .5'_.s'. "1 Z! -"I {l uf 9-"1 "1 'r \'! li 01 "1 ;;! \l 
It!% ~~2l .AJ{!~J'T(cross-correlation series)~ T8}';: ~o]tj. . .::Z.liE..£ 'T{l¥! 
1l~i! 8"Jl'r1B A}lioJ] .lMt.Hsemi-cosine filter(hanning))~ A}%5}0:j jl'Tiil-'T 
(high-frequency(2\l 0J-.f"1 ?71))"1- <1?"1-4'0ow-frequency(l0\l oJAJ-"1 ?71)) 
~ ,.,J~¾ ~J7lA]?]J1.(band-pass filtering), ~Y.il. Y7J2} 'M~lt}';: 7a1d ~%,.,,Jlfr 
oJ ~~ff5}';: ~~~ 2},-½ii}~Cr. 0 ] 7J\'!'t!% A}li~ tl}-"l=J-2...£., Zl-491 '3Jl-'r-TB {!~ 

-"I 'll Af O I "1 % \'! \'! ,!J ;; 11--'l ~ _5>_.s'. "I, 'll 111 Aj Ell '!I 0J '.±4' ½(warn-pool) -"I "i .ilJ
~ 21 cf 4 i:,;JJ;s _>;'_~~ .Jj\-Aj Eill\l'lf"l "1~ '/!%AJ"1 AJ-\'J:>J% 'jj,l',j.2_5'. cfEf'-11 
~9--

•H 'r \'! 'I!%'>"! 11--'l <>ii Af%1'! 0<f .a.s'.::: UHSLC(University of Hawii Sea 
Level Center)<>IJAj "1li\'-"l::: -%!'ll-rr "14'\'! :<fil."1- ~'s'. 'll-l'"l 4'.s'.S;' 7Jif\'!_!i!_SJ 
15\1(1979-1993) oJAJ- '\'!~1'! -%!'ll-rr •14'\'! :<f_aoJtj-_ 15\l oJ>J- 'l}-7J{l- '\'!~-"l<>J 
"1 ~ .i!., 'l! 111 •1 Ell 'll 0J 'd 'r ½ ( warm -pool) ;,J "i -'I- Ej 1-21 cf a+ % "11 '1f-" I -,'- sc •I _s,_ 

•1-ll-711"1 °1% 7</.s'.;s -a:;_s,_.s'. -.1"1 971 "I'll% •14'\'! \'!:of\'!'?- l1J>J-_s,_.,,_ -'.i'J•I 
'llcJ-<::i'll 4-11. Zl "i'll"l '/1>1::: Ji 4-PI .tcJ-. 

Kapinga . 
Malaka Izuhara Nauru marangi 

I 
Yap-B Naha Naze Cheju 0J2o-.} Ulleung 

'-1-" 2 7}'!1 ?f 'l/(B) Lf•I Y-"11 ~Fr %¾ T- Wet~ a+ 
0 1 \'!: -"I 

'/I 166.905 154.777 134.463 138.128 127.667 129.498 126.900 129.222 130.888 
>I 0.528 1.098 7.33 9.508 26.217 28.378 33.255 34.255 37.311 

'l! 111 'i Ell '!I 0.l' \:!4'½(warm-paoll"il '/I >I~ Nauru "i "i "1 1974\l -'I- Ej 1996\l 
"r"l"l -%!•Jrr •14"\'! \'!:of ;<fil.;s oi1:s as<>J, -l' \'!'?-<>II -'.!l'!aJ.2..,,_ Af%-<! ,1,i1 
'l! "r .a >1 "1 .ilJ-1 ~ s:c ,1 •I\'! cJ-% .ilJ- .tcJ-. 

CD ~Al AJ7:Jl~ A}.fi.oJ]Ai missing data ~ ::'.. weigh-folding method ~.Jlcj ~(.=r 

,,J 4-21g 01%~ _!il_'():'IJ~ Af%-Sfoj '<!4/1'! AJ~l'l! ;<fil_!a_ '1)-a;~tj--
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Sea Level Stations(UHSLC) 
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160" 170" 
,:, 

Kapingamarangi 
• eNaurU,, 

180° 
so· 

40· 

30• 

20· 

to· 

o· 



B~ B4 

• • '0 

BO Cl c 

. 
. / Cl 

Cl - Bl • 10/11 • AO • 1/11 

C2 - B2 • 9/11 • A9 • 2/11 

C3 - B3 • 8/11 • AS • 3/11 

ClO • BlO • 1/11 • Al • 10/11 

.J.'el 4-2. Weight-folding ~Z!~ ~.:iJ.2.I~. 

Cl£/--L1 ClO ~ weigt-folding method ~6~ A~Ad,¥! 1:~] 0 ]E} 0]2, ~{i.g_ {i~ 

,'.{!'lJ(linear interpolation)"il "1'11 '~'J'i! t~ 0 1E\ 0 Jq_ (::r',I 4-2)"11>1 'll- 'T 'lli-c 
~4 ~ 01 weigh-folding method ~ 7],£-o\l A}-§-5p::,j_ linear interpolation, 

polynomial interpolation, spline interpolation ~ q. 5'.. ¾.2-1 'T" 7H:1 ¾ 7} ~ A] 7-11 ~ A} 

R"ii•i ,,JoJE\"1 ,J"fg "icl:c;:J-•1'11 'T 'llct. 

(2) ~~~o}q. ~q.J ~78.2.J 7)~ ~~]7} .£¥ q27J 111l~o\l, .:g-{}-3:j.Q.£ 

\'!%~"1 >Jtil'l 37]1'- sJ:;;,3171 ~l•H ~if"il til~ '/l>I ;;J;g 'i'W.2.s!."'i 
.Ricol- >]{lq(::r',I 4-31bll 

@ .A]~o}q.9-] .A]~9.] ~31¾% %oJ1 9-]~ ?}'T'-7] ~1;1~~~ 1.£ ~~ t:}.S.7] 

"1111-"il(Wyrtki, 1990; Yanagi et al., 1994) "icl:c"l-;;'ll"il "1•H -,JOJ~'l11"--'1Uinear 
regression)g ~A]~9-(.:i't) 4-3(b)). 

n""J"1 t1] 0 JEJ-71 (x1,Y1),(x2,Y2l,"•···,lxa,Yal"1 "J'1j_s'_ 'i'oJ,j 'l).2.uj, x2J- Y >1°1 
"IJ::: y•ax•b t!:~l71 'l)q:;, 1HJ~ Uil, 'J'T a,b "1 ;;J;¾ 7'-31\'! -<1'11 t!:AI::: 7.l"J 
-t:!t+. ~ a.b~ -?~ ~ x~ ~g ~1;1 y9.] ~ 0 1 ~ 0}~7}~ ~~~ ~ 1lc}. a,b 
ej ;;); :'_ "i cl:c ;,<I's' '1J oJ] ej 31 oj 9- ~ ej \'! 'IJ tlJ 78 "J ej t' .2. _s'_Aj ,' '1] c,) 9-. 

b~ nLxy- LXLY _ _ L~(x_-_(_L~~L)_)(_y_-_(_L~~~)) 

nLX2
- (Lx) 2 

- L(x- ( L.£ ))' 
n 
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~~~ ~T~ \'!%1: Li!I~::: ~·~~ •4::: •LJ-h2\ ft7118 ~~ 
(signal)~ ~"1 sf::: tlJ 0<] "l SI "1 <>I] el <}(local effects noise).£.£ 'i-%Sf 7] "ii li'-<>11 -cl 
'J~~8 •4"1 'J-T7J \'!%: "1],JOinear regression detrendl~cJ-. 

(4) •l"r\'! \'!~¾ h"'is'cl-"1 7f'J- <" 'l/£:a LJ-e+Lil::: ;,fJ'l!\'!%'J.". 7J\'!\'!%'J 
$>l A] n.,,_fll ~ ~ ;!":: ~y 31 {1§:.(signal)S!l .x] Q=J ~ ~ oJl t:i Y"Oocal effects noise)..Q.. 

-"- '1% sf oj Oil 'r \'! "1 7J \'! \'! % 'J : AJ-cJl "1.£.-"- "c ±AJ '() cJ-. .::1 el .<e.-"- zJ- "i 'll <>11 <J 
zJ-zJ-"1 •1"1 %!'!!0<}K:; 'llrr~.£.-"-'4, >@ir 71l'l! 'I!% •1'11'l! 0<}Jl.(annual cycle) 
:; '?-~~. 0 1 :a; ~l,J<l;\q(.::1'/l 4-3(dl,(e)I. 

@ semi-cosine filter(hanning) ~ A}% B'll lctT 7] ~ {f-(annual anomaly~oJ] n:} 'E 

s!~FJ11-1% ~J,jAJ;jq(cii/l 4-3(e)l. cut-off frequency::: 2\'!.£.5'. ;,fJ-;]:~71 "111-
oJI 2\'! 0 Jsf"] T71::: 5'.'¥- ;<JJ,j-"J'l!c} 

® ®"1 J!f'l!oJIAi linear detrend;a 'r~~ ~(.::li/l 4-3(clJollx, decadal, 
interdecadal cycleO] o:j ~ ii] ¥:-~~~q- .:it:iE...£. cut-off frequency7} 10\-'! 'tl 
semi-cosine filter(hanning)~ A}%ii}<ij 101d oJAJ-9.j ~"tf"AJ¾ 4£1-t.H:: ;;,;J-T7J ~ 
~(longterm cycle)g -,1-~t:}(.:i~ 4-3(e)) . .:1~2 longterm detrend~ "'r~W..Q..£. 
"'1 decadal, interdecadal cycle: >ii 71 AJ ',;I q(:, 'll 4-311)) . 

.::leJ.<e.£ (:Ii/l 4-3(g))-"] smothing curve:: 1±>1 '1"r\'!"1 7J\'!\'!%12-10\'! 
,qo]9l 'r!%"'J)9.j ~§:.~g ta".JI '.V.9-. 

@2)@ i'\'lJoJIAj A}-§--'8 'J!,J::: qg:,f 'i[,". IE!lo]q. 
IN=2\:I, 10\'!1 

/(n)~0.5(1-cos(2n N~l )) , n~l,2, .... ,/', 

(J) (.::i~ 3-(g)) 91 smoothing curve~ 7}A].J1., .6.I!!jScJ ~-ii g_ "'ri~c}. !.:::!8] 

Et {E-~9.j ~~~ T°i~ A}R.oJ]Ai ~1.-]k T7]S?} ~.g. ~7f~ ?7]~ %711~2.. 
£ ~:;pf ~ 0 icJ-. -l'- 'l!'i'oJl•1::: T7];a ~71 -'11'1 Af%-'8 "1:1c-"1 'f;,fJaj 'j/-'1JoJ 
;i;} FFT(Fast Furier Transformation)¾ 0J%t!- ~~.§..1:i ~5:.~"T-!il 7}-~ A}-~,,._ 

ej¾ 4'>J'lf'Zl lljojejoj.5' ::r'il(periodograml: <f%Sf~c}(7d %, 1988). 
Y~{! A]J;j]~ { X1,X2,X3,······,xn }ot]Ai 'T'-7]~ ~A] *<5}-7] ttll~otl, 7}';;t} £. 

:" •7JoJI cH•l ~AlSf..il"I AJ'Al'l!: p(N/2-"- '11~1711'! ttoJ zt 'l!~I Lil~ 1\lrr 
Y1(av)~ T@tj-, T 8f{! ~-rr Yi(ad :.:::: Y,(av)=ao+a1cosx,+bsinx, ~ 'i!-~~q 7}-1j 

ii} i!., £j ~ A}* 1tj oJl Q:j 5ff 

-t, Y,<od 2 -t, 
ao= ~-P- = Y<a~) a1 = p t:"\Y,(a~)cosx, 
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~ -7-~ T '.V. q-. 
0 1 uff, ~~ 0 ] R/= a/+ b1

2 o]E.~ Rp ~ T~ T '.V.ct. 0 ] uff, T<>1 {! N 
11 "1 >I K £-\'- Ej "I "1 el oj .'r.::r 'l'J "1 5'. :': i,l g ~J ,:±-a} ej \'! N2/2 11 "1 i','- 1J g 'li il £ 

i;f P "-, FFT;, Af%~i:J-. 

® ZJ- 971"1 ll'll<>il rlJ'11 5'.-'f- %'l!Sflll (D-(I) "1 -'i-"J g 
~1!oJl cJl'5}ciJ cross-correlation¾ ;J.fl{!'t}~ 

cross-correlogram(cross-correlation series)~ ~] A] 't}~ 9-. 
cross-correlation coefficient:::= c} g .i!} {[ .::'.. ~ oJl ~ i5TI A~ 

'/Ji:J-. 

l: [(x(,)-,m)•(:>{i-d)-my)] 
,{d)~ ' . 

V ~(x(,) - ,m)2y ~:>{i-d) - my) 2 

aj 7JAj de: time lag 0]JL, rnx,my::: A] i'l! x,y"1 ~n°Jq-, 

~ ~ ~ smoothing ~ 

7.:1 -'I Tablc-'I-

® ~oJ]A~ 711~.:e! AJ"tt:i!lT~ ¾~ 0 1~¾ {l~'t}7] ~'<5\l 7}1:l=tl~(Hypothesis 
Testing)g ~A]cs-}9:ltj-(..:::1~ 4-4). Fisher's z-transform¾ ~Al~ ~ 

(z=_lln( 1+r) r: ~'tl-7fl"r) error function~ ~ill-~ "5- l.2*10· 1 g 7)4~..2.. 2 I - r 

"- ;J "I Sf 5:! i:J-(Pearson, K. 1951 ). 
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(a) Time series of sea level at Nauru (interpolated) 

(b) Mean Detrend & Linear Regression Result 

! :o~ : r1,,0: ~ A .,:,n M: 4-o&4: , -~ ~!\&: ~, rA: . 1 : ~ <ii V crv o,y I .Jv1 <I w:v-v~~v v•. v•o 
§-200 V 
C 

= ·400 1974 1977 1980 1983 1986 1989 1992 1995 1998 

( c) Linear De trend Result 

(d) Annual Cycle 

(e) Removed Annual Cycle & Longterm(more than 10 years) Cycle 

f _:i.-[ ~: -.J,-.--~-... v-.,...,-.~-.-1/--; -&-.-,~-1-ono...,-: ,-,.,di-,A~vf-.. ,---~'.-"''--' --r-,: j 
=-400L1~9"'74~~19"1=1-~1"9s~o~~19"'s,~~19"s~6-~1..,.9s~9~~19"'92~-r199c!=5-~1~9Y9s 

time(year) 

:J~ 4-3. OH~'2: L!IOIEi .:ti2.I :ilf~ 
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(t) Removed Longterm Cycle Result (Nauru) 

f _:}[ : 
: : : , l ' ' ' "'-400 1974 1977 1980 1983 1986 1989 1992 1995 1998 

(g) Smoothing Result (cut-off freq. -> 2-Year) 

! _'.~! : : 
; 

: : : : l ' ' "'-ISO 1974 1977 1980 1983 1986 1989 1992 1995 1998 

(h) Overlap Result 

t _:}[ : : l 
-200 1974 1977 1980 1983 1986 1989 1992 1995 1998 

(i) Periodograrn (Frequency Domanin) 

::::[ : : 2\: : : : l 
o<ooo-o~.oo"""'s=o::i.oc::10~~0.-"-0~1s-o~.o-"2~0-=o"'.02=s=o."03==0=0~.0"'3~5=0::i_04c::o::::"o.~04-5-o..J_o50 

frequency (cycle/year) 

G) Periodogram (Period Domain) 

:::[ := : zs;: : : l 
OOL._ _ _,_1_"'"'t2 ==3e,,::,=___,_4 __ 5-e--~6~_::,:7:::=s!===l9==:l10 

Period (year) 

:J~ 4-3. (Continued) 
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Cross-Correlation between Nauru and Kapingamarangi 1.0~-~-~--~-~-~-~----~-~-~-~ 
0.8 
0.6 
0.4 

E 
~ 0.2 

;_g O 0 
~ . 
~ -0.2 

.o.4 
-0.6 
-0.8 

-l:980-160-140-120-100 -80 -60 -40 -20 0 20 40 
Time Lag(month) 

60 80 100 120 140 160 180 

Complementary error function Result 

§ 0.8 
-~ 

I 
11 

10.6 I I 

I 
11 

11 

I 
E 1' 

~ 0.4 : I I 11, 
S: I I , 

~02 J '1 / \ 11 I 

I 
11 

11 

I 
I ,I 
' I 

JI" ,I 
0,980-160-140-120-100 -80 -60 -40 -20 0 20 40 60 W 1001201401601W 

2.5e-06 

2e-06 

1.5e-06 

le-06 

5e-07 

Time Lag(month) 

Zoom 

I 
. I 

i I 

I 

I 

-980-160 140-120-100 60 80 100 120 140 160 180 

:1 El 4-4. :u1 .tf g 2DU * 21 Oll C:l gt¢ ~ ill 
(1.2*10· 1

~ • 6ig at:= ~~IOI~ 2!2!-JU¢ ~lfgJ) 
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CD c:I >fr 'I ~l ENSO Signal 
'IS. \:!"i"¾(wann pooll ><\"j"i] 4,91'.U:::: Nauru ><]"1::'., (=i'/l 4-3)0!]-'-i 'll- 'T' 

'.l);;o\ 'l')'--]o,.7f -'Jeil"'IE-->'- 7J9J_c,:! -'-]7\'1) 1982-1983\1.'r.Lf 1991-1992\1.'r.Oi\ •1 

"i"\'!O\ "J\10!] •JOI] -'J'ir"\ ';tole<]:::: 7J~ 'l')yo,. signal('!l>l~lOcm 0 ]-'J)% <1'1! 
~ 'T '.U ct. 

o\c1~ 7J~ 'l')yo,. signal::'. y-.-f. y,\\71 ~•1'11 '.U:::: %%"'i'1l i1"1-\'-E1 4-
21'-l-4 \'!'&(,\\'?, op,.-14, %-'a-S.1'11"1 'i'.'i- -;;pjaf71] 7,)-C:C~q('l')yo,. 7]'{}.<] 'll 
?:}<.K¾~j;t). ~ %~~~-¥-Ei ~!fr.£ %B\1~7J}Al~ ~Yli2t ?,j1)~-9..£ ¥!-~!a. 
.sTI~9.J ?J\:!~%),J g 1:llll ~g T ~9-. "B" Ci AJ2J'~~ ~~ g ~~ ~oJJJ,i '?iii
~ ~7f><\ -',-;<l\:.!S!\-:, ,!\-<]Of\'! qgS!j- >CC,. 

(Z) Linear Trend 
-'l-'l"l station Oil Cil~f 'J-?7] 1'1%-'-a :.!"1- i\l:a:,g. OE 4-2) "I- 'Itel. 

Nauru Kaping~ Malakal Yap-B 
maramn Naha Naze Cheju lzuhara Ulleung 

6TITtB. 
~7}% -0.98 •0.01 -1.85 -1.84 +1.54 +2.37 +4.1 + 1.8 -1.37 

(mm/vrl 

7]'(}(\l) 1975 1979- 1970- 1974- 1967- 1965- 1964- 1965- 1979-
-1996 1995 1996 1996 1996 1995 1996 1993 1996 

.ig2.j3!:! 3&0] 11':Jti}~ L}5},1+AJ1 ¥-t.Q.] ¾7}~(AJtjj~~ T~ 't!§}-)0\ 

~-a] ~'l!:5:. 'a"i5TI'l!- A]~(~l-9-)9.] aTITTt! ~7}-i- 6 ] TE.rl{!cl-. 
¥1-~ "E 0J¥-oJl ~ j;] <t!- Nauru, Kapingamarangi, Malakai, Yap A]~~~ r.H ~l ~ 

.Q.3 .. oTIT1c!o] {}±:E}:::= ?JtsJ=g ~~9-. oJAJ9.j ~tj-~ §..rl{£ Aj,=f -:?:-'d~, ~.Q.j 

&-%oJl u}~ A]~.Q.j T~. TnJ &-%9.J 't!~ 'g.il} i1~¥! i5TIT1B21 1:r'T7} It!:§}~ 

.:f~ ~~oJ1Ai '?iB°~ 'T° ~g 3:!o]tj-_ 

® Annual Cycle 
Zf A]~9.] ~it ~'t!%(annual cycle) ~{i,': (:l~ 4-5)2} ~tj-. ~5:.,¥-toJl ~ 

J;]~ Nauru A]Q:ji!} Kapingamarangi~ €5ff"T1B ~st~ lll~oJl :itj-A] 1?.!7td-~ ~st 
~ 1.!,o]A] ?i~Ll-. \!T-~ .A]~~ <5\ITIB ~ 0\~ <ti\!!%,': 12cm ~¥tQ.J \!!.st~ .!il.. 

o]:::: rJ], o]c1~ 'l!'1P]:::: El "]"l(~'/!.'r.~ !1:W~ -!i1--'-1 El\'1l 0J >\"j)Oi\ B]i;j\ Si 
2-3•11)£ "1t "i">\o]q_ !E~ Of~](S-',i)OIJ:::: •l"i"\'! 0 ] '£"f"\2, -'i;-11(2-%1)0!] •l"i" 

'i! 0 l -'Ji' tf:::: 'll El\ :, uj or '.U :::: ,11, 0 l :::: 'll 'i'-'11 "l 41 QJ El "i "l S!\- QJ '1! r11 -'11-'J .<J 
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9:!'t!%(annual cycle) ~~ g y-qi,&q-~ .}! ~ ~ 4- 519-. 
~TlB.Q:I ~'t!% 01 7tAJ ,e. ?;J~.g.. -9-i:.lLtcl- ~~n~~ ~]T2} tjj~~~-¥-t~ 

0]?::.;,tzt A]C!jo] llair 36cm 78.£.£ Jt~ 3.2 i 't!%,,,J.£ {l~ :;:1g ~ 'r '.Uc}. 

