
-, *~~~~~*~~~a••~*~* 
- l!H,f- 1lit 5f 7}< ~ f,n- jf.J .I. it tfl (IOCCG Hll % .z:. - , 1998 if- · · · ·· · · · · ··· · · · · · · .. · · ·· · ·· ( l ) 

~ 1 ft i1tr1f ·· · ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ······ ··· ··· ··· ·· · ··· ··· ( 3) 

m 2 • 7.l<~:ii~ffml(! :ftittvt~3 Wii .. ~~~prmM$ ··· ......... ......... ...... < s) 

m 3 ft f-t * 1f ~ : #tJ ~ :Yt ii l~Jrt $ Wht , 7.K ~ ftL~, _iq i&: ~ fl · · · · · · · · · · · · · · · · · · · · · · · · ( 8 ) 

3 . 1 1t ,@!. * f: lj 7l: if -51- m $ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 8 ) 

3 . 2 'lf-~ {Il #J i~ t" ». ~ ~f ~ i& JC if ;fP ~ Af JC it ~ 1,1 uio] · · · · · .. · · · · · · · · · · · · · · · · · · · · · · · ( 9 ) 

3 . 3 ~ -/JD ~ R {i;J •X..' -J. ·Ii · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 10 ) 
3 . 4 #1 fiil )t * ¾ ~ .e. ¾ ~ ~ tfl ~ MJ 1t -~-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < 11 ) 

3 . 5 ~ PJ F £f !f l:f' fr -J. !PA ~ fii] ~ .. · · · • · · · · .... · · · · · .. · · · • · · · · · · · · • · · .. · · · · · · · · · · · · · ·.. ( 11 ) 

3 . 6 I~ .ft ~ j,' af 7i< ~ it -~- ~ t91 fk. • · · · · · · · · · · · · • · · · • · · · · · · • · · · · · • · · • · · • · · · · · · · · · · · · · · · · · • · · ( 11 ) 

~ 4 :&t ~~rtilm: i!t~tt_iq §tr-· ··•··•··•·· ... •··•·· ...... •·· ... ... •·· •·· •·· ... •·· ... •··•·· c 13) 

4. 1 -fa:. 9. iT iE ag #:. * -J. >tt ··· · · · · · · · · · ··· · · · ··· · · · ·· · ·· · ·· · · ·· ·· · · · · ·· · · ·· ··· · ·· · · · · · · · · · · · · ( 13) 

4. 2 ~ t- < "+ ~ :t Hlr 1l a r~ •·· • •· •·· •· · •·· •·· •·· •·· •·· •·· •·· •·· •· • •·· •·· •·· •·· •· • •·· •· .... (14) 

~ 5 ft ~{tBtt*~~* ........................................................................ ( 17) 

5 . 1 .t;w; Af 'A:: # , ;Is:. ~El Jt {if , # ft 'A:: tr- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 17) 
5.2 #J~~OO ········· · .. .. . .......... ..... . .. ....... ..... ... ...... ......... ...... .... ..... .. . (18) 

5 . 3 ~ ~ -k ~El *I Jjl !K · · · · · · · · · · • · · · · · · · · · · • • • • · · · · · • · • · · · • · · • · · · • · · · · · · • • · · • • • · · · · · · · · • · · · · · • ( 19 ) 

~ 6 lr ~ %I fF 1f iffi FJ9 =l=t ft!! ftil ~ · · · · · · · · · · · · · · · · · · · · .. · · · · · · · · .. · · · · · · · · · · · · · · · · .. · · · · · · · ( 21) 
6. 1 :ltl!. 1m 'lt m $ , at riil ¾ m * , ~ ~ * • .. • •. • ... • ..... • • .. • • .. • .. • •. • • • • • • . • • ... • • • •. • •.. < 21 ) 

6 . 2 11 i% /;} ~ fP ii}' 1f ~ ii · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 22) 
6 . 3 :ti!.i. J.)j( )l;] ~ tit. :tt J:. a'-J ~ !6$- ~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • < 22 ) 

6 . 4 Jst {i th. :i11 :izt Jf · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · < 24) 
ffi 7 1ft. ~ it ....... .............. ....... ... .. ......... ........... ..... ........... .... ....... .... (25) 

m * •·· •·· •·· •·· •·· •·· •·· •·· •·· •····· •··········· •·· •·· ......... •········ •·· •····· ............... c26) 
1 191s ~ 2000 if- t ~ 7l< ~ ~ ~ .n a~n&: & 1ft 1: . • • .. • .. •.... .. . . . . . . . . . . . . . . .. .. . . . . . . c 26) 

2 * f- -~ 7J<. ~ ii ~ ~ .t«i Af 4if tt akJ W tm * t+ · · · · · · · · · · · · · · · · · • · · · · · • · · · • · • • · · • • · • • · • • • • • • ( 27) 
~~Jt~ ............ .. . .. ............... ... . ............... ........ .... ........ ................... (34 ) 

=, n~~~*~~~~~~tt~:~~~~Htt~~#~•~ 
- 00 ~,f- jlij ~ 7}< ~ M-iffil .I. 1t t.fl ( IOCCG) tll % z :::... , 1999 if- · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 37) 
firi ~ · · · .. .... ........ · ...... · .............. ..... · .. · .. .... .. ... · ... · .. · ........... · .. · .. · .. ...... (39) 

~ 1 ~ iV]'§ ..... . .. · .. · ... · ....... . ........ · ................ .. · ........... ........ · ...... .. .... ( 42) 

~ 2 ti rfiJ Y=f 7J< ~ ft!© ff1 ~ }fl · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 44) 

2 . 1 Ai;, ii¢. ,r;j(_ jif!. ;_ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • · · · • · · • · · • · • • · · • · · • · • · · · · · · · · · · · • · · · · · · • · · · · ( 44 ) 

1 



2 . 2 Aif rt .t 41n ~'F Ei J:. $: Aif )if :i± ti · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · < 44) 

2. 3 Aif r-1- ;t,lf a9 ;f4 f/:. !Jt fJr ;rP ~ J.f · ·· ·· · ··· ··· ·· · ··· ·· · ··· ··· ··· ··· ··· ··· ··· ··· ·· · ··· ·· · ··· ··· ( 45) 
ffi 3 ~ .E~#iJ P¥:7}(~:ilil~:ffl¥Jtt* ~* ... ......... ..... ............. ............ ······ (47) 

3 . 1 :ff- Ii~ -.k 1!¢- ~1 J.:it ft ~ a9 tt * .J- 3K · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 4 7) 

3. 2 Ail~ 1fr S JtJ a"J tt * .J- ;;jt .. · · · · · · · · · · · · · · .. · · · · · · · · · · · · • · · .. · • · · · · · · •· · · · · · · · · · · · · · · · · · · ( 49) 

3 . 3 ~ S. ffi it ;fit )if, 7}( -@. ~ ti&- 99 # ;ft .J: 3K • · · · · · · · · · · • · · • • · • · · · • · · · · · · · · · · · · · • · · · · · · • · · · · · ( 51 ) 

3 . 4 Aif il 7J<. ~ ::t ~ ffi" tt :itt · · · · · · · · · · · · • · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 54 ) 

3. 5 ~ .1( rt ;;ft -1- ;;J<. · • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • · .. · · • • · · • • · · • • · • • • • • • • • • • • • • • ( 55) * 4 ft x1 2005 !tf: ~.:.t f,JFJ!lf(r-J~ E ~i:tl:i¥~ffli'-Jif {t ... ··· ··· ··· ··· ··· ··· ··· · ·· ··· ··· (56) 

4 . 1 ~t ~ JE.. l'oc fa tt ;;tt ~ ;;it ~ ii ~ ~ ~ if {t · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 56) 

4. 2 -i: 1;Jt ,fl 11i: · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 56) 

4 . 3 it /fl:. ~ 1,t · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 58) 

4. 4 at (ii] ~ 1ii: · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · • · · · · · • • · · · · · · · · · · · · · · ( 59) 
ffi 5 ~ ttti&~·fr;f\lJ4~tt~~ .......... .............. ······ .............................. (60) 

5 . 1 ~ ti ~ -g- lj l Jfx. · · · • · · · · • • · · · • • · · · · • • · · • · • · · • · · • · · • • · • • • · • • • • • • · • · • · • • · · · • · · · • · · · • · • · • · • < 60) 

5 . 2 If:. ;t; ·Ii #1: .if& · · · · · · · · · · · • · · · • • · · · · · · · • · · · · · • · · · • • · · · • · · · · · • • · · · · • · • · · · · · • · · · · · · · · · · · • · · · • · · ( 62) 

5. 3 1t /j\ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 62) 

ffi 6 jJt mtJi.T 2005 1f:1;JFo~fsJ#!Jr.F7](@.~~itt1J'iJaJ~~EJ',Jffe~··· ······ ······--· ······ (63) 

6 . 1 51§ ··· .. ····················•· .. ·········· ····························· · ······ ······ ······(63) 
6. 2 ;le* ( 2005 4 i:). Fo ) j# i.f .7J<. ~:ii~~ BIJ ~ .!Jf.l ·ti -it \ 11 · · · · · · ·· · · · · · · · · · · · · · · · · · · · ( 63) 

6. 3 2005 4 ~) l€i ati !l ~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 65) 
~~>Citik ................... ..... ...... ......... .......................... .... .. .... ......... ...... ( 66) 

=, ~~~~~~~~~-~*~~*~~$ 

2 

- 00 ri jFj :/r- .;,J<. f:,, t:h-il!J .:I. i'F !fl ( IOCCG) 1a-¼ .:t. =-, 2000 4 · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 69) 
titi ~ .. ...... .... ..... .............. .............................................................. (71) 

ffi l ]jr ~§ ·· · ··· ·· · ··· ··· ··· ··· ··· ··· · · · ··· ··· ·· · ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· (72) 

1 . 1 /4f 5if. 7J<. -@, iJt #J :ii: ~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 72) 

1.2 - ~Jf<(;t:;;fl1_::. ~Jf<i-i$:· ··········· ···· ·········· · ············ .. ························· (76) 
1.3 71"~5ta11EZm ••·······--· .. ··-- .. ...... .................................. ......... ...... (78) 

1 . 4 .=. ~ 7K 'Pt~ ;j:§ ~t -f - ~ 7K ~ fJI] jt t/1. ·t± · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 79) 

I . 5 ~ ff- 5-t tr-:1 ->!.: .J- 'f.1 · .. ·· · · · · · · · · · · ·· · ·· · •·· · · · .. · ...... ·· · · · · .. · · · · · ·· ·· · · · · · · · · · · · ·· · .. · · · ( 79) 

1 . 6 ,t -f czcs €f-J m 7K ~ ~ ~ ~ at ,t lt · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (so) 
I . 7 AA" -JI A.: (lg ,>!.,, .J- ·t± · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·• · · · · · · · · · · · · · · · · · · · · · · · · · · ( 81 ) 

ffi 2 • .:= ~ 7}( µti: 11< ~ . • . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . • . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . ( 82) 

2 . l 1Jtr ~ ··· · ·· ·· · ··· ··· ··· ··· ··· ·•· ··· ··· ··• ··· ··· ··· ··· ··· ··• ··· ··· ··· · ·· ··· ·· · ··· ··· ··· ··· ·•· (82) 
2. 2 ~ ){- '11( ~~ . •• • • • • • . • • • . • • • • • •• • • • • •• • • •• • • • • •• • • • • •• • . • •• • • • • •• . • • • • • • • • • . • . . • • • • • •• • • • • •• • ( 83) 

2 . 3 00 'Fi' 71:: ~t: ti !ff. ;;fl1 ~ ;il 71: -:lfa ·Ii lft · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 84 ) 
2 . 4 )* iW * {* * ~ ti Jc\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . • . . . . • . . . . . . . . . . . . . . . . • • . ( 86 ) 

2. 5 1lif * ~t J.K ~ EJ9 f-5 PfoJ ••• •· · ••• . . . ••• ••• ••• ••• . . . ••• ••• •·• ••• ••• ...... ••• ••• ••• ·•• ••• ••• ••• (88) 



2 . 6 ~ 1,~ ;)\:: -:!/: ·ti fut Ei Ai;: ;,l( ffe. ?t z. f P] {f.J * '#:. • · · · · • · · • • • • · • • • · · · · • • • · • · • · • · · · • · • · · • • • · • • · • ( 88) 

2 . 7 ;,j( If' t» lfi. f!1 ~ {f.J j\:; $ ii lfi · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 90) 

2 . s ~~ ~ ·ti ~ M {f.J 11 flt · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · < 94) 

2. 9 ~ * 1'. ~ iT .iE if.J f"1 ~ · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 9 5) 
2.10 1j, ff; .................................................................................... (95) 

ffi 3 '$: -= ~7}(~3;.~ ............ ······ ... ...... ... .......................................... (97) 

3 . l wf § . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . ( 97) 

3 . 2 ~ .:t- a1-1 r= rPri •••••••••••.•••• •••••••••••• • ••.•••• ••••• • •••••. • • • • • •• • • • • • •• • • • • • . • • • • • • • < 1 oo ) 
3.3 !:£~~ ........................................ ......................................... ( 101) 

3 . 4 .fi ~ ~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 1 02 ) 

3 . 5 7K j* i)llj :I ;fo ~ Ji ~4 ti · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 109) 
3. 6 1), ff; ... .................. ·... .. . . . . . . . . . . . . . ... . . . .. . . . . . .. . . . . . . . .. . . . . . . . .. . . . . .. . . . . . . ( 109} 

ffi 4 ft = ~7}(~1¥J~1J:ft~*•"'"'"" ............................ ........................ ( 112) 

4.1 ll'f 'g" ...... ........ . ...... ..... .......... ........................ .................. .... .. ( 11 2) 

4. 2 :ii~* fjt b~ i~ it J'. ;it · ·· ··· ··· ··· ··· ··· · ·· ··· ··· · ·· ··· ·· · · ·· · ·· ··· ·· · ··· · · · · ·· ··· ··· ( 112) 

4 . 3 {jt 1'. ~ 1k 1t ;fo 14-~ ti ~ ~ tJI-J JJI, ~ ti t% · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · • · · · · · ( 116) 

4 . 4 "If ~ ti ~ ~ 11 If ;fl1 ~ £ fJ; 1f- · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · • · · · · · · · · • · · · · · · · · · · · · · · ( 119) 
ffi 5 ~ = ~ 7Jc~7J<~:iM~Et'1J.iffl ....................................................... .. ( 122) 

5. l l)fy a .. · · .. · .... · · .... · .. · .. · .. · · .... · .. · .. · .. · · .... · .. · · .... · .. · · .. · .... · .. · .. · · .... · ·.. ( 122) 

5 . 2 ::.. ~ * ~ * ~ r £ .... -...... • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < 123 > 
5 . 3 ~ fi,J ~ if../T- Jr \ 1J 71" {f.J /Ii ffl ... ... ... ... ... ... ... . .. ... ... ... ... ... ... .. . ... ... ... ... ( 127) 

5.4 1j, Hf .......................................... .. ....... ...... ... . ....................... ( 133) 

ffi 6 ~ ~it~ ij!ij · · · · .. .. · .. · .. · .. · .. · .. · .. · .. · .. · · .... · .. · .. · .. · .. · · · · .. · .. · · .. · .... · .. · ·.. ( 135) 

6. l - ~ Ji<~ :ii ~~*{f.JSffl ........................ .. ............................... (135) 

6 . 2 ~ 1n n~ ~ ~ 1Er- i:- .qt s rn t1-J - ~ Mi ~ at; :::... ~ JJ< #: n ~ .. • .. -•. • -.. • • • • ... • • •.. < 136 > 

6. 3 ~ ifl t-# f& tt ft i-A if- ft ~ 71< ~ 09 ;,l( rr #J flt 00 ~ 7t: -:¥: ii !fr tr-J 
1i 1K 1e ·1t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 136) 

6.4 ~t ::.. ~Ji<~Jk~~~~ ffl-&. 5:ii §-, ftiiJ M1J.~ f1l%ff~ 
iifihlft;fo~& ............. .. ......................................................... ( 137) 

~;i\j->(~··· ........ .... ... .......................................•.............. ........... . ...... ( 138) 

~~~~ ..................... .. ....... ............................................................ ( 152) 

3 



- ~ Jft1ijfflf~*1t7k~ii~H 
iiflftt*~* 

- 00 ~1r it 5l 7]<_ ~ t~ ife] .I 1t ill ( I OCCG) 
:tfx %· i(. - , 1998 ~ 





....1... -a 

ffi - f,pj( ~J?.£mt~ii CZCS(l 978- 1986 (f: ).Z F• , B 1a~3j~1¥J * frHSl flii i4Jr fll]tt!:, Jt 
9·1 1f : l 996- l 9971f ~~t1¥J MOS,OCTS, POLDER tf] SeaWiFS, ~,&Hf it:(£ 1998-2000 iF 
1.ii:M1¥J MODIS, MISR ,OCM,GLL OCL OSMI , MERIS #1 POLDE R - 2 ~ o 15lff1¥J.![~-r_t 
~fflMB'-J~*~W~~~~~B'-J-Mttft<*~~M~tflffl~lt-M)tfl::ltSillimfti¥Jm~ 
( Ffl czcs 5 illi.it!:lt :hnf1J MOD IS #1 GLI l¥J 36 -t-.ii!Hit) 0 if$ 15ft:hn illiilt ~~t...tJfl r!Wit!rf-1i1Bt 
ffl*~M~1¥J-M.~~~gffi&H1¥JRttW~d$§~1¥Jff§ o a~~ml¥J&*~:lt~ 
T.$ ffl ft xW, il]ij tlli tJ ( POLDER ._ M ISR ) o Jlt .9r , i!i * ~ § t! il]ij ~ & JllJ ffl M 1¥] t.& 1t :!;k :$ 

( POLDER 1 ;ft! 2)o ~~fliiit!!~ttl¥J~~!i¾ ~ T m'JEf4~3'-fFJtlfi;j( , ~*...t~:.( ffi1¥Jf41iJf 
H~~--tt~~*fflo ~§~-~•¥*~ffil¥J~~-~.~~Jfl~1¥Jffi~~ o 

*~#-~1¥J~~~~~mtEffl&~~...t. ~~~~~~~&~T~B:W$~M-ft 
~~~~-~JEft§f-t*~~~1¥J•*?ft~•~••~n1¥J:W:•••n•~.nN•m 
~ffl1¥Jffi~?~-~~•~n~~~~.m~~~~m1¥Jx~ttn~~-~~~~n~~~ 
m~n.m1t~1¥J~~~-~m~M~flB@filffi~g-ao ~*R*l¥Jilliffltt~*Tm 
~1¥J~~fflff~tt~u ~~...t~- ii!iffltt~M~~T~~ = 

• 1£ ~ )£ fk f !f: T . ji !5 ~ laJ ~ f!J l¥J f~ If. t.t $£ flJ ffi K IBJ WM XE t~ o • * ~ -n iE ,& ~ ~ jZ ri'1 & ~ :W ~ l¥J Jt: 5t :Mt~ o 

• {£ it!! .f:J< 4m J~ ;n: &~ ~ ( 1E. ~ :m ft ' ~ m .r& ::It$~ Jj[ ) ' ~ .:(£ tJJ Mi it r,& Um :W: i~ V:l - f-t fi M 
~) # ,i'J, 5l 1¥J tt i@~ -g- 0 

• ~•~w~~~lt~#ft~~~B'-1*~~-~*AA~mtto 
• 1g 1:. ~it!!~ ft ~ 1iJf 'R. ;ft! ~*mm m ~ , ~ J1 * 1iJf R: f!l m ~ < nn ~ 5! * , 11 ,g-m i:JJ 11 

"f:) . rJ & "ff* m ~ qx ~ .flJ ~ m ~ fn $X ~ EY. ~ ~ 1~ w JE ~ ~ "fl.tJt -- ~ n M ~ 0 

™rr~M~~~*~•~e*•T~T~~~-~o ft~~*~~~~~~ff~~~ 
d· t 1J. ~ mt ..t ~11j =f '=( ~ ~ § fQ ~® #iJ ~~ :& ( tm #iJ 3¥-00) l¥J xl,il, 7!i!1J i-t- t rJ $ ¾'Mi~~ , W .13.¾i i!i!~ 

tt~~mm••~*~#iJ;ft!#iJ~•o •W•~~4m•5t~,mi:JJ&~•~~~--®~~ 
~ - 1:4mlftf ittrJ ( lf*-@-~J:J<r/iJW.im-.t!1iJf~, ~f:}(#iJ~~ ~ * i#J tJ *, rfifrt!*#iJIW ffiii ftffl .& 

~~~tt~)1¥Jm¥§~o eytimm•~,~~-m1¥Jmt•U*fi~d*~•o ~~l¥J~% 
~~~~~•~ *~~~m*~••u.~fttERtt&n~.m~~•~a~~~ff.Jff** 
fi~~.@~m~~ ~~~~~--~~tEtt~fi" ~~W$1¥J~~ffNA~ffl~~~~ 
·').;~~1iJf1l.i9:it l¥J ~~~1:x.~1¥JM2, ff ~ffl@:ffl~1:~~o ~~t...t , ~~!Al¥J~3fE. ~ -=f 
;~!IB1; ~~ f5J atttt A f~ m, f&:@~~gt.£ tm~f5J, :JtA~ ~.l!t Iit+Uf1l $:5tl¥Jt~it*f7ttm.1J o :fii 
IJ, rnt roJ~MHB 4:-tlH:!r~m:tE . ~16'~~ iii~o ~rm A. fil iJ.. i.J1,¥1J. 1it~jZ~ff.1~*~~~.!t 
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1-' Ct£ ff:{£ (-W~tln, i3J ~.½!. John O'Reilly ;fil Stephane Maritorena: SeaBAM 1l~iffft, NOAA, 

NASA, fL, Aim f~. 1997) , ~ r,& F £ 11r ridJf0: * tt, ffff .xt-=f :1k ~ ~ ~1J oo 13" . ~ ~ F £ ~ ~ * ~~ 
&, :;;J~ Pf 0--.._ 0 
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ffi 2 lJ 7J< ~ji~g§jff 1p.: :Yti-1 jJiti, 
ffi iffi ' w ~ l!i fB $i ;J;f * 

* ifi ~ l:tl :u -t: f1J Fl:(£ Er-1 7.1< ~~~ii ( ~ 1 a) ~ * 3tE 11( ~ ~ !!i!i ff ( ~ 1 b) ~J ~ ;$: Wt t--1- o * 
2~ili~~--H~ft--~~~~~--ffi•~•~•M$0~~ 1(~*-~~00(Jf.J~ 
JR)%~ 1t ~~ ili T v.t 3: fSLN o iff tl: ~ . ~~ < ~ *lll 00) tx.¾ffi~ m =f * tsxi~1l #I~ Jc *'-=c 
iT iEEr-J jj~@ilf.fj O *~tt**Er-Jfx Hif'E!1i:J:t1t!?.ffl~ ( rio '1:.7.lllli&~ 'tli~ '7.K7.) a"Jjlff!iim 
m. j!_m~f ~mo 

~la i!l~~ijl~r.J,j(@.il~i§r.Jttfffi 

.il!i~ff czcs OCTS POLDER MOS SeaWiFS 

3¥-L-r l Nimbus - 7 ADEOS - 1 ADEOS - 1 IRS - P3 OrbView - 2 

'f:1l f',g NASA NASDA CNES DLR OSC/NASA 

IBI* ~00 8.2fi; ~IE tt! ~ I t:p IX ~00 

~M II WI l978.10 1996.8 1996.8 1996.3 1997.9 

@~~J.l:81t}l 1986.6 1997.6 1997.6 2001.3 2002.9 

t1til!: roil HJ ( • ) 99.3 98.6 98.6 98.7 98 .2 

~.i!i~ ~-~RtfllJ ( h) 12:00 10:41 10:41 10:30 12:00 

ilti Jl'. (km) 955 804.6 804.6 817 705 

>-:Kn :$Hlf$( km) 0.825 0. 7 6 X7 0.5 1. l 

iC:/'ti(km) 1566 1400 2400 200 2800 

ftiiilfin ± 20 :t 20 i'iJ'Jl: X. ±20 

Fftr.O~ X. UHF/Xiii@: X'i!Hli Sift@: Li!f'3t 

-it~ M X i,rf~ X i!t~ X. Si!t'3t 

,t:jq:{i£ ti :Jr. fl :Jr. l:f ;Jc 

fl 1:1.€ t,r- ;le Jr, ;Jc X. fl 
fi ?IHDiHr- "# ~ Jc lf jc 

ii: NASA- ~~ 00 ~ ~* lfti.NASDA-13,$.:001/. ~ 'di' $il'.3f iii:~; CNES-#;. 00 ®* ~ fii]liif 'f{. <p ,C,,, 

DLR- tffi~AA.*lfl,L• ;OSC- f-4~f1til!0ff.J ( ~00 ). 

J°l!~~ CX:M MOOIS-AM MISR OCI OSMI MERIS GLJ POLDER-2 MODIS-PM 

>f'-f; IRS-P4 ECS.AMI Er&AMl R(X,,S,.4J KOMP-SAT Envisat ADEC:&2 ADEC:&2 EC&PMI 

HL~ ISRO NASA NAS/'\ OfiNATaiwan KARI ESA NASDA CNES NA5A 
1.1,f~ .f11.!l!!. lK l:Plf ~l:"1 ~I® 'PINsm fllfi,1 !<j:ilfj a* ft:li ft!l'JI 
'.,\i: ij,tUWJ 1998. JI 1999 1999 1999.2 1999.7 2000.3 2000.6 2000.6 2000.12 
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~ ~ 

,1!Htrn CX.'.M MOOIS-AM MISR OCI C6MI MERIS GLI POWER-2 M0DIS-PM 

.i!l 'flt~JJ:H ltll 2003. 11 2()()3.6 2003.6 2003.2 2002.7 2004.2 2005.6 2005.6 2005. 12 

~ltil1ltviff1c·> 911.3 98.2 98.2 35 98.13 98.5 98.6 98.6 98.2 

:IJ;j(i l',.f ~ .o!i. 11-t lit] ( h) 12,1)() 10:30 10,30 09,00/15:00 10:50 10:00 10:30 10:30 13:30 

.rrnro,m) 720 705 705 600 685 800 803 803 705 

)( IJ'\'..'.1.( ',-)- Hf-~( kn,) 0.36 0.25 0.8 0.85 t.2/0.3 1/0.25 6>< 7 

f l~M(kn,) 1420 2330 360 704 800 1150 1600 2400 2330 

ttm f(!(.) ~ 20 ~ DJ~ ;Jc Jt :1i:. :. 20 Tif~ 7(. 

1-'fl)/'\1~ X i!H!l X iitl'St x Si.Ii~ xi/tl12 xiJtf.2: UHF/ X ilil.i Xilil.i X i./H.!t 

i~,il- fr X iJti?l X i/tn Jc ti xi!ii& X iJ/iBt Xi.Fl& Xii£~ 
!:lrnd,i; ·u .fj Jc ;ff fl fl Jc :fj' 

JI f;li;j{ f,r- ..l :fj' 1'f x :1i:. Jc Jc ~ 
~,>ffi:l:J'~f,j'; fr '(f x fr, Jr. fl Jt fl 

ii:: ISRO- r-p ro:' s;;Ji1]1iJF'1i:i:fl~; KARI· --- ffH!ll A,(:;Jc1ilf'fE!l1f o 

'!il 2 *~&ffl~~ffl*~•~- ~~c••~tt•~mM•> 
cp,C,, ).(nm), ffij) (FWHM, nm), NEAL (Wm - 2sr - 1µm - 1 ) 

czcs ()CTS POLDER MOS SeaWiFS 
111,C,,). FWHM NE6L 1f1 ,(.,). FWHM NE6L <=p,C,,). FWHM NE6L <p,(.,). FWHM NEliL <=p,C,,). FWHM NELiL 

443 20 0.208 41 2 20 0. 186 443 20 o. 138 408 lo() 0.192 4li 20 0.092 
520 20 0. 173 443 20 0.109 490 20 0. 147 443 1-0 0.124 443 20 0.077 
550 20 0.166 490 20 0.089 565 20 0.088 485 10 o. 148 490 20 0.056 
070 20 0.094 520 20 0.121 670 20 0.063 520 10 0. 141 510 20 0.049 
750 100 0.040 565 20 0.091 763 10 0.090 570 w 0. 150 555 20 0.043 

670 20 0.037 765 40 0.086 615 10 0. 105 670 20 0.031 
765 40 0.057 865 40 0.034 650 10 0. 141 765 40 0.019 
865 40 0.031 910 20 0.045 685 lt() 0.088 865 40 0.015 

750 IO 0. 102 

815 10 0.034 

870 10 0.033 

MISR MODIS MERIS OCI OSMI 
111 •L'). FWHM NElil. 11~,C.- ~ FWHM NELiL "P ,(., ). FWHM NELiL q.t ,(,, ). FWHM NEliL 't' ,(., ). FWHM NEt.L 

466 41 0.063 412 15 0.048 412 .5 10 0.026 443 20 - 443 20 -
557 27 0.061 443 10 0.032 442 .5 10 0.025 490 20 - 490 20 -
672 20 0.050 488 10 0.025 490 10 0.022 510 20 - 510 20 -
807 39 0.031 531 10 0.018 510 IO 0.019 555 20 - 555 20 -

551 )() 0.019 560 10 0.016 670 20 - 670 20 -
667 10 0.008 620 10 0.014 865 40 - 865 40 -
678 IO 0.007 665 10 0.013 
748 10 0.009 681 7.5 0.014 
870 15 0.006 709 9 0.011 

779 14 0.008 
469. 20 0.145 870 20 0.007 
555. 20 0. 127 890 10 0.011 

645 •. 50 0.170 900 10 0.010 .. 
858' . 35 0.123 
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GU OCM 

•!•{,- ..\ FWHM NELl.L 'P•L: ..\ FWHM NELl.L 

380 10 0.076 412 

400 10 0.051 443 

412 10 0.045 490 

443 10 0.054 510 

460 10 0.055 555 
490 10 0.027 670 

520 10 0.044 765 

545 10 0.044 865 

565 10 0.018 

625 10 0.017 

666 10 0 .015 

680 10 0.014 

7!0 10 0.012 

749 10 0 .010 

86S 20 0.007 

. ~ l'aJ,HJf$ 0.5 km; 

• • ~ faj,t,:lf$ 0.25 km; 

itft!!: 1 kmo 

Ao 

20 0 .26 

20 0.22 

20 o. 17 

20 o. 17 

20 o. 15 

20 0 . 10 

40 0.05 

40 0.08 

POLDER - 2 S-GLI 

cp •L' ). FWHM NELl.L Cf'•L' .\ FWHM NELl.L 

443 20 0.138 412 10 0.081 

490 20 0.147 443 10 0.067 

565 20 0.088 490 10 0.054 

670 20 0.063 520 20 0.052 

763 10 0.090 S65 20 0.029 

765 40 0.086 625 20 0.021 

865 40 0.034 680 20 0.012 

910 20 0.045 710 20 0.007 

749 20 0.009 

865 20 0.006 
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ffi 3 ~ ,:1-~WJi: j$ji7Cif &~1$ 
Mif ,7J<~ffi)&,!:i5Jiflti: 

ttroJMl'l'-J.~- if~fiti~~14~:*~i-TiE¾s5t z sl¥-J"1c~" o ~ 4 ~~itffi·•l¥1*-9: 
rr~m-~1¥-J~~-~~~~m~~ffl*~ffi~l¥-J~~ o 

1996 ~IJ_ AA°, .ft ff]* =f J!Ji7}( ~tt ;;f: 1¥-J ~li,tt-2~~$* 13 1978 ~Fa M NASA $tMe<.J 
tft - -~~.E£.iili~i!:#il: l$*7k~t3Wi1Sl(CZCS),!ltii~ff- 1tifl:¥1J 19861¥--1.=¥-a~o f/i 
ili . R * ,$:IE ,!:rJ)J( .t:j~l@, ~IE E'J.i.MT ffia':J?ti!r~71< ~~~iS:. {B ¾~®ffi~~e'-Jri jJ 

f}j 1:f{~iJl;lito 1-B*-'-r--f~, ~ OOit:Jc;1J'$..M1¥JJ2£ifil~~J:!J!1Jai: ~ o czcs ~~t,&:jtli'~Bf.J 
ftffl#M$ffiffiTT~~-~~•mn~~~§~.®•~ft~*ffi- fta':JJ2£B•nem 
~Tftffl5tm$,§1¥J~f~~&•am~$Z1¥-J•~*~~~.~•~@•~~1¥-J&Mm 

~~~-~o ~@~ffi§We<.J~•m~~Wfilo 
tE~ti'01¥J ~H·f. tiu* "jjJ~ft-Ji!. mxilJ. 1c~1«1ir.1!£~~t.2~, i3¥{fr7k ~{tf %1¥J{~ -~, 

nt, l!x it i~ ;,j( ~;@ ~ A'9 ii~~ ff O #L~ • * ~ a':J :fJ+Hi ~ t.u~ H:: * :m , F1 ±J.J 1t * ~11 ii!: rs*. ~:..t -& 
AA~~~~•~-~mfflo ~E£B•&~T.~T~miE•~5tm~~.*~TTiE~ffl+ 
*~•o ~!lt~*&#,*~~~OOW~*~•-1¥-JMjJft~Mo 

ftff~M~~.ftITT~m~.7}(~~-~ffift.5tM&M$ffi~---~~*~~~~ 
ti ftl J§" ~ MJ: M #. tt f¥J iffi ~ m fi ( tlll , Gordon 11{: 1975; Morel ft Prieur 1977; Kirk 1981 ; Aas 

1987; Sathyendranath :ff! Platt 1997), ~~:/JO~ P[a] * § -tzr:i Raman ftt M ( Sugihara 11{: 1984), Pt 
~~ a ~ft(Ncville f1l Gower 1997;Morel ,f1l Prieur 1977;Gordon 1979)~fi:iJffitt1ffJ1.1m7!Jf. 

;t ( Hawes ~ 1 992; Lee ~ 1994) ~~~sf 'Ii u ~ o ft Ji] :if lA i,,R JIJ, ~ ~~ ~ llt ~ ~ a JR. :rt ( {E 

685 nm IS#ili) ~ijflftt B 195:~:lt( Yentsch ft) Phinney 1985) S}j JIUt!!i!J(~~~ ~¥JU1'-J fi ~·at, r¥ 
?nffll~~~im-tlJ.'t.X11T,&!&7tilB':J~nln] , ti:JP\ti] tf~7($717J< ~ o 7(~(-~ )7}(~8':J liMftitf 
,:ir #1f11.0X:w:it-)1til !K( -(lo, Haltrin ~ 1997): -1:_ sftitt~ M~1m_~ ¥ ,%njAJ ffJ ii:[7t$5t( A< 590 

nm)fll~~~5Jl!·l1:i:1flM W>1J11(,ija'-]t(ft~Jt(,l. > 590 nmL tE~fi~ft t:pff ~7}(~, ~ ~~f-& 
Jt1~ ·-fcB;f, lli-~~'71 ® 685 nm ~.irr 1¥-Jt( ~ ~ft~~ Jff :i=fl: ffl o Raman :ffl M~ ±~ B':J ~~~qt 
-~b::t f~ ' ~ ~f-J: l;}J D(<ij flj ~ 1- ft ii ( Sta V n 1990' 1 992 ) 0 X'J T PJ ?it tt ~ m #J $ ii' 1¥-J = ~ * ,j;$: 

< ~'.,{ ~ ~ #J J9f 1J .:t ft-J =-~ 7.1< ~) fm 8°. Jtt !A'.~ #J 11ft ci I~ a'-J ii~~ ft "frJ I;,{~ 1J & t·t $ ft-J it~* 
Wio TI:JJ-t1fJi#:l~-, :ft ffJ:;j-fmt*ii:@~7&:* l¥J ffl:iio 
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~~-~M**~a-~mm~•*tnM- $,ftITTey~#m#rfh.M~~-&X~~ 
ft~Z~l't-J*~ o 1£¥~@m~~~~R~.*- •••l't-JW~•~~~--ao ~-ft 
ITTRM&•- ~~fil·~--~~R~ftITT~mwm•~~- ~frm•*~U.&~$.§~£ 
iidJtuJ ~ ~ Jtj t't':1 o :(£ f~ * a'-J ~ Jt ..t, 7t ~ xt =f - ~ 7}( ~ , ~ - 1f .it~ ey fi ttJ o ~ ~r- ..t , 7f imJ 
mJ~ffi1tft$ffli\:.:t•·11<ir<~W-xtij1Jo *Q*~Ul '.¥'. WT l}(~Pt~~ a ~Jl' ftiifi'if #$)fa'-) 

~ t-7}( ~ a'-) ::Ye* '11: ~ ~ ey fru fijjilj ~ fi ft ( Gordon ~ 1998; Morel 1988) o M! i!i:, Bricaud ~ 

( 1995) E. iiE~ •. JJJ ~ft fK &t-$-it* 1¥Ji1-rt#ffi4mll&i&$~i'iJ ff 1-; ot~~ a ~Jltl'-J PEi~tm 
tA ~fx,f,t( $ m Cleveland 1995) o :i!#~ttit.1¥.J P-Jiffi1N~~ : ~~~~ nx:?ttli:'M't~. ( fO PJffi 
r911J ) 1i J:t M - ~ 1K 1* '.if fl~ ftiJ i:p 1! ~ #I ii~ ¥Fit 1f ftiJ '&. fl€ o 

r~w. 1£~n1t:ctfMc:p. -~-42tf:(£:t:ittn ~PI WHf.~ fil:o w .§_, =m fn:if •~i:t,x ~ ~ m 
~Vi~~ :Ii¾~ ~{tr-- ~~ /fl CfJ f~ -~- o .i!- ~tfi ttJ - 1'-tt tE * ~¾!Sf;j J1Ji ~ ~ ~ Jl ;f=~ M =f 11t 
~-a~JlttJ-~o ~ft~ftM~~-~~.ftITT~~~.#Mffi~~---~*••~· 
m•~#-%.~- ~#MM~~~l't-J~~tt~l't-J~~W~~o ~~~*~~W~-~.~ 
tffH~J~JU.&l&itHf~~l't-J~-®~1-t~ffl.,g..t:V!Y(Morcl til Bricaud 1981 ;Roesler~ 1989;Sosik ~ 
1989) ~). & ~ w; ~ * ( Mitchhell fO Kiefer 1988 ; Bricaud fil Stramski 1990; Hoepffner #t 
Sathyendranath 1992) 1¥J ~ ftffi::X:o !1£-=f##@:ffiJ, ffi.txsll&i&if:ilrfr tl'-J~. -%~ &i,! ¾W. 
-tJ-ffr·ffi:1¥J: :(£ ff ?ti¥Mffi~HF~ cp, ff-tE-Jc:tiFt:J r¥Mtt~~ ~ [ "~ ~i~ffle if 1!" !f& ~i~1Jflj 

. -1'-i¥Mffi~~1fb' :(;j' 15 #fg~ &:J:t~M-;tr-iflt ( ~-e1timr~ B Ifft)] , t-~tj~ ~l't-J 11Jlt&1Wt~:!f. 
~~-~M•-~-~-ffi~Ft:J~~~~~~Sl¥JIIJl~~-o 

?.~mi, ~iil!&t&J'til~If~;?t~-@.~f~ .~,a':Jtt*~Dl~trJ~ff.J ( Bidigare !J/f: 1989)0 WtJ·tm, 
Hoepffner #t Sathyendranath( 1991, 1993)ff 'it.tl91i*PJ k:.t~.$- 11,& i&ftif*fffl$; + ~ ,t-1:j 

ut~~ a, llt~~ b, nt~~ Cl;..(,& tr~ t-- ~,t§~l¥J~Nr1ir O ;iK~?t1ff~UJL *ri¥WH.il-~ 
••*Ft:J¥®ffl8~PJ~&~1¥J.~#~Rm+$t-~*l't-JIIJli&Bffl,~•Ft:Jtt•wE5$­
f!!. ~ a11 lril * U.& i& -t§ ~ ~c o 

ffiJ Jlt, w JtH~ .@, & i.1f ttJ § ft ::Ii:-@. ~ mt 5t' rm ~ ¾ .± ~ ff) ~ # Pt~ ~ a' ti~ z.. M i,& * 1¥1 tt 
*~* ~ffl:k---1'-fiid~o Ir Ft:J ~ * ( Sathyendranath r'61 * ~ 7f) :if* aJL ~ i¥ Wf ft 4m ~ ~ 
§~ Prochlorophytes(Chisholm ~ 1988;Morel ~ 1993)Bt, ~M"i.&:~ffl.ii:~jtcp~~~Jtl't-J 
!IE 1J,~1-t i'if ~:J.£5·@.# ~#(t-J ~:k~ft(mt~ il::. 'M'tlt•# a t~L~:a"] =. z:,~~ot~~Er-J ~-ft) W 
-!:nffi*o {!3 ~. ·~1~~-*~1'-~Wri.8t~7Jt~~Jt~~*7Jt~fizj'f.Ft:J~;J,~ft( 1 ~ 3 nm), 

~*ft{fl:(£ 400 - 700 nm YtifHe:EmP3 . PI*iJHkJ 1 nm a'111Jli&ftiiL ffiJ.llt, %m$•*-Pf~ 
it * 1 1'-ttiiH-& o 

tEiti~:ilt?!iJ~ &~ ~ r,& J.f & ~st, ~ f(J:if ~-3.m$i21¥-1 _._g - -~ ~ : ff'.tE- ·#.iffi:i:1 !IE ft~~ 
~:)'(;f!sf~·l't-JPf~¥ a iti1'J~~l¥JPffrof.t(Ncville fU Gower 1977;Gower ;fl:! Borstad 1981)

0 

li!~;f1JJ:fl.TI£tt~. :i!#1r~ft-J~*~11UJII~. ff!~flrt:?tttJiiEt@iiEElA, J! - 1r#i::. "BJ ffl-=r = 
~71( ~. iK= ?iUiJ ffl-'f-llt~ % r,& Ji i:p ~1¥-J :k ¥$ - -~ 7}( ~ ( Babin ~ 1996) o MOD IS #1 MERIS 

1x'. !5 Ji: ·J1 J! - @: J'§"rrff fl it t'tH Letelier #I Abbott 1996) o lijd~ ~ ~ ~ F6 ffl M $ 5'r, ~ Yt ~ 1'J~ 
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----------- - - - -

~*«il*ft*~~~~ffio ~T~-~ftffl%g+~m£M•~-2~~m•~~~~ 
iGi it, 16' ~~L~ 1-'ffl 1m 3 t-~ m ~mo 

j~J!t, :fQ ffl fx ~ii:(2: T if inrll ~Jt~tt&Ht':J i~ ,\~!-:lio :f£iiii: El ~tHJ7J<7J( tF & Mil at, J2E16, 
~9f~~~9r- 1HnJ~o :-Jt~~i~*:kf 590 nm Bt, rfiJ7JC<$:~~P&i&*ttftt~ 71tfil!.!fm&f: 
~~t&M~o ~~.&M$~~t&~~~-M~#*ffl~n(fJ~~o~m:(£-~7J<~~.~ 
m m z;11 r-1: 1:1: ~ 1: * Yi~ i¥ ~ , 1t if~ tt ~ !§- !DJ ~ M * tt * 11, ~ 1115 ~ ~ :;1g A tr1 Ji.Jf iA i-Jt c # ::F aJ 
-rii1~11) " t~Jlt . Jxt-tif 791!& i& ~ ~~~tt~ tt. rm HP&i&~ ~£ f~-~ 1if ~~~ij 79 ,J,(f.J ocMfi % o 

JW i~' * t'l ft':!!J: tt t@, & 1'.ii! ~. f~ .~, (fJ riiJ lffi, Mr#IJ;~ & M $~It?¥ i/fjffi!jo/J P& i&it J[ ~Hl ~ 0 

fli-~ Gege( 1997)0-fJr T EJiWTJ:JI~iimA\179!1]~~5)-YFf-(400-800 nm m:em 512 :iiilt)NM 
$~.~~~@ft-~ffl*~~e~-*~•$·(f.J 4~~i/fjffl!jo/J#~~Jto ~~~n~ 
~®4ilfjffi~~#P&~~-£»~oo~~~-.J!t£#&u*~~-~~(fj£ffffl*oft 
ii!; 11& q1,c {~ .@-git~~ Jr! 'ti· Bf£ ( -tz11 Jffi E 1' ~) ~ & M $MW: .fE ~ 1113, ¥ ®ct lit~ ffi ~-.~A~ 
~H~~T#~~~-•-•*~**MW:o~~~~~.~m~•ttm.~arnm~~~ 
~ -~ l¥J BI£ o 

'~l~..t., ~~u tt~ fJi w,l~ pg~~~ Jt ~ flt~ fJH? :(£~Ii* l'iiJ ~ ' f.§.~;ftj m czcs ft MiR 
1il]'9i-:fi1'§x Trichodesmium J1-fti~ffi1¥Jn7!-'F- E. t'f ::(£ ( Brown ;ff! Yoder 1994; Subramaniam 

fll Carpenter 1994) o i! ~!t!i * .¥: t,i':(£~J!!;. ~:f!JJfdt-T ~~ All¼:~li'-J, ~®~~~ Jlt~~~ 

~~~e=~*~~-#M$*SfflA.•M&Mft*~~ffl~~~~-~*§xlr~~-­
~1m#r&.?tfr1:r P J't:fif ,@, o 

~~. iliftITT~M~ffl*~*~ftffl&M- ~7k~- ~~J:~*ffittl¥JPJ~tt~. ftITT 
.:t ~ -~ ~ ~n fiir ~ ~i 1~ i~ ti*~* 1oJ ~ o 1£ rfr ~ =~ * f4i:, ·p1 m tt ~ m < ~ ~) ~ mtftl ~ r-1 rm 
~~~-~m~~m•w~.®fi~@1mmtl¥J~~~~--~~k*o PJmtt~~~mttt 
JiJ n~J P& qt * tt. ffif :tl it nt tm t& * .it!! :i, 1lil"T ~ M ~ tt, x,t P& i& l¥J * llriJ ~ 'lf ::F nJ .1H. ~, ffl ~ nfllH& 
1/' o *ff* ~ti ~J~Jfl -T-~ ~ ~1¥J7}( f4i:, iJl'~*~J:~~f~ if<~; tHltt*~*, Jg T IK5t 
lJ- fit, r.iJ it •ti~ tifi: ,f!:1 ~ ffl !f-m , 1=1' 16-~ :/:tl :1JO i~ ~ o {I:~ 1J ffi , fll 't1c :if P]° ajj ~ :!t!!, l-.A i,Jl ilJ : Jj_ ~ l¥J of 
fttttttt~•ft•*M$~-~ffiffl~o 

.i! 1i oo ~ § tff-iPJi1l. ~ Jlt~ ·M it 3 ~ Jt ti = 11 • t1 ~ ~ ~ t§ tt. PJ m tt lf fJL ~ ~ Jt ~ ~ 
~~~~Jto ~J!t.~*ftITT~m3~~~-*1¥J71<~mA.#§aJ~~~~3 ~~--~ 
(11.J ft# c t:r !IJ11 l¥J I!& q1( fU J€i rliJ tt M) * tt, ~~ 1:.. :i! ® foJ !Wl f!i. it~ lift~ <Jc o ffl~- ~* i#., ~ ft :i! 
~~-1¥J~~~~- ~1¥JfifflJt, •• ~~3~~J:-~~ffl~o ~ - W**•~~~~ 
$1tiJ~o 

• ~~~B'1 fti.tH-tuE~ 11! ~Im!. 't: ffHtEtii~. mi EitE~®ftili'f a, 1?: fi1tltJ!tt§fl2J.; 
• ff --~ * -fflFF fi!H! fi 1-J ¾ ff fiiJ ~ ~ @f&. 5t l¥J 1t. - fi % ~ # ; 
• !® ~ ~ nx 5-r a'-J 7K ~ fll * ~tt ~ Z laJ l¥J * * ¾ ~~ ~fi (fJ o 

:(£~@~#~.•~~tt~tt*ffltt~-~~J:MB.~~tt*@ffl~ft-~ffl-~* 
f4 at. tt ffl n ~ M r'-n~ ffi-n::k: 1r ~ tt tt ~ ~ * ~ ~ 99 o 
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•ff¾~~~~t¥:J.~~~#~19M~~•m%a~t¥:J~m~n~~~~~Mi¥J~~ 
n'fi fBi 1 iJ ~ 0 IN Jit , i! J!t r~ m fm % 1¥:J m w ~ 1 ~ IE ~1L iJ1J -tm • t£ ti W¥ tt ~ ~ ~ m rx Ii uit 1¥:J st rsJ tt 
ft 3?: rt: q:t' ~ ~ J~ M $ tt ffi a'-)~ ft m ff 79 Pt~* a 1¥:J ~ ft 0 

~®Wftrnm~.~~-a~*IY:J~Jfff&R&~B-ftttffia ~q:t•-~1¥:J¾cfMtt 
~m~~-~~Jfff.i!@~Jfff~B-J'tttffiF~m~l¥:J~~o tftttf9*M•~~ml¥:J= 
~7J(i,t,:q,, "!.zl:L~* ffl iliilfcft ttffiW.1t, ~cf ~¥fi!.t!t1m Jfff ~i¥WH.t~ ~ ~ IB: 7tff 7'E ( Fischer 

1'f 1986) 0 

~#~5tl¥:J~ft&~&~Billcftttffi,ffi~~-a~M~~~ff~~fto m~.*•• 
,'l ,j:EJ x,t ~ llt ~ J: a tt 19~ 1¥:J ~ ft cf ~ ?.t ~ if Wf tt ~ B. ft l1Ji i& $ It ffi :it 6 ffi ( Hoepff ner #1 
Sat hyendranath 1992) o Morel ( 1997) B ~ aJL ~ Synechococcus ~ :i:1 -flt ~ ffi -Jg~ 1¥:J Jj( ~ 1¥:J B 
~ Jt tt fH 1' fi:iJ =f -Jl ~ " 1£ 'lit" i-'¥-rhHti 1m tW ff; , .R nt ~ ~ a fit ffi ~ 1¥:J 7.K ~ o '9U * * ffJ it t~ W ~ , 
.i3: ~1¥:J £~1JuT ftot• ¥ a ffi:i1faifi5~:it 3 f-ff a ~ .lit, fj" 16·~f1J JfJ ±\l 1m 1¥:J r~¥l 7'Ei,J0;1J i! ~ l¥J 
tt ~ ffl 6l , # .fl jzn *cf~ 1¥:J iii, if 1iT ~ J!i. ffl iT IE ~ -r :ba ~ iT .iE o 

fzsl!lt, rti1¥$7K~!fxt@(n ~-Ytit5tm$¾£•~1¥:J, i!1'1st ~ J-J.. 71<@. q:t & ;,rii- rEf~ .~- 1¥:J rlfi 
~, &¾1t is ~ffifx itJ?:Fm ffiPJ1rt 1¥:Jm~o tzo*iiil! ~ 1'1fPG~:.!,'( m~ 4 ~) 1¥:J i!, ~I~¼ 
16• m * iA. 1t *l 1¥:J #.in: 16• ~ tt :(f ~ 6ffl ~ -r1 fll mwi tt o 

:ifil ~ i:p $ it tJUt-J JH j! ~ tt t@IY:J ffl Jf ~ -l:JJ if:ltk, i! £ :tti :±l i! ---,#-~~[ti: ~ a'1 a if~~ t! 
(111 )~ff] . ft~ ~~1Hi ,~.B'-Jtl~ ::i::~1M& J,'Jtl:fi%a'-J &fvi, ffil J!t, -tm ** ~ 1~ -~-:it:; :f:¥11 £,-~ 
l¥J ffi JJt ffl rl6ffl JJt, ~ iW. f.G: 1¥:J ffl iffiPJ~ ~ ~ ~ o ~~ °(lQ, Fischer( 1985) ~ iiE ~ , M :F -- ~ tt:ft 1¥J 
it• rm~, • & ilii w:1 Iit.l tL • fg .~-tt ~ ~ tt ffl q:t ~ Ff 1¥:J ~ 110 ffi ~-m11 r rf o ffil 11t. -Jg T m JE * ~ 
-~~~~~**1¥:l~*.a•n*S*M$El'-JW~- ~•~&Ml¥:J7J(~ffi%ffl~~-~ 
ffl~~.i!X~*~BNttffl*~TT~tt*~~OOBa~m&fio 

t:J~~~*~~~.*~&~MW*~~**M$f!l~aa'-Jffl~~~~~~~l¥:J§l¥J 
*mffl*o ~~ffil¥J§~ffl~Fm1¥:J~*R~m:ttm~1¥:JftM5tM$#17J(~ft~&Ml¥:JW 
75J ffi rr ~ • --f t:J fiUJ Ji o Nr ~:.l • 11. ~~~ft -rrrr i:r , ~ tf :.1,---ftl it ii f~ ¥I 1g --· ftf! tn-~ n ~ , w ~ J.J.. 

ffl~~m•mi:r.~ff$*~-*~JE~~~~$~1¥:l¥*~~~~1¥Jo 

J: . .. -1',, -fitffJ1+.f=J-r T tE A TH~~*~ >!E~~B;f, :im~1iJT·tEJiJrt/fi1¥:Ji~fltt~tti:i fof ~ 110~ o Jx 
k,ftmey~~~~ft~~~~N~¾&WIY:J.~~-ttr~~~-~ffl-*M$ttfflm~ 
ft~ffl~~fflffi~o ~ - ~~~BR••WA~ffi~*ffffl~o ~~B~hl~.~~~tt 
*R: ~:.l -~7tm$Ytiffff ,@, 79~,e.. i.iflf:frtt W•a'-J f~ ,@, ft o r.~s, tt M~ 89i.&: ti tt:i!~-F~. 
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~•&mfflA~il~~~.-~~~~~*fiW~o ffiA&M~*ffl1¥Jtt#1¥JmMiiffflffl 
7j( ~ {~ ~ (till* tt~ IEi m ~ 16'~) ;fU ~ 3~@ l¥J #11: r-¥-tt mt z lsJ ~ * (t-J F mtt' 'ii. 1: m ijJ B,j" ~ ..t 
*~(y.j-~ft.~&~~**~~ttft~**fiW~o 

~;t,t~?i}fJ'llfl, *ffl ± nx.%51-.ffr~*ki!:~~- foJll!o Sathyendranath ~ ( 1989)51-m T 
:-: ~ 71< ~ i:p :3/t ~ tt Jfft iffi-~ (y.J 3 l1P ~ 5t, f!P ~ ~ ~ 1C ;t;t- 7-¥-~ :fO AJ ffi f£ lf fit~ l¥J 5dJir ( ~ !A!. 
Dowell fO Hoeffner 1997) 0 ~ffi7-&:~1¥J~f.f.ffi-lf$fif.?'ffo t£~®7tjii!R&, jln*~:itl¥J~ 
fil:J't*~Jtt~{t;J., IJl1JiiJi:A"JJ , :i!~IR&~fr5ffi *IK5t~~@1¥J3tiro tE~ffif}cftf .\!i!,ffl?5t T, 
~~Bffi@~&ey~-~o &~*.ftITTeyt;J~-&~~-~~*••ittm~ffl~EtJm@ 
iffi'.fJ-i o J§'1f- , A ffley~:J,1t}f'fl~~ZfaJl¥Jffl~fi. :tm*~ 1-iJt&3t~fflliij, ~~¼lti:ttz. -iiJl!J 
~~ o Sathyendranath ~ ( 1989) (y.j IiJf 'n~ llJL x;J"~ 1¥11¥1 jJt~itrfr if-oUtt!~ ~Z Fo , iJt F.'ii f(i:i]' 
~:,(M.301-lJitjlj 5 1-, mff~-~-~~lfll.Jllrfl¥Jffl~o :f!Jffl 5 iJt@:1f$:, ).,_{f]fmffi:it~J'tffl'-litf~, 
:i!Bf~flJiiE~( Wernand ~ 1997) 0 tE~{i;J.li)f}lt:p,Sathyendranath ~(1994)~5}-fJr:i:1:IZ.?t 

11-f-~~ a E5iitt~ S (ij§.~ 8 mi )1¥JiJt3:~*• {1!!. fflfl}?j;:~JIJ.. :f!JJfl 5 1-iJifltiiJt;JmtJ)J:tt!!.*Jvi; 
ff%- , w *JJ :!.'JH>l ;f:1J m 3 -t rJt ~. ~ ~ :¥.t tt ,rn tn a,1t~ r n o 

:(£ m ~?t ffr~ *at. iJ-. i,,Rfrj JiJr Jff tLt l¥J ~ $J tt!. ¾ :i: ~ 1¥-J o ~ - roJ m ;,$:mt~~~~ ~ft l¥J, 
~ ~ mt5t5tm~~tttt#o ~ - 1f~%~~~tt~. ~~jtn~*m~X~M&,~- ~~* 
~~ffio ~5tffr~~ffl~M$ft·l¥J~• -~-~-~~MAffi,jtn.SAffi~~#ft• 
·11, f~*~~:f]r$.(.f) o l:j£li}f}l;ffe.a}J , ;(f;i!®~ it,IJ r;J:i, ~J:I* 13 f~J!M.1J( ~tt~ i:rt!;~ 2 1-§jt 

31-1!IUt1t:tit, !J!tjJVfi~ :¥:0-' 51-iJt&. ~ffil CZCS~{X:ffl¥J 3 ~iffi:f1-J!Vr-fr57tfflt1f%-a'-Jo 
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t1:M•~ffi%mfiff~•~z~.~~•~*~••1¥J~m~~~*fi~•1¥J"::k~rr 
.t.E" o fJ.:.JiJr Fni~, ~ ~ ?t-f-#l~ r-ff ~{t-J Fo rtJ ~MfflMtEaJ !R.J'tit IK:;k~ ffi ( TOA) mM$q:i 

r5 ~xttt w < 80 % rt 80 % 1,j. J: ) o ~ m ~ rt 1fft :fO -it~~ .JJr ~ • ~ * ~ ~ ~ riiJ m a:p JJ 1r ~ 1'­* ~ t¥J ri:iJ :mo JG it* 11£ ft Z,. tt * r!lf ~ *~ 1¥J ~ al") < j! !!! ~ -r i--ht: ) . ~ m ~ 1i * ~ m ~ l¥J ~ 
fl f~ ,~- O ili: tr l'rftil [R ( N lR) 1iJ m {~ ~ - fg ,~- 0 rm tE ~ - -it ii IR, * ~ xt:k ~ IM ffl M $ 1¥) 

9t ~ '1 100 % 0 tE j! - - -it iii&: m ' • ~ f~ % - ~ fi It . .tAt t~ ~ ' ~ 0,' ~-t T - ~ * ~ :ijdm Jlt 0 

~'1~ m~nttt1:ft•~~~~~~.®~~~~~~~~mfi. ffl~~~ffltr:~1'-•m1i 
~rx~1.,1:ttt. j!~m:1E£1¥J tt *J!'.* o tEili:il7rlK, i!M 1'-t&:3: < ~ifilil!) t§S:z faJ16,{ITT1i ~ ~1¥J 
ie~, -itifn@1Jfi:;:1•tm~:¥1J - XE 1¥J:fflll; Jltjr, J!p;{j1--~BEPJ .!A!.-itlZY..~tm:t:z. J,j~iiErtJ i1J 
~ft[R*m1¥J~•tto trmfiilitt*~~~-~.-ili1¥J~-~-~~t£-=fi!-ftm~~ 
l:l:ll¥J:k~n&i&1t¥<71< ~:f0 $l. ) o Jl-1i"ft9r~Jll¥J*1tmf"r1il#i"l¥Ji'f • [ ~!X!."~9rm$~M9r 
--f-11},V&fiiilf"(HITRAN), Rothman~ 1987, l992 ]-Yllr~JijfJ1Jo 

(0) 1 024 ~ 1 064 nm ~:u$~T 0.998 

(1) 855 ~ 890 nm ~:u$~-=f 0. 998 

(2) 772 ~ 786 nm ~:u*~T 0. 998 

(3) 744 ~ 757 nm :i1H1$~T 0 . 995 

( 4) 704 ~ 713 nm ~.u$ ~ T O. 978 • 

• .l'f.rf 2 cm ~ 7.K ~ J!nlj 

im ill ( 1 ) ~ ~i _t JL 4 ~ Ji)r ~ {~ ~ * ffi l¥J :iffi il! ' ~ ~ j! :f!-fip 1~ ~ i¥J ~ ~ 0 j! - j:;: ~ $ 

• 1¥J riT m Pi!J.t{}J'f!Pwilll~J.t~1¥iiE ~ tlf1¥J1~~ tt; tt?r, i!- ~3t~-ar !X!.ft 1Klf 7E:5t*l¥1 ~ 
~ , JiJr J,'.J- • ft ii~ Mt1 flli fti Jr fllil& 1ij tl ~ff,]~* o 

iffi ill ( I ) fJ1 :iii ilt ( 3 ) EfJ ta it :i-*¾:ft ~ l¥J o ~ ~"F ..t , :iffi il! ( 4 ) Ee iJf ~ ft IX ~ :ifr , fm Be ii 
J!t( 1) ~ill;, tJ: ltilllil!:(3) ~7'.J1ff9!o ftmf, Jltjmjga"Jf~ ,@,f~ ~~~ilJ~ot~~l}(iilt, ~­
~ 7}( ~ E:j j¥ l!a l¥J = ~ 7J< ~ ,Z fs) U af * ~ ~ rfiJ: ~ f~ ~ l¥J ~ Ola] o Ji)r ~, JA J! - ,g ~ ~, jj!:@ ( 3) 

1:t.iilim: < 4 > J!nn~:€, mi..§. 1!~ o 

MERIS *I& ffJ ~jll j! (1) ;fn :iiJi ill ( 2) ( ~{'t:iiJiilt ( 3)) ~-% 1¥1::ff 5:-to i! - :m; ~ ~ -!:5 
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MERIS~· - Jlf! (iiJ - L~ 1]f j'Rj Jt ~ il1J - 1Jr ~ t'.1'1 ~ ~ o J1t ~ 19!1] ~ * tE ~ II,& l& 1W ( >. = 760 

nm Hit ili: :-tr -· t-1t ~ i'r·J ;J,iHl vt f& ( JG ~ PJk i& ) ;it il f& {fl -r 7 5 4 nm ISft :ili: o ~ !l-t • X1 B: =f im ~ 
( 3) -)(~ n 1Ea'1 fii. ',•'t ,f l:Jf {-F(£ , Jifr ~j.. MERIS{>( ;m *lf'l:iiftil! (2) ~ifililt ( 1) ffi~-@-a'-11f "j!::_ o 

%: ffl jfil il! ( 1 ) f11 jJfi ill (3), tE :±l Fl 8 n! (whitecap) Bt, :k '-=t iT iE a'-1 i~ 1z ~~ :k ( Frouin ~ 
1996; <.;ordon 1997); r;: bnimili ( o) , #-;f;tl m ~ffi JBcltt t-J-J'tift'1:J9ttn :iliil~r IR a 1l& M $ l¥J ~ 
'if. 1iH'.J.r.~+1~ ~ " 

th .ll-t uf ~'.A f!} :t M~t¥Jrai~: Mdl{tt *~* ~iffijg ( 1) f11 < 3) 1¥Jfff 'Ei" o tlll *t¥ :(£~ ri.litt , 
~!1/m JJUillli!! ( 4) fil ( nx ).iiilil! ( o ) riT~~-(;J·J! $1JC~o tE ~ttfft 1J?. l~, tm~::fi" .iiii.i.'i! ( 4). f!P tt tl11: 

ilf,'f l}-f +~} ~- ~~ . rr,1 rif ~ft 1x >'rmm¾w "i:if ~ e'-J o JA.i! - .imil!, .if ,mm~ fl *-E(, m~ c tE 
Jt ( ,:rr:a,t) 19,ii i& !'l'-J fl' ff. f r4 .@. o 1iJ -r 8 ~ 1¥11'0! ~ . ;(:j" A. ~i5l:il!: - $* ffl imilt ( O) o 

* yf.--~ ;J( i* fY.J "~ f:!." J-J... '# 1!i 3JF 7}( ~ ( ot ~ ~ ~ Jt m.11{) a'-J ~ lif ~ liiJ 111:!r ff 7j:: ~ ( ot ~ 
~ffir,&Jl)fffj~@.$lj'!t: o :rEYiYti&:~(:Wii:ktE 445 nm !Sf.t:ili:) , i!ftti~~~Efl Ta1i~fs~(;f 
f;il.~llt~~ . jf-el.ti·ts- ftpiifj ~ 1, ~ )(t-J ~.l~i&iirJ&.EtJ . i!-9~, ~V¼'.El(550 ~ 580 nm) ff]~ Ill! 
~:tl: )~ J"fl. :H It O M T- j£: 1JJ.j t-7.Jk. f& . & M $ R 9-X U.3 - {,t ~ 7)< ti M $ ( L w ) N ii :i:1 r1;q * (ij It ffi uf 

~ rm * " * m tt 11:·ut mFG :1! ;l) - -~ m * c 191J m1 ~ 5t ~ ) EtJ ~ * m ~ ~. ~ 11JaJ R ~ c L w ) N ~ 
.x;f"{R (r-J t,§ -=f- 1½1-: {t f\l :.f fiff! AE tE o 

0 t~a'-J1l:{tftli~:rt~.:J.& lil FJr*ffi 1ft-t. iii ~tt-Jj:1t ftl ~~. ~:ff Z leJ £,~ ffl:!f. .:PrJto · R 

f1l ( J,w )N fl ~ftjt~ "fffl:M #..~#1 Fo Iii] ftt M * fi, rm .§.M=f- ~ 13'-J ot~~ ~ llim1f ' :i!®ii!: 
~~~~~~2m~2ffi~~.rm~•1:tm~~~#~~~~o ~-~mttm~.~~~* 
x/Jit 1Yff1HY: Ix q-t~- ·. 1°] t#uEB'-J ~PlPJ O 1£:k~ iTiEu~Z Fa t~~ ~t~t.iff :f:E t iffi Ji ilJ~1Ja:f:E 
1Mi t- ii fl (f 1 r§J i't f i1 '} I ·. o 8:X It ffi ft mf a , 11<: * ~ a'~ fij njuJ "i:if f& jc it!! ~ 1 J \ o 

~~~~~M$1¥J~-~~.~~-~-Aft~~*~*o fi~~~~~~~~-~ 
j{ffl'1 f,'i. ;v,~ 11: x~ llJl ~~Ut¥1 < EE r7}C-~.tt-J * #.., JltiBi~ 1;J 567 ~ 637 nm) 11:t:E 1¥115& ffi!J o Ji.Jr VJ , ~ 
fX 555 nm(~ 20 nm)§x 560 nm(~ 10 nm):MlJJf\l!f1J , :i1:.Eii&~~JJr~-t7J;f-§;lc0 :Jt:1i!!!fcli:im 
ill -~Wtl~~~~~~~m~o ~~~D~e~e~w•m~a*~~-.~~ffim-r 
443 nm Y-t o '9~1111~ I·., tt{1I R (443)/R (555)~Jln!IE1~~ ; ~ 0t~~~ii\JA 0 .02 mgm- 3~ 

1tf1J 20 mgm -~nt , ifdt flUA 10 ~~ O. 3o EB ~::. i~lir.Ik. *!leiliilJr Jmil!:k:iif. A. frl M 1Ht~ 
fil.JJ.1Y:HJ~W f Wi>l. IJ.;J Jltx. 1i. iTIE~~ti-1'£ - @fnJJmo 5, - JxM~!R.~ : ~ ~~r,&jjtj\'fj,=: 

2 mgm - ·1. 443 nm tl 1J,EtJiRf~ft~~~~m:ko 
,{:f A. B ~ ili · t- # 1-t 1:r ~ ( W !R. I§ i'lrJ 1st! ffJ l¥J Sea W i FS J'{ iii: ) • f!P ~~ tt ffi: R ( 4 90 ) / 

R < 555 )JfR 1t I:~ tt fr{ o r.1im, tE..t:i£rffJ - ut~~t&/tliHM p;J, W: Ltffi ~ M. 5 ~¥ O. So ~ llt 
~ f!JH.f 11JJ M -F ~ o g 11 ml 1lt , A fiJ .if :Ji: iJ... :1-1. tE o I·~~ ii iJH~ ~ e-;_t, 4 90 nm :;k ~ iT iE .ffi It ;{:i 
·F 443 nm j(b(iT Jl::p)r~.it;ilJW:}ffl!Jt, ~.& 490 nm "li]!i'tEY-Jr#J1¥a{1f%i:iJ~:J.~i~~ - ~ -go £, 

%ii~ i-A • .i!·- f11Jft.il{J~·~i. ff. :rEiliAA( -Jt.1:t-Ji: SeaWiFS ~~~) ;f.R~ 1! $8'1~£~.Z. iW, ~-ITT~ 
({-{F. ., ~P,J ~n.ll-t. AffJU: :~j:IJ. {Erit·~~mJ~m'.:&IE( - IN:~7f lt-~~~. <0.30mgm- 3), ~ 
r« rt M. 0 . () 3 mgm .l n Ji () . 3 mgm - 3 B;j"' ft JfHf~ --# * ~ l:t ffi Jl.1=f ajJ ~ EY-J tt ,';?- 0 ffiI 1-J lt m 
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~ 1~~ r 3 ffi, mi:(£ ffHi"i] ~ It 1[ ml ' ~ = fip tt f1H5t ~ {~ l . 3 11! 0 ~ A. em tfHA. ffi - fill tt {a ill ffi 
:: tHt ffi a'-J W~ li ff, i:J 1se: ~ 443 nm ;r.Ht-J f~ % 11£-=f 490 nm 5tt at, UH~ i.t ~ 19: A ff JlL .i! 

