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1 %T!<%/%*%$%kO@$N4pK\35G0

!! @PL}@8;: $NA}Bg$, 1s$/ $J$$>-Mh%T!< %/$r7^$( !" $=$l 0J9_$O8: >/ $KE>$: $k$H$$$&M=B,!#

1.1 1956 G/!" %7%'%k8&5f =j %O%P!< %H$NM=B,

!! %O%P!< %H$OJF9q$N@PL};: =P$r%m%8%9%F%#%C%/6J@~$KEv$F$O$a$FM=B,$7$?!#
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$H$J$k!# $3$N2r$O
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S ;z $N%+!< %V$K$J$k!# $3$l $rL)EY4X?t $H$9$k$HJ, I[ 4X?t $O$b$H$N$b$N$G!" %,%&%9J, I[ $K;w$?
D`>b7?J, I[ $H$J$k!#

1~MQ!' ?M8}$NA}2C
!&HK?#N($O8=:_ $N?M8}5, LO$KHfNc
!&HK?#N($OF~<j 2DG=$J;q 8; 5, LO$KHfNc

%O%P!<%H$NEv$F$O$a

� @PL};: =PNL$r%m%8%9%F%#%C%/6J@~$G6a;w!#N_@Q;: L}NL$OL)EY4X?t $K!" C10L;: L}NL$OJ, I[
4X?t $KAjEv!#

� $=$l $J$j $K$"$F$O$^$k$, !" r $HK $N0UL#$E$1$K$OG<F@$G$-$kI, A3@-$, $J$$!J $H$O$$$(
?M8}$NA}2C$d8l WCNLA}2C$Gr $HK $r0UL#$E$1$k$H$-$b!" <B$O$-$o$a$FC1=c2=$5$l $?2>
Dj$rCV$$$F$$$k!K!#

� 1971G/$KJF9q$N@PL}@8;: $, %T!< %/$r8~$+$($k$3$H$r$[ $\ @53N$KM=B,!#

� %0%m!< %P%k$KEv$F$O$a$k$H!)!)!)!J ?^ 1!K

1.2 $=$N8e$N%T!< %/%*%$%kO@

!! Campbell & Laherere$NScienti�c American ;o $K7G:\ $5$l $?O@J8!J 1998G/!K$r$O$8$a$H
$7$F!" MM!9 $J%T!< %/$NM=B,!J I= 1!K!#
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?^ 1. 1UBN2=@PG3NA:N7! $KBP$9$k%O%P!< %H6J@~$NEv$F$O$a

M=B,%T!< %/;~ 4| M=B,<T GX7J

2006G/{2007 G/ %P%R%?%j, A. M. S. %$%i%K%"%s@PL}=ELr
2007G/{2009 G/ %7%b%s%:, M. R. Ej;q 6d9T2H
2007G/0J9_ %9%/%l%\%&%9%-!< , C. @PL}6H3&;f JT=8<T
2009G/0JA0 %G%U%'!<%$%'%9, K. S. @PL}2q<R$NCO<A3X<T!J 0zB`!K
2010G/0JA0 %0%C%I%9%?%$%s, D. %+%j%U%)%k%K%"9)2JBg3XI{ 3XD9
2010G/A08e %-%c%s%Y%k, C. J. @PL}2q<R$NCO<A3X<T!J 0zB`!K
2010G/0J9_ @$3&%(%M%k%.!< 6(2q Hs@/I\ AH?%
2010{2020G/ %i%(%l!<%k, J. @PL}2q<R$NCO<A3X<T!J 0zB`!K
2016G/ %(%M%k%.!< >pJs6I JF9q%(%M%k%.!<>J
2020G/0J9_ CERA %(%M%k%.!< !&%3%s%5%k%?%s%H
2025G/0J9_ %7%'%k @PL}%a%8%c!<
%T!< %/$OG'$a$i $l $J$$ %j%s%A!$ #M!%#C!% %(%M%k%.!< !&%(%3%N%_%9%H

I= 1. Robert L. Hirsch, Roger Bezdekand Robert Wendling, Peaking of World Oil
Production: Impacts, Mitigation, & Risk Management. February 2005. p. 19.
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1.3 %T!< %/%*%$%kO@$O@PL}8O3i !? =*_aO@$G$O$J$$

� >CHqNL$, =gA}$G$"$k$N$KBP$7!" @8;: $, %T!<%/$rD6$($k$H8: $: $k$N$, LdBj

� KdB"NL$G$O$J$/ C10L;~4V$"$?$j $N2D@8;: NL$HC10L@8;: NL$"$?$j $N%3%9%H$NLdBj!#$?$@$7
5; =QE*$K$3$l $O;DB82D:NNL$HAj4X

� K\Mh!" =c?h$KM}O@E*$K$O!" %T!<%/$I $3$m$+C10L;~4V$"$?$j $N@8;: NL$NJQ2=N($H>CHqNL$N
JQ2=N($H$NHfN($, LdBj!J $H$O$$$(:G=*E*$K$b$N$r$$$&$N$O@dBPNL$@$+$i !" 4m5^@-$O=i 4|
CM$K0MB8!K

� !V;q 8; AhC%@o!W!J $@$1!K$G$O$J$/ !V2A3J$N>e>: !W$, Bg$-$JLdBj !# $^$?@PL}6! 5k!? @PL}0M
B87P:Q$X$N!V?. MQ!W$NJx2u$, Bg$-$JLdBj !#

1.4 K\Ev$K@PL}9[ >2$NH/8+$O@8;: !? >CHq$KDI$$$D$+$J$$$N$+!)

!! ?^ 2 $O@8;: NL!J <B@~!K$HH/8+NL$H$rG/$4$H$K<($7$?$b$N!J Leggett, J. Half Gone. London:
Portobello, 2005. p. 63.!K!# ?^ 3 $OG/4V$KH/8+$5$l $kKdB"NL$H>CHqNL$N:9 $r<($7$?$b$N!J US
Department of Energy, Energy Information Administration, International Energy Outlook
2004. April 2004!' =D<4$O#1#02/ %P%l%k!K!# $^$?!" ?^ 4 $O;n 7! 0f $KBP$9$kN_@QKdB"NL$NJQ2=$r
<($7$?$b$N$G$"$k!#
!! $3$l $i $r8+$k8B$j $G$O!" L@$i $+$K@PL}$N>CHq!? <{MW$K@PL}$NH/8+$, DI$$$D$$$F$$$J$$$3$H
$, $o$+$k!# 6qBNE*$K$$$D%T!<%/$, K,$l $k$+$OJL$H$7$F!" %T!< %/$, 8=<BE*$JBP=h$rMW$9$k$h$&
$J;~ 4VFb$KK,$l $k$3$H$O$+$J$j $N38A3@-$GM=A[$5$l $k!#
!! $A$J$_$K!" 8=:_ $N<{MW$O1 F|Ls 8100K|%P%l%k!#3F9q$NFbLu$O?^ 5 $NDL$j !#JF9q@/I\ $N<{MW
M=B,$G$O!" 2025G/$K1 F| 1 2/ 2000K|%P%l%k!" 1 G/ 4302/ %P%l%k!" 9q:] %(%M%k%.!<5! 4X!J IEA !K
$N<{MWM=B,$G$O!" 2030G/$K1 F| 1 2/ 2100K|%P%l%k!#

2 %T!<%/%*%$%k$, $b$?$i $9$b$N

2.1 2a5n$N6571!' 7P:QAhMp

!! $3$l $^$G$K@PL}6! 5k$NIT0BDj2=!? ITB-$O5/ $-$F$$$k!#1973G/$*$h$S1979G/$+$i 80G/$NBh
0l <!!&BhFs<!%*%$%k%7%g%C%/$, E57?E*$J$b$N!#@PL}<B<A2A3J$N?d0\ $r?^ 6 $K<($9!#B@$$@~!J $*
$*$`$M>e$r?d0\ $7$F$$$k@~!K$O2003G/49;; $N0l %P%l%kEv$?$j @PL}2A3J!J %I%k!K!" :Y$$@~$O$=
$l $>$l $N;~E@$G$N2A3J$G$"$k!#>/$78+$K$/ $$$, !" 1973G/$NBh0l <!%*%$%k%7%g%C%/$H1979G/$+
$i 80G/$NBhFs<! %*%$%k%7%g%C%/$r8+$F$_$h$&!#

