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Abstract 

The purpose of this research is three fold as follows: to study methane gas emission rate 

from irrigated paddy field, to study the relationship of vegetation indices and methane gas 

emission rate from irrigated paddy field, and to estimate methane gas emission rate by 

vegetation indices. 

Result of the study is as follows: The average rate of methane gas emission of all stage of 

growth is 42.2 milligram/square meter/day. Methane gas emission rate increased from 

transplanting stage to maximum flowering stage and decreased in ripening stage. The 

relationship of vegetation indices (lPVI NOVI RVI SAVI) and methane gas emission rate is 

highest in maximum flowering stage. The RVI vegetation index is suitable for estimate methane 

gas emission rate because of the highest of coefficient value (0.638). The estimated formula 

isy = O.0534x2 +3.1837x+22.753. The error of estimated formula is 16.82 percent or the 

accuracy is 83.18 percent. 
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2. m7~mn tlci1 U'l11\l m1'1'11Wlui'\l~\l LL~ L~ tlun :lJ1l1~Uf~\l L~ tlU Y-lt'jlY1l1f1:IJY-l. ~.2550 
'IJ q 

3. ihniEJ~1ilum7~nlY1 ~~LLfi 

... .... t! 

• mmrnm7&;,::YlmtY-l;\l\lTW'lltl\l-n11mlli'\l (Spectral Reflectance) 1Wrl1\lfl~l-HL&;,\l; 
LL~\l (Red) LLfl::-ri'1\lfl~Uau"h1L1~1n~ (Near Infrared: NIR) 

• 5~71m7LL Y-l1m::'l1 £.I'll tJ\ln1"1J~ L'YIU'llnU1-n11"ll'flU1:::'YllU 

lUI13JAY-l'YHil.W1:t: 

1. U1-n11'll'fl1l1::mWr'l1tlU1-n11U1ui'\l ~mtl~\l -n11L,r1~1tl-n11L~ii,EJ1.yluflnUtln 
'IJ 

q~mfl ijm71iJ1'll'fllh:::muLlJu~;n 1 um1L Y-l1::Ufln 
'IJ 'IJ 

2. ~"ll'ii,YhY-l77rn (Vegetation Indices) ~:IJ1 EJ ~\l Yi1~H'l um1U1::Lijum7~::'Yi tlU 

.., '" 
'V'Hh'\llU'lltl"~'ll' 

3. -ri'1"f1~u~uvh1L7~1n; (Near Infr~lred : NIR) ~:IJ1EJii\l fi1m1~::'YitJu~;""lum1:IJ 
EJ11-ri'1"f1~U O. 75-0.95 ~:IJ lmal~1 

I ,d a .4 I '" iIl.o' I .d. 
4. "ll'1"f1flULL&;,"~LL~" (Red) ~:IJ1t1tl" mm1&;,::'Y1tlU~fl"\l1Um1:IJEJ11'll'1"flflU 0.63-

0 .68 ~:IJ lmL:IJ~1 
a." ~d d .... I 

5. ~"ll'UY-l"ll'Y-l77rn IPVI (Infrared Percentage Vegetation Index) lUI1EJtl\l tl~11~1U 
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m1&;'::'Yi tJu ~;\l\l1U 1 U-ri'1" fl~UflU yj11 L 7~ 1n; nlJU1:1J1rnm1&;'::'Yi tlU ~;""1U 1 U-ri'1" 
.,j ... 

f1flULL&;," &;,LL~" 
"" ,d 4 . A.... I 

6. ~"lfU~"lfY-l77rn NDVI (Normalized Difference Vegetation Index) ~mEJtl\l tl!il11&;'1U 

7::~11"t.lfl~1"'lltl,,1l1:1J1rnm7&;'::'l'itJU~;\l"lU 1U-ri'1"fl~U~Uyj71L 1~ 1n; (NIR) nlJ 

1l~:lJ1rnnT'l'&;'::'Yi tJU ~ ;""1 u1 U-ri'1"fl~U,LL&;''' ;LL~" (Red) ~ tJ t.lfl11:IJ'll tl"U1:1J1rnm1 

&;,::'Yi tlU ~;""1U 1 U-ri'1\lfl ~uau yj11 L 1~ 1n; n1Jll~:IJ1 rnm1&;':::'Yi tlU Y-l~"·nu 1U-ri'1\lfl~U 



m~~MlI.~~lI.~L!3rt,VW~'t'LU'l1.t~1J'l1.ffifC~fCLt.~~'l1.Ul~IloL'yNgrr.fJL~::W~Mll~LUU.l!l.g • 
... LftU~.r.LU~@~"L~~~~~ 

b 

t!ltmL.r.~~ij;:t!lnl1.r.Y 

n. 
i:'!3 ~UljreLt~I1!3Y~t.r.~ 

mWLIlM..r.LureM .. 

!t'l1.M.reMreLWIII.;:L.r.~1t. 
~ ~ I"'tI " ~ 

T 
'11. Umllo LU 

m.r..r.MlI.M 'I1.lI.l!lL~III.;:L.r.~' t. '" .. PJ;:!' ~ I., 'I:" 

Il L~;:W.r.M n.r.LU II1.;:L.r.~1t. 
.. '" 

'I1.U'i:'t!lM'I1.!3U;:Y.r.LUL~~t 'I1.U mlloLUIl L~;:W.r.M. ".r.LU~t "" I'lIo , ~ ~.u I 010 

f ----f 

LHU~U.'I1.M. 
"'P ,f' 

LftU~.r.LU~@~~~t."'m@.r.u L'~ 

n. 
'11.~'11.~~!3 rr.'l1.L~~~M 'l1.G lA;:Y.r.LUUL~rtU.;:.r.u t!lH,V" rtkl1Ull 

Um!..r.MlI.M't1,lI.~L~ WIlLfClI1. (xapul UO!lBla6a/\ palsnfp\1' I!OS) 1/\\1'S m!.!.MJ1.M'I1.J1.~ 'B F' J';:I' I=' '1t IF' .... t=" ..... 

~~"Y~Y'1'I1.t!l~ 
'" P 

nj1.'I1.t'l1.L~~~M'l1.GlA;:Y.r.LUmLre~~G~~Ut~.r.'L.r.t-A'I1.~'I1.~~nj1.'I1.t'l1.L~~~M'I1.GlA;:Y1LU 

'ttl LreW~L~III.;:.r.'I1.t~U.~~ ~~Il Utili. (xapul UO!lBla6a/\ O!lBtj) I/\t! 'ttl.r.!.MJ1.~,!:J1.~ 'L 

9 



.1 ..... 
• lJ11nilnTml,L'HlUm::~n 

.J 
'U't1't1 2 

.1..1 .1 .1= "" .. 
• nTHlJfHJUbblJfhllJ1aJ1rnm'IJL·Hmm::~nbbGl::r·H1n1::'YlU 

• bL y,~.J LLGl::mmrnm1LL ydm::~1tJn16JlL1 aum::~ n~~1') tll" a.J 1.'t1 E.J 

• n1'IJ~L'YlU 
I o.:::t .... 

• m1LLV'l1m::~1tJm'IJ3JL'YlU~1nU1"11 

• n11~111~ia3JGl1::E.J::i.nGl 
" 

d~ 
• 'Yl~\lLLGl::a1rn1L"~ 

i.JWl ~aV'l11rnU 1~\I mJu1L 1 rnmTl nGll\1~1U Yl~~::l'Ulil n" a \I 111:: L 'Yl~1 'Yl tJ a ci a\ln11 
II q cu <u cu 

1::iuJ1'Yl::LGl111UnGl1\1 3 • 10 L3Jm ~Ld'a~J'\I~3J~ 5,358 ~111.JnhL3J1il1 (3,348,775 1.1) ~\laci 
" 

1::Y,11\1Gl::~~~~ 14 a\l~1 4 ~l1m n\l 15 a\l~1 5 ~11~1Lwua LLGl::1::y,11\1Gla\l~~~~ 99 a.J~1 17 
" " 

~l1m n.J 100 a\lm 16 ~l1m~::l'Uaan 1~tJ~a1rn1L"IiI@iIil~ai\ld 
Ylf'lLWUa 

Yl~1~ 

Ylf'l~::l'Uaan 

Ylf'l~::l'Uliln 

• inlYrn::l1ih.h::L'Yl~ 
" 

inlYrn::l1ii111::L'Yl~"lJa\li\ly,1~aV'l11rnU1 a1aJ11nLbU\laamUu 2 b"lJ1il1y,n] 61 L~i.Jd \I q, QJ ) 

Cto ~ ~,J ~ "" 
L"lJIilLL1n U1L1rnL 'Ylam "1a\lLL~::ViWY1GlaUGl1~aGlU Gl aWlm (Mountainous and 

" 
undulating plain) L~3J~\lLL~~1'U-n~~::lUlilnLUE.J\l1~"lJa.J~1Ll1ari'Yla.J 'Ylalil:fi'ULl1m.J-n~mlia ~ 

" 
' Tl113JGl1~L'Yl 2-8 Ll1afL.nu~ inlYrn::~u~LUUGlnTl~'UGla'UGl1IilaiuL~\lL"lJ1 ff1'U~1'U-n~1iI::1uliln 

" 
'lIa.J ~1Ll1 a~1Wn1\1 ijamV'lLU'UGl nTl~'UGl a'UGl11i1~iu.nu.na'U~'Un.JL -nan L "lJ1 ~\li'U LU'UU U 1 L "lJ1~~1il 

" " 
nUL"lJ@lL-n am 'lJ11il::U11~1 ij~11iTH~n GJ Y,~1 E.J~1 E.JLY, Gl~1UGl.J ~~TI.f1 E.Jm::LfftJ1 ~.J a ci1 u~'nu~u 

" '" 
L'lJ1 tr~~UUm3J'l5~111::mUI.~~i'1\1L~aurfuJ1U1L1rnU1uu1m;ju ~a L~aum::LffE.J1 nm1mm1 , 
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.J ::1 -. .d I :-:1 J" .d, "" Q.oI Q.oI IV ,.Q 

L"lJ<i1'YlffEh'ILlJ'Unb1tu.'YrnlJ~~ (Plain) LlJUWU'YlEl £J'Yll\1 mU<i1~1UEl El n"lJEh1';J\lVl1<i1 El£J1~ 
, 'II 'II 

LL~,rl~W11ru,lJ1rf\l 2 ~\I i\lLL~LViUEl';J1<i1hi ~ml~~1<i1iU1~Viil\1 0-3 LtJEl·h.nu~ ClilUli~ , , 
<i1::1UElElmQ£J\llCliElciff\lnil1::ilJ,rl'Yl::L~tJlumn\l 3 L~m ~1uYi~muElElci~\I';Jlm::~lJ,rl'Yl::L~ 

'11'11 '11'11 

tJlun~l\1 10 b~<i11 ~u~~1ulV1qj"lJEl\li\lVil<i11'li'v1lul ~bL'I.i,rlLVI~t-llU';Jlnli~bVlUm)1(j)YiflllCli 
LClibbrl bb~,rl'Yh~u Vi1ElbL~,rl ffW11ru,lJ1 , , 

• ~n~ru,::llilElln1f11 'II 

fflllWllil Ell n1 f111<i1 £J~1 LU'1I El \I i\l VI l<i1 ffW11ru,lJ1';J:: ~ ~ n ~ru,::fl ~l £J nlJi\lVil<i1 ~U b\ 1 umfl cu II II ) 

n~l\1 UEln';Jlnd'';J::~~~~1ff~<i1::1UElElnbQ£J\lLViUEl~(j)~.huluL~ElU<i1~lfl~~\ln~m~UTI bb~::~~ , , , 
~1ff~<i1~lU<i1n LQ£J\l1Cli~(j) ~hu 1 UL~ ElU Wq~lllfl~~\) n ~1\1 L~ ElU<i1 ~1f1 ~ LL~::V\l ~~~<i1~1 UEl El nVl1El , , 
<i1::1UEl El mQ£J\llCli';Jl n'Yl:: L~~U 1CliL~~~<i1~.hub 'l11m 1 Wlf1\1n~1\1 L~ Elun ~lll~UTI~\ln ~1\1 L~ Eltl. , 
wq~mfl~ ';Jln8'Yliw~"lJEl\l~~~1ff~i\ln~11v1l1ibfi<i1q(j)n1~ 3 q(j) ~El 

, 'II 'II . " 
q~~tI. b1~i\lLb~b~ElWMq~mfl~~\lmn\lb~ElU~~lfl~ 

q(j)'IIV1t1.11 L~~:\lbb~U~lm~ElU<i1~1f1~n,'Jn~l\1L~ElUn~1l1~WIT , , . " 
q<i1'i'Eltl. b1~~\)LL~n~1\)L~ElUn~m~WITn\ln~1\)L~ElUwq~mfl~ 'II , 

i\lVll(j)ffW11ru,lJ1~tJ1mru,~ULQ~£JU1::~1ru, 1,195 il~~b~<i11 Elru,VillilLQ~£J 28.5 
q II II ~ 

~ .if Q.oI Q.oI (( .d .. I (( ~ f( f) ",..J A 

El\l~1L'If~L'IJ'£Jff Lb~::fl11WIfUff~W'Yl1HQ~£J 74.07 LlJElWIfU(j) (nEl\J1l\)LL~Un11b'15'Yl<i1U, 2530 : 1-7) 

• 'Yl'¥W£Jlm~U 

~u~wuhi\lVll(j)ffW11ru,U1~~1t1.1U 33 n~~ '15<i1~U~lU1U 167 '15(j)~U ~n".rn::~U"lJEl\l 
II q II II II 

i\lVil(j)ffW11ru,U1bbti\)<i11~ml~LVim::ff~LL~~n111'li'u1::1£J'15,rbiJu 3 n~~' ~El n~~LL1nmi~~u~ 
II II II II II 

b Vlm~~~ ~1V1 fu n11U ~ n'l111 WU El ciU1L 1 ru,~11U ~~"lJ El\) ~\) bb~,rl ffW11ru,U1bb~~U1L 1 ru,(j) ElUn~l\1 
IlJ Iij II q q 

"lJ El\li\lVll(j) n~!J~ffEl\l n~!J~u~ LVI m::~lV1 fu m1u~nYhl~ ~1t1.1 VI nJ';J~WU El ci'Yll\1fjfll<i1::1U<i1n 
II II cu ILl '\I 

LQ£J\)LVlUEl"lJEl\)i\)Vll(j) mi~ff<i1";lmiJtl.n~~~u~biJui1ruVll~Eln11~~Ulm1bn~mLClibbfi n~~~u 
q II II ILl II 

d~ ::, ' <ClIo A" I A d' dA ~ 
'Yl~ff1l1WLlJUm(j) n~~(j)U<i1U n~~(j)um"lJlbb~::WU'Yl(j)Ubfl~ , , 'II 

" 
• 'YlfW£.I1mbbVl~\I"b 

i\)Vll(j)ffw11ru,u1~'Ylfw £.11 mbb Vi ~\I ,rl~U1~ n ElUCli1 £J 
" " 

bL VI ~\I ':hll11:JJ'15l ~ bb~~ bb VI ~\)"b , . 
• I .., .J' 

'15~lJ1::'Yl1U (j)\lU 
I~ ,,:::I d.:' .::I .... ,Q"r Cl.o' do .::. 

bb:JJU1'Yl1';JU Vl1El bb~Ul ffW11ru,m L"lJl ff';J \lVl1<i1 ffW11ru, 'Yl Ell bll El b<i1:JJU1\) \I.1\)U1'15 
'\ II cu q 

tJ~l £J bb~,rl L VI ~ ~\) ~~11 L 'Yl £J~i\lVll(j) ff:JJ'Yl1fflm 'II • 

LL~,rl';J1~b'l1ffl:JJ~U Lv.~m';Jlm"lJli1UElU ~lLllElWtI.:JJ'Yl1U i\lVll<i1mru';Juu1 LVi~ 
QI • 

~\lHbb~JlffW11ru,u1~tJlnfl~El..JffEl..J~'tt'El\l 
'II • • 
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" " i!l1"i.1m:::L~rJ1 Ln~~lni!l1'1.'hfllmh\l6) m11~'Yl1\1~1'\.l,~:::1'\.l,~n"1JeJ\I~lLlleJ~l'\.I,i'1\1 

mnmtJ'\.l,i!lli1£Jm:::L~m L'VI iiliil\lff~eJ'\.l,n~l\1'lJ eJ\I,r\lWr~fll"l11nUJ~ ~ ~1 Ll1 eJfl1 ~'lfmtJ '\.1.~lJl~~Jl 
'U II q '" 

L'VIiil~l'\.l,~~eJ~U 

LL'VI~\lJl'lfiillh:::'Yl1'\.l, 1'\.1.i\lwl~fll"l11rnu~~lm\lm1'lfiillh::'Yl1wlJ'\.l,1~~l\16) hw , , 
dJ'\.1.hmm1'lfiilu1':::'Yll'\.I,'lJ'\.l,1~1'V1qj 13 hmm1' ·~~'\.l,~L~1UU1'drJ'lfU 1,957,114 h ff'mlm\lm1' 

'lffllh:::'YllWlJu,l~niill\1 3 lm\lm1' ~U,~L~1UU1::1rJ'lfU 6,500 L1 LLiil::1m\lm1''lfm..h:;'Yl1WlJm~ 
L~n 73 lm\lm1' ~U,~L~1UUldrJ'lfU 140,350 L1 ~\l11~~U,~L~-rUUld£J'lfU~ln lm\lml 

• I ~ .J' \1 ,~ ofl " .¥ ,:I... ... 
'lfiillJ1'::'Yl1U,'Yl\lflU, 2,103,964 L1 fI~LlJU,1€J£Jiil::: 62.83 "I.I€J\ll"IU,'Yl~\I'VI1~ 

LL 'VI~\lJl1~~u,1 '\.1.i\l'VI1~fll"lI1rnu1ff1u,1'V1 nJ,f '\.1.ihnmrnJl1<?i~'\.l, u€J rJ ii tl mlml , , ., 

1iJlu1':::mrn 1 - 30 iilnUli'fn~eJi11~\I ~1'V\-rULL'V\~\lJl1<?i~u,~iimmrnJlmnmeJlJflfl~~'\.1.~ 
~ , 

ff1'\.1.1'V1 qj"l.l €I \I ~lLl1 €J~l'\.1.i'l\1 

• 'Yl1l"1 rJ1 mih Lar 

i\l'VI1~fll"lnrnu1~vtu,~ihff1u,1 'VI nJ eJ ciU1L 1rn-nf'!Iil:::lu,eJ eJn LUrJ\l1<?i'lJ €J~i\l'VI1~ ~\I 
q q IV co 

ud:::n€JU~1£J Ulfl\l1U,LLvI\I'lfl~ 7 LLvI\I ~d!eJ~rf\l'VI~~UI:::mrn 825,102.52 L1 €J'YlrJ1'\.1.bbvl\l'lfl~ 1 , 
LLvI\I fI€J €J'Yl£J1U,LL"';\I'lfl~l"ILIil£J 1U,€J'YlrJ1U, 1 LLvI\I ~eJ 1'\.1.eJ'Yl£J1U,l"I~1\1 Liiil:;L"I.Ililil~~liIil1ul 1 

1:1 q q Ii q 

LLvI\I ~ El L"I.I~il~~li~1U1U\lQ11n 1~rJvtU,~U1L 'VI ~l'd'm::~l £J Elci'Yl1\1~ ElU,b'VIii,€JLLiil:::~:;lu,~n Lbiil:: 
~ 

Ul Larm&h'd'ff1u,1 'VI qj dJU,Ul LarLU t1!~l"II1rn LL~l U,iJ~~UU,fl111y.jUl L~l u,i\l'V\l~ "l"I1'1'rnU1 
- - q ,. "t 

LU~rJU,LbUiil\l"Umn L-ctEl\l~lnmdUmm11iill m ~ eJ 1i'dJu,~'Yhm'VIlnu,'lJ El\lll'l~n1' (t1~i[J l"I\I~11 , , :;.J 

ii.'lf€JUU,<il,2543 : 54-57) '~nn-llEl~fll U,Ul"I.fI.2541 i\l'VI1~fll"l1'lrnU1~~u,~ih Larmh ~£J\I 369,847 
~ ,,~ 

VII A I Q.; '" ~ dQ..l Q.../ I ~ 
b1' 'VIIElL'Yl1nU 1'€J£Jfl::: 11.05 'lJ€J\lmEl'Yl~\I'VI1~b'Yl1U,U, 

• fl111l"1Lfl1'~~n~ .. 
~~fil11~J:.I~Iil.nrn.n'lJEl\li\l'VI1IilflW';ilrnU11u,u l"I.f'!. 2539 ~~iilfil11~ 39,634 &tlU,1J1'Yl 
cu . " . q 'U 

111f1Lm~~n~~~lTlru~fl~LiJu,111f1Ln~mml3J ~~iilfil 9,724 &tlU,Ul'Yl 'VI1€JL'Yhnu 1e)[J~::: 24.5 
41 QI , 'U 

1 ",.¥..1 • I ~.J'. I \1 "1 .¥ d • I • I 
~£Jmu,€J'YlLl"Il:::lJ~n'Yl\lflu,lJ1:::~lrn 2,213,213 b1' eJ[J U,L'lJlill"lU,'Yl'lfiillJ1':::'Yllu,lJ1':;mrn 1 ,602,978 

~ ~ 

11 ~~LtJU,1€J£J~:: 47.86 'lJeJ\I~u,~rf\li\l'VI1~ V1'lf~~ml~~lTlrumn~fl~ L<?imi -ll11 ~lml£J\llu, ., , 
J:.I~m1~111~'lil1U,lU1\1 U 2545/46 l"Iu"hi\l'VI1~fll"l11'rnU1ikdeJ~u~n'li11u,lU1\1 U1':::mrn , , ~ 

1,016,178 h (~lin\llu,Li'f1'~!1hm1'Ln~!i11', 2546 : ElElU,"iilU) ff1U,111f1Li'f1'~!ih~iiml~~lTlry 
1'El\liil\lm L<?iuri 111f1€J~fl1'V1nd'i~ ii~iilfil 7,874 &tl'\.1.Ul'Yl 'VI1€JL'Yhnu 1El£Jiil::: 19.8 bLiil:;111f1nllrll , ~ 

u~mbiil:;rllff\l ii~iilfil 7,015 &tlU,Ul'Yl 'VI1€JL'Yhilu 1mJiil:: 17.7 
~ 

1 ...¥ 
• m\lfl11\1l"1'\.1.~1U, .. 
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• ~ 11l'V'H~'\I fl :JJ 

,)'\I'VI1~~Vl1'H\I,U1ihh::'JJlmJ"i'U 868,681 fl'U LUWll1£! 423,112 fl'U 'VIm" 445,569 
q q " 

fl'U ml:JJ'VI'UlbbU'U"lJtJ\llh::'lnml~WLU~£! 163 fl'U<iltJ~111\1nlG'lb:JJ~1 (~1,rn\ll'U~i1~LL";\I'JJ1~, 
2546 : tJtJ'U~G'l,r) ~lL11tJ~iiml:JJ'VI'U1LLU'U"lJtJ\l1.h::'JJlm:JJ1n~~~ fitJ ~lL11tJ~11.h::,)'ml ~lL11tJ~ii 

q 

fl11:JJ'VI'U1LbU'U"lJtJ\l1.h::'JJlm,rtJ£!~~~ fitJ ~lb11tJ<ill'Uil\1 lh::'JJlmGf"m1'V1nJ,ru~tJm~U1Vl'Ylli 
q ... q 

1 ... ..1 .. 
• m1 'JJ'Yl~'U 

1 ... ..1.. ...... '" a..r ..I, 1 ':"1 ..r ..I 0 

m1 'JJ'Yl~'U\l\l'VI1~~W11rnU1:JJW'U'Yl~1'U 'VI rublJ'UW'U'Yl'Yllm1Ln~~1 
q q ... 

'1,.1 I !'.... odI.d \J .. 'I d .. 'I .... 4' ,:::11'" 
'ltJ£!G'l:: 76.6 LL'VIG'l\lm1tJ£!G'l:: 1.4 LtltJ\I'VIltJ'JJ:JJ'JJW'ItJ£JG'l:: 6 .3 lJ1'V11tJ~1'UlJ11tJ£!G'l:: 15.4 W'U'Yl 'JJ • 
• 1 1 s"~ 4 .... jQ.,Q IV cv 6" cv r::: .. I .", Q.; a 
lJ1:: £!'JJ'UtJ'UtJmtJ£.JG'l:: 3 (~1'JJ£! tJl1£!::I\1~tl~~,1'ULWqj 'YltJ\I~'Y11bbG'l::lJ'l::b\l£!~ U1~1,2537 : 33) 

1111 i,)'\I'VI1 ~~W'l1rnU1ii'n £!i.~ Gf1'U 1'V1 nJ :JJ1\lln1l1flL n~@11m1:JJ 1~ £!~'U ~~1 i'l 'Um1111 m1b n~~1 
Ill" l1l.I • 

iitJUU1:::JJ1rn 2,213,213 l~ bbU\ltJtJnLU'U ~'U~LW1::UG'ln-lll1mtJ 1 ,244,697 l~ "li11'U1U7\1 
~ . ~ 

954,370 i.~ ertJ£! 673,764 i.~ -ll111w~lbt£!\1~~1161,420 i.~ JJ'U~lu::'VIi\l 24,655 i.~ "li111Vl@1~n 
~tJ'U 5,510 i.~ -ll111Vl~7uu1::'Yl1'U~n~~ 2,617 i.~ ~,r~·mi.llij'U~'U 115,064 i.~ Yh~n 79,91211 

i.,r~tJni.3Tu'l::~u 2,996 i.~ 

tI tf "" 11 n D m"HlU 1 eJ U n ,.::~ n 
• 1 .. .. :"1 • 1 .. ...d.. ..r .dl VI....... ... 
lJ11 n!J m1rnb 1tJ'Um::\ln b lJ'UlJ 11 n~ mlrnli11tl'JJ1~'Yl bn~"lJ'U\ll n m1'Yl G'l n bmUVlG'l\l\ll'U 

\lln~1\11il-t1~ £J Vli\l\ll'UUGf1'U1'V1 nJrmGf\l:JJ1GflG'l n 1 'U1U"lJtJ\I bb~\I bb~@1 (Wi\l\llWzf1\1fl~'Uiu,) ~\I\l::ii 
CVqJ CU CO 

n11~::'l'itJ'U n11~~oiubbG'l::mIGftJ\I~1'U~'UtJunUU1:JJlrn"lJtJ\lwi\l\ll'U (Augenbraun, Elaine and 
~ ~ 

David 1999) tlil Wil6JJL1tJ'Um::\lnli11:JJ'JJ1~ (Natural greenhouse effect) 5'UL~LLri rh6JJ 

mfutJ'Ui.liltJtJnL6JJ~ (C02) i.mtl iiL'Yl'U (CH4) i.'U1il7~tJtJnL6JJ~ (N20) bb~:: ltJl6JJ'U (03) ~\lbU'U 
nl6JJ'VIin~ii~~<il tJ1111::~1111im1£!lm~tJU ~'U'VI1tJ~b1£!n-h ., 1.l11n!Jn11rub1tJ'Um::\ln 

(Greenhouse effects) llil £!~W i\l\ll 'U\l1 nm\l tJl-t11il m 'U 1U"lJ tJ\lW i\l\ll'ULL~\lU1\1 Gf1'Ufh::~::'I'i tJ'U 
~ 

niu atJn LUGfi1\1 tJ1m~ 1 'U1U"lJ tJ\l7\1~~'U'r'hl b 1Wl'VI1tJwi\l\ll'Ufl11:JJrtJ'U (Vli\l\llWzf1\1 fl~'Um1) 
~ ~ 

.... .....r..... ..I • d a '1 "'1 
LLG'l::WG'l\l\l1U,fl11 tl1tJ'U 'U\l::nn n16JJL 1tJ'Um::\l n'Yl nG'l11:JJ1 6JJ\I:JJ tJ £! 'UU11mn1~m tlli11tl'JJ11il 'U 

~ ~ 

.1'" .JVI • .... 1..1.. , ..ra.!,! ~..r VI ... ... .. 
lJ1mrn'Yl b:JJ:JJ1n'Un 1il£!'Ylm6JJL'VIiill'UtllJ1:JJ1rn11tl'Yl\l~'U b:JJn\l1tJ£!~:: 1 "lJtJ\lU11mm~ @1@1mm 

~ 

Wi\l\ll'Ufl11tlrtJ'UbtJl ~ lUl\1Gf1'U ('U~umr ~IilYl"'n~,2542) \l::'lh£!1111idl~fl11:JJ tJu~'Unu 

vr'U~h l~n m1~t~nL~~::'l'ia'ULa1fl11:JJra'Uaan~UU1\1 "li1£!1111'V11~nLlJrtJ'U\l'U~n hm ii~~1111i 
q 

tiilnii tJrn'VI11 ij ~'U~'U\l1 nL~:JJ~ nU1:::JJ1rn . 30 tJ\I f'!1 b6JJG'l b6fi£! ~ 1::~U tJ rn 'VI 11 ij~\I n ~11 bU'U 1::~U~ 
q ~ q q ~ 

,)1 LU'UUG'l::Vl tJ b 'VI :JJ1::~1'V17Um1~11\1;gVl"lJtJ\I tl'U~£J ~lillbbG'l::Vl"1l • 



U~::W'l1.!3t1mtLUliuu.r1 ~ IA.rWU::tr1MLlt 
"".. I· f' I· 

. (GVst'l1.I!l!.~!.1!I tl!l"l!ltI!l1) 'I1.'I1.I!l~lA.l1elA.L'l~::~u~::w " .,,,., ~ F' ~ 
n. • • 

'I1.e~,1 ~ltVl.'Iti!3 'I1.11L\A 1 Lil U G!3 ~11~'I1.!3h-IlLtlHtli U ~::W'l1.G~1'I1. tl1~ Llf-1 ~'I1.!3h-IlLW~I!l~L'~ L'~::W'I1.~ 
n. n.. r n. 

'I1..f:ULIlIl ~ 1 L'~ ue G*L'~~"tLU L'~ L'~'I1. trl Llt~ltVl.'ltie::LtM 1 \3 f'l G~1 11~ 'I1..f:L'~1l ~ ';n~~U ~::W'I1.e~1 
n. b 1'\ n. It I"b 1'\ b 

'11. t f'l Llt~ltVl.'Iti e ~" U e'l1.f'l Lltfl!3 ~~ltVl. 'Iti!3 L~U'I1..f:·L'~ U ~::w'l1.e~1'I1. t fJ Llt~ It VI.'Iti G it t L~ 'I1.11tfJ ~1'11.f1.' 

06 :: t,'! fJ!3 t L'U I!l' t' '11.13 til Ltt;'I1. U U!. Lil L~ U U ~::!.U U e!3'11. Lt-:I:: ~U ~::!'u'I1.!3 t1'l1.' fJ Llt'l1. G til Lt t;~ n ..... p..... LYi ~..... ~ P t p t. ..... P'" ., 

!3~1~" 06 ::t,'!f'l!3F~~~LIlLlf-1'I1.L~'I1.!3h-IlLtt;itt ::~~MLlt'lti~U~::WfJ I!ll LIlLlf-''I1.L~gl!lk!-LG L'tI!lUL~ 

'I1.Gh-1l Ltt; ~t IlG f'l ~U ~::W NHT.RI8' ~~£tIl~'Iti~U L~'I1..f:I!l~,p J: 'I1.f1.1'I1.Gh-IlLtt;UlIf1~'JU!.LuliULtf1 ij . 
n. n. 

I!lG t,'!1!l~~ U b:!f1L'~U,t:JUtML~l1.~::LMn1fll!lll!lnl1.fJLt,'!Vl.l1.~Ut,'!I111!.LIlL~itt L~ ULIl'l1.11U~::W'l1.G~1~tL'~ 

'11.fJ1 tL'I1.VI.~LU LG 1l1A.181A. 1 ::tr1 UG'I1.f'l LltldLU LG Ltu'l1.l1.::t,'!11'11.G!,::~U~::Wtl.Gt1'l1.' f'lLltIdLULG 1!l'l1.l1.L'Lf1 
f;j f:' p '" l,r..... 'P' t, '=' 

n. r • 
l1.~Ut,'!I1::b:!11qT.::LM 1tLU'I1. ur. t U~~Lt,'!M'I1.f1. 1 'I1.1I Is f'l L~t;'I1.eh-IlLtt;Ullf1~1tLU'I1. t t,'!t-:lit tL'~ 'I1.~I!l~~ 

G~Vl.U~::tUfJt~IlG ~I!lU~'I1.e~1'I1.Q1~nh-~e !JL'~ !3~L'~~'I1.Q1IlLtt;'I1. t 'I1.~U~::W'I1.G~1L~L~ 

• '" n. 
l1.~::~:m }I!l~ gR'I1.IlL'GIT.I!l~~L'tL!PtLUG~L'!. 11flLk~LVl.ruI:I!ll:!1it t L~::~~U~f3 G'I1.Q'~L~U 

n. n.. Ii 'I1.1T.L'~U t,'!lL'G IT.llltVl.'ltiG VI.' LIA.'I1.~ r1, 'I1.U1ULIl'l1.1T.1!l U1 U~::W'I1.Gt 1'1ti!.LU ULtr1ULVI. Il LIT.'I1.U L't1!lL'LIA. '11.' ,f" '<::I "" t. 0 I"IA -A' '<::I ,.,,~ I'" ,.. ., t, 
r n.. • 

'I1..f:1!l~1 ft~ ~LeJ:U t,'!l 'I1.f11s L'L~1!l ~~~L'~ ~~fJ~LG flG::~gR'I1.Il~G ML'fJ ~ 1 ft~ U t,'!l L'G 1T.'I1.~ f1G IlLtt;itt 

b n. n. It n. Ii L~ 'I1.£t~~I:'I1. tfl G'I1.Q'~L~UL~::~Ut,'!l L'G IT.~ ltVl. 'Iti 13 t~11 ~Ll1.IlU.!Wl!llf3 G~~U~::W'I1.G~'JU!.LU UL!.11 

UL~I!ILtI1U LVI. U LIlJ:Ut,'!l 'I1.f1I!l~~~ L'~ G ~fu ~L¥!IlLtt;~'I1.~U~::W'I1.G~1JUtLU liu Ltl1 fJ LIlULIl 
n. 1\ n. b 

L'Lfl G U t,'!l t~'I1.~I!l~~~ L'~::t,'!11 Ut,'!l L'G IT.I8LUL!3~ltMLltkl G ~f1IA.::Wt,'!1';1 L'~'I1..f:L'~~ltVl.'Iti G ~ L'~I8LULfJttf1 
n. 

'I1.l1.::t,'!11U t,'!ltt-:l'l1.M I!ll!l' '11.13 til Ltt;'I1.LL'L't,'! MfJ Lt;::t,'!11 I!lt 1 LtM '11. G L'tl1.t Lfl'l1. t,'! t;kl L't'l1. t,'! U I!lI!lUtLIl~ ~ -,.f' J;I' ..... k ,.. 0""0 1'8 -I P po 1"'0 P 

• n. • 
pL~ VI. 1l&Lj} L'~ t,'!l!lllkl'l1.~1U LIlId LULfJUf1'11.g.'I1. tfl G 1l~::kll!lnl1.L'Lf1l&L'y~'I1.£tHI:'I1. t~11 ,.(t~ 'I1.~'I1.e~1 

n. 
'I1.t f'lLltf3 G C-t;it U-~'I1.Gh-IlLtt;LRU~itt L~::~L'~ L'G1'11.~~~ft~ UGG'I1.G~::~'I1.!3h-IlLtl~~11 ~~ 'I1.L~I!lGt,'! 

1!l1!l11 t'~1mtll!3 fJlA.ll' 'I1.1!l'l1.!3!.1'I1.tU ~::W'I1.t-:I'1'I1.!3IlVl. 'IA.L'I1.Vl.LIA.::~'I1. 'I1.I!lLl1.IlU.!LU~::W'l1.Gt1l&LU ,.. P'" t\,..,.,.. I P' f" '" 0 ~ '1:7 P' .u 

O~ 
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, 
nTntlall\.uttl'h'ltI'i3J1m;h"ll't~a"n'i~unua~~an'i~'t1lJ 

1 U,1:: £.I::L 1 t'l1 UU1fl £.IiJ~ ~·hu,m nTH ~~1::~U'lJ fl\l nl'IH1flu,m::'il n 1 U,U 11 £J1 nl f'I L n ~'illn 
n'iln111J<j]1\1 G) ~Ln~'illnn11n1::r11'lJfl\l~u,~6 m1L(:n1V1~L:BmW~\I'illmhu~u ,1'l~ULLt'l::nl'l! 

~ 

li111J'1Il~11~J'\lm1~~ 1.~r11t'l1m.hril1~\n~ nl'l!flTfu flu,1~flfln 1.'l!<;) m1r11m1Ln~~1 L-nU 

m1ut'ln,jl11 U,U,1~ij,1'l'll\lVl1flm1Ut'lnvl'1l~ijm11ffll £.11. u,1mL'ilU m1Vfl £.I fllV1111~ £.Im1V1~n 1 U 
'IJ 'IJ ~ 

Q..oI 6'J -f . 0 IV !' 
m::LW1:: (Enteric fermentation) 'lJfl\l~mL~W1Lflfl\l (Ruminant animal) ~t'lfl~';)U,n11U1U~Ul 

L~£.1 LLt'l::m1r11 t'l1 £.I'lJ £.I:: 6J ~ ~ fl £.I 1111 iLn~nl'l!ij L 'YlULLt'l::1. U~1~fl fl n 1.'l!<;)LLt'l::fl1U'ill nl1 fl1.fl L~£.1 
'IJ 

1t1£.1milJflfl£.lnl'l!1fl1'l!u (IAEA,1992 :1) 

m1LU~ £.IULLUt'l\l11iifllmf'l'lJ fl\l hnLiJu,U11nnm1ru~uni'Yl£.llf'11~~f£.lfl 1V1~L~3J £.I fl1J1U 
'IJ :;.J ~ 

1~u11n!lliLL~wi~L'ilu,~u, i\lLL<j]L~~f'lm11~d' (itWWIT i\lli111J,2549) Ufln,;)lnd'1u.-n1\1f'1~111~ 
~(:.jlU~1 rJ\liim1Uflfl£.l~11nflmn 1t'lmfutlu ~f.I~~~um H'lU'Y11\1tl~~1V1mnlLLt'l::m1~!ilJ'U1 

~ ~ 

Lm~;jii'il ~ijmu.~1Ju1iL-nUL~£.I1nUnl'l!L1tlu,m::'iln~Ln~ 1uli11~'1Il~1~LLfi flt'lPJ h~t'l1fl h 
u ~ 'IJ 

mfu flu(chlorofluorocarbons-CFC) 1~ 1~1fl~ fl11~t'l teJ 11mfu flU (Hydrochlorofluorocarbons-
'IJ 

HCFCs) 1.~ 1mflt'lfl h~t'l1fl hmfUel'U (Hydrochloro f1uorocarbons-HFCs) LLt'l::L waf~t'l1fl1m~ 
'IJ 'IJ 

mfu flU (Perfluorinted carbon-PFCs) ~1 L VI~~\I nfll1r111 iLn~tl11n!lm1runl'JH1au,m::'iln 

'lJ £J1 £.I~1r111 im1~~';UW~\I\llUml~1fluijmn~u, iif.lt'lr111 i antV\11iihn~\I~U,;)l-bLnUfl111J 
'IJ ~ 'IJ 'IJ 

~1J~t'l6r111iLn~lhlnnm1ru~L1£.1n-h m1Ltl~£.Iu,LLtlt'l\l11iifllmf'l (Climate change) Vl1fl5nuv 
~:;.J 'IJ 

d .. 1 '" .... 
VlU\lflfl 1111:: t'lmflu, (Global warming) Vl1a ~m1::L1au,m::'iln (Greenhouse effects) 

1~£.Ii\lLL<j]1::£.I::ri flu,nT~tl1i~fl~~1V1m11JVl1atl1::mrn 200 iJriamtu, flrnVlllii'lJa\l 1t'ln :w " , 'tI 

fiaWlrl\1fl\l~ L itfl\l,;)lni~ff1U'lJfl\lnl'l!L1au,m::'iln 1 u.ffu,u11£J1mf'l1~ii m1Ltl~ £.IU,LLtl~\I L'I'h l~,rn 
LL<j]111£.1V1~\I'illnn11tJ1i~a~~VlmnJ ~u~mmL~~m11im::u1u,m1f.1~~;ufllLLu1I1V1~LLt'l:: 

:;.J ~ ~ 

X..I .1 .d"; ~ x.,.....; x 0 

'lJ £J1 £.IWu, m Wl::lJt'l n L W fl L W~ f.lt'l f.lt'l ~'Y11\1 m1Ln~~1m n'lJU W1PJ1JnU m1L W ~'lJu,'lJ e:J\I';)lU 1U, 
'IJ 

tl1::'1Ilme:JV1\111~L~h ff\lf.lt'llin';)m1~<j]1\1 G) 'lJfl\l1Ju,~6~r111iLn~m1~::~~'lJe:J\lnl'IH1PJum::'iln 
~ 

L ~6Jmn~u, 1~[J 1 U-n1\1 L 1t'l1~\1 mh1ml~VI U,1 LL 'l-iu,'lJ e:J\I nl'l!mfll au 1.~ e:J fl n 1.'l!~1 WN'U1I11 En mf'l 

1.~L~~~u,1a£.lt'l:: 30 Vl1t1L~~~utJ1::mrn1fl£.lt'l:: 0.4 ~aiJ ff1u,ml1JVlU1LL'l-iu,'lJfl\lnl'1fiiL'Ylu 

";X", ':"1 ... ~ .. ~1 ";X tl '" 
LLW~'lJU1a£.lt'l:: 1.1 ~flu LLt'l::m1~VlU1LLUU'lJa\lm'lfaan b'lf~'lJe:J\I bU mL'ilULW1J'lJU 1::mrn1a£.lt'l:: 

0.3 <j]aiJ (Bowman,1990) 

Uni'Yl£J1f'11~~fl~m~m1ru11 n11~e:JrnVl113j'lJa\l.ffu,m1£.11mf'lL ~1J~U,ff\l f.lt'lllKarnVl11ii 
II \I q \I 

'lJ a\l,1'11 U,1JVll ~~'Yl1L ~1J~\I~ULL(:Ju ,1'1 LL -n\l~tJ nfl ~ 1J a ci1 un'1u,LLt'l U,<;)Ul \I ff1U LLt'l::11 L "lJ1,1'l LL -n\l'il:: L~~ 
~ 'IJ ~ 'IJ 'IJ 

d , 1 tJ 0,.. !' f) d ~ .c:f d Q..oI A. 6'fU A I QJ ~ 
~::t'l1 £.I 'J)"\1,;)::~\lf.lt'l Vl1::~U'U1 m 'Yl:: Lt'l'il\l L W~ ~\I'lJu, 'If\lUn1'Yl£J1f'11 ~m~u, U,~;jlU 111::~UU l'Yl::Lt'l\l:: 

'IJ ... 