If {t-J ~ Jf t,· * :fil H~ % :nP. 8'-J o 

!~ lit:(£ Jlt. ~JI~ . ~ tis n: - ~ 7.K ~ Pt~ ~ ~ It tF 1g .:E ~ § a'-J , 1ij ili EY1 !a it nT ti1 ¾ : ( 1 ) k-:j 

,1,f r£if (t1~ ~~1-'f --il, t'F 7'.J 1;/tJtttfJlg, -ir ~ 490 ~ 560 nm p;q 1-~ ~; (2) .Jmf& .1J £ ~(( * ffl 
443 ~ 490 ~ 560 nm ~ t-~¥.Q:. ~11-ifli~f;f:bafmjJ 0 

CZCS B':Jii@-'a-i!F~ffl , #IJ:r-f-fif %@. JfJ tlai ¥{- .~ 1f~, .ll]" ~ ~!ili¥ it 7J< ~liJr~~ ~ ( Bricaud 

HI Morel 1987), iliil?l-imil!.ffJUT .filft.ifil.igPf~j ~7t- ~*~Ej~rs= ~7.K~o toffl.W&M 
:f fa , 5 s 5 nm ilt ii -JJJ" ~~ ill: fi VE tJ;-@- it B':J ffl ~ -ft~ o ~ 1r -tm 1ft , rJE t9 id l¥J 1l fdfi • u: it m 11ff ~ ~ 
f I (l'-JJl,.\1.tmfvf'f-l. f3 Et-J=E: f ~1~~fll=j:f1!1.!KrJEt9ittM~tta'-J ffl=.k.tt , ~~~tli:~~Pf .il!~(f) ; 

iQi111G tJ; ~ id 7K ~ rr tt >11- IK ~ J!J!. tl1 ~F ~ ftf ~-, rJr ~ ~•r ~ m. ~'.ITT"~ 1¥:J fti rr. iiJ tru ffi ~ o 7. rii ~ ffl 
Jt(tff~ffl:Ma'-J~!Pjft~~tt~Pf~li"WJ=fi~~:i!fitim~tt: ~ "1i:lt~5c" jJ~?i:fla'-Jltf1!!.1f~ 
JT.1£3f~ o 

~ffl2~ 31'-fi~-~~~illfi~-~~-7'J.:EB':J= ~7}(~~-o - M*~•:i!®*~ 
-~~-@-lj"ffl~-~~~--Et-J- ~*~o -~~-@~-~$~~~~B':J-~~~~~ 
~iBi l~, :i!Btr.f.wHi#.1 llli~t ~ -F~~W(380 ~ 440 nm Z laJ), ffijJt~~ ~ ll&i& !Jl1J fil t~tt%i( 

M~~*o •~~-*~B':J~~*·*fi~-*~~*~TT~$~ffi*.~!lt~A-~~ 
410 nm 1Sf-t-ili:ii~9Hffiill o i-9: 1'.1.llt:imi!-;f:j-*:lfd~1~lf *j{@.~ mtfiL~, B':Jtl- fH~ n~, .¥ 1-' 
xtTfa! tf! l¥J {Sl Bftl J;J & M ~ ltffi n ~li:111¥:J f'M J¥l. r,: i!:::lE 911 llt o JA.ll:t !ff f.l #, M R ( 410 )/ 

R (555);fl:l R ( 443)/ R (555) ( §x;:Jl;ft!!Pftiia'-Jffl-€;) ltffiB':J li~PfftjJi,_Rjjlj ~ -~~frJf 1-J .:E~ 
ft•tt•ma~m(tJ~~amT - #MNo ~ffi~~.~-~E~-~TR~~-~~8 
hl~l¥J~®ttff~.W~!ltn~B':J~fttt~*ffl~• Affl• u'-J-filo ~rffiB•a~m• 
1!/ u'-J i£ ~ , i! - · Jf.r½1-~ fll! #H~ frJ ~ xi o 

- ~ J1 4 1'- PJ' W.:Yt.ifilm ( 41 o, 443,490,555 nm) ft-Jffl-€;.i!Hi1Y:, en ff Mr iffi !fl.a'-J fx B iffi 
·tf . Jtft!!.tt rm-1t 1tffir~ ~JJ ~~a'-11fW.tl!. Df iJ-.1-J~~ii~r!ilm~:h o Jti:p , ~~~tt~We~~ 

~~~m~Pf••*™o *~~*~. ~illimn;fl:lft·~-*~~.-~~(tJflft~~~ 
~!Ii . i! e-t ro1 m !1!11 * l'!. Jr -t tt1 ~ $1J o m. ~. ~ PJ" ~ Yt iK lf 4 t- ~.:,{ 1: if!i met. ~ 111 ¥r n.k 1t- tffi • ii 
~ ggk}i~ ffij'1f A~ -)1.,•ir.Jx.ft-'-'.1/i~ ,c..• I 7,,, Jl! 7t,.lfil,i.:., 7!), ~ o 

.£{:. z . t~?t ~ Fo . ~ illi :i! tm r w. /iJr J,J = 

0 1 024 ~ 1 064 nm ~ 30 nm( Pftii~J.t 40 nm) 

l 855 ~ 890 nm ~ 20 nm (P}"ft~ffl'. 35 nm) 

2 744 ~ 754 nm ~ 14 nm 

3 704 ~ 713 nm ~ 10 nm 

4 550 ~ 565 nm ,t, 10 nm 

5 485 ~ 495 nm ~ 10 nm 

6 438 ~ 448 nm ~ 10 nm 

7 407 - 4 17 nm ~ 10nm 
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~~aAwl'": 

C l = jjn:ig 1, 2, 4, 5 

C2 ;_ ,imjg 1, 2, 4, 5, 6 

C3=:iifiilt 1, 2, 4, 5, 6, 7 
C4 = ifflil! 1, 2, 3, 4, 5, 6 

CS = illiilt 0, l , 2, 4 , 5, 6 

C6 = ittlilt 1, 2, 3, 4, 5, 6, 7 

C7 = if!iilt 0, 1, 2, 3, + PJ ~ft~~Ji n imm 

C l r.R -@-( f>l~ -=f 4 1'-:imilt)i!:*~ iTIE;fl:l7}(~f~ .~-~Jfll:1JOO~Jl1 T :&i:f~tt;tc~>Jt. ilf itr 
ff - -~ 7}( ~- - -@. ~ ( ot~ ~ )-ttt?: ;fl:l ~ ri = ~ 7Jc ~fflH!e tUi :i£; 

C 2 ffl-@- ( 5 1'-.iifi :i1! ) iJf ill fi ~:ht~ rit ~ ~ f-& .!t 13'-J ~ tff if ffj ( rit ~ ~ ~ ft JA f~ ¥1J m f~ ) ;f1:l 

7~ r!hJJc~B'-1 "iifift. lR :5t C -El.Udf r!7}( ~ &M.$1'1'-J ~ilf~ ,~-) ; 
C3 ffl ft ( 6 1'-jffijj) -9 C2 ffi-@- Jl.1'f ~ f-f 13'-J ~ jJ ; lit 7r, ~J }fl q:t 1L' 7~ * 4 12 nm 13'-J ~~if!i 

jltflli711f~li~@.~~tt-f.fQ9l@.!fm'-9tj:xri.z. l'aJ 1¥1 m.witt; ~Jttz.~r. 412 nm jffi:iJ! ,-f ~J rff ~ 
rifJ:J:~~~9:~1iJBcFY~tii1J!1J; 

C 4 fJl-@- ( iE. ·~ 6 1' ii ii! ) 1£ ta} 1¥: f~L~Jl J& 1f mi , ti:!.~ -9 C2 ffl it ffl ~ 13'-J ~ jJ , fB ¾ EB r 
1£ .ili: ti: >'r 1K 1f 3 1-:iilhi, * ~ iT iE "iiT ~ 1~ iiJ ~ff, # 1'f jHf J1J I!)t iifu 13'-J _rT- Ji, ; 

cs ffi.-fr c * :Fi: 6 1' ii m H.>l ~ * ~ n iE :t£ ff-9 c 4 ~ !a'1 , iJf Jl-1'f IK :5t a ~ ~ '=l m ~ B'-1 1IB 
}] ; 

C6 ill# ( 7 1' .im.ili )~ # T C3 fQ C4 ~t/t,g, f!n~ff T *~ iTiE~:1(~ , m ~ T jt~~ '9!: 
ti iY!HI~ jJ ; 

C7 ffl-€; ( N > 7 1-illlilt Ht~ T l!:7t:itL J!jlilj~Ji !5ff 13'-J tli it, f>l ~tt ~ 1'f JiJrJ:tB!i\, {11:f! 

.i! BMI& *ffl1!r(t-JHitm~o 
M r .ilf 9t!. ft .ifil .ilJ.:-~ i~ . :,g T :ft * ~ JJt :it!! 1K :5t :i.in il! 4 ~ 7 z rsJ Et:J £ ¥F • ~ 1,16 iWi ~ @. ~ mt :5t 

f,':f .fi!-Jxuirl'fJtt h . ~ ~ 10 nm 1W~::fi1::&:,~Et:Jo ~ff@.~ nx5t~~ocoif ~:x*Jc~1'f 1t~tiE, 
fli JE: t o nm 1tr '.v! nk: iA 7'J :li: * * ~ ~ ~ £, ~ 13'-J ~c ZL 
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tF~••~#.*~amww~•••*ff~•t¥JmM}E~.~•~~~•m~ ~}Et¥J 
fflll o CZCS ~ l:kJ }Etff-1ij;;:M(~f1¥J~ata) , j;;:$5}-BtfaJ~,ffi f«ij!=f:ffft}Etff-. ~ --t~~ B iii~ 
A (11 Mifi!Ji,T RJH(fi im i5J~t¥J }E tf-ffi! Ff l¥J lit ~ft l¥J 11r ~ o #°Hzr:l, jg SeaWiFS ;fl:l MOD IS ~ ~ t¥J 
tIHrtffi Jlffitr-~: ~x-H1Mffi~ 5 % ( i5J !Ji!.:W:1!! m)' fflx-tffi( .&M$) ~ 2 % 0 Jfil~Ut¥J ~ t­
:W:Sffi m;fJl~~~ffi-~~®tt*ffi~o - •a~m~ l:kJ ~~fi~;fJl ~-¼-·~~~1¥J 
~ ft JE fir- t¥J ffl infE ~ flj § t¥J o 

s.1.1 P-J'.iE'.:fm 

~T~~k~~~t¥J~~~.~*~*~*ffl£~~ff~~*~o-Mim* .~~-• 
f«'W;Jffift]::k13Et¥J~M~( ft~ l:kJ }Eti'F:tT, CZCS jj£R_ij JEfi'f-:tJ"7FriJfjf;) o ~ l3E jt~ijM1¥J rMM~ 
mHH~M-=f::t:13BttmU.tt¥J ~ fi'r- o B ~::t:13B?t~( Iliff.A ffi fflJ MfJl 11·~ 1J,~1t), BWi'f Mt&~ 

8~t¥J.D~-~~~M&ft~•w•~-8o *~mn~~~-*k~*fi.~~-** 
ff i1!J)J~ J-' tfli yEfl~lj :it t¥J ffl ~ , * 138 xW, il,i!lj i5J J;J -1fi ik "411. ig .ltt ff - (7i: 0 

Jre im ~IA!., tE '!:t. MM" ~fl'~, ~, ~m * ffl ~~~~ti- i-9: -~, ffl 1i'u ±tli, i!i!1 ~ ::t: I~ ?M M ;.tj t¥J & M $ 

ffl =~tto ~im. ~~£M~ ~ *~~M~*M•BtE*l3Eft;fJl•*~fflMZT,i5J~ffi 
;M , :J"t'tt::ft¥f~BtfaJ imftillo Ji]r ~.:,(, ft SeaWiFS ~~ff.~ 1J•- tk-~ /Ji£Utj, ~.:,( ftm1J;* I~~ ~t 
-t& 1: ,f 1,1 t¥J AM .ii tit . ~ti~ Mt& t¥J ill ft o r.~ ®. en ft tE :i! ftftffi & T. ~ ~ * 13B ~ M ~ t¥J tt 
tit ft ill . fJj :I! ~' :wl a'~ O 

SeaWiFS ;fJl MOD IS !il1J f!J ffl J=I :pjc~ ffif fl= ::'.kJ g, - ,t-?iMH, ~ - ~~E!P ~:ilrfi J=I ~~ 00 
tiMl¥J13Eft~:tc13E~M~t¥Jt¥JBMftt¥Jlt~o ~*t¥JB~:1! : J=I ~ - 001¥JG~tt~~7F~ 
~~~~o ~ffi . J=I~* OO&M$~~~~~7F~~t¥J.ffl~~~ft~~ffi~~~&M$~ 
rsJ 1:ft#l xW,ij1j l¥J JLfuJ~fiL § iru' B It 31. T Sea WiFS JH1ffl MxJMlj!lj tt ti~ 0 11 ~xW. i!!~ ~ ();: 
< ~ ~ij ~ at Hi: J=I --IJ( ) ~ IS;f- J:. :I¾ flH@ * 13B ?!HlH& t¥J ~ ~ :i! $ ?:R: ~ (t-J o 

~ )=} ~xW.if}.1]:91', MOD IS fSlftau!t:b• T ":t:13E~M:.f&~,JEfi¼iif}.1JU", Elm'J~M:.f&tt~o 
~~-B~A~91-d~---~~%ffl*•~~.~9N• Ati~~ffi~~Mt¥J:t:13E~ 
,-t~. Ji]r~.:.{i~HM"l&&M$1¥J1:~~~ 0.4 ~ 1.0 µm Zl'aJl¥J 91'-i,&*r¾ril,i!ijflJ o MERIS ff:& 
T -~ --·#1r~. ~Pif" ~ fff- ft:" J::. ~~~ a ~M~. ffi - -t-~Mflbi<.!,\it!!~~{fj(~ffl .~~z 
. F. mYm= 1-~ltl&t&J-' lJ&itEffl,~~z T , ffl-r ¾O!!IJ~~M:.f&t¥Jtt~l¥Jil'!1to *~xit*~ 
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•#~~ . ..t~~~Uf~~fflM$EY-Jff~~~-~~~-W~o 

s.1.2 Uft~tm 

~ ft Ji: f;r, flll ~ t£ ~ ~ EY-J * '-={ i,J iE Fc . M ifif 00 ~ 7J< ffl M $ ft1 -t& ~.TI£ ~lid{~~~ te EY-J ~ 
1KfroM:f{ul:fi lt$xo fF J.J~~ml~ffJ:JJtreEY-Ji~ n,~lit:-f-~. ~ft Ji: fi-~1~:(gj" JfJ EY-J o ~mi. Fl 
{ E!'r-J;{tt.lm~: ~fx:ifil~~i~fff-. fffl ii*'=ci-T .iE EY-J mtffl:tE.$~* ffl J1t1f#f:.:i1tfii~1l iJ\o fofr ~. ~ 
1-t ~ tr-fi fF 11 m -t-* fff. < ~ ~~ + * ~ n :iE ~ ~ > J:JJ ~ EY-J ISft nu~ ~14 ~ -r ~j. ~Lt-. mi iii~ ff 
H9 ~ f,r- 3:: ~ m ii{;. t ~i ~Mt&~ tlto i=ft ~ f;r-;fU £.t. ~ fff-Z laJ & JJ1l EY-J 5t fJf-MfiJD ~ WE~ m tl!. ~ 
fr JfHl'-J o 

~ft'.iE tff-:iill '~·f.fJt~ t'imt1: ft1~ ~-- EY-J #iJ I&<~ ~ff**~> :iltfi o f!P ft tEJ! ~ EY-J fkf4 
·F. ;~ ;J(ffHrt${t-Ja-t~~1t£,~Yl-rk'.J.~m< 1t:,l;t£ 443 nm, f~nt~~~:fibJ<~. fflM$~tt 
1lt:k ) o 'h T ft*~ Jt itiJJ,t ~' :k '-={ i,J iE Et-J WE ft , ::k '-={ t'i mt < ~o ~Jff ~ft~ 1¥ fl , '=l rif lf< ffl {1I PEi 
~ ' "= '-l 1-r it ) tE. f-1~ T ~:J- ll liffl i9!1l in O [N J1t • tE .TI£ :ct m nt ' - ~ ~ ill fi la'1 $ EY-J ifif f=F ~ * -9:. * m: 
m :i11.rm i'-11 :ht • -'=,; "A~ ft~~~ !Ji .. 1f j:\ ffl liiJ o l! fP i!A~ iit ur ~ :a: oo ..t :i1t ff o ~ fffl. czcs r~ ~ 
;&H}3, ~:W:~1Jfd:~Jt~, li{lj !A'1f.EY-J ~i1}.1JJ!jg "iiJ~o ffiJ Jltt£J! t¥ EY-J ~~ 9:f, ~§:J"!~ _tjtj!~ftt~ 

m. Y.. i9.t!t:l!fJt~ $ ~ fiat If Wtr..}1¥Jffl~ft~ r¥tr-1¥J ~11 litttts . Rdi :tr m Et-J o 
~~.~~ffi~~~~*~~•w~~~~@!l.mMEY-J••~tt~~~~~~n•~ 

~* U ~~~~~frfjjiJtr1EY-JfIBJJ o ~ 11 z. 1£5!1f00, ~#i'IJ ~Df ti~Mtt~t't~o 

s.1.3 'f~'!lititlM 

M~~~~m.~ffi~fflr*~rr~~~ffiEY-J~~~~fflM. la'J~~~~--~fflEY-Jo 
~~~m~~#*ffl~~fi~-~.1JT- ~B~HmiliT~fttt*ey~~~EY-J.~~~­
-tllft;J.(t-J ll! i)l ffi fiF o ep ~ fej lf!. Er-J ~~ti iE. - ~ !t ~ t.\: j! ~ ~ ffi tr- : NE6L - ~ 1f O. 05 

Wm · 2sr - 1 µm - 1 ~:J. T, :(£DJ 'A!.ft:ftLifrU?l-i!t~, NE6L {~TO. 035 Wm - 2sr - 11..tm - 1 
0 {'£:ifrU 

9r~¥'l, NE6L {If r O. 025 Wm - 2sr - 11-lm - 1 
o MODIS,MERIS ;f1l GLI ~**15( fl~~..tfflS 

~~~~-~·~fflMEY-J•* •J!t¥~•*~~~~~*~~~--flo 

$ - ~Bmi¥J~~ M~~ffl~fi~~.~~f.f-~Hffi~-~~.ft~~-:kEY-J~S 
~ o -~*~--EY-JJ! - tt*W*(~§~-tt~)-~ftNtt~~~~- 1'- ~ -[N~o ~ 
~JfJH'1 - #1f~~. {t~!5flM1f § t~(~ii-~ . PJ"fIB:i&filMi.!f~~it!!)~¥1Jffilfl; &Z, ~-tr 
::1c ~ ~ • ~ ~ 7C . f5l. fi ~x ¥11 PJr m ~ a'1 m M .$ o l! t¥. tz11 * ~ ~ r1 IE. Jc ;;rs m ili :lft ;Jf ~ 7G ffl 1'f 
rft 0 

~r '-={M~ft~~~~tt~~-~~ffiEY-Jr~ .oo..El.~m~~~.~~•~~~•*'-={ 
]j~ ¼ ffl liffJ • p}r 1!ii ~ flj a'1 i:JJ ":$ 1ri IE£, ffl ffl Jlt liffl ~ 0 {E j! 1r iiii' NP ft #Ii ff f~ -~· ~ ~ jj!: , ~ ~ .fff JA 
;ctg~'-={M~ffi%~W•te•f=Fffl%, '-={M&ffi%*§&ft~~it!!~~~fflo ~'-={MRili 
~B*~m~.~~a~~ffi~.J!#P]"fmtt&•ff1f~o T*~iliT~~~-~ft~~M 
k ~ ff1 ~ ili ffl M $ [ if ~ fi :Iii ::k f~ .~, EY-J JL {oJ ~ ibiJ !fl < .g 'if rr :i: 138 ii m lK ~ 9/- ) , s 50 nm 5z.r 
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0.25 
• - CZCS (PFT) 
EB - OCTS (PFT) 

• 
6.- SeaWiFS (PFT) 

0.20 - * - MODIS (PFT) 
~ X - MERIS (PFD - EB E 

• • - GLl(EM) 
:i 

• +- S-GLI (SPC) ... 
V, 

N 

·e 0.15 -

t 
~ $ 

• EB ._ 
0.10 -

l::;. • 'SE EB 
~ • + A .. + . , •• 44 EB 

0.05 - • t::;. 
~ 

0 

X ~ ~ X * 
+ EB ·~ t It l::;. l::;. i ..... • 0.00 I I I I I 

400 500 600 700 800 

•* (nm) 

!'ti 1 ~~J!£7Jc~~~H~t&~~mt-t 

· r ~ :::: 2] o :(£~ --·ii'j?: '? , ~t§ltcffl~~t$~~ff,], fflx;j"~Jt 70 % o 

:(£ rf.J 4 I.* m3 7( 19! #J ' E 'jj:_ Jm ft* ft[~' ll:t 131ft*fll33¥- jjjj' ~~ 7~11 jfi * ff.J -jJ 4 l .' Ji}r ~j ' -5( m 
~ ffi fft ~ tt i¥J lii 1PJ • 55 ~ l±l $&Ht-t * c ~ ~ ~ M) 1H1HH ~ o iW tt :'&:, 1f J! # tW ~ r. MJ # f~ .~, 
M TOA f~·~(tJ ffl x;f ·9t~lfi¥*..t. 11~( :i£~:ff "ff" ~JIJ~#), ,R 'lf tE ff~~ 7j( ~. tEiliO't 
11$'lft1~1~iftf&, !J!1Jn~ Wtl9r( r.~im , Jf;$i'-tt-J fflx;f 9f~$~itil:ii 2 % ) o r JrJ ti:~~~~ ili, fx 
~ ~ ~ m ~ ~ rur ~ ftt: 1~, m M ~ tt-J-@-JJ ft 11~ mo 

itJLi! ( nm) 410 443 560 710 750 865 

20S 189 138 92 82 58 

:(£7)< Jf-fro~~ )J 23 km at, ~p tE ~ ~ x!\!.79!1] ~{4 r, _t~ !Yf frj filf'-J :ft :IJa 1. 4 ffi ( 410 nm 

;ti ) §.x 2 . 9 fif ( 865 nm ~ ) ITTi ~ T Ji* ffi O 1251 .lit I EB T ~ m JBc ¾r i!i!~ ~ jJ e'-1 ~ Ul/iJ' j[dI 7Hm :it lt 
i:IT !JlJ'tii!iilta'-111~ 1~ ~ o W fl° PJtm. li:u~ tltiit ~ ( Wl SeaWiFS Pfi* ffl l¥J) 1!.x :ttft!?. ~tf-f-
3t, :t£~if1Jl¥J::k'4:.~f4 r. urfi~tFxWJ!ft.1Ja,t. 1:iJ{tft~~~~mi.ut~~mMffimi~~fi~ ~ 
~ 1ft O Mdli I ~ ~111 ~ a'-) ?X :it!: I $11! :ft M 9-X = :re tt ~ ft ~ 1f ~ ff] fl ffl • oJ ft ~ ~lj ~ ~ AA ~ 8 ·f;r­
,ftl !!-& § -tff-. Jtttfrer!. fft& 11\fnffitto i! ft1f1.:im~~M-=fit!!~Jt~~f41!1Jo~ ffl o 

xt ·f-:Yt~~~ffng . ;1.(~M:tt!!.ffiil'fJH«M JLfoJ~itiiJ~1J*~; ~:tw.oo &Ma'-J:t:JSBft~l:•iit~ 
ili: r- fx. i~ J: ~ JJ inJ nt . ti tl51Ji~ id: {t :i§: ~ ff 'iii f lJi'@. ;fll , l;J. .¥ r JiJr ic ~ t'.f; ft%~ :Jc m ~ o :i! - JJ.\! 
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-~~*~~-~&.~~~~~*~~~--~aj-0 ~~*00~-~.~-~*~~~ 
~&M~~ftI~M~•-•.~~fil~~*~~filOO*o*~mm~~~~-W~M~ 
~*•~~~~~~~~-·-~~~ffi~~~~.-~~~$~~ffl~o 

*~• Rm*~-~~~M•TB.UM~W-~~00~~~--o~~B•ili~# 
fl~h~.-~~~~-~-~~-~*ffi~Rffi@~~~ttfflffi~o -~~-~~-m 
~~M~~~B.~Z~Hffift~KM&M.~*fflB#~$M~R• ffl~o ~ffi.~~­
~~~~--~~~.~@m•~~-~~~~~- ~~ftfflffl~(~~#mrlmM~~~ 
~M~~lo~~~~~-~m•~~*m~•amc~•~~M>tt*~••n~TI£~ 
&~fftt*o~-ft~h~~=~~~m•n~~-••*~~~-~m•~~~.~fil~ 
m~~~g~~m~~~C~~*)ffl~m•o •g.~fflB~ftD&•mm~~-~Tim 
~~.~~~~~~~b~BM~~~M~.~"•■ffl~~§~o 



f,J: ,IE~~ ff JiJr ~ ~ 7!i!1J !K ~ a'-J 1ff. jE ~ ~ Bt fWJm ( IFOV) a'-J m_ ~J , Tffi ~ fa]~ at raJ ff~$ jt,;J ,j: 

~~~~Mtt~&~~Bafflftnl¥J~~o -gz,~ff*§~~~-B-filZm.~ff* 
%~8'-J~•~m.TI£~BSU~W*M$~~~m•*a'-JffttU~fflRttffo 

u -t:, ll1 ~~ ~ * t& ttJL ~ it _t 1¥J" i:p f[ * m $ .. 7Jc ~••ff ;R it _g ~ w * m $ * t'-1 ,i 
250 m~ 7 km.~~ru:1&$ 1~ 3 d(fil* 3),fEI¾ CZCS~ MOSf9~~r. ntr*~~-f;;(m_riff. 
2 h, J§'~#~~*fJf.!t!!I ff. o tEJc£~ic**fJt:8'-]1f<£r, MOS x-t•lr~i&'fllia'-J fi~.$:ff flr 
T•oRWffiilia'-J¾:&- ita•ffa'-JMtt~mM~$~~*•ai¥J~• .~&~~--8'-J 
mm~>1t( JA~~-sc f~t~trt;~~./¥W ,J,tl#t~*ffll~ )~~8'-J 0 

IBI Jlt. ~iiE * * £~ 7K ~~ ~~at~ *t<Ftt ft Ji ~tt 8'-J ff tor" fff- ?l ft" i9: tt ~ ~i)'l 1lfi ~ 

~~~mffl~~~ TI£tt**~~~mfifi•~-o ~~300m~W*m•~~m•a'-Jtt 
# W ;1t :u ~ ( 7'. fit 8'-J :ifil ffi ~ i& :!Eli gJt £ _t u $ a'-] # ~ ~ it ) , Yffl 7 km 8'-J a ::re * JiJf $ (:~m 

POLDER) 3Z..::fjj]:~#ifc¥#r filjfl o 

:« 3 ~ fzli*~li$iU~.1~~*ffl* 
ii~~ il!!.lw 0-~$ (:Jc~.~. m) .I!!li:I: !l ~ AA< d) 

czcs 825 6 

MOS 520 24 

<X:TS 700 41 

Se;iW,FS I 130 16 

POLDER 6 X 7 000 41 

M(>DIS I 000 16 

MERIS l 200/300 35 

GLI I 000/250 4 

ff. -;1g 11r :tf.. tr '!(t;. ***~~~ii 8'-J lti5l :tm r : 
• ~~R~ 4 km !t!i.W*m$ttMl¥J£.l:tt=-fittftn; 

~~~~lit~ 

~~~~!lli 

3 d ~ ~fi .ilf, 

2 d ~~ti~ 

1 d ~l:ti * ff =ff.: 

I ~ 2 d ~~ffl~ 

3 <l ~~ffl~ 

3 d ~J:fi!l~ 

• ~ ,~Jt!!. l8JiJf 'R: ¥f ~. * a'-J $5( ~ * M $ tt M (1 km) ~ 1Ui r · f~ ft jJ ; 

• 7'J T m .1$ ·HHJf 'R: l?z L: ~ lJl ~ it!! rK tfn'E * jp_~ > fij: ~ (fJ ~ ~ ll ~ ~-@-J.I l¥J O 
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. en~~~~~@ ffi~M~tt~~~m~•~~~*~••n~~m.m~~AaJJ 
J:: ~t(~ M it!!~~] ~ tJL if! §t f[ ftjjf fH $11.il! ~ ~ EY-J ~ 1~ 1~ • H, IV-1'! fitHI 1~ ~ ~ ffi Jt Ef:1 ¾i: ~I] ~ & 
~111ttl!.!K 1!fft¥~rll.1£:( 'A!.~.:J. Ti~a] ) o 

.illi# EE 2rFiJtfl ttJ~~c~:a:tt~JI. ~*•~liJJ ~JI)a'-J~· m ~~ 1ti9:~~nx:ttffltt~ 
~ # e n tEffl~ - m~~~~- nW~~~~~o ~~- ~OOE~~~ - ~~Jta'-J~~ 
ft, JHt11t1frJw~tt~1[tt1t#HmJJa9~~m t1 o 

-~- z . ffi ft WH~ tr t11Ftf-L~ M ji ~ a'-J tt ffl . 1;J m ,= t4 ~ t1l c 1ft ) ~ * 8: m o ~.tr.• 1:!t: lf mt it 
~iiT:(t-JfO ~ipfxmtt'~ .1lv.. n *!.i~~~11t &:,~ a'-] o ~ 1fffi E. ~l!} a'-]?'.£~* RJL ~~~ F 1:. Er-)* 
~D-~Jk&M~m~•Et-Jn•~-(~~-*~B• a'-J~-)~~M~lfa'-JM••~tt . 
~ ~ ~ tt t@@: ffl ITT ii * ~! ~ o 

~~tt•mgm~a'-J~~--~ff~.~*~~~~ffiffl~FH~~~~#fi~Wff 
li*±ri(:t-J ~mt-11:I fF, ~:if ~~~ffl ~fl a'-Jf4.i9: i-o 

•1(#f#iJf=FJf±fifiJf~f1J0.fflt't-J~fl ( ?f1i)~Bftt• ~F~tll t~0.a'-J JH ~at ffB•. !;JJk ~ 
mn~WC~a'-Jff~.-~~~~-ftffi~#•tt,r:,~m•#o ffia•aF~a'-J•ffittW 
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[ :::; :1:::::;::::::::11::::::~::::::1 m::i POLDER-2 

1:: >gi:::~1::1::::m:::;m:m:: :::::: :m: ::::::1 ~LI 

i: : . : : . :ma: : : : : : : z : : : : : : : : m: : : : : : : : :: : : :: : : 1 : : : : : 1 MISR 
350 400 450 500 550 600 650 700 750 800 850 900 950 

A. (nm) 



2 *+~~~~~~~M#tt~~~~# 

(1) czcs 

vt is: vt~~JJ'. ~fflM.$ NE1:1L:PFT 
iili iH SNR :PFT 

(Wm - 2sr - 1,,m - 1 ) ( nm) (nm) (Wm - 2sr - 1p.m - 1 ) 

443 20 54.2 260 0.2085 

2 520 20 45 260 0. 173 l 

3 550 20 38.6 233 o. 1657 

4 670 20 13.4 143 0.0937 

5 750 100 10.8 267 0.0404 

NE1:1T :PIT 

(p.m) (p.m) ( K) ( K) 

6 l I. 5 2 270 0.25 

~ 4' :SNR: PFT:f~ ~ Lt:ftM l:.fii@ll~fi!i 

N E6L : PFT: 11M ]:r ~ ~ ;; -tr.Hit.$ = -IHI M $ I 1~ IIJ lt o 
$~:NIMBUS - 7 ll.~tfiJJ;,Htl' ,J< ~t:Hii{Sl fiff~; ~ 2 ~ - ~ii\15f.t~fltio NASA :0:Foffl i!f F78 - 11, i£iljl A. l979 ~ 

s fl 0 

(2) OCTS 

iJ1i ~ 
ilH1 

;Qi ~ SNR=SPC SNR :PfT NE1:1/, :pfT jfil .it!: 1'.0C 
( W m - 2s r - 1µm - 1) ( Wm 2sr - I p.m - I ) r'8i fij; iRi /£1;; 1Ii (nm) 

( nm) 

412 20 145 IO 450 30 779 32 0. 1861 
2 443 20 ISO 8 500 25 1373 41 0.1092 
3 490 20 130 11 500 40 1453 120 0.0895 
4 520 20 120 12 500 50 994 136 0. 1207 
5 565 20 90 8 500 40 988 126 0.0911 
6 670 20 60 3 500 25 H,03 54 0.0374 
7 765 40 40 2 500 25 706 61 0.0567 
8 865 40 20 2 450 45 637 70 0.0314 

NE61- : SPC NE6 T: PFT 

TST TLW TST TLW TST TLW 
(µm) (p.m) ( K) ( K ) ( K) ( K ) ( K ) ( K ) 

9 3.715 0 .33 300 250 0.15 1.4 0.13 1. 34 
I() 8.525 0 . 55 300 200 0. 15 1.2 0.07 0.44 

11 10 .85 I. 1 300 180 0.15 I.I 0.09 0 .63 
12 12.05 l. 3 300 180 0.2 I.I 0.16 1.07 

1< 41
: iWi": rWi it!. "'fl-; ff£ :{ij; !fl. "'fl-; SNR: SPC: f~~ lt: tt *tt~; SNR : PFT :f~ ilJ lt: :iHn 1:. fi itit i.itffi:.; 

TST: t,f- ~tli Al/nit!!.'; TLW: f[l; it!-'f-tfi Aiti!/.f!; NEM,: PFT: ~:(&If~ ;; fflt,f $ = .fiUt~/f~• tt ( i'1i)o 

~ A'5· ,OCTS .iEtif./~~Xl!f:. ~; I ll&. NASDA/EORC. 1995 ~ 5 J'I o 
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(3) POLDER 

iii ~ iJtf,t~~ & MM I'm 
.im .in ffi 1:t 

(nm) (nm) ...... ilf fOJ 

443 20 ~ 0.05-0.22 

2 443 20 ~o 1' JfJ/iiiU 0. 05 - 1.1 

3 490 20 N 0.034 - 0 . 17 

4 565 20 N- 0.019 - 0.11 

5 670 20 ~(3 1' JfJ / l!.ili) O. I - 1. 1 0.013 - 0.25 

(l 763 lO ~ 0.07 - l . l 0.008 -0.25 

7 765 40 ~ 0.07 - 1. 1 0.008 - 0 .25 

8 865 40 ~(31' JfJ/l!il) 0 .07 - 1 . I 0 .008 - 0.25 

Q 910 20 -if. 0. l - l. 1 0.007 - 0.25 

~~: ADEOS ~ "§· .f-ilft ( NASDA) 

iJ¼: t~ NEti.R 
jJlj ill &MEf.l..lflR 

(nm) oc~t$tt!-¥iQiz#.J~m~ NEti.R & t-t $ 1B 3¥-ilf z#.J :5 -~ 

0.05 0.10 0.20 0.50 l.00 0.01 0.02 0.05 0.10 0.20 

443 443NP 0.19 0.25 0.36 Sat. Sat. NA NA 0.19 0.25 0.36 

2 443 443P 0.44 0.53 0.68 1.00 1.38 NA NA 0.44 0.53 0.68 

3 490 490NP 0. 15 0.20 0.27 Sat. Sat. NA NA o. 15 0.20 0 .27 

4 565 565NP O. IO 0. 14 Sat. Sat. Sat. NA 0.07 o. 10 0.14 Sat. 

5 670 670P 0.42 0.51 0.66 0.97 I. 30 NA 0.11 o. 15 0.20 0 .29 

6 763 763NP 0.57 0.67 0.84 1.20 1.60 0.13 o. 15 0.20 0.26 0.35 

7 765 765NP 0.42 0.51 0.66 0.97 1.30 0.09 0. I I o. 16 0.21 0.29 

8 865 865P 0. 42 0.51 0.66 0.97 1.30 0.09 o. 11 0. 16 0.21 .29 

9 910 910NP 0.52 0.53 0.55 0.61 0.69 0.14 0.16 0.21 0.28 0.38 

NP:~1:~Hl'..1'!1it Sat.: ~lll P: t&it.1'! :!it NA,~,PJam 
NEti.R: llfµf~~ 8 lxllt1$(PFT)( x 103 ) 

( 4) SeaWiFS 

lit -~ ilt&~Jjt MAX STR jffi ill: 
( Wm - 2sr - 1 µm - J) (Wm- 2sr · 1µm· 1 ) 

SNR:SPC SNR:PFT NEti.L: PIT (nm) (nm) 

412 20 136.3 91 499 990 0.0919 

2 443 20 132.5 84. 1 674 101)) 0.0771 

3 490 20 105 65.6 667 1170 0.0561 
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~ ~ 

ilt !{;_ i/tJ1Q:~/Jr MAX STR 
NEt.f.:PFT .iii ii SNR:SPC SNR:PFT 

(nm) (nm) (Wm - 2sr - 1p.m - 1) (Wm-2sr - 1p.m- 1) 

4 510 20 90.8 56.4 640 1152 0.0490 

5 SS5 20 74.4 45.7 596 1069 0.0428 

6 670 20 42 24.6 442 781 0.0315 

7 765 40 30 16. l 455 859 0.0187 

8 865 40 21.3 10.9 467 726 0.0150 

-t<<ti: MAX: tf!1'11$t-!'$; STR: f;r-11Uilt-t$: SNR: SPC: ffillJt lt: tt*1"1fre;SNR: PFT:1allilt: :fii'P.l~rr~ iAfH; NEt./,: 

rFT, II# ,.tr~~ 8 ~ M $ = tr-l'tHI ~ $/ 1r,r 11JHt , 11: 'fin. rr~ ist ffi o 

~-;IJ: Barnes, R. A., Barnes, W. L., Easias, W. E., and McClain, C.R.: SeaWiFS ffllt-tit ~ t-f lltr(J(J~t&lfl 'a-, NASA, 1996 ~ 
12 ,E! ,SeaWiFS ti*lfHr .AUlJ , ~ 22 ~ ... 

(5) MODIS 

it! 
ilt ~ iltSttfl!'. 1titUIM$ NEt.L ii 

( Wm - 2sr- 1µm- 1) 
SNR:src· 

(Wm - 2sr- 1p.m - 1) 
::t~Et:.ffl (nm) (nm) 

645 50 21.8 128 0.1703(250 m) lli!Ht!!./~~ 
2 858.5 35 24.7 201 O. 1229(250 m) i!l~ 
3 469 20 35.3 243 0. 1453(500 m) Miit!V ~ tt ~ 
4 555 20 29 228 O. 1272(500 m) 

5 1240 20 S. 4 74 0. 0730{ 500 m) 

6 1640 24 7.3 275 0.0265(500 m) 

7 2130 so 110 0.0091(500 m) 

8 412 .5 15 44.9 933 0.0484 * !5/i-'1-trftt:tw 
9 443 IO 41. 9 1325 0.0317 1=. !lt!J :II!!. J'1 {t ~ 
10 488 LO 32.1 1308 0.0247 
11 531 LO 27.9 1385 0.0183 
12 551 10 21 1114 0.0,189 
13 667 10 9.5 1163 0.0082 
14 678 IO 8.7 1265 0.0069 
15 748 10 10.2 1077 0.0095 
16 869.5 15 6.2 1000 0.0062 
17 915 30 10 167 0.0599 *~'Pl.I<$~ 
18 936 10 3.6 57 0.0632 
19 940 50 15 250 0.0600 
20 3.75 0. 18 0.45 0.05 ~im/~ ~t!il./l 
21 3.9S9 0 .6 2.38 2 
22 3.959 0.6 0.67 0.07 
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~ « 
i~ K iJli t12 j! fJl: ftifUill't$ NE6T 

:=E~J~.ffl iii ill SNR 
(nm) (nm) ( W m 2sr - 1µm - 1 ) ( W m - 2!'r - 1µm - 1 ) 

23 4.05 0.06 0.79 0.07 

24 4.465 0.065 0. 17 0.25 *~m!t 
25 4. 515 0.067 0.59 0.25 

26 1.375 0.03 6 150 11: 'ii-I nc ~ 
27 6.715 0.36 I. 16 0.25 

28 7.325 0.3 2. 18 0.25 

29 8.55 0.3 9.58 0.05 

30 9.73 0.3 3.69 0.25 $t. 
31 11 .03 (). 5 9.55 0 .05 ~ iif / 'L- lti iB It: 

32 12.02 0.5 8.94 0.05 

33 13.335 0.3 4.52 0.25 z; ]Ji~ /Jt/::k~ fitj ffli 

34 13.635 0.3 3.76 0.25 

35 13.935 ().3 3. 11 0.25 

36 14.235 0.3 2.08 0.35 

. (.ili.ilt 8- 16 t1HJHt-J J.1 SNR - PIT flO o 
~~-:Barnes~( 1998) ; Es.,ias "!,( J 998) v 

( 6) MIERIS 

iii ill 
tit K 
(nm) 

ia: ~ '.ll JJt • LST 
SNR: PFT NE6L 

(nm) (Wm - 2sr- 1µm- 1) 

412.5 10 47.9 1871 0. 0256 

2 442.5 10 41. 9 1650 0.0254 

3 490 10 31.2 1418 0.0220 

4 510 JO 23.7 1222 0.0194 

5 560 10 18.5 1156 0.0160 

6 620 10 12.0 863 0.0139 

7 665 10 9.2 708 0.0130 

8 68 I. 25 7.5 8.3 589 0. 0141 

9 709 9 6.9 631 0.0111 

10 753.75 7.5 

11 760 2.5 

12 779 14 4.9 628 0.0078 

13 870 20 3.2 457 0.0070 

14 890 JO 

15 9UU JO 

.. ~~ L Cti(~l!El :Rlf! ff! 60°dit!A!.Jlt 23 km;it!JT-f-ll'l'~ifU~;~- 350 DU, 71<~ 2 gcm - 2:£"'f,,A;: 58.6.N. :Jc~ 80;#.5'c~ 

fliffJ 1ft,C,, ; 11~~ *~It 0.3 mgm - 3) ~ NE6L 1'.J""f~~leJ:$HJf$m"'(I .2 km x l. 2 km)~~ ~ Jff .fMM$.iAiilt 10 #1 

11 ;).J 0 2 iltfi ,imil! 14 ftl 15 1'J H2O, tlUi iJ.H!io 
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(7) GLI 

LMX 
iJtK vti9:~lt LST 

#J~ firuJt!V:k~ SNR:SPC SNR:EM NE6L:EM illi ill: 
(nm) (nm) (Wm - 2~r• ,_.m - 1

) _ • 
1 

- 1 
(Wm - 2sr1,,m 1) (Wm 2sr ,_.m ) 

380 10 59 365 600 779 0.0757 
2 400 JO 70 139 800 1373 0.0510 
3 412 IO 65 130 800 1453 0 .0447 
4 443 10 54 109 560 800 994 0.0543 
5 460 JO S4 108 624 800 988 0.0547 
6 490 10 43 86 800 1603 0.0268 
7 520 10 31 64 539 600 706 0.0439 
8 545 10 28 56 549 600 637 0.0440 
9 565 10 23 47 800 1262 0.0182 
IO 625 IO 17 33 800 996 0.0171 
I I 666 10 13 26 800 863 0.0151 
12 680 10 12 24 800 853 0.0141 
13 678 10 12 438 200 260 0.0462 
14 710 10 10 18 700 826 0.0121 
15 710 10 10 311 250 300 0.0333 
16 749 10 7 14 550 684 0.0102 
17 763 8 6 350 130 164 0.0366 
18 865 20 5 9 450 739 0.0068 
19 865 10 5 304 130 151 0.0331 
20 460 70 36 624 200 284 0. 1268 
21 545 50 25 549 150 22) 0.1 131 
22 660 60 14 ISO 100 202 0.0693 
23 825 110 21 257 140 334 0.0629 
24 IOSO 20 8 203 300 359 0.0223 
25 1135 70 8 200 350 366 0. 0219 
26 1240 20 5.4 138 70 355 0.01S2 
27 1380 40 1.5 94 120 149 0.0101 
28 1640 200 5 69 109 268 0.0187 
29 22 10 220 1.3 30 105 129 0. 0101 

NEAT:SPC NE6T:EM 
ii!iitt vtK ilt~~ffl: TST TLW TST TLW TST TLW 

(,_.m) (,_.m) ( K) (K) (K) (K) (K) ( K) 
30 3.715 0.33 300 250 0.15 I. 8 o. 15 1.4100 
31 6.7 0.5 300 200 o. 1 I. 5 0.07 1.1500 
32 7.3 0.5 300 200 0.1 0 .07 0.8500 
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~ ~ 

NEt.T:SPC NEt.T:EM 

jffijli iJ;t K: iJ;t f:11: ~ m: TST TLW TST TLW TST TLW 

(µm) (µm) (K) (K) (K) ( K) (K) (K) 

33 7.5 0.5 300 200 0.1 0.07 0.7600 

34 8.6 0.5 300 180 0 . I 0.5 0.03 0.4900 

35 10.R 300 180 0.1 0.5 0 .06 0.4300 

36 12 300 180 0. l 0.5 0.09 0 .4800 

~ 4•: LST: f,f./'!Efit Afflllt-~; LMX:Iil::kfl M$; SNR: SPC: ii'.i~ It: tt*fifru; SNR: EM: fl)f lit It: Ifiltt*mitffllliil: 
ffl ;TST: 1ii,?it~ >...m!1!: ;TLW: il.f ~ :lfl-lfj AiUl; NE6L: PIT: ilfpf~~ o fl~$ = ~l'!Et;i Ai!!/t/f~ilf lto 

i;t;· : ADEOS - 0 /GLI CDR X ft-( El X), 1997 1:f- I J:l o 

(8) S - GLI 

vti<: ilt~~J'll'. LST LMX 
:i!i:i!!: 

( Wm - 2sr 1µm- 1 ) 
SNR: SPC NEt.L:SPC (nm) (nm) ( Wm - 2sr1,_.m - 1) 

1/iHf 7K ~ ~ ft. {5( ( OC I ) 

412 LO 65 130 800 0.0813 
2 443 10 54 109 800 0.0675 
3 490 10 43 86 800 0.0538 
4 520 20 31 64 600 0.0517 
5 565 20 23 47 800 0.0288 
6 625 20 17 33 800 0.0213 
7 680 20 12 24 1000 0.0120 
8 710 20 7 14 1000 0.0070 
9 749 20 7 14 800 0 .0088 
IO 865 20 5 9 800 0.0063 

k ~!.311i!i~~f.J /J(( ALI J 

380 10 60 400 500 0.1200 
2 400 10 60 400 500 0. 1200 
3 443 10 50 600 800 0.0625 
4 460 10 50 650 800 0.0625 
5 545 20 30 550 600 0.0500 
6 67R 20 23 450 400 0.0575 
7 710 20 20 350 400 0.0500 
8 763 8 6 350 400 0.0150 
9 865 20 5 304 400 0.0125 
10 460 50 40 624 400 0.1000(250 m) 

11 545 50 25 549 400 0.0625(250 m) 

12 678 50 15 250 400 0.0375(250 m) 
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~ « 
~l~ tJHlt ~ I II'. LST LMX 

iifi.i! SNR:sp c NE6/. :SPC 
(nm) (nm) (Wm- 2sr1µm - 1 ) ( Wm- 2 sr 1µm - i) 

13 865 so 20 257 400 0. 0500(250 m) 

14 940 20 10 200 400 0.0250(250 m) 

IS 1050 20 8 203 400 0. 0200(250 m) 

n".9r~ft ix.(IRI) 

I. 24 0.02 5 138 400 0 .0125 

2 I. 38 0.04 I. 5 94 400 0.0038 

3 l. 64 0.2 5 69 400 0.0125(250 m) 

4 2.21 0. I l. 3 30 40 0 . 0033(250 m) 

NE6T:SPC 

(µm) (µm) TST TLW TST TLW TMX 
3.7 0.3 300 250 0 . 1 0.5 340 

2 6.7 o.s 300 200 0. l 0.5 340 

3 7.3 0.5 300 200 0.1 o.s 340 
4 7 .4 0.5 300 200 O. l o.s 340 
5 8.6 0.5 300 180 0. I 0.5 340 

6 10.8 0.7 300 180 0 . I 0.5 340 
7 12 0.7 300 180 0. I 0.5 340 

&1!1
: LST ,t,f;?fH, ,\tilt-P¥-; LMX: Jil:.k$f.Btt$; SNR: SPC: fii~ l:t: tt*f.-1:~; TST: fii;~~ ,\/A/JC TLW: 1~ it!.-'¥-~ A 
ii.! /.{ ; NEt.. l. : PFT: lit ,U -~ ~ 8 ffl !M' $ = t;r-l!Ufi A tlUFt-!. / ft !!JI l:t o 

~ -t·: T. Nakajima( fl, A ii!i fft) " 
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m~~•tto m~~-~~4~ffl*•*•~.~~ffifflM~•g,ft~~~--~t¥7*~ 
ffi ffl ~ * :ffi: ~ o !2sl JJt, 7ftJ: PF 7J( ~ tt ~ tE if 9P ft~ iliJ ~ tt t\s la'] 1-t ~ ~~ ( GO DAE) ~ ~ ijH'~ -&t x~ 
t1J11) ~ ~ ( I GOS) it :JG1J tf:1 -JiHltffi: ~Er-J o ;(£ GOOS ~ :it!!.fJnW. ij1J it trJ tf:l T :5-} I¥ o 

-~*~ttffil¥J~~ *~~ffl~~~~~~l1tE~~-~~~l1o~~~~W~t¥J~ 
,C,,fnJM!z - ~ :lilfREE f 1::~fkiJt.tE*R~Jf±Jt~~tf:l~~ ~fffl51®1¥J 1::-Wt~it.Et~iffi'.~ 
Mmo~¾- ~-~-~*~a~•m-~~~~~~~ffW"*~-~~~-o~rt~ 
!fo/J • # !.~ B':J @@J Z - ~ : 1:f tit W-11! 00 1¥1 ig ~ Wf ;W- IE;(£~~ at , ft f 11 tE it i-Q: ~ ® faJ ~ At f.JJ 1.§t lf 
~~~mt¥J•~*~ft-~o ~~~~B*.•~7J(~ftffltE•~WWl1t¥J~~~~nffi 
ffis ~ 1f! :fl. 1ft ffi.1¥1 o w11 Wl ¾f 1~11 ~ '.§ • ~ t¥J BI.~~ m· • r5 ~ ~ 0 ~ n oo t¥J am~ ff tliJ !$-Hr :tm 1K 
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miHt!J• * R ~ 

im'~·tt ~tl¥J ifiJyf. 7J<~~~~p;i.j#:fl:~*af.JRJt. ~P1t~RfJ!fUF.uitlt.RJlo 
.3t ~ R Jr ( f1l 11!!, I;{ ) .R. ffl: tt ffl af.J ?t t# .$- .f,N jg 4 - 8 km o :i! ~ tt ffl tE ~ ~ .3t ~~~ff l'oJ 

