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Abstract 

SAOWANEE WIJITKOSUM, Ph.D.: THE CHANGING OF LAND USE AFFECTING 

THE TEMPERATURE VARIATION IN HUAY SAi ROYAL DEVELOPMENT STUDY 

CENTER, CHA-AM DISTRICT, PETCHABURI PROVINCE, 92 pp. 

The study of the changing of land use affecting the temperature variation in Huay Sai 

Royal Development Study Center, Cha-am district, Petchaburi province has been conducted in order 

to study the changing of land use including the tendency and characteristic of temperature variation in 

the study area. The study results will be applied as the database for setting development plan of Huay 

Sai Royal Development Study Center in order to improve natural resources surrounding the center and 

to resolve the climate change problem also. 

The changing of land use was proceeded by the analysis of satellite image taking by 

Lansat-5 TM in 1990, 2000 and 2010. The analysis results show that the forest area have increased 

from 4,276.02 Rais in 1990 to 7,799.83 Rais in 2010 (increasing rate is 2.75% per year). In addition, 

the analysis of the relationship between the changing of land use and climatic factors; consist of 

temperature, rainfall, relative humidity and evaporation, by correlation analysis method showed that 

the forest area does not relate to temperature and other climatic factors also. The results of statistical 

approach can only define the trend of the relationship between forest area and temperature and other 

climatic factors. It can conclude form the statistical approach that forest area show direct variation to 

rainfall and show reverse variation to temperature, relative humidity and evaporation. 

Although the impact of forest area change did not show the statistic significant to the 

climatic factors, the study of the differentia between temperature during daytime and nighttime 

showed the obviously narrow temperature range of daytime and nighttime temperature from 1981 to 

2010. This result corresponded to the land use change during 1990 to 2010 which the forest area 

increased. This narrow temperature range may be impacted by the photosynthesis and respiration 

processes conform to the conclusion of many researches which conclude that forest area is one factor 

that can reduce the temperature. 

KEY WORDS: LAND USE, TEMPERATURE VARIATION, CLIMATE CHANGE, HUAY SAi 
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n11f"l n1!t1'J9r.Jbf!Nn11'Wa-J'J l?l ')Ur:;�..:i l"l L �'cl f"l n'l!t1 LL 'W'J b'Wa-J uj;-l:;j;-lnl!f'ru::'ll'cl..:Jn1HUj;-lr.J'WLLUj;-l..:J

""1 ,1' d� � "" ,Y. ., .. ., .1d .I 'l".I 'i' .. d... J :'I ,,. 1 'f.llliVlr.Ja-J 'W�'W'Vlf"lnl!t18li..:Jl-JM1l-J'Cil-J�'WfinUn11Luj;-lr.J'WLLuMn11 b'Jluj:; btl'll'W'Vl(?)'W L�'cl Lu'Wj1'W'll'cl�� 'W
� ,Y. ., .- .IJ .I ,1' J-='-=' .1.J .I "" ., 

n11f"l nl!t1 fl'J1l-J 'Cil-J W'Wfi'll'cl..:J n11Lu� r.J'WLLu�..:JW'W'Vl � L 'llr.J'J LL� :;n1 nu� r.J'WLLu�..:J�ll1Wr.Ja-J'cl 1 n1 Pl 'cl'W9:;
0 It. I a( 'l ., ,1' J ., ,1' J J .J "It • or 'i' " • It. I'W1 rn • .., LL'W'J'Vl1..:J b'Wn119 (?)n1J'W'W'Vl LLj;-l::n11'J1..:J LLC-J'WWW-l'W1W'W'Vl LW'cl·ll'Jr.JLLn b'llu(1JVl1ll1'J:: b�n1'fl'Wl?l'fl bU 
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1.3 n'a'e"l'I..Jbb'l..lt;i�1P1i.'l..ln1'i�mi11�� 

'l "" ., .J' • I � "".J' ,J..,, "" 'l , .:'1 .or ., d .J b'W�.fl1YlJl:W'1:l1n1 Pi LL1J1Jj't)'W'J!'W'll'el..:JIJJ�L'VIPI b 'Viti n1J:1-Jt"l'W'Vl� L 'lltl':J'll'W11?1 bvmJ9�LIJ'WIJ99 tlVl'W..:J'Vl9�� � 

oJl r;it1 � 1?1 fl':l 1 :w !'W LL N'll'el..:J'Q ru V1.1Ji'1� �..:i :w1 n 1 mr;i� 1 n � 1-.:ii'WL�'el tl1..:ii'ltl ':i'��'Vl °fl 111 Yi L ti'el..:i :w1r.i 1 n �'WHi 
�'el..:Jn1':i'Yii..:i..:i1'WL �'el 11ii1'Wmn ro:i1ru L�u l[f] u� �fnM1�111Yi L�:w1-tifl..:i'eltl t1?1t1 �1'Wm�1J'J'Wn1':i'l..:i Lfln�ir � � 

I I I 
.c:9; �I .c:9; di % 

' =i, =I' 
... , 

� � � =,I V e:9; 

LL�..:) 611..:J LIJ'Wn'J�1J')'Wn1':i'6li..:J'Vi'l!'€'i..:J Lf\J1�Vl�1':i''el'W'VIJtl91n�1JlJJ�n'el1J'el'W'W'Vlm bl?ltl:1-JNfl')[f]t"j (pigment) 611..:J 

'Vl11-tivl'll�1m':i''111JYli..:i..:i1mL�..:J'el1�(?)tJ:I-J111ii1'Wm�1J'J'Wn1':i'l..:J Lf\J1�iu�..:i lL�..:J LU'W[?l')�'Vl11-tit:w L���'ll'el..:J 
.. ... ., 

(?JJ..:Jf\1J1J'el'W LL�l?l..:Jl?l..:J 

n CO2 + 2n Hp 

;sL�flm'el'W (Light reaction) �..:J�'eln1JLL[f]nr,i'r;i'l!'el..:Jt11 l1?1t1Yli..:i..:i1'WU�..:J�L�mf1 LL[f]nr,i'r;i u�r;i ro:i�1-ti�L�fl[f] 
':i''el'W'el'elnm �..:J[?J1:1-Jnn:w'l!1�'ll'el..:Jn1':i'l..:iLf\':i'1�iLL�..:i r,i'r;ifo�L�fl(?)':i''el'W �'el NADP 'Vl11-tin�1mu'W NADPH

d ,;'J .J"" <V 'l ""A ... d O � n J'l ,,.. A ... 'l I � 0 J 6li..:JLIJ'W�1':i''Vl:WPint1Jl1Yl b'Wn1'j"j'l?l'J6li�1rn'W�..:J:W1n LL��9�'W1 blJ b'l!':i'Vl'J6li CO2 b'Wn':i'�1J')'Wn1'J[f]'e) blJ LL��

m�U'J'Wn1':i' Enzymatic Reaction (Dark Reaction) �..:JLT11?1l'W�l(?)':i':1-J1 LU'Wn':i'�1J':l'Wn1':i'�LU�tl'W co21-ti 
,, 

LU'W'W1[?]1� 

fl16lif\1fo'el'Wll?l'el'elnl6li/?l LU'Wfl16li�'el'Wn':i'�9n (Greenhouse Gas) �'Vl11-tiLn1?1tlJ1n!)n1':i'ru�'el'W 
,, I 

m�ro:in ( Greenhouse Effect) u��LU'Wt.J� 1-ti'QCUVIJJi'1'11'el..:J1J'j"j't11n1Pi�..:J�'W eli..:in16lif\1fo'el'Wll?l'el'elnl6li/?li'l 
m:w1ruL�:W:W1ni'Wr.i1nnro:inn:w'll'el..:J:I-J'WlitJ �'W1iii'lflru�:wu1i1'Wn1':i'(?)1..:Jn16lifl1fo'el'Wll?l'el'elnl6Jil?IL�ri'el'W� 