1. 1973G/$NBh0l <!%*%$%k%7%g%C%/!' @PL}6! 5k$NDc2<$O$?$C$?$N9 !s !" $o$: $+?t %+7n!#$=$l
$K$b$+$+$o$i $: !" %H%$%l%C%H%Z!< %Q!< Gc@j%Q%K%C%/!" IT67!#

2. 1979G/$+$i 80G/$N%*%$%k%7%g%C%/!' 6! 5k$NDc2<$O$?$C$?$N4 !s !" FC$KJF9q$G%Q%K%C%/!#
$3$N4m5! $O81G/$K!" <g$K;0 $D$NM}M3$+$i =*$o$k!#
(1) %5%&%8$NA};: !J 1940G/Be$H50G/Be$KH/8+$5$l $?5pBgL}ED!K
(2) KL3$L}EDEy$+$i $N?75, 6! 5k
(3) @/I\ $H4k6H$N@PL}HwC_$+$i $NBg5, LO$J@PL}$N6! 5k

%Q%K%C%/$N860x$O2?$@$C$?$+!) !! <B<AE*$JJ*N.AK32$NBg1F6A$H$$$&$h$j $O!J %,%=%j%sBT$A$K
Ns$r :n $C$?DxEY!K!" $`$7$m?. MQ$NAS<: !#
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?^ 2. @8;: NL!J <B@~!K$HH/8+NL$N?d0\

?^ 3. >CHqNL$HH/8+NL$N:9 $N?d0\

?^ 4. ;n 7! 0f $KBP$9$k@PL}H/8+NL
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?^ 5. @PL}>CHq3F9qFbLu$H:# 8e$NM=B,

?^ 6. @PL}2A3J$N?d0\

:# !" 6! 5kDc2<$, 5/ $3$k$H!) F1MM$K!" @PL}$NITB-$K$h$kJ*<A7P:Q$X$N1F6A$h$j $bA0$K!" $^$:
%Q%K%C%/$, E~Mh$7$F?. MQ7P:Q$, Jx2u$9$k$3$H$, 6/ $/ M=B,$5$l $k!#

:# !" 6! 5kDc2<$, 5/ $-$?$H$-$NLdBj$O!) 1979G/$+$i 80G/$N%*%$%k%7%g%C%/!&%Q%K%C%/$r5_$C
$?;0 MW0x$O$b$O$d5! G=$7$J$$!'
(1) %5%&%8$NL}ED$NNt2=
(2) KL3$L}ED$N$h$&$KBg5, LO$JL}EDH/7! $O@$3&E*$K8+9~$a$J$$!J ?^ 7!K
(3) !V%8%c%9%H%$%s%?%$%!̀W6! 5k86B'$K4p$E$/ 7P:Q$N!V8zN(2=!W

2.2 2a5n!&8=:_ $N6571!' ?/ N,!&E>J$

1953G/!" %$%i%s$N%b%5%G%/@/8"E>J$$H%7%c!<$N62I] ;YG[
1990G/Be!A!" %m%7%"$N%A%'%A%'%s?/ 96
2002G/!" %Y%M%:%(%i$G$N%/!< %G%?!<<: GT
2003G/!" %$%i%/?/ N,!J!X%U%!%k!<%8%c2004G/ 4 7n!Y;2 >H!K
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?^ 7. 10G/$4$H$N5pBgL}EDH/8+798~!J ASPO $h$j !K

2.3 <B<A7P:Q%l%Y%k$G$O!)

!! 8=:_ $N5; =Q?e=`$G@PL}$, I, ?\ $J$N$O!" 2=3X@=IJ $H1?M"It Lg!J 1?M"M"Aw$NG3NA$N90 !s $O@P
L}!#E9$GGc$($k>&IJ $N95 !s $O@PL}$r;H$C$F$$$k!#?)NAIJ $N95 !s $O@PL}$r;H$C$F$$$k!K!#2005
G/ 2 7n$K%Z%s%?%4%s$KDs=P$5$l $?Hirsch Js9p=q$G$O!" 1?M"M"AwIt Lg$X$N1F6A$r:G$b=E;k $7$F
$$$k!#

3 @PL}$NC5:w$H:N7!

!! 4s$j F;$7$F!" @PL}$rC5$7=P$77! $j =P$7$F@8;: $9$k%W%m%;%9$r>/ $7!#

3.1 #5$D$NMW7o

1. :, 8; 4d!' >&6HE*:N7! $NBP>]$H$J$k$h$&$JNL$N@PL}C:2=?eAG$rH/@8$9$kG=NO$r$b$DM-5! J*
$KIY$`BO@Q4d!# CO2<2500%a!<%H%k$+$i 5000%a!< %H%k!J 82EY$+$i 154EY!K!#

2. CyN14d!' B?9&<A$G?; F)@-$N$"$k4d@P$G!" $=$N9&7d$, N.BN$"$k$$$O5$BN$K$h$C$FK~$?$5$l
$F$$$k$b$N!#:=4d$d@P3%4d$, B?$$!#KLJF$G$O:=4d!" CfEl$G$O@P3%4d$, $[ $H$s$I !#CyN14d
$O9&7d!J $3$&$2$-!K$H8F$P$l $kB?$/ $N9&$+$i $J$k!#9&7d$NNL$r9&7dN($H8F$S!" CyN14d$K
Cy$a$i $l $k@PL}$d%,%9$NNL$r7h$a$k!#$?$@$7!" 9&7d$, Aj8_$K$D$J$,$C$F$$$J$$8B$j 9&7d
$, $"$C$F$bM-8z$G$O$J$$!# $3$NO"7k$NEY9g$$$r?; F)N($H8@$&!#

3. K94d!' @PL}9[ >2$K$*$$$F!" L}AXKt$O%,%9AX$N>e$rJ$$C$F@PL}$N>eJ} $X$N0\ F0$rAK;_ $7$F
$$$kIT?; F)@-$N4d@P!#K94d$O9&7dN($b?; F)N($b0 $G$"$k$N$, :G$b$h$$!#%5%&%8%"%i%S%"
$NK94d$O7k9=M}A[E*!#

4. %H%i%C%W!' :, 8; 4dCf$+$i GS=P$5$l CyN14dCf$r>eJ} $K8~$+$C$F0\ F0$7$F$-$?@PL}!&E7A3%,
%9$N0\ F0$r Iu :? $7!" C:2=?eAG$N=8@Q$r$b$?$i $7$F@PL}9[ >2$r7A@.$9$kFCDj$N>l =j !#

5. O3$l =P$J$$9=B$$K$J$C$F$$$k$3$H!#
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9qL> ;DNL 4{ :NNL %T!<%/ 9qL> ;DNL 4{ :NNL %T!<%/

%5%&%8%"%i%S%" 262 97 2008 %+%J%@ 7 19 1973
%$%i%/ 112 28 2017 %*%!̂<%s 5 7 2001
%"%V%@%S 98 19 2011 %"%s%4%i 5 5 1998
%/%&%'!< %H 96 32 2015 %$%s%I%M%7%" 5 20 1977
%$%i%s 90 56 1974 1Q9q 5 20 1999
%Y%M%:%(%i 78 47 1970 %(%/%"%I%k 5 3 2004
%m%7%" 60 127 1987 %$%s%I 5 6 1997
%"%a%j%+9g=#9q 30 172 1971 %$%(%a%s 4 2 1999
%j%S%" 29 23 1970 %(%8%W%H 4 9 1995
%J%$%8%'%j%" 24 23 2006 %*!< %9%H%i%j%" 3 6 2000
Cf9q 18 30 2003 %%̂l!<%7%" 3 6 2003
%+%?!<%k 15 7 2000 %"%k%<%s%A%s 3 9 1998
%a%-%7%3 13 31 2003 %7%j%" 2 4 1995
%N%k%&%'%$ 10 17 2001 %,%\%s 2 3 1996
%+%6%U%9%?%s 9 6 2033 %3%m%s%S%" 2 6 1999
%"%k%8%'%j%" 9 13 1978 %3%s%4 1 2 2001
%V%i%8%k 8 5 1986 %V%k%M%$ 1 3 1978