lffi Ft'11iJf'fl Jr rni ~~ 'ir,' _/li -~ 0 I!] Jlt, xt. ~ 01-$ i)l ~ ~ > ' I GBP fU GOOS ~ f9r 1!v lk a'-] - ~ ruJ ~ 
~~~ffio :i!~n™~*.l:~*~--~- ~*~af.Jftfflo 

~ it!!J~Jtttffll¥.J'ltt#$-ffxJg I km ~tJ\f l kmo :i!~fttm:xtfrB-;$*~~= ~7.1<~ 
fiJh1:~i=~1Jff JfJ o ~f:j(#iJ Y$ l:J:.?5 ~~~ fl~ ( Gl,OBEC) , #IJ,{$.!W#IJt~If. fF ffl ( LOICZ) fU ~ 
~ ~ ~:U:lit~ ffi ( HAB) ~it ~ljx;j"~~fttmtE.¥.HJIJ~~@o 

. .ti£-~#~ 4: R It~~~ m Et'1 tt * ~ * * ~ ffl f'i:i'1 • * m i!r ¥r?t n'J r ~.:;_ rlJ i£ o 

ifiJ~7J<~~~'lt~a'-J~ -~~~~--~•~~o ~~~~tt~t¥.Jft~~6Cw~M 
7(~ fgiffl c-p ,C,,(f~4'.,~J2£), f4~ fvf JEit-ti, C tzn OCTS fU SeaWiFS)f!lffl:fr':~iiE ~ 6( CZCS) 

Z~#~8•¥*1¥J~~ o ~k3#~$~~Et'1tt*~** ~ ffl~.M~~iiJJ-fi~ffi~ 
~ftJ:i! J!i:.~W o 

~f:j(RJtftlM~RJl.~7.l<~a-e'-Jff~~*~~~- a~M~~~e'-Jii~•- •~ 
9 , #I;# 7./C 1!!. ii~ ,f tf 1£ .ii!. -15-i!!! $ , }A - JE ~ Sl ..t * ;fi- , tliii -'5· B flj 14 e'-) NOAA * JrJ .TI !I}. e'-) 

iftJ~riJf ~~ [1.~ )1 --··J_i)1'jl(_ %- 0 "!tn*ii.i!rftl :ltfi!!.ffli!r ( w JGOFS :ttl 'ff 20 -% • 1996) .P)ri£i1 
a'-J 11~~. ~f:j(ii~xf1~!Hl~~# ~,~a'-J o iiJ~ ii, § frJ#IJ~7.1<~~~.iE~f JA~ ~~f4~filfrJ 
:uff~~*~~·ft9~~~~1¥J~fflo 

S:f~tt 

ftITTB~~~(H-*#fllm~---~* ~•-a'-Jtt*~*§~ffl~ .l!IJlt,:i!~# 
10!1] Tit l'r1 ·11 it-·11: ~\ Jifi 5t }jlj f J:.J ~ IB 0 

.3t~#fl:yf.xfim1JEt'1tt*~>lt:tmT: (I) 1t~~l'sJW"~. ?tr#$ 7'J 4 ~ 8 km; (2) BtlaJ?tt,¥$ 

3 - 5 d; (3) ii'i!i-.Ef !J,'jftf.i : 3 -t- iiJ fil-:rt.:im:ii, 2 -t-ili:rt~rim:ii, 7ffl ..§. ~,@ (i]i Et9 ftif,t t,f $;f:U 

f~~ lto 

~B;j"faJ5tt#~H'r, OCTS, POLDER,SeaWiFS, MODIS- AM, MERIS,GLI fjl MODIS -

PM m iiH.:;_ ~ tE . .ti£tt *~*• r.~mL Fl:t£tx~ ff fiiJ - a :@~~ El ~ti~~:ax: ep ~~ &Ji:it t11 

Bt raJ :5t t,¥ $ a'-] ~ >Jt o ,m !ts OCTS ;f1l Sea W i FS £fJ i'£ ~ , - Ei :ii~ :ff £fJ 1t t# .$ ~ :;t: ll8 ti m: ftl ~ 
rll. Hff. ff) f& * ~ iff!J ( EB T PO LDER ~ ~ ~ !fl ~ x!Q. 7!i!tj fm jJ , * ll8 ti m: M 'E: ~ ~ 7') roJ ~ ) o !ts it 
:n, J:i&1ffiiT--·#~~ff ( ~ POLDER ~r) :(E - ,t-j!j: x!Q.79!~ }ff] Mp;] 5G mt a'-] ~ raJ M ~:Iii~ jg 

15 % ( Gregg ~ 1998) o fN Jlt. ~ £,~ ~ ~1qi:¥J .TI.fill: l'fJ :r:r-f-1Sl ff l¥J ft ii~ -@-ii J:IL ftJ Jfl 3 a 
N. ff, Hi: 4 :}( :f~ ifl riJ L:J. xW. 7~1/ 60 % a'1 ~ fl #Jl W. o 

2000- 2005 1¥. ~ ~ f lj ~ ~ #iJ ~ xi ll!11 Et9 Br laJ ?1° tJ¥ $ tt :,ft~*· 1l¥i ~~mt GLL 
PLODER,MODIS - AM ftl MERIS 1¥Jifij: W. 7}(~ttt@;;;t~5c~o SesWiFS :(£~ 51¥tt-JWi* 
AA, iJH_:,(-UH!-~ttffi,JB~M!ilUEB MODIS - PM ttH~ftfflo :i!- rr.tlaJ:ttt.l~ E '-11?511:~M(t-J~ 
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~ffl-t'fa'-J~~.~~(~#1¥J*:it!!.o tE~- ~M.~ITT~~Ll&ffl#mrl~~~~~~~ 
iWIJt5(:/'Jl, , f9tlt!JJ MERIS tr: lO : 00, MODIS - PM t£ 13: 30( _tfr -~) o 

r~}~¾fiy11J ~tl*~·31<1EtEJfxf{IJi!t~. ,~ J'til:0-ffl~, ~~ !i'!J?tt#*CO. l ~ 0. 5 km) ;ft!~ 

u,tra]j)-t#(fl~%-fZ·*~t&xfUiWJEl¥J o :f£ 2000 - 2005 ~AAi'sJ, MODIS,MERIS fO GLI ;(fr{\· 

~*~~-~™W~*•**•.¥f~~=~*~~ft~~~~%M$~@a'-J$~tt*~ 
:/t o [,(!Jlt~DTtJtff 'lt.tH-tfx•tt1- _t~~~a9~1¥J7}( ~~~ & i;i{r?:?¼o fftl-tzri, :t£7¥-'dfttl1o/J ~ 11 
(lJ;}(~. 11t~ ~ a ,J<:Jt(685nm ~iti:) a'-Jtrrt:¥f:t& ~-~~.!{I.at~~&. r~rrtt:1¥J & ili!ffi It o 71t.1t 
n 11{ ;<,t .::. ~ 7}( H~ rt }Jlj 1:f. fW 1:IJJ O ~ -j.J 1r,-1;,w_ nt ~ ~ Jj_ fii :nit 1¥1 ffi lJt tE =-~ * ~ ~ ¥1J H~ * J;}J 01°] , 

nrt:-if~ !fJr:it!!. f~n o 1-1 I ff 'It. )Jii.iE:iffi m a'-J =~ * 1t w: ~. ~ &, 3lif tt ~ *i!: (t-] .Jt1:l:m xm i9!1J tttm o 

2005 1-f ~1J-i5 , ¥f 7'} ~~tt*fi~( 'El.ti5l1L:i!t)Ii.11'a'-J 1; ffl~~~~fiXJL #}jfui~ ti?- ,~i.iE, 
F~~~~~£#'/t.~ff§ffl.~OO~fflPWmlt$~~ffi&~•m•*~~a'-J~-tt•o 
it·-~ Jll~ ~ ~tt ~i /RJ J'-t: -,E (11.J Ii. 1 r, ~ 32 faJ t/l t~ 1E ff%- 1¥J ~! ~tl ~Jf $1 ~.t m;: ~ * tJJ fr t'f o ~ ffff ~ 

'.il, i-JJ. i,mJ * * ff * Ef'.J ~ rt ~ ff ff tE ~ 00 ~ raJ NL ttJ ~ _t, rm ::f tE 00 ~ 7}( ~ ~ iffll I tF ffl 
( I OCCG) , I OCCG J,fil :tlf. IITJ lt :~ filltJl ~ m: fJHW NJJ , {B JE: tE ff~ i$ ~ it t1J t5 #J l¥J #} iJi 1f iti, 12: jjt 
~-1~ flj ~~fa] t]UtJ (t-J r:l fX O I OCCG § wJ a'-J fl:: m ~m {~ ~ ifi) ( 1911 tiri .ilt # ff5 :it ;f1J ~ {tti. * it t't1 * 
W), J-Hifilr~ faHJLf1iJil:l(.1J (11.Jff ~, 1itlf ~ :Q1alff ~( "!m ~ 4 tf 91J~Ht:J 200s 1f.atfaJ3:e'-Jff tftr) 
:il.H-hf it o Iliff~ ~1eHJLf~Ht1J El'1itt~, IOCCG ~JEM~it:i! ·- :m ~a':Ji*ffio 

2005 if ~J Jl i M ;Jc ifiJ: 7-'f. 7}( ~ ~ ~ a'-J § t,~ ~ : £ ~ ~:Htl!-t£ f~ it!!. rK #I ~ T5t< .R ~ 1¥1 .ii~ w11J it B 
M.*~Bffl~~~tt~.J'c*~~~ttft¥~ffi~~M~-o ~@§~~--ff~*~~ 
~~*~~-~~~~~~#ft(ll.Jm*ffi~.**AITT~•~**~~~~~~~m.*m 
,Jc19lw11r(ll.Jtm fl, -m ~xJf'Hi<-.fn ~~) i'l~:tt:!i~ffia'-J xW.1Wlto ~ lt-5tflr* :qz. o 
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IE ~t-#il: ~ 7]( ~ Mr iji I fF ffi ( IOCCG) (fl § 1¥J Z. - ¾: ~~*Fl:(£ ftl ¥f * (fl 7J< ~~.~iii 
Et~ tt * fiiJ .lffi IPl 2 i's] tJU~ 11 {!t ~ i,fij o 7'J .tlt § (fl, IOCCG :iE :(£ ~ Jfi- ~ ?IJ ffl 1S-, ~ it 7J< ~ tt * 
&a@ffl~&~Wcp~*-~Mo :i!@m&• 1o~G.:EM~ff~~*N~~1¥J-•.#~ 
N it~ 1¥J ffl5 ~ it ~:Vt~ a'-J 3:. ~ 1f % , ~ i.>l. EE tx ~ ~ % .:E #f o 

#. 91] :t1l 1a- a'-1 ~ - · t-ti u ( I OCCG 1998) ~ it :ff !ml #iJ: ~ ( - ~ 7.K ~) 7J< ~ ~ ~ 1¥J ft if jl 1i 
tt*¥*.~~-~~*~~~-~•m•1¥J••n1¥J~m~~o 

~~:ttl~a'-J~= t-m1a-~it-~7J<~W~ = ~ 0 7J<~Jj(~~~R~1¥Jft*~--~ 
M•~~1¥ltt*4*o *:ttl~~it~T- t-~~ttft~~a'-J~-ft~~:(£~~fi~m~~ 
(t-Jfl~t.:!L-r~l'uJBo 0 a'-J~ ;kJ~ feJtJL~~f~~,~t'.r-J ft:f .~- . ~ ~~ fil 7-1 **::f feJ M9i"e'-J ~ ~71< f!!. 
fl~ ffl ;l1J m lfftl i:T .!! H lr-J IE I~#, iJ! it t 1J o ft in 7'J • 7:R::@~ fttt ~ !f. 1~ l'iiJ 1ffi ~ & iM iT ;f1l ~ nx; ~ 
~~tt~•w•m~w*ffl~~*~~~tt~.•m- @~ffl~tt**•·*¥I-:i!~~ffl~ 
tt* ftdiEZm r 2005 1f=:M'~ M1¥J~~~0-flr z cp o tJB~ l"1~ T 2005 ~~ J§-jffiifJH&~t'.r-J~ 
& .itj W ( 1f ~ f:j( tiH& ff ~ a'-J :ff~ 1f 00 , t¥ :(£ fr 00 ~i-fr fF m~ ) , #-}tiJl. ~:i! - ~ ~ 1¥-J ttt fHW. 7'J 
~ -· • r!}! ~ ili 81.J ff * o 

W:·r*-ffl1!i-af.J §I a'J' ft {f]~7j( f!!.jfil~fl tfu0- ;feJ .= *~: ik *1t fl .iit ' f4-§ftuJf Jlfl ifJ!to ffit 
~~ iiE ( tt *~ii£) ft® o * * ~ lk ft fl® DJ ~Jl. ~ ~ll ft* 1-t ~ f4 uJf {f fitf ~ {~ a'-J tt * ~ *, 
ill~*ffl1S-m~*fiA~l¥-J~~oft*~~$(~~M~~fflfflcp~1¥J~~~-~£tt~) 
a'Lt ~ § e'-J ¾ friJ ifX Jf.f $ fl tIH!t tt ffl o f4 ~ f!Jf Jl ff® ( *ll Sea W i FS f1l OCTS) 5l t~ 90 ~ ,g-3t J5J< 

#i}:y.¥,Jm !tHJf1t(JGOFS) ~f4~itl1J o '.£ laJ f/l~ l:IJ ffl ~~~iiE ~iii , ~i,iE ffitt* ~ffifmjJ o 

~ ®ft ®a"J mifE~ ~¥f-fti¥-J [ WIJml~ff 1!~m:ni¥-J~ur~ t!i@i5tt;f .$fflM$ ( A VHRR) ' 'E: 

m #t ft:J tt tm m 1 •· r.t & m ::r: t4~ uJf Jl Jo fl:!~, tt * ~ * -M 1fZ tier m P IY-J ~ * o 

*ta-'ITB'-J ~ ---i9JfJL~~.1fi:3t~~-@-xW,11j!1J~~( IGOS) ::i(fq:o IGOS a'-)§ a'-)~~~$ 'M'IY-J 
.ttl!J.1c!fmJlM~±r.t' ~ Ej l()CCG er2it,1Ji,J1¥J *~ § fff-¾- itt¥J O g fff-Z - ~' ;imjj:~~-@-t'f:, ii)fl 

~ ~ fi}t ff ® EfJ tl:l .g- Jf :i:\ • ~~ * ~ Ai tit 1¥-J t'..t fir l:t. #1J )E j! ti 3t J5J< xm iYltl & Bt laJ l'ft ~ $ ~ * o 

Z£ ?HJ~ ~ !Im~ 19! ~ pg , I OCCG B 5'} & flJ I GOS a'-J l:IJ iia. , rm~ ffitl iT - rg! ~ iiE tt ffl * WHI 
1~ t't':i ~AA, ~ liJli ~ ~ 1~ rJ-1 $ - ix , ~ 1BJ m 1a 7t m , at raJ :i! ~ 1¥J * ~ rx ffl o 

CD -- ~J}(i,t- f-:.f.1 ;}( l,f( Yt•''tftl!ftEa if'ttllt#JJJr.jt~ ~#J~( lnl!i$~ ,¥f !t:tlll\W ,f'.e* :1r-rf:1;:#J fll .t 1'. Wf!!.1m /9i) JifrlJc 
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C) · --~*l* f-:.lli * l,t.. 'Jt·'r:triili: r:b 1Jl.ft.if.Vi:& ,!'>mrtt.fjjti.t ,Mii'W:~~#J !fft~av. u A ~ttJ~ fl!!#J!Ji.·< i! ~#J!fi~~;f. 
irl t«#J~ J![ a':J 3( ftrffi 1t It) JiJf r:R: ;;E i¥J I}( ~ o 
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* m ~ t¥J ~*~ii?; :li!: = 1x.1:z - ~ J! ,m ~ Pf tru m ~ ..t :t£ JiJr ~ t¥J ~ * . $ ~ J! ,m ~ :J6, ~ t¥J o 
rm n , j£ tm * m ~ t¥J 15 - $ * P,fr it~ t¥J • 'ffif ~ $ WJf .I! m IP] - at rsJ 1£ $1t g fi , :t tru m: f~ m -@ ::f~ 
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JI£mft.f7}(@.~~1¥J EY.ffl BJ 1t n--=---Jc~: ( 1) #iJ:Y-¥:~imffr!'n ~ i!liJfJE, iJ... if-l~jj irflf1{of 

,~~ff,«J& ;/,Jfi·z-j£1:f~~.1: ~1-t; (2) tf!JY-¥: ~ ~ fdJt~1-f ~rl # ~#JJ..1¥ftl:z lBJ ffilf* J}.. t'n 'Jc 
1-u~ Jt xJi~J911J ; o ) #if: J¥ * t¥J t4 ~ 5t-tfi fU ~ J!JL fil Mr.ff! ]Y. if l.!I! o ~ -* ~ e m iffi -m-~ .& ?HI:~ R It 
~~ffi~ffiffl.ffl=*~effl~~-a~~~R~.m~ *~EY.ffll¥Ja~~~--~Rlto 

Tifil~~t¥J~~~~~R~#•M-~•*¼B':J~*ffl~~~~~1-ttt~.X~~­
J G()FS :i! ~ -Sj #fJ if 1: tmtt!!.£:j(ft~u :fi.& :tt; Ej ~ J51< ~1Jff ff *-1:]J f§ :k B':J it t1J O ;i! .®it ~rj 'Nfi~ 

*Mflffl!Jl< '@rttJ:1.filflKii~), '.iE fltliJf'fEftfi! ~'~ i!~ ~M'ri~ f~Fl~t¥J~oinJ, #1lzE5 A. 
~ i8iJJM#itt.f.ff1tJ: C 19.tti~ f~*M~ ft) l¥J JaJ M~ ftfr'ia(iiJ ~*** o 

~~ctm•~~~~*~~~~•-~c~*~•o ~~.~M~~~m~~•m* 
1'.fl CO2 , ¥f 't: .tN~ 7-1 ~ f!L f~ , :f& flJ ~ ~ :(£ if • ffi ~ ( ~ ~ ti - ) fn -1t- ft!!. f§i *-1L - 01 o :lt ?j:,: • :(£ * 
~~m01~~{t-J*~~m•n•~~-~~-fi~~~m•• m~~tt~*~~A•~~ 
CO2 ~JttJ'cJ:f~~Tffil!&~:lt~o ;!#" ~tm * "(t-J *M~ ffl ~±gf5X~7.K Ji¾ .'it, En CO2 ( TC02, ~ffJ 

h C<)2 + CO3 + HCOJ)~/l l:t*fil7X ~ :HJ ~{t-J£*lff-~ z -o ift:ifr(t-Jfflrt:uJf J'.EW. ll}l, ~­

ff! ~1 J!t!:ct fix•tf uffl ~ 21 titre~~ CO2 ~ i&.&:Jt!::f ~151<~ Ill l'n :tf:l*ttt~ ~ ~ ~ o 

~:(£~M-~*~~~ftB~~~~W••~~--a~~~~-1t~~~~(~~ 
J-.¾-tt--a':J )T~o r!iftf1JJm.1:.Fit(ffi~ xt CO2 1¥.Jq&q~) ~~t]It~}J... ~ l'aJim~ :lit, ftl~~rif 
~--~~-al'fJ~~*fittno m~wn•~.½~~FnttNMMA~•m~~-% 
:11:: ?It~~ ( Platt ;fiJ Sathyendranath 1998; Behrenf eld :ff! Falkowsk 1997; Field ~ 1998) 0 lz;J 

llt, :I!. Kr¾. 7K fg 00 it M .:r: rffJ: w-m fl. 1: fC-n a'1 ~ ~ 5t -;/ff 3f H:J it if11 ~ a-t !al~~ ft it t'n rt 1iJu i-r t-t: + 
~~Wo A~~~E£(f,J#iJ~~Mtt!!.W•±~M(fJ~W*~.~ITT~~-~~h~~~­
~tfJ(Field ~ 1998)0 

rimH«~f1-1 K11!!.'9i*-iL 11& lJ50ij~_tmt¥J 7A id:, tE~~ffi<.R. r . E (i1~#!JW~~t ~ 1r-m~ -
1" .fflAfJ!ff o 7.K ~ 001t E. fl =fmJ1$__tm~:illi fti.-r:Yro :gJiiJtlr1B~ C Sathyendranath ~ 1991 HU 
·Ji~Jn:A 'f-¥4'~( Lewis~ 1990) ~#ii IX, ~ -~~;j~ft i·tTI: (fJ 7A:im tr! ~1.& mJY$ . .t ~~:¥ H5t ;ffi 
~~~+5t~Bo 7.K~OO-~~M~ffl½~~~ffiA~~- *•·~~.~~~~fil•M• 
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l'r:1 ffi :J1Hm n , J1. !i m ~ (t-J 11t ~ ~ tm jjfi :ct rx ~ pg tm ~ ~ * t¥J 1r ~ , rm 1r fl IWl 1-t ¥11 tt mm~ . 'f. 
Wll'.r':JtiHfi~1;- Ar&n(l'-J( Hofmann ;f'Cl Lascara 1998) o 

*~m•~•*m*m•~•~~HX*R~~•c~~~~m>u~•M•~••~ 
c~XJJ[JT;fln't:J ~nJPJ ( Fiedler 1984; Feldman~ 1984 ) o .E£t¥J~- ~jJ 11 R ~fflpflffl1J~5t¥J 
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1998 ~ (1-Jf[ ~FJE!. m~~~i'ft1Jtf?;~ffH&~T - -t- 6! fft¥Jii!191J, ~ ajj ~ffl~E£7l<~~~t¥J~, 
W#.~&U~~mflm~~Mffl*t¥J•Wtto ~OCTSffi~I~~~~T~~~~~~ 
~'1 . r.~ mi . ~t ~ 1fti !t!f; ·f fl) (t-J ii}* i;}j Ofnl ~ 1:: :(£ OCTS !JE ~'.t Z Fo, Sea Wi FS 7f lfci tf ~ tt ffl Z fii o 

PJr ~:i.. ,~ ~ ~ iii=M:;t-¥tFfa :Jt fJE FF it~~ 11t~ ~ t1i nrtmm apJ a'-J ~ff ltl -§!{t. 1'fi ~ lr~ # ~ liil 
~TI~B-fto ~fA~m~--~~~-~m.¥3~~~ffl+Fo 10•~+$•rt-J~£ * @. ifil ~ ~ * 91J ~ ~ x~ iW1J f1J (t-J O f91J "ttri, :illi:i:1 fiiJ rm: ffJ * '=t, A~ m- f9J ~ nl iw itP. ~ c #ff.~ r:t:i 1:. F 
-l1t~ ;#1J~ ~ tt~) a'-J ~ jz; ~iWJ ?'-F 4:i ffi1:. lHt'-J - - -t-:1: Ji-*iW- ( Cornell ~ 1995 ) o + $ • t:J 1E' , 
-~~~- --~~m~ffJ*M•-~~--~F.hffJ~•Ma~F~B5~~a 

MJl1-1W itfJtJ: ~ .ffi'. ~ f'~ 1/r m ~''"ff{~ tt * ffJ A~~ ff (iJ cp 'L' 0 s Mitt 1Ja (r-J J:. ~ m i;)J ~ 

~~,~ft,Ift~~~~~•rm*t¥Jffiho •~~m•N5-t-~fflP&~~~~~~-t­
±~~ml¥J~~.~lf~~~~A~m~t¥J~~-~:fll~~~~OOo OO~~~~~~tt~ 
( IGBP) 1¥Jtb: 1L'itx1Jz - ·-r&Jl¥1trffll~ fflK fF:ftHttirr 1993 •itilHT' /9 **•~*of 1-f 
tt~ * s'ffi=J]! !li'd!t -r Pf 1,f (f:J t4~ ~ ~( Pernet ta :f1l Milliman 1995) o 

iRJ:1'¥-1Wit!!.rRiftlt(r:1 S M~ft5I® TA ffla'-JVk*¾:i:f: o I~ .lit, Jf ~ -'JJrfr 1¥-*~~mf-o:i:.t 
~~-~W~e ffl ~ ~*~ffll¥J~~~~+JT~Wo •~AITT~~mA.~~-~ttffi, ft 
~ Jik J !Jl 7J< ~~ti:(:£ t1t: 1Jt -A* 7J< ~ ~ tt 1f ifii iif .® ilJ 1c ij! fF }ff a [i;] Jtt, "SJ VJ. ~J Jf:l Jf. ~ a,t ~ ?t 
M$(r-J~£ttffl.~~#-~"tt*,M~M~i¥J~m~ao ~00~- 3••*~~~~-
1¥J ~~j 0 

2.J . 1 A~j~~ 

l~ rfT -'=i .I. ::lU19 if ~ 

~m~~zffl*~rt~~•~m•~~~m-•~~~••~~•~~~~~~~.~ 
~-~~*~1¥J~~Mttffl•~ ~-1¥J~~tto 

jR ihr-

~~ff~~~~~~-~~~ . ~ n ~ F-~ ffl 3 ~~~mo M~. -~71<~~~~ 
( 1:.itir'iJ7J<*t£nSJTQt.fJII) ffl~~fstt!R(~1Cg 't&Jis , nti»fii~a'-Jiti:9:)o f;Ki»f 5(,j-f~~rt-Jillr,! 
1: :~i JPt'H ml tr~~ ;f1l $1-I1iJJ liJt. ~ ) tE. ¾ lf 'it- H':J o 

;ff.dt 

tit W 98 % ti. ..t. l¥J. r# 1: ~ 1fft m i1 * tr~ =f #iF ~ ~ 300 km l;J. pg l¥J. ~, - ~ ~:J. J: (fJ. Y'f 
~I: ~ -~-± ,u: hl ii?. ff#. -f ~ - - ft!l. JK o ~ 00 :f1l 00 ~ J: ~ 1f 1:ttt!! , i'iT-tif ~ ti!! ~ !? ;fa W J.!t! rff! At ~ 1W- , 

~~~~-~~-hl~Wfiff~~*o 
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,t: Jr 
e, ~ ic*~ aM. tE il ~ rfrrHJ:it!! 1K, rfr J$ 7.k~ff ~~ ~-~ ,@IJ :if/ 110 o ~ @~ ~ ~t't-J .:E ~ * 

••¾~ft~*••~attfto ~ft*a~m~ ~~aH.X~t't-J~ ~~-•m•~-~ 
a:lt!!ol.K•••~~~-~-ffi•t't-J~*•~~®-~r.~--~MS~ffi~*~~m• 
~, #ii rt itlJ tt 4m ~ z 9E t: o 

2.3.2 et?&$ ~ 

,f~ ~ 7K ~ 

~~~~~ili~~ffiT.~7.K~fftE~~t't-J~~!fm~o~~~(EE~~~-~~- ~ 
~ ~ ;fd!J: r ,t i:Q, ff) $ M ~ t~ ~ ) ~ • , % $t * im ~ ff) j-f. tfc, ~ TAJ Ji!! Jx1. ~ #l1 tnUfJ ~g ~mi. 1tt 0 

.i! ---- Jll~ ~ 5H:it!! IK frt{ilf¥ ~ftJffi.i~~nxF-11:t't-J~nlnJ o 

1ir if ~ ~ :i± :i ~ fi 
fil~*~t't-J~~~~.x~¾fil~~~.~~ili~~~-~~£~~o~¾EE~~~~ 

w m n ~ 1f ~ ti;: ±Ji~ ll'iJ tF m '31 :& af.J o ~ ® • ~:@: ~'l'-a'-J u it tOJI < il: 'M' f.f(J ~ m: ~ .. fi * :et it~ 
7-Ii" )(fJ~·*mnJiiJEj EtJ• ( JiJriVla'-J-t!fr.iWJ~!fm), u.t•wtM"li~ffi ( C_)anobacteria) ~~fiti~~,t 
ii• (t-J :if~ lf * O 

ff t.t Ej ~ / l,· ~ iE 

#iJ W- txfit!k~?~ ~tt tt~ EE 7J( ~ i=f:t rJe r.t'~it~,f,r.JiJr'5 I® t't-J o rJe &~ii~rle t.J;-~3~ fliJ 
im. ~ 7,iff. ft-) l;1;.11~ 0 

rfr#!J YUN- iiJtif~~ Jl! tY-J ~-~tt 13 ~ 7-J A ffJJiJriA i-P.o ~ Jtt, -~- ~:1f £ )E itL ~!&Tfii t£1:1t!Y-J 
/f ~ *m 7~1l 'iA 1,R tfr mJ j;f m ~ WHU ~Jt'Hr-J ~ -ft 0 

JJ<flt ¾i:5~1J 

§ wr. rfrrlif:;}c~fl'1 ;}c}gj:~jff"tf -~-~;;$:.t Eb m~ rm~~:iit( tm ff tr-, Wr}f.ls) mi;fJf1f, ~@f"tf ,@­

-~ffl*~••*~~. ~#~~fflTTRJ:it!!ffiruffi~o ~~ffi-t't-Jm•nx:;;$:mg, ~~~~ 
-~~ ~ ~ k~~~S*a'-J~~ o ~®~*.M~--~~TTI&*~fflMW~Alfa~* 
JfffftJ.~.a'J~JJ(Holligan ~ 1983;Dupouy ~ 1988 ;Tassan 1993;Sathyendranath ~ 1997) 0 

i!i. ii:'. it-~-
me m:. ~ ffi *$*~Jc , 0- fJr 1r rt~ :ii m tt * 1¥J ~ ~ * * tJE ilr T ~ ~ ®l ~ n £ ~ tt!i £tf.J TE. 

m . WJ ttirr ~ M ftR X t# s # (t-rhfHf m i9J ' iiJ ~ JfB~?t fff fa ~ # fff 10 ~ (t:J £ ~ jffi ~ 0 § wJ' B 
if JL t- 00 ~ ff 'It. nx r}J ~ * * tJf. . 1( t.tt 1.€f! Jm :ti: fil #ii * ~ (t:J S ~ ft= ~ ( Sugimoto f1l T ameishi 

1992) o ~ - iftt_ill'.ruJim:.li1: f!!.~fitiff reJ !Wiir-=f~~ £~it ill £tf.J m!.~. ~ B tEtlt!J/.1g_ mpg xW.iYM 
flJo 1994 - 1996 ~. fl-~*J& T -frJ]!t'lf.J'}f J.mn\'m:, JLf--J;:_~f!J(tJ:ffi:~t4~f4f£7Jf f!~Wf~ffl 
~-@1J~ilL •w:ltiili:(fju}fJt:(Pauly ;f1l Christensen 1995 ;Pauly ~ 1998), th.~~~ 10 ~~w 

ffi~l't:J~~.~~~~~~~Tff~~~~~~*mtE~~-~~t'lf.Jf'Fffl o 
a•niiJ~ffl••~~~~mm•.~••*@ft• ~ili~~M••~~•8m•~ 

1-,'r.. tJ, 1tR.Jt5t-1ni$. tt~fHJa/1jl1JftrWiff ~ o :i!~~~ff 1¥1 l'oJtlt. 1'i""i:iJfmtft:i! A. ffJx-1"1:.~~~m 
f½&~W•~~Z~**~~mo 
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M~~~~~*-ft~£-~*@B~1¥Jtt#&~~ffl~ffi~T~~: 
< 1) tt~m ~ w1~r~H. filtti&:~ttft-!:J~It, f~~tttttmffliPIJitl~$~>Jta'-J><11~1~ 

;f(:t: 
(2) ~tff-itt11, ~iil:~~fftt~a'-3~-~tt. ~~J;EW:~ii'Jt.M 1§ I ;(£$Jl.~1litffiEj1']} !m~ 

tiJ~ffi:z ra11¥J11:1t; 
(3) ~ § tr-.J7j( ~ rn:t. & i~#f!JfFt4~~#1~I1!~~~@1¥Jttti tcJ1i; 
( 4 ) lt~tt~~itt1J, ~iiEttffl r:iR. ~~__t~~:izSJIJ~~ffiM § t~; 
( 5 ) % $; tt ~ ;n: &'h .& Bt ftiJ Jfl P :5t 'it. l¥J fJl mtJ o 
I()CCG £~*i.!r.F-€i-J:.j£ 5 J9itr-rfEl¥J ~*1t1t'lfrrf0 f4~ft $, f§.fi'ijBtiEi-J.. i,,RJIJ, tt* 

~~~-~-~tt~~~-~~tt~~~~l¥J-~o *@B~ft~~tt#~~tt~A~~ 
~1J l¥J I!& 11 I h , ~ jJ :ifil ~ ff miJ m: ff! '.& M tr-J ~ft Jt ffl x-t $3VJ\, nx: :2fq1?. ~ ilt o ~rm, NASA l¥J czcs 
~~•~.;(£-1.~s~~~~-~~•Jiz~.tt#~~~•~•fil~•~amtt• tt-Jff~ 
m ~ ::--r~ * < czcs 7'.7 - rM •it~ iiE ft fit . m ~ t£ ~ M z Fo t'-J 1 o ~ . NASA 7t * t4 ~ M 1l tt ffl 
~~JJ, .f?:f~;fU5}'$_ CZCS OO~) o IOCCG ffil~ffi.BJJOO.~fBJit:lGtl :itflj:ffl:~~-iiEit:ltua':J § 

~.@~~~~*~~@~~~-~~~5~~~1¥)~$~~'/t.~mmo ~~--4-~# 
tfr ;r~ '@.fi5 ti * iQ: iiE ~. it~ iiE {t ffp O 

I OCCG ~ --t-1'& -i!r ( l 998 if ) ~ it T ff lffil j;: ~ *-@.im ~ l¥J I1rd~ tt * ~ *, Jt: ~ .1:\HJi! ~ 
.~Jt ~ll F o 

3. 1. l ~fa] ~BtfeJ!t*~* 

~~~-fttt~~~~~~R~~*~~•~z~ . ~~R~~~*~-#~-~~­
-~o *~~--~~:5tM$~*~};E~-~~~~~8~~~R~~&~H~~~o 
7 ~ 1 o d ~-J .Ifl-¥.9 ut~ ~ .t~ -- M 'iiJ ~ Jtm~ # rift fi !fm u ii~ f1 - ~ l't-J * ~ tt ::t 4m Jffi. o ~ im, 
rt-1 .1-J "1f-'·:t:1:J "mi~¥ ,y V,'(J 7.X tfJ jlJ!lj itffi. ,P,1r ~, J.tjlj ~~tnJ~miHl'-J;@ ~ B,jfa) 0-m$~ 3 ~ 5 do 

4kma':J-~0-M$¾#ffl~~~-~$tt*ffi~o *~~*~~$~#~- ffi~~ 
'jg I !} A VH RR :im ~ii~ ili a'-) #£J ~ rlit!t ~ ~ 13: ~fit~ ( G AC) ;n: ui ,Wt# - ~, ~ j;J #if* IL'l'. 
(SST ) -1=:J D·j·~~:l:mu'-:J 1i:ti l:t.~ J;l.~$)tj:;:1¥J ft.~fft'ffi.o * .ffi 4 ~ 5 km ~JC0-m$a':J ~ - lf jJ 

n~~M~ftffim~~m~~ffi,X~tt~Bfflttffl~~~ffffl~o ~$~~-~•*• 
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ltrt1ir* ,Eij 20 km( 0. 2°) 8'-J ~m i'aJNe , ~*8'-JfJt it~ BJL 8Z ~.:..l ¥ 1815t$J$$ ~ 0,,' 2 1{f f ffi~ µxJ 

mr•Jffl~s'-J~*, J.J ~ ~ mj:t *. M Miffif1l Ja ~ -11:~ ~ :l:J., ( 'EI.1i5 ot~ ~ a :l:J.,) tt t@ o [2;) .lit, 
1 o km~ :,c@Q ':1i rl'i 7JC ~~~ff~ 1~ I~ JJ[ ~ rsJ % m$ ; ~ ;(£::f P-.. o'-J ¥i-*, mA µx] m 0-m $m: ~ 

f lj 0.1°( IO km), ~~Yi[lff_ 4 - 5 km ~ jc7t$J$.$¾9J§- 10 ~ 7.l<fg~~~-&rJ1s'-rlt*~*o 

3. 1. 2 ?'t;iltt*~* 

ftm~m*tt*~*s'-J~M• e~~Mm•~£~m•~1¥J~ffl%~*~~~8'-J~ 
·~, U & .m. Wi iffJ: 1f- 1st tll FY1 -Jtil ~i M $ it rr 1: 4-m rr-~ < .:E ~ ~ ut· ~ ~ ) 8'-J rl ufu ~ :it o * 4. M * 
'· { f9f ( TOA HlHt-t $ (t-J in Nix -'=i IIJk i& ~ ~ , * T 1tt M lJ.. lJWi t1 ( 4°. 7if Jrl ) ftt M f1l II,& l/5c 1'f * o If&!&~ 
tt: ftl *+1tt M PJ .iili u ft rli Wx*4.:tit c tm ~ ~, 7Jc4"., 4. ffi ) * ;ff3" l¥J 4m fJJJ f~ -~-fil tF~ 8'-J m M f~~ 
i !·3?: tiff ~:;_ ir=i lti o .tc{iff ~~Mf1lll.&i&&,39filn.i17.l<@.~~t~* ~f ~:J.fiffl ~ , lzsJ 7-J I§ fir:a::i:~ 
Vt! r-tl , ~ k * =r J! ~ 1tt M fU fl&~~ 5t ;ff3" liz:11:@: 8'-J lt fik $m IlfJ ftf .@, o #IJ ~ 71< tg J.1 i£ Ed~~ 5t trr ~ 
,w, 1£:.k ISEI Ytil1i ilirt 1/l-rK ¥: j,--1ffi~~ t-~¥1 , ;;t-~m:fJt7.l< tg & j9[Ji}f ~,m8'-J 4°.i'!ii~ fflM~-r.£~ 
ito fol u-t. t.1 -r rm ft-'=-j-9:.f~JBc~tt~ *89 riiJ~. lf &,~~!R.7.k ~ -fli ~lllki& 0 iN .lit, ~,:y-sss ­
s90 nm Z raJ 1¥1i&i.Q:Ji~·r 744 - 757 nm Z raJBf.J ~ - y,&:~ fB{-j,J._-jg¾*4". iT iE 1lfj~I¥) ~j,--j~ 

®: fx ( I OCCG I 998 ) o }] T 1K 7} 4°. fit 1Bc ;f1l r@ ?t ErJ wJ n(aj ~.:..l lJ.. ¥f 4. iii /f1 -'ff tt I! Pf 1f< it!!. >7r ft .¥1J oJ 
¼!.Jti.&:®: , ff&· •8f:(E 704 - 713 nm ZlsJ~.:..l& 1 024 - 1 064 nm zreJ~i.ii~~o 

i.f 1•L'i/ti I.<: ( nm) 

438 - 448 

485 - 495 

550 .• 565 

744 •. 757 

855 - !NO 

20 

20 

30 

40 

40 

o-u-~ ~ ( {I'S: - cp ~ fil: ) 
11-1-tn~ u, ... -fo'i 1s .trt) 
ot~~ ( JiJr~ a- !d:lile rJ-'i?ii ft#r) 

~ mllitHi 
E(.m~~tt 

X7. n::il2 Ii~-, 'fa; ( i~]lj ·~ :~atl!rfiJ~_i:tm~tt( .:£~~Ot~~lfzJ.t.fm{g W{ )8'-J$f1lfilJt.:ffi", 
~~·imrm~m )JUiffi'.f.\L, * I §1] tf:l Tit flj i! ® § tff-fa.Jr ~-~911¥.J :!rii j,' 3 1' it J¥,t ( IOCCG 1998) 0 

fl~ 20 nm i.&:¥J~JJ[1~ i:if f/lJ'ti&: ffe'l !&ff£tt *~*, ffJ ¾ j.J T ~Jfx ~ W{ m!:5tl¥J t¥~ f~ ,~,. 10 

nm H'1 it~ ,m: ~ -Ji: £!fl~ a'-J ( I OCCG 1998) o 

3. 1.3 ~~~~~ljjt*~* 

~ -~~~.-3-s ~El'-J~~-~~~~~~M~~-~1:~M~~~-~*Rffl7.• 
~~1¥J7.k@fflM*~.~~ ~ EJ9§~0 ~~.oJ~J'tf1l~tt*~~•~oo~~~~~*m~ 
£XE 1¥.J J;JJ D(tij , ft 1:: tt, j'°": ~fldl'-J rfUJfJ Jj_ ilifl!: jg ,![ ~ ; §.x ~ -1t ~ JR t~ Oju] , ft ~ ~ mi jc ~ f1R ftt J& o ~ ~ 

.t, ····lJ!§i!J<~I1 . .!f: I :fdx~x~rm1J 15 %8'-J#JJ#,4 **~'-Jx!4!.ffi1J 40 %(Gregg ;f11 P at t 1994)0 ~ 
• .ll£~M~~m*~•g•~~~99mm$o ~RTIS~m~rfiJ~Sm1&$~ W%, ~ 
• . E film-~ ril .m ~ t (1 23 % < moo n O !fil 1 ~ ~ ~~.I!£ .m ~ * tt - lJ!fff :E £ fa.Jr :it i11 8'-J * ~,J :m: 
i-!j f{J 30 % fll 50 % 0 kj ~:~ . .. E £ f!l. I~{§ l:t' ~ 1m £ ~TI~' Yi~ $1x fl#! ~q: ?t ftf o tm * M 4 

kt{ _ t. xi ~}11 t[ -~' ft it, W: ~ $ ~ {f ffl fg/. ~~ ilf, ::: ~.I!£ 8'-J rfiJ ~ m ~$:.ft 7C ~9 jg 60 % ( Gregg 
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-1r 1998) 0 ~:&1ff.~ A'-1:i! J1t ~~ f!f ri ~ ~ itt tt m ffl f:tr. -f1l ~-~~JI~ 4'l, ~~ill Fo ~ -ri-~ *-* 
-~~~ma$o ~~-OO~Mt¥JM•.~T*ffl~~~~M~~-MW~fflM~St¥.I* 
m~~ru.B~tt*•*~~•~~~~~fi~~~-•~n•o ~-~~m~•~~­
~J:--m::~ W:~$ 0 

24 

23 

22 
'o 
~ 21 .. = 20 

I 19 

18 

17 

16 

2 3 4 s 
]! !!. It 

Ill I ffllr:i) tiii·al.J ~"1J:l.~ I xl't-)tf;.g.i#J7'F~1lr$( % ) o .TI!iL&:im~~:!k; SeaWiFS ~!l'l: iE ~~3C 
.~, 705 km i'ai IJt , fHai'.m f:fl'. 45•, .J;l.:(f ffl~ ~fm.iJ o J:l.!iH11.i! ix +Ht4'-:1'1 ~Hr- . i!# t2 ~i.i ~ i''t: ~~ii" ff! 
tJ *" .(£ i!Hr lit ~ 1Hfr Bt ' 1±1 =f #iJ ilu ~ ~ ~ :;t: ll8 • m fa ~ JR ft ~ ~ ~ ' ~ ~ iftJ fF ll IP~ fi5 ~ {111 fl;,t 0 

k~m•l't-Jttff~m~ffl~=fJ:l.fil~ml't-J•~M~AllBA~~-~~-~~-K~aHo ::t:llB~ 
~(rJ1tfli:W-OHf~ 1-J 4 ffl ·f SeaWiFS l!jF~~ a fflM$(NEt.L)o i!~:t!ell~ri;~t&::k#illfio tt 
rm . ::t: llB ~•~tilt! "I: iW ~ t:Y:f! ffl'J tt ~ ~ m & , 1t R ~ ~ ~ tfH~ m M ~ tt m ~ Fol =r- :;t m ti m (r-J t¥ t.u-t. 
~~~m•~--&~~**~~o ~~ffl~~J:l.£B~~.i!8~~~~am~~~-~.~~ 
~~*B• $~m•~~M~u ~Jlt.~llB~m(r-JJ1t•~•&s~•~ffl(r-J¥•0 ~~-•~~6 

•2~*ma'-J•~me mM*~a•a1¥J~~•••·~**M*fflffi~1t•~Tm 
i'dit'r-J~*o @~W- B n1HM :;Jcl'Jrfr .1$7.1( ~effl ~fl i~i.t1¥J .1!£:ii~Hff ffl ~~o ~iJZ ~:k ~ 
ftill~*~F~-~~~ttl¥J.M~l¥Jff~-~~M~M~F£~ffio ~~~~ffl*.~• 
1l11HJ14~nx;ftU'tit(Sl ( MERIS)~.@~~1¥1 ~ !rt I l! - *~~¥J-;f:f iri!~j!\'_, Jlt~~ ~-m~(t-J ft 

m~m•~~~*••~~-$-F£1¥Jff~~n~ttt¥.lo 

3. 2.1 Bt~11*~* 

ill~*~~~~~~ --~*lt~~*~~~-~~Qmm$FMm~o~~.~ft 
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I 1_ ll 1>l fm $,t ~ Ji ta- i¥ ~ * o *Mi~ ;ff.!* 13m ~ 11< .#lt 'Jt 1-t \¥J - 1--JD:~* tf, :im ,m-~ fxl. fF Jfi j J 

,11 ~\¥J@fl% 2 ~ 10 X.'!i.~a'-J"*f4" o lz;l.llt , 1 ~{J{J~~$:Ji:5tr,f "1f ff "BtlaJ,R}jtfl':Jf&1[~ 
:R. m~m w *:~m-fr it!! L;i{. ·.c ttt.:if-;l:$) M gf ~Jt it. ~-~* m~ :.t!t.}.'/t ·PJ JJ. -Jtf1J l¥J o m r9 ~ l¥J t-B 
~ili~m~illW*-~~~~ha'-J - 1'--~M~.™R~m~tt- &~ * ~~& lto ~fil 
W~~~~.iliW~Mn*~l¥J-~ftl~-~~ ~--~~o ~Tff~~--~~~.~ 1 
xz. 1:1-1 ilfi:~J1rfi ~,xx~1~11. m~~JmJl)!.1-\.:-t&t1t,~F ~-~.I!!i-_-iti.¥1J-l! ~ -~~1~ ~xta'-J , ~~* 
-'f.: ~ :,,r ~ ilJ tit l¥J o li:t~ x~ iWl - 1- imJ t9 JaJ M rk1 a'-J ~ 1-t ¥J-tlf~ 1f ffi t¥J tt * ;fU 1f ?!: ( .!A!. 3 . 4 11 ) o 

l~U riitl!! Ll Yr. 41 *lijH,\@~ >'r7C 1W ~ ;ff.I ::k 1W :lJJUJc ~. 1 km ~ 5G .fiUfff t- 0--@-J!ll o rt 1ffl, 
1 km~icM -rili: Ji! fJlinJ L.1 1./(~)rxzz~~J To ~tt.:i:~1¥J EYffl. W~ '91l~ a)3).t ,J,1¥J 7.K~#if ~ 
JN; i~ 'fl::t~ 5cJ}J1Ff );J l Om IiX 10m ~J. T o ~O .tltF-fja'1 ~ faJ-5rijFf (is~ l¥J :Ytif;ff.! f~ ~ It~ 
*). J-g. iffi' Jll::(:f.(r-JJ1.hl.:(:EJ1 ~~-tff PJ'~-JtilJ. {_§_~:(:EP}"ffi !Ji!.1¥1¥f *, ~~ ..t IJN ~DJ"~ ifoc f lj [ ~ 
1r1= t1Lix:ifil~$ ( ~U A V IRIS) ~tjtf1J, ~ ~ijh1~--~;j(] o ?.~fffl , 0. 1 ~ 0. 5 km ~jc(r-J 0011~ 
f!t ( * fflHt r§ff.11 f1:J inf Cl 1¥7 # m f4 ~ fif,~, . ~ r - -t- 10 ~ t¥J F,,i! ~ § tff- Um MER IS ~ 71: ~ it 
f IJ O . 3 km ) o 

3. 2. 2 :/tilt!*~* 

filW*~~ ~~*~l¥Jtt~~:1t•••~*CftX~~~R@R.•~~m~•w~ 
rJ.' ) itft J!k Fi 1:f.tt'fJ l;Jo(,iJ O ~J!t~f}( 1t:ft~~i¥~ry) l¥J ~1f-Yt~tt~tEfft fsJ;f1l '.2:IBJJ::if 
tf '!t1to 1?51.llt. fm 1-t Et-J -· --~ 7./(tt:. i~~ ttfa:n:~~~~Jfl 1¥J, ~ 'Jg itt~~a':J iix!\!~ : I,). ut~~ 
~ J1t 7-J tij ~ a'-J ;j( ~ 1x Yl :f£ ·- 1" ~ tt o ot~ ~ ;f1l ;a; ft!! tm Jffi:. -5:)-~ ~ tl!.:t1J ~ 7fl} 1$ ~ ff JlEYffl 1¥J 
]!-~ ;n:ifll' 'h T '5tjjlj{t1?:fitfrl1~ Jffi:, :if ~~it:b•J'ti-ff~.~'0 

IOCCG fi15"Z - ·( 1998 '.tp )~itT 5tmiftJP¥-~!IJ.*JiJrr/lil¥J:i§~~-:Jtil¥.ifio it:fi-i!r~ 
i.Sl. , - · ~ 7K ~ tr W-: fl Li½ 0' :t£ 11[ 3't IR U'I.-J 410 nm ~ ) it ho - -t-J't iiH!tl ~ ( !A!. ~ 3 lt ) , 1;J. fK 0-
rr ~ ~ K ~ m B ~ K t'fJ - ~ tm Jffi: ~ ~ 1¥J ti~~--~ ~ 4~ nm ffJ ~-- ~ ~ 1¥J ~ ~ o ~ 
:tt:Hl.i· ~ ri te r :ill: - · ;1y m- i@i :rt ti ?t m * £t-J 1f f.1 w: w o Ef:J =r ~ nx: 5t z raJ t& ~!'iHr-J ~~ ~ tt ttrli tt 
ffi .m~ A~-*~$~ff~•~OO*fi~ffi~&~tt*o JJ.&M$ffi~ffl~-*fflM$ 
~.~~ffln*~~5tl¥J~~o ~®&Mtt*M~fflM$$n~•-~~~-~~~~ ~ 
:ffll1R ~ litt, :it-~ttt mm ~Q:a9Jti-~vt~~1---s.xi~~i!JJt~~" 

•mruft~6~nm~-~1¥J~:1t~affi~~~~-1¥Jn~~~~*~~~-*M~ 
4Xf111ttMB9 ,1,lif&)EJ;!;uI°10 it - -tt#ttJJfl T nt~~rr 685 nm lc til'fJ~zY.l?:kJ'tt~Jlt o JR: J'tf~1 
g-(Y.J i@'j Ji ttr~· * !H~ [ ~J ffl ~ M ~ "im fV!tl a':J i»;f 1'-iffi i1! ( ~ll 665 nm fU 710 nm) f ~:;. ~IJ ~ ], wt ffl 
x•t ·T ~~itr $.~ti ( ~U MOD IS 1¥J 667 nm) :itrfi ~!JJt o ~Jttt *1:Erfr 1$*.b.ix~ ot~ ~ ~ J.tfS~ 
Jr1N1t1. ·¥ ·it11 :;xm ( :ZJ: 9i'!. 3 . 3 Ti") o ~~ffij, f1r $;*~HA, ~"Yt~imtl tE~~ rf 7.J(~-tE,;f! Pf fi'(r-J 
( B11bin ~ 1996) " 

~~~~#~W~ffi~~•.~x~~~-~~~M•mff~1¥J~•n~1¥Jff~I~ 
· F(:(£Jlrfr o fv1J ~n, :f1J JtJ 480 ~ 560 nm 11!1:ffl~-~ ( phycobilin)ll&45t~ DJ"~:,( [K7t itf ~!111 ii* 

l1t ~ ffi o IN JJt , i! ~ H rt t£ ii~ u it • ffi r-& 1l $ Ji 1f !Hf of Ht 1f ~ ::k 1¥J ~ ~ fi!'J :i£ o 

iRJ 7}( ~ ii l.t ti!. fili'R11¥ f .. ,1-~*;ff.I,;: J.I if JiJr * r.i: a':1 o 1ii" A}!~, PJ ~.:J. 1~ ffl 620 nm ~ 1¥.J --
~ iJ~ ~ *t-1-t fti'fiJ7}( 1¥ ~ l.t 0 
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**~*~~~n~•~~$~ft•~m.~~•~•WBA ~a~m*g~~•~ 
--~~~~- ·~~~~~~ o ~ -~m-~ff~-@ff~.*•;fO ~#*~~*;fO• 
r~ & M $~-t ~ 7}( ti M $1ti11¥J Jnitv: o 

~ M{ Hi Jib}(±~ (l'-J * /= iT iE ~ 700 nm ~j _t ~~ ~ ~ 7k m M $rm~~ ft o E( 7if .ltc iT iE &!t 175 
~ :(£ .ili il 1~ 1K ~ ti jfil il! . tE. ~ ~ * ffi Jj_ jj! tt * ' 151 at fi51'). * 'fl J~/J)- fU ~ if$ Mc 0 

7:.- - 1-t7J(g .ifil!~U( *O MODIS, MERIS ~ GLI)~n-f·rf*~ft~i!1J:!i~f# T 660 ~ 680 nm 

rJli-t-Wi~~ 660~ 680 - 710nm31-tltf:i (IOCCG 1998 ) 0 MERIS f1l GU mf¥E {620 nmil1 

!l\t , ijj=f:t!-:i-'¥-r!E 7'9i~11-.l:i1. 1m .El GLI JL-¥~- t; ~fti{1i~~~ . }A 380 nm ~ 680 nm ~ 12 1-
1 o nm Jti~vt¥i o MERIS f1l GLI ~ 3 1-.ilril5'riJt~jtl:fj-jc~ n tEo :tl-.'.OiUff.J ffi fr1 jgj 5t '31 $ 

Miftitfit!H~ ~' -{zn il * ;f!J.ill!. 18f rUl ft-~-~ pf t;L[!£ ( ARIES) ;fO #if '.$ .ttlHf JtiiJ 00 xW.1'1111 -?t ( NEMO) 

{ F.~ 1'-iJJ W..J'tftlili:KI5'H:K:µJ.i9J'1it~EY-J 10 nm g,x; 20 nm i»:~o 

3 . 2 . 3 ±I4c j{} ~* P,t(r,J ~~,~ti*~* 
~ *~*~~~ffiffilt . filW~ffl~W&t¥J~a~~~~~~~R~~-o ~ ~.m• 

~~5tM$1¥JR*&~~n§:kn•aw•u~$.•••~~~tt•~~m~mN*• 
*~•M~BW*l¥JSru§M~~~~~o n$~R~~~~-~~~~~~~ftS#M 
~ ';f1j ~ laJ 1t M $ ( 0. 1 ~ 0 . 5 km ) ;fO ~ ~ J.t jl ~}.IJ ~ ~ j}lj ll ~:}_ ~ fl] a-9 tt * ~ * 0 ~ rm ' )A 

2000~2001 if'..ff~€i. MERIS ttl GLI fl:r]R,tr£$iJ.jg~i. rfrl¥7K~mt119Jfx ,m1fLkilt~. ffil ;/-]~ 
!MI Fi ~ ~ ff i&'. Fi i;t rt': m ~ , mi Ji MER l S (IB ~~ 1& 0 . 3 k rn ~ 5c 5t m ~ (:t-J tt !1& o .if li Jl :f41 ~ ffl 
~f ~{iT]JSY:J:fll¥J*f¥~~ iJf {~~~o 

ScaWiFS, MOOIS , MERIS ;ffJ G U ~~;<1J~l7}(~jfil~ff.m{JH~ l km ~ fi:iJ?tm$, ltti 
:(F.(t-J~Bl<¥U.~a,tfaJR.13l :httx( .!Jl~ 4 ~). ~Jfl =f:kMT~if1l rH-rliJ IKR!ta'-Ji1fflfilf ~ o #JJIW 
tn 'i fF )fl Ed\ ff~ ~ j: 1t 't1 fl; ffl a':J liJf R ~ ~ 1 km 5t m ~ ~ ~ U& i¥ ) ~ ~ (f,m LO I CZ it 
~1J) o '.9;11:f-..t , liffl ~ l km 1-H,ff .$-~ Sea WiFS ~!ti!~ _wi( LAC) i t!(fili fr~ El'-J fM ~ $ , ~~ & J1t 0-Yf 
* * 1t-1,· .m ..t. fi lt- rx ~ Et-J Fo ~ JJ ~ JJ ,&- -1:11 :m * 0 MER 1s A~~ i 11 B'-J ~ "' ti . r.si 1] e: :fE ~ ~ 
'~X!J,il¥Jfif1Rt . ~ :,i laJ5}t)f$l{~¥lJ 0. 3 kmo 

*~n£~tt*W*~~~ffi fil~ @fflmWffl~o ~~.~ITT ~4-MT ~ffl~-­
•ftB?t~#•M~~~•*&Mill~*~;fOff~:k~~--a~mf:t-Jtt*W*o ~ffi . 
A. WJ~*~m~:ifui,}., tft¥1J, 7]<@.tt&.if 1'if JfJ *¾£1Yl1liftJ/jta#.Ja'-J:J't.{tl!ttmf o f91J-tzo . tftEiffil nit 
~IJ ~ ~I j(; ~tHI ~ ffl~ * a'-] 7-'f- in-Hi~ w 7t ( !A!. 3 . 2 . 2 ff ) 0 Jw."rm ~ !Jl ' J~Ff il~ iY!tl ut ~ $ ~ Yt 1¥1 ~ 
~ R~Wf-W'i~~ iif~>Jti~!?.x ~r, .if ~1~ -~~ilYti»: ~ o Jll.1iir/f. ft~ 1m1J tm h a1:1:ifil ~~ffi it1'if 1£1~ 
7f.#l/-ffi ttl±~irt;f:Hxt$)("frii 1}(~8':J{;'f -~- ' JC iQ: JttJJ<±it~- ~ * ~I .if~= ~* ~ o ~ Jlt • .llt~ 

~~-~M~~~ma ~®•§~~~m~.~--a~~~-~-~-~~~a~~~ 
1tJ!IJit . 't: 15(. f5Ut-f~.ffitl.h f~ ,t " fE ~11, ft ffl~it TR-~ ~?'t~~Hi~ JJ ~~~ff-{(u fiif 7-J if!! ffl ~ 
~.hl 1r rt-~ u r ~ ~ a r-& ffl: ~1111 Mm. f-t~~fi !IlJ f~ -~- o 

••*~••n~~ff~~-~ffl*~••*mM$~•aftmMm~~~o~@~ 
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.------- ------··- - -

itiJli-m-.'=;rfi!J1ffi~o&Wi:fEt-J1:fr.#l 13 wififfla'-J~J!®~{tf7~ 7-Ji¥in'fffi#J :E:~@. ~< at~ 
~ a)tt,J ~ hliti3?:ffi. a'~ 3?: ~ ~ -½:JJ ;j:ij~ o ~t :ltil tE~ !A l¥J ~* '/,J. M l¥J ffi ~ilii~ff, 3ltl MOD IS, 
MERIS fU GLI. ~ if 660 ~ 680 nm p;q 1- ilt ~, t~ tt J't tri3 7t %U9!11 i1 ~ l.il ~ ~ J't (IOCCG 

t 998) 
0 

.i! fl¾-· - ?X -:g~ ~ . TE - ~ fl 51... ..t . ~.:J. .t. it Jt1J 1¥! ~ lilil ~ !!it ~ .ii ~ ~ ~ ( Gower 1980 ; 

( ;ower #1 Borstad 1990 ) o 1£3k~ i:p, ttHint~~ a ~JJt!vt~:tt!!m:fi T ut~~~fti¥J WtE, 11 
*~ffl~~~ffl*MM~~Ma~~o ~•~*.K~ft~ffl~ttft•mi¥J*~ftW~• 
,-tr. ~£{{=] 16} (t'~~*o r~ rm. fftlilftl.Jf.&l}ft~n,J:j. ~~;fititt* ~'~~~ ~ 1:_ ,,f ffl 16} l¥J {~ .~ •• {g;l!~~ 

:(F. {~ $1fiiifiJ;j:f1 Ii.tr ft o Jf,t¥}fjJ.jfitttt71tz feJa'-J .±. ~~ft. i,$tt1)1yp -y: 0 

3. 3. l Of-!l-~J.l;J1J:&:$ ~ot~-~7e;fj• ~tzfe]~tl*~~ 

.fE ~ r.~ J{~ ti! + , i#: lf'. (',1. u r kj * a i:tE )3[ tf"~ i-¥ in'i ffi #1 ~ 1j5Cfil Hf~ 1ll ot ~ ~ a ~ JJt Ef.J ~ ~ i»-i 

n•M~~-~~1t.~~.&~~®hl~ff~m~•-~-~~i¥J•~•hl*fi~~o~ 
Ntr:.i!tf.B'-J~ t;r- , i~ r~ H~1Tis nr~.:1.m *¾fi!i!1Jt-¥-ifftt4mr,/x~ o or :F& . A fnoJ~:.1. -m !h!.i1Jp;J;Jfl1tt# 
ft fta'-J~T~#o ~2~~iliT~# fr~~ lt~o 

• 1-¥ tnH11Jm ~ 4~ ~:.I.~~ ~f.E 1f i( ~ njaJ ~ * m M $ 0 ~tr~ 3't ftl llt ~ ~ a z l'aJ ~ * ~ tE 
T;:;iti!!.R Jl t i: ft~~ rt a'~. f§. J¾ fl° A ·!£. ~~ ~1) JIJ T pij -ff l¥J ~I~ ~ tt ~ * ( Kishi no ~ 1984; 

Karabashev 1998) , rtri lU! #* ~ ia:::;r-:~:i9, -tE,;f ~,~ o 

~ 2 ~~-a~~- ~*~~*•• *tt*~#~~~ 

llj·l'.iJ! ~ a (J'-J 11-tlcfbfifi' 

/IJ: ut tJ ~ a ~ TI[ r,. il:.: ,JJ. I.iv. lft. .liLk 

~ ·\1l: {.f €!!. Pf i'~fF. {dll~IIJit~<((!I.J :;!;ll{ti) 

Af.'.~iJU'it"Jr-~~l!C k 
k I u f iE tJk ;l,J .x: lit 
ajM~mm4*4majMflYm~w~~~~QQ~~~~ 

~1,\·J!nt-~~ 11 t'M:H'.tmtt 
3'?-i~M~Ut~ ~ a tli.Jt ltH·r~. 

n~~~~~mtt~m~•«•~•~ 
tr ftiJUx··~~~J.ft" 1J, 

.k "1 if iE -1' .t: * il' 
1t:~•nJH~. 1J Jetf&ttJJ.lltx* 

• ¥ · rir,&qxft'~ir'.i r;:;-~u t-~ ~ a a"~~ ~i!Ei~( :(£- ·JE~ "51.. . t-.~i~¥.iliJi7J<tiM.$Mii1 Wi-ffi 
4m t& ft {r-J ~ tin rm FI~ ) . ~ :Yt MI ut~ ~ a ITTi .It 1?ilo 

• .Sj ti- iJJ1 ta ~ o& 4~ * -tJJ tt1 * w111 tt: x-t -r fij: if i!J1 ta ~ t&: it < i91J ~o ~ ~ ro. m o. 1 ~ 
1 mgm · 3 ) Jkf4: 7,·, ~.Mi~ JJt (t1 ~ it~~ ·.:H· ~ fjjj, E§ -Jg IT Jtt * f!f: r·, 7)( 14~ :f1l fl 'd/t-tili ~ ttx. J.t MI!&®: 

H~~~*WWfflo ft~Wl¥.J•Jt.~ft~~~R•~~--~ a ~- ~00.~-~-~ft 
ttt,5l r, ;f,Jf.Yt1?:t£~M~~il¥.J a j!Bt11,&i&3l~tt-J t~$!n1J~ f~. tEMYtttiJ. EB -t-tf-i!J1ti~l¥J 
iL'j ~qt$' f-:tr ~-~ ¥11 . r ~ i!fl-11 t& ~ !,_:). r O -Jg T -W: iri fl ti:, ~16-m 1~ tll . 9~ 16 f~ -~ ;(:E iSi lli-~ ~ a ~ 

ffl'. i:if~itfl]t@f11 ( Kishi no ~ 1984 ) o 

• -ft.ff!!~ }vi, ~rl 'M.@. fiJji'.f t'i lf f]l ~ ( C - fX)M) 1£ M{ ~ ft if~~ tP, ~ 1:_ II~ l&, Jijf lJ- I!& i& 

~n~ il1 tJtg ,_f: c - no M EtJ ~~ ll~J " :f'£ f& ~ ti¥ iJ?. -f , YO .::. ~ * U.: 4t ill fl1 Jc :bt l¥J ft i & ~ 4m J1lt B;f, Ii 
~ ~ ~ t!i= ttfi:if RE lJ.h1U9: o fill & . C - DOM t£ tI Yt it l?1 ~ II& i& ilT ~ l~ ~it, f5I lit~ 7t 31: j:i;: ~ 
11f fil31[t&,~ C - D()M 111k ~~ f't'~ i;~n(rij a Y!.~ mI. A fi]of IJJ ffi1~1j1J - ~1'aJtf~n(rij, tE~ 1-~ "51.. .l: , Hf 

'(;f_ Ytitf fx fi"1 C - DOM I~ ~1(~/Ji&: d-'i.f. itf tt{~II,& i& a'-JJ't:m:, !l;1 Jlt-tE.~d-' T &!f!.{1 llt~ * a ~ ft 
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(y.J~)'t:iif(Fischer ;f11 Kronfeld 1990 ) 0 ~im. ~~fttl::~at, ~ftft~1¥.J~±5"Ui~V.:Ff 11t~ 
ffi c\ , t~ J!t 'f:: 1' -ll HI~ .hjf t {uJ :tt fi!!, fir-'% tt 'i. tit m 0 

. ~~~~1'E~•ft~-~~tt:Yt~•*•$.~~*tta'-l~I~~ M•••mn~ 
0'1J;JJO(nJ ~M1R:Yt1?: ir-EY-J qJOl'iJ *f¥1 $ 0 Gorodon ;fU Mclluney( 1975) JE '51... "~.ifi 7~ Jl" 1.J ;tc 1:. 
90 % T~ 7K ffl 4-t ~r ffJ?~ 11E o ~ ~ -jt ilt ti a'-1 ~:®~It - M it h ft ilt ~ :k 5 fil o ~ 7 Z. , A UJ Pf 
tui 1~,1 i,1. ·~~Yl fii ~· fil ~ WJ * tt~ 11:ti!i f¾.J f~ .~. ttttftv!aw1~J'tf~-'%.:f=.111~ ~ o 

• *~iT ,r.rru~jl.!1 ~ f1J m .ifrtt5'rv!tJfiffl ~ecmJBt~~(t1ftittB~. #W ll.t5'r :NF.¥1Ji:if .!A!. 