,,

q q 

tl� 1?1U�'elt1 fl1fo'el'W Ll?l'el'el n L 611 /?l�i'Wunm n1 Pi 
,J',J.,,. ""�.I ., . "" 'l .., ., Yl'W'VIL:W'el..:JVl':i''el·ti..:JIJ�n�':i'1..:J (Built-up area) 9�:Wfl'J1:W�1mrn b'Wn1':i'�l?l6li1Jfl'J1:1-JJ'el'W91nl?l'J..:J

� o;\12/li !I I .J' .d=1 =I !I � .J' .:;;:,. ..:::. ;; d J' ;j .J''1:l1'Vl (?)ti b':l b1?1:W1nm1Yl'W'Vl� L'lltl':l �..:it.J� lVl'eltuVIJl:W'll'el..:J'Vi'Wt.J'J LL��'ll'el..:J'el1n1P11'Wunr;iru'W'Wl'Vi:W�..:J'll'W 'Vl-.'.l'W 
q � � 
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m1ii l�'Wl-J1�1J1VHUU'W 

., :: • Id • I 'l ., • I 'i' .-d A .,. ,1 'i' ., • 1d • I A 

!Pl--'.l'W'W n1'i'lIJ'Cltl'WllIJ'Cl'1n1j b'Jf IJj:; btl'l!'W'Vl!Pl'W9'1·1N'1 t:J'Cl m:;'VllJ b!Pitl (?]Nn1Jn1jlIJ'Cltl'WllIJ'Cl'1'e:lillVIJlii
. " 

d' d:: d d' ,J.,. .,i .Id .I 'l".I 'i' .-.JA I ., ., 0 1-ld .,. 
"1l'e:l'1'V'l'W'Vl'W'W1 6ll'1'V'l'W'Vl f!ni.!1'1ii n1'i'lIJ'Cltl'WllIJ'Cl--'.ln1j b'Jf IJj:; btl'l!'W'Vl !Pl'W'e:ltl1'1'lf (Pl l9'W 'e:l'W9:;'W1 lJ'�n1Mmn

• 1d • I d' dd.,i , • 1d . I = d' .J d .:'I • I 'i' ':'1 = t:J'Cl"ll'e:l--1 n1 'i'lIJ'Cltl'WllIJ'Cl--'.l'V'l'W'Vl'Vlii (?]'e) n1 'i'lIJ 'Cltl'WllIJ'Cl--'.l�illVIJJii"ll'e:l--'.l'V'l'W'Vl l 'V'l'e:l lIJ'WIJj:; btl'lf'W b 'Wn1j1JjVl1j

9!Pln1jn1J'l,f �mi'W� l'Y'1n1j�'1l�1ii�'e:l'1n1j9(P)n1j n1j'e:ll.¾fo11 ll'Cl:;n1jvr1?J-Jm1J11ii'Vjn'l!U!Pi'e:lU1'1cT--:i�'W 

l�'e:l 1 �111 H:hhu f?J!Pi'llrn11fo'e:l'WL'W1Jnmn1 fl1�il'e:lti'tl'1 m1J �1tJ fl1Jn1j9 !Pln1 j�" ll 'l!Pi�'e:lii l�'e:l'tl !P1Jl1'l:;

fo n'f'e:l'W�'ltlii1(?]jn1j�'W1 l?J'e:l 1u

1 .4 "11 'el 'Ub "11 !Pl n11 � m.�1 

1.4.1 "l.l'el'Ub"l.l!Pln1�fj�!I 

A ., 'l 'i' • Id • I 'l ,., • I 'i' .-d A d .,i I 
• Id • I n1 J"l9tl b 'W bl'lN n1 J'n1jlIJ'Cltl'WllIJ'Cl'1 n1j b'lf IJj:; btl'l!'W'Vl !Pl'W'Vlii t:J'Cl (?]'cl n1'i'lIJ'Cltl'WUIJM

�illVi.1Ji'.lL'Wi'W��'Wr.J�ni!/'1n1jvr �'W1�'ltJ'Vlj1tJ'el'Wlrl'e:l'1l-J191n'V'lj:;j1'lf �11 'el1 lJl'e:l'l!:;'a1 9--'.IVl')!PI l 'V'l'lf n.ff
., 

n1V1'W!Pi"ll'e:l1Jl"ll(?]"ll'e:l--1n1fj{u1� i'.Jnu'tl:;l�tl!Pi i--:iu 

n1j1iftJj:;ltJ'l!'W��'WL'Wi'W��'WtJ�n�1n1jvr�'W1�'ltJ'Vlj1tJ'el'Wlrl'e:l--:iii191n'V'lj:;j1'lf�11 

flj'e:l1Jfl'tliin1j1iftJj:;tu'lftl'��'WvY--:ii-w�ll11ii f-w�lm�--:i,11 ll'tl:;/-w��--1u'tln�'f1--:i l!Pitl'l'l1n1j�n�1ti--:i 
. " 

A<V .1.J ., 'l'-'.I 'i' .-.JA 'l d' ,J.,. :: ' .,i .,. ' ., 
'l'l �'W1 n1 j"1J'e:l'1n1 'i'lIJ'Cltl'WllIJ'Cl--1 n1 j b'l! IJj:; btl'l!'W'Vl!Pl'W b'W'V'l'W'Vl fln�1 (?]'1 ll(?]'e:l !Pi(?] f\'e) n'e:l'Wn1j'V'l l?J-J'W1

lfl Nn1 j�'WtJ� n�1 n 1 jvr l?J-J'W1-t1'l tl'Vl j1tJ'el'Wl rl'e:l--'.ll-1191 n'V'l j:;j1'lf �11 9'Wn j:;i--:iif 9',1.J'W l!Pitl H;'e:l¾J 'Cl91 n 

n1'V'ln1t1!P11'l lviuii n1'V'ln1t1'V11'1'e:l1n1fl jUJl1'V'l u'tl:;;'e:lii'tl L'Wj:;1J1J�1j�'Wl'Vlfl'V11--1ni'.lf!1�(?]f tJj:;n'e:l1Jfl1J 
" " " 

0 d' .J ,1,,.J .J t,, J .J
n1j�1n9'V'l'W'Vl'V11--1n1fl�mii n1j�'e:l1Jmii n1jiiin1�ru�'Vlmm"ll'e:l--11-w'V'l-w'Vl

t, ii I I 

'Vl1'1�1'W� illViJJi'.llU'Wmf n tJ j:;n'e:llJfllJ;'e:l¾J 'Cl �1-wmii1 rui'h �'W fl'l1ii�-wiiivrmf ll 'Cl :;;'e:l¾J'Cl�'W1 vi 

l�tl'l �'cl" l!Pi u1 if �'cl ii 'Cl"l 1 n � n 1 'W�'Vl1 n 1 j(?] J"l9 ,r (Pl� fl'WtJ� n �1 n 1 jvr i?J-J'W 1�'ltl 'V]j1 tl'el'Wl rl'e:l--:i ii 191 n
" " 

o .c:::r. ,.I cv t,,  .c:::r. .:::1t, ii 1 61 ;/'.J 
'V'lj:;j1'lf !Pl1j 1Jj:;n'e:l1J n1J"ll'e:lii'tl91 n nrn'e:l(?]'Wt1ii'l'Vlt11 ll�:;"1l'e:lii'tl"ll'e:l'1Vi'W'ltl'11'W b 'W'V'l'W'Vl 

'll q q '11 
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,.r d9 1.4.2 °ll'el'l.Jb°llln'VfW'Vll"ln�1

d' .J ':"l � ,, , d' .J .-.s ,, ., d o .,. o 

'll'flUl '1l ln'\Al'WVl Mnl?.1'1 LVl bLn '\Al'WVl �'Wt.I fl nli1�'l t.lVl i1tl'el'Wb'W'fl-.:Jl--J191 m'l'.i'�n'l! Vl1 '.i' 'fl1 bfl'fl 
O .V a.,, ,::::d ,:,I .J' .J � I ,J G .J' ..J..J-=:1 .J 2,, If' 