@ Periodogram 

Band-pass filltering% ¾t;Jl 1:!<>i~ A]lll~ AtlioJP•i 6~.S~ ~~¾ 1JAJi;} 
1B qgi!} ~~ 7Ji!t~ ~g 4- '.Uc}. 

Warm pool ,q "I oJI 4f "11 '.ll c: Nauru(", 4.3\:! )!lj- Kapingamarangi( ", 4.2\:!)::: 

.{t.Q:jnJ~ ?;jllfl.3'f~ T7J~ 6~E~ ~~g -'8-6H ~~ ~ T '.UAl~. 7]E}~ A]C!j 
oJ]Ai~ ¾~n]~ "Y°7]~ :}!-g 'r file}.~ ~AiEJl~ 0JoJ] 4r~H'.U~ A]~~2 ~Y.ii. 
"l 'll ~J oJl '.ll ::: •1 4' \1 "l 'ii 'd \ll % Aj ¾ t.J-El- 1.Jl "I ilt ::: cf ::: 7.1 4" ¾ 'l1 '11 1'! cf. 

(5) Cross Correlation 
971.91 \'!'i'-rJl',J-:s]ejoJ]Ai, l',l:""l"l AH}e<]\'!(time lag interval):S '¥-\1>1 ZjZjej 

>l'll"l 1979\:!-'I-El 1993\:!77t:<l 15\:!i'!"l 'il\:!\ll% "1-lloJI rJloll AJ'\'!7114'~ 711~•1 
_>;_'.l}cf(jj_ 4-3, .::I'/l 6-13). 

H 4-3. :t!Ul ~e:! Jll¢2f :1011 lU~ All!Ale!eU( x HAIE 
~£1 DI Of Al 3tg iUgj) 

Nau. Kap. Mal. Yap. Naha Naze Che. Izu. 

Nau. 100 76.7 -73.9 -75.0 50.1 X X 56.8 
(0) ( -3) (7) (9) (19) ( -421 

Kap. 100 -61.2 -70.4 48.3 X 
55.2 57.1 

(0) (14) (141 (241 051 (151 

Mal. 100 94.1 -57.1 45.9 -53.4 -54.0 
(0). (01 (71 ( -8) (55) (-53) 

Yap. Wi -61.4 47.1 -54.2 -51.5 
(71 ( -91 (541 ( -53) 

Naha 100 83.1 -58.6 
X 

(0) (21 (64) 

Naze 100 -67.0 -52.3 
(0) (611 (61) 

Che. 100 64.6 
(0) (0) 

lzu. 100 
(0) 

Ull 

Ull. 

X 

46.3 
( - 70) 

48.9 
(41 

-43.3 
( -341 

X 

X 

X 

-43.3 
( -8) 

100 
(0) 

(:i ~ 4-6) 2 Nauru 2-} Kapingamarangi~ cross-correlation series 0 ] c}. i~ 

oJ]Ai ~ T 51;: 01 7a~'t!%oJl '.U<>i"i ~ ?;]~2 Ji~ ~2 ~AJ¾ Y-El-\!l¾ ~ -y-
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'.llcJ-. cross-correlation ~45:. lag -37H~oflJ.i 76.7% 21 ¾21 111~ 7J~ 0J~ AJ-¥!" 

{!:,j]~ L\-Eh!!cJ-(ll: 4-3). 
Nauru54 Malakai::. '2.r 77Hil ::tJ££] A].'{!-A19:!% 7]-A]2 73.9%~ -ft-~t1]~ g 

21 ")}-,!-,!:,J];;_ 7f'lJ ~ 'l/ 'r '.l)q(.::ii/l 4-7, Jl: 4-3). 'l!!Yk 7]'(1: ¾ ,sjS:. AiEil'll 

°JE:. -aHYi(!o) ~o]-A)L}, ~£ 10.5: o)AJ-'?J A)~E:. ~ 71H.qJ l-of] 1t!-tll£ '3lJT;'!o] 

j-]~£ 3,i'O}~tj~ J.j-1!g ~'?..]~ T '.UY.. 
(.::I'll 4-8)-& Nauru2f Yap21 'll.ilf 0 ]q. °f 9'il: "le: '/-i10i]Ai 75%21 ¾21°1~ 

%21 AJ{!:,j]',°7} 711-U'i'!cf. ";, '-14- 2 0ilAi A]aj-'i'! 'l!!Yk signa! 0 ] 97j',I +Oil 'll 
¥tofJ £31-~c.f-~ .}!g %4'-~ T ~cf. Maiakal4 Yap,€, 7-fS?.1 {£::_ -$1,.,J- ~~~ 
!l'1!9-0ag O<>l]Ai 94.1%21 7J~ 0J21 AJ-i'f{!:,jJ). 

(.::ii/l 4-9, Jl: 4-3)0!]'1 'l/ 'r '.l)'.;' 0], Naha"l"1'/-Eitc Nauru"i-21- AJ--\'!::,j]',°7} 

50% 0)5\-..?.. ~~A];'!Ai -f'r9luj~ AJ~~l-l]{t Lf-E.j-~A] '?€~9-- Nauru% 7]¾..2..£ 

Naha0]AJ..Q....?.. l-Jc!l7l- ~~~T~, T{l 0] ifZJi5'l ~oj-.A12 A]~~'?! of]~~i{oj ¾7]

<5]-7] n:Jl~ofl ~-& AJ-t!~llli- 'i!7] ~~9-. 
.$-l oJl Ai ~it~~ 01 Naha, Naze, Cheju, Izuhara, Ulleung A] 1 ~ interannual 

cydeE:. -f!-Qju)~ ~Yk ~§.~ _¥,iJ-t;]-2 ~;,:] ?JCJ-, oJ :i:]~Qj 7J~~%~ AJ,t!,.,J 

g ff ci Aj-,',-J]fr] ~ 0\-.!2.7] $16H, 3~ofP-i~ tsHT1t! .g.5:.~ 7}A]Jl ~::_ ~~ ~ ~ 

A] iif'l! 9-. 
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Nauru Kapingamarangi Malakal 
180 180 180 e ,20 E120 S !20 

e 60 e 60 e 60 -.., 0 ~ 0 ~ 0 .. .. 
ii -60 E -60 e -60 

0 0 
l;j -120 § -120 § -120 

·1801214 5 6 7 s 91a 112 -18012.~456789/(1112 -18012:f456 7 8 9/(J 112 

Yap-B Naha Naze 
180 180 180 

E 120 5 120 5120 
5 60 e 60 5 60 - -- .., 0 ~ 0 .., 0 "' .. e -60 e -60 e -60 
0 § -120 § -120 l;j -120 

- 1801234567891()112 - 1801214567891(1112 -18012345.6789Ja112 

Cheju Izuhara Ulleung 
180 180 180 

E 120 E 120 e 120 
e 60 e 60 5 60 - -~ 0 ~ 0 h 0 .. .. .. e -60 
0 

e 
0 

-60 e -60 
0 

§ -120 l;j -120 l;j -120 

- 18012145678910112 - 18012145 67 891(1112 -IB0123-456789Jall2 

::J'el 4-5. ~;i:?~I <.;:l~~ ~t:l 



Nauru Result 
e 200~-~---,-~-~--~-~---,---.,.---,---, 

f_:~f~r~:1 
; -2~78 1980 1982 1984 1986 1988 1990 1992 1994 
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Korea Result (U-component) 
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7J"r 'l/ .'!'-"I <>ii Af %-'il "t iL'l. :C: CMAP(CPC Merged Analysis of 
Precipitation)<>IIAi >ilt,'51:C: 17\'!(1979-1996){!-9] si-'117ll ";f-± -i'J:";:<fit"i- -'/l'J 
(GPI, OPI. SSM/I(scattering, emission), MSU)"fjs,;, 1Ml~ "lli0 1c\. "1i'J£:C: 
2_5" X 2-5° olJI, 5'l){!'J 7J-y"1f'J ~,2_£ Lj-E},ij'.l/c\. 

-'/I ,cfK<>il<i::: %1130° - Aj?,j 210· , \t-'/1-10° - si--'/1 10· ~,"I -'I£ 'rr'r 
¾(warm-pool) "l"l:.f. ~'/!£ %7,J 120° - 135° . si--'/1 30° -40° "1- 'll"l ~ '<! 
'r clJ'J-"l"l-2_£ -0:'llal-'.llcJ-(::i'!I 4-37). '11"1- "i"l<>II '11"11 '!lit~ 17\'!TI"l Allfl'l! 
,cfjs_;, 0 1%-0foj 2,3.4 11-:.f %'lJ~ "J--'J,2_£ 6"1,§,,l l/-"I ~ ~Aliif'.ljE_oj, 'rr'r 
¾( warm-pool):<J "l '4 + el LJ-2]- 'll "l <>ii c1J "11 <i AJ--i'J: 'il "r ;, T •1 !i!. '.lkcJ-. 

~'/!£ 11-11 7J-"r"1l'¾ "il-\'--'1_2_£ sc,1-0111 -'/1'11 ~"s'Jl'J-71/otl<i "1lt>' "1::: + 
el '-1-21- 'il-'11(::i '!I 4-38) - -\'--0:(1904-1995), -a\ 'E(19G4-1995). '1FH1923-1995). 9 
y(l943-1995), Aj-i'j>;_(l961-J995)ej 30\:! 0IAJ-ej -%/'!!if 7J-y;<fjs,;, 0 1%-0fcj ilf'lJ 
l'!~'ll(Wavelet Transform) 11-"i¾ ~Altf'.ljcj-_ 

~~l;!l_~~(Wavelet Transforrn)2 ¾~,.,J 9.1~ :g-~ ~%g ~iill ;i;]~,.,J 
(locality)oti clJ~ 11-'1 g %0 1"1-~I -Of:C: 11-"i "J-'ll 0 JcJ-. 1980\'!'11<>11 ;<J~t1J 0 JE} l,'

"1<>11 >jg,2_£ ±7151'.l/JI(Goupillaud et al .. 1984). f-<>11 7]'J-'1'3!f "11'lf'1-<>il<i <1711 
'l! "IKl/-"1<>11 cJ- 0J-Of~I 0 1%"1JI '.l/cJ-(Meyers, S. D., 19931. 

"J%iif9 %~~ <J{'},f i'TI 'll"i<>il'i 'l!oJi+::: cJ-¾'rsc-'l(Mulit-scale). "i'il'il 
-3i(Non-stationary) 3l}AJ g ¾~%}~ r• ] il-cl 5tc}. 

7J-~~ Jl!%AJ 'r!ToJ]A~~ Morlet waveletg 0]%5}ol q-g4 ~2 ~.ilcl~.Q.. 

5.. ~~~t9:!9-, 

X,[ r,aJ~ + f ~ g'[ t- r Jx(t)dt 
v a -oo a 

~7]A~ a -C .-<J-~ 5Jol~ 'W;tJ]ii}~ ~~.2.4-(scale dilation parameter)o].:c., , 

~ A]n~g tij-ij- ~~ ~~A]:71~ 11]~£4-(translation parameter) 019-. g•(t) ~ 

e
112

e+.t:i (Morlet wavelet)9-l i'" 01l *~"T ~Ell 0 lct. J.ll~A\{}% B~iit?l ~till, ~ 
-'lotl -'.'-elotl I'!~¾ 0 !%~1oJ 711-0:~I'.'!. qg:.f itcJ-. 
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CMAP ;<f K eJ 'd- 'T' ½ "i "l .ilf '9- e-1 4 er eJ 11 \:! I'! % .,, I ii 'l! 7.i .ilf 2f 'J 'i'l ii 'T' le 
(::I\'l 4-39) .ilf {Ii:]-. Cross-correlation -!!.ilf Sf 15'l!oJI 50%"1 -il-eJP]1> ~<!I 0JeJ 
'J-i'!'i'! 7JJ ~ 4 E/ '-lJ i:1-. 0 J 7.1.ilf::: >J £ Aj El/ 'lJ "JoJJ Aj 'I, 1/ ~ 'l!! L/ .lL oJJ r/1 •1 -'rel 4 
er ~ '11 oJJ Ai '11-¾ Sf ::: 'itlai-•J•J eJ •I 'lr'J 11- 0 1 Sf 10-12 7J -%j 'l.! '11- '1!, 7J T sl' eJ I'!% 
i'?. ~~i5l tr+ C. Ii!% g_ 4 Et 1iR 9-JI 1i ~ ~ T '.U 9-. :'.::,BJ g ~ -lf-~ ~ ~ ~ ~ 'l! .£ 

oJJ Ai ::: "I' 2.6\:'l .ilf 4.5 \:! oJI Aj "I £ \:! 'T'¾ ,1 "l oJI Aj ::: "I' 3.5\:'l .ilf 6\:! oJI Ai "i ,1 "I 'l.! 
?7];; .'i'.'l.!i:]-. oJ::: •l'lt 11-"l ?7]2f 7jeJ 'l!"Jsf::: :;!.ilfoji:]-(::I'fi 4-40). 

~'11-£1%11 120' ~ 135° , ;f!/-1 30" ~40° eJ 'll"l)eJ 7J'T'sl' \'!%'J-i'c (::I\'l 
4-39).ilf {Ii:]-. '1°171 !5'l!.ilf, 2\:'l'l.! low-pass filter(hanning filter);; -'.<-.ilfAl4 '1 
";'i! A]il'l! >I.Ji.~ 'Jllj!,1.\'j 'l!!Y.lL A]7]2f 'l!"i'I::: 'l!'l!"l'l.! 7J",'2J'Sl \'!%'J :'!_ 
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(1!1&~.2.£. 7J'y-i:'J {}~) 7dt>J:g_ ~ T ,Utj-. oJ~ ~Ylr. A]7]oj] ~£ \!"T°½A]~ 
~ 7JT7} {}5:~q~ ,"}~.a!\., \!T¾ A]~~ 4-cl42t A]~,'?_ 7J\1\!!%oJ]Ai {J-,'?_ 

!/-J ~ :'!_ _>;_ 'l.) i:j-::: 'l/c ,l ej 7., "}9} ¾ ~'11 Aj Aj ZJ->11 '.>- "11. 'l) c>J Sf::: 7., .ilf O j i:]-. 
'9-e.14e1- 'it'11'l.!oJIAJeJ 7J'T'"<l' \11%AJoJI r/1~ 11.ilf::: qg:i!f '1:i:1-. 
7J ",' ,ff ,:I eJ AJ 7J >j 'l.! \'! %'J -i'c r/1 -'fl 5a. .'i'. :' 0<] "1 oJI Ai 7J T sl' 0 1 -'r ""S] -¼ 7f Sf 

::: 11 •J:'!. 4E1-\!!i:]-(::r'fi 4-42, .l!. 4-7.). 
H 4-7. iY*'s 8Jf -9-Ail 

-'if .l'. ,¥-{! ~Pr "i'T' Ai '/J .l'. 
,1 n 1904-1995 1904-1995 1923-1995 1943-1995 1961 - 1995 

~ 7}%(mm/yr) +0.fi6 •0.74 -+-1.60 +3.90 .i.7.80 

ZjZj eJ c<J 'll oJI r/1 ~ power spectrum eJ 'el .ilf::: (i \'l 4-43).ilf '>ti:]-. 'l! '/!"'12-
£ FFT~ 0 )¾~ Ail!1§.~ ~~QJ .7r?f ,e- t!{:J¾~ <5}4~ 1l!%fl-J A)Qf~Oocal) 

'; AJ g l!. ~ ~ T \rt i:]-::: 7,l o] i:]-. Zj Zj eJ "I -jj oJJ r/1 >II !/-1 "ii Aj -ll 'l! ~ .uf 'll \'! '¥1: '1l g 
0 I -2-~ c'c "I .§. ,;J eJ 7.i .ilf ::: I ::r \'l 4 -44 -48, .l!. 4-8) .ilf '1c i:]-

.!if.l'.(CI\'J 4-44), J/-{!(::r\'J 4-45), "iJ?(CI'fi 4-46), '9",'(CI'if 4-47), Ai-i'f.l'. 
( i \'l 4 -48) eJ -li-1<- 1-'! :;! .ilf ~ .". i:]- g .ilf {ti:]-. 

~~£. \t~~.g. ~ ~~ 1l~o]AJ2.j 7J-T7} ;,;Jc} 7]Z!-(6-7,%l Ttt", 81l¾';r-9 
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Dominant Corresponding Time(yr) 

Period(yr) < bold type = EI-Niflo year, 
italic type :::a La-Nina year > 

1910-1916(12,16) 
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25-30 global 
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Time series of Precipilation at Korea (120-135°E. 30-4Q°N) 
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Time series of monthly mean precipitation in Mokpo 
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7"f.c lo{'idY-k-?t 3-ift-l} ~-l.!?% ~(S!SA{EUB ldJdABM)Pfitif:h-lrr ~(8660lo -too iµ 



'lJ ell C: 'a" 'l!:'i' 'lf tlf q.9] >,P,f "] ::: •I'll:<) '<le, 7,J- 'i'_ C: AJ-'it-S) "l'•I :,j) '--t Ej-',/; '.l) ct. O j 
"ol-~%,': 7.Hcl.£11°} ~t1}tj-oflAl -4=-.g-~¾ ~%. ~~_Q_.£ t;g~ ~.W-9.J ~~. ~ 
%~1[3.~.il} ~:;,;}A~~~ {Jo~~ Y-~~~L-t- oj,'•J\!l.%ofl Cll~ ~'tF?- ~j:19.J ~ •= e~•'l!: ~.c+g.214~oJi.+E1-,i;~ 

(I) ~\'!: ¾'l! 'lJ-~.9] ~]¾ 0 ] 1983-84\:i<>i] oJ4- >!':lJ:ct. 
(2) 0 )-,!oJ] 'i'Hr"i'.l!'i! ;!_Iii.ct Ci~ 'I:'. =17loJ]<i ~\'!: 01 'l!oJ',J;ct. 
(3) :<foj.9] 'J 7J:'. 0 )-,! "11_1i!.q 36% c;l-clo-Sf'l!ct. 
14l ~\'!:•le: •~%"el:'. 196211 °1'11 7f'J >t:ll:c+. 

~;;j-3,e '~%"ef:i!f '~-U"l.21 c;l-ctcc: JJ!l'r-Al"i 'l!•l.9J <F·Pi "l~)Sfoj ;;'7f~ ;! 0 ] 

7) ~,'-<>I], 0 )-o;- 'lftlfctoJ]<i 'l!~].9] •~~"j Aj-Sf.2} '\l>fl Af 0Jit.9J ¾Jfc: ~,! 0J~ 
'l)ol ofLjq_ 

al-% ell "a 0J '~ ell ~I .9J \'! :of c: 'l! t1I i>ll "i :i!f "] :n, -sf\'! .::r 'l/ ~I ii! "i Sf:<) c: \'£ct. 
2-Slel -"\-%ell'fl 0JoJl<i.9J \'!:ofc: 4'~\:i +11.9] 7l.f\'!%ol cj~ 7J~r1l, 1940\:irJI 
!if- 1970\! Cll 9.1 regime shifti!} ~ {f~A itl 7] -:fs] Ir! %(Trenbirth and Hurrell, 

1994), .:rel:;,. .::r.2} %!>11 i.+s+i.+c: •1°.l''~~"l.9] '1!:of(Brodeur and Ware, 1992; 

Francis and Hare, 1994)71 'l!'-l'ac.9] 'll~J.!1.ct 7ict\'!: ;!>j,J _lil.'l_!q(.::r,I 5-2). 
0 )~ Ai.!j!- 15~~£1 .H.¾oll Ai~c,}~ ~tll-,Z-(Pacific whiting):i!} ~61¾(salmons)9.J 

AJ1:f,': ENSO eventoJl 9.j<S}~ -¥-1~'?1 ~t.Jg ~Jl\ -t:!9'. AiJ~- oll~~ tr}c}A-j A-j 

6]sfc: 'ir'f(rockfish).9] '\j?)-:,f {! 7JAJ-1117f ENSOoJ] .9]-sfoj '--t~"l:i!. '.Uctc: ';;l'i'. 
t-o]~tj-- ,':tjj-,Z-(sablefish) :;,;~'tl ~.g_ 4--119.J 61.W- a:;;,;}s.. -¥-1:i~<?.l ~trJ% V!~ 
tj-~ ,q~.g.. fj.g.. A-jAi~*~9.l ~ 0]7} ENSOol} ~iS}aj {J-~~71 ttll~~ ~.2...£ 

'~ '1-'i! ct. 
sf:<) 0J 'l!-ei-671 'i'!'<!oJl<ic: •Pl· t\l'<!:i!fc: 'il:el 'i'!"lt+ .::r 0 1.21.21 "J<ioJ-ll-.21 

>J 7Jol ~~£1'.l!:i!., ,g,tJl'i'.9J 'il4-<>IJ'i'. ENSO >]7loJ] >i'l'<!oJl>i >J?)- 0 ) :<)\'!'il '1! 
'i'!, 'l!'el-67\oJl•ic: ~-s!"i'.l!ct(Kimura et al., 1998). 0 ).2} i/,°_ •Hl.&, 'l!'-l.'ac '1l
;.~;,.]~ ~~ i ~t>J~ llto] ~';: o]~ ~Al-¥-~~oj]Al';: ~Y.h:.71- -§-"5-~AJg ;i;l 
:<]>17)\'l>i >t 0 f-s) 'll'l'~~"joj oj-jj- <:>joj.2j {l-1'% ¾'1l-~ uJl,'-oji!}:;, 't'lzJ-'ilct 
~f:<) '<!, 'l!'i!}67f t\l "i oJl <i c: 'l! Lj 'acoJ] .9J ~ 'l! ")-(heat wave).9] ?"a aj -,! "1- uJI 11-
oJl O~~.g.oJ '?}1;-8'};,JJ ~..i!.(~, .g..1;,:H:J~o]c}';: ~3lt';: ~g), oJc.~~ y.g.9-1 ~'5'" 
~ ~cs-=1.,e-£4 ).~~li't'3lt %.£~ E<>l1!Y-, Oi-W-9..l AjAJg Jlll]-2JlJ ~~:: 7-1]7]71- € 
}:! .Q...£. !2. <?.19-. 

i.+. 1982/83 ',!!Lj'ac.9] 'l!rJI %.!/-Eil"il"J '~Eil~loJI 0 1{! ':l•J 
'l!'-1.'ac ~VJ:'. iill'r- 'l!•l.21 ¾.£ '1!:of.2} -\'!S'!"i"l 1£ 'l!'el"l '.Uc+. "l-ll-21- "I 

<;tsj<>I) a],lc: 'l!'-l'ac.9] ':J~J~ '/!'i'~ ~7).2j otsf~. "'] '11'1'.9J :i'J-otsf~,& 'l! 
~19..l %£7} ~±'8}';: ~.g. %-'5-(upwelling) ;,.]~£4 ~o] ~~71- ilt.itl£1\l!A~ 6-J-W,Qj 

'~61 'o "1°) sj-Sf£17J'-+ ~uJI-Sf7] "111-2.&- 'l!"l%ct. 1982/83\:! 'l!'-l.'ac %'<! '!!•1 
~~.:! ~oJ~.i!} ~;j:}AJtl£4 -tl-~ ~.i!}';: oJc1~ A}{Jg 'f.!~~o~ ~t:.}. o]~~.Q.£ 

~%~~3.E-9.J ,w~~i!} ).~~~0 1 5 - 20%£ ~~<51-\1!, ).~~~9-1 Ad~. ,"J~. --w 

6l'o "l ~ '1-clo>l'<l ;! 0 Jct. ::rejt-} 0 ).,) <)l•J <]oJI.S:. 'l!'-l.'ac7f 'J,,-,f~oJI al•I c: 
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q;c 'lj•J, 0 ] ,Uq. oJl;a ::";o], 1970\'!qjoJI, 'll-'1- :i!fo:]-,cf::";,°_ 'l'li..Jk A]7]oJI \!!>I 
7H~-2-o] ~ iiHT~ 9[0} -,=-~o] "Qt :£Q..?.. o]-tf~ ?,!o]oj, 7gAJ~Z! t!-~.Q...?.. 