X. I ~ :"1 Xd ~. ~.Id 
~\I'lJu,lJ1::mrn 0.2 - 1.5 L~(;}1bU,111u fl .f'I.2030 (Parry,1990) WU'Yl'1l1£.1H\lUl\1~1U'il::Vll£.1 bu 'If\l 
'IJ 

1h::L 'Ylf'l~";)::1.~1U erU,(;}11 £.I~ a tl1::L 'Ylf'l~i\l ~ cil U 1::~U~1 LW:: iiU1::'1Il'11U,flli£.l(;}11J LL U,1'111 £.I ~\I mn 
'IJ 

~. 01'" ~ J'.d ....... ~ '" 
Ue:Jn";)lnUu,~\lf.lt'l'Y11 VI a rnVl113J'lJ fl\l al m f'I~\I'lJU ma\l'illnm'lfL 1flu,m::'ilnn~nu,fl113J1flU'lJ fl\l 

~ 'IJ 'IJ 
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bbff-J El1-n<il El3J1 'IK ff::ri EI'Un ;UEI EI n llh11 n ~11fln ~\I'Yl11 'IK Elru Vl113J"lJ EI-J h n ff-J;]'U uui-J LL~U W. f'J. 
q '\I '\I 

2243 LU'U~'Ul-n ElruVl11ij"lJEI\I hm ~~ff-J~'U1h::3J1ru 0.5 EI-Jf'J1L'1I'flL<n£1ff 'UnTY1[J1f'J1ff<ilf 
q '\I '\I 

fi1<ilnl"H1!11 EI ruVl 11 ij"lJ EI-J 1flm::L ~~~'U1::Vl11\1 1.5-4.5 EI\lm L'1I'fl L<n £1 ff1 'Unfl1-Jf'J~Tj'1'lYVi'!!1 
q '\I 

i\lLb~m1tJli1i~<ilff1V1m1mu'U~'U~i n11L~1!i1'U~'U n111i,r1~'U n1'11'1i11l-.1"1i1~ Lbfl:: 

n11'Yl1fl1£1lh L ~~tJ'1~lru"lJfl\l n1'11'mfmm l~flEln l'1l'<il~'\.l.tJ1::mrufflm~:: 25-30 n11L ~~HflH~~ 
'Yl1-J m 1b n 'lYt;11 fl ci1 \I b'll'U n1 1U fl n'1Y11 Vl1fl n11b i £1-J ffCiJl 'Yl11 'lK1::~ U"lJ u \I n1 '1I'ij L'Y1 'Ub ~ ~~ 'U 

'\I 

(Lf'J1<ilU<il1' f'J1~-r<ilU,2542) '\.l.umnmf'UtJ'1~lrun1'11'L1fl'Um::'iln~'U ') fh~~~'UL'll'\.l.n'U ~\lLLff~\ll'U 
111WU1'::nflU~ 2 

_. _ ;''1fI11;lJDu'lt1DDn'l'lf~ (280 - 353 H,ulu;,uH,U hWm1J1m) 
.... ...... ;''D'lUq)1\j'DDn'l'lf~ (288 - 310 H,ulu;,uH1U tq)umlJ1m) 
_ ... - ;''DiiL'YlU (O.B - 1.72 H1ul,.;,uR1U tt1UmlJ1m) 
__ flfl!llwl~D!lhi11;lJD" (0 - 280 R1UtU;'lUH1U tq)UU11J1m) 

. 
,.~ 

'I'I~I"~ •• / 

.1 •• ···'/· 'I.tI' 
, •• ," •• ot,11 ."". • •• ." • 

... ,..... ,,,,,,.-' I'''''''' 
" ••• 1 •• •• ."""" ,,' 

, •• ,.1,0" ,." • ."..", ..... , ....... 

........ ,:,:.:,:..~ .~ . ...,.,.'::: ........ ,--.. , 
~~_II·'_'I. __ ···.--t" 

1750 1800 1850 1900 1950 

1990) 

2000 

'il1n111~U1::nuU~ 2 LLff<il-Jl'IKL~'U11 ~\lLL~U".f'J. 1750 n\l 1950 tJ'1mrun1'11'L~imm::'iln 
(C02 , CH4 and N20) L~~;]'Uuci1-Ji1 ') bb~1u'll1-JVI;-JtJf1.f'J.1950 Lu'Ui'Um u'1~lrun1'11'~-Jn~11 
~ ~ d 

L W~"lJ 'Ufl ci1 \111 ~ b 11 ~1 n n ~11 ~ fl 1 'UU11 £11 n1 f'Jii n11 b 11 fl £1 'Ubb U fl\l1'l113J L -n~'1Y'U"lJ fl \I n1 '11' 

mfuu'Ul<iluunl'1l'<il (C02) L~~'il1n 280 bU'U 363 ppmv (part per million in volume) iib'Yl'U 

(CH4) b~lJ'il1n 0.8 bU'U 1.72 ppmv bb~::lu~-rffuunl'1l'<il (N20) b~aJ'illn 288 dJ'U 310 ppbv 

(part per billion in volume) 

I'l ru:: m1'3J n11'1'::Vl11\11~1J1 ~il ~1 £1n11'LtJ~ £1 'ULLtJ ~\I ff 111 ~ 11 ij en m f'J (I ntergovernmental 
~ '\I 

Panel on Climate Change, IPCC) 111£1hifl"tfft'!Jt'!J1il~lEJn11'LU~£1ULLU~\lff111'r'11JijEllmf'J 
(United Nations Framework Convention on Climate Change, UNFCCC) l~1'1£1\]1U~~m1 

tJ1'::Lijuu'1mrunl'11'L1uum::'iln 1 'UUI'l. f'J .1990 iju'1mrum1LLw'im::'il1 mil '1I'm fu u'Ul~ ufln 1'11'<il 

ijL'Yl'U LUCiJ1ffflunl'1l'<il LL~::I'l~flhy.J~tflhmfmm ~m'Wlmf'J 26,000 300 6 bb~:: 0.9 ~1'U~'U 
'\I '\I 
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o/Il3J~liu bb~:; 1tt1:;~ll\1lJ 1980-1990 m'J~~lttr'h 1 i e:mj,~lliJ1~ nff\l;]WlJ €l\lnl'1J'b~ G'hii~~btltt 
, '\I '\I 

1tHJ~:: 55 15 6 bb~:; 24 m3J~liu (IPCC, 1994) 

b1ttmttbiJfmb~:;mu,:; (Rennenberg et aI., 1995) n~111l nl'1J'b1emm::';)mLwl~:;'lfii,~~ 

En~ (Residence time) bbG'l::n11~~.nu1\!~ml3J1Em (Relative absorption capacity) wll\1ntt rh1i 

nl'1J'1tt~;i\l~lbmrl~,xn~b'Yhnmftt~inEJ1l1~1ttn11rhHl~n1€lttwll\!ntt (Global Warming 

Potential, GWP) i\!t!tt 1 ttn11Vi,;)1'Jrnl n11~~ltt 't11l ~1~n1€1wlJ €I\! nl'1J'bbwl~::'lfU~i\! mhl-ll1\!!iltt 

~1m.h:; biJttmlJl rnm1U~ €I £.Inl'1J'b1€lttm:;';)n 1~ £.I'Jl3J ,xn1'Y1 £.111'11 ffo/lfl!il ril~ tt~in-nT'YYlltt lrnfl1 

inEJ1l1~ 1ttn11't111 ~1~ n1ElWlJ €I\! nl'1J'bbwl ~:;'llil,~' 1~ EJih~ tt~ 1 ~1inl'1J'mfu Eltt '~'El El n l'lJIIlLtltt;iltt .. 
bU1EJUbYi£.lU (C02 equivalent) bb~:; 1iii,£.I13J'llEl\l GWP ~3J1 £.In\lfl1~ti\!n\!ml3Jffl3J1"rl'llEl\lnl'1J' 

b1Elttm:;';)n l~ ~ 1ttm1't111ibn~ml3J1Jue:itt L~f.lbm£.l1JbYiEJUnUnl'1J'mfuEltt'~El Elnl'1J'~1tt , 
!" Q,.;.d I .... 

ttl~ttn'Y1b'Y11ntt 

,;)In ~111\1~ 1 LU1EJULYiEJUEllEJ (Residence time) ml3Jffl3J11rl1ttn11~~.nlJml3J1Eltt 
, '\I 

(Relative absorption capacity) bb~:;fl1 GWP 'llEl\l CO2 CH4 bb~:; N20 Lbff~\lliL~ttl1LrlEl 
bYirJ1JnUnl'1J' CO2 CH4 ~Ell£.11JcilttU11£.11n1111 U1J£.Inl1 12 b'Yl1 LLwl~m1~~.nmldl3J1Elttl!il 

, '\I '\I 

3J1nnl1 58 L'Yh brl1JYlltt1rnfh GWP ,;)lmil~,rnnl'1J'~El 1 nhn13J 1tt1:;EJ:: 20 lJ nl'1J' CH4 ~ 
~flliml3J1eJtt3Jlnnllnl'1J' CO2 63 L'Yh LL~:;,;):;~o/I~\lm~eJ 21 Lb~:; 9 L'Yhltt1:;£.I:;L1G'11 100 bbfl:; 

500 iJ ~l3Jf&l~1J n1'lli~~ml3J1eJWlJeJ\lnl'lf CH4 ~~~\lbtlttbV'l1ldlil€llEJlttm1£J1mlllittn-h , 
CO2 ~lttnl'lf N20 ~Ell£.1lttm1£.11n1111 150 lJ ml3Jffl3J11tl~~.nmnl3J1eJtt 206 brll"lHi\l LL~:;~ 

, '\I 

fil GWP ff\ln\l 270 310 bL~:: 190 ltt1::EJ:;blii11 · 20 100 bb~:: 500 iJ m3Jthiu 
'II 

~11l\1~ 1 eJl£) (Residence time), n11~~imnl3J1eJtt (relative absorption capacity) bb~:: 
, '\I 

in£.l1l1~n11't111~1~n1eJtt (global warming potential) 'lleJ\lnl'lfL1eJttm::';)n CO2, CH4 ; 

and N20 

em) (11) , (unit mass) 
20 tJ 100 tJc 500 tJ 

mftHl,"l~eHlnl'll~ 120 

~L'Y1," 10 58 63 21 9 

1,"~1~ElElnl'll~ 150 206 270 310 190 

a filLiJttWI,bEJJ1~,xnnl'1J'~ LU~£.ImbUfl\l,;)l nlJ~1l £.I\11tt (IPCC, 1994) 

b fil,;)lnn11L~3J'lleJ\lnl'lf 1 n1~n13J 

c 'JJeJ3J~,;)ln TEl, 1997 fliileJhv~iilleJhmf1JeJtt 
'\I '\I 

..J Q.o'. I (Q ft 
mn : ~~bblJiiI\I,;)lmdttLttttL1Jdn (Rennenberg et a!., 1995) 
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1 '" J::, 1.1.,1 1.1 '" " , U~l 1-H-I G'! n 1::'YlU uu nl1 L G'! £J ULL G'!~ ff 111 Vll1l.1 ell nl Y'I £J tl3Hh'l (:.J L'l n1::'YlU ~ el n11 
'II 

1.1 .,1 1.1 ~ ...... ....... 
L G'! £.lULL G'!~ m 1::U U m £J 111 VI LLG'!::'lf1111V1 m1ffru Lff£J f1111.1'V1 G'!1 n'VI G'!1 £J'Yll~'lf1111V1 Wl1 LL1.I1"lH)~ 

'II ., 

113:i En mY'l~~lf1ru~ el tJ1mill~U elrn'VIl13:i LLG'!::t!1mrnLLff~ LL~~ ri1 1lf elrn'VIl13:iff~~U 6fi~ ~~(:.JG'!~ El 
cu QI iii ~ III cu llJ 

~~ m::U1 Um1'Yll~ El'Yln1'Yl £J1 'Yl1V1 £Jl mJ 11.1'V11 ff1.l'Yl1LLG'!::'lfl £J ~~'Yl::LG'! 5 mf~1::uuli"j':i1.l'lfl~hJ El~ , , 
~~ij:g1mJUlJn 1::UlJUL1Y'11.1'V11ff~'Yl1LLG'!::LL'VI~~Jl~~ (UVlWIT i~1iT~1.I,2549 ;U'Yl1.l1 ~11"(:.JL'l 

tJ d tJ '" .... !'I tJ.,I tJ tJ'" .,I..., ,2549) m1L G'!£J'IHL G'!~ffmVl111.1EllmY'l£J~LlJUm1L G'!£JULL G'!" 11.11rnLLG'!::f1111.1C1·lH)"~1LLtJ1 
'II 

i"n~11 ffl"ln 1~~(:.Jn~unlJi1 LLtJ1L'V\~ld1.l1nn~~ijlElm ffLi1U (:.JL'l m::'Ylumn ~~ i.~LLfi ffl"1Jl 
'II 

Lm~m ~"111.1i"n~m11.1UG'!::tJY'li~1 'Yl1V1 £JlmJl 'Yl1V1 £Jl mlh L3J 'Yl1V1£J1 m:g111l'VHLG'!::1::UU , 
UL1Y'1 dJU~U i~~um1LtJ~£JULLtJG'!"ffmVll13:iEllmY'lci El1.l ij(:.J~m::'YlummtEl £Jijf1111.1LL~n~1~nu 

'II 

1 ULLIi1 ~ ::113:i 111 fl nl1L tJ~ £J ULLtJ G'! ~ ff 111 VlI13:i al nl 1111 UlJl" 113:i111 fl I):: L U U(:.J ~ L~£J 1 U"l.I rn::~lJl ~ 
'II 'II 'II 

113:imfl i.~1.I1:: l£J'lf1-i' ffm1::ml1.1fElu~L .yj3J~Um1LtJ~£JULLtJ~""1Ja"3J1ff3J ~u~LLlf~LLi" al1)'l'h 1lf 
'II . , 

'" 'VI'~ "'.¥ ~ ~.,I tJ .J' 
(:.JG'!(:.J~~~a L1LUL"1J~1aU'lfU~n~1 LU"1Jill::'Yl1::£J::L1~lm1LVll:: ~nEll1)~::£J11U1U"1JU 

'II 

acil"L1n~ ~lunu1£J1J1mLG'!::LL(:.Ju~-lLL1~ia1.l (2544) L~11U113J(:.J~n-,1~m~1~~lU1.Il 
1 

'¥~"''''''' 1'" .,I ... .J' .... ,¥ 
~£J'lf L'VIL'V\UfI"LL U1 Ul.I"1J a"(:.J~m::'Ylumn~"1JU~~U 

• (:.J~m::'YlU 1~£J~1~li1am1LI)1ruL~u 1~"1Ja"~'lf~~lf1ru~a aill'VIl1ijLLG'!::flTfu aui.~ flani.'lJ'~~ 
QI Q,/ C! cu 

L .yj1.lff"~U Elrn'VI113:i~L.yj1.l ff"~Ual1) LUUtJ1:: 1£J'lf1-i'1?i am1LI)1ruL~U 1~ LL~::ml1.1 LL.:n~ LL 1""1J a~ 
flJ III '-I c:u QJ 

~'lfUl~'lfU~ LL~:: 1 U"1Jrn::L~£J1nUnEll1)~"I!-I~ L~£J1i1 El~'lf1J1~'lfU~ l~£JLU Vll:: Lrl EltJ1::n elunlJ 

m1"1Jl~LLfl~uJl l'lf~'lfEll'il LL Vl1m::1)1 £J'illnL"1J~fElu;u i.1.I £1" L"1J~EllJ ~U ~1Unl'lJ' , 
mflJ ElU L~ a a n i.'lJ'~1 UU11£J1 m 111~ L .yj1.l~UEll1) ij~1U"lh £J L.yj3J 1!-IG'!1!-I~~"1J fl~ ~'lf 1~ £l'VI in n-,1 

LL~1n-,1L .yj1.l~U"1J a~ nl'lJ'mfu au L~a Eln L'lJ'~I)::m::~um1i" Lfl11::'lKLLff""1J a~~"ll'1J1"'lfU~ , 
1~muVll:: 1un~3J~'lf~L1£Jnil C3 (LUWYi'lf~1U1'VIqj"1JEl~ hn 1~ mUVll:: 1uLLC1u~'VIU11L~U 
LLG'!::'1i3J;U LL~::111.1~"~'lf~ LUU 'll11 Lil 'll11 ffl ~ 'll111J1fL~ tJ 3TU~ltJ::'VI i" LLfl::3Tu~.r,,) , 
L iia~'illnm1L .yj1.l~u"1Ja"nl'lJ'rh 1lfn11~El"'Yl::~"1J a~ LLff" LL~~fl~fl" n111 iJlijtJ1::~'Yl~mVl , 
mn,ru Gi1um1~ElU~UEl~"1JEl-l~'lfn~3J C4 ('w"ll'1uL"1J~fm~;uL'1iu 'lil11V1~ aatJ 'lll1'I·'h~ , 
~"ijf1113J~1 f1 q}1i1 Elml mTUfl-l'Y11" al'V111"1J a~tJ1:: L 'Yll1lfh i~~@JU1 dJU~1U 1 'VI qj) I)::ijL3.! 

3JlnL'VI~ElUn~3J C3 1~£Jn11'Yl~fl El~ 1~ £J~mJ~il nl'lJ'mfuau L~ a ani.'lJ'~L .yjl.l.:ffULUU~El~ , , 
Lrh ;1lfL~uil "mfUElUL~aani.'lJ'~" ~lm1f1L.yj3J(:.Jfll!-l~~LU~£J'lJEl"~"ll' C3 an1'EHJfl:: 30 

~G'!m::'YllJ Ell I) L.yj 1.I~U'VI1El'1Xa £JG'!,,~ua cinlJ nl'HtJ~ [JULLtJG'!"'lJ a" a ill'VIl13:i tJ11.11 ill Jl ~U 
'II , 'II 

f1m~'lfLLG'!::wn 1.1 a~1.I ~1.IlJ1rnL "1J~113:i al mI1lLLG'!:::L "1J~ LnN~1ij LL U 11 U1.II)::Lfl ~ aurTl £JLtJ rJ" 
'II , 'II 'II 

.ff1 hn L iiEl"I)lm::iwJrn'VIl1ijLU~£Jm~il1)::L .yj3J~,,:ffuluLLflu.ff1 hnL'VIii.El.ff1 hn hi 
, 'II 'II 

1.11 nnil LL flUY'lUtJ ~~1 n11Lfl ~ aurTl £J"1J a" L "1J~113:i Ell n11111)::ij I!-I flli1 a m1~~~~'lfLLG'! :::i~1LUU 
'11'11'11 
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• ~m1::e:nn1l11fElU';!::~t-J~'t'il1i~m~'lJthl~"UU~£.JULLU~.J t~m,;t~l::';!::~t-J~o/IElml)J'1f)J.:Bu • 
1u~u ,;!lnn11m~fl::LUllElm'VIllii'lJEl.Jt~m::L~)J~.Jifu 1-3.5 El.JmL'1l'~Lojj£.J~1u 100 tJ . ~ ~ 

"lll.J'VIUl u~::n111iLLUU~1~El.J~m~lliiElln1l11m~n11rnllU1mm ml:IJ~ LL~:::ml:IJ 
~ 

'" '" ., ~ .1 ~.r 1 ~ ,..r .r 
L"lJ:IJ"lJWlJ El.J n111::L'VIr.J"lJEl.Jo;,lLL~::U1HU ';!::L ~:IJ~.J"lJU UU1.Jll:IJlllm::"D':IJ"lfU:lJln'lJU 

~ ~ . 
1 U"lJm::~ul.Jlliilllm::: ui.J LLtr.Jmnifu ~u~~ L~£.J.J~ Elml:IJLL i.J utr.J El rJLLtr1~:::L~rU 

~ ~ 

d .r 
t-J~m::'YlU'Yl£.Jl1U1U:lJln"lJU 

• ~lUlh Lii' Elm'VIll ii~L ~:lJifUEll,;!~ t-J~m::'YlU~~lf1ruo/iEl El.Jf1U1::n ElU"lJ El.Jwui1.:lJ1ulhn.J 
II '\J QI II! 

d 1 t .'1 ~ 1 d ... I ~!:'1' ~.r 'VIU.J U~l:IJ"lJEl.J ~n lJ1Ul.J"D'U~Ell~~ru~~l£.J U'lJm::'YlEl.JfllJ1::nElU~Ulib'VI:IJ€J1~Ln~'lJU 
~ ., . 

't'il1i~1::UUUL 11111 'VI3-iL~ Elm'VIll ii~L ~:lJifUEll,;!11:IJn.Jfl<?11Yh LL~:::L ~Ul~ L ~:lJifu LLo/i . ~ ~ 

ElrJl.JL"Jnm:IJU1LiJ,;!::UrU~1ElrJl.Jil 6) 

• ;1.J'VIrul~.JLllULL'VI~.J Ell 'VI 1 "J'lJ El.JUl11i<?11u~::i<?11Ul:IJlnnllfEl £.J~:: 50 "lJ El.J t~n n11L ~:lJifu . ., . 
"lJEl.J Elrn.'VIlliiuG'l::U1mnu.jU,;!::LU~ [JULLUG'l\lfl<?1 n1G'lL ~l::UG'l n "lJ ElU L"lJ <?1"J:: 'VI 'h \1;1 \I 'VI illl Ul 

'I cu 'U cu 'i ~ 

.'1 'I) '" ~ d 1 ",.r . Id • I ~ 
G'l::Lm:: lJl L:lJLLG'l::1::UUUL 1111ElU UL"lJ<?11ElU"D'Un1"JLlJG'l £.JULLlJ~\I"lJEl\ln11"J::L'VI£.J"lJEl\lUl Ell';! 
o:::t I _ IIV 5"~ t{ 

:IJ t-JG'l<?1 El t-J G'l <?1111l'l LLG'l::~Uli~m • 
• 'Yl1\1~lUn1"JU"J::)J\I t-J~t-J~<?1U"J:::IJ.J"lJEl\l tfJn Ell"il L~LU~ £.JULLU~.J L ttEl.J"ill n 1G'lnfElu~u LL<1l Ell"il 

1" ~ 'VIL'VI:lJl::nlJ 

d ~ d ... .r 
L UEl\l "ill n El<?1"Jln11"J::L 'VI £.J'Yl L 11"lJU 

• UEln"illmrU UEl.Ji1~EftJ\ln~11n.J .n£.Jli"J1:IJ"D'1~<1ll\16) L~11"il::LllU~U1ii LeIEl1bfl'U LEl~u1q! 
G'llunh ,xl;11:IJ ~U<?1nUElnfl~ o/Il\1~ml:IJ1ULL"J\I)Jlnifu ~.Jtr1ULLtr1LL<1l~~UL'VI(mh~rum 

QI \I , 'I cv 

~1 ~ 1 .;: .r ~ d .I d tJ "illnElrn.'VIll:IJ U"D'UU1"J£.Jln1I11"lJEl.J G'lm~:IJ~.J"lJU ElULUfl.J:lJl';!lnn1"JLlJG'l£.JUU G'l\l~lll~ . ~ ~ 

llii Ell n1111 t<?1 mil '1l'L1El um:::';! n (U fl.Ji1~ Ef,2549) 
~ 

,;!ln~n~11m,;!::L V;u L~'h m1Lu~£.JULbUG'l\l~1l1l'llliiEllmI111<?1mil'1l'L1ElUm::';) n ,;):::~.Jt-JG'l 
~ 

m::'YlU~fl'Ylr~r.J1mli11:IJ"D'1~ 'Ylrl'l£.Jlm.:n1m~LLG'l:::n11<iil1\1.:n~"lJEl\l:IJWbfEf LllU~U 1~£.J't'il1i • 
U"il,r£.J'VI1tltl\lfi'tld'::nmJ!liitlln/flbtl~[JUUUG'l\l b'liu mmrn.~u tlrn.'VIllii bLG'l::tl1:IJ1rn.bb~\lU~~ ~\I 

~ . ~ 

.. .I d • I ~ • I~ d."1 '" 
)In/d'blJ G'l [JUbLlJ G'l\l'Yl-J lJd'mrn.bLG'l::fl1l :lJrl"lJ tl\lu"il"il [J 

U 'tui" bba ~U~3J1rn,nTHb 't'I~n"i~~11 tJ ;hlH~fl "n"i~1) n~ ~1 ~ qJ~ fl\l 1 'Y1 tJ 

n"ilmd')J"lJtl\l)Jwl~rJ~'m1'V1nJYil1inl'1l'L1tlUm::"ilmb~1m:::,;]1[JLtl~'lJ"Jd'[Jlmfl lhmd':IJ~ ." ~ 

~\lt-JiiI~ tln1"JLL l'l"Jm'1l'b1ElUm::';]n~ m nm [J a nJ'\I n';! md':IJ b1~G'l::U1::Lll'Yl n~\I t-JG'l1 iL n~ m"J 

bb ~1n~::"ill £.Jnl'1l'L1 tlum::';]n b1<?1 n<1l1\l flU 1.tl110/1 G'l::Ud'::Lll'Yl n11LL l'l 1m:: "ill [Jnl'1l'L 'VI ~ld~1U 1 'VI q!"il:: 



b n. ( 
't1.tfJGfW~III.!.LU) }l€>~~f1 (%99) 't1.~'t1.L~ 8·~ 't1.1J1l€>~lLlfoU~f1!.LU (l~ 1.9 C'L!i>re!.Wt!I\;!~Ll1reLl€> 

b b 

Nl11't1.1.A.1 reQ,LUfJ Lt!I:::W!,M,11!.LUC'Lll.fJ ll€>reu. 't1.l1'!re L't1.rel1.I.A.'t1.M,::~11fJ1'!1 L't1.l€>Il.LmLU reu.u III.L1'!l€>G I F::1.u I I't. I"t. I IF' ~ 1F'.r P':""lI 0 

C'Ll.A.l€>~f':ltLU't1.lll.:::W:::~11 't1.LC'C'~M, lf~L[tC'Gf!.'t1.qmtfJl€>l rulll.t't1.qmIJ1!'l€>RU1!.LU~Ll1ULt!ll€>\;!1 

't1.~'t1.L~ 8·G 't1.l't1.L!)I fJl.A.~~1.A.1:::!.f1't1.t't1.1.A.1~Q,LyfJLt!I::W~M,11!.LU (vH8) 't1.1.A.1~Q,Ly • 

't1.~'t1.L~ 0·9G ~Ll1.re!.t.!lL[tM,Ll11'!~'t1.~tLU:::~11L[tU~f1tLUfJl€>11l.~1U~tLU::~11 (%v) 't1.~ 

't1.L~0·8't1.1J1l~~fJ G~fJ Lt't1.LC'C'~M,lf 111.1 Lf':l1tLU (%9) 't1.~'t1.L~ 8°6 retw III.L1'!l€>G C'Ll.A.l€>~f':ltLU't1.lll.::W 

(%L) 't1.~'t1.L~ 8°U 't1.1J1l€>~('t1.LC'C'~M,~ttLU) reUUIII.Lkll€>G (%~ ~)'t1.~'t1.L~ LOOG 't1.1J1l€>~Lr:W~f1tLU 

;::~11L[tULt!lM,Ll1ll!:~t.re.l1-l1.fJptf1~ttLU (%9~) 't1.~'t1.L~ 9°a 't1.1J1l€>~L~tA11'!11:::Wl€>~f':lC't1 (%9~) 

't1.~'t1.L~ G08G 't1.1J1l€>~C'~'t1.f!.tLU (%£v) 't1.~'t1.L~ LOG8 't1.1J1l€>~L[tfJL~L\;A.tLU G~'C'~fJG~retWt!I\;! 

~Ll1reLl€>UG G~Q,1 U G Gl€>~'t1.G Il.}L~Q,LyfJLt!I:::W~M,11tLUUfJ11fJl€>1 't1.~'t1.L~ 179 ~ 'ttlLre;::tf1't1.11C'~UGG 

fJLt!I:::W~M,11tLU'ttlLre~f1relt tl€>RU1tLU::~11lf1 L[t 't1.LC'C'~M, ~11~1l€>Ul1.reL1'!retWt!I\;!~Ll1ULt!lUGG 

fJ G~f1l€>~f1ulil€>relll.C'~Il.G ~1~Q,1 UGG l€>1 't1.GIl.}L~lIsLy(Z08) ~lIs~ U GG l€>~ 't1.G Il.}L~lIsLy • 

'f1~ G iill€>fJ ~1:::~fJ LU~ f11 't1.~C'L!i>~l€>\;!1 C'~ IA 11ULt!ll€>\;!1 't1..r1.A.111::tf1 

:::~!i>111U~L~~Ut!I::W't1.G~1l1sLyfJ Lt!I;::W~M,11tLUf1t1'! (066 ~'131) fJ 1.A.1reG ~l€>l11C'~'t1.£tLlj1'! 

't1.~'t1.J1.1't1.1.A.1!JlIsLyfJ G ~f1~~,Ll1.rett.!lllsLyl€>~f':l 
b 

!.LU:::~11't1.~'t1.L~C'G!J1II.1L!,-i.tLU ::fJ f!.1l.~UC'r:tLU ,ULIWG't1. 't1.~re~ 1't1.1.A.1~lIsLy'ttlLre~f1~t L!,-i.~l€>1II.1L1'! 
b n. b 

't1.1J1 }l€>~ ~f1!.LU:::~11I.'E-Lr!J~L't1. 't1. t lLlfoU~ f1tLU't1.J1.1tl€>RU 1!.LU L!,-i.tLU't1..r ULWG't1. ULrefJ LG!J~ 
b n. n. 

tl.A.rekl LlII.re'l1.G U:::l€>'t1. t re u 1l.~C' ~~~ t.re ll!:::: ~11 ~1:::l.A.fJ G IAU lM, L!)I ~~1'! G tA:::~11't1. f1't1. ~U Lt!ll€> \;! 1~'t1.re1~'t1.f1 

l€>~f':l!'LUC'L~III.:::tLreUG G fJ G ~f1~~lIs1 UG G l€>1 't1.G Il.}L~lIsLy ~~1'! G tAC'~M,1 G,¥: 1 U Lt!I~lIs1 UG G l€>1't1.G Il.}L~ 
b 

lis Ly ~ M,11 t LUll. ~ fJ L ~ ~ re u U III. L1'! l€> G C' ~ IA 11 U L t!I ~ lis ~ U G G l€> ~ 't1. Gil.} L ~ lis Ly C' G f!. fJ L t!I::: tv ~ M,11 

tLU!J~ t L\(I.:::t!I~'t1.re1~'t1.~'t1.1J1l€> ~f':l G ~ 1 (~lIs1U G G refJ~1 ~~) 't1.~l€>~f':ltLU C'~U ~ ~LULfJUIl.ULt!I 
n. '" 

't1.l€>lIs1 UGGl€>1 't1.Gll.tL~lIsLUfJLfJ't1.G~~1tLUreIA1 LI.A.:::t!IC'lIs l€>lIs1 UGGl€>1 't1.Gll.tL~ll.lIsl€>l€>:::t!ll€>lll.l€>1rl1!.t!I' ,.F' L\ IA ,,9 .u "" p 1'='''' "0 p ,,9 IA L\ "9,,, '<:::' '=' 
n. n. 

C'~L!f~lf~ 'l1.~ [till. t L[tU~f1tLU!J G ~1 reLl€>~!'~ C'L~G ~LULfJ!'!'Il.'t1. t~ Gre1'!:::1'!:::t!llf~ 't1.~C'Gf!.fJ L~1'!fJ G ~!.LU 

'" n. 
G~lAlflA ~ LI':l1!.LUULt!lfUlA t 't1.l~'t1.G Il.}L~ retWtl€>RU1 ~'t1.;tU Lt!ll€>~U Ulf~ L[tG ~1 ~lIs~ U G G l€>~ 't1. G Il.}L~ 

'" b 
lis Ly fJ Lt!I:::tU~M,11 !.LU C' G f!.C' Gklll.~'t1.~ fUlA t l€> IA 1 L1'!'t1.1J 1 ~ L[tfJ L~ L!,-i...(1!1l€> ~t LU 'U Lt!I U G't1. 

(U,!t 1AC'~M,1 G,¥: 1't1.~ Lr:::~11't1. ~ 't1.l~ C'G f!.Il.G U:::tf1't1.l~'t1.1J1 C'~) 't1.t!l1~U G G Il.~ l~ltlt 

}GtA m$sG~1 ULt!ll€>\;!1't1..r~lIs~ U G G}G tA 1 ~E>lIsLy't1.l~ ~LULG't1. t 't1.t!l1~U G G 1l.~1t1'!f':l~LULG G~IAC'~M,1 G,¥: 1 
b n. 

't1.reL't1.'t1.1't1.1!.1!.l€>1't1.1 1A1l€>1A1L1'!'t1.rI1 C'~M,1Gl1.1C'Gf!.1t1A1 LI':l1tLUULt!lC'G't1.1 fJll€>Lre't1.f!.l€>~f':lUUUl€>lIs1 UGG ~,: (, Loti t, I; '=' ¥ f'& IA p '" ,..f' '=" ~, IA 

't1.t!l1!.l€>1 't1. ~ ;::~11~lIs~ U G G1'!~l€>'t1. ~lIsLy't1..rU Lt!lUG't1. 't1.G Il.}L~tl€>l g1l1sLy:::~11~Q,~ UG G l€>~ 't1.G Il.}L~ 
n. 

lIsLyl€>~1~ t G~::t!llU!.ll.re1'![tWIA t Lf':l1tLUULIALl1!i>11 't1.G Il.}L~G ~LreItLl€>~~~~'ttlyl€>~f':l 

lUd\re1'!C'L[J G lflll.1 Lf':l1 Uli't1.~L'!1ULIALl1 L, C'Liil't1.LC'C't 1't1. t 't1.LC'C'~M,~ t :::~11 't1.G~1't1.L,(t~'1't1.~ Il.GreLl~ 
" 

't1.GkItLWJ1.tC'~U~ L, C'L!i>~'t1.fJ't1.LfJ't1.U1-t L~tA~1'!":::Wl€>~f':lIl.~IAL~~t't1.LC'C'~M,~WIl.~Ul€>~'t1.1J1C'~ 
n. 

't1.~'t1.L~;::~"~Ll1.ret!..!lllsLy 't1.~Lr lm~ Lf':l1Ul1~[oklG tAC'~M,1G,¥:1ULt!lC'G~ 1 't1.LC'C'~M,~t !.LUIl.~.f't1.~re~ 

9~ 
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m::L'V'I1::Ellv\l"Hbii1::1Iii1i~d)~(mu'I-b 0.7 ~1'!.l.~'I-b (24%) nT'JthU~llrlL~lJ~~LtI'I-b 0.15 il'1-b~'!.l. 
'" 

(5%) nl'l1"'J:;LV\£J"l.IEl\lnl'l11i"'J"'J1I~1~LLii1:;JliJ'I-b~~1LtI'I-b 0.11 ~1'1-b~'I-b (4%) LLii1:;n";)m"'J1I~U 6)~~1LtI'I-b 
0.06 ~1'1-b~'I-b (2%) 

• nl'l1~'I-b~1ffEl Eln ~'l1~ (N20) nl'l11'U'1I1ffElEln 1'l1~~1'U1 V\ninmJ~El£J e:J Elnm";)ln 
"'" 

l11f1ih1aj 'V'IK\I\ll'1-bLLii1:;LmY'1I"'Jm"'J1I ~U1mrn"'J111~\I~'I-b 11 ,310 ~'I-b LLU\ln1"'JLL'V'I1m::"iJ1£Jnl'l11'1-b 

1il1ffElEln L'l1~ElElmlnn'Jn"'J111ciEl £J~\ld~El m"'J liil£J~'l-b1mL";)'\.tl'\.tl11flm1LmYIil"'J~~LU'\.t 9, 150 ~'U . , 
(81%) n11"l.1'\.t~\I~~LU'\.t 1,110 ~'\.t (10%) m"'JLc-.Jl'l11nvh1um1Lmym~~LU'\.t 490 ~'\.t (4%) 

LLii1:;n,mn1l~'\.t 6)~~LU'I-b 500 ~'\.t (5%) 

'\.tElmlmr'\.tffmU'\.t~\I LL1~~ El1lb'YWn~lTjl m"'J~U"'J:;L 'Ylf'fL 'Ylt.lbc;i'1111ii1\1'!.l.11111J1El\l LLii1:; 1 i 
ililtJu'\.tl11EJlc;i' El'i'iqJqJl11c;i'1 EJn1"'JLU~E.J'l-bLLUii1\1 'UllW1Jii Elln1f'f (UNFCCC) ~\I c;i'El\l~vr'U1imrnl '\.t 
n11~ ~ 'yillY qJ :n11 E.J n11 LL vi \I~l ~ 11 c;i'1 EJ n11 LL W1n 1::";)1 EJ nl 'l1 L 1 El '\.t n 1::';) n (National 

Communication) ~lun'\.t1EJ1Jl mLii1::LLc-.J'\.t~\lLL1'11~ El1l m::'Yl11\11'YlE.l1f'flff'1lfLLii1::L 'Ylfl 1 'U1Gl~ ~\I LU'\.t 

V\'\.b £JV\ Kn~1u N~~ElU~ El El'\.tirunnl '\.t'!.l.111"l.1 El\l1ii1J1 ii1 1 'Yl EJ 11mlu ffmu'\.t~\I LL 11il~ El1l1 'Yl EJ1c;i' 
Ci QI QI '" 

Yhm1~mY1LLii1::U1:: Lii '\.tU1111 rnn11LL 'V'I1m::,nEJnl'l1L1El'\.tm::';)n"l.I El\lU1::L 'Ylf'fL'Yl EJ 1 WIElull 'V'I. f'f . 

2533 l.l'nn!jc-.Jii1 1~ £Jn11~mYl1.l1mrnm1LLw1m::";)lEJnl'l1L1El'\.tm::';)n~~1Y1qJ 1 '\.tU1:: L 'Ylf'f1'Yl £J 3j 

3 "l5it~Lc;i'LLfi nl'l1mfuEl'\.tL'1IElElnL'l1i1l (C02 ) ~L'Yl'\.t (CH 4 ) LLii1::L'U1il1ffElElnL'l1i1l (N20) 1~EJ~ 

u"1mrnm1U~El£JElElnlill11~it~"l.IEl\lnl'l1 ~El mfuEl'\.t1IilElElnL'l1~~1.l"1mrn 164 ~11.t~'\.t ~L'Yl'\.t 

u"1mrn 2.8 il'\.t~'\.tLLii1:: L '\.t'1l1ffEl Eln L'l1~ 0.01 ~11.t~'\.t ';)1 nU"1m rnm1LL 'V'I1m::";)1 tJnl'l1L1El'l-b 

m::';)n-nl\1c;i''\.t fflm"'Jn~IilLu'\.tilil~1'\.tl'\.tnT'Jl'h 1 V\1ii1n1El'\.t Lc;i'~\lLLfflil\ll '\.t m11\1~ 2 

'i1111\1~ 2 U"1111rnn11LL'V'I1m::,;)lEJnl'D"L11mm::';)n~~1Y1qJ"l.IEl\lU1::L'Ylf'fL'Ylt.ll'\.t1l'V'l.f'f. 2533 Tll 

I'ln£Jl11wm1l'il1V\1ii1n1m.~ (GWPs) LLii1::ilil~1'!.l.m1l'il1V\1ii1n1El'\.t"l.lEl\lnl'l1LL~ii1::"l5itlil (mlilfl::L '\.th 

100 ll-nl\1V\,xl) 

mfull~1!il1l1ln1'l5~ 

~L'@ 

1u!il-r~1l1ln1'l5~ 

nTmvdm:~IU ~hinum\'lnl'i ~lLYiUUL't'h Ll.l!lfL'l5~~ 

(trl~i~) 't'hll-1L<1n1'm.l. mfu!l~1!illHln1'l5~ (~lui~) 'lJll"nTm\'lim:~lu 

164 

2.8 

0.01 

21 

310 

164 

58 

3 

225 

73 

25 

2 

100 

n11f11'\.t1rnTlll'lnEJfl1'V'1 hm"'Jl'il1 V\1ii1n1El'\.t (GWP) "l.I El\lnl'l1 I'll E.lfl1V\'\.t1il1 iTll GWP "l.I El\l 

mfUEl'\.tLlilelElnL'l1~ Ll'ilrlu 1 nl'D"~L'Yl'\.tLLii1:;L'\.t'i11ffEl[JnL'l1~ ~Tll GWP L'Yhrlu 21 LLii1:: 310 

'i1111fhiu LLi."l::L~m fi EJ1JrlUTllL fiE.JUll'hnl'D"mfu El'\.t L~ El Eln 1'l1~ (C02 equivalent) ~l.li."lIilU~ ElEJ 

~1'\.t1'\.t 164 il'\.ti1.t nl'l1~L'Yl'ULLi."l:;L'\.t'i11ffm)nL'l1~ ';)::~u"1mrnn11LL'V'I1m::,;)lEJ 58 LLi."l:: 3 il'\.t 
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iu <ill!1~liU LrlEl 11!1nT~mvdm::~lt11il<Jl'YIn-1fii.<iI (~lmh CO2 equivalent) ~dhn:lJ1ruJ'\liu • 
225 ilUiu ~\I:fil iL ~un\li<il~1um1't111 'VIl~n1E1u"lJ E1\1nl<Jlmfu E1U l<i1 EI E1n 1<Jl~ ~ L'YlU bb~::l U 

<il1HElElnl<Jl~ ~bn<il~lmh::b'YI",lmJ ~<ilbUU1iJtI~:: 73 26 bbfl:: 2 <ill!1~liu (TEI,1990) 

"" .. 
n1"1f3Jl'YI" (CH4) 

nl <Jlii b'YI Ub U U nl <Jl~ b n <ill U li11 !I '1il ~1<i1 tI m::U1 Un11£i iJ tI Hfll tI HI 1~ U 'YI1 ti'VI1E1<Jl1 n 

~\lii~l<i1"lJEI.JbbUflYiL1t1Ul.J'1iii.<il1u~u~U11"''il1niJiJn:nb~U (IAEA 1992 : 1 )b"lfu1U'VIUEI.JJI nl<Jl 

iib 'YIUiiflruH!Ilr~~ bfflY~ EI b~n 1 'VI!l1ih tI bb~::U ~ EI tI1il<Jlmfu E1U 1.<iI EI u n 1.<Jl~ u un 111 '\.I,umln-d' , 
bb!lfl.JUfl1n ul~~~<iI nl<Jlii b'YIU 1 un~ n":i1!1Ul.J u £il.J bb 2Jbbwl 11 bbfl::i<illnu~'1i~u ') nw u';h iinl<Jl 

ii b 'YIUU ci1 '\.I,n1::b V'll:: nl<Jlii b 'YIU~\I tlnu ~ u tI iJ un 111 bd u i<illb 1u nl<Jlii b 'YIUbUUnl<Jlb1u '\.I,m::~ n~ 
'\J '\J 

Ufl<ilU ~ u tI 111 n bb2Jl1 ii nl<Jlii b 'YI'\.1,u £i1 UEll mff b ~tI\I 1.7 ppm bbwl nl<Jl ii b 'Ymiim",H!lU~"lJ u\l nl<Jl 
'\J • 

b~uUn":i::~nH.Jnl1nl<JlmfuElul<i1uunl<Jl~ n~11~tl i1t1U1111m~ b vilnu nl<Jliib'r1UH11111tl 
'\J 

~<iln~u1.J~~wvhl b1<i11i~nl1nl<Jlmfutlul<i1tlEln1.'ll'~ (IPCC, 1996) nl<Jliib 'YIuii~ntJ111W't111i 

hn1uU1I1nnl1nl<JlmfUElul<i1E1E1nl<Jl~n\l 30 bvil (Dickinson and Cicerone,1986) Lb~::iia<il11 

bvi!l.:BulwrUU11t11n1'" 0 .5-0.8% wltlU (Bouwman,1991) l<iltl1::'VI11\1Ufl.",.1990-1999 nl<Jl 

iib 'YIuii amlb vi!l.:Bu1 U,rUUj1t11 m", 0.007 ppb wi tlU (IPCC,2001) 

nl<Jliib 'YIUiiU1:1J1 rub vi !I~Ub ;iu.J~ln nlj't11Ul-lll1 Uffi<ill bbfl::m1bm 1. 'VI2J!l1fl~1111W • 
m1b vi!l.:BU"lJEI\lnl'll'~b 'YIU~.J~flm::'YIU 1<i1t1<i1j.J~um1::l~tlUm::~mJ1muuauiu Htl.J jtl\l~lnnl<Jl 
mfuElul<i1E1unl<Jl~ ~lnnljl.h::djU"lJtl.J USEPA (United States Environmental Protection 

Agency) WU11 nl<Jlii b 'YIuii ~1U't111 i tl ru'VI 11 iJh nH.J.:Bu 1E1 tI fl:: 20 bb 'VI ~\lUfl<ilU ~ EI tI nl<Jl~ b'YI U ~ 
• '\J '\J 

~1u1'VIqj!lTillnn~m1!1mmnlY<ilj 1.ibbn Ul-ll11 ~U1111ruUfl<ilU~EI£J 25-150 Tg ~ElU Lbfl::U~ 
"'IS' ' u d I ,K,d 
H<il1 65-100 Tg <iltl (Le Mer and Roger, 2001) ~lmlt1\11Unl1"'nlYl"lJtl\l IPCC WU11 WU'r1 

mjLnlYmUj::bl1'Y1Ul-lll11 UU1::b 'YIffLLtlU btl b:ntl bbfl::u tlHb<iljb~ tI ~m1LbW1m::~1 tlnl'll'ii b 'YI'\.1,~,ru 
'\J 

UjjtJl m ff1 UU1111 ru~1I1 n LL~djU1111 rubb<iln~l\1 nu 1 Ubbwlfl::U1L 1 ru~U1'U'1iU<il Lbfl::fI ill111W"lJ E1.J , 
~U 1 ULL~fl::~U~ (IPCe, 1995) 1<i1 tI1. iii ml!1 Wtil til !l1<i1U1!11runl<Jlii L 'YIU~ Ln<il'ill nmjU ~n-lll1 
1 Ul.h:: b'YI ffbbtlU bEl b :ntl~.J bUUnljUfl n-lll1 bbUU'll\lJl . Lbfl:: tI tl !l1U bUUbL 'VI ~\I ~~ <iI nl'll'ii L'YI ULb 'VI ~\I 

'\J 

~ITltybL'VI ~.J'VIrt.J 1<i1mUW1::~lnUl-lll1~<iI bUU1mJfl:: 20 "lJ E1\1 nl<Jlii b 'YIU ~1.1 ~ u tJ~1 nn"il m1!1"lJ E1\1 

!lUlYrJ (Denier van der Gon et aI., 1994) ~mjl.h::1I1ru11m-lll1'1i~Uj::'YI1U'VI~E1-ll11'\.1,IU1\1LUU , 
LL'VI ~\lbn~lfil'll'iib'YIun\l 75% 1u"lJ ru::~U1Jl ~U'VI~tl-ll11mU bn<ilnl<Jliib 'YIUl.h::!I1rn 15% bbfl::Ul 

-ll11Jl~mn<ilnl'll'iiL'YIuuj::1I1ru 10% (Wassmann and et al,2000) bbfl::mjUfln-lll11'\.1,mJl'll\lii 
'\J 

mjbbw1m::~It1nl<Jl~L'YIu.:BU~Ujjtllmff1uu'VIrt.J ') Uj::!llru 1E1t1fl:: 10-26 "lJEI\lU1:1J1ru.nl<Jl 
'\J 

.. ~ ..I .. .t1l 
!lb'YIU'YI\I'VI!I<iI'YIbn<il'lJU U fln (Rennenberg et al.,1994 ; Neue and Sass,1993) 
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• '1IU1'1.tnl'nnWlfil'lf~bl1'1.t (Methane Production Process) 

nl'lf~LYl'l.tGi'm1v.qj,;):::Ln~ 1 'I.t~wff'l.tu'I.t (Top soil) ~\l';):::~Gil'1.t1..h::n au'1I a.JB'l.tYl1t.rr~~ri~n 
U a tJfHI1 tJ1~~1 £.I Gil'1.t1 'I.t~Wff'l.tf'il.J (Sub soil) aTn 13.1~nT~Lnlllnl'lf~L Yl'l.tL l"I1l:::~ a.JffU1::n auri 

B'l.tYl1rJ1~fl athra £.I Lb~:::aTm:::dJW'J5il,lIIri U a tJ~~l tJb~tJln Lria~'l.tflmhvil3J'll.J'I'1l1 iU'13Jl rnnl'lf 
, 'IJ 'IJ 

a ansn'l.tL,;)'I.t 1 'I.t~'I.t~III~.J a Ul.J11111 L11fll tJ1'1.t 2-8 -E'113J.J ,;)'I.t~tl1mrnl.3.1L Y1 tJ.Jl"I a~ aml3J~ a.J m1 

'1Ia"';)~'l.tYl1rfl 'I.t~'I.t (Aerobic organism) ~l'1.tnl'lfa ansnL';)'l.t1 'l.talm~ilb3.1~lm1mfl~a 'l.tri~.JGi~'I.t 
, 'IJ 

1~ (Diffusion) L l"I11::m1Lfl~ Em ri'1l a.Jnl'lf~.hW'ff'l.t'1l a.JJ1';):::L1J'I.t btliln'hm1Lfl~ awYi1 'l.taln1 III 

10,000 L'Yh (Armstrong, 1979) ,;)'l.t1'1.t~~III~lJ,';):::Lnlll~ml"l'1l1I11aansnL,;)'I.t (Anaerobic) B'l.tYl1tJ1111fl , , 
1 'I.t~'I.t~.J 1111 tJtln~,tl btl1l:::fl n'1lUl'1.tm1U a tJ~~l tJYln'lJrn::: 1 'I.t~ml"lri~ en mill LL~'oiJ:::flmtl~ tJ'l.tm 

'IJ' 'IJ 

LU'l.tn11ti a £.I ~Gll tllLUUI.3.11 i EI a nsnL ';)'I.t (Fermentation) 1111 mLU flYi L1£Jn f'i 3Jv. rt",ri L1tJ n-h , 
Methanogenic bacteria ~.J';):::\.b N03-, Mn 4+, SO/- and CO2 ,;)ln~11tl1:::nElU~1.J ') I.tl1imh.J 

a 
11111L11 (Knowles,1993) 

'"' ~ _ .:f A .di AI. 

m'lf3Jbl1'1.t Lnlll'1l'l.t,;)lnm::Ul'1.tm1'Yl1.J'151 2 m:::Ul'1.tn11 fla m::Ul'1.tm1LL1n Lnlll 

'1IU1'1.tm1 Reduction '1Ia.Jnl'lf CO2 1I11tJnl'lfh11111L,;)'\.l.~I.~,;)lnmlllb'1l«'I.t (Fatty acids) v.1a 
6' d A ,'.:::I.e.. 

