
I .... 
1JVIVI 11 

fi1'If~nfu El'U. '" El Eln ''Il~1 wff'U.'IJ7'H.11n1~Lfl~';J1n1i'n3J'n1~ LL~::Lfl~';J1n~~ El3J'U.MEJ 
q 

L"li'U. nTnmi.'VI~L~m Yl~-\1~3J1';11n h-\I-\11'U.a~~1'VIn113J~1-\I ') LL~::mwi~i.~'t11~1r.JU1L ~a1i 
q 

LU'U. ~a r.Jm~r.J 'VI1a n11LnM~1n773J 1~ mru. Y~1::a r.l1-\lfl-\lm7~~ '~'t11~1 r.Jt!Td' iru11 LU'U. 
'U 

~1m1~1~ru~ ~~ 1 um1u~~ u ~a mnfu au'~ a an ''ll<ii'itu~.ffuu11r.nmV'! ~-\ld'L rta-\J";J1n 
~ q 'U 

~u i.~LL~::tl1 i.~ij" rn~aJu"i~~ ~a 3Ju~13J11CWI~iun1snmfu au i.~ a an i.sn~1.1r\ au~';)::~ a r.J 
q 'U 

.¥ •::: "" ::: ..I J' ..l.'l "' .1.. .. .. VI VI .. .t ..f VI. I 
"ll'U.~"ll'U. 'U77r.l1n1V'I ~\I 'U. 'U.L3J a'Y'l'U. 'Ylu1 ~ ~'U.a r.J~\Iu73J1 rnm'1Jfi17'U au L~ a an L'JJ~ ';1-\l"l..'U. L u 

'U 

~::~11 El ~1 wff'U.'IJ1'H.J1n1~L~3J1nitu ';11m-! ~n11~n M1Ui'3J1 mn1'I!fl1f'U fl'U. '~ El eln ''If<ii' 
'U 

L~r.J'VIlbr.J\11'U. IPCC (Intergovernmental Panel on Climate Change) 7::ui~11n1'1J 
q 

mfu au i.~ a an i.sn<ii'L ilufi1snL1aun1::";Jn~'t11L ~di~Y~ ~\I\11'U.f111:1J~mt~:: ~:1..1 1 uu,-,-mmV'! 

"1J a.:~1~n 3J1 n~ ~~ 1 'U.'U11~1 n1'llL'1elltn1::';Jn"llil~ 5u ') ~\I rJ-\Iij LL 'U.'"JL U:IJ L ~ :IJ :IJ1nitun11 n1'1J 
q 

"llil~ 5u ') ~'"lr.J ~\I'V\:1..11 r.Jti-\1 ~~n1::'Ylu L~r.J~7-\I~ a ~fii.VI!Jij"l..a\1~1 hmL~::.ffuu11mm V'!";J::fl.:~ 
'Yl1f111111'U.LL1-\I:IJ1n fl-\litu ~1 ~~wt.b r.J\11'U. IPCC '~11 r.J-\11wmmrnri1snmfu au '~a an i.sn<ii' 

q q 

~ L ~11itu1~ r.J~~ El3J'U.MEJ~"r11L ~Y-l~\I\11'U. i'\lif1113J~El'U. ~::~3J'U'U.~11~n LL~::.ff'U.'IJ11F.nn1~ 
q 

L ~:~..~ifuu1::mrn 1.56 -r~<ii'~a~171\l L:IJ~1L uu'1:~..~1rnd'rY"hl~~ 71:1J~~n7::'Ylu~ di~ifu 
'Yl1\l a aaJ"JJ a\ln1'llmfu au'~ a an i.sn<ii' 
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......... .r~ 'ltJ t 
m~flU."r'llJfi1"11'"nU.~U.fl1~LL~n ~u. fl.~. 1630 ~£.1 Jean Baptista van Helmont 

~1nn11'VIirmij£Jf m~::i~~er:h "n1"11'~~L1NL'ilaf" (Sylvestre gas) 'VI1a'VI3J1£Jtl~n1"11'~1~-;nn 
... 'Ill ... ... tJ 0 'II ..... '1 0 ... .. .. J'.f 'Ill ... 'iiU. ~3.1 an 124 ~a3.11 Joseph Black ~~~n~1'Yl~~a~ ~'V13JLL~::L~1£J3Jn1"11'"nU.~U.~U.3.11 ~~ 

LL~:i~~ai1 "~n'lfLLaf" (Fixed air) ~~1~-;nnn11~N3.11::'VI11~-nafflnun~~L~a~1~ 'VI'imhu. 

nuaan~L';JU. ~mntJ fl.~. 1781 Lavoisier "r'llJli1'ii~LiJU.fi"'mth::nau~~i~~ahui11 "n1Cil 
q 

.. ... 
m~uau.fl 

~1n'Ylq~i)flmLU~ (Big Bang) ~~dJU.~~fl1LU~~a~a1n1~LLiil::LJiil1 ~1-:!'i111~h~ ") 

~-:!Ln~~1nn1~13.1~1~a~ aU.1l1fiLLiil::ri1"11'~1-:l "]L u.a1m~ 113JJ~1::UUN1£J::~n~11~~a-:~ L ~1 
q q 

~1 £J hn'!!uL ilu.~11Lfl~1::~'ii1~'VIrt~~ii mh L -n~:Bu.m LL~n ET-:~11lii~~ii~i'i1L~ "l di~.:ffu. 

L il.a~~1niiil~~£J'V1~1£J "J a ci1~~13JL 'VIm:: N3J t~mu Y-11::mh-:~~~a ru'VIn3j~i'au.~'ii~U.~13.11~t1 
q 'II 

~::~1 £J~'U. L'iiL "U.L 1&nmn-31u LL~::EJ ru'V\113j L~'U.~'iiL 't.I.L1~1niil1-3~'t.l. L il.EJ-3';J1n "13.1 ii.ff't.l.u~1mm~ 
q 'II 

'il au.n ~1-31u.L~ El "1~1u LLN~ El1fi'il rj'';J::i'tJu...ij'~ LL~::~ EI"U.n iil1-3 ~'t.I.';J::L~'U...ij'il L tteJ-3';11nfi11:Wi'Elu 

~1n 'il ElU.n iil1~1u. 13.1 N13.111t1 a'::N:IJ L 1'"L~-3'V11 £JLUL l-I.L1iil1niil1-3~\l, LL~-;)1 n uiin~ m Lfl ii ~1-3 ") 

uu.~h t~n'ti1 'tiLn~n1"11'3.11nm£J:fi't.l.uu.~1 t~n 

fl1fmm L~EJEJnL"li'~Lilu.n1"11'~1~UJ:w1niTvli1"~ Ln'ilifuuu~1 1iiln 1 u.£Jfi,Xu. ~"~:wu1i w q 

"lJEl-3aJU.~Eln11£J El3JL ~LLN-3 ~-hu.1~LL~';J::nn"r'l~-:1-:11U.fl11:1Ji'ElU. 1 irh L ~'\AI ~~-31U.f\113.1i'ElU. ~:1.11 

TllJLL~-3t1nnm nuL iu'U.~1 t~mLiil::L1i'VI iil 'ii'V\1 £J1tl1 l-I.L 1 iil1n ~1-:1~\l, ~" 'ti11 ~ Elfib'VIllii Lu~ [J 
'II q q 'II 

1::'V111-3n iil1-31U.LLiil::n iil1-3 ~ul3.1 LL~n ~1-3 nu.m mtn u.EJn';J1nii'ET~Y-~lJ11 iiri1"11'~'t.l. "l ~"1!1 £J 1 u. 

m1ma-31'-3~~1-3 ") ~:IJ1rllJLL~-3EI1fi'ilrJ L"liu. tEJ 1"11'u. Lilu.~u ';11n~1111::i-:~n~11dl-tmilu. 

';J'iiL~:w ~u1 um1n1 L ii'il ~-3ii:fii'il LLiil::11~'t.l.1n112J1';11lJ';J'U. orm1u d 
q q 

..1 <' 'Ill 'Ill <' !"I ..-. I .4 ~ t .e "' "" 
';11nm~'Ylfl1~lJ au.~~ ElEln ~"11'~ LuU.El-:lflu1::n EllJ'VIU.-:1~ a-:~-nu.u~1mm ~ iiln t"l-:1 LL2J';J::2J 

aE.ihn..l'13.11ru~ua£J3.11mdm fi £Junue~~th::nau~u. ') ~aih.h::3.11rui'a £Jiil:: 0.033 L orhJ\~ 
'II 

LL~mfu au. 1'il a an 1"11'<tln~u iim1a.~thii'ru~ anTon tl~ £JU.LLtl ~~~ a~.ffu.u~~mm ~ 1 ~n L tl"U.a r.h~ 
w 

ri~ t~£JiilJ'YlU1'YlrlLt1ii'ru~a iimu.~:JJUiLtlU.n1"11'L1au.m::~n (Greenhouse Gas) 
w q 

1 u..ffu.u~1£J1n1 ~~a~ 1iil ntl1::n au ~1 £J ri1"11'~1~ ") 'VI iil1 £J-nit~ LL~ iil::"nit'il ii n1~ 

Ltl~ £JU.LLUiil-:IL ~:w:ffu.LLiil::~~ ~~ 'i11:1Jfl ru~:JJU~'Yl1-:!Lflii~ a~n1"11'LL~iil::"nit~ ~~J'u.n1"1!~ii :JJ1n 
q 
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m::';Jn~mh1n.JdnL"lhu1'1-1. Liia.J';J1mJ'I-I.ih..l~:u1ru.~:Jnndi'l-l.tnJ~G=J'twff""1J,-·Hnn1~ 3T'I-I.~.J • 
Gf:: Gf:JJ a ci'l wff'I-I.1J,-,-£J1n1 ~LLG=J:: Gf'::Gf:JJ a £11~L U'I-I.L 1 &=11'1-1.1\t 'VI &=11 uti n1'1H'1aun"l'::';Jn a1';1 LLU.J 1~ 

~ ~ 

LUUGfEhwnn ~1 :JJ El1 un11Gf'::Gf2J El ti'l wiu1J77tnn1~ ~ El vnn~ il El1 E.Jn17Gf'::Gf:JJ El ti1 wffu . ~ . ~ 

'VIG=l1£JU L-ri'l-1. n1'Ufl1f1Ja'l-l.1~aan1su<ii (C02} ri1suiiL'Yl'l-l. (CH4) n1'll1'1-l.~i'Gfaan1su<ii (N02) 

LLG=J::ri1su~G=Jr:J hWG=Jr:JrJ hmf1Jr:J'I-I. (CFC) LU'l-1.~'1-1. ri1suL 'VI~1d'ltmtJ'I-I.ri1'll~Ltl'l-l.~1nT~'VI~n"llrJ.J 
~ 

~u rl11 L ,.~ i.~~n·:h ri1suL1r:~un1::';1 n ~u ') L iit~.J";J1nri1suL1r:~un7::";J mf ui:i~ ru.Gf':uu~'l um,.~ ~ . ~ 

iu~11:J.li'r:~u 'VI1t~~~n~u i'.J ~~11:ui'r:~u 1~ E.J Lu vn::i'.J ~~11:ufm.1. ~1G=Jn~1 E.J r:~ r:~n i.u 
~ 

rv .,. 
1.1 n1-zfL 'HI" n1::';) n (Greenhouse Gas) 

LL:iY"h n1 'UL U 1~,-L ';) U LLG=l ::n1'll rJ rJ n'fi L ';) U ';! ::d:J U rJ .J ~ th::n El1J'VI ~ nLL!il fi ii 1~ 

ila'Yln'r-IG=J~r:~r:~ru.'VInii"llr:~.Jt&=Jn 'lu'Yl1.J<il1.Jnwli1:uri1sut:uLG=Jn&=J'l'VIru L-ri'l-1. 1r:~J1 . ~ . "' 

n1-zfL~ilUn1::';)n (Greenhouse Gas) lh::nrJ1J~1EJri1'll~~1Tlqj ~El 

n1'1fATfu il" l<P~ il il n 1'1f~ U';J';JU'l-1. 't wffu1J11£11n1~ilri1'llmf1J r:JU 1~ rJ r:Jn 1su<ii • 
380 t:JJLG=Jn&=JL'I-I.'Yln ') 1 ~1'1-1.l:JJLG=Jml"lla.J:JJ1t'la1n1~ 'VI1a 380 ppm (part per million) LLG=J::ii • • • 
m,-d~:u:fiuth::mru.ti&=J:: 1 LlJ afLsnu<ii L~m fi mJnlJ,-11 1 oo tlri r:J'l-1. 'l utJ~1.Jii1~ r:J~Gf1'VI m,-:u • :w • 