Yt~Hto iE: - - ?l·-!iffl'-J i1ti:, tE~~:rtrJJi.~"ilf~ ttrrh-Yt.~~*1~ ~ . .JiJf l;J. , 1;J. 11,&1&$1.Jit(ffl 
FY.J rl-tt tt ~-Yt.11:~ l!z¥ ~tr.*~ i-TIE i:f:151 ~~~o im Ii ~-'Jt~ij~ ffrff tff (t-J~filtt**Jfl T 
f~J!t~~'ilt ttili:1¥J~ *. P4im Jtt;tJ:J;Jt:~~:Yttt *BTfitM*~iIIEa'-JJ'ti·tf ~~::f~fiffe.~o 

• ~ 1-) C - DOM til ~ i+ 'ile rP~ ~ J9i: lE. ~ Ula] ii~ ft j)t 6: (y.J ~ :,j( m M $' p)f I;). 9-~ 1:f j! 

~~ lih:#1£. Mf iEtE}f ~~ i:if ~ffJ =fj! - ftiiHrLIER'-Jf,'1j~f1~i~*i#. , rrfm.JJJ: tE. aJ1JH#-i! 
@tti ,,t tr~ f~ .@ •• "?k ft n w wri -1~ rt 1'E i! ff a'~ i:iJ rI~ tt o 

Irr- T ~ j.:!( ~ .f IV1 •I~ fil ¥ r o/?. ft ff17f iltt ti~ f* ~ l?: -Jt. ff.I tt * fEI ~ 9~, ~ ~ IBI ~ tl1 ~ ~ D~ 

~~ffi~o f~~~~~~-rt~-m~o 

3 . 3. 2 Wjfqlffi~z.fe]8>.J~ il~ff 

~~ffi-~~~B&~M•*mM$~~~~~~~~*~~Mffi~ffMl¥JW~ ~ 
fiE, 1l11 1¥rlfita~ll:f"fta'1 ~~-lf..l~U ( §.ttor~ ~ a~#[)# hll~ ~ 1¥J~f,t$, ~ jffg(y.J*1J,.!:j% 

~ ,f!IJ II@! pg ~i& f!!. ~a'1filf'J-t( I!P@. ~(t-J ~±.fi;;f8. ) o EEi =f ~;'(:.!:j~l'&i&~ii~-tJJlEI*. A ffli:if 
~~h. ~MM~~~~~~~&~~~~ffi~~~fto ffiR~J't~EjW•M~fll1 ~ 1¥J~ 
rn t#ff. ~-tn tra ~ o 

M~.R~~~~M-~ffi~~~~ affl~~~-M~m••~~~~-a~~ft~ 
'1i. 1IU\. :J.t ft!?. f,r 1:i. ~ ~~st&: ~ ~t" .i! i¥t ~ i#.. ~ ~ g ~ lf Yt ~ 1P ff- ffl tt1 ~ ~ M o/t. ft r9: lT Jn" ~ o 

llli 11 TI: {t ~~ti #J · - ~ a~ i¥-in1 ffi 1m 'fl . 7C ~i>?t of~~ a ± ~ ~ :)'t-g. f* * I ~ 9c. mi Ei 7f;-@-~ 

~ II x *. f,r i:J. t£ fl t.1~ iM JfCF ,f ~ ~ 1:. ~ ft ( Prezelin fa Boczar 1986 ;Johnsen fa Sakshaug 

1996) o Ye: fi-1* * 11 Jifr,~ (Y.JJ'Cttl 1HE./JtiX1'' T '.!T<:ft(t-J f=~ ( Demmig - Adams fil Adams 1992) o 

-~~~* 1M~~l¥J~~~mm~~M~ft~~~-.~~- ~~*. AITT~~~ 
f-lJ . ~i)~~WJt~!Pt!!.~l!&tlCff17tils.:iGfljjtff ~*, ffr t.l ~flliMrk.ft~ Jifrffi~ o - Jfirm§', ft 
~~~*~*~~~lt~F~~~-~.~-ftffl!P~-~ftfil~~.U~fi~:rt-~1¥J~ 
r, ht~ 11& w~ if tk 1-. 1+. wn -!k. -1t ~111 t~ ~ tt:1 r~ ~ ±t * 0 

A. ff l ··· -~ ~aJJ a . w.Yt R..fil:Jt:r-~n&41l:(t-J=--.#PJ"~:tlf;H'-J:i£1£Z - -o - s ~'!&45C, :3/t-riiJ 
m~ t5: 1=:i Yt ,g-w. m . :Jt=- x•t fii'f t~ l'f1 1-t ~ oo ~ Jik!rt" ~ . !t.X :tt ft -=-f-~ W: u .. ~ .. 1i.x ~ J't ~ ff5 j.\ ft nt ~ o 

~~uflt~irt-f~1:.iltJi:-1'~~1¥J( Kiefer fl.I Reynolds 1992;Habin ~ 1996 ) 0 ~B~. ~,ft 

l¥J +1t-f l';~irt~!i-i r.i~IJJ tf-~ H ~1t ( Loftus ;fU Seliger 1975 ; Abbott 1.-lf, 1982 ) o ~ ~ tlj:~ ifrJ 
.if wftjl§ faJ .f.l ~ Ola] 7!;~ ft f: IJt ( Loftus .fO Seliger 1975; Maerker fO Szekielda 1976; Greene ~ 

I 992) o g ~ FA1.:(£~ ~ . 11< W: ff{~~ ~j:a'-J. ffiJ .fi:l't-~~M ~ffJ . {8 fJYtf :f:E4ij:J1tf.fl~ ~~I.ft 

til 4.if J.'.p.. f 11.11& ~X l'l1drl: t't'-J :1/~ )tr Lt t't-:1 ~ft, Jf 1=J ft-@- fF ffl ~1 ~ tt Ji i2! :f:11 ;X: , T opliss #7 Platt 

< 1 i> ~ 6 ) iil · :t r xg: --l;i: o I kl lit • 1,tn * ~ m ~ i5T ~ ~,1 a'-1 ~ =f I!& q~ i¥J f e ~ :fU ¥ ,=-~ J't {t-J Ui -~ r1r: 1si 
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"5L fif -~,--rt,( 5lt 1~, m~ ~- . A ff1 ~fit~ 1~ fi" f* m (fJ * Yif. x ~ .R. JJt Ft-J =m ~ '.:E -;rr:- $ f~ -~- o r.t rm, _n 
m. a'-J .i! - IN ffl f]j,f.( Ni= f !Jf.z iiL 

-~,z. en it -tl<.ftit1-~·-tiint-~~~JJt1~~l-r 1,_:,,_ fffff , ;Ftxfi,.:J. iEhif.t . iE!A ffl- }:E •aJJ a , J! 
~ J.A. tq: ~ m-1¥ 1.tc ~ ·: -~ * {* i.f. ilfj tt ~ i:t:11~ J1J (t-J 'ti- Pf ffl f~ ,~- . ~ fn- 1£ ~~~ft fff ~ na l:J. 
t1JJ-t:fo .i!-R: - ··i'-frff'J't i};IY((r-J ~.DU~( Letelier ff) Abbott 1996 )o :MdJJ, - 1£ ~~'.!RJ'tf= £~7'1 
~ft~~ • .i!~~«tt~h~%~f=~(t-JB~1t•N~(r]ffl%fr~ffl&o 

3 .3 .3 ~~ill-@-~Jl~tt 

1 IJ ·t ~ jMj f1!1 :jJ * H''.J t't. fcJ! Ji. -iG ;tf:I 1a'J , IE 1Jt A {fl M f~ ~ , :t£ -!Jf. -ft 3?: rE: (fJ tt fm .ft ffl Ht, ~ r P.& t& 
H'-11? Wl'r'-Jf:E~lr! ~f, Ji 2 tl!. -----tt ; tE:i! · -£ 5t...l:. WJ#ti ;;t( i:iJ"ffl :_ff ~~ ft: o fm .ftiEWJ#ti:;;f:fflJi. 
~~~m~.~~~m~#*~Mffl~#ffft~~ffl~h~*ffJ••~~o &rl*,j!- ~ 
-~-·uy ffl i ~--m#J. ± ;\'T: j J f~.:i:t ,, llsl Jft . iEi·ti't?:J.1.~lk@. ill! trf (fJ lif~'l'iB-t, A~ iJR.J't~im~fllitJ ffJ J! 
~:flf ,f~-tfr ·ib:f!E }J Fl~} ll.Afl ,,FtilifffJ ~M1~, J! - ,g 1~ffi:~o :itrffiJ , if~ i,J-7}(@.ttfi~'&i-B;j", f!J 
ffiifi.rli"ltii~lr&Wi f1l i:l-~'fl t.a~ o/i.:/tittt\ii i!M~ (t-J11t ~~ a *Jjf_~Fl itM!l!~, IN 7'1'Bffl#;iF~lliJ: 
.i! ~ ,;, i:\11 m Jf~ w-1 +it (r-J M ~ #I ,ili uffl ft ~ ;ts IEJ • mi M xW.19111 ~ :¥:-t L¥J ~ ~ tl!. Pf fit ;iF tfl JqJ o 

11 I-~* a ({~ m'. Jj( i1if tl '* f1111'!-~ ~ a ~ Jt & i)![ tt * ~ :R! ff] iii£ ix. {5( flW ff T ~ !al En 7K ~ TI 

M~~~~~**~h n ~~-~~-a*~~Ifl=~*-~~~~:tf*~tifflfflft** 
~~ Mt':1'1 I fl= ( W IR_ 3. 4. 2 ii" ) , ~ t!Vfll: ~* 7¥-Wfli~J! $ 'Mt¥.J ft-~,. f91J!L01i ~ jf 1lt ( ~1i ~) 

~~.cl-JrlJf~ fiia'-J fiLH o ~'H'.~ ~~1:lT 7aiA, *~S5t:i! ~I f'i: fJH1r liJf 1Vffl ~Jil ~Jr ~ o tf 7}( ~W­
~~~~-#ff~~~ m. ~ 7}(@.tt *l¥.J~tJ ~* ~5t~-~ * • *- ~t¥.J ~-MR~~~ 
*•Q~~•~= ~M*~~EfJ7k~Dfflt¥J~•@millAft*~~mt¥JlliJ~.•~•fil@m 
llLd~ftff I& Jt-iltri bt.q:q. o '); Jti - -~f!i. Jt! fffi ~lit t¥1@~n-- t&-~ 79.Jt.uf, A ffJWH~~, 7'cilltt 
* a'~ f 11 I tit~ fl xx 11! ft A'~ : · FJ 5t , Ji iJI! tif- 7i f= Mi ( ~o ot ~ ~ a t-& .ft ) if:! ffi Jf 1f Jifr !:: ;:~ ; 1t ~ , Pf ~ 
ffl~~~ .~~~M~*fto ~~-~(fJ-.fflW*~TI~&~;iFa~7'J~*~ffl!a'IEY-Jo ffl 
ti. ;(E i,t i£J~li(1'-) ti~ H-Y:f:Ht , -f~il1:if ~it ~mt~--1!£1¥Jf<j: ;.'£ mtj]~ N -!::i:Jt:ftl!.1!£1¥JfmjJ l?f 
tf c . 1 E t£ -t· mt !'i~ . P).tl , ,'r. ,i,~ wuit :M fi ¥t- :iE ~ -f !;J ~ ffi la'J o 

~~*&ftIBffiM ,~trili ~t¥J@ffl~*•*~Dfflt¥Jffitt;;t(mffiffl*o :i!~ffi*• 
i;;·] JJ;-t1Lill Ii~ f~ f)( f11 ti ft it h\t f~ f)( o 

NASA ,f11 NOAA {f 1999 ~fC: 3 J=1 i£iiE1f~~!alt/7$.1Lil!.illd} _ff t~.TI~ ( GOES - N) l¥} lffJ $ 
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s. 1. 2 * ~ltffl~cJ~ mtt 

Jijf~ ~Hf ftffllr-I.tfcln'} - r»,jJIJ;fU IE'J - ~ A~~o 
~ ti f& ~rj ft! nf ~ ;t ~ 
~.:.i. ~ wI t¥J fIB t1 . mm .:r- 1M! * fU • fix. t¥J fl:~~ ~1J ~ :t£ ~ m ft-1 ~ f;jc ~ J.t 1!: M t¥J 11t ~ < t1P ~ 

ESA th; rl (f.J m 2 ~ ' EX -1'1 ASA f,r-?l ft-} m 3 r». ) 0 :i! ~ ~ ~ # ' X;f T 7T Im] 7fiJ ~ ii'ff ff ' • ffl ~ 
-@'- fiJ ~.:J. tE nt ~ * a, jit@. ~mt~ JJt ~ ~ i-¥ VE rJ; 5t ;m-~ tt ffl F 61.i ~ filtl ..t .iH: fi o :i! #~fl~ ~ ;f1J 
m ii ffl t¥J 1:. #.I J't ~ 3l ~ , ~ i}-- 3 r». ~ 7JC fl ~-n.~ tm * F .1:.1t fl!!~ .'±l -;n: M:t < Po nt ~ ~ a> t¥J DJ~ 
fl: o 

- .s iiffl ~ T ~ * im rr€, ff ·11 ~ a'1 ~fttt II& «111, § 1~ tE tt 1m 7t tFt- 9=l 7'. ~ iT IE~ Pf 51 A ft M Et-1 

~~.tt-~-ft~-~~~.il!:fio imftAITT~~~~~*B~@-•mt¥JDJM~ft-JA*~ 
~ .~~ffittM~nmmW*ft-1-~W~o ~-~ft-1~$~~- ~~em~F~-~8~ 
QftfflF£t¥J~~-#7JC~ftfflF£o fl~•mW~¾.:i! - ~~ft-J~a¾~iT~~..t­
ft~~(t-J~.'±l-~-eF£ft-Ja~W~o 9 ~ :i!~ft-JWM.~~fflEj~~ffl~~~-o :i! 
"4: jt~-- rm~~ e EJ'q1f ~. lzsl 1-J 1.k@.fi. BtE~ $®!~( 'Elt!-9: {~~ft uJf3'E, ¥iJ~ l:j7./(~ltii!J~) 

1~f1J@_ffl, iffl .§.~IE'] ~Jfi 4c~Jl.fl ~ § t¥J iIJ ft i!fifR£tf-~o 
f;._ ~ iT .iE 

~fftffl*fi~m*m~•M~-8~ft-J~hlft~~tt~•~&M~-~-~~~(t-J 
ffi~~&~~:i!~~M~~Fc~-~~~~~~ffl~~~~I~~~ffl.~~.~~~~tt 

-~M~ffl~j(~q~Wffft*~mMar¥~~fl*~•ffl·~-~~-ft-J~ffl~~.­
ffi~-W~ o &E£~•ft-J~4~~~~&#~~-~ffl~:il!:fi~-o 

~)'.~ ~ )! 

*ffl "i:iJ l:t~~:~*Jj_ ,Jii:ii!iffl#itt\f~i1!!~•l1Fo'1i t m~ ~::¥2:1:~ft-J O tto * 1',JIJmtn * 
JtJ Fl1 M~fM If, ~JJJ 'le ~iM 5ltJ.1.JHJ ff :f vrit)] ifi!i}--F .fli mtliTa'1 tr- rt, 11~ ~, ~ wi M. Lb ~tt~ 
< f!P *~mm M $) ~ 1t i 1J ~mt. tt • < #~) ~ &, ~ ilr fi :jij 5tt e . ffi ii~ ff~ 1{l i¥J • • m ~ 
tio Jtto i-2~~~' -Po ~f llt-~ ~ ~!'f oc!f $1:t m1r-~' 8::f!J ffl imffi ~~-T i:.,Hiifl JL.o 

;t f;°f 

JJ T ~:flFfi-iJlftftl l:t~:fllffl:f ~ ~lff-15°~9.CJ.i~ttffl, A ffJ ~- Jjf T •ttm ~ f,f-JiJrf«~ 
ffJ '.iE tif-~ ff ft1 t;r- ?iL 

s. 1. 3 ~W!ilt'5r.JM 1?in~t 

-~*~--~~~15'"~~-WmffFMft-JW~.§~~f~M~fflfila fflM~~~ 
JfftJrto DJ~l¥Jt!*1£11Sffl!tx ,:,1( -1F:l4Jffi,:ba:&, "tli}--"fU{t{t rf-ltffi~ o M-r ~ B.f !¥1:k IK~!m 
m~~~a•~~~~*•n•~•~ffl•*·~~~-~$~fflnfflat¥J•~w~.~# 
~ ,tt 'M" m a'-] it!! e ~ ~ ' ** fi ~c. ti O iE ~ 1~f~. jl_ ft ffi int Er-) Ji! ?!;.: ~ ~' ffi Jlt ~ fJq' A~ lfl ~ 
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~~~~ffiJl~~~~ttffl~~~*tt~~.#H~~OOa~~ttffl~~m_to ~~~ffi 
Jl $St ftl W:J ii !re'i titt mtts 1lt :/JD~, till*~,~. ff ffi ~ ~ _tnx; 00 Z iW, PT x;J-ttfflitrfi :ffi:ffi * f$ o 

••tt••~~m~m~~~•~tt•~&~~•~m~fiX~tt~•o ~•••~ 
J~W:JJ{~tt~~IE ,t-g1Jf!l!-®lfil 1Rfn1t, f8~11fi~INIW--@-fF~1l*o i.i~{f{aT- ~~ *~~ 

~m~n~•~-~*~&-~-@-W~m• W:J~~tt••o~~-~•ttfflt't:J~-@-•~ 
~.A~tt~~~-ffi~rnttffi~~~~ ~fts~*fflo 

•~tt~~m~§~~rtt~~~~= 

• JW.tm*~ ~f4, T:Y.15liiff:f!Jittt-t, ~ mi& ,*7.f1l~JR~~lrjn] o ~~-~f!f:~: AJ lt~jc 

~ ftt ~~ff< {9)Hm ~ ~ i,J ~ :m: 1tt M f1l 1f toJ 11 ~ ~ > ~ m * m ~ ~ ~ m ft m t't:1 it!!~ !I'm .m ~ iito 
*7.•••m*•~•t-tffl•mrf•~~~•~m&TW:J•~~#.~m*•~*~~K 
~}!fl~~®*~ t'1&ia1 JiJri31 ~~~~o 

• ~ iHvt ¾U!,i!HjU~ ~ ln * -~ W- ffif l¥J ft~ ;,Hlf: ( ml~ J1t: ~ 'tt mt) , 11} ~ ~ iiE,@r J:JHf r¼ fffi 
NIE it1fl fi!i~ ~@ ~ f4, ff if fit it1¥: ~ ~ '5 I~ ff9 ~~ o 

· •• nfilttffl~ffffl~~---~- ~W*ff•¼~--~~~-ftffl~B(r-J•~ 
~~o ~~Wffiili,E£ftM~•-•·~-Z~~lt~~~•~R~ff98~::tt!!~~.mtt 
JlftJW.tJ; m Ji !¥J Rr1t- lI9: It J2 £ftfflfi!iJ+ t't:J ~t~R ll tj\,f.{J ~ o 

5.3 ~ ffe. 

f2Jt~-~~~ ft-J i'l!!f51<~1.! ~1iffl mt@~ 19riW 89 #fJ J:. JC. ffi. .~ ( sea - truth points) tt ~, :i! 
~I~-~~---••ln-~tt~~tt~(r-J-fi~o ~~M~*~(r-Jm~~~-~~t't:J 
~A~ffl.~~~~-~--~~ffl~~o #Hm~affi~~~.-~~-~•*••~­
~affJ~~ttW~o ~~*~~~m~ffi~~~A~@ftffl~o 
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ffi 6 a ffilJiT 2005 ~t;_,lFc~fa]~4ij~ 
7J<~~j!IJ:Rfd}i)!J6illl3~~!1) 

6 .1 s! 

20 ~{¥$, ~@J NASA J,j, Nimbus-7 1!£J:1¥-) CZCS ~~~:rf .f&#f}y.;'f 11t~~~Jljj@Hi 
Et-J M ~ ~ iiE f~-®, :ff -€1J T '.£ faJ iHJ ~ 7J< ts .i¥ ~ o t£ 20 tit re 80 1:f:: 1-t ITTf 5 1:f::, ff J ffl iRJ _t ~ ?!JtJ 5Jt 
~, it!: fr T czcs tt ~,t ~to Jl ~ tt ~ ~ o jj :u JX@ t:-+ ~ t~ rjJ, & iJi ~ ~ 11 frJ i& itt , # $1J iT 
T Foij;7](ig~~~ffil¥-Jtt-;f(mt~o B 1988 ~ff Mi, CZCS ~ffl1~¥1J,iz:it!!~ffi(::ktJ.H±.TI 
£ ~ M z. Fo 10 ip ) , #iJ ~ $: * ftl jt fif!. A b1_ tr frJ T ~l ffi ~ g ~ I!.~ 00 {l , 1iJf 3"{ fil /$ & ff nJ • it 
@~x~•fttt&a~ft~EfflffJ~#~atto #f1~~~$*&h~~~~ffifill¥-Jffl** 
-~-J!.£7](ts~-o ~~~-~**~$::km•~a~tt•~~~~-ff11!£*@•m 
lW-~MH.:J. ~~ff) 0 :1tlt-Ji!:®W-!i!!ll! 1:.4m IIJH~1J ( IGBP)~~~~-itliJf'Jt:itt1J i;J. 1k ~~-1-F 
xm ifJ1J * ~ c coos) !J!r xi i9W it tlJ £ ~ .tlO J1t o 

20 ttH2. so 1Pft i:r M, S:: laJtJLfJgii:i:J:~tJJ ff100 IW--fr~, 3f Mt T ~~ ~{t ulf 1Et¥1 E1J ffi o ~ 
ffiL El czcs ~ xtz J§, i: ~ 1996 1P MOS - 1 lfl OCTS ~ Fo ~.TI£~ M, ~ 11ffi897}( fg 00 
{t, t-4~*~1~T-;k.~-!J+ ~~o ~f1'1~1£I!P¥f,t!:A:f!Jffl MOS,OCTS fU SeaWiFS ~~H­

M . u!: fi ~ ~ rliJ ~ ~ tm u ~ iiJf ft: ffJ 1'r ~fl' fit o 

SeaWiFS fO OCTS Zli5 , MODIS - AM to MODIS - PM(NASA ~Wf),MERIS(ESA t\l: 
~) ,GLI( NASDA ~~) fO POLDER - Z( CNES 1Jl: ~) ~~*x).eijtj~~ff 1¥-J ffiat1t~~ff 
~ o ~@~ft~m~~ffl~il*~l¥-J$~•mma~~~~.ffl*M•~:it!!,iHJ~~*7.~ 
l¥J ~ lift o 

$ m ~.TI£ x;f T°. ~ 7]( ts ts}$:~ ITIJ §~~ff~, 1E. ff :ff raJ Im O [ OCCG iA i-P,flJ T ~ m it 
n £ ~~~~*fflX~~OO~A~o m~:it!!•~~~h89X~¾~~m~~~ftW§-;k.~ 
a•~•1¥-J0W~#Z-o ~ - ~m.~m•~•~W$.TI£~~~~m•.~~-~•M 
< l3uf !ti!, #iJ~, *7. )~~~~ (trti*~* o rHJ~l}( fgif_fftl if!:ll)"~~~tt*~* < '§1t•~~~ 
#lw-:ii:X.8-BtfeJ~) ff] 1:~lk:~ttlzsl ~ 0 2005 ~ ~Jf;. l'fi1W7](~ji~~ iif ~iJ1!¥J-~ uf fi 
--~~~~·~ffl-EmffJ~-~-~~o 

6 .2 7K * (2005 if-~ f6 ) ~ )-f-7-K ~ J!&}.ff_ 0~ 1;1(~ 1t1 it ~lj 

6.2.l l;mit~~R;t~}sj( NASA) 

fl-~ § wT J'Aj JC flf@ ~ 1¥.J -~t :1W, {!3 NASA IE~ ifflj iJ 2005 1:f:: ~ J§" 1¥) #iJ ~ 7]( ~~~it it ltl o 

NASA B rPJ ~ ® aJff I. 1& 7 "00 *t&~~ -9} if f_l]I£* ~" ( NPOESS) it:itlJ o ;i!;J!~ ~ * t/iJ: 
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rt-·fc'={,f,l1 ( NOAA) f.& t:tt * fl] Jl.£ [ it!.¥1, u~~x!:Q. i!J!rl F ~ ( T I ROS) ] ;frl 00 IVJ'g'fV( ~ J! fil H t1J 

( DMSP) Z fci (rJ ill'.%- _P.. gJ_ ii· :iW o t@fm rit NPOESS ¥f tE 2008 1'¥ tit A. ji: fr. :.-1'1 r)tr !¥J ~i-~1J ~ ~ 

-~-~~-~~A-~7.K~MMo §M.~ ~ ~g-frM@~ ~ fil~tt*~*&tt*~ 
{)( i~: ~~[K~~~( GAC);fflW,$IB".~ri~( LAC)Er-J ~faJ5H'~f~7t-~1j~ 2. 6 km ft! l. 3 km, 

tlj·~ ~j~l1JiJ1i1 ~ 0. 05 ~ 50mgm - J, 7~1]-tdf,JJf 20%, 1!£1iJflJ.t 30 1¼,, :fr~rit~fflJ WJ 48 ho 

NASA iJ._ i.;{!flJ, EOS - AM ftl PM lf!--&a'-J~firtx~. ~~7t:~l6fllftl!~x!e.1~1J*m(EOS) 

i r .1t1J (t'~f1~•7: § tff-o 1251Jlt, § mJ12i£;(£iff1JiT EOS - PM z]g;jf ~:tt!!.f1.iili~fxffi(t-Jit:1W, inf Jli:E 
1M }; ,;}Ja~J NP()ESS J-_ ,tft~a!.J15l ~~~;f1l'9rfil, #:m-ft! NPOESS l:81.Jill'.9r.@m.~ft~i;- NASA 

(r,Jj,t~H:$~ ~.:JC 1E{E·~~(y.J 20041f:fl'-J~i..l(Z -·¾iWi~ft.f3~iitf~1x(AGI) ,, ff MOOIS ­

rf I AG I !i!, - jJ m T .tj £OS it :iW § tff-ff* Er-] * ec 1W it!!. f11 fliJ ff W!HI!: fY-J ~ ffl * jfil ~ ft O il: :(£ 

~fffi-1¥-);fll;{~iJtH--e!.M 7 1-7}( ~ t&:€X, WiiJi ~ ,C;:,-}~IJ:(£ 4 12,443 , 490,555,645, 748, 854 nm, 

~JJt.~--ft~~ ~~*~-~~ftft~ftffl~aal.Jtt#~*o AGl ~**ffi~*~~ 
)}~JU!i, . l:1f ;ffijfl X ,1•1.Zll•tlul, x (tf,ifff.ffit )J O ~tr~ }diH>l AGI {x fj: ~ l4~ fx ~~)fl. ff!~ 't::;if 

!ii Pf~ .lit :;lg N POESS )ll'. ~ fiX {I{){. (t-J t-'HJl o 

6 . 2.2 ~~¥i?•~*~Efi( NASDA) 

NASDA E m-t]i, -( ADEOS - 3 .1! fil L· . .ffi~tfl GLI(S - GLI )illt~~t¥J it :M. ~J!!iUJiit 
{E 2004 ~:&Mo jfd)( ~i ~ {l;.1. f AD EOS - 2 E ~ L fl'-J c.; LI , ~1 rm, {>('~! .im :ii tt f11 ~ fR ~ ~ Jifr 
II«~-" 1)( ~ '(Q 115 3 t-J!k .it ~?t : ri:J ~ 7}(-@. nx ft {Sl ( OCI) , * .SC .!cj Mi it!!. fflt ff fx (ALI) ;f:O tt 9~ foc 
ft{{)l( [RI) o :j§tq:t, H1-i OCI J'!. ff(t9!~4RE7J o OCI §wJit:lVJ'fil.~ 101-t&:¥1:412,443,490, 

520,565 , 625, 680,710,749,865 nm, :£ i'aJ5HtF~~f'-J 1 kmo ~@ffif;f,~~-f}ff~~jHJ- - ~7J(~ 

L:..{ & ··:__ ~;}( f*fl'-J ~.£¥j~iWl~:~o 

N~M~~~~-~*~*M$~~H~tt~o ~a~H~ ffi~I~•-•*-~ 
~,111, ~lraJ*t#$f'-J l00m,, it~~~i$mli!1it lW.tE r~ *liffl ~. ft1 ~-~1:i1 ~ t'f. -:JJ "{t $ i1' Ml! 
'11" ( MDS) n'ii ~ M ~ 

6. 2 .3 ltt~2feJ]iij ( ESA) 

HnrJ, ESA 1Et£titi-'f MERIS :ttl!iroM. ff:& MERIS ~W,ij!rJl~i¥41¥J~~~:t~o *=f MERIS 

tt!m,V: Ji f& !Ji i-J· ~rJ (I'~ 4t rJ uJf Ji: ffi iE :(£ ff ~ o -nt ~ MER IS iM ff!!;~ EY-1 ff t}l :@f 7f{ JI£ 
( ENVISAT) :(£ 2000 1FM½t M Z J§' , ES/\ ~ Fci 10 ~Et-J±-ili.f*~llW!1l ~111+H%-ffl 9-1 T· " ~ iir JiJ;j(i-t­
~rJ"( Living Planet P rogramme ) 0 ESAJ!1l~=f 19981¥ 3 ~ e:tttrfffT i~i-t:Jt1J, ii<H~11¥t~im 
~-~ M. t4 ~ P.1f 'ft fl] l!i /fl -~ ~ i' n 00 o uJf i{ ~![ z4J a'-J "itE. ~ t!1J 1511 ~ ff fin '' Eij ~ t'l ffl !}[{ i;JJ fl/;J " it!! £Jc 
~~ i9!11 f ~ t1tr .. ~'-fr~~' /Ci r.· .:t ~ m T ~ 1'E !tl! ~ x\l 79!11 ~ t.+ B'1 Ji'Z m ;f:O ij~ ~ 0 § 71,J' } i ~ ESA f~ * 
;t,11 n MER Is ft fil Fu~(r1 »ttf~i 1·t1J , f§.:.Ii: tE" :it!!r*W1~:r• -·· *'u ·· :lfuBJc:x~ ;~,1 "itt,J 4'. ESA mt~® 
:i-~ # fJL ~ -Jf 'Jx **!'.!'1 #}J tf 7J< fu :xw.1m~ ~ 'lk o 

6 . 2 . .a ~-2feJo}f~cp,C,, ( C:--JES) 

:-(f:?i}f,firJ ADEOS ·- I ,fiJ ADEOS-· 2 _(l_filJ-. 81.J POLDER :ii![{ii, $:-~ MERIS it;i:rJ, #;k; 
ENVISAT it:ic;!Jft: :.f:j -9tjfik_zJ[i , CNES § ffijii~ 2005 1f:t,_:./, /gl'r-J 7Jc -f!!.ifil~~ II}ii}Aif :JlrJo uJf '?f{ 
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!..j ff~ tf tiu {t-J ~-* '14. i9: fU~ _1::cj POLDER ,fiJ ti~ f!J! ® a':1 )~ ~$)ti ~ ff Jt ff f;;_ o i! ---i9: ~ ~.:,{ 
1cx1J~~15l i!1-1~rJJ. it:.:;.~ra1, Ytif;f1:I ffJ5tm~tt~~li° JJfrfR:~ c fl. ff §1 ll'iJi!-ff * Ml*5t~ 
111 l liffl , f!l Q .i! - ff 1i- r:r , , HiE .!.l! .1~UlFf ~ r.Jrff lffil iflJ: %l: ~J!1l o 

~~~§1¥.JM~m*~**•~*@~.~~~¥3•~~~~oi!-~-1¥J~~tt 
0, r.-(r:J~*ffl~~ : /') r i/i!J.@Jfl PM--·-~7Kftf-U.-~7.l<{ii::f~B•J£ rf.1f£g':j'l&>Jt, ffl ~ ;f;fMJ-imJ 
L~ HH':J ~ #7}(@.f~ liIJ o .l{lf."ffi~tttt#ffitif>(filt~fll.ilt )~ $#~~H~.:J.&~ ~~~ff~ 
~-4~tt~~.F~~t'l=ffin•*&1¥.Jff*m~~oo~m ~mm~1t&li°~•~~••m 
¥ft-Jl'ji f~nxA.:~tt!} 0 '9~11.-f-1¥) :§:.:t~tt~;j( y l'BJ fJLf~ :(£ff 1)- f't-H~~lj ~ 3:;yx E. ff nt-g-fl=o r~im. 

t-11' iftJJ * ,IE 1}( ~ fst! $ 1¥J ~~-~ff fi {£ £ faHJl fg 5t t, im ~~ff;{£ I OCCG 5J- _to I OCCG P.i.t~ 
t-J.1-HJJ~llalf/LttJft&*t#J-iJ~. ilJ :ff:r~r9:1f-m¥rJ21sJ fJl~~ ~1{;, tl!. r.2:li° t~~ftltt# 13t¥N-, $:xll;J. 

it,1] n * * (t-j i,f ~ it ~•J o l OCCG P.i\ .& {± J!t :it•J U ~ i:t:i ~ ~ 9! f_R f& l¥J f'F m , fB R: 'E: Ff ltiJ 1¥.J fF ffl fx 
Ill~ r ti!: f~ ?f iuJ < f§1J "{in, ~J * -m * #J Jt ft!!. :ttt 1a- {t-J % :r.\'.: ) • 1;J. & :(£ ~ reJ -t:JL ttJ ~ tl:l i-1- 1'1J ut, ff Ji i-r ttl 
H: ,5-(11.j w fjl-j Um tf.1 4 ~ M 2005 'if~,:;. wrat laJ~JiJrfta'-Jif fi5) 0 it~ IBJ ffl f~ir :lt•J% r&.B•t, IOCCG 

~~AA*R:i!- ~~~~1¥Jif~t~.#S•*A~mID~~~o 
2005 :'¥ L1 ,J',~l'B1,1:J: tp1}(~i9!1l±J!l¥.J § f;f.:li'::: ~.:,{ t~lft ~~11f 5':t Wf:!t~ [K,R.Jlf(l ~ ~ ,R.Jl Elf.J 

.ii !ii~1I lrt, :ff cJc ~~MUH!'-J JL (of, ft if ;fa U•J-~itt,reo :i! t$1¥J § tif- ~iJ ~ iiEJf lml#f ftl#iJ.i$1tHt!!~ 
~J Jfil fr± )y_ i1ir ti't ft 1'T Ji)r m 7Jj . !fJ 1/I', IS# :tm ~ ~ ilT :it ilt A ff] M if'$ 1$ * ;J< 1:: 1:: ~ * tJt ff: ffl l¥J v-- i-9,, 
!1l ~ ~ ~ im ti {iffi fl~* 195: if ft~ :n . ff J& ~ ~ < ffi li * ) ~ ~ u id'. 1U1i Elf.J xi ilJ1J ;f1:l ~ ht 5t tfi o 

1-1 ·r ;itf1J ~,:;. J:-. EI ff-,~~** i!rt¥Jffi,L'i-i tt. ~-£,~·ai1J iT n £1Jc ~ xm ~i!U i¥J ~~it~•J. 1;J. 

~ ~m ~~~#~ (t-J~~~1¥J~*.~~~~~B~~ff~TI~tt~ft~~~affl~~m 
f~ l¥J A~ § tff- o Tm .§. ~t Bl~ it t 1J J§I. ~ in: tt ~ ~ ll (t-J -·- il ·r.t , tt tM ff Jfx a'-J ft :f!J ·r.t, :If 'El. tt t11- iJ3J 
fY-J , JI. i1, El':1 ;t:11 ~ ,g- fJI.J 5E f,i~ H1 w 1t it :lttl o 1~ ~Ii~ ~:,, F xw. ili!1I tt * ~ ;~ & lt ,11 a t¥J 17{ ~ : CD tE -
~ll;jfaj 1-J-J 7wi~~-- -~ tt ~rt'l'-JtfiJ~]}(~xii9!1I *f!f. ; (2) :i,!® *tJf.(£H,tfaJ;fil ~fe]tt~_t f~Jltz lsJ 
}~ f;f~ ff. ; @ tEiHlii'i ffifil7~1Jfrt § fff-1rfiff' *rft:r.trf~fiy~ _lf. irtto 1J T ~ in:*** ~xi~IJ #.. 
iftw-J m ~ ~fr-& Jt 71 1 H1. 1£ ffill i.T~, ~@~ ff 1¥.J tt # ~ * [t,t . ~.:J. 1~ fl:Fi~0. f· ~.:J. ~ ~ t¥J ~ m : 

• ut faJ ·ri At: fl tili ~ ~ Bt fej 'r:1Lill (ljlf !ff f1:l ~ 1.~ ( r~ X .'2- #J fl· X ,?i at fa]) ; 

• ffl ~-ttEri~: fil1liPMp:i ~~ o fflM* ( E6L) ,;{i( ftiJ & M$?t;(fi fil§ tt( BRDF) ~j] ,m 
MAE t,~ f,~ rft, i:JJ ~ 1[ ml #I hl it ~H.& ~ ; 

• 'Jt if ft tit : fil t& i&@: fx: • fir ri. , 1W ~ , ft i, ~ t$ ti. !1r f11 ~ ;l laJ 5E f;f\ ; 
• JLfriT·li~: -fQ t.s£ fEiJ < ~;c):5t1H~ ,x.W.i!l!1Jx1J $TJ~ J~Mft·li< tm1~-m;;1cm: .#-ffJXIJ ,isxMi 

i+ ) , ±ti! J.111 ~ m fa ~ rtJ x!i ~;!IJ tIB jJ o 

:J.; ·t ~7fJi3t~YU.~~tn ili~M~~tirniffl~-~ . m P:if ~~ft -·-Ei t:J.l.~~fffflfx:fflo 
114 Jlt , ~ t, ~ ~ tt~ 1& ff.!; M!i! ~ -fU ~ £ fli!J fl= Jr-I ·it~ Jtt J~f i'& ~ ~ ffl mt =ffi~ 7t , ~ ;f.j" PJ tlli J.A NASA 1¥.J 

ffsf.r(:1:~lk $ir-f4 i#Jr(: (iJf 'tE:@ ~ ff ffl :!i I:t~ ( SIMBIOS) i-j-Jt1J 9-1 i.&Jfx ~ iJII o ~ T ~ t¥li°~ 
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fit 1} ff O 'r"ni il :(-E * tJr J-,A. r J r!.Uf tl~ q:t * ·Ht t¥J :rt~ tt ~ H1. ¥¥ ¥Rf t.t ~ {¥.f 45- ~ :it~~ i'.r-J ~ft!?.~ J9't 
f .'f rJ- (r 1 IK :5-H I:: {::t ili ~ 1-i liiJ.lffi ft-] o ml Jlt , :(£ .im ~ ~ffi, ~ , Wf- ~ I: JJ fl° i#.fl}j , " ii in¥ ffi ~ 1ft ?t " - M: iQ 

M(~~-~~#Jo Mft••~~~. ~~-~-~#•M•m#~~T R~~ft•ffl~ 
fl'~ 5~i .tM o ~ fJL ~~ ff1{ '9i *.v.1~ f1J A J.lt ~ o 

1. 1. 1 A~~(xffl.) 

{El!- -tt~rttkaf.J rJJ ~ ~ i:t=i, ;J~ 1n~~~ T 7¥ rn'f ffi !Im hx. :$t fl'-1 Jiff~-xtllB *il ~ m V:3 #~ 
' I 1 . • :(F. lli pt! ~ Mi; l11 r~ IIJU}( ~ c:p • ?Bl ~ ;fO r€J ini {t-J f'F m of ;i! $JI;,~ ffUR #1 ;% ff , t&.-:k !t!! ~ 1l: T #i.J 

*•~o ~~M-fflMn .~~~~--~fl'-J*#~&*•• *~~ AITT~~m•~~X 
~*ft~tt•~~~e~~~~tt-J-~o~WmM~~#~~.A~ Bttal.J~~- H&~ 
r .i!i: f~ * ~ ;fO pg l5ill * ~ o i! 11! . .. ~ ri ~ .. ~ m $ - ~ ~ ~ • mf tli .Jl- f=f ~ 13 ~ tt t¥J ~ 1-~ '9t 

"1ir- .. o f91J w . oc ~1 ~~ ~!311¥-1 JM ~ 1~ a rY . ~ it u-t , ~ M 7Jc ~ tt-J J;JJ ainJ ~ r~ ~ ~ =f rnJ n ~ ti a9 ti .ti!i 
±o ~~-~~ffiX~*~{t-JMti~~.~~~-A-~1¥J*M~~-*W~~o 

1.1 - 2 j't~~Jffi: 

"{l:tf!!,tt) /gf ,tj°B;j'~;z JJ"gclbstoff"," gilvin"Ji,x;"~~ P]"?'ff·!ilffJl~" ( CDOM), :;fk- ~13"~ 

l(;S ¥ti~ ,fa lJc jt in~ ( f U IV j C acids) t't'fi:iJ m tt ;ff 11l 1m O .ltt ~ ;ff f}l ttJ i:iJ tm * a~ T ~ ftp_ , fylJ -t,p i$ ~ tt 
4m tm JI§ ,¥11 ~ ft!?. #tJ1~:f:itt11 ~~ m. roc~:im:i:1 Mfm:il!;Jleli3i :it!!~:i!i1J ~ ±mo f91Hm, rm.fi ~ ti~~ t£i. 
ffl+~~~:it!! ~ Et9~~ --Till.*2al.J•~~~o••r$• ~~-at¥J!t!!~ ~~~lt 
1JZ. 15l ITT~ $!1!!. .i.\\ r: 1:-~ ~ ~ ~ 1¥J ttl2 rR r@i 1* §to ~ E ~ . ,tfg ~ • r: ~~ft# m tF m, lz51 Jtt . 
~~~~{t-J-~~~~7}(~~~~tt-J-•1t~mi:if~*m~o ~*-~~-~~-~~~ 
t'F. Jifi: ili. !iht ~ t'.t-1 o 

~n ~ 2 mi~ j£ PJr t~ 1.u = JiJr i~ ~~ ~~"Wm"• til ~ t¥J JJ.& q~ w; Ej •~~mt al.J ~ qt it ~Fm·~ 
M.,. l~IJ/'t. J-J..:i!~r-Y./f! ff1 rt W ~ . Wfi!f ~#f:l:tl:l;jf{-@.ttJ&f ~?-i- --~~~ o ~~rm ill~ A iA 
h , ~'U~!. ~ 1i J.i Ji1Ff i+ ift ii tpJ nx. f )- 9-X ~: 1-'f-~ ~ 5 i- o 

1.1.3 ~Jit~E 

;j( {t ~1-1 ~ t ~ 3 ~~mt 9r . tzJl * 7}0~~ m, * J]Ji ti'r iffJ:, /j!lj * ~ JtOll~ & M ft-] ft tll. fili IJ ujupj( 

~" *~~~M*~~~~™*~~~-*~~~,*~~m~~~-~~~rm~o -~~ 
MGJQ '<~·-6. ill, llHi~~li'J> mtA'-l . PJ1i~ffi5*~~m~rM~ff ~#TffM!:t~ < ~-~ , tx~ iYJ#J~ >. ~ 
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ff~~~--o ~fl:i!~~---~~---*~-~B':J-*tt@o 
AITTB~m~._t~~~-m;fll•g~ttflft~~*~o ~W.*~ftfflfi*B':Jmffl¾ 

W~-*~#mM~~5t~o-&~•tlM•*~~--a~~~1t*iT~-~*~B':J~ 
1-t, ff ~J?Jt ~ tts Jj_ it~: r'£ o m1 * ~ ri ffh • • ~r, lt fm • m ~ Y, ~ ~ :i! ®!Im~ Ej 1¥ ffh • • 
tH '52:.. m,1 ffi 1t n: i! 8it n 111 fff .tw, m ,g _t J£ JiY. mo 1if :f: Et-J ¾. * m iE • *. tt: ~ pg~*~ :ii~~ 
r-til-J:i£tff-?lZ -- o IN Jlt, ffi11tJfi!aJ f1x.t)J~JE.ffl =f J?.£~ffl ot•~ Jj_ ?Jilo ~~ffo~fiJif~ 

iR ¥1J , w 1t ;Jr- rt am -f ~ ~ tt #Jc ::f n•Ff t-'¥-~ m #J d *) , ~ ~ tti mt~•~ ~1 m .![ ~ ~ Rl"J Et-J • 

h.it, :k~:f($~~~iffj o JiJr u. T ~~7'£1'.t-JmJIH'i, iv. &~oform ~~: rtft-Jttft;fllffi~ltmm ~:m~ 
~~~#lIJJiaB':J o ~:i!~, - ~7}(~:fil - -~*~89:tl',{~f~~ ffl o 

1977 1¥ Morel ft:! Prieur cJ I ffl = 5tt'£, ~rfij Jk5t 1-.J - ~Jj(~:fil = ~ lk~o 1983 1¥, 
Gordon;f1:l Morel x-t.llt5t~?t:ilHrT 1~iT o ~fflJEJ(, - ~*,f:;$:~t~rf.W/M#J('E!mfflt EI 1:.#J 
B':J#1:.#J;f1l~~#J)~~d-*-Yt~tt~~1tl'.t-J~~#J~i¥.J7k•o=~*~ffl~&~~M 
ffi #J ;fll ffl * '91 *-i'f #J 1¥.J j;}j RI") , if 1£: ~ ft!_,, #J J!lt ( :£ Jl ~;@: ¥-'f ~flt~~ #J ;fO ft~ #J Ifft ) 1¥.J J; n(o} , J!@ 
• ,~ a'-J ~ {t 5j 7-1- 7n1 ffi !ft?J ~ * 0 

lV,_t5t~~~-~~ff/fffi#JIV.*8'-J#J~&~~-~*,f:;$:~•ttm1¥.JaJfttto ~~_t. 
Sathyendranath fO Morel( 1983 )v-.11, 1¥-iti;JJ#J "tr-1:.1¥.J 1:.¥-lJWm, jf T!ff ti#J 1¥.J ~ffil!J5:,;fll 1:.#J 
Jji ti'L 5ttfl 89 iJJ r-ft·li ~ .f:Jl#J ( f{~ #J Jfft) ~ ilf ~ #J Jfft fl fre ~ n(ii] - ~ * ~ Er-J -Yt ~ ft~, Jt~ ~ ?i 
~ T 7k ~ff'] ~41( ~-lio jfr®!rf:, A ff]jf ~~j~ i,JtflJ. ~7-'¥-WHll#J IV. ~r. 55 lt~::E. B':J ;j,~ 1:. • 
( ~llfft =e 1::#J, :1f ~!llliffnfr~Hf~), -tr~ JE- ~*,f:;$:-Yt~·limtniJD 1£J~#:ffi:~fF ffl ( More ;ff1 

Ahn 1991 ;Stramsk ffl Kiefer 1991; Ulloa~ 1992)0 ffi!Jlt, ~:1f7¼1¥J£*,~-~~ : iftnffli1'm~ 
~:i:$-~*~ffiffi@.B':J1t-#Jf.9to ffl&. itn~{:ZtlHf:l, *O*f¥t£i¥mHttm, - *J}(~i:p~ 

{tl!. tp; m a'-J ~ ojnJ ti=! :XH~: I 1 \ ' ffij _§_ :iK # JJ o(,i) fjg ~ # 7nf tt ~ ~ J.t 1¥) ~ ~ f ~ t$H!J. 0 ~ - jj DD ' = ~ 
*~i:p~~&•d•~~mCd:i!~#~m•m>aJM-Yt~tt~md••~~o WR:i!~­
~.!=:j~••tm~~~~**·~~::fffl~W1J~~Mf!V.~•o 

~ ~ 7}( ~ B':J 00 ffi -tzo 00 1 . 3 Ji)r ffi o ill: I!! ~ ffi ~ ~ B;j" ['a] ,;fll :ii!l, .#.. ~ - f.&: * ffJ l~ * -Yt. tt '9f 
( *OJ1&41($d&M$), #itrf.rfff/fffi#J(P) ,jt 35:tmmc Y)f0:@:i¥#J(S) t¥.J 'vt~$o +$:zjs: B':J-Yt 
~~ttEE=M00_r.(¥}$~f~-ffi.lt-•ffi= #tma&- #~Jfftft-J~-$(~ffl = Moo* 
ii~ -- 1-W iJs: a'1 ~ W-L t,(o 00 1. 4 JiJr ffi ) o ~ * ff fiiJ - # • mt -ft JlJ f § -'5-!tB!il , i5 ~ -fHm {Ji • .!Jt~ * ~ 
fF* er1 ... ~ .. :m rtJ ffi a B':J m -~ fi zYJ c .!A!. oo 1 . 4 ) o ~ -1r oo. ~ * ~ ~ tm m a':J -ft m tt $3C :t1J ~. fF 
*-~ ~11 rt] ~:itI .:::. JB JBt¥.J 'fl ~lii91o EE 00 I. 3 arm~;ffi-ili, t£~--t-lK~. ~qfft JE*T M~B'-J~ 
~L F15ti£*1l ·"f: 

• {~ ~ - # ~ ~ C P , s §t Y) 1-.J :£ ft-J tW &, o it -=fill:# 11f l5l a'-J * ~ 5t Hll 00 1. 3 i:p ~ ili: 3 1-
m -~ t¥.J 3 t- ti( 11, l't-r= m z - o rr--=. 1- 1 J,-=-m p;i , & # 'fm ~ B':J fl= m r5 ,g, ~ B':J 213 u _t ; 

• ffl3#tmmm~B':Jfl=fflm~.wu~~~##JJffta':JfFffl-J-.J~B':Jffl~ o :i!#ffll5L~m 
3 1' ~ a'-J 3 1- tll'Ht; ~ ~ ; 

• JiJr ~ 3 frll #J mt c P , s :fil Y ) •®tr :m: ~ fl= m t¥.J ma. , rn rn 1. 3 i:p ~ ff:] pg - m * ffi o »... 
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y -~~ (S) • s 
00 1. 3 - ~7}( U,:;fl:J = ~;,j( ~00 ff-(11 Prieur fO Sathyendranath 1981; 

.i! fiJ $ !A!. Morel flJ Antoine 1997; Dowell 1998) 

p 
100% 

'\ 
~ 

40% . 

I~ l . 4 ;,k ~1t ~ .=: fff 00 ( ~ ~ ?. tx 00) en ff- tl. 00 0 it: 1t ~ 1f 1t ~). j!f-W'Ht 1m' Jf ~ ~ 19l ;flJ ;fdf. ~mt~ 
~tU~J#lf 1/<ft~filftt'.t-J 3 f'ls flx,]teq fflMt'f.i ffl jg{Rtts, ~t;,j(ft~tt~* ~:f ~IIIEJ'.7t~o ~ fiJ'f;m~'F 
440 nm t¥.J l!Jki& ~ ti:ill:fi Jj( ~,t~( Prieur ft] Sathyendrana1b 1981 ) 0 .=: jfj 00 l::t.{9'1Jg ~~ T-~1Jft,;:m;~ 
Ff.J : & -- f~Lc/;\ EY-J i'cii l.t * ff, - ftl' ~ J9t 1 oo % Er:J 11& i& $ o 191J tin , P WL~ t'.t-J ~ gi ~ ffe 440 nm if. i.&1 Wi !Im too % 

(t-J I~ ~5Ut{, 1tft!!.~ 1' f§f.sUr1t11i•~~ft;J.o ilhi, TI: X x!Ul0.5 3 ~tt, ~ 440 nm ~ II,& i&$,t j,lj jg: j{t~, 4m 
J.~~ iJ1!: :f,. a y( 440) := l) . 7 m . I, r-'f inf ffi ttJ ~ i& $ a p ( 440) = 0. 2m - I, ~ j.f. tt) mt q& t& _$ a s ( 440) = 0 . 1 

m l ,, JJ~ ~, jt@. ~mt, 7-f-iff flltt};fl:J ~i-'f-~ mt&# JlX ]t (fJ'fnitt Lt 19)j# jjlj /'J 70 % ,20 % ;fiJ JO % o :::. Jfi IIJ 
J: !Y-J X ,8 ·~ ;~ X Vii, imi't X .'2- -o/--'tr'F PS :illEr-J T-~~~~~4m /9t$ll!Et-J .3<: -~ ffl. jg 10 % , .>fZ fi'F YS l'l'-J '"f 
~;f.rx ~1 r-'?-itt1m:fm$1a9 x .?J. uti J.J 20%, ~ - T-~tl; -~ *71';@:i.'f-tti JJ1tft'1 ~x:r IO% !l.t o iJf tt ~: ffil JJi! 
M1·:/x. ii~ 1irtl«MB'-J~~ t& ,~f't-J ;f:§t,tffi'., ffli~¾~x-t ffi:o JiJf k:.{ . 1f 7.i - x'R.fgvi1i . 3 # lit# a1 I& i&$ 0T~ 
1' Ji~] 'f X M • fQ -e ff I z IRJ l'r-J rt 191] m Iii] • i! ~ tE .=: ff! 00 ..t w: M ~ -tJ X ii!i (fJ fft .'rLffi: 11 0 !!Lt. X glj W< ili: y 
m~.~~~MMk:.{•~--~~~= ~*~o ~**U.:lit?tl'l'-J~i&$~iliSffl~. ~-*~~T 
!:.( ;~if ¥JI t~ h :t l'fJ ~: ~ 7.K ~ ., jf ~ t~ ,'t'. 119 - -~ ~, - ~ * {:;t;: ff tE P T9l _g ~ iii: o ~ "f ::: ~ 00 8: ffl f1l ft 
f'f. (t-J ~f' till (ff .@, of~ !A!. Harril'-( t 996) 
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:Jt ~; xW..~ *:fl·. 3! fst1M i5t Jff-J!l! . .t ~ f ~ ~ ~ ffJ * ~ o 
- ~ 71< i* tf. i~ VI- inf tEc !Im~ 3:. ~ fF ffl l'n trlf 6l, ffiI = ~ 7}( ~ft~ T JiJr ~ :J:t ft!!. ffl 6L ( !h!. 00 

l. 3) 0 -~ 51 ~ :ilf fW.(r-J ~i:: : 7)-~al:Ji«fi-i::~ ~4m~Ji)r~EY-Jfflx1°f'Fffl, E:i -1'-)ilj~ J1lrJi)r~fl:ifl EfJ7( 
,J,Jc:X:o f91j(zn . - -~71< fi1•f ~:J. , r1.J'.tf11{ff ( i-¥-~ffittl~z. )#1111! ~{t(r¥-inrt!~~ 11)~{4, 
Fi'ifti! ~ : it ft!!. ttl Jw fifr ~ (J~ ft .lff f~ M rn !J, o :if~ i,#, a}J - ,¢1.. , lf¼ 71<. ~ fF ffl R: ffi ~ (r-J ff JK ft~ tt 

1ru: • r~ ::fir* fr 1t ~ ; .i! ! f!_ • .R ff~ 3 # ~ :tit .nx: * Ej ?t ~ ~ * o 

;& EY. !R $ . I~ I·. (l'-J *rt-ft!! .ff .EJ JiJr * ffl Et':J ~ * 1f * o 1£ ~ v.t * J~ Jfi at, J!'. ~ t?f iI 1n • ~ 1¥ 
7} ~ xt PJr & Jfl {t:J Ffr -ff ilfi tt fflUe ffl o xE ~ nA s ftJ % - -~ :It:, 00 1. 3 #1 Ill 1. 4 !t-J .::::. Pn~ ~ ~.d3( 
M Y<::'!tf~lt1.ktt1'T~" :(£7]<~:Yt~~J!tHltJ,at, ft ffJ:ifJi~iA i-JUilJ, 7.k~~tmtl!..frex-t~7Kf8 
~-f: ~ M ~ fij D(al 0 

J-J.. - -~7}( {4:- f t.l -·.-~11< f* J-E'r.£~ 51... HJ~. -titffl:fllffl 00 1. 3 :tt~ .±: T ~ii~ 51... o ?tiffl, &,~ 

1!ll ,~ :m 1:t1 • ~l ~ * + ft 19t mi 1§. , *~~Ht Jim r -,w. m ff) ~ ht 1i :i:t': o #iJ 90 • m oo 1 . 3 iiJ m ~ :i-
1:B. f!IT ft 11: ---~ 7JC f-f\ tt1:J .t ..:-. ff~. iJif.R ~ #1 Jti! ttl mt :ffi .x;f =f ff i1ff ffi ttl ~~:ff~~ ,J, 3t ft al:J ~ 

~ o ~#~~ -~~ffi~r.fF~- #ffi~4-.~~re~~--~ffl*ffl ~1.J~ffJ*~Ej 
Yt ~r-ttJffl ~ /t-11. R9 7J< ~ 1£ fr 1f *. M =f Yt~ tt Jffi: ~ ~ a'-17K ~. ~ # m1 ft ti~ rif faii ~~!ix. 'JI. a'-1 o 

}-}_ft~ rx:Mmm tu f(Jq, ~~A'fx!t~*ffr. ~~ - ~7Jci*f1l =~* i*Z l'al{t-J IR?t~Fi·rm4i. {§. 