LLEI~nEleJaGl (alcohol) LL~::m::Ul'\.l.m1Yl~a.J Lnlll Transmethylation '1Ia.Jm~a::'lflllfl (Acetic 

acid) V.1aL3JYi~ LLaGlntmatf (Methyl alcohol) nl'lf~ L Yl'l.triLnlll1 'I.t~'\.l.'l.tl ffl'1.t 1 v. qj,;)::l"I1n1::,;)1 tJ;j'l.t~ 
U11tJlmlll 1mJ~1'1.tm.J"lia.Jalm~1'1.t11n (Aerenchyma) L,ylff"lia.Jalm~l'1.t~l~'I.t m1J1uLL~::: 1u 

'IJ 

'1Ia\l~'I.t,yl1 (Seiler,1984) 'l.tElmnn~'\.l.nl'lf~l'1.tv.rt.J ij\lLb l"I1m:::,;)1 £.1';)1 n~'I.t 1111 mnlll LihW€l\l almlll 

;1'1.tffaln1111 1~tJl.3.1~1'1.t~'I.t,yl1 nl'lf~L Yl'l.tfln~11.J t~tJm:::ul'1.tn11ti€ltJ~fll £.11 'I.t~ml"l'1ll~ ElansnL,;)'I.t 
'IJ 'IJ 

'11 a\lB'l.tYl1tJ1<llfl1 'I.t~'l.tLLfl:::LL l"I1m::,n tJ~U11tJl m III ll11tJ~1'1.t~'I.t,yl1 (Francisco,1997) EI til.J 11n 
, 'IJ 

11113Jtl1::3Jlrn1E1m~::: 58 - 80 '1Ia\lril'lf~LYl'l.triLnlll;1'1.t1'1.t~'I.t'oiJ:::flnElansnb~'lf1I11t.ILLUflYiL1tJ (Aerobic) 
'IJ 

ri EI'l.tfl ntlfl IIItl f'i a £.I ffU11tJl m III V. ~1 mil'l.t til bLfl::m1U EI 'I.t 1.111 a a n 1'lf~ (Sass et al,1990 
'IJ 'IJ 

Holzapfel-Pschorn et al,1986) 

• n11LLl"I1m:::,;)ltJril'lf~bl1'1.t'1lEl.J t~n 

1l1nm1~mnLL~::1ltJ\ll'1.t'1lEl\l IPee 1'1.tUfl.III.1994 b~tl1:::Lij'l.ttl1mrnn11LL'V'dm::,;)ltJ 

nl'lf~LYl'l.t~\I hn (Jermsawatdipong et aI., 1999) ,;):::LV;'l.t1.~11mmru.m1LLl"I1m:::,;)ltJnl'lf~bl1'\.l. 

rinmJf'i€ltJrJ EJn~1J11t.11mlll 1 '\.l.LL~fl::u~tl1::mrn 535 C1l'\.l.!1J ~lm1n-;)lLL '\.l.nLL v.~\lrim'1l a\lnl'lf 
'IJ 'IJ 

'" :'1 ,"'... ..I ~ .J' 1 ~ ... ..I '" 1 0 

3JLYI'I.t Lu'l.t 2 n~3J flEl m'lfYlbnlll'1l'l.t <lltJ1i113J'15l~ (Natural source) LL .fl::m'lfYlLn~ ~tJm1m::Yll . , 
... . .. 
n';)m13J'1IEI\l3JUMtJ (Anthropogenic source) , 

1 ULb V. f'i\l1i113J'151~ vfu ~"li3JJ1V.1E1~ ~Jl'll\l<ll13J1i113J'151~ (Wetland) tl Gl~tl ~ eW nl'lf~ bl1U , 
~\I ~lIItl1:::m rn 115 <?lu!1J V.1E1tl1:::3Jlru. 21 % '11 EI\lmm rn ~tlf'i a t.I a Eln'1l El.Jrf\l 1Gl n UEl mrU3Jl ';)1 n 
'IJ , 

, d .~ ..1. 1 ' , ... ::...:' '" 1,;'1 
Yl::Lfl3JV.l~3JYl1 LLfl::LL v. fl" ElU ') 113Ju13J1 rn Ylufl EI tl 'ill mm fl\l1i113J'15l~Yl\I ~U 160 <llU/u . . 
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~1u,U1mru~fil"ll'~ b 'YlUU ~ eJ tI eJ eJ mn n nl'rVl1 n-;) m13J"lJ eJ,j 3Ju,~rJ b n<il~u,m nnl1-;)ln bbVi~,j , 
li113J'll'1~ L<iltlU~eJtleJeJntllil::U1::mru 375 iu, VI~eJU1::mrubneJlJ 70% u1mrum1bbvdm::-;)1t1 

fil"ll'~b'YlU,J,j Lliln n-;)m13J"lJeJ,j3JU,~rJ~~lYlru ~~m1bbVf~m::-;)1t1fil"ll'~b'Ylu,-;)lnmn1uVllUeJtI , ~ 

l~bb1i m1bl:..nlV1iJb~m~~,j (18%) m1V1iJneJ1Vll1"lJeJ,ji<n-J~~m::b~1::~n (15%) nl1rllU,1"ll11 

(11%) m1bml~u,1 (7%) m1r'h~<ilJlbfltl (5%) bblil::-;)ln3Jlili<n-J (5%) "lJeJ,jU1mru~U~eJtleJeJn 
OJ 

J,jhn eJcil,jhn<n13J1u,li113J'll'1~-;)::~bbVl~,j<il<il.nlJnl"ll'~b'Y1u,U1::mru 515 iu,!1l i,jJu,-;)::~ 
OJ 

u1mrunl"ll'~b 'YlU,fI,j b VI~ eJ~::ti3J eJci1 u,m1t11n1flu1::mru 37 iu,!1l -;)::b V;u, 1~11nl1bb w~m::-;)l tI 
OJ 

'" '" '" ~.J' ~I 0 I .I~ do I ' ~ 1 '" eJeJnm"ll'3Jb'Ylu,-;)lnu,1"lJl1bml"lJu,lJlil::lJ1::mru· 11 % "lJeJ,jlJ1mru'YllJlileJtleJeJn"lJeJ,j'Yl,j liln Vl1eJ 

u1::mru 60 Tg ~,jUeJtllil,jnl1~ IPee U1::b~u,l-rn,j 98 iu,!1l ('J!1,j 25-170 iu,) btl 1990 bblil:: 

85 iu,!1l (20-150 iu,) 1u,tl 1992 (Rennenberg et aI., 1995) u,eJn-;)lmrU, IPee 1~11ml3J,h 
m1U1::mru5<n11 m1bb ~1m::-;)1 t1"lJ eJ,j fil"ll'~ b 'YlU,-;)1 nu,1"ll11~lLlil n"ll eJ,jun1~ t1V1lill tI 6) bb VI ~,ji,j 

d 
<nl11,j'Yl 3 

Koyama (1964) 

Ehhalt and Schmidt (1978) 

Cicerone and Shetter (1981) 

Khalil and Rasmussen (1983) 

Seiler et al (1984) 

Blake and Rowland (1988) 

Crutzen (1985) 

Holzapfel-Pschorn and Seiler (1986) 

Cicerone and Oremland (1988) 

Schutz et al. (1989a) 

Aselman and Crutzen (1989) 

Schutz et al. (1990) 

Wang et al. (1990) 

Neue et al. (1990) 

Bouwman (1990) 

Vagi and Minami (1990b) 

IPCC (1990) 

Minami(1994) 

Sass (1994) 

Parashar et al (1994) 
\ 

IPCC (1996) 

~m : IPee 1996 (i<ilbbUlil,j from K. Minami.1994) 

190 

280 

59 

95 

35-59 

142-190 

120-200 

70-170 

60-170 

50-150 

60-140 

50-150 

60-120 

25-60 

53-114 

22-73 

25-170 

12-113 

25-54 

20 

20-100 
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• m11~fJm'HLY'rim:::'11 fJnl'l!~L'Y1U 1 UU1:::b'Ylf1L-YW 

• 1 VI :"1. 1 ... ~ " d. "" • 1 d t t ' 1 tJ~ d lJ1:::b'Ylf1 b'YlmlJUlJ1:::b'Ylf1~~~~"lJl1'Yl~lfHUlJ1:::b'Ylf1'V1U\I"lJe:h'l 1:'ln ~fJ~\lElEln U 1mm'Yl~\I 
'II" 'II 

ti\ltJ~:::U1:::1J1ru 6 LflUiu 1m:::fJ:::c;iu"j f1~111~~ 20 'VI1ElU1:::mm 10 tJ ~lU~1~Un1~mb~::: 
El\l f1m,l1 n'VI ~1 fJU1:::b 'Ylf1':il3JJ\I"lJ El\lU1::: b 'Ylf1L 'Yl fJ Lc;iL~3J"r11m':i~n~1 L~El\lnl'l!~ L 'YlU~U ~~uci El fJ 

';)1 nUl-Ul1"lJEl\lU':i:::L 'Ylf11'Yl t1nUU1\1 Lb~,hU1'V1nJdJU\llU1~t1"lJU1~L~n m1~n~1'Yll,;)1 nvru~u~n 
., 'II 

-Ul1~~lflty"lJEl"U':i:::L'Ylf1U1\1~U~Ll'h,fu LL~:::LLfJnnU'Yllm~m1mm1,;)"lJEl\l,rn1~mL~fI:::l'hU LL~ 
1 . 1 VI .. A' d. 1 ... 1 . 1 :"1 A' d1 ' .L, ~ ~ d1'" UlJ':i:::L'Ylf1 b'Yltl ~VlU'YllJ~n"lJ11 UlJ':i:::L'Y1f1LlJWI"lU'Yl 'VIlli m:::,;)1fJmElUTl~~'Yl1'Ylnt)~111T1 ~U'Yl"15 

CIJ CV ct q CIJ 

U~ n'Jrl1~\I~TI ru~~U~LL~ n~l\1 nu n11m:::,;)1 fJ"lJ El"ti'l ~ULb~:::El m 'VI 11 iin bb~ n~l \I nu~ nc;il fJ 
~ q q CIJ 

~~ El~';)uir';)~t1~U "j~n~ln uElmlnd'1 m:::fJ:::,fuiJ\l1~~1n-~1~':i~lU~lW~'U Lnuil El ~1\1nl'l! ~~ 
ElEln1J1~"'VI~ln'VI~lfJ1~bbl.iUElU 'Yll1 i-u El3J~~l~ 1~'li~11J1':imtl1fJU L.y; fJUrlU L~ i\l LL~~\l1u 

'II 

~l"il\1~ 4 ~\I,;):::b~u1~il el~11m1tl~ElfJElElnnl'l!~L'Y1UbL~mh\lnu3J1n 

~1"i1"~ 4 el~':i1n1':iLLVl1m:::,;)1tJfil'l!ih'Ylu,;)ln~~n1:m~fHl"~1" "j1Utl1:::L'Ylf11'YlfJ (i~LLtl1:'l",;)1n 
IPCC.1996) 

11 tJlitJ:1 , 
l1tJlitJ1 , 
U1~L'lJl1. 

iUl1.1Yl 

L:au...l1;ui 

L:au-11;ui 

L:atJ...l 1'V13.i 

flfll1...l'VIfl'N 

'lJl1l1.LLril1. 

l1.mu2lJ 

um,lli1'i1. , 
umJli1'i1. , 

LLW~ 

"i'1"J1lJ~ , - .. 
~"i'l1.m , - .. 
~"i'l1.Yl"i' , 

el'<l'l1n1'l 

LL'I'dm!:-;]1tJ 

(lJn.lm.lJ.I"JIlJ.) 

3.3-7.9 

4.3-21 .7 

1.6 

3.7-5 .5 

9.0-9.5 

10.4-16.1 

3.8 

23 

9.4-12 

1.9-4.6 

6.6-7.2 

16.6-22.2 

3.2-42.5 

15-24.5 

13.3 

19.5-32.2 

m::-;]1tJ'<lL'l11'<l!]~ 

(n.lm.lJ.) 

13-20 

5 

16-55 

4 

9-13 

20-21 

25-40 

8 

76 

25-32 

5-11 

16 

17-18 

51-69 . 

9-117 

41-66 

41 

51-75 

(early and late rice I dry and wet season) 

CU, OM, WM Siriratpiriya et aI., 1996 

Chareonsilp et al. 1998 

SE 

MF,OM 

CU 

SE 

SE 

MF,OM 

SE 

SE 

MF,OM 

MF, OM 

SE 

Minami, 1994; Yaki et aI., 1994 

Minami, 1994; Yaki et aI., 1994 

Jermsawatdipong et aI., 1994. 

Siriratpiriya, et aI., 1995 

Minami, 1994; Yaki et aI., 1994 

Minami, 1994; Yaki et aI., 1994 

Minami, 1994; Yaki et aI., 1994 

Tawprayoon et aI. , 1993 

Jermsawatdipong, et aI., 1994 

Chareonsilp, et al. 1998 

Katoh et aI., 1995 

Minami, 1994; Yaki et aI., 1994 

Jermsawatdipong, et aI., 1994 

Jermsawatdipong, et al.,1994 

Minami, 1994; Yaki et aI., 1994 

Minami, 1994; Yaki et aI., 1994 
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m1tl1:::dj'U,n1'mvdm:::~1£H)1'l1iiL'Yl'U,\llm.tl"ll111'U,tl1:::L'r1IlfL'YH.J 1 WIJ1\1~'U, ') Ufl.Ilf.1990 

dJ'U,m1tl1:::dj'U,mh\l~tJ1U ') fil el'3l11 m1~Lydm:::,ntJ1il'11'~Ul3,Jl1itl1:::Liju ~1'U, h tllLwlm\lln 

m1'Yl'3lfHl\l1'U,Hrn~'U,1"ll11LWtJ\I 1-2 LLV:\I ~\liif1113,JLL'3lmh\lnumn wl\lm11\1~ 4 ~\I~hel'3l11m1 

LL~1m:::\ll tJnl'11'~\ln~11\l:::Ulm1idJwil1LL'YlU (Emission factor) 1 'U,m1fllu1rn~11.l1mrnnl'11' 

~\ltl1:::L 'YlIlfL3Jn nwl e.l\l'Xn L ~11:::iilh,) tJ~ L~£.l1'Jr fl\l num1L n'3lLLt'l:::m1LL ~1m:::~'l vnl6JJ'iiL 'Y1Umn 3J1tJ 
'U 

~\ln~11"ll1\lwl'U, c.lt'l m1tl1:::Liiu,tl13J1 rnnl'1l'ii L 'Yl'U,~ LL ~1m:::\ll tJ\ll nu,1"ll111 'U,tl 1::: L 'YlIl!L 'Yl v 1 Wri1\1U 

fl .1lf .1990 ~\I fl ci1 'U,Ln rnorl fi fl'U,"lll\1 H\I L 'li'U,~t'lm1tl1:::Lij'U,tl13J1rnm1LL ~1m:::~1 tJ nl'l1ii L 'YlWJJ fl\l 
'U 'U 

tl1:::L'YlIlfL'YlV'lJfl\l Yaki et al. (1994) iifil1:::wii\l 0.47-8.77 Tg GiflU ~1fl1flm~::: 11.6 'lJfl\ltl13J1rn 

m1tl~m:lflfln'lJfl\l tt'ln Yhllftl1:::L'YlIlf''Ylvii1.J13J1rum111~mJuumciu,el'U,~uwl'U,6) · 'lJEl\l It'ln ,.f\l~ii 
.,r d .. '" '" ., .,r d

tl
., t 1 d

tl 
'" .... .. ..f d

tl ~U'Yl~t'l'3l'lJl1L~V\l1EltJt'l::: 8 'lJEl\l~U,'Yl fln'lJl1'lJEl\l fln u,'lJrn:::'Yl 1:::L'YlIlf~'U,LLt'l:::ElU,L'3lV 3,J~u,'Yl t'ln 
'U 'U 

"ll113J1nn\l1flVt'l::: 22 LLt'l::: 29 LLGitl~uvflflnnl'11'iiL'YlULWtJ\lfElVt'l::: 38 LLt'l::: 11 'lJfl\ltl13J1rnm1 

tl~flE.Jflfln~\I hn 1uufl.Ilf.1997 HmU'U,~\lLL1!§1~El3,JL'YltJL!§11iiTIm1tl1:::LijU,'lJEl\l IPCC (1995) ~\I 
"" 1 '" ....f 1 ., '" dVi ., tl VI fl "" tl • tl"" .. d 

~n~~'U,1 ~H3,J\l1rn3,Jln'llULLt'l::: "1l''lJEl~fl'Yl b!§1\lln 1:::L'Yl1lf b'YltJLlJu,~t'ln 11nl)11 13J1rnm'1l''Yl 

LL~1m:::~1£'lElElnluuL~v1nu, (Ufl .llf. 1990) t'l!§1t'l\lm~ElLwtJ\I 1.8 Tg Givu (TEl, 1997) 

u£h\lL1n'3l13,JHmuu1,)tJ"ll11m'U,1'J)'1~ (IRRI) Lwl~lLitum11,)tJrnE.J1'3l1m\lm1 

UNDP/GEFIIRRI 1:::~11\1U~.Ilf. 2537-2541 t!§1tJf1113,J113,Jnu'lJ fl\lHmuu1,) tJ"ll11'lJeJ\ltl1:::L 'Ylllfl u, 

LElLii£J 5 tl1:::L'YlIlfLwlLLrl ~u, ~U,L~tJ ~'U,l!§1iiL:ntJ V-l~tltJ'U,~ LLt'l:::L'YltJ :B\I~\I 5 tl1:::L'r11lf nEl11Lih 

tl tl " l ' 1 t ",.,r d tl ., "" tl .,r d tl '" t. 1:::L'Yl1lf fln'lJl111tJ ~ru'lJfl\l t'ln !§1V3,J~u,'Yl fln'lJl111aJnu 1:::3J1rn 70% 'lJfl\l~WYl fln'lJl1'Yl\1 
'\l CLI IU " 

tfln ~"L!§11iiTI1!§1nl'11'~LL'3lnGil"1l1nm1~nlYl~~lU3,Jl n~11~flL!§11iLfl~fl\lnfl1!§1LLU1Jrr'3l1 u~ ~ 
iiW:n3,J~'lJfl\lm11!§1 'Yln 61 2 -E'113,J\l ~\lnt'l1\l1'U,LLt'l:::nt'l1\l~U~!§1~flnU~t'lfl!§1r]!§1m1tlt'ln"ll11 dJ'U, 

.. J qJ '\l 

L1t'l1 5 U ~t'ltl1:::Lijum1LL ~1m:::111 tJnl'11'ii L 'YlU\ll nUl"ll111 U~1U'lJ eJ\ltl1:::L'YlIlfL 'Yl v 1 ULl] fl\lwl'U, 

tl11nl)11iifil 0.76 Tg GiflU (Chareonsilp et aI., 1998b) L~u~'U,~!§11m\lm1 IRRI Lwlvllm1 

1lml:::~"llfl~fl113,J~\l tm\lnl1 lLfl::: liLLuu~lfl El\lm'w ~1m:::\lltJnl6JJ'iiL'Yl'U, tl1:::Lij'U,c,m tl11nl)11 

tl1:::L'YlIlfL'YltJtlt'l!§1tl~eltJnl'11'iiL'Yl'U,LWtJ\I 0.18 Tg ~ElU (IRRI, 2000a) \l:::LV;'U,L~11mmrunl'1l'iiL'Yl'U, 
'" ~ • d VI !'1 .. d 

\llnUl'lJl1!§11n11'Ylf11!§1fl:::LU L1 bUfl!§1~3J1n (~111\1'Yl5 ) 

Towprayoon et al. (1993) 16.0 (4-40) 

Yaki et al. (1994) 0.47-8.77 

Sass (1997) 1.8 

TORI & TEl (1992) 3.42-9.16 

TEl (1997) 2.8 

Chareonsilp et al. (1998b) 1.0 

IRRI (2000a) 0.18 
~ 12 ~ ~ 

'\un£JLVI~ : b~l'111::m3J (Tg) = 10x10 m3J 1,000,000 ~m 
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~1'V11u1.l'13J1rnm·m".dm::'11tJ1i16Jl'nL'\'nj,1I11tJ11JJ~\I 5 1.l1::L'Ylfl~n~11"JJ1\1~U nl~nm1 
1.l1::dj"j,i1LliI'lIl1"\l2J1nL"liuL~tnnU n~11~tllutJ 1978 iim11.l1::LijW:h~\I 5 1.l1::L'Ylf'l1.llilCil1.l~tltJ 

\I 

n16Jl'ii L'YlU11 JJnU,,\ln\l 280 i.f1uiut1l ~\lilim1~H'lum1fl1u1rn lb~::l~ii"JJElJJliI~'U;j1'U 
\I \I '" 

liI::L~tJI11LWtJ\ll'ltl ~tlJJ1h"li1\1 10 tJ~~1UJJ1 IPCC l<il1.l1u1.l1\1ilim1fl1'U1rn1mJli-nDJJliI~ 
q . \I 

d X .,IV) ". 1 ' 1 x d. 1 "t- • 1 '" • I~ , '" 
liI::LtltJl113J1n"lJU ~liI'Yl bl11lJ11n!l11 Ul'lU'YllJ~n'll11'Yl\l 5 lJ1::L'YlflJJlJ13J1rnm1LLl'l1n1"::~1tJm6Jl' 

nL'YlUliIl11f1\1 LL~rT\lii11'1JJ1rnn\l 40-60 i.f1uiut1l (IRRI,2000a) uui1rT\I"\lni1~111"::LijulI111u 
\I 

i1 "" d d. ~ '" """ r.'1 .,I ,;)~U'U 6Jl'\l3JlJ1"JJ1rnLl'ltJ\I 7.83 f11UCilU/lJ (!il11l\1'1'1 5) 
q 

';)::L ~U l<il11 nT'I1.l1:: Lijum1LL l'l1m::';J'"I [Jn16Jl'ii L'YlU 
.... '" .d.... t-
tJ\lJJfI11JJfllil1111 Lflf1 tlU,,\I CiI\1UU 

\I 

uni'Yl tJ1fl1 "!ilf~\ll~l'l [J1 [J1JJ~n1Y1 L U'U 1 u~lum11iLLumh~w\ll iiifl11 JJ"JJU"HJ!B\I;]u L vl D 1 i ~f1 
\I 

m11.l1::Lilu1.l'13J1rnnTHL l'l1m::';J1 tJnl6Jl'ii L 'YlU~1 nu 1"JJ111 U111:: L 'Ylfliifl11 JJfllil1 111 Lfl ~ tlU Uti [JliI\I ~\I 
d. :'1 X "1 .d .J'V)'" '" d ~ "" "" , '" 1 ' X .,I .. 
'1'1,;)1 LlJULU tI\lCilU UL 1U\lU bl11 LLn !il tI\lJJ m11~ tJ'VI1 tI!il11 m1LL l'l1m::';J1 tJm6Jl' 'ULL!ili.'l::l'lU'Yl'VI1"tI 

~ 1 ".,I ".,I .d 1":'1' ,.. .,1:'1 "" .,I '" 
l1JJll1fl 'VI'Ylnn!iltl\l'Yml11 Ll'ltl 'lfLlJ'Umm1LLl'l1m::1l1[Jm6Jl' (Emission factor) 'YlblJU!il1LL'YlU'Yl1il 
\I \I q 

.J'd .. ~ t-
'lIt1\1l'l'U'Yl'VI1t11JJJll1fl'U'U ') 

l.I"i::mrt 
J'.J... 2 
W'I-Io'YlU1'J111 (km ) 

%'1-10 323,910 

fl'l-loL~/J 424,947 

ii'l-lol'i1UL:n/J 110,088 

L'Yl/J 96,442 

v.J~l.IjJ'I-Io~ 36,205 

.d CV,QQ..It; A 

ml1 : "n1UUd';J[J'lI11U1U1'lfl!il (IRRI, 2000) 

3.73 

2.14 

1.65 

0.18 

0.14 

7.83 

I n.A ~I d 'V no.d A ~ 1 ~ 
m1LL l'l1m::~1 tJ m6Jl'JJL 'Yl'U.llJ'Um1Lfllil u'U[J1 tJ"lJ tI\I m6Jl''YlLn 111"lJ'U 'UI11U (Methane 

Production) l'U~1U~L'VI~u';Jlnm1Ci1Ci1hrlCi1[J';J~'U'Yl1tf (Methane consumption) ~un[J1mi'l (Net 
\I q \I 

.d "x, "'''' ~x1 ... emission) m1Lfllilu'U[J1[J"lJ'U"U11mmfl"lJu\lm6Jl'JJL'Yl'U u1~LnCil"lJ'U 111[J 3 "lJU1Um1 flu 
\I 

• m1LL l'l1m::,n tJ (Diffusion) Ld u nl6Jl'ii L 'Yl'ULn 111 LLf1::iim1":: ,,3..1 1 'U~'U';J'U~fl1l3J 

L"llJJ"ll'U 1 'U 1::~U'VI rt\l 13.1 um liI'lI u\l n16Jl'~L '1'1 un ulv Lnlil nl1"LL l'l1m::v [Jvl n~'U~l'U ,xl~'ll\l L 'V\'a.U~1~U 
q 

;]'U~U1"1mmi'l LL~'lJU1Um1Lfl~ u'U ~'lJ u\l nl6Jl'~ L 'Yl'U~ul m i'lilid~::~ il11 ~1'U 1 'Um1LL l'l1m::';Jl [J 
\I \I 

nl6Jl'~ulmi'l,ru tJ JJ1 n L ~u\l,;)1 n m1LL l'l1 m:: ';)1 [J"lJ u\l n16Jl'1 'U ,xl';)::LiJ'U l111<ili1 ni1 m1LL l'l1m::1ll [J 
\I 

hunmi'l 10,000 L'Yh (Armstrong, 1979) 
.d .,I .d . .,1 

• m1"Lfllil u'U '1'11111 tJ m1L n CiI~ u\l u1 m fl (Ebullition) L1J'Um1Lfllil u'U 'Yl1Ci1 tJ 13.1 Lfl ~fl'lJ u\l 

n16Jl' l'U"11li1::liIl[J~U (Soil solution) Ldu113J~1nULnCilLL1\1iuJJ1nn1l,x1 1l::LnCilLiJu~ u\ln16Jl' 
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(Bubble) ~ElVi1~1n~'\.u.htnr1~El1m~ n11L~~El"~'lJtl\ln1'1fhl[Jn11Lii~wtl\ltl1m~ij~~~1"1" 
" 

m1LL 'r'l~m::~1vri1'1fritl1m~mmXav;1"a~n'lJiJ'~~£J'I'I ~1 V~1" 1 m:;V:;LL~nn tl'lJ a\l"lh'l ~w1l11rT\I 
L~n~"llEl\l11\11 "11nU~:;~1~"tXEl V n1'1l~L'Yl"~::Lfl~El"~~El1m~ 1~vm1Lii~w tl\l a1m~dJ" 

" 

1~v n11Ln~WEl\l tl1n1~~~ El~rJmJ~ m.h:;3J1rufElV~:; 10-15 'lJEl\ltfhnrum1LL 'r'l~n1::~1Vn1'1f 
" " 

~\I'I'I1J~ ~1"hm"ll11"r1~n m1Ln~Wa\la1n1~ ~:;~i~~1"lh:;mmfav~:; 40-60 LL~ L~anT'Hii~ 
n1'1f~L'Yl"1"ilIil11~\lL"lltu~a~nT~1~tJv~"'Yl1m""1 n11Ln~ 1~vm1LiiIilWa\ltl1m~ ~::~~1il~1" " , 
L~V\lftlV~:: 10-15 "ll"L~V1n'lJl""1"ll11"J]'~1J1:;'Y11" (ii,~LL~:;~m::,2542) 1"1:;wh-1m111n'lJ~ 

IilLL~fnNl"1"ll11 n1iJn11~\l1.11L'l'\£jv'lJ~lm '1'11m~a~"flm'lJm" m'Hn~Wa\ltl1n1~~::mn;ff" 
" " •• 1 .. 1 ,J' 
LL~::'lJ"1~na\ltnm~~::1J'lJ"I~ 'I'Iqj'lJ" 

~ .... , I ,... 

• m1L~~tl"V1V~1""J]'tl\la1m~ (Aerenchyma) 'lJEl\l11n'lJl1 (Vascular transport) 
d .d .. J' ~ J' :'1 • I" .d T 1 ,,~.. T .. .d 

m1Lfl~ tl"'Yl'lJ a\l n1'1f'Yll\1"Lnlil'lJ"LLJ"LJ1mru~\I'Yl~~ b~m~ 'r'l1:; "1::V:;'lJ11 L~1ru LIil'lJ bIilLIil3J'Yl " , '" 
~"~\l1::V::"ll11tltlm1\1 nl'1l~L'Y1"~Lfl~tl"~1""lla\ltl1m~h~""ll11a1~~1l1mmmnn\l 90% 'lJa\l 

1113J1ru~u~avaan~'lJ11tnm~ (Seiler et aI., 1984) nTH~~a"V1Vnl'1f~L'Y1w"hu"lla\lalm~ 
" 

~" Liilil;1"1IilV'lJ'lJ1"n11LL'r'l~m:;~1V'I'I1a'lJ'lJ1"n11'r'l11Iilmfl~a"1.un'lJ1.a"rl (Beckett et aI., 

1 988) nl'1f~L 'Yl"~\1 aci1U'lJ tl\l~11~:;~1 V 1"~"'lJ1nm1tl'lJ11n~"J]' L~tlml3JL"ll3J"ll" ~\I ht1::i'lJ 
"" " 

wct\l ~::LL 'r'l~m::~1mh"i1n~I\1~dJ""rl tlci11ilV1a'lJ11n L"ll1 ~,r\l Ld tl nl'1liiL '1'1" ht1Uf1:;~1V"r1 i.~ 
" " 

~::Lfl~a"L"ll1~GhtmJ~Elntttln'lJa\l11n ~::Lu~v"dJttn1"1f LLtr1L~~tmV1V~tl1urT\I~1~"v'i"ll'~1" 
" 

"lltl\l 11\11::'1'1 11\1 L"1f~ Lf LL~::~:;U ~IilU ~ a Vnl'1lEl El n~a1n1 ~~1tt 1'lJttllil L~ n~'lJ1L 1m 1flWlJ El\lm'lJ 1'lJ 
" " 

dJ"~1"1'1'1 ttl LL~:;~1"'Y11\1'liEl\lUln 1u'lJ El\lnl'lJ 1m]1\1 i\l LL~"~\lnl1LL~n LU~ V"nl"I!~ L'Yl" 1tt~" 
, .d 

LL~::tl1n1~riLLff~\l1" 1l1'r'lU1:;n tl'lJ'Yl 3 

Ebullit.;O l1 

Aqnatic biomast o 

.Q, 
: .' Air 

Wnter 1-- 0 °G ' .. - Ol.:ldize<i soil ---- - -- )---------
Root txUdat!_~_ · ___ _ 

~ __ -;,ciJ~"~~ 
Or 

" C/'" / Co,. &0 0 0 0 
game "-..". . /' <::> 0 0 

H,+C0, Entrapped 
me.thane 
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ih6JJ~ b 'YlU1J1\1 fflU 1 U~UEn';) bTl~ EluET, f.J bll vrrEl :!Jn1Jlrl~.n:!J~ mh'l~lU~l\1 bblil~en';) bflct1n1'd 

bLvdm~,;)1f.J"lJEl\lnl6JJ~b'YlUblln1Jltl1~~Ubllff~V:l\1bnlilElElnbUb~ (Kimura et aI., 1992; Murase 
'IJ 

iV.c::::I d.-::=. Q;' "". a !' 0 

et aI., 1993; Yaki et aI., 1998) n16JJ:!JL'YlWYlLnct1,;)lnUl"lJl1 LL:!Jl1:!Jn111~1J1f.JU1ElElmblil~'Yl1n11 

diUb~f.J1"JJ11 Lb~l n £J\I'V'IU';h~n11bb vf~m~,;)l f.JffElln1f'1111~:IJ1ru 3.7 -6.2% "lJEl\l1l1:!Jlru~ 
'IJ 

lllilct111~ Elf.J EleJnffU11f.J1n1f'1~\I'V\:!Jct1 (Murase et aI., 1993) nl6JJ~b 'YlU~lU1UdEll';)t:-I~ct1;ju1'V\3j'V\G1\1 
'IJ 

n111~1J1 mtlbblil~Ulilct1U ~ Elf.J El ElnffU11f.J1n1f'1Elcil\111ct1b11111 f.J 1u 2-3 1U ~ b ~ f.J\I b~mrElm 'I'h'!u 
'IJ 

£J\lTl\lct1 mil \I El £i1 u~um~~ bTl ~ EluETl f.Jbll flU Jl~.n:!J~n t'l\l1 U~WffU~l\1 
'IJ 

1 UfflU"lJ El\l1U bbUU n11LL 'V'I'im~,;)l f.Jnl6JJ~ b 'YlU';)l nu 1'l111 (Methane emission pattern') ,! U 
'IJ 

~l:1J11tlV1,;)11rulbct11 U 2 G1n~ru~~ El 111Lbuun11bb 'V'I'im~,;)l f.Jnl6JJ~b 'Ylu1 Unt'll\11Ubbiil~nt'll\1~U 
'IJ 

(Diel emission pattern) bbt'l~ 111bbUUn11bb'V'l'im::,;)1f.Jnl6JJ~b'YlUct1t'lElct1tlct1n1lil (Seasonal emission 
'IJ 'IJ 

pattern) 1ct1 f.J111 bbUU nt1 bb 'V'I'in1~,;)1 f.J nl6JJ~ b 'YlU 1 un lill \I 1Ubbt'l ~ n lill\1 ~U~\I dJ ui n~ru~ nt1 
'IJ 

bb'V'l'im::,;)lf.Jnl6JJ~b 'Ylu1 U1ElU 24 il1:!J\I ,;)lmbUlil\l'l1111ct1f.J~lb1l1ct1mU'V'l1~ 1UU1'l111"1l't'lU1~'YllU 

elct111n11bb 'V'I1m~,;)1 f.Jnl6JJ~b 'YlU 1 Ub It'llnt'll\11u,;)~~\lnil1 Ub It'llnt'll\1~U elct111n11bb 'V'I1m~,;)1 f.J 
'IJ '" 1 Q..I.J Q..<o t=S I li,.I I ,da.- ~ d .. I ,J.c!I 

m6JJ~\I~ct1 Ub1t'll'V\ t'l\l b'Yl f.J\I1U';)Utl\I1J1 f.J bbt'llTl El f.J "J t'lct1t'l\l'Yl Elct111m ~ct1b:!J El b1t'l1 u1~:lJl ruL'Yl f.J\lTlU 

';)unWJ11 'V\i\l,;)ln'!Uelct111Ut'lct1U~Elf.Jn'6JJ~b'YlU~\I:ffub~Elf.J "J ';)un\ld~iu~\I ~ct1'V\i\lb vif.J\l1u i\l 

111'V'1111~nEluvi 4 

CF14 (mg../sq.Il1.1hr) 
3' 

.0 

to .,jl 
oL-----~----~----~--~~--~~--~~--~ 

'-0 71 TA 7:) 74. 76 18 7., 

Day aner Imnsplanting 

111'V'1U1::n El1J~ 4 1U Lb1J1Jn11LU~ f.JUbbUt'l\lelmln11Lb'V'l1m::';)1 f.Jnl6JJ~b'YlU 1 U1eJ1J1U 
'IJ . 

d 
'Yl:lJ1 : U1 bbt'l~bb6JJ~ (Neue and Sass, 1993) 

'IJ , 

in~ru::1U LL1JUnl'HU~ f.JUbbUt'l\l b'lfud b~~n11ElTI1J1f.Jb lil Ell n1 f'l1ElU 1 U~ Elun t'l1..J1U rll 
'IJ 

1~~u~Elru'V\JliJ~\I ~\I,;)~LiJul1';)~m1\11~~m1~~ct1bbt'l~ut'lct111~Elf.Jnl6JJ~L'Ylu:IJ1n:ffu (Sass et ai, 
• 'IJ 'IJ 

1991) LL~ El cil\1b1nct11:IJ n1'd'Ylct1t'l El\l1 U Ul'JJ11Jl~n"lJ El\lii, ~ bbt'l~Tlru:: (2542) n'V'luilin~ru:: 
1U Lb1J1Jnl'HU~ f.JUbbUt'l\lelct111 ni1bb 'V'I1m~,;)1 f.Jnl6JJ~b 'YlUbUUb 'lfUb~f.JlnU 1 UU1'JJ11"1l't'lU1::'YllU 
'IJ 

"lJ1J1Unl1'Yll\1~11i'Ylf.J1"lJEl\l~U'JJ11Ell';)~n11flL'V\t'l"lJEl\lJlct11t'lElEln,;)ln11n:lJln1ubliillnt'll\11U 
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b v·rn::~nT':nfl ~ £J U~l £J bLU\I\l1 n nl"H~'\I Lm1::'IK LLff\l~1u LU ~"n n 
'II 

~ .d ~ lh~ £J~\I bft'13Jyi1 1lKb n'il nl'H~'\I bm1::~ih 'I'm '~3J1 n Vl1£J ~ nU1::n11V1it\l £J £J nOlH \I u. 'Yl Ln~\l1 n 

'lJ1J1Un11V11 £Jh 1 u~wnT'J bL~::\l1 nU11£J1n1f'1\1::LLvdm::\l1 £J (Diffusion) £J £Jm1m1n LU ~~U 1u 
'II 

'il£JUnfl1\1fiu3J1nn-hnfl1\1-)U 'I'h 1i~ L'I'1'1Ulnft'fl1£Ji11'il£J'lJU1Un11 Oxidation n~l £JL1JU 
'II 

mfu£Ju L'il £J£JnL<Jl'IllLLfl::J1 u'1mn.bn1<Jl'~ L'I'1UU1L 1n.b11n 1 U'il£JUnfll\1~U~~fl'ilfl\l LUW~lU 
"lmULLUUn11LLvr'im::\ll £Jnl6J1~L'YlWllfl £J'ilt'j'ilJ U 1 UU1::L'Yl f'I~ £J ci1 UL 'lJ~f£JU ~nlYn.b::n11 

'II 'II 'II 

LL V-l1m::\ll £Jnl<Jl'~L 'I'1U 1 UU1'll11 ck\l LLCii L~3JUfl n\lun\l b nu L~ £J1 "lU 1 VI nl~1U LbUU LUU Lu1 ULL U1 
'II ~ 'II 

L~ £J1nU~ £J 1 U 1:: £J::LL'il nn £J\I::L~3J~ n11LLvdn1::\ll£Jnl6J1~ L'YlU 1 UeJ 'il11~~lm n Lbfl:::\I::L ~ 3J;1u 

.d ~ ~1...... l' ",.d.,. .d!'1 
L1£J£J 61 m3J1::£J:::n11L';)1illL'ilU mUn\lElmln11H\lH~ U1::£J::n£JUn11LnULnrn Vl1El1:::£J::'I'1U1 U 

J ~ ~ ~ 

Ul L~3J LLlK\I VI;\I\llmnU L~ £J1'll11 LL~1~UU1,;)::LLlK\I owu';h ~m1LL 'Adm:: \11 £Jnl<Jl'L ~ £J\I L~mrEl £J 1 U 

(mrn~t~~m1L~3J~'U.'I'11£J-)~nfl\l1'U.~'U. )(mOWU1::nElU~ 5) , 
3SO 

300 - Zero tillage + rrmlching 

" 250 N 
E 

-- Straw burred 
- Straw ccmpost 

~ 200 
0 

CfJ ISO E 

100 

SO 

0 

21 41 61 81 101 121 141 161 181 201 

Days after planting 

1l1OWu1:::n ElU~ 5 1U LLUlJn11LL vdm::\ll£Jnl<Ji'~ L 'I'1'U.'ilfl El~ t'j'ilU fl n'lJ El\l'll11'U.1Jl ~n 
'II 'II 'II 

.d ~ ~ .<1 
'I'1m : b\l1qJf'lflU (Chareonsiip et aI., 2000) 

eJ'il11n11LL OW 1 m:::\1 1 £J nl<Jl'H\I H'il1 'U.1::: £J::n EJ'U.L nu L~ £J1 ~,ml1~n lYl\11 nmn £Jn11'1'1 ~ ~ EJ\I ~'U.rT'U. 
'II , 

~1\1n'U.111ULLlJUm1LL ow1m::\ll £Jnl<Jl'~L 'I'1'U.L "JJwU LU'U.~fl3Jl\11 n n11L ~ 3J;1'U.'lJ £J\lJ1V1 un LLlK\I'lJ£J\I 
'II 

'll11~lm::£J::L 1fll l~£J:Bt iL ~ 'U.11n11H::ft'mi'1V1un bbi\l ml3Jim~"'U.fl 'U.'Y11\1U1m:::Vl11\1 LLfl::eJ<;)11 

n11LLow1m:::\ll£Jnl6Jl'~L'I'1'U. (Buendea et aI., 1998; Neue and Sass, 1993; Wassmann et al. 