1::~1J~11:JJL "li':JJ"li'U"ll a.J n1'llfl1f1J r:JU 1<il rJ rJ n L'll<ii rJ £1~1.h:::JJ1 ru. 280 ppm uni'Yl E.J1 ~1 Gf~f 
~ 

m~m,-cl'·:h 'l u~n 1 oo tl-li1.J'VIU1 ti113Jiim1LLril"ll'VI'1t~"lf::G=J an11Li'r-I~.J.J1U';J1nL:am 'r-1~-J 

l'la ~'B~ fi11:JJL"ll:u-liu"llfl.Jri1snmfu au 1<il a an 1su<ii';J::L ~:u:fiud1udi fl1J 1 ooo ppm ~.JL ilum,

L ~:JJ L UeJ~1'1~L~1nl1~ ~1'1-l.:IJ1 fl£11.J:IJ1n 
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L .:fm Yl~~w e:~ ~~fl LLaj··.h ri1'1fih 'YlUL wff'uu11mn1 ~~=~ L rh.J~ L~ mXe:~ £.J LL~1a~ L~n fl"ll u~ri1'11 
~ 

~L 'YlU~11l11tl~~n ~'" i'\l;.f111aJi'uu "l~mnwhri1"Umfu au L~ mm L"Utilti" 25 L ·rh i}';l';JUU 
~ , 

n1"JJSjL'Yl'\.l.Sj~:;~3JtHjLwff'uu11£.J1n1~1b·::a~1m 1.8 ppm 
~ 

n1'1f T t1 L'1fwn:~tJ r:h Tsw L~ a eJ r.l't wffuu11 r.n n1 ~ ~" 6J ri1"1J 1 EJ L'll'\.1.';1 ::"lh rJ 
~ ~ 

uni:lu\1 Lfln~1ni'\l~elfl~j1L 1LEJLfl~ LL~Lel L'IfU ~ m.i1 U1::iu~1Lfln ~::li1'VI'Il'1~LiJli.~11ElEln~ 
~ ~ 

LL~U .,{ ~\l~::rh1.!Dn'i£.J1rlt.JL itmfl El"ll el\l~\l~;a1~ t;., LL3!11~::~EJ ~Lli.1J11£.J1n1~L ~ £.1\IL~n'll'a £.J 

LL~iif11111~1m1tl 1 ll.m"'~~n~ui'.,;.~uW11L 1~ 'ti1 't 'VI'Lfln auauitll.~1 £.J i1~~uuiiri1'111a1'11u 
~ ~ , 

"' J' .. 1 •'I ::; .I 
1::~1JVi'\.l.t:n Gln~::~3JElm'\.l."ll'\.l.1J11mm~u1::mm 0.03 ppm 

~ 

n1'1f 1 "ili'i'f t1 t1 n 1'1f(;\' h \1\11'\.l.El~ ~1'VI n113.1 ~ t:-1 ~ ~ Lill. 1£.J L li.Gl EJ'\.1. EJ <i1 ~1'VI n113.1 , ~ 

tJ~ u£.Jn1'11"1!U~daEJnm LL~n1'11L u~i'~aan L'lllif';J1n 1 1\I\11UEI~~1'VI n113J~tl'13J1rnL ~3Jmnii'u , 
a r.l1\111~L~1 ~\It:-~~ 1 '1Xf1113Ji'EJu 1 wffuu11mm~L ~3Jifu U'OJ';JUuiiri1'1fL li.~~~EJ EJ n L'Iflif~::~a~ , 
a r.J1. u.ffuu11mm~"ll El\1 LGlnU"'::m m o. 3 ppm 
~ 

fl1'1f-iiLt~vl-ii n1'1f"l!U~UL iluri1'11~ii ~111.J1::n EllJf!~ El hv-1 ~a a hfl1fu au ~1 i 
'II 

ur.lLULf!~El\IUi'uEl1m~ ~L~u ~LU"'rJ tf-,m~ULVi~\1 liGlli Lilu~1n11~a-1~ru~li1't~di~1tw-.i 
'II ~ "' ~ 

'i1 '1::: •'I ....... Vlt ' .. .rt Vi" .f ... "l!El\1 LEI '11ULWll'\.l.1J11£.J1n1~ '1'11 L'V11\I~ElGl~11 L1 ElLGl~~El\IGl\13J1fi\IViU ~n L~3J1n"ll'\.l. LL1111 
~ 

iJ~'OJuu-k1Lfln L~1rn1~~m1fl~n11U~ewri1'1ftnLu'Wtnfl\IL~~" 40% LL~~rJ~'VIfl~L 'VI~ u u ci1 wff'u , ~ 

f=r .d I A ca,.. ,::t A IIIII A .... ,k n I Q..,.o (( 

1J11mm~n3J~1U~~n~U1\I ~elll.l"l11L 1~ ';JULn~f111111em~::~a~"1Juu1::a~1rn 0.28 1 ~~/ 
~ 

m11" L3J~1 U'OJ'OJUUn1'1ftnLurltn~ ~=~a~ D r.J1 u.ffuu,-,-mm~tJ,-::m rn 1 ppm , ~ 
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.... 
1.2 fl1'ltL'Hl,..n·n::-;,n (Greenhouse Effect} 

L th1.1.J·n n !JnTHU~TI Gt1 £.Jfl1Jn1~~ L 11 ~f1\l L'1El un1::~n n ~1\1 LL-.il\1 LL~\1 LL~ ~ 

tn3J1~mhuL ,Y1an 't uLiaun~::~ n LL<iiT1113Ji'au ~di~ifu 111 ~13J11fi1::U1 tJ a an,Y1\IUEJn i.~ 'l'h 

't ... .. 1 .. .J' ..I 
VI~ tll,VI1,J3J1l1 tJ UL 1EIUn~::~n ~\l'i!UL ~El tJ ") 

' L~ wav.c.Jcngtt:- s 
·. radlat..C. to. tho 
· · filtrnospihc.-e 

'\V.ar""e-<1 .a•r 
~ri..ses and h10-.a•5 
H~o greenhouse 

mfuau t~aani.sn~ ih 'I'm i. wili'~uani.sn~ LLiil:: 1u1snu ~::.Yhn11~~snu1\1;~1n~1\l e:nfi~ £1 
'IJ 

VI " • .ol " .., l" I ' .ol LEl1 n~1UW\.l.\ILL~::~::'YluUnliltJElun u~1UVIU\I 

i.i1u1'\I;T1~um1 Vl'-7u 1'-1;~uvh1 L 1~~flni.i-1 a an tu~1n hn tfu~::fln~~sn-u 
'IJ 'IJ 'IJ 

1J11tJ1n11'1LL~::~u~1 hn ~\I LU~tJu L~ll aun1::~n~tlnT~iii:JJ ~11~n hHi1111::~:JJ~~'Y11\I 
~ q 

arnV1113j rh 1 ~ElrnVI1lij~vfu~1'il El\IL~niiT111:JJ au eiu 
q 'IJ q 'IJ q 
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?' ,, ' 

-hHl~,lnfl1~BlllilrJ 

'l11lft;Jlfl.fl11~l;6Ufl'l:\lfl 

' ' la~~,1hnnfl1~milili 

ll=lil A ~ 1') .. A 4 J" A 1 1 ..f 4 A 

';J::3JEJtu.'~~!l1J!il1 LL!il ~'U.ff!l11::'Y1Ln!il!l11::L1El'\..Ln1::';Jn Yfi-H.J1'1JEJ\I s:~nliJ::El'IJEl'U.'lJ'U. 'VI"Hl3J 
q 'IJ q 

Eltu.'VI!lij~ ff\l:l'U.LL~::~ EJ'U.-51\Ifl\1~ 'aj LlJ~ EJ'U.LLlJ s:I\11::~1J'll El\1 El tu. 'VI!l ijmm!n ~\I L 'VI3J1::LLTi n11 
q 'IJ 'IJ q 'IJ 

~11\l:ai!il'll El\1 ~_,ii:ailil~ El1~£J a r.Juu.ftu.~11s:~n 
'IJ 

1 .d tf '1 1 tf 2. LL'Vi~\lf13J1tlil\lfl1~'l.Jil\U~ilan ezf~ 

.... .... tf 
2.1 1!);)fl'"S'tlil\lfl1'"i'1.Jil" 

mfu au. 'Iii a an ''ll'ii ,X u.a cl1 u.1lJ'1J El\1 ~111.J1::n EJUY\1\1 Lfl ii~1111111 nn1 Iii fl1fu au. 
'IJ 'IJ q 

~\I dj 'U.~1 Iii~ iifi113J ~1 ~ ruL 'U.El\l~lJ1::n El1JY11\I Lfl ii'll El\1 ~\lii:ni ~lYln"lf'itlil l\1 LL~ ~\I ii:ai Iii L'Ifs:! Gf q ., q 

L~ rn hllilu.~\1~\liiifilil'VI s:~1 m'ns:~tf~ii1::uum1'Yl1\11'U.'ll EJ\1 a1 r.n::~snu'll au. L!il mnfu EJ'U.~U::a r.J 
'IJ 

1 u. "'U'll a \I ff11U1::n aufl1fu au. ~~_,~:ni Iii L 'VI fi1,fu.Lu~ EJ"U.LLu s:~\1 'u !il111 ~ n1 Ylfl1111 ~1 ~ ru 
'IJ " 
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'l fi' t. 1 a ar a .., a fi' c:;: r 
111 ~ ~ '1-HJ\I~tl,-::n eJ U'l-t'" ') ~ ~ Li11tl1::mJu EJ'I-t 't11~'Yln"l5'1-t~';J::~ EJ\13J~111J EJ'!-l.L U'l-ttl\l~tl,-::n t~u , 
Lm~\1~3J1"lleJ\Imfut~'l-t~\li'lm.irf\l~m.i1w~{'"~l\ i'!.\~'1.\ LL'VI~\IJ1 LLfl::il\unmn1~ 

'II 'II 

m::u1'!-tm1i\l L~11::~~1 ~ LLL'f\l"ll t~\1-rl"Ii L yj tiL i~1fu EJ'I-t 1 um1i\IL~11::"' mf1u1nL~1~ ';11n 

m::U1'1-tm1i\l L~11::~~1 mLL'f\ld' Vl"15';J::tl fl~tl ~ t1 mi1'1!t1 t~n:ftL-,:)'1-l.tl t~n 3J1tiU11~1m~ '1'11L ~ 
'II 

"' ~ ~ ., ... .J'~ ~ • .- VI VI .- ~ ~ "' .
GfCil""J ~~ ~"litltln"lfL';J'I-t'l-t mn11V11~ ~';) m1'!-t1m1u EJ'I-t ~~ eJ t~n ~'1!~3J1 ~"1!' ~ 'l-tn1::1J1'1-tm1Li\IL~11::'VI 

LLL'f\l"ll tl\1 Vi"ll'~\1 L UUn11fl ~ rl1'1lL'ieJ Un1::';1 n L '!.\ iuu11m n1 ~ fl\11~ 

ut~ mnnUn11tl fl~ll ~ t1 £J,nfu EJU 1~ eJ t~n 1'1llfi' eJ eJ n tiiuu11£J1n1~ EJ\1 Lii~';J1n 
'II 

m1un1'VI~L:A'm ~~.:JLLfl::ri1u~u ~3JUMrJL 111~"ll~L';J1::'!.b~u3J1Li1.l1:: L£J"15u1 un';Jn113J~1\I ') , , 

.ffuu11mm~~fl::fl1 £JL uJ1 ~ui'lff111~ Lilun1~mfu t~iln ~\1Lilun1~el t~u ')1 'VI fl ~1U'1!1n 

~U'Yl'irl ~'!.\ ~fleJ~';JU,t'!-l.~'!.\~1.:1 ') '1'11L~Lfl~n11Lifl1tl~1~ti\I~U LLfl::Ln~n11LU~tJULLUfl\ILUU 

LL~flL~tJ3Jmfu eJ L U~Gf::Gf3J eJ ciL '1-l.LL'VI Gl.:JJ1 Vi"ll'J1 Gf13J11rl'!.b 11.JL"15"1~'ti'U fi Li1'1-t vl"l!'Un';J::1~1u 
'II 

mfut~u 1u".JU"lle:J\I'nfurm1~m:m1'1llfi'~1~-;nnm::u1um·n~1tJh"IJe:J.:JVi"ll' i~1 LLfl::";J~U't116 
'II , 
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co, 

World atmospheric 
carbon dioxide supply 

Industry 

h-:::=:::::Jco,<==u 
<== 

AI"' .... .... ... 
JuY111.3 ll)lilfi1"1.la\lm1Ua'\.1. (carbon cycle) 

i.:~ Lfl11::ri'LL~\'I"ll a.:~~~~~ (~"l!Y-111UI.1i11aJ"1!1~) LlJ'!.1.~1~tlJ e1~11n11~u~nfu aw~1mT'!.1. 