'l!�m r.i-.:i�'l!?l b'V'l'l!m'.i' iJ'1l'W1 vi'V'l'WVIU'.i'�mru 15,882 L'.i' "lf-.:i bU'WV'l'WVlVliJmntl'tlt1'WbbU'tl-.:Jn1'.i'1'l!tl'.i'� Ltl'l!'W 
• 

.J.,. J .,1 " " � ,.,.,; 
tl 

J "" "" 
tl.J tl 

J 
.J 1

"
'i' .-':'§ " 

VlVl'W91n'V'l'WVl bb�-.:J bb'tl-.:J Ll--ll--J•&'l-.:J n��l--1'\Al'W!?l'W bb'tl�l--ln1'.i'b 'tltl'Wbb 'tl-.:J'V'l'WVlfl1tl In b�Nn1'.i'�'Wt1Mnli1�'ltl 
Q/ .d O A J' ..J 2,, ii Q; .J' .J,J,=,1 I '1 i,, a! J 

Vl'.i'1tl'fl'Wb 'W'el-.:iii1r.i1n'W'.i'�n'l! vi1'.i' r.i'Wn'tl1t1�.ri1'V'lr.i1n'V'l'WV1 bm-.:i bb'tl-.:J bU'W'V'l'WVlVla-ith Lil b'V'la-ia-11 n'll'WLVltl

tl tl
.J 

tl 1"
tl 'i' .-.J"" � " ' ., '.i'1n!Jn1'.i'b 'tltl'Wbb 'tl-.:Jn1'.i' 'l! '.i'�btl'l!'WVlVl'WLVl'eltl1-.:J'l!Vlb9'W

1.5 
.Q.oC:111 0 Q. .Q. a.,, 

16�1b 'W'Wn1'a'l'-1� 

1) bll U '.i''lU'.i"la-l;'fl ¾J 'tl'VJ �tlJJn �fl 1'V'lJJil'fl 1 n1 f\91 n 'fl� In n-.:iur.iiu'W 'fl'Wl� bbri � ru�JJil b'u� ti
J v, o"" v d ..J.J 2,, 

m1l--l'l!'Wil--l'V'lVlfi bb'tl�lli'l--l1lli'W1�'W bb't1�'1l'fl¾J'tl'fl'W7 Vlbntl'l'll'fl-.:J 

'" " 1"
tl 

'i' .-.J.,. 1 "" ."f ., J .J.s 
2) LnU'.i"lU'.i''la-l'll'fll--l'tln1'.i' 'l! '.i':::btl'l!'WVlVl'W 'W'elVllnbb'tl�u99U'W'1l'fl-.:J'V'l'WVlflnli1

� . 

.ri1'V'lci1r..1vi1-.:i'el1n1f\ .ri1'Wci1r..1vi1'l bv\r..1a-1 1t1.ri1'V'l u'tl �;'fl¾J'tl 1'W'.i':::uu�1'.i'�mviflm-.:iJJnf11�1nf 

0 d' .J d "" "" 
1"tJ 'i' .-.J.,. 1 ."f ., ,, ;: 3) �1'.i"l9'V'l'WVlVl1-.:Jfl1��'W1a-Jb'V'l'elf\nli1(Nn1'.i' 'l! J� btl'l!'WVlVl'W 'Wu9,U'W 'V'l'.i"ell--l'Vl-.:Jn1'.i'ln'.i"l9�'flU

,, ,, "" ""
1 

d' ,, 
�'l 1l--lt1n ln'fl-.:J'll'el-.:J'll'fla-l't!Vllntlfll--1 'WbU'fl-.:J ln'W

'U 'U q 'lJ 

4) � nli1 bb'tl�� bm1�'1Xn1ntl�t1'WbbU't1-.:J n1'.i' Htl'.i'::: Ltl'l!U� �'W'll'el-.:J/'W� �nli191n'fl�ln n-.:iur.iiu'W

':'§ "" .- tl.J tl 
"" J .J"" "" "" ."f ., 5) Mm11U'tl�'lb�n��mn 't!tl'Wbb 'tl-.:J�ru�JJl--l'll'fl-.:J'V'l'WVlf\nli1r.i1n'flvi1nmur.iiuu

A ' .J t,, ,.J -=- d ,:::d I .J A j' .J
6) 'lb� '.i'1 ��m '.i' bU 'ti tl'W bbtl 'tl-.:J n 1 '.i' 1 'lf tl '.i'� Ltl'l!'WVl vi'WVJ ii i:..J 'ti ln'fl n1 '.i' btl� t1'WbbU'tl-.:J� ru�JJa-1 L 'W'V'l'WVl

flnli1 
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.. .Id .I 'l,.,.I 'i' ..-d ... d ... I .Id .I 1) 'Vl'i'1UC1'1 t:J'Clni�'Vl1J'll'el-ln1Jbu'Cltl1..Jbbu'Cl--ln1j b'lf uj� btl'l!'W'Vlvt'W'Vl:1-Jt:J'Cl !il'eln1Jbu'Cltl'WUu'Cl-l

"" .f d"§ 
'Q ru�JJ:1-J'll'el-lY'l'W'Vl fl rn11 

2) bU'Wlli1'W�'el:I-J'Cl b �'eltl11u� bb'W<JV11-1 n1n1-1 bbt:J'Wn1j9 vin1ji'W�'ll'el-l Pl'WtJ�m�nn1jrl' (?J,J'W1�1t1
cf.9 'ii 'ii 'ii 

V .,::!J O ,::::i, 

m1 tl'el 'Wb 'W'el-1:1-J 191 nl'l j�j1'J! VI 1 j
I i-- I I 

3) tl1 t:J'Cln1j�n'.li1VJL�1uufo1-n1umj<J1-I bbt:J'Wrl'(?J,J'W1�'WVJ�'W7 (?]'fl LU

1,8 bb�un11CPl1bilu-:i1u 

nr.imm/'JJ'W[?l'el'Wn1j'7l1blh.!-11'W 
bvt'el'W 

1 2 3 4 5 6 7 8 9 10 11 12 

o d ..  .fd 2, �1n9J71 fl�'W1:I-Jb Y'l'el Pl n'.li1�J71Y'IY'l'W'Vl 

3, bll1Jj'J1Jj'J:I-J�'el¾J'Cl'Yj�t11Ji'.n'W�1'Wn1jb'nUj�btJ'l!U 

��ur.i1n'fl�[?ln-1ur.i1uu 

I 
0 .. ,., 

4, � 1n9J71 fl�'W1:1-J b Y'l'el [?lj'J9 �'el1J fl'J1 :1-J tJ n (?l'fl-l'll'el-1 
,., ,., 'l,.,. I 'i' ..-d ... 
'll'el¾j'Clvt1'Wn1j b'lfuj� btl'lf'W'Vlvt'W 

CV O 2J !,, � 

5, 9vt'Vl1j1'W'll'el¾J'Cl V11'W�J71Y'l1J:1-J'el1n1 Pl bb'Cl� 

'l,., 0 I 'i' ..-d... ,& o, 0 ,., 

n1j b'J!uj� btl'l!'W'Vl"1'Wbl'l'el9 "1'Vl1j1'W'll'el¾J'Cl 

"' ..- .Id .I 'l,.,.I 'i' ..-d.,,, d6, 'J bflj1��t:J'Cln1nu'Cltl'Wbbu'Cl-ln1j b'lfuj� btl'l!'W'Vl"1'W'Vl 

-=l , • 1d • I ""'l .f d"" :I-Jt:J'Cl[?l'fln1nu'Cltl'Wblu'Cl-l'fllli�1J:I-J b'WY'l'W'VlPln'.li1 

--
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V11,m1nn�[l]l', 2553) n16l!�'il'Wm�9n u1�n'il1J�l'ltl n16l!fl1fo'fl'W1!?1'il'iln16l!c;f (CO) n16l!i'.Jl'Vl'W (CH4)

bbft�n161!1'W[l]f�'fl'flnhc;i' (NP) �-.:in'fltj1'W1JjjtJ1n1flfan[1]1J.-JfijjJ.-J"Jl1� 'W'iln91mt'W �-.:ia'.ln16l!�'il'Wm�9n� 
I ., 