~*s:j~g tell~}(] :i:}~o] ~l~ ~~~2_.?.. ~o}¾ -?,!o]t}J! oj]~-t}5!1.Q_.1.+, .::I~ 

3."- 0 iei~ 0!]';' 0 1 '<l~>l-'l ?,t'llg% !l'<!ct. 1972:i!f 1976~"1 'l'IY'"- 0 1~ \!!>I 
,cft!."- %£.2} "l~'ll<>il 'U"l 0 ],;iej 'r<,c~.£ ~-'s-"i"i \',"Jl cj~ cj ',l:of'J;lq_ 
0 1']',J 1'!"1-oJ]'-i i'!:~% 't-•1 !l'U:S uff, 'l'li..Jkc: %1f "i"loJI Aj"iSl::C -\".ll. "1 
'5'~ "'cl~:i!t .1.J6.J~ 7f}~A]:{1L}_ ~. o] ;;::]~~ 1:l_~ '-~~?:Jt - 1i±"ifi>] °i-ff'~o] 

~,<: Tt!:-<il ~%Jg nJi5}7l ~"BH #TI~Z! ~.¥..~ ig-~-o}~ ~ ~~o] o}YiQ. - ~ 
±ctf'l"{q :ra]i..J-, -'l-'14-lHl·:i!f c;',j "1¾ ¾"1 -ls''(]:"1 li'-.¥.711982/83~ 'l'l'-lk 
% 'lr i'J: ~ "I 'l/ ~ !'. .£, 7] -lf '1l_ % \'! TA] -'/- 7 I "I :i!f 'J ( ~ . "I t! 'lf \'! % :i!f "I t! "1 -l,' 
'(]:sj'<! 0 ]%)% Jlajtfc: ,1°] %.ll.tfq. qgej .ll.°f,°_ 'l'IYk 'lf"~'il"loJIAi 'l'li..J 
k 'lf"~<>il a:f4 'r~"Hl::"; 0 1 "l'll>il 'll•J':S '/!:Jl 'Uc:7l;a '!!- -l!'lls\Jl ,Uq 
(Barber and Chavez, 1986). 

0 ) \'l cJl T' 
\'l cJl T'¾"1 'll ¾'<! Mer/uccius gayi::C 1982/83~ 'l'i '-1 k<>I] ej 'ii Aj "I -l,''(]:o] 

i;Zj8}:)Jl ~ii}'.:{{~r~]. op"-~ojJ rtj-21;:! t1].iiL¢:j 3....il ¾%AJo] '.U~ Ai¼"'J 'ilr.HT 

C: sj % :S ~Pi 'r ,Q- o] '# ,°_ % oJI oj % \'J Aj qj ~AI\'! of '11.ss o] % sf 'lj "t. .::1 \'J 4 

.2f 5<>11 Aj_ % ,'oc-;! o I 'r •~ o] E] o I '11 'r {I nf-"l \.JI aj ,1:% uff, ~-'I- llfl -'i'-oJI Aj \') qJ 'r ::: 
°i~ ~;i;J rJ-~c+. <>11f-~~ 'ilt:JlT7} r:i~ 4-~o] ~~ *E...?.. o]%~7lY- -,=-.g. 
0 ] ',[,°_ \:t'i'(\:t";-'f)~.£ 0 ]%Sf'l"{q3l _llj!Sf'l!q. of• I 0 ] A]7]oJl::C llil-'/Ii!<il 
:i:]Q=f~ rtl-4 ~~.9...?.. -t-§..~ ~¾(undercurrent)~ %"~ 01 ~AJA] .s!.4 r:7g, 7J-9l 
% ?,io]q_ o]t~i~ ~AJ-€:- oJ~oj 3z:o}~ 4-.g.oj] !::~.?.. ~%<5}~ 'i:f~_Q__?_ oJ% 

~ ,1'11"1, 0 1'-l\'l 7JSl,U t-sc: •l¾oJI "1"'1 4'%'1~.ss 0 ]%>1'llc:-"lc: "J~t] 
'l, 'r \dct. 

\')qj','-C: 7]AJ \'!gj-7f 'l)oj',J::S uff, '1]',' 'i-"1' 'l,'l}ii 7l?f '/!,cj lI]i..j-Aj • fes] 
"1-oJI % 0 1.2.1' "1¾ 0 19-. 0 ];s .';stjJ'a. 1,- "11, :r::-;.g, Aj-'j>jej %2]"1 ~7,jo] ~'l! 
t] ~-'s-'l! uffnl-"I %0 1.2."l ~g¾ 'lJ- 'r 'Uct. 1983"1 ll~oJI cll~',-,:,f cll~7.J~l 
\'!(shelf break)ej 4','o, 0 1 '<l'l!-"1~.ss % 0 l~J1, ~I~ "1 ~x"l ii >l'll"l\'lc, 1984\'! 
l~nl"l J,t,°_ "1~sl' 0 1 7]'1f"i"i :'€'ll9-. 1984\'! +'l!oJI 7fAi 0 1 llfl'i' 'i--'l-oJIAi \') 
cJl 'r "1 "1 ~ 'll O 1 :\a: 711 '-1-Ef ,J: ::: <•I, 0 I '51 :'. ii :'. "1 ¾ 7 I % 0 I ~ ~ "1 , ~ 7,J .sc. "I .ii! "I 
~lll "l-l'i'llg% eJaJ~q. 

(2) <i -'i'-
3ill f- ~Ai,¥- .x]~~ PaitaoJ]Ai A~-'Hshrimp) °i~"s'gj ~7r~ ~~l:l]o}oflAi .iFJl 

'i' "i"loJI "1"1 'll-•tst::: %£ \'!>1-"1 'll~~ "i.lE 0 lc1-. 'c'.ll. •1-'i'- 3¾"1 "l~'ll 
,°_ 1982~ l~oJIAi 9~nf"i ~~"1°1"1 '113ll 0J '1!'1!% n:f4 '1!>1"1 U-:ll:-"l"J, 10~ 
oJl>i 12~"1 3'it %'1! c;,±csf'l"{q. oJ17'.2f£s"1 •l'llc% a:f4 '/J"il"i::: 'i-'i'-"1 "1 
~ :'. 1983\'! -l/-'l!7] %'1! .3.Jil ¾7l>l'l!3l, !l% • J-'i'- ',I:,°_ "l~sl'ii .s!.'ll<.:! llil'i'
'i-'f"1 "l~'ll."- 1982~ ll~oJIAi 1983~ 2-%1'71-"l 'riOc ¾7loJ1 a:fe} ~7fSf7] A]') 
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- t,gj -

OOC ll>lo -R>-& (ldv 1'lv locc;[-,i,,) ii-II l'\Z861 ·t,i,[s-fv kli<>l,,l,.-.(2% loH• 
lo tir R, ['£ ~% {o to W-ih-% -lL{P~SffE?l[dna) lo f:1: rrti-tHf\ lo lo ki 20 l:i-Th Fo ~ lo WL 

~ ·tin; lof2-f,r Wflrn 163~B~ lo-Win k-t-2~ ~-l.g[y{ft tY[\<Jlr[YtY lo%£ ~ 
lo ;;l,c'E -t2lv iof2[0 ·({>lalo ;_; glf{?jv ao~ lot?k>llc '[Ljlc',LU-, fvli<>l,,[,.
io ';,) -biol'>ll> li<>lf>¾lt loldv 'a-f<l 1,.-t,;~k> ltt?k>f, -lolclt> C:ldv lo 'lf>C: 
:roro [,.-t,; ~ k> fvli<> le,[,.- "l!"d ii-Zt l'\Z861 C: (SnJJJ/Oww,s sn,mplllL)lo [L jlc 

[oWLR (t) 

·t, 

'f6 ~ .fo ~ ~~l5lr% lll~ ~{u ~:fo-k i&¾Wv ~~ td!o-¼1o11 'Uilr'g;¾Y.fz 
o fa¾ f, it F .fa ia ¾ ls- -';; le · -b lo A ;, =i -!I. s'-';; lb io ~ le 3 fvli<>.f>c ls- f'o [R [2 jt 
lo½lt< 'ii-Z l'\E861 ·t,io,. ¾-i;.f,..fv -Wn fvli<>:18Z 'o",\, [I,, i'o ,wfllw 1,z {t=i 

~ y~!}, ; ~% ~-b t<,(Snua8)~ uapado8.ry ·-p~f-i"'¥lr "3"[!o{o%Etrr ".Iq-,fib 
loi%9 Ft£86T 12111 i1oto ½lllr "if&ivi'd'fR> 1'5"3~ Y½t!:h lo16to ·tilof'L ¾~ 
~t:r [~l~-l@lr% ~fyfyij)'. lo~-&rv tir.f}C:r'( ~- ;fo lo~E.f'2¾~b ~.'.;-lL %lo 
-lo% -\l[L ·.1:q.1.~ 'Vdrl'.¢1t"t{3t,. ~Yt'z ~3% lo~E-&ii~b- Io[ola lok,[Y lo 
';;[A ·t,w,{3t, a gio,..tJ:;,, a!,:t, .f,..fv iol',1,c -.:r 'lnoo>H•'i' lt>Hv.,,. :::,; 
lti[k % {L[R(-2-lL ii:-lL ¾~~f,-fy if~ ~-lL~ ~ ... [!~R, tY[lois '[to-a\ln (L{.g 

2-S-ilc a-l2lv j',j,,.f,..fy lol',8-t fy[io[tlj, [,ct,e C:(llO!JelOUO~)it:ili>' io le[?jt 
·-p.,t.g~-\L [o~fv ~-{RR 18-t:1 lo2(R["2-lL (dJ!UdAOf) 

":efdn lio-t j;\,je alti1'- {,cK fvlioltit'v i}F-f, ;a jt[e[?jL ({?) 
·t,ios'-!z {tel, 1o,,.-1v,, I-bl 

·ti~t~ ~fy~ loi'v% [Rt-2-lL F-'{!? ll'Fo ~ ~-B-@ t2fu ¾fv¾ (t,.) 

.-bi.$ti:.Jg ~¾-f-. toltrf-. ({t) 

·t,n; "' -i> ii,!,, "'* 
lo l~ttl~1 rc,gp ~ii!~ lo~~.'?: lo~B-· 3".:.S- ~l~la llo¾1'v ~ll'fltt ·t-tlrttlk 
[ol,,jt C:{?[oK Foibfb jLjt% lot,",[vfy lir.f,fv lofvli<>ltit'v (m!s lll) K~ =: 
jt~ [o;<'li<lt f\1\-1,, 'fv-12-ln ·t,:::ti klo-lzf, {?loK {>,£f, -t'~le%lo :,t;,f,' 

in t?tn ~-ltlw -;;~~y* f-.%-A- (o;';.[o E[of-.-&:E ~li:tr,!{L ~fy ·tirdo ~il! 
lz lo%~ lir%lo 'o"K iolt% lo&~,!, fyj;,jn ·-t:iiolvfv 11<>-R>\6 ½Ill< C:le[?jt 
20~iF'ro ·p~f-t1!t~ 20~~ R-lo ~"=1% 'plo.f;.ii- ~{Lt to£~lit [lo1%-l 
l'\Ml61 ·t,lole~k> ;.s,"vlo it -i1Z lolelt~ 1,ot ofa~,l, lolet?lt t\E86I ·t, 
~{Lt [~ t=z ~ {L=i' % {o% -.i:q-,.~ ~(snJn.md_md uapadoliJ.V 'done::>s) [Ft t21t 

[R [?jt (£) 

·t,toi'r[I,, [Lje,/o [ot,",ii,% l,cE[R C:-½Hv P!Oeuod 'j6j,;,.t,llo ·t,.ro C:lr-1> K ro 
t.r~ ror .. ~ -ttw i½~!Y:P -;;tk ~l:z::t2,B. tLn-a ro~1Z-& 2ow.f\ tt-b-ltY ·ti 
fo k>loi'ew t,r.f,..~ OYTN 13 aolsch~ 'a-Kio 'lnofo cl, lz k>lo%lo aos.f. 
lt.!?lo Uo1Hl~ ~2~ {2{n ~{ot-o ~--S-ltY ·~ ·tilo* ro-altn f-,~ (:J!UOl)[UEJd)%-k 
lo-b-ltY 20t-i'-a½ {n{o -;; R'. ~ {!?{L~ ~~-fz 20~-?t {L?!% lo--S-ltY ·ti~ts 



km e<J"1oJJ<1 LfEj\:! Ci,'1-i.-(>26"C):'. 100 km 0}'-ll.£ 'l:[7§o}i!- 'lJ¾<J'X!i:J-. ½11-
>J(bonito), '1!-<l7}(dorado), .>J-i:J-'!1°Jiyellowfin tuna)"1- :Q:'. .'f"J:<ta' :'. 1982/831:'l 
eJ 'i!Yk <Pl A}7}oJJ il<'lO] ¾7fSt'l!i:J-. f! 7§0]oJ] Cil~ '11<}.i!f "~'11;,i]e} .'f"l 
Af-oj] 21~ .£-61~9.J ~7}"C 19821;:! 12~ lill!r- *-¥-9.l ~ 7~01 %.£~ ~±7Jl 919-. 
::ra]Lf 'l!7§o] "1<] 'J'l- "J-~J2..£ !/l£:S \il'l {;'!f9!li:J-. ~cl] e}tl}oJ]AJ 'l!7§o] 
eJ oJ~'lt,0. 1982\:'l 150'(]- ¥oJl<] 1983\:'l 80'1! ¥2..£ 7,J-±Of'l!i:J-. 1983\:'l +\l!oJ}. 
llll~ ~lj!- A]~9.l ~1.7~ 01 <>l:§'12&.'.:'.. l:l].u!~ 1'£01 ¾7}i5l-~E..ol, 19841.ioJl~ jij]~S>} 

~<le} eJ"iloJ]Ai o]-i)- \I!% o]'l!eJ ",'€'2..£ 3]~'1~i:J-. oJ~-'i'! oJ-ll':C H]iit'l 

>JAJ-sj'<) >i]"J-->1]¾9] tl-711:s _ll_'l!:Ctil, o]::: 'l!7§0]7t >,jo] AJ-'1J7f 0Jco_~ :<}"12. 
.£ ~~5}'.ll'.?J.g¾ 9.jP]~9-- o]~ ~Bil :-d_1~0]~ o}y 1J2l-~ o)"?}'7]i?:-9.] AJ~oJ] 

Al.£ 1.~,e~ °T 'U~ ~~~ 'a~~ 7}{! ¾~~ ~ T '.V.9-. 

15) >J oJ "1 
7J oJ "1 oJ ~ 'll' eJ 1 ~, 1983 \:'l oJl 'r-91-£ .s eJ oJ .;;J 'll' :'. :>l eJ \rt ~ 2. uJ , lill 'i' eJ 

oJ .;;J 'll' :'. "l' n :;J-± 5f 'l! JI, {! <l eJ oJ .;;J 'll' :'. ~ 7f of 'l! cJ-. 01 ;,i :'. ,1 >il a" 0 l 'J~ 2. 

.£ 0]%0f'l!g ~ LfEtl!!i:J-. 'J~2..£e} qjiJ-5'- 0]%oJ].S: -11-'rstJI, 1983\:'l 3-%/oJ] 
lil]'i' '\-.l/-oJJAi 7,jo]"-] %£7t H]iit-,J l'c71J *"1£1~',j 0}*:C ::r',l 4<>1} LfEj\:! ~ 
1 \1!3]-91- 'll>l~i:J-. 1982\:'l ll-%/oJJAl 1983\:'l 3-%! %~!oJl >JoJ"-1::: 'll..,.± i,-£7t 
> 1 mg/m31! 5~<li" i a:l-4 ¾.g- tt1 ~ ~ .AJ<5"}~ Ai t-}E}1;;;:l:tj-_ tfl ~J:: ~ -61 % ~ cg- 3.~ 

¾£9.l A].fE0]7t_! 5}Al~. -6J%~cJ-3.~t %-%~2ff3.,e-9.j y_a ~0]0]7] ul]~oJl, ~ 

~5: .lg-£~ ~Al %%~i!J'3.~4 ~%~"63.~0] %-¥-~ A]~.2..£ ~AJ:£lol :}IT 
'.l/i:J-. 7l}i:J-7t 1983\:'l PaitaoJ]<i "r''§'i! 'IJ '-il%% l,-.;j :'_ 7,jo)"-] 1}yj %~ej 47% 
,f "l%~'lJ-.=t¥, 40%7f %%~'if-='~'ll ~ _ll_'l!cJ 01•1~ tf-!1-:'. 'll..,.± i,-£71 
7,jo)"-)7f A)6JOt7]oJ) ~:'_ A]6j,);': LfEj-yj:C 'i°l!~ :<}.H.'lJ% LfEj\!!c}-. 

7J oJ "1 --'J >il::: f'-"' \'l ~oJJ --'l "J 5t E.-"' oJ .;;J '171 'i'l i:J-. ::r •l Lf ,iJ ¾ 'it 1% 0J 
St.£ >J,Y- W-'ltoJ :;}±SfJI 20%7J}e<J Jj;JJ >iJ¾oJ :;}±~ 7,!:'. 7,jo]"-]e} qj 0J ',}Ell 
7 I Lf "1- ;,J ::: '4 7J 'll % Lf Et \!! cJ-. 1983 \:'l 4 -%! oJ 7J oJ "1 ::: Pai ta "I "1 oJJ ,,_1 ,,_ I "-1- s! JI, 
1983\:'l 5-%!"1 ::r',l% _11_\'!, I mg/m3 0Jofe} 'll..,.± 'a-£i!- 7t:<J',j %0} .;l>i].£ o] 
:<J"1oJJAi Afa),!JI 'll•I •.J~,O. 20•H7Jfe<J :;}±5f'l!i:J-. 19831:'l 5-%! Paita >J"1oJ<i 
7JoJ"-l oJ.;;JeJ {I-±::: ::r ,J{]:%~ lill'i'eJ "1 \'!~~ uf<l 'it"~~ {l-±eJ :<J.H.oJJI 
::r ;,J 3 :'. 1983 \:'l Sc :: ¾ oJl cJ ~ oJ ~ 'll' 0 l {l-± 5f 'll g g _11_ oJ 1c cJ-. 