I= 2. <gMW;: L}9q$N;DB8KdB"NL!J ==2/ %P%l%k!K!&4{:N<}NL!J F1!K!&%T!<%/?dDj
!! !J Sonia Shah, Crude: The Study of Oil . London: Verso,2004. p. 177{178.!K

3.2 $3$l $^$G$NC5:w$H$=$NCN8+

� 1960G/Bf$^$G$KCOI=$NC5:w$O$[ $\ 40A4$K=*$o$C$?!#$=$l 0JMh$NC5:w$O!" (1) CO2<$NCO<A
D4:: $*$h$S (2) CO?LGHC5:wK!$K$h$k!# CO?LGHC5:wK!$O1930G/Be$+$i MQ$$$i $l $O$8$a!"
8=:_ $^$G$KBO@QK_CO$O$9$Y$F$"$kDxEY$NC5:w$r=*$($F$$$k!#

� $[ $H$s$I $NCO0h$O>e5-$N5 MW7o$rK~$?$5$J$$!#

� 5 MW7o$rK~$?$7$?>l 9g$G$b!" @PL}$, H/8+$5$l $k$N$O10$K1 $D!" =EMW$JL}ED$O100$K1
$D!#

3.3 @PL}KdB"CO0h

=>Mh7?!J DL>o!K@PL}!' 1UBN$GDL>o!" %,%9!J >e!K$H?e!J 2<!K$K$O$5$^$l $F$$$k!# <gMWKdB"9q
$HKdB"NL$*$h$S@8;: %T!<%/$N?dDj$K$D$$$F$O!" I= 2 $r;2 >H!#

Hs=>Mh7?!J HsDL>o!K@PL}!' 8G7A$G:= $dJG4d!J $1$D$, $s!K$K4^$^$l $k!" $^$?8GBN%?!<%k$9$J
$o$A%S%A%e!<%a%s!J BO@Q4d$"$k$$$OBO@QJ*Cf$K8+$i $l $kH>8GBN$J$$$78GBN>u$N@PL}!" %?!<%k!"
%"%9%U%!%k%H$r;X$7$F$$$?$, !" Dj5A$, <!Bh$K3HBg$5$l $F!" 8=:_ $G$O!" BO@Q4d$"$k$$$OBO@QJ*
Cf$NM-5! J*$N$&$A%Y%s%<%s$J$I $NM-5! MOG $̂KMO$1$FCj=P$5$l $kM-5! J*$r%S%A%e!<%a%s$H$$$&!K
$J$I !# !! %+%J%@$, 36 !s !" JF9q$, 32 !s !" %Y%M%:%(%i$, 19 !s $r@j$a$k!#
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3.4 =>Mh7?!J DL>o!K@PL}$N:N7!

1. 0l <! :N<}K!!' 7! $C$F!" %]%s%W$G5[ $$>e$2$k!J $&$J$: $/ $m$P!K!# L}AX5Z$S$=$l $r4^$`CyN1
4dCf$NN.BN$, 85MhJ] M-$9$k<+A3$NGSL}%(%M%k%.!< $rMxMQ!#

2. Fs<! :N<}K!!' 0l <! :N<hK!$K$h$k@8;: $, 8: B`$7$?8e!" ?e$dE7A3%,%9$rL}AX$K05F~$9$k$3$H
$K$h$j !" ?M9)E*$KGSL}%(%M%k%.!<$rM?$(!" :N<}N($NA}2C$r?^$kJ} K!!#$?$@$7!" :G6a$G$O
:G=i $+$i 9T$o$l $F$$$k!#

3. $3$l $i $K$h$C$F:N<}$G$-$k$N$O35!s !#$=$l 0J9_$O6/2=:N<}K!!J ;0 <! :N<}K!!K$, I, MW!#@P
L}$N0\ F0$rB%$9?e>x5$$NCmF~!" @PL}BN@Q$rA}$d$9Fs;@2=C:AG%,%9$NCmF~!" 2P96K!$J$I !#

3.5 Hs=>Mh7?!J HsDL>o!K@PL}$N:N7!

!! %7%g%Y%k%+!<$G%S%A%e!< %a%s$H?e!" :=$N:. $8$C$?$b$N$r7! $j =P$7$FJ, N%9)>l $K1?$S!" G.?e
$G%S%A%e!<%a%s$rMO$+$7$FJ, N%$9$k!#9[ >2!J deposit!K$N8 3d$OO*E77! $j $G$-$J$$?<EY$K$"$j !"
SAGD!J Steam-AssistedGravit y Drainage!KK!!J ?e>x5$$rCO2<$KCmF~$7$F%S%A%e!<%a%s$rMO
$+$7$F:N7! $9$k!K$, I, MW!# $$$: $l $K$; $h:N<}$N$?$a$KKDBg$J%(%M%k%.!<$H?e$rMW$9$k!#

4 %T!<%/%*%$%kO@$KH?BP$9$k:, 5r$N8! F$

4.1 4pK\E*$JG'<1

5;=Q<T$O%T!<%/!J $"$k$$$OF,BG$A$NJ?LL!K$, K,$l $k$3$H$G$O0l CW!J %(%/%=%s%b!<%S%k$b4^$a!K!#
;~4| $K$D$$$F$O=t @b$"$k!#

4.2 $$$C$?$$$I $N$/ $i $$$N@PL}$, $"$k$N$+!)

!! 8=:_ $N$H$3$m!" Aa4| %T!< %/O@<T$O78002/ %P%l%kDxEY$H?dDj!# BP <R$NE}7W$O1 C{ 15002/
%P%l%k$H?dDj!#$5$^$6$^$J%a%G%#%"$, 0zMQ$9$k?t CM$N4pK\$H$J$C$F$$$k$N$OB?$/ $N>l 9g!" BP
<R$NE}7W!#

2aBg?dDj$KJP8~$9$k5?$$!)

1. 2004G/ 1 7n!" %7%'%k<R$N%U%#%j%C%W!&%o%C%D<RD9$O3t <g!? Ej ;q 2H$KBP$7!" %7%'%k<RJ]
M-$N9[ >2$r 20 !s 2a>j $K?dDj$7$F$$$?$3$H$rG'$a$?!# %o%C%D<RD9$O8=:_ JF9q$G7: ;v AJDI
$r<u$1$F$$$k!#2004G/ 117n!" %7%'%k<R$N?7<RD9%8%'%m%(%s!&%t%!%s!&%G%k!&%t%#!<%"
$OB><R$bF1MM$NLdBj$r$+$+$($F$$$k$N$G$O$H2q8+!#

2. E7A3%,%9KdB"NL?dDj$N7P0 !̂' 2001G/$^$G!" KLJF$NE7A3%,%9@8;: $K$O3Z4QE*8+DL$7$, L"1d
$7$F$$$?!# A4JF@PL}I> 5D2q$O!" 1998G/ 19C{N)J} %U%#!< %H$@$C$?$b$N$, 2015G/$K$O27
C{N)K!%U%#!<%H$K$J$k$H8+9~$^$l $k$HH/I= !#%1%s%V%j%C%8!&%(%M%k%.!<8&5f =j !J CERA !K
$O!" >/$J$/ $H$b2005G/$^$GKLJF$N%,%96! 5k$O0] ;} $5$l $k$HO@$8$F$$$?!# $5$i $KJF9q%(
%M%k%.!<>J%(%M%k%.!<>pJs6I !J EIA !K$O!" 1998G/$N19.4C{N)J} %U%#!<%H$, 2020G/$K$O
27.1C{N)J} %U%#!< %H$K$J$k$@$m$&$H=R$Y$F$$$?!#
2004 G/$K$O8+2r$, Bg$-$/ JQ$o$k!' CERA $O!"!VKLJFE7A3%,%9;T>l $O%$%s%U%lN($r :9 $7
0z$$$F$b9bF-$, B3$$$F$$$k!# ;n 7! $N7k2L$, 4| BT$rN"@Z$k$b$N$G$"$C$?$?$a!" CERA $O
KLJF$NE7A3%,%96! 5k$r2<J} =$@5$; $6$k$rF@$J$$!#JF9q$NE7A3%,%9@8;: $O:# $d915WE*$J8:
>/$r$?$I $k>uBV$K$"$k$h$&$K;W$o$l $k!W$HH/I= !#$^$?!" Raymond James& Associates
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I= 3. OPEC KdB"NL$N?d0\ $K8+$i $l $k4qL/ $JIt J,