U11£.11n1~"1.1 El\1~"15L '1.1. 1::'U'Uil.L l~~LL<iliil:: LL ~\lij ~11~ L 'Yh rl'l-1. th L "ll~i'El'!.1.ij eJ ~11n11~umfu a'\.1. 

(L \-L1U"ll a\ln1'Ilfl1fu a'\.1. 1~ a an 1'DIIi) 'l UeJ ~11Uiil:: 1-2 n1iilfi'laJ <i\ El~111\ln1iil LaJ~1 'l '1.1."1.1 rn:: 
'IJ 

<i\ El ~111 \1 rH fl LaJ ~1 fl £11\11 ,-f) ~1 aJ Lri El ~ lil1 1 rn 1 tY \11 fl nil.L l ~Ju-;J ::Y-1 U'll e) ~11 n1 1 ~i'1 \1 

~11~u'Yl1Ef';J1mnfue:mrY.:JVIaJ~ ~~LuuJ1VIUn"lleJ.:J~1,.~u'Yl1rl1~'-th::aJ1rn 20,ooo-3o,ooo 

i1u~u<i\atl 

lilu<i\ atl tY.:Jmfu au 1~ a an 1'Illli~'l "linu ~a n'BL ';'JU ~tlnll iil~ll~ a £J a anm ~h'\.1. 'l VI ru a ci'l '1.1. 1U"ll a \I 
'IJ .. 'IJ 'IJ 

fi1'Il~iil::iil1 £JJ1 L '!.1.'U'iL 'JUI.tl'J"lJ a\laJV11 tUl'Yl1 LL3!11~nfu au L '\.1.3JV11 ~3J'YJ1-;J::~1 3J11tl VI aJ'\.U 1 £.1'1.1. 
~ ~ ~ 
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L U'U 1 ~~ n~i.lii LL~ n rJ\1 iin1~LL~m tJ~ ~'l.tn1'lJTllflJ El\1. i.~ Elan L'lJ<ti (~13JJ'\In1'1J El El n SftL ~\I,) 

~::V\11\IlJ~~mm~HllJ'Yl::L~ t~ ~ii~3J LL~::TI~'ULU\1.~1'U i13J~ ~1~ru L 'l.tn~::lJ1i.l.n1~LL~n L tJ~ ~'U U ., 

LL~::'taJ11"llm:: 1~ n~13Jlfl3J1 ru.mfu El'U i.~ Elan L'lJ~~~:: fl1 £J El ciu'iL 1 rn~1"ll El\IJ1'Yl:: L~~:: il\ITI\1 
'II 

YllJ';hiiTI113J LL~ mh\1~1n1!j~n~lJi.l.lJn El ci1\l L ~ \1. Lliii'~ L ~\I. i\I~::L ~ \1. L~'h ~ ~ ~~ ~lJ'UlJn ~1'U 

LVI tUflmhn~ t~ ~mm ru. J1~~ LLfl::Y'J El ~y.J ai'~LU'U~1~tlJ ~1\1.:!51~ El1VI1~mu &1 1 'U~'U"il::LU'U 
Ill '\1 cu .. J 

q}1m~~1n~~ ~1~ruua £J~\I i.tJ ~1VI i'u 1 wn::L~ t:.~ fl ~~ ~n ~uflmhn~ t~ £Jli1~ El1VI1~VI fl1 EJ"llit~ 
., 'II ~ 

~1 £Jrl'U ~ El LaJL "liLU Yl1::Y'J El ~y.J ai'~LL~::L 'U 1~1L ~ 'U ~Iii El\1 nT:iL iJ U~1\l. 1U3J1nL 'Yh tf'"U LL~ iJ\1 

~EJ\In11Ldli1~ ~u s:J ~nVI~1 EJ"llit~ LL~LtlUL ~ £J\1~1U1UUEl £J 1~ mu vn::li1 ~ L Vl~n L tl"U~u 
~ ~ 

L rt El\1~1 n n1 ~LL fl\1 LLci \1 a1VI1 ~ L 'U 'Yl:: L fl ii 3J1 n ~ \1 ii:ni ~VI ~1 r.J"llit~~\1 Yl EJ1 EJ13JUi'lJ ~1L ~ij 

TI113J~13J1~fl 1 um~~~6Ji3JLL ili1 ~ i.~ a ci1\liitJ~::~YinrnwL ~3Jfl\l;fu 
'II ~ 

EJ mi1 a r.l1 \1 L "lilt u'iL 1 rn"ll1 ~ ~\1"1.1 a\li~ "111 EJ ~ _, 'Yl:: L ~"1.1 a_, ulu u LL~ ::u'i L 1 run~:: LL~J 1 a 1.tn ~ tl ., ~ ~ 

~~'13.1 ~LUUU'iL 1ru. ~ ihJ~1"lln"ll3J W1Jl1ii el~~1n1~~umfu a'l.t~\1 ~~rl\1 0.3 n1~ni'3J~ El 
~ ~ 'II ~ 

~1~1\ln1flL3J~~~ atJ TI113J a~3J~3Ju1rn1 uu'iL 1ru.L VI &hU~1UL tlu~fl3J1~1nt1~1n!Jn1~rn J1 
~ ~ 'II 

EJn~1~\l;t'U (Upwelling) J-_,juLd mmEJlJL fl~unuu'iL 1tl.l. 'Yl::L~ LU~ 'ln~L "ll~i'El'ULL~1 W1J11ii 
'II 

el~~1n1~~1Jmfua\1.~1Whmn ~ El LaJrJ\IVItt\IL 'U~lJ"l..El\llJ'iL 1ru~\ln~11 

3J1 ~ a'U 'Yl1 rf (Biomass) ~1n~n~::~uu'i111TI"ll EJ\I't1 El\I'Yl::L~ ~1\1. LVI qjLiii'3..11~1n 

~\I ii.:ni~"ll'U 1~ L~ n 'VI7EJLL W ~ \1 ~ El'U J'\IVI ~1 EJJ' 'U Lri El ~1 ~ ih::T\ El EJ &]~ 3..1 ~\I L \1. ~ ~~~::~::~1 E..l El rJ 
q 'II 

L 'U ~U"l.. EJ\Ia'l.t 'Yl1rf ~1~ lJ1\I ~1\l."ll El\1 a"U 'Yl'1rf~1~L VI ~1UEl1~~El~'i4''\-1.~1nnT:ifln a an<fti.~'lf LL~::"ii 3J 
'II 'II 

~\l~n"U'Yl::L~~n 1 un~tii. d'L rhnu Li:Jun1~L ~3JTI1fua"U i.~ mm L'll'~1 u ~tl"l..a\lmfu m "U~ LLfl::i.u 
'II 'II 

mfu ElL \1,~ a EJa'\-1. u'iL 1 run"U 'Yl::L~ i.lii ~111Wm~n!d'1an1~~mfu a"U~::~"U~1!)~n~~\l LU'U i.tJ 

i.
., .f 
~r.nn"l..'l.t 

1!) ~ n~TITfu EJ"UL i.J"U 1!J~n~~ ii3.J'VI1 ~~'Yl~LU"ULL 'VI ~\I ~1~EJ\I 'l 'VI qj tl~::m ru i.li111 

tl'im m"ll EJ\1 TITfu a 1.t hu.1V11 ~3J'Yl~ii a rJ n-.l1 so L 'Yi1"l.. EJ\IlJ~~£J1 n1~ (u~~m n1~ L U'\-l.LL VI~ \1 
q 'II 
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~THh1mfuB'" 'l '"~u"ll D\ln1'11?nfu tl'U. '<r1 mm L'lr~iiu~mmL thnu1m.J~:: o.o3-o.o4) ~\l,f'" 
'IJ 

• o L "" !"I ..,. • 1.. fl' 'l t. LL ~ ~ \1 ~1 ~ El \1 'U.3J 'V\1 tUJ 'Yl ~Iii \I L u 'U. ~ 1 fl1 'lJ f13J u 1'3..11 ntfl1 ~'l.J El 'U. 'U. 'lJ 1'~ £J1 n1 f/1 'Yl \I~ 3J ~ LL ~:: 
~ ~ 

mfuB'U. L~ t1 Dn L'11~1 'U.'l.J1'1'£nmfl!nu'l 'U.'Yl::LL'l~~El LL ~ t'i\IJ1 £l EJ3Ji'ln11'LLL'ln Lu~ t.J'U.n'U.EJ £lL~3J El 
'IJ 

l'f \1 ii'L tJ '""'tu1 ~ tJiin1 ~ LL vdn~~ 11 ~1 ~ \1-Yi fll 'Yl1 \1"11 t1 \1 n1~ LL Vi i,f"U.;t "U. EJ £l nu fi113J L "li 11 "li"U. 
'IJ 

'U.tl mnndLL ~~\I J1 rJ\1 ii1 t1 n1 ~'~i'u~nfu tl'U.Ii11 nu~~t.11n1 filL'" ~u"ll t1 \IJ1 ~'"~ ~::~1 t.1 
'IJ 

1~t1~1u lil::d~'U.L~';h1~i'rr~"lltl\lfl1f'l.Jtl'U.~'U. ~13J1~mLt.JnEIEln,~LU'U. 2 i'!Ji'n~ 

~ El 1'1Ji'n~u"U.un LL~::1LJin~ 'l 'U.3J~1 ~~'Yl~ LL3T11.W"lfu nii'l.J'Yl'l.J1'Yl ~1~ ty 'l 'U.n1~1i11\lmfu tl'U. 