_i! fir 1K 7f ,g. 7Fj" JI!: i.&f .iJ. >( o {91] (/1), Jt ~~,fl~~ - ~ 7}( ~ l¥J ft~ tt mi j:jJ ~ ~_:;_ I) f ~ ~ a 7',& Jl £fJ 
~tt*fimffio ~~~a':J~W¥r~~~~: ~mffi~&~•~tti~~~U- ~7}(~ff1~ 
·',: ,tt.@'., Uj·rf ~ a uf U+W,'};; Mif.it/f-ffi~~ftB':Jtcr~o YO~-l.llffJ E ~-a{:E-7J1i * ff17f.~•11:J:atffi. 
miJJ'tVJtfd.mm~Jf ,-J, P,{(ff, ff ---i}t~ ff)J't$tt/Jfi:i"f-f t,( ffl~lj, 125} jJ~@~#,_ ffl'~~:ij!f£ 0 ;(£ 

~~~~~.±~&~-~~.~&-~~-a~~w~ ~~~-ffl•ff~ft~tt-~#~ 
1: 0 15!. ~:J ll I· rJI<. * a i'-N f!f !fl. -~ tt mm --~ 7.k ~ ~ ~ 7f; ~ .ft_ ii j!j. itf;j ffi ~ # tJr-t'! ~ft,]~#~ 

~o ~~~~ . .i!~&~~M¥#rifffi•ff1•Wo ~~~~~~. ~~.t~~~n~a':J­
tt. . :t5]f'F-'JJPN!;-tr ~J.llto 

~ >( .. • ~-;}( i4: a'-J )!tJt fFx i&t~ J:f=J=f J'--lhs] ff] 7CYF7.k~o ~~ii f!JJi ifJ ~ ~ f«"W; Pt~~ a ~ 

~w~•Aa':J*R~~~-~~1J~•o ~~•~m~~~.~•T~~~mr- ~*~ 
~ ~-~~*~&~ff~o ~®ff~~fflT-~7k~~~~tt• o ~~. - ~7K~Er-J*~ 
i-TiE;fiJ ffl .iK~R9 ·J~ ':k : tl:.itih9~i.11ifi , .i!~7JC{,f..;.<;f ?Jc ~e'-J m: NiR i:iT ~~ ~it( 9X lif ffiiY!1J) (i$ fil 
2. 9 ir#1 3 . 1. 2 'W) o 

-Jc:l:t:TI:.im ~ Jk f'I: "F' :i:19t 1./&i~:,t~ i½a'-J :ffi: ~tt:fil:1tUia'~ 0 ~ :ft ff] @J JeJ! czcs ff) ~£~ at. 
1M ~ Jtt ?t ~ #:;; t'l'-J {fl-1f.i tf ½31J '.f:¥ ¼ : ~ ffJ :E ~ f« ~ czcs tt ~, W: 1!} T i!I-Wt lli ~ ?t ;m-~ fl° Jfi fir 
.~ .• tN t.J czcs 17:ft f1J m r x-t - ~7]( ~m:m ~ ii-r i&11tflff o "(zo * A fil~ -t~it m x-t Wr~Pf 
ti1~~f4'/ffi~ffi ff111:rt . RB z.. uf ~11~ W ~_:;_ r ffii~et<J ~ti~: czcs ii fl ffl ~. l?SI t.J czcs ~ Ll?tYF 
:t-. lr ~ o J~ ~'F J-., c:zcs ~ ~ bz. i1i0l t& fll.l'lHif i!t@: ,¥o ~ i.Jt ii W-i -t- i!t ~ ffi1 £fl z rt . ff~ ~ d,- .x,t 
. ~ * i* 7M" ~ l'i':J 1n" , 1-111: 7 t ff,) ,lj!. ~ ~ IJ}J f;li1 l'I~ ' ffil -;)g WH.A. jJ • ·-~ ?/( i* 15 tit W-* n, #1 ¥ J!t p;J Mr* 
~ a'-J 90 % V,{ J·. 0 11-1 lit . 1-W ff --~7J( ~fx ~ JiJf ::f;f i:if ~ffH5?. ffj --1J,$,t( m 00 1 . 3). f§. :flb!~7J< 
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We'-J .lt!?.Jif! m: l'.flI r-rz O ~~~-t czcs i¥J nx:rJJ ¾ AJiJfjf~ t¥J, JiJr ~.:.t ~¥$* ~ii• w- rr1 rtit¾ = ¥f 

.>IE·~ft;,l CZCS t'J'1ffi1(!f:x. iifn~~ Jfl, 'E:¥fl:jl1J'.:(E B tll l:l]e'-JJ!i: ~e'-)71< ~~~Bro'J Bt'it~f'F 
Hi ( IOCCG 1998) o 

tf.~~~=-~7J<~Bt, lil~id:ffi5:\'.:1¥Jffi~tt~1~7fttff., IN 1-Jl~fflit-iA, ~0,--~_=:: fillffi:}c 
lit( ifi»ttl4m, ~if4m;fnJt~4m'9:t, ~i!ftt~rBJJff &M)Wtitt1f.7f~l:f :}c~~1-ta 1±100 1 . 3 Pfr~ 
~ff te. --~7}(f$:fx~ JiJr1f Pftmffia.1¥J- 1J,ms5t. ®" =~7Jc~" m,J¾~~~~- ~7}(Hi:t¥J Jiff~ 
*~e'-J~ ft*~o MMffi~~~~.~--~•ftITT~&7fftreM~vt*l'r-Jft~tt~ffl~ 
~~It z l'aJ i.Q: ~- -J.J----M - 1¥1 M 8:~ * a 

~M3 .ffiffl 4•ffITT¥f~~-TM~. ~ ~7Jc~W~e'-Jff'it~~T~7}(~B-Bl'r-J 
#*¥*,M~:tEftffl5tM$~~9Mffln~ffl~a$1JWo ffil~~ ~-&~~~£-J.J• 
ft'::., J4: * * ffl ~ ~ 0-".:::. ffp 1Jt 1it fn :ii~ f~ % Z laJ ~~ tJUi ;}'t itf ".!t: 1-t l¥J t!:'f :!f t'F- ffl a ~ ~ f~ -'5-~ ~ 
J_in $Jtt,&Jj: e'-J ~ ft ffi]~ ftl¥Jttttt 1:t¾t& ~ ;J,1¥.J' ft 1~ JiJrm~ {~.~,a':) mti!ffl Pf ifi';ftxt i:J ~iiEo 
~¥~-~.~#~~#~~-~~-i:J~ru1J~~~ft~ffl~.~m•~~*~~m•o 
l~]Jlt, tr:XH~-=~l}(~a':J rull'~U:, A ffJ~1t~¾'~IJ![f.W.vtf.lim:fl. It~~:~ i:t:t Ji)r* Jfl a':)~~ 

Ba= ~7}(~ff~~fflM~- ~7}(~~estm@aa':J*~~Ba &J::j= •*~n~~:1c1¥J 
1-i1J iW fil:t&tm ·F: 

• ~- ~7}(f$:ff~a':J*~D~-~~Jfl~= ~*~~?~*7f~Jfl.~M~~?~:(E 
n:~41.tft:b•ffirJt~. J£~ftcxtt~1r~? 

• -f~ ifJ ~ * 7Jc@. E Jr-:~ :ba l!JJ~J!t i.!t ~ 71" fm ~ # i¥ i!lt ti 4'm , 1i: tg • mt f1l :ffl: if 4m? 
• w ~ tE J@J..1:i. 3 1-EX: 3 1-~J ..t El ~ ii 1¥-1 Mt#~~~ tt RdJt m 6l r·, =m tn ~n fiiJ rm~ iiE & 1,r 

~M*~-~-~~~a':Jffi~ffl*a$ttftffi~? 
• n~i:t:t~~~~~~~m•~•ffl•~4'mal'r:l~~*ffi%? 
• ;fit fn °tlll fiiJ i!J11l ;;E ft fg % ¾ N ~ JIJ #iJ m: & M l'f) ~ nja] ? 

• :fk:ffltlllM~!t-m#iJ~m;~m( ~ B ~#iJJff ~ITrJE#iJfi '~n#fJAf; '~~W.1£:inJ~) a':)§ 
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C. O . Davis M. Babin J. F. Berthon O .. V. Kopelevich 

J. W .Campbell 
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*~ll!l 
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I:. (r'J ;f.ft1t . i.ttili 11U!J~ 7M- *ffl P.~Jt o 191Hm , ~ ffl.Jll.~ : 
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.11t. * 7. !fl-oo ~:x J.i < ~ M 1~, r-J & M tu :t1r M > 16' ~m -f ~:.i. ~ ~ ~ ~ 10· , ::t rm ¥J- 1Jc no lJ- 1~ t'fJ R Rs -E5 
• " /f1x. J ' . ..0 '-I+ ,,, __ 1.1, t;:t,,, 
.@:,.:., lri '7°:lttfT L-l.,-l) C c 

*~~~w1 § t;f-~+R~* ~f~~-ftit%:a:.f1l :tttflj(,J,, m~~1~7J<itr~,9t~~&lt-~ 
lit 1¥1 ~ .ht ft -~- 0 [1S] .llt • .i! 'ifrf ~ ~:.I. i; P(n) 7.1< ~ {y.J 7J< i:p ~ mt r:& fJt ~ ~ . ~ :it & M .$ f11.ii ~ & M Ii,;. 0 

~~~- ~--~il~.~~ffi7~~~~o ffi - ~ A~m7.l<~~~~~#ft•tt~o 
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f* &1k i:p;{ff fJL#J:fiJ x.rJL~ ~j;tn§. fFffl t¥J 1I.ttt~ *• ~ ~11< ~ i:f:t fY-J "flfJl~;fll ;ctJl~ £Flat 
,,;~ 'Jl: it. t~I Jrt ,J( i* l!:1.. M Ft ·HI fiY. 1¥11Jc ~~{to 

½~~~~~«~~ttmA~~-ti aC~~~~~~~:i:1~*•~-~ft~R~* 
Jitilfi • ,t fil ~ f)L AJH.illi trt fiJ :R ~ tl'J itt) ff! ft M ~ It b ( laJ t-t ~~:/ft EEi =f ~ M i3 I~ et:1 im fil ~ ~ tli 
ti) o ~!Ylft.ftt'.M;ftl ~~ ~$f{:~ Mi:tf.te<J~t,f" *-. lt 16' 3Jif Jt ~IJ ~ ~~ ~ ~ o * JlJtjffi ~ B'-J ffc?{f ~ ~jffi 

hlAMffl~~-*~~~(t-J~~~tiM~~*ft&W~~-~0 ~••1t•ttm~~.~ 
w~ ~!!~ Jkf•-J:f't'-J ~i&fu ~~Mi};!;j w, ~tt:iF-f·liff! ~ o ir.&45ef-om:M ~ ttITTfil~-JJL - 1 

o 

rt, r-ntMfi:ii~tt A Mit-f- /f fPJ Bf.J~ 3l: . ~ ~~~ tn~itt Mini fttrw:i£ JJ~M f+J (ti.] i?Btt, ~w11 
1:i1 M B'-J Ha .if :li'i -1~ ;it ti A'-J o 1.$ ft t-t ~ ti ( /3 ( x ) ] ~ ~ -~ M ffl x (t'-J fE ~ ti~ ffx M a'-1 11D ~ J't ~ fi 
J,!}l, 'S t¥J ±iHf4 JJ L · 1 sr I 

o ~Jr tcT }J·_ it 1" Will': M ~ ~ l¥J fg 7t-HJ jlj ~ ~t ~ fi o tE ~Hfli fl ltt M ffl t£ 

-r--. ~ fi15±1Z,~~m:i£~~H nn fda9~**;ti, o 

m~~k£*hl~#ili~~~~ft*tt•o M~.*~ffl~~~#~-~~~~M~ 
~ bi,~ .:x. J.1 Ffrllfll] 1~- H153 < x >9O°)W~M~rx JJ< x )t¥JfJHt o ttg: bb ~ !Pl r71<-@.ffi~ cp 
'h\ ffl (t-J ...l:fifttf~lt bu(lf A;f #-ffi~M Fc rtJW!M ff- tt ) o ..tfiW! t-t ~ fx ffo. ffi E1 rtJ't~ij ~1tJ: 
·1,·(r~~M. IMJTte."f~ ·r.&_x~ft~·~!fro "rm.Ii • .llt*fx~~J.:ff1fJPJ(J::..T.Mff'J 0>90°), mi~¾ 
JG If fPl ..t (t-J fJ C x ) (t-J ;!:H 1 )- ., ¥.i - ll!i.l ~ :rt~ tt mt .. ~. tr-J f$ il. -~ M: c ~ S( 79 ~ ®: ftl itt M * 
fl z. f1l ( C = Q + b ) O !It Y.t ft,j i~ a~ t¥J J! ; -~-~ i/nt Jk tt C ~ !Pl r l1IT fffi );E S( (fJ * xi ft~ 'Yi )j: K d , 

K u ;f1! K o 10Hm.:fQff]L'. rm*1:*&t.ifil.YJ·~ffla'-H.:.lr*#; :a¾Kd~c , fll Kd~ K u, fg~ 

K .t< Ko 

..f1J J=fHru J;iJJ r 9Xrm t B'-J -r-t& * m ~·arm: ff K d #1 R ~ * xm :Yt ~tt J.tft 7!i!IJit. rm*~ ff A t-t :ii 
M~ffi#~~~-~~~#~~o ~ - H@.~fl:Yt•tt~ffifflfflW~AM*ff~ffo a~ 
1tuey1 11· Yt~:•r.t:riJtA·t . m fdt-t .i!HLt1f ltJ i!tfi ~ ~ ~!Jiit. rnHt K d ~• 1w. ft*tt m 9l1H«J.ts 7Jc ~~:a 
~~mnruMo ~.llt.~#:rt~ttmftl•mft~tt~~~B':J~~~illrr••tt~~&ffJft~ 
.#11 r-lri * tJJ ,HJ* o fifr ~:;, • rr ~ fl° :Yt ~ ·11 Jfft #I~ x!i!. ft~ fl ntt ~ *et. :@ ~it 7'f ,t, ~ tnH£ :Yt th f6 # 
fl j O .iiTI ?it JfBtHa\ :i& :rt :l:~ jfJ 7t ;(ff t¥J p;lf # :rt :l:Ji #. /9t ~ µ d ;f1l µ u t 5t jjlJ * I]'\ "'F fi $1 ~ Jl lfl ~ * ~ :fO 
J:.fi$1~1llfli.1:J*~o ·'fl-:t1J ~~z 19J't-r:iifi .!rt A it !fl fk ~t 11•:f>l lfl1J ffi, 1Ju~ ff§ ti: :J-J Hf~ A~H:tf 
rt,Jaf.JtMMl_i.!o >Jl·¥.,J~1tftH\H1HJ•tthEXftHix-t EOd#l Ed a'-J1j1Jidilrfi1tTI:o µd 'fE."5<..:)g 

(2.7) 

f ii] 1t ' tit~ 3¥- 00 J ·. h m ~€( ~ Ej _t fi" f;F id m ~« Jl z Ii ' tE, HE :ill: fi µ u a'-) 1t 1?: 0 

'l'-±5) ~1t{l't-J fjJfniffl ~ r if!. &~1[ iliHt :ht(t-J 3¥-±5] ~1£* Jt O m~ ~ ..t fiiifi MA Ma'-J 3j!-j$J 

~~~--~~*~~w•~~~~~-~ o ill~MM~~~*tt~~3¥-~~~o 
~,j ~ x\{l,J't~:finJj:-1~ li!J . lj;j ~ Yt~tt@": .R-11· ~ 1: ..t.5£.lt ~~ 1k ff~ n~ a'-J tJti[ o ~~i! ®-hli! 

,fr!,:,,( Ftlt.i#?:: tr~1PJJrJl* mt~ . .n 'ilff~1.J•Jf!1-ttJmtw11nmk, ~PJ~1~1:$m ( 9X,~.tf"!J) 1!1~7't~tt 
Eo ~ ~FMt'JI.J~~fl~~fflf-•:Yt~tta.ft~~~ftfltt*•~~-•ft•tt•o 

85 



~e~m~.m~- ~*~~~ft•ttm~1t1¥J£w•m~w••~~Wffi~~•• 
~~~~1t~#~~o 1:E= ~*~i:p.~~-M~*·*~l¥Jffl~U~~~~-&MM~m 
tm {t-J ~ Tr Mi a,t r£ ,.n: 1t. :i! ~ ~ Jffi: 1¥1 ~ 1t ~ it inf t1i !Im~ Jj[ 5't * o * ~ _t , = ~ 11< -fif 9:11:¥- in't ffi ~ 
~*••i¥Jft~tt~~#~~T~:rt•ttmo ~~*~~~l¥J§~-~M&~*~--1¥J 
i~ -~-. ftffl H~~fij~~£~!fmmfl¥J 15J~:J't~ttl9lf~.~-. ;:1~t,~nxJJJtt!!.ffiW.ifiJ1-F11<~0 

~~~ m~*~•mr~m•~~ ~*~~*fi= 
• ~~~ft~tt•~n~~*@1¥J~~m~1¥Jff~; 
• *~~~~~~:J't• ttm&X• •m~~l¥J~1tW~~~*~a~o 

ffi= ~M~~-~~~ft~rtm&~~~~~--~~ffl~-ft•tt•~~--o ffi 
li.*~n•~~~-~~~~~~3··:J't~ff~{t-J§~~~o 

n:-F . "ff, ~ (fl ¥f-,f(l,tj£ le~ ,ff :rt~ttmtffl ~ JJ,\I.J't~ttJilUa .g-~ * l¥J * ~ ffi:i:t 0 

~-~~tt~~~~:J't~ttm~~**~~~.~*ftITT~~~~fi~h~ffiW.•~ 
~1¥JfflM~•rl™o ~1fOOE*fflT~~fflMWMnWo 

~9:J- ·#1f~Q ,j( 1:. ft Jjfti:p ft-=f{½ffi1¥J~~"F ~ ( Monte Carlo)ffi:ffi~ o ll:tn~~ ffl 

-•~n~~:J't=f ~*mfffl~~ffl{t-Jaffl.~*~~~:rt=fff.J~~ffl.~~ttn~nxft~o ·~ffi~ !il1HLH:Wft },9l ~ flJ't ~=tt~:il!rfm1'¥o Plass ;fl] Katt a war( 1972) ~ Kat ta war~ Plass 

( 1972 ) ff €11 T ,~ ffl:-¥-~ 7rtfr~1:E*'=t #I r&Ji'$:J't=f ffl !L ~ Jfl ..t.1¥1 ~ ffl o § .tit J:J 1Ei . if ~~:tr, 
~n (;ordon ;fO Brown( I 973), Gordon ~(1975), Kirk(l 981a, b; 1984) ,Jerome ~(1988), Stavn 

;f11 Weidemann( 1989) , 13annister(l 990) , Morel ffl Gentili(l 991. 1993) J:J.& Sathyendranath ffl 
P l;n t ( 1997. 1998 Ht ffl ~?t~ "F ;' ffi trJ. $ 5H=Jr § ~ 1.k ~ ~ tD't ~ tt Jlli:-~ ~ x!~1J't ~ tt mt a'1 * * o 

{i)f~~ ~~-Jt-:!/: ft JiJti:pfflM1½:$wl¥Jltfl!!.!R;;ictl?.JfJ T* f!:.liJf'fl o J!®!R;;icfilfiszy_mf.( two -

flow)$ ( Kozlyaninov ;fO Pclevin 1965; Aas 1987) , rfE .!:f!. ~ flt M :iti: fc.l ~ ( Gordon ~ 1975, 

Sathyendranath #I Plan 1997, 1998);fl.lfl'tM~~Wi'~( Morel ;fl] Priewr 1977 ) o 

.J:~liJf~JiJr1ij :JJ H'-J!tliif>ff.:(£~ 1J\t¥J ~ Ji~, :i!§xif ~ ::f tE :';(]~ a'-J o :i! @~ :ff 1f @¾ EB -=f 

M*m~tt*~~~•~.~~ffl~~-r*•:J't~ttm~tt*•M::f~~•~.~¾~~a 
9, ,,F ~ Y :A:* f't-J ~ 1t" p}r 1'f J: ~ liJf n t!H~ ¥lJ ~ r ~ ~ ~ - it ft !s * : r£ Jc ~F 5' '11 flt M a'1 u 
f.'."r~!:p, #iJlffi & -M~~fmR~ lfirtJ"iixM~tt( bb);filri&q5eff::_tt"(a )1¥Jffi.!:fl~A~~o ~ El Z, 

R(0) = f(a + h 1,) (2 .8) 

.,trap, f }J t!/Elt'r-J ~-1-'f)ft:fr~~ita'-J~tto it bb« a a'-Jffii£ r. ~ll Morel ffl Prieur( 1977)?.Jrlli 

:JJ. (2.8):i'\::i'if~.:J.Jfl R = fbh/a T~~{-t. i!Mr - -~Jj(~¾mffll¥Jo ~mi. fli"16-~~~a.,ij ­
.~ , b 1, t::t a tJ\-f~ ~ , j! -- f\?j ii ¥"f~ ~~if. ~ ~_1 • 1'J :£ a'-J = ~ 7J( ~ 1¥.J ~ ffl ~ e'-J jfr {l;J. ffi o r§J [H] 

t¥J&M~~i'if~fflffi;fO_tfi~tiR•*ttf¥J~ftfU*~o m~.ftrni'if~ffl~~~ 
(Aas 1987;Kirk 1989) : 

R(O) = [ µd(K d + ,c )] - 1 b 11 (2.9) 

~ll;f;/;~ff1il:£flj(Sathyendranath ;f1l Platt 1997)bu = sbb(Al'.f s ~~ftAMRJ~~m:M 
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Pl<J tt%;{x;t:§ ~l'r-J ~j;: :5 l'l5Ff), K d J!i{J;i. ~T ( a + bb )/ µd, rnf El K ~ T ( a + bb )/ µu, J/4J-J.l:t 1-\::A 
(2.9)i\';, #iJJ;E 

J - sµ u ( 2 . 10) 
- (µd + µu) 

tl~ llf'f/J(~f!J(2 .8)Ao INJJ-t, ~.:,{~!f;f~~*B;fa !:'.,{ filJfj"J't*ttJfftfJ¥1ilfJtf.Jfflj';\ytJl:tffl3~-~ 
1¥1 " :ft!; ff1 Wl M ( 2. 10) ~ ( ~ Gordon ~ 1975; Morel ;fa Gentili 1991; Kirk 1994; Sathyen­

dranath fl:l Platt 1997), freilffil;J.Tfl~ : lt-Wtl!N-f- J EJ~W:ME&fi~:11(EJ::}'t:tm*Uifh%;(fi 
*Wffl*o -=~*~•ftt¥J~-M~-~~f- ~*~t¥J~-M~Bo ~~•Mfl:l~&B 
M~ffi~•wtt~--~*~ta= ~*~~~~£~~~0 AITT~~ffi• ~ =~®~~~­
n(.1J I iii, - ·~7Jci;$.to= ~7k~zraJ J ffi.1¥.J~ff~F·ilraJI~ o 

~n~'1JJi.Jr~B':J11f~®ffiA, tE~~~ffl J:~l:'M":ffi:~. ffil fJ5!~ffi;A¥f ~M$( R) l=j filJlfft~ 
·t'.t Jin ( ~ ~t fn J§- rtJ ~ M ,~O& ) * lJ}c ~ *, ».. f.f tJHt~ nfiiJ 'fl 0-~ lli ~ tt f o x $ tt J: ~ ffl: ~ t¥J JJ 

~ii}f~$~bb;faal=j&M$Rffi*o ~~- ®R~~R~-~~--~M$R~;fa•* 

Et-Jl~Ffcfft~,i,';EJllt*~ii}fJE(Morel f1:l Gentili 1993;Jerome ~ 1996)..t o 

~~~-~e fflf~~*~~~•*•o ~~~7Jc~~ff~Tfflet¥JttffiffiA 
( Gordoniffl McCluney 1975; Gordon ;fa Clark 1980; Sathyendranath fr} Platt 1989) o Gordon ».. 
~Irr] 1~ ( Gordon fl:l McCluney 1975; Gordon fl:l Clark 1980) ~i5(., :till*~ ~7.Kttflta.'.;Ji)f*ffl 1¥J 

f~~ft '-o/!fi~t2~~1f~Et-J1Jot:x., ~ ~7.kttffl:Afm.ffl r~Jl~~~ J.at7J<~o JiJr*.ffl 1¥J:bo~f13 
~-~~mi-.:,{ r 11=~ =*~~*~ Mr~7}(llM.$R1fifr(Xt¥J~;J\:fl:t"~. INfJYttE7J<~rprtJ""f 
Wffia-,t5x~tt~. tttM zig; in1 ..t 1~~at~?X3:~ft/1Pto 

2 . 4 . 1 ~~sftt~ffx:i*@.~~l(uj 

~~mW~1¥J&M$ffi~~- ~*~R~-M~M&M$~-~t¥J-ftufflo •~~ 
i~. ~fn R5ttll s4tttftt~H. ;(Ei!ffi•M r-p, AMYt~itt!Miffe. * C Aex) fl:lffl:M ft~~Miffi: ~ 
C .l. em) Z faJri~ ~:Jt o i!~!-id#., lE~ttMMffl££ T, .l.em = .l. exo :J3 - 1fffif, ~~ ~ft~ ~::Yti.t 
(trans - spectral) U f£ .E5 7tt¥J m:.ffi-51-;fff '.ff ::X::, f.;51 Jlt ). ex=?= A emo .~, Z, il¼'. K~ K, ~ - i,&: K i!Jc ~ 
~ aJ4 M C .l. •x < .l. •m ) o 

-~7.k~a~~A~---~1¥J~ft-~W~~%fJtt~MMC~f~7.k)~*~•~ 
w. ft o tLiti: tr!~~, if; M lf ffL tm fJl i,ij ~ i¥ ~ lt 4m 13 ~ ( 11t ~ ~ a ffi ii tt JO f'= 1: ,J/i. ft o J-j 11t 
~-a~ftBill:fiTr~t¥JMRo ~Am~ . ~--a~ft~l:'.,{ffl•mma•7.k~ttfflm 
~o-t~~ a ~JiEr1~1ttl::i¥:(#IJ:tlO Gower 1980 ;Gower ftl Borstad 1990)0 ~U~;-n::~Et-J~J't 
t'.. 8:1 fflM/IJ!1ltiBtmxm19!11 jlj ( Culver 1996). it ffl £ ig)~Jf.11:it tt * l¥J ~@<;~xW,~,i!tl J!J .lit ,Ji. ft 
( Hoge tf 1986) o 

Hnltrin fll Kattawar( 1993) , Lee ~ (1994) , Haltrin ~ ( 1997) fa Sathyendranath fll Platt 

( l 998)iJWt!t 7 & M$ffi~ig~~~5'fi:u~l¥J fi:iJJiL mii Haltrin ~ A (1997 ) 1¥]~ !lt!. . £:;j;~ 

~ * ~. t1 it~ it l;J. 11t ~ * f11 mm fi" :t:Jl tm Et-J J1i. ft<~~ t&: * ~ 5'r) ~ njti] J-J .:E O n: =~ * ~ . ,ffi, 
~$Wtt&tt$m~~~~~~n~~~~.1:'.,{ttArn~~~m~aM~m~a•.~~e 
~~*m•MM~I~ttn•*•~~Et-JT•ffi~~o 
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xt-fH:1oJ ·=~*i~mf§f . A ff1~~-'fil-f'li!tf t¥Ji:if~·~ = •* t¥J-Jt'#~fl~&rt< mt¥Jft~ 
f~Hlt¥J fr S(~: ~M:R~ *n K d ~ JLfoJ~J:t z t¥Hl~fQ~&tJ\ ) o :(:Ei!#tJl5?. T , tBJ*~&M* 
;f1:l#iJ1J<Jtfi!!.-Jt#tt1iJtzra11¥J:Jc*, ml c <2.s)~ffl <2. 9) 5:\::J, ¥fll' M-~ laJ, !Z51.!lt16,~m~&. IV. T!fi'. 
~ :mJJc~t¥Jffl-~~~7J<~t¥Jffl%~ffl~o~-1fffi,.JJcmM$M*~- ~--'?fiJ~&M 
ft o 

#mmJJc~.~~*~~~~~-••oo•o~~ft-~~MHffi%!¥JA*~Jf-~ 
*~#i1:JJca~~ffi~~o •JJc~~t¥J~~~ffl~~T~*•*l¥l~~~fl.WMM~m~ 
;f1l r-'¥-io't"t! 1m t¥J q& ~t fl: m ~~ iM T 480 nm ~Tiffi:* t¥J :# ~ ~ J3to tr :md~ if& t¥J 710$:, 490 nm ~ 

~'(JJaJi -llJ~iij!lj(r-JrnJJff~}f:(:E 30m0 :(:Efi'fj-#iJ~, ~flj 20m !¥)-jt-j,fjrg~:;/g 430 ~ 580 nmo ~ 

flJ 10m ~Jl, 7ti:1f1r!ff,J1g 400 ~ 610 nmo ft-j,f~~Mf~flt¥J~1t¾f!Jffl:@~tt!J8:Jlrf.j-Jj(~ 
fll rnJ: • t~ tiE i9!1J id: fl'~ * if lzsl ~ o ~ ;a 1~ J:t ;f1:l ~ ~ t¥J ft ilH'i1 ffiI MI ¥BJ 7JC ~ aJ3 J:t -~- .@J ~ ft o tE A~ 
t¥J .i1r /$ 7J< ~, },J W /Y!1J IOm ~ 1 om t~ T 7$ JfL :(:E ~ ,If 1~ Mu¥J 71< ~, tzo ~ i-!1- t~ r.t' ~ J:t t& ~ t¥J filJ 
im: HJ rfiJ: IJ, Jifr~iffi: *..l::.7tt¥J~~~Jtffi5:(:E lm ~:) T , jfjj:~~~i:if 9i!.Ff:J o 

~•JJc•JJc~• ffl~- ~*ffl~-1f~R~fflM~M~~t¥J~~-• •Mt¥JI~(~ 
Lyzenga l 978; Philpot 1987, 1989) 3::~¾;f!J}fl !4,~jflj ~ laJit-mif>:t¥J ~ftif fxffi( :tlll Landsat 

]!!i TM ~fm) o .mtili:Ft:11r~(Maritorena ~ 1994;Lee ~ 1998 a, 1999);f1JJfl T~J'ti,f,t¥,t 
~tttffl E ~A'1 ft.@,o Maritorena ~( 1994) *ffl t¥J xJ r!rf.1f ~. :rJJ ~_t~{~ -=f l?-MX~ q:i 1¥11f 
Hi':, ri~Jfl *Wi~#f-iW·ilii·t'tff:J foJ ~ o :t£#iJ:m:-'fJJJJ~ 19!~ Bt, ~ ff1 iA JJ Eu ( O) 'el~ ~-t-ti , - -t-~ 
;j(ft(r,Jtd:, :17- ·-t-n:#iJ~l¥J !tlo 

:ff 7}( ~ H ~ , x-t ·f ~ ~ IJ& t& #i1 ffi: ~ ffi!J a'-) 7J( ~ rffi § , M ~ Jl lBJ 1% 0 31 H Ji)r ~ 'I* ,If _t fr m 
~H ft m: ~ t¥J m -st 1~ ¥11 * tt t¥J 9l ~ o tzo * Fl :f£ ~ fn@~ rfi1. m; 1g-Jl. ~ & mt$ A a'-J ~A fs < ~ ~ 
~ ~t) & M Mc , E ~ J: fr ;fil T fi ffl mt 3! :ft~* tt, ~~it~ .'±l mm: t¥J vt ~ O lric: }§- , ft ff Hij flj T 
j:t( Maritorena ~ 1994) 

R(O, H) = (Kd + 1e) - 1 bu + [A - (Kd + 1e) - 1bJexp[- (Kd + 1e)H ] (2.11) 

:A>-1-1 R < o. H r~ ~ r:,iut H JJc u. ~ ~ 1¥1 & M ~, mf .El =r.tun -!fx ~ ~ m -=r * u. fU #J Jffi a'-J K m ~ :m 
fiij l¥J 0 

(2 .1 1 ):ittli*!'.f'-J ¥{.~fi£,~9f ~~~~ ~ ~mfn FJ,!J,x.W,~)!1Jilrfi ltf>lrffif lV- t&~( Mari­

torena ~ 1994 ) 0 i!~1ff.!£~~Jn(ii]yt#iJ:7}(p$:7J<~f&l-=f:fitffi.lfi.t'r-J*~• 'El1~%~~~lliit#IJ: 
ji ~ l¥J ~ ~t-l: , 1Ut ~Lj ft ff1 :5tJ L!t f1J( 2 . 11 ) :rt Jiff lf ft~ in i'1:J ~ ilt iE: fltk et o 

A ff] - · bl. fc:7}-i}.. i.J-t Y ;j(~E.j[ifil~ft~ttmtz raJEl'-J**· i-- - $j}f)r~,t~ ~~ #J7l<Jvt?t JJ. 
~~~ft~~#ft~tt~o ~ - ~rj~i!1f@t¥J~~o 

~~~~mt¥J~#ft*tt~-JJ•~*•ttffi,tEi!-•~~t•m•*~X~*~~ 
*~~n -'fJT~~~~--t-~,tt¥J~ffl. ~~&ftallJ~fflk~g#~*fi~zffl~~~ 
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:its 
O 

& :i1 ,tE & # ~ 7t 1¥J in ~ tru ~ ~ f1tt .1vt 5t 4m lffi: tl< Lt fO ffl M l't:l li: ( Speci fie ) 9i IHc ~ It ( it ffi 
L 2 M - I ) l¥J ~ lJU~ it' lit~ i.i flt i~ tl< Lt :fit ffi 19 ML - 3 

0 Jt ~ ~ fft ~ lf 3¥; ~ tt .l9t fli Ill i& ~ ~ f'F 
~ {l;,l ~ J.I, IV- gt~~ mt~ It mi 1¥! ~ fi oo tt ~ ~ o ~ it a_ij El'1 ~, ;(£ fAJHB ~ )t ~ t:f=t, tt ~ tt lH~ 
J't~mttiii(Bukata ~ 1981 b, 1995) 0 tt~lfft~tt~}!:tr. T 13 ~7j(~~fft~::ffJ't~ttl.9l 

&~i:p~m~fO~m~~!tZ~t¥Ja~o 
1r l9t a'-) it lffl ~ J't ~ fi. ~ ~ ~ 1r l!Jt !fl-t-t-m ~, ~p fm /,ffi:. ul ~ fl ff) lffl ~ ft ~tt ~ 0 ~ tlf 

JJ< 13 5'-ffi~ ff:nc9t~"", :trri~:ttfm .~m:@:r-f.ffi~f0•~~1.9l<f0Wm •~>Mt!f7.I< ~mill 
i& *t'Y:~9t~, ~ {iJ!nUi:iJ Ei tll r~: 

a = aw+ Pa; + Ya; + Sa s• (2.12) 

;:t t:f=t. r~ w, p, y ;t:11 s 5tjjiJ~i1'7J<-..r-¥-rHftt~, •~~ mftl ~m;%r:f.~~. P , Y fO s 5t jjlJ ~ 
~ ffi G: ~ mt a'-J tl< Lt o ..tit~ JtHt-J ~~ ifl . £ J;} ~ ~ tt * IL 

!PJW. Fo IPlM:M *fx-11!51":19= ffl55t: 
bb = bbw + Pbbp + Sbbs (2.13) 

in aA : < 2 . 13) J:\'.: 111 ~ Jl ~ ttJ J.Ift < m •fm) ~ x-t ~~ti: M * tt fF tll .H ~ 9f ilt o {B ~ :t:E ~ ..t 5t ~ 
r.p .1t~4ml9tlf §.~6$_m fm. b\m{!il1J..t*;;fj · wm '1m r=~ lttM O :!zrtWd:~'Jl.ffJ~' (2. 13):itiiJ!ft 

1Jo;tJ-mWWi'9i~lttMl't-J1~ 1t:tffio 

mJJ<iflfm-~5t~ffl~*ft•ttJ.Iftl't-J~~~=f-~*~~= ~*~e~~~~o=•* 
~ 1K 5t =f- ~71< ~ t¥J fir-~:it~~ 7¥ i&Ht 4m 9r. !ft :tm 7 !!d$ ~ ~ fm ( ;a: - -71< ~ i:p, :;tf lit J'ffi ~ 9t 

~1¥1 IN-=f :sxWl~~lVJ,, ill tu1~~it, ~ffli ~ £ ~i$imffi~ J'.ff!t11-~ 3£-ft) o ffiHLA. fiJ• iAJ!fif AJ 
tmtt : = ~ 7J< ~ '.bt tg 4m mt~ i& 1n ~ lt-~ 71< ~ :i: JHl $. mi .El lt?~-ft ~ r-f. 7h1ffi 4m ~~ o 

•*• •J't$ttl.Ift.~~ft~ttmf01tft~tt~m~ •*ffl~o~A-t-mfm~~~-
*~1tt<Jc~ft= ~7J<~ft'17J<~f~~Q 00 2.2 ~tB~IEJ~~7J<~t¥J~~&M$:yfjifo £:Bill 

0.020----------------

0.ots 

0.016 

f 0.014 
~ * 0.012 
4'i 
~ 0.010 • 1'f 0.008 

0.006 

0.004 

550 600 650 700 750 800 

it * (nm) 

00 2.2 ~fi:iJ~!rl7J<~:iilfi.&M$ftil~~l 
a . t& ilti 1'E! tlrd' :tit fU ~ ~ ~ lilUti ll'. t'fJ 7J< ~ ; b. jQj l1HP 'lt tt ffl jt {g ttl ~ tti IX (fJ 7J< ~ ; c . tp ~ ~ rt 'lt 
'lit' ;ft! jf @?. ~ /.l ttt It ( * if-~ ti'i ~ ) ~ 7J< 1;f ; d . ~ ll: 7J< ~ ; e . tp ~ Pt~ # ;fl] VE t.J.' 'lt !t 89 7}( 1;f ; f. <p 

~Dt~#~-M:~7J<i,$o a,b,dtl e '1= ~7}(~;d f(i f '1-~JJ<~o Robert Arnone !l{Jtl'dl 
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2. 2 "fiJ ~~ff l±l ' .@ ~ Jj_ M ~ ( R RS ) fi:f % ~1j)j( ~ $; * (f!J ~ it mi~ tajj ~ (fJ ~ it O .!.f!.-t-#J &f tt 7G 

~tt~(t,Jftitf/ffi.nt~~fi7j(i:p~1'-laJt-f;;j RRsfg-'5-z l'eJffi*tttt-J?ifdutt&to T - ~~fi1~ 
-tJ[~~~it B %1a'-Jr¥uE:Ytit o 

2. 7. I ~~ffi!tbJ~l&~tfil 

~~~#M-~ft~tta~.~MM*~~-~--a~~~-m~~---~~~ 
mna m~n.~i&~aM(t,J~~B~~--a~~ffl*o ~~*~-(t,J~--~~-~ 
*~~a'-J~¥-~~.m~~~m--1t~«WWR~WEff~T*t(t,JI~o -~~~ 
(Duysens 1956; Kirk 1975 a, b; Morel ;fil Bricaud 198l);fU ][~xii!i!tJ (Kirk f1:l Tyler 1986; 

Sathyendranath ~ l987;Mitchell f1:l Kiefer, 1988 a, b;Morel 1988;Bricaud fO Stram ski 1990; 

Bukata -~ 1991 ;Gallie #I Murtha 1992;Hoepffner fO Sathyendranath 1992 , 1993) Eft!A. f(Ji,\ 
~~:#•M•1t~i&~B(t,JBffiffimft•a mEfil~.~@ftffi~~~#•M~#ff~­
!,t'Ui~.lt~Jl~~~tJH~*o 12S/J/:I:: , ~ @ttffi~Bt2:~fto f91J:tro, 00 2. 3( a) *~ffiWj-½B ~mJ 
i3J ~ ~ ~ ~ * # i-¥ m'Hi * (t,J ti:: If&®: J'tii ( Gege 1998), 00 2. 3 ( b) * ~ 1¥ Wt ffi 4m ~ i& ¥.HiE MEE 
*~~tt£~7.!tftiffi3tft(Johnsen ~ 1994)0 

0.03 -------~..-------- 0.06 -------------
--- Cryptomonas sp. (a) 
·•••••· Fragilaria sp. 0.05 

--. Mougeotia sp. 
- .. ~,_\ .. \ Rhod 
'.;- 0.02 f . ~ - omonas sp. ~ 0.04 

:c \ •• · ' :c 
u \ '· , · · (• <> O 03 
tlO ....,.,.. !\ Oil • 
E \'',, !/ E 
1 0.01 \ ---., •. __ // \ ~ 0.02 

\ 'x:-.. . '/ ,_/ ........ ~ .:.._~ 
0.01 

_ _..,,··--"\ 

....... -~;)'t;tt 
-flM!:)'tf:t 

~' \, 
'· ' '··---... ·, 

'•·---

(b) 

0 ,___ ___ .__ _________ ____, 

400 
0 .____ ___ .___ ____ .__ __ .--:I 

500 600 700 400 500 600 
~ ~ (run) --ts;: (nm) 

l!3 2. 3 i¥ 'dff fR ~ Uht qJl: ft jff ff- f9ij O (a) Gege ( 1998) f.ii fIU11 J.;Ji Wr :t.li ?X ran tt w if. tJJi M: !Im #J 
#:ttM; (b) 1.1il ~ ftt'.tffi ~~ t B 'ttt Prorocentrum minimum ~l llfil(t-J tt~ i&1tif ( Geir 

Johnsen m 1A :tt 1n. i:J l f:I Johnsen ~ 1994) 

700 

t!. xi wN f1J - · ~ 7Jc w 9=1 it mm tm i:JJ ~ & ffi IE. tt-1 it iJj'f .f't ~11t ~ tt lfft tt-J - ® -.:t w. ~ u~ 0 {9~ 

·{to, - --~mf tf , rr~t!~Jk~x!.l!.im1J¥U(t,Ji¥-mtffi~Jiff ~ 'l'ff~ft< ifu/lM~* lf )71<~1¥Ji!f.rltf 
fli!fm~;gjFJ'Ht ~ ~1( * ft ( 00 2 . 4 ) o ~®# ~ ( :tzo Prieur #1 Sathyendranath 1981; Bricaud ~ 
1995; Cleveland 1995) ffj ffJ i¥i~H1~'!&~11:fn at~~ a r&J.t Z fa] 1¥:J ~~ttl1:~ *, ilrff T _t~~ 

iEi ~ W t¥J ~ ft ?t f}r, fH{Hl:l :::f~ 151 ifu 13: 1¥.J ~ ft ( Lutz ~ 1996 ) o 

~~~-M4ml!&~ffl~~~Kffifflr= ~*~·~~fil~*~f0~~*~~-g~# 
tff. ~ it ;ftl qJ fl ,f}L -it•J aJj M. tf!l. ~ ,~ T *Im]* 1-F t¥J xi ~IJ ffi O {9)J jllJ' Stuart ~ ( 1998) *ITT ~il1 :tn: is 
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0. 12 

0. 10 

----:c 
0 

co 
E ti f1I' ¼la ti. z(m) Chl (mg m·3) -NE 0.06 

~ 
~ 0.04 :B 

0.02 

- Prochlorophytes -W~Jut• 105 0.2 

---- Cyanobactcria J!iif~ta• 20 I.I 

•··- Phaeocystis sp. ~~~~- 10 3.4 

- a• ~~t*-~- 20 10.0 

450 500 550 600 650 700 
~~ A. (nm) 

Ill 2. 4 :f-~ i'i!J rr, pf tfl: § ~~ i-'¥- int ffi ~ f'!l fff- It I!& i& ft i~ ffi ~J o ~ 00 ~ ~ T t:f:-t- FF ,ts: ff1 

ft W- t-1-Wi tli ~ * lix ~~H'l' ( -ffHS ~ti~ ffi @. ii #dHJr fO ~ ttt iUW. ~ liflJ ~ ) o * ff et Jf .tjl 

ot ~ ~ a it It h I:'.. ~ " "i I B nu 17- ::k !J1 itHtMlii 1'f 1iJf 1i': JiJr #ii tf 1:. ~ ~ ffi * ~ :ff {t-J fl m-o 

~~~•*am~*-~~-~ft$tt~~lt~.~~~~ffl*o 
~•1•m~.M~~@m~oo~~.~•••tttt&~~~-~~ft$tt•~~~ 

~o ~~M@~~~~~~ftfflmmT~~~~#o ~W.~~~*~~~-~~-~~­

fA ~ r;: 71 ~ 1¥ tf 1{ !l *ft~ .. ti wtt ... ft 1~ 1t t~ tt ~ i¥ m tt ~ -Jt # tt mt~ J:frj 19!1 ii~~~~ ~,1 
hl+%~-o~R~~~~m*.~--~ffM~~-~~#~~~~~.~~-~--­
H~~fi-- M@mff~~~--.~~~ffl#Mffi~ft$tt~~~~--~~~--~ 
Lt~ +-51' fi§ ~i o 

2. 1. 2 7effl.~W~fr-Jl!&lli 

m~*~~-~£m• ~~~-&-Tffl~M~--~~~-~~~ffl~~ffl~ofil 
~-~~-~*~tt.~ili~~~~~ffl*•~~~tt.m~~~AW~BMMtt~~~M 
-r.t (fj 8 * ~ !f o ~- ._ ~ 7}( {,t,: 7t( ~ ft ffl mW EfJ ~i ,g Z - ~ ~ .t_ fl :k M iJ! ih'¥-~ tt ~ fl ft~ 'Y.I Jllt 
ftffl~~~~*ffi~a *m~lt~~*BfflftM*ft*~~tt%~,tt~#~ffffiMfflB 
*tJJ f0 * o .fR tt!; Morel ffl Prieur ( 1977 ), Whitlock ~ ( 1981 ) , Priew ;fil Sathyendranath 

(1981) , Bukata ~( 1991) ,Gallie ffi Murtha(l 992) ~ff ~:Ytiftt/fft ~ - iittl¥J ffl ~, :i! - -~ 
~F ·~- t1JL'rr.o fl *JG flt~~ i-1-tm ri;& ~¥.f'ria'-J~ ffil~it, i.fl~ ~ Bukata ~ (1995) 1¥J ffl 15" o ~ ~~ 
'x.a~:kffl!l'-m:f~-eI:tt -- ~7}(~1m1J:hta'-J~lJL"W~"~. E ,~~~~tJl~a'1*t~o :i!~tF."Fiti~ 
~m i-ti~ o 

i/f $ ~'f! -;f-f- ( "tlll Unoki ~ 1978; Bricaud ~ 198 1 ; Bukata ~ ] 98 1 b; Roesler ~ 1989; 

Gallegos~ 1990) ffl iT ffF. ifi A¥-HHJl ~~~ft il A :;f;f ~ ~ a'-J - -tt tt o fl.H~Ht!!. ffl ft-J :iiJf ~ , ~-@. 

~ IW: Jf)k ~X i-~ a y fit I:). t~ fx: Pl§ fx % :i\ * it : 
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ay(A) = ay(;. 0 )exp[ - S00 - ;.)] (2. 14) 

rt:9'1 Ao 1'1~lfiJ.Hf; S 1'1ffiBalJtxi4$1¥Jt}~ffio Roesler ~( 1989)ffitll , -~!tml.vt B0ff 
!'.f'1 S Jf- :lg ffi 19 0 . 0 16 nm - 1

, tf- ll 1,ffl ~ 1J 0. 002 nm - 1 o Roesler !!!j 1¥J ~ i~ -E5 Kopelevich ~ 
c t 989) * ffl ~ $ 1f- 400 $ ix r¥J -Jc i'$ , :ili: #iJ ;fO t!R 7JC -:it it ~,J ii~* ~F 1lt - it o :a-"]J! # ffl. :il t¥J 
280- 490 nm * ilH'i! Bfil s ft-) lf!-:lg ffi 79 0.017 nm - I ( tr-?l ~ ~ SD 79 0 . 001 nm - I ) 0 m ffl 
Carder~( 1989) B'-JliJf 1E, lt~#J ~ l!&i&itf #4$. r¥J ~Jr ljjt~ 4m )flt ft-) nx?t, ~·-~ ( fulvic) 
f1lffj5ffi~t¥J~{t~tJJ~~ ~ o Carder~ A.ffl. 15"~, #iJi'$"/:R.'lit?i~Er1~4$1J O. 019 nm - t, #iJj'$ 
Jl~Hii ~ 1¥] i4$ 1J 0.011 nm - 1 

( :iI Pf~~ .!A!. Kopelevich ;fO Ershova 1997 1f. B9 ffl. is-) o ~ ffiL i! 
---m m ~j 5'rft-J m m7<:f-ttl:ii O 191] tm' Hojerslev( 1998) ffl. is-~~$ m: m 79 0. 008 ~ 0. 042 nm - l 0 

i!.@ f& ffi :;I! i1ltJ Yi iJt~, :iI :;I! lt {ii!. t¥J I!& i& ~, i! ¾ffiJ~ iJJ ~ ff) o Kopelevich ~ ( 1989) B 1f ffl.-i!f 
f/F,500 - 600 nm 1Bif.2:->f-jt,:J*,l$~3I 0 .0 11 nm - 1

o 

JJJ!:(£, MYfif!l~~4mW/l!f n.x?t[~f~=fft~4mmtt¥J~mt. ~9i'..( 2.14)rt:JEt-JPlki&if, E:ilr 

fiT#-•M.~WM~~*~Et-J~&~.~M-HM•g~fi• - o W~Plki&it~~:(£~ 
~~~l!&i&.~¾W.ffi4m~•Plki&it~Yf~~t¥J~M~&Plki&Wo-&~fflMMtt*ill 
lf~1J±t(Yentsch 1962), Jltuimtt*t}MT Mitchell ;fO Kiefer( 1984, 1988a)fa Kishino ~ 
( 1985) t¥J i!!01ro ftH@Xffikiffilif, Roesler~( 1989 )ffl. is-fefr-, li$ Wf I!&. i&ilfi4$1¥J lf!-½Jffi79 0 . 011 

nm ·- I ( fffilf tliu~ 0. 002 nm - I) o en~ = ~7.}(~9='1if~ff-:-{£:}'tftl!*~( m!#iJJff; , jiiJtn(;fO Mf Ji!!_ tn( 

~ ~ m ~ r¥J ~ rx ~ 11 ) . li$ Wf 4m ii 'iit ~ i1tiA 79 .R 1f ~ Ji!!. 1: ~ * ~ o 

wm~;f0-~4m~~i&~Br¥Jffi~tt.~a••~*•·791K?tWR4mffJ~i&~•~• 
~1¥J~i&-*T~Bo i!a¾-:Jg~~ftITT:t£**-i!r~~W•~~#~W~-mtt¥J~•~ 
ffil o r.t{mi. tza* tB JT1 1K:5t j! ~f-rfi-~t'F ffl l¥J tt* ( 3Xif PJ:f!Jffl ~i&iti4$ffJ ~~~,JLl ), jj~ 

~ , -~ ff]. Pf~ it 7'J }$ j[ ~ii~ J.lI! 0 

~m~•tt*ru~=~*~~~~~tt.~~akff~- ®~~.~•¾@•~~~z 
~.M~Bkft~4m~ft-J~~~ftaWR4PJ;fO~tJLA#•~i&Zl1lo•rr~~IK?ti!~~ 
-~ft-J~$8~o ~:J!Wffiru,~m-R•e•Plki&it%~r¥J~ttttfttt*~~~llt§~o 

:t£W~4m ~l!&i&ffi~:ff :&:1fffif, lit~ ~Biit r¥J ~-ft~imu a y( Ao), mi :;f H:imu!fm mtt& 
JJ!'.14f. ~lj ttf; mi ~. ~ tt ft o 

2 . 7.4 ~pJ<~9MI& 

fJ ff f4:7Jc ~ ~ r¥J -Yt ~ f1 lffi ?'.£ :ii-'M ?'X 7t ffr ( Morel -fl:I Prieur 1977; Smith ;fO Baker 1981 ; 

Pope fa Fry 1997), {_§_ ~, ilJ ~ f~ 1f f~ ,C,,:tt!! ii, rit!: 7k l¥J I!& i& f~tt ~ :;f ~ t¥J o tE ~'.sf* ffl. 'a- Bf, 
#iJ;~ft"]f!ff. - ~iA-:Jg, Pope ;fO Fry( 1997) ffl~ :W:~:it~ Pf .!A!.fttJ½'..rit!:7.J<~i& * Bif~-ftffJ 
-~--o ~~7JC~~i&MaM~ rit!:-JJctt~1f~ft-J.~-:Jg~-•JJcr¥J~~l!&i&•m~T 
•*;fOll*M~.-JJc9'1mma~M=fPJ.!A!.:W; •• ft-Jl!&i&tt~~~ 1f~HEt-J•~• 

2.7.5 W.~ffi~~Fa!Dlffltt-J-

JJitliJf~;fO~~~jJ)!lj :M½J* a_ij' r¥rf/¥ ffi!lm Fn loJfi'tM * Bf-& f~ ( Bricand ~ 1983) 0 ~:ili: 
tt-Jtfl15'-( Morel ;fO Ahn 1991, Stramski ;fO Kiefer 1991; Ulloa~ 1992) E. 5 I~ A ffl :X•HIHffi;fO~ 

:$ ~ ~ 1: ~ J§" rtJ ~ M li ~tt r¥J * ii , ~ ~ ~ t¥J ffl rtJ 1ti ¼H~ 1E# !1j ~!ii 7 i-¥ im ffi !Im t¥J Fn rtJ 1tt Mo 
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~~ _.t iiJf'R.ffi te, tf!til!i!/-in"lffi~(r-J Fci rtJB M~RJG1!mff RP~ tE- ~JJ<U: !flt!!.x!A'.ii@1l¥lJ 1¥-J F• rt1 
ftM.~~~ ~~--~- ~~~(r-J-~~1¥-JgrtJeMey~ ~M~-~1¥-J-~~~grtJe 
M~ffl*S~o-&ffi ~ .~-~(t-J-Mtt~--a--(r-J~-~~--~(~~00· 
1988; Morel 1988 ; Ulloa ~ 1994) o 

~~•-~1¥-JFciinJBM1¥-J~- eyn1¥-Jmff •. 8MRey~-~fPJ-~~-A-#1¥-J~ 
1!¥-~/J'.ffi'5L(Kopelevich 1983b) o :libltffJlvfnifF(Scramski 1994; Zhang ~ 1998):H'iffiili T 

-~~ m~~ftMl¥-Ja~tto ~~.~••• ~(r-JFcirtJBMl¥J~-*~fflm•~oo.~#tE 
ffl*~~~~tt.~~- ~*~~~~o ~§M~a.ftITT~~-m~Mffi~F• ~aM• tt 
1-t ~ ~ ~ liil =i=-= ~ * ~,, EI mr. x-t- , =~,Jc~~ J3! ~ - tm ~ ffiS ~ m ffl 1~ tr-rm J;C\ o 

2.,. 6 1em•j.lJ~~.Fcia1M:t-t 

Bukata ~ 1995 1f:M~*~i41L m~ :bn~ffl * ~ ""F~:@: if.ffi«Fci jPJft M ~ '.tt~ ~ t¥J ~ 
R01t ill~ Whitlock ~ ( I 981) ft ~ 1¥:J ~ 00 ~ tr ~ 51E :1-H 3 ~ fPJ mi 1¥-J ft it :i1r fr T tt $Jc o ft if tt. 
~~UJ'l, )'ti,f[t;Ji}t~~~i¥ffirit~I. ~~ Morel( 1973HlHiJl~liff'n!fHl:l (r-Jx!t .~: ~~-M 
1¥-J iJt * ~ ft i:iT Ll ffl 11 - n ~ ~ ( n m fn'£ O ~ 2 Z fa] 3l: {t) *:it, A~ 6!. ~ (t-J-3& tt u #iJ 1'r-~ !& 
*JJ';:7}(~ftM?ttJr#1~.'±l Ll r~i£ :fJ!~ffiinJBM(r,JiJi*m'.ttfili;.( 11 - n ~f4!~:ito ltffi~ 
n 1¥]~,f,r.jJ: ~i!l!.ili/¥7J<~7'J 0, ~ff ~*~jJ 2(Sathyendranath ~ 1989; Carder ~ 1999) 0 

ffi~®R•~~(r,J••m.m~~- ffi~l¥-Jnffi&~~~= ~ *~~~o 
%~-~ iaJnttMtt•~m-~tt~.~--JJ<~ttffl?tm~ffMM~ffo ~M~fil 

/fr iaJ ftt M EfJ {)!. ii fW. {£ -;.i· ff ~ ili Fl, ( Ma£ fione ftl Dama 1997 ; Dana ~ 1 998 ) o Ll ..t. $ 1i" j~ iii 
140•1¥-J~ittM~ tt, ~ lfr ;f:tJJ:JH~~~ *~• ¥!-~~~ ~ ffi ialm:M *tto 

A ffl~ ~7CtJll1i-¥#J~MftlF• rtJittM Jf.tt(r,J~i,,H.fJH!l~ Z o jg 7 ~ ~ = ~*~ii~fm 
h .~m~~H~~~ffiittM*~~-•~- ~~TLl~~o 

2.,. 7 tlt!*B11FciaJM!-t 

Morel 1974 ~~M7J<M:M:ittff:i'11iff'fEfO~iio ,ftl!,ffiili,fob}(~M:ilWi ,\ - n~$, ffif,{ n 

El'1.ili ~ ffijJ 4. 320 Shifrin( 1988 )~M* tr-J?t-f-1:ftM:ilrff u ~~ 1iJf 1L •• JI i£?t tJrfO ~' la] 

$ ;ft· {J'1 ~®:fiWi.fi ili I,') 1,·~i~: n :ia: ~ ffifr=f 4. 05 ~ 4. 35 Z laJ o •• Morel( 1974) ~H~, 
500 nm f'if!}hj7}( 'ftt M ~ ltt bw jJ 0. 002 88 m - 1

, til!i~7Ka'1 me ffijJ 0. 002 22m - 1 
o ;FJ - 1f jjf , 

Shifrin( l988)1¥-Jrsi~~:546 nm fftM*ttfIBM.t~7}((t-J 0.001 49m - 1J:ftflj·7}(~Ji'.7'J 35 a;f 

a'-J O. 002 07m - I O ~ __t 51 m ff] Shifrin(1988) ff]~ *tfJ 7.k i&ljJ 20'C O Shifrin :if ~1& i!r~. * 
(y.J 1tt it~ m fl tr-J ~ fij: mi~ tt ii /Ji& o 1'£ - '.iE ~ 1tt: < :91l ~ • ~ tm &t 1'J :t ~ = ~ * ~) r . tit!* rt-J 
F• tn11ttMRM -~- F• rtJfi!Mit ili ~~tt-J9t~o fE1 Jtt, Pn*~ffl~Jlt~ ioJmi:~tnt~~tfJtir ~71( 

k-:t i,x:rnJ i::1 tfJ ruJ MI. m~ it~~ .x-t,t-f ~ M f¥1 ~ PfuJ 0 

7k 1¥-J U: m: M fEi f.Ffif ;f:111 M 90 ° Jh t¥J x1" ~ , Jifr ~:1 Fo- rtJ 1tt M -~-¾ 1'J 7}( -~ 1ft M tt-J 50 % o tt. ~ mi 
§" , ~ t\L 4m Fo rtJ 1tt Mr~ n -~-1tt M tt-J t % o ~p {t -~- (fl ?t -f-Rt MR~ ,g, 1¥-J M fJZ BM (t-J ~& ,J, - $ 

*·ili~~~~-M~~~l}(a'-J~MM~••tt•.~~-•em~ootttt~~-Wt¥Jf'Fffl 
( Morel ;ftl P rieur 1977 ) o 

93 



2 . 7 .s *1::Gttf.J1;$.~M~~ 

*g~~~~•~*m•~~--~~•M~n.w~•&~R*ffl§~MM*tt<m 
~fl, Gordon~ 1975;Kirk 1981 a, b;Morel :f1:I Gentili 1991)0 flHi*~,g,«,:BMPEifxt¥JiY!1Jffi:, 
•mn•~~~EY-J~BM~Bo A~~~ffl~-~~*«i:BMPEitt.~m~~n-t¥J«i:8 
~ti>.i§lXo 7J<tiSfiltxMl'ru~o'-J 1HiiY!Hi!:¥: ~1JJn.l~S (~~Petzold 1972; Morel 1973; Kullen­

berg 1974 ;f1:I Haltrin 5liil: 1997)0 

Kopelevich( 1983 b)~:±l ~n~~M~ttitt:, JJtm:rtJ'fDIENJW. 13 ?iUf±t ~ ~ 1*8MFB 
tltlf;.:i:i'.: ,'±l Jm(fJ f&:lW.i9!1Ht ft ( Kopelevich 1983 a) o Jltffi:it~-=f tl r fFii9:: ~~4m £fl ;j\fil1£J'ctJl. 
ttl-f117(*.~~1rtJlttJ~-M1 lix: 71' ~ n.x o Jltffirt:Jllf ..!'5 ~ ~1 ff1l M3! i~- iX a'-1 ¥f -~, Shifrin( 1988) 

t~ Ll:l ' m A tt:i * ~ i,q: ~ ±1!! }fa'-] xl\1. jy!I] m f~ ll£ itc O {13. Mobley ( 1994) !Qlj m lli T Kopelevich ( 1983 

b) ffti.\'.: .!.j Petzold( 1972) x~i9!1J ffiz. laJ EfJ &::R'-o * ~ ( Mie) ittMJ1. i£ tl!ffl -rJtffr~ ¥if~ fltm«,: 
8M P19 tt 11.ifi ~f *1 *IL f:2 7t ;(JJ· ;fil 11r M $ a'-1 3t {t rm 'jj:_ ~ a'-1 ~ 1-t ( Beardsley 1968; Beardsley ~ 

1970; Pak ~-,; 1971 ; Gordon fl:! Brown 1972; Brown fil Gordon 1973; Kullenberg 1974 ) o 

K ullenberg( 1974) ffi tHi 8 M PEi ftxW.i~1] f:l ..!'5ffl:rt:i-r3-TffiEY-J lt$3Hff :±l, ia:~it!! IR t¥J ~ffl: M i?B tt 
~lfiJ -r*#JJ<f!xl't-J xW.iWJ fao 

-ar {'M'a'-J ~ , {~ ffl x•t § r.t Jj(~ ~f*l!l.Jrt ffi B%~3ti'f (t-JiJ-_ tJH~ ~rs&. Hi~~:(£ 20 tlUc 60 