2000; Corton et aI., 2000) LLfl:::1'U.'ll11;1'U.Jl\1:::b~'U.L~i~L,;)UL"JJ'U.L~£J1n'U. (ii,~ LLfl::fIn.b::, 2542) 

m~L ~aJ;1tt'lJ Eh,J1V1irmb i\l £1ElaJVlm [In\lmm n.bLLfl:::'lJ'U.l ~'lJ EJ \I 11 n ~l~'U.LLfl::: 1lJ'lJEl\l'll11 L ~aJ;1'U. 
.d" A A 1 1 .d , '" A '" .f... d .1 A 

<;)fl El~"1:::[J::: L1 fll'1'1'lJl1 b,;)'HlJb<;)U <;) "11n LLfl::: U'YlLLm:::VI fl ~';)1 n<;)'U.fl\l ~'U.3J mn'lJ'U.m [J ElU\lLJ n<;)"11 n 
~ , 

'll11\1::: n m "1U ~ EJ [J Hl"1~l \I ') ~\I U"1::: n flU ~1 [J J 1<;)1 fl bL fl::: n"1~ EJ::: ijl 'U.fl EJ n ~~ 'U. 
d t. 
6Jl'\I'Yl\lVl3J~,;)::: 

n fll £J L U 'U. Lb VI ~ \I ~ 'U. '1'11 £J -) <;) n '1'111 i L n ~ n 16Jl' n L'I'1 'U. 3.1 1 n 1 'U. "1::: tJ ::: ft' ~ 'Yll tJ'lJ fl \I n 1"1 L \I '1 ill L ~ U 1 <;) , ,~ 
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uamnmt\tbria"ll111<11~umncia:lJ~-;)lmmlnmn~u ~\l'nl1iL~:lJvtu~'lia\lalm~ ih 1i~nTl 
LfI~ 1lU~"lJ tl\l fi1'lJ~ L 'YlWill n~URm'ltn m~1~L 11~U~ltl 

'\I 

m'lU1L 'Ylfll uh fl m'lthn11"ll a:lJ ~'l::tl::lnt'l :lJ11.h::tln<1l1-tl um'l~n'l!n L~ mnUlJ-nnn nTHl! 
'II, ::w 

oC:I. d .d" ~ ~ '" d\1 IV .to a l.d Ii,.I ~ 0 1 '" 
n'l:lJ"1fl<113J!.I1n"lJUL1tltl ') ma\l111n"lJa~~'Yl b~:lJ1UU:lJml:lJ<1ItlLUa\l ~n<1la\l LL~::11!ilL11 'Yll 'VI 

G"{1~11tl~!il<1l1:lJG"{rnUm1mlill\l ') ~Ln!il~ulJuvtu~11t'lnl~acil\lliltlLiia\l · L'liU mWWln1malm~ 
m1~lilm:lJml:lJLU~tlULLU~\l"lJa\l'Yl1Wtllmll'l1:lJ"1fl~ 1h131 m11i~~u m1~!ilm:lJ"lla3J~L~rnnlJ 

'II 

m1Ln'l!l'<1I1 LUU~U ~\l L'Ylfll ul~flm1ttl1111"ll eJ:lJ~"l::tl::ln~Ju~ii.tl1:lJ'VI1aml:lJVI:lJ1 tl~\!~ a lud 
'II 

LLfI:lJWLlJ~~ (Campbell. 2002: 6) l!il1iml:lJ'VI:lJ1tl"lJEl\lm"lttl"l111"lla:lJ~"l::tJ::ln~11"h 
'II 

." \1:'1 • .d 1 ~ "" d ....¥ ~ .¥!' T 1 " 1 
m"lG"{I"ll11"lJa:lJ~"l::tl:: bn~LuUm"lm::'YllLYW 'VI blil"lJa:lJ~LntllnlJWW~mLL~::vmU1 bliltJ "1f111W U 

'II 'II 

:lJ:lJ:lJtl\!111n~IUlJU LL~:: 1i'VI;n 1 um"lG"{::,:rtlU'VI1tllillil.nlJ'li1\lfl~uLL3J L 'VI~n lyjyh 
q 'II 

R1U LmL3Jaf (Kramer. 1992: 200) 1~n~11H"h m"lttl"ll11"lltl:lJt'l"l::tl::lmnuUm'lllil 
'II 

'VI1am"l1~ :lJ1~\l"ll a:lJ ~<1Il :lJflru,G"{:lJlJ~"lJ a\ll Iiltl'VI1tlU"l1 n nm'lm llil tll3J ~ a\l i:lJ ~~nlJl <1ItlVl1a cu" , dJ 'I 

thlnnm"lmJu,) 1U"lJru,::~r'hm"l~n'l!l'l 
~ VI t: 6" .A t: ~ 

uamlnuu bt'l~L~LL'lJUIil; f1yjLyja"l; LLt'l::'lJWLL:lJU (Lillesand; Kiefer; & Chipman. 2004: 

1) n~1111il m"lttl'l111"llam:n::tl::1n~ ~tl"lltl:lJGl~~J\l~lG"{<1IfLU'l::~Glih~tl1nlJl<1ltl ~U~ 'VI1tl 
1 'II 'II q 

U"lln n m"lm ~ltlm"l1Lml::~"lla:lJ~~1~:lJ11IiltlU"lI~111nm"li:lJ~G"{1Iiltl<1l"l\lnlJl<1ltl ~u~ 'VI1tl ::w 'II q 

U"lln!Jm1m 

LL~::'lJl1iuff (Sabins. 1997 : 1) n~1111il m"lttl"ll11"llEl:lJGl"l::tl::ln~ ~a ~l~lilf"lJa\!m"l 
'II 

1~1lJ"llEl:lJ~, m::lJ1Um"lLLUt'l\l"lla:lJ~ LL~::m"l~ml:lJ"lJ1l\l"ll1l:lJ~mVHhtl~1~m111nEllm~tnU'Yln 
\J 'U ClJ " 

'lJii.1il LL~::1~:lJ1111m111LrimJ ~\l11::uuYim.lni:lJ~uf"l::'VIil\ll<1l~nlJ1\l~LL3jLVI~nlyjYh 
111 n~n~11m"ll1\l~U J U ml:lJ'VI:lJ1 ci"lJ a\l m"lttl"ll11"ll El:lJ ~1:: tl:: In ~w a G"{"lul~ tl"ll:lJl~il 

'II q 

• '" \1:'1 '" VI......... d ...... .....1 "'d 1 '" 
m"l~I"ll11"lJ1ll.;!~'l::tl:: LnmuU~lG"{<1I1"lJa\lm"l blil"llJ"lJtl~~Lntllmnlil~VI"lElu"llnnm"lru,'Yl~u 11~n'l!l'l 

lliltl1.hl~111nm"li:lJ~G"{1~tl<1l"l\lnlJl<1ltl LL~'OJ:: 1i'VI ~nm"l~::,:rau'lil\lfl~uLL3J LVI~n lYJyh ~\l11:: , 
LL<1I nlill\! nua a n lu<1Il3J; n'l!l'rn::LU Wl::~1"lJa\!1~tl LLIiI~::'lJii.~ 

q 

• f1~ULLlJL'VI~nLyjvh (Electromagnetic Spectral) 

LLG"{\l tllt1~ £JL UU ':iU LLlJlJVI rt\l"lJ €I\lfl~ULL3JL 'VI ~ n lYJvh llil tl LL~\l €I1t11il£J11::tl n~::n E1un ~1J lliltl 
'II 'II 

l<1lmLil~\}r'h 1i:lJm~£J:lJ €I\} LV:Ul<1lbl LUU~~LL<1I nlill\l nU€I eJ n 11.1 :lJU'l!t£J~\} tnitlVlinm"l~\ln~11d:lJl 
, q q q 

1inlJm::lJ1Um':im':ittl':il11"llEl:lJ~1::tl::1nGl (Mather. 1999: 5) 1~tlfl~uLLllLVI~nlyjvhG"{lm1bl 
'II . 

bLU\} El €I n l~LUWV\ GIl tI'lil\lfl ~U (~\l LLG"{Iil\l1 umWU1::n EllJ~ 6) LL~:: 1 ULLIiI ~::'1il\lfl~U11::~"l1 tl GI:: L~ rllil 
~LLlilnlill\lnutJ€lnltl ~\lLLG"{~\l1um1l\l~ 7 



VISIBLE MICROWAVE 

GAMMA X-RAY ULTRA -
RAY VIOLET I 

! 
l .. 
u · 
III ';:, 
GI 

·Ir 

" 

, I I 
1'0"12 10-" 10"10 10" 10" 10-7 

'10" 

Wavelenglh lnm 
R~lle<;ted Ener ,_ gy 

Peak; 0.5 I'm . 

111m 

d A" 
'ruJ1 : "lI'l1JU~ (Sabins. 1997 : 4) 

i'\I~hbmn.n (Gamma ray) 
~.. .. 
'i\lffbEln'll (X - ray) 

umJn11 0.03 nm 

0.03-3.0 nm . 

3.0 nm - 400 nm 

INFRARED 
, 

RADIO 

!: 
';" e 
III 
J:: 
~ , 

1'0-4 
, , I 

10-1 10-1 10-2 10" 10° 10 ' m 
lmm lem 1m 

Radiant Ener . . gy 
Peak, 9.7 I'm 

{1n<il<iln~uJ\I'V\3J~ 1 w5u1J"i'irnmfl,r'i-l,uu 
'IJ 'IJ 

{1n~~n~'i-l,~\I'V\3J<ill'i-l,iuu'i'i~lnlf1iuuu 
'IJ 'IJ 

'lil\1fl~mfun11 0.3 ~m {1n~<iln~U~\lV\3J<ilL<il~ 
'IJ 'IJ 

LEl L'l!U (03) h1J"i'i~lmfliuuu 
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r\l~elt'l~1'i1'1.1 Lmt'l<il 

(Ultraviolet) 

'lil\1fl~U~lIEl\lb~uM 
(Visible) 

'lil\1fl~U~uYhlb'i~ 
(Infrared) 

~UYhlb'i~ff::"';ElU 

(Reflected Infrared) 

400 - 700 nm uwYi n '1.'ii'iil ~;;hfll bbt'l::mJ mmuu Yinm'W It'l nii n1'i 

700 - 300,000 nm 

700 - 3,000 nm 

3,000 -15,000 nm 

(Thermal Infrared) 

111 Lfl'ibdW (Microwave) 0.3-300.0 cm 

, 
ff::"';ElU'W~\I\llUff,jff~ ~El 0.5 ~m 

'IJ , 

iim'i~~n~'i-l,luU1\1'lil\1fl~U bbt'l::~,j~IUU'i'i~lmfl 
'U 

'1.<il·hU1,j'lil,jfl~U 

ff::"';ElU'W~\I.:nw;nn<ill\1Ell-n<il~1'ii~ ~miuJl~<il<il 
'IJ 

iulu'lil,jfl~U 0.9 ~m 

n1'iuuYinm'W~El\ll'limJmmuuYin , 
~b~n h1'i'Ufl~\I'l~1'liVJ&f3Jth~m'W~l 'llJ 

dh'lil\1fl~U~ffl3J1'i{1'Y1::t'l~IUiu1J"i'iEnmfl'1.'ii , 
b'i<ilTf (Radar) 0.8-100.0 cm dJ'i-l,'lil\1fl~U~l'i-l,V\tt,j'lJEl\l'lil\1fl~u'1.3JLmm'.j 

~3J1 : 1~~ ; LL~:; Ylm! (Wilkie ;& Finn. 1996 : 16) 

"lI'lUUR (Sabins. 1997 : 5) n~11l1il "1il"Tl~ULb3JLVI~nlyj~1~ll,13J11ilh:; t£J"D'U1Un11 

~111~'li'mJ~ ~f) "1il"Tl~ul3Jhmlyj "1il\1fl~U8WvhlL1~ LL~:;"1il"fl~U~3Jf)"L~ul~ ~\I~fil 
'U 

1n~L~£J\I111J~1,rn\llUflru,:;m13Jn111~mLY;\I"D'1~ (2538 : 3) ~n~1111il "1il\1fl~ULL~\I~ll,13J11i' 

1.1 t ~ Q" ., "" t d 1" '" ... "" 1:; £J"D'Umn11~111~"lJf)3J~1::£J:; bn~ flf) 340 - 1,400 Ul UL3Jm "lI'\I~3J11n "D'Lmf)\ll.If)"l'1JLL~:; 
'U 

uwnn l~VI~l£J f)cil\1 
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• m'l~:y]tlUWi.J.J1U"lJtl.JVl"ll 

m'l~1'l1';)"li tl 3J fI,;)l m:rd,nfl Ll1i'thvl i nm'l~:Y] tlUbbfl:~~'lfU Wi.J.J1U 1 Ubb@lfl:-n1.J fl ~u 
'IJ 'IJ 

"lJtl.J1~t13J11.h:£.In~1i ~.J1~t1bb@lfl::"llU~';)::~fi1m'l~:y]tluwi.J.J1u~bL\91n@ll.JnUtltlnLtJ (i.JLL~\91.J , q q 

1umwl.h:ntlU 1 0) 1~£.IVl"llW'l'lt1Ui'l'l3J"ll1~~:y]uuwi.J.J1ULI1i'~1 Wri1.Jfl~Uawvh1b'l~ 1mf (Near 

Infrared Wavelenghts) (700 - 1,300 'H,11m3Jm) bbfl:1wrl1.Jfl~U~3JEl.JLV;UL~,;):~:y]e:Juwi.J.J1U 

"li1.Jfl~UU~.JflLii£.l1 (500 - 600 U11UL3J\91'l) ff1um"~:y]tluwi.J.J1U"lJu.J~U';)::ifuu~n1Ji1';)-;ij£.lU1.J 
'IJ 

1.h:m'l1u~u b"liU ml3J:Bu1u~u bdli1~1u~u LiJU~U LLfI::,r1';):L~~m'l~:y]uuwi.J.J1U1u"li1.J 
q 

fl~ua,"'Vh1L'l~1nLf (~1,rn"lUflm:m'l3Jm'l1-;ijmL"';.J"ll1~. 2540 : 5-6) 

-"-"-"- Dry bare soil (Gray-brown) 

60 --- Vegetation (Green) 
------- Water (Clear) 

.. '-'.'-"-', /"---, " '- . 
".,. ; \.-.".- ,-.. ... ........ -.""- '_. 

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.B 2.0 2.2 2.4 2.6 

Wavelength (I-Im) 

mW1..h:nuu~ 7 m"~::y]Emwi.J.Jlu,"lJtl.J1\91/'lLL@lfl:"llU~ • 
.d '1\" .. "' •• 1 •• 1.... . . 
'Y13Jl : bflfILflWlJU\91; flY'lLY'lu'l; LLfI:"llWLL3JU (Llllesand; Kiefer; & Chipman. 2004 : 17) 

LfltfLflU"lJU<11 ~y.jL y.jufLLfI:~WU3JU L~n~11n"flm~3JU~ m'l~:'11 uULLfI:~ ~.nU w i""lU~ 
• 'IJ 

LL~ n <1Il.J I1U 1 U U<1I fI :"li1.J fl ~ U"lJ u" W"ll ~.J L~n nl'lU1"li tl 1If1 ';)1 n n1'l~1'l1,;) ';)1 n1: £.I: Ln fI~ Ul3J1 
'IJ 

tl'l: £.In \911,n Unl'l~ m!l-ll1i'lUnl'lLn'IYIPl'ln'l'l3J L"liU nl''HLtJ ntl'l:bfl 'Y1Vl"ll~ L W1:tl fI n (Crop-type 
• 'IJ 

Classification) nl'l'Yh nl'l L W1:tl fI n u ~1" t1 n~ U.J (Precision Farming) bLfI:n1 'l-;ij \91 n1'lVl"ll~ 
'IJ 'IJ 

LW1:tlfln (Crop Management in General) (Ullesand; Kiefer; & Chipman. 2004: 37-38 , 
'IJ 

237) 1~tlJ1 Ltl LLLf1tl,.:mm1utlfl:1 0-30 "lJ u.Jfli".J1ULL~\l~~ n m:'Y1unuvtu~h 1u';):~n~:y]uu 
l

' .d.d '" '1\" '" , .d '" '" '1' .d.d '1\' '" tltln3J1 U"ll1"fl~U'Y1b113JEl\lL'VIU b~ flEl "ll1\lfl~u,LL~.Jm"lJtl1 ~".m W151\1fl~U'Y1L11 b3J~13J11t13JEl"L'VIU 

1~ luVl"ll,;):~:'I1 ElUW i"\l1U 1 u"li1" fl~uauy.j11 L 1\911nLf Elu n 3J13J1 n~~~ Vh~~ml3J El~ lI~3JU'lrn 
• • 'IJ 

'VI1ElL~,fu';)::i\lLn\911~,;)lnnl1~::'I1uuwt\l\llUlu"li1\1fl~ua~y.j11L'l~1nLf (Gibson. 2000 : 26) 

" I 1.d '1\ i\l ,runl'~~::Y] ElU wi\l \11 U ULL<1I ~ :"li1 \lfl ~U"lJEl \I Vl"ll,;):ij t nNm:: LL~ n@ll\1nUElu n btl~l1J t n'IYrn: 

lm\l~11\1LL~::tl13J1rnflflEl hl'J~~1u1uvh (i\lLL~~"luf11wtl1::mJU 11) (Gibson ; & Power. 
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d 6" t: tt_ AG.f _ .d.d 
2000 : 112) 'lh'l 'lJl1L1~IilLLiil::L,H)'l'Ylff (Barrett; & Curtis. 1992 : 305) n~ll':h u"il"iltJ'Yl~ 

fl11~~1~tymnhtn11ff::rim,j,V'I~\I\llU'lleh'l~"lI ~a ~mYrndm\lff11\1'lla\l~"lI (Plant Structure) 

n111.bL 'Yl~ 1 Uh~n11~111"il'lT a~iil~::tJ::Lniil~11h::tJnIil1i~11.t~"lI,fu L~1.b~l'l~ LLlilmh\l 
~ . ... .......... ..4.. .1..1 .1 ~.r d • 

'11 a\l n11ff::'Yl a1.tLLiil::m~IilIil'I!UV'I iil\l \111.1.'11 a\l V'I"lI'I! \I ~"il ~ L lJ iil tJ 1.tLLlJ iil\l L n ~"lIU 'Yl"ll au L 'll~ fl11 ~ tJl1"l11 \I 
~ . 

fl ~ 1.tLLff\l ffLL~\I~ ii n11ff::ri a 1.t V'I ~\I\ll1.t~l nu ml2J tJl1"l11 \I fl ~ UB 1.t Vhl L 1~ 1 n ~~ ii nl1ff::ri au 

V'I~\I\llU~\I ~a 11.tml2JtJl1"l11\1~~u1.l1::mrn 700 1.tl1uL2Jm (i\lLLff~\llU1l1V'1l.l'l::nau 12) 

(Gibson. 2000 : 25) ~lH1.un1'l'\·n!lmlci1U (Band Ratio) 'lla\lV'ltr\l\llULLllLVI~nLWyh ~\I 

!l~11 ci11.t 1~ L~,;)l nml ~ LL~ n~l \I 1 Un11ff::ri em V'I~\I\ll1.t"ll a\l ffa\l ml2J tJl1 "lI1 \I ~ ~u 1~ tJ !l~11 ci11.t 

• d ..11".. • d "'.... • d ~ •. 1 1'" 
"lI a\lfl112J tJ11"l11\1fl iil1.t'Yl "lI fl a fl112J tJ11 "lI1 \I Yl iilULLff\lffLL~\I nUfl112J tJl1"l11\1~ iilUa1.tl"j11 L 'l~ n iil 

A d I Q..<o.etA 

Vl1aal,;)L1tJn11 ~"lIUV'I"lIV'l1'lrn (Vegetation Indices) (Gibson; & Power. 2000 : 115) 

Q..I &:II~ d d .... &' " I 

~"lIUV'I"lIV'l11rn (Vegetation Indices) fltJ ff~1'Yltlnff11\1"l11.t,;)lnml2JLL~n~1\11::Vl11\1"l11\1 
~ ~ 

d .. ..... d ~ •• 1 1."..4.... ~!-'l ~. I~ 
fliilULLff\l~LL~\lnU"lI1\1~iilUtlUl"i'nL1~ niil 'I!\I1~tltln~l L~LUL"lI\llJ'lmrn (Gibson; & Power. 2000 

: 115) l~tJ mT (RaY,1994 : Online) L~n~11L111 i"llit~"lIV'l1'lrn ~tJ Yl1i1Liil"ll~tln~11\1.;fium 
~ 

1~ tJ n11'l12Ji1 n" 1. U'IJ1 \I "lI1 \I fl ~""lI tJ\I'lT a 2J iil,;)ln n11~1'l1"il'l::tI::Lniil Vl1a al"il"il:: dJUn11-:i12J nu"lI tJ\I 
~ 

~"lI~";11~\ii~ml2Ji~WWlfnu.;fium Vl1atJl"iln~11Ll.lL~11 ~"lIit~"lIV'l11ru ~a n11~11\lLLU1J'Yl1\1 
mU~f'llff~fL~tJ"lI1t11"m1i\lLn~~"lIV'l1'lru1i1'l2J"lIl~ (Chen; Elvidge ; & Groeneveld. 1999 : 

181) ~\!i"llit ~"lIV'l1"jru~12Jl1m:i>1l~ i1. Un1'lVllfl11 ~i2JWwtfnu~1 iil;11l1V'1 LLiil::ml2J~:lJU-:im"ll a\l 
~ 

~"lI (Campbell. 2002 : 465) ~"lIit~"lIV'I'l"jrnVlll~"illnm11.l1::tln~1i1l1V'1,;)ln~11Li1tJ~ L"lI" n11 • 
";lUlt1(:.Jiil(:.J~~'lTl1~1~1~tJ1i1l1V'1"illn~11Li1tJ2J NOAA (Boken; & Shaykewich.2002 : 4155-

4168) LUU~U Vl1atJl"il,;)::L~"illnn11Lnu'lTtJ~iil"illn1l1fl~U~U L"lIU n11~mYlm'lL"il1tyL~'IJ l~'lltl\! 
'lTl11~tl1i~n~ru::m1~::ri aUV'I~\!\ll" l~tJ 1iLfl~a\l~Ll.lfll~-:iL1~ltJih~ af LnUV'ltr.J.Jlum1~::Y1aU 
"lIa.J~"lIV'I'l1ru1u"lI1.Jfl~ULL~\lffLL~\I ~E1 675 "11UL2J~1 LLiil::"lI1\1fl~"BWl"hlL1~ln~ ~a 754 "11u 

:"1 ... 1. .. ~ .r~ !-'l ... «... ..¥ ~ 1 1. " ... 
L~~1 (Yang ; & Su : Online) LuWijU "n11f'1n~lm\l" L~ b"llnTHn'IJ'llEl~iil1l1flV'lU~U ~tI "lI"lIt:l~iil 

m1ff::riElUV'ltr\l.Jlu1.U"lI1.Jfl~ULL~.JffLL~\I ~tJ 675 ul1uL~~1 LLiil::"lI1\1~~UBUW11b1~1n~ ~a 750 

1 ..4....... ~ ...... .r 
'\.t1 UL~~1 'I!\I~"lIUV'I"lIV'l11rufflm1tlVll b~VliilltJ~m ~\lU 

~ 

IPVI (Infrared Percentage Vegetation Index) 

IPVI L Uui"lfit ~1. "lI1 Un11V11,hi'a tJiil::"lI tJ\I m1~::ri au V'I tr\l\llU 1 U"lIl\1 fl ~u'5u W11 L 1~ 
1n~'lltl\l~"lI ~\!~~-:ili1~i nm1iilU Elt:ln"ll El\l"ll1\1fl~ULL~\lffLL~.J 1 Un11V11Yll NOVI tJtln LiiEl.J"illn 1. U 

'II 

'lJl.Jflr\l(:.JiiltrV'li"lltJ\lyl1 NOVI "il::iif111hlnlltltlnmLUUf11iil'IJ l~tI(:.JiiltrV'li"lltJ.J IPVI ~l~';)::iif11El~ 
lu"lI1\! 0 n.J +1 (Ray. 1994 : Online; citing Crippen . 1990. Remote Sensing of Environment. 

.. .... .r 
Vo1.34. 71-73) ~ff~-:i~.JU 

~ 

IPVI = NIR / (NIR + red) 
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NDVI (Normalized Difference Vegetation Index) 

NDVI LU'U,~"lfit~~n111in'U,Elcil,jn1\3'lJl1,j1'U,n11~n1oJliTj,j,W"lf bU'U,~"1fit~1iLVlEl:f 
1~1VI1mJ,jlJElm~ tnnlJn11b,;)1qJ L~lJ t~W"lf "lfii,~'lJEl,jW"lf bL~::~,j LL1~~mJ1EllJ"ll1,jW"lf LL~::t:-J~~'Y'lf~ 
Li';)::ijfllElci1::;~11,j -1 n\l +1 (Gibson & Power. 2000 : 118 ; citing Kriegler et al. 1969 . .. 
Proceedings of the Symposium on Remote Sensing of Environment. 97-131) fll NOVI ~~ 

f11L 'lil1n~ -1 bLi:f~,jl11 'U,lJ1L 1 rn,r 'U,~W"lfUnfl~ 3J'!tmJ~1El Ell';)';):: bU'U, vt'U,~'U, LL~::fll N OVI ~~ f11 b"lll 
q 

1n~ +1 LLi:f~\ll1lJ1Llrn,r'U,~W"lfUnml3JElci~'U,lLL'ii'U,~1ElEll,;)LU'U,thLir (Steven, Biscoe and 
q .. 

t . .. OV.J' 
Jaggard. 1995 : 143) ~Vn11'V\lm NOVI 3Ji:f~1~,j," .. 

NOVI = (NIR - red) / (NIR + red) 

n11u1::;tJmlf11 NOV! 3Jl1inlJn11~n1oJl~3JlnmtJ~~lvil'U, 1~tJn11~n1oJlil'U,m1 
q 

.. 1 11"" d ov. " bn1oJ~1m13J L~El1[Jl'U, iii (Heryanto. 2001 : 34) b~fln1oJ1Ln[JlnlJm NOVI 'lJEl\l'lJl1 'Y'l1Jl1 fll 

NOVI ,;)::~f11~~~lJ1 m::[J::LL1mL~::L~3JL1J'U,1J1nu1::3Jlrnl'U,~ 20 ~~\I,;)lnm1L~3JLvn::u~n .. 
';)'U,m::~\ln\l-nl\1"ll11ElElml\1 f11 NOVI ~\lL~3J~~~\I t~tJf11 NOVI i:f,ji:f~ Lyi1nlJ 0.53 ~11J1i:f; 

.. q 

LL~::flrn::; (Labus et al. 2002 : 4169-4180) Li"bf11 NOVI mU1::[Jn~1"lfi.'U,m1'V\1f1113Jim~''U,n-
q 

nlJt:-J~t:-J~1iI"ll11i:fl~ 1~[J~f11 NOVI ~f11LLU1~'U,~13JnlJt:-J~t:-J~~"ll11i:fl~ ,hi3JU1::~Y1f 
ml3Jim~''U,f~Li ~fllu1::3Jlrn 0.7 110Jrn ~11\1i';),r~1 (2544 : 127-128) LiUl3Jlu1::;[Jn~1i'l'U, 

q q 

i:f3Jm1Li'U,m,jLL~::;i:f3Jn11~,j~ Elm ~ El~1f11 LA! LL~::3Jl~;lrn'Y'l'lJ El,jth~lJL'lJl L~Y1LY1Elfii,"lfr1 

(Metternicht. 2003 : 2855) Liu1::£Jn~1ifh NOV! bLi:f~..1W"lf'Y'l11rn~mmL~1 
q 

RVI (Ratio Vegetation Index) 

RVI LUW;"lfitW"lf'Y'l11rnElcil\1~1 tJ~~~fi'U,t~[J ';) Elfbb~'U, (Ray,1994 : Online ; citing 
o Q..t dd a IV I 

Jordan,1969. Ecology. Vol 50 : 663-666) m1m'U,lrn'V\1~"lf,"'Y'l"lf'Y'l11rn flEl m1'V\lEl~11i:fl'U, 

1::~11..1ilimrn 'Y'l~\I\ll'U, 1 'U,LLIli ~::ml3J tJ11-nl\1fl ~'U, LL~::i~ t:-J~ m::;Y1 lJ ';)1 mbi:f\l i:f::-n El'U,,;)l nl~ ~ ~'U, ') 
ElElnLU f11 RVI ~f11'U,lrnLiElci1'U,-nl,j 0 ';)'U,m::~\lL~~~''U,i:f~ (Chen,Elvidge,and 

.. q 

Groeneveld,1999 : 182) l~[Jfll RVI ~liijf11'!tEl£Jnl1~1El1n~L~[J\I 1 LLi:f~,jl11'U,lJ~L1rn,f'U,LU'U, 
vt'U,~'U, LL~::f11 RVI ~L~~f11mnn-h 20 LLi:f~\ll11'U,lJ~L1rn,r'U,~W"lf~mLL'ii'U, ~,jf11 RVI iji:f~1i,jd .. 

RVI = NIR / red 

1'U,m1~n1oJln11u1::tJn~1if11 RVI 110Jrn ~11\1i';),r~~ (2544 : 125-127) l~Ul3Jl 
q q 

u1::tln~1"lfi. 'U,i:f3Jm1Li'U,~1\1 LL~::i:f3Jm1~\I~Elm ~ El~1f11 LAI LL~::3J1~;lrn'Y'l'lJEl\lUl Lt~kr\l, Ul 
q 

.'I~"" ~.. 11\ .... .d 
LlJqJ,;)'Y'l11rnLL~::lJl~1JLL~\I i:fl'U, 6]"\I'V\; LL~::flrn:: (Singh et al. 2002 : 49-56) b~fln1oJl L1e:J,j n11 

u1::mrnt:-J~j:.J~~w"lf1'U,1J1L1rnvt'U,~L~n ') liult:-Ji.'lt:-J~~~li,;)lmh RVI mLU1tJ1JLYimJn1Jj:.J~t:-J~~~ 
lIj)L~lj)l3JUn~,r'U, ~fhU1::~Y1f1l1'Y'l'lJEl\lml3Jim~''U,fL'yi1n1J 1.25 

SAVI (Soil Adjusted Vegetation Index) 
;'1 ov.. .. . d· ov ,¥ .d.!1 ov .d ov 

SA VI LlJiI.~"lf'U, 'Y'l"lf'Y'l11rnY1'Y'l~m'lJ'U,m L'Y'l e:JlJ e:J,j n 'U,ml3Jfli.'ll~ Lfl~ e:J,",;)1 n nTl1 ~ 



b 

tLUl§J~tLU rUT.::1tI.~n: It 'ti,Y I:-Lih ~ 'ti~ I:-G rr.~ ~1 I:-LlA.![tIUl't1.mU L~Ln:!i!1';1 ~.a.Llf'tULn:~ftL~ I:-G rr.I:-L~UI!l11 
n. 

n:Ll~ .a.LUI:-Grr.rlLl.~,::WtM.11tLu::!i!11lLrr.U!i!nU'tiM.LIII.'tUl'tiL~rlI!l1 88dl I:-Grr.tLU.!llJr.' 'ti'tilLrr. 
ItS I " I OJ F .Y II F="'="" " ';l '" 

b b 
L'tiC-Grr..a.LUrlL~::WtM.11tLU'ti' L'tin:Jr.U'tiM.::!i!11::rlrr.I:-UU'tiM. ll!l~~nu'tiM. lLrr.L'ti G~ C-!i!1II.11 V .u It...: IF' .r :F' ,r -' ~ I"f',f' '" P' I 

L, C-Lihl:-~ 111.11 UL~.a.LlfrlL~::W~M. 11tLUL~'tULn:::tft::~~rlLn:III.LQl ~rll!ll rlU'k~U ,::tft'ti t 'tiU 1~.a.Llf I:-Grr. 

11 L~::W~M. m.LU'ti[!1::tfttLUI:-G~1 L-I'tU~~'k(966 ~ 'uJodeW!llr'f!u!d)jns) ~tJ.~rr.~ tM.Ln:~I!l~ 
n. 

lLlfoU!i!fttLU'ti t~ !i!l'ti 1 ~u 1 L'ti~,tA::~~~'kft'k 'tir,p U ~::W'tiGt 1.a.LU I:-G rr.11 L~::WtM. "tLU I!l!i! 13 M. 1 J;I" .u I p 
b 

ItLl~LIII.::~UGM. 1'tiI:-U I!l~L'tiI3'ti' U~::W'tiGt1JrsLUfl L~::WtM. 11tLU'tULIt::tn 13M. 11:-Ultlt t'rr.L'tin:~U 
F" p..r-~ ~ .., Q I I" P -;: ",: IF 

'ti t L'ti UL'ti 'tiLlA.::tft!i!Jr.lL,lToL'ti 'ti¥-1't1,'yb'LihUI!l11~lL,lToL'tiI:-G rr.LI1U~~l 1tJ.rtrt::WL~ f.ll3ihI1L~::W~M.1' 

b 

UU~::W'tiGt l.a.LU C-G rr.'tULlttn I!l l~ltl!l::~U~I:-~::tn I!lU lit L-I'tU~tLU rll!ll U ~::W'tiGt l.a.LU F' P Q ;:.J" 1"'0 1"Ji '''' 1"'0 P" P ,.,. .u 

1!l~'tLUl§J~~ltl!ltLU::!i!'1t..L,lToU~fttLUl'l3~1L-I'tU~~1 (1766'SSes pue eneN) ~L.a.::bl'1ltJ. 
. n. 

'ti,Y I:-Lih ~LrtLUl§l !tLU~::!i!11't1,,Y I:-Lih~lL,lToU blft::LM. 1tLUL!i!l 1 t't..¥-
b 

'ti, L-I'tU~tLU It ULJ1 ::tn £ 'tiU I:-LI!ll§lrtlt~'tU L;N!'til§lUU 'tiM. 'ti' .a.LUl§Jl~ltl!ltLUN! U1JrsUlt1t..LG t'G rr. It p p '" 1"'0 I ~ P' 'e:#F"F" "f" t, Q n P' -~ I 

~E>U ~ 1'tU l 1~rt lL,lToL'tiU L~.a.Llf I:-G rr.fl L~::W~M. 11tLU::!i!11 l§l ~ 1tLU'tilrt::W rt,Y W ~ 1 U fl Lbllll.Lbl l1::I1::t 

'ti1J1'ti,YI:-GJ; 1 GihL-I'tU~~kP.I:-~L;I1!~tLU LU~N!'GKklll.~'ti t lL~ I:-Grr.I:-~rlLJr.~'ti}\l'tUl 1~rtlL2-L'ti 

U L&'ti1),,1 ~.a.Llfrl L.~::W~M. l1tLU C-13~1 L-I't U~k (1766 ~ 'JellS!:I pue sses) }GJ1. 1Jr.~::!i!11~ LJrs 

'ti l t"t1, III. 'ti' 'tiU I:-LI!l U 1!l1' U.a.LU I:-G rr.'tiltntn 11 N! Ll~L III. 1"'0 P ,,1"'0 I F'.u , .. , .. 
n. 

LN!L!\::~ lL~UC-~bln:G,lTort~'tLUL!i!l1t't..¥-C-~ ~L'ti 9 'ti'yL'L~L!i!t..1::I1::trt~1fll§l1 C-LrGl~ v t'LrGl~ 
rt~1::~C-~~::~ih11 'tiJ1'ti~1''PIII.'titJrsLlf!i!~G2-rt~1l§Jl~ltl!ltLUrtkIll.L~ (01:1/88) JOpeleo UO!leZ!UOI 

eWel:l AlldeJ6oleWoJll8 se8 JrsLlfJl-::Lt~1 ~G ~C-G~L;1I-t fll§l1.III.::LWl ~ftlL!\UU~'krt~1 ~.a.Llft'LrG l~ 
n. 

L!i! l 1 n¥-::~~1' rt~1 1'f111111!l1 .a.Llf l'LP G l~rt~1::bll1t..L2-Lti. 'ti tJrsLlf rt~1~1'~ l§l~fll§lll'G!i! l§JUtLU L!,A~lfll§ll 
" 

lL2-L'tiUL~'tilA.1~JrsLlfflL~::W~M.lltLU 1'13~'L-I'tU~~'k (OOO~ "Ie Ie 1!lell>!) ::'tU~::!i!1m~L~ 

b n. n. 
ftt~UtLn:~tl.G ~ U'C~fl 1;1 ~l-n:Ll~~C-G::!i!11'tiLL'bll';1 L~I;'ti~tLU L!,A~'kI1~~ pl'~~L-I'tU~tLUti. t 

'ti1'l§J1!l' 
,r' 1"'0"" Lot 

,,@u;,taUllM~~t'l'\L" 
I"fi \t=' F' fI"'O '=" 

t'M:1t~1 n:l 96'0-91'0 tI.~~t't..¥-lLflN!Lll;'tiLt'l'llM.'tiG,tA::~tLUL~ = ~IN 
tl!lre1Wl N!'k 89'0-£9'0 'ti~I;c-ql.lLrlN!LlL;'tiLL'L'llM.'tiG,tA::~tLUL~ = pe~ 

n. 

13 N!1 
F' 

~6'O-~8'O C-L~III.::trGL~~'ti~1tI!l1'I1V!i!11~!i!~tl GblL;'tULn:~ftrt,Y II\V'S L~L'L~III.::t 

f'ti,tAn:~N!LWL'Grr.~lA.g::tftN!~L~fll§ll ~L~lL,lToL'Grr.'ti&1tI!l1'ti'k::!i!11~!i!~tl G!i!~L-I'tU~tLU'tit 11\ V'S 

L~2-1..l§lU~::tft~k (69~-917~ : 1700~ 'Jesne~ pue lleddO) }GJrs1l[!::!i!11 }1.!i!M.1M.GG 

(9'0 + peJ + ~IN ) / [(paJ -~IN) x 9'~] = II\V'S 

(~09£ 

~OO~ 'Ie 1e oe!x) p.L'~tl!l~~ftkl~lll§ll ~+ I:-~ ~-L'tJl.'titrGL~~::~~'k~ II\V'S L~ Ill~tI.~tI.}\ 

l£ 
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A'VJ d,a ddt In> d t,..I .r d. 
1 Lfl b~£ntlUEJ.J (2537) I1In'Mlb'Hh'l nT'Hb'r'f'm1::,;)1t1'lJeJ\ln16J5:IJb'YlW;)lnUl"lJ11'Y-mVHl:IJ • 

bbfl::Ulil1~1\1 ~ eJ tiL Ui\lVl1~'V'I1::umI1l1eJ tllitl1 1~ltIm1~n'Ml'Yl~ ~ eJ\l1~ t1 n eJ eJ n LLlJ'lJ 1~ tln11fi:IJ . ... . 
• 1 ..r.d1 ""!".I .,.d..::. ofl '1".1 

LLlJ~\I'V'IU'Yl ~tln11LnlJ'lJeJ:IJ~6J51LL~~::LLlJ~\I 3 1eJlJ m'lJl1'Yll1ln'M1UULlJUU1V111U !iltI:lJn11lJ~n ... ... 
1 ..r .d, '" '" .. ., .d. I .. ,,,, '" .. 1 .. '" .. ".1 

U'V'IU'Ylm\ln'U 2 bblJU LL~::'V'IUli'lJ11'YllJ~nmL~n~l\1n'UVI~ltJ'V'IUli ~tI:IJ'V'IUlf~'V'I11ru'lJ1 90 lJ~n 
.. cu .... It .. '\f 

luul~~:IJ fi1U~Wrr~Uml 60 LL~::~'UTIL~U~eJU1\1 111 U~nluulJl~n ~diunl"1J't1mb:lJ11,r 
III' .. IlJ CU ClJ 

1 Un11LnlJi eJ:IJ~ 1 ULL~~::'li1\1 L 1~1'lJeJ-.lnl'~u~nil1 1~ tI L~:IJ:\I LLIii'li1\1-.l eJn'lJeJ\I~Un~l "1i1\1n11LL~n 
... ... 

neJ 'li1\1n11eJ8m1\1 LLfl::'li1\1rieJUn11LnUL~tl1 1~tJn11~11,;)1~ril6J5iulu'li1\11u L~:IJ~\lLLIii 6.00 

- 22.00 u. bnlJLiJuL1~1 6 flr\l1U 1 1U Lfl~8\1~eJiLml::~nl6J5 Gas Chromatography Flame 

Ionization Detector (GC/FID) t1ml.1:1J11mLml::~nl6J5~L'I'1U ~~n11~n'Ml'V'1lJ':h'li1\1n11LL~nneJ ... 
LiJu'li1\1~~n11LL'V'I1m::,;)lt1'lJ8\1ril6J5~L'Y1U~\I~~1wvrUTIi11~'V'I11ruU1 90 ~1u5~11m1 

qJ .. .." q 

LL'V'I1m::,;)1 tI'lJ8\1nl6J5~ L'YlU~\I~~ 1~ tI11:IJiu ~il,TIil1~~f11~\I~~~ eJ~UTIil1~'V'I11rulJ'i 90, ~UTI. 
cu .. II cu q q q q 

GJJl1L~1Jijf)\-b1~ 111 LL~:;~"fGJi11~\-b~~1 (jll1J~1~\J • 
,Q d d !IV d I nod 

£J1n (Yagi,1996) I1In'Mlb18\1 n11'V'1<UJmLLU1'1'11\1'Yl,;)::~~n11LL'V'I1m::';)lt1'lJ[J\ln16J5:IJL'YlU 

,;)lnUlil1 L 'lJ~1eJU 1~ tlii dJ1V1:1J1 tiL um11~ m1Lb 'V'I1m::,;)1 tI nl6J5ii L 'YlULb~::~<UJm LL 'U d'l'11\1~,;)::~~ 

m1LL 'V'I1m::,;)ltJ'lJeJ\lnl6J5ii L 'YlU,;)lnUlil1L'lJ~18U 1,rm1~11,;)1~ 1 U1l1fl~Ul:IJiu 1~L~ eJn~u~n\l 
9 LLvi\l1uU1::L'Yl11l1'YltJ (5 LLvi\l1u1l1fln~1\1 2 LLvi\l1U1l1flLVlU8 LLfl::3n 2 bbvi\l1Ulllfl 

~::1,leJ8mU£J\lLVlUeJ) n11~11,;)1~nl6J51Uflr\l;it,r~LnlJnl6J5 1~m~:lJn11m1,;)1~:\lLL~m1Ufln ... ... 

