
!"#$%&'(
)*+, -(* . ?!

/0,*1 2(,3,
4,56*71 28/ 9# 6:;



86<*&=*( =* >=*&*+
    2*(, ? 86<*&=*( @AB C/* 4DE):6 
FG,GGG H IG &*J +2K H .B  -(* )5# 
L*,M 23 8= ;*NO8/(*  P 8,=*K LC Q> 
>= 86<*&=*( R 46STU =3 VGGW P 
XND0, L*+*, =' 86Y Z7<[,' P 87J*(* 
\(* ]*? 2T[ . 8= &\!\ ^G &*J &3\U 
_ `,=3 aJ*!
    (b8+ 2# XL R 2*8](U LcH Z)') 
23M d, e;* =2* L*)* . 8= 2# f,R 
+"6[L ,2g dB 2#*/' =hi ZL*8) &jO k*&U 
6*&' >6l 82#-=*& P L'86) /2_ (3m( 
]'B
    86<*&=*( =* nop ("/3+, >D<(* >6l 
fq/' 4C/'=* )= rs&* ]*, L3 f; ;#( 
L5to Q> uB `;R k*7 2# ,v 23 \wB 
2L*/U 6T[ k*7 ;*NO8/(* P &3\U _ 
2#*x 46ST y"Ayo z/ 2#*/' L*,=*/' 
Z*{) ='B
    -(* )5# L*,M 23 8= 2# ,v -(U Q> 
u ? 73 =*/| ;l!6 dB 86,*<  =* >= )3 
!"#$%&'( )*+, .B }*;E]&U >6l )&*kU 
=' L\2 82#=*& R k*7 )*+#*, k~_ H  
<l=h�*/' Ll\& 23 \wB DL, +��U +/ 2# 
L'86) /2M u � ;#*{) 23 \wB
    ?_ ;5,* . 8= E6(l #*,6 2' 48�= 
=*k[, %*N X-;*`% >6l #'u, 86;�L) 
=/R !"#$%&'( )*+, R :6/| R D&> 
fq/7*(' .B  

    6*E)6 P ? X<* =/)* @A 8= )5j� 
J*_ =' =#' 2#*x Lc;' ,2g !3\,' 
+to\'B ;�!*m( H, )5j2*x Z(*; >6l 
Z6'|)* !"#$%&'( )*+, =3 =#=/ 
;=)' .B
     2#*x 86,*< =* �;/* =*/| #*,6 
=* 4:(*8�= D<=*/ =/,* .B =!' =!' � 
R6& 4+,' `�i* R 4�', =*# =/M Q> 
f; xJ* =3 +*/ =/ aM d L3 ,2g =/,' 
0*82>B =�+(* +��6' +/ ;k L'6U R #"�( 
>6l `;R 6*)*6/| P f,=' 48,6*([)* 
=3 (*7 /J3B ;#E) ;l;*/ =3 4+_ 8,L' 
&*!U R E]*, +/ !"#$%&'( )*+, =' 
;#E(* =3 2& =/,* X6�(= . )*8= 
4�& ;l=� P ,* r�HB
     ;*] 2', (87 !"#$%&'( )*+, k~*, 
)3 C/* 8kE)/ 8+}& L*w\* ! 62 kt' 
;#E(* .B 4k ? =*r' k3& D&(*, ? 8r/ 
;3)* @AB 4�i* L'...

Z*0', =*& P #*,6 >6l 86<*&=*( 
;*] /�B ("/3+ =' \5r*X� =' 876*/U 
+/ 86<*&=*(U R D0p L3 +5/*ZE)/ 
=*& R #*_ L*M dB
(http://www.grotorcufignac.fn)

L&6*(5 +8/6)[, (L&6*(5 +8/6)[,, R8�L 
86Y86b*&( Zo;, F��W R 6c�k III �'. 
X87 H �+�)8/)) 

�$
%*

  
  
  
  
\#

[
�$
%*

  
  
  
  
\#

[

6T[

FGGG 6T[ 4k H +2K

FG,GGG 6T[ 4k H +2K

#�
(*
n
�<

 2
6*

 )
*+
#*
,

�$
%*

  
  
  
  
\#

[



XL 6T� =* 
87, .B

2#*x +8/D0) D#p, 86�*, 
Zo#' #3& >6l f;=* /3k38�= 
=hq* D#�k3 }/ +/ 2' =hi 
z/ ,* =/R �'6' aJ /� d B

 #*A _ =2*, 
<'� 2' \#� 
X_ 6*&' 
.B... K8=,  

`),' \#� 
-(U d?