L tl1' 1'\. 'U. ~U"ll tl \1 ~1~D 'U. 'Yl~ £1 LL<il LL ~~\I Tl"'J'l.J fi3J L ~ nJ"ll tl\1 U~3J1 Ul.fl1f'l.J tl 'U. rJ\1 fl\1 L U 'U. 'Yl:: L~ LL~:: 
'IJ ~ ., 

3J'V11 ~3J'YI~ 11~111 rnf11fu D'U. '~ t1 El n ''11~1 'U.'l.J~~ m n1fll £J \lfl\l.:fi'U.tl tin u fl1 fu em Llil u u n L'lr~ ~ 
~ 'IJ 

'l 'U. 'YI::L~ LU'U.El £11\1~ n ~11~ El Ld Elfl1f1J t1 '"1 'U. ,-tl LLfl~ L.Ji t.J3Jfl1fu m 'U.~tm"lf::~1\lli11nun ~\I Gi 
'IJ 'IJ 'IJ 

0 'l ... .. 1 ... .,I .. ... ..: J' ''l .. .... ... 'l 'Yl::L~ 'Yl1 'VI'YI::L~3JLL'U.1 'U.3J'YIIi1::3Jm3.11tU.fl1~'l.Jtl'U.L 'Vi3J"ll'U. LL~ 'U."llUI.::L~t.J1n'U.m1'l.JEl'U. 'U.'YI::L~ 

nli'l::~n~::n u'U.Gin'U. 'YI::L~~n fl11 '\Xmm rnmfu El'U. L~ El Eln ''lr~L '\.1, 'YI::L~~~~\1 Ltl 
'IJ 

I s;t o, tf 
2.2 LL\U~\ILfltJflflA1~1Hl'-' 

fl1fu t~'U.tm1~n 'l wuli'l~u'"d eJ ti1 'U.LL ~ ~\1Lnunn'VI~1 mLvl\1 1~ t.J'V'l'l.J mn~~~ 1 '\.1, 
~ 'IJ q 

.ffw~ 'U.<i\1 \1 ') LLL'l ::~ t1 \1 ~ \1111 ~ El ~ ::n tl'U.;, El ti1 'U. ~tl~ tl\1 v.J t1 ~:a~ 3J'V11 ~3..1 'YI~~ n &; '" 'l.J11' t.11 n1 fl! 
'IJ 'IJ q 

.k A A o ""' 
Vi 'U.~1"ll El\13J'VI1 ~3J 'YI~ LL~::'Vi"lf'Vi1~rnm~J~1 ~u 

q 

e1 ~~1n11'LL~n Ltl ~ t.I'U.fl1fu El'\.1, 1'::~11\1 LL 'VI ~\I L nwin ,f 'U.ii fi113J er'U.LL U1'L U'U.El £11\1 

mn 1~ t.J~1 Lu LLtt1 fi113Ji3J~wrr,-::'VI11\I"ll'U.1<il"ll EJ\1 LL 'VI t'l\1 Lnwin LLL'l:: alil,.1m1'LLL'ln Ltl~ t.J'\.1, 

~11fu El'U.~:: LLU ~~ n er'U. n 'U. n ~11 ~ tl LL 'VI ~\I L nun n~'U. 1~ L ~ n (.ff'U.u 1'1 til n1 f/1 ~'U.~T'll El \1 

3J'V11~3J'YI1' LL~::~"lf'Vi1'~rnn113J"lf1~) ~1111~mL~nLtl~ t.J'U.fl1fu tl'U. L~ t1 £11\111~ L ~1 'l "U."llrn::~ 
q 

LL'VI~\1 Lfiunn"ll'U.1~ 'l'VIru El £l1wrl"U. 'lwffw~"U. "il::ii a~1'1n11LL~mu~t.J"U.mfu e:m i.~i1n11 LLL'l:: ., 
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Lrl ~~"ilT'H\.n;n n el "11 n11LLL'InL 1.J ~ E.l'U.rl'U"ll 'U.1" LLL'I::T\113.1 ~'U.~ n"ll tl·:m VI G\ ,'!L n'U n n 'W 'I.J'hl!) 

~m"ll~\lmf'U a'U."il::LLamlJ~ EJ'U. L~11" L ~h 1 'U.LL VI~..1Ln'Unn"ll'U.1" L~nv\mL 1ru.~'U.~1 LLa::'ldi 

ei ~·nn11LLL'InL lJ~ E.l'U.L U'U. 11.J~i1 t'l\1 1. 'U.LL VI ~\I Li'i'U n n"ll'U.1~ 1 'VI ni~ €1 ~ ~n t'l\1 '1.J 
"' 'IJ 

[4 j 
C02 co 
In out2 

~ photosynthesis 
co G02 
out2 

In 

TERRESTRIAL 
RESERVOIR 

ATMOSPHERIC RESERVOIR 

t t t t ~ 
~02 CH4 C02 CFCs co 
In In In in out2 

~· J ~ ~ precipitation 

co CH4 co CFCs C02 out2 out out2 out In 

2000 

oil and gas FOSSIL FUEL 

OCEANIC 
RESERVOIR 

40000 

al.,1 ° ... ~ f{ 

'11J't1 11.4 LL'VIt'l\lnnLn'Um'l'U~'U. ... 
..1 
't13J1: Kemp, 1994, p. 147 

precipitation 

(;02 
In 

mf'U ~ 'U.L 'U.'l::'U 'U itL 1 ~"il:: L Tl ~ ~ 'U.rj1 EJ'l::'VI 'h\1 LL 'VI~ \1 L n 'U n n'VI an ') 'VI t'l1 E.ILL 'VI~ \1 

t1n~1~ ~1...1L "Ji'U. 'U11EJ1n1~"il::Lnunnmfu~'U. L~3J1nn11 750 oW''U.~1'U.~-u. "llrn::v\m{'U ~'U. 
2,000 oW'U.~1'U.~W~t'U."il::tlnLTl'Ulln L 1J. WVf'U.~'U. LLL'1::1.J1::3Jitu. 40,000 oW'U.~1'U.~'U. 'l::tlnLn'Ufln 

'IJ 'IJ 

11'1. \1. 3J 'V\1 tU.J 'Y1 1 • 
LL'VI ~~.J,ar\l.';l1nvl a ~snan L tl'U.LL'VI~~Ln'UnnT~1f'U a'U.~ ~~~ '1! L ~'U.n'U. 1~EJ Lnunn 

mfua\1. ll'1.J1::3.11 rn s,ooo oW'U.~1'U.~'U. 1~ EJ~La.iilm1\bm{'U~'U.m1. i1. 'U.1..1'11LU'U.L1t'I1U'U 

~1'U.i1 LL~1. 'U."IJrn::UT~1f'U a'U. L~r~n'1-t13J1L ia'U.L rta~3J1'11nT~113J ~ a~n1'l'W ~~~1'U.L \I.U'l'lU\1. 
'IJ • 
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L~ tlflTrtbLmW tl~~i:l111';J1flf1TH11L 'VI~ tl\1 L ~ m.\11111 i-J~tJ&i1J~1'V171Jn1'H~11 'VI~L :Btl L '1"1~\1 , 
rh 1 iL n~11Dfi1m nTn~1 L 'VI~L :Bm '1"1~\1~ 'l.l.LLi:l::L~ tl tlf1111 LlJ'I.l.fl1"1J~nfu tl'l.l. 1~ tl tlfl 1"1J~ LlJ'I.l. 

m::u1UnTr11l:l~11 ~ t1 mi1"1Jmfu tl'l.l.t~ t1 em 1"JJ~111 ~u~~mm~1 um111 ru. fl 111 n'l"l tJfi';J::'Y'hL i 
'II 

A ,c:C fi' A .:II fi' .r::rl d 4 

Lfl~f11~'V111U.L 1 tiW'll El\lfi1~1J El'l.l.~1111i1~11"lf1~ f111'VI11UL 1 tiW'lJ El\lfi111J EJU. 'YI'I"l11111fl'YI ~~ fl tl , , . 
f11~'V\11U.L 1 £.J U. 1::'VI11\I.ffU.tJ11£.J1f11~LLi:l::ft\lii=ii ~.y\ El citJU ~U.~1&i'U. n1Jf111'V111'U.L 1 till. ~:::'V\11\1 

, 'II • 

.ffu1111 £J1fl 1 ~ LLGl::11'V\1 ~11 'tn n\1 LL3J11 f111'V111'1.l.L 1 ti'U.'d';l:: LL~ f1 ~1 \1 nu. L 11 ~111 L 1 i:l1 LL~ fiT! , . 
'VI11UL 1 £.JW'll EJ\Imfu El'l.l. 1 U.li1~11"lf1 &iL U 1::: U:: £.111~ '1.1.';1::: 1~ ~\I~ i:l ~ El f111L fi~ll11::L1ElU.fl~:::';l f1 1 'l.l. , 
.ffu.u1~mm~ L '1"111::3.i'u.Lilu.EJ\Ifol111::nmJ'VI rt""ll EJ\ILi:lmLl:l::u11tJ1n1~ 'l wn1"niunu. m1~ 

L 11'th 1 '!Xmfu El'l.l.1 U. 1J11tl1f11~L ~11:ffu1'11 tl'thf111L~1 L 'VI3JL ;!'ElL 'l"l~\J';J1flfi';] f11111~1\l ')LL3J-;J:: 

Lilum111 ru. fluEJ t1 ni1mfu e:Ju ~ Ln~ 1~ tJD"1111"1n &i LL~3Tuniu ~" ~i:l'l i 1::111J'Yl1\lli1111"lf1 ~i.~ 

~11111tl1El\171JL~'t1U. fi ';) 'U.L fi ~ 1'11111 L~ ~11 ~ ~n::'V\11\1 LL 'VI ~\I~ ~'J111 mfu EJU.~111 li1111"lf1 ~rllJ 
, 'II 

m111 ru.mftJEJ'U. riL ~11:ffu. ~\l'th 'l '1X1::uul~ ~11111tl~~'llumfu El'U. i.~EJ Elfl L'lf~~Ln~:ffu.EJ ci1 \1 
'II 

1 'l.l.tl~ ~ ~111'1"11lii tl1f11~"11 El\!Li:ln 1.11 iim1L 11~ ti'U.LL11l:l\IL~ tlli1111"lf1~ L n~:fft~.'VI i:l1 £.J 
'II •· 

fl~\1 ~\ILL~ n lii1\1';11 n f111L U~ tl'l.l.LLUi:l\1 L 'U.lh';l UU ~ L n ~:ffuEJ ci1n1 ~ L ~11~ £.J1J ~ El11 u~£1 ~\I • • 
fi Ell ~L fi~ ~ ~f11!:'Yl1J L U. 1::: tl:::£.111 

';J1flf111~1 t1\11'U.UU1J~ 4 "11 tl\lfl ru.::n~~11f11~1::'VIl1\1111::L 'Yl~l1~1 tlf11~L11~ E.J'U.LLUfl\1 

~fl1'1"11liitl1n1~ 'VI~tl 1m~:n;n (International Panel on Climate Change : IPCC) LiJ'I.l. 
'II 

~1ti\11U~LiL1fl1n\l 6 tJ 'lum~~111~111\11'Ul-;l£J"l1El\1Uni'Yl£J1~1~~{ 2,500 flU ';J1fln11 30 

11~:::L 'Yl~ 11 £.J\11U.flf\lih::u't 111 iifl1111 LU~LUL~ El ci1\l 1Xel£.J 90 LU e:JfL 'ifu.~ rln11LU~ £JULLU ~\I , 
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i.~n nT~~n1Y1 n\1 Wl13J im·~'uf7::'VI11 \IU'i3J1 UI.'JJ El\1 ~nfu EIU L~ El El n L"lJ~L u.ffu 

1J71rJ1n1~ nu ~ m 'VIlJii LU~ [J'JJ El\1~1 t~n '1"11J'hn11L ~3JitU'IJEl\l~nfu EIU L~ El Eln L"lJ~L u.ffu 

lJ'nrJ1 n1~ L~n ';J::'Yh L ~~ UI.'VIZJii"ll El\1 L~n ~\lifu uni'Yl rJ1~1 ff~f~\I'Yhn11Gt11111 L vj EJ-J ~ 
mmmrnfuEJu 'L~ EJ EJnL"IT~LL~::~m'VIlJii'JJEJ\1 T~nETEJuniu'LthdEJ 65o,ooo tin EJu t~ r.rrhm7 
- fr" 1 !' ~ I 

1L¥~11::'VILL't1\IU1LL'JJ\I Vostok ice core fi~~L111::1!1n'Yli11LLEJU~1ffl~n1 T~rJ't'hm7iLfl'i1::~ 
v-J El\1 El1 n1~~ n n L riu El ~1 ULL 'Yl \l,r 1 LL ii\lii11 ~L "li'1 h n\11113.11 mri1"1Jfl1fu EJU L~ El El n L"lJ~ m 