I ..K d'::s d I.... I d Q..<I I I .. I "" • d 
1::Vl11\1'V'1U'Yll1ln'Ml:IJfl eJU'lJl\1:1J1n mLU~tI'lJeJ\I eJmln11bb'V'l1m::,;)1 tJ'll'1\1 L1~1 L 'V'Il::lJ ~n'lJl1 eJ tI'Yl . ... ... 

1.1 - 3.0 mgm-
2 

_ hr -1 mlmL~n~l\1'lJeJ\lfhm1bL'V'I1m::,;)ltl:lJ1n'V'lulu~u~~n'M11u1l1flbVIUeJ 

LL~::1l1fl~::1U8 eJ n LUtl\l LVI iteJ 1 U'lJru::~ml:IJ Lb~ n ~1-.l'lJ eJ\lfh n11LL 'V'I1m::,;)1 m!eJ tI'V'IlJ 1 U ulil1~ii 
A ~I .tCIto d.ct.Q d Q..<I.... d A 1 A d J'.J11 "" ~ I Q...'A. A 

~UblJUm~ ~U'Yl:IJeJU'Yl11~t1UeJtJ LL~:::lJeJeJn6J5L,;)U U~U~\I 6J5\1~~U'll' VlLVlU11flru~:lJU~'lJeJ\I~U . ... . 
LLfl::1::UU m1i~m1n11U ~ nil1 (m1i~ m1'll'~u1::'I'11U, au 'Yl11~t1) ~ ~fl ~ 8m1bL v-dm::,;)ltJnl6J5 ... . 
lUUlil1 

eJ.nff'YlTI L~tI:lJVI'!.i.mb~::flru:: (2543) ~n'Mlb~eJ\I m1U1:::IJ1ruf11m1bL'V'I1m::,;)ltl'lJeJ\lnl6J5 

iiL 'YlmnnUl~~:IJ 1 UU1::L 'Yl11l1'YltJ mtii.~n'Mli\lVl1~eJtJlftil 1~tJ 1,rieJ:IJ~m1b i1tJ:lJLb~::1::lJlJ . . ... 
~11~Ub 'Yl11l11ii 1111 ~~f m1~ n 'Mlflf\ld1 i-n eJ :IJ~~11 L i1 tl:IJ LL~::1::lJlJ ~11~Ub 'Yl11l11 iil1l1 ~~f~<UJUl ... ... ... 

-n eJ :lJfl'l'11-.l11 iim ~l1lf'lJ [J-.l~ULb~:: ~U G'l L ~ eJU1:::lJl ruf11 n11LL 'V'I1m::,;)1 tJ nl6J5ii L 'YlU 1 U Ul"lil1~~:IJ ... ...) . 
'" .,. 0 1 ..r .d , .1 

m111l11';)1I1lm6J5m::'Yll U'V'IU'Ylm\l ') 'lJeJ\llJ1::L'Yl11l 
A.tCIto ~.cI IV d do A 

811'll'111l 'V'I\I'MWiVI~~'ll'mb~::flru:: (2539 : 1l1fl~U1n ';)) I1In'Ml b1eJ\I m111l11l11l1:IJnT'i • 
b'V'l1::Ufln-nl1 hltl1i'Ji'E):IJ~,;)lm::lJlJ-rlJirurulru1l1'V'1 SAR ,;)ln~11L.y]tl:IJ ERS-1 1wil\lVl111l cu cu QI QJ 

n1 ru,;)UlJ1 'V'IlJ"h n11~::'ti E)U'V'I i\l\11 U'lJ 8 \I-nl1';)::b ~ :IJ:BU11l1 :lJ1:: tI::L1 ~11::Vll1\1 m1L ,;)1f),J L~lJ 1111 ., . -
';)um::~\ln\l,;)'Il~\I~'Il1U1::tI::"lil1~n Vli\l,;)lniu,;)::fll1l~\lL~m!8t1 ~\liiml:IJi:IJ~uTInu~\lnUml:IJ 

q cu II q \I 
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ff.JLU~£J'llEl.J~'\.t-nT"JLLG'l::(:.JG'l(:.J~~"lJEl.J-nT"J LLG'l:;ffl~THnbn11ff:;'I'ltJ'\.tW~.J.Jl'\.t"lJEl.J-nT"Jm1"1f1'\.tn1Ty'h 
'U 

LL(:.J'\.t~LW1::UG'ln-n11L~'1in~1£J 
'U 

"il1£Jl UruruiIUJULLfl::"rn:: (~UU.) l.~mY1L~El.J n11U1rnlm1"llEl~flffl1ff'\.tLYl~llij~lff~f 
II QI QI 'U 'tI \J 

-n El~fl~11 LVi £J~ -n El~flEl~it£J~1l'1£Jl -n El~ fln11Ufln-n11 m1~~m1"1fflU1::l'1l'\.tLLfl::ff~U"i1'll.J m £J1llW 
'U 'U q, 'U cu 

"lJEl.J~'\.t L~Elm1W£Jlmm(:.JG'l(:.J~~-n11 LLfl::m1bLW1m::"illmbnffb~El'\.tm::"iln 1~£J1"1iLb1JU-;ilflEl"b;" 

U1::bll'Yl(;]1.J ') "illnLL(;]G'l::'VIli1£J.J1'\.t 

LLW1m:;"illmLnff~b'Ylmln'\.tl'lT11 

1l£J"1'\.t~ulln!J1'\.tLElnffl1(;]1" ') 

Decomposition) 



oJ 
lJ'YI'YI 3 

!j fi(Fh Lihl. m"a~m~I'l ~"~rll 

1 '\.l,n11~1L U'\.l,\l1 '\.l,n11~m!l-1Ti'\.l,fl11J'\.l, miEJ~~~LL~'\.l,\l1'\.l,m11iEJLL~:::~IL U'\.l,mWI13J 
" 

.ff'\.l,~ eJ'\.l,~\I~ eJ ~l.J;f 

• '1i'eJ3J~~H'l'\.l,m1~mn 
" 

• Lfl~El\l1i€l~H1'\.l,m1~n'l!l-1 

• m1LnU11U113J'1i'eJ3J~ 
" 

• LL~'\.l,~l1ijl.J'j:::L'YlIllU1L1rui\l'l'l1~RW11ruU13J1~11ff1'\.l, 1 : 50,000 OZJeJ"m3JLL~'\.l,~ 
" " o Cl,; .d 0 Q...o CI 

'Yl'l'l11 ~1~U"15~ L7018 1:::11'11 5038 III, 4938 II, 4937 I LL~::: 5037 I, II, III LL~:::IV LWtJUI3J1~~'Y11 , 
'" ~..¥ d .1......... 1'" ..¥ '" 1 '" '" 

OZJeJ3J~L"15\1W'\.l,'YlOZJ tJ.JOZJ au LOZJ~m1lJnmEl.J,;)\I'I'I1~RW"l1mu'j LL~::: "1511\1 LL~'\.l,LU a.J~'\.l, '\.l,n11LnUOZJtJ3J~ " , , " 
1'\.l,fl1flR\l,13J 

• '1i'a3J~m11i~~'\.l,tJW.IlI. 2544 ,;)lnm3J~~\l,1~~'\.l,3J1'm1ff1'\.l, 1 : 50,000 Lvimi1LL'\.l,n 
" 

'" .d 
• 'lJa~~€l'\.l,') 

1'\.l,L~ml~m1LW1:::l.JGln'1i'11 LL~:::~wrr'1i'11~lnLn'l!l-~1m 
" " , 
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.d ~ .. 
• Lfl'Hl\lYUJW (Printer) 

d. ~ I 1.1 Q.,I I l.d Q.,I 

• Lfl'Hl\l1Ci1 m m1ff:'YlflU, Wfl\l\llU,LLCiI fl:ml ~ !..I11'1!1\1flflU,"lH)\l111l t1 (Spectrometer) 
q 

A 0 I A Q.,I.::to t;" 

• LmEl\l1:l.JmLL'V\u,\lWnCill1~l'flffI1l1 (Global Positioning System) 
q ~ 

• L'YlElf1~iiLl1laf (Thermometer) 
I ~ ill I1J Q.,I 

• nflEl\lLnl.Jm"ll (Closed Chamber) W1El~W~fl~ (Ventilation) 
~ .d '1.1 r:t w 

• L"lJ~UCiltJl (Syringe) LLfl:VlflElCilLLn1Lnl.Jm"ll (Pre-evacuate Vacutainer) 
d d A 6'6'/1 .... 

• LmEl\l~El1Lml:'V\m"ll Gas Chromatography(Shimadzu GC -12A) Cil1tJ Flame 

Ionization Detector 

• l1l~l.JL~11l11m:tJ: 

• ntrEl\ltiltJmW~~I1lElfl (Digital Camera) 

Ttl "aun'HJ 

• hhLLm~1:1.J1.Jff11ffU,L'Yll'fl1iil'flffl1lf 
~ 

<;f ~ 

n1"atnU"a1U"a13J'2Hl 3J iii 
OJ 

1u,m1~m~lflf\ld N~mnl~'Yllm1Lnm1m1WllEl~fl~ln'V\u1tJ\llu,11'1!m1~l\16) ~1~~ 
~ ~ 

m1..ijCilLnl.JiEl~fl1.J1\1~1U,HLLtr1 lh:nEll.Jn1.J'lrEl~fl~1~~lnm1~111~mflffm~ ~11tJfl:L1itJCiI 
.., , VltI.J' 

CiI\1Ci1Elb u, 

~ ~ 

'71e:l3JiiltI~3Jl1ii (Primary Data) lh:nEll.J~1tJ 
.. ... OJ 

" ..IV) ... 0 '" ..r ..I '" VI'" 
• "lJEl~fl'Yl bCil~lnm1ffl11~LLfl:Ln1.J111.J11~~lnWu,'Yll'fn~1 bCilLLn 

~ 

" c!- 11.1 ..r.d", 
"lJEl~ii1ff111W'Yl1 bu"lJEl\lWu,'Yll'fn~l 

~ 

m1LLw~m:;~ltJ"lJEl\lfh'D'~L'Ylu,~lnu,lil1'1!ii1t11:mu, 

t11mmm1ff:l1Elu,W~\I\llU,"lJEl\l'li'11U,1'1!ii1t11:mu, (1EltJiiI:) 

• 'li'El~ii1~1~~lnm11Lml:'V\1u,"'El\l'YlCilflEl\l l~LLfi 
'\I 

Q."oo I 6')/ .d Q.,I 

ElCil11m1LLW1m:~1 tJ"lJ El\lm'D'~L 'Ylu, (~, n.lCil1,L~11l1/1U,) 

'71e:l3JiiI'YI&iUllii (Secondary Data) 1~~lnmn11.J11~~1U,'li'El~ii1~ln'V\U1tJ\l1u,11"ll'm1 
cu q III "" cu 

bbiil:ff11\1~1U,'li' El ~ii11 'V\ lJ~l ni El~fl"lJ El\l'V\U 1 tJ\llU, 11"ll'm1~1 tJ hhLLm~1:;1.J1.J ff11ffU,b 'Yll'f 
... '\I ~ 
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do'" 
1 : 50,000 "lJe:h'lm~bbr..J'U'Yl'Yl~11 ~1~1J"ll'~ L7018 1~11\1 5038 III, 4938 II, 4937 I • 
bb~~ 5037 I, II, III bb~~IV 

• 'llEl~~m11i'~~'U tl~.f'I. 2544 Iijlnm~~~'Ul~~'U ~1~11~'m 1 : 50,000 

"".:to cv dA I 

• "lJEI~~"1!~~'U Iijlnm~~~'Ul'Yl~'U :IJ1ml~l'U 1 : 100,000 

'" d ....K d • 1 '" • 1 VI '" "'. 1 '" • "lJEI~~bmnn1J~'U'Ylb ~1~lJ~n"lJl1'Ul"ll'~lJ1~'Yl1'U b~lijlnml~~1mr..JlJ~n"lJld 
'lJ 'lJ 'lJ 'lJ 

b~m11m1b ~1~tJ~n'll11 bU'U!il'U 
'lJ 

~111ijl ~ ril6Jl'~ b 'Yl 'Ubb~~fh m1~~tl EI 'U ~ tr\l \11 'U"lJ EI\I'll11'U 1"ll'~ 1J1~'Yl1 'U 

• m1nl~ 'U~1'U ~~11Iijl~ ril6Jl'~ b 'Yl'Ubb~~fhm1~~tl EI'U ~tr\l\lIW.lJ EI\I'll11'U1'1l'~1J1~'Yl1'U 
l ' ~ ~ 1 " .1 d .. .1 
~ £.Ibb1J\lIijlm~EJ~m1bIij1qjb~1J ~"lJ EI\I"lJl1'Ul"ll'~ lJ1~'Yll'U 6Jl'\I ~1~EJ~b1~llJ1'~:IJ1 rn 120 

l'U ElEImu'U 5 "lil\l"lJEI\lm1b~I~1J~n'll111~EJIij~dl1J'llEl~~1'Ul'U~ 7,25,50,90 bb~~ 
'lJ 'lJ 

110 'l'ttr\llijlm~~1J~n'll11 (Day After Planting : DAP) ~EI "li1\1!il'Umtl(Seedling) 
'lJ 

"li1\1bb~nnEl(Tiliering) "li1\1bb~nnElb~~~(Maximum Tillering) "li1\1 EI Elm 1,'1 

(Flowering) (Maturity or Ripening) 

(http://www.fao.org/docreplT7202E/t7202e07.htm) 
d d ... 

b~Elf'ln~IE1~11m1 

bb ~1m~,;)1 EJ"lJ EI,'Iril6Jl'~ b 'Yl'U 1 'U{j~ b ~1~1J ~ n'll11'Ul"ll'~tJ1~'Yl1'U 
'lJ 'lJ 

bb~~~lm1~~tlEl'U 

~ tr,'l,'ll'U"lJ EI\I'll11'U 1"ll'~ih~'Yl1'U 1 'Ubbwl ~~"li1,'1 Ell EJ"lJ 8,'1!il'U'll11 • 

".--..-------, --00 

- ,0 

- so 

- '0 

- 60 

- 10 

, 
·D1~njJ1H n Ul flU1 
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• nl'H'111\11~nl"lr~1f.Jn~€I\1LnlJnl"lr (Closed Chamber) \1::nml\1htLLtJfj\lUl-lll1 
'U 

ml\11~ t~ f.Jfl1€1lJ ~U-lll11 ULL~ fj:: LLtJ fj\l 1 ULL~ fj::LLtJfj\l"lJ f.J\I n11ml\11~nl"lr\1:: L nlJ 

.... , '" 1 I r:: .J:, I t.dl ~ ..d 
~1 €I f.Jl\1 n1"lr 4 \1 ~ LLfj:: ULL~ fj:::\1 ~ L nlJ 5 fl1\1 bb~ fj ::fl1 \I WJJl \I b 1 fjl b nu b\.b 'Yl 0, , , 
5,10,15 bLfj:: 20 Ulri t~f.JliL-ll:uQ~f.Jl"lJU1~ 30 ml ~~nl"lr\11nn~€I\1LnlJnl"lr Lbfj:: 

'U 

nn';1.11tJbnlJ 1 UVlfj €I~LLnl LnlJnl"lr"lJU1~ 20 ml b ~ mb 1tJi bfl11::,{nl"lr~ f.l1tJ fflV11lJ 
'U 

1tJbblJUm1LL'Y'r:fm::\11f.J"lJ€I\lnl"lrl u'lil\11UVI~\I Yhn11ml\11~ 1 U'lil\1b1fjl 10.00 -
'U 

d !'"'I I dICIt I"" d d. Q..I 

13.00 U. "lr\l buU"151\1'Yl:um1LLYl1"lJ €I\1nl"lr:U b 'YlU~\I'Yl~~ bbfj::"151\1 b1fjl"lJ €I \I m1~11\11~ 
'U , 

nl"lr\1::~lbUulu 5 'lil\1i\ln~11 

• m1ml\11~lil~U s:J b'liU €Irn'V\JlmUn~€I\1LnlJnl"lr, 1::im111:u~n"lJ€I\llh ml:U~\I 
, 'U 'U 

"lJ€I\ln~ €I \I ~\I\1::Yhm1~11'ill~Yf~'€I:unlJm1~11\11~nl"lr L ~mt11tJ fllU ') b\.b5~11m1 
bb Yl1m::\11 f.Jnl"lr 1 un ~ €I \I Lnwil"lr 

• m1i bfl11::,{ nl"lr - il €I ~l\1"lJ €I \I nl"lr\1:::nmt11tJi bfl11::,{~1 mfl~€I\1 iJ€li bfl11:::,{ nl"lr 
'U 

Gas Chromatography (Shimadzu GC - 12A) ~1f.J Flame Ionization Detector 
ct..::.. 6' 0 tV 

(International Atomic Energy Agency,1992) \11nUU\1::1bfl11::Vlfl1Ulb\.bVll€1ml 

m1Lb Yl1m::\11 f.Jnl"lr~b 'YlU\11n-lll1Ul"15fjtJ1::mu t~ f.JtJ1lJ\11n~~1 (Quiamco 1996) 
'U 

1~i\l~€I1tJd 

.d 
L:U €I 

E 

E 

dc/dt 

h 

Mw 

Mv 

Tst 

T 

= 

= 

de (h)(Mw)(Tst) - x ";"",,,,:,-'-----=-"---'-

dt (Wv)(Tst + T) 
IU I 8')r iCf -2-1 
€I~11m1bLW1m::\11f.Jm"lr:Ub'YlU; mg CH4 m day 

m1btJ~f.JULbtJfj\lml:UL-ll:u-llU"lJ€I\lnl"lr~b'YlU; ppm da/ 

ml:U~\l"lJ€I\ln~€I\lbnlJnl"lr; m 
'U 

Jllnrnt:uLfjnfj"lJ€I\l"lJ€I\lnl"lr~b'YlU = 16.123 x 10
3 

mg , 
tJ~:Ul~1t:uLfjnfj"lJ€I\l"lJ€I\lnl"lr~L'YlU = 22.41 x 10-

3 
m

3 

, 
€Irn'V\Jl~:Ul~1:U1U = 273.2 oK 
, 'U '" 

• m1~11\11 ~lil m1~::'Yi €IUYl;\I\llU 1 Ubb~fj::ml:U f.J11'lil\1fl ~U"lJ €I\1-ll11Ul"15fjtJ1:::mu 

\1::m:::rl1 lub lfjl L~f.J1nULb~::\1~l~b~ f.JlnlJm1~11\11~nl"lr~b 'YlU 1 UU1'll11 L ~€I~\1::: , 
,;(,1Iil~1<li\1::,;(, l1ufllU1 rn Vlllili"15U W"15W11rn"lJ €I\lil1 1~ tJlil m1~::'Yi €Ill, Yl ;\l\llU 1<li 

,d .... I 'iI a... dau::I d Q..I J" 
\11mm€l\l1~mm1~:::'Yl€lUWfj.J\llU (Spectrometer) :u11i'm1f1n~1~\lU 

'" ~ ~ 1 1'" '1 ~ .... o ~~~\l Spectrometer lJU"lJl~\l~l:U"lJl (Tripod) ~tJ Vlf.JtJ ULLU1~\lUlnnU 
'U 

~U-lll1 :U:U:Uf.J\I"lJf.J\lLfjuGfL1J~n11\l~ 10 €I\lf11 , 
" 

o i\lbbNum:::~lU;"lJl1~:::'Yi8UW;\l\llU (White Reflected Board) lrtUbLUl 
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~ r.hlnTi ~1'\.l, 

o #\I~lm1~tnl'lil\1f1~U~ 675 'U11'UL~m ~1'U~lmj~::::'Y1r.m'V'ltr\l\llW1Hl\l 
, d 

(tJ1WY1,;)~ , 
d Q.,I.dct I .cI 0' a..-.d. Q.,.I 0 I 

L~[JlnlJ'Yl~\lLL~·mm::::~1'U~"lJ11 LLG'I::::'Yl1mjtJ1'U'Yl'U'Yl'l'lG'l\l,;)ln'U1LL(:.Jum::::m'U 

'" 1 0' '" ""1 ,.old 1 ~"lJ11tJtJn) ~[J'YlWll'UL~£J1nU 'Uf111~tnl"lfl\1f1G'1WYl 750 m 'j.u~m LLG'I:::: 

o to '1.1'" to .d I A tld .., 
'Y11!i11~"lJWiltJ'U"lJ1\1!i1WY1\l'l'l~Iil'YlmnlmL~m fWU1!i1rt , 

o I "" a..- '" .d..d Q.,I VI '" .. I ,. r:t ~ o 'U1mmj~::::'YltJW"'IG'l\l\llU"lJtJ\I"lJ11LLG'I::::m::::1il1U~"lJ11'Ylllil Llilm'l'lll.lJtJWlI'Ulil 

mj~::::l'itJu'Wtr\l\llU (Asian Institute of Technology,2003) ,nn~m 
'IJ 

Reflectance Factor (%) = 
Reflectance Factor (%) = 

VA. = 
VOA. = 

IO(Y' oYo,) X 100 

Ltl tJfL.jju~mj~::::l'i tJ'U 'W tr\l.J1U"lJ tJ.Ji11 

~lmj~::::l'itJ'U'Wtr\l\ll'U"lJtJ.Ji11 

fi1m1~::::l'i tJU 'Wtr\l.J1U"lJ tJ\I m::::mU~"lJ11 

o 'Il1LtltJfL.jj'U~mj~::::l'itJu'Wtr.J\l1'U"lJtJ\I'li'1111J'I'I1~li"lfil.vh ~\lmj'l'll~li"lfil. 
~"lf 1~,nn~mi.J~tJ1tld'· 

'II 

1umj~·hm1::::~~li"lfil.~"lf'Wjjrn,r'Um~[J11il1Lm1::::~~1~"lfil.~"lf'Wjjrn 4 1Jj::::Lf1'Yl~tJ 
'II 

Q.,I .c:Id d 

1. 1il"lf'U'W"lf'W11rn IPVI (Infrared Percentage Vegetation Index) 'I'Im[Jtl.J 

a!i1j1~1'U1::w·h'ltl1mrnmj~::l'itJu'Wtr.J.J1U1'U'lil.Jf1~Uawvh1I.j~1n~ ~tJ 
~Gljl ~"lJ tJ\ltl1m rnmj~::l'i tJU'W tr.J.J1U 1 U'lil.Jf1 ~uauvh1 L jl111n~ nutl'1m rn 

mj~::::l'i tJ'U 'W tr.J.J1 U 1 'U'lil \I f1 ~ULL~.J ~LLI11\1 

IPVI = _..:..N;.,:.cl R--,--_ '1'11tJ 

NIR+RED 

NDVI +1 

2 
Q.,I odd d 

2. Iil"lfU'W"lf'Wj1rn NDVI (Normalized Difference Vegetation Index) 'I'Im[Jtl.J 

a~j1~lU1::::W:h.J(:.JG'I~1.J"lJtJ\lm~lrnmj~::::l'ifm'Wtr\l\llu1'U'lil.JT1~U 

auvh1L11il1n~ (NIR) nlJm~lrnmj~::l'itJ'U'Wtr.J\l1u1u'lil\1T1~'\.l,LL~.J~LLI11.J 
(Red) ~tJ(:..lGljl~"lJtJ.Jmmrnmj~::l'itJu'Wtr\l.J1'Ul u'lil\1f1~uauvh1 L jl111n~ 

nu1J1mrnmj~::::l'itJu'Wtr.J\l1Ul'U'lil.JT1~'ULL~.J~LLIil.J 

NDVI = NIR - Red 

NIR + Red 
Q..I ,o::lI..,:S d a..- I , 

3. ~"lf'U'W"lf'W1jrn RVI (Ratio Vegetation Index) 'I'Im[Jtl.J tJ!i1j1~1U,j::Vil1.J 

tl1~1 mmj~::::l'itJu, 'Wtr.J\J1u,1 U,'lil.JT1~Uau, Vh1 L jl111 n ~~ tJtl1m rnm1~::::'Y1tJu, 

'W tr.J.J1 u,1 U,'lil\1 f1~U,LL~.J HLLIil.J 

RVI = 
NIR 

Red 
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Q...o Ad .d I CV .d4 

4. ~'.l5'\.l.~'.l5~'J"·H1.I, SAVI (Soil Adjusted Vegetation Index) 'VIm£.ltl.J m~'.l5'\.l.~'.l5 
.d .. IQ...o '1.1 'V a..,. .:fA 

~'J"'J"m'Yl~nlJ'J"ULLn~flm:::'YlU-;]lnm'J"~:::'Yltm~fl\hnWl.la\l~'\.l.~'\.l. 

SAVI = 1.5 x (NIR - Red) 

NIR + Red + 0.5 

L~a Red = f11m'J"~:::'l'ia'\.l.~~\I\l1'\.l.f111~£.I11"lil\1f1~'\.l. 0.63-0.68 1~ lmL3J~'J" 
. ..,... ...: ~ 1 

NIR = mm'J"~:::'Yla'\.l.~fl\l\ll'\.l.m1~£.I11'.l51\1f1fl'\.l. 0 .75-0.95 b~ mL3J~'J" 

W'.l5~'J"'J"mLL~ fl:::i'.l5it 1~ £.I1'.l511J'J"LL n'J"~l LfI'J"l :::,{i! a ~ fl'Yl1 \I ~n~ -;]1 n ~~ n1'J"'VI1f11 i~1J'J":::~'Yli 
'II 

IV IV 6" .c:I f{cv .d Q.; .J" A_ A 

~'VI~~~'\.l.ll'H)\lL~£.I'J"~'\.l. (Correlation Coefficients of Pearson) ~~~'J"~\I'\.l. (~~'Yl'J" f'I'J"U1,2522:93) 
'II q q 

NI(xy) - ( Ix)( Iy) 
R = 

~[N(LX2) - (IX)2][N(Ii) _(Iy)2] 
d , Q..I U A J' Cl,.oI Q,.; fi' 
L~a R = m~~ 'J":::~'Yl1l~'VI~~~'\.l.1l 

N = -;)lm'\.l.~laci1\1 

x = ilLL1J'J"~U, 

y = ilLL1J'J"~l~ 

el~'J"lm'J"LL~1m:::-;]l£.1"l.1eJ\lnl6Jl"~L'Yl'\.l.1J'J":::m.lU~1£.1 3 ~1'\.l. ~eJ 

• i!eJ~flm'J"ml-;]1~nl6Jl"1 '\.l.~'\.l.1~-;]:::tlnlLm1:::,{ LLtl1'tl.1f11elm1m'J"LL ~1m:::-;]1 £.Inl6Jl" 
'II 'II 

~L'Yl'\.l.~1'V11m1~i~0''\.l.fnu~'.l5itw'.l5~'J"'J"mLL~fl:::i'.l5itw'.l5w'J"'J"m 1~£.I~11\1~~m'J" 

~£.I1mm~1'V11'lJm'J"1J'J":::Ln'\.l.f11elm1m'J"LLW1m:::-;]1[J1il6Jl"~L'Yl'\.l.1~EJi'.l5itV1"ll"V'I'J"'J"mLL~ 

I cv.dA ..:J~I Q...oO .. 1 A J: cv cv f( d .d1~'" d da 
"l.IeJ\lm~'.l5'\.l.~'.l5~'J"'J"m'Yl~m~~lJ'J":::~'Ylll~'VI~~~'\.l.ll~\I'Yl~~) L~eJ 'VI b~~l6Jl"\I~~m'J"'Yl~ 

'II q 

"" 6' d I a..,. I If)O d 

m1~t1n~El\l"l.lEl\lm'J"~£.I1mmmn'Ym~mEl~'J"lm'J"LL~'J"m:::-;]l£.1m6Jl"~L'YlWil1n~~m'J" 
'II q 

~ £.nmm"l.l eJ\I ~'.l5itV1'.l5~'J"'J"m (l~m~ eJ n hr~~m'J"~ £.11 mm"l.l El\lf11 i'.l5itV1'.l5~1'J"m~~f11 
i~1J'J":::~'Yli~'VIi~0''\.l.f~\I~~~) -;]:::t1n1J'J":::Ln'\.l.LLfl:::U111Jml-;]~eJ'lJm1~t1mrEl\lnmi1~ 

'II q 'II 'II 

l!ii-;]lnm'J"~'J"1-;]1~1'\.l.~U1~ lmJn1'J"1~m1~f1L'l1~LfI~eJU"l.IeJ\lm'J"~£.I1mm djum'J"l~ 

m1 ~fIL'll~ LfI. ~ eJU"l.I eJ\lf11-;]1\1 LLfl:::fh~~ £.I1mml~1~ £.I1if11 i~1J'J":::~'Yli~1\1 ') 'VI1eJ 

~lU1Ui! eJ~fl c;i1\1 ') -;]:::~-;]1'J"m1-;]lnm'J"~fi1-;]1\11ntlL~ £.I\1fh~ EJ1mm~~~ 'VI1eJ't111 'IK 
'II q 

A ..: .., d , fl • d ... 1" n ~.., ... '" 
Ln~f111~f1fl1~LflfleJUUEl£.l'Yl~~ £.IEl~LlJUm'YlL'VIm:::~~num'J" '.l5~£.I1mm 'VI b~~L'lflV'lll 

q 

~ LL~U~l m11 ~ m1 ~ m1 ~fI fl1~ Lfl ~ eJU~l m'J" t11 ~ 1~1~ EJ'I11 m'J"l Lm1:::,{f111 ~ 
d '" f1fl1~LflL'leJU"l.IeJ\lm'J"W£.I1mm (Mean Absolute Percent Error MAPE) 

d "" ... ..r 
(http://en.wikipedia .org/wiki/Mean_absoluteyercentage _error) 6Jl" \I ~ ~~'J"~\I U 
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~ I[AI-FI] 
n 1= 1 AI 

MAPE 

MAPE = ... IS' tl IS' IS' 
ml3Jf)t'l1~Lf),H1U"lJfl\lm1'VHnmrn (L flWJl'U~) 

= ~1~lnnl1~11~1~~1\1 

= 
• , IS' 

n = ~lU1U"lJfl\lmm1'V'1tJ1mrn 

l~El~~l MAPE U'flEln11'~~1eH'Yhn'lJ 25% iifl11Elfl3Jr'lJt~ 

eJ. ~ oAo 6""" I t. Q.,;. '" .... ~ Q.,; .. I 
L3J fl L n'lJ11 'lJ113J LLt'l:::1 Lfl1l:::'VI"lJ fl3Jt'l'Yl n fl Ell \I m 3J"lJU~ flt.b~\I n t'l11"lJl \I ~t.b ~1 ~ El~ :::~1lJ 

cu ~ 'U If 

~flm11iEl 'V'I1fl3J~\I"liflL~umL U:::~l\16) 1~El,r~rhdJu11 El\llt.b~1tl~t'lm11Lml:::,.H flm~nl''ii,rEl 
q ~ 



. 
U'Yln 4 

1 '" ~ .r'll " .. .r d. l " .1 1'" "" ":'1 .K d UnT'H'In'b}l m\lu L~ Lt'l unvm YllJ t'l n"'lJl1Ul'D't'l u1::YllU u';] \lVl1~ ~V'l11ru1J1LuU V'lU'Yl 
'U , , 

'" 'II ". I .. t t .. . '" 'II 1 ... t· '" "'" I1In'b}l LLt'l:: L~u1::rJn~LYlf1 U t'l£.J'lJEl\ln11~111,;)'lJEl1Jt'l1::£.J:: Lnt'l1Jl "ll' ~£.JU1LEllLmu\l1~mn11 
, 'U 

~::'Yi'u UV'li\l\ll U 1 ULLIii t'l::-lf1\1 f1 ~U1J1U1::£.J n~1'D'1 Un111~ fi1n11~::'YiElUV'I i\l\llU'lJ u\l'1il1 Ul q . 

"ll't'lU1:mu 1 ULL'ilt'l:-lf1\11::£.J::n11L';)1qjL~1J t~ L Vl ElfilU1ru.fil~"ll'itYhV'l11ru. 'V'frmJ~,j ~11,;)1~m1 
LLvdm::,;)l £.J'lJ El\l rll"If3iL YlU';)lnul'1il1"ll't'lU1::mu L ~ eJ 'It l1ui Lml::lf f1111J i1J~Ulh::Vll1\1~"ll'it-rh 

V'l11ru.LLt'l::5~11 n11LL V'I~m::,;)l £.J'lJ El\l nl"If3i L YlU,;)l nUl'1il1'D't'l U1:YllU 1 U~\lVl1 ~ ~V'I·nru.lJ'1 LLt'l: 
. q q 

~i'1,j dJU~1Jn11V'1 £.J1 mru:5~11 n11LL V'I~m::,;)l £.J'lJ El\lnl"If3i L rm ~\I ~t'l n11~n'b}13i~\I'il u 1tJii' 

film1~::'Yi' ElU V'li\l\llU'lJ El\l'1il1 LLt'l:::;)~m1,;)1~ 5~11n11LL vd m::';) 1 £J'lJ El\l nl"If3i L YlU,;)l nu 1'1il1 tWi £J , 
~\lVl1~~V'l11ru.1J'1JU3i'lJulJL'lJ~n11Unmu\l5uU1:;nEllJLU~1£J 10 ~lLf1El ~El ~lLf1miieJ\I ~lLf1El 

q q 
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l ' ...r ..It • 1 1 ~ ~ ~ .. ~ .., ...r ..I 
tt~ltt"lJfh'j'l"ltt'Yl m\lnT1"D'~ LJ'S~'Ylltt ttlJ'Sb1ru,;)\I'VI1~~'I"l'S'SrulJ'Stttt u'S~ne:JlJ~l rJ'I"ltt'Yl 

q q 

1m\lnT1"D'~U1~'Y11tt1~rJ'HllJvrtt~fl~ 11 tm\ln1'S ~fl 1m\ln11"D'~U1::'Yl1tt~fl\l~'!!fl-\l1m-\ln11 
~ , 

"D'fi U1::'Yll tt t 'I"llf'l"l1~ rJl ,1m -\I n11"D' ~ U1::'Yll tt lJl \I L ~ tt,1 f11 \I n11"D'~ U1~'Yll tt~ n i.,,; ,tf11 \I n11 

"D'~ U1::'Yll tt'Yi11lJ ~tf,1m -\I n11"D'~U1~'YllWJftt~~1 ,1 fl 1-\1 n11"D'~ U1~'Yll ttlJ13J 1il ~ ,tfl1\1 n11 
~ q 

"D'~ U1::'Y11 ttL,)l L ~ ~lJl \I ~'VI tt,1 m-\l n11"D'~U1::'Yll tt~ fl ttL ';) ~ cl',tm \I n1 1"D'~U1::'Yll tt ~l3J"D'n LL~ ~ 
q 

1 .1 ~ '" ... ..I 
f11\Jn11"D'~LJ1::'Yl1tt'l"l1~rJ1lJtt~fl (~\J LL~tt'Yl) 

+ ~600000 

MOOOO eooooo 6SOOOO 

10 0 10 20 30 40 50 60 Kilometers 

~ ----- ----

D 1JD1H'Dl1Im,\Jn~1D" 
Tfn"n111HltJn:m» 

Yn::lJ,l1~flf) 

nO.J;hto-.1 

N 

+ 

'llfl3J~"D'~~tt1it~\J'VI1~~'I"l11rulJ1J\,1. "D'~~tt1tt~\J'VI1~~'I"l11rulJ1U1::nfllJI.U~lrJ"D'~~tt 43 
Cij 'I 'I 'I 'I q q q 

"D'~ ~\J~lm1mLtl\J~13Jmlm'VIm~~3JLL~::m11iu1drJ"D'tt1~dJtt 3 n~3J ~fl n~3JLL,.nn~3J~tt~ 
q q q q 

L 'VIm~~3J~1'V11lJm1U ~ n'll11 'I"llJ fl ~lJ1L 1 ru ~11lJ~ 3J"lJ fl\J ~\J LL~hrl ~'I"l11rulJ1LL~::lJ1L 1 ru~ flttn ~1\J cu co q q If 

"lJ fl\J~\J'VI1~ n~ 3J~~fl\J n~ 3J~tt ~ L 'VI m::~1'V\11J m1Ufln.y:j"D'1.1 ~ltt 1 'V\{1l,;)~'I"l1J fl ~'Yl1\JYiI1!~::1tt~n 
q 'I cu ~ cu 