#5�o ;"([ =' �"+ 
kQ) 4�i' &\)' 
., 6T� L*9 6 
\#� L�7' X9! 

2#*x +*;  4k 
!"#$%&'(  )*+, 
+/ 8/+3�[ ....

!"#$%&'(  
)*+, ?!

-(* ?



!"#$%&'( )*+, -(* . ? -(* ? +"x 
;*& ;#5� P 
)c/ ;=)* @A ?

=!' L*t* 
,2g 23\* ?

62 ;5J7 
. !!

ig�!

#3&, #5�o &\)* 
., !"#$%&'( 
)*+, =3N 

J/*k 0'L ,2g  
.B

� =2M d, 
(2 >= 

“;#E(*” d

-(U ?
;k 2' )3 
\/# #�;# 
P J5< dB

0&3 6c�*8,= 
H +"�lB

4x, k�0U ! -(* 
!"#$%&'( )*+, P 
)5j2*/' �D0  . ?

2*A, 6c�*8,=, (2 
-(* .?

(2 >= 
“;#E(*” 
-(U .?

]+]+*=/ fq/ a_ R D&> 
62 >= ;/& 
Z�, ,2g .B

0&3, !"#$%&'( 
)*+, R k*7 
-(*... 

... 23\* f; 
+/ 860*/ 

Z*/j! =�B



8+iK  .¡ 4/k 6T¢ P +��6' 
+/ k*/jk*/ #�;# +8/6)[, 
Q> dB `;R `8)2*; R Z*/j! 
P >= £\#* =* ;#5�, +��6'  
k*/jk*/ <') >6l \/# =*& 
;2 05=' .B XL (2 8+iK &\!\ 

VG,GGG 6T¢ +2K H 
Z*/j! Q> #l7 7/ 6*K 

\/# =*& P .B

+/#+8/=&= H 8=> 
w 4,5�+| +8/|*# 
7<�M d 8= =sH 4\K 
;� 6T[ P !"#$%&'( 
)*+¤# k7K\*B 

w &\!\ F H 
WG C =' 6�D¥ 

7<�M dB 

-(* R6& 
WG C 2' ?

`)_ =# 
+8/6)[, =* 2# 
4,aJ* =/ 
;=M dB

6*E)6 P, 2# 4:(l) 
\/# (* �l%' L&6*(5 
P /2_ R )/'R y"~ 

;=M dB

�;x +<5 /2_ 
=' 4,5=¦& 
L\2U +/ L* 
;=M dB

;k L*9...

... >= ,> 
;l;*/ PB

73 �*/|*X� R 4,5;*/* F�GG H 
VFGG )= !"#$%&'( )*+¤# +8/6)[,

*7*(g 9/ =' i8%(*A 73,U �*/|*X� H VFGG P ;l!*86) )*+¤# =* +8/;/ 7<�)' dB
�*/|* F1 48�=�< L'6*�# `§�, 6*K (lp f+(3\ =/ <'� X¨]= f©,8) =/_ 6*&* ;l;*/B 
�*/|* V1 6*)*6/| =' �*/|'()* =3 #2:6 a=/  ;*r >6l ;*�, =�<& 6*K (lp f+(3\ =/_ 6*&* ;l;*/B

“#�;# +8/6)[, VGGF”, WG F =* IPCC I =3 (3\7*,, XN. �'. 
23ª�, X87 (;l+*.) =sj�'L 86Y86b*&( #5�| VGGF H �+�)8/)B



)k +��U =* 
-(* 23\* ?