... 
"lf1\l L 1&nu ULL~:: ~ tll.'VIZJ ii'JJ m::L n ~ LL 'Yl\lti'1 LL ii\1 111nn11~nM1 LL~::ii [J L~'1"11Jf1113J iaJ~Uf'JJ El\1 
0 ~ ... f{' 11 11 f{' I .J' 
u13J1 mn1"1Jm1u EJU L~ El EJ n L"IT~ (C02) LL~::EJ UI.'VIlliiLu~ rJ'JJ El\I'I"'U~1 T~n L~'I"'1J11 El UI.'V11lii 

q 'IJ q 'IJ 

Lu~ rJ'JJ EJ\1 ~1 T ~ n ii fi113J iaJ ~" tfnu fi113J L -llaJ-llu'JJ EJ" n1 "1Jf11fu EJ "1~ EJ EJ n L"IT~1 u.ffu 

lJ1'1rJ1n1~'JJEJ\I t~n Ld Elfi113J L -llaJ-llu'JJ a\ln1"ITmfu EJU 1~ a an L"IT~1 u.ffuu77rJ1 m~'JJ EJ\1 t~n 

~~~" a ru.'VInihu~ rJ"lla\1~1 T~n11::~~~\1~13J LL~::Ld EJfl11aJL"li'aJ"li'u'JJa\ln1'1fmfum.t L~EJEJn L"IT~ q 'IJ 

1 wffuu77rJ1n1fl"ll EJ\IL~m ~aJitu a tu.'VIniiLu~ rJ'JJEJ\1~1 t~n1l::L ~11itu~111 ~",f"~\lff711L~11 
q 'IJ q 

ri1"1Jmfu e:Ju i.~ a e:Jn L"IT~na'Yln'l"'~ <il Eln11L 11~ rJULLll~" a m'VInii Lu~ rJ'JJ El\lvfu~1 t~n 
q 'IJ 

L~El\l~th~nhMiEJ ~~El~1::rJ::L1~1 650,000 tJ~~1U3J1 hlihh\IL1tnl~L~£.Jfi.ffu 

u11mm~ hnihJ'iaJ1 mfl1fu EJu 1~ EJEJn L"IT~ff\!Lnu 1::iu 300 ppm L 'VIn EJu1 uiJ11"i1uu 
'IJ q 

uni'Yl [J1~1ff~f'Yl1U1 rJ11 n11.l'i3J1tu.ri1"1Jmfu EJU L~EJElnL"1J~1 u.ffUlJ11rJ1n1~ff\ln\l 450 
'IJ 

ppm L~ EJ1~';J::ri al Vi'Ln~fi113J Lll~ rJULLll~" a ci1\111~ L 11 <il a ff1l1'1"1 e11m~w ci1\I'VI ~m~ rJ\1 'La.i'L~ 

fl1fu au i.~ EJ EJ n L"IT~ L tlu ri1"ITL'iEJun7::11 n~nll'im mn11'L ~ aJituff\ln11u17mn1"IT 
'IJ 

L~aun7::';Jn~u 'J EJ ci1\IL ~" i.~i~L';Ju LL~::nnLL u1 T 'ltwh';J::~"it"an 1 ul.l'iaJ1maJ'VI1~1~ 1" 

EJU1fl~ tl1'VI1n t~n'JJ El\1 L 11 La.i [J El3J'VI f.J~n17U~ Elf.J n1"1J"ll'it~itu.Gi.ffuu11E..I1n1~'JJ El\1 h n 1~ f..J 
q 'IJ 

~1un7::u1um1L~.n 'LmrLim 'l"'~\lriLn~';J1nn';Jm13J~1\16'l 'JJEJ\IaJUMEfrimfl'rJ a ciuu vfu~11~n J q 'IJ 

l11::n EJunum1'~~~\I'JJ a \1ft uih 'L~ 'VI'ia-w"ll''1"117mm73J"ll'1~ ri ~:: 'Lll"lf1 rJ~ ~ Lmmfu EJU L~EJ e:m L"IT~ 
'IJ 

1 u.ffuu77mn1~3J1L i1. un7::1J1Um1i\l Lfi11::~LLff\I'JJ EJ\1-w"ll' 

1utJ fl.~. 1890 iiunimn~1ff~f"ll'11ff1L~U~EJ11 Svante Arrhenius L~~nM1n\l~~ 

'JJEJ\In1"ITmfu EJu i.~ EJ em L"IT~1 u.ffuu77mm~Yiiia'Ylfi'l"'~~ EJ EJm'VInii LU~ f..J'JJ EJ\1~1 t~n 1 un7rn 
• 'IJ 
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a ci1.:~ ~::LEi t~~ L U\l.L 1 ~1VI ~1 t~il L "ll1n,41-ll a a-1'lli1 'll~3J1 mn1'1lf11fu a\l. '~a an ''1!~1 ~-r\l. 
u1·m1m~ t~n~~~~..,f!~.:~'V\it.:~';J::Yh '\.i~mVII,J11Lu~tJ~\l.~1 hn~~~.:~n.:~ 5°'1!. LL~:: Svante FT.:~ 

'~'W';J11m111 h n t~\-iJ1 ~"li1.:1 L~3J ~"it "'I a ..'I ~fl ~ ~ ~1VI n113J LL~1 L ~a\1.1Tl ~'l.l~3J1 tlkrl1'1l 

mfu a \I. t~ a an t'11ffi \l.i\1.1J"I"Itl1n1~';1::~ a.:~ L ~ 3.1~\1. t~'\. -rl~~~.., L ita.:J';J1nn1"ILt-l1 i. VI3J"ll a.:~th\1. 
' ' J' ... 

~ \I.LL~:: L =A' a L Yl~..'l <;~ 1 .:~ ") LL~ :;';1:: ~a.:~ ii ~ ~'Yi1 '\. i ~ tlkVI.f,J 1J Lu~ tl"ll a.:~~ 1L~ n L W 3J ~..'1"11\l. L 1 tl n 
I 1 .., tl "" 

'l.l"I1n!Jm1mU11 Greenhouse effect '1!\I.La.:J ';11nn11~1~1tlk"lla..'!L"ll1YlU11tnf1113JL"ll3J"ll~ 
~ 'I ~ ~ J' !'I ' • 'l "' A 

"ll a.:~n1'1lf11fu a \I.'~ a an L'11~1 wn\1.1J1'H.I1n1~ ~ ~"ll m::'\.1.\l.L Yl3J"ll\I.Lu\l.~el..'IL '1'11';1::'1'11 ~VI~ m VI;) 3J 

Lu~ tl"ll a.:~~\1.~1 t~m ~3J ~..,~"" 6°'1!. 1~ t1 51.:~ B.:J';J1n er~11nT~'l. ith~Vt\I.LU\I.L =A'm Yl~.:J'l. ~ 
'\1 

';11nn11Yltl1n"Im~ha-~"lla..'l The Intergovernmental Panel on Climate Change 
~ 

(IPCC) ~fi3J~Lt-lt!LLYl~LL~1YlU11~UkVI1JflLu~tl"llel..'l~11iiln';l:;L~3J~~ 1.4- 5.8°'1!. Tl1tll~~~ 
,:::1 A~ ..::l A J'A ~ I 

~~1111Y'Yl 21 el UI.'VIfl3J'YlL 'lliil £.l'IUL1J~ \ltH 6°'11. ~LU\I.n1"IL'll iil ti~LL'll fl.:! el ti1..'13JVI1~1 ~ LL~:: 
~ '\1 

11~L~h ~elL~3J~\I.n..'l 10 L'Yh ';11n~I~1111Y~ 20 LLiil::L'l.l~tJ\I.LL'l.l~.:!Tl1tJ'\.~L1iil1L~tl..'l 100 lJ 
.,. "" ..1 ~ ..,..1 ~I 

L'Ylr.JUnU'Yl~1tl Svante Arrhenius m~n11lliL1'Yl 2,000 u 

mfu a \I.'~ a an ''11<i1'ii.:~LL~';J::~ll\l.n1'1l~ii~1\1.1~L ~ t~.:~ L~mta m vhlf \I.L ~i\l.u11mm~ 

"ll a.:~ 1~ n LLc;ln ~u ii f1113J ~~ ~runu ~.n1 Y~nfl a1 n1~"ll a.:~ 1~ n.ff,.,'\. ~ '1'11..'1 ~,.,., LL~::'\'11\1 e) a 3J 
., '\1 

L ila\1';11nnTH yj3J~\I."ll EHf11fu a~'~' a an ''ll~1 ~1J11mn1~ii t-liiln1::'Ylu<il an11L'l.l~ r.J\I.LL'l.liil.:~ 

"11 el\la'Tl1Yl1l11 a1n1~ L 'Vi11::f11fu mt i.~ a an L'11~1 ~U1"Imm~';J:;~~iuf1113Ji'a"" i.~ t1 m.1 '\. ~ 
'\1 '\1 

f1113Ji'e~~h~n ~u a en i.'l.l Ld Bf111,3Ji'a\l. ~i.~f'U';J1n~1\l e1Y1 ~ ej ~1\I.L -il13J13J1n LLc;l1::u1 t1 

n~ue:mni.'ll'l~ua t1 ';J::'Yi1'\. ieruVI.niii"lJB.:J 1flna-.:~.:ff~ ~\lt-liilL~J~LLii.:~u1nm.ff11iilm witmL~::.ff1 
~ '\1 '\1 

1fln 1~iil::~1r.J 'Yi1'\. ~,.::~uJ1'1'1::Lfi~.:J~~ ~\I.B1';J';J::Li1~JTn13J 1~n i.~1~e~1f1~ 
'\1 

L~ a3J~1YULiilnLm t-l~1 ruJ1a1J~L =A'm Yl~..'IL ~3J;f\l. L ~El~11 L ~.:I a ci1.:1 c;l ElL ita.:~ f1113J L -li3J-li~ 
~ ., 

"lla.:~n1'11mfu a \I. i.~ a an L'll~ wff"U,tJ"I"Imm~ hmi~::L ~3Jif"U,a r..h.J~m -d. a., L"li'\.I,L~ £.l1rl'U, LL~:: 

LL U\l.tl\l.tl tlk Vlll ii Lu~ tJ"ll a.J ~ 1L~ n fi~:: L ~ 3J;f \I.L "li\I.L~ £.11 rl'\.1, LL&l::ii ~ &lY'h '\. ~ 1l ij El1 n1~ Lfl n 
~ '\1 'II 

• I.. • I .. fl y • 'l " A fl y ' .. .d .. ... .. .. ... 
Lu ~ tJ\I.LLuiil..'!'ll..'! Lu\l.t-l iil ~~ tJ ~1-\1 LL~::'\'11 ~VI Ln~ t-l~n1::'\'1UL u'\.1,~ n ~'I! '1!"11 L3J atl..'I~~VI \1.-Jn tl-\1~ ~'1'1 

'II ~ ~ 

~.Jli113J"ll1~L~ aT'iJ-;J::L m tJ1 m L~n ~L~1 
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n1~Lt:.~11~11L U'JULLUU'Ii1\l s:J L"liU n1~Lt:.~11 ~ajL:fim v-1~\1 ~1n h\I\11UEI~~1~n~11l n1'Ht:.J1th 
'IJ , 

L ~EI1 iLUU ~U ~ff1~~U~ n EI1~E.J LLiil::'ti1n11Ln1Yiil1n~~1J ~\ln11Un'Jn'ti1 iil1E.J~U ~thn E1 LlJU , , 
~L 'VI~~iim~tl~ a E.J~nfu EJUL~ El Eln L'1J~;rutt.ffuu77E.J1n1~L~71~L ~1111n~ ff~ L "W71::th l3T~ 

, 'IJ , 

Tl rnffllll"i1 um1~'1\lmfu EIU L~EI eJn L'lJ~ iri Eltl. ~~::iil El £J;rutt.ffuu77E.J1 n1~ ~,nfuLde:J~u ~ 
, 'IJ 

1h Llliil~Uf!E.Jiil\1 Tl1fu em L~ El Eln L'lJ~~\Iiil El E.J;ru Ltlff::ffll a ci1 uu11E.J1m~l~mn ri\lifu 1111 ~ 
'IJ 

370 

- 360 ;:: 