(6) \'1 >J 
1982/831:'l 'll!'-1n. 7]'{} LfEt\:l 7f"J- C['!'1! 0.J%'l'l '(J•J,o. "il~leJ ,,,J- 1'c 

~*] ~;;i;J't.! Peruvian anchovy(Engraulis ringensloJ}Ai i..fE.}1;;;1-9-. .:::z.~ 3::'. ,4:-..g. 
•I K 91- \'1 >I oJ .;;J 'll' ;,f K 7t 'll- 'll ~I% g _11_ '11 i:J-. ~ "1 ::: 01 eJ ~ -tf ,iJ 7f Ell 'll 'lioJJ 
,,_i 'll! '-1 1,. 7 J n % ~ ,it '§ af ::: 4'-& ,i. 'll 0J 'll eJ I'! 3]-oJJ uf .s ::: '11.i!f -tf ,iJ ;e: '1! 'll ~ 
tj.Jl J.Jzt~tj- ~ 0J~ ~¼(nutricline)91 '5} 7J ::'. ~ %%i:'J-.=1,e 'M?:},W{!-oJ] 1i ¢:J ~ 

~ 'll 0J 'l 'l ¥! 7J g '1! :: cJ-. 1983 \'I ej O l -if \I! % 0 l -'1 tJI -"' Lf Et ',l g "11 61 ,.. ~ 'if 
3.~S!.l ,1.J{t,'.: 2Q~St1 ~.£_ {J-~"8}-';,1::C., c'.>j~ ~J:].QJ AJ.AJ, AJ,e, A~-6j ).J_:g~g ¾ 
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~1+- AJ.AJ-.Jl} ).~'E21 7a4-, ~?;Pl ).J~7t- 3111-3:l.£.£ ~~~~=1,e% ~~5t-7] uff 
~oll ~~J:% ~~q-- J;J~.QJ ).~~.g. ~oJ<U ~%~~.3.,e21 -%5:.sif- ¾*21 W"'r~ 
E..£, ).~~ ).d~~,<: 1982/83 -"]7loJl ~l)l .Y-~5}~t:l-. 0 1 5'..~ -}!% .llPit}etl, 0 1 
:, 'l!-'I -'l"121- -'.l-'llc: 1982/83\'!-"l 'l!!1..H,. %'l!c ;;aoi:: 'l!-'I ic'll~ .!i.'llcJ-. 1983 
\'! "i'i'@',"- "ii± 10\'! "1'1".f-"l 1% 01-.1'11 118,000l'c~ 7l"fSl'llcJ-

o1 "i"l<>ll•i ¾.ll.~ "1-\1- ic'!l(Cil'i'-, :a.%01, ~,go1, 7i1"1e1, •,Pl! ¾-"l -.ft.t 
'11 \!!-'le: 1982/83\'!-"I 'l!!'--11< %'l!c 7l"J "<f 0Ji!:g 7J"f-.f'lli:J-. 01•1~ 4'1Sf"a 
(~, ~7a~~oj] ~~<:>}Jll ~§1-W).g.. ~Q.} ~?;]7t- ~'it %~ A]~21 ~,': ).~~~~ 

'!i-U"l<>il 7f"J 'l!- "!%¥! ¾0141'! 1!'ll 7f'o-.tcJ-. '11-Sf 'l!-']7f ll't '!i-l!c"loJJ 7f 
7;J- ~ ~%t}~c}~, ,1.~~~ .Y-~oJ] 21tH 7t-.AJ- fi.g.. ~~J:~ ~~ :;!o]c}. EE~ o] 
cH} ~ ~AJ ,': ~?;] 21 ~ ~ ~ ~~% 7] ~ E..££ iii_~ 7t-';;' 5}tj-_ ~?;] ~ 1:1].ii!-3:j ~ 

16-!S'C-"l %<>!]Ai Aj-oj~q._ 7il'l}oj'1] ~7,j'lJ "ii, 0 J•]~ .'.i'.Jt 'l!-'1 ic'!J 0] 'lJ-'\
~ '/f5'.7f i1Cilsc 4E}4;:: 'l!'l!c %-;; '!iEil~l "]"l-2-!a. 0]%-.f-'il ~q.- 'l!!'--11<"1 
J.]'! <]7J<>II, oje]~ 'if'.J,0. "14/'1'11 %¾ ~%0] '.l);:: icc'1l!a. 'l!-'l:a oJ%A]j')q._ 
uJ-4"1, 'l!-'lict 1983\'! 2~, 3~<>11 'l!'l!c~ rt},t 4"1-1± Mj:;;!oj ti T'-"1"1 ¾-lloJJ 
l,'-'1.0f'll2-"1, 0J'li %¾ T'-"1-"l ¾-ll<>il 'l!'ll~ 'l!•lc: '11-Sf 1975\'!-"l 711-+-'Hl 'l!! 
yk7f e}-.f;,]4 ~si-.J ~'it-.f•l ?l'.Ui:J-1'! i 01+<>115'. ~711<>11 "ice 785'. "I g ~ 
g :;!o]c} . .::z.clt..}- ufff- 7J-~ ~Yli:.7} ~).j~~ 7af-, 0]2.l~ 'H°"'di': ~~17} {! 

T'-"1<>11 Q-.J;:: -1'!4:a 0J::q._ 1982/83\'! 'l!!'--1k-'f 's!'.!"1"1'1-oJJ uJ-4 %'if T'-"l-"1 
¾-ll<>il 'll¾>l~\'! 'l!-'lc: ~"12t cJ-e 31'!-"l c]-,L %<>11 ½•14°1~1 ,aq._ 01-'J'/! 
%!'.!l ~'gA]7]oJl _g.5:.-X1l¥:! ir"'d'i':- %~ A]~g lj!~t..}- c:7~ ¾.': -"16J7:l£ ~* 
~ oJ%-"l~ "T" 'iltt:l-. tff*7} <~H}~ tij-2.} -t'E..7-jt..}-, 4tA].£. t. 2 ~ "o~oj] 21tH 
ti% 0 I •14"1>11 "11'!, 'l!-'l ,:f~t \l!-'.J-.l'llcf . 

.eJ t;l "I 2- !a. ~ 711 ° I 'l!c 7i1 '<! 0 I + <>ii -\'-¾ ii 01 -ii- ic 'll "1 -+ 1l ¾ 0 I il' 'l of Al '/! af 
;:: ~'ii-."- .2.iJ!%'l!c 1/'ll"l"i 'ie~~q.- Steele and Handerson (1984)."- ?-'l'a 0I 
"T"\:!O!lAi {l';:!77}Al ~7t-tf<>ll rtj-2.} Bi1l ~%-Yc.t ~%(variance)21 ~7t-~ ~7a~1! 
'/! :.J- ;a 2 el ~ 5'. '!! 4 cJ-0J ~ llJ 'ii -'J Ell ;a 2 el ~ ic 'lJ 5'. ',! % Af-§- Of "I ::I. 'li '/! ~ ;'; 
1/'lJSl'llcJ-. 1982-83\'!-"l 'l!!'--11< '1\'J."- Steele and Handerson<>!! 21•1 Af%'i! -!'I: 
7cl '/! :.J-i< .!i. "I 'fa ;:: 2 s! "I '11 oil O I q.. i •i 4 'l!! '--1 h 21- 1} 7 I '1 21 7 I -F '/! % ,o_ •J-'J 
'l! -'I "-I -'1 ~ 711 -"l 'll -\'--"- st% -.f 'll :ll q._ 1982-83\'! 'l!! y k-"l '!I 4 !a. 4 E} \:le -+ 1l ¾ 
-"l '/! ~;:: ¥!7<1 '/! ~<>ii 21 ~ "1-ii- ic 'll -"l '/! ~ 7f 'ff 'I .!/. q. cj -Q- 1i t 'll •J ~ i? q. 
·E * 7f 7f '<! q._ 

1982/83\'!oJJ ~•!1-.f'll\':! 'l!!Yh-"i ~\'!:7l<>11 'l!'l!c %;;- '\l!Eil711-"l -!'1:7114 "1% 
~ 'l)- 3.,'- •!1-l!c"i oJ ':J "J°'l '11 T'i? .2__;,_ 9j el-"1 ~ q._ 1983\'! 7~, 11 ~4 1984\'! 4~ 

oJl -tl-¾t~ ~~}).]{!,': Al\! 19\:! %11- U,]-'f- ~11-g Itj-2.} ~1-q! -?;! ¾ 7}?}- ~~ 
q._ 1982/83\'! 'l!!'--11<-"l 'l!•J% '1l,,0. "i"l<>il Aj")-.f;:: '/'.ll. A§{l-,:f~21 sj,\-,0, -oj 
~g~.3.-E"oll .QJ~ ~,x},1.j{l-?4°1 uffJi!-- 1111}E..Jll E,': "T"¾..2...£. ~~ioJl nlcl- t:7~ 
¾ 0 l'.l/711 >J:llq. 1985\'! 3~<>11 ~~I '1~ 01 °1-1'-oJ:lJ.2, 01-\'-:,-"I .!!.:a.o\l rt}.s\'l 
M]illoj i'c '.l-'11 'l!-'lc: 'l!'l!c~ rt},t ";7;1 -'11-'1<>11>1 cJ-AI ¾-'1-•1}!q._ op,j~ _ll:;,. 

:, ,o_ 'l! ,1 7f 'ff 'I >l ~ g "ii 2 >f 5'. 'l!! '--1 h <>ii cJI '11 'J- 'iJ-~, si <!- 'o "I ~ -'f •I :a. '.l! g 
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g t.J-El- \l! c+. ~ .9J '11 % g £ rll -"' _11. \'L 1;1 ~1 ::: 'l'I '-1 k .2J- % "ef O I n1 rll "' t.J- El- t.J- ::: 
~?Jofl 7}-1" ~ ~¾~!- ¾*~~ .!2.~9-. ~?:]~ ~ .1.]~'o<EJ~ ri]l-¥-, 1Jzt"tl o]AJ-1;!! 

%91 A]7} oJ~oJl tj.~ ,¥-f}Aj 6-J¾!i!.Cl, t:7~ ~~ ir:'1J ~ ~l}¾ 4}.£~tj-. ll] ~ 

';;';,J::: -!1-¾,"sf,c]'l), 'if0].9j A1•fl'1)g rr}i!j- t.j-E}t.J-::: AJ%,cf~::;.", 1982/83\'_5'1 ')ll 

'-1 k o\l ,, <I-" 711 >\ -!I;-.sf::: 4 "a o\l 'll::: ?e >! c.J-. 

9-. ~.!j!. ~ Ai1f- ~qj tJ1~ 0J9.J ~~3:oll up;]';: ~i>J= 
'llrl!Oll"i :'. tl]n!aj 'l/SfAJ-l},jo] '!l<>J-"]7] "illi':o\l, <>J-a-"1 Ai"]£ ~l~-"l<>J 'll 

::: 'lJo]q. ::ic]t.J-, -i}§..Jo "i"i:'. oj].9j'£Aj q 0J~ ¾-!l-.9J <>J-jj-7f 'l!'ct-"l.il '.l/.2. 
uj, oj-jj- i!''lJ :'_ -;f§.50{, ;<f7] A~j'S'lJ"r.9J ',°,!.2_'£ 0]%itf'9 '/.!slitf:iI '.119-. 'l, 

rll0il"i9l -l}§. ,J~li!'S:. 'l!!YkoJI "1sfoj 3.7ll i'=')}¾ '1!:::<t 1982/83\'!oJI 'l/AJitf 
'.ll <.:! 'l'I y k o\l "1 sf oj "1 Oil ~ '1! :'. -U §. st 'll ::; 0 I 01"! fl ')} '11-"' .§1 -ll;--"I "i ~ :'. 51 
.2.5" t.J-E}\¼c.J-(Coffroth et al., 1990; Glynn, 1990). -l}§.oJ] rll~ 'l!Yk.9J 'l!•J."c 
'l!Yk 7]:fr %'1!oJI -l}§.oil '111'1'1! 'l!•Jg ?::: ?e4, 'l'IYk 7]:fr01 "14 :fr q 
g 0],j-.il iifrji!J-£, ::I 'lj•J01 7114; '.l-0f '.U<>J -l}§. si''ll"1 Aj')}-g "1'11-af::: 0]~1 
~ 0J ~~ol 'Uct. ~q\~ %¥-, ¾~. 1.-p~- E\lriA 0Jt ztzt 7-]~~c:J ~;,:Jo] cts 
71 "illi':oJI. zt "i"i.9J -;1§.s::;:: :ztzt c.J-:" .ll.'1)::;oiJ ei-a1oi 'll'lig '1!::: 51.2.'£ 
'lf ej :<j %l q. 

"F1f- Elji1J 0Jofl Ai~is}t" ~~9.J ,r..} 0J-ofl ~il"J:%- uJ.7;]';: ..9..<?].g.. 1f- 7}?:]2}.Jl .1.J 

zt "l ::: r,], '11 %4 :;)- :'. '!I~ 7] -'11-'i'! -jj-.9j ';;' 7f.2} •l 'r \'! "1 -a17,J- 019-. •II 0J .ll. ¾'r-&, 
•l-a-, "1'11 '5"1 l'!:o.f7f 'l'l'-1k 71:fr %'1!oil -;1§.s •H"ioilAi '1!%.9J '1!£"1- 7J-£ 
~ ¾7}AJ7]';:r:-lj 7]1'.:9is}j1. 'V__Q_nj, o]~~l ¾7},¥1 EJl¾.g.. ~~3:;~ 31},uj'8}°l .lt!,.,,J
'11.ss .§j-l/;-•f:::rJ] .2_',li A]'(}O] '1i!]Ji] ~9- !£~, illl'r\'!.9J iif7J-£ -,I§. s,''l)o\l t.j
~ 'lj'lfg ?.il :Uc.J-. ',!-Of{) <ll'r\'!."c -;I§.;; qj7]oJI 'c½A],];,Jt.J-, 7J-~ '1! 0Jt!: 
{i ~ ~~ ~JI] ~c ';: r:'i], o] 7J--9--oJ]£. ~§.';: A} 0J-% ii}Jll Bc.J.. ::Z.~Jl f,() cm 

78 £9.J '5l'r ~ "t}7J ~ tll 0J !ii J[ ~ ofl Ai ~ ,W.9.J % ~ ~ tt}T ';: t:~], uf-~ ~ % % ell :JJ 
oJ!ij A1~~\)-1 %~.Q...£. S.S-7\\ oJ~~ ~~:'.E. ~.!j!-¾o, upJ§.~ %~ ;(J~t>}Jli\ oJ
c:9-. o] ,E~ -l}:,c Af"J-"1 ?.fl~ .f!.'1)0] 'i!c.J-. 

Ai-\'- '1il\l 0Joil A1"J•f::: -,1§.::;oJ] rJ~ 'l'IYk.9J 'il~J:: 01"! ,''lji<f"l llf"i 
oJ-, ~t..Jlr.!i\ ~ ~'1! 'BjjOJ=JE¾"r.g.31} ~~ij A}VJo] ~~~ ~\'lo] 9.1~ ~_Q_£ 

!i.'1!9- ol;': ::;\'!, §.?"1 rl!-l}§..1c :<]"io\lA1::: 1982/83 'l!Yk7f 'l/A]-ap] 'll. \'! 
'lJ '1) 1982\'! 1 -3fl oil -l} §. "1 .ll. "'l ~VJ- -4 ° I oJ] 'll tf-'i! ',! .2..sl. _Ii. O I ::: -l} §. "1 A} 0J-o] 
'l'! >i iif '.ll g o] .!I. 2-"1 '.Ii c.J-. o I 'l'! AJ- g 'ii- 'll sf 7] ~ al oj 'i'! ,H ll!- ."c 'll 'r 7f -s1 •] -"I :iI 
'll 9-. 

'l! rJ '11 l\l 0J -,1 §. oil rll ~ 'l'l '-1 k .9J 'iJ ~ ."c ~ oil Ai 'll "1 ~ 7,1 >l',j "I 11 '1 '1! 7,! 

s:. 'll"i'l!, 'l!!Yk 7]{):01 "icf:fr qgoJi!J-2 sfcii!J-£ ~14i"l'9 illl•H~,.;, 'r %l 
::: 7,! £ %l q. o] .2j- >! .", o] >1 '1 Jl. ',] oil .9j ~ -;I :,C ;;' 'lJ "1 ll] •fl ::: ')}- 7] aj O I uj, rj 
~ ~,PJ~~ 4 9,1.~~~,. c\l.K.~~ ~.9-£.'.:::. ~~o\\ ~<t!: ~~,'.~%2-1 *7t~ $!.\~ 
'l! ¾ :of -;I§. 'if "I (coral bani er) .9j "1-"I 'g O I c.J-. 'l'I Y 'a. 7) ¥ t.J-1'! •l '1) 7f7Jf 0Hi Ai 
-§-~~AJo] A~7~£].ll, ~°J~oJ ¾¥-~ iilJ"r7}- .H.¾.2...£ tti %e:f. ~3!}~.9...£ ~,': 
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'ii OJ ,g % :, 0 I '/:! A,j -af '11 'i! cf. 0 I 7J 4- <>ii, 'l'! '-I .il. 7 I {! -"I- :i O I -V-"1 7 I {! % '1!c <>ii 'ii 
4'-&o] cf.s.'11 -"]:::c11, o]i'j~ '114'-&"1 *fo]::: -;}~"1 *]Af -1j'i]o] 'i!cJ-. ::i_e.J:;t, 
'l'! y k oJ .:r-<>11 '/:! -',l -.f::: ,g % '.', o I cJl -\'-1'- -;} ~ 9.] o'. 6J >I 0 1 7] "111'-oil -;} ~ i!' -lJ <>ii 
*l'iJ"io]cJ-. ';<>I, '.,,7fAfe.j9.]- -',lJJI::: -;}~"1 'r''i! Y'"l<l'iJt11, %1Hl-"1 '14 ,j 

'iJ;roJ ~l"lsJ-711 ';;'7f~ oJ:,-& -;}~ ;,''l) 0 1 :oJ'l--af::: 4,.5'.!l.cj- 'Iii-\'! "t 2 '1l -;}~ 
;, {I-of "l<>J -;}~::: 'l'!'-l.n.71 if\:! 0 ]~oil£ >114; ½<>J'.',71] 'i!cJ-. cJl-'Hi'-"1 {! 7J 
~ -;}~ si'-ll'.', t -;}~ '!!-"loll "101"1 i.•14°1711 -"1<>1 ll]-£.'a..!/-EJ '1!'d-afJJl !I.~ 

'i!cJ-. ufefAi -;}~ 0.J-"l '1!:<>l]Ai::: -;}:oc3,7f 'lll/l•l711 'a"J~ 4' 'l/:il, AJi'l-711 A,j-'J 
-at::: <>I\':! -;}~::: '<l'll'i! ~7J 4foil-'l -'.l'J~ af-711 ~cJ-. "l-'1'11- 'l'!'-lcrr. 1Ji'l- % 
'1!<>11 "l'l!oil 'll::: '!l-"1°1 "1-"1-"1\'! -;}:oc::: !l.~:e 'l!c"i *"l>il -"]:;,, i!'-ll9.l 'a'J 
o] :,j'i!'i!cJ-. oJej~ .!j' 7}"1"1 .8.'i]o] 'l-~"1.2..sc "f%iifoj 'l'!'-ln. 7]i']-~ 7-]>l 
::: % '1!c oil w-.g, -;} ~"' :, o I \rt <>J "i :;, 'l! .2. "I , 'l'! '-I err. 7 l i'l- ¾ oil 1t o I ';J-o I :ol 'l-'i! 
q :;, -.f c i <I£ -1! '11 9.] -ll-'11 .sc -"1 7 l nf "l <>ii ::: 4' {I 'cl 9.] 7 l '()- i '!! .8. !a. iii :;, 'll ct . 

"1-. -!e\-Aj J/- Ej "iJ OJ ,g Ej ;;j oJ] a]J.]::: 'lj •J 
-!e\-AJ.!/- EJ"iJ 0Jt Aj);,jJoJ)Aj AJ-;}Ojo] 7HJ- :\l:-& •J"loJq o] "11"1"1 -!e\-.!/-<>11::: 

"ii 'if 'ii 9.]- .2_ ~"'-=''" 71 'U <>I 'il 4'-',l <>I¾ 0 I '/:! A,j i;f :;[ 'll.2. "I' ';l--\'-<>11 ::: % ¾ Sc 'ii 
~ ~~A].2_ $\l~o] \:!-'T°>s c>i~sij ~1J ~~~ ti}J1. '.U,c.}, .::Il~~~. '-M"r~ \:!-'T° 
7} lfrt.+:: oJ ~~~9.l ¾{J-¥-oJl:= ~1}~(Polar front)o] ~AJ:£lc>i ~ 0J~o] ¾-¥-ti} 
J!, ~ft~ ~ojA~~.::iJ %-¥-8}~ i,±,Y<>Hf"Bl 'r.fl.~ 1J~~o) "&AJ~r+. 
F A00 992) "1 ¾ >ii \'! 7,} <>ii "1 of \'! , 0 l •l "l <>l!Ai "1 1991 \:! I± ~ \'! "1 'a" <>I -n- ,g -;} 'if t 
1.2 MT/km2 !a.Ai ,11 ;,j] oil Aj '¥- '/:! ,i .SC <>I *'g -;}Oj 01 "'cf::: -!e\-cJlAj 0J •l "l !I. cf 9.] 2 
~~ OJAJ ~~t:J-. 

','-!a_A].2_ '11-!}"1 '<l\:!\'!>-f7f oJ "1"1"1 •J 0J'.,-e.J"i 1">-f'\ AJEj;,jJ<>il 'l!•J~ a[ 

>i e.! a+:;, ,g zt -"1 "l 'I! 'l'! '-I err. "1 4'-;} "1-1! oil cJl ~ 'il •J -& 0 I "I \'! 'i' 1 I tr '1t of "i U 
cf. 0 ] "i "l •l 0J~ 7J "1 I'! >-I 7} 'l'! '-I k <>ii Ci ZJ-"1 .2..'a. 'I! g ~ cj- 71 !I. cf::: i'l-'ll "1 °1 
J-1 4 cf ,e. 7] -'J ~ -'J :i!} -et ~ "i .2. !a. 4 cf 4 :it 'l/ .2. !'- !a., ,g Ej >ii oil Aj "1 \'! >-f .'r. <>Ii "\' i;f 
7J71 ujq. ~:',cf. 1/"11.'a. 0] "11"1-& ';J-EJ'll'lf-"f Aj-!e\--\'-9.] 0fA]of cJl't Af 0\<>il '11 
~]c5},Jl '.ll,7] U11~oJl, f- A]~~ 7]~ ~!: 7JAJ~~~ AJ§.-t!Al7} ~~-~~01 -'fl~l 
"8}..ll <xl~ ~A-Pf Ell~ 0J2,J 7J~oJl ~~J:(oj]: g€-)¾ Tclet.:c. J.jzt~tj-, :E.~ * 
£J/'ll 0Jo/lAi '1)•0-"1:it 'll::: 71~1"%.'r. 'l'!'-ln. ~'Ir. J;-J.j.!/- EJ'll'1!'"1 7J+9.]- -1'-t! 
°5};(\ ~!:c~], ';'5] ~~ T1i!!21 7]AJ_g. *ElliiJ 0JoJl"-i ~,.,~~.i!. 'U~ 11\! ~,': T 
11\!(decadal scale) AJ5=. T7]~ regime shiftoll ~~ ~~J01 r:l~- 7J~ 5!~~ .!i!. 