(2 )3 kQ) 
\/# .B ? z/ 
;'�* ,2g Jt* 
/2 ;=)*B

L« 6 * & *
7 * 2 ,

+

� )3 )*+ +8/6)[, R 
kQ) ;l�7' . z/ � 4+_ 
X+ �;/' L\2 ,2g L* 

;=MB
;6[Z]#, 

!"#$%&'( )*+, 
+��U =3 4:(8�= 
Z!*86) =x\*B

Lk 48�=�< +��� 
,2g /�¬ )3 L3 

L'6 +��o J*M d � 
!' Z!*86) 2U¬lB

e;* 4,5#*, . 8= 
2# =�8T f:+*7 =' 
!*/' =#' �o&_ 

6*K dB
(2  +<5�, >6l 
r;& f:+*7, =3 
Z!*86) =x\*B

='to-#=3to, +n' 
>6l +��� J*_ 6*K 
L'6 4+_ X6*;U H 
;#*{) 23 L*>¬lB

`;R 48)8/-), 
+*8/DE]8)= \tkt 
H #�; J*_ 6*K 
L'6 !' ,2g /2 

+*w¬B

)*+¤# P R6& =hi 
8%­' =* +8/6)[, !' 
+<5 >6l +��U R rs&*6 

+/ ;l}*) =/R 
!"#$%&'(  +*8/DE]8)= 

)lp =3 k7& a\*B

62 )3 kQ) 
k5/* .B

)*+¤# 6�D¥ H +6[)U =' 
kr�&' 03�' )]* fq/' 
>6l 7Dn|' ®56'( nopU 
=' 82#,87(*A 8+}& 

L*>A\'B

\ t \ t * 2 � !!

) � t



!"#$ % &'!#() 
*+,) -," ./#&!- 

"012

3&4 (5+6 7# -8 9$:# "; 
<#= -; &':> &7'#? 
!#> @AB =!C D;E F#GH 
<85I "; <#=$12

J-'# ") '"K, 3&4 GH,) GLM!) 7# *NO 
&GP8 <#= -; (5+6 7# -8 Q-5)F,        

' ' ' ' "K !!\

R(# S'+5#' T &7 SU> 
"<#, !VW X YZ C  -#G5#' 
*[\ ] ^)'8_` 7) *Na8) 
(-" &GP87, (5+6 7# -8 
b-5)F, 9$:# "; <#=U#2 c,# d", -; 

:8# <#=U#?

3&4 c,# ed 
")  :8# 
<#=U# -; 
f3# ?

"X 7"K 
g(,) <U" 

<#'# 
:#&"= !

*:7, g(? 
ed X <#'# 

h(#' '"K T2

7i ed 
d,j#kl30 
7; '"K >m2

S\70 
(5n3#=C 

(C/#&!- o2
5+pA &!ed) 
/#V# ()q')  

";U)2

r -; 7"K -/) 
<#s$U# 3&4 !"#$  
/+'# 5t( ";2

9$:# "; <#=U#2

/
/3

// /

7
q

Q
g ?



#�;# +8/6)[, 
;l;*/ R X6*;' nop 
=3 }�* ;=)* .B

)k, &3\ !3L, >6l 
L#', R D&> �\t* 

<5� =�¬B

(2 >= !(*,= 
860*/ ., K8=, 
!"#$%&'( )*+, >= 
¯(*+= (5¥ =* =*/| 
k, ;=)* .B (5¥ )3 =hi 8%­' 

)*+ k~_ H !' 
23 ;=)* . ?

Cx #�; =3 
2*] #) 
&\*9 !

4x x !

=*-
  �t*=

* 

+��6' R )*+¤# P 
]3t* ;* 4l)/ +"x 
86Y P \tk% =/ 

a\*...

2*A, (2 
!(*,= 

Z!*6 =/)* 
.B

3" ,;\ 7# 
(53 '"K T2

"X /H5uv8)3 -#G' 
7; ,;7\ % w8= 7xD 

7,'# T2

86&*+...