bUrJ\Jb'V\'ii,fl"lJfl\J~\J'V\1~ n~3J~~rilmiJttn~3J~u~dJtti1ru'V\1~flm1~lMJttlm1bn~1l111.~bbTi n~:IJ~tt 
'I q , QJ 'I 

~~~1l1'1"lbiJttm~ n~:IJ~ttttt n~:IJ~ttllb"lJlbbfl~vru~~ttb~:IJ (<i\Jbb~~\J1ttbL~tt~bbfl::m11\J1tt 
q q ~ 
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,nmL~~~~~<ilEl~"l.IEl1JL"l.I<ilm':illnfl·H)\I~\lV!1<il~'W1·HU.lJ1 m<il':i1Gi'm 1: 50,000 "l.IEl\l 
~ ~ 

..I ..I '" 1 ",..I ~ :;'1 .., ..I ~ , 
m3JLL~WYl'YlV!11 LL~~'Yl"l.lEl3J~m':i "15'Yl<il~ u'Y'U'I. 2546 ,nnm3J'W®J~1'Yl<il~ m<il11~1~ 1 : 50,000 

" d. A'.J '" A'.J 1 ",..I ~ • 1 d ..I '" A'.J1 • 1 
L 'WEl,;)1Lmn'W~'Yl~1"l.111 LL~::'W~'Ylm1 "15'Yl<il~u':i::L1l'Yl El~ ~ LL~~'Yl"l.l El~~'W~'Yl m\lm1"lf~u1::'Yl1~ 

.1 ' ·:'1" d.., A' d "1 
,;)1nm3J"15~u':i::'Yl1~ m<il11~1~ 1 : 50,000 U13J1Lu~"l.IEl3J~L'WEln~"l.IEllJL"l.I<il"l.lEl\l'W~'Yl~1"l.111 ~L"l.I<il 

" 
"15~ 1l1::'Yl1~nlJ vr~ ~~ 1-ll11~El n L "l.I <il"15~ 1l1::m ~ 113J~\I LL~~ ~-ll El3J~"15<il ~ W~1 n m3J-w®J~ 1~~~ " ~ 

m<il11Gil~ 1: 100,000 L ~ El1.bmi Lml::V!1<iltJn11i'El~""lJnlJ LL~~~~n~11m-ll1\1~~ L ~ El 

fl<ilL~ Elnyf~ ~~n l!l-11 ~m1ri1V! ~~';) ~ ~111,;) 1 ~U1-ll11"15~1l1::'Yl1~ 1 ~LL~~::"15<il~~ 1 ~~\lV!1<il ~'W11rnlJ1 
~ ~ ~ ~ 

(1<ilEJri1V!~<ilLnrn'YIm1fl~L~Eln"15~~~~~"l.I~1~vr~~ > 250 <il111\1nhL3JmL~ElLtJ~i1LL'Yl~) 'WlJ'"h • . '1 ..K ,J.J. .. I ... ~ A,::It, A &:I A 

,;)<il~111,;),;)::ElEJ ~'W~'Yl'Ylu':i::nEllJmEJ"15<il<il~ 3 "15<ilflEl "15qjqj~ElEJ1iEJ1 "15qjqj~~1::lJ1 LL~::"15qjqj~L~~1 
q III q II q q q q'l 

.., ..I"" 
qj\lLL~~'YlLL~::<il111\1<il1~~1\1 



16OOO(X) 

eooooo 

ssoooo ll00OOO 

10 0 10 20 30 40 50 60 Kilometers 
~ I 

tH.JlilJl (Ayutthaya) , 

+ · 165OOO'J 

+ 1000000 

t~ 'tID\H'IJ~n1,.Unfll£h' 
'1~~" 
__ a~Dtl1 

_
nu

1l1 

P/JInn4l1 

N 

+ 

279.62 

~1:;1.J1 (Sara Buri) 428.86 , 
b~Ul (Sena) 415.62 
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1llm!u ihh n11b ~ tl n~lt~1l ~~"J11l1 ~ b y:j fl1 -n1 ~~i1n1"J~:;-n tlU'V'l~.J.Jllt"ll tl.J-lll1ltl . , 
"lIfllh:;'Y11U 1 Ubb~fl:;-rl1.J"J:;t1:;n1"Jb'il1tyb~1.J t~bbfl:;b vi flm11l1~ n11bb ydm:;1ll t1"l1 tl.J r1l<Jl'ii L 'YlU'il'1 n U'1 

1 1 ~ ~ 
-ll11"l1fllh:;'Y11U ~tIL~fln~"'Hb'YlU'illn ULb~fl:;"lI~~U -,jlU1U"lI~~Ufl:; 2 1l~~"J11l1~ Tnl'Yl.J~U 6 • • • 
1l~~"J11l1~ <i1.J tl ci1 UellLTl tl fffl.Jy:j,xu.J ell bTl tl1.J1.JU fll~l LLfl:;ell bTl tlI'l11.h:;,]u~ 
• 'U 
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L~"'l 

1)tJtilJl • 
1) £J1iEJl • 

Easting 

613833 

· 623889 

622839 

622350 

627225 

625600 

-wn~ UTM 

Northing 

1575709 

1565177 

1580541 

1579394 

1610988 

1612051 

10 0 10 20 30 40 60 60 Kilometer. 

~ -

"'... '" n1'H~~'Y1 m.~~ a ,h11 "!I ih1!111 
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14°9'22" 100°8'53" ~1),l'YhreJ\I 

14°17'42" 100°8'20" 1Jl\11hmJl 

14°17'5" 100°8'4" 1Jl\1tJ~l3Tl 

14°34'12" 100°10'52" \1I1tJ~::i,..~ 

14°34'47" 100°9'58" \1I1tJ~i,..~ 

+ "''''''' 

+ 18CXlOOO 

• 1fflflt,,]1li'fI 

D lIDUUIII"'\uJnf'llD" 

1f"5i" 
:III D~Dlf1 
III ",~l 
".11'1100' 

N 

+ 

1unTnll~u~'liI-J~11,;)1~5mlm1LL'v'dm::,;)lEJ"lJtl-Jnl6JJ~L'Y1u,;)lnUl-lll1"15fllh::mum'l:: 

fhn11~::'l1tlWVIj~-J-J1U"lJtl-Jil1iu 1~nl~u~1u~ 7, 25, 50, 90 LLfl:: 110 ~~-J,;)ln1u~L~mJfln 
'\I 

-ll11 (Day After Planting: DAP) LlJu1Wyhn11ml,;)1~ ~1tlm\ln'lJ'li1-J1::EJ::"lJtl\ln11L';)~qjL~'lJ 1~ 

"lJtl-J-lll1Uliifl::'liI-J ~tl 'li1-J~umh (Seedling or transplanting stage) 'liI\1LL~nntl(Tiliering 

stage) 'liI\1LL~nntlL~3J~ (Maximum Tillering stage) 'liI\1tltlml-J (Flowering stage) LLf1::'liI-J 
• "d 0 Q,.I 

ntlULn'lJLnEJI (Maturity or Ripening stage) m3Jfll~'lJ 
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g ... I .,."" .... tI 
n1')~l n1!l-'el !?l·nn1'nl ..... 'm,.:l:~' Vn"ll'3Jl n"~'n"'ilTJ~~ ':i:l:n," 

d Q.oI I 11)0 ~ d t.I .. 1 1 ~ dd ~ 
n1'H'Imn EI (11'nnTnL 'I'f)m::~1 [Jn16Jl':IJ L 'YIltLU~ [J~1 nlt1'lJ11'1f~ lJ'J::'Yl1lt It 'I'm mml!l-1'Yl.J 6 

LL viol 1 It.ij\lW) ~~'W'J·HU.lJ1~~1 c;l\l !i11'J1\l~ E111lU 

2 

3 

4 

5 

6 

, , 

. '" fl1LU,W 

~ I ~ A ~ 
B~rnnT'HLi'l~m::'iJ1tJn1'11:IJL 'Y1ltLU~ [J 

(3jG'l~n~:!JIl;nn.H:IJ~~t1lt) 

41.13 

43.34 

42.75 

41 .23 

41 .79 

42.98 

42 .20 

fl.,I R:.... a.,.. I no .:=:iil oCIIo oCIIo Q.oI e.,. 

~1nn1'Jen'J1~1en LL~:: L nlJ'lJ EI:IJ~ E1m1n1'JLL 'W'Jm::,n [Jn1'11:IJL 'YIlt (:IJ~~m:!J/en1"1ol L:lJen'J/1lt) 
'II 

c;lol LL~~ol1 lten1'J1\l 'WlJ'h 5en'JIn1'JLL'W1m::,n[Jfi1'11~ L 'YIlt 1 lt~lt~~nl!l-1J\l 6 LL viol ~~11n~L~ [Jolnlt 

1 1 .r.Jd .d .::::t v I no d d 0 Q.J Q,; J,,:9 
~EJ It'Wlt'YIVlnl!l-1'Y1 1-6 3JElm1n1'm'W'Jm::~1[Jn16Jl':lJL'YIltL'JEJ\l~1~lJ~\lltfiEl 41.13, 43.34, 42.75, 

;f 45.00 
~ 

~~ ~ri 
l<' v; 43.00 cE ~ 
;;J ~ r 41.00 (;> 

.,. 
u r 
v- v-
~ r 

.v- ~ 39.00 
~ ~~ ;:: ~ 
r a!ZO 37.00 ~ !ZO 
~ 43-
~~ 35.00 ---, ---, 

2 3 4 5 6 

.¥ oJ .. 
'r'I1.4'Yl~nl!ll 
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" 
Uflmn m! U ~lnl'~m1,)"r<31 LLfl:::LnU"JJ fllJflel m1n1'JU Vr-:fm:::,n lInl6Jl'ii L 'YlW;)l nU1"JJ11 

'II 

"1I&:Il.h::'Yl1u1uLL!il&:l:::"lh'l1n1'JL';)~ryL~U 1<31 a1lJ1'JmLa<31'11~~~'I1<311'J1'11~ 11 

~umr1 

LLennnfl 

LLennnflL~lJYi 

el'imnTHLvdm::,;)ll1nl6Jl'ih'Ylu 

(ij~~n~lJ/enl'n\!LlJend/lu) 

25.01 

30.96 

50.87 

68.47 

35.71 

42 .20 

IV ~ '" '" , w.d .::. A IV IV 

,nnn1'Jm1';)1<31 LLfl::L nU'lJ fllJ&:I tllil'J1n1'JLL 'V'j'Jm::1l1 lIn16Jl'lJL 'YlU (lJ&:I &:I mW<311 ":i1 '11 LlJ<31'J/1 U) 
'II 

1l1nm-ll111 ULL!ilfl::'lh'l1n1'JL';)~ryL~U len ~'I1LLa<31'111 U<311'l"1'11 'V'ju'h elen'J1n1'l"LL 'V'j1m:::1l1 £J nl6Jl'ii L 'Yluii 

I c:..:f~ I. t.J t.J A I CI..I ~- I no,:::l I 

fl1L'V'jlJ'lJUIil'l1LL<31"111'11'ilUmn';)Utl'l1"111'11E1flnd1\! LLa:::~a\!,;)lnUUEI'il'l"lnT'm 'V'j'l"m::1l1 £Jn1'll'3JL 'YlUfl EI £J '1 

&:I<31tl'l1Ll.I'lUn'l1"1i1'11nElULn1JL~ £11 1<31 £1 1 u"1i1'11~Umr1ii elm1 n1'l"LL 'V'j1m:,n tlnl6Jl'ii L 'YlUb ril flU 25.01 

ijfl ~ n13J1m'J1'11 LlJ<31'l"/lU bb&:l::ii elm1b ~lJ;rU 1 U"1i1'11 LL<31 n n flL UU 30.96 ij&:l ~ n1lJ/<311'J1'11 blJ<31'l"tlU 

1 u"1i1'11LL'ilnnm~lJ~ el<31'l"1n1'l"LL'V'j1m:llltJnl6Jl'iiL'YlUrJ'I1fl'l1L ~lJ;ruiifil L rh flU 50.87 ii fl ~n1lJ/m'l"1'11 
LlJ<31'l"/lU bbfl:ii el ml nl'l"LL 'V'j1n'l":"1 tJnl6Jl'iib'Y1Ub ~ lJ;1ua'l1 a <311 U"1i1'11 EI E1m1\! iifi1L'y\1 flU 68.47 

'II q 

iitl ~n1lJ/lill'l"1\1 L3J<31 'l"/lU ~ i\l"lmtUellil'l"l n1'l"LL 'V'j1m:"1 tJ nl6Jl'ii L 'YlUtl<31tl'l11tI"Un\l"1i1\1 nElULnU 

L~£111~wiifilL rhflU 35.71 iitl~n13J/m'l"1'11 LlJen'l"/lu 

80.00 
;f 
~ 

)K 70.00 u;i 
~ 60.00 cE V' 

~ 
;;;] ~ 50.00 r 
(i' 

.,. .. r 
40.00 .. .. 

C r 
' V' ~ 

~ d~ 30.00 
V' c 

20.00 r 4'" C '" r 4e 10.00 .. 
l)g 

0.00 +---------~---------.---------,----------.---------, 

<il'H.n~l 
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1l1nnl"J~mn f11 nl'H~::ri flU W ;""1WlJ fl""ll11U1'll'~lh::'Y11U 1 W~',,~1~~W1·HUlJ1 t~ £J 1.; 
~ q 

(Spectrometer) 1~ £Jll::ih nT7 
~ Q..I I '" Q..I I I ~ Q..I 

Lmfl"1~mm1~::'Yle)'\.l,Wfl\l\l1ULL~fl::m1:IJ£J11'll'1\1f1~WlJfl\l1~fI 
~ 

~111l1~ LLt'~:: LnlJ"ll fl :lJflm:IJ m1LLU""111" m1LlliruL~lJ t~"lI fl""ll11U1'll'~U1::'Ynu ~ \I Sh:: £J:: L 1 fl1 
~ ~ 

U1:::IJ1ru. 120 1U flamuu 5 "111\1i,,~n~11:IJ1LLi1 Lvlfl~mY1Ui:lJ1ru."lIfl\lf11nT7~::-nflUW;"\l1U 
LLwifl::m1 :IJ£J11"111"fI~U"lI a\l"ll11U1'll'flU1::'Y11U 1 ULL~ fl::"111\1 fl1 £J nl'Hlliru L~lJ 1~"lI fl\l~U,y11 Ui:IJ1 ru. . ~ 

"lI fl\l Thm1~::ri au W ;\I\l1U ~Cil11';)1Cil a ci1 u"111\11 U"111\1 Tl ~ULL~" ~LL~\I LLfl::m:lJ1 rum1~::ri flU 
'U 

W;,,\l1U"111\1Tl ~uau vJ11 L 1~ 1ni t~ £J 1 Um1~n'lY1Tlf\lii'Tl~'\.I,LL~\I~LL~\I iim1:IJ £J11"111\1Tl ~umn U"111\1 
~ 

U .., 1 ..z ~ .,1 , ,,'" ,..z " , U 
1:::IJ1ru. 0.63-0.68 b:IJ mL:lJCil1 LLfl::TlflUflUn"j1L1~m~:lJm1:IJ£J11'll'1\1Tl~Ufl£JbW'1f1\1 1:::IJ1ru. 

~ 

0.75-0 . 95I.:lJ1mL:IJ~1 

~\I ~fl1l1n m"j~111l1~Th n11~::riauW;"\l1'\.1,"lIfl\l"ll11U 1'll'flU1::'Yl1U 1 ULLq\fl::0J!1" L 1 fl1"l1 fl" 

m1Llliqj L~lJ t~"lI fl""ll11 LL~~\lI.~ i"~111" wi fl LUii' 

~111"~ 12 f11 L~~£J"lI fl\lf11m1~::rifluW;\I\l1U"lI fl\l"ll11U1'll'm.h::'Yl1U 1 uLLwifl::i1\1 nT':iLlliqj L~lJ t~ 
"lIfl\l"ll11 

m13JtJ11'lh"fl~U 

(13.1 Imb3J@l'i) 

0.40 

0.43 

0.45 

0.48 

0.50 

0.53 

0.55 

0.58 

0.60 

0.63 

0.65 

0.68 

0.70 

0.75 

0.85 

0 .95 

1.05 

(DAP 7) 

4 .28 

4 .62 

5.05 

5.53 

6.21 

7.09 

8.19 

8.86 

8 .15 

9 .13 

9.85 

13.36 

15.32 

17.02 

16.92 

16.72 

14.75 

(DAP 25) 

3.67 

4.48 

4.58 

5.93 

5.88 

8.66 

9.96 

8.73 

9.46 

11 .88 

15.22 

15.47 

20.31 

31 .56 

31 .59 

31 .74 

32.22 

(DAP 50) 

2.05 

2.42 

3.01 

3.48 

3.85 

7.17 

10.78 

7 .55 

7.05 

6.99 

8 .94 

10.83 

17.35 

41 .78 

53.28 

53.93 

55.93 

(DAP 90) 

1.80 

2.08 

3 .29 

3.15 

3.59 

7.61 

9 .63 

7.62 

6.34 

5.24 

5.38 

6.39 

15.45 

47.34 

56.72 

60.78 

61.94 

(DAP 110) 

2.96 

2.67 

3.30 

3.63 

4.44 

7.63 

10.16 

11.24 

7.42 

6.81 

6.82 

8.18 

18.58 

49 .01 

57.22 

60.74 

60.71 
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~1 Mn1"l \I LL~~\I j:..Jfl n11"f11U 1ntfhLU~ rJ'lJ B\I fl1 n1'i~::'Yl BU ~ i\l\ll U'lJ B\I'llTlWl'1l'm..h::mU 

luLL~~::..n1\1n11"L~1ruL~1J l~,fuLL~~\lli'Yl1"l1J';h fllLU~rJ'lJB\lfl1n11"~::'YlBU~i-\l\llU'lJB\I'llTJ 
" 

1~rJ1"13JLL~1~fllL ~3J~\I;ffUL~mrBEJ 1 u..n1\1m13JEJ11..n1\1fl~U 0.40 - 0.65 L3J lmL3J~-:i LL~::L ~3J;ffU 
'IJ 

BEll\11"1~L~11u..n1\1m13JEJ11..n1\1fl~U 0.68 - 0.75 L3JlmL3Jm ~ln,funni1JmL~3Jtl\l;ffuL~mrBEJ 
'IJ 

lu..n1\1m13JEJ11..n1\1fl~U 0.85 - 1.05 L3JlmL3Jm ~\I~lm1"n~f1\1L1Juml~LL~~\lL<;)~\lif 

0.00 0.20 0.40 0.60 0.80 

- ri Btunmritn 

fl113JEJ11'lh\Jfl~U (mLUL:lJIi1d") 

Jl1~1ld"::n B1J~ 16 fl1 LU~ EJ'll B\I fl1 n1d"~::'Yl BU~ i\l\llU'lJ B\I'll11U1'1l'flll1"::'Yl1 U 1 ULL~ fl::..n1\1 n11" 

L~1qJL~1J t~ 

1 Umd"1 Lm1::~ fll ~'1fit v:i'1f~d"d"nt 1l1m nt'll tJ\J fll m1"~::'Yl tJu ~ i\l\llULb~ i.'l ::fl113J EJ11..n1\1 

fl~U'lltJ\I'll11m'1fi.'ltld"::'YllU luLL~i.'l::'ll1\1 tJ1EJmd"L~1ruL~1J t~'ll tJ\I<;)U'll11 ~~bm li1 Unld"1 Lml::~ 
q " 

,f '1.1, ~::~n tJ Ell u..n1\11l1m nt'll tJ\lT11 m1"~::'Yl tJu ~ i\l\llU ~ m1~1~..n1\1fl~ULL~\I ~LL~\I ijm13J tll1 'll1 \I 
'IJ 

..I '1' . I ~ t . I~ ......, d ~ .,1 
flflUtJEJ U,'1f1\1lJd"::mnt 0.63-0.68 b3J fld"L3Jm LLfl::lJd"mntm1"~::'YltJU~fl\l\llU'1f1\1flflUElUTId"lLd"~ 

'IJ 

1 ... .I.. ,d '1' . I ~ 1 d ... 
nfl 'Yl3Jfl113JEJ11'1f1\1flflUElEJ U'1f1\1lJd"::mnt 0.75-0.95 b3J mL3J~d" 6JI"\lj:..Jfln11"~d"1~1~LL~::n11" 

'IJ 

1m':i1::~1l1mrnfllmd"~::'YltJu~i\l\llU~\I~B\I..n1\1fl~ULL~~\lL~~\I~11"l\1~tJLllif 

~ld"l\1~ 13 1l1mntfl1nT'i~::'Yl tJu~i\l\llul U..n1\1fl~ULL~\I~LL~\I'll tJ\I LL~i.'l::~U~f1m!l-l 
.¥ .I .. m ' ....... l' d .. 11 ...... 
Vmmm'lfl 'i3J1mmm'i~::'Y1au.YHH\l1U. W1l1\1f1flU.LL~\I~LL~\I (L aWJju.~) 

... ... .. .I .. .I 
Iilu.mn LLlilnnB LLlilnnm~3.I'Y1 Bam1\1 Ti aULntJL n rJl 

(DAP 7) (DAP 25) (DAP 50) (DAP 90) (DAP 110) 

10.00 14.17 9.00 5.54 8.47 

2 10.25 14.81 6.94 4.42 6.47 

3 10.72 13.65 7.49 5.37 6.44 

4 11.43 14.21 7.07 4.85 7.50 

5 11 .63 14.51 12.73 5.BO B.OB 

6 10.65 13.80 10.28 B.03 6.66 
.I 

LUflrJ 10.78 14.19 8.92 5.67 7.27 
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j:,!G'l'il1n m1!il11 'ill!il tl1:JJ1 rn,hnT'l~::'Yl fl 'U~~\I\l1'U'll fl\l'llT/l W151\1f'1 ~'ULL~\I RLL!il\l ~lrh 

lw1i1\1Iii'Un~1V1~flVl;\I'il1m~3JL ~1::tlG'lnlwY1 7 iitl1:JJ1 rn~h m1~::'Ylfl'U~;\I\l1'ULU~ t/ 10.78 
'II 

LtlflfL.n'U~lWlh\lLL!ilnnflVl~flVl;\I'il1m~3JL~1::tlG'lnl'U~ 25 iltl13J1rn,hm1~::vi'fl'U'V'l;\I\l1'ULU~t/ 
'II 

L vi3J;1'ULi1'U 14.19 LtleJfL.n'U~ 1 w1i1\1LL!ilnnflL~3J~Vl1Em ;\I'il1m~3JL ~1::tlG'lnl'U~ 50 iitl1:JJ1rn,h 
'II 

n11~::'Ylfl'U~;\I\l1'ULU~t/G'l!ilG'l\l LU'U 8.92 LtlflfL.n'U~ 1 Wrl1\1 fl eJm1\1V11flVl ;\I'il1 n L~3JL 'V'l1::tlG'lnl'U~ 
'II 

90 iltl13J1rn,hm1~::'Yl eJ'U~i\l\l1'ULU~t/G'l~G'l\lLU'U 5.67 Ltl flfL.n'U~ LLG'l:: 1 W151\1n eJ'UL111JLfi t/1V118 

VI;\I,;)1m~3JL~1::tl~nl'U~ 110 iltl13J1rn,hn11~::'Ylem~i\l\l1'ULU~EJLvi3JLu'U 55.66 LtleJfb.n'U~ 
'II 

'6 
;f 

16.00 .~ 
,.,: 

14.00 Ii) 

]. 
12.00 ;f 

r 
10.00 .,. 

j~ 
it 8.00 ;f 

.~ 6.00 .. 
!!; 

4.00 .. 
r c:: 

2.00 r .c;: 

C 0.00 r 
ri 

is ~umi1 bb~nn!l 

m~tl1::neJ1J~ 17 m1~LL~!il\ltl13J1rnfhm1~::'YleJ'U~i\l\l1'U 1 Wrl1\1f1~'ULL~\lRLL!il" 1 W151\1n11 

L,;)1qJ L~1J l!il'll 8\1'll11'U1'1l'G'ltl1::m'U 

",J ill . "... l' .,J ~ ~ 1" ..¥ ",J .. !il111\1'YJ 14 13J1rnmn11~::'YJeJ'U~G'l\l\l1U WJI'1\1f1~UeJU 11b1~ n~"lIeJ\lLL!il~::~U'Y1f'rm~n 

J' d .. m3J1rn,hnTl~::'I1au. ~ i\l\l1ul wri1\1fl ~U~WVh1L d!illn~ (Ltl flfL.nU~) ~U'Y1ll!mn 

" ... .. .d .. .d 
~mmn LL<ilnna LL<ilnnm<il3Jll BBm1\1 ri fl'U,Ln'1J Ln rn 

(DAP 7) (DAP 25) (DAP 50) (DAP 90) (DAP 110) 

15.79 34.30 53.39 43.44 57.79 

2 15.94 29.76 53.86 48.58 54.42 

3 16.91 33.63 41.40 63.96 52.01 

4 17.93 32.73 36.78 52.40 59.20 

5 18.25 31 .99 52 .24 60.04 58.91 

6 16.49 27.36 60.33 61.26 51 .62 
.d 

16.88 31 .63 49.67 54.95 55.66 LU~W 
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~Gr;nnn11mT"1Iilu13J1ru,h n11ff:;'Yi'eJUl"l;.J.J1U'lJ eJ.J-lll''J 1 U'ri1.Jfl~U1iu.vhl b 11illn ~ 

l"lU11 1 ulU'ri1.JClluh~TI'I1eJ'1.'1;.J-;)lm~m'Vn:;u~nlu~ 7 ~U13J1ru'hnl1ff:;'Yi'eJU'\I\l;.J.J1Ub~~rJ 
'U 

16.88 bUeJfb.J1U\9l 1Wlh.Jbb~nnfl'VI~eJ'VI;.J-;)ln~3JLl"l1:;U~nlU~ 25 ~u13J1ru,hnl1ff:;'YieJUl"l;.J.J1U 
'U 

L~~m~3J;]ULUU 31.63 bUeJfL.J1U\9l 1U'ri1.Jbb~nneJb~3J~'VI1eJ'VI~.J-;)lm~3JLVn:;U~nlU~ 50 ~ 
'U 

U13J1rufllnl1ff:;'Yi' eJUi'l ~.J.J1UL~~m ~3J ff.J bUU 49.67 LU flfL.J1U\9l 1 U'1i1.J fleJnd1.J'VI1e3'V1;.J-;)1 m~3J 
'U 

Li'll:;U~nlU~ 90 ~U13J1rufllnl1ff:;'Yi'eJUi'l;.J.J1UL~~m ~3Jff.J LUU 54.95LUeJfL.J1U~ LL~:; 1U'1i1.J 
'U 'U 

riflubnUb~£J1'V11eJ'VI ;.J-;)lm~3J b i'll:;U ~nlu~ 11 0 ~U13Jlrufll n11ff:;'Yi'eJUi'l;.J.J1UL~~ m ~ 3J ff.J fflil 
'U 'U • 

"e; 
;f 60.00 'Ii' 

".,: 
r.J 

E- 50.00 
;f 
r 40.00 ." 

,~ 
~ 30.00 ;f 

.~ 
20.00 .. 

(,; ... 
r 

'" 10.00 r 
"<;: 
~ 
r 0.00 ;;;! 

'B q]unil', 

Jlli'lU1:;nflU ~ 18 ndlvJ LLfflil.JU13J1rufllnl1ff:;'Yi' eJUi'l~.J.Jlu1 U'1i1.Jfl~U1iuvhl L 11illmfl U'1i1.Jnl1 

b-;)1qJL~U tlil'lJeJ.J-ll11 

A. f/G..I .cC ~ 

nT':i'1L~":i'1:;Vi~2l'"~2l'~":i''':i'm 

1Unl11Lfl'n:;~flli"lfitYl"lfi'l11ru,rUm~rJ1~bfl11:;~flli"lfitYl"lfi'l11ru 4 U1:;bll'Yl~fl 
'U 

Q.,I .c:fA oK:! 

1. lil"lfUi'l"lfi'l11ru IPVI (Infrared Percentage Vegetation Index) 'VI3J1rJbI.J 

51il11~1U1:;'VI11.JU1mrun11ff:;'Yi' eJUi'l;.J.Jlu1u'1i1.Jfl~U1iUvJ11 b11il1n~ !ileJ 

~~113J'lJ eJ.JU13J1runTm:;r1eJUi'l;.J.J1U 1 U'1i1.Jfl~U1iUvJ11 L":i'1il1ntr nmJ1mru 

m":i'ff:;r1fJUV'I;.J.J1U1u"Ji'1\lfl~ULLff\l~LLIil\l 

IPVI = NIR '" ----'VI1fJ 
NIR+RED 

NDVI + 1 

2 
Q.,I ciA d 

2. lil"lfUi'l"lfi'l":i'1ru NDVI (Normalized Difference Vegetation Index) 'VImrJbI.J 

5!i1":i'1~1U":i':;'VI11\l~~!il1\l'lJeJ\lU1mrum":i'ff:;'Yi'fJUi'l;\I\llU1u'1i1\lfl~U 
'5u vJ":i'l L ":i'~ 1n~ (N IR) numm runl":i'ff:;'Yi' fJU i'l;\l\llU 1 U'1i1\1fl ~ULbff\l ~Lb~\I 
(Red) !il fJ ~~":i'13J'lJfJ\lU13J1rum":i'ff:;r1fJUi'l;\l\llU 1 U"Ji'1\1fl~U1iUvJ":i'lb ":i'!i11n~ 
nuu1mrum":i'ff:;r1 fJU i'l;.J\llU 1 U"Ji'1\l fl~ULbff\l ~LL~\I 



NOVI = NIR - Red 

NIR + Red 
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IIV aA d Q..<o , , 

3 . ~'l!'l-l.~'l!~11rn RVI (Ratio Vegetation Index) 'VI~.mHh'l eJ~11~1'l-l.1::'VI11\1 

117aJ1 rnn11~::11 eJ'l-l. ~~\I\ll'l-l. 1 wri1\1f1~'l-l.~'l-l. Vhl b 1<71 1n~ ~ eJ117aJ1 rum1~::11 eJ'l-l. 

~~\I\ll'l-l. 1 wri1\1f1~'l-l.bb~\I ~bb~\I 

RVI = 

SAVI = 

NIR 

Red 

1.5 x (NIR - Red) 

NIR + Red + 0.5 

b~eJ NIR = fhm1~::l1eJ'l-l.~~\I\ll'l-l.ml3JEJ11"1h\lf1~'l-l. 0.75-0.95 L3Jlmb3J~1 
, ....., ,d VI 1 

Red = mn11~:::'YleJ'l-l.~~\I\ll'l-l.ml3JEJ11'l!1\1f1fl'l-l. 0.63-0.68 b3J mb3J<711 

(:..l~ n111 bml::'!f Til i'l!U Yh~11ru.1'l-l.LL~ ~::i1\1 n11L-;)7qJL~lJ 1<n"lJ eJ\I'JJ11"lJ eJ\I LL~ ~::cK'l!U vi'll 
~11ru.L~m~i\l~eJL11d 

2 

3 

4 

5 

6 

0.61 

0.61 

0.61 

0.61 

0.61 

0.61 

0.61 

0.71 

0.67 

0.71 

0.70 

0.69 

0.66 

0.69 

0.86 

0.89 

0.85 

0.84 

0.80 

0.85 

0.85 

0.89 

0.92 

0.92 

0.92 

0.91 

0.88 

0.91 

.c. r. tV Ad d I I IIV .:::IA 

0.87 

0.89 

0~89 

0.89 

0.88 

0.89 

0.88 

(:..l~,;)lnm11Lml::'VIm<n'l!'l-l.~'l!~11ru. IPVI bU~EJ,;)lnm1l\1 ~lJ1l m<n'l!'l-l.~'l!~11rn IPVI 

bU~EJ1'l-l.i1\1~'l-l.mrl'V1~el'Vl~\I,;)lm~3JL~1::11~nl'l-l.~ 7 b'Yi1nu 0.61 ,;)lntf'l-l.fhi'l!u.yh~11rn IPVI 
'U 

LU~m~3J:ff'l-l. 1'l-l.i1\1 bb<nnneJ'VI~eJ'VI~\I,;)lm~~L~l::11~nl'l-l.~ 25 b'Yi1nu 0.69 tL~::b ~~:ff'l-l. 1'l-l.i1\1bb<nn 
'U 

nElL~~~'VI~eJ'VI~\I-;)lm~3JL~l:::11flnl'l-l.~ 50 b'Yi1nu 0.85 -;)'l-l.m:::,.t\lL~~:ff'l-l.~\I~<n1'l-l.i1\1eJeJm1\1'V11eJ 
'U 'U q 



;; 
!!: 
a .. .. ::: 
F1 .::: 
1~ 

F1 .. .. 
(i; 
r 
.~ 

1 

2 

3 

4 

5 

6 

1.00 } 
0.90 
0.80 
0.70 
0.60 
0.50 
0 .40 
0.30 
0.20 
0.10 
0.00 

..... 

~,.nLf1 

0.22 

0.22 

0.22 

0.22 

0.22 

0.22 

0.22 

LL'IInn!l 

0.42 

0.34 

0.42 

0.39 

0.38 

0.33 

0.38 

0.71 

0.77 

0.69 

0.68 

0.61 

0.71 

0.70 

0.77 

0.83 

0.85 

0.83 

0 .82 

0.77 

0.81 

0.74 

0.79 

0.78 

0.78 

0.76 

0.77 

0.77 
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.A ti'ICLJ&:Id .d II . CV,:,l.4 

~i'l1l1nm11LY111::VimCil'lfUW'lf'V'f~'1ru NDVI LQi'lEJ1l1nCill11\1 'V'I'1J11 Y11Cil'1f'U,W'lfW11ru 

IPVI LQ~EJ1w1l1\1~umhv\1aVi~\l1l1nL~aJLW1::tli'ln1U~ 7 Lri1nu 0.22 1l1n,fu~i1i'1fitvhl'l11ru 
'II 

IPVI LQ~m~aJ;1'U,1wlh\lLLCilnmlVi1aVi~\l1l1m~mWl::tli'ln1'U,~ 25 Lyi1nu 0.38 LLi'l::L~aJ;1'U,1wrl1\1 
'II 

LL~nnmqjaJ~Vi1tlVi~\l1l1m~aJLl'l1::Ui'ln1U~ 50 L'y\1nu 0.70 1l'U,m::~\lL~aJ;1'U,~\I~~1wrl1\1tltlm1\1 
'11'11' 

Vi1flVi ~\l1l1nL~aJL l'l1::tli'ln1U~ 90 L ri1nu 0.81 1l1n,f'U,1'U,i1\1riauLn1JL~tl1Vi!aVi ~\l1l1nL~aJ 
'II 

... 1 IV.d I Q.,.o .dod d ~ '" .d 
LW1::lJi'lmUYl 110 m~'1f'U,W'lfl'l11ru NDVI LUi'lEJi'lCili'l\lLi'ln'U,tlEJflEJYl 0.77 

'II 'II 



0.90 ] 

:> 0.80 j 
~ 0.70 
c: 0.60 
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~ 0.20 I 
.co: 0.10_ 
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• ~ d 
LL91nno n!l'U.LnULmn 

I Q..<I .c:c~ 

• ~'(Pl~'"'Vt~'V .. 'i·Hl\, RVI 

55 

fl1i"lfu'vhn"rrHU RVI 1'_l.U~Cl::"Jh_\ln1·H';)1qjL&iU 1~'lJ Eh'li11'lJ 1)_\1 LL~Sl::vr'_l.~~m~rl fi13Jl'Hl 

LLfi~M.lCli_\l~111_\1~1)Ll.ld 

2 

3 

4 

5 

6 

1.58 

1.56 

1.58 

1.57 

1.57 

1.55 

1.57 

u~nn1) 

2.42 

2.01 

2.46 

2.30 

2.21 

1.98 

2.23 

a d ----.-.-- ----, -c:(-----:r----
UCilnnmliUJ'I'J 1)1)m1_\1 n£J'l-UnULmn 

5.93 

7.76 

5.53 

5.20 

4.10 

5.87 

5.73 

7.84 

11.00 

11.91 

10.80 

10.36 

7.63 

9.92 

6.82 

8.41 

8.08 

7.90 

7.29 

7.75 

7.71 

A 6", Cl.oo aA ,::I I f a,., ~d 
~Cl"1nn111L~"l1::'l'tm~"lfll.~"lfVf~1rn RVI LUClrJ"1nm"l1_\1 ~U11 m~"lfU~'lf~"l1rn RVI 

Lu~rJ1wrl1_\1Iii'_l.n~1'1't11)m~'\I';)1m~3JL~1::1h:m1'_l.~ 7 L'Yi1nu 1.57 "1mf'_l.fl1i"lfu,Y:;"lfVf~"lrn RVI 
'II 

Lu~m~3J;1ll.1wrl1\1LL~nn1)'l't1Em;\l"1m~3JL~1::l.lSln1ll.~ 25 L 'Yi1nu 2.23 LLSl::L~3J;1'_l.1wrl1\1LL~n 
'II 

nm~3J~'l't1tm;\l"1m~3JL~1::l.lCln1'_l.~ 50 L'Yhnu 5.73 "'_l.m::~\lL~JJ;1ll.fi_\lfi~1wrl1\lm)m1\l'l't1!) 
'II 'II q 

'I't;\l"1n~3JL ~1::tJCln1'_l.~ 90 L'Yhnu 9.92 "1mfll.1wrl1\1ri!)ll.LfiuL~rJ1'1't1£J'I't;\I"1m~3JL ~1::l.lCln 
'II 'II 

LI ,::I I IV d4 d r:t" ,.::I 
1WYl 110 m~'lf'_l.~"lf~"l"lru RVI LmWCl~Cl\lL~nll.!)£JEW'Yl 7.71 

'II 
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8.00 

6.00 

. 
4.00 i 
2.00 ~ 
0.00 t-------,---------,- ----------------r--.--.--.. ----, 

fil~'J)'ii.yh)''I'r:j''mb SAVllu.bb'.liL'l::'li1-.1mdb"il~ll!b~1J 1~"lJfl-.1"11T"l 
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~u.n~l 
.. d .. d 

bb~nnfl bb~nnmmJl1 flflm1-.1 r1flltbn1Jbmn 

2 

3 

4 

"5 

6 

0.33 

0.32 

0.33 

0.33 

0.33 

0.32 

0.33 

0.62 

0.50 

0.63 

0.59 

0.56 

0.49 

0.56 

1.06 1.15 1.11 

1.15 1.24 1.17 

1.03 1.26 1.16 

1.00, 1.23 1.15 

0.91 1.23 1.13 

1.06 1.14 1.15 

1.03 1.21 1.15 

t:-If1'illnmd1bml:;lKfil~'J)'ii,~'J)''Vl11rn SAVI bU~fJ'illnm11-.1 'Vl1J11 ,h~'J)'it~'J)''Vl11rn 

SAVI bU~fJhl,"1h_.1~u.n~1~1m~~_.1'illm~aJb'Vll:;Uf1n1'\.l,~ 7 b'Yhn1J 0.33 'illmf'\.l,fil~'J)'it~'J)''Vl11rn 
'U 

SAVI bu~m~aJ;1'\.l,1wrll_.1bb<?lnneJVl1eJ~~_.1'illn~m'Vn:;Uf1n1'\.l,~ 25 b'Yhntl 0.56 bbf1:;b~aJ;1'\.l,1wrll_.1 
'U 

bb<?lnnm~aJ~Vl1eJVI~_.1'illm~aJb'Vll:;Uf1n1'\.l,~ 50 b'Yhntl 1.03 'il'\.l,m:;~_.1b ~aJ;1'\.l,~_.1~<?l 1WD'1_.1eJeJml_.1 
'U 'U ~ 

Vl1eJ~~_.1'illm~m'Vll:;Uf1n1'\.l,~ 90 b'Yhntl 1.21 'illmfu.1wrll_.1r1flU.bfl1Jb~£n~1fl~~_.1'illn~aJ 
'U 

11 Q.,I d I Q,.I dA cl ~ '" .d 
b'Vll:; f1n1WYl 110 fl1<?l'J)'U'Vl'J)''Vl11rn SAVI bUf1fJf1~f1_.1bf1n'\.l,eJfJeJfJ'Y1 1.15 

'U 'U 



• 

1.40 

~ 
1.20 

1.00 

ql 0.80 

0.60 q; 
0 .40 

0 .20 

0 .00 

~1.4n~' u,l1lnn!l 

_ d 

Uflnnml1llJ'Yl 

~1 ~2I'"~2I''Vfl''irn.~1\1 C) L "UL~ a :;~d\l n1'n"~Q! L@1UL<?l1l e:J \I~1d 

. • d 
n!l1.4mlHmrJ 

~1~"1Iii. V'hfVi1'nu,lii1" 6) 1 U,LLIii fl::'li1"m1L~~tyL~U 1<il"ll a ""Jl11"lHl " LLliifl::~U, ~~mn 
... , LU.Y 

U~<il"~fl<il"<il111"!ila u, 
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~13J11n 

!il111"~ 19 ~flm11Lf111::,{~1U~1~"1Iii.vh'V'l11ru.liil" 6)hl.bLliifl::'li1"m1L~~ruL~u 1m a ,,'li'11 . ~ 

~hi'l!itYl'l!Yf~'Hu.l'j.mlil~::~u~l'in~l 

'lid"nT~T;)1tyb~hJ Len '" .... 
l11'l!U'I'l'l!'I'fi'itu. 2 3 4 5 6 

'" '" ~umn IPVI 0.61 0.61 0.61 0.61 0.61 0.61 

NOVI 0.22 0.22 0.22 0.22 0.22 0.22 

RVI 1.58 1.56 1.58 1.57 1.57 1.55 

SAVI 0.33 0.32 0.33 0.33 0.33 0.32 

bL~nnfl IPVI 0.71 0.67 0.71 0.70 0.69 0.66 

NOVI 0.42 0.34 0.42 0.39 0.38 0.33 

RVI 2.42 2.01 2.46 2.30 2.21 1.98 

SAVI 0.62 0.50 0.63 0.59 0.56 0.49 
.- .d 

0.85 0.84 0.80 0.85 LL~nnm~UY1 IPVI 0.86 0.89 

NOVI 0.71 0.77 0.69 0.68 0.61 0.71 

RVI 5.93 7.76 5.53 5.20 4.10 5.87 

SAVI 1.06 1.15 1.03 1.00 0.91 1.06 

flflm1" IPVI 0.89 0.92 0.92 0.92 0.91 0.88 

NOVI 0.77 0.83 0.85 0.83 0.82 0.77 

RVI 7.84 11.00 11.91 10.80 10.36 7.63 

SAVI 1.15 1.24 1.26 1.23 1.23 1.14 
.- .d 

nau,LnULmn IPVI 0.87 0.89 0.89 0.89 0.88 0.89 

NOVI 0.74 0.79 0.78 0.78 0.76 0.77 

RVI 6.82 8.41 8.08 7.90 7.29 7.75 

SAVI 1.11 1.17 1.16 1.15 1.13 1.15 
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Q.,.t a,... 6' • Q".I.::t ~ Q.,I I 6V ~ g,.t 

ATl3J G'f3J'V'IlHi7::::Vl 'J1\i !PI~"'V'I~'V'I 7'H1Ut G'l:::: £)!PI 71 n1 7 tt 'V'I 7n 7::::'il1 U n1'1$3J t'YI Wl.I €) \i "1'2.11 'J 

~G'l'l.h::::'YI1" 

m1'~m~1m1:!Ji:!Jvrufne:h'li1';)itl~mn 1~LLri i"1fii,-W"1f'V'l1'1'rnLL~:;5~1'1m1'LL'V'I~m:;,;)1tl 

n1"1l'iJ L'YlWlJ El\lU1-ll11"1fm.h:;mu 1~mt1:!J1'Vi1~1:!J~~1'm1''Vi1fhimh:;~'Yl1f~'Vii:!Jvruf''lJEl\lLVltlf 
'U 

~ ~~ 
~U (Correlation Coefficients of Pearson) ~\lU 

R 
N2:(xy) - ( 2: x) ( 2:y) 

J[N(2:x2) - (2:x)2][N(2:y2) - (2:y)2] 
.d fhimh:;~'Ylf~'Vii:!Jvrwtf L:!JEl R = 

N = ')1mui1El~1\l 
x = i1LL'l..h~u 

y = i1LLlh~1:!J 
d I Q.,I .. I A. £ Q.,I Q.<I 6'.d I ~I I 

"1l'\lf\1~:!J lJ1':;~'Y1lm'Vi ~:!J'V'lUli'Yl LL~~\lm LlJUm 1J1 n 

L~tl1nU ~1Ufhi:!JU1':;~'Ylf~'VIi:!JvrwtfdJufi1~1J,;):;'VI:!J1tl~\lm1:!Ji:!Jvruftu1um\ln~1Jnu (tl'Ylli 
q 

... ~... 1,::t 6' Q.,I Q.,I tt I Q..I ... I ~ J cv IV tj'Q.,I..¥ 

'V'l\llY ntl11'1'rn. 2543 : 161) (jItl:!JLnrn"Yl"lJEl\lm1:!J~:!J'V'lUli,;)1nm~:!JlJ1':;~'Ylli~'Vi~:!J'V'lU1i (jI.,m 

0.80 - 1.00 

0.60 - 0.79 

0.40 - 0.59 

0.20 - 0.39 

0.00 - 0.19 

d d Q.,I Q,.; 6'Q.,I I IJ,I 

LL~~\l!l\l n11':!J fl11:!J~:!J 'V'l Ulin Ufl ElU"lJ1\l ~ \l 
'U 

LL~(jI\l~\ln11'iJfl11:!Ji:!Jvrwtfnuu1Un~1\l 

@l171\l~ 20 fi1i:!JU1':;~'Yl1f~'Vii:!Jvru]h:;'VI'j1\l~"1fii,-W"1f'V'l1'1'rn IPVI NOVI RVI LL~:; ISVI nuer~d1 
n11'LL 'V'l~m:;,;)1 tl n1"1l'iJ L 'YlWlJ f)\lU1-ll11"1f~U1':;mu 

fi1i~lh::~'Yl1f~'V\~iJvr'\ur ('lh~1l1!Ji'll'll1'l LLIil::l'11LL~Iil::'1l1~mwil1ruL~'Ut~'lJ1l~'ll1''l) , ~ 

~ a'" 
~'l5'11'1'l'l5'1'l1·l't1t '1l1~ 111 !JiU'll11 i'llnt1'l LL~nn1l LL~nnm~~~ 1111ml~ ri11'11Ln'ULnm , 

(OAP 7 - 110) (OAP 7) (DAP 25) (DAP 50) (OAP 90) (DAP 110) 

IPVI 0.607 0.629 0.029 0.415 0.750 0.187 

NOVI 0.607 0.629 0.029 0.415 0.750 0.187 

RVI 0.638 0.628 0.026 0.344 0.744 0.181 

SAVI 0.606 0.643 0.027 0.042 0.738 0.185 
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L~ fli bfl1l::,.{,h N~U1::~YliR'V\ N~vr'\.l,f'lJ fl.J ~"1fii.Yhn·"l11ru IPVI nu el~1lm1bL 'Vf~m::,;]l rJ 

nl'1JiiL Yl'\.l,';]lnm-lll1WU'11 'hN~U1::~YliR'V\N3Jvr'\.l,ffh~"1fii.Yhw11ru IPVI ii~lR.J.yjRGl1wrl1.J 
'II • 

4 A , ~ '" I "d I I ~ d I 

flflm1.J flfl 0.750 1fl.J~.Jmflfl "1f1.J~'\.I,n~1, "1f1.Jbb~nnm~~Yl , "1f1.Jnfl'\.l,bnUbnrJ1 bb~::'1f1.JbL~nnfl 

~l~,h~u ~1'\.1,m1ibml::,.{~lN~U1::~YliR'V\N~vr'\.l,f'lJfl.J~"lfii.Yhwnru NOVI nlJelCil1lm1 

LbW7m::';]lrJnl'1JiiLYl'\.l,';]ln'\.l,1-ll11WU'h fhN3JU1::~YltR'V\N3Jvr'\.l,f~1~"lfii.YhW11ru NOVI ii~lR.J 
'II 

~RWl1wrl1"tlflm1.Jfltl 0.750 1tl.J~"mfltl 'li1.Jiumh 'li1.JLLWlnnm~3J~ , 'li1.JriflUL111JLfirJ1 bb~:: • 
'li1.JLbWlnnfl ~l3J~l~U 

utln,;]lmfum1iLml::,.{~lN3JU1::~YltR'V\N3Jvruf'lJEI.J~"lfih~"lfW11ru RVI nlJelmlm1 

LbW7m::,;]1 rJnl"ll'iiL 'YlWillnUl-lll1WU'11 ii~lR.J~RCil1 '\.I,'li1.J EI E1m1.Jfl EI 0.744 1tl.J~.J:!Jlfi EI 'li1.J 
'II • 

.... .... I r:; d I I R.d I 0 Q..r ,:!I, A. 6'. 
Cil'\.l,n~l, "lf1.J LLWInn mCil 3JYl , "lf1.Jntl'\.l,LnULnrJ1 LL~::"lf1.JLLCilnnEl m3J~l@1U Lb~::L3JEl1bf11l::'V\f11 

N3Jlh::~YliR'V\N3Jvr'\.l,f'lJEl.J~"lfii.~"lfW11ru SAVI nUelCil1lm1LLW7m::-;nm;1"ll'iiLYlW;Jln'\.l,1-ll11 

WU1l ii~lR.J~R@11'\.1,'li1.JElElm1.JfiEl 0.738 1E1.JLNmfiEl'li1.Ji'\.l,m~\ 'li1.JriEl'\.l,LfhJL~rJ1, 'li1.Jbb~n 
'II • 

"d I 0 Q..r 

nm~3JYl, LL~::"lf1.JbL~nnEl ~l3J~lCilU 

bL~::L~mmrJULrirJ1Jfi1N3JU1::~YltR'V\N3Jvr'\.l,f'lJEl"~"lfii.~"lfW11ru IPVI NOVI RVI LL~:: 
SA VI nu elCil1lm1LL W7m::,;]1 rJnl"ll'iiLYlw;nn'\.l,1-ll11WU1l 'V\lnvhn1rul1GlrJ~Cil'li1.J m1 

L;)7qjL~U 1~'lJtl,,-ll11,r'\.l, fil~"lfii.~"lfW11ru IPVI LL~:: NOVI 1 '\.I,'li1" ElElm1"iifili3JU1::~Yli 
R'V\i3JvrufR"~R@1L ri1nu 0.750 bb~th~;)11rul1@1rJ113J'lJ E1"m1L,;]7ruL~u 1~'lJ E1"-ll11:"bb~ L~3JU~n 

ClJ q QI ClJ 

dJul1iun~1';]uti,,'li1" ri tlULnU Lfi rJ1LL~1,fU ~l~"lfii. ~"lfW11ru RVI ii fili3JU1::~YltR'VI N3JWUfR" 
'II 

.J 'v 
YlR@1 LY11nU 0.638 • 

Uf) mnmi\.url mil m11 Lf11l::,.{nJ1rJuL riEJU~l~"lfii. ~"lfW11ruJ" 4 lh:: LIm nlJ el~1lm1 
LL W7m::';]1 rJ'lJ E1" nl"ll'ii L Yl'\.l,LL~ ~::'li1" m1L,;]7ru L~U 1Cil'lJ f),,-ll11m"lf~U1::Y11'\.1, ~"LLR@1" 1 '\.I,@111l" 

'" 

~11l"~ 21 ~l~"lfii. ~"lfW11ruLL~::elCil1lm1LL w7m::';]1 EJ'lJ E1"nl"ll'ii LYl'\.l,LL~~::'li1" m1L ,;]7qj L~U 1~ 
'lJf),,-ll11'\.1,1"lf~U1::YllU 

IPVI 

NOVI 

RVI 

SAVI 

0.61 

0.22 

1.57 

0.33 

0.69 

0.38 

2.23 

0.56 

0.85 

0.7 

5.73 

1.03 

0.91 

0.81 

9.92 

1.21 

0.88 

0 .77 

7.71 

1.15 

el lil'nnl'm w7m::';]1 rJ'lJ eJ" nl'lf3J L 'Y)'\.I,LL'ii GI::'1f1"nl'H ';)'1-qj L~U 1<i1'lJ fl.J-lll1 

(ii GI ~n13J1<i1l1l.JL3JCjJ111'\.1,) 

25.01 30.96 50.87 68.47 35.71 
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,nnm11\1,;)::L~lt1~il fh~"lfiiVl"lfYf'rHu.~\I 4 tl1"::L[)Yl~hhL~:JJ:Blti\lLLl?hh\l~ltnil ';)It 

1tlGi\l~GiI?11lt'1i1\1€H)m1\1 ,;)lmXlt,;)lt 1tln\l'1i1\1riemdllJL~tJ1fhl?l"lfiiVl"lfY'l1"1"ru~\I 4 tl"::L[)Yl~fll 
'II , 

&A'I.d ___ I 5)t A d.d, ~:f::' II'" '" 

fll?1fl\l '1l'\lnL"lfltbl?1tJ1nltnlJElmlm1"LLY'l1m::,;)1 tJ"lJEl\lm'1l':JJLY1lt '1l'\I:JJfl1L Y'l:JJ"lJltl?1\1 bbl?1"lf1\1l?mnfll ';)It 

111.1 d 1 ' ::. 111.1"" , '" d '" , .. .. .. 
LlJGi\l'YJGiI?1 It"lf1\1El Elm1\1 ,;)lnltlt';)lt LlJ1:1\1"lf1\1 nElltLnlJ LntJ1Ell?l1"lm1LL Y'l1m::,;)ltJ"lJEl\lnl'1l':JJL Yllt:JJ 

'II , 

fll fll?1 fl\l ~\I LbGil?1\11lKb ~ltila ml m1LL Y'l1m::,;)1 tJ"lJ El\l nl'1l'ih Yllt~ fI11 :JJim~"ltfltl1lt'Yl1\1 L~ tJ1 nlJfll 

~"lfiiVl"lfY'l11"ru t~ tJGil:JJ11"mLGi~\l1 ib ~lt 1lt 1"tl"lJtl\l m1Y'J1~ 
'II 

-+-IPVI --- NOVI RVI ~SAVI -+- CH4 

100 ~ ~ 
~ 

~ri 
H ~ 
~ c~ 
~ o:J 10 
""" 

r 

""" 
Ci' 

:: H 

""" t=> c 
~:: -"",, 

~~ :: 
J~ ::: 

""" 

-.----... ---- .... ~- ... - .... 

r r 
-(i: C 

r 
""" 

" .J LL (j) n mJLCillJ 'Yl 

J~ 
0.1 

[)lY'ltl1"::nEllJ~ 23 mlY-hbGiI?1\1fll~"lfii Vl"lfY'l1"1ntLLfl:: aml m1"U Y'l1m::,;)1 tJnl'1l'ii L Yllt1ltbblii~:;'1i1\1 

m1L,;)1ruL~lJ tl?1"lJ El\l-nl1 ., 

ff1lt 1lt n1 1"1 Lfl11:;~ b n ru.n"lJ El \I 1:: I?llJ f111:JJ i:JJ 14' lt If"lJ El \l1?l"lfii Vl"lfY'l11nt nlJ a 1?111 n11 

bL Y'l1m:,;)1 tJnl'1l'~ L Yllt"lJtl\lltl-nl1"lffltl1"::'Yl1lt,f lt 1 im1"1 Lml::~L n ru.n"lJ El\l1"::l?llJf111 :JJi:JJ14' WIT';) 1 n 

flli:JJtl1:;~YlfGiVl i:JJ14'ltlf tl?1 tJ 1 i1"::l?llJ"lJ tl\lfl11:JJi1J14'ltlfl?l\ld' 

d a "" _ tJ"_ I .... 

0.60 - 0 .79 LLGiI?1\1 1:1\1 m1":JJf111:JJGi:JJY'lltlinltfl tllt"lJl\1 ~\I 

0.40 - 0.59 LLGiI?1\1n\lm1~fI111Ji:JJ14'ltlfnlttllltmn\l 
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m"l.J~ 22 "::~liJ'lJ fl.Jfl11lJ ilJw\I.1f'lJ fl.J fhilJlh::~'Yllf~~ ilJ~'U.lh::~ 11.J i'll'ii. W'll'~11ru.ntJ tllil11 

nTHL ~~m::~l r..If)l6JJ'~ L 'Ylu,'lJ fl.J'U.1']11'll'mj,.::'Yl1'U. 

'jj'Nn11 

L~~tyL&iU 1q] 

LL'ilnnEl 

u'i!nnm(iilJ~ 

ElElm1~ 

ri El'l4LnuLTi!n 

0.629 fiEl'l4,y1~R~ 0.629 fiEl'l4,y1~R~ 0.628 fiEl'l4,y1~~~ 0.643 fiEl'l4,y1~~~ 
'U \J '" '\I 

0.029 u!lEJlJ1n 0.029 ltEltJlJ1n 0.026 UEltJlJ1n 0.027 UEltJlJ1n 

0.415 t11'14mm 0.415 t11'14mm 0.344 ,xEltJ 0.042 ,xEltJlJ1n 

0.750 fiEl'l4,y1~~~ 0.75 fiEl'l4,y1~R~ 0.744 fiEl'l4,y1~~~ 0.738 fiEl'l4,y1~R~ 
'V 'V OJ " 

0.187 ,xEltJlJ1n 0.187 UEltJlJ1n 0.181 ,xEltJlJ1n 0.185 ,xEltJl.nn 

~l nlill1l.J LL~!iI.J1::itJ'lJ fl.J fl1llJilJ~'U.1f'lJ fl\l f1l ilJlh::~'Yllf~~ ilJ ~'U.1f1::~1l\1 i'll'ii. W'll' 