~ c\. 11 ~I "1 "I li:; 0 1 % ~ 'l! <>J ¾-"I- 'ii 0J~7J 3l\-"1 -'Ji'! i'! >I\ oil cJl ~ 1'--'l -& cj

¾ \'!~<>l)Aj ,cej~cf. 

7f. Ej 'lJ OJ 'd 'ii "l 
Ej 'lJ 0J "1 'ii 0J 7] -'r-~ 7J "1 \ll >-f <>ii Aj -'J -C 7 f "J- \\I o] J-1 <', -"] ::: ;) ;"L -le\- Ej 'lJ 0J "1 
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?-\I\'! '?7J-"J regime shift"t 3-5\'! '?7]-"l -'i;-EljllJ 0J 'l!r11•H"1<>11Ai-"J '!!!'--lk '1!'1.' 
o]q_ o] f- ~AJ,'.: Ai_~ 9:!"ttoJ 9)2..e]2}.J1.. A]Zf'o}?:]1i}:, o}3j AJ§.t!Al '3J ~'8J:o] 

11-'ll •I 'ltoJ :,j :,j i'.-'.Vccf. -"1-•lPll "J<>ll Aj C: -'I'd- 1940\'! rll '4 1970\'! rli<>ll 7]-f-"l ii 
'l~ \'!%01 'll'<!c:<ii, 20-30\'!rll<>il 'll'l uf';e•f'l! 0.i 7]-fc: 1940\'!rll<>il '1"0<f7J ~ 
'ii~ 7J-f.'a. effi'<!:il, 0]2} '(£,': '1JA,l-~. 1975\'!77f>'1 0<J4f,jcf7f 1976\'!<>il cfAJ -& 
'd-~ 7J-f_s>_ 'l!-l! 51 '<! cf(=r ;,l 6; Trenbirth and Hurrell, 1994). 01 <>ii uf4 'J Ell ~I 
.£ ll!~til-~~ct ~5] ~~9.l ,,_~{!-i'g= ~%t <21' 2-3~9.l ;;::j~g ?!'J! 7]~0lj tfr¾ 
"' c: 7,! .2..'a. 11-El-,;1:cf(Francis and Hare, 1994). {l .i!J- -a-( 1996) c: -"1-E!l l\l 0J<>il 'i -"l 
0Jei~ 7J-f-"l regime shift7f -1-e1t1-4 •l"1<>1JAi£ 'IJ->J,J'(!'<! 7,! .ccf:il "?'lf<5f'l! 
.2. oj, 'l! >ii % •H <>ii Aj -"l "ii 0J-¥! 7<J :,f K"t <>J ~ st-"l \'! %"JA,J-oj 1970\'! rJI % 'l!<>il ,j cf 
\'! \'!:;f7f 'll'<! g ~ 'lf~cf. 

'lJ'l!"J.2.'a., 1976\'!-& -"1-EJll\J"J 7j-f7f Cl oj-lf-"J ~'ii~ 7]-foj]Aj uf';"~ 7J 
-f'a. -il"i•I \'!%~ Aj7J4:i1 'l[tf:il 'lief. =re1:il, effi<>l-l! 7]-fc: ,,u,~ 1988 
'.! 77f-'I c<J 4;',J '(! :il, 1988\'!-'I-ci cfAJ 1976\'! 0 1 -l! -"l ~'ii~ 'o'E!l .'a. 'l!-l! "1 '<! cf c: 
?'lf.i!J- 80\'!rll -f'l!<>IJ ~Al 'l!-l!'il * tfcj-7f ~14; II]-';"~ 7]-f7f 11-El-11-:il 'l!cfc: 
?'lf oj ~ 'lfel :i1 'l( C: ,i- •f cf. ~J/:l, '!!! t.J k C: 60\'! rJI <>I] Ai 70\'! rJI 3cc 'l!oJJ '1 >J °t 
3\'!-"J '?7].'a. :,f? 'IJ->J,J'<!cf. Cl o].f.'a.C: ii'1J?7]7f 5\'! 'jj5'.'a. "t{! 7e/<>j's) 
}:!?:PJ _!;!_o]:= qj~, ~Lj'n.~ 7J-£:: i o]~.!2.9- -ii~ 7J-'8~~g g ~ 4' '.:!Jtj(.:I 

;,l 5-7; -!/--'s- 1). rJIJJ:"i'l! 7,\.2.'a., 1982/83\'!, 1997/98\'! 'i!!t.Jkc: ;;'-"1]7]<>1] ~ <>j 
'4 7f'J- 7J-~'1 '!!!t.Jk '1JA,J-o]4Jl 'lj'!j<>jzjjl 'l!.2.oj, EE~ oj 1)A,l-oJJ -"l~ "11"1 
.5:. l!ftjj"5]-tj-_ .::r'fl 7g ~E.Jl~ 0JoJ]Ai~ regime shiftsif- ~-t!;i;Joj tj-Aj ~.ill{¼ Ull, 

uf '!; ~ 7 I -f 7 f -"1- EJI l\l 0J <>I] Aj -l! ',ll ,J :i1 'll '<! \':! 1976- 1988 \'! A f OJ <>I] >i -'1j 5'. % -!/- Eli S\l 
0J(~, Jl'JJ.ir- ~t:1]-tj-)oJlAi.£ ;,TIAJ~ir SOPl- '8J~ g2.J ~g & 0]..il :V_tj:= ,q"il 0] 

=.2. ""' T., -C '-1". 

'!!!'--lk-"l 'll~J% 7f-'J- pjoj 'l!c: <>J¾~-& 'l!r11'11"1-"l 'lJ'l! .l!.¾'8 <>J%%oJ:,J 
'l!, '!!!'--lkoJ] -"l~ 'l!af(heat wave)7f 0 1,:C r11'1--"l Ai'11'1! ~ ufel- ~aj--'-9f77f-'I ef 
s~l -"1-A,l-<5fE.'a.("t 100 km/d), %-!/-EJl'\l 0J.9j JJ:¾>JEJl;,jj<>I] "i'll"i.2..'a. 'll~% oj 
~1.:u. '.V_tj-31. <5}0:j.£ A}t-l-~]A] ~9-. ~<'>l, K~i.§'T"'J <>i¾'?..l ~c:>i~ 111~ {!-~Al 
7J7l "1\'! r11'1--"l .5'.'i!(home).2..s'- ~%tfoj -a\'!~ tfoj 0) sfc:<il, '!!!'--lk<>il -"l•I 
oj uf ';" ~ '11 'r 7f \'! <>J -"J -a\'!:~% 7<J 'a_ ~ "f Of tlJ el C: 7<J q_ 7C 'l( cf U, et<1 'i!! t.J k 
c: 'll<>l-"l 1/-.l'.'4 'J"i<>II ,Jcf\'!: 'll"Jg o]'l! "r 'lief. =r;,J 5-8,0. E!ll\l"J 'l!>il-91 
'll <>l ¾(Species 23) •~ -a 'll'-"l \'! ~ ~ o I ~ !l oj ? :i1 'l! c: ti], '? 'a. -"1-"i' <>ii -'i <>j ~ ill' 
0 I <c 7,! .2. 'a. !l Of 'l! 'J "I 'l! ~ 9' <>j % 'll % 'le 9' 'l! .2. "l , -'i-'1- Ell "ll 0J (Area 61 ) !l 
cfc: %-\'-(Area 67)<>1JAi-"J '~-asl' 01 ig-g g * "r '.Ucf. =reJi+, 1970\'!rll ¾'l!77f 
7<]C: %Al E!l"!l 0J<>il-'i-"l <>l'isl' 0 J 71-"l %-'l<5f'l!£.t>l, 1970\'!rll -f'l)-\'-El %-'1--"l 
'lloJ<>J'i 01 cl* in+e 4;5'..s'- ~7lOf\'!cf. =r;,l<>!]Ai {l,':'~.2..'a. .Jl.AJB •171 '!!!'--l 
.'u.7} ~Aj~ ~~Lil, q!Jt.-1.'rt.Q.] ~A~OJ ~<>i "'d<>iQ.J ft.~~ ~q..i>}.Jl ~~ ~ {[A] 

c: ?€cf. cf 'l'c, \t%-!/-(Area 77)<>11 Ai c: 1960\'! -'I- Ei 1970\'! r1I ¾ 'l! 77f "i c: \'! <>j <>j 'i 
oj Cl oJ+-"l AjrJl!i_cf llf,g. '.;'OJ !l_oJc:cJI, oj A]7JC: ~•I 4'--lLf '1JA,J-o] :,f'? 
'M""'J.'iJ~tg A]7]c:a.£.E...£.(lf. 5-1}, o] ~~Q.] ~}7}¾- o\l'T7} <i"!<>i~ 'atciJ-~:¥.oJ] % 
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- Oll -

li•.P. -a" {L "t [L fo fu [11 -/. %-J,; ll<>"t [o ii>% [ti l'\0l6l 3 I~ r; Y ,<;- [o "f:,.f,) I• 1• fs]?, 
lo,';,R, il>felo C:li<>ll•lo [til',086! 't,ofo ;:rt,f):J,, {Lll'\£l6! T,v96ll-a-~ l½kc 

11s [o[<>fo ll<>li• l0 b-12 j,;(l',Zl61 'F,896!)-a-~ l½l<fo iofo '<}.f.l I•~ ll<>li• "ibr,, 
,£ i.fo -l,-[oi/,f:, roklJofofulta %-J,; ·t,to iofv".1L ll.kclls io-G-Wv -!,-[oi/,f:, to 
~Y[lol=-oli~ lo ~lloil:[L .Ph{? '8]ofo [of.,,.';-lt: ~~-&, 20~-~ [o~~:1-fO:&y b5JJ 
k> 3ltk lot511t¾ [o~B, to.=a-~ ~lloii:[L -iq,iR, '~ ·t-if\{3.f,. 20~{Z;, {L 

~~ to-=a-~ {?{n llo& .. ~ lo"J{h!F;, ;fo&ltl -&% '~Th ·t.ito ~ .fo l; ~t<S-Fo l~ 
l)'.:1-o½lo lo-l:v&d~l-o tofe ~fills.~~ ~YlloRI~ lo lkili~ :r:rrtiR> lo"Sfo-::;;- ¾ ~Y 

[1<>01 [>i:::- fyjejn "f:,[oK -i>il>li>" ~tr-!, lo-M-fo¾lf fv"7.P. C:fo [o~".%lo la 
l,,:{':.: -;;{Z {s~[otkf:i -;;1'\,i:¥ ~l2lo ·ti~ zti~ [ofv.';{L f%fv~ [o~~[w~1f 

~1<1< !,o1•1A [l<>f\fu ll<>l!n -l>Wv{I. {L"ic>IB> C:kll<>(l9 BOJif)fofu[ll -/dv-J,; 2ol, 
-\RR> ·-p~-fo lr'[oR to~ -;;f~lib ~lo [lo"J{hiF.> F!O'f6 z-ts.{t-% [of;dY&.,, ls.~ 
-Ir [I<> [L[o-!', ,<;- =: fo ;:r l<fs jL [o [<> fo ,',; I~ 't, o fo ;:r I< I< fo fy[[o( ll BOJif )fo fu [11 

'it~Y lb-RI 2~ ;~lo '81-ofo -ld9£ Sd!=J.xfSH,Ho/l;d:1 ~llo1Holidbf.,,-&?i fol-i-lf 
[ti · f:, fo ,)c -lo -1, ,L 2 >!- fo ll, Y C: fo ;:r 1• Iv fv II<> lo {u{L li• -2 tl> {,;-!,- fo ll, [ti C: fo 

~ ~%lo ~t2\-i-t~ '2ofv~1f lo\-i ;~%1-o fv-::??i ~f-i%lo 20kf:hK 
·t.iro zt,.{31' {LY{} routo ~:1-k-1Rl¥' 

[ti f\ 066 I '<} ','- j/, -t [ti f\ 086 l ' in o t\ fo <; Ii' r; c;c 1,c ft fa fo '; IJo ii> co: '1 L f:, )1l lo I< 
io%l/< rofH,Wv f22[0 ll<>ie¾ ltif\0l6! ;;f.,[<fo i'lb1•{L;'. fs,1.-[tii\096! ';, 
·pfoR ~~~~ ~n; Z"ic ~.f~~ [lo{},;? lo~lo lo.fy~ lJ~l[S auq8aJ to±[L g~ 

ii> {)lo il<>f\886! ;:rtotclv lf1l'\9L6l [;el•o ·ti.ro ld•ll>¾ iofall, to-n;i,r,;, il>lti 
11<>1<1-o ro-M-,L[ti C:fy[i<,6-S [>r "f:,fo ,)c i'?ln ~f•!s il>bfv [l<>g -lff>cfv '(-!f'E 
W, ;;','-)-lffn{y lo[LWv-lo[L,' ~lo ;;~tlfoli• Bd~l/< p,{Sro [l<>"ibr,, ·2"ctl, I~ 
1•liWv fy[l<>{-lf lofo~ 2'i: ll<>ldvfol< t,[ofo fal,-lv f;'fo [o~[o '-[1.[sjs ·t, 
=:~ l-r.:t5-tzf-,, ~i:!:t,H2oi;s1S?-%-lr 20~1£~ [lo%lo ~ n~ t<,;;lo 1L~li-~ Bd~ 
-Pt~ -Wto [1o-r:rr,.1R, 2nlo-M-k> fy~¾ t?f:>. =:-tok>t-o ~~lo ·titoR [o;; =:co 
Z1-@lr% ~lti-& "W1°L~ ~i!:[R -rr-n l'.!'.'.ts{zrr lol$1Y "3"{i::1o 1oR 2O~-WB: ti 
offefo C:lo{< [al,l,;[Y 2],. ,le -\<IA 'lno/6l<K>i<c 1Ji2111 -t-lin fs-1,i\096! {L{L 

~ to&m-lo ~d ~Y[lol:olw -½ •~lr1.g "t.:iB-tzRv 2O~ Ft1o -=a-ft: =:tt;pt, ~-& 
]$jY jL[l<{s &-G-Wv '2"ct{gl,:),c -'o"fo f:,,a-s,{L,c {o[yjo {Llaf.t]${Y C:f:,t,j, t,, 

~ln i.9-[-,;ls" [lofoFn"lt3-k% 't,.o:p;_pt, 2OfL F -a-t-J. ~{.@.[A Uo½% [ofofulti-k 
fy C:fY[l<>3fls,:C "(6-S [>i:::-)j:IE '<,'f.,~fo rofvll<>-/.-J,; 'f;,jl, ;;t, -a-lin [of.,~fo 
-~tY[lo(ll Bd.f\i {,!:IL Bdl\f)-kf. ·t3[0%[-o~/fl [o~~f} "3"(6£ S.JF)dC:IS)-M--t:"lti 

"f:,fo {L[t,jt islt/l. t,,f.,[<fo lo~[o [o;';,i¥ j1!,t,, 

t,s·rq,fF;, ~tY[lo-iff. '~[Y1.<? ·titoR 2O~ ~ ~t,!~ To~fy.g. [lo1t~Rv lok> 
th {L~[L F'; {,-f\'o" e,{slo [l<>lJI~s aw1ia, ,el•o ';:rfa C:[Y[o,a 2OK F';-i½ll, 

2o~rr~ {o'L\h!R, \ofv~ 1on-g lo-§:[o '2OR,~~ ½~ =:triY~Y ~ to-M-k>t-o 
'201:rir~ "(9<JO>d '9t'O=z_1)tiloR 20t'L ~{.@%1'?,, "3"?Y ~lo [lo{§ti\ lo ~%~ 
f.,[<fo lo-M-foth ln{sfsR, {Lla-ll,-,,jo lo~ =:;:r{•loll>" ~l',966! 'i\6861-886! C: 
10S to[Y11L2t'¥ ~3½1A-t ltiPl0L6l '[!?~ ·t:itoFl 2O~ ~ k>-§:~ ¾~~ W.t-2 



:,J2, S1O71 'i!Yk"l AJZj:S :,jsjsf:::(.::i.i/1 5-71 Aj7j'l) 1979-1987\' Afojej cJ-'11 
oJ-!l-.eJ oj~'lJ'oj ij'l}-af~S!, o]'i/~I ',t,°_ oj~'lJ'-& ~Aj7Jf7j ojoj7jS, '.Utf. \I! 

\'!, 'l:!t11 %.!/-•H"l(Area 77)oJJAi::: 0 1 Aj7j.ej "1~'ll' 0 1 1970';:'![jj %\l!.11.tf Joi:.°. 7<I 
•J:S .ll_ojJl. '.Utf(.::i.i/1 5-10). 0 jej~ ~AJ-:S 'll'lliif7j ~•!Ai •J+oJI "1'll ',! ~ 

7<1>1.ii.;e ti¾ 7,J'l/iil~l 1i'-olw 'l!J11f '.Utf. 
~tiJJE¾°i.W-(small pelagic fish: Species 35).Q.J 7J-9-oJl, t.~ 0J~ t!-7J4 61~i';f 

"1 'i'l'il{;: FAO •Hl.;s 0 ]%iif"i -ll'lliil7l7f il•I :',I-cf. 0 1 '1--!l-roJI qj~ <>l~'lf 
-& 'il<>l, >J<>Ji!J, 'l!>I %0 1 ~"11 .¥.~"1"1 :u:::•11, 11<>1::: 'li"r'"J, .::i.i!js, 'll>l"1-
'J"1i!J::: \:f"rAJoj7) "1J1f-ojt) 1If4-'i, oj qg \:M!'l! 4-i!Jct4 ?\'!C,:-7fa:"1 <>j 
~i!}- ~Ln..L2t~ -t!7J]~ ~~~ tqj, op,]o} qj~ ~~~ rr.}2} ~.£.ii\,~ 1-§-'r"-J 0-\ 
¾4 \f-'rAJ 61¾i t-Pr61 1!~ ~ ~ oJJ;:jo]cJ-. 

ct. 4- i!J ct 4 ? \'! c;:- 7 I 'ii "l 
'i .!/- '11 'll 0J 'ii Qj .°. 'l! i!J '1! , t11 'l!c, % c;:-, 'll -1", 4- "1 ct 4, * ~, ej Aj o I % "1 "I 

ci ct4% 0 1 .::1 "1 'l!: Qj :S >f :,j iif Ci! '.U 2-oj , Af .§J, 7<I "11 'J! 'jj?,j -'II 71171 'itef "r-U :,f 
9d ~ A) .'ic. %.!/-"ii "i ii". iif oj ,a "i <>j '.U <>j F AOoJI [jj ~ <>j ~ Sf "1 .11." [jj % 5'. ,a 7>l 
~~ ¥ll! o}Yi't, o]~ 0-\~i?J:oJl ~t.J=g op;]~ 7]¾3i'?.! .B..~~£ ~::>:j~oJ:-,i;] * 
tft) '£~ 'i!Yk"l 'il 0JO\I [jj~ 'll•J,°_ %.!/-oJI "l:u>:iifoj ujq. ,.-{,'-'jj5f7JO\I, 'ii 
Y'o. Af{!.ej 'i1°J-']'11711 ti ctof7f y,U>l9d"l \'!%oJI [jj~ -ll'll2-.s'- FAO <>l'll•f 
il.:S 0 J%tf::: 1.°. uflq. .'i'.~-3joj4s, ~ "r '.Utf. 1If4-'i qg,>J 1l'll.°. <>j'lJ:,f 
il.oJI qj~ 'll*l'i'l! "i=t! 785'.'ll \'1' 0 1"1, 'i!Yk"l 'll~oJI t11~ '1l'r:S 78"1"1 -,, 
7J ~'11•1::: ZJ-C,:-"l 'r"l:S: 0 1 .'i'."I :,fil..eJ 1t->ll'll, <>l'll"f.ii..eJ "r'll"J-'il ¾'ll, ?il 
~ '11°J:,f.ii, •J-&"1 "r'll %0\I [jj5foj ~"l7f 'l!RW 1°itf ('J! <>1%0\I [jj~ FAO 
"1 C,:-7f\!l >;-,iJ>l7f .!/-_,, 20\I "r_,,"1"1 '.U2-'-1 'Ir~ "f,J-; 'l!>l-a-, 11<>1"1-a-, 11<>1 
*• .2_AJ61'ff", ajj~"ff"). 