$O!"!VE7A3%,%9$N?75, :N7! $O2003G/ 4 7n0JMh20 !s A}$($F$$$k$K$b$+$+$o$i $: !" @8;: $O
8: >/$N0l ES$r$?$I $C$F$$$k!W$H=R$Y!" A4JF@PL}I>5D2q$O!V8=:_ $NE7A3%,%92A3J9bF-$O!"
<{5k%P%i%s%9$N:, K\E*$JJQ2=$K$h$k!W$H!#

3. OPEC KdB"NL$N?d0\ !J I= 3!K!#@$6d$N@PL}%3%s%5%k%?%s%H$G$"$k%%̂%̀I!<!&%5%i%a%U$O!"
OPEC $NKdB"NL$O30002/ %P%l%k8XD%$5$l $F$$$k$HH/8@!#

2a>. ?dDj$KJP8~$9$k5?$$!)

1. @PL}2A3J0z$->e$2$N1"KE!J $?$@$7Ej ;q $N=EMW@-$r9M$($k$H?. Xa@-$K7g$/ !K

2. 4D6-J] 8nO@<T$N1"KE!J %T!< %/%*%$%kO@<T$NB?$/ $O4D6-J] 8nO@<T$G$O$J$$!K

3. G/!9 ?dDjKdB"NL$OA}$($F$$$k!J KhF|?7J9Ey!K!#1970G/$N60002/ %P%l%k$+$i 2003G/$N1
C{ 14702/ %P%l%k$X!#

4. @PL}$N5/ 8; $OL5@8J*$G$"$k$HO@$8$F$$$k>/ ?t $N2J3X<T$, $$$k!# $3$N@b$K$h$l $P!" OG@1
!J CO5e!KFbIt $K$OKDBg$JNL$NC:AG$, B8:_ $9$k$N$, <+A3$G$"$j !" 0l It J, $OC:2=?eAG$N7A$G
B8:_ $7$F$$$k!#C:2=?eAG$O4d@P$h$j $b7Z$$$N$G!" COI=$X$H@w$_=P$7$F$/ $k!#CODl?<$/ B8
:_ $9$kHy@8J*$, <o!9$NC:2=?eAG$X$HJQ49$7GS=P$9$k$H$$$&$b$N$G$"$k!#$3$NL55! @.0xO@
$K4p$E$1$P!" 0l EY8O$l $?L}0f $b$7$P$i $/ J| CV$9$k$H:F$S86L};: =P$, 2DG=$H$J$k8=>]$r@b
L@$9$k$3$H$, $G$-$k!#

4.3 BP $NE}7W$K$h$k$HKdB"NL$OA}Bg

!! %a%G%#%"Ey$d0l HL8~$1@PL}!V@lLg2H!W$, $h$/ 0z$/ $N$, BP E}7W!#

1. BP $N?t CM$O!V<g$H$7$F8x<0>pJs8; !" OPEC ;v L36I $N%G!<%?!WEy$+$i =87W$7$?$b$N!" $H
Cm0U=q$-$, $"$k!#

2. !V$3$N?t CM$O!&!&!&!&!&!&BP $N9qJL3NG'KdB"NL$H0l CW$9$k$o$1$G$OI, $: $7$b$J$$!W$HCm0U=q
$-$, $"$k!#
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!! ?t CM$N?. Mj@-0J30$K!" Fs$D$NLdBj !'

(a) %T!< %/%*%$%k$NLdBj$OKdB"NL$NLdBj$G$O$J$/ C10L;~ 4V$"$?$j $N:N<}NL$*$h$SC10L:N<}
NL$"$?$j $N:N<}%3%9%H$H<{MW$N4X78$NLdBj !#$7$?$,$C$F!" KdB"NLA4BN$NC1=c$J5DO@$O0U
L#$, $J$$!#KhG/F1$8%Z!<%9$G:N<}$5$l $k$o$1$G$O$J$$$N$G!" ?dDjKdB"NL$r8=:_ $N:N7! NL
$G3d$C$?!V2D:NG/?t !W$O%T!<%/%*%$%kO@$N4QE@$+$i $OBEEv$J;XI8 $G$O$J$$!J Nc!' KhF|?7
J9!" 2005G/ 117n4 F| !" $?$@$7F15-;v $O8O3i O@$H%T!<%/O@$, 0c$&$H=R$Y$F$O$$$k!K!#

(b) CfEl=t9q$K$*$1$k 1980G/Be0J9_$NKdB"NLA}2CJ, $N$[ $H$s$I $, !" 4{$KH/8+$5$l $?L}ED$N
?dDjKdB"NL$NA}BgJ, $G$"$k!# 4{3+H/L}ED$NKdB"NL$NA}Bg$O!" %T!< %/$rCY$i $; $k$h$j $O
%T!< %/8e$N:N7! NL8: >/ $r2! $5$($k$3$H$K$h$j Bg$-$/ 4X$o$k!# $7$?$, $C$F!" %T!< %/%*%$
%k$N4QE@$+$i $O!" K\<AE*LdBj2r7h$K$O$J$C$F$$$J$$!#%V%C%7%e@/8"$N@PL}%"%I%P%$%6$G
$"$k%%̂7%e!<!&%7%b%s%:$O!" %5%&%8%"%i%S%"$N;MBgL}ED!J %,%o!<%k!" %5%U%!%K%d!" %O%K
%U%!!" %+%U%8!K$O4{$K?e$NCmF~$KBg$-$/ 0MB8$7$F$*$j !V6a$$>-Mh30 !s $+$i 40 !s @8;: NL
$, Mn$A$k2DG=@-$, $"$k!W$H$7$F$$$k!#

4.4 2A3J>e>: $H5; =Q3W?7$K$h$j 7P:QE*$K:N7! 2DG=$JNL$HHO0O$OA}Bg
(1) :N7! 2DG=$JNL$HHO0O$NLdBj

1. ?7$?$K3NG'$5$l $?KdB"NL$N$&$A!" 4{ :N7! L}ED$NKdB"NLA}Bg$rL}EDH/8+;~$KAH$_9~$`$H!'

(a) @$3&:GBg$NL}ED$O$[ $H$s$I $9$Y$F50G/0J>eA0$KH/8+$5$l $?$b$N

(b) @PL}H/8+$N%T!<%/$O1960G/BeH>$P!J ?^ 2 ;2 >H!K

(c) 1970G/Be$K$O$$$/ $D$+BgL}ED$, H/8+$5$l $?$, !" $=$l 0J9_$O$J$$!J ?^ 7 ;2 >H!K!#5 2/
%P%l%k5i L}ED$O2000G/$K16!" 2001G/$K9!" 2003G/$K$O0!# 0l F|$N@PL}>CHqNL$O
8000K|%P%l%k!# 0l L}ED$"$?$j 0l =54V$b$^$+$J$($J$$!#

(d) >CHqNL$h$j $bH/8+NL$, B?$+$C$?$N$O;MH>@$5*A0!J ?^ 3!K

2. 5f 6KE*$K:N7! 2DG=$JNL$HC10L;~4V$"$?$j $N:N7! NL$N0] ;} $H$O0[ $J$k!#C10L;~4V$"$?$j $N
:N7! NL$, DI$$$D$1$k$H$$$&5; =QE*$J5DO@$OIT:_ !#