~"1ru.ntJ tllil1l n11LL ~~m::~l EJ ril6JJ'~ L 'Yl'U.'lJ fl\l 'U.l,y11'll'~ 1.h::'Yl1 u, ~ tJ1l 1::itJ fl1llJ ilJ~ 'U.1fn 'U.~.J 
'II 

lJ1 n 13J~tJ ~1'U.1::imn1lJilJ~'U.1fnu,f1 flU,,]l\1 ~ \I~tJ 1 'U.fl11lJ ilJ~'U.1f'lJ fl\lf1l ilJlh::~'Yllf~~ ilJ~'U.1f 
'II 

1::~11.Ji'll'ii.w'll'~11ru. IPVI,NOVI,RVI LL~:: SAVI ntJtlmln11U~1m::';llEJril6JJ'~L'Yl'U.lwlf1\1~'U. 

n ttl LL~ ::"lh \I fl fl m1\1 'U.flml mru,1::itJ fl1llJ ilJ~'U.1fn'U.l.h'U.n~l.J~tJ 1 'U.fl1llJ im,r'U.lf'll Eh1 fll 

imj,.::~'Yllf~~ilJ~'U.1f1::~ll\1i'll'ii.w'll'~11ru. IPVI LL~:: NOVI ntJEllil1ln11LL~1m::';lltJril6JJ'~L'Yl'U. 
1 mh.J LLlil n n tl L?1lJ~ ~ n~\I,.::itJfn1lJ ilJ~'U.1fn'U.,x fl tJ~ tJ 1 U,fl1llJ ilJ ~'U.1f'lJ fl \I fl1 i3Jlh:: ~'Ylf 
~~ ilJ~U,1f1::~1l\1i'll'ii.w'll'~11rn RVI ntJ Elml n11LL ~1m::~1 EJ ril6JJ'~L 'Yl'U.1 Wlf1\1 LLlil n n m~lJ~ 
LL~::1::itJ fl1llJilJ~ 'U.1fn 'U.,xfl EJ m n~ tJ 1 'U.fl11lJ ilJ~'U.1f'lJ fl\l fl1 im.b:: ~'Yl f~~ ilJ~'U.1f1::~ 11'1 i'll'ii. 

W'll'~11rn IPVI,NOVI,RVI LL~:: SAVI ntJEllil11n11LL~~m::';l1 EJril6JJ'~L'Yl'U.1wlf1\1LLlilnn mL~::rifl'U. 

d Q.J _ ()' I IV dd Q...t Q.,o , elf Q 

~l nn11~m~1 fl11lJ ~lJ~'U.1i1::~11\1!i1'll''U. ~'ll'~11ru.ntJ tlm1 n11LL ~1m::~1 EJn16JJ'lJ L 'Yl'U.';lln 

U,1,]11'll'~lh::'Yll'U. l!i1 EJ~rl\1~lJn11~lJn11fl1 fl!il11~n (~lJn11nl;\I~fl\l) L ~ mj,.::mru.tllil11n11 

LL 'V-dm::~l EJril6JJ'~ L 'Yl'U.~ln'U.l,]11J''U. l!i1m~ fln 1i~lJn11~r.nmcl'lJ fl\lf11i'll'ii.vh~11rn RVI 

l ;ifl"~l n L~ fl~~11rnl1!i1 EJ11lJ'lJ tJ\I n11L~1ruL~tJ llil'lJ fl\l,]11:\lU~L~m.J ~ n LiJu,~'U.nttl~'U.n.J·lh\l ri fl'U. 
~ 'II 

dhJLrlEJ1Utt1if'U. flli'll'ii.w'll'~11rn RVI ~fl1ilJlh::~'Ylf~Yli3J~'U.1f~.J~~lil L'Yhnu 0 .638 
'II , 

llilEJ~~lJn11fl1fllil11~n ~1tl~lJn11nl;\I~fl\l ~tl~lJn11'lJfl.JWI~'U.1lJi1LLlhL~EJ1~~~n~ , 
L'Yhnu 2 11.JLLUU~11U'lJtl.J~lJn11r'h;\I~fl\l (www.th.wikipedia.org/wikil~lJn11nl;\I~fl.J) ~fl 

'II 

.... 1 "" d 2 0 ... 

a, b = ~lJu1::~'Yl1i'lJtJ" x ,x lil1lJ~l!i1U 

.... 1 "" d ... 
C = ~3JlJ1::~'Yl1i".Jlil1 

y = flTvw1mruYl1fli1UU1lilllJ 

x = i1LLU1~~1:: 
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1.1 .., . ... ... '" 1.1 d - ~ 1.1 
~::1I1mElq]~1m·mYl~m::~1tJm'lllJm'\.1."lJehlm"lJ11'l1Gl ~::'111'\.1. 'll.J~Glm~lLm1::'V\~lJm~ ~::lJ1m 

5q]~1m~LLYI'~m::~1tJnl'lliim'\.1."lJEl.J'\.1.1iI1'l1Gllh::'Yl1'\.1. ~1n,hi'llib~'lIYI~~m RVI ~::i.Iii~:lJm~i\ld 

y = O.0534x2+3.l837x+22.753 (R
2 

= 0.638) 

Lrl El y = 5q]~lm~bbYl1m::~ltJnl'llii L'Yl'\.1."lJEl\l'\.1.1'lY11'l1Gl1.l~::'Yl1'\.1.(ijGl~nr:IJ/m~l.J LlJq]~/l'\.1.) 
I Q..O .::(.:!:I 

X = mq]'lI'\.1.YI'lIYI~~m RVI 

S'l 
v;-

~E 
@; 

2 
~ 

8000 ~ y = O.0534x + 3.1837x + 22.753 
;;;:] "? •• c- c-
(0) trv 60.00 H c-
trv @; 
~ -- 40.00 -trv ~~ 
~ ~ t*" 
~ Q<lO 20.00 l c- <lO 
~ 43-
c- 0.00 ~---,- ""'---l 
trv ~ 
.~ ~ 

lIri 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 

RVI 

mYl1.l~::nEl1J 24 ml~Lb~q]\lmllJilJ~wJh::Vll1\1i'llib~'lIYI~~m RVI n1J5mlm~LL,..dm::~ltJ 

nl'llii b 'Yl'\.1."lJ El"'\.1. liI1'l1Gl1.l~::'Yl1 1-1, 
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<ll1'JI\I~ 23 filL tl'itllJ LVi t1lJ"lJ £)\1 O<ll'JlnI'JU vdm::,n EJ nlsn3J L 'YlU"lJ £)\lUI-n11"l5tlU~::'YlIUlll n nT'J 

m1';J'r~ nlJ.fi,~i,c;ill' mnJm~tl~::m rnO<ll~lm~LL Vl1m::"l EJnl'l1iJ L 'YlU"lJ £)\lUl-nl1"l5~lh::'YlIU"lJ £)\1 

t1l"l5ilvl"J5Vl~~rn RVI 

'li1~01" 

L'il7'l!L~tJl'11 

LL'1InnD 

LL'1InnD 

fl1i"l!\4 El'1ln01"\LWim:~1tJri1'l1iiL'I1'14'lJD~'I41,y11"l!1l1l"i:'Yl1'14 (ijIilRni'!JI'1I1n~L3.1'1I,.rl'l4) 
.,r .... .. 
l'I'14'11 I'Inl"1 RVI fl1~1n fl111,.::3.1104 fl1LL'1Invh~ fl1L\l~tJ~1n fi1L\l~tJ~1n fi1LL'1Invh~ 

2 

3 

4 

5 

6 

2 

3 

4 

5 

6 

2 

3 

4 

5 

6 

2 

3 

4 

5 

6 

2 

3 

4 

5 

6 

1.58' 

1.56 

1.58 

1.57 

1.57 

1.55 

2.42 

2.01 

2.46 

2.30 

2.21 

1.98 

5.93 

7.76 

5.53 

5.20 

4.10 

5.87 

7.84 

11.00 

11.91 

10.80 

10.36 

7.63 

6.82 

8.41 

8.08 

7.90 

7.29 

7.75 

O1"'1I"'~l~ 1~tJ"3.1011 O11~"l1'),1~ 011111::3.1104 

22.82 

28.12 

23.36 

23.21 

26.51 

26.02 

32.15 

33.02 

30.36 

31 .66 

29 .00 

29.58 

49.71 

49.32 

54.13 

51.50 

49.65 

50.88 

67.44 

68.02 

72.23 

65.30 

67.47 

70.38 

33.52 

38.23 

33.66 

34.48 

36.31 

38.06 

27.91 

27.84 

27.91 

27.88 

27.88 

27.81 

30.77 

29.37 

30.92 

30.37 

30.03 

29 .27 

43.53 

50.66 

41.98 

40.75 

36.72 

43.28 

50.98 

64.22 

68.23 

63.35 

61.45 

50.16 

46.96 

53.32 

51.94 

51.22 

48.80 

50.64 

-5.09 

0.28 

-4.55 

-4.67 

-1.37 

-1.78 

1.37 

3.65 

-0.56 

1.29 

-1.04 

0.31 

6.18 

-1.35 

12.16 

10.75 

12.93 

7.60 

16.46 

3.80 

4.00 

1.95 

6.02 

20.22 . 

-13.44 

-15.09 

-18.28 

-16.74 

-12.50 

-12.58 

25.01 27.87 

30.96 30.12 

50.87 42.82 

68.47 59.73 

35.71 50.48 

-2.86 

0.84 

8.05 

8.74 

-14.77 

"1 n <ll1~1\1 LLff<ll,'l ~ ~n1~~mYl Ltl'iEJlJ LVi EJlJ 0 ml m~LL Vl1m::1l1 tI nl'l1iJ L 'YlU"lJ E1,'lUl-nT"J 

"1f~1.11::'Yl1 W;l1 n m1~11';J'r ~ nlJfh~i,c;i1l1 n ff2Jm~tl~::6J1 rnO<ll~l m1LL Vl1m::1l1 tI nl'l1iJ L 'YlU"lJ E1\1U 1 

-nT"J"1f~1.11::'Yl1U"lJEI\lt1l"l5ilV'1"1fVl1,.rn RVI VllJ11 

1 U."li1 \I c;i U. n trl 0 ~ 11 nl 1 LL Vl1n1::'l1 tI nl 'l13J L 'YlU"lJ E1,'l U.l-nl1"1f~ 1.1 1::'Yll U.LQ ~ rj"l n n 1 1 
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ll,1'llT1Lil,~r.r;nnm1th-::3J1mhH.l~3Jm1~\lii~lL'Yhnu 27.87 iJSl~n13J/m1l\JL3Jm/1ll, u~ 2.86 
'II 

iJSl ~n13J/<i1l1l\1 L3J<i11/1ll, 

1 ll, '111 \I LL<i1 n n u el <i11l nl1 LL Y-I1n 1:: 'il 1 tI nl 'll' ii L 'Ylll,"1.I fl \lll,l 'lll 1 'll'Sl1.l1:: 'Yllll,Lil,~ tI'ill n nl1 

C1111'il1@liivilL'Yhnu 30.96 3JSl~n13J1<i1l1l\1L:IJ<i11/1ll, mnn1l el<i11lm1LLVdm::'illt1nl"lJ'iiL'Ylll,"1.Ifl\l 

ll,1'll11'll'Sl1.l1::Yl1ll,Lil,~ t1'il1nn111.h:::lJ1ml<i1t1~:lJm1~\liivi1L rllnu 30.12 iJSl~ n13J1m1i\l L3Jm/1ll, 

fl~ 0 .84 iJSl~n13J/m11\JL3J<i11/1ll, 
'II 

1 ' '" d '" , no .. ....1 d 
ll,'ll'1\J LL<i1nn fl L<i13J'Yl flm1m1LL Y-I1m::';l1 tI m'll'3J L 'Ylll,"1.I fl\l ll,1 "1.111 'll'Sl lJ1::'Yl1 ll,Lil,Gl tI';ll n n11 

C111'HJ1@liivi1L'Yhnu 50.87 iJSl~n13J1m11\1L3J<i11!1ll, mnn1l el<i11ln11LL Y-I 1m:: 'ill tlnl"lJ'iiL Ylll,"1.I fl\l 

ll,1'll11'll'Sl1.l1::'Y11ll,Lil,~ tI';ll n n111h::mm l<i1 tI ~3J n11~\1 ~vil L'Yll nu 42 .82 iJ Sl ~ n13J1m1i\l L3J<i11/1ll, 

fl~ 8.05 iJSl~n13J1<i1l1l\J L3J<i11/1ll, 
'II 

1ll,'111\J El El n11 \I el <i11l m1LL Y-I1m::'il1 tI n1'll'~ L 'Ylll,"1.I fl\J ll,l'lll 1'll'fllh::Yllll,Lil,~ t1';l1 n m 1 

<i111'il1<i1~~1L 'Yllnu 68.4 7 3JSl~n13J/m1l\J L:IJ<i11'!1ll, 3J1nn1l el<i11l m1 LLY-I 1m:: ';l 1 tln1"lJ'~L 'Ylll,"1.IeJ\J 

ll,1'll11'll'Sl1.l1::'Y11ll,Lil,~ tI';ll nn111.l1::m m l<i1 tI ~:lJn11~ \I ~vil L'Yll nu 59.73 3J Sl ~ n13J/m11\J L3J<i11/1ll, 

eJ~ 8.74 3JSl~n13J/<i1l11\JL3J<i11/1ll, 
'II 

1ll,'111\J ri Elll,LnU LA tl1 el<i11l n11LL Y-I1m::'ill mil'll'iiL 'Ylll,"1.I eJ\Jll,1'll11'll'fl1.l1::'Y11ll,LU~ t1';l1 n n11 

<i111';l1<i1~vi1L 'Yhnu 35.71 iJSl~n13J1m'i"1\J L3J<i11/1ll, ,reJtln1l el<i11l n11LLY-I1m::'il1 tln1"lJ'iiL 'Ylll,"1.I eJ\J 

l!.1'll11'll'Sllh::'Y11ll,Lil,~ t1'ill n n111.l1::3J1m l<i1 tI ~3Jnl'l'~\J ii vi1 L'I'11 nu 50.48 iJfI~ n13J/<i1111\J L3J <i11!1ll, 

elci 14.77 iJfI~n-r3J/<i1l11\JL3Jm!1ll, 
'II 

II;> 
. .,. 

100.00 s 
,~ ri 
::l :? 

80.00 c- ~ (0' c-.. .. ~ 
~ 

l~ 60.00 ... 
~ ~ 

1<70 .. <70 40 .00 c-
I~ ~ 

~ ;l: 

l~ ~ 20.00 
u;i 

- ' --.. --'- -. 

0.00 -,--- ------, 

~'I.Ion~l 

.1 d •• 1 '" , ..... ....1 d 
1l1Y-1lJ1::n ElU'Yl 25 ml n LL~<i1\J El <i1'i"lnl'HL Y-I1m::';l1 tln1'll'3J L'Ylll,"1.I El\Jl!.1"1.111'JH~ lJ1::'Y11ll,Lil.Sl tI';llnn11 

C1111';l1<i1nU'illnm,.1.l"::3J1m~1[J~3Jm,. 
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m'lth:1I1m~1tJ~nJn1'lfitJ'U.-ll1-l';):~tJ~Yl~tJ-lk'U. 1~tJL~tJYhm'l1Lm1:~fi1m111mn~LYl~tJ'U.,;)1n 
m'lvw1mm1 'U.LLq\fI:"If1-lm'lL';)1tyL~U t~'V-Iu';hijfi1L rh flui'tJtJfI: 16.82 'VI7tJ tJ1';)mh1 amttJ'VIi:t..1 

t~11 ~lIm'lijm111~n~tJ-l~-li'tJtJfI: 83.18 (~-l~1'l1-l l'U.1l1Yl~'U.1n) 

11"" 'w.. ., 11 
'i3J1mn1'iLL~'in'i::~1un1·ZUJL""ilI::ilI3J~a\l"1~1'UH.'t 'i::"1" 

m1l1 mm'lLL v-ri m: ';)1 m116Jl"ij L 'Y1'U.~: ~1I"lJ tJ-l'U.1-ll11"lfflth:'Y11'U.,;)1 n m'lm1,;)1 ~ ~ fI tJ ~"If1-l 

'l:tJ:m'lL,;)1tyL~U l~ck-l LLq\"If1-l~'U.n~1,;)'U.~-l"If1\1 ri tJ'U.L nu L rl tJ1 L~ tJ LU7tJU LVi tJU flUU1111 m"lJ tJ\lm'l 

LL 'V-I7m:,;)1 mi16Jl"ij L 'Y1'U.~: ~1I"lJ tJ\I'U.1-ll11"lffll.h:rl1'U. ~1~,;)1 n m'lf11 'U.1 m 1~ tJ ~11 m'lU'l:1I1 mfi1"lJ tJ\I 

~1'l1\1~ 24 fl1 LU7tJU LVi tJU"lJ tJ\lU1111 mm'lLL 'V-I7m:,;)1 m116Jl"ij L 'Y1'U.~:~1I"lJ tJ\I'U.1-ll11"lfflU'l:'Y11 'U.,;)1n 

n1'l~'l1,;)1~ flU m 111 m"lJ tJ\lm'lLL 'V-I7m:,;)1 tJ n16Jl"ij L 'Y1 'U.~: ~1I"lJ tJ\I 'U.1-n11"lffl U'l:'Y11'U. ~t~,;)1 n m'l 

f11'U.1ml~tJ~lIm'lu'l:1I1mfi1"lJtJ\I~"lfitvh'V-I'l'lrn RVI 

.r~l"nm"lu.wim:v1!Jih'l!ijL"t114v1n141'lh"l ml.J1tll.m"lLLviim:v1!Jrl1'l!ijL"t114v1n141'll11 

'li1~m"l (ij Iil 11 ni'3J/~1"l1~ L3J~"l/"i14) (ijliltin73J/m"l1~L3J~"l) 

Lv~hl!L~lJ 1(11 f11v1n fi11h:3J1tll. f11LL~n~h~ f11t1'::t1'3Jv1nm"l fi1t1'::t1'3Jv1nm"l fi1LL~Mh~ 

m"l~"l1v1~ l~!Jt1'3Jm"l ~"l1v1~ lh::3J1tll. 

i14na1 25.01 27.87 -2.86 25.01 27.87 -2.86 

LL~nnll 30.96 30.12 0.84 55.97 57.99 -2.02 

LL~nnm(ii3J~ 50.87 42.82 8.05 106.83 100.81 6.02 

Illlm1~ 68.47 59.73 8.74 175.31 160.54 14.77 

rill14LnlJLn!J1 35.71 50.48 -14.77 211.02 211.02 0.00 

';)1 nm'l1-l LL~~\I~fI m'lflmY1 LU7tJU L fi tJum1l1 rnm'l LL vdm:,;)1 tJ n16Jl"ij L 'Y1'U.~:~1I"lJ tJ\I 'U.1 

-ll11"lfflU'l:'Y11'U.,;)1n m'l~'l1,;)1~ flU m1l1 rnm'l LL v-dm:,n tJ r116Jl"ij L 'Y1'U.~: ~1I"lJ tJ\I 'U.1-n11"lffl U'l:'Y11'U. 

,;)1n~lIm'lU'l:1I1rn"lJtJ-l~"lfit~"lf'V-I'l'lm RVI 'V-IU11 l'U."If1\1~'U.n~1~'U.m1l1mm'lLL'V-lim:,;)1tJ 
r116Jl"ijL 'Y1'U.~:~1I"lJ tJ\I 'U.1-ll11"lfflU'l:'Y11'U.,;)1 nm'lm1,;)1 ~ijU1111 rnL rh flU 25.01 3jfl ~ nfll/m'l1\1 

LlI~'l utJ tJni1 U1111 rnm'lLL'V-I7m:,;)1 W;16Jl"ij L 'Y1'U.~:~1I"lJ tJ-l'U.1-ll11"lffllh:'Y11'U.,;)1n m'lU'l: 111 m t~tJ 

~lIm'l~\lijm1l1mLrhflU 27.87 3jfl~nflll~1'l1-lLlI~'l tlEi 2.86 3jfl~nfll/~1'l1\1LlIm L~tJ~'U.~~ 
~ , 

"If1\1 LL~ nn tJ U1111mnT1LL 'V-I7m:,;)1 tJ r116Jl"ij L 'Y1'U.~:~1I"lJ tJ\I'U.1-ll11"lffl U'l:'Y11'U.,;)1 n m'lm1,;)1~ ijfi1 

L rhflU 55.97 3jfl~ nfll/~1'l1\1 LlIm utJ tJni1 U1111mm'lLL 'V-I1m:,;)1 mi16Jl"ij L'Y1'U.~:~1I"lJ tJ-l'U.1-n11 

"lfflU1":'Y11'U.,;)1 n m1"U'l:1I1rn 1~ tJ ~11 m1"~-liju1111 mL rh flU 57.99 3j fI ~ nfll/~1'l1\1 LlIm tlEi 2.02 
~ 

3jfl~nflll~1'l1\1 LlIm LLfI:L~ tJ ~'U.~~"If1\1 LL~ nn tJ L~lI~ U1111 rnm1"LL 'Vl7m:,;)1 mi16Jl"ijL 'Y1'U.~:~1I"lJ tJ\I , 
'U.1-n11"lfflU'l:'Y11'U.,;)1nm"~1"1';)1~ijfl1Lrhflu 106.83 ijfl~nfll/~1'l1\1LlI~1" 1I1nni1 U1111mm'l 

LL'Vl7m:,;)1 tJ n16Jl"ij L 'Y1'U.~:~1I"lJ tJ\I'U.1-n11"lfflU1":'Y11 'U.,;)1 n m1"U 1": 111 rn 1~ tJ~lI m1"~\1 ijU1111 tlI.L rh flU 

1 00.81 3jfl~nfll/~11"1"LlIm tIEl 6.02 ijfl~nfll/m'l1\1LlIm 
~ 
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L~ u i"~~l'th-3 u u 071-3 1..113.11 mnT'm y.dn1::~1 tI n1"lfii L 'Yl "~:: ~WlJ El-3" 1-n11"1fiil 1..1 1:: 'Yl 1 " q 

~1nm11il11v11iliifi1 L ri1nu 175.31 ijiil~nf3J/Iil111-3L1I1il1 111 nn11 tl1111mm1m'd07::v1t1n1"lf 

... 01 1..1 1..1 r .d ... 1..1"" , ... 3.1 L 'Yl"~::~1I"lJ El-3 "1"lJ11".1fiil 1:: 'Yl 1 "v1 n m1 1:: m m Llil tI H3J m1"lf -33.1 13.11 mL 'm nu 160.54 
AA.... I ':'_0.... ",.:1 A~ 'I t::d 
1Iaa073J/Iil111-3L3J~1 Eln 14.773.1 a iii O71l/1il111-3 L1Im LLa::'Yl1 £.I'Yl~1il L1I u ~"~1il"1f1-3n U'\.l.LnlJLn£.l1 

'\I 1 1 
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68.47 iJ~~nrW~11l~b~m/1U 'V\~~,;)lmfueJ~1lm1bb·tdm::,;)lL1nl<niJL'YlU~~~~lU';)Un~·lh~ritlU 
diUb~L11 t~L1iJf1lb'Yhnu 35.71 iJ~~nrwm1l~L~m6u 

~ .IQ , 0 ~ ~.I 
Utln,;)l nUUlJ1~lrun11LL 'Y'I1n1 :: ,;)1 LI nl<n~b 'YlU~::~3J"1J tl~Ul"1Jl1'1l"~ lJ1::'YllU';)1 nnl1 

m1,;)1~ 1wri1~<ilun~1,ruiJu1mruL'Yhnu 25.01 iJ~~nr~/m1l~b~~1 Lb~::b~tl~U~~"1f1~bb~nne:J 
q 

U1~lrun11bL 'Y'I1m::,;)1 LI nl<niJ L 'YlU~::~WlJ e:J~Ul'll11'1l"~U1::'YllU,;)1 nn11~11';)1 ~iJU1~1 ru11 ~ 

55.97 iJ~~nr3J/~11l~ b3J~1 ~ e:J ~lb~ e:J ~U~~"1fl~ Lb~nn e:J b~3J~U1m run11bb Vdm::,;)l L1n1<niJb 'YlU 
q 

~::~aJ"1J e:J~U1'll11OZ1t'lU1::'YllU,;)lnn11~11,;)1~iJf1l b 1'11 nu 1 06.83 ijt'l~nr3J/~11l~ b3J~1 bbt'l:::b~ e:J 

~U~~"1f1~ e:J e:Jm1~ U1m rum1LL 'Y'I1m:::,;)1L1nl<niJ b 'Y1U~:::~~"1J e:J~Ul'll11'1l"t'lU1:::mU,;)1 n m1~11';)1~ 
q 

iJf11b'Y11nU 175.31 ijt'l~nrW~11l~b3J~1 ,;)Ut1ltJ~~~b~El~U~~"1fl~riElUbn1Jb~L11 u1mrun11 
q q 

bb 'Y'I1m:::,;)1 L1nl<niJ b 'YlU~::~~"1J El~U1'll11'1l"t'lU1:::mU,;)1 nn11~11,;)1 ~ iJfil b 'Yi1nu 211 .02 iJt'l~nr3J/ 

~i1l~b~~1 

Q."I G,,; If Q."I.r;;tQ Q..o I C'Y .c:::t g.J 

~11CIJ t1 CIJ'V"Uii~ el"~~lfWVi'll"'t'l1"'HltU~::;el ~1"ln1'm 't'I1"n1"::;~l V~ el" nl'l!'CIJ b 't1"'illn"1~11 

~~1.h::;'Yl1" 

1 Un111 bTnl::,{ 'V\1 f11iOZlU ~'1l"'Y'I11ru,r U l<il,;)lnm1~11,;)1filfi1 n1'~~:::t1 ElU 'V'l ~~"lU"1J e:J~'ll11 
1 U"1f1~ m1L 'V'll::Ut'l n'll11U1'1l"t'lU1::mu t~ LI 1 'liLf1~El~1 ~m1~:::t1 e:JU 'V'l ~~ ~lUbbC?lt'l::ml ~ rJ11"1fl~ f1 ~ U 

'U 

"1Je:J~1~rl (Spectrometer) ~~11,;)1~u1mrun11~:::t1e:JU'V'l~~~lU"1f1~f1~Ubb~~~Lb~~ bb~::"1fl~f1~U • 
Q •• 1 1'" I 1 .. ~ "t "j ~ ~ ,d '1' . I 
ElUY'l11b1~ nt'l b~L1 Un11~n'M1m~Uf1t'lUbb~~~bb~~3Jm1~L1l1'1l"1~f1~UElLI U'1l"1"lJ1::mru 0.63-

'\I 

0.68 L3J 1mb3J~1 bbt'l::f1 ~uaU~11 b 1~ 1n~~ml3J L111"1f1" f1 ~Utl ci1 U"1f1~tl1::: 3J1 ru 0.75-0.90 
'\I 

1~tmL~fil1 t~mL1.i~"1f1~n11b';)1!!Jb~1Jt~"1JEl~'ll11U1Ur~ ~~iJ1::L1::b1~lU1::~lru 120 1U Ele:JmiJu 

5 "1fl""1JEl"n11b'V'l1::u~n'll11 1~rJ';):::.yhn11~11';)1~bb~:::bnU'llEl3J~1u1U~ 7,25,50,90 bb~:: 110 1U 
'\I '\I 

'V\~",;)lm~~U~n'll11 (Day After Planting: DAP) ~El 
'\I 

"1fl,,<ilun~l (Seedling or transplanting stage) : 1U'V\~~,;)lm~m'V"n::u~n1U~ 7 
'U 

"1f1~LLfilnnEl (Tillering stage) : 1U'V\~~,;)lm~3Jb'V'l1::u~nlU~ 25 
'U 

• r:t ~ ~ IV d. "'( ",.d 
'1l"1"bb~nnElb~3J'Yl (Maximum tillering stage) : 1U'V\~"';)lm1aJb'Y'l1::lJ~mU'Yl 50 

'\I 

"1fl~e:Je:Jm1~ (Flowering stage) : 1U'V\~~,;)lm~3Jb'V'l1:::u~nlU~ 90 

"1f1"riElUbnUb~rJl'V\1e:J"1f1~b~~~~mbri (Maturity or ripening stage) : 1U'V\~~,;)lm~aJ 
q 

b'V'l1::Ut'ln1U~ 110 
'\I 

bbt'l:: ~~';)1 n n111 bf111:::,{ f11 n11~:::Y) ElU'V'l t~ ~lULU~ LI 1 U"1f1" nl1b 'Y'Il::U ~ n'll11 Ul 
'\I 

'1l"~U1:::mu 1~ rJ 1'liLf1~e:J~1~ m1~::Y) e:JU'V'l~~~lUbbC?l ~:::ml~ rJ11"1f1~"1J e:J~1~ rl,ru bb~~~ 1 i'Yl11Ull 
q 

f1l bU~rJ"1J El~f11n11~::Y) e:JU'V'lt"\llU"1J e:J\I'll11 t~ L1113Jbb~1iJf11 b ~~~\I,rub~mrEl rJ 1 U"1fl\1ml3JrJ11"1fl\1 
'\I 

"j 11) I ":.J',« 1 ' ,d 
f1t'lU 0.40 - 0.65 b~ bmbaJm bbt'l:::b'V'l3J"1JUe:JrJ1\111~b11 U'1l"1\1ml3JLl11'1l"1\1f1~U 0.68 - 0.75 

laJ tmb~~1 ,;)In,runntumb~~~~,rUL~mXe:JLl1u"1f1~f1113JrJ11"1f1~f1~U 0.85 - 1.05 l~ 1mb~~1 
'\I 
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... "" ... 

pe~ + ~IN 
---- pe~ -~IN = I/\ON 

(xapUI UO!lBla6a/\ a~UaJa:u!a paz!lBWJON) I/\ON m.t.tM.Q".Mt1..Q".~ "~ ......... 
~ 03~+~IN 

-(nlil. = I/\dl 
~ + I/\ON'" ~IN 

(xapul uonBle6a/\ e6BlUa~Jad peJBJJul) I/\dl m.t.tM.Q".Mt1..Q".~ "~ ........ 
G~lA.V,::.trt 17 mU.M.Q".~n.Q".~L~]1.::LW'~ 

~ ~ . 
~lrl ~~JHl ~l mu Mg.~n.Q".~ L~]1.:::: LW' ~tLLl t1.]J t LI'f Ltb t1..rt1.LlA.::::trt~g.l'..LlloLt1.Ll~rt::::LM ,tLLlt'G/T, 

np;.t1. U'lL1t lilt' L.t~t1.gn~ ~~~" b'lil"~ b'~'1't1.~~np;.n t nLb'b'~Mt1.G~::::~.tLLlmLI'f~rtL~LlL&b'~ 

~t1.~'}Grt, 

~ ~ "' 99"99 t1.1J' ~~ b'~ I'f ~ Hl ~~'n LH ~M t1.G ~::~.tLLl L~m LI'f~rt~ 0 ~ ~ ~t1.kLl ~ rt::::LM' 1'f~1L1 LlH~ III. 
~ 

Gf;.III.l'..fl~m~mG~ np;.n t ::~" ~t1.~'}G rt'96"179 nfJ' t'~I'f~ 1rl ~~mLt't'~ Mt1.G ~::::~.tLLlL~mLI'f~rt 

"' "' ~ 06 ~t1.kLl~rt::LMm~1L1L&t'~III.Gf;.lII.nWGGnp;.nt ~n~'}Grt' L9"617 t1.1J'b'~I'f~'rl~~mut'~M 

"' nG ~::~.tLLl L~m LI'f~rt~ 09 ~t1.kLl~ rt::LM ,re~1L1LH~ III.Gf;.III.~re~, G Ll Lll§l" np;.t1. t ~t1.~1}Grt' 89" ~8 

"' nQ1't1.~I'f~ 1rl ~mt1.LH~Mt1.G ~::::~.tLLl L~m Lre~rt~ 9~ ~t1.kLl~rt::::LM m~'LlL&t'~III.Gf;.III.GLlLll§l" np;.nt 

"' ~n~'}Grt' 88"9~ fl~~mLb'b'~MnG~::~tLLlL~mLI'f~rt~ L ~nkLl~rt::::LMm~1L1L&b'~III.Gf;.III.L~Ll 

n~np;.n t L~I1M~ Llt lil.t, Lt~ngn~~np;.t1. t l'..Lllot'G /T,nLb'b'~Mt1.G ~::::~tLLlL~mLI'f~rtL~nl'..¥l 

"' ~t1.~'}Grt, 99"99 t1.lJm~1fl~~1't1.Lt'b'~Mt1.G~::::~tLLlL~mLI'f~rt~ O~~ ~nkLl~rt::::LMm~1L1L&t'~1II. 

Gf;.III.l'..fl~m~mG~ np;.nt ::~11 ~n~'}Grt' L9"S nQ'b'~~~fl~~mLt't'~MnGXi::::~tLLlL~mLI'f~rt 

"' ~ 06 ~nkLl~rt::LM1I'f~'LlL&b'~III.Gf;.lII.nWGGnp;.t1.t ~n~'}Grt' (;6"8 nfJ'b'~~~I1~~mLb'b'~M 

"' nG ~::::~tLLl L~mLI'f~rt~ 09 ~t1.kLl~ rt::::LM 1 1'f~1L1L&t'~ III.Gf;.III.~/'f~' G LlLll§l11 np;.t1. t ~t1.~'}G rt' 6 ~"17 ~ 

"' nfJ1't1.~I'f~' fl ~mnLb't'~MnG ~;::~tLLl L~m LI'f~rt~ Sl ~t1.kLl~rt;::LM 1 /'f~1L1L&b'~III.Gf;.III.GLlLll§l"np;.t1.t 

"' ~n~'}Grt' 8L"0~ 11~~1't1.Lb't'~MnG~::~tLLlL~mL/'f~rt~ L ~nkLl~rt;::LMm~'LlL&t'~III.Gf;.III.L~Llt1.~ 

"' t1.Q 1 Ll ~ rt;::LM 1tLLl np;. t1..rt'~"~ t'~"t1. ~~t'l'..p;.n t l'..LlloN~ /T,t1.Lt't'~ M t1.G ~;::~tLLlL~mLI'f~rt L~ 

Ll'..I1M n n n ~ ~ n.Q".t'G~ b'lA. nLt'b'~ M t1. G lA.;::~tLLl L~m L/'ftl"1l11.::LW1 l'.. , ';:f pi';? ~ I'f) , '1;;1'1°,9 'C>' 

"' tLU;::~"l§lk&l'..tl§ltLLlt:!t1b'~ tl§l/'f't~l 1'f196"0-9L"0 mLI'f;::trtnp;.t1.trGn~~np;.l'..Lfl/'fLt~~~ ~Llt 

"' l§lt' Lt~t1.gn~~t'l'..p;.nLb'b'~ MnG ~;::~tLLlmL/'fW;::t:!" tl§l/'f't~l I'fl 89"0-89"0 mLI'f;::trtn!f.t1. trGn~~ 

"' np;.tLfl /'f LW ~ b'~"~ b'~11't1.~ ~ np;.~k&t.tl§l~ t1.Lt't'~M t1.G ~;::~.tLLlL~ t'G /T,m L/'f~rtnp;.n tfl G Lll§l::::& t1..r 

. " ~ 
]1.;::L.t~' ~.tLLln U. t LI'f Ltb~ tLllon~t'GII.l§l111~1 ru~&'tLLlfl LG np;.;::t:!~'1't1.t nLlA.::::trt~.Q".tLlloLt1.N3 /T,n~~ 

np;.tLflI'fLt~::~ ~'1't1.Lb' b' ~MnG ~::::~tLLl L~b'G /T,m L/'f~rt m.t.tM.Q".~ n.Q".~L~ ]1.::::Lt~' ~tLLln t 

OL 



SAVI = 1.5 x (NIR - Red) 

NIR + Red + 0.5 
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b~El Red = fllnT:ift"::'I1m,j,'VH~-\l\llUml:IJtnl'li"'.h'T1~U 0.63-0.68 L:IJ lT1'H:lJWl1 

NIR = fllm1ft"::'I1ElU'VHr\l\llUml:IJtnl'li"1\lT1~U 0.75-0.95LJJTmL:lJWl1 

~1 nn111 Lml::lf fll ~'lrit V'1'lr'Vi11ru.1 ULL~~ :::'li"1\l n11L ~1ty b~ lJ lWl"lJ El\l m,jl1'lr~1.h::VI1U 

L<;if!.J~~El m11bml::lffll~'lrii.V'1'lr'Vi11ru. IPVI bU~tJ 'VilJl1 flli'lrii.V'1'lr'Vi11ru. IPVI bu~tJ1u'li"1\l<;iu 

nil~1EJ'1.'li\l~lm~:lJL'Vil:::1.l~n1u~ 7 LVllnlJ 0 .61 ~nmfu'h~'lrii.V'1'lr'Vi11ru. IPVI LU~m~:IJ,ru 
'IJ 

1u'li"l\1LbWlnnEl~1El~i\l~lm~:IJL'Vil:::1.lGln1U~ 25 LVllnlJ 0.69 LL~::L~:IJ,ru1u'li"l\1LLWlnnm~:IJ~~1El 
'IJ 

~i\l-;}lm~:IJL'Vil::1.liiln1u~ 50 bVllnlJ 0.85 -;}um::~\lL~:IJ,rUft"\lft"Wllu'li"1\lElEln'n\l~1El'1l\i\l~lm~:IJ 
'IJ 'IJ • 

L'Vil::1.l~n1u~ 90 LVl1nlJ 0.91 ~lmfulu'li"1\lriElULnlJL~£.n~1El~i\l-;}lm~:lJb'Vil:::1.l~n1u~ 110 fll 
'IJ 'IJ 

a,... ..::t~ eJ ~ t.I ,~ 
lil'lrU'Vi'lr'Vi11ru. IPVI LU~tJiil~H'I\lLiilnUmJElLl'Yl 0.88 

'IJ 

~lum11bml:::lfflli'lrii.V'1'lr'Vi11ru. NOVI LU~LI'VilJ"h flli'lrii.V'1'lr'Vi11ru. IPVI LU~Ll1u'li"1\l 
<;iunil~1El~i\l~lm~:lJL'Vil:::1.liiln1u~ 7 LvhnlJ 0.22' ~lmtufll~'lrii.V'1'lr'Vi11ru. IPVI LU~m~:IJ,ru 

'IJ 

lwlil\lLb!ilnnEl~1El~i\l~lm~:lJL'Vil::1.liiln1u~ 25 LVl1nlJ 0.38 LLiil:::L~:IJ,rulu'li"l\1LLlilnnElL~:IJ~~1El 
'IJ 

~tr\l,;)lm~:lJb'Vil::1.liiln1u~ 50 LVl1nlJ 0.70 ';)um::~\lb~:IJ,rUft"\lft"lillu'li"1\lElElml\l~1El~i\l-;}lm~:IJ 
'IJ 'IJ • 

L'Vil:::1.liiln1u~ 90 LVllnlJ 0.81 ~lmt'ulwlil\1riElULnlJL~Lll~1El~i\l~lm~:IJL'Vil:::1.l~n1u~ 110 fll 
'IJ 'IJ 

CV.d~ d ~ t.I ,d 
lil'lrU'Vi'lr'Vi11ru. NOVI LUfW~Iil~\lL~nUElLlElLl'Yl 0.77 

'IJ ... , , 
Q..- A (j'1Q..I.dd d I ,Q..ICII.::liI .d 

UEln-;}lnUUm11bml::~mlil'lrU'Vi'lr'Vi11ru. RVI LU~LI'VilJl1 mlil'lrU'Vi'lr'Vi11ru. RVI LU~LI 

lu'li"l\1~unil~1emi\l-;}lm~:IJL'Vil:::1.l~n1u~ 7 LVllnlJ 1.57 ~lmfufl1i'lrii.V'1'lr'Vi11ru. RVI LU~LI 
'IJ 

L~:IJ,ru1u'li"l\1LLlilnnEl~1El~i\l~lm~:IJL'Vil:::1.l~n1u~ 25 LVl1nlJ 2 .23 bLiil:::L~:IJ,rulu'li"l\1LLWlnnEl 
'IJ 

L~:IJ~~1El~tr\l-;}lm~JJb'Vil:::1.l~n1u~ 50 bVllnu 5.73 ~um::~\lb~:IJ,rUft"\lft"lillu'li"l\1elelml\l~1El 
'IJ 'IJ • 

~i\l~lm~:IJL'Vil:::1.l~n1u~ 90 bVllnu 9 .92 ~lmfulu'li"1\lri€lULnUb~Lll~1emtr\l~lm~:lJL'Vi1::1.l~n 
'IJ 'IJ 

0,... d I cv .0=1..:9 d " "" . .d 
lU'Yl 110 T)11il'lrU'Vi'lr'Vi11ru. RVI LUiilLlGl~~\lL~nUelLiEltJ'Yl 7.71 

'IJ 

.A. (j',Q..oO,::,Id .d, ,Q..I.::::Ic.t d 
bbiil:::m11Lml::~mlil'lrU'Vi'lr'Vinru. SAVI LUiilLl'ViUl1 m!il'lrU'Vi'lr'Vinru. SAVI LUiilLi 

lu'li"1\l<;iumll~1El~i\l~lm~:lJL'Vil:::1.liiln1u~ 7 Lvhnu 0.33 ,;)lmt'uflli'lrii.V'1'lr'Vi11ru. SAVI LU~tJ 
'IJ 

b~:IJ~ulu'li"l\1LL!ilnnEl~1emtr\l~lm~:lJL'Vil:::1.lG'ln1U~ 25 L'yi1nu 0.56 LLG'l:::L~:IJ,rulwlil\1LL!ilnnEl 
'IJ 

b~:IJ~~1El~i\l-;}lm~:IJL'Vil:::1.lGln1U~ 50 L'Yhnu 1.03 ';)um:::~\lb~:IJ,rUft"\lft"!il1u'li"1\lElElml,m1El 
~ ql q 

~i"~lm~:lJb'Vil::1.lG'ln1U~ 90 L 'YhflU 1.21-;}lmfu1u'li"l\1riElULnUL~f.n~1El~i"-;}lm~:IJL'Vil:::1.l~n 
'IJ 'IJ 

cv d I (L; odd d ~ t.I • .d 
lU'Yl 110 m!il'lrU'Vi'lr'Vinru. SAVI LUGlLlG'l!ilG'l\lLG'lnUElLlElLl'Yl 1.15 

'IJ 

lU~lU"lJEl\lm1~n1!l-1ml:IJi:IJ~uf"lJEl\li'lritvh'Vi11ru. IPVI NOVI RVI LLGl:: SAVI flU 

e1!il11 m1bb 'Vi1m:::-;}1 LI"lJ El\l rh'lf~ b 'YlU~nnUl,jl1'lr~1.l1::'Y11U,f U ft"11.l1<;i";h fll i:IJ1.l1::~'Yl1fft"~ i:IJ~uf • 
'1.IEl\li'lrii.V'1'lr'Vi11ru. IPVI flU e1!il11m1Lb'Vi1m:::-;}lL1l11'lf~L 'YlU~lnul'JY11~fllft"\I~ft"~ 1 U'li"l\1 ElElml\1 

'IJ • 

.:9 • .... t.I I ,:i d I I ~ d,g Q...I I I 

1eJ\liil\l:IJlfleJ 'lrl\1IilUnG'll. 'lrl\1Lblilnnmlil:IJ'Yl . 'lrl\1neJUbnULnLll LLG'l::'lrl\1LLlilnneJ Iill:IJG'll!ilU ft"lUT)1 
a.,.. a..". , ('1)I .d q; 

nu eJ!il11 nl1bb 'Vi1m::-;}1 tJ m'lf:IJ b 'YlU~l nUl"lJl1 
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bnUbntr.Hblil::"Iil.JbbCjJnntl m3J~liu 

1,I,tlmnmr1,l,i3Jl"h::~'Ylf~'VH~'m~''l-ti'lltl\li''ll'ilvhV'l1'HU, RVI flU8CjJ11m1bLV'l1m::~1£Jnl"1l' 
~b'Yl1,l,~ln1,l,1'lil1"ll'1il1.h::rn1,l,~fil~\I~~CjJ 11,1,"Iil\1 tltlml.J 1tl.J1il.Jm~tl "Iil.J~1,I,nfh "Iil\1bbCjJnn m~3J~, 

'II q 

tt61~ri t)ULnULn rJ1 LL~~~1~ LL~n n eJ <il13J~1 GllJ LL~::~1i3JtJ~~~YltfiVl i:JJ~t.tfanEl.J~~il~~~'l,.m 
SAVI flU 8CjJ11m1bL V'l1m::~1 £Jnl"1l'~L 'Yl1,l,~ln1,l,1'lil1"ll'1il1.h::rn1,l,~fil~.J~~CjJ 11,1,"Iil.J tlfJml\1 

'\J , 

d I "" IV I I t:t d t c:::.d I a <V 

1tl.J1il.Jm~tl"ll'1.JCjJ1,I,nlill, "ll'1.Jntl1,l,LnULn£Jl, "ll'l\1bLCjJnnmCjJ3J'Yl, LLlil::"ll'l.JLbCjJnntl CjJl3JlillCjJU 

bblil::bnm1.l1£JUbYi£Jufilimh::~'Ylf~'VIim~'1,I,i'lltl.Ji"ll'ilvhV'l11rn IPVI NDVI RVI bblil:: 

SAVI flu8CjJ11m1bbV'l1m::~1£Jnl"1l'~L'Yl1,l,~lnm'lil1"ll'1il1.l1:::rn'l-t 1CjJ£JW~11rnl~CjJ"Iil.Jm1 

L~1qJb~u1CjJ'lltl\l"JJ11ti'1,I, fil<K"ll'il~"ll'V'l11rn IPVI LLlil:: NDVI 11,1,"Iil.JtlfJml.J ~fili3J1.l1:::~'Ylf 
~'VIi3J~1,I,i~.J~~CjJb'YhflU 0.750 bbl1inlw~11rnl1CjJm-13J'lltl\ln11b~1rub~U 1CjJ'lltl.J"JJ11i\l bbl1ib~3Jl.lliln 

cu q Q,I cu 

btJ1,I,~1,I,nt11~1,I,n.J"lh\lrifJ1,I,bn1.Jb~£.I1bbt11ti'1,I, fili'1!il~'1!V'l11rn RVI ~fili3J1.l1::~'Ylf~'VIi3JW1,l,i~.J 
'II 

"J , .... 
'Yl~CjJ Lrnnu 0.638 , 

m'jlh~ biJ"a@1'jl nl'Hb w~n'j~~l ~'iJ £)\lnl'1fii b 'Y1"~1 n~2l'"v.2l'wnrn, 

11,1,nl11.l1:: lij 1,1,8 ml nl1lb V'l1 n 1:: "il 1 £.I'll tl.J nl"1l'~ b 'Yl'l-t"ill n i"ll'il ~"ll'V'l11rn ti'1,I, 1 i~3J nl1 

1.l1:::mrn8mlnl1bb V'l1m:::'l1 £J'll tl.Jnl"1l'~b 'Yl1,l,~lni"ll'it~"ll'V'l11rn RVI l iitl.J'lln~fil i3J1.l1:::~'Ylf 
<V <V f{ I <V ~~ <V I 6\I'.d d ~ 

~'VI~3JV'l1,l,1i1::'VI11.JCjJ"ll'1,I,V'l'1!V'lnrn RVI LLlil::fJCjJ11m1LLV'l1m::~1 £J'll fJ.J nl"1l'3J b'Yl1,l,~.J'Yl~CjJ ~ fJ 0.638 

1CjJ£.I~3Jm1~1,~~tl y = 0.0534 X2+ 3.l837x+ 22.753 (R
2 = 0.638) 

L~fJ Y = 8CjJ11m1bLV'l1m:::~l£.1nl"1l'~L'Yl'l-t'llfJ.J1,I,1"JJ11"ll'1il1.l1::rn1,l, 

(i11il ~ n1WCjJl11\I L3Jm/l1,1,) 

X = fili"ll'it~"ll'V'l11rn RVI 

'II , 

do d 6'<\.1 I In' d 

bLlil::b3J fJ'YlCjJ~tlUml3J~lillCjJ L~lil tl1,l,'ll tl\l ~3J m1V'l £J1 mnw CjJ11 m1bL V'l1m:::~1 £J'll fJ\I m"1l'3J L'Yl'l-t 

"illn1,l,1"JJ11"ll'1il1.l1:::rn1,l,<K.Jn~11 V'lu'''h filml3J~lillCjJL~~fJ1,I,"illnm1V'l£J1mrn8CjJ11m1LLV'l1m:::'l1£J 

'llf)\I nl'lJ~b'Yl1,l,11,1,bbI1i1il::"Iil\1m1l'l1qJb~U 1CjJV'lu"'h~filb 'Yh flU1tl £.Ilil:: 16.82 'VI1tl tll'ln~11 snu£.I'VI'ct" 

1~11 ~3Jm1iiml3Jnn~f).Jn.J1fJ£J1il::: 83.18 ~11,1,filml3J~lillCjJb~~fJ1,I,'llnn11V'l£J1mrn8CjJ11m1 
'\J 

bLV'l1m:::'l1 £J'llfJ.Jnl"1l'iib 'Yl1,l,~:::~3Jiifilb 'Yh flU1tl £J1il:: 5.82 'VI1fJ fJl'ln~11 EinU£J'VIit.J 1,~11 ~3Jm1ii 
ml3Jnn~tl"n"1f)£J1il:: 94.18 

'\J 



(l179l ';au~ 

::~11 ~!J.) I1l~'t1.J:l~ 1~VIl Ll1 Ll1ttf1~'t1.~l1 L~'t1.U1 ~Jr.Ly C-G rr.~'t1.G ~~1tLl1~~ t L~ lL,Q.'t1.~'t1. tlllLl1 LG 

NH!.I.A. 't1.MI'fM 11.1.1 L1.A.C-~ 't1.rr.l1Ll'fl1U. 't1.l't1.L~I'fI'fGl1l1LI'f't1.rr.~llLrr.G 1'f1't1.'t1.l1L~l1G't1. ~1f1~1i1H.~U.Ll1I.'G rr. 'F.f':=''''{'Op..r °F'..r f"P.IP'::l ~ '=' 

b b ) 
11 LXt~~::I1::t 't1. t 11 LI'f't1.U1 ~Jr.Ly ~h! 1~ t L~U ~ lrl~U't1. ~I.'~ 1.1. 11't1.Q111 U,W::~~I'fI.1.I.'~I.'~ (9J94dSOZ!4tl 

't1.~~ 11 1$ G't1.1~:: 1$ l€ltl1:: ~ 11 ~ L~ Lltl1l~ f1 1$ l1::tfbl.' ~ (, l.'L!.i>tL~ 11 G ~ fbtLl1l'S:: ~ lL,Q.l1 Lt~ 11 fb 
b ~ 

L'p-G I1l~'t1.~l1LI'f~'t1.~I.'~'t1.~l1 L~l€l~ 1.1.::1!.~11~f1t ::~1111 Lt ~l f1~HU~~1lL,Q.~L~ l 1::rl::tl€lG ~~'t1.~I'f~ 1 

lL,Q.I.'G rr.rtt ::~'1't1.~L~ l1LUG rr.l€l L't1.rr.::~11'tt1 LI'f~fbl.'~11 LI'f I.1.I'f G P C-~ 1111,!tI.1.L!1.G~I.1.MLLJl~~ll'f 1.'1$ rr. 
" 

't1.rr.I'fM1tLU (OOOl LIB 19 UOPOJ ~OOOl "jB 19 uUBwsseM~£66~ 'sses pue 9n9N ~866~ '"jB 19 
,f' :" 

e!pU9n8) 't1.U1 ~Jr.Ly 11 1$ ~ fbl€l ~ fbtLl1 Lt~ ~ ::~111.'~ 1111,!t I.1.L!1.I'f~::~tLl1 C'L~I.1.::Wlf1l.'L1.A. 't1.1J't1.lAl'f~1'f Lll; 
" 

I'f Ll't1. 1.1.11.1.1 Jl.rll€ll L~ l1::rl::tI'fL~ (SSeWO!8) lLrr.L'Grr.MLLJtJl.~ll'fL'G IT.'I1.IT.rtM 1tLUuLHrt~l1nrl1 1=:>" ~""I....F ... P,f":::::r I; 

p. 't1.jl.1't1.U1l'SJr.Lyl1 1$ ~ fb~ ~fbtLU rtm1 fbtL~'I1.-Y I.'t~'t1.E't1.~ (, C'L!.i> 1.'1$ ~ ~UtLUU LI!.LRU~tLU~11 (l179l 

'::'tt1l;::~" ~!J.) 11 G,tLl1 ~1 Nl ~ 1Jr.LY 11 1$ ~fb~~fbtLl1l'SL~f1M C-~ 11::~L't1.'t1.~l~11lL,Q.lI1 ~m~1ULH~ 1.1. 
b ~ ~ 

I.'lWG G::rl ::t't1. t l€l~ I.'~Ul1 Lt~ ~ 1.'~'t1.1!.~1 rt~1 ru~1!.1Ul1::rl::tI'fL~ I.' 1.1.111'f t 1 L'I1. '11. 1'L 'I1.U:: 11 :: t G t 1.1. 
,... :=' I.. ~ F ~ 

(, 11 G~1't1.J:rt~ 1::1!.::~11 l1LI'f L~~Lt~~'t1. t'l1.U 1~Jr.Lyrl 8 ~fbl€l~fbtLUl'SI'f~'::I!.G UUl€l',::I1::t't1. t l€ll rt~1fu~~1 

tLl1l.'G rr.L~ l1::11 ::tl'f L~'I1. J:1'f ~ 1 ::1!.'t1. LU::tfb ~Jl.lL,Q.L '11. '11. t 't1.U1l'SJr. Ly 11 G ~ fb ~ ~ fbtLl1::'tt1Rl1 ~ 

lI1 ~m~1't1.8~1.'ljl.1.'~'I1.l!.fb1C-~~~ (, 11 G~'I1.U1 ~Jr.LyrlLI!.::W~M 11tLl1 Lt~~'I1.,rl1LI!.C-~I.1.::~11 (886 ~ 

'"jB 19 n9)j:::>98) L!1.81rt-Yfb1'11.8~~111l€l1 (uO!peAUOJ) LMtLU'I1.lrtrr.G~1.1. (uo!snwp JBln:::>eIOIt'J) 
... , 

b 

11 LI!.::W~M 11 tLl1'11.l f1rr.11 ~l 'I1.J:l€l h! 1't1.,rlL,Q.'t1.~'t1. till Ll1 LG C-1$ jl.'t1. L(':I't1. U1 l'S Jr.Ly 11 LlJ't1.8 ~ l;1Ul1 l€l~ ~ 

I.' ~'tt1 LI'f~fb'l1.Q1't1.J:l€lh!1:p.C-L1.A.Jr.Ly I.'G rr.~ '11.8 ~ l;1tLU L~lL~U::'tt1~::~11}tU~1 ~f11't1.,r11 Ll!.l1 G'I1. (1786 ~ LIB 

19 J91!9S) IIlLULl1ttf1~U8GI1G~fb~'tt1LI'f~fbI.'Grr. 06 ::~I1GF~ULI'f'tt1LI'f~fbl'SI!.LG lL,Q.'I1.~'t1.tIllLl1LG 

1.'8jl.'t1.L(':I'I1.8~~1~'t1.U'l'SJr.Ly L~lL~U::'tt1~::~"}G~'Jr.V~ 'I1.l/tl€lrt1I.'LtL~/I't~U~~(! L17'89 rt-yL\A'L~ 
b ~ 

l'S I.'lW 1$ 1$ 1.'ljl.'I1. t l€l~I.'~'I1.J:I'f~ 1't1.U 1 l'SJr.Ly 11 L~::W~M 11tLULt~~ I.'lWG 1$ lL,Q.::I1::tl.'~'t1.I!.~rt~1G 1111~11 

l€ll f1~1 fu~1!. 1 lL,Q.::n::t '11. t ::LM~' 11l€l1 (l179l'::'tt1 ~::~11 ~l!J.) l€lrtl.1.L'~Jr.LYI1 1$ ~11l€l~l1tLU'tt1 Lrt~fbl.'G rr. 

9 ~-O ~ ::~ n 8,£-'I1.Q1l€l~ U~fb~lll€lG ~~I.'~IIlLULG I.'G tAl€lh!1tLl1l1l€l1 't1.U1l'SJr.Lyl1 8 ~ fbl€l~fbtLU't1.LU::tfb~Jl. 

L't1.t L,Q.'t1. t I.'~ (uo!l!lInQ3) III Ll1 L8 C-8 tAl€lh!1tLl1l1l€l1IllLl1 LG~~'t1.G ~ ~'::~'I1.U 1~Jr.Ly (BWAlpU9J9V) 

rl G,tL 't1.l£> L~:: ~ 1111 Lt't1. t I.'L~ I.' Gjl.~ 11 ~ 11.' E lL,Q.'t1.l£> l L,Q.I.' G rr.G 11 U ~11:: rl::U ~ 't1. ~ L~ U 't1.l£>::11 ::t!.i>111.'~ 11l€l1 
... 

I.'lWG 1$ 1.'ljl.1.'~'t1.~L~ U'I1.l£>I.'l!l-!.i>111.'~'t1.J:1'f ~ 1 L~~ ~l f1~1fu~~1tLUI.'ljl.::~!.i>11't1. t 't1. L1.A.::tfb~Jl.lL,Q.L't1.ULI!. 

't1.U1l'SJr.Ly 11 LI!.::W~M 11tLU Lt~~ I.'~ 't1.l/t~1'f1I.'LtL~/I't~11 ~ ~~ Ol'lP f1-Y Lyt 1 l€>l f1~1 fu~1!.1tLU::I1::t 

1.'ljl.l€lG~~I1~~1't1.1.A,1l'SJr.LyrlL~::W~M11tLULt~~l'S11l€l1 't1.-y1.'11~1~l1tL~~ C-~11 9 C-~LRl1~~'t1.;t't1.t 

't1.LI.A.::tfb~Jl.lL,tr.L't1.ULI!.I1 ~~1't1.U 1 ~Jr.Ly 11 LI!.::WtM 11tLU Lt~~ J1-::Lt~1 ~::~11 l€lll!.lUtLUU L~ 

8L 

ttLU,:::tllt!!,Il;.tLAtLttUL~ttU1 ~$l.L,hI t'@ Itij L~:::tU~M. ntLU Ltl4> ~ L-RU~tLU 

P.f11G!.i>C-~ (, C-L!.i>'t1.~'::tf1rtL~t;!l1rlLtfb~GUtLI'fL~ P.L'Jl;'t1.tl1!~LRl1~tLUULI!. 

t!!tmLtf1!!@ 



I.'LtL~m~U~~G GO' ~ ~G I1~L!A,1L~~ 't1.LU::tf1~Jt,L't1.lLZ.I.'Gf1..U~[1::U..1. mLu~l1~G~~ftlWL&::W~Mll 

tLU'tU Lft~f1L~ 13 ~ ~~ l&lt~tLU U L&'t1. LU,:::t[1 ~lt.lLZ.L 't1.I.'G f1..ft~:::~'t1.u, 1 ~l!.LYI1 L&:::W~M l1tLU'tULft~[1 
n, 

'<I.::Lt~1lGft1!;-l!. ~H'176 ::~fJGtNl!;-G~UUftLl~IULUft~ LU~' !;-'t1.~I1't1.UGlL~U&LGGt'<l. G~r9 ::~fJGt 
.!J '<::>' P P I"lI P '"' F I~ L\ p ~ F' J;:i' '" 

I1U LU, 1 Ll.mlt~ ::~'t1.u, 1ftl!.LU I.' 13 f1..11 L&::WtM '1tLU Lt~G'tUW LfJ MtLUU L&'t1.G ~ ~1 ~L~~ltLl~L~'t1.t~ ,.", I I=" f=' oU I ,." ~ F" I , 

n, 

8~ '£8 ::~I1Gkl.'~I.'G~UUltLl~~tLUIt~,!UWLI1MtLU't1.t L~~kc-~'<I.I1,!lU~lL~U&LGG~~ G8'9~ ::~I1Gk 

11~ L!A m~~ ~ 1 ~tLUft~ 1.'13 f1..~111~1 fu~& 1tLU I.'l¥-::~ ~'m t't1.u, 1IJl!.LY I.'G f1..11 L&::W~M 1,tLU Lt~~'t1.G'::t[1 
b n, 

tLU't1. t 't1.G ~~1 ~L~ ~It Lt~L~ 8£9'0 11~ L!A 1 L~!! 11 ~l ~~ ~1.'~.f't1.~It~ '<I.~}U,~::t[1lt~ L~!!U L&I.'13'P 1 
b 