1il1�i'.J'fltj1'Wndl'J.-J"Jl1� bb(?) bU'W�1jl-.:J bf'111�iv1 bfl!?l;'W1'W'fl[l]�1Vlmrn 1� bbfl Perfluorocabons (PF Cs)

Hydrofluorocarbons (HFCs) bbft� Sulfur Hexafluride (SF
6
) bU'W�'W n9mn.J(?11-.:J7 �rnhm1;1-.:i�'Wi'.J 

ii I ii I t, 

C-.lft'Vl11"Mn16l!�'il'Wm�9n1'W'n'W1JjjtJ1n1fli'.JWJ1J.-Jb;J.-J;'WbflJ.-JJ.-J1n;'W ;-.'.lfl16l!�'il'Wm�9nUnflru�J.-JU1i1'W 

n11�1?1'n1Jf'1�uf-.:i�f'1'l1J.-J1'il'W vi1'il�Cfon�1"f-.:i�11'Wvh1b11?1 (Infrared)" 9-.:i•1hufo�1f'1'l1J.-J1'il'W91n 

bb�-.'.l'fl1Vl [l]tJL "Mi'.J'fltj1 'Wi'WU jjtJ1 n1 fllft n'ilc.h-.:i b VIJ.-J1 ��J.-J bb(?)n1 J�a'.lmm run161! b m-htl'�-.:i,UJ.-J1 n n�1j�f?l1J 
I I ., 

v1mJ.-J1��J.-J(?)'fln11�1N :il�[l]6JJ'fl-.:J�-.:ia'.l:il�[l]1JUfan vi11-t11JjjtJ1n1fl6JJ'il-.:Jlftn�!?ln�uf'1'l1J.-J'f'fl'W11J.-J1n;'W 9-.:J 

(Greenhouse effect) (tl-.'.ltJ'Vlfibbft�flru�. 2553 bbft��'Wtl�4'm'.h'lii, 2552) Uft�vi11-tl�ll1'V'lJJiJ'il1n1fl 
. Id . I 1· I d • Id . I = ,J' = 'i' "" "' "' d ' bu ft tl'W bbuM u 61!-.:J n1 nu ft tl'Wbbuft-.'.l'fl rtJVIJJJ.-J6JJ'fl-.'.l'V'l'WW.l bft nb 'V'l tl-.:J bft n'W'il tl  9�'€'l-.'.l C-.1 ft m�'Vl1J [l]'fl n1 l' 

bU�tl'WbbUft-.'.16JJ'fl-.'.l�ll1'V'l.1Jil'fl1n1 fl bU'W'ilih-.:imn i-.:i f'1'l1J.-J fl'J1J.-J bbUjU'j'J'W6JJ'fl-.'.IVltl11?1tl1vh (precipitation) 

n1Jb�J.-J,U6JJ'fl-.'.ll'�f?l1Jt11'Vl�bft �-.:i�h'W�-.'.IC-Jft(?}'fln1l'bU�tl'WbbUft-.:J�J.-JV1ft6JJ'el-.:Jj�1J1JUb'lfli-.:ii'W 

2.1.1.3 

., ., 

1'W111r;i�un� i'Wunmun1fl6JJ'il-.:Jlftm�u1�n'il1J�'ltll'ill'l!'W 1m11 bbft�n1'l!"J!U1?1 

I ., 

bbft�f'11timf-.:J-.:J1'Wf'1'l1J.-J1'fl'W 'il'ilnJ.-Jl 1'W61f'l-.:Jf-.:J� f'1�'Wtl1'l 1'W61f 'l-.'.11l'W'W1 bj!?l;'W�1JjjtJ1n1 fl bbft�Q nn1'l! �'fl'W 
I ., 

m�9n �1?1iu11 vi11�tftn�1mrnfn�1 �J.-JVlft'flruVIJJiJ b'il1111� bn!?l bU'W1!) 9m(?11-.:i7 v1 b;'il'el1'W'ltl(?}'fl 

n1j�1N:il�[l]6]J'f)-.:)�"Jl bbft�lwr �-.:) �1lli'J.-J1run161! �'il'Wm�9n 1'Wunmn1flnJ.-J1n bn'W1tJ r.i�vi11-ti�!?l'n1J 
"' 1"' d' 'i' "' d' = Fl "" ., d d ,1 f'1'l1J.-JJ'il'W !?1J.-J1n6JJ'W bftn9�1'il'W6JJ'Wbn�Hu'Wll1'l�bl''il'Wm�r.in (Greenhouse effect) !?1-.:Jll1'V'l'Vl 2-1 'Yl'&>l-.'.IC-Jft

I ..::! d I ii ..::! ,:::l,:::,J� i d d ii ' m�'Vlu [l]'flrl'W'Vl'ilrJ'fll Mtl bbft��111'V'l u r;i !?'lft'ilJ.-J6JJ'il-.:J�-.:JJ.-J"Jl'l(l]'Vl-.:JU'l-.:J t1?1u'Vln1nufttJ'WbbUft-.:Jn111"Jluj�ttJ"Jl'W 

��'W bU'Wnr.innJ.-JVl�-.'.l�nu'Vl1J1'Vl�1�rumh-.:i�-.:i(?}'fln1JbU�tl'WbbUft-.'.l�ll1'V'llliJ'fl1n1fllftn l!?ltlfl"'lnjrn 

., I 

� � 

f'11fo'fl'W1!?1'il'iln 1, c;i' vr-.:i1'W�1'WmnrlJ.-Jvi1'iln11tJft 1?1Uft°'ilt1n1'l! r11fu'il'W11?1'il'f:ln 1 '11 c;i'�u1jmn1 fl ( b"'l�!J1 
., ., 

bVl�'il-.'.lbb9J.-J, 2547) 'Vl-.:JU World Resources Institute: WRI (2006) j1tJ-.'.11'W�1 1'W91'W'l'Wfl16l!�'ilum�9n 

6J!U!?1(?11-.:J7 tr'W fl16l!f'11fu'fl'W1!?1'fl'fln1'l!c;i'nn11uft°'f:ltl�1JjjtJ1n1flmn��!?lb'V11fl1J1'f:ltlft� 77 j'f)-.:Jft-.:Jm �'f) 

n1'l!i'.Jb'VlU1'iltlft� 14 1u[l]f�'f:l'iln1'11!?16'f'f:ltlft� 8 bbft�fl1'l! PFCs HFCs bbft� SF6 b'V11fl1J1'f:ltlft� 1
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� o "" .I _."" ,J'"" 'i' ll1'VWI 2-1 ll1'V-llo:!1�'el-3 bb�l?l-3n1'abn 1?'11.J'a1n£)n1'atub'a'el'Wn'.1�r.:in'IJ'W'Vf1Jf.11 b�n

J
vu.n IPCC, 2007 

d A dip 
,J I Cll O Q..:::. ..::J..:::. <r I .d ._, ?I <i' oJ ;; cf V1 Ln (?l'JJ'IJ-ci..:J e.J� m:::virnn:it:::1JU'WL'J Pl n1j(?l')j..:J'lf 'Jvl LL�:::fjillfl1W'l!'J (,]'JJ'fl..:Jl-1'1-fl.ill (,]'fl L 'IJ'el..:J n'WLu'IJ�n b "D Vl..:J'IJ 

• IJ • I ""' • I� " ., .J'
e.J�m:::V11J'•l1nn1JLu�tl'IJLLu�..:J�fl1W.l;Jl-l'fl1n1Pl�lu b(?I (?l..:J'IJ 