3. :N<}$H;T>l $X$N6! 5k$N$?$a$K<YKb<T$rDIJ| $7!" <YKb$J<+A3$rGK2u$9$k$+$?$A$G$N:N7! $,
B?$$!J %3%m%s%S%"$N%"%%̂>%sCO0h!? %"%i%9%+!? %J%$%8%'%j%"!? %$%i%/!K!# EvA3!" H?H/$b
6/ $^$k!# 2020G/0J9_$N@PL}<{MW$KBP$7$F$O%+%9%T3$L}ED$, 80$r0. $C$F$*$j !" %P%/!< !a
%H%S%j%7!a %8%'%$%O%s$N%Q%$%W%i%$%s!J 1776%-%m%a!<%H%k!K$, 2005G/ 117n19F|$K3+
DL!#%H%k%3$G$O2a5n80G/$K172s$NBg$-$JCO?L$, $"$C$?!#$^$?%3%m%s%S%"$N%+%K%g!&%j
%b%s@PL}%Q%$%W%i%$%s$OELN !J L1B22rJ| 73!K$K$7$g$C$A$e$&GK2u$5$l !" JF73FC<l It Bb
$H%3%m%s%S%"73$, @PL}Mx8"$r<i $k$?$a$K%Q%H%m!<%k$7$F$$$k!#%$%i%/!a %H%k%34V$N%Q%$
%W%i%$%s$b8=:_ F|>oE*$KGK2u$5$l $F$$$k!#

4.5 2A3J>e>: $H5; =Q3W?7$K$h$j 7P:QE*$K:N7! 2DG=$JNL$HHO0O$OA}Bg
(2) 5; =Q3W?7$NLdBj

1. 8=:_ 1 F| 8000K|%P%l%k$N$&$A%$%i%s!" %$%i%/!" %/%&%'!<%H!" %5%&%8%"%i%S%"!" %"%i%V<s
D99qO"K.$NCfEl 5 %+9q$, 2000K|%P%l%k!J 4 J, $N1!K$r$^$+$J$C$F$$$k!#CO<A3X<T%%̂$%1
%k!&%9%_%9$N?dDj$K$h$k$H!" :# 8e$N<{MWA}Bg$N$+$J$j $OCfEl$G$^$+$J$o$J$/ $F$O$J$i $J
$$>u67$K$"$k!#$?$H$($P%5%&%8%"%i%S%"$O8=:_ 1 F| 950K|%P%l%k!J $=$N5 3d$O$+$J$j 8E
$/ $J$C$?%,%o!<%kL}ED$+$i Mh$F$$$k!K$N@PL}$r@8;: $7$F$$$k$, !" 2016G/$^$G$K1200K|
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%P%l%k!" $=$l 0J9_$O1500K|%P%l%k$N@8;: $, 2DG=$H$7$F$$$k!# CfEl 5 %+9q$, Js9p$9$k@8
;: 3HBg2DG=@-$rB-$7$"$o$; $F9M$($k$H!" <{MW$, G/ 1.5 !s A}Bg$9$k$H2011G/$K$O6! 5k$,
DI$$$D$+$J$/ $J$k2DG=@-$, $"$j !" G/ 2.5 !s A}Bg$9$k$H2008G/$KDI$$$D$+$J$/ $J$j !" G/
3.5 !s !J Cf9q$HJF9q!KA}2C$9$k$H$9$0$KDI$$$D$+$J$/ $J$k$HM=B,$7$F$$$k!#

2. 1980G/Be0J9_Ej5! E*%%̂M!<$, @PL};: 6H$KN.F~$7$?$?$a!" 5; =Q3+H/Ej ;q $ON)$A8e$l $F$$
$k!# %T!<%/$, 0z$-5/ $3$9LdBj$K5; =Q3W?7$, DI$$$D$/ $?$a$K$O>/$J$/ $H$b5 G/$+$i 10G/
$N;~4V$, I, MW!J %%̂7%e!<!&%7%b%s%:$*$h$SHirsch Js9p=q!K!#%?%s%+!<$N%T!<%/G/$O1981
G/!# 8=:_ $N@PL}@:@=;\ @_$N%-%c%Q%7%F%#$O0l F| 8400K|%P%l%kAjEv!J 300K|%P%l%kJ, $7
$+$f $H$j $, $J$$!K!# %4!<%k%I%%̂s!&%5%C%/%9<R$K$h$k$H!" 8=:_ $N@PL}<{MWA}2C$r8+9~$`
$J$i $P!" :# 8e10G/4V$K2 C{ 40002/ %I%k$NEj;q $, I, MW$H=R$Y$F$$$k!#

3. 1 !\ 2 !a %T!< %/$, Aa4| $KK,$l $J$/ $F$b6! 5k4m5! $, K,$l $k2DG=@-$O>/$J$/ $J$$!#

4.6 3$DlL}ED$OM-K>

1. 2001G/$K$O@PL}4k6H$N:N7! @PL}$N$&$A600%a!<%H%k0J>e$N?<3$$G:N<}$7$?@PL}$OA4BN
$N6 !s $@$C$?$, !" 2005G/$K$O25 !s $K6a$E$/ !#

2. 1970G/BeH>$P0J9_!" ?<3$L}ED1800%+=j $, 7! $i $l !" 2002G/Kv$^$G$K4702/ %P%l%k$, H/
8+$5$l $?!# H/8+$N%T!< %/$O1996G/$N582/ %P%l%k!# %V%i%8%k$H%a%-%7%3OQ!" %"%s%4%i!"
%J%$%8%'%j%"$K=8Cf!#

3. %*%%̂1!' %J%$%8%'%j%"$G$O=;L1$NDIJ| $HBg$-$J4D6-GK2u!#

4.7 Hs=>Mh7?@PL}$OM-K>

1. 4 C{%P%l%k$N$&$A60002/ %P%l%kDxEY$7$+8=<B$K$O:N7! $G$-$J$$!J Hirsch Js9p=q!K

2. %+%J%@9qN)%(%M%k%.!< I> 5D2q$O%?!< %k%5%s%I$+$i $N@PL}@8;: $K$D$$$F!" 2004G/$N1 F|
100K|%P%l%k$+$i 2015G/$K$O260K|%P%l%k$KA}2C$9$k$H8+9~$s$G$$$k!J @$3&$N>CHq$O
0l F| 8000K|%P%l%k!" 1 G/ 1.4!p $+$i 2.2 !s $NA}2C!K!#

3. %?!< %k%5%s%I$+$i $N@PL}@8;: $K$O200EY$N?e>x5$$H%J%U%?Ey$N;HMQ$, I, MW$G!" KDBg$J
NL$N?e$HE7A3%,%9!J !* !K$, I, MW!#HiFy$J$3$H$K!" $3$N$?$a$K%+%J%@$NE7A3%,%9$N>CHq$,
2CB.$7ITB-$9$k2DG=@-!J 2004G/$K1 F| 100K|%P%l%k$N@PL}$r@8;: $9$k$?$a$K6 2/ N)J}
%U%#!< %H$N%,%9$r>CHq!# 220K|%P%l%k$N@PL}$r@8;: $9$k$?$a$K$O252/ N)J} %U%#!<%H$N
%,%9$, I, MW!K!#

4. %*%%̂1!' %?!<%k%5%s%I$+$i $N@PL}@8;: $K$O=>Mh7?@PL}@8;: $N3 G\0J>e$N29<<%,%9$, J| =P
$5$l $k!#

4.8 ;~ Be$OE7A3%,%9$X

1. H/EE$d29?e$X$N%,%9<{MW$OKDBg$G2030G/$K$O@PL}$G8@$&$H432/ %H%sAjEv$N<{MW!J 8=
:_ $N2 G\!K$, 8+9~$^$l $F$$$k!#$3$N$&$A4 3d$OH/EE$+$i $N<{MW$G@PL}$K$+$o$k$b$N$G$O
$J$$!#

2. %,%9ED$OL}ED$H0c$$!" KdB"NL$N7 3d$+$i 8 3d$r8z2LE*$K:N<}$G$-$k$, !" $=$N8e$N:N<}8z
N($O5^Mn$9$k!#
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3. %3%j%s!&%-%c%s%Y%k$N?dDj!' 1 5~N)K!%U%#!<%H!J 1 C{ 80002/ %P%l%k$N@PL}AjEv!K$, @$3&
$K$"$j !" $=$N$&$A25 !s $O:N7! $7$?!# 2015G/$+$i 2040G/$KG/4V130C{N)K!%U%#!<%H$N
:N<}$, 2DG=$G!" $=$l 0J9_$O5^9_2<$9$k$@$m$&!#