X9 `;=' 
Z8¤(* ;#�_ H 

Z*/j! =�B 
6c�*8,= =�+(* 
2P ;#�*`w !



-(* )5# L*,M 
23 8= +��6' =* 
)*+¤# =sH 
k~)* .?

\/# +��6' 
46/-) 868=/| 
f:;�L) =/)' .B

;"([ +��6' =3 
\/# =/)* .B

9L3, +/) ;"([ R +/*k°\,' 
868=/| =3 86&', =/R 

6*(5#$%& =3 \/# =/)' .B

46/-) 
868=/|

;�/ 
868=/|

+��6'

f�/, 26* 46/-) 
868=/| =3 86&', 
=/R 6*(5#$%& =3 
\/# =/)' .B 

26* P =*k[, %*`X-;*`% 
(COV), 6*±+, #'u,, 
,*`²; X-;*`% (NVO) 
>6l =³3/3ª&3/3=*k[, 23M dB 

� 4|5 46/-) 868=/| 
=' \/#' =3 Z!*6' ~\ 
H ;3J KM d )]* 
+��}/ (­', 2*f;) 

\c´ =2&*M dB 

+��}/
 \c´

9L3,

+/*k°\,' 
868=/|

46/-) 
868=/|

46/-) 
868=/|

+��}/ 
\c´



� 2#*x 
<p5 d!!

k�03 ;5,3, `, 
\c;U =' 2#*x ­2 
=3 ;5J7 )*+#*, 
+/ /J_ P 42# 

!"D#=* . !
+��}/ \c;U 
=* #5=k&* 

=/3 !

`,R 8k,*, 
+��6' >= L#* 
QX ­2 23\*B

+��}/ \c´ +��6' R 
`}/- f}/ >= 
“X6/|” k,*)' d 
)]* `H \/# /J)' dB

kQ) �$%*
;#E(* `, 
\c;U =' O27 

6�D¥ .B

)5# L*,M 23 8= 
X6/|U =' =N +/) 
23_ H 8=),' \/#' 

&\)' .B

4x, `),* 
\/# . !

!* * * * * * +

#5�o &\)* . 8= ? 
>= +��}/ P @AB

+��6' �'= `; Z=*/ 
.B  `, X6/|U P (2 
48�=*8�= \/# 23 

/2' .B

;"([ H \/#' 8,/l)/ X 
/2' ., K8=, w 

X6/|U P �=' . z/ 
k*2/ ,2g L* ;=)' .B



+��6' 
48�=*8�= 
\/# 23 
/2' .B

=�+(* 
X6/| 
2�*9 !

? ;l!6)1 
-(* =/ 

;=)* @A ?!
-(* =3N 
2& L*,M 

23 ?

=N +��}/ \c´ 
#*,6 \8)868�(U 
H f:;�L) 
23)' dB

4+_ Z(*;U >6l 
+�5)* H 2#_ #*,6 
L8,) \c; f:;L[, =3 

=# =/ 87(* .B

=*r' #*p* P COV 
\c; 72, 8¤(*  P 
f:+©, 23)' .B

!E#= P =¦t*-=/=� 
L&*,*, =*/ 0&*_ P 
L'6�# `§�, Z(3\ 

=/,* ...

2#*x `7[-8\7[ COV 
\c; f:+©, 23_ R 
=N =*/| dB

f:;L[, =# =/R 
6*(5#$%&'( )*+, 
=3 =# 8=(* L* 

;=)* .B

;2' yl\ H 
-(* 8=(* L* 
;=)* .?

`; \2, 
;#E(* =3 

2*Ar
2*Ar

 /3=_ P 2# -(* 
=/ ;=M d?