--• G 
llC 350 - m: --

~1nn71v-ILL~~\Imm m.ri1"JrTITfu e:m L~ m:m L"Jr~~ L ~11ifu ~\ILL'IiiJ v-~.~ .2500 Lilu~u 

111 L~Un11v-1LiJu~myr;u,::wutliil1 ff\1~1~~UrlULULL'Iiiil::1el'lJU i:ifh!li1\lrlUtl1::1!1rn 5 - 6 
'IJ 

ppm ((part per million - Gi1u'limnm~wd.\1~1UGi1U) 1uq~fauiiri1"JrTI1fuauL~EIEJnL6Jl"~ 
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umHh'l L rta~-;nnYl"n"~·:ni1'I!LEn lr ~11~ tn'V1111J1nni1 '\. iV11 tJh tt1\l. h~>t1"'VI\l.11~n1'I! 
'II 

m{u a \I. 1~ a an 1'Il~3J1n'~,\l. L rta~-;nn~"nfl1 £Jn1'I!a anm-;nnn1"i'VI1 tJL"il3J1nn11n11~~~L ~a 

~i'1~El1'V111 ati1~11nm3JLrlavhn"ini.1L!~£J111'W113JLL~1 aru'VInii~LL\l.1L 'l-i:3J~~it\l.L \l.LL<il~::iJ 
q 'II 'II 

"il1nm1~3J\l.1!1'Efiin11Ummi1 ~n tJW"ll'W"i"irn1i113J"ll1~ 'VI'iavf\1.~ 1h l~u\1. 1~n ltldJ\1. 
q q q 

~1\l. 1\l.3J1 n "il\l.LU\1.~1 L 'VI"~rh 1 ~1::i'U''ll a~"Tfu a \I. 1~ a an 1'1!"1 uu11tn m~n ~ 3Jmnitu 
q 

A • I"= Q..ll f( A A A ,::tl Q..ol ft t, ::1 
L 'W"i1::L n~n11~~~~"ll El~u"i3J1 tl.l,n1"i~~Ltl11::'VILL~~"il1n'W"ll~L "ll £11 'I!~m"i~~ Lm1::'VI LL~~U '1-bL u'\.b 

n"i::U1\l.n11Ltl~ £1\l. 'W i~~1\l."il1nLL~~ El1 ~~ rfltiL U\1. 'W ~~~1\l.L"ii"ll El~Yl-n 113.1' tJ n~ n 1::1J1 \l.n11 

.1..1 "' "' "' '1 , .J .. .., tt tt 'II 'II tt 
LL~mu~ £J\l.n1'l!"ll El~'W'1!~1 u ~ \1. "i::'V\11\I'YlL n~ n"i::'l.num"i~~ L""i1::'VI LL~~ m1u El\1. ~~a an ~'I!~ 

"il:: LL~ ni 1 L uu~1 1tJ1::n au "Tfu aULLi~:: u ~ ~tJ ~a un1'I! a an~ L "il ua an 3J1 1~ tJ ~11tJ1:: n au 

"1fuau"il::rtmfiu1 1 "llru::~rh"lla antJh';)WiJ::rtntJflW~U~ aumm~u11U1m~ "il::L v;u l~i1Yl"n 
'II 'II 'II 

"il::ii"113J LL~n <il1~ nu~13Jn11L lil1ru l.~u L~"ll El\IW'l!L '1-bLL<il ~::n" n1 ~ n ~11~ El W"Jl"il::"~'llu ., "I 'II 'II 

"1fua\l. l~aan L'Il~1~~1 u-rl1~q~i'au LL<il"il::LlJ ~~'llu'l wrl1~fi"'VI\l.11 (mm'l \l.tJ"i::L 'Yl~L"ll~ 
'II 'II 'II 

5. ~ fl n,. ~ nu, 1 n n 1,. L vi 3J ~·l41 tJ ~ 3J 1 m t~ n \1 A 1-f 'U nl411 ~ n n n 16JS ~'l ".ff l4! 

'U1'1'U101~ 

truck~ LL<iiL~3Ji'im"~a~in"itaJ1 LLfl::ihLEl1 L :fElL -wa.:~vl El~~~ au L~LLfi r;i1w~ '1-b LL~:: 
'II 

J11Tu it U3J1 'l i LL~::~\1.~ EJ"il m~~~ ~U"ll a.:~ n11tJ ~ El u n1'I!"1fu a \1. i.Wt Elan L'I!c;l;t u~.ff'u 
q 'II 

U"i"i£J1n1~1 \l.tl13J1 rn111n 1~ uJ1~ tJ3J\l.1!1'EfliluLtlu~~rh 1 'VI'1~n"ll a.:~ L 11~ a.:~ L~~runu ~111'W 
q .. 

El1n1~flfElU3J1n"~fun11 L '\.La~Wt~ ~1''\.1.3.11'\.t'U~.:! LL'ii~3J1t1!1'EJ"ll1~fi.~rh L ii."ifU3J1U'\.LW111 L"11::~ 
1 ~ ~ .. ' ...: .¥ .. 'II 'II .. ~ .. ~ 1 "' ... ' 
~n LLfl::uun'VImrJm11 m1L'WaJ"ll\ll."lla.:~m1uau ~Wtuan ~'I!~'I!.:~Ltl\II.'VIU.:J um'I!L 1aun1::';Jnti 

~1~ty ~LtJ ~ ~ fl'Yh 'l ~ ~ n,I,'VIIJ ii LU~ rJ"ll a.:! Lfln ~.:~itu 'VI'iElfl L1 rJ nnu11 1 ~ nf au (Global 

Warming) 
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LV~ 
o~v 38 

[j 
b n. 

1:-L~ G): '11.j1. 1tU~ l '11.fJ 1'11.r.l ~ 1'11.1'1: Ill. '11.C3k~ Int. tft~r.l L~::~ ~L'~ 11 L r '11.U. 11 ~ U.G ~ 1 [tIll. t L'!!-11 Lr ~ ~!1 

~ t Lkt::~\4-G M.L'r.l ~ 1L\PIJlrltl.'tU~(!L'~LI'1:\4-tL't1.111.~U~ t Lkt::~\4-G M.UL1'1:\4-'tUL11:W't1. t~ C3 C3 ~Ill. 1L'!!-11 L!\ 
I I I I I ... 

(! ~~11 r.l L~ ::~'11.t~L'Lr1L'!!-11 Ltt(!::~GU Ill. 1Ut!l1 t_Q.tu t 1~r1L'C3 rT.'t1.Gk~U 1'1:~1 ~11 
" " 

IH~~~J'Ut.1 t'lt11Ltl. tt.ltULJtRL~::~L'It11Ltl. z· rs 
I (, 1:5 ~ ,f" 1:5 ~ 

r.l t~U~\r.l LtU.t!l1::U. '11.fJ1'11.r.l ~ft 1 ~L(3::~11 L'~11 L'~ 11 tL~ UL'~'lti t 1~r1'11.~'11.~~ t Lk!-L'~::t!l11 
b n. ~M't1.~1'1:1 U.t~L't '11.1J1 Ut!llL'C3 rT.J6LULr.lttr1'11.JT.'t1. 1 '11.rT.L'MI'1:M. 1~.1rs1 UGG ~1 '11.Gr1tL~llsLU~U1111.1 LU.I'C1 

,.,'="' kF' ~ ~ " ,r :==' , ~ L\ ,!J oU ~ ,.. l.t 0 ,. L\ 

L[;tfuLt!lt:l Lt:J1::~~'11.~1'C~ 1~Lf.tt'A k t~ 1 ~ttL'LfWL't!l~t!!Ut!l1L'GrT.~G ft't1.1J1G~It1.Ut!l1 r1..V~\'11.~1~UGG 
n. n. ~ 

re ~ 1:: t!l11~.1rs~ U (3 (3 ~~ '11. (3 r1}L~lls LiJ r1~~ ~ L'~ lt1. 11'11.1J 1 1"3 ~ 1 ~~\ Lf.t~ t Lkt ltlt r11'CM I'C ~ G I'C Lt~ 
~ ~ ~ 

~LrT.G~It1.L']l11 L'~ 11 ~~ '11.~ '11.U. 11 ~U. '11.~1'C~ 1'11.~Lkt~Lit1.L'tkl11 (3 ~ 1Lf.tr3 Lt!!Lk!-UtU r1_[3H'I1.1'CL'~I'CU. '11.~ 

Lf.tt'A k ~~1 L']l11 L'~ 11::tLLJ~~1 Ut!llL'G rT.'I1.t~ 1"3 Lt!llt1.~ t Lk!-::~~'11.~'11.GkUt!ll C3 ~1 

L'~111.'1tf.11 ltLL~::LLU~U1 ~ TS ,. ,. .... 

L'.~~L'LLU1U.::~U~t:l rs 

I'CGGL'LU.r1U.::tUt!lt:J::t!l11 L'.t.~L'LU.r1U.::.t.Ut!lt:l G~ U.LJ1::.t.rr l ~ . ,. 
'11.1J1~kUGGL'{111ll.t.LI'CL~ (6U!WJBM IBQOIE)) '11.GkUt!l1::tLLJUL~~~1~r1U.::.t.Ut!lt:lr.l~l '11.~~~1::~ 

U.r1U.::.t.Ut!lt:l LU. 1ttr1.t.LUL'LU.t '11. 11Liti.L'U.I'1:ttr1 u.::tUt!ll':l't1.1'C1::.t.f1::t!l11 L't!l "11'11.1H! rt1tLUL'llLHU~~1 
~ " • I" ~~· P -k . ... ' 

n. 
r.l ~1 1'1:8 ~~t 11L'~::t!l11~LULG IJLIM.Lllkl r1..V'I1.~~~1 ~r1U.::tUt!lt:ILHU~~t'l1.~ }~ML~Lr3U.~U,!1. ~t Lkt 

'11.U~::.t.U'11.G.t. 1llsLUL'G rT.r1U.::.t.Ut!!t:IUL&'I1.rT.I'CM. 1 U. '11.G.t.I'CLt~'I1.LL'L't!!M.r1.t.~1 Ut!!1U..t.LUUL& 
,f" r;::r 4U ,.f' '::' r=' ... ""'t ~... lA r=' 

~ ~ "' 
flH'I1.1'C L'~ rT.M.LLJ~::t!l11'11.L.\:'11.M. L'L.t.~ L'Wl'11.&~~ t!l~ 
~ ~ ~ 

~ "' L'I1.L't!llt1. 11.t.LU~&.t.LU~.t.lt1. Lfl U.tUU.G'I1.L~L'U.I'C t.t. I'C~L'M ::1::111 &U.\:R.t.~1 '11.~t 1'11.r1r1::.t.!3 ~r1U.::.t.u 
..: I '"It p '1t:1 ,.. ~ ~ 1t:1 ,9 'lt:l 1 

n. 
t!lt:IL'M::&L'lls .t.~re1~'11..1ls1 S6 L'll s~ mLre::.t.rr'l1.rr.L'Mt!l1:::u.L'I1.r1~:::t :::t:111 Mr.Jllsm.lls1LJ6L'G s·£ rm ~ 

I p 'lt:l IF" ~· ,f" ,: ""'D f:" I=' 

n. n. ~ ~ 

'ltlLre::qm~L'MUt!l1 t~'l1.~t~tJLllt1.'1tH3L~r1M. '11._.Ct&&J:m~:::.WL&L\..t1 l '11.1J1 '11.}1'1:~1 OO~l·~·~ f! 
"' ~ 

'11. t Ut!l1L'G rT.I6LULr3ttr1'11.!-'11. t ~llskUG G ~\ '11.Gr1}L~.IlsL1J'IULI'CWULit1.L~L~\4-'11.L.\:~I'CI'CM fl~LGIJ~l ... . 
n. 

16LULG IJLIL'G t!!L!)lr1m1£-tr.l ~1 '11.~~~1::&~r1U.::.Wt!lt:l'11.tJ1::.t.ft.t.LULk!-~1J~M L~ Lr.l U.~U_!t 



~ElL \la_, LL~Lrl r:l L~nfm,l.itu~::·rh L ~\!1, LL;j_, ~::~1 tJL\1.tJ'hn lli~3J1nifuL~r:l £J 6) LL~::~~1 LL-ii_, 