4. Ls 70 !s $OCfEl$H5l %=O"!# %m%7%"$H%$%i%s$G45 !s !# 0l J} !" JF9q0l 9q$N%,%9<{MW$O2025
G/$^$G$K50 !s A}Bg$N8+DL$7!#

5. <g$H$7$F3$Dl$K$"$kHs=>Mh7?%,%9$N:N7! $O:$ Fq$G9b$/ $D$/ !#

4.9 %T!< %/%*%$%kO@<T$O2a7c$J4D6-J] 8nO@<T$@

%%̂7%e!< !&%7%b%s%:$O%V%C%7%e@/8"$N@PL}%"%I%P%$%6!# %3%j%s!&%-%c%s%Y%k$O@oAh$K$bH?BP
$7$F$$$J$$J] <i GI!# %9%&%'!<%G%s2&N)2J3X%"%+%G%_!<$O3X<T$NCDBN!# %I%t%#%k%t%!%sJ) <sAj
$O;m?M!#

4.10 %*%%̂1!' @P0f >4;a !? F#OBI' ;a $NO@$r$a$0$C$F

1. :G6a$h$/ L>A0$r8+$+$1$kN>;a $N<gD%$O!" BgBN!" $3$l $^$G$N5DO@$G8! F$$7?T$/ $7$F$$$k!#
4pK\E*$K$O%T!<%/%*%$%k$N35G0$KBP$7$F;DB8@PL}NL$r;} $A=P$7$F$$$k$@$1$G!" O@E@$O=E
$J$C$F$$$J$$!#$?$@$7!" :# 8e!V%T!<%/%*%$%k!W$, A{$, $l $k$K$D$l $F!" %%̂9%a%G%#%"$G$b
$3$&$7$?5DO@$O7+$j JV$5$l $k$@$m$&!#

2. CO@/3XE*J, @O$K$D$$$F4uK>E*4QB,$H8m$j $, $"$k!#!VJF9q$O967bE*$J$^$G$KL1<g<g5A$rB>
9q$K2! $7$D$1$k!W!J!X@$3&$rF0$+$9@PL}@oN,!Y$A$/ $^?7=q!KEy!#C1$J$kCN<1ITB-$J$N$+!"
3N?. HH$J$N$+!#

3. !VBg?t $NK!B' !W!J!X@$3&$rF0$+$9@PL}@oN,!Y!K$H$$$C$?E}7WE*35G0$N8mMQ!#!VBg?t $NK!B' !W
$Oi.i.d!J FHN)$NF10l J, I[ !K$rA0Ds$H$9$k!#;n 7! 0f $H@PL}H/8+$N5DO@$KE,MQ$G$-$J$$$3$H
$O7P83E*%G!<%?$+$i L@$i $+$G$"$k$K$b$+$+$o$i $: !" $3$&$7$?MQ8l $rMQ$$$F$$$k!#

5 CO5e29CH2=!' $b$&0l $D$N4m5!

5.1 29<<%,%9!J $3$3$G$OCO 2!K$NBg5$CfG;EY!J ppm !K

K\Ev$KG;EY$O>e$, $C$F$$$k$N$+!) Yes. Fs;@2=C:AG$NBg5$CfG;EY$O$3$N40K|G/4V!" 180ppm
$+$i 300ppm$N4V$G?d0\ $7$F$-$?!# 20@$5*=i F,$NBg5$CfG;EY$OLs 290ppm!# 8=:_ $NBg5$CfG;
EY$O380ppm!# $=$l $^$G$N1 G/J?6Q1.84ppm$KBP$7$F!" 2003G/!&2004G/$K$O3ppm $: $DG;
EY$, A}Bg!#

CO 2 G;EY$N>e>: $H?M0Y5/ 8; $NCO 2 J| =P$KAj4X$O$"$k$+!) !! $"$k!J ?^ 8!K!#

5.2 5$29$NJQ2=

K\Ev$K5$29$O>e$, $C$F$$$k$+!) 1Q9q5$>] D#H/I= !J 1860!A1999!K$K$h$k$H!" $3$N$H$3$m0.8
EYCH$+$/ $J$C$F$$$k!J ?^ 9!K!# 1861G/0JMh!" :G$bCH$+$$G/>e0L10G/$O!" $9$Y$F1990G/0J9_
$G!" 1997G/$+$i 2004G/$^$G$O$9$Y$F>e0L$N10G/$KF~$k!#
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?^ 8. Bg5$Cf$NCO2 G;EY$H?M0YE*$J CO2 J| =PNL

?^ 9. 1860G/!A1999G/$N@$3&5$29$N?d0\

$3$l $ODj>oE*$J>uBV$GH/@8$9$k8=>]$N3NN(E*$JJQF0$NHO0OFb$K$"$k$+!) $=$&$O$$$$$K$/ $$!#
?^ 10$O;0 <oN`$N%b%G%k$K$h$k?d0\ M=B,$H<BB,CM$N$: $l !#<BB,CM$ODj>oE*$J>uBV$r2>Dj$7$?%b
%G%k$+$i M-0U$K$: $l $k!#

5.3 CO 2 G;EY$H5$29$NJQ2=$K$OAj4X4X78$, $"$k$+!)

!! $"$k!#?^ 11$O!" 40K|G/A0$+$i 8=:_ $^$G$NCO2 G;EY!J >e!K$H5$29!J 2<!K$N?d0\ $N? !̂J 2a5n
75K|G/$NBg5$$N>pJs$OFn6K$H%0%j!< %s%i%s%I$NI9 >2%3%"$+$i @:L)$K$o$+$C$F$$$k!K!# 8=:_ $N
$H$3$m$^$G4^$a$F8+$F$_$k$H?^ 12$N$h$&$K$J$k!J http://www.whrc.org/resources/ $h$j !K!#

5.4 5$29JQ2=$H2=@PG3NAG3>F$K$h$k CO 2 $KAj4X4X78$O$"$k$+!)

!! $"$k!# IPCC $N2001G/Bh;0 Js9p$K$h$k$H!" <+A35/ 8; $NCO2 $r9MN8$7$?M=B,%b%G%k$O8=:_
$N5$29JQ2=$r$&$^$/ @bL@$G$-$: !" ?M0Y5/ 8; $NCO2 $r9MN8$7$?M=B,%b%G%k$O@bL@NO$, 9b$$!#$5

15



?^ 10. M=B,%b%G%k$H<B:] $NCM!J IPCC !K

$i $K!" <+A35/ 8; $H?M0Y5/ 8; $NCO2 $r9MN8$7$?%b%G%k$, $b$C$H$b$"$F$O$^$j $, $h$$!J ?^ 13!'
http://www.whrc.org/resources/ $h$j !K!#

IPCC $K?. Mj@-$O$"$k$+!) !! $"$k!# IPCC $KHf$Y$k$H$[ $+$N$[ $H$s$I $9$Y$F$N<gD%$N?. Mj
@-$O$O$k$+$KNt$k!J $3$l $OIPCC $NCN8+$, @dBP$K@5$7$$$H$$$&$3$H$G$O$J$$!#%G!<%?$N07$$!&
%b%G%k!&M=B,!&:: FI%W%m%;%9Ey$NA4BN$, !" 8=:_ $N8=>] $KBP$9$k@bL@$H$7$F$OIPCC $NCN8+$r
:G$b?. Mj$G$-$k$b$N$K$7$F$$$k$H$$$&0UL#!K!# JF9q2J3X%"%+%G%_!< $b8x<0$KCO5e29CH2=$rG'
$a$k8+2r$rH/I= !#