;6[Z]# 
=¦t*-=/=� 
=# =/,* .B

;l;*�, ¯(][ ,2g 
=/3B +5,1f+(3\ 

4+,*9 !
2P L&*(* L*_ 
6*&* =¦t*-

=/=� =' #*p* 
}�*,' .B

+³*DE�= k3)&, 
%�O >6l =*\L 
;l;*�, +5,1 

f+(3\ µ� ¶*/* 
+5,1f+(3\' k,*> 

L*M dB

+5/*_ =+to 
8=;' =3 +2,_ 
(* `©� 8r/ 
k,*_ =3 73B

>= R k*7 >= 
f:+*7U =3 R6& 
,N 8·E# J/'7_ 
R D&> 2' #) 
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&3X +6[) ='  GGG #'�/-¹A0' 03�' +/ 
COV =* >= #5Â( +��}/ \c; =' )/2 
#*+, <5� 8=(*B
    `, Zon|U P >= 486no+' 46/-) 
86�KT= Z(3\ 8=(*B (2 86�KT= \c; =' 
46/-) 868=/| ;3J_ =' n#)* =3 =*# 
K=/ COV =' ;��)* ,*+)* .B z/ 48�= 
866/| P, 73 \c; ,#",U P >= R k*7 >= 
46/-) 868=/| <3T| )'½)*wl ,*+M d; 
`,P >= ,#",* k*2/ =' 26* =* )]* �;/* 
;l7![ \c; =* ., DL;P COV =' #*p* �*) 
.B k*2/ ='  26* P COV =' ;��)* =3 
)'½)*X� R 4l)/ H Z*{) 8=(* L*)* .B
    L68= (2 868� E6E]*, COV =' ;��)* 
,*+)' ., “�/E]” 7q r38/(/ �+�)/' 
46/-) 6|[¤#-Z=*<#*+' (FTIR) H 
Z*{) 8=w L* ;=M dB 6*(5#$%& =' COV 

;"([-Z=*< =' =hi (COV =' 4|5 ;l/0,* H 

+��}/ \c;U =3 =sH ,*º

8,��8/)) 86D<v 46/-) )/l\U =3 ;3J 
K)' dB e;' 4&\ <3T| 86ST)* =3 
<3T| xJ* =2M dB �/*)& +/ FTIR 
#*+, P 6|[¤#' ;'�* ;"([ =' 9/ aJ)* . 
)]* <3T| xJ*X� =' )'½)* H COV =' 
;��)* ,*+' L*)' .B
    +��6' R 6*(5#$%& P +��}/ \c;U R 
Zon|U =* 4l)8/n P >= +8/(3L, 0& /2' 
.B f+­2 P DE]) FTIR 73 Z=*/ R 
46/-) 6|[¤# K)* .B >= ;"([ R 868=/| 
=* +��6' H +/*6¨)) )]* �;/* E6(l +��6' 
H 868=8/)B
    kto +c#*_ +/ +��6' =' COV =' ;��)* 
R +8/6)[,U =* 4�((, =/_ R D&> L*+*, 
R GOSAT )]* 4C8/=* R OGO f+­2, 
DL,P 866)[,-L*&' 46/-) 6|[¤##*+' 
d, VGG� P i3to L*_ dB 

6*(5#$%&'( COV =' ;��)* ,*+_ =* >= 
;}, FTIR

#*f,* &3X, 26*N P COV =' ;��)* R Zon| (Ã3)1 ;'. %'. ='¾&\ >6l 
;*]',DE¤{{; ;#5�86�*, ;lE]*,, =sD&r3¨,(* 86Y86b*&(, ;c, 8%X\3)
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;�/-+*¨]6 !�8)=' +/ 6c�*8,= ;D#8) (SCOSTEP) =* >= 
4l)/�vÀ'( =*([¤# CAWSES . )]* 4l)8/n 6*)*6/| >6l `;R 
L'6, z/ ;#*L +/ Z!*6U R 2#*x �*, =3 ;*][= �+ H ky*_ 
R fÄo�( H k,*(* \(* .B `; �*, 6�[, P X6�(= Zon|, 
Z8)�+| >6l ;c¥�8)=' P 4l)/�vÀ'( ;2(3\ =3 ky*,*, 86=8;) 
>6l 86=*;<'& a< 73,U R 6c�*8,=3 =3 <*D#& =/,* )]* ;!' 
E)/U +/ 86b*¨](U D<n* R 46;/ Z7*,  =/*,* ., CAWSES 
R #5Â( =*([ .B ;"+�)L#� =* =*(�&( k3;�, 86Y86b*&(, 
k3;�,, >#>, (">;> P .B `; D0p P `; 0*/ Z=/| 7�<*>A dB