'l! >I *::: 'l:! [jj '1J Qj 0 I 'l! i!J -\'I '11 "l "11 -'i .!/-Ej 1-i!J ct4 7/f ,1 '1- .¥. iif jl_ '.U .2_ ct, [jj 
-I' '1- .°. 4- i!J ct 4 21- 'll -1" oJI -'i <>l ~ "i " '.U cf. < -'I ", % c;:- -& 300 °.! -500 '11: ~ .eJ 'l! *I 
ff"7} ¾~~ ~i;~oJl Ai~i5}..ll <tl,g ~ .!i!..2i5}JI ~.Q..4, o}~ oJ~oJl r:ll~ ~~~'?.! 
AJ-'lJ <>j 'lJ ,°_ T ',lJ "i Ci! '.U :,j :',I- g.) "i :U, 'I "1 ~ :,f lJ.71 ¾1'1 ~ 4-i!J ct4eJ- 'll-1".eJ 'l! 
>j<>j'lJ>fll.:S 1'"1.11.\'! Aj_s!_ 'l/-\1!'8 l'!AJ-oj '.l)g :S 'llc T '.Utf. q.i!jctef"il-'i::: 
1970\'l[jj"fe<j "r~iif,Jj <>j~'lJ'o) ~7fiif~2, .::1 °J+oJI::: 'l):7,j'JOJ'l/\'l 1oJI \l!'i,f 
"I, 'll-l"O\J-'i::: •J~ ¾'a'i,f\j 'l!>J<>j'lJoj 1970','l[jj 0 J+oJI::: ll!- 0 1 c;l-.±:'8 12-.s'

ct Et 'J cf ( .::r 'll 1 U. ~c;:, "•l oJi -'i "1 'l! >i <>l ~ <>II t1I ~ 'i! Y k .eJ "J ~J .°. cf g 'i!-li 
O\JAi ol'll'i/ "IJ7>Joj,j 0J, oj -J,ojjAj '(}\:!iii '1jij''i,f:,J'1!, ~C,:- "'ilO\IAjej 'l!>l<>J~ 
'if.°. 'i!Y'o. '11<>11 ~7fiif::: 1>l',l cts+ct2 '.Utf . .::i.eJct 'lll-'c 'il"loJIAi::: 0 Jcl 
~ ~')} 0 ] q.i!Jct4 >i',j 'jj~-af:,j7f :',I-cf. ¾C,:-oJct 'l!i!J-\'l"l <>j~•fll.::: ofZj 
.2. i'J! %'1! <; 'I "i "i i'l :U 7 I "11 li'-oJI 1l 'll "' 71 7f tj ~ cf. -'I". E1- 0 1 ~"il'i "1 'l! >l <>l 
~sf.ii,::: .::1 \'!%?7j7f 4.3\'4 2.2\'I ?7J;, ?!°::: \j-tlJ:,J"reJ- %Af~% .ll_'.,l.2_oj, 
'i!'/lx"i's'"1~'lf(CPUEJ5'. SO!ej- :;j-\'joj '.U::: '1! 0J.ll.¾9-&, 7J,r%½'ll' %4 AJ
i'f=t!~l7f '.l)g :S l!f~tf(Tsai et al., 1997). 
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>JoJel-11-"1 FAQ oJ>1,1.a:: '1!;:-, 'l!-1!-, %;:-E..s'.-\'-E1 'r''li5a-"- 'l/2.t.J-, ¾'s
:: £1c-l'-E1 ,1.a;. -'li½-tl'll71 nl~<>il 'lf7l"i'1! \'!%% "1-"1--tl:=rll £% 0 1 5a"i:= 
U'll:cf. -tl"i'lr, '1!;:-:;,f 'l!-1!-"1 oJ>1;;,1,i.:: {l-Al'1! 0J"l}:S .!i!. 0 1-"- 'lief. ~. 1970 
\'! I1I % '1!-1'-Ei il' "I "ti 711 'a "1 tl 1l oJ el oJ >1 'll'.g. 80\'! I1I ¾ 'l! <>ii ii-"- <>ii 'it !)l 2. oJ , 
::J. 0 I + <>ii :: {} ± .. 1 5t! cf. 0 I 9f ~ .g. 1l oj el oj ii' "1 " zj ~ AJ J,J :: 1940 \'! I1I <>ii £ 
-'II 'API 2..s'. t.J-E.f \d:2. oj' 0 1"1 ::J. .y,) '11 :: '!f SI ,1 * ..i jl 'l! cf. trJ.e.f Ai 'jj oj el "I .y,j 
"1 ~{}.g. '1JcA,l'/'7171 Jlt:: 'l!!YSL<>il "1'1! 'il'll:i!f ,\'l;,Q71 j)cf.31:: ~ ','71 \rt~ 
;)oJcf. 'l!1'L:i!f ~;:- oJ'"l;;<lil."1 :>1°1.s'.-\'-Ei '1l"1el oji,'3!} A,jj,J'l!, {l"tSl\'l 0 1'11 
2} {[!:'.. ;i;}-0]71- 9J. g ~ ~ 'T 919-. 

(I) 'l!<'- 'l!i:''11 'lloJel ,1.y,iei %71:: '1!;:- i:''11 ,1.y,jii'<>ll "i"loj 'l!"i A] <!'"I-"-, 
EE'1! {}± 7</~J£ '1!;:- >JoJel.!i!.cf ~{! "i'l!'<!cf. op,1~ '1\'J.g.1940\'!i:JI'] 'lJoj 
el ,1 .y,j "1 % {} Ai "ii £ t.j-El ld: 'll .31, .q- el t.j-e.f .!i!. cf Ci ~ 'l-'i' <>ii 'll :: •1 Ai 0 I 'r' "l <>ii 
Ai:= 1-a.J.!i!.cf 'jjoja.J ;;<f.y,) 0 1 "711 ½'1\-t}.31 'l!"i ±'l!;;f:= 0J'J% .!i!.'1!cf({l, 
1995). 

(2) %;:- "1 oj '") ;<f .a:= cj ~ 7,l !i'. "1"1 °) ..i 'lit "i 'l!, ~;:- "1- 'l! ,'- 'l! '1! "1 '1l oJ a.I "I .y,j 
0 1 ~±~ 19901;:!~ofl ~°ist rl~- ~11-~ :;!~~ .!i!.'t.!ct. 

oJe1'1! ;;<]Qj\!! :>f 0 ]:= 'jjoja.J7f '<!'r''il oJ%2..s'.,? Ai-oJ'lf 0 1 'J'i'<>il '1J:>i.,,I 
71 ni~<>ll ::i~ 7J'ilii'"1 3.7l7f ¾'J~ "1<>11:: 1i'c3'. '1l'1J7f 'l-'i'"1 •1Ai 0 1 'r'"l<>il 
7J}A] A]{}~ ~j!_ ~;,;J~oJ. {}±~ n:ffoJl~ *~1f-E~ AHQ 01 Al-~~ {}~711 £171 
n:ff~o] c.}-. 

>aoJ:: 'li'r''J Jit"1%2..s'., 'l!-1'-:: ',}'11"1 "i¾ 'll'r':.<1<>11 11,3',Sf7]£ "l"i'lr, 
'/' .s'. 'l-EJl '!i 0J<>il Aj ,oJ Sf jl 'l! cf. F AO"il '1-EJl '!I 0J ',I oJ "1 oJ >1 "' li;. .!i!. l.11 := ;:-71 
:: '1!;:-, 'l! -1!-, ¾ ;:- '11 ,11, 'l! 1"-:i!f ¾ ;:- "1 >a oJ "1 oJ '"l ill' 0 I '1! ;:- "1 oJ >1 ill' .!i!. cf et 10 
uij 'jj£ \icf(::J.'!l 5-12). 3;:- ;;<f_a .'i'.'f-, 1970\'!i:JI ¾'l!JJl"i:= B]n>:aj !i:C 0J"1 
oj'")oJ !Lil"l'l/2.t.J-, ::i 0 1+<>11:: {}±,;J'l!cf. ::J.<it.J-, 'l!-1!-"f %;:- ,iloj'] 7</1-
<>IJ:: '1'±'<! ,f.y,) 0 ] 7114c ~"1-"l"i 'lc"tf_il of"!JJl;<J oJ'"l'll' 0 1 ',;t:C 0JAJ~ .!i!,OJ_i! 
'l! 2. t.j-' ~ ;:- .jj oj 3!} 7<! 1-<>ll :: 70 \'! I1I % 'l! <>ii Ai 80 \'! I1I ¾ '1! JJf "i O I O I ~ oj >1 'if% 
.!i!. 0 I :i1 'l! cf 7 I 80 \'! I1I + 'l!-1'- Ei if zj .. 1 ~ 7 I Sf jl 'll cf. "I ,,. 1l oj "1 oj '"l Sf :i!f 'l!! 
'-1 SL "1 t! ii 71 'l! >1;;1711 .!i!. 0 1 "i :: u "i 'lr' 7HJ'"i 'l!! '-1 SL •l <>ii 1l oj "1 A,l {! ill' 0 1 " 
zjSJ %71'1! 7/11-71 'U:= ;!2..s'. .!i!. 0 1('1!S;-, 1972\'!; 'l!-1!-, 1986\'!, %;:-, 1972\'!), 
'l!! i...1 SL 71 ° 1 -1'-c '11 ei "1 '11 'r' .g. :s '>t? \'l. Ai 'll "1 "1 oJ '"l 'll' 0 1 % 71 ~ "' 'l! 'll cf 2 

•,l4'<!cf. '1!'1!, 0 1~711 1970\'!i:JI ¾'l!JJl;;<J BJ:a>:aj l't:C oJ'"l'lf~ .!i!. 0 1-"- 'U:= ;! 
~ regime shift o]1}~ ~t§~ 7]~7} t§~AJ ~OiA}~.Q.] %5:.oJ] ~~!?...£. .:Q-%~!
;! .>1 ill .!i!. "1 cf. ::i a.I -"-, ::i O I + 10 \'! 'll £ "1 '>t :: oJ ~ ill' :'. ~ ,± "1! 7 I + .s'. \'! ~ 'i! 
oJ¾<>IIAi 71'1!'1! ;!2.5' 14"1"i'lr, 0 1"iJJfe<I 21 'l!'s' >aoJ:= 'aoJ\J::=rJ] 'l/1":i!f 
%;:- '\loJ:= ~~sl"i ,'cal5tl::7l<>il i:Jl'I! 'll'l!.g. *"I-"- 'lief. =;71~ 'l!'I! Af'J 
:'., BJ", ,1nai'1! :>1°1:: sin 'll:S"le.f.'i'. t]Al 0 1"1 "11",J•l >Joj oJ>1'll'"1 \'!~ 
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0J'l!-o] o]a; 3-S:--"1 'lloJ-"1 oj>J"J' \ll;:]-91- -fl-Al-tltj-:C: 'lJo]tj-. 1960\:!cJloJI "]:ii!-'l 
'It 'l1: \'! 'll oJ oJ 'l "J' 0 I 90 \:! cJI "''/1-~I "i 71 eJ u I a I ~ AJ- '11 'is -fl- "I "1 ~ ~ Jl, 90 \:! cJI 
¾'/1-.!/-El ~•i•l~l ¾7101'1. '.l)tj-(Radchenko, 19981. 

0 ] ,c]Qjoj]Aj oj>J,1:C: 1-1oJ-lJ-:C: \f'r'a .l!.¾'J%,sA1, oj'lJ;<fK:C: ~-S:-, 'l/ 
,'-, Et O I ~, 'l1 el 1'! -"- 'is -'I- El 'r 'll "1 'n tj-. 'l1 ,'-"l 1-1 oJ oJ 'l -& "i :ii! 'I "-~ 'il '11 <II 
"I •I "1 , ~-,:-4 cJI \'! eJ oJ 'l :: 1980 \:! <II -"1 -'l "- *I ;_; ¾ -ll -"- ,s ~ 7 f 91- {} ± 7 f, 'l1 el 
'\'lt 1970\:!rll o]'1!oJI "]:ii!-'l Jl;" >J-;}"J'~ _l;l_O]Jl '.l)q(.::i.'/1 13). 'll,'-4 ~-S:-"l 
oj >J "J' \ll ,:f oj Ai 1980\:! cJI "''/1-.sj {} 50 9t ¾ '/1- .sj 'l/ A] aj ¾ 71, .::J. el Jl \'! 0 I -& {} 50 
:: .:g.%1:JE...£ ~ 4-.£ ~E..4, ~~ .2.161 61.tl 0 ] 19901;:!ql %-lfroJl 0] 2 ~~~ o} 

"r {)-50,1,c] (\t'lJ:goj "]:ii!Ofoj, 71"1 '1]1J~ 's'7f'1} 4-elLfel.sj 1-1oJ oj~"J'o] 
'ti. "l -of ~I ½ oJ a; :: 7,! 0 I ,1 q \'le "-IO I O I ct. ( .::i. el Lf 1998 \:! -"1 7:l 4-oJI ::: 'l1 ,c 4 ~ Sa' 
.£.~71- 2..161 oJ ~ 01 Ai:f:."o}tj..:i!. ~tj-(Sakurai, pers. comm, Hokkaido Univ.)) 