5.5 H?BPGI$OC/$+!)

!! %V%C%7%e!&%(%/%=%s%b!<%S%k$H$=$N<h$j 4, $-!" 8f MQ%7%s%/%?%s%/!" 4m5! $N2DG=@-$KL\ $r$D$V
$j $?$$?M$?$A!#
!! !VBP:v $O9b$/ $D$/ !W!'!V==J, $JBP:v $, B8:_ !W!J %1%M%9!&%"%m!<B>!K

5.6 =EBg$5

!! EU $N!V=EBg$J4m81!W!J @8BV7O$NE,1~$, DI$$$D$+$J$$!K%l%Y%k$O2 EY$N>e>: !#CO2 G;EY$, $I
$N$/ $i $$$K$J$k$H2 EY>e>:$9$k$+$O$^$@$O$C$-$j $H$O$o$+$C$F$$$J$$$, !" 1Q9q5$>]D#$N?dDj
$G$O!" Bg5$Cf$NFs;@2=C:AGG;EY$, 280ppm$+$i 520ppm$K$J$k$H!" 3.4EY$N5$29>e>:$, M=B,$5
$l $k!#
!! 2005G/ 1 7n$K1Q9q@/I\ $, >7=8$7$?0Q0w2q$N7kO@$O!" CO2 $NG;EY$, 400ppm$KC#$9$k$H2
EY$N>e>: $OHr$1$, $?$$$H$$$&$b$N!#
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?^ 11. CO2 G;EY$H5$29

!V@5$N%U%#!<%I%P%C%/!W$N62$l !' 29CH2=$K$h$j M-5! <A$NJ, 2r$, 2CB.2=$9$k$H!" COLL$N@8L?
7w$O?"J*$K$h$k CO2 5[ <}NO$h$j $bJ| =P$9$k CO2 $, >e2s$k$3$H$K$J$k2DG=@-!#

5.7 1F6A

� @8J*E*B?MM@-$NJx2u!' ;9 8j $N;` LG$, 4Q;! $5$l $D$D$"$k!#1Q9q5$>]D#$O!" D94| E*$K$OG.BS
1+NS| :G$bB?MM@-$NBg$-$$%(%3%7%9%F% |̀ $, :GBg$N%@%a!<%8$r<u$1$k$@$m$&$H?dDj!#

� 3$LL$N>e>:!' %0%j!<%s%i%s%I$HFn6K$NI9 $, MO$1$k$HD94| E*$K$O?t %a!<%H%k$N5, LO$G3$LL
>e>:$, 5/ $3$j $&$k!#

� 3$N.$NJQ2=!' %0%j!<%s%i%s%I$NI9 4' $, MO$1$k$3$H$G!" 3$?e$N1vJ, G;EY$, 2<$,$C$F<~JU$G
3$?e$, !VD@$^$J$J$/ !W$J$j !" %a%-%7%3OQN.$rKL>e$5$; $k%I%i%$%V$, 8z$+$J$/ $J$k!#$3$l
$K$h$C$FKLJFEl4_$H@>%h!< %m%C%Q$, %7%Y%j%"$N$h$&$J5$8u$K$J$k!#

� ?)NH6! 5k$N4m5!!' 9??e$d43$P$D!" G.5$$dEA@wIB$N9-$, $j $K$h$k?)NA:n J*$NIT:n $H$=$l $i
$NJ#9g8z2L!#

� ?e6! 5k$N4m5! !' BS?eAX$N5^B.$J:N7! $, ?J$s$G$$$kCf$G$N43$P$DEy$N1F6A!#

� 7r9/ $X$N6<0R!' 2c$r$O$8$a$H$9$kG B̂N:+ Cn$N?eJ?!&?bD>APJ} $X$N3HBg!#

� J6Ah$N6<0R!' ?eAh$$!J %*%%̂1!' @PL} !K

� <R2q$NIT0BDj2=!' 4D6-FqL1$NBgNLH/@8$N2DG=@-

� J] 7r2q<R$NJx2u!? ?. MQ$NJx2u
http://www.grida.no/clima te/ ipcc _tar /wg1
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?^ 12. CO2 G;EY$H5$29

6 CO5e29CH2=$H%T!<%/%*%$%k

!! !VBgNLGK2uJ<4o$h$j $bBg$-$J6<0R!W$?$k!" :9 $7Gw$C$?CO5e29CH2=$N4m5! $NCf$G!" 2>$K<{MW
$r$^$+$J$&$K==J, $J@PL}$dBeBX2=@PG3NA$, $"$k$H$7$F!" $I $NDxEY$^$G>CHq$7$F$b$h$$$N$@$m
$&$+!)

Aa4| %T!< %/%*%$%kO@<T$K$"$j $, $A$J8+2r!'!VCO5e29CH2=$N4m5! $h$j $bA0$K@PL}$H
%,%9$, $J$/ $J$k!W!J %&%W%5%iBg3X$N8&5f %A!<%!̀" 2003G/ 107n2 F| CNN!K!#$3$l $O
4m$&$$8+2r !#

$I $N$/ $i $$4m$&$$$+!)

� EU $N!V4m5! !W%]%$%s%H$G$"$k 2 EY$r5$29>e>:$N8B3&$H9M$($k!#

� 29<<%,%9$H29EY>e>:$NAj4X$OIPCC $N:G?7Js9p$K=>$&!#

$H$9$k$H!" 2=@PG3NA$+$i 40002/ %H%s$NC:AG$rG3$d$9$3$H$O$G$-$J$$!J 8=:_ $OKhG/ 702/ %H%s
0J>e$NC:AG$rG3$d$7$F$$$k!K!#
!! 0l J} $G!" 3Z4QE*$J2=@PG3NA;q 8; $NKdB"?dDj$K$h$k$H!&!&!&!&!&!&

� =>Mh7?@PL}$NC:AG$O27002/ %H%s

� Hs=>Mh7?@PL}$NC:AG$O44002/ %H%s
!! ! @PL}$r9g7W$7$F70002/ %H%s0J>e!#
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?^ 13(a). <+A3$NCO2 $H5$29$NM=B,!? <BB,

?^ 13(b). ?M0Y5/ 8; $NCO2 $H5$29$NM=B,!? <BB,

?^ 13(c). <+A3!&?M0Y5/ 8; $NCO2 $H5$29$NM=B,!? <BB,
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� E7A3%,%9$O50002/ %H%s0J>e$NC:AG!#!! ! $3$l $K2C$($F!" %a%?%s%O%$%I%l!<%H!J E7A3%,
%9$N<g@.J, $G$"$k%a%?%s$, Dc299b052<$G?e$KMO$19~$_!" %7%c!<%Y%C%H>u$K$J$C$?$b$N!K!'
8=:_ 3+H/$, CmL\ $5$l $F$$$k!# JF9qCO<AD4:: =j $N2J3X<T$N7W;; $G$O10C{%H%s$NC:AG!#

� @PC:$O3 C{ 50002/ %H%s!#

7kO@!'

� =>Mh7?!&Hs=>Mh7?$N@PL}$9$Y$F$r;H$&$o$1$K$O$$$+$J$$!#

� @PL}$r$^$C$?$/ ;H$o$J$/ $F$bE7A3%,%9$r ;H$$@Z$k$o$1$K$O$$$+$J$$!#

� @PC:$OLdBj30!#

� $r$r !" %a%?%s%O%$%I%l!<%H!*

$H$3$m$G8=>u!'

� JF9q$NH/EE$O50 !s $r@PC:$K0MB8!" Cf9q$O76 !s !" Fn%"$H%]!<%i%s%I$O90 !s !#

� @PC:$OKLJF$K26002/ %H%s!J JF9q$O<+M3$KG3$d$; $k$H9M$($F$$$k!K!" 5l %=O"$K23002/ %H
%s!" %"%8%"$K21002/ %H%s!J Cf9q$, :GBg!K!" %h!<%m%C%Q$K13002/ %H%s!" %*%;%"%K%"$K800
2/ %H%s!#

� Hs=>Mh7?@PL}$N3+H/

� %a%?%s%O%$%I%l!< %H$X$NCmL\ $, =8$^$C$F$$$k

� ;~ Be$O@PL}$+$i E7A3%,%9$X!)!)!)