http://www.bu.edu/cawses

http://www.ngdc .noaa.gov/stp/scostep/
scostep.html

;"([-+��6' )lp =* L&6*(5 >6l #�;#          
(CAWSES)

;�/-+*¨]6 6*)*6/| Z(3\<*&* (STEL), 
,*\3(* 86Y86b*&(

L*+*, P (STEL) >= 4l)/-86Y86b*&( ;2(3\' )lp R )2) 
0&*(* L*)* .B L*+*, >6l 86a<' 4_= DY86b*&(U >6l ;lE]*X� 
R ;2(3\ H ;�/-+*¨]6 )lp =' ;l/0,* z/ \8)=' +/ 4,5;l�*, 
=3 ky*6* a,* `;=* fÄo�( .B 6*(5#l%&'( 6*)*6/|, X(, >6l 
05jk= #l%&'( 6*)*6/|, ;�/ #l%&'( 6*)*6/| )]* ;#*=D&) 
4�((, `;R   86!*\ dB ;l(5-) 4,5;l�*, +8/(3L,*X� =3 
;#D©6) )]* 7q X�*/U R 8,#�| ¼)5 ;l(5-) Zon|U >6l 7q 
;l;*�, µ� !' `;H ;l&Å .B `;=' ^ ��<*&*X�/µ�U +/ 
86D!©, !�8)= >6l /;*(8,= ):6U =' !"-DE]) a<¯(*+' Zon| 
=' L*)' dB

http://www.stelab.nagoya-u.ac.jp/  

“!"#$%&'( )*+, -(* . ?!” =373#3 ,3 =\=h R ;2(3\ ¶*/* Z=*D<) .B 
&';* 8=Æ, L� 4�K, )]* �'. ,*\*2*#* =3 `; =2*,' R 4l­oL' 4,56*7 R 
D&> #3&, D#�k3 >6l 6c�*8,= �©(6*7 aM dB
;�/-+*¨]6 6*)*6/| Z(3\<*&*, ,*\3(* 86Y86b*&( >6l ;�/-+*¨]6 
!�8)=' =' 6c�*8,= ;D#8) R CAWSES =*([-# ¶*/* ZE)5) .B 
L5&*N VGG¡                                              ;!' 48�=*/ ;5/Dn)

             
(5[-(5 86Y86b*&( R !�8)= 86!*\ H D<Dn), 
2(,3,, >= KJ= >6l ¯(l\-D0p=*/, _ 86�*, 
z/ =j{(5�/ Ç&U P 4+,' )'È| +�v!"D# H 
&3=8Z( +8p=*X� P 4_= �*/*6*82= Z=*D<) 
8=>B f,=' ;#,�+ KJ, <c&' 86�*, Zo# 
Z7�<) =/)' fD0) 2' E6'=*/ .B
  
http://www.hayanon.jp/

;ck5l73 ¾<=3\* Z=*<,  =.  D&. ¶*/* Z=*D<) 
=373#3 ,3 =\=h k�0UÉ R D&> >= #*8;= +8p=* 
.B F�V  P f7}*�, Z8) H &\*)*/ (2 +8p=* 
7c8,= L'6, R 6c�*8,= )�(U H K=/ 4:(*�58,= 
4,5;l�*, 86T(U )= R 86D!©, +2&5X� =3 ZE)5) 
=/ 86�*, =' D<n* =3 Z3©,) =/ /2' .B
http://www.seibundo-net.co.jp/

=373#3 ,3 =\=h 
(k�0U R D&> 86�*,)

2(,3,