A .J d� J I .J - A l  J 
'QillVl.l;Jl-lL'u�tl'JJ'el..:J fa nVl LWl-1�..:J'JJ'IJ �..:Je.J� vl'flfi'1'J1l-Jtl'JJ'fl..:Jfltlfijjl-J'lf1vlvl1..:J7 'll..:J 

t, I t, t., 

i:JLL'IJ'JtiJ.a-J'J19:::Ln(?IU'fltlfi'1t'..:JLL�:::r'IJLLNl-!1n�..:i;'IJ L'll'IJ lltlLL�..:J l�th W1�l��'IJL'll'Wr'fl'W U.1V1'Jl-J LL�:::mt 
., t .,. �I ., 'i' ., ., �I • ., J • 1" .,. L 

J .J' 
W..:JV1�1tl'JJ'fl..:J'J!'IJ(?l'IJ Lu'IJ[,l'IJ fl1'J::: b�nrn'Wtl..:J Lu'IJ�') LVlvl�')f-1 ruvim VILn(?IW')tJVll-J'IJ 'IJVl:::L�tl'JJ'IJLL�:::mLLN 

q Q,I q q q 

:fu 1a.J,;l1r.i:::tu'Ww1�urn1Lf-1'W l'l!Lfi'1�'W LL�:::w1�'l��'W v11a-J.1;Jilfl1fi'1lJ11..:17 v1''J t�n La:j'fl..:J�'flzjv11a-J'l!1t1if..:ir.i::: 

1�foe.J�m:::viur.i1nm1a-Jr'IJLLN'JJ'fl..:JW1�U'fltlf-1f..:J l?l'J'elU1..:J�L�'Wl�'Jl(?l'JJ'fl..:JUj1n!Jn1n11LVlihd' 'l�uri W1� 
'
l 

'i' J " ' ., 'i' ""' 
1 · 1 ""' ""' ' ""'""' ., ., ..i 1 "" ... 'J!bfi')�'IJVl L'JJ')tl�m-3 b 'fld��') 'IJut:::LVlPl'fl'IJL(?ltl LL�:::fi'1n'l!'Jvl �fi')'IJ'IJ1JVll-J'IJ 'IJL(?l'fl'IJW �Plr.i n1tl'IJ W. Pl.2542

�fl1'J:::fi'1�'1Jfi'1'J1a-Jr'fl'W (Heat Wave) L'IJL�'fl'IJ�..:JVl1fi'1l-J W.PI. 2542 �vh�1t1�'l!e.J�V11..:Jn1tLn�m1'WLLtl1J 
,, ,,

v1:::'J'IJ'fl'flm:Ut1..:i LVIU'fl'JJ'fl..:JUt:::LVlPl�Vlt'�'fl La-J1m LL�:::vi11,:,i:1 � L�t1��v1 140 fi'1'W na-Jl-f..:iunnnmm1tl1vl'Ja-J 
"'9 " .J 

,,

f-1f..:i1viaj1'1Jut:::tviPl9'1J m1a-J LL'IA..:i LL�..:irwLt..:i1uut:::LviP!1(?11'1J u�:::ut:::LviPI L'flfitmtJti [,l�'flwh.:itJ w .Pl. 
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2542-2543 Lvl!?ln1'JruW1�L��Un-J 10 �n �V'l'1�l-l Ln1:::��Ua-J1n��V'l lUU'J:::'WlP11�1?lf'll'eMn1dbf1V'IW1� 

'1 d.,1 AA A �"-'I '1 .I d.,1 di , �I .J .a ., � 'i' .,J., , 
bU'1.:J1.jU (�'1f?l'll'fl-Jn1nnV'l bl?lv-jU bUu'J:::L'VlP1'1}1.jU fl'fl 7 �nf?l'flu) L·nULV'lt.1'rnuw1� b'l! bfl�U'VlWV'!mm

tl'J:::LV1Pl'fl'fl� Lf?l'JL�t.1'1lci1-1'JULLN LL�:::tl'J:::L'VlP11mmu'Vl:::L�9u1���w1t.11� �U�V'l L�1n�mn'flu 20 �n 
q q q 'ii 

'1 .J �Id I A d.. d �I A A .. �., ., I 
bU·n'Nu'Vl�1umroi1rnV'la-J'Vll-!Vu�t.1u�::: 1 0 �n u�:::mnnV'l Lvlf?lW1mel'flnflmLfl'Vl'JU1 (Katrina) bV'IWV'l'1�l-l 

"' q q 

L�'fl-Ji°l'l'fl'flf�ullutl'J:::L'VlP1�v1f�'flLa-J1n11utl w.Pl. 2548 L'l!Lfl�uu1L1ruv1a-lm1:::vJ9 L�a-Jfl'l1a-J�roi1n 3.1 
� "' "' 

;:. I � � W ;:. � tr' I .J' .::! 

flNl?l'fl 10 ti 1utl w.Pl. 2483 LUU 15 flN 1utl w.Pl. 2523 Lvl!?ln1'Jrum�1mL�V'l-J'1-Jfl'l1a-JLLU'Jtlnu'll'fl-J 
-:::. d' d v J' a i.,

�rnWJl-1�-J'llU LU'fl-1roi1nu'J'Jt.11n1Pl'll'fl-Jfanrnu'llu 3.3 LUUl?lU 

roi1n��-11u'39t.1v1�1uiuf1ih�u�1 v11n'flruv111�L�a-J�-1:ifu 2- 4 'fl-JP11 
q "' "' 

I I 0, 

L'l!� L']t.J� roi:::vh 1-tlw1�1��ULU�t.lUV1Pl'Vl1-I Lf1V'lfl'l1l-11'WLL'J-I LL�:::�91U'JUL��Ub'Vil-l�U'f'flt.1�::: 10-20 1u 
.J' ., d' 61 d J, 61 d61 d' dd ., 

'1lU1 fl(?] U'1lm1nu q�rnur.'l:::'llmm'l�1t.11'lU1U'llU bU'llill:::'Vlq�v1u11roi:::·tiU�-I bU'llill:::'Vl bUWU'Vl'Vl LLvl-1 
., di d'  .d'i' .I A " O ')"A ·I ... di '1 <V .fl I 

bb�-Jvlj'fl'J!Ua-J1n 'l!-1 bV'lt.lunf?l LL�'l9:::'Vl1 bvlbnV'lu'J:::n!)n1'Jill El Nino 'l,l'j''fl La Nina bU�n'l1ru:::LuU'l\J9'j' LLl?l 
. 1d . I A d , , . I t . I t .a d 

91nn1nu�t.lULLu�-!�171WJJl-1'1l1n1Pl'Vl�1Ul-11 WU'l1 u11n!Jn1'd'Vl-1�'1l\Ju11n!Jn1mUl-lfl'l1l-1'1'll'fl-ln1'J
A d' d �I ... 'i'., A � ., d' J ,J ' ., ., LnV'la-J1n'llUL'J'flt.17 vinu LL�:::fl1V'!n1'JruLLU'l bUl-lmnnV'l bV'lt.11na-J1n'llu 'l!-J·ti-J��f?l'fln1n1-1LL�U9V'ln1rnt.1 

ViU"'m'll'fl-JU'J:::b'VlPlvh-17 

2) ��vl'fl'J:::UUi°lL'lPl

n1n�a-J:if u'll'fl-J�ruv1JJ� L'u�t.l'll'fl-J t� n �-i �� vl'fl'J:::uuilL'l P1t'Y-1'J:::uufa1P1uu

I I 'ii it 
LU�t.lULLU�-1 LUU'flU1 -ll-11 n LV'lt.lb'uW1:::'1lU1-1�-ln1rn:::�1t.1'll'fl-lJJ L'll1'W1 bb'n-1 LL�:::fi1'J'W1 bb'n-1 vh 1-tl 