� JF9q$N<+F0<VJ?6QG3Hq$O1987G/$N1 %,%m%s!J 3.785%j%C%H%k!K26.2%%̂$%k!J 1 %%̂$%k!a
1.6093%-%m!K$+$i 2001G/$N24.4%%̂$%k!J 1%j%C%H%k$G10%-%m$A$g$C$H!K$KDc2<!J SUV!* !K
!! %W%j%&%9$O1 %,%m%s$"$?$j 60%%̂$%k!J 1 %j%C%H%k$G25.5%-%m!K!#

� %/%j!<%s$J86;RNO%(%M%k%.!<$N;~Be!'!V%(%M%k%.!< ;q 8; $K$O8B$j $, $"$j $^$9!#!&!&!&!&!&!&$^$?!"
A}2C$9$k@$3&$N%(%M%k%.!< >CHq$r2=@PG3NA$GOE$&$H$9$l $P!" 8B$j $"$k2=@PG3NA$N>CHq
$, !" $$$C$=$&2CB.$5$l $k$@$1$G$J$/ !" CO5e29CH2=$b>00l AX?J9T$9$k$3$H$K$J$j $^$9!W!J 86
;RNO$NI, MW@-!' http://www.yonden.co.jp/d enry oku/ika ta/ nucl ear/ main2_1.htm

7 Mh$k$Y$-@p>pO@$KHw$($k$?$a$K

7.1 L4$N5; =Q$OL$Mh$r3+$/

7.1.1 (1) 86;RNO

!! %V%C%7%e@/8"$N@PL}%"%I%P%$%6$G%T!<%/%*%$%kO@<T$N%%̂7%e!< !&%7%b%s%:$r$O$8$a$H$7$F
%T!<%/%*%$%kO@<T$O29<<%,%9J| =P$H$N4X78$G86;RNO$rBeBX$N0l $D$H8+$J$7$, $A!#!V%/%j!<%s!* !W
!! Nd@E$J5DO@$H$7$F!'

� HnED=XB@O:!&3yCg$R$H$_!XFbIt HoGx$N6<0R| 86Gz$+$i Nt2=%&%i%sCF$^$G!YEl5~!' $A$/ $^
?7=q, 2005G/. J| <M@-J*<A$N4m81@-$r0l HL$K$b$o$+$j $d$9$/ CzG+$KJ, @O!#

� EDCfM%!X@oAh$r$d$a$5$; !! 4D6-GK2u$r$/ $$$H$a$k!! ?7$7$$<R2q$N$D$/ $j J} !! %(%3$H%T!<
%9$N%*%k%?%J%F%#%t!YEl5~!' 9gF1=PHG, 2004G/. 86;RNOH/EE$, 7P:QE*$K$b$?$A$f $+$J$$
$3$H$rNd@E$KJ, @O!#

� 4V$K9g$&$N$+!)

86;RNO$O!V0BA4$J!WBeBX$K$O$J$j F@$J$$!#
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7.1.2 (2) 29<<%,%9$NCO2<!? 3$DlIu $89~$a

!! GS=P$5$l $?29<<%,%9$OCOCf$KIu $89~$a$l $P$h$$!" ?<3$$N?e$K5[ <}$5$; $l $P$h$$!#
!! Nd@E$J5DO@$H$7$F!'

� 5; =QE*$K4V$K9g$&$N$+!) !! >l =j $O!)

� CO2<$X$NIu $89~$a$K$D$$$F!" CO?LEy$KBP$9$k0BA4@-$OJ] >Z$5$l $k$+!)

� 3$$K5[ <}$5$; $k$HC:;@$, 3-$d$i 2?$d$i $rMO$+$7$F$7$^$&!#!#!#

$3$l $b!V0BA4$J!WBeBX$K$O$J$j F@$J$$!#

7.1.3 (3) 1' Ch?J=P

!! B@M[8w$r1' Ch$G<W$C$?$j !" 2P@1$K0\ =;$7$?$j !&!&!&!&!&!&!# $&!<$` !#

7.1.4 $^$H$a

!! IwNO$dB@M[H/EE!" %P%$%*%%̂9Ey$NCO$KB-$N$D$$$?5; =Q$rBeBX$H$7$F$I $&$7$F$$$1$J$$$N$+!)
!! $h$/ $"$kH?O@!'!V2A3J6%AhNO$, $J$$$G$7$g!W!#
!! <B:] $K$O2=@PG3NA;: 6H$OKDBg$JJd=u6b$rF@$F$$$k!J OECD =t 9qA4BN$GG/4V5902/ %I%k!K!#
86;RNO$O%(%M%k%.!< 4X78;: 6H$G<! $KJd=u6b$rB?$/ F@$F$$$k$H$3$m!J F11202/ %I%k!' %j%s%@!&
%%̂/%&%'%$%0!X%T!<%/!&%*%$%k!YEl5~!' :n IJ <R, 2005G/, Bh10>O$r;2 >H!K!#
!! $5$i $K!" $H$j $o$1F|K\$G$O!" SANYO EE5$$r$O$8$a$H$7$F!" B@M[8w$dIwNOMxMQ$N9bEY$J5;
=Q$, B8:_ $9$k!#
!! 7kO@!' 4{F@8"1W$NBN@)$rJx$9$+$i $$$1$J$$!# QED.

7.2 Cf9q$, $$$+!< $s!" F|K\$r$$$B$a$k$J

!! 6u5$Cf$NFs;@2=C:AG$O$=$N$^$^$G$OIT3h@-$GN_@Q$9$k!# ?^ 5 $+$i ?dB,$5$l $k$h$&$K!J ?^ 5
$O@PL}>CHq$@$, Fs;@2=C:AGJ| =PNL$N$$$A$*$&$NL\ 0BDxEY$K$O$J$k!K:GBg$NJ| =P9q!J CO0h!K$O
JF9q$G$"$j !" Cf9q$OA}$($F$$$k$, ?M8}Hf$G9M$($k$H!" EU $d5l %=O"!" F|K\Ey$h$j $bDc$$!#
!! 4{F@8"1WJ] ;} $N$?$a$K!" 0l ?MEv$?$j $N%(%M%k%.!< >CHq!? Fs;@2=C:AGJ| =P$G$Ot# $+$K>/$J$$
$H$3$m$r%9%1!<%W%4!< %H$K$7$FGSB>E*!&K=NOE*$J0&9q<g5A$r@z$j $?$F$k2DG=@-$, Bg$-$$!#
!! %$%i%/?/ N,$r;Y;} $9$k8+2r$N0l $D!J!V:# JF9q$K$D$$$F$$$+$J$$$H!" F|K\$N@PL}6! 5k$O$I $&$J
$k$N$G$7$g$&!) !K$K$D$$$F$O!X%T!<%/!&%*%$%k!YLu<T2r@b$r ;2 >H!#

7.3 $_$s$J$G$, $^$s

!! !VM_$7$, $j $^$; $s!" >!$D$^$G$O!W!#$_$s$J$NLdBj$G$9!#$_$s$J$G2f K}$9$k$3$H$, 2r7h$K$D$J
$, $j $^$9!#
!! F|K\$G8D?M@83h$K$*$1$kFs;@2=C:AG$NGS=PNL$OAmGS=PNL$N8 J, $N1 $K2a$. $J$$!# B?$/ $O;:
6HEy!# Bg85$K$O<j $r IU$1$: !" %]!< %:$@$1$N!V>J%(%M!W$r Ia DL$N?M$K6/ $$$k%W%m%Q%,%s%@!? J7
0O5$$, 9-$^$k2DG=@-!#
!! 2f K}$5$; $?7k2L@8$^$l $kMM!9 $JITK~$r!" GSB>E*$J@p>pO@$G5[ <}$9$k2DG=@-!# $3$l $O!" Nr;K
>e2?EY$b7+$j JV$5$l $F$-$?<j K!!J CO5e29CH2=BP:v $KH?BP$9$kJF9q$N%W%m%Q%,%s%@!#
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7.4 $=$l $G$O$I $&$9$k!)

!! 0J2<$NM>Gr$O$=$l $r9M$($k$?$a$N%a%b$K$*;H$$2<$5$$!#
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