&H.:t:'fi"(marine macro-algae):: :i!.~~%.£.Ai 7].:q:.2l ~%oll uff4- 1il~ii}tj_ 

oJ-ll->l,j Af7]oj~] ~,;Jo] 'lc"i (',1-:C:tj-Jl '9-50;_; "f"r"l.'ic ,'cOIJl, 7]~ 'l! '11°Jej 
~~~ .:Itll£. ~o}~o:j "~{!-%1'£.£. 1!~~c+. E.}o]~g ~J9Jii}2:: qj!j!-~2-j % 

olAJol 's'7f:'; Alo]ojAj lf'l!c•f~I <J-;}OfJl '.l/-'I\'!, <J-;}'l}.sj \ll.,:f 0J<J--& ~]Z,7] 
9-"9-(.::J.'/l 5-14). oJ;; AIK:'e'oJI cJI~ AJZ,aj'1] "]:ii!'a.:C: 'l'!'-11..91- oJ;_;.sj >J-;}"J' 
l'l%% 4"1-~ 4' (rt"n-"-nl, -:E~ ~5'.oJI uf;: "iS1'a5'. LfErLf"i \\t'll:9-... J~. •H 
.:t:ftgJ "~%~~ ~11 ~ 1l:-n:J.!l.:i!., Al-li. 4-11~ ~~ll g_ ~~~ .:q:., ~n~~ g 51-o:J 
Of W ',) o] 9-. 

tj- 4- el Lf el oj 'l "J' :,j- Sil ~ I'! * 
4-cli.+c.l- '?:!-2"3H~ ~{1-A}~o] ~YJ:r..oJl ~'61-~ ~<5Jg ~Jl ,U::;;::J 1f~.!i!7] 

~•HAI:::. \'!<i 'l'!'-11.. 't!AJ-4 ~'/!5'. •14'"1 AJ-,! \'!.,:}71 oju]~ ·,H'!'a~ 7f"i"
v.::A] 3Jt'4<>1-o:J°F ~cJ-. .::z.c):U ~1-jlr..2}, AJ{!-t!71]7l- ~2 oll"T"~ "J~g ~o}~ 

~ ~~9'~ . .::Z. ,',J{l:i!} :I oll2l o.J'ff' o.J~"<r A}li~ l:IJ.ii!.8"}:i!. %'Al~~ ~AJ~ 7~ 

"i 'l'!'-11..-"1 'l!•J~ -ll'l!W 4' '.l/cJ-. •l"l\'! 0 1<1~ 1li1 "J'1:it 1~'1'11 "J'1:i 
(empirical method).Q...£.J..i ~ 7}A].Q.j 11~~ :uj.2.}uJlEi~ 7}A]2 1:llll E1J~g~ iiff 

• 'r '.l/9-:C: '9-1~ ti-"-~ .Yh •t .::i.oj \'!*B '1!'11-~ oJ~~ ~~ 
(mechanism).<'_.s'- 'J'117fl"il 'l!'il':, 0 1*I"- '.l/:C:>l 'll- 'r file+::: 1±1°1 '.l/9-. 

cJI .l!. 'l '11 'l'! '-1 k '1! 'II- :l. Lf Et cJI ::: cJI .l!. 'l '11 "i 'r 'is O I % ,J ::: 7,! -& SOI O I q . 
7111\l! .::i.elJl '1!.£\l! lllir SOI~ 4-elLfel- 'il'•l"l "I~\!! 1!.¾•14'.0C4 "i:ii!OI'</ 
9- ('irtll Jf.~y.g_ Y'{l ii~~ ~ ?il~1i!l T.g..Q.J ~~~ -¥-~ 3~ %~ t1Hf). :i 

"14. '<l•l"l 12~ .l!.¾'114'-&4 -ll-4 7f~"l S0!71 ¾71l'12-'a. %-"1~ g_si AJ* 
*711 ;s(ztzt, r2 = -0.526, P<0.01; r2 = -0.409, P<0.05), '1!lllrr SOI91-:C: r2 = 
-0.505 (P<0.01)-"1 AJ-*"i'?;s LfEtcJl~tj-(J[ 2). ";, 'l'!'-11.. 't!AJ- 0 1 '!!1•1,1 Sil 
oJI, 4-elLfel 12~ '<l•l .l!.¾4'-& 1'! 0 i(variation)-"1 50 % oJ<J-o] 'l'!'-1koJI "l~ 'll 
•Joi el :C: -ll '!l 0 1 71 'o Sf 9-. 

:J.t!i'a., 1a°"iiff~l 12~ Jf.¾Ti?:- 6] T~A}~.Q.j ~%oJl ~~Jg n]jj:=7} -t}:= ~ 

~l7f cJl'i'"1:C:<t \!Sil 12~.si .l!.t'?-&4 '<l•l"l cJl.l!.'l~! "lil-'J-;}"J':l. ~"'1 "I 
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.iiU,f aj * E-.sc -l<j AJ-i'f i'f >II-la- %~ •f 5:1 cf ( \t "iJ .eJ 'l! 'I 9f 2 % "1.eJ 't! £ \!! "1 -'I 'lJ' t 

.!/--'i- 4;, %z "f'll->. :::r «"1-, 'l!*l"i- 2%"1.eJ "1-'l"ef 0 l 12~ .ll.¾•H"i".g,"1- %>ii 
~.2...£ ¾~~ ~.g.. 0JQJ AJ¥!--¥!7il~(ztzt, r2 

= -0.401, P<0.05; ? = -0.380, 

P<0.05)' .:1 el 2 Cl .eJ .9j 9-.a~ cf<'- "1 'il' 'l! '\I-*l. cl ,g 0 1, 'll "1 el % "1-::: "I :iR"" 
>;tt -ll-i'!"l"i";s 7f>'12 '.Ug 0 J ~t•Blcf(.ll. 5-2). ".;, 0 1 «"1-::: 'l!*l9f 2%"1.eJ 
"1-'l"ef.91 \'! 0 1 ¾ Sl' 40%;: \t"il 12~.91 .ll.'il'•l"i"oJI .9J•f"I -l:!'ll'>! 'r '.Ucfc: ;," 
0 I cf. so 191- -'/- el 4 2]- \t "" "1 * "1- el "" 1l "I 'l! AJ- i'! tr >ii ::: % .9j •f e<J I',- ~I 4 El \l 
E-4, 12 ~ el .ll. ¾ "iJ "r ;: 'l!/ Y k 9f -rt ,0. 't! i'f ¾ 7f "] Jil £1 E. .sc, '!! 4 "J o'. .sc 'l! cJl '1J 
~ oJl A-j ~A~ ii}-~ ~ y .il'.. ~ -'t-21 t.}e} 0~ ~ 21 ~ J;] 9.} 2 %0-J 0-j ~ ,l~ tloJl -¥-~ ~ E...£. 

°Ji>Jg u]~9".:i!_ ~ 'T° <V_c.)-. :;iii, ~~i °"!¾ °FoJ]A-j =it)] ~J;]9.} .:i!.%0-jv.}-<'.>] ¾ 

71\~_Q_.£. .f'r-S!l~ ~tj-~ :;!-~t:}-~ ~~ -'t-i!.]7}- ~%~ UJ-ioJ nff-'t- 1'=-cl~o]~g g 
A]Afi;f7]£ •fc:<il, \t•loJ]Aj •~~£];: a\ei "1¾ ¾"i]Aj 0 ] "f- "1¾'l!-0 1 'il-•1\1£ 
oJl Eil"1'd c,!o] "1'lloJl 7f'lJ£1"1 "1-'1%el 9-¾¾ o]-','-7] U!lll-o]cf. 

:::r'!J 5-15;: 't!'ilir SOI, \t"i 12~.eJ .ll.¾•J"i".g,, :::raj:;, 'l!*l9f 2%"1 "1-'I 
"ef.eJ \'!%~ '-1-El\l! c,jo]q_ 'l!*l9f 2;;<>1::: tl]:ic"'i %Af~ "<!Eil.sc ,1'1lsr 0 1 ~7f 
"6}-.Jl <V,~g g ?J- 4'- '.llti-. 1960\:!r:lJ ~~-¥-Ei ¾7}-ti}-7] AJ~~ 0] f- .:2¾21 ~H:! 
"ef,O. 70\1qj ¾'l!oJ] oJ2ej 71.eJ 'iJ"<!AJ-EJl"i] o],'- ',l.>]',l _11.o]s,, :::I oJ+oJJ;: c,l 

~~ 7fe<]oj ,1,1•1 >HJ"ef 0 1 ¾7f•f::: c,l>l',l !l.'l!cf. "1-'l"ef.eJ \'!%"1- •1°.l'~'il 
el l'!o];: o]a, ,ff"i]si'o] oj'cc ,jj£.9j 3.7]oJ] cfcf<'- 0 i+oJl Aisc -lf 'll*l•f2 il 
cf. cf¾ AJ- tH1- '1 .eJ '!! 4 .SC .!/- Ei Oil Zl 51 '.11 :;' 0 I so I 91- "1 -li-"1 -'I "et 4 .eJ i'! >11 ::: ,1-1,!- 'll 
~ * 0 I a\ •I * il "- '-1-, I 970 'd cJl "' 'l! 0 I '11 oJI 12 ~ .9J .ll. t "ii 'r .g, JJf "1-li- "1 -'I "et 
21 ~{J- 0J-"Jt ~]_iiI~ ~ ~j;]fi}-:il '.?1~ ?,!_Q_.£. t_fE}L}-_"i1. '.?.lc.J-. 
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H 5-1. 1963\::! 0I~ ~Llh2.t CfLIU a2t ~~ill JU~El Al~ ~S:: 
(~j~ : Ji2J2!'.:?:1: 1998b, Jl2J2!-=?::Z:: .tf§~ 2!,I~ill JHf:1iiltJ) 

El Nino La Nina 

# of seasonal # of seasonal 
Year Start End Year Start End 

persistence persistence 

1963 Summer Winter 3 

1964 Spring Winter 4 

1965 Spring Winter 4 

1967 Summer Spring 4 

1968 Autumn Winter 6 

1970 Spring Winter 8 

1972 Spring Spring 5 

1973 Spring Spring 5 

1976 Summer Winter 3 

1982 Spring Summer 6 

1984 Autumn Summer 4 

1986 Autumn Winter 6 

1988 Spring Summer 5 

1991 Spring Summer 6 

1993 Spring Winter 8 
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H 5-2. e!~ 2l"OH .H~¢§i!I Ol~ Ol~&. 2l"~[!~Jll¢ A10121 Cf~2J"2:.f Jl1¢ 

feb A-, J"o A"- QC, Q C 3 5 6-8 9-11 
" 2 ' " Anchov·· Mackerel Sardine S fllackere I J mackerel 

Pearson '" 1 000 
Correlat10 Ao, 492 .. 1 000 

J"o 262 ''3 1 000 

A"o "2 - 224 .329 1 000 
QC, 038 - 01 7 - .303 '62 1 000 
Dee 650 ,so - 224 oo• "' 1 000 
3-5 - 221 - 097 099 ,39 - 136 - 409• 1 .000 
6-8 000 - 009 2'8 323 066 - 328 599• 1 000 
9-11 09' 000 2'3 ,ro Oo3 - 526• 535• 823• 1.000 
12-2 - 323 - 187 053 - 133 - 136 - 354 706•• .369• .311 1 000 
1 -12 - 132 - 087 2,0 f67 - 042 - 505** 859•• 858 .. 830•• 721 .. 1 000 

Anchovy 2'0 026 - 255 - 270 053 401 • - 276 - 137 - 224 - 263 - 279 1 000 

Mackerel 3'' on - 316 - 302 030 380• - 163 - 159 - 028 - 262 - 185 790** 1 000 

Sardine 058 - 258 - .211 - 026 '" 295 - 226 - 180 - 128 - 392• - 282 453• 602•• 1 000 

S rnackere '" - 166 - .144 --~~9 0,6 258 - 323 - 092 - 051 - 259 - 218 604•• 545 .. 788• • 1 000 

J rnackere 203 '" 205 - 0 0 '90 268 '23 '75 - 033 - 152 - 145 053 289 .2?9 259 l 000 

• 3-5 SOI of Spring 
• 6-8 SOl of Summer 
•9-11 SOlofAutumn 

-, 
"' 

• 12-2 SOI of Oecefllber 
• 1-12 Annual avera.ie SOI 

S n1ackere1 Span,sh mackerel 
• J mackerel Jack mackerel 
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so 

40 
,;;-
C 

~ 30 

1 . .. .. 
.c 20 • u ,, ,, 
1ii '•' ~ u . 10 .. .. 

• 
0 
1925 1935 19-45 
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• 

western Alaska Sockeye 
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' . ' .. :, . 
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Zonpl1nltnn 
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:·:~;;· 

101 - 211(1 

201 - 111(\ 

> .lOO 
x, 1no~,., 

bl(lplanl:.tnn 

i 
~·~7,;;· 

101-20() 

201 - ,ou 
> 300 

~/IO(I~.,, 

:1'6 5-2. A-1$ EH!?JgJ-DHAi ~Cl-~~ ~gt. (Al ~Ol OJ~§; (~0), intervention 2~ 

~ill {~g ~tj), ~g intervention(~§ ~0): ~2.f::Y3fe._1 l§~~~3E9.I 
g!£2.f ~AJI&. (BJ 1960- 1962 t:!: (Cl 1980 - 1989 c1. 
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..J'6 5-3. frll~ !.:!2:0llkt OH~ R~*g· 210lr.'.1£1 Of~~C.I tH::! \:!!§. 
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El Nliio Normal El Nino Normal 

Temperatur• l'C l Chlorophyll a (mg m-J l 

0 
~0.t ' ~ " • .. Nov. Nov . @. ·J 1982 1983 0 

No,.. ••:fl No,. • 1982 1983 

' n ,, /V' '(.,' \ -~ .. • .... . ,. I 

0 

" 

,:1/i r¥:'. s 
= .. MU. Apr .. Mar. Apr. 

'.'.--\J 1983 1983 
I . 

~ 198.C 1Jn O• 
198-4 

• 0 • z " ,, •-·~ -✓ .. 
0 ~- 1:•~1 " ' y·'"'· 

.-\1''. May May /V"v May May 

1983 I\, 1977 1983 \ 1977 

• I ., 
\,• . . ' 

,oo 200 ... 100 400 200 ... 200 

km othhor• on • s 

:J'6 5-4. \s'$1 555: ~OhJ\1 A-lE-3 855:21 iHI~ OH~ AfOIOll 2:.f~~ ~gJJJ ~~::::: 8~5:. 

1982/83l:~ ~Llt:i.£1 c.!®ill~(11~ Al~. 3~ ~~. 5 ~ :ilC~)lH ~go1~0I 

~?~S:IAI 3i21E::! DE AIJl2.I t:.l-~J:.12.1- tll.ill. 0121§ (Barber and Chavez, 1986) 
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!:;:!~ 5-1. 19611::l 01~ hl~t.!§Jll¢~ Jll~~~ 

S(2rmg Summer Autumn Winter 
YEAR Mar. -Ma}! Jun.-Aug. Se(;;!. -Nov. Dec.-Feb. Annual Avg. 

1961 -1.067 -0.233 -0.033 1.000 -0.083 
1962 0.267 0.333 0.867 0.867 0.583 
1963 0.767 -0.967 -1.833 -0.067 -0.525 
1964 0.900 1.200 1.467 -0. 767 0.700 
1965 -0.400 -2.433 -2.467 -0.333 -1 .408 
1966 -1.567 0.100 -0.400 -1.633 -0.875 
1967 0.133 0.433 -0.100 1 .400 0.467 
1968 0.233 0.733 -0.567 0.833 0.308 
1969 -0. 733 -0.800 -1.500 -1.500 -1 .133 
1970 -0.100 0.200 2.133 -0.567 0.417 
1971 2.467 0.833 2.133 1.200 1.658 
1972 -1.300 -2.167 -1.767 -0.200 -1.358 
1973 0.133 1.300 2.667 -0.267 0.958 
1974 2.133 0.933 0.933 2.500 1.625 
1975 1.467 2.767 2.933 1 . 1 33 2.075 
1976 0.900 -1.433 -0.233 1.333 0.142 
1977 -1.600 -2.400 -2.133 -0.567 -1.675 
1978 -0.067 0.400 -0.433 -2.267 -0.592 
1979 -0.333 0.600 -0.467 -0.467 -0.167 
1980 -1.400 -0.367 -0.700 0.000 -0.617 
1981 -1.000 1.167 -0.167 0.033 0.008 
1982 -0.433 -3.267 -4.000 -0.833 -2.133 
1983 -2.367 -0.700 0.600 -4.900 -1.842 
1984 -0.433 -0.367 -0.133 0.133 -0.200 
1985 0.767 -0.267 -0.600 0.400 0.075 
1986 -0.300 -0.100 -0.867 -1 .400 -0.667 
1987 -3.033 -2.700 -1.067 -1.933 -2.183 
1988 0.433 1.167 2.867 0.133 1 .150 
1989 1.833 0.300 0.433 1.100 0.917 
1990 -0.067 -0.100 -0. 767 -1.667 -0.650 
1991 -2.100 -0.833 -2.233 -0.933 -1 .525 
1992 -2.333 -1.067 -1.533 -3.100 -2.008 
1993 -1.800 -2.133 -1.367 -1.333 -1.658 
1994 -2.267 -2.467 -2.267 -1.067 -2.017 
1995 -0.867 0.033 -0.033 -1.033 -0.475 
1996 0.833 1.100 0.467 0.933 0.833 
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~~ 5-2. l§OfAIOf ~Jf~OII QJOH ~:iJ§! ~ti. ~OlCI, ZciOl. 2~0l. 

OHt!-CH ~L~*Cltt)QJ FAO ~JIIJJE 

Japanese anchovy 
Taiwan China JaQan Korea 

1960 0 0 349200 36300 
1961 0 0 366900 39700 
1962 0 0 349500 46900 
1963 0 0 320600 32400 
1964 0 0 295900 35600 
1965 0 0 405900 56800 
1966 0 0 407700 66300 
1967 0 0 365200 78500 
1968 0 0 357700 63100 
1969 0 0 376800 115100 
1970 0 0 365500 54000 
1971 0 0 350700 66900 
1972 0 0 369700 104200 
1973 0 0 335300 95600 
1974 0 0 287516 173457 
1975 0 0 245164 175451 
1976 0 0 216664 126202 
1977 0 0 244933 140842 
1978 0 0 152428 183211 
1979 0 0 134577 161851 
1980 0 0 150604 169657 
1981 0 0 160468 184351 
1982 0 0 197453 162256 
1983 0 0 207601 131859 
1984 0 0 224069 155124 
1985 0 0 205824 143512 
1986 0 0 210630 201642 
1987 0 0 140509 167729 
1988 0 0 1 77492 126112 
1989 2090 0 182258 131855 
1990 2603 54140 311427 168101 
1991 1451 113050 328870 170293 
1992 693 192720 300892 168235 
1993 415 557237 194511 249209 
1994 239 438955 188037 193398 
1995 305 489066 251958 230679 
1996 466 671376 345517 237128 
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Japanese Pilchard 
China Japan Korea 

1960 0 78100 1000 
1961 0 127100 0 
1962 0 108000 0 
1963 0 55900 0 
1964 0 16200 0 
1965 0 9200 0 
1966 0 13500 0 
1967 0 16800 0 
1968 0 24400 o 
1969 0 20600 o 
1970 0 16800 100 
1971 0 57400 100 
1972 0 57900 300 
1973 0 296900 3700 
1974 0 351684 194 
1975 0 526047 3555 
1976 0 1065692 11154 
1977 o 1420512 50299 
1978 o 1637380 53829 
1979 0 1740166 47177 
1980 0 2197744 38282 
1981 0 3089311 63068 
1982 0 3289954 81985 
1983 0 3745148 139763 
1984 0 4179426 177896 
1985 0 3866928 107776 
1986 0 4209513 160725 
1987 0 4362025 194352 
1988 o 4488411 145870 
1989 o 4098931 182540 
1990 41608 3678229 132924 
1991 63445 3010498 44532 
1992 52986 2223766 46511 
1993 46846 1713687 31285 
1994 68453 1188848 36709 
1995 58434 661390 13539 
1996 92918 319354 18560 
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Pacific Herring 
China Japan Korea 

1960 0 12700 100 
1961 0 80900 400 
1962 0 25600 300 
1963 0 38300 0 
1964 0 47000 0 
1965 0 41700 0 
1966 0 40300 0 
1967 0 52900 0 
1968 0 56400 1200 
1969 0 70700 900 
1970 2200 72500 700 
1971 30900 125800 6700 
1972 181900 46200 6700 
1973 120500 77900 4500 
1974 71677 67532 370 
1975 57657 63349 2401 
1976 55321 59880 99 
1977 17539 17294 4378 
1978 21806 6443 722 
1979 38938 6443 189 
1980 37981 11140 441 
1981 35073 8901 255 
1982 23464 24197 661 
1983 21267 8360 544 
1984 9444 6760 497 
1985 3228 9193 773 
1986 6445 72741 1386 
1987 12971 18652 2763 
1988 12026 5855 6075 
1989 5456 5890 6697 
1990 3941 1550 6317 
1991 2472 13837 5001 
1992 2209 2854 6079 
1993 994 1482 3983 
1994 1330 2146 3865 
1995 2325 3873 8622 
1996 1665 2021 5525 
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Cuttle Fish 
PhiliQQlne Taiwan Ja12an Korea 

1960 0 4200 19100 0 
1961 0 3900 19800 0 
1962 0 4900 23700 0 
1963 0 5900 14900 0 
1964 0 4200 23200 0 
1965 0 5300 20400 0 
1966 0 7600 15400 0 
1967 0 6700 15700 0 
1968 0 8100 15300 3900 
1969 0 8200 16500 5000 
1970 0 8400 14700 3100 
1971 0 8900 15400 5400 
1972 0 11200 15200 4000 
1973 0 13400 12200 5200 
1974 0 8261 17190 6504 
1975 0 10900 15517 10932 
1976 615 13400 19619 16429 
1977 1366 14900 20410 14780 
1978 4949 16916 19016 30024 
1979 2368 16030 14148 55663 
1980 3129 18993 10409 38922 
1981 3238 27291 7072 38153 
1982 1331 59761 7662 31874 
1983 2757 51230 7898 59487 
1984 2404 20589 21452 55440 
1985 1389 22377 16081 49545 
1986 2851 14605 14330 36210 
1987 4153 12621 6519 25568 
1988 2718 19283 7086 21935 
1989 2931 23160 13584 16528 
1990 2731 15835 13080 13794 
1991 3322 22749 14405 9422 
1992 2482 11173 11609 6106 
1993 2196 9536 9837 5714 
1994 2188 10959 9926 3235 
1995 2836 12084 9643 2589 
1996 2702 7191 9545 1484 
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ALGAE 
YEAR Ph1l1ppine Taiwan China Ja~an Korea North Korea 

1960 500 664 250000 387200 29700 0 
1961 500 898 250000 424800 40000 0 
1962 500 1031 250000 501700 51700 0 
1963 500 753 300000 425700 58000 0 
1964 500 814 400000 360900 61700 0 
1965 1500 1081 400000 406400 61000 0 
1966 5500 1456 500000 436900 69700 0 
1967 4500 1725 500000 534300 87800 0 
1968 3000 3286 500000 505100 119600 0 
1969 2000 2401 600000 445300 97600 0 
1970 1600 2500 529800 523400 116600 0 
1971 5000 3100 704800 589000 117200 0 
1972 5000 4300 828800 561300 128800 0 
1973 7200 6300 709400 654200 224000 0 
1974 25200 8499 761365 701859 335826 0 
1975 22575 9029 844365 627533 246596 0 
1976 19750 8380 806080 666002 287458 0 
1977 31700 9081 1202965 638546 333593 0 
1978 85824 12882 1381330 638625 258857 0 
1979 106107 11955 1303085 643130 257608 0 
1980 115652 10972 1351835 696018 317189 0 
1981 86261 11522 1179610 648210 444237 0 
1982 109239 10802 1188880 630815 360603 0 
1983 132650 11219 1292340 711425 391117 0 
1984 145036 11432 1413135 762464 431229 620000 
1985 184410 11535 1460365 707484 443840 570000 
1986 170483 10989 1336935 780160 557192 520000 
1987 222003 6161 1175280 664123 456715 485000 
1988 257305 7179 1428535 799935 483051 330000 