'ii 'ii I ii I ii 
'J:::C?JUl!1'Vl:::L�'Vl1\J'lJ') fan L'Vil-l�U u�:::1v1��-l�Vl'l fan�11fonV'!l!1Vl'll-ll�'Vln'Vl�U LUU�� 1-tll f?l')'Vl1-J'Vl:::L� 

f?l1t.1�-i LW'J1:::'J:::uuilL'l Pl Ltl�t.1mLtl�-i �'lU'Vl�tl� htl � L'JUl�JJ�tl'J:::L'VlP1toi:::n�1t.1 Luuiu��1V'l L�t.1-i LnV'l 
., ., '1. d' d .'f ., .,! d' d J' " A d. I fl')1l-J Lbvl-1 LL�-! bUvl�1t.lWU'Vl unJvl1'1l'Vln17tJ9:::LWl-J'llULU'fl-191nfi1m1 LL'll-lUUUdb'lillt.l'fl V'l L'll1�-l'Vlun fl�l-1 Q,> q ClJ q 

I !J I ii 2,1 .::.. -=' ,::;:I A d A ,::;:I 9/ !,I ,:;:l o  I A 
V)')t.l vla-J:::9:::�:::�1muv1a-JV'l 'llill:::'Vl L'fl L'llt.l�illvlJJl-19:::�-J'llULnV'lq�m�'VlbLvl-l LL�-! l-lU1'Vl'll-l ��(?]��'Vl1-I 

I i,, I ii I 
'1l1vl1'J�V)�\) 1lVlLUULn1:::L�n 1 'll'fl-l'Vl�U'flLl-11n1toi:::1�fo��91m:::cKuu1'Vl:::L�Vl�-l�UnV'lnfou'll1t.1e'.r-i 9::: 

�'f1-ifl'l1a-JL�t.1v11mLri'J:::uufa1P1 LLu1tl:::n1f-iroi:::Qn-vh�1t.1 tl�1'Vl:::L�tl'J:::�uu'1.:}v11 Lti'fl-1roi1m:::uuilL'lP1 

� LLU'JLU�t.lULU 

'J1ll-!1U" Global Deserts Outlook" 'll'fl-!LflNn11�-J LL'lV'l�'fll-1 LL'IA-1 

• I A I '1 �I ., ., "' ... • Id . I �. I :; ., �vlu1:::'ll1'1!1f?l 'd:::1.J'l1 171t.l bU 50 u'll1\JvlU1 'J:::UUUL'lP1'l'Vlll1'Vl:::L�'Vl11t.19:::Lu�llULLu�\J bU'Vl\JV'l1U 

�'l�'Vlt.11 LM'l1lf11oj LL�:::')OO-JUfi11l-l ur.:iiuu�'l!LL�:::l1Jl'J'Vl:::L�'Vl11ll �'fl Lbvl�-l'Vlfwmm��ru�1�1v1fo 
... _, 'J I d O 'J .,� I., ; • ldl f _, .. .J "' 'J I d .fl "' _, 

��[;]t.11 LL�:::fi'1}'1}1vl11 bvll-11 'Vl'Vl1 bvl bl-llJl'fl\J•tiULu�'fl-lU1 LL�:::ll-J3-J·n'fl\J'Vl1-I LP11'l13n9 bvl3-.17 'VlLuU3-JIJ11nU 

n1'J3-J'll1� L'llu n11�1Yl1f3-.1�-1LL�:::i.J'1ltl�11u'Vl:::L�'Vl11t.1ffel11t"llu1LL�:::'Vl:::L�'Vl11t.1LULr.:i-rl1u��nL'fl� 
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J .::::,, 2.1 o - l' 11.::::i. w J t d .::::,, l' � , d 
L�c.h'l'Vl�Vi'l'm'1tlL'W'El Lmm 1vin1�-:i���1t1 'W11vWl'WlfliJ'll'W J'"JiJ'Vl-:J ��m�'VlU'Vl mcw•nn'W1il'Elil'l-fl1tl 6.l!-:ivnn

1JJiJn1J'�-:J�'ElU'El-:Jfl'W'Elc.l1-:i'Vl'WVl'NVl J'�uui'.lL'H''l';j'Vlm LL��i ,wh'.h L'W'Vl�L�'Vl'J1t1r.i��'1JV11t1Ltl111t11'W so iJ
,, ,, 
'111-:JVl'W1 

,, 

'W'eln91ffW'WU-:Jbf11?'1Uj1n!Jn1rn1tl�mr-:iw'Eln� rnh-:i�'El vl1iJfijjiJ'Jl1�bb�')

�i'W'll'el-:JU�mr-:il!'Wm91n�1V1¾1t1b6l!�il�tl')'ll'W11?'1l�n��-:J�1'el1�tl'eltjL'Wlil'Ell�'eli'WLU'll'el-:JU�n1r-:J Vl1n 
-=:,, l' -=::!  d' - d 2,1 .c:::l -=,I I !: 

'flillVl1Jil'll'el-:J'W1'Vl�b� b�il�-:J'llU 'el'Wb'W'el-:JiJ191nJl1'.l�t�m'El'W b�tl-:J 2-3 'el-:JP11b6l!� b6l!tl� �1VIJ'1tlUU9�vl1tl 

�. I d • I ., � I - • I ., "' ,'"I -:1 • I .-J - I • I ., •• I -
bU bil'elu�n1N bilil'el1Vl1j u�n1Nnr.i�mmL��n�1muUi<l'111') UJ'1n!)n1J'll'Wljtln'.J1 u�n1NY�'eln� 

Vl1'Eln1J'bU�tlU�'ll'el-:JU�n1r-:J n1J'�mn';jr.fo��rnuu�ii'V}jf11�vlfovi-:ivl�'El1clh (Florida Institute of 
I ... ..I - • I ., 'l .J ... 'c'I d I 'l • I Oceanography) J'�1_J'.l1 Lni?'ln1J'Y�'Eln�'ll'El-:Ju�n1N�-:J�i?'I b'W·"'.J-:JVl�1tl�1Ju'Vl�1Uil1 b'Wu'J�l'Vlfl 

'e)'e)� bvl'Jl�tl 9U nluu u1u1m L'Vltl m b� b6jjtl rJ�utlul rel'Wl�tl relULl?'I\Jl6jjtl bf!Ut.11 Uj�l'VlP1LUU1l'.lill � q 

'Vl�l�lbi?'l-:J bU'Eltvi1tn r.i11iin1 Li?'itll'u�1�lbU'.lU�n11-:J Great Barrier Reef U'Eln'l!1t1tl-:i'El'El�bl?l'Jb�t1 �-:!LUU 

LLV1�-:J'El1�t1'11'El-:iu�n1r-:i-vr'W€mt11n�tn��ru-vru€Lil'W��ii1r.i1nn1J'Lu�m.rntl�-:i�111vmi'1'El1n1P1 
q 'lJ (V q 'lJ 

3) ���'Elfl'.l1i1�1i11J'n1'Wn1J'��l?l'El1Vl1J''ll'El-:JTI'll-vr'W(

n1nu�t1'WbbU�-:!1Ji'1mn1 M�C?llJL�n bb��j�C?l1J1Ji'1Jl1fl 1m�tl�tl1') 9��-:i ��

m�'Vl1J�'e)����l?l'Vl1-:JTI'll�� UP!ivl'J u��n1J'Uj�iJ-:JbU'W'elc.l1-:iii1n n1nu�t1UbbU�-:!1Ji'1'el1n1P1 r.i�n 
,,.::::,, -=:,, I .::::,, ,v � 

'el'Vlfi��l?l'Eln1m�vl'el1Vl1J' 1?'1-:JU 

d' d ., d �. 1 =- • 1d • I �. I 1. �U'Vln1nm.1vJJ'9�'1ltl1Jl�'el'WbU bb������l?l9�bu�tl'Wbbu�-:i bU

2. ill'il1illbb��f'lillJl1�'11'el-:J����l?l9�bU�t.l'WlbU�-:JLU

imtru�'Vl1-:i1Ji'1'El1n1P1�iJreJ'Vlfi���'El����v1'Vl1-:in1nmtv1J'tl?'lt.11?1N 1�LLri
,, I 

'fl illVl1Ji'1 n1 jl VI� 'll'el-:J'W 1 'e)-:j �tl j�n'elU'll'el-:J 1J jjt.11 n 1 Pl (Li?'! t.ll'u �1 �'el c.J 1-:J u-:i 

fl1 fu'elU Li?'i'El'eln L6l! C?1) bl� �Uj1 nn mrn1m-:i �iirhmm Pl� bbUJ'Uj'.Jtibl�quLbNil1 n1 

mii1run16l! 