L 'VI~ a a til un~'VIU1T1Xa £J~_,n~::'Y11L ~lJ rn'VIn ii LUg £J1 'l.tt) ~'VI'\.1.11 ~_,ifu di~ L U\l. J1 LL ;i_, 1 Vt3.l 
'II "I 'II ~ 'II 'II 'II 

'tl'u£J~_, 'Y11L~LiJ'l.l.LtiL~11L\l.fl~fuwlliJ_,1J fl.~. 2030 u1nrn.ff11~m'VIi'lu~::t1l~~::J1LL-ii_, 
'II 

L 'VI~ Elr:JtiL~ £J ~_,~::ij ~~~r:ln1~Lfi~~1 LL.ljj_, L \l.fl~'VI\l.11 r:l ti1_, LL '\.1, \l.a\l. 
'II 'II 

r (;! .r 0 1...... "' ... ""' 5.1.3 '"1LL1h1fttft1li3J1lll11'"\11 \'IL0~01"i~t\1il\UL~"il1\1G'Ill'"illlft\l 

tJn~LLGt1.J1LLoii\IUU yf\l.~\l.LL~:: 1 \l.3J'VI1 ~1J'Yl'l~:: ~::rl a\l. V'ltr_,_,1\l.LL~_, r:llfi ~ tf 
~ 

..., 1 \1 t.IA I ,d <f ~ .¥ !" ~ " A' ~ R ,J A I ~ 
nmJ~r:11n1~ L~f:1_, 90% LL~LlJEl L~n1aWll\l.\l.1LL"l.l_,n~::~::~1 EJ3J1n"l.l\l.LL~::\l.1LL"l.I_,'YlL 'VI~ amm 

'II 'II 

" ... .. ~ "' "' ..1 :'1 ' J' .. L ~ .f VltJ"" .. 
~::~::'Yla\l.V'l~_,_,1\l.LL~_,a1'Yl~EJ L~'U.r:ltli~_, L3JE!Lu\l.L"1!\l.'U.Ellli'V11l3J"l.la_, ~nn~::~_,"l.l\l. L Eln Ln~ 

~ 'II 'II 

L ilu -l!jin1~~1LLoll_,~::~1 m ~3Jifua ti1,_,~ a L \la_, ~_, t~ £Jtln&i LL~1~::~ n1'1lmfu a\l. t~ a an L'l!<jf 

f:1ntln r:l til \l. .J1 LLoll_, Lrl a"ti1 LL ojj_, ~:: ~1 £J n1'1lfnfu au L~ a an L'l!~~n mnu El tiii~::ntrtJ ~.ff\l. 
'II 'II 'II 'II 

:' a 1 , 
'"1LL'IJ\I \'13J 

d:'~~ ~· II'.. ... II' 
L1J a'\.1.1 LL"l.l-\1 L 'U.lJ ,H 1lli1l'VI1 ~1J'Yl'lr:l11n ~nLL~::L n1::n'l\l.LL~\l.~~::~1EJ3J1n 

1 

~'U.L ttEJ-\1~1n1l11:: L~nfau ~::"fh 1 ~Tl'"l13JL~3J"l.l a_,J1'Yl::L~~~~-\I Tl113J L -li3J"Ji'Wll a-\IJ1'Yl:: L~ ~nTl 

Ltlg E.J'U.LLtl~\1 .J1'Y1::L~LU1ifu~ tl E.J~-\1 ~~ ci~ ~1.J1 'Yh L ~in..Un1"11 a-\ln'l:: LLti'li1 el'U.LL a~ LL~U&in~L i 
'II ~ 1 

5.2.2 Ln~f'J'l13J'V11 U\lt11 il\l"it1J'lJ~L'lfl~YI U1 

~ ~ m::'Yl1JrllJ'l::IU1JitL1~1'Yl £]1~ L ~ 'U. L~"lf~ LL ~\I'VI'ct.:J"ll r:l\IL ~ m n~.:B'U.tJ1L 1 rn 

.ff1L~nL Witt~ Lrl tl'VI ~.ff1L~n ~-II~ r:l\1 ~&i\l. 'V\1 fiua titJULL~'U. J1 LLoll \1 Lrl aJ1 LL oll\1 ~:: ~1 £J L "lJ ~'VI1tl'U. 
'II 
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"1JEJ\I~~.ff1 t~mL~u ~" ~ ~~n1::'Ylunu~1111 EJ cl1EJ~"1J EJ\1~ ~.ff1 t~n~u~ ~1111 L~£.1.:~~~:: r~nuvruf 
"U '\J Ql , 

L~ iwf~u ~~L~£.JEJ~1uu'1L1ru.~~EJ1n1~~u11Lfiu LdEJ hnfEJuifu i~-fL~~1Jufi~:: 
YW1 £.113JUfu<iJ1 1J1.J"lfit~fi ElY-I £J'Y-ltJ1 £.Jftu h.JrJ.JU'-SL 1 ru. ~ rJ\Iii El1n1~~'U.11 Lfiu i~-fL ~~1Juii 
tEl m "~~:; t{lli vr 'U. f1. ~ 

'II ... 

-;nnnm1~mm nt"lJ EJ\I~Tfu EJU 1~ EJ EJn L'D'~~ L ~11ifu111n 1 u11~1 t{3J rmf u 
~ 

fi~::ii~~n1::'Ylu~EJff3J~~Ldtn~~h\l ~1 uJ1'Yl::Lfl i"~rt\I~Y-~un~EJ i~f~~ LU~EJn (shell) 

I"' I t.l 'Vi"' .f al CL,.o CL,.o 6" 4 t( 

~EI~3J11\In1£.JEI1~-;J:;ff11\l shell ~~£.J1n"l.JU u::m1\l 3JEJ~~"n ~1EJ LL'Y-l~.Jn~EJU U1.J-,)1'Y-11n 

~\lmfumu~LEJeHJU "i11nJ1'Yl::L~ 3J1fff1.Jshell 1u1U"1JEJ\I LL~~L;n£.J3J~Tfumu~ t1'1u'-S111ru. 
'II 

1 :- ~.¥ f( Yl ........ ""fi' ,J' ...... 
C02 'U. 'U.1'Yl::L~ L 'Y-l3J"1J'U. m1u ElL 'U.~ ~El El EJ'U.';J:;~~~\1 'U. UnA E1 t{~1 L ~ ~1W;J!:"1J1~1 ~t1~1J L un11 

~ 

fff1\l shell "1Ja\12Tu fl\lmmrn C02 1uJ1'Yl!:L~L~3Jifu elCil11n111Cil"lJEJ.J1A1..1"1JEJ'ILL'Y-l~.:JnCilEJ'U. 
n-;J::fl\1~~~\1 ~\ILUU~~"lJEI\1 C02 ~Ein11ff!:ff3JLL~~L;n£.J3JLU shell "1JEJ\12Ju EJci1\lhn~ 

1J11n!Jm1cl'U 1a.J"l~Ln~L rhnmf111~1ff~'Yl1 LL~LiJuLn~Lilu~ci a11 ~ L rtEJ\I"i11n co2 ~::~1£.J 
1 u. J1'Yl::Lfl L~"i11n m1LLfln LU~ EJU ih'n~ ~1"11 a\IJ 1'Yl::L~ LL~::-;J1n m1~m111 t{3J'Yl1~ eJCil11n11 

~ 

~L;'3J<il1nu.~awn1..1i1 'Yl11~ C02 ~1u1~nl~Y-IUEJciLu.u'iL1nt~1 ~"1JEJ\13J~1t{3J't11 ~1EJ'lwn::L~ ... 'II ~ 

~u. ~ ~a ~1UUU.th::3J1 rn 1 0% "l.l a\111~1 ff~'Yl1 ~\I ~.:ni Cil~ih u~ Eln 1 u J1 ~u~.:~ EJ1';JU1::t{U 

ilru~1111n~"~ ... ~ 

uEJn';J1nUrT" Ln~ m11::u1~"1.1 EJ.J hA~1" ~ 1 u ~ ~1 £.J~1U"1J EJ\1 hn L "liu 1 u 

vfu ~~LUUL "l.J~~U11 ~11 £.J\11'U. 'Yl1\ln11LL 'Y-l'Yl Ell1 ~n111::1J1~"l.J all iL~ a~ a an~\ILUU 1 1~ 1 'U. 

L"lJ~fau. 1 u.L "l.l~L ii am "1J1LLau~ ff u1::L'Yl~i~ h~~ L~ EJ~1u~11L~ 1 uL "1J~faufhn~m,-1::u1~ 
~ 

.¥ t .J.dt., .¥ t "" .... ""J'YI .... .J., 
"1Ju.an L ilu~u. ~ £.Jm3J EJ ~n1au. "l.lu Y-~1~ ::"1J a" ,-~ ~1mLuAm 1 £.J~1m "lfa n1L;''li'\ICilUL ~ ~"1J EJ\1 

hAf1EJt{13J11t1L';J'iruL~U t~LL~::uwin1::';11£.JL~L~£.J~1£.J ... 

5.2.3 Ln~u·h~~w•n:t'n J',ri-uJ vt1~ntiJJ 

L~ EJ1~ nf EJ'U. if 'U. eJ ~11 n1 11:: L ~ £.1"1J el\1 1-hu 'U.~ 'U.LL~:: L 'U.3J~1 t{~'YJ1L ~ llif 'U. 

"lmi'11 wffuu11£.11n1~L ~3J t{\litu ~\I LEJJ1ULEJ\IniiA nl,t{3JlJ'1i L "liuL~ mnun1'11'L1EJU n1::';1 n fi ri.., 
'II ~ 

'Yh 'l ~Ln~nTJ:: 1~nfBuL ~llifu~n rf..,~3J~uii~~~EJA113Jn~ EJ1m~"1J EJ\11~n 'Yl1'l ~1 U1J1\1Yru ~ 
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~LL ~~ LLLt~ j)L n~ ~'U.~n 1J1~~'U. ~~ Lfl t.l ~'U.~n ih n~1111::LL ~~ LL~~ LL~J1 ~1J1 LL ~~"JHl~ 
L'IJ~uwYifll"r11·mTI-, v.~ Ln~q~n1fl~~~~un~-,'IJ~1 hn ~rnv.IJiiL~~ll"llEl~~11fln~~~~uLLfl:: 

I I A Fit -' I ..S, 

"11~m~ u1n1fllfl Lua uuLL'IJ a-1 ri ElL ~Lfii~V'l1 ~ Lr~ u·n"'" f\113.1 L ,-1 ~_, "JJ'U.1~ F-5 "(lfl fl3JL3J El~ 

\bEl ufau"ll El'l ~v.r21 m3J~n1 ~1nv. Ltn!1'" "r11'1 ~ ~il.mJ1YltJ1WUi1'<ii1'U.1'U."ll El'IW1 ~Yl ufu11~ 
, tl 'I '" ..,: o J' !"I ' 

W1liLilEl~Lfi'U. LLfl::'W1ll.,'i\~'U. YJLn~"ll'U.I.W~El1JU fl. f/1. 2004 - 2005 L 'W3J~1'U.1'U."ll'U.L u'U. 3 L Yl1 , , , 
' 

"lltl'lfl~~<ilfii~1"'"'~fi 20 

L itu-1~1n~fln"'::Yl11J"ll El'l ~1111:: hni't~tt. -,~~3.1 ~m~13J1'U.1'U. ~~ El~~n11 

~v. tJ,-::-n1"n1 ~ 3.1 El'li1i1 tyV.11111::1J ii ~J1n1fll L 'IJ~ ll 'U.LLU a 'I~::~"~~ ~n"'::Ylu ~ El ~ fi'U.L '1.1. fln YJ1'1J 

t~ci1'1v.'it-,~wu ~"~ ilfi113JW ll1li13J L um,-n1v."U.~m~,.n1"'YI1'~n lJ"' muit"U.3J1 L ~ El d.11Vt3J1EJ 

h~tn11i'u11 Elfl1JUnJV.1 ~1111:: Lflni'ElU ~~~1"'L n li1L~ v.1El ~El El ti1~ L iJ'U. Yl1'1n1"'''h Kyoto .. 
A .,. "' J' 

protocol to the United Nations Fra~nework Convention on Climate Change ~'11J'ILn~"ll'U. 

t~EJilnT~L~"'~1"f'~LL"'n~LilEl'ILnEJ1L~I tJ,-::L YlfllnliluL 'U.L~Elwrr'U.11fi3J iJ 2540 LL~::il~au'l~u ... , 