1989 270165 9937 1632235 793737 486965 300500 
1990 292471 11 031 1530320 773518 442208 300500 
1991 285233 9597 2265990 710023 468904 320500 
1992 350554 12737 3159005 788131 607512 321500 
1993 402692 8136 3929945 694013 686424 341500 
1994 482557 6236 4282125 777153 777102 342500 
1995 559189 8357 4312620 720448 671472 360000 
1996 632271 10039 5571580 674129 561911 381000 
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Feb Apr Jun Aug Oct Dec 
1961 
1962 13.53 13.85 18.73 23.59 16.18 
1963 11 12.2 16.49 26.26 16.34 
1964 16.02 21.31 26.9 19.74 16.14 
1965 14.37 18.84 26.55 22.04 16.67 
1966 14.4 21.06 27.75 23 
1967 13.75 12.69 22.46 28.3 21.11 15.87 
1968 12.56 15.19 18.98 25.3 22.59 17.54 
1969 14.33 14.74 19.16 27.22 21.98 16.19 
1970 13.12 13.13 18.98 27.32 22.63 15.56 
1971 13.44 14.24 20.18 26.64 20.33 15.94 
1972 14.59 14.52 19.25 26.11 20.69 16.53 
1973 14.42 14.77 20. 75 24.83 20.84 15.77 
1974 13.36 13.91 18.94 25.75 20.96 16.15 
1975 13 .1 14.7 19.07 27.52 24.41 15.82 
1976 13.7 14.35 18.35 25.65 21.59 15.16 
1977 11 .45 14.5 19.01 24.87 21.29 17.23 
1978 13.46 14 .11 19.37 26.95 21.24 17.12 
1979 14.52 14.18 18.94 26.45 22.04 18.15 
1980 13.14 14.25 19.19 24.24 21.9 15.56 
1981 13.02 13.68 19.16 27.21 21 .31 16.68 
1982 13 .15 14.54 20.41 25.95 22.82 17.36 
1983 14.52 14.25 19.3 26.92 23.06 16.4 
1984 12.27 12.54 19.47 26.57 21.35 16.78 
1985 13.6 13.63 20.07 25.42 21.69 16.37 
1986 13 .16 13.38 18.89 26.4 21 . 1 16.74 
1987 14.01 14.33 18.6 24.58 22.09 16.58 
1988 13.4 13.75 19.28 27.1 22.84 16.5 
1989 14.32 14.83 18.62 25.24 22.32 
1990 14.47 14.18 18.72 28.58 22.53 17.38 
1991 13.79 14.49 18.62 24.77 22.35 
1992 14.53 14.93 19.37 26.67 21.94 
1993 13.98 14.42 17.58 24.36 21 .75 17.73 
1994 14.06 14.25 18.98 27.48 21.68 17 .81 
1995 14. 77 14.52 19.27 26.83 22.45 16.96 
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Anchovy Mackerel 

1961 39656 1762 
1962 46955 4058 
1963 32392 5406 
1964 35592 2441 
1965 56761 7339 
1966 66349 2078 
1967 78538 2772 
1968 63127 10481 
1969 115056 42103 
1970 54047 38256 
1971 66904 60599 
1972 104178 78969 
1973 95572 74150 
1974 173457 80649 
1975 175451 70123 
1976 126202 107382 
1977 140842 113051 
1978 183211 99519 
1979 171539 120283 
1980 169657 62690 
1981 184351 108082 
1982 162256 99447 
1983 131859 122883 
1984 155124 101714 
1985 143512 68479 
1986 201642 103511 
1987 167729 101337 
1988 126112 162828 
1989 131855 163617 
1990 168101 97227 
1991 170293 91538 
1992 168235 116422 
1993 249209 174684 
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:::q::: ?;!i 9lt1]~::: ?;!oJ o}y~ ~ 0JJ!}- ~7] A}o]ofl ~{}-~ of]1--p.] ~ ~(T~) 

.iit~41 ~ 7j>] 'l!-'1 <'-s?"1 \'! % % q :' "I OJ-aj '1! 414 ;! ~<j oj ',!/ Y k"1 'iJ 
t>J:~ i ~½~ ¾M 't! 'r !i :}!-O}t.lf 7] 7} ~ ~ ct1= }:! g ~ P] ~tj-. 

ofc}<i, 1]i"'"1 -"llE'l!'r-"- 0 1%"1"1 -& .l!.'ll'r-& (SST), <li'r\'l \'!of (SSH), 
"l'¾'i-nil (ULT) EE;: ;!~'!; ;/ 0 1, •l'r\'! 7]'lr (SLP), "f>r g <l (wind stress), 7J 
Ti!J (ppr) ~ofP-i "'J~.£7} ~~~2...?.. li~ ~ 7};,;1 't!'r~ ,}jAJt,}~ •7-1~ ~w 
11 %4 7}1i (delayed coupled-oscillator hypathesis)' of] Ai 2}- 1:1]:;:: ~ .2. ~ g ~ AJ ~ 
'!! Jl. 7f 9J ct. 

'11:J! 1l~ -s!%~l ®a1'"1 ~7fe<I {~I (Graham and White, 1988);: •1'11-%'-'l 
(zonal wind stress)91 ~~of] 91~ ,aH'r~ 1fA} (!E::: lf..1BT.&)2}- "'J¾i>H 0J:~ T 
9']7} AP}~ -¥,JI ';!!"5}?;:: ~lfl~ ~1"6}~ 1H'a~~ .£.~~ ~::: 78-'f,tj. (~I 2 AJ-_ 

5~ %~). 
~. %~.'?...?.. 'i>J:i5}::: ~£ "'J!tilnl- (equatorial Kelvin waves)2}- 9-} 1-2\::! A]~} 

~ Tj! 1! 8JJ~::: ~5:.~~ .£6H]il} (off-eqautorial Rossby wave·s)7} ~¾iiR 0J9.} 
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¥-"ii (ULT)oJ) 'lj~g 'fnJ, 0 ),/t EJ!'!l'li' %11- '.!/ ¾'1-"1"1 R\'!4'-& (SST/Oil, 
CJ.ej..il. R\'!4'-&t cj-AJ "f~%"1"1 %AjAJl1-0il 'll•J~ u]~lc: j'J-,iJ:a -ll'ilaf'.l!cJ-. 
Aj,iJ'lj ;,ff;_'>! *"Hi'--'l %~ -'8-Sfoj '<!:' 'sllcc:' '8""11"1% OJEJJ.ss "1"12..ss T~ 
g Ill!, ~% 0 \ -3f.2..1B ~;i;}~.2...£.. ~it~~~ (random forcing)oJl °a~J~ it 0 t oJl 
e;oj oj<g;,)'(!, ;,)%ol 3-\'! ':<)'lj '8"<1/ "/%'/l (delayed negative feedback)' 4% 
oJ] "1•JAj ¾Cl <>1]"; 0 1 7f';"Sfcj-c: 7,!ojcj-_ ";, <>ii"; 7f';"-'8 (predictability)-& M 
~ OJ lf.1\!! y.g.g1 ?i £.aj ~ oJj 81:il- Aj ~ lfr%:i!t BB '}j=g.J '?-l ~?i ~% 5i! -}~ 'il "'J oJl 'tr 
,i1 "i "1 ~ cj- ..i1. :,! .,_ -'.>! ..i1. ~ cj-. 

o]sJ- .!-& \1!4':'i"1 cJ-± -l!\-11-~ -::!'<!'i'f,iJ -!HJO!lc: "le-I 7f"i 7f'J 0 I .l'.W'<! 
1(!~~ ~~o\ ..9..=?-£IA]1tl, ~;i;}~.2...£.~ Zf2f ~?~f!l A]7'fli ~~ ~ ~{1!-£. {E

~ %% %~°'1 A]Ji~Y".£. ~~~ ?}!'?.!A] °']Jj!-~ ~1~ Y ~% ~o]tj_ .:Z.~j]. 

-::! "/ l'! "i R 'I! 4'¾ ~ 7J oJ 2..ss !V-1 Ej ,l sf oj 1" 7l) 2 1'l ',! 'lJ ~ 4' *I 2 1'l oJ) _11_ q oJ 
~~ ~~A},_E..£.Ai A}%1f Y ~¾ ?,!o]tj._ 

'lltJI AjE)jJ!1°J 'd-4'¾"1 'il7Joj'1] -\'!"; AJ6'\l 0 I ~T"1"1 ~"I U-2.\'! xf-'11 
'1'1! '1!'--1.'"- £'--IEJ,l:' 'Hl-'11- -!1:7f';;Sfuj, 'lH'-oJl-J- 0 i's-"1 'i'!-1\' <1"1-~ -§-1J>J 
_11_ -'8--::1 "d- (internet) g 1"'11 <i 'l!Of _11_ c: ~'1l 0 ) "l oJ) c: \ll cj-_ tJI 0J 11-::! 'i'! "; -& '1! 
Yk o]!ljoJ]5'. -&\:!,:} % 1!:<J7'-oj'1] 7]'f'l!~Oi) -\'!~ £i..jEj,J ~ '/Joj\Aj5'. ',!.ll.~ 

Af 'lJ 'll 'ii' 'll- of '-I "1-, 's--'I) aj '1] Oil 0J ~'ii '8" Aj -'I] -'I] oJ) % %W 2..ss"1 ~-::) '1J _ll_ic~ 0 I 
uRf- ,;,/-fje<Juj 5'.YE]",J¾ '/l~ -i/-.£-'1)-'I) 'i'~.9J 7)'/fo) 'iii 4' '.l.lcJ-. 

tJI 'lf 7,J {1 \'l-~ :' tJ1 OJ-oJI Aj 4' •] "1 7J "1 el & 's-7f aj >f ~ "1 Af 'lJ oj uj 's- 7f i'J: 
~71-\'l{!-"J ~AH! %%~% "d-'11:2..ssAj ~'s-•H 0J\'!'i'-±"1- 's-',Joj\ 0J~Af~oj %% 
2..ss T "1 Sf C: 7,! 0 1 "f ,< -'I ~ 7,! 0 I cj- ~'s-'11 'li' \'!'I-± ~al-11-± ( \'! 'i' {j 7) ;,] ) Sj- 'l! 
tJI AjE)j'lJ 0J"1 ~11 (Chuk Island)oJ) 1999\'! 0 )'f <l-li'll ·•H'li'7)41l!Ef (7f'\/)' Af 
o)Oi) ¾~ '11"Jt!:"; lJ-::!% -lj7,jt"foj %"1, 7]AJ-, ~'}, ']%0}")'1] -'I]'/! \'!4'~% 
'll "1 o) 2..ss -t! e; •1 '-I- 0 f 7 I 'l!, \:!4' eJ "I il. "1 £ '-I oJ r,i '//1 'll- 0 f '-I 4 q.. eJ '-l i!\ -'? 'I! eJ 
oJl r.!l~ ~"OJ:"t:_A}~ -'?]8\JAi.£ %%~ ;>;l1f.'i!!'r~ .lj~~ 4- V.9-. 

-'I '/-'it 'i'.2j Oil 0J-tJI 7) 'l!:ol C: ti:"; "d- 'i' 'a oj] "1 ~ 7<f A) 'ii' '1l of '--14 •fl 'li'- tJI 
7] ~W5'..t:~ (coupled ocean-atmosphere GCM)oJl 9-l~ oj]~ x..£:j% ~i!~~.Q...£.Ai 

1t~oJl ~r2--.sTI 0i~~ ~~~ 4.$1~ 01 7}-~ K%~o]_il5:. ~~~ttl llJi 0]2.} i>Hl 
cj-_ 

1982-83\'! '1!'--lk o]f- '11°J-tJl7I {!~£'~% oJ-§-sfoj qgoJ) 'l/"1'<! '1!'--lk 
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'lt'JA]7];; ofl";Ol7] .!/1~ I"i 0 1 o]", •1°JrJl7]1/ (NOAA/NCEPI 'l/ zt rJIO,:S 
%{JE-.ss -il-'!t•l~l Z!•J-"l<>l Cane and Zebiak (1987):'. >jgE-.ss 1986-87\:! 'l!'-1 
.il. oj] ~ oJl AJ 1}-8"}~ LJ-_ o] Y ~ ot]Ai ';:: ~#i" 51- 1J (anomalous external forcing)~ ? 
;.::J ?j2x. 3-4\! 78£ ?712.l ¾TT.3/~ {}.?4£.~ lL'T.'?:- 0 1 tfr-lt£l<>l 4Et\-t';:: };!~ 

!f.tj-•1"1 i'!:~'i! i'l1l-o\1•1 '-1-c}'-!-;:: \J!71"1 'i'\l"l'l! i'l%a;% ,J\'l~i:}. 0 1 .'i';>! 
-"I '; 11 sj 'l! 'J! 7f;<l;; Aj,.-OI\'! q g :,f '1cc}. 

~if KJ?!"T",g.., 1:1}1:f ~ O~"ff"AJ-l>J ENSO 0]%*1~ !;7?]~~ -t?-{}~1~ ~1 
•1:::,11, 'llir1!- '1!o!IA1 \'!'f7i'a (annual cycle)•I i'l:;,Jl'i! '>!~7J-£--"I 1'!:11-o\l --"1•1 
o]AJ-5;]9..j ~AJ- 01 :i:!.1s.l:: ?J~J: (phase-locking tendency) 01 9.l.9-. r:Jl7Jif, ~OJQJ 
'(j~ 7J-£::: {1%;,.:,f ,]7,}.,J-.'i'o!l£ 'lj•Jg o]~]:::rt '(j~7J-£71 -l'!"r;; {1%0] 
7 j "I uj A I '(r TT .5'..'i' 'lJ <>j {) t:f. o I .'i' ;>! {) % -"I '(l '1J sj 'l) Jl 'l) ,g_ 'l/ til "J-¾ •H 'lf -"I 'l/ 
~'1 1'!:of'l!ri], 'j.'i'til"l"1 'l!tj-'1:'. o]AJ ..il."r,g. is% o]c;!o!l %71•1"1 o]AJ :il"r 
-& 7JZ! %'1!o!l::: B'<l•l~I 7,l-±~'1-. _,c,>! 0 1 {)>II ENSO 'f7l;s 1~•1711 •1'11•1 
7 I -'11 "1 Aj ::: .;! <ii ' " 4'-& "J '11 ;; 0 I ..,.. 7 I -'11 ~ A I 'l! \!! Jl50 Z! :'. '1 .'i' •1 "1--"I 'l! ~ '1 
o] 'lJ;iroJAJoj<>jo) ~q::: ',!o]t:f. %<ii, ENSO 'f7]o\l \!!4''1'1! .'i':C 7]"}:'_ 'l!til 
til'lJ 0

.} '11"1 '1lo\l'l! !f.~"1"1 '.U<>Jo)~q.::: >,!o]t:f. ~a>j, ENS0"1 "i'f7l'a:'. 'lJ 
?j •I ~I '(l 'jj "1 'l! .i!f Cjj i ~ OIJ Aj .'i' ',! % "r '.U E-E. .£ ::I',/ ~ -l! 'lJ •I 7] -'11-o\"1 -¥) 'l) 

-lf'll--"I 0 1'?-,1°1 ~ (random forcing)% ½ \!!Jlc \jt:fs, ~t:f . .2."lill ENSO::: 
',! rJI '11 'll OJ.sj •1 °J- rJI 7] ,] 6 '\'I o!I Aj 'f .ss :,! 'lJ "1 'l! :,f 'lJ ',_; o!l -"I "1 % "I oj Z! cf 2 
~cJ-. 0 i•H!: '!le:'. 'l!til '11'll 0Jo!IA1 ,oc.-1 rJIK"iE-.ss eJ:u,£1::: ''-l.l>-3 •H"l 
(5"N-5°S, 90"-150'W)'.i!f ''-lk4 "1"1 (5"N-5"S, 150'W-160"El'o!l rJI~ .5' 0

~ '>!•I 
-"I "i :u,::; ..-.-1<>1 'l!B'-"1~9-. 

oJ ej ~ .'i' c~ o] 'l! rJI •1 "1 oj] "c~'i! <>ii~:,! :,f '1]-% !;l. oj? ..i1. '.U ,c] '1]-, ~ej '-\el 
-f· \'! "1 "1 :,f.sj "J-\'f i'!: ;,fj .'i' :,! .;, :'_ 'l! rJI "1 "1 oj] Aj -"I 'o] AJ- 2 4'-& ~ "J' .i!f 'l) ;,fj tfoj 
A]Zfi>tAl rJ-% T ~.2.P!i. 0Ji4~ ~.Jlf~o] .x]lf.\!!T 1l78 ~ 0]%-oJl 1€lT~ 0Jej

Of J!l 9-. 
ENSO 'ft!A.}~ ~{}-'-J.@:- ¢\\~~ 51-l~ 'r~~ X.~oJlS:. ~-=t-ti}.:il. ?fi,t-J3!} %~ 

'i! :,! .i!f ',_; ~ 0,}.;) Of >IJ ,J <>J 0 1 ", o!l Ai ::: 1990\:! til -" o\l oj el 'll T 7] -\'f 0 1 ~ % .-1 oj 
7J-¥-oJI ~ g ~ ~ ~ .21 ~-=t-i::. (International Research Institute for Climate 

Prediction);': 'ltis'A]'l]~l -"l~~"i . ..<]"1"1'11 ofl~--"I 'l¾it:'. 0 1"1 .2.~171 ll<E-L\, 
7 I '°' .sJ 'l! '-I "- -l'f \'I. 'll 'i' 7 I -<'!: % 7 I •J .;J "I 'a '.U ::: 'll 'r ± .ss Z!: 'f 'i! q. 

'l! til % '11 'll 'll' •1 "1 o!l Ai -"I O VJ" "r.g, ( 'l! '-I 'a_) 'll O I% ..<j ?-:0 ( el- '-I l-f) i'l %o\l 
.sj~ qj",}:'_ 'l1rJl•1"1.sJ 7]\:!.sJ OJ% l/''1!: 0 1'-!el, "i'i' 'l!'l!o!l 7,l,j 7}%, ¾?, 
~~ %!il 7]~Jo]~:i'l- T.g.. ~ 6~-W.~ ~%~ 3':2Jlti}~ AJll-0 zt~~ ~~. T{!-~. 
7J-'II. ~7J>J'1J;,fj % Af§j 'i'.c {1: 0 )o!l ls-~'l'l! •H•l.ss '-I-Et\:r9-. 0 1•1~ 'll•Jo!l 
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- voz -

'"W:E ·t.:i~~l- ~jk:[ld2f.H6"-l-i:: fok[,!~ [Y%tfl f§1°vfl;-\:< R>"::7 ~itt"i? E{8f}"? 

;; 1t f, -lo f.!: 11<>-& k> f• 1h a,; b iF> lo .:C- lo ' ln l• -& .f, -\Ht f" .f> ~ c;c t, ;s li• tr< 2 ~ fr 
~lto-R:l-o l=o-l9ft ~[Yi°rt li~lrr til-o iY~ "-b~lvFv ~f\[lo {}:f'!- ib U"i: l=o{@P.:,-g 

lli-l!?-Faf:.:: 3E{-<?~[Y ~-&-t'\,%~ -&li@l-o tol=oq li@-2t6 '-bi~lvR' rottn l; ty~ ~ 

~ i;-"'7 ¼ % ~ fdt-& Th l=o {-'? «~ "-7 20 ~ [L f:.:: ~ ~ f.tfo li!i! ib .f':do-{o ~ [:o{!?- ls ~ t=" 
io f_q.fb loRdYfy-c;,-foli@ % fed:i-.::(:6~ lol:oli@l=olwtft~ {2-bt2½ ~To 2T<,:t-,jRi 

·-t:i-io ~" a f• 1h 's I< la Ii<> R> k> 
fof.s- 'li@~~ 'bfo~ {i!-&,fo ~Rt ib ;;[lo ~~fofw lol=oqtft'i'; 'ln{!?-t="i1 ~:f_q.fb 
~l'f[n [lo{-?tft Th{Yti[Q lol:o~tft'ic ~ ~l-o&b l'f-fz~Y '(i:½ ~l-ol~.fz •~~% 
~ [,'.'Ef,c lo,eli•l',k iii jvt,,,&[ti [Rte{< ·c;c,'2 fl;jr[tilh ·,,~ l,jr k>f,o .foll> 
% 'i!:-i1{Y~ f§.fvHY"ITt 1~WB,!o lol=o-::!,tft-¼ fw20~~¾ [o-F,!-[d:2-t½ lo% f6-{Y~ 
fo li• f>.:C- 'fb ~ i,>fo li• f>-E 'c,-,L iefo [1,-:C--i, lo{• Ii; is <c ie iii ty','jl,f,!: ;,; C1 tis 

·-t:i-iotef.!: l•fdlc ¾l}lv-&k> 'fak> 'lnl•f>c!- a lt<tti i1-li; td•~c;ct, -b 
l-dgi°µ{lo ~l¼trr ¾ttdY,& 'lvfo~ iY~ Wlo [lo% K{v¾-d. -M-¾ '~1-i 'fol¼'%~ 
'k>·lHo folo 'loil>S,11>' ;;t<,.- l,,o1il~ lo-Ile 'sfo c!- i'i%lo 2ofz'El~l'dle,ro 
to!F:1"2lfoli@ [o[¥['L-E l=o-l~fs ~~~~ loli@lrr w~ ~~lt:i -W~Tv ltn ~ii\,fR -lt1I 

{Y f\li!? To~[Y~ 'W:fi ·p.~-&l~ -~{c:~ ~lie t'o?v%ift ~{:r.::{Y::!, ib "i-lt foliS? =: 

(0 ?vl2[Y l-o-k-ri' ~ltd~ Y[A~Y Alic 11-Eft:l '[1[-olb 'W% ~ ro.:g. Io~~[y: ih ¾
-r:- loir:id Rl!cfolii =:{g.~:if ~li@~¾% It~-& 'liJ?fi 'liJ?% l:o{~-h!i ~~Ito -It:~ 
t,d',d:1 t, ct Io b \L-K · tiw. lli {.<i! _<; {t ¾ ~ lto to fy % iR R. {:r.:: {v::7 l:o{.g%-tf "b-tf:i a 
.fli% lldt:i.~y-fo~ 'I!:-\-'i!to-lrr ~ ?v%ift lob [t{'Y. tofe-{Y:iY--=7 2o~b~ ~~{r~lt 
-i~B- [log_ ~-R&Y~[L if, &~l-o to~Yllofof.rr[t3~ [n l:oliiift~ {2-t, t-2-!- 'i:n.g~--=7 
6 ~lllR~ E--=7 -M-l-o ~[AlP llo~t'z Z~[-o llt[~Y ~{.gls [,:'.{.gl:-;,~ ~-fal?o ~[¥[ct 

[lo{Y::!, foliS? #ti 1-2½ "-bW-&1t> ~?if.h'?.- lo1<5-Wf\-i? -l-[Y: ih f.gl?o =:t~ln llol:o 
li.<;!IA~ {2-t-,. t-2-!- [o?v%~ t'ol:o::7f\ fdhll3~y lb~ 'lfl{~~-& [lo~[lo ib lv1'2 fv 
%l/, folP io-ii,.:,Ci,>[Y % irFo '.:C-la hli,l•lo,'<c lioR>lv .lo lo 11<'.itlfY foll•lldv. t,! 

,(3:)()M) tkrvl,~ foli>l~IIY, h2of,fni,>-h jl,fi; ;,-,Lil, (WSIUBq:JaW) lrlL lot, 
b-t;,/a,; b tis low- 2 Jf -J.t a i'L ~ l• ~ Ito %1'< II> t,! fu f3 b o R> ti t, -& lnl• ,l,-,L ¾ 
~' v I Y 1t I~ Th tti Ii<> lo li• "' s\- -te-b te + ' ln le t,-.,. a f• 1h ~ I< I a Ii<> R c!- fo II> -te-b 
t2"5" E{~-r!:to 6~[L t'o~bfR> =:{.g1ft-q 6~lo-K[t Tol:i-r!:[z'.'~ 20~1'\--~"? 

-k-R--=7 f O [lg. {I 

· I 866 l 'Y -,L il, ijr .fe fl, -E ) p {lc -Ii, ~ 

-b ~it~ ~? ~lb ~~¥-k- 'lno"fo lo% l?o¾~--=7 ~Iii~-& t,sR~ t¼{r-:!c- lob 
?r .[o 'F,c c!- 1t & G- t, iii t--,L ii>' I~ le, ~ 11< .:C- le f.!: a,; b tis 'fl, f3 b o -1'< {, fy -ii< ;,; b tis 
'\e1.[tl li@lil'. -rtt,.~ =:-a-R> ~lb ~b~ er~ ~-2- 'lv th k:-k 2o[Y¾ ~""fi"ittr-dll 
liilil'.1°0~ ·p"(:b{~?Y-l- 61ft/&clb ~b~ 20[Y.£ ~ti\:IL-l-~ -Hr-'d- 'l~B.[¥{:r.::t°ft[r ib 
~y* ~+.t ·v:1.gto~ ~hd11tt:r.::-fe1. ih ~~u tofH~ -½f.k ~-t± 11o~t,&:, 1t2lo -r•. ?t 
L661 l1<>lo '{31<,t,; t~le!Y[o 201olb ll>lir l~-tzf> 20 g f< 3fvl1<>-te-b te+ fvil> 
o t!' {h's- ll> t, b -t;,/;,; b ii, P.866l -l661 w-tif, -;,--,L k 23 .f, [ti I, I< liY i" fv li• [ti 



Ai)~) 4=-{!-~ AJ-'j {}~oJ] U},e ~ 0J A}-li_~ TiJ8}.TI. ~t.ij T"J-% TB"~~c\l~g 

',Fr ~9-. 

2) 7] 1r~J 
'l!!Yk 'Ji 7J.f\'!§/ {fAJ, oJJ4~ ~,;foj 'l!!Yk '/[AJ 'J',/oJJ c/1~ B-</'17Ji'/,/ 

91 ¾~~~ ~A]~~l~ T~iS}-.J!., 7]1t"~,.,d ~ o\11'.'cJ= 7]AJ,¥-ol, {-1~ ';; g o\%~ 

i'/'°; 2_'a_ ?<j.5'. '1J"J 0J~f;<j {fAj':J"i g ~c/JOfoj, ojj~ _<;<_',j 7j'l)-g -'<-~ z7) 7,j!i_ 

~l~l~ T~~c.l,. o]2} ~~. ~Yh.. ~ 7]~A}li.91 ~'8AJ.!l ~ A}li.~ ~J-:g-;s}::::, 
A]Af.Jjg T~ {t-~5}.J!., ~~ ~-,1-7]~ ~ E.},¥-~Oll 1JAJZ!- 7J.!i!_~ ~\t;-5}-~, .!£~ 

c/JS,'1] %.'l:, ,½'it~9-. 'i'!Yk.2t 7)-f\'!9'-eJ ';'!,';, '1j0fojc: %ofA)of i",? ('l]-

0})491 ~~4~g ~,1-&}~ Ell¾~.1.J ~ ~.£.oJ] ~t.J:g op:]~ ,'t!~ ,1~oi] x~ 
£1-q. 'l!I cJ "'- rJ1 " "' 'i' 'J w 'i;", f, 1 .f '11 ~ '11 1 "f <1 ,,,_ ,1 n "I ~ 11c ,t ,i '!I ,J ,,,_ "I 
rJI '1 'll-'1! ~ eJ ~I :a 'i'".l lif °'-, ;, "ii '1 'l! 7] .f 'Ji ~ 7,1 l1- "ii <>11 '1 ~ '1 2- "- rJI >HI: q 
5'~, 7]'Jofl.'l 7]'o"1 '4"r§f;, '11~ s,,iJ~"i ~rJl'a. -;J~ "J-•1~1"1];; 'i'-~"I°'-, 
o]~. ~~ % ~~~~ 7]'€~?4 2!..£..:i~g *"Bll 7\~~-ij ~ Ol]~ 7]~'oi!:l '8J 

~g 5:.£.itlct. 

3) ~~,¥-

,f 71 ':'! y l,_ 7 f q.. cl '-t "1-ofl D l ~ ':l •J g 11c '1 Sf oj 'i± 11 'l! '\I * rJI "I g 'r' 'ii Of oj ' 
0 1* ~5}-o4 Al]:i!J ~%,.,J~CS' ~~Oll tjJH]~ ~% TB'-7-11~ g T~<S}.J!., ¾~~~! 

7}-~ ~ ;:i;~.g. qj~¾ Alli'-°'!, ~iil '9-1!}, i.§3\] % AH"BJl ~.1.JA] AJ~t!2.J ~ *.,Z.~l 
~g T~~~r.l,. EE~,~~ %"r-'{!g ;.;H:f:.A}<J}.J!. '8J,1~i~! ~'t:l¾T tj]~g o}~?>}

o:J, ~Y..rr.. t'!-~ ~~7]-'J Czl~~ ~~-s,r~ ~=Q% -t121 tjj~g o}~~t:-1-. ~¾ g. 

~l~ ~~c\l~.g_ ~%~91 ~1!. ~%. *1!~ 7}%, o4ii-1!~ t-T ~ ½!l"Bll c\l~2.. 

~ t+T°i ~l~ g T~~r+. ~Yk ~~ %TtH t:il~S'-..£.~ ilJi5H ~AJA]~ g {j~ 
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