~~~~~1 't1.LU,::1[1~Jt,tL,tr..L't1.I.'G f1..'t1.U,1 !!l!.LY fJ L&:::W~M 11t.LU Lt~,g'tU LIt:::t[1 LltL');tUtLIt L~~Jt,t:;tt:Jt,:p 

't1.f}1 11\t:l 'tUUMJt,M't1.Jt,~LlI1M U,Lll:::UT V c-U,'tUUMJt,M't1.Jt,~l1fJu,1I1I1trr'l3ltl 't1.'t1.'t1.LU,:::trt~Jt,tLf1.. :;, li=' f=' ,." I I 1:1 ~ -,;::r f=' ~ F' f=>'1 ., p::: I <> "" 

b 

L't1. I.' 13 f1..'t1.u, 1 !!.o:.LY fJ L&:::W~M 11tLU Lt~,g't1.G1 :::1[1tLU't1. uz.1J>U fJ:::t[1 Lftm11MJt,t:;tt:lt.:p L');t1LU 

'tU~~M~~tt~~UL~'t1,W ~.Il.Ll} N~ rtij L~~~U~M n~LU L~1.4) ~'t1,~'~~lltLU 

'tUUMlt.M't1.lt.~L~ Ii=" F ,." I 

11,V1I1 ~1I.'LU't1. t[11J't1.~It~ltLW~'t1.U,l~.o:.LYI.'G f1..11 L&::W~M 11tLU Lt~~ L~'t1.~ lJ1. t!;-~~11 c-~ c-~~~L~!! 
b n, 

't1.u, 1 !!l!.LY 1.'13 II.fJ L&::W~MmLULt~~ lfJ~' l1~mG!1I.'lp;.I.'~[1k 't1.&'t1.Jtu L& I.'lWI3I3I.'lp;.'t1. t ~~~!;-~[11 't1.& 

L~U't1.~I.'llt.~111.'~'t1.lI.ltM lL~It!;-.o:. 't1.U,1Jtl!.LUI.'GlI.fJL&:::W1M 11tLULt~GI1U't1.UlI1~mlt.1U 1.'.0:. 1.'~~~L~1t " '" • I -;::,f" ~ I F=l' P I=".w I ,." ,.",." F=' I ~ P''''' 
b n, 

U,Lll:::1rr V !;-U,'tUttMlt.M't1.lt.~L~lfJU1I1U1't1.I3UI.'llt.!;-Urt, 't1.&'t1.'t1.UL& I.'lWI3 13 1.'llt.'t1.' ~~U,c-~rt, 't1.& LlW I D ';? ,.... r:::r ,.", F ~ I I p,lO", ~ I (, F 10k "" 

't1.~1.'lp;.~111.'~'t1.~1t~ 1 L~!!U,Ll1:::t[1 17 1.'~'tU11Mlt.t:;tt:Jt,:p L~I.'I3I1.I.'G ~~~G~ltLt~'t1.,rU L&U G't1. 
b n, 

't1.,V't1.p;. 1 I.'lW 13 13 np;.'t1. t ~~~c-~L~!!~lL,tr..I.'I3I1.MLL!l~~lltl1'v.f't1.~It~c-~ 
b b n, 

~~ ~ULIt!!~'t1.U,1 !!l!.LYN~ 11.11 L&:::W~M 1'tLUL1~~'t1.~1I1 ~1 L~t 1 1.'lp;.'t1. t :::tm ~~~N'l L~!!~1J1:::LW1~ 
n, 

~LW':::t[1 V 1.'~'tUUMJt,~t:Jt,:pL~~t ~f':Il.'~ ULIt't1.'!1 11L't1.'<1.~ G'tULft~[1!!~lL,tr.nt:::~11lL,tr.'t1.~l1l~[1k 

b ( ~ b 
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fu LJt,:08: ~ £9G'11 U,M 11:::tl ~LM::trt )'t1.lI.nWJt,'t1.rr1 ~U 1 ~~U,'t1., 11.' N. 't1.' JI't1.~lirttLU~U 1:::&::~11t~ U1 .9 P' I",f' I I; '<::>' F (,. L\,." (,'=' '<::>' I ., '<::' 

ft~f':I:::&::: ~,,'t1. Ll1ftt, :::&lLIT.U G ~ 't1.II.C-G M:::~11't1.lG l).!;-JII1' 11 LUIt:::&tLII.'t1. ~ c-l3l1.!;-Lt~ c-t~l!;-l!. 1.'13 U,!;-~ 
:==' 1"lI,.f' "'F I, fl:I" "'11 I'll P "~ 

n, , 

:::ra::t~L,tr.1ft~m& 't1.~ULftft~ m~:::~1111tl.'Lk~UU~ ~ raG~m~'t1.t't1.L~ft~ 1fJ~lI.'G't:pL't1.~,.MtLU!!::& 
~ n, n, 

UG ~Gp;.::~11U I3~G¥-I.'Lk~tLU U LI!>-It~1~:::ra:::t 't1.r;p .f't1.~1li~&1 ~::lLL!'t1. W 13 ~1t~1 ~l :::ra::t't1. t~ 13 tLZ.'t1.~ 
b n. 

u,1.'llt.'t1.rt1nWI3I3I.'llt.'t1.' UL&LltI.'G't1.1 ~~U,!;-~L~ltU,LI'::trt 17 W'tUUMJt,M't1.Jt,~L~U,tLUUL& F" I I; I (, P' F I f=>' J ., -;;: JrI" f=>' ,." 'F 
b n, 

~~W~ L~!!'t1.LU::t[1 ~Jt,tL,tr.L't1.UL&'t1.U, 1!!.o:.LY c-l3l1.ra LI!>-:::W~M 111LU Lt~~ 

:::~'111~ UlJ1:::t[1 17 1.'~'tUttMlt.t:;t t:lt.:pI.'I3I1..f't1.~It~ '<I.~}U,~:::1[11t~ L~jt:::Lt~1 ~1LU UL&~f':I't1.1J1 I.'lt 
b n, b 

U 13131.'l¥-'t1. t ~~~ c-~.f't1.~It~1t LW!!L~~Wt~ 't1.,r 't1.LU,:::.!.f1~lt.tLZ.L't1.UL&'t1.U,' !!l!.Ly c-l3lT.fJ LI!>-:::W~M'1 

1LULt~,gI1~ II\V'S :::~" 11\t:l II\ON Il\dl 'tU11Mlt.t:;tt:Jt,:pI.'I3I1..f't1.~It~ltLl~LRU~tLU't1.t 

't1,LU~~~~~tL~L't1,UL~ 

't1,U'~.Il.Ll}t'Grt/i!L~:::!,U~M"~LUUI.4)~:::~"'tU~~M~~tt~~t'Grt¥'t1,~It~ItLt~L~U~!.LU 
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L3Jm ~.J iifl1 L'I'l1 nmJ'1m runl'HL vr:im:;,;)l £J il1'11ii L 'YlU"lI ih'IU 1'JJ11"JjGlth-:;'Yl1U,;)ln n111h:;m ru1~ £J 

ff3Jn11 ~.J ff1m1Cnl1 ff3J nl'nh:;m ruel~11 nl'HL vd m:; ';)1 tI n1'11ii L 'YlU"lI €l.JU1'JJ11"JjGllh:;mU,;)1 nfl1 

i"JjU~"Jjl"l11ru RVI ~€l y=O.0534x 2 +3.1837x+22.753 lu1il"ltllmrnVl1El1J1:;dJUn11 

LL l"l1m:;\l1 tI nl'11ii L 'YlU"lI€l.JU1'JJ11"JjGlU1:;mU l~L 'VI m:;ff3JY;ff~ 
q 

~ 6) A~ 

"llfHiillI.fHmt m\l1l1.1~tJ 

1 un11~m~nlitl~u L rtEl-J~ €llU iifl113J~1 LtlU~ El-Jvll nl1~n1!l-11vfnl1-J"lI11-J LL~:;GI:;L~ tI~ 
~.r 1 "'.1 ~ ... ~ , Vl.I.t 

mntJ-J"lIu ~tJ3JlJ1:;L\1lU"lImffumLU:;\1l.J!9lEl blJU 

• - n11n1V1U\1l~lU 1UU~:;~1 U 'VIU.J'lJ El-J\l\1lff111';) 1 uvfuY;~n1!l-1fl11ii~lu1uY;3J1 n UGI:; 1 i 
q 

.v .K d d 1" .. ",.,": .K 
m:;-':)1t1'Yl1l"lU'Yl Ll"l€l 'VItUm11l"ltJlmrum1113J{ln!9lEl-J3Jlntl.J'lJU 

'Il 

o dol'" '" ~.K d. I" • I 1 .r d d d 
• fl11'Yll n11f1n 1!I-l L lJ1 tJu L'Yl tJ U nu l"l U 'YllJ ~ n'lJl1U 1"JjGllJ1:; 'I'll U U'I"l U 'Yl tl U ') L'I"l tl 

m1\l ~tlUml3J{l n~ tl.J"lI tl.Jln-n11 LLGI:;ff3Jn11U1:;m ru~l elml n11LL 'I"l1m:;\l1 tJ f11'11 
'Il 

iiL 'YlU\ll nUl'JJ11"JjGlU1:;mu 

o d .1'" '" ~.K d. 1 " ::'1 d d .1 ~ .1 
• fl11'Yl1n11f1n1!l-1 LlJ1tJUL '1'1 tJ1Jnul"lU'Yl u~n'lJTmllJ L l"l €l'Yl\l:;~lm1{l u1U lJ1-J~3Jn11 

'Il q 

U1:;mruellirnnl1LL l"l1m:;,;)1 tlnl'11iiL 'YlU\llnU1'JJ111'V1'1'lfl~nUU1'JJ11J'.J 2 U1:;Lll'Yl 

• mYl-tl i"JjU~"Jjl"l11ru~U ') 3Jl1'Jf'LU1tJU L fi tJu1 Un11~rl.J ff3Jn11U1:;m ruelm1 n11 



Q Q..o'(fQ...O Q..O Q.,I(f .... ~ Q A.~ q,.. 

~·HJl '4tlJtlJl~U, ru~tll ~t'!tll'jm~,llm~l l'lJ:lJl~'jtlJllt'!:: l"l5.J "l5.J t'!.m'j\J'jrulm'j'lJa~~l'j~Ul'Yl~ 

.f1ijl'l1~~f .f1ijalm~ llt'!::m'j~!l1m'j~lUm'jlm~mm'j:IH~aV'ltllmn!m'jUt'!!l1U~amln~ 
'\J '\J 

l1aUm::~n. m.J l 'YlV'l'J: ~UVlfl1tl'Jh tI.Jlui lml::,.{ i~ tI llt'!::~n am:IJn1'jlu~ tlUlLUt'!.J'lJtl.J 
• 'U 

hmlV:.J.f1ijmmal~tI~::luaamQtI.J1~ ~wlt'!.Jmn!:IJ'V\1i'Yltll1ftl. 
'\J • 

U:UU'Yl3J ~~~-nn~.2542.:IJ1mm'jiJa.JnUl~at'!!l1nl·lH1aum::~n. 1Ul1'j~1'j~.Jlll!l1~a:IJ tl~ 2 .... 

L'YltJ. 

iH~ l~~tlJ~t'!il, ;1!I-~"l51 '4~~l'4tlJ, V'l~~ V'l'j'l-'l:IJU1'j'Yl , ~~~11t'!V m1ru~"l5 llt'!::U'j:: ttl"l5U 

l~~tlJ]j''j'j:IJ . 2542 . tm\l nl'jii tlnl'ju t'!!l1U ~ a tlnl6Jl'ii l'YlU~l nu lill 1 Ula n ~l'jU'j::n au nl'j 

U'j::"l5:IJ'Yl1\1i"l51n1'j illllt'!::iruvhliia.J th::~ltJ 2542, 3-5 iiUlfl:IJ 2542 ru. h.Jll'j:IJf1:IJ . ~ . 
~V'l'j'jru ';') . ~V'l11ruU1. mIl 80-111 . • • • 

um'l-'l\l'; ~\I~~. 2547 . 'llTlLL~::L'Ylfllu,1G'l~nl'i~~~. m\lL'YlV'l:IJV!Iu,m : ~IUn~:lJvr:IJV!limn~tJ1i'''i''i:IJ-
'''' , .. 

~1t1'o/l"i. 

Utl.J-nV'lV .f11L';')~ru.2549. ~mV'lalm~ltl~tlUUU~.JLULl~l L'jlm1Yhacil.Jh. 1u, 111~11 
'U " 

]j''j'j:IJ''l51~ll~::~.Jll1~~€l:IJ'lJa.Ju'j::l'Yl~L'Yltl, uuu~ 3 L:IJ.tI. - ij.tI. 2549. ~lunult1Ulti 

llt'!::m.m 'YlfV'l til mLL~::~.J lll~~ tl:IJ . 

tl"i::m mV!~. 2542. 'llll. lm\lm"i~I"ili"l51m"i"il"l5.n~lU~:lJV'l"i::lntJ"i~L'iia\l1u,1 hm~V'l"i::U1'Yl~:IJl~,;,) 
w"i::Lile:Jci~l 'Yl"i,H';')~ruW"i::'lfU,:lJW"i"i'ltl 6 "ie:JU . .nLll@) : ltl"iLlm:IJi'lfIL'Ylfllu,h~m"iLmt@)"i 

'U '" 'U 

flUl.::b'Ylfll u,tG'l~m"ilmt@)"i ~rnUu,"iI"l5.n~1Jbno/l. 

tl 
.e:::t 6' Ijj,.td IV IJl IV Q 

"i::Wl~ l"i::bb W'Yl tJ . 2531 . fll1:IJ"ib "ifl\l'1Jll . m\lb 'YlW:lJV!lU,fl"i : b'Yl tJltUJU,lW1U,'lf. 
'\J • 

tJ~ifJ V'l.J~11it'll'aUu~.2543 . ~V'l'j'jUl.u1 . ~:lJvffl.f.J~ 1.UU,'YlU1 : la~Yhaw V'lfU~\I n1U . 
1\ 1\ 1\ 1\ 

U'Yl:lJ1 c;111.J ~t'!.2549 . ml:IJ'I-'l t'!ln'l-'l t'!1 fJ'Yl1\1~lmV'lllt'!::n11UrU <ill C1l an11lU~ fJUllUt'! ~mV'l 
.f1ijaln1~ . 1u 11'j~1'j]j''j'j:IJ''l51~Llt'!::~\ILl1~~a:IJ'lJa.Jtl'j::l'Yl~L'Yl£J, UU1J~ 4 n .fl .- n.fJ. 
'\J 

2549. fflunu lfJU1 mlt'!::ll~U,'YlrV'l fJ1mllt'!::~\I ll1~~ a:IJ. 

m:IJm"i~n~o/lfl"i. 
'U 

~ 4 ~ d I C)t d 'LI '¥d. .... 
l~fJ1 tlUtI\I .2537. ~m~lL 1a\l nl'jll V'l'jm::~lt1'lJtl\ln16Jl':IH 'YlU,';')1 nUl'lJl1V'lU,'Ylt'!:lJUt'!::Ul'lJll , 

WI\! t'! a tJ 1 U~\lV\'r~V'l1::um~1tl mitJl. m\ll 'YlV'l'J :,;,)Wlt'!\Imn!m'lli'YlfJ1~tJ ,2537. 241 WU1. • • • 
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11Ynt. ~11>1i~,r~1 . 2544. nTn.h::£Jn~1i'n11ttl11~~lm::l'J::lnfllvlm . .h:::IJ1ru~i~"1fit~u.yjlullfl:: • • 
anfl~1mw"lJEl>llh.yjElcimitEl~u~u U1l1ruEl'Yl1'J1UllV:>I"1f1~.n n1::~>1 ~>I'VI1~lfl £.I. U1nJnn 

'U q CU QI QI 

,1:10 ~ ti' .::. 0.,... ti' i 

UWUli 1'Yl . ~ . (1U''I1~m) . n1>1l'YlW"1 : ~'VI11'Yl£.l1fl£.lln1Y~1m~~1. (m£.llEln~11) 

~1'lf£.l Ell1£.1::1>1~t]1Y~3UlWI!} 'YlEl>l~"Yllllfl::th::l~l'J~ U11'11. 2537. ll~Un111i'.yj~ulvlEl1El>l1Ur1£.1 

ll~>llU~u.yj"1fflU1::'Y11U ~>I'VI1~~W11ruU1 . m>lL'Y1'1'lHv\ltt~1 : nEl>l1l>1Ll~Un111i'.yj~u maJ • •• 
'" d~ 
W~Ul'Yl~U . 

Lm~Q~1 1'11~1~,x.2542 . U"nn~n11ruL1ElUm::';)n (Greenhouse Effect).lu 1l1~1"H1ru:: 

i>lYlaJm~~f uuuvhl'llY 1U.yj 24 Wt]I'I~n1£.1U 2542.aJ'VI11'Yl1'J1~£.I1'11UYl1U'Yl11htUJ. 

~aJ'Yl1 ~1ut2520. n111~£.I.niim~lilf L:n>ll'Yl£.l1m~lil{mmW'nJ'VIlttYl1 : .nlfll"1fl.niim~lilf flru::: 
q q '\J q cu 

i>lflaJm~lilf ~'VI11'Yl£.l1~£m1Ufl1u'Y1"~lhtUJ U1::~luiim. 

ttlum1Ufl ru:::m1aJ n111~1'1 II V:>I"1f1~ .2540. Ti1m1£.111'JL~El>l n11tt111,;),;)1 m:::l'J::lnfl. m>lL 'Y1'1'l-• 
, 
~>lLn~~El~ . 

ttlUn>llUlI'l11Y~n';) n11l n1Y~1 . 2546. ~n~ n11U fl nvh.yj ttlflnJ"lJ El>l~>I 'VI1~ ~W11ruU1 . (El ElU lfl ,x). ';)1 n 
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.t:Io 6' ,d, (i' 

n1'i1Lm-l:::V!f11l3JflfllC;)LfHHl'U'llfl\ln1'i'YHnmru (Mean Absolute Percent Error: MAPE) 

1 'Un1'ilLml:::~f11l3JflfllC;) Lfl~ fl'U'll fl\l n1W'l tnmrn ~Gim~\ld' 

MAPE 

.d 
b3Jfl MAPE = 

AI = 

= 

'IJ 

~ i)AI-FI] 
n 1=1 AI 

ml3Jfllillc;) Lfl~fl'U'llfl\ln-)d'V'Hnmrn (Ltl flfb6JJ''U~) 
~l~lnnl'i~71~1C;)~~\1 

. , ~ 

n = 'ill'Ul'U'llfl\lmmWHnn7ill 

lc;)t1~~l MAPE 'll'fltln1lV!1flL'Yhnu 25% nf)1ltlf)3J1ul~ 

~l7l\l LLGi~\I ~lml3Jfllill~ Lfl ~ u'U'll €l\l nT'i'V'H:.Il mrn D~dln1'iLb vdm:::~l V'll €l\l nl6JJ'jJ b 'Yl'U 1 Ubb~lil::: 
'lil\lmdL'il~ruL~U t~ 

" 
'J51~nl'~ f1l1nn f1l fnl3Jfli.ll@l ml3Jfl~l@lLfl~1J1.1 f1l~3JlJ':jur'lJtl~fnl3J f1l~3J\!'lur'lJ<l~ % . . 

L'il~tyL~1J 1@l Y-ItJln'iru 
d 

!Jnrhr~~E1~ 
d d 

nl'l LmW'l.l fl<ll@llfl~E1'1.1 fnl3Jfl<ll@llfl<lEl'l.l 

@l'l1'il1@l 

.1'1.1m1l 25.01 27.87 -2.86 8.1796 2.86 11.44 

II@l nnEi 30.96 30.12 0.84 0.7056 0.84 2.71 

lI~nnEILIil:JJfi 50.87 42.82 8.05 64.8025 805 15.82 

E1tln'i1J 68.47 59 .73 8.74 76.3876 8.74 12.76 

rlEl'l.lLnlJln!J1 35.71 50.48 -14.77 218.1529 14.77 41.36 

'l13J 0 368 35.26 84.10 

f1l MAPE 16.82 

fnl3J~n.1<l' 83.18 
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"li,~n1'l 

lIJ1'lll~1JI~ 

fi1'il1n 

m'l 

~'l1'il1~ 

25.01 

55.97 

106.83 

175.31 

211 .02 

27.87 

57.99 

100.81 

160.54 

211.02 

-2.86 

-2.02 

6.02 

14.77 

o 

15.91 

d 
fn13Jfliil1IfilfliilO'U, 

tJnn1t~",o~ 

8.1796 

4.0804 

36.2404 

218.1529 

o 

267 

2.86 

202 

6.02 

14.77 

o 

25.67 

fi1 MAPE 

fi1i3J1J'lrn'lJo~ % 
~ 

d 
fn13JfHn~lfliiHl'U, 

11.44 

3.6.1 

5.64 

8.43 

0.00 

29.10 

5.82 

94.18 
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