113-lll'U. (Joint Implementation v.'1iEl Jl) m"'fi1"ll1liLLflnLU~uun1'1H'1emn"'::';ln (Emission 

Trading v.'1El ET) LL~::nflLnn11oW~'U.1~~::El1~ (Clean Development Mechanism v.'1tl 

COM) t~ ll 2 nfl LnLL "'nL U'U.n fl Ln~ L n ~~\1, L~"'::Vt i1'1U"':: L "r1 f/1~~\1, 1 LLLt 1~1ll tl'U.L ·vhtt'U. 

Lhv.i'un~ Ln~ 3 ~"~ Lil'U.LiEl'l"ll tl'ln ~ 'nm"'W~\1.1~ ~::en~~ L i1'U.n11~1 L \1. 'U.m113Jn'U. ,-::v.i1'1 

tJ,-::L Ylfll~-w~u1 LL~1n uu,-::L Ylfl!n11Lt~-w~u1 il1~ ntJ,-::~_,~L ~ El"lh tiL ~tJ,-::L Ylfll-w~u1 LLLt1 , 
u,-,-~ Lihv.m EJ"ll t~-1n11~~n1,-t1~ t1 un1'11L1flun"I::';ln '1. v.1~~13J ~'U.nn"'mfl1u~'Ltlnum,-,h EJ , ~ 

L~tl"'::L Ylflln1i'loW~'U.11J"'"'~n1"'~~'U.1~ ~-1fl'U.L~ L~ EJU'l::L Ylf'loW~\1.1 LLLtT;J::3J1~-1Yl'U.~1L \l.'U. , , 
t",._.,nTn ~ El 't ~dhmTlfl ~ n1"''IJ ~F-Ill n1'11L1u'U.n"'::~ n L 'U.U"'::L Ylfll~n1 i'loW~'U. 1 LLLt1~::th 

u~3J1mn1rn~fl~L~~1nn1"'~1L \l.~n~n,-,.3Jv.1El t",-~n1,. coM 3.11~1\1.1 mL~il u'U.i1'L~ 

~1 L \1. 'U.n1'lfl ~ '1. 'U.U'l:: L Yl f'l"ll tl'l ~'U.LEl'l 

n~fi"j"j3J~1i'nru\.l.~1l1EJL~n~'Lnm,-oW'~'U.1~~::El1~ ~El Lf\'l\Jfi1"j Carbon 
~ 

, d A • I'!: <> £ 'lj 'lj o'd 'lj ., 
Credit 'll'l Vt3J1llfi'l u"'mmmrnm J1Jtl'U. ~~ElEln ~'ll~Yl~~ ~~ (Certified Emission Reduction, 
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i'Ew~:: Ci)o LrhJu.'liLiJu.LL~\I~·"h., ~1'"~~\l\11uani'ew~:: 90 ~{UL~£Jlu'lwaJ"lJa\1"111lfem 
'II ... 'II 

11. na~uim"~a\lh1wvhnn'lfii.~Lrim~n'li"1'" 
q 
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CERs) oVEI~"lJEJ\11~~\InT! Carbon Credit ~El th::L'Yl~fi1~\l~~'l.l.T;J::L~111W)1:JJ"li1EJLVI~e:J 

~1'U.n1~~\I'Yl'U.111nth::L 'Yli'I~W~'U.1LL~1 LL~::l~1'11n1~th ti'Yl e:J~L 'Yl~ L '1.1. h £im1'~~n1''1H1e:J'I.l. , 

Credit ~l~-;nn 1~1'\ln1~1 '!Xth::L 'Yl~~w~'U.1LL~1 iln~\lrJ\I~e:J\Ii'111111'::~h 'li~1 mh\1 ') ~ 

Ln~ifu L '14"li1\lrl e:J'14LL~::~::VI':l1\1~1 L U'U. 1~~\ln11' L "liu Thi1\I~L ~tn"lf1lli ~1~~~1:JJ~1'11l "e:J11 
'U "' 

LL~::~~11l1~ ri1'lf~1f11 a'" l~ a an L'lflif~ ~~ L~ ~\ltl1 L 1Jun11~1 Lit" 1~1" n1~"ll'l41~ L~ n 

~1Li~1r.J~1\I ') LVI~1d'e:J11lL1l~:JJ~1rl11L~U~\I'YlU 
1 1 

Lt1V1 i'11~ '"..t1 LtlLrl El'l"'~ n\1 ~ ~ n~::'Yl111l1n "1111:: 1~ nfauLi1U 1 VI tU1l:::JJ e:J\1 
'U "' 

n\1 ~~m::'Yl11'Yl1\l Ll'f~'J!t;jfi';) LlJU VI ~n ~\ILL 'ti1l'1\l LL~1 ~11:JJ1'ULL 1'\l"lJ e:J\1 ~ ~n1'::'Yl11ii "\lnl1,r U:JJ1 n 
~ , 'U 

L ila\11l1n ~ ~ n~::'Yl11i\ln ~11 L fi~ L tJ '14~n tsJj 1~ r.JLQ Yn::th::L 'Yll'l tnn1lU~\I~ e:J\1 LL11ni'111111:: 
'U 

~~n'l::'YlU~1'ULL 1 \lnl1 iln~\lrJ\ILlJ "1:JJ11'fl L~~r.J:JJn11VI'1e:JiJe:J\IrlU~m;.r.JVI1r.J~1l::Ln~ifu L~ , 
~n L'li'"llfl\1 e.J~n1'::'Y1U1l::L~:JJT\ a 'i111l1nm1~:JJ "~1 r.J"ll e:J\11::11uii.L 1~u ri e:J'141l::L oVTYh ~1 m::1111 
'U 

L~·n~~n1lfi'a"~'" ria 1~Ln~m'l~:JJ"~1r.J'Yl1\li\I~:JJLL~::-r~'"n~'l:JJ"ll a\lth::"lf1n1' 'l u 'Yi a\l~mfu '1 
~ 

LL~::ti'1 r.1 "~1l::Li\l ~ ~ ~ m Ua\IL11rJ\11'::1111 LI'I1'M;jfi1l"ll a\1111'::L 'Yli'IL U111'V'I'l1:JJ 
1 ~ 

111:: L 'Yli'IL 'Yl r.JL~ ~" '"1 :JJLL~:: 'l 'IX i~ r.J111 ~nu, 1'" a'" iru ru111 ~ 1 r.1 n11 
1 "' "' 

L11~ r.J'U.LL11 ~" "111'V-1113j a1n11'1 LL~::nm)~ a E.J'l un~ :JJ111'::L 'Yll'l~ l1li:i~unn1tii.m~~~m~11 ~a r.1 
'U 'U 'U 1 

ri1'11'L1m.m1'::1ln L Ua\11l1mdm fh.Jun11th::L'Yl~~::1u~n LL~::1.h::L 'Yll'lri1~"~~'"1~'" 'J LL'h 

1.h::L 'Yli'IL 'Y1F.Jiin11U~e:J mi1'11'L1a'l.l.n1::1ln 1 ui~'hu~ua FJ:JJ1n ~~LUU 0.6% "lJ e:J\In1~ 

11~~11~ a mi1'1f".lfii.~rl'1l1n'Yln111'::L 'Yl1'1~11~n 
1 

n\11l::ii i~ Li1Un1~11 ~ e:J r.Jri1'1fL1aun~::1lnUe:J FJ LL~ ~~n1'::'Yl11~L 'Yl tJ';]:: 1~111 

1l1 n1111:: t~nfa'l.l. ,f'" l1ltt'a t1 L~ FJ L V-~1'1::n1~L11~ r.J'U.LL11 ~" "111V-~1Jij a1n11'1Lilu111'1n!Jn1~rn 

~ e:J L Ua-Jl11 L~ a FJ 'J 1~ FJ ii "111 V-I u 1 ~~a :JJ LL~::1J ijtJ 1:: L 'Yl~ L iJ u'il1ri1 VI u~ ~1111 1'U.LL 'l\l"ll EJ" 

~~n'l::'Y111 
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G(~~iiln~::'YlU't111oXdi~tlty~1~1~ 6) ~11mnilmnmnt1 L iJ'-I.e-Jiil't111oXdi~m~L~mnJ~iil"lltJ~ 

1::uuih1~1iilnL1hnm~11 ~U'-I.'t111~1iilmnunmn13Jfa"Lm'L1rnv\!ii.ff"u11tl1n1~~..,;m~·3J ~ 

1~n Lil'-l.e-~ ~\oX am~niiLu~tJ"ll EJ~ 1iiln~~~:E"" ~U\I.Ln~fl11:: hnfa" ~~tl11nlJm1mttL!iiG(~ e-Jiil 
~ 'II 'II 

n1::'Y11l~ EJ1::U1J~1~ 6'\ U'-1. 1~n EJti1~3J1jl3J1 tJ lii1 tiL ~~\t3J'-I.~EfL 11~~ L~~L V:'-I.TI113J~1~tll~lil:: J q q ., 

~f1~"lia~niil~i13Jn'-l. 1 "m ,-~';)::~~m3J'1 ru.n11tlfi a vmfu a'-!. 't~ a t~n L'l!~ ~.ff""u11 mm~ 1~ t1 'II 

~n11't11"Jia~n~~i13Jnwl::~-:h~""'"'~.h::L 'Yl~ ~Li-vn11 ~"nitJHU1LntJ11~ ~~~111iruru1 ~ ~ ~ ~ 

Lnm1~~~a Kyoto Protocol ~13JTH1~1tl'tliin~LL'-1.1'Yl1~~';1::\1.13J1LiLil'-l.ni:lLnn11iil~m1 
~ 

.., 
w~~~'" 

2. Iii a~'t iw ~~~1\I.'Yl1~ L~ t1f1 ~tl L'l El mil'll~nfu EJ'-1. L~ EJ an L'l!~ ~~ (Low Carbon 

Energy) L"li'-1. L'l!iil~LL~~mfi~Ef w~~~11\l.iil3J 1~v1in~.X'-I.ii13J (wind turbine) 

offsetting 

Tl1f1J tl \1, L~ El tl n L'l!~ L"li'-1. n11UG'lntih G'l~n11ii1iil1t!th awrmlthL"ll~fEJ'-1. 
'II ~ 

4. oX"m'ti"ll""G(~3J1G'l"ll'\.l.m" L ~a~~m~v~m1 'ti,-nv"~~1'\.l.i1 ~U::Lil\l.m11.h::~ ET~ 

m,-1iJ1ir\l.ati1~3J1n 

5. iil~n11n" ~~n'-l."ll11~ L 'lN11::L~~a1~11LLG'l::"ll a~~u~ L ti1 Ld a 'tti'Ylun11 a ci~n a~ 
'II 'II 

"11 tJ::';l::n ~~ tl L iJ\I.LL~fi~e-1~ ~ n1'1!~ L 'Yl'-1. ~~LU\I.n1'11L1El\l.n1::1iln~~~~ ruani1~rt~ 
"' 

6. itv 111 'Yl vIii 1 v n11't i LL!iil::n \1."11 EJ ~~e.~~~ 1" 1h:: L 'Yl ~ L w11:: n11ifi EJ ~""'' -;n n 

~1~ti1::L 'Yl~lii'EJ-\Ii'\.I.Ltl~a~w~-\1~1'\.I.L ~n11"11'-I.G(~ m1n'-I.LLG'l:: Li"llEI-\Ifl1 r..~'t \l.ti1::L 'Yl~tf'-" '\.I.Elnlil1n 

11m~n LLG'1::'t11 't~L-i'\.I.'Yl EJ-\!La.i~1 L ~ G'1 tlltJn'\.l.anti1::L 'Yl~LL~1 rT-1"1i1 r..Jfl~fl11:: 1flnfa" 'tlii'Ein ~1 r..1 

7. n11e-J~~rt~Wiil1~~n\"Jiyu~~-\l-\11'\.l.m.h~3J~1~1G'liTin11~~\1.1rt-\let1';11mJ1\I.~~i1 
~ ~ 

Vl.l" .f " " Lum m 1iil1'l!EJ"ll EJ~~13J11'-I.fl1 
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