.. .. • 1d • I "' I "' 
n1J'Plmnn-:i��m�'Vl1J'll'El-:Jn1J'lu�t.1Ullu�-:i�Jl1�Jlil'El1n1Pll?l'El����l?l'll'El-:J 

di I J O ';! 'j' ..r.i,, <t I ... d ,1' ,,/ I '°' Q 'j' di .J 
�'llvl1-:!1 "ll-:J'Vl1n1J'P'ln'l!l''hl?'lt.l IPCC 'll bv1l'Vl'W'.l1 �illv11Jil'Vl�-:J'llU9�·�-:JtJ'i'lvl'eln1J'b91tlJ bvllJ bl?l'll'el-:J�'ll L·JJ'W 

.,..J .l' o 'l t,t, q , er .l' J ,,1 , " ,, - t ., q ... ., d 
�illv11Jil'Vl�-:J'll'W 'Vl1 bv1'111'.l�1� bbnLJ'"J'll'W "JJ-:J·�-:JtJ�vl'el'll'W1i?'l'll'el-:JbiJ�i?'l'lJ1')�1� 'W'Elnr.i1n'W'Wtl-:Jl-JtJ�-:!1'W'.l9t.l'Vl

�1J�1 n1J'L�iii'W'll'el-:J�ruv11Jn n11L�iii'W'll'el-:Jfl1"llfl111J'el'WLl?'l'El'elnL"JJ� n1nu�t.1'WbbU�-:imii1rutl1�'W 

,J' 'l ... ,'"i .'f ., d ,,/ 'l,,.,. d I "' 'l,, ... .. J J i .,! J 
bb��fl')1l-J'll'W b'Wi?'l'W bu'Wu99t.l'Vl·�-:JtJ� bVl�'lltJ'i'l'Vl LLmn bv1tJ'i'ltJ�vl'i'li?'l�-:Jn-:JflNv1'W-:J 'W'Elnr.i1n'W'W mn�iJ'll'W

'll'El-:imii1run1"1Jf11fu'Elu1c;i'El'e)n1"ll1?'11'Wunmn1P1r.i�n�'Vlfi�'i'l�'eln1J't;�u n1ntlc;i-tlc;iu1n1u'll'El-:ivl'll vh
,, ,, 

J
1�vl'llv1�1t.l'llilc;iiJfl'.l1iJ�'e)-:Jn111;,11�1v1fon11f11t.11�bv1t.lU1�c;)�-:j 'W'Elntoi1n'W in'l!l'ill�1Jn'el1n1P1u-:in 
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(rn'J-J'elv!U.t.lJ-J1'Vltl1, 2554) 
' '  

'W'flnr.nnd' n1je.J�vl'fl1'1,l1j'fl1r.i 1�fo e.J'llnj�'Vlur.i1n;s'Vlfi'V'lft'll'fl-.:if-.:i�'flft vJj1 Lr.J 
' 

d � d' w ;: a:4 O"".J ,:;:I I 6' 

t 'fl lftvl'Vl l'V'la-J'll'W v11J-Jn1rn (?lft-.:J'll'fl-.:Jm'lft 'flt 'lf'Wl'WUjjt.i1n1 fl'll'W� !?In tvi lY'lm'VlJ-J vJ'fln1ji-.:J lm1�'1,l ll�-.:J'll'fl-.:J 

yj'Jl 'flrh:i hn !?11 J-.l'fl DJ'l,l.fJi1�� -.:ilu.r.i �v\11 ilYl'll � 1 J-.l 1 rn �-.:itl1r.i 1 nl'W�'W,'W ll.11 ;1�'eltl1-.:J 01.h��'Vlfi !11 'V'l 

mnlu. Uj�n'flunumj1�iJt.1n1'lf�nfo'fl'W1{?l'fl'flnL'lf/?l'fl19lU'Wl?lr.Jn1jl�J-Je.Jfte.J�vi1u.u1-.:i/u.�1� lll?ll'W 
' 

' ., ., 

u1l'l ill'VJUj�'Jl1mrlm,.,,1nn'flU'-l�Lii lWt.1-.:J'V'l'el'elU ll�r.Jt!'W rh e.Jft e.J�(?lft (?}ft-.:) lWt.1-.:J l�m'.J'flt.i l'\111'W'W9�lU'W 

"I ,.,( I "I • I , �1 ,.,., � ,., . 1d • 1 "" d "" ,1' .,. 
b'l,lnJ'Vluj�'Jl1m b'Wuj�l'Vlflmft1'W (?ljU b(?l91n'fl1'1,l1j'Vl�lft mnuftt.l'Wlluft-.:J�f11'V'lf1J-J'fl1n1fl'Vlln(?l'lJ'WJ-J 

� 'IJ 

e.Jftnj�'VlUl?l'flmn11m11vinuu.'elcl1-.:iJ-J1n l(?lt.lUj�l'Vlfl1'Vlt.1�-.:iltl'Wtlj�l'Vlflln1tvimjW1�foe.Jftm�'Vlu 

i-.:in�1r.i �-.:Jn1jtl�n�'lllflj1tjrir.i'll'fl-.:J1'Vlt.1�ih:f']Jm'fltjl�J-J'fl l'll'W /u.�l'V'l1�tl�n;1r.it'V'l(?liJ91n(?l e.Jfte.J�vi 

l?l'flWWr.it.1/u.��1 lrt'fl-.:ir.i1n Ar.J1J-J llUjtlnu.'ll'fl-.:Jil1 �u.rl ll'Wr.J t 'Wl-1 l�J-Jiu. 1Jt")Jmmmrutl1�u.�1iJ�J1 l�J-J'fl 

�-.:Je.Jftm�'VlUl?l'fln1jV11LHi'flt.1 l'WU 2534 1.h�l'Vlfll'Vlmn(?ltlnnnmrnr�u.vi-.:i'llr.i-.:i 'V'lr'fll-lflU'fl1n1flr'fl'W 

llft�llil-.:Jll�-.:iv11l-!�r.Jt.1Ar.i1J-Jiu.imf'Vlm'Wmmfl�-.:i�(?ll?l'fln'Wt.11r.J'W1'W1u.n1Al'l,lU'fl lfl(?ln1jj�U1(?l'lJ'fl-.:Jtrn 

1m'.J'll'fl-.:J�'W;1r.Jj�t.l�A'fljr.J-.:J (neck blast) 1u.;1r.i�u.( n'll 6 'flU1-.:J!'WllN l(?lm'il'V'l1�'elcl1-.:i�-.:i1'Wl'llvl9-.:JWf(?l 
� 6} I O .J. q � 2,1 d CV <i' CV I di �I ,. I ,.Ji, I l'llt.1-.:J b'l,lJ-.l llft�ft1�'W 'lf-.:JJ-J�-.:J ll'"J(?lft'fll-J'Vl l'l,lJ-.l1��l-!numn�U1(?l'lJ'fl-.:J bjA(?l-.:Jnft1') Cl'fl lu'Wunn!Jn1jnJ'Vl bl-I 

., ., 

lAt.1 lfl(?l;'WJ-J1rl'fl'W�1�(?l l'WU 254 7 1u.n1A!?l�rf 'W'fl'flm;t.1-.:i mu'flvl'fl'Wnft1-.:i llft�vl'fl'W�1-.:i ���'W�'W�(?l l�r.i 
., ., 

J-.l1 ni-.:i lll?l l�'el'Wfl'Wt.11t.l'WV11 l -l1;1'".l'lJ1 {?l'iJ1 l'Wn1j�r1-.:i ll-1� (?l9-.:JV11 li1Aruf11'V'l'll'el-.:J�1')�1nlft �n1j�ft (?}ft-.:) 
' 