1f-f-\'.: ;fil 70 1'f~f-\::B'1 ~ -f::.f!Jf 'R. o Vol ten ~( 1998)fiifr(t-J liJfJEI t'f ~-y{91J7~, fiffJ~:iJiffli§=- T ~ 

~~~~~-Milift~*~*·o~T~-=~*~•tt•~.~--*•*•Jlt~*Ro 

fil!:7J<Jv. it~M- ·M:iffijJ:l](Bf.Jtil~~M ~tt bR mMft~1rflETV)~~o bR ~~e'-Jvt* 
fl=f *f..f.~f~ -=f *ff''.J 1tfl·l1~M ff- ft(t-J 7Bl * fl=f :kf.t, ~p A - n fl=f :k'r.:l:o Bartlett~ ( 1998) ffl ~ T 
488 nm ~~ 7J< 0/;J f1f. ~ ~ M ~~-jg 2. 7 X 10 - 4 m - 1

, ~ --- ~i!f * -'=J ¥ M i.tf $ ffl 1ei- ( Marshall fl:! 
Smith 1990)~~#, ----¥.c , :(£fiMf~~ 1ffir:f=t, bR(A ):i!'M'~it~r: 

b R (A eJ = b R ( A ref) ( ~ :: r ( 2 . 15 ) 

A41 Arerl·J bR E3;0EY-J~ri~mh7Bt*, Aexnff - -mht.&:*o tir~•Mt¥Jt¥fil~ 3 350m - 1
1SM" 

ili:1¥JtIT~Jffin(Marshall f1l Smith 1990) 0 f1H'5 Bartlett ,t/f (1998)ffii5-, n =5 .5,1:f::ia:f Sugi­

hara ~ (1984 HIH!rm ttJ a'-J fl, 11 = so 
:r'f:~ $ m ~t ft~ it 3T 1¥J '!if. 7t at, 7R. 7t ~ JJfj: a'-J 11& ®: * tt ~, ~9! ~ B ~ EY-J, w_ 7t tit -r ~ r-I. 

'PF ( A ex, A em) Jfl *~,iii t~ ~ iJ!i. * ( ). ex) ~ ~t ffJ 'Jt T 1± ~ 7( ?ff. * ( A em ) -ilf l7' 'J.i. M ffJ ~ tf:l it! o ,Hi 16' 

mmfi-~t.&'.~;ft]~M~*•M~Ma'-J~fitt•• 
rrr~AWflfJlttl ~f'f r' 'PF( Aex• A em) DJ EE A cx:f1:I Acmiitffi!i½ ~ttt:iE~Jt;(p°Et-J.=.mPEi tt~it 

( Hawes 1992) 0 :(£ nt~ ~;ft]~ tt ~ y.E J1t 1k f4 r' "'F O ex' ). em Hi.~ WT* :.(ff' :iifi 'M" ~ A em rm ?j: 

ft () :(£ ~ * . .t ff ff ~F Yt it 1f ffl ~ ~ Bt' Hi AJ ~ 5 I m A ex ffl :k'tt: 0 7§ AW fl tJl tt, 'PF ~ ~ ffi m: II 
fr: 0.005 - ().03( :Jt:.tit~4) , nt~~ a (fJ 'P1.· ffi-jg 0.005 - 0.050 §tvJ1Jfflf#ifit[~n,€:J1t 'PF fj 

ri!CT~ . {El ~ttlif]) ,f ft7t ,, 
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1iHW1=HJl~~J'tt~ u(np-p ,C,,i~ -tt ~ 430 nm ffJ M ft~H?t . 1m. n~ ?R ft i:f:t ,C,,jJ!l * :t£ 585 
nm li"ti , ot~~9tJ'tt1 685 nmo tl~ftMJJu(ii]~-1-ftiliJ!l~. rt®. :i!f1llvJP!n]~~*tt1t 
~1¥J ~~I ( ~P -=~7]( W) ffif 1f1J ~~ o 

~~•~m~•2m~~fl-~~1¥Jffi% .• @~~*~l¥J~@~o ~~~fflM~M 
fitll . r t&j&?1n1J7.I( ~ l'l'-JJ{.~7}( ~ o i!- .~J::ft aJl~ffJ#lJ-f-~ii" ~M § tr-l'l'-J~ftt'Fffl o f§.¾!!Pif 
fE Jc E. Jk f!f T , :tm ~~iii .!~ .it!!~ .if-*~ fif % l¥J ~it, 1Jc@, tt ffl fJ91m w tl!.~ ff xl Ji' (tJ o fc1i '2 ~ 
m~•~~~TI£¾~il~- ft~~m*~m- - ~ft*~o ~~.7.l(~ftfflM~~*ft 
ffl ~ iA iY-7JCft~:i.1f.lH'r, .tt~iA i~*~ 9=l ft f~$1¥J 4mJ.l:tJLifflJ o 

*A*~~~*mfflM~mT'2~*T~~ffl~ffJ~~ftftM(~ffl~*ffi~~~* 
•rtJ~&~m~~mtt#~l'l'-JA~M~~~--~~o ~M~~ffiMS,7.K,ft~•-•· 
~t_J-~, !R.f'Jf, f-t flf, fi!!-r;f11 J§tftp,fBrt;l'tJ*~~ilt-~) o ffiJ lit, JIJ:itim iliJ(tJ ~-11:~ ~ IE'J t¥J ~ 'f1ttffl 
M ht : A:I~ attH?i!M~*l~~MfflM(jj 'iltffi~~ft)o R1iffl~t EB-=f tt=:(£-=f*~~~5'r, ~ 
M•*m8Ml¥Jfr~tt.~~M~~-=f~ffl~~*~*-f-1¥JttM,M~-t-M~~~-OOo~ 
1.ln 7](~ 1r mtf«!i~x~J't$tt/fft;ffl ~ff ft~tt~T t:J XE JI... ---~.*~~~* mtm 'tllllltT ~,:,( 5i: 
>l... o 

*~tt•*~IT~Nff- ~•~*~*~tt-~ffam1m~•1¥Jw~.~~Am~~ 
ttn~~m*~~l'l'-J7.l(~ffi%o 7.K~-~*~Ntt~~~ffll'l'-J*~ M8ffi~~~~~*ffl 
r liffl¥lfttMt~f5Z( 5t-f-•M )~ * E1;:ffl:M~iGZC ~ri~ttM)o 

---·Mm "B , - ~ * w * ~ n IE Jitt i« t@ ~,:,( r ;-Ji:~ = tEm: tr ~r r.& ~ ~ * m M * ~ -=f ~ 0 i 'J 
~ J?.fil~~~iliil9~it¥18'-J fg%i~u?tflr, lt~ffl IE1 ~Wlrt-J*~~ft~tt~, NiflJ ffl *~ft 
~r~ffi :r"t ¥f :i! -·- !s W: 9r .fft ¥1] 'i:i'f !h!. ft~~ ( Gordon ft Morel 1983; Gordon 1993; Sturm 1993; 

Gordon ft:! Wang 1994; Gordon 1997) o :i!~~iif l;,(±ltfii:iT ~J'tiffi:~$;7.l(:mM$1¥JHTI:
0 

ilitt*~m+•*fflM$1'1'-J~#@NtEWBM=~7.K~(l;,{A#~-~~~7.K~)~~ 
Jfl " ~@'a"T;l;lJm~ 51.., 1it";t; , ~ ln - ~~~itrM-=filrh1rift~l}(i:pnx;5t[ffl~-:Jt.~tta1¥JiU 
i.R. ~jff)j-1f~®~iR@:ffi -f*~ niEo ~~. ~'<ffJ~,3fftiJ-. iJtflj , j; - ~ 7}( ,f;fi:ff ~l'l'-J*~-n iE 
it~··-· 1-E ~ ffl =f PJr ~ ~ ~ 7.k ~ o 

2 . 10 1J, ~ 

~~~~m~= ~*,f;fi:7JC&®~(tJffi~W~.#ffi~•rtT=~*~*~ffl~-=f- ~ 
7)(~7}(~W~£~•~~~~o ~J:m~.~ITTft~W~~T~~: 

• 1f-=~7./<,{;fi:, 7}(@.~Jj( i:f:J ~~Ji,X,71'~~~•!1;-Jr:it:ffJJ?J Uiti) 0 tf ¥~7J< !R, 7./<@,:if ~·-tp-1£: 
;J< ~ ;fi1 • f{f. fl mt {t-J ~ /J(aj 0 

• ~~?K~l'l'-J7)(~Ji,X,5tl'l'-J¥@~~ft~tt~~~~~.tf•-t-ftfflM008fftE~#~ 
~ft.~~@m•~m~~w~•m~~-• ~•~~~~tt~tE~~~~m~m~ilic~ 
~11. -·f.Yi"ff'ii'§ , ¥.f.iffHti~ f1l~~~ @:(tJ ~IJ5(.~J'{_J.A ~ 440 nm ill~ 550 nm ~;Jit) 

0 
~fi;J. f.£~ 
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~ T ~ !~t~;J-4o/.J JIJUt-1 IR ?to 
• 7}( 'fl .6X :5t ~ ~ 13[ Jl. ~ n! ~ ~ i;IJ ~ 1(£ ml , {91J tzu nt ~ ~ a t& It ~ {t )A O . 01 ~ 100 

mgm- 3
, ,ffl~ 4 1'-:fi!,&o ~-=f-~{tig]t-ir(f.lfA~ilffl~~Jt, t£.:::::~7}(~ltt£-~7f(~J!jgi{t 

• ~ll1aJ .:::::~7}(~7J< ~~ 7}( lf1 3 fsll£~~ mt U¥~ffi~L ~i-1-JJJ~tnj{~~Elt), &- fsll 
1t~~- ~tm;jf, #~~!\i- tmmt, ~fm:3/tA1~fiEf¥1£~1to 

t1:ff~=~*~*~•~•~~.~ffi$~~~ 4~o~-•JA=~*~*~M%~ 
'!ff., ~Nti¥~1.1<~ ~ mt 1~ ,~-m ~~ ftil»~Ht~ n~ o 
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A. Neumann R. Doerffer H. Krawczyk M. D. Dowell R. Arnone 

C.O.Davis M . Kishino A . Tanaka C.Hu R.P.Bukata 

3.1 

· ',L: & 
7'C~ o 

H . R. Gordon J. Campbell S. Sathyendranath 

_TI!il#ilr-"F7J<'@,~t.@'M·~tm~F,,\!t£ciJ tl :f:IJ ffl ~#.;:_i!rfi o j!.@~W ( ml SeaWiFS ;f1l OCTS 

nm~~•n•*~n#.;:>~*•~~*~~•=~~£~~m%~~~m*~•M~•• 
~*fi*~~err~o*~IT~fi~-M~~• fflJ!itt*Wm~ffi%~mffl,t£~--­
~*~~-*fflM$- MoJ~•~tto ~~.~tt*•mft-J*~~~MfilMft~~~~.~ 
~-~~M*m~oJ~ft~mo NxtE&~~~ciJ~ftffi%*fi*~~ ffl~*~xt••~ 
ffi%~~~TT~.~~~~-7J<fflM$o~~~fflW•ft-J~-*~·~~-*mM$*m% 
~*~MffiW~¥~--~Y-a(fJ~A o $~filQ.~~~~~~-~7J<~m~~.fil 
¾X;f"=f .=-.~7.f(~!il!J~jg ffl o 

= ~7J<i;fi:1i#.;:a1ff1;i:~~~:lld>lXt- -~7}(~1f:~®W•t¥Jff~o ~!w-J:, ~Jtt. - ~ 7.f(~ 
rr r.t:~Ti:fl ft-J M ii, xt =f = ~ * ~ ~ .:f mm o #"1 ml, tr:~; 'W£ M (fJ = ~ * 1$ ffl ~® 1~ #iJ * Jt . .ili 
tt 7~ m Ac m M ~ ffiS 1~ ~ ~ o tEi! ®71(~, -~* 1$ ~ J!i tt 7~ • 7lC ffl M $ ~ ~ (fJ 1Jcx ~ ciJ • * 
*~h~~--~W~AJfil~~***9M$~ff•*~~o~a~-~~-~$~-m~ :: ~ * f:.ti: * ~. mf --~ * f* ~ * 1:. w -:J;; • ~lit rm ~xtf~ o =~ 7Jc ~ * ~~~¾- -t-~i: ~ ,11:, 
$ ~ it fiiJ ffi , 1)~ tk 16' ~ifl ffi-lit 11! WT Wit o 

*~m~~~~~~~= ~7J<~7}(~ttMm~ffl~~r-"F~~*fflt¥J~~~~~o OO 
3 . 1 ·Pf m *~ff 7G la'J a'-3 1ni o 

-m. tm:im ~ iV!IJ tt, nf ~~ 1t} ¥11 - m ~ ffi * ~ * xm ft '!!fr. tt mt i¥J ft if m M * ~ 1i M * m < R 1, 

···, R., ) ,, ~o*i9:~@ffl-}(~iTIEfi!f , i!®f&M$:i1S,f9.fs-lf** ~ :tx:£5r.1¥Jf~ -~-o :ftii~~ 
(t-J tt tt < n > m1J Ej nn~ :ht Nrft m (t-J f:x. fl 1ij" * o ~-ft~ m M $ §.x Jj_ M * ~ ffl ~r, J1S f#j ~ 11 fiiJ ft -~-
1 GI ~j£~~1Jffrt-J JLfiiT¥¥1.iEfQt¥ ~~7Ctt:f M-=f j;;:!lfl fa ~~t'.t:JxW.7Ji!rJ f@ , l'5J Bt:if WJ~lf~!iJJftf 
-~- l A I , ~n t1!! J1 Ji!! 1K , * ~ , ~ 00 /4 tJJ #17}( ~ 00 a i! @4lfij A tlHlt iA jJ :fiHi ~TI£. 00 {tLt tt ~ 
~ JC £1'-J B ~ ffi I I I ~ :bi o tE [11 3 . 1 8915 OJ~, ~ flt W ~A~ it. &p at~ ~ ~ ~ ~ ( C) , Jc f!L ;ffl: i-¥ 
ll!!it ~1 < s) 'f'll • ~ 4m J~ < Y ) 1¥J ~ ffi'. ~ m ~ & af.J !Im Jl! • o ~ w ~ fi!!. a'-J it ~ at-ti!. PT i-.:1. & i?i, {E! !! m 

97 



~:tl¥J~tit:t.~ E"5 -·-~7)(~:ii~Bf.J:£ifl:d1.%~*o 7}(~~:*¥f~ A.9(-it \ I I ~~¥1J*~* 
:ft l UI, J!®**~~:.{ ~fl~~ttmt( IOP) jg*fflo :ff:ftrffi.lf!ffli'Sl r, 7}(~y?:~A]°~;!E.!:jllt 

~~~~:ttt~a'-J~~~~&M$1t$ffi*~~~o ttffl*ttnu~~.-;k.Mtt~~~~ 
ffi~~~ffl.V@m~•~l¥J~ft@Ff o r - ~--M~®~~t¥Jtt•~n 

R(x.y), • ~--1 1Jltl~F$ I I-+-+--.. C 

R(x.yh • 

R (x.yh • \ w~~F$ 21...,_-.. S 

R(x.y), • . 
• . 

R(x.y) • • 

lGI • --+-+-.. 

(A} ._..,.. _ _,. 

3. J. I ;fi~=~*t.$- ~ tr..J ~ J$fa]B 

• . 
• 

= ~ 71< i* .:E ~ fl fiEJfl( ;}cf~ -f-it ~ tt 19f 1i J1t !!ll "SL 5t: f.t a'-J rfi ~ ~ ~, it~ ffl 6l r, 't ff] lliJ 
~~~~~a'-JBMo ~- ~*~ff~l¥JW~~~m~=~7J<~. = -7J<~ZWM•TT~.~ 
~ J.I Ell tz1rF : 

• it~ 3t it ,;l,; nri,1 ti ~A1l ft i:tl, &:, {ITT fl~~ ¥1J $~it ¥.HiE l¥J tf ~ 31. r! o 
• Eb =f lJ,& i& itf f1Hii M ii iJi ~. fiHt-t ~ ( 9X & M $) 1¥1 ~-ft~ m§ .!:j ff fiiJ 4m mt 1Hi ffi * o ,g, 

Z , JiJf fl° nx 5t ~ 1fFF !fil at f ~:.{ ~;}co 

• ~~*~~~~it$ttd~&~•~£Wit1.%*~tt~f.t1¥J•~.J!a~~~~• 
~-~~*~~1¥1~~0 ~-~~~.m~~-#~~=~*~n~~!fil~~m~~fl• 
IKCW. 3.2 "'p°) o 

• it~'lwlR. 1--• .::~7}( i*~ilri$m ;Jc IK~ pg Nf 71<~. ;Jc~i1Ff 30m l¥J r§J~~~ fl~~ 
#J~&M~El¥J~~1l~o 

rnJltilT W., = ~71< i*m~ff ltjg7flmJ7Cr$#iJ~ C- ~7}(f*)ff 'tt. l¥J;Jfft J!:!l:~a'-JiWi!'.&R 

tE 1,1 ilu f¥ i:f:t, * 7. n IE fj rr .¥: *:m: ~. & uir ~ #I; i¥J tt ~ :f11 ~ ili tt i¥J mtit:f11mJJtts15¼1: * 
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~-::k-~ 0 A~ff1*~TT~n~fi~.-7.K9M$~urn*••~•o~W.fifiM~~ 
~~fflUm SeaWiFS ;f:1:1 MOS);f:il~ffH~Hft~jjiJ:fiffl~im~aJL ~-@~i-t=f~tm]J(•::f~ 
m o :Jt ± ~ t¥J fF m IBi ~ "!ill r : 

• i@i ~ 1-t l¥J ~ M nx 5t J3J ~j Ji!$: ilr tt 9Htl m ( ut * >- > 700 nm ) ffJ. 7}( fllf % l!f:I D. ~ * r 
~ . ~st¾ i~. ~Mt*~~ n: 1t * ~ n IE• J¥ jj -m-• JE ff1 JJ~ w. t£ ur tr 9/-~" m ~ .. < m oo 
3.2) o 

750nm 

III 3.2 MOS- IRS ~1-:ili:tt1~:iiil!;k~1Ji$M$~~Jo !lffl*• ~ ?tfOOfi:Ba±fiiJ 
• (1997 ~ 4 ~ t • ) o f!Jfl.ill:fi-T :ft:/Jt.llffl. )E:itji~tl:J ~lllf±fiiJ~Ff..Wi~(!(J~M 
~~o ~~~~k(!(JWM$*~~~~~11lf±fiiJ•F1-M~~ro~~~ m~(!(J~~o 
fflrnlfa# DLR Harald Krawczyk !ltmf{• 

• i£ ~ 7}( ~ J: ~ ' tlfJ }ff; rc fEJ m: M ft{ Ji} 11]' f~ ~ ¥11 tliJ ffif ' ~,&UC tt 91-iit ¥9: 1X ~ ~ 7}( m M $ 0 

Jli:h9/-iJf~~I:~~* {~% of ~@t&(f'it~:)1f;~ffl.1.t( - -~tlffl:ili:IT9/-iit~f~%m~ )fi!ijf 
ii~, M. mi~$; J3J !A!. J't ~ ~ ::k ~ iTiE" ii~" o ffiI Jtt, :ft ifr = ~ 7J< ~ :x ~ iT ~. ~ JiY: .ffl ~ Jt::k 
~ tU * ~ ~ £x-t 1~ -~-m:~ ff] ~-g-n~. ~ rem:tt9t-ut~~1:~~ 7}( f~ % o 

~Hm, 00 3 .2 ;&ffi MOS - IRS:ii:il 9(750 nm)fO:ii:il 11(870 nm)*~DiffJfflM$o Jlt 
oom••Hffiili-~±~-~~-~~M~eot£A~l¥J-~7J<~W~~.J:~:iimff1• 
*fflM$~~~$0~~-~--~~~~7}(•ffJaffl~~o ~~J:.~-*~U~ffl~ 
r?!:u ~ & . ~ m f1J ifr n 5'1-rJ.t ~~~I: ~iif 7}(ffl M *. ~~ * ~ • ~tt m tt ~ ~1¥ Mt*~• m JIJ 
&il(Hu ~ 2000 a; Ruddick $f 2000;.ifilJ~.'1'.~00 O o ~'lf*m:i~Ht~(Amone ~ 1998; 

Land 1999; Lavender :#1 Groom 1999; Moore ~ .1999 ) , _mt* ffl ~ft~ ( Krawczyk ~ 1993; 

Kopelevich ~ 1998 a) E.f~ff'itl:!:1 ~Mt7}(b.lX:::k~i-J.il:~~. {13~-;a:{fJ fiiJffi¾: ffl~Jf Ji]! 

1~~~~.~~~$~TTttm~o ~~mff~~~~m~~~~n~*~l:~~~ffJ~ 
liiJ ~~ ~m ~ 1tn: ~ ~ ~11,g- o 

•{f~~~~. -~*~::k~Utt~~-~~#~~~~~M~~~~~o~~•­
§m~~-~~~~~~~~~A~ffl~ffJ~iff~o ~m~~~~~~~iff~l¥Jff~9'• 
-~~~-~~~~$-tiMm~o i£~ffl~~.AITT~&~-~ffl~~~@-*~i-T~ 
~&~~~*tt~~~~ - ft~-~-~tlfJ*tt•offl&.~~m~~~~~~&~*~ 
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:f1l 7J( ~tt}9J: 1¥J- ?..Vi1 ~ o Chomko ftl Gordon( 1998) ~ tf:l T f!J ffl ~~~tt tt it :ti~ 1"1l.l:i! - l'iiJ 
Jm1¥Jftitfttit37-~o jS - niffi, Gordon~( 1997)EY:Jfl :)'tirll£ffr.W~. iffiuffl~ i:f:1 JiJrfl*~ 
Ml¥J~~~~~-~W~tt~o §~,:i!@ff~l¥J~m~•-~~-~:~tt*•m•7kffl 
M $ 1lJ ~~~it O ~ Jlt, - ~ 7j( ~ ~ ~ tt-.J ~ ffl ~ JIJ ~ ffi!J o ~ iffi , tm * ii 1JD !it Jl! ffit fa], lf 1JJ ~ 
~~~-~~~#o~~. ~~~~®-~~mffl=f=~*~o ~Jlt.:i!¾- ~Jk~ff~~ 
= ~*~~~~%~- ~~~~~o ~~~~~1JJM~~m*~~~i:f:t~mff!lto 

•*WM$ft*M~1i"J~i17k~B~<*~-~- s~~IT~)-~*fi~ffom~7k 
~!¥Ji! ~tiE~~-=f 7]( i:p ~?tl¥J tfflliJ't~tt~, f!Pftif~i&ftlfftMMtt< ..'A!.ffi 2 •) o Jiff~, 
m- ~m~~£~•~*~~~tt}9J:i¥JJ't~tta~£<~~M~~¥tt.7k~~#~ai¥J~ 
lf J't ~ tt mt , ~ ~ m¥ ~ !ffi f.u: lf m 4m J't if I!& i& ¥ tt, ~ '9! tlI it M ~ ~) o 

~iffi.7k~m~~~1¥JW$ffl Pffl~~~~~~-~~~~~~•mmi¥Jttmo m~~ 
1¥J~~~Jj(!:pffll:7ttt-.J~Jf (tlllllt~~ a •Jf ), iffi~~~#mt?ta'-J:)'t$ft}gj:o ii~ J=Umi!u 
7k~~-~lfJ't$ttaM7k~~MJ'tJ't•MuEi¥J•~.~~~~~-~Jfo 7k~- #mt5t 
•~~tt~~~~m~aooa1r@.~~~ffl~~ft••~.~~#1r~~*ffllf*~•J't 
~ ft Ji :)'t itBl: it 1¥1 ~ ~ tt. 0 MT=~*~ iffi -g , xl -~ 1£ T ; rt,_: ~«. ~ ~ #mt* , jf r.&nt ~ 
~ JJty fiL 1£ * :fu , ~ 1¥ x t11 ~ tHv ~mt*. ~ ,w m¥ fl m ~ tr1 it$ mt*. * ~ EI * i:f:t ~ mt mt* z 
~*~~~~tf:l~~~~~-~~~o ffi~=~Jk~-~--*~• ~·~~*~1¥J~~ 
~ ttrr.~ 0 

¥3~~e~~-~Wm~~~~~?t~~M7k~~~1¥J~mo mtm.•1r1JJ~ffl7k 
t!!.lttfflf!!,~.g.h'J.*.W.~W!Eiluil~ffi(~~lll 2) o ¾rOO T richodesmium u:bt~ffi~ffi! 
ili.iEtl:ff~(Subramaniam 1999 a, b) o Gege(1998)~i#.11JJ , AS-i!ft.1Jl'r-Jj@j:)'titf5tm$7k~~-. 
~ffl*~~ffiMffl~-~--~•~o 

r&iffi, Gege( 1998 ) l'r-J~*~~fm!t*flJ.J!£i'JIJtimfl~~~.fB11gj(~a'1 ~nj/;fiiJ"ttKff~ * m M $ ~ 1t¥¥= fil: o :It•~ rm J't it & M $1¥1 JJV:m &tfiltt ~ < .!A!.~ m 3) m ~ T ¥® aJJ ~ l'r-J ~ 
~.~~Ta• tr~~Mfil:m~nOO~Mho ~~d?t~~-•w~~•~Ri:f:tA~&• 
~ 1¥-J :ff: Jl, [2;1 Jlt A ff]M T ff ~ji • ;{£Ff-~ffi ~ # ~1JUJIJ if h l¥J {iJf ,E &, ~~fl ~i j( ~@o ~ 
m.= ~*~1¥J~~ff*~- ~*Wl¥1•~:k-~o ftITTI~~-•a~= ~*W~~­
f1Hm ~ lt ~ tm mt IR 5-} 1r ffii o 

llH~ .J! £ tt ffl. lidt ~ fir iii i-1" i~ 1¥1 f}J ~ F ~ 9r. ~ tm m ~ :j(;-f& it. *Jl f}J ~ ~ jl: 0 miA 1g • 

~ ®tit~ rx~~ ?flt. ~ JJJ! 3-fil: l'r-J it 1): ~ rm~ J!£ ~ -'¥t-t¥J .. ft$ .. tt •tr. if 1lii ~ li w WJ 1~ 
-~- 0 m 5 • i·Hi G: m e-t. ~ 1$ ~ i-ti£ :i! ~ (X ~ F £ 0 * 3 . 1 Jlj ill T .ffl. ffl = ~ 7.1< w * ~ tt ~ 
ff£~1¥J1'J~~~ 0 

-~*tta•~*l'r-JFB*.~fl~- fflffi~W~EJ-~lf*~~&:ft~M~m*~ 
iffiW.~Wli~m%7J(~MA,#iJ~~tiE&#iJB~*l¥J§ Ml¥Jff~o #iJ#••~~-$-M 
J!®tr.ab~j,IJ• ~@o ~fffi.~~81lt @.ffl 1¥J~~~~m ~ it!!Jfl *-tk:i%rfiJtr1 fcJffi o 3. 5 
i'Hii't: 1~ ~ EY-J lf * fiiJ Im, ii r * i-tii: ~ tlif £fJ fiiJ ~ o 
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rJ 
uu 

ijUfit Iii& ~ tt K d( ,\ ) 

if· WI fi'l ttJ f!i:~ 11& ql( it,{ a p < .\ ) 

1'C'f'lllt7t at-~« a /'ti.f.ft, -~~Jt 
;jc m ;@; i--'f- ttJ 

-~~~ttl 
J:t {~ f.HJt * fSi! .& l'tiJ ri1; t'HiE , Ii M )NI $1@ 

*~n~•••-~0~oft~~=•*~·~T~~~M~ 
r" :II ~ r" illi • 1U'J i!!{ j! ft W tidt Jr. 

~T~~~-~•m~AWM~@m~Mg.~~M:iit~•m 
~ ~-:.r-ur j,'~ fit 

m=i=-ftw••~ 
~-~~~•ffl~~fl~~~gm~m.~~~r"m•~~~ 

,g1J-;ff UJ 

ffU~ *~fl UHl ~ ~ ;f'. ~ ~ ttJ F ,fli 

ff=~*~~A~m~~-~tt.~~-~~~-~~r"~ 

~=~*~~awm~~•~tt.~&•~~~•~~,..,~ 
~#il@:Jff.•.tf!W'lf l! 

-ft~tt•~~*~~-£~ff*.~~ffl£tfJ~W&A~-tfJo ~~-•~&~ff 
t£i!f~-1'16'JtfJ~~jj;~. ~fitiitl1-:tf:-1'1ffiJJ!., ~J!t-~~11':tmr: 

• ~ ~ lfll. mm~~~ Hi ttffl • tfJ tJt it~$< iiJ flt l:j@ ~ tfJ 7k i:J:i ~~lb.*,~ 4tJJ J1't ~ ~ 
0":ffi~tt~~mtzra11¥Jt'1-~ffi*) ; 

• ttJEMrRn:~ttt-~JiJr mm~i:r~JJ~~a'-J~~; 
• )c~iTiEffJ¥m:nxl¥J~~ ; 
• TI£ :illi ~ ff ni!!Jttt ll'-:r .ffl M .$ tt tts ~ fif-iJ li ; 
• Fl :i:m ~ :ffl: fn TI£ xfil 7~1 ~ leJ .R ll tfJ ~ - ¥X tt ; 
• Jtl :t:m 1~11 :ti ;fO 1! £ ~w. i!J!1J z faJ ffl ij(fj a,t faJ ffc ?fE (fJ lt Jl o 

~~~~-~&~- ®K•Ej•~~~~*o~~~ffi~~ffi~K~tt~~---~ 
~i5Hi·l¥J;;~~xt" ·~mi, ~~tt'<ffl~~£,t-{!j-, ~~~JffiA~tt~~~J-l1~1Jii, Urfi~~ 
~ffm~iiJ~l¥Jo Wg~M~~&M•~tfJfflM$•$~tt~~-Ej-~~-tfJ~-.iiJ 
~affi&•~~~ffimo ftrnft~~-~rtTffl~M~~-~~(ffiU~.--•~~-~ 
~tttfJ*•>(t-JM-ff~o TOO~rt~~*~-~~~o 

~ ~ 1?f @] ~ ~ rai /ai tum ?Jci! ® roJ ffi rJr* m tfJ 1r ~ 11 * 11, J1J1. ~ u ~ t111r ~* ~ iiJ it m 
~~tfJ**o *er~W~T~-~~-m~~~~~~$:o 

~~-~~~~~~rt~&~-~~~~,-~~~-0 

JWif~~:ITrt:~31. T J't~7Jl1Jfilffi~ ~~~ttffl#.! 1J~filll ~ mt5t~J.t, !!P-~.IR ~ ...t~ 
~ ~ &M$(9XtlM~)ftil~JW.!ml6'J$ilJ1l:fit~J.t.z leJl¥J~~o ~-..!A!.a<-J*~ -j;*ffl (3. 1 ) 

it tat tt (t-J /iJr ifll ~ £ ~ 

- ( Ri )fJ 
p = a R2 + -y (3. 1 ) 

101 



;:\:: 9:1 p -'jg{i1f~rri¥1~J.fil·itl( ~nt~~tt<Jt, ~rif-~, jt@. ~ ~#1 :&~ * ~), R , JJ ftil.imilt i 
(tf.JJit-t*<~ffl~t$)o *l1( a ,/3 tO y !J!1Jffl.fflfflM~ ttffiPJr;:f(ttm.z IBJ(fJ ffil ~31f¥lff£~. im 

fl Jt * 1~t~ ~ iji fie w #! 0 

Gordon ;fil Morel( 1993), Sathyendranath tO Morel( 1983 ) J;f~ ~ i•t it Tit ~f~~rT.#i:o 
ft m J! ~ a1 rt ¥.it< :t ~ ~ Jt 1:t s,t llll $ rr f!) * ~ ~ ~ ~ (fJ ~ 1t m. m. ]x; if Hr~~ ft it tf m: 
( Hoge t11 Swift 1986; Cippolini ~ 1999), DJ I;,(~ ;w;:(£ .::: ~7.K f~~ f4 T -~-U!=i J.lt~1+7t: EfJ ffl xt 
~ffiJto =~*~~-n~~il~fflE~~~~~7.k~{fJ•m.~ffi~&R~~~-o m 
~.~~*~mili.*m1t- ~*~m~ffl{f)Am••mto~•m~*•*Efl~mn&•~ 
nt-~~tt<Jt .=:~;f(f;t.:a~~ ~}):~( Dekker ~ 1991 ;Gitelson 1992; Sathyendranath f!/f, 1997a; 

Schalles tq; 1998) o Jtt If~ iJJ~~jf~ 4m Jlftx-tn:~{f) i~ Uln) o t~!Ji :ft ~n #i: af.J tit.~~: r): ~ ffl *. Rri ~ m ~7Ff I~ ,.nx N-11fi!1J :ttt< fU!l :Rii.PJr~~ af.J ~11 :Mm: m >& ~ .:r- i!rfiffl1%, mi §.J!'Ut~t'Fto 
~ ~ fflJ ft! o EB ·r r): ~ tt ~ ~ rr fffi 1f!, it N- Bt fa)~, 11 ~ i:if {fl. i!J ~ ~ ffJ !a~, mi fl~~ mt~~ 
W~~fflM~o ~X~~ffi~.= ~*~~-fftt:X~ffiMffl~~-~ttffJo 

~fffi .~-n~~~~~~~o -~iliff,J**~~~~fA~~~~**~~~* ffl 
ffJtt M~fJtii-f.-1: mf tEI !Hl (r-J tJE i-l·ftWi'~ ~ o ~ ~. J!®'.ntt-~1 =f 7.k i:f:J r$.0- t~mt < W,J·tm:ttl!LK tt 
~*~tt~~)~~~tt~~-o -~~£ff,J~~~~~~ffl~&M~-~B'-J~~o m­
~J; {f)luJl:2J:.f!: f!J.fflf'~~** · rm;f¾ttlfflf£*0:i:\1~xiiilrfi ~fJE!JJ. 1til.t-9ttn-, ~ ~-HJ~~~ 
~ 7W- ff] ~ ~ t5 n: mo 

~~ ~ n: rt iY-1 ~im ~, 11E ¾ : .i.! ~ ;r rt tt m ~ ~ Yt ~ m ~. m :i£ * 9=1 ~ mt nx: * Ej ~ 7.k m M * 
fOJj_ M&1:rtiir z lhJ Er-1 * ~. w.f1J ffi fflMf4'~ ffi~. ffitfJ.7<:..:(f 7iC #l *~ ~ cp eg 1tffl < ~ffi 2 
•>o~3ffimm*~~*~;f~• m~~m~~Jt~~~*~~~T.••oo~~d*~ 
N! (TOA) {fjffl~:Ytitnffl~" f.~5 ffl lltf~ .@-*ttE~Jr.r!, ~ 11:.M. mM $:Jtif §x~ M $:Ytil 
~aM7.ki:f:Jd7tffJ~~-M~~o ~~~~ft~tt-J~#tt~~~~J;,(ffl~~~-~af.J* 
~ o .it ~ B Jf £ a'1 :tr~ tt-~ ~u ·r o 

3 . 4 . I ftlt ~~ 

ffi~~~ffi$~%A~ - ~fttt~~~.~~*~*~~-9t~ffi~~oc~~~~•~ 
t: Mi ~If~~* o JiY mitt li#.i: . * ~m~ § $tft m * * m ~ 4m mt~ li" ft~tt JJii tt-J ft~%~ #I 
~~~@tt~~-m~~~~~tt<~z~~~{fJ~•ft•o ~~~~-ftW{fJ•~.~-
7}(@.JiiQ:ffl!fl~:f,-tz 1-;"~f?.~0-ffi-"ffi~ o ~Fw, #t~t2:i1M 1t. *fflifrf~ffi. 2Ji&0-~*~ft 
d*~-~~~~ffl*ft~ ~M-~- fflR~ff;:f(M,ffl~ffim*~M~ttftnWo ~• * ~U.il ~~ rx tt , Qr ~J JfJ :ft iQJ ~, ~ f!JJfHrt 0-'ffi jjq iftlxi ~Hilz le] ~ .1f B'-J = 7T ~ , :rt flJ i¥ tk: 1f ~ o 

Carder ~( I 999) ;fll Lee~( 1996, 1999 ) !'~ ili 7 Jlt1f ~Ffl ~19tl 0 Jlt ·1f $~ * ~ f91J !ltl ~ 00 4 J9f 

~ 2 $r it i£ ?&. ljij , R f<S fa ~- t.1 Fci l"1 ~ Mt ~ tt [ b b ( A ) ] EJ II,& i& ff-. ~ [ a ( J ) ] H: ~ F.lf.J ~ ~, ITT! 

bh~a~~~~-h~~ft~ttft~~~tio mfg~~€~~M~~~~-- #--(~ 
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tJ/fti~ ,4A~~Jffi ,~ft!!.~i1~)rift.{iffi:i1~ El tt:~tfJJ't~ttmt, ~1tJfr~~lt-sI.19c*o Yi:fifi 
!}j}J Jtfi: a'-] J't iltt mt !1J tlH.W t2 ~ f;{ m fiifl ~ 0 j!@; **.:I: ffi-f ~J ~ Sl.. *" iJl m" jlj ~~it!!~ 0 

~~W(r-Jffl;~~.~nT~~m~~~m~B~J't~ttm.~~*tt•~ R~•~mm• 
*~*~ ~ffff~~~~**~*ffla'-J• ~ffiffl~a'-Jft~mM~-ffi~ffl*tfJ•~.~-
1'r.®=rn ,_:¥-f >-'E -=~7}(~Elt. :ftfs*~1iffl~Elf.J(Carder ~ 1999; Lee~ 1996, 1999) 0 ~1ftli: 

1¥1 ltiR .~ ~ , i~n tt: R ti~ tE m ~ * ~ ~ tt fll ~:!it< ll" ~ & ni! tfJ ~ JJr ) t¥J ~ it li" m lt-t 71' ~ <t mo 
-~*~•ttMa'-J~~.~~~tt#Jlt1f~.W*ffl•~~&M$~*~•(r-J1f~o~OOtt 
i~ ... ~lit -~ 1Ja !! tk Et-11f ~ o 

3. 4. 2 ~1:-!it.!tt{t ~ti 

tl1~~ttttft -JJ~791t{~(r-J.E£fflM$~~tt*, m:1~T - rP1fJ :fD1-t1f}}io Jlttf~x 

~~ rn+*~-@ffl~k~ffi.~:i1~*~~~~~tt~tflfflM••~~~mM••~M. 
ciJX·tlW fnJ ffl j.\'.; ( vl ~ 2 ft_) :ill: fi ft ti~ ~ o :ft ,j, ft 1i'f ;fij ffl ~ Iii] 1f rt:, mt Levenberg -

Marquardtrn~ ~ Jffi $ 3?>ild Nelder ff? Mead 1965) 0 mp ii :i::t Netlib ~ M (http:// WWW . 

netlib. org) ~IE~ tt~ftl fJf. it 00 =pj-tg ( IMSL) ~ * ~, 1fJ l;J, 1ft. ¥11 ti ,j, ft ~~JiJrtl ~ (r-J t£ ~ ii 
~, 31.Jilt .lA ~ ~jf1!J Levenbcrg - Marquardt ?Jll.@[jE o 

:tF~tttt 1t~B'-J tt* ~~~: ~ ~ 1f ~imu~ ~ fF 79 ffi ~~ A a'-J ~ ii ( l!P nt~ ~ , -~-~ 
i.f-~, Jt~~~ftl~m~:Yt~~Jf )(r-J~Jt . ~-li.Nl*~Lt~~Y ffiff.HIM$:fll.~HIM$ 
Z-' #t. 2 26,,,,;... 

'7.i:. X O X N;:A/'J. 

(3.2) 

:ct tp L "'l 71 J]. ai .ifil ~ ~ rMIJirt i¥J m M $, L mod 71 ffi ~ m M *. * 1& Jiff fl 11t * z :fl:l o x 2 a& ~ tf1 

I~ iRifil ·~-i.j ~ J-7 ~ 1t l't-J i.s JR fl! o 

llt~ff~f!EJ~N~ffiffilfilttt-J~F~tttto W .§.ff-~J;;::f laJ r 1'i~~ ~1ix:l:$:.?tt!: 
< m frii ~ ·i'i) ~ J,t 1t 1r ~ . i!@; n#;; ~ * tt .:r- rm 5;E tfl m ti:J tt • • o :t£ E5 m w. tt w m@-1:JJ ffl * 
~h~~.•••~l;J,~im•(r-J~••~Mm.wMttttm•~••m~~••~~#* 
*§~~ft(r-J~~~Lfm~~ffi$~filo 

~$*#9~~~ff-W8ffl~~~fflM$~•.•$-& M$00Mo &~u•A 
( 1981 a, b; 1991 );f!Jffl ff :X:W:~IK~lf (r-Jfffl ~:Yt•ttJ1fHi -~-:ilrfi~::k~Wl~~. ~ lll Tat~ 
~, ~r-1-~ffl~~ff tJl@Ht'-J IHfJ. ffi~f!i!i!HlZ. laJ ~ ~(r-J - ¥!{·11:o Doerffer :flJ Fischer(1994) 

mfJtT 31 - ffl:~~~11, fi!!. ffHtffi ~t#iJ czcs tttts, @.ffl fffi.t¥!'1f. it:fWk ~Uiffi~. li~ut~• , 
%1.f. Veti' , tt~1ftJl~1f@.Jvt5t;f!l ~~~fflM$( vl~~ s) o ~R:iiEa~, & 7Jii~-fita'-J~$5t 
~ Ej ft<! ffl-tE f~ lffJ M laJ *~ff] Fl. :i:JJ ~ ffl ~ ffe. i1l ~ JfJ= ffl ~ - fX o Roesler #I Perry ( 1995) l;J, lk 
Lee~ A..( 1996, 1999) ~ te ff~it:tfl ~ - 8 ffl ~{§IJ o -{ii!. ff]* ffl Levenberg - Marquardt1f tfi:, 
fflffl•••Mtt-i&M$*M, liM~ll"ft~ tt~oM•D~~ft•tt••••~~ffl*o 
Garver ;f1l Siegel ( 1997) J!L ffl j!&j Wr - 4-~ 3,'H-l:: . «Hi 7J<-<!!. fi-tm & 1'.iltliJ 1k ~ Jffi: mt ?t, ~ ~ 1Jt ~ * 
a tt< Jt ~Jfij!t ffi ~ fi5 lHl z feJ ~~ # - ~ o 

tt~$~£*R~~-~ffl~ft-T8~JfmMfilo~~.~- --~*ffl~~~~ 
±~ft$ffi~~~-~~- 1f~o ~Jlt~*·~-fi!!.-•m~mE£~MtfJ~~o MW.:t£~ 
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m~~frs3Q:i¥Jffl~Hi"~: r1=1, %§. ~ ~f1r1f ~ 0 ~ ,t;f1J 11:t::tf~ ~ 1'f ffl ~ fa'J ~£~. ~ w ~ IX!.. 
J:~ x2 1soi1w.1J"Ml ,J\i~£ .. o r&rru, mtw x2 it1f JiJr ~~89 00 f4 troJtt~ ~~~t!i&~ttt'.r-J 
it!J. J1I[ ~ {t 0 

ffih~ * If' !fm Jffl nx; 5t tJf.J ~ ~ft* '11: l9t ~ jJ B ~ ' !!X fro T ~ ffE ~ ' !J!IJ ~ ~F ;"~ tt Al ft f-t 1J~ 7'J 
~-~*~ft•~-ff~~~atm•*r1=tm~~#l¥J*~o~~Et-J$~M*fiM~~~~ 
•~M~~~~~*•tt~Et-J~~-m~*.&~~ffl~~~~ft~tt~.~*~ttffi~a 
~*~~~~~a'-J~ffiffi~*o ~~*fi~ftt'.r-JW~fflffl$*~ffi~~~ff•••Ttt-Jit!!. 
~-~*~~*ft*fi~~mm7'J~~o ~ffi2amtt~~- ~ .ftITT*~¥~7K9"•* 
{r-J~~ft~~~tt~Et-J~~~#:fE~a.*r~~m~tt-J*~tt~tt-J@~&~~~. ~w~ 
i13l~-11:~t~ 11 0 

J!t1ff!tE1~ffli:p. f~x1 JL1--1fffif-r~1ltm. -Jt~¾r§Z~~J!twJ!ti]ffl~tt-J~tt-ftrll.l~. ~ 
~~.OC~a'-J*~~~~~&llt~ffl*o 

{E ~ ili ft z laJ ( f9tl YD tE nt ~ w: a ;ffJ ,g, :t½ r¥ ~ z laJ ) I -~-~ff:(£ ~:ftp~~ ITT " 1K ~ {l=J * 
ft", j!PJ~.:J.~fi7l!il!f: Jtlf"St):Et-Jffi~•~o fJJ*fi~i,ifiEf.Jt'fi ~~ft1E.~F ~jg~o t£~fro ffJif!!. 
1J , ~ ~ & Mi & iJi!: it ii ~ Jt: 5t tJf.J ...t 15& ;fO r j)& o J! ~ !IJfF Iifu ~ :ilf 1'¥ iE i9t l¥J :ft 1J \ ffi. ( tE x 2 ~ ~ 
1-:t& 1J,{Rff.f Br. ·r, :if:1*ff 1'f::fE g;; 1-M~1f ~), :if rif ~ :haJ! &1--~:rcit~ tt-J ®: ~ atfsJ o ~ Mi 
/ff!, 'E!ttitJHfiiFi N~ ~2~WrR, ~~1 ffl ffi ~3~ 7effi, ±$J Pf~ ffl *:i6frJj!-- · EI Et-J o 

-~tt-Jff•1f~tt-J~ W-~AmWtt-Jtt•~oo~*o ~-~~*•m1r•~~-~1¥J 
% ~. 11H~ ffi it~ {iL¼, Jl~ 1'.,. i! - -it~-~ t¥J :iF fl! ~J-t'i aJ ~ :k :k ~ fij: o Pt rffl, it Jf. at l'sJ fJHt :jfl * o 

~ ---1fffii, :i! - 1r,~~t~f1J±i!!utfrm:i:t~~. :tm*ffi:i:t~,3m iftll~J1J±tt!1f :tk~. j!--~ ¾- :k 
tt~o -~~m~#~~.~~-~EattW~•l¥JM*tt#~OOo 

3. 4 .3 ,±,6x;t~t 

~*@n• m~~~w~~.*~BM#l~®:~m~~~i!t.~~*~•M~~~~~ 
*~fflt¥JfflM.Mfil~~-*ti~o~~A1f~~. ~~~~m*~IT~~ff~m•*m 
M$o - #-~1f•••*m~~1f~.X~*~ft•tt~-~~ff-~B~t¥Jm~~-o 
~~1f~ ~.ff~l¥JW~~-~7}(@~•n• •t¥J:k~ffiffiM$omM~~---tttw• 
~1¥Jfil:fk*~*~t=HiEEt-J 3 # :E~nl*, ~n nt~~ a, it~!tm ~fn ;1ctJL;f½if~~t¥J r-&ft, ~.:J. 
&*~ft~ttlffto t£2$:'-pftffJitit- filt ~fflT = ~7}(~1¥Jk~~7! . .tlt~#i;aJ*7K~ff ~ 
~~~~~ft~tt~~fi~~~-~o ~T~= ~*~~~-~ffl.W~~ffl$ft.,$~ 
Mnm•. - ~R~**~~~l¥J~*o ••tt#¾*- *a'-J§~o 

~~n~Et-J~*~••tt~- m*~m~•mM•~- m~~~~~z~tt-J~m~tt 
~ o ~ ff 4>: •fr l¥J i·tit ~!Ff-nt ~ ~ a 3~h1-~ t}>fll Jit ~ #J ~ ~ tfE ~ • {S Rd~ t1:l i* Wm# ::f 15t ~ 
.-F _.t~:hU¾1Ct!l!~a'-J, ffff Jl itJ1:~ aJ tV-ff ct.~ m ~~(Pl 1¥J~>1<'.o t'f ~1¥Jff :& '71 l±l liittcto~ 
* tt [ 9t"!. (3 . 3 ) i:t ] Er-J ~ SC iM El~~~ it~ -11: @I U=l *tr~ -l:JJ ffi * o = ~ * ~ * ~ tt M ?t .ffrtli 
¥•ff•1f~.~~ftffll¥Jff~tt•*T~~-*m~~~~~ffi~fto~-**~ 
(PCA) fidf'. Bf t..l. ffl * ~ J1 :i! # ~§ tH JctE al.) 1f rt; Z - ( Mueller 1973, 1976; Fischer 1985 ; 

Sathyendranath ~ 1989; Sathyendranath ~ 1994) o 

•ttw••~m*~~m~~*~•*~~~*~tt~~*~mmM•a••.~~ 
104 



~1m~tt!.¾)) jf:t£~~EY'.l @~li7tittt~'E~~?t~tr-J ( Krawc7,yk 1!f 1993, 1999) o ~Fc . jm 

tlfflffiB•~~~**~*-~Bffi ~~-~ttffl ~*M~~~~&M~W~&~ftS.ii 
~~~~tto .tlth~~~~~~ftmBmffl%~~~ffl*tt. ~~~m-~B~~-t¥Ja 
JfHR It~, Jlt 1J1-ldl! i@i ( &: iJir mt,i-~i-JU}I] ti jJ ft:1 lfiJ!ffi J.t o Sathyendranath ~ ( 1989, 1994 ) 

i£ * Jfl ~112-l Jr~~ . i1J ilm 7J< fif -'%, mf ::F¾i1Jil7C9: TJf ft% o :(£ Krawczyk~( 1993, 1999 ) l'.t-J 

Jr W 91 • fiJr °ff it rr ~ ff: ft! JfJ ~ ~ tff-?l {t -lR.ilt fi !¥J. ffil Jlt, ij!~ -h± ffi ~ x·t /j_ iJl tit mt ·Jrt IY-J ~ 0iti1 El f;IJ 

f~~~ o )JT~*~ffl~filffittffM-•~S.TOOMW~ttMn0~ 
-p - = '-7 k --L- + A -' LJ I] J I 

(3.3) 

.rt 41 i>, J-11th ~~fl!! ~Jt . !zn ~ ~ , 7. ~ JBc ft~ 1¥ .It ~ 1 s rr. ffi ; k ,; 7-J ~ frl: i rr .ii ill J (r11Ja tsc~ fl : 
L J I-) .im :iJi j (t'~ t!k: jjl!ljf5{ Q •t ffi ; A 1 1-J i_!l: M i t¥H H~ Ui, } 7'J l - 11 a'~ r9!iJid .ill1 j! ~ , !It ~ n 7'J {5( ff 

Jt ~fl .ill ii tt 0 

~*mm~ - -~m~n~K•~m~*~m•m*m.~~~~~T~~~*~~ 
~ o .Llt1r~~--~-~-~*~TT~~~~m~~~~«~7J<~~#~ffiSMo ~ffjc 
~{ 1ft MM I! & fx W ~ 1:: ll}I ~ W Pjci] , f§.¾ .I!£ tt ffi l1S 'El~ T 7k i:p $t 7t 5 I~ t¥J Jifr ~ f~ %~ -fto 
~ik ,*~~nm~n~m~ffl%~~. t£ jc~fl~Z~&::f~?tmo 7C~IT~R¾*ffl 
( ~fii•"~~tt"t1~o !Jsltlt, 1RW7C~JJ!i9!1ltdtt~. 3f ~Iffi ftJ~7JC r:p nx%a'-JTI~~. ~:J! iif~ 

(11.J o :.f,:1fl1ef .tt~.i11: - -)J;-fi i•t irt.TI:~. Neumann ~(l 995) iF~ :lt!!. fd·H -r tlt31~ o 00 3. 3 .1J .lit 
1?:'lt }f~i,5tRfl~Xllfil 0 

;'# fJ to f !l $•J t.: :i& H ft~ ff 1N $ tt ~ .';?. 0 E Jf tt .';?. ¾ rnt:-¥J.. ::f=f tx tt r.t= tr. . Ff! Jtt PJ ~ 1t 
f 1J · t-·tk~ < up 1tM r- **ttMIB~sioitt) a"Jt&Wil!, ttt~ (t-JJ?:u_;;, . rm fiF1Et£1f fiif it~:tJL*tJt 
1·.,iG 1 i O fyl]f.111 ·--* MOS - IRS fx:Wt~ ~~~. if n: ~ ~ 'yJe. tJ '1i ~~ mtto ~ m11'1 :rt~ )J. 
If I :(-F. Sun Spare _[ ff-it,~ t: fx. Wrifi.fYitfmx nxo 

I L(}.) =~C~~-Y,t.••·) I 
...._.:t_= 1&._· i_} ~-~ ---I • 

I 
._ .. __ _ 
I 
I 
I 

C.S.Y 

Ill 

~Ytltff*~~tt~fil .~~~~~~ftff~~~m#~~~~~Bo ttm~ffl~tt 
(Y.J JJip:;1 :(ET ft ffl r 'M' ~1r f11 ffi t't-J 'Jttl:imilto ?.~rm s_~m tf:l. ftit}:il!i:iiEt-J:lt1JD, :It~~£,~** iiJ 

105 



& Jit ~ M pjt ~ ~ tt M t¥J ~ tJo, rm~~~~ lftJ ~:fl< !lf-~ ~, ~ fJ,'#J ft~ 4m ~) z laJ t¥J 1JUJ1J #I 111 
~ Wt [f O Jlt 1f ~ {t-J ~ - f}t,g ~. *~ ~ 7}( 1* lfi] ~ ll91f 7! ~fi ~it. pjf tJ.' Ej *~#I 7}( ffl * l¥J 
¥*ffl~fil@W~~t¥.J~m o ~~rJlt,~*~fl~~~~~~~l¥.Jo*~•~~$~fl 
1¥1 "-·ffi1JUtx*fii:p fs iJJ-r IJ-~~(3. 3 ~)o :imuEJ.ffl:it!!.IR-Yt~ffl:it; lt-'ff.#i;/.:ff:b•tx!}..lt, 
Jt ~ .L!t flj !I!! IR EX * Ti ;s[ 1t . Pf 11 ~ 7! ff fl J tJt -ft 0 

::E ~ ~& $1J !jllj ~ ffJ i : -Yt ~ :m: ~ tm JJJt ~ iHt-t ~ z laJ ~ ~ * * 1¥.J ~~ tx tt O lzsl Jlt t ff J ffl T JR tr 
Wt!':!'~ t\;;-11::}';: *, UT it:n: ~tt flMf ¥1Jci~. fE! ~J! t!!.-'ff- 3& ~ ~ ~ laJ l¥J ?t m 1t o Jlt7~, $Ii WJ ~ ~ 
< q ) tl!JflUH *~I!; ~~ ~ ·11: ·11: o ~ WJ ~ ~ J:j ~ ~ M tt % ~ l¥J )ff( Mt :trt! ~ tm ~ii< p Hf 1:JJ ffl * : 

q = p + m log( p) (3.4) 

.rt 'fl m +tHfi· JPtl F>~ ff11J ~ t!L 

Jlt~~l'fi#JftFl:~~ieo tt;tc, Mr~*ffimitf. q ~fEJr JH:tlit:it!!.~tmlfii P o :Jt-7.X, 
x-t-r tx 1J,ffi rrff"Ef , rr: lfJ.{ i&~ta~~~tt~:m~t'F m st. q rJi rtJ =f P 1¥.J xf tt ~ ric* * o J!-t:E. ~i-il: 

7~ttffl¥J!t!!~tm~M~~~ffio Jlt5m~~r~~~-~r!~*ffll¥JS%~ao 
$~~m~tt~~~~~-~-~m=~*Wff~aT~~~mmt¥.J~h4mo ~ffl 

IKX iffl Yir 1$ MOS - I RS tt * Jfll: ff 1¥J !s :!;J'dlE ?k 7 Jlt 1r ~ 1¥) i:iJ fi ti: ( fil ~ 00 6 ) o ~ ~ 5t tr W. 5F , 
&ittr~tdtE~&-}(//&{i1i1!E0J~:i.EJljft=f 30 %1¥Jffl/.l( Krawczyk ~ 1999)0 5-}tJrfE~lJ"'. ti 
ffl * ~ Tfff ifA1J ti , ff nJ rn~ ~~ ~ tF ffi ff lrti It ~ 7)( cp nx: '.5t o ~ W , ~ :W. ~ :ff ~ ~ft tQ: , 1f ~ tm /.9l t¥J 
& iti! {~ :fi1: 1=J° I'll]/@ (t-J 0 

Levin ;fl:! Zolotukhin(l 997) ;fll Levin ~(1998 HiH,W~ ~ ftitf:imilU~ff:lft1!~~, flHij7J< 
@.tt ffi7.I< 'fl nxftft11J:i. il1¥J ~,c.,tr! ~~*~, ~te T - #~11;,llr.tt o 

3. 4. 4 ~!2Jij]ffl}t 

ff <:R: 7K -Yf:. ~ ji ~ J.2'! l'PJ !MJ Pf tJ. * ffl t'.r-.J ~ - # 7f f£:~ # f~ ~ ti ( NN) ~ , ~ Ej 1' fiiJ iJ.t tQ: 1¥J & 
M ~ f1l ~ # ~ ~ 7.1< 9:l loc 5t 1¥1 t& It Z !'BJ ;R. * 1¥) ~ ~ ~ * o ~ Jtt , MI t.?! ~ ~ fF ~ - # ~ 11! cf~ tx 
tt~~~~ffl . ~™ 4 ~tt@al¥Jrn$ffi~fl*o ~~~~$~tt~~.~~~IJ-$~-~ 
i't'~%::rt~:@~u~l¥J ifr!IJ~J1fil£.!:j·~:i!Eilffl~-@-,§*o ~ffJt£*-=p-~~~ 1¥J@ V35t#r, 
-V~~Jm .i£f'Pf~ ~H~o tE Doerffer #I Schiller( 1998), Sandidge ;fll Holyer(l 998) ~ Lee~( 1998 

b) )( if 4t ~~f,J-Yt'!!fri~~ w t.2 ~~am t¥J *~Jo 

--~*~~~~m~tt@a?tm•~~••~Jtx-rtt;fll~••mtt.m~nz~i¥J* 
g; o rr .:::. ~ 7J< 1i, :tin*@.~ ;.f1:l ft@.. !Im mt l¥J ~x a i~ 1J,, i:iJ m. ~-Yt it u :rt iK vt ¥.x z tt., am JJt ~ 
~tt~a~m#•~~(t-J~~-~!fmo 

-~ -- 1- iJ!t f1 l¥J & M $1§" ~ 1-~ ffl: ffl * Bt, :tz~ :(£ § ~ ~ • , .@.. ~ J1Jt ~ ~ r-¥ ffi l!L ~ 1¥J 7}( 

Ji , '.t 1f. tx ·rt [1'.!JV::f nf -0-: lf JllHt! ffi1 ~ J.l r-Hf ffl o ~ ~, 39! ~ ~ $x ::k ~ Jl 1i! IE Bt , ~ F ~ fl @J V3 rt , 
,Q, m %: .EtHm i®; ,J;: ~ lJJit o Ch eb ye hev ~ .!W 5-'\ :liH~ ~ $ ~ m ~ 7.1< 9=1 3 :fift tt, lJit ~ Jlt Z laJ j£ ~ ~r. 
~tt*~l¥J - ftp~~o ~ - ~~~-~w~~-r!o 

rnJ V-=IR{fili+Rtw ---~=li~1J :!tffi ( ~n~Jtf11ocM$), tl!, riJ '(«Jg- ffiffiffJ.&M*T IJ-. ~ o tE 
~fflfflM~--~*fi•m~ffl~~.*cp~:B-~~W-Yt~tt-~ffi~E~o !fm~~Jt~ 
M'J 1{)'(:;~-!i~zraltJI.J* ~ti~~W~tt~~~txtt lfil V35tfi-f- lJ lifu~. mf _§_£E~•3Mffex JEfm7}( r:p 
Jix.1t~ 1{-5}-;{n~li"*al.J-11:mt() 

106 



fttir??.f.<xJt~ rat:!i~ Alt #1~ :u mff55:ttlFf1J1¥J-j(frt11.#.. ( EXWr~w.) t£J flt.. w.i ~z faJ §.15i~ 
~~~~o ~~~&M~~~m~.~- ~ (tJ&1-~~~-C~-mM~~~~-ilio­
t- ·p· .~a"J Jifr::f:1m1 A..~ 1!1:l-f ~:J. ha~. WilVltftl, :1f Jj_ fflffi-~-~Jt-fiB~~~ttoofia 4wi /:lj-9""f ~ 
~~#~~~~ma ~-~fttt~~fflTa~.~~~~~ftftl&M•z~~~-~~~ 
titrl<i~* ~ o 1j:1 f aj: . ,,,~-.'!ifi~/P]a':J ff--itt, JiJrl;,( ~~ JL-if~Wi~fffiir~~~-!1:*!f.o 

.i! Jtt- *--~ ( ~II fiJr •fr flfl r-2 fti t¥J ~ ;f1l ilie ~) tE ~ >J !!X iJII f* ~Ji' 8t -r k:1 liJn ~, :ft* m. J3t :it!!. mi ,J, oc 
M~mfflM~ffl~*~fflA~ffl~&M$~~~~~m~~~~~z.~t¥J- ~a 

.f 1J m jfil ·1:~· 1t m t¥J ~,, Jc~i rt-J Ht ttt ~ t! ~ ~ fa'J (tJ :®: ,1, 1-t 1r it., ~ iifu ~ ..t J£ ff.. tt < ap iJII r* ) o 1'£ 
i*~Klffil1J..1. ~,r,ttffl'.,f11& M1;zfaJ~~~*+f-:(£- -t-LJ _tm,:k:1f~Bt, ~~~faJ~o ~Jlt. 

~~*•(tJ~~½~~~~MBffi~ffl*o 
r,t ffff , :cl J!U-¥= )J · ,-ii ~ j!)1 ~ a ~ iJil fff. .~ a'-1 ~ ti ffi ~ ~ T iJII t!f- .¢.i: Z fa] l¥J ffi It Bt, i! #ttt 6l 

11:11:~~ . .i! ·tlitil -~M. i-:Wi.i£ttffl(t-J ~r~A. fB.¾~~ iE lifu:ill:fi'.#.. P-Jffi a 

M ~ B':J 1-«] !~ ~~ ti13 ;R lfx T fl ff f-t ~ a':) j~ A ' tE, ~ * lTx ~ ~ * (tJ % rt 1m L) ffl. f;{ 0 tE ~ ~ ~* 
f'.x • 1-«] t~ fp ~ f ~~ 1-¥ ft J ti . :,t i:r' & M $ ftl 1t ttE. f~ .~, fF -'jg~ A ' tlt fJt !QI] fF -'jg~ ili O ~I] * )! J!:~ 4)fij 

A .f1l 4fi ili ~ itSc MI ili T iJII f* tr£~, ~Ff~~ It ~, 1a- a M 1t ftl!.1: i-d:, ml ¥f ~ t&: K r fr *i ~~ Jl ~ M 
=ff /1;tz~~ , i!X:-Jt ~it ffl iJiltkw-JfulM( PAR, illl ·)¾·~ 51.. :JJ 400 ~ 700 nm ·pr filft!R~ ,g,ffitt )tl!.~ 
ill Hmm, Jt-§. ~ rr w r?. 1()(1t~ z rf1 o 

t,r ~ tl A l«lf~ff'·J 1&,r}J ~i~ft<~,=:- ~JJXiJllf!f-~Ji.JrfiJ! J:fl t¥Jmrt:o JLtffiA---~ ~YE- ilf~ffi 
-~-~*~~~~#~ft~tt-~fflMff•~•o rffi~~~BfflfflA~~ili~-t-~~ 
/J~ f.y1J o 

n:~-- ·-t-,1~ f91J er. f1J m r3i ft~ im.tl:i:tWi~7Jcrms7t , t1Jm ~~~Mf'tiffrimrtmw.*b(.b!& 
{{~ f{rrn•t .f1l f-(z 4°ti " Tanaka ~ ( l 998) * m JLt 1f1t, 71 fJr ( OCTS f:,{ 1'.1i ( AD £OS - l l.!. !iU a ~ 00 
7 .fil~}#r~t*lilo 

· 1" ·!l £ 1k (t':J ;1~ 1,11 ,~ 11 MER 1s f-o Mos * '».. ~ = ~ 1.1< i* rr fli C JLt 11: ~ ~ ::P ,~ t¥-~ ~ 
it f HI-!~ t~Pt'utt n t6rn•t ;f ~m, -ttHt * m HJ f11 xi 1Jl!iJJfJ 1~ ¥1J ~ ~ < ~ m 3. 4 > o Jit m ~Hr-1 it m 
u f M fu lfl T· Q II-I+ [ ~ < 2 . s) ..t\: J , I ~ itt [ ( 2 . 8) A -f1l ( 2 . lo ) A J,f1l ~x :$12§ -=f s[ !A!. C 2 . 1 o) A J 
~iliruffi~k~~~~~&o ~mm~@MfflM~W~~#~~-~W•~~~~~~~ 
~I .k H( f:H AM m q<t $ (rJ ~ ~~".,} -TTi O 83 TM it~ tt ~ ~ * t& ;Qj, ~:J. ~ M: * ~ #i; -JJ ~ lilil a'-) m ~ 
+ fr@ {t J:!Ht ft tt * * 1T AJ~ !flj ~ 0 )f; ~ 8 ~ ~ Jlt rn~ ffl T MOS tt WHt-J • tlj ~ * 0 Jlt w~ ~ 
Hfi. N1 t-?. r:«J t~ -rt* -'fJ ¥t it 11: ta* $J.: ~ f§ it n. it* a':J ffi M ft• -mt<: 1¥1 tt _g Ej 5tt JJP. 12 £ tt ffi i¥J 
Mi f?. ~JfiHt':J M li-MHt 0-. -t£ fJI; rm - l't:J .P]' tm tt O MT --* i''-J I 00 ]J t-fl X fY-1 MOS tt ffl mj 

~- , :{£ 300 MHz f,\X tJl I·. (i'~ 5lt .fj a;f' fel f~ 7'J l mino 

:k. ~ ir JE. 11 rill fr - · ~-fiff t¥J1c4i.iT.IE , tl'3f2~t~ t¥JiJll tf.~~ tit* m 1(7. rnEt-J mm& 
M$,&R*ffl*~•~tt~~@E•*~l¥JffiM•a •~~.~m~~~m•~*fi*~ 
iT'iE, -HE¥r-~7.I< JQ {rt i.¥ f11 .fM ~-t$~ itJ~~FJ<J o Ji~'tm7.I< ~ ~?t Jj_ ;~f4lt~ ~ f~ - 1=$!¥] ff. iii , 
MOS n: ~ J!ll. ~t ~ lilil X Vi ( ATBD) ( Doerf fer fQ Schiller 1999) ft- tB T :i! f.?f a'-J p;Ej $~ti ~I!~ a 

trftffl~F.~~ft-~~*~ffl~ffltt~~BM$mffiiliil*~ftl¥J-j(~ffl&M$m~a 
X'j f rt i.P- 11< ~£ rffi i .I • I I I 1\":i it. ffl.' ;¥{k i+ Wli tx w 5 I ~ l¥J ili: rr 91-i~ ~ ~ 11< & JJ·Ft - · ~ ~ § * 1£ m :}1,J 

,Z_ '4J " 
107 



~~:~•~•~*~~-~♦ ~~ffl~~W~~~~~~--~oM~.~~fl~ 
""F~A~ff: 

• ::k '-=i:. TJi iHM $ §x; & M $ ; 

• 3™~J~iE$1M$~&M$; 
• ::k-9:iTiEZFa:ii~1f JEJ~7.IC&M$; 
• ::k'-=i:.iTiEZFa, ~~U3- ft~7J<&M$o 
~rt~*t17JC4lnx.7t~Jl:. ~~fF-J;;i:pfaJ~ffl:itJflt'r-Jft~nx.?t, ~Jffl:ltt! IK~~~r(Ei 

~~ilflJ't~ttmtrt-J~IKff!f.~, fl*), ~~~~~-tJ~Jlo 
-frl-ii~ ffltl iJll tl~it ;JfJifrM!Jfi~lvJrEJffi:r:t~,~'E!t5JW1=l"l¥J®ii, ±~'E!ffl:~Jlm: 

ml , f i fuJ Wi fir~ Jl Z laJ t1J-1f ~ ( ~ * iJlf M~ M! ffl (fl i,s ) • ~ ~ lg} ff ft~ tt 11ft ~ ~ 1i ?t ;ffl o l'E ~ ffi 
-ftffl:r:tJfi riJll~~it~:at. :i!!t!fflJiJrff@ii, ml*TW ~ijJ.t.!::jfflM$~~Usl-r~. fi~&1Ji ~ 

~~fr-J--~-o~~*'-=i:.iTiE~~~-~w. • ~t'r-J-9:m~J't~tt•m:mi~~-~-tt 
~~0 Xmll:~~-at~~(flffi~ttt'r-J~~.•-~-5~~@ffi~tt~-~~-~t'r-J-
~ ffi ml Z pg o :M3 t2 ~ .fr-J ~ ,i~(~iJII ~~ at o Jc~ ffi:r:t ~ ff furffi i!:; ~ltt~ ~~ft, ~ t2 ~. 
~, ffli!!:.fi .mffiiJII ri o 

~~~~~~~~~~ -fsll~llftt'r-J&~~£Ej~~-~~~~x~~-~~Jlff 
108 



* o ~~~~~ffl- ffl~tt~l¥J&M$M~Bffi•m•A~~~B*fitt•o 1£~M&ff 
;fU*~ i-TiE ~£-~1l-xiiiJllt*l¥Jflfii2~~ IP, ffi~ 1¥J19!~ii\ttffi•mm *~ ~~-A ij£M 
~~~~1¥.Jm~o JJT•~~-l'fJ~ffl .• ~BW•- ~•~m~~-~~fitt~o 

Jt!!. g •Ii ;ft> 4 1 ·t± S. m IN JJ M1 t2 ~ ~ ~ ~ ~F 'M" F *, lf AT~• 7f ~ :it!! 1K tt 3X ?¥ !Jr tt :ti¥ 
r:~ ~ t~, HJ:-# 11!1 t2 ~ ~ ~ :f!J ffl xtff ~ it!! IK d ~eµ lf ~11¥.J ft~ tt ~ r l;J. iJII t* o tll3 t2 ~ ~ l¥J 
;izt; ff. if DJ ti k',l Jl_ 1f ~ # t~ ii: fff-~ ff,] rffJ= 7j( * ~ ( :ml~ ~ • :cl ii~ !il ~ i1f- i!m ) JJ * ffl 0 

~~ flfJ~~~n~e".1-ili1f*~5tl¥.J~~Cd~Wft*~*l¥.ltiM&tt;fU~~&tt) 
f1.1 m ffi tt t\t~ N ~ u iJII t* rl! m t¥.J ti-iR o jf ;n= 1: - -t-~ ~ oo , ~ ~ n :it!! ~ ffi ~ m # & m ~ .&t 
~5tffl*1¥.!~£o JJT*ff~~l¥.l*~ITiE,jfft;n=1:*~•~•M$;fQ.*fflM$(~& 
t-t * ) 1¥.J flfJ f£ ~ t~ 00 0 

,J, tt; ,;L-~·li -~ >'R ;fo Jt -ix. Mit?!!#Jf~¾ffl riHJ*nx* JJ..iJriffl =~*~*~ niEl¥.J ~ ffl 
~1¥.J~~n~o~~~~M~l¥.JfflM~~-~;fU~tTI£ttffi~ll~W*l¥.l~~~~~ 
7'E , xt-=f ~ B•H1 ll :;It ;.I; 1f ffl o M3 ~ l#J ~ 1¥.J ~ _g ~, flfJ t2 l#J ~ ~i9: Jt ffl ~ ~ , :;It~ ~ iJII t* ft ffi 
#Jjf}.ljjj\ftfflJfhfW.fil! ffl ~ ~ 1¥.J IHfl B.j" o J1t 91'-, :f$ t£ ~ !'~ 1¥.J i,9: tt~f:JiJII f'A; ~ ~ 1f -=F- 'ffl' 1¥.J ~~o 
-~-Z, M1 t£ ~ ~ ltii 1fri ~ 1f lVJ IPJ ffij;\ , *ffiJII t* B tm m ;fQ M ii\ B • iht Jr-, ~ B-t jf mW :ti¥ t2 
l~I ~ iJ II ~ fliU¥ o ~ ffl Atr inJ m :i:\'.; ffJ # ~ , & # r&} 7J< nx :fr ~ ft * ~ !.llt 1¥.J ~ ~ IE lf ft ~ It .&t a , b 

f1l ~ ~ M ~ B % ;lft ~- 3W -'h E. ~ o 

rWi1l'uJ<.Jlit*~t51?:17-t¼B7f~~~o 1£~. ~,tt,r.~~ r 3 #tlmt: *~, ?HJJ~&M$;fQ 
rllJ * ~ Bf! ~ 0 J.lt ~ -ft :n: 1¥.J ~ lilfj ~ ffi 2 ~ ( 2 . 11 A ) fr ~B ff) ~ * Jj_ M $it~ W- 1-1 0 J.lt ~ A B: 
ffl ff] xl -~ tE T : 79 T it 1?: m:::. t-* ~ tt ' A ff HIS~ iii. 3 t-* ~ tt i:p B':J j;ij 1-* ~ ~ 0 f§lJ tm ' 
fflffl:ii~ftfflit 3t*~. flfi~illfi#l.flit & flij $ (A) ft! *~'1"£1.llt (J'ti! & M $ft! YIM:tt~ & 
tt ) l'fJ 1ii n o .im 1t 1¥1 ~ w ~ J¥ ~ = tr:$\:; m ~ t:J<~~ ~ * JR * tt ft ~ -r.i .&t . rt m ® ~ ffl 1~ ~ * IK 
1¥1•*tt~~~7J<~ffl~ .~~ffl7J<~00.3X~ffl-Mq:,~~= ~1¥J#IJOO~~~-~ttffl 
1N-, JfJZ 1~ #lJ ~ & flij $ 1¥1Mffe1i53l ffi o 

ili#l.fm*~ff~~-flfi~~m3Xtt-=f30mi'fJa~~5tM$.~-~-=fAA•d~ft!!.B: 
Fl-1 Alf~ ffl {frffio ~ •tt ffl ~ fti!:frM $ 1¥.J ~-Wti:llili 1£.~¥111li fl ( Maritorena ~ 1994 ) o 

Lee~( 1999)mi'f:1 T - #i:iJ ffl r tliftiJ1ttffi1¥J1f~o ft!!. ffl*Jfl ~r2®::frfJrm~ ( .9l Lee 

~ 1998 a) , ~~~& ~-t $fl= 79 I!&~, ~M, ?HJm;& fl«*fn *~1¥1 ~tt; *fflfm~tlffit4 iE~, .im 
:ct IJiiX 1J, * £ ~ B x-t ~ti='= ill fi tt 1t. ~ at & fJir #IJ:Ji ~ It , #ii~ & P.« $ fO ?HJ?J< tt -'9i" o ft!!. ffJ @-ffl ffi 
mttfflftl!ff 9H'ti~{)( *~1¥.J m!:i:J,~~&M$Bffl, J&fij T ~~iJf 1¥.J~ * o rtrrff £,3Jit~i'B, {t ffJ 
1¥.Jffi:i:\'.;fi~#!J~&R$ft.%:i:\'.;~B~1¥.JD.&t#ii • . rrffHfi~ff-~Raffl-=f@mtffmo 

3. 6 1]', ~ 

M2~M~T= ~*#ft~tt.&tl'fJ.~tt.M3••~T~~~~#•~tt~~&1¥.J 
1?:tttun~o * 3.2 f 1Jili T~ 3 ~iti~1¥.J~#~tJHio 

109 



1=. 4m l't ~ i!!IJ'tiUU 

J!,i!¼i~(-htf-t~rt 

tt-Mtt! 
fLl 

lt m ~Uci iJII rn~ * 7C 
.ffi illJ m #1 u 
CPUFui'lt 

{-\:~~ ~~f.xttttft.m :!:~ :5t :$H1fm 

lf:.~ft¾J!;m 1:~ft~m~l 1: ~ft'¥: ffUtl Bx: 1: #J 
1'1 ft~ llil it ;JU JW. * i,J tit 

ft~tt~ffii-
cp ~ ffl:W./iJIIM,-cf:i, it 

Jr,-{!!; 

cp ~jlsj 

( local ) " ffl: ( local) " ffl: :'l'J , ifi] ~. of i,'i! 

WA iiJ ~ Pf i,J 

~H~r~~ 

1: 4m ft~ m !l'l ~ 1:. !Im 
ft~~ fil: :f'll JW. *~~ 1it 
f-t ~ fl ft -M • 
ffPfl/iJll~-iii . it 
W- fft 

,t,~~ 

.ilf®1f *. ~~:i:!1Jwi~1i T ~~n1:~. fs ~mt?:t£- ®111* roJJMI, ffi1~Jtt - ~f ~ :m: 
~ o ~~- ~*~*~fl'-Jm~ff~ffllt.*•tt~fl'-JW~tEft~ffittWfrOO~~~~~o 
i! ~ 3f. it ff1 ~ 1: ~ -11 * fit )71 .rn J! ~ !fl.J ~ ii ffi * ¾I ft o r& fffl , ft m ;fU m ~ ~ ~ ii tt ff1 J:ttba -ar t~ 
~~~•tt•*•~m~•~.~~-~~Er-J~ft~.~~-m~m~w~~o=~*~* 
@.:ii~ a'1 :£ ~ xt.~ £ r01 ~ ff,) ~F ~·litt;fil f1R & iJiHm m:Yt$tt !lti:t.HiEz IBJ a'1 ~fl;.l tt O flP if ,t-jjlJ 

tt1mtfl'-J~::fii"J't•·11mtflltt1m~~ciiu lt~::fii"ft.§j!#Jmt )z rsJEr-J~*-JJ B ¾I, 1i::fii"ffM~~ 
~tt~~-.~®~BITT~t?~o ~¾. ~~X$tt•*~~&lt~~ft•tta~~~£* 
1Ja T ft$ _t a'1 xi& o 

~•Amm&~m*~&M~~ft•ttm.~~*~~~~:Yt•ttm~#Jm~~z~ 
t'.!'1 ~ i){ ;1c ~ EY-1 ~ £ Jifr 5 I~ fl'-J ff {nfi~ ~ W ~ifi~ o ~ J.lt. f4~ W-~ - fir it it. Ji rid~ -N ~ ~ ~ 
-=f & it ft• ·r.£ '95: < it ii a.& ~t , ~ M , ~~*ft ) , iffi ~ ~ J5UJii tiff 7}( $; # ~ & o ?& fffl , ~ i! fit, 1J ~ 
~l fijij ~ #J ft~ m ~ Er-] n§ fJ , 1:E.~ ~& it'J Tl! ~m ~Hiff z fffl * a'-] E ffl O A ff]~ G: ~ ic, @~ff] ~ 
htE=f G:ffl o LI "tr. f4~ W-..if',{:f.tE~ T - ftrxW..~ : :tzo*:11½~~ *~ ffttE-Yt~t.t~, m1J=.~7.1<. 
~B'1~~~~am~~~~~-~ff1~&.ft•tt•~•*~*~&~~8'-J~~~~~* 
JfJ it!! 1K ·1'1 .!!X * "fj" ·1'13?: tl~ ;1t ~ o 

r.t ffff , l! fir x!{l. ,g -~ ~ T i! ~ Er-J Pf ffMi. f:!P it!! lR tiff 7.1< nx; # 8'-J ~-ft.if -PJ ~J 5 I ® ~ #J mt~~ ft 
~tt~ft•%~8'-J~~o ~W~~.ffi~::fii"~••m7.l<.~B•m~ili~-JJ~~~~~~~ 
~ 7M. 3/t ~ tt ~ o ~ iWHt .m :r\ fO # 1t'i ~ iHW-Ht, i! ffi5 £ lf fW WJ e'-J o 

•&~-~E*~ffl~ffl~B$~~w~.~W*•~n~B'-J~~~~ffl~@.@¾ft 
ITT~~~iliT~ffl~l!~~B~~¥tt*~~*~*o 

fR ffi *. t¥1 j,-;f"it, :ft ffHijg fij /..1:j ~~® ¥ 2$: a'-)~ it~'? 

• ft1 =f ~--·.~* ii:rt'#:·r.imtJl: ~, Jifffll!ffi Er-J ~it ~1!'l~ tt--~ *~Nrfll!ffJ ffJ ~ ~f!'J ¥0 
110 



~@ff~~ffl~•~= ~*~$~~tt~o 
• ]j_iJirfT1i¥°fl' l:t--·~*~J!-$ '1'1¥.J::Jf:.~{-g ,~,. ~p Jl.fl£~7f:.~7ttR jJ 1¥.JJ!$7ti-tiilli 

it! o M -=f ~ ~ ~ ffl ii'ff a , M:l ft ii fl ffl ~ & ¾ ~, ffl a9 o 

• =~*#:3-"t~ ~ill:( ti: .¥:W*) i¥J-M1f~Af=~ fl IIJJ-=f-~1f~tt-ftl¥.J~ ill~­
~~-ffiAo ~tt*~<•m•~mmA@~~-)~fl*ft&M*~ttt~l¥.J~~m~• 
ffl * ~f!J iE ~ ~ tft o J.! ~-Jr~~, fl** ~7tf'q ~ ~ !f!!. IR~ -ft~* JJ! ~ 1-t , ~ fl 7f:. ~ tt ~, 
~1tmm~•~~~•z~ffl*tt&~ffl~~~•o 

• = ~*~•~~tt-ft• ¥fl~~*~~fl7f:.~tt•r~®ffl~~rut,#m~~• 
tt~~fr~fflWo ftSMm• W~~~:ilill*••.~~BM~•••D~&~ffi~M~ 
~l o 

• = ~*~ff~~~~;fQ@~~mWfllt- ~7J<~ B~~~~FM ,~r~~*~• 
~ ( protocols) o ~ fl -f!J -=f 1r ~ ;fQ ~lL~JUt-J tlL!i l:t ~ o 7t ~ {Sl ff~ tr- , f-f :2$: * ~ ;fQ na1J ffl: & EY: ii< 
$11 iT AA1 f¥ 0 

• = ~ JJ< ~.I!£ XE :It f= cfb ~ * : :ii~ :ff JE t;?-J§Z ¾ii~ ~ o 7'.7 7 -tJH!J #iJ JJ< mt :5t , * ~ il 
iE , R Rsf-g % ~~ ~, ffl3 wr~ fl~~ :ff ~x;j"ffl M $ O 

,~,z. A ffJtflEiiiJ-.7'.7, :ltl:ili~Ff~B1J= ~7.K~-=lz(J i.9:itT-~fliW:itl¥.JJ1:~o ?&im, 
~~W~~-~~R~~ft*EY:fflffima~o fil~-~~ml¥.J~:2$:1f~BM~~¾~fi 
1¥.J.m¾•~~&•*1t•m~ffl*~::Jt.•m~m•w~&•*~*·~~ft*-ft&Mffl~ 
-~-iA AJ o {a ;lt:~ffl~fl i~i:;fQ~~!a5':, A ffJiAJJ, ~-~J)(~i~~f&~~~ § tff-ffi It, 
.=:~7}(,µ$:Jj\-=f 30% ~}j_ui[i~~-lW.~~o 
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C. 0. Davis J . T. 0. Kirk J. S. Parslow S. Sathyendranath 

4.1 

~~ 2 :m1titi:f=1:fitff11~¾1. =:~7}(~7}(~fif-'5-71ilf$ EI ~ffl:fO~ft(f)£~~~~tti?Bfx:o 

~~~•~•~1¥Jtt•~~w~tttr~*~~a•m~&M~••~~,rceyn~m~• 
ffi~#~) ,~i-'¥-i~tJ-'ffl '!i.~4mJ.ilft&J'l$rJW.~~J.l~fit(fJ~f6Jffi( !}lffi 3 ~ )o ~ E. ffi !}lflj(fj 
--=~7.K~il!i~ftt@(fjfyffl ( !A!,~ 5 ~)-tl!.:li!:H~r-iz(f], 1m 13.~~$.ffl tfiY!tliiBt~RJltrffiM 
• ~ tt ~ ~ ~ t.¥ r,,r1~ * 0 Ji ~ tt w t£ ~ xt m & r l¥J nx: JJJ $. m iffi ~ i1i fJU~ ~,J , m ,i:., iY!tl :1: fO t~ 
z~ffi(fJ~~I ~ o tf~z=:~7}(~•filW~(fJm~T-.ft~~~&~ttffl*~~ ~~~ 
ff~ff~~•fil(fJ -~~-• ~~.£~ff~M~.-•tt•*•@Ej~~ftffl*~~~* 
fr. A tn@™~ m.vt~.:J- r $ ~: 

• • ~ii ~ , 3¥- it ;f11 * tt': ~ ~ (fJ m fl : • ~ ~ -~ ~ m ti- fO tt tm at~ m :I£:*~~ -fr r -ar 
Bi !R. (y.J f-L ffl ; 

• ~M•~~~~m~••~ftff:W~*~~&~•nw&M*~~~~a~m~ 
-#1 rt:• Jl ~ ;:JE t!ViWi ~ ~ J1J!. :I:}, iY!tl it ; 

• • iiE ~1,J :ht Ej ~ ~ * tJr : •~ft w fO ~ :l:}., xi iY!1J - '.iE ~ nr fi i.A Jt: l¥J , Fm tr1 1::t ~ 0 1::t ~ 

~§(fJ•~-'.iE~-~~ttM~.W~M~ttffll't-Jffill.•~••tt•l't-J~M~-fr~ffl(fJ~ 
Jl< o 

.::.: ~7}(~7Jc ~jfil f®f)'.'. ~-~ lli! rw-7}( ~ tfiimJI ~ffi. ( IOCCG) ~ - 1-* -is-( 1998) Ji)r91j *(¥] 

---•~* ~* ~ifil~-Hitt * ~ >Jtffi 1::t, 16,3.w ~ JE ~ r 4 .l'.ffim:Jm~* o ~ Jc, m:~:it :bu ~J.tl:fi JJi·~ 
~ w. ft,~ rf 7C t/l'9! i i ff! r~ #if: #i'J: ,~ & M * a'-J ft if JA ill ; ~ =. 1lfi ~ ~ :JJu ~ 7J< ~-a- r£ tt- 7J< ~ * 
1~ iT."iE:iiilt; ~~ . fg]~m:~'mi~:tt-:k, ffii!i~ffM#iJ~EX#iJi$*$r~~'.1f!lm~f/J.~at~~ 
:fit. flJ t{y ;fU o Hu ~ ( 2000 6) ~ i#. RA • ~ ~' ~ tt 7( ~~flt ft It t.f tt, it~ J! £ * ~ ft ffl 1¥J ffi 
f!t, ~~15-~fft.¥/'-~tJ:i IBJ ~'.:j2:f.r.iJ!&~f&l¥J":00:,g "lJl.J'tfigf6Jlffio j!@fo]iffit£~t!h7)(~ l:tt£ 

HM-:k.~Mffl#~F-~$o A~.#iJW*~ ~Mfill::tffM-:k.#~~Mfil•~~~.m~¥ 
* ~ ~-~~M~M$o ft*,iliff#iJ~~~~~-~.¥@Effl~RW>lt~B~~~Ml¥J 
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*~o TWftrn#~•w=~*~*~~Sft-fttt#W*.~~~*~~~ffl.M~~~ 
0-m $ ;fll :JtHt ~P~ 0 Ea =r:- PT ffi !A!. t¥J G:ffi $ # $ ~ < m m s ~ ) , - -t-~~ff * tJot iJ. 1E * rm 
~~fi!1.rjllj Jlfo)r~a'~B:Jfl ~*o 

_-:::. ~ 7}( ~ nt ~ ~ a t& fl tt tt 1fl ~ , 1iHffl 7'J 1 ~ 100 mgm - 3 9:X J! iWi o ;(£ f.1li nt ~ ~ tlx It 7}( 

~. ut~~ a ~:ftf~.J.}1lH!'n, i:f=l•L'~**t'-JtE 685 nmo MODIS,MERIS ;fll GLI ~~£ii~ 
~~~-:ff 685 nm f1J 665 nm ~:)'ti-tfi&:~, iJJi!Jtl:fit~it~t¥J;@j/j'.o &1'ifSL11t~~t¥J~J't3l:1t 
f& X, ffil J!t, J!t f~ -~ t¥J f1J ~ ff if - ~ t¥J ~ iii@ ~ f.t o J1t 7~, nt ~ Jt :if~ if rJff ffi 4m $ Jl ;fU :£ ye tJ 
a'~ 1/;15f; ~ 0 

-~~ftt¥JM~ffi~~-it•ffi~pgt¥JW~~BM.®••J't-ffi%~Ea~*~~ 
500 nm r¥i!#ffi~~~ffl1i:~1m~ffJ~i&IJ.&~**r 600 nm tf$7}(t¥JIJ&®:~J{ll.~$;1¥J(lfl 
4 • 1 ) o 00 4 • 1 ~ ff-- 7i< ~ 1 ~ 3 o m t& 1# ~ * ~ $1-$110> t¥J 7RJ ~ :im ~ iWJ -.m: Di. M * t¥J #HrJ- o x. m_ ~ 
~*ffi~~~ili.1J.m1t~o ~1'-l}(~~**••W$1--~t¥J-•1¥JJ't•M~~ l m~* 
~1¥.JJ'titH& 7'J ~ft;,to ~1'¥-~~ f~ %:ff 550 - 600 nm ftif m ml fiJln o tEJ!t m: mpg, ~p fy! :.Ii! i:f=l 
~~Mu}(1$:( tmot~~ a 'JJ 4. o mgm -

3
), #f~fEf%1£.1~~ ~•i!J1rn1J, Df.ffl,Jt¥J#!J~Ri*~ll 

r/;J'j; 10 mo t:f=J ,t,iffi:* 570 nm ;f1-l 590 nm ~J'tifiiit(l0 mm ~)X-t-=f-AiJ'-9i~;fll7}(~~1Jit 

1ll1ffflo EBT 590 nm #il":7K~i&.$1t 570 nm 5.§'df~, ~j;;~[l~~. ~1'-iiil!.ZIBJf~%l¥J 

~-~1tffl*o~--~&M$7'JB~.~~--• ftSftffl*fi~•.ffl•ffi~@~mtt 
tw i'JJ ifJ'.):7}(~ o ffl}j(, $Ill **~j} B ~, )j!IJ~Jf\:&t-J"tf~ filFiMLHi:W:ifft!W:ilrfrfii~o 

0.08 ------------------.---. 

0.07 

,.-., 0.06 
-:-._ 
~ 

;:e 0.05 
0:: 

• ~ 0.04 
~ • v,e O.D3 

0.02 

i!l!/.l -1 m 

450 500 550 600 650 700 

~* ,l (nm) 

00 4. l ~J/fH(fJjttfx (4§( HYDROLIGHT 3-0, ~00 Sequoia f4~0~) r" ~ l]'j 7.l(_tjifiBJ.i $rt~ EIH ~. 

1Jli 7.K r fnHt-t f~ ~ tHtt it l?: f \I! ffl a it Jr 1N i!Hl $J ~ fi:11 r1J Ji!: , at~ ~ a ~ f.Jt J.1 o . I mgm ·- \ 7}( ~ J-1 l , 2. 

3. 4, 6, 8, 10, 14, 20, 30 mo 1}( i;$:;Jcjl& ~JJV/1-t,i; :±l, l,.j #HUf 

OOllif-7}( ~ t,J;iffi!I Wm 'f!i5l:lt :bu 1 040nm~m. IJ. ~f!J -=f #fJ.: iffi ili j!J!" Sm" ;fll ffg ~~6r.Bt 

~*~ TT~o •f~~~~--~~ilih*~-~~ 1- 2~~-.IJ.~f*~~*~•m 
ifttr-n*/:i. iJ IEo f9i*Il1m'i3'-&t:f~ f.1lit¥JJ}(~OIE ~BX~tl< /Jr i-¥ mHi~) tE 670 nm #1 760 nm(~ 
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.¥.#. 870 nm, ml~ 3.2)i!-lH~~&M$o •7}(JJ&l&$M!~~ft1.Jl1rm~ . .@L.tft-o I 040 nmf!l 

t 240 nm~a'-J:fc~ f~.twi ~ o :im:il!BP ft :(£:!Ji~ iYt l¥J 7}( ~. m•~ri~¥1J~7J<ffiM$, IBI .llt:ieffl -=f 
,~ t!k -.-:: ~ 7)( ~ f'l''.7 * ~ i-T IE o 

i q: $ tiiJ I=¥ 1" ~ IX E.1J;x rfHt , IBI lm iE fil ./$ 7]( ~ tl! 'Xt ili ~ Ill l& k( rft ~ o ~ :bo 3 80 nm ~ ~ 

Mf~~~ M~~~--&~~ffll¥Jo :(£~:(£~~~-~~~-~X~MAffl1¥J•~~­
~.~*~IT~~~a'-J*~ •M$~~~~~1¥J•$-~.~.11tftm•*~ili•m•J](fflM 
$ o *~3Wnmft--ii~~-=fm~g~~-~.#~~IT~o .llt:imffl~-=f·~-~1¥J 
Mhl&fil~Affl~ffll¥J . IBl~-~tmm~3W~~tr:Jg~ffl™o ffl = ~am~•-•• 
5 I ~ B':J PF mi O :i!@ #~ti tm EB T * lr ft-f~H? ~ ~ ' :(£ W:ilt ~ Jl-1H~HiE tt ~ ~, i:if ~ JfJ * *lj ~ 
ifirftint1¥J~~(Kahru f1] Mitchell 1998) c 

= ~*~••n1¥Jm•1t@~~~~~*~BSfto ~-~1t~•~1¥J=~ *W1¥J~ 
~&M$r@i-=f--~7Kf$.o r.tmi , i-¥rKH1~1?5:!i~lf ~~fff lf tJl~ ( COOM) ~-~1¥J =~7}( 
~;(£ 380 ~ 440 nm J'tftf:tt! IE t-J{~~f&{lf. IN Jlt mr~,m ~ tR- fitllt~ f~~ Ito i,q:$- Ju.K ~~ 
•ne~~W*a'-J~ra•1t,M9H~ii~~~~~B~~t-J•ruor~~@f!lo~mi~= 
~*~t-.1em®~·••n~~m~•~1¥J••- ~~-•~.~~~@Mfil~•~*•~ 
fil1¥J••.~~-~1¥J~ffl~~lf~~~fflfim•-~ffl~~~~l¥JOO.o.llt•*R• i 
:flJ.{t~~1JH#lfSI.Ha'-J ffl,L-i9:itf ~ ~ ..'E o 12'ff1J•ffi!~ff~&- ftil:imiii:if ft m ~-=f-~~JC 

#.~--fl~ltkffl~ili~tr-J-~ffi*fi~~(r,J*fll,~~~~~ffl•~~--1¥J~~M 
OO n ~®·~~Mm~B(t,Jft~~~-ft•a~*~~ 12~M~ 141t~.~ft~~-­
tf.~iJJ~:tt!Efil1;J;J (r-JJllliJtfflJ't o 

-~--~7]( ~7./( ~-~ft l¥J ~ tff-tt * ~ >1t ~-~ 7.1( ~·-ft~ {l;J. ( IOCCG 1998) o 'it. M Z 
M. = ~ *~*~••ne ~~~~*~~. ~~~-~tt~o ~~MJ't•2~~fflM~ 
~.~&M~--~-~~flft~AI~tt~•~ttnw~.#~~~#-~~-#~-~ 
~Ll&~o mftM~ft~&~~¼~fflM~~~~-~-ffi~Wo •m1¥Jffl~-.~@a 
••~~~~6•¼~~~~~~m.~~-~~~*fi- ~fflM~~. W*~•n1¥Ja~ 
'11:o 

n•••n#~~~~~~~~~~ffJo~Fl3YJ~l¥J~~~w~•m•(t:) .~~~m 
fl .fJ!< ·riT *fi B ~ 1i~H$a'-J Id tff-xW.~1], rm~&;,Jlrfi~:ct ~~X'4".x.W.~1J l'fJiTlEo § lJiJ SeaWiFS 

itt1Jf,tN:~Jffl YI Bj(xW,i~1l*ff'.@tffi, ;lt~='= ~11t(Barnes ~ 1999 ) 0 MODIS ~ NEMO ~TI£ 
~-n~tt~~mYI~--o ~~~~~- W~~eymfi~@M~ffl'fJffl~~Wo~Tm 
fi~~ffi••nz~~ffl~ ~w.= ~*~•~•~~~*#•~m*M••M~~~l¥J 
~~¼1¥Jm•o ~~%Alf••&M$~~- ~(t,J-M¼~.~~~~fflX~iTlE~*~ 
1.i i!l!1J ut ~ F ·m-~ .M. 0 ,1 ~r. rt u1: aJ3 1& tr:1 Mr it!?. li\~ :tJJ < ~ ,=- wi (t:) 1M * ) . x-t r f§1 ~ :1f El :ti tr-J -r-:t tm m 
~~ffl(r,Jo A~.~~~tt~ffift~tt~fffilftm1¥J•~-~-¼fiff~-.~-=fW~•~ 
-tE,~ 116'~i:if 1-'1¥J 0 

=~7.l<~~--Q~*••·~~ffi*~•-tr-Jtt*•*~ tt~(t,J0ffl*fflffl* <~ 
4.l) o 

~~a'-J@ffl~~~(t:)~ ~*••tt***o §ffiili*~-~fffil~A·§~-(~~ 
J:m ){E P-1 i¥J nx.ft IR~. ~l'aJ*M$W*~ 30 m ~ 30 m ~To ARIES ffl NEMO ~ 1'-iE:{£:ij!, 
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M~£ •*mfflmm30m*M$1¥JS~fflB.o NEMO~79= ~ *~~ffl~ttT•ffi~ 
l:t " i,q:$:f;Jl~*~JEili,oojg~ftrG:J:fH£ f~ 1- 20 m ~laJ*m$o 

~ 4.1 ~~ffi7Jc~.eiffll& ,2feJ*M$&1iHl!llDlt-tfel*ffl1'!99tt::+::~Jl(ff-f§IJ, 
~a~~~~tt::t::••99~~~~~~~ • e~~~ft~f§IJ 

1.V./ll/fuJ~ '.?. fa] :SH.If$ X m: l:E atfaJ5HJf$ -fr iiP¥-~ I i11 ~ff~ fftl 

(30 m~ l km) GLL MERIS,MODIS, 
;"11I ifL :J;J tR mi. t1~ fit 1J,u-t - f!Jl 

x (300 m ~ 100 km) NEMO,SeaWiFS 

l'lJI r-Y ;J;J ~ iifL t-t int ( 100 m ~ l km) 
,J,a-t .fJl.f!.il!i~ff ,SEI il mi il/J 1J x ( I ~ IO km) 

-M. ;t.f l4 -?JHt ffl: ,rnL (lOO m ~ lkm) 
:Jc - ~ 

GLl , MERIS, MODIS, 
#if J)< !'Hl'L ifi' ~ 1)( 1£ x (I ~ 100 km) NEMO,SeaWiFS 

,Jc ~ 1'!4 1t1 fu r.JG ifil ifil (l ~ 30 m) 
~ - f} 

AA~-If-a , MIES, 
If( '.!: f~ : t} 11i , Jl,i!:tA'. x (I ~ 100 km) NEMO, 

lfij . t. f'i , .~I'., AA. ff,~ ~ I.Jr 
(30 m ~ I km) 

,j,pt - :Jc MERIS,MODIS, 

x (30 ~ 100 km) NEMO,SeaWiFS 

ill iii! 
( 100 m - 1 km) 

,j,pt - :Jc f'Jl~ii!ltiff , MERIS, 
x ( 1~ 100 km) MODIS, NEMO,SEI 

ifll~~-IAJ i'r-~ I km x I 000 km x GLI, MERIS, MOD IS 

SeaWiFS 

i1!/. 12.{tf:~ffll 
(30 ~ 300 m) 

MERIS,NEMO 
x (30 ~ 300 km) 

MfnW~*~Mfil~~l¥JW~= ~*~~fflW~ . ~M$~ffl l¥J*m~¾ffl~~ o 
MER1S(300 m )ftl GLI(250 m)~ ?tm$ffl:.:d.:Mr~faJ?tM.$~3jtli: 1 km i;J r1¥Jrfri$~u[ 
li}f '.f{fi1jcffi~M1/J.rffl§", ;f!¥f~1Jll" ffl 1¥1 0 ~~- f4fix.{f{{5l (SEI) ~ - ~it!l.J5Jcifft ll:.TI£_r_1¥J 
m~nx:ftfSt.o 'tl'.l'~~faJ5r-m$J9 300 m, PfiiJ 30 min :DI~x!.11.~tl-~.x1"=f~im,iiiJffi~~ 
mt , ~ i;JJ EX Jt ftli. igj JJ H uE l¥J TiJf 'ft :Jt ~ l1" ffl o 

;{,t-f * 1W ~ }c tHiE fm "f3. t km 7t Yt $ $: ftU!-@-m ITT o ~ ff Jll :t£ ft ffl ;fU ~ ttl if:' 1¥1 :ii~ 
~! . if}:,f;j" - al¥JtUiE1c~mffi T =~*~· {8 ~ MERIS~ MODIS ;fU GLI lj"-~*~t&:~. it 
~1¥J-~~ffl+= ~*~~~-~*•MifU*~ ~ ~.~ll"~• ffl~A#~~-M1¥J••o 
1 km:frm$1¥Jfix.~~leffi-J ~t-7CIW~l¥J $:~1lti~, M=f:µ;f'fl*RJ!l#Jr(Essl:iE!fJ (:tzom: ~JE. * ~:z GI ) )(;j" mi$ i;tJ 1J l'f:1 ~ n[iiJ ~ ~IJ l1" ffl o 

ill~~~~it~P.11 . ~~:ufic tm~ r9iJ111 )~*&jcilrfi!tt~ttffl*#!. ~~.if-a 1¥JM 
ft lR: ~ T :}ct :i: !i * jUt-J ~-$ o 

• --'9'ft& ~)LE£ It !ff H1 ili fl ~i .ff} 2 - 3 d nx; 1.# - ?X ; 
• p;,.j !¥9f f& $11. I!liHi~ ~ Fl & * ff l£ ; 
• f.i!!J5Jc ,~ J.l:.-.P..lil: l¥J .ox; ff{ {SU *Y¥$ > 300 m) fm~¥1Jf£:tm m; ml 30 min .1Kj[!f ~~; 
• ~mmm=fa•~M~~-~Mfil•~~~l¥JM•fj}f~o 

--~ : ~ Jk ~ ~ fir .u ffi ftl t# ill: 89 ~ ffi .OX:~ ¥J-ffi ~ :::f- luJ :im ~ ff * .ift: ff<J ffl it g_ /fl o ft] /fJ 300 -
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1 ooo m7t-m;f-:kffi !'.mfg:K£:ffi:!!*~· x-trrfiJf.F~;ff ~ulf JZ-~11lf JfJ, mi 100 m EX~~j@j5t-t,f 
$~--~ffl-=f~~~-M~l¥JW8~~o 

ra-=f~~l~n(tiJ. ·tt~~nx.:kit'ttW1f;~. ~ Jlt. Eitilitfffttffl*ffii.t :Mo ~J5Jc:ifl-~~i& 
-yg so % , l?51 Jtt, ii: :tJJ ~ {ff £fJ ft 3' ¥: o;-~ * fi 2 fffl.X fi ffl * ~ :;it- fre 1c nl o -1! M =f ii· ~tl !fl e9 ~ 
~;f1lHmimW. tl:tl:.fil:~i~tf.Jt€*~*o 

~g~~~*~~~~§~A•~m•~m•*~••~~ili•ft~rt~•~ffiA~ 
~~tt-Jam.~•-·••n•m~(t-J~*•~~~~-~fto~~§~a•~~m~~ 
~~-tta'1~$ill•~-~*fl-*~a'-Ja~tt~-~~o -~~-~~ma•~~a'-JM 
~lfl.~~ff~*~~-~tt••~~t¥J•••Mffl~~o 

4 .3. t ~*.&x~ !:i7t!¥ttll" 

*~--~§~-~~-~~~~mM••~~MA. ~M~fflM:imMCmM~fflJ.t~ 
fti~#,{fi)a'-J:J}lJT, ~1#7JCl:f ~*< -Jt~~t¥-7J{f.ffi~ ,~ @.,~ Jjttu ~ ~t/Et);) (t-Jf~ -~-o f,mffi 2 

~< 2. 8 ~ )Jifi,£. &$. ffI AM:t:!SB~:h!a'-JfflM:im:!1:tt-J-;k1J,lliff =ti 71< 4' ftfltMa'-J H!i ~I im!tt~!l . Mi 
~ rfiJ 7)< ti& ~51: ff:! !fl ~I fm 1'i£ 0-, , i:tHi r A , ili f!;.l ~ its 1-J 

R(O,,l) = f [a (,l ) + bb(;.) ] (4.1) 

A: ~ R < o. ;. > 11 #fl~ u1i ~ 1-· • vt * ,l t¥J ::t m r fi m ~~ JJt U3 - ft EfJ 1: fr :t!L~ij J.t ; b b o ) ;1;; Fo rtiJ 
1tt M ff.. tt ; CJ ( A ) l-.J 11& ~~ * tt j f -Jg of~ a'1 It f§U * tt O .IE ~ ~ ~ 7»: * l't9 ~ :ff- P,& t& 1,.:,( ». ~ M 1¥] 

'Jti{i;~ft rt~ ff. ffl ' ft 1#~~$ ~1im yt~f~M=~ftiif filifil7t:{fj" 0 

~ Jtt. il::filrtiJl.ka'-J fi!lff :J't~tt!JJt< 8PJ'tif~-fta'1 I!& t& ~ ft;f11 ~ M ~ft) ?:k: ~ T ~ ~im it 
1¥JMtto m~MJtt~~l¥JFM7t-fi.ftITT•mT• ~*~~fi•7.k~~tt~~-*•~~ 
rn,~-o 

#ffim*~~~~~~fflM$~M-*8M$~ft-*$~00.AITT~~*~~~~ 
~1¥J~ffW~~n~o~~n~mf~ff~~M~•-ff:l•*•*~~~c~•3«)om 
~H~l¥JNtt*~~~ffi"-*•mt?t-~~~tiM~ttl¥J~$ft•o 

. : ~7.k1ir1rWfi1¥-J1fl -~-'El~= ~#~~ff.J 111n1m~. lf f!!.mmlii"m~ ccooM>, ~mlfm 
~~.~~~~~&~r~~~~~~-~&o AITT•~~;f;;.H~~mmrm;ff=~*~ 
~• -••n~~~~•ft,J . illff~~M~-?t-~ff~~~~~~ff~ffl-~~eyfi~o 
~ ITT) • i! ¥f iID ~ ~ A M. ~ ~ -~ ~ fl ffllj id: l¥J ft~ ft :ti O 

:(£3?:~tdf ~~mt JH:9:A ff Jff B.J-, x-t~11~t!~&,~illfiJ{.~tt~~o ~ §' Z , ;ff *ft~tt 
~~~ff.J~~ni¥JMllittw.•~*~•••-•~•~~-~~g••i¥J~ilittwe~m 
{~ ttt; .fl ti Jll tm 79!11 tr± tt tW ill fr f& ~ o 

rtl Jlt, tliJJJ<r,x7}1ffl'ff ft*fi!ffi:lkJ:t'. ltffi( fii:•uz~ 1.t 1¥.J{l) ~j i!a'-J iiJ~1f i! x1r~7'Ra'-J 
MM*£ffln~WA~ffl~ff.JX~tt-•fl¾~~~Y~o •#~7t-•M~•*••~~ 
{t -,t·!j(:f.t,ifi:~.All "ht a':_J rnt#J ~l~ E i'2ititJ n, Mueller :f1l Austin(l 995) , Fargion ;ta Mueller(2000) 
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k1 &11!! fi15I ffll¥J~~>C~M~~1fr!ilrfiT lj3AA-~-~o 

4.3.2 ~18($9':J~JrJI 

.7t ii?:~ tt t@4tll A, if~ ffi ~ Jl ~ tt ~ ~ , -J, T :it flj El t¥J , ~ 111 ::F 1l rlf~ ~J~ 1i II& t& ~, im .fi 
.i£ ~rw1J~lfiJ&$tE CDOM, r¥mttt~;fa~~~~'9i~11/f::Ffa'J~mtz. laJ~mtfiiJ :5t;fflt¥J O :ilrfi __t 

~ ivJ1J iit ~ 3 'flt 1T ~ o ~ -- # 1f ~ ~ ~ '1L II,& i& $ 1¥J ~Hi:i:1: r.m 7! ~ft~~ mt II& i& $ 1m1J ii l¥J :5t J't 
JtJt ii" ti; 8'1 ~ -&i-f.t m O ~=- fit11fr!¾ftffl .m!:l:mlJ& t&?IJ1J ilit O m:::.f911fr!~* m ~$;~ Jrtit 
( cavitymeter) o &fttt 1.ri:td?>Zffl Tff:~~=-~7)(~$lf 1t~AC rffii ii--r k.'.J- Nii?: o 

~tftq&lJ1l$i9!1Jitfi:~ ffl ff11fr! (Yentsch 1962) ¾1.tJ'c:m-:Jt~~ff-Jl!iifrinil!ff J:o 
~ffi~ - ~M~ffim~1¥JM•n~~-~§W.~M-ftJ:Urfi~•ruM0 ~1fr!t¥:l~B 
~:~T~~rl-UBMMft*R@*ltffJif*.~ffi-~ffi@fY-Jfl~~~o~~TT~B':l~ 
~ 0 :i\)[t E.tf-tE ( Mitchell fa Kiefer 1988a; Bricaud fa Stramski 1990; Cleveland ;fa Weidmann 
1993 ; Hoepffner ffl Sathyendranath 1993 )o ~ ffif, 1f ~ B':J * ~i,J iE ff tE ilP. # El':J :::f. ~ f.:E o 
Roesler( 1998) :Aiifr B':l uJf Ji'.~ BJJ, 311l ~I. f'Ff.HJlj iJ.. J{., ft ·~tl ~ ff ( blank filter) Er1 .i1 ~.f:¥ ff 

~*MM•B~~ffl fa'J . *M:5tt¥J:::f•~ttAey~ffl-t¥:lo •~~-i:1:-ftJ:~ttSM• 
8'1 !i, -- ft!:r1f 7!~-§"jt;:m-'9!*-i'Lt&~tE.lm:e1:~ff J: , ~F• f!J ffl ~~1ttid! ( Allali ~ 1995), fl !Ii 
etE7JC~M~A~o ~~l!-~T~i&if*~~.ffl~~1fl!~~~~*-imRtE~Mi:1:fi 
~ riT~~nx:~mtffl~o 

-f ·-tv-~ ~ 1K :5t EE f i.f. mHt 4m i3 I ;§ B':l '9! ~ 11,& l& :ffi EB f lf t/Ui~ fiEf ~ ~ W ~ l9i: ~ *-fl i, I iMr-1 
'9i t'L 11& i& 0 7, T *BX~ - ~ I fF 1 J!'. M. ii~ ff _t m ~ j.f- t&Hn 4m @. ~ t ~ F• Jt! fi ~ ~ J't ii ( ff?i 
L9:JJ~~r.f-iDHII~!lif1~) i!J11J :Bt ( Kishino 1/f, 1985) o i-'¥-imtt!lm~ ~ 1¥:1 mlf~::F fl ffl Eff ~~pg 
ifij , Imftffltx~~:!li(~:!li~ff 1ftJLWWf falii~W!·~~fii;tJt HAJii r~ ), ~~~,m~ (Tassan 
,ft] Ferrari t995). ~Fot&~il£t{l, :ft:xifJtffl 10 cm ~~*1tt¥:l:5t:,lt:W:tftitf~t~;l=t~~1($, 1;,( 

fx: 1~ ft~~ l9i: 1¥111& 4~ $ o Mr 1~ iBi ~ 1¥:1 TAJ~ r#J iiit jt ~~mt~ Jt 1~ 7tJi 1¥1 =. ~ 7..k ~ tfiJ 1K , .11:t 1f 
~~~~~o ~®~-~~~~--~~~~= -7JC~-~,.tl:t1f~MMffi~~~o 

~ = # 1f~-~ffl JV,kl&7'J!1J:!lit o Jlt{ll B*ffl &Mff I t£&M~ pg~MiJt£~~1J,, #~ 
:ilr1iiT.il:, **ffl$3C*l¥1n1£*Jt. if ilJm~1Slff ~~ffto ~1i~Milf $7)(~ffi5~~t . mi .fi 
11t•1Slff Biffi&=h1t (Moore 1994; Twardowski ~ 1999)0 iffi"£ft1:l.H"ac-9"~ 9 ~*Mtlit 
~q5e$;fl:l i.Jf SR:ttlRt ffiiffi~fS(ff( HySTAR)*ffl 400 ~800 nm ri!!E:5t:Ytit, 79!tlfd a f11 C o ~ 
{H.~,t ·!/!*(25 cm)ffJ{S(~wJ~:ilrfi*•g.i5:5t= ~7](~1!,&45($ .ffHifui'J!~-Jio 670 nm nt ~~ a 11& 

i&~~m*•m~n~mtffi~~~-.#~~~~~~~t&$1K:5t**o ~-~ffl~& 
RC ·- 9 ~ lJ1l J't Jl it, ---~ Jfj=f 1m1J ffl: i>fiJ 7]( ft J.rlt, ;rj - & ~*~it :U ~ ff i'J!IJijJj( ~ ~ ~ ~ 

0 
~ ~ , 

~ - 9q&t&J'tJttt•ffl r 3#4maP&i&$•tio Jlt1fl!B':l ~~tt~~ :~ - 9q&i&J'tJttt~ 
-- f,ftilJ ffl =f fftJ 00 *ft ,@im.Jfo.f.JE( flow - through);fafai~ Jfo.~J:1¥:1 J11.im1Slff o 

~~ #1fl!~it ffl ~$;~ lttll&i&ftJtit ( ICAM) o .tl:t1Sl ff M-=f #tf:l)(i!il~ :titt~ JJIJ 1f ffl , ~ 
~-~~-~~~~ftM1¥J~~o 1aM A1fffl*t¥:l~~-~*Jt.~ffl =f• MW~l¥J~ 
t& ~ f1i ( Fry 1/f 1992) o :ft ifr, Kirk ( 1997) 1r t\73 T '3 - 1Sl ff-,g 11,J ~ $; ~ ltt q& t& J't 1t it 
( PSICAM)o G~J!r».ifitif>l i!fflS?ilflffi 8b f-t, {l:f ~ PSI CAM ffitJ ~$5( ~ ~ ( lm Elf~~*~ 
rJL) • fl ffl :ffi:11 § c. ~ -=J=-l&J ~ o fl ffl ac - 9 q& t& J't Jt it. 610 nm 11t ~ • a I!& I&~ PT JlBIE ~ -ti 
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if i'h1 ffl ~ I!& i& $ 1¥Hi .rL 1ti JHa. #-~ :Jt Ej ,~, JJi ~I!&®: IZ. 7t :fHfE o PSI CAM ~ fm ff ffl :i1 im lK, 
MM~~-•~m~~l!&~$o*~~~~-tt~~~~~*H~~Jl.WR~~~$~ 
jj!1]1(t~,j: Flt~•t(r-Jmofal' ~Jtt#iJ7.1<~16'tl~ , -tl?.~1/ii~-fJ-iT.iE*fxo 

~J m Gershun 1i~' 1& ~7.J(tt pg ~.M it~ ft tm r IT ffl ,~€{ .rr (Ed) 'J: IT ffl ~« .rr (Eu) ;f1l fff-itt 
tffi P,ijJ.l ( Eo )-Jt, ~~ti. :i±Af ~j. i'eJ:tl1ftfljll}l!B(~ ttti 

dE ( µ ) dE 1 ( 4 . 2) 
- a = dz Ed - E u = dz Eo 

.it 41 E J; r;qqiffiP.€!Jl ( Ed - E J, µ ~ - ~~Jt ~('j-fi~ijff .If!-:MJ~~~, PJ~ 5l ~ : µ = (Ed 

- Eu)/ Eo, j'ti:p En = Eod + Eouo i.¥~~~$~*- :aftffl.Lltn~. :iftJ!:t;~*~iVfiff!JT ~~ 
#1f:rt~fl ifj!1trtfll:l:mll}l ~$8'-J{~ff ( O' Mongain ~ 1997, if uJ ~ ~ H0jerslev 1975; Spitzer 

;f1l W ernand 1981 ) o Jtt 1f it {t~ .:£ ~ J1R ifi!J ~ : .R fm 7lllj it ,g, II& i& * ~, 7G ~ IZ. 7t ~ !IiJ :'fm mt~ ~ 
ntnJ o Gordon f1l Boynton( l 998)if~ili T 1&M..tfiffl P.~Jltrlrfrffl ~«Jl if!J ffii. fti~fl.&~ *ft 
f1l Fo rtJ ~ M ~ fx (fJ }?: ~ o 

xi~*flH~...tl!IJ~#1frt:,:ifi:•(fJ~:itrfi 380 ~ 800 nm ftifi1!1BBEfJ/1J1Jflto 380~ 420 nm 

MBB~l!&~~TftiffR~~-~1!&~$~~~fflo 1£~*•~~.~=f-~$= ~7JC~IZ.+ 
th~i!e . ~nx:ilril9HtiJ#1£ § ~'ii.!i:~~~fflM:illiffi, ~~1~i&:**-r 100 nm a,J-~7](~ 
~-~~" ~~ .. ~ iffi #.fl?H.2:~nx: .1T.o mi Jl:a:i~ 1f :kr 700 nm at, 71f mW M f1J ;f;!i¥1ii:tm 191: ~ PJk 
~ tE. + * ~ ~; o DsJ Jtt M. ~ ~ mz m ~ .tt. ~ fl 11: or~ ft~ ¥1 . rm.§. if B: ~ :t£ m: n 9r ~~*ff I!& 
i&$~1J:bto i!#·mf91Jttnt~it ¥ ~'@:its¥1Ji!i: 800 nm, '!lll* Affm, Bl31f:its¥1J 800 nm ~ J:o 

~T~~~~~l!&~MMmor~~m.~•PJ~m•~!IiJ =~*~~~or•~~~& 
f41 ± ~ ~ ,i <tu~ IIiJ (t9 tt w ft 7/hffl tm f:fi, x lt ~*~!!:~:ct id: I! m ~~mi~ :tm :tm # , N ~ 1!f. 
~-~ ffi&~ tr1 rif m ~ •• ~•m~) ~ 0& ~ ~ -~ ft•tt • ~ . .xt =r a:rt ~ * ~ ¾m ~ m 
ffi~ o ~~~~~*fi~ti.~-~~~~•affm*~iliW~~m- ~ o 

4 . 3 . 3 It t-t '° Fc iaJ fftt-t ~ltl I 

§~~x~~tl~ti~MM~ttb~-H~&Ho~mi.~~~MM~•-•·•~* 
fl c , R fB)~{Hl h ffio f& jj c = a + b, PJr ~ b\ c ffi~-¼ a ( JI.& l& *ft) ffi, fm1~ flj b ffi., a ffi 
#I C ffi ~ ~ µiJ ·- 1&: ¥9:-,:HJIJ ijtj fil YE 1t ff) 0 "91Hm ' ~ ffl ~ ac - 9 & M w II& i& ft rt it~. jc; nx lit~ 
7~1Jt±o 

tEf& 1~i!e A/;J :::.~7J< ~. 1t.Jt:f:E3::~Esliii:fml91:~~51 ~ffl:Mfr-J = ~71<~.@.il ffl ;~~7.!EJl 
H t )lt fi NTU ttL & ii Jl ~11 it O ffi xi 1!!1], .Lit~ ij!~ it~ tt ,~ ~ ! ffl: M * tt ffi ( !fl {31: ~ m - I ) t'fl 7.!E 

Jlffi: ( 1¥!-& jj NTU) Z faJ ff-~ ff :ilr11lAB ti$/, :rt~$. o 

.Fo rtJ ~ M * fl b I, {E ifil ~@,EJLL:. 14-1'f ~ ~ ~ 5l O ~ ff El M" ii lf ff fiiJ 1Yl ~ 1m ifj!IJ it b b' {g 

~. Jll:(£ B nlfifi1JlitJjJ 90° ~ 180°M Effl,g, fttt,t~~tt1.)lft( Maffione #I Dana 1997), ri]"r,: 1: ~ - KJ 
Jl( 120°)ffl1l:M~1i517-{11. i!- tf~ffjJl~~M Ej ,g,~FortJfttM z ~M-r~friJfttMfflmBTm 
1§' • .Ii!fflMffi}:E W-J (Oishi 1990) 0 MT€ fElfttM 1=j -~-fttM z ~Mi*tt i:f:i~~ ~~~fF.lfl mi~ 
~f¥J= ~7l<-.i!~- ~MM~~ffi.~~M~mo 

1'f~.:: ~7}( f~i,&~,t;f:§ ~ fxl¥J {~,~,,ft ff1 ~Z M~. if$~~ ~1fl~ 11; ~I«~ Petzold 

< l 972)~1f}~ IEit!!SW.-GfmB~~o A fllili tJ]~~~!IiJ~~=~*~~!tMffl fl§tt o ?&mi, 
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§~~~*fi~~MM1¥J••1r~~-~~«Bo 
1~ ff] jf 16' ~m -i;J] ic, 0-"'ft l¥J J~lj ii ~i'iJ~t~ 1ij ~7-f.~tfi: ft9 ~~ 5t ;(ff ~fil:o £:~ 1f mJ, ~ 1'&:J't 

:i:m JI)!. JffeJ i9!1J tit, {ti~: fel ";(if-ft -!}j: tt mt t'r-J la]~ 1f lli ( !lP Gmdon fU Boyn ton 1998) tE. ~~ft 89 o 

4. 3. 4 &t-J-$ 

ff {nJ 7]( ~ j1i1 ~ }?: ¥:& £, {m * ~ 1¥J-.r9i :m w I fF ( ~p ft~ .rm I fF ,ffi, ~ ~ ~B ¼. flA lifu ) ' ~ Ji!: i.t 
U~~mMmtii¥1YtS*~-#~~i.t-~~JiJf~*~M~l¥JfflMo ~~ff~~~-~.~ 
*fi~~•*•*m~zM.W*fi-~ru~.~~•@~~~~*mM•~~:YtS5t;ftTEt:J 
~ 11 o t~ffff. -{zn*.i!ftl¥J M1J~7F1ij~tli:1ttifurfi. ~~¼A ffJJiJf~~ t¥J¾#fl~ oo z .t ":im~& 
MifI"[ Ytit _tfifflM$~ k:) rfifflM$, f!P Lu( A)/ Ed( A)] (f'17t~m;g~tr-ME1-t~l~1'J1lito 
~t m 1t.t rr rn ~ ME 1r r~ tit ¾ W!ll :tt L u o ) tn Ed o ) ff! 1 mi , ~ JJfH« 11& 1.~c.t if!J oo it ~: rn K u f!1 K d 

ffi, ¥f ~j Iii ~r :ti JIJ ml: iii o ?.~ F• ;f!J Jfi fir- ME Jli 11;.l ffi 7r tlf ~ 1-#fl~~ ( Mueller fO Austin 1995; 
Siegel ~ 1995) o :k~~~ l't-Jfflm?nJ mi, $5t $ ~ :::R '.2, Mt~ ;fn ~ftl!.11t .9l ~lli?J.ff ~ fiftjiJtl :fft;fil 
i f·1?:+:fr!E Xit o llt9r, :(£j~~e'1 ~iflil!&t&BI.J=~*~· EE -=fi!J!1J:!ii: L u 81.JfflMit 51 ~Jrp_ :l=t't,J 13 
t~'.,(°f/r-I(Gordon ;ft1 Ding 1992), ~Jrk.:J.i!Jtlitt'r-J~~ttPJfre~JiJr~fl-io ::tt~~5!ii~t&rf'1#if~. 1/f; 

-~ftffP~~itffifBI.JfflMii-. ffff llM*-=f 600 nm a'-.J ilt*. :if~Jt!:fiiTiEo 
:Jj- f1t11f~ Ji: ft ffl t/i 1/;J #iJ: ffif 1¥J .:f-1if :)'tiff)( Jtf IT jg~ Jj_ M ~ i9!1j it ( Corder fU Steward 

1995, 1997 %i'2 Rhea lfl Davis i?Jeilr) o :X;j'#i]:~fll 30°:::Rffi::.¢.O.!i!.j!JIJffJld4rtffirl:t'<f!i&M.$ 
( 10 % Jx M$ Spectra Ion ) i,:J. "& 30"xl9i ffJ 1kf4rl¥-J:::R'.2*fij!J.1Jito P,Jr::(;f J;). ..tn@tl ltit ~E:j:kllE] 

lf rii ;f-tl ~ 90° 1¥-J la'J --@Lli-1f-mi ..tlt!:rr o .:::R '.2nfl1l ii ffl -=f #iJ: * & M x ~ Yt l¥J iT iE o 1e ii #iJ 7.k J't 
'.~tt/ffi91lfoJ. Jlt1fr!fflU~:~~(t-J ; tEii~*tJt:~M z M, itt1fr!~~~-~7f ~ 1¥-J ~ M~rl 
$;ty o 1£~ ~#iJi£1d4T, if1~ :fiHtUllt!:fi, tE~mi ili Jll s ~ffl t~ ~~ F1t-=r=-t1ta-t, :i!~il~ it 
ft~' Fl~ a{] o 

ml:~ ii~ & M $1t n: (t-J ffi =- flf' 1f ~ Ji!: {t m a to h b 1¥-J flt i!nHEi, # ff J ffl ffl M {t ~ ffi ~, EE 
~7Jc~~~*tt~ttff~~&M$o M~~~--~BW~.e~~= ~~= ~~..ti.tW 
it!: fi ta* lt ~, 1iifl ~ ft t@ ~ l¥J ii~ fL 

=~*~•~ttttfflm.~•*~••·•~&MM•*• M$~MPJ• F~-~o~ 
*M••••~-~7.k~ffl•.•a&M~ffllf~ffia'-.Jo ~T*fillt~ffl&~~-*ff,W 
~~-~a'-.J~S&Mftfflo ~1fOO.«ITT:if~~-~§~= ~*~~m1¥J•m::&Mttffl1¥J 
ftfflWo #iJa&M$ftm*•7t~ml-~W?l~-~tE.&4•~o 

!m*•~~mm~~o~.:t£•~=~*~•~tt~•w~~.•~ft•*•a~~­
v.: rr tt ff~ '.j; ~ 0 175) ~' -j,J T X 1if * ~ iT iE ' ot ~ ~ '~ ~ 4m ~ '~ i¥ Ve tJ;-' * ~ jlj!lj. fU #iJ ~ 
&M$~ff~1¥JK~tt~~. aw~•~~~1¥J• tiftfflffi o ~~M~~~d*rrffi~~ 
ff'.&: 11: r! j!J.1J lit a-t. ft flfi ~ lf i~ 1tifJ1J ii O =~*~*~ii ~ft•~:~ Jt ~ tt ~ • n w * • 1r 
$ftix'.tzrir = 

( l ) u !fl ~ fi a·;t * lHt9 * ~ #1 :::R ~ ft ffl 
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• MlJ!; 

• t~Mi~Jr; 
'El I# 

• /UU/.:it. ; 

• -Yt J!t H i~!ll :b± ('> 

( 2 ) :ct !~ ~ ff at * ~ a'-J 7Ri 7.K _t ~ l1J!rJ .ffl: ffi 
• ~!ffii;biMl¥; 
• J't if ,,-fi fi R€i JJt [ E d p ) ] ; 
• rifJ 6c. fO Jc~~ {tf-: I 80° :fl'f Jt o 

(3) 7Ri7J<ft~tt /~ 
• ~~ft-~ff~tia'-J~~i&*ttfflA~m••*~; 
• R~&fl~hle'-J7Ri7J<~MM~~:Yt**M~l&*ftffl~~fflW-~a; 
• m JCJ tHt-t * tt < :rt itrar * m ) ; 
• fj!,Efl~tjj "1R.-ftH~1J file'-Jll-f-~#ffl COOM "1R.-:!t; 
• :fil fH Mlf SR.AB-ii!; ~:!O~lr!uJ, 1-t fSl fl ?JJ!1J :fl a'-J ii~~ M $ ( R Rs) ; 

• Yt it E d ffl t u c~11 *Pf~. :if~ o J't it Eu) • • Jtt ft m ·ey 1,_:H3 mm t-1~H~ @-:Jt it~ a1:1 

~ -ft-*M$ ~fl. ~~R-*ff~~~a'-J*R•ao 
(4) tE:i:1:tJz~h th r-9Wdf~ _t.ltf~t-7t~~f.l J: 2 - 3 B71<~. #.ilrfi];{ r*tfr 
• o•- ~ * < Jd't it ?JJ!1J :lit. 1oc NIJJ-:il.r ff~ tx 7i( t1l~ it~ ?JJ!~ :tt1 ) ; 
• i1 ~ ~ J:. ~ M ~ ~ ~ e'-J JI& i& ~ tt <~,#.Ms ~ n.x: ~ /Fl II& ~t ft Jt it ifi!1J-m:) ; 
• ~~mJflro:u~B _t~ M ~ ~a9P&i&*tt; 
• ;f1J ffl 10 cm !ix: 1 o cm tJ ...t ~ 1£ t-t J.t ij~ itu ~ #IJ 7J< a'-J ~ 1t5c~ tt ( ~ ,1;~0'1I ~ nit 2: !Ft JI,& i& 

'Jt Jt if- i~lj ftl ) o 

( 5) ft H« ~ 71< IX-im !1JJ i:filHt jf iJl : 
• 71< ~ 79!1] -ltl ( ii ±J1: ~ fj-"jf;l;j ml z pg ) ; 
• rff1:~&M$(~m*i1I1:Ji:6t. ~3tft. fE.tE- ~Z pg1oct£fa'J - j(_ ); 
• TfiJffi;;¥ffil.( ift.tj,'~?J!l ,$11\)J~~~. fit£ p;{jjtijz P-l) o 

~~nltft {SC(£~ M z iVT , DJ:fiJJfl I;{ AS-:h £ 8'-J ~~, :ff Ji1t:~ ttt~Ji:tmt!f:tti$~. :&M Fo , 
B.~M.ilrffiJa~o ~nm, &?J.:TI£:i:1:~1c~~- t-Mi,x e'-JiJJ'.i!t:ll7GJm~e'-J o ~ Jlt, Mr £~fSl 
$mi i3 . ~~fi~~tf,11fi~~Wi~txtl , :itrffftf~~Jta'-J~~,Yt* f!I ~ ~ttmt~1Jtt, i'J~iitt 
ffl~ffi*:itrfi~~&MI¥ .• 7J<WM$ •• 7J<~~~f!l~~-F~e'-JX~ tt~•o ~@M~ 
&ffa~~M*ffMm~~f!l-~.#5mAA~~&ffl.ilrff~W.J;{•~X•Me'-Jffif.to & 
-- · -t-~ ~ 11: t& g~ tm ¥. :.1,, m ~ 1f - ~ rni ~ 1.1z ii ; :h T w iiE ~ ~ JL ~ • * * q=y ~ J: .EJ rffJ J: ~ JJt i.ifl 
flt . ti Jtf ;(ff fix 2 FJ' BX 2 f.r 1,J J:. rai ~ fSl :ff o 

tai~ 1>l.~~1Jttij! i-5l tm r : 
• #!J7}(.L~ftii E d ; 

• ur ~ iffi ft ii Lu, BX ir T ~ ft ~ L u, ffl tUt 1f K u, # ,rHt ¥1J 7Ri mi, l-JHJ ifiJ 71< J:. ~ e'-J 
L.,; 

• +rH-tH:i. .1 -.r9!1J ti± w J-t ft!!. ~11 tt < ~ ~ :Yt ~ tt mo . it~ #if oo IV- J:. e'-J R Rs ; 
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• Pi-r~~~ft ; 
• C[X)M 1if_ft; 

• i~*~M$: 
• 7j(m',_; 

• ;1:f,.J# • 
.nn.J:!it. ' 

• Ml.~; 
• -'=l m'i.; 

ili•*~~ft~tt~~~ ~~**·•~•¼OOti~A~~Mz~~tE~~.~w~~ 
~~hl~~Qffl~tt~*l¥J~~- fi~~*o ~~~-~.ill$~~~~-~m~~ft:J~ 
'..E Ml8'1 ij~,;)' :;pJ ~ jm;fil ii iHi ~n} ~~.!i¥-HiE~ ftill:i! ( Rennie ~ 1999) 0 2 - 5km h - I ~~ j(tm. 

~1¥J••~W$m••~~~filo ~~.~~n~~~m.:nm~m~~-~tt•filttffl~ 
~1!-J'.- o tlllJr:~ :tt!!.~~ g r,~;~fk.1Lt:k, l!Dflffi~ l h, i9!~tHti*(fJ tt~~ PJ~~9&o 

t~P f~ ~ 1-~ ~ $ ff i\lL tr 1 km Ne ~ pg AA; 7]( ~ ~ ~ ft El, ,@JJ 1¥J ff fiif ili f¥ #fl~, J-). JE -~ * fl! fr 
tJil jlj 1 km ~JG* m ~ -tE ~ HUI fY:J O iii~ fdJE * ~ T ~ 7C ~ ~ & M $1JU :fX 1F- :HJ m ~' fS ti: 
tttt•~~-~*•mm~~~o~AAMM*•n-~M~~-~- tt~.wg~m~fi 
a'1 ~ 1f 1 ~ 20 m ~ feJ 0-m $ l't:J AA:~ nx: f!H5U1'-J .TI£ nx: ~ {>l m f~ 1¥J tt tm ~, ~ 1/F H J1J'. tJ, i!i!1J itR 
ft Ej I!.~ 19!1j MR ft Z raJ !'lf.J ~~e o 
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5 . 1 

J . S. Parslow N. Hoepffner R . Doerff er J . W . Campbell 

P. Schlittenhardt S. Sathyendranath 

= ~*~7J<~n~~¥(@~~½)~~-~9efflffi~ttEfJo AOfflA~ffi~--~ 
:{[#fJ/¥~11 .ili: ( ~ 5. 1) ., 60 % ~~ _ _t ff] A Q ~ $ :(:£jfiJJ$ffl', Pernetta ff.I Milliman(l 995) ~~.1$,m" 

1E SI... 11-=¥-B:JrliJ~i:IIit:J _t 200m .¥:IV-T 200m 1¥Jit!!lKo EE -=f A~1'£tfr.tft.~(t-Jmi;IJ('tm±it!!Jf 
-~,'-&.~.,*iii ,.!Jititi;ftliil(.ff ~ ), ft i!lrPJ¥fl·WrliJ~14Ftt~~ A ff ~~~&7JEt';(t-J1f5:t~~ 
~~ ;,~ o #iJ ~ 1lf 7f ~ ~ j;!( 1W iJ€ ?!J: ~ , U ~ if>t: ;f1:l rfi1. J't- J5fc ~ * ~ ~ :tiE. ~ ~ , ilf .!jjlj i! 1t :JJll JSIJ , 7£ ti;~ 

:ffi:icf .• Ylltr~ff ili Ett~¥f~ fF M;.~~ lf ~tm &t t41:tt¥1J ili:W -~o 
ilif.'t!#ll:~t.!?.¾ A.~(t-Jjt:~~~. i!-ifil~(t-J~~itt:5 t!tW-lffi~i!:B9 90% ( !Ji!,~ 5 . 1 ), 1£. 

Ji:: ill~ ~ ¥.: 1¥H'ilJ 7J< ff ffi ~It. (t-J ~ :ltl!. u A ~ *JU~ ffi i#J ffl ~ inf ii(. -tE. #! i:f=t tE ili: /$ r§J ~, tt tt Ei ~ :!ff 
11< J!Ji: ~ t.tr, _1:if lM J61J fl!, #J; '1fi. ff.l 'lfiJ-ll Bf~~* Tl 1:. !f & ;,f:§ * tt tm !R * ~ ~ 1P ,&; tJJ ;,f:§ * o 

~S . l ~Wffi-~(51§ Pernettafa Milliman 1995) 

r1i tit W- All <,O'X> c5 ~~'fflJ~M~tr.:!ltl¥! 14 % 

8~0'fklli\: 1fi(JI.J 2/3 6tltW-~~:ftt1¥J 90% 

8 k i'r 11 u1i(t'J 8 'X. c5 ~:ejci•Jfm.;t!;i.f.ilt!'JlJt~fftB'1 75 % - 90% 

ifW~~~fflZM~i!~~~.-~~A~ffii;fJffl~~(t-Jff•~§ll•OO*t5lf• 
~±ill ift O tE ~ f'Jt'i:Hnl, .llt~ff J]! E. nx; ~ OO !w-:t!E.1111:. ~ Im ii- t~ ( IGBP) ~ ,C.-it 1w· •w *. !Im 
:flf!L it ffl " ( LOICZ) B'-J 4' ,C,, ~*Im ( Pernetta ~ M illiman 1995) o i/f $ 00 ~ E. iti'JiT T - 1' 9-XfL 
t- ·* r,flilili. l~~ i l·~1J, t* i·t#l1: 1¥w g;~Jf.~1-ta'-1%\:i!i!~, ffiffl;fll~Jlf!nft- o 

LB TlldiW¥.~r!1t~ J....;fl]rfi1.~-fi}~i-¥. #iJw-w~~-jt~ ~f.9tnx;5t. !11li-¥tnfflitt)@.~ ,~'i$Y!E 

rJ f11 m M 1f th. ~J a'-J ~tit If :iF ,i;g * o ra1. w **~ft~~ JJt $3e ~. ffi Jlt ~ * m M * ,Jt. • ~ & M 
~~~~ o =~*~n~l¥J-~WJJt•~~W.~~*m•7.kmM$*ffl~~l¥J~~o ~ 
w. i!~'.ntt.if~rr:1:~tt:1Ja~&i . #:stt~~1mr--r£1¥JS.ffl 0 

1f*ftr-p:ft tn i-AJJ. rttJ1l¥7}(~f'"-J1i~:(£'lfi1-Ww ~i!i!1J~if J1 J:f=1 'it.~tFm O M.- Jtt,.a~fn 
,f,t ·Jlil. i,R,1 t/i te , ;j( ~ ftl ~ !5 .. • f.19: ::f ~ :vu. _ll. itk W5i tW. /'J ¾ ifiJ: it¢* %i: i!i!1] J!h - JC = l¥J -f-fi o ~if$ ffl 
X: Ef'1 '11 Jin , ~ ~ 1r ridi!: ~ ~ i~!Ut l¥J . R lf ~ ~. tt fl 53 fl1 :1:m tt ffl §jt $m WJ fx t\Ha -fH~ ffl , ~ ~ 
fil~X~r~ n MMAMff.lW~Am~1fmRMa•tt•~~~ftffl~~~~~-~fflffi 
~m~Z~l¥J-~H~o :(£~ail(.*J:f=i~~~~e~~~~i¥J efflo 
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.iM!~-r:-£ nn.r -,;1 W.lit.$H imM-=f Ee.tmi9!'l ii±fl~1¥J 11i~tt~1~ ajj H a11, ~ -rir 1?J :itt:~r:.tt1t!!. 
f-~ 1~ ~ :1; FX 1¥J * 1ii tn1 ~ raJ -5t ,{fix~ i~lj, ~~ ~ j~ -fr -=f lcj ~ ,"¥ w 0. ff! ,HI* l¥J J i£ at~ R If tt-1 W 
,;i;t O 1~ ~ --2 ra1 m f1~ L'. i ,. ~,17i:: ~~ !'t~ l!. £ mi m,x; ~ Ff 1,1 1oJ tH ~ ~ tff- & n w. ii! .g- [ "{lo mi ~ ff ~H !f. Lt 

$'.<: ~:J ~t.~ ~~f4#iJi:f:frJf 'fdt-J~.g-( s IM810S), McClain ;f1I Fargion 1999 ] Hx1l flHR t;. ::J.1-tltf# 
1-A Jt ft!!.* tmt 7G ~ H} j?IJ l¥J 1~ AA ··-ii fx t@ ~ ~ ~ T ~ ff WT* 0 

F f&:ii;J°i't: t'JI.J W~ l~'i.J:H !.:Jot fy-jE~t¥J ~1~ *i;JJffl*o L"id~lf& }cit!!.~~ B•J· feJ YU.~.$. Jf1 
fl: ,F. .(£~ ~.lt!!J!R~ft i l· WTIX:fJJ .1:5ffiAloJ {t~ ' jffiu TI: ic ~ ~I fl leJ v-1 trfi' w~ ~Me-tra1 ru_~$ 0 

#if. fr- .f::V¥= ~ L'. i),_ iH jil] 00 ~;f- t t:/} i.ml--ii 1¥1 ill'.* it iHJ ¥-'r- fil£ 7~11 it :!W , 1'1. ,£, ~ 3l t# ?BJ y.,'Pf ±fl , 1ti 
1L',f;f11 ,.:-: 1lv.a'.Jlt H! o jfr+ ~ff-;,jE, :(f:i&Jff-leJ#If.rr~~ 91. 0( IOC) ff1 :t t~r, E ffi!Ji-T T ~~rtiJt+ 
~'.\!.~J!IJ ~ht( G(X)S) i l·t1J( IOC I 998) o t,gi,),_ -jg , iE GOOS 't-1 , :@ ~¥f il:'f flj *•f'F Jfl, ft.ft~ t£ 
(.;(X)S #fl j;j11lf-m.tk 'fl, L'. l! ix JJ i:JJ - Jffi jj~ fri it ~tJ , ~ iiE Jj( ~ :ifil ~ :(£ rfi,J: ft! w ¾i: i1J.1J i:p ffJ fF ffl 
( IOC I 999) 0 

It) J.J JttrlJbj~ 1a ·it _k;l]~f# r l#f 00 W. a'-J 0iJ..- iifl'-J t~ t;i~. JiJr t~ .@~-r:-£ xt =f ~Wf 00 lt-r- l!J}i)l 

;f1I0 t'-J B'-J ~ ~ .l1ii: iiJ!1J £ * -~ ~ o 1r,1 {m , l!X ~ E i!vJ iT tl:l Ni~ 71< ~ tff lr-.l:lii ifl1J t¥J Jf JJl-tfj ffi. -tlH,f--el. t~ 
~ IIJ:Jrt , ;J< ~ ;f11 :~ i.:,t- [ti ft ( * 5 . 2 ) o W i-).. 11 . i~ 1-f 7](@.:@ @I;~ ti! {J~ [ ---:fir Joc * -~ $ Lt i'lfJ B'-J 

ltt i001] -f-fl O 

m m X:; I: ft-Jfuj rg ~ ill! 0'1 'll: -frl: 
- ---- --
76/160/EEC itiJ~ 1}( l!lt ~~>UcllMfM ,~*i!BJl.fI ,pH,~15i~i14° 

79/92:l/EEC ij! ~ If fl'.iJ-6) -1}( I.Ji t~Jjt, y!, , pH , ildff. li~ A~~ , till1;:, 1t ft~, };:115, ~ 

91/271/1::EC J1£ ilii•J 1}( 'll:Pr. 1:~-;m-t"Ht , ;&~!!ii$ --~-~,-~. ~ 

'~~11 ml~ ?.~fiJflM ;ftl l?:itff ½ta'.J '91 J:tJ W ~. f§.~~~f= £ ft-Jili~r-nx*1~ 1f£ . ·i!f $~lSJc~ ~ 
til it!!. l?<jl-: ~i ~J~T- l:J! ~ ·~1t & o fN !It, lfil~M =f m-=- tit W-~ lOf !}'l 1l~ii9!'l ~ - · Mt 1oc * -5&~ 
lt fl-! M (1'1-f~ f-2: o l]i l~i~ iii ff ;J< ~ FJ:Hfai fll ( lOCCG) E i,J... i-;U51J .i! -- -~ , 7'7 ~ J& i:p 00 ~U1t 1], T - * 
71J:t-tl!. r;( ;J< ~M i}I[ (IJf i·t 0 ( ~ y,!_ ht Ip:// WWW. ioccg. org) 0 

M3~*m~=~*~*~~*n~~~~w*~~~*a1.J•~~•m~~-(~• 
;K c1) , -~ ff VP. 11-' , tfc @.tf.J.J lift EY1 ~ ft . ,fF ri1 fti n: Yt ~ ~ * tt o r rni tJ~ ~ it!!. it i'£ ~ fit1@. ffl B'1 ~ ~ 
~11 t111 t : Mi , 1Q ti llf ~ ~ ·:i~ Yt -~- 1d; , @, ~ 10C ?t EX~ ~ :i:1 ·!:g ~ ffi ~ ~ , iRJ If.\: ~ 13t §.x: ~ Jt y~ iifJ b.£ {t-] 
jt ii Jj M $ 0 :ft WI .if i:A JJ' m ~11 * ~ ;f-0 #fi ffi; "M ~~tit '* j t(. X ~ #I i.'it~il $ ~ m ~ -r:-~ t!! ii]" 
tJ. .ifil U tf; * 7}( @, , *-: irb I -j 4-rfi .IJJJ tt ~ ;f-O ffi ~ f ij jlj O 

·-:~7](~ 7K ~ n:?}_:_ ur Hrfrm rcj17](t§tf.f;;E iff. * 7t%t1Tux( K d) ff~ 1[ ti XE Mfr!iJ?: ( !e:¥J/Il 9 ) o 

g ~ {i1i 11- '-i ifiJ 11< .i:Et UJJ ~ f-lj-ft i~'l hl ( w ~ aj] ~ ~ J.t ) #17]( ~ ffl *, ~ 7]( ~ aJJ J.l ;f1l 7](@. ~ ~J it!?,~ 
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n(nH4f A. ffl xt f!J ffl 1fr r¥- ,}( rg_tf;t F~I ili 1r f! 1¥1 ~ ~, ll;I Jit fJJl t# ~ :,g 7K lffi: t~ fffi o #ll -tto 18"X ~ ~ J:fH~ Il 
*+ra:tm?}(&J:A'-1 Jtft( 1<.xittif'~m:;J:t:IEJ~ Jtf!f 16/160 .g-) ~*nx!n oot=r-aJJrfi:tm IK, :=JttEinf~* 
1ri Hi: IWi ~ ~ m: fi· ---?J..: g ti*~ ff:l ~ aJJ Jjf ~ rm 13 a'-J * ~ ~ ~,.,1 o 

¥: 1Y ~:J: F 3 # ~ Jin t¥J ft~ ·11 mt~ nfa) Ht~~~-~ (t-pj(@. ;fO :i5: a}] Jl : ~ tJL 1:Jt fil ( ut ~ ~ 
f11.J;t;ffu ~*), i'&~#.J(Jt~~mt)#IW'"41Jl.9tli!~o 12sl.1lt, ~MJt,$~~Jj( iJti:i!®!l'mJ.9t¥5-¾i¥ 
mffl•~•*~~m-~M~~~•~mw~fi~1t•~m~•~•tta'-J•mw~~t¥J~ 
t};o 

5. 2. 2 Dt~-!R7t 

~ft•;fO~J't-~~~~-A~~•a'-JftS*M$#19M*M$,tE~~~~~. ~~ 
1:if i9!rj ltl:Or~ * ~ ft:k T- 0. 5mg m - 3 l¥J 685nm t}tz;/Jj( ftB ~ftdlf. ( Babin ~ 1996; Letclier ~ 

Abbott 1996) n M ·f· :(F. 7{} J¥ 7j( tt tt :(£*rip IZ ~ ·.~- !A!. a'-J 1'5:i r,& ft at~~ Jf :t~' iiE ll}] Jlt ~ ID: ijlj iii 
i~ ff m ( Gower 1$ 1999) o ?R J't ffl1J :bi~ ~Ji~ fl& !:E ~ tit !!!UT. ti jjt ff ffl , ~ ~ .!c:Jtii~ ~ ut ~ ~ a f'r­
iTh ta -ft , fl, 1-.J ti ill!-tt #J ~JI~ <Jl a'-J ~ fff- , :i! ® jj4 ii ffi5 ;(=j" f!J r t1i!: pjj f7J ~ f=- tit 3+ rt: a'-J ffi JJ'. C ~ ~ 
l .. li\'t]jf ) o 

5. 2 .3 t!*~*fD*~~~i!!:-~§i~~ 

#!J~~~* flx:fr(t-JlE~ t..:. f;;.Ji}r fflJ ~ . 191] ml i\'.:j~jil;j:ij ~ it!i~ ( HPLC) Af #f-1!!. ~ $;,rtt~ 
Jocli ~~7)-0 ~'ff :.ltJlt.~~,n:ft(mltE~m~ ~ ~~0-i:f:t) Ml'&!&~ .Rtn~ ,j,a'-J~a~. {B ~ 

~ ~ l1\t ?t t¥J =& Jt ill. ·1:1f !fii ~Jilt~ f: ~ ~1l: if*~ t¥J ~ Jr. ( Sathyendrana rh ¥ 1987: Bidigare ~ 

1990;13abin ~ 1993;Hoepffncr :f:11 Sathyendranath 1993) 0 tEJi~~i:f:t. JBtoJ m:Mittte.tttE~ 
Jr-( Ahn ~ 1992) o Y.~ ffff , l~ ff)'Jr,:titt-FfJ 7'c.llt~~#e'1 f~f.~,~1-' . .¥: ~iit~.::m1t~ foJ ,Rf ( ttHW 
I< Rs-Z ~ . f>( 7}-~~ Joc?t~li~fitt~) nJ ~Jij;lj ~ f-f a'~ fill (Cullen~ 1997; Millie~ 1997; 

Gegc 1998) o r.~ rm , fr~ {-t=:{E:Jtt~ ~ T !Z 5t a'1 rRJ~ :~H-n@. ~~. ~ll llf 00~ ~ Trichodesmium 

sp. ,¥11 '9! ,E ~ ~ , fe: ~~{£Ii~ ii :ft~ m_ ~: Jt J: ft- Ht i'dlll Jtt ( 91!.3¥3 00 l 0 ;ftl *; 00 2) o tE ~ ;it-7.&'. 

fX . H~ :(f-:(:E~ ffl )fE I;{ ?t ~ jJljl¥J )'t{~jp ~ ~ 1¥.J 1'fil ( Kahru fil Mitchell 1998) o 

s . 2 . .i ~Ji~J.t,~Ji&M$~~il 

~Jt~~~~~H~*••·*~-0-~~~~m~•*&M$1¥Jm~o §~Bff~ 
tt 1i1.;n:rf!J1ij;~ ~ f1:1 i~!1J 'rr~tt:1:*1,ica'-Jn:ttc 'A!.~ 3 ~ * ~~111tt) o tE~ iftJ *' ft 1~. if AT~.:,,, m ~ 
1t<tl: l~Jn(n1 , 11i3?:rRJ:JEfJi M$Ufr( Lee~ 1999) 0 tE1E:frf.R~ T ~li5J~~#iJ:Jff & q;t$itaf.J ~i001l 
tt .W1 !!X ~ i.JUi;; . ·;t li" 11 f tIB r~ mtl #If~~ !Jl ~ ~ 00 o J upp ~ < 1996) E f!J ffl ~ 1t iiHJL n ~ ~ ~ tt 
tm , ill: fr T ,w· :tJ. :x. e'~ ti ~ o 

rfrWrlrfiJffr>"tifil !~ '~~itsilJ 30m §x 30m ~ Ta'-Jlai~reJtrm$, 71-~M-'#-flvi~~fi!!.EYffl 
n 1={ -~ ffl ffr ffi <) Jlt 91'' Mari 1 orena ~ ( 1994 ) ~i5l, ::It i~ )iX ff{* fJf.. f:£ ffl =f 7}( ~ #I #iJ ]ff t.¥: tiE ;tjjlj M 
IJ,t, I.If ;f1J fl 7K ~ ffi rf'iJ ,r~ ti M $ ~ af.J II,&!& ti f.£ o rl 7C f1J j£_ Wf. ~ 1 H ,'B!, #J ff ±;z .I!. fil (AR} ES) f-O #iJ: 
~±th I~) x!l! im~ -r,- I~ M ( EM()) .i! ft.fj fJi ~ T Wf ~J ~fl' fx ff.)~ ftitt- JJ. ~ * tJf.. iiJ ~fl:.~ i1iJ 7J< ~ ffM tif-(t-J 

~Jgf ( W ilson f11 Davis l 998; Davis~ 1998) o 1t~Jf: NEMO, ~± ~ § tf>~:il:HT 30m '.£fsJ0-
m•~ m•* ~~ ~~M~Mti, iiJ~g-~~-Mfia'-JE*o 
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5.2.5 7J<-f$*JJ!&~F1J 

~mM~~fil~Fh~~*~~~~ili--~-~t~~~-~o~fil~F~-~~ 
~Jt x=t =-f m i'ili ~ * z w film: :ff!!i 1: ~ * , ff 1:: 1.ft! .fr :rJt m, #iJ 7K * ffi f!l ff * :tl;. ~ 1Jo t¥J ~ n(tiJ < 'ii if~ 
11:'..)ff'.Ji~ t;;tl]~~~f,8(~]!~fl'~ o 7Gl~¾- ~7](~, J!¾=~7J< f*• x1°=fmffi7J<@.ttt@ffij~lj 
M~±~.i.Jffl~~&~~m~~--~~~WB'-J•*• ~ffl**~ffl~fflHltB'-J**·~­
*~Mfil±~.i.JB'-J~~ff~~-SB'-J~a-a,*a•~~ffB'-J*WfflgJtmWffl*o ~ 
· · ~ lK H~ i::p , 7J( ~ i:f:i J't :tt /Jl/f r:i T .ifr {12,( ~ ~ :;kJ P·f-~ ~ a ~ ~ 1¥J ffi ft o ~ -1f 00 , = ~ 7K ~ i:f:i J't ft 
~FY-Ji 1-3?:~,~!if ;lj-~;~i-'f Ylt i'Jf1Jm~~fJl~B'-JfF.ffl O fR. •1t:5ttfi-( Platt~ 1988)~fljj I i.t~:a'g 

*WWfil~~~MT~mm~~*~~~*•~---• ~~-= ~71<~1::--W~B'-J~ 
j!t, ml:m1~Tif-t1t/ta~d::l"r; .h±1t:nBI.J$5tMrs~. -tl!mi@;T J't~•~~BI.Jffl Jt . ¥f l1"f1J.:r· =~ 
11( 1*Mfil1:.lc. JJ W~ it J?:o 

~-•~ftBMcm•m~••~~>~~m~1::•tt~mtt*:5tm:Yt~•ttt¥J~~ 
( Topliss ,fJl Platt 1986; IOCCG 1999) 0 1JJfil1::fG.i.J~:t¼ti~M.. #ft~ at•~~)Jt 9HtilJ at~ 
~ ilt J~jflj mi : itt ~ ~HfffPT +tH1i!f Im tjj ~JI] :it J3j ~ ti ffl '. s ~ !lJJ ft ti ( till • ~film! Jt ) EX¥ T ~ ~ 
~m~ffi~m~m~~BI.J~•-fflt¥J~~ffi*fio 

s. 2. 6 ~JiMti~F:h 

mw*••~m~~~~fil~F.i.1fG1::••~~·**•~m•~~m~~~~~& 
~~-~ *B'-J*R1::~o AITT•B~~~--*ffl*1::M~.~--,§-~&9•fQ-~ 
1 :. J:t: ~ ~ ~ t¥J 1'f-m . !HJ nt .if s M fj i 1J :I:!!! i.A i.Jrn11. • ~ ~ m ta~ < tzr:i • m: ii!• > ti!. Ht M * ~ 1:: fG 
Ju•,:: :.t:ir*~"1ril ( Beardall ;f11 Light 1996 ) o ;fijffl :ii~~ iii ti -~ij}!{ ffi ~ ~ * tt, ffi?Y11J#iJJi; ;)'t 

~.#ffi~~m~ftm~&~M•~~•¼*~•~~tt~~~•B'-1*~. ffi••~m•~ 
,v:. )] ( Zimmerman fil Mobley 1996) I J:1t.~ ~ tjf fllI * 0 ~ ft\: J't ~$ ~ ~ #4 ~ fi ~ ~ rn (mt •• ) 

')} ;ff f (t~ ~ J;E t'i: IF} i: 0 

ffi 3 -m ::--~ :~ 7)( f,$." t5f- lit .. 7)( ~,-ti:.£ $11- iF ft.. :tm it it T ~ r¥- ilt rt t&. JJl (~~fit: Fo ~ W: M) o 

:~it r~ rYi-:&Itllf m :f rm~ inJtiEif Ti3.P.Jttilt, ~uJFfEm#iJIK rn ri$Jt,1 ,Jxtf!l~ffl.JfF m 5f ~B'-JrfiJ 
Jtf ife rYN~i+o ffil i!E tv M ~q: ~ 15 ~#J < flfJl•fQ :m:~ Ii& )Jl.fl11l! 5!i 1¥111,& fflfi~fJ, ft :;k.J --#~ 
f-4,: I ilP. r1-'1t 7}( 1,$. i:p B'-J 6 * !fP) fl JiJr ~ ,j,' ( Kersten ~ 1994) 0 {£ tt 1f i£ "F' j'ij ~~a'-] 7]( Jf-* 1ri" ... 
~j~, iJCI~, :>1E~ J:) & t#J r«Jl¥J 1: ~n.&i&:H:.11=5:~i¥~fi1~ (SPM) a'-]i9J;$~1t~ * o ~¥¥~ q:i 

fY-Jrlll-'9!fi):( < 0 . 631im), Jt '& ffii11JX11& *, Xf ~.l!t·~ ~~~~¥.f ~!j5fil1¥J:i;}J~J01 0 ftlfol - ~15 ~ 
~ • lfil ii ri mHi ~r~ ~ j:: ~ 11.lk ~t , * A ¥1J ~ :ti 4' . lil ffi tJ:: .!j ~ i-'f-- J9i ~ ~ a:r it~ it!: t¥J t.& ~!11 * * 0 

1:t:i .:r:~1¥'9ii..v: ~(Jf.J ~it ltrifj'{:~BI.J~ftX1t ~, Ji.Jf ~ 1N~l;f1J ffl ,m- ~.W.1f~ff- ~ Ej~i1 J9i 
*1i::fr Yc_fr':11'5m~¾l:i9!1] (Kammann~ 1994 ) 0 if $13.jf~. ~ tm-&~,j,'fiAB-~SiJJ~Wt?J;: El<') ~:m I 
r11 lfJr ~ r+ Jl!Jj m • ~ 1t ~1 ~ ~ ¾-rn xt 89, ii!~¾~ i:iJ ,m i¥J o ~ im~ :t ~ m~ n ~i r.,~ ~ * ~ 1~ ~ r-'¥­
~ ff~~~ a'-J a• n •.~~~~~•~fl*•~~~• ttffl o 
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---------- - -····· ·-· ··-· 

5.2 . 8 ~~~Mi 

* 3 tr.:_: ~1j(~ t,1~tftr*:.rr,t, $5t:ifi$ffi!illi.i-;f°i{?; Tfi. -@.!f-mmto ~-@.t§m~tJl~ ( CDOM)1f 

±!fJJ.Ji:tf-E-ftt-itft:'f::Uf-¥:a:p~~:m~tFffl o ~ 7'J~#~mf~fl~~lf.&®:fl~ft1~7rfflM, PJf 
~B:(£* ~~~~~a:p~~~!f-mW~•B'-JtFfflo tr~~~~~. ~:(£~-~~F~M~~ 
:frf1tdi± ll&~t 1r Jift A'~ 1'F Jtt ( Moore ~ 1993) o ;(£ 3G fJl ~ ?= ~ B,t, 12: ~ !wUY-J * iW ( Miller #1 Zepp 

1995) 0 m~lHJL!wi( DOC) ( CDOM ~-lt ff l¥J fl~ $;7}) ~3Z~~w~ 1¥.J 11 ~~~~' fiiJM 
~~~~~A~-~hl1¥JM**•o ~ ~ l¥J = ~*~ff~~-m•~~~ffi~o ~@W 
r-E1~fllil2(7} CD()M f11 -~(1;J.(r1~~WfiPi'9!:¥i1o ~~mi. :@~fx:!Wrm:t£f~ CDOM -- ~4t~igj;$ 

'!£ft# ffr ffi l'l'-J f # Xl- " 
g~~;(£~~m•~~~ c~ ™1:E~*W~~~~~F~l¥J~~~~~-~F~4m. 

f!l:£ · -~ '.7- tr c 1/i. .fl.,.c, CDOM ~ iiiJ 1Jf m A~ a:p ~ 9-tt ~ "Pf 8<J ff; ~ ~ o :(£ ~ #t1/ 6l r, 
CIX)M ~ .U:Jt Z rel 13'-J j$J1:ttt~* E'. rt-5"}~~ T ~#~~ti: ( Laane 1982; Mantoura ;f1J Wood­

ward 1983;Blough •:1 1993) o JmE'.iiffl~.CDOM q&IJ5(::fll DOCJITT-.htz.fa](Ferrari ;fl] M ingazzini 

l 995;Vodacek ~ l997;Del Castillo~ 1999),~J!tJj(f,f~±.fla:p CDOM ll&~t#l~~~FjJzfB] 
( Prakash~ 1973 ; Vinebrooke ;fl:I Leavitt 1998)~ fF(£Jit#~ f~*'t1 o 

$#~~TIM~~ft~ffl~~~~~~ *R,m#~~8&fl~M~ o * # ~«~~ 
;!l:1t:tf r&J i'+Jt!!Jf5 l-: fl. r!Jr 1&1i, i:if fij JfJ 1!£ ~ Jtit :ft % j(~f.f tfiE!th~tint ( Koblinsky 1993) o ~ 

rmtr::1.k 1¥ 1/\T som El'-J!t!! L.K, r% Jt it~1! fttt t1is xiH:,tm: ~f~ ~igj J1 ilW'j fl; ft nx 1U~ ti~~ 00 ffl 
ti! Ji fif ·'% tm ~ f ~ ¥HJ i'rrt j2J. ~ If!~ . ff!~ ffl. ~i ~ ft-'%,~ Ml 15t l't-J t,& * ~j n(<i) ; #fJ ~ iA! Jjt ( SST) fU 7J< ~ 
rfl ft fl~ ffl * fiJf 'fU1-1 

}~ It Jf inUt-J ~ ~ -¥ m O ffl t@tJ.HI 71'@ ~ ~ m ~ t'n SST IJl1# PJ & IIJHlHl 
-~~t't-JffAJl. m~ SST I~ f~~ 13 ':R~il£l!x;Jx\,jJ ntftt'lf.J~J Ufa], Jj_ ~~ ~* lR :Yt#·li@:Et-17.k ~ 
m f~ WJ ~- J.:E .f!t ~ o • ~~ '.·r': It :t~ ti:: • 7k @. ~ ft liffl J:E i)J h ~, 1iE it F tr 5'r 00 ft ( Arnone ::flJ La 

Violet te 1986; Ahlnas :'¥ 1987; Sur ~ 1996) o 

iitJiAf :j;J~jti'fit, if1yfft, 1~f.~-~ El':! 1ttll'iit (meanders), f~~k ~TL (fi laments), t§ ·f-f/JH& f!lf ( coher­

ent di pok,) , lt!-ft.U~ ifti fit ~ iAf tf ~ fif1 ff rliCtj' fiE fflHm f!J ffl JJ( ~ ~) ff :ill: ff uJf TI: ( 9i!. f~ 00 t 1) o !:!P 
~--~MM~~-~M~~B'-J ffi~ !f-m.~~--~~¼'4=1~.i!tM~~tt&m~i:Jf~ 
( Yentsch 1984) o J:tft!!.lm /'~, "!mM~~ ~;f1]~y$1JiU.'Y -0T~t~ ttnt~ ~ a £~8'-J ffi~~ o ;¥; 00 
12 Ji1:ffi ffl SeaWiFS fi Mtit~ El':! it!!.~ #I}: 440 nm 1Ji.~ ~ '9tll& ®: * tt ~ * ( 1997 {f 11 J:J ~ 
1998 "¥ 3 J1 ) ·'f>:t1J7t1tf( Kopelevich ¥ 19986) 0 Jt~lm~l¥rffl>~*1W-.&.J;t J,)dtE1Jffti]jrtt~ 
.!I!Jli ;~ A'-J tt 1tt. {E ~ t. ~ utrr i.IT Yi!. o 

f:l( M ~~ !"ff! u11 -o/· ti , ;j( @..@ ~ "pJ m: flt IBJ IWj BJ !'al 7-J fx I J \BJ~ tt 7':. EY-J ~ ~ 4m :l:h ( Oi· ~ ~ , Jft@. 
~J!It "~:i¥!m ~ ~ )11;t JI- l~ Cl f1Jm1t-ttt0*r*. E.x:im:i:1 Ej ~ im.t-ttite'~ IPJ 1t. 5} tfr ~~ LB-t I¥ oo . 
~~~ff;j(~~~¼a ~MM~~~~~~B&4m¼M~9ifft8'-JM~i1~1:t~.~~~ 
~nmm~~o ~~~~~~.•w~~¼~mf~~-ili,~~w~m~mrtEt-J~~~­
'j; ft ~ !t}. " 
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tr:r.i[~a'-J A-~ rli iJJ < ~otit~, ~ft ,tf-ft, *W-- ,J'J0.91, if!~ )JiXrti :fil I .fr ff~ )ffiS~tit1~r1rt 
fiMfll~W~±•*~{t.~~MD.fllffl~fil/$••1¥J•ff~~ffit'E~~-*~o ~Tim. 
:tEt ~x ;,~ Im 5 I~ i¥J rJR * u~ rm. ".iE w (t-J ~ 1t ~ M rnr a .fll ffl ~~ m·• :it!! IK EFJ PF tm.lk =t1;_ rr -t=Jt ilitJ ~ ~ ~ ~11 
A'-J );!JU!~, 1t:.lt~ xt*ti!~t]t( ft!JU~~* 'tkm:lt!! )fllt.ffift ~;JW-~~{r-J~n[ii) }! fl}3 M. o 

#iJ 14'! 1W #iJ Mr f9 II ff. J:li < LO I CZ) 3:: ~ lvf ~ jPJ mi~ m~ 1tx1 :lt!! IZ..R JJt fll ~ ~.R. It ffJ ~ 1m it!!. 
fjcf-r.•¥:ffi§':Ef ~1::t'n ~u(ri] ( Pcrnetta fll Milliman 1995) o :Ef!~ff Jl!A ~ I ~.*f1Jaj M?..R~ :¥: ~ 

~.R.~7](~,mffl~~hl~fil/$~~*~M~(t-J~~o AITT~~ ~ tt l¥J~B~M~r~~ 
ffJ Iv.UT- «ff 5 I ~ l¥J ~ ffi 1:: ~ ~ ?! l¥J ll'l ~ , Mt Jt fll VE t),' m r41m ~J , ~ & EE r if~~ it ffiF3 I ® l'fJ ~ 
--~liM.fflo AITTB~~*~tm.W•#~~T-~M • fll#iJ#~~l¥J~~o 

u n,J , EB ,-: ~~ :m ~ e-t '? .R. JJt ~ i1iJ1J #fl 1F l¥J ~i J.t fll e ~ f2 ~ 1¥115& Jt'tJ , x1 T to/fiPJ o :ftH'ii .1$! ~ nfn1 
1¥J~~fll~ru~~ ~#.1t~~ M-~:lt!!~~*~~~*~l¥J~ru£~o #iJ~7}(~F~.~ 
§~~~,ft-•fll~~-a~fl.~~@~~m~8~ar.J•Vm~~o AITT~#~tt*m 
7K~m~#m~1¥J~MM~.~ffi~~~~ff~~-~tta A~~~fll-~~~~.1.t•m 
>tH1=uti ¥DJ rm 3J3J :fJC • ar.J it 1ti , f.11 ff fll m tE. * fr tr fl't m :i\ 1¥J ~ tff-EX•~ tt tt ~. tJ. & 1.Ju1,1 ~ ~ 
fl'§ ~:E 0 ~H1t ( !JO $r Bt'l fl! ) a'-J f§ :!I ff. ffl ~ ~ ili: /$ 7}( ~ ft-J 3C ~ o 

tfrt:f!it1} im 1¥) ?2 IBJ R. J!t jffi ~,¥,· 1g ~ 8 * ~ n:-t *, et laJ R. fl 7-J tt 1J, Bt ~ tt ffij 0 

5 . 3.2 ~~ffi3f~~~llfa] 

tffJW1Wlf~ctm.t}OCmf1ltJ&iflt-ill(_ar.J~~ ,~ IJ ff~ ,imt~, r-1~1'5~ )?Jt:3l:T#iJ/$-:Wrm• gr.~ 
~ ~w,, i/fJ /$-IW Jf !1l •f jlj H fi ~ll(iij, tt ftmJ~if ~ ?X ~ 't[ t,q * fa ?Iii.~. J$ * >4: ti ii flj $ l;1' 
rm 1~ ~ EX.?fii ~ '* tm n• g,1 o 

•~-:w~mm•.~~ • f!lM~i¥Jff~~~•ttttffi•VE~~•~.ft••~w~~• 
~tt~*~tt*n.~~~~~~ft~~~•~w.mwm~.~~~ffi~m1m~~~®m~ 
(Wakeman~ 1975;Moore 1977;Appleby fa Scarrat 1989)0 :JJ7r, 7}(@.jf!JJJ:.JJ'fHIE¾i:79!rJ~i¥­
~~~#$HM~#~~7](~1¥J~~o 

ile i1}' ~fl* [fr et !'a] R. It ff tt 1J, Bt ffJ i°J I N]I fJ, ffi ~~~ft-] inf O 3f3 ~ vff. ;fQ n 00 (fJ ~ laJ .R. 
Jtr':Jrr 100 m gx; 100 m ~.:J- r o ft f--t:Jl~~~ff Et-Ji"®i~ i'BJ#¥ft$f!l #mmr)" JIJMEl'-J~1Jttt• 
h , ffil im rr ~ 1f ffif A fl° t-iJ: ft l¥J G: ffl ffi- tiL 

5 .3.3 =•ffft 

~•~~~~~*~~~~~~M~l¥J~~o ~rlii/$*~~*~~.~~~~~rnr 
r.i[~_±ti!!flJ m. 1uJii-t:l~JJ .. tb±* nn. ~rff r'57.l<~J1 r, I.fr t-Wr'5 fU rn * ~ 1:~t-t~:01 ~ JiJr~n.x: a'-J 0 

an~~~~~~~~~~M•*·~~ -~8~~-~~-~~Ma~fflo ~e~•­
~~ill~~~~.a•ff~#~tt#fl•~~M*~-~-ft .• €m~#Mffi~ft-J*~~ 
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fl!o 
Sffff{t~••*W~#ffi~~&Fm,• •-~ff~~a~- o ~--a~S-~ 

~1¥J~~ffi~o =~*~ *~a•~~--a~fi~M-~T- #~* - ~$1t~~~4 
3:, lf1ft&*it!!li.ftJ--=f11•~iMS1f ~1-t , 1t:lt~x-t-:@it!!!K 'Mff ~itEY-JWJil!o 

s .3.4 ½f:jt~ft~•l&P.ttt~~fflH~ft~-~ 

w m~~. ~~~{ti¥J~~ftA • ~K~ffinffitt~xtm•ttIKft•~••~ffm~ 
• §*~ilio~-~*-~~~--B'-J•~-~~-~-- &~-*~o- ffiMB'-J~M~ 
{t A'1~JnjPJ§ti5•:r-an J:ft- ,Mt~~?}-:fl~si/jt!tj :JJD, #iJ~~,ftt!h1JD -@j, ¥iiJ im. vftiifl iJl:f;!. fF ffl it 
~i o • -1¥-m .1: ft ¥I- 5 I~ m ~ IK ~ 7J< rz ~ , • J¥ • • * ~ • 7J< ff!J 11 o Mt JJ ft #iJ l!Af (t-J B: -~-m JJlg 
0. '31 ;§ A ff1£7(1¥J:m:tW.o 

jlf ~ 1f-• A ~ E * * ~t ~ T jiiJ mt vft it & :ft {t ~ .6x;5t O tE ifr 30 ~ 40 1f: M raJ • ~~ A ifr ,1$ #iJ 
~B'-Jt~ JJ(vft-fi E/p;;d-' 15 % , EJ ~ ft -=f A a !tt*, tlt!f-1iiJvft~~:MJtN.JJ!jjl~¥~ttil * o :tmJl:t 
~~ii l¥J ff* :tt ~ i-:J & ~ ~Yi!~ :i1 ~ M ~Hfl 7. f~ ~ {t i:J I ~ B'-J #iJ. ¥$ J: ~ml~ ;fll FzHt B'-J ~ft , 
M~*J:~~T#iJ~±~*m~n.~~T*~~~tE~~-~ff~B'-Jt'Ffflo 

ifr~•*tt~~R~~~~m~flffl7l<1¥J%~~*7.~•.1:1¥J~~~*M~•~z~ 
B'-J JJ ·-fif ~ ~ o 1:. ~ ii ~J ~ ~~m: 1$ #iJ~ ~-~-/Sil _t ft , ~ ~ J:. {lt f,! 7-'¥-mHt ~BI~, ti * it!! 
&~Tr£-~ r/iJ~rt-J1JJ~ ±F :ho 

1W ir'R tm JJft ( ~ 'jg .fF ~' rlE tJ;-~)*it it A ¥1J 7liJ ft$!*~~ it!! LK ( :tm riiJ • ) ' Ji]f IV- vfi J!it ~ i1!!. A 
~~~~F±~~B'-J·A~ffffl~~MTm:1$#iJ.~tJ;-ft•~~~~--~~±•W~ 
nln) o 

-~~.~~-~~A~ffi~*-~*~ ~B'-J~~-ft~--B'-J~~m:-it!!o-#m 
ffilJ ;f¾ tJ1: jJ 3¥-~. ~ 1i * 7. m CO2 ~ :bu ; JJ -rHJL ttJ i: i-1- inHt tm M m IHi I¥] !~Ht. 1t ~ * ~ ~ 
1'F~~ft rJUQFzf tf:1 l't-J 1f fJl-t?lJ !ff 1JD ( "~ 4m * ", Longhurst fil Harrison 1989 ) o :i!~ #fJlffi!J ~~ 
t£#iJ/$?irit!!IK, .. 1:. w * "tl':J t'Fm ~ff ±it!!ftJ m l¥J i!~~ ~MP-I 9X±t~i. ~~11 ~ 0 

-t@ Smith fil Hollibaugh(l993)iiJFJE , ffi~tE~/$1ir(t-J•i¥J~ftt£ 0 .03 ~ 1 . 68 Gta - 1 Z 
reJ, " J'R1! 1ti1'r"3f:l1jffij;J0. 13 Gta- 1

o ~iiiJifiUi~~~,n!{ig0.3 Gta - 1fU 0 .4 Gta - 13¥-:l:$Jffiffllt , 
#ijj$ffl=it!!fR~~~*~ ~ COi 1¥)7$*~0 

~ ± O. I Gta - 'fti:WB'-J ~1'fl ~tt5'r, #iJJ$;J'tfit!!!K fF7'1~~~*~1¥.J ~ ~tE:lt!! lK ( 00 ~) R 
ft , ;-F ~ x;J-ff f0Ht!r1r i"IS m ffl l¥J o fnJ im. idJl Z leJ ~ jf q~ * , ~ill.I ]t -f-t !1!!. JR B'-J fnJ ifiL :Jt ~~ii 
l't-J§*~~~~l't-J~m~~-1t••r~t'Ffflff~~_t~ * ~ ~B'-J~m-~ffl~o m:@1f: * · IKX~rs-,/$~~»-*~~ COi ~*rJ~{tJIJ~Vt~( Kempe 1995) 0 

~~.fil/$•~*~A•~---1¥J- ~~1:iJM~l't-J~-o -ffl7.M~~--0~.~ 
~1JfiHtfJ$1J ±it!!ftJ Jfi Jl1~ki!X~B'-Jit~tlBt, #iJ¥$1J< ~ 1:iJ j;~Jfffi~ ll{[j!j!1JfF ili fft ~ ( Kyoto 1997) o 
.sj ¥fr 1$ 7.IC~-ml" ff ttl * (t-J 1t ~±Wit!!~ -ft~~ tifil tt ± W i! ( • m Jg: mgm - 3 chla) , 1JJ rl,l F 
Jit( mgm - id -

1C)#I.Eitll::j"1:W*"~ ft:ffJ JiJfi lf/"ffi1:F jJ "o ~~+ ~1:f-l't-J .1!£ ttffl{1JJ! 
t~~ . #iJ¥$~ W-lf f!J ffl 7.k@.OO~;fll~OOft, ~t~it!!& iJi[ ~~RJJ!Er-J J:it~tt. & iJi[~tt!'.fJ a,t 
~ 0-m $ ~ m r :5t m 1s-1~ f41 n t¥ tiEo 

~T-~~~fil~~~M-~ffi;fllW• MmB'-J•~m~.-•*•-*~••·*~~ 
128 



1m , ~ ~ , 7Je )t , 1m }]! ft~ i1 ~~ii- .m ~ o film 7J< ~ :(£ 01 l¥J * M ~*it.ii~. :t£ i.f ffi- '4. f~ ~ it 
~A• ffih~M~~-~WSfO ~~~~it~ffiff~ffi.~e*• ~ffl o 

5 . 3.5 ~-~~i1-~J.il 
M~M~~-~~*~1i-~~ffi-~o M•~~~.r~•-~W~~~Pf-~~ 

~~ L:, fe:&.A.~fmW; J§'~~~rrt , ~~-~7J<~i:f:J!:l:.tmfil~it, z;tJffitm~ ~71tfi~t~l!x~ 
'.~.\l im~t: o m:t- ~1f*, ttt W. m: ffflW ~. ~:i::ttit•ffi~ ~ $~ 8 iJ!.11 ( Anderson 1989 ) o 

'M. ~ J\i ~:i1 tt ~ ffi~ ~ Pf fre~ EE =f if !F ~fi 11::lt :b•, §Jt ~ EB =f rii W 11( ~ ff n: ~ rt ffi t¥J ~ it 
( ml Smayda 1990), 9X :1f:: EE =f ffi~~ 7j(:t4~)!{, ~mt?~*ff •~~A ff JiJrjt ( H allegraeff 199 I ) o 

e f 11!!! ~R ~, tt hl t¥J ff :Sf 1: ~ tl!. ~ iiI nx fa ~ 9E r: , fe: * A ~ fit fl o tE ~ J!t. it!! 1K ~ tt 71 ~ i1 :hl ~ 
ffi B 1ii H~ -L~ 1¥3 JJj j: o 

ff~-~:Mfd:~ ffl( HAB)M=f#!J7J(n:ffi*i.Jt, ~ - 1'}.Y=jjlJF-Jf!ft'-J loJ~o EE =f $ ~{fl 15 
U!: ' ~ ~ u it~ m ·tift-~ nx ~ ffi fF ffi jJ_ ~:kit :YE t: ' ITT ~ ;j'f fll :t:J, * M ~ ~ ' :if ill fl !ff ~ ]J! ~ 
~ ,u,.wr. ~tr..A.~Mffi ; lfi'Jet. tl!.ii[mt*j*#iJ~~~. ~~"IJ&iE1~~~:f9!;Jc,, .llt~ ~ ft.t:1¥Jt~ 
7~ J;JJ n~J :I! e :k a':} 0 

J!Jl ~1-t¥J ff Jf ffi1tfilT 0-11 3 ~ : Bil 1?1L •1<:;fll 1£ iff!J( Boesch ~ 1997) o ffi fW-n\':IAlEE ~ :idJ..­
i.JHil ?Je~ "li if!J f ii~ 7J< 1f-%nx1¥112s1 ~. ta ff ;j'f ~*fit fO ?IP i'l fF mo *o ..t iii i-t i'~ }'m. ~ fil #iJ FF-

* * ~ ~. 7JC ~ ffi W Pf ffl * ~ • • ;j'f ~ * • · • ~ ~ ffl • ~ ~ ~ ~ ~ ~ ~ ~ # ~ ~ ~ • • 

~~m~m~=f~~WM~~.:k$*~fflttr~~~~~~*o tE~7JC~fflnffi.~® 
m~¾~•~aITT~-ff~~A~ffio ~g-~n\'~ ffl*ff~__t~•f*~~• . ~~~ 
a =f~M~••n oo~~-~ h. - Ml¥J~~ft~~~. ~~~*~B-HtE7Jea~oo~• 
1'!1] 1T mi '.It. w. ;/Et m: ~ fF m ( sco R 1998) 0 :(£. ~ tl ffl: 1{ ffi $ft~ -'jJ ~ 0~ aA KP_~~ z 1W' 71< @, 

-~•••••~~--fthl~~o #-~:i1fil~M*M~ - 1--1--$~t¥J* m~z;tJ~. B 
~U:.ittif •ffl *jlHrfltH·~o Anderson 0994, 1995 )~d~ T J2£~~M!Jt 00 tc~~:i1it~fl 
If!i~&.m _1-.1¥J~f911o 

-~:i1frl: JHl1i~ ~ l~~ 7t J'U! l¥J ff~~ ~ fJH~- 1--m ~ l¥J 1iJf 'fl ®t~ ( Cullen ~ 1997) o 
~MOOM~mfflWl¥JBtt.*ft~~-~-~-##~~*~~--m~.~-~~~~~ 
-~:i1fil~ffl~-~~½~~~~-·o ~W-MW~.*~BSH~• ff•it!!IK*~• 
~ ~ #l 7G $ • ~ o f§. ~ • tzo * T • ~ ~ M. m. . 1j!: ffiHitJ WJ rx :m . mu-ar tJ. f1 J m * ~ ,,-,= ifb iJu;1J ~ It 
~~a'11'•:cttt1Ul~~. *ilif=f~tml&~o 

~&.~ffiW.~~:i1~- -~·1¥J$E5t$tl!.~~T*~•m•~~~:u-~m~• 
.r.~Ji'Zffl o ~ ~~~uir:t~ffl~tE,.X~ra%.Gx;, ~urfi¥1i:fft§(Clementson 1.-'{, 1998) , fi 
7JC~~•Mm~~Pf~o ~~.~*~--~~~~~mMfBSBal¥JM~¥~-~o 

•~•• ~~~:i1~• •~~m••hmmffl*·••:i::tM~m~~g~&~~w* 
t¥J•~i1:M~M~ff#l~••a1¥Jm~•m~m~o * ~•~•-~1¥1*~~ ~*$~~ 
OOti~ffl *liffli:A.!l~uti~ffi~~it!!.. eptt:t£.f4:ufrstl!.frelifui:Ao B1 ff 00 ~ •m *iA i.Rfil ffi 
m 1}( ,.r- ·JH-t ~ ~BJ __t fHm. , ~ tf fK , !!X:f£7/i[ l¥J ft Jfl ( Millie ~ 1997) o Rfl if ~ ~:i:1:fil:~ffi i;/J jJ 

r'rl 11 ~ A 1n 1c ~ iA iP-. t!l ~ jm :ct 3P3 ~mt~ raJ * ;fJJ ~ 1Ji ~ J;F mt m J:\ ffl ~ ,g-. -tP. tre * fi • ~:ct :ti 
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~ fa )fl-iit1¥J ~Mfffim, .i!M iR:j;£ ~~~ ftfF ft!. ~ffit& Jg~~( SCOR 1998) o 

~-~~M~--~~~R~- -~ttN*~tt+~*.~~R~~B*~ttm.~~ 
;ili-tJJW1l~~fs)l¥,liB,t la] J-),, - -1(fl]tt:7(EY-J, S:: raJ5tm$7-J 30m- lkm 1¥J Bt f¥ ~£ o t.&$1LTI£ i'iJ 
f~jljj! - ·· ,#.. o 

5.3.6 ~tp 

ili®~*·~••m- ~1¥J-~00~~*·•#~~~~1¥J~~~ffi~~~$~tt-I 
~--~o - ~~M~~ffffi;f!l*#~~WM-I•5m.M@~~~~~•m~i¥JF• 
-~o -~W~mV~A~~;(£~*•~~~~;f!l-~~-~•4m.~~-~~~$~ 
,r.L, 

l~?lii :!=t la']-{;$: 1:: ~ ~ ¥H'4:i!i~~ ( COM( 1998 )42) l¥J ~~ '@ t~ffliJi,T@ rt 18f ¥W-, :&~Ml ¥.f!l .illd~ 

~H~~&~m~~l¥Jff~tt~o ~~$~tt~•l¥JMR§~Bg~~*·••©.:~MR 
!.j 7f :&. ~1im~ i-rxu ,r:, tH *1:JW:& ~ ro1 it ~u ffl *ilfr ;tJ ( -Jt Jt:~ .. ~ ~ ~ 1-t, ~ 1~tu ~ ~ $ 

~ tt,. (t-J * il fi iJJ HrTrft. fr mf 1t ¥11 * - tv EY-J ~ ~ o m ;t;f- i¥J ffi!J n ~ - 1-m 7': Et-J .:i:. ~ • ©.: ?JH ~ ±fl 
$~£ ~~~~©.:~~~~fftt~tt&~~l¥J~OO~~o ~-~~tt~~7-J~~-~M* 
~~~~~tt~~~~tt.ff•~~~*M~~~~-.ff• §ffi~-t-~~-~~*~MR 
;(£ rJ;J l¥J ~ ttJ $ ff t'Uiff'it o 

~~~~~~~~-$~ttl¥J~~-W~&~ffi~o ~~~~~~~.W~AM~ffl 
TM1::~DM~~~&X~ ~5t~o *B**~1::~*~;f!l~M•~~~*m~~~~~ 
-~-~~fflh1¥J~~.&~~•"m*••••#~&ffl~-~~-~-ff~~~~.~ 
*~1¥Jtt~~~ill~~~o •;(£~~M•.~*kW~~-~~~-ft~~~~OOR0 
~~N~~~~~W~~~~m#l~~$fftto ~ff~ffi~~.§ffig~~;f!lff•t¥J•• 
tttr~W~#•~~ff~h-~~~~~ffl-~~~*~~@~~~o 

;@;i-'i-™ ~, ot~~, J't:tt~, ~fff J't~!i~ '*~#l~mE1JJ~!tF fJ•?fiJ:~;n:-8b ~ T fPft!l 
*•~mfJ~Hr~~1::~~~e.ff-T--t-••• • o -M-~*~~-~~fJ~tt 
!.·HJJ 1* l'n t~ 1E ;til{JlLv.. ?-2 fsl .!fl. ii: z lsJ :if r!,i ;fll ~ :im fJt~t ,$ -t:JJ ;t:~ * o :xt ~ - ~ ~ @: , ;@; r!f. ~ fll ~ 
*~*~~-~~~ff*fi~~ffl*Kmm~mB~.~#~fi~~~~-m~l¥J~Wo 

hT~~-#~M~ff*~~§W.~~*mtt~mW- j;£¥f~~~.ffi~~ffi:(£~ 
00 LX: r-J 7rMJt::ilrfr ¾::iWl o tff-rl7)(~mt=ff-( rif~Jt, ~i!f..rJetb ,:Yt:a~$f:)~~*#~~*f1ttt 
~~M~ffiW.~•~MffMM~-~~~~ffiUo &ftm*~a••~-~;(£~•~~ 
1l(t-Jrf}}~t'.!'1*••ti!!iftf~(~•-~)5t;(fj ,~~jJ &~ffi~:ft<£00 (3Zll Mumby~ 1997)0 ~ 7-J 
tf 1=. :tm :t ¥-f!·r.t ~ 1P~ Jf r.p t ~ ±J'i: ~~ . .t 1i: 1:: ~$ff tt 8'1 ft~ iµ]' fl.Jr J:J ~ ® ~ {4t¥= ~IJ I¥ 0 

~ ± :t/U11 t - $: ff -11: z. 9 r , :i£ ff'. tE it~~ fJffi te: ~ # c tm • ft!. f!l fR5 ~ , tffi ~ #ii 1$ nm fL i9J ~ > 

~~~~&o -~E~M~~~~~ff•~~ffl~k.7}(~~~~ffl* T•~~~~~~~ 
to1::,7$, i:!Jrt'fWJf, ~ 1YMIJ~~~(Polovina ?ff 2000) 0 MTif$*~~~. Ni:S::j;£,~x!!!.?1.@fi'iJ 
ffi*~M~#W$~ o ~~~OO~m*•~ttS::•~~~~~#.Wm••~~~~$o 

Jl,,,\1;(£A. ff) l:l fuf~t1lfi!!.i:A i..RflJ, }A ff.i!f-1!ftffi~ ( Hallegraeff 1991) flj Jc1fflr}J~~l¥J 7~ 

*-~~~A~~U~l¥J-*•Bo ffi•*•**~#A~~~~~~.-;(£W$~-E 
~rrm•.¥*:(:E*•*~ffift*o*~~~~~ffl*~~ffi•**a~*~~go 
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4~ fr& • . t j .ff ±fl t¥J IiT ~ 3t: ft~ E. ~~ft~*. & EJ 0 fJ;. M itl ~ ~ !fm , tffi: ~ t¥J ~ oiuJ ;f1l t1r ~ JR f l:f Ii 
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f1l )T1J 7( #IJ a',J fM fj.i] iri: ( Polovi na :q; 2000) o 

5. 3. 9 ~-*~ffi 
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