' "" 4) e.Jftvl'flA'".11J-.l'l,lft1n'l,lft1t.l'Vl1-.:J'll'".ll11'V'l

n1jlU�t.1u.utlft-.:i�t11'V'lJJi1'fl1n1P1�-.:ie.Jftl?l'flAr.J1J-J'l,lft1n,.,,ft1t.1Y11-.:i;r.it11'V'l'lJ'fl-.:J 
ii I I I I 

�'W'V11?11-.:11 'Vl'".l lftn l(?lm'il'V'l1�'flr.h-.:i�-.:iJJi1f11A;s'Wt(?l-'V'lii1 (Inda-Burma) sn-.:ina-Jn-.:Jtlj�l'Vlfl1'Vlt.19{?l'fltj1u. 
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n1J�rn111,1�1cPBu w1.11J1 i'.'.lmnh1n[JmJ�'1)�'Wif'JJ'el'1�'1i'.'.J:il'5fflu1'1'llUV11uu1YJruiu�t.l'el�H'll1 2-3 LL'vl'1 

�1��1mrn'elWt.lWU1t.l�'WLU'eltjL'Wb61Jffl��'1{'W 1,1r'elUt1J[1l'J L'M L;1f71J'el1n1 pj��uiu1� '\111 L'Me.J� e.J�ff191n 

u1�V1�'1 �ruL�mm�'1�w:imrn �'1LU'W'Vltwmnn:i'ui'.'.Jfh�'161J'el'1UJ:;L'Vlfl 
'IJ � ' 

I I ii I 

m:;'Vlu (?]'e) n1 JU 1t.l Cl'WVJ'eltj'JJ'el'1l ffl'JU1 LL� :;m J� V1 �'11,lr'elm t.l LU'JJ'el'1Vi'll Lfl V1 A'l1l-J L�'ela-l rl'elt.l �1'Wn1 Je.J � ffl 

;'"Jl-J'l� 1,1r'el LLii bb(?]n1j�'1j�'Wif'JJ'el'1U�1 bb�:;lffl'"JL�i'.'.Jm:;!?Jnlumf'1��'el'1�'1�'1in1!l'ru:; b'ilW1:;'Vl1'1Ul'"JP1 

1iJ �'1111 'W'elnr.i1nd'mnu�t.1'WbbU�'1mmrutl11��u�11,1��'1� bm�'1111 (throughflow) 'el'WLU'We.J�mr.i1n 

mnu�t.l'WbbU�'1�ll1'\l'l.1Jn'el1n1P1 n�1mrnm:;'Vl1J(?]'eln1J�'1jL�t.l'VltWmm;'"Jll1WL�L'll'Wn'W bba'.1J:;vi'utl1 
., I ., 

A W A O A .:::S 

9:;f1'1 bV1l-J nml-J�ill'l,IJ;)l-J'JJ'el'1'W1'Vl:; b� L Wl-J'JJ'W 
., ., I 

Lb�:;n1rn:;�1t.1'JJ'el'1U1 bb'n'1'.ll'l t� n;'1�'1 e.J� m:;'Vlu1il 
.-.I a1 � a1 .1.J .I ;'I 'l"%. .- "" �' .I "' ., " ., 'el'1 fluj:;n'el1.l'Vl1'1 Lfll-J'JJ'el'1'W1'Vl:; L�l-J mnu�t.l'WbLu�'1 Lu'We.J� b 1,1,iN WJ'Vl:; b�1.l1'1'll'WV1 bl-J �1m rn umffl'l L 'JJ1 nu 

., .J .J ., ., 
�n1W61J'el'1U1'Vl LU�uu1u i'.'.lmrn wtm:;r.i1u bL�:;'lJmu�uif bdfl'JJ'fl'1lfflrf 1111.11'1'llUV11ilruLbN�'W9'WVh 1il 

., ., .J 
l ffl'l'Vl:;L�1J1'1'llUV1il�1m'W� V1�'1'l,lr'el� ru�uflu lli'l-J1ill'W1 LL�:;mru1 L'lJffl'lJ'el'1 LL i,1�'1U1'Vl�V1�'1 �'1e.J� 1il 

'IJ � ' 

., ., 

fl'"J1m;l-J;'W'lJ'el'1fi11?l'eJ1'l,11JL'WU1 L'll'W L'WlfflJb'°l'W bb�:;'W'el�'W'elfo '\1111il bb'l,1�'1'W1n�1mu'W Eutrophication 

J1�V1�'1 bU'W'e1'WfflJ1t.l(?]'el�'1i'.'.J:il'5ffl 1utl1'JluV1tu7 'Vl1 L'Mfl'".l1l-Ji,1�1n'l,1�1t.l'Vl1'1:il'"JnT��V1�'1 u1b'lill� �'Wffln 
Q.," .J CS 2,, I !' J Q, d'a,;:;::l 0 

1,1un �1Jl-J�n1ri:;'Vl bu'WmV11umm P1r.i:;Qn'll:;�1'1�'1 bb 1,1�'1'W1l-J1 n'JJ'W fl'l1l-J bu'WmV1'WniJ�'l'W'Vl1�1tJ 

fl'l1l-Ji,1�1n1,1�1tJ'Vl1'1:ilrin1w�1t.l b'llunu ( 'el'1'"1mm1mJ9V1n1Jf116Jl �'elum:;r.in, 2553) 

A .J � J,c:::::1 ,:::I 

1,11n'elru1,1nm'il�t.l'JJ'el'1 fornwiJ�'1'lJ'W'eln 1.4-5.8 'el'1Pl1 b6ll� b6llt.l� r.i:;�'1e.J� 1il 
' 'IJ 'IJ 

!I I ii ii I i,r 

U1LL'n'1V1'.ll'"Jfan�:;�1t.l lV1tJJ:;vi'uu1'Vl:;b�L'il�t.l�'1�'W�n 14 - 90 L6ll'W�Ll-Jm 9:;�'1e.J�m:;'Vl1J L�LLri n1J 

�rub�t.l��'Wn1JflV1b6ll1:;n�:;mJ�'1'Vl�1t.l'lJ'el'1'll1t.l�'11u�'l'W'lJ'el'1i'W��r.i:;1�fof!ri1iJb�t.1mtiiJ1n��V1 �'el 
'IJ � ' 

I i,r ii I 

1,1� m1:;L�n7 L'll'W 1,1� m1:;1uiJ1,11�iJ'VlJ�'WL�t.l bb�:;'Vl:;b� bbfl1dJtJ'W j'"Jl-Jt1'1�1l-J m�t.1iJ1l1n bb�tl1 L'W'Yi'WVJ 
'IJ 'IJ ' 

I .J I J' '1 �,=ii, tr IV f .:=! j' Qi ,=I 

J11.l'Cll-J b'll'W �1l-Jbi,1�tJa-itl1mba-i'W1 b'W�1-wuJ:;b'VlPl'eltJUffl 1,11m:;V11.1 -w1'Vl:;b�bTia-J'lJ'W 50 b6ll'Wfflba-im r.i�a-i 
I .I 'i' .I ., ... I .J ... � .J .J' 0 'l" 

e.J�m�'Vl1Jffl'eluJ�'l!1mb�nuj�a-J1ru 92 �1'Wfl'W ffl'"J'flt.11'1b-!1'W J�V11.l'W1'Vl�b�'Vl�'1'JJ'W 1 bl-JffiJ 9�'\111 b1,1 
• I a1 .... I .- -::I ,J' ,J,.. .,! .J' . I .- " .- .- .- • I .- " .- ., • I .- " .-lJJ�b'Vlfl'flt.lufflbi<it.lTI'W'\ll�'WbTil-J'lJ'W 1 bu'fljb6Jl'Wffl b'Wbfi'flJll�'WV1 6 bu'flWJ!'Wffl 1J'1f1�1L'Vlfl 17.5 bu'fljb6Jl'Wffl 

LL��'l,l�Ln1�l-J1ijl1L'WLn1:;a-i1fo'l!� 80 LU'flfL:n'W!,1 
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I 21 21 I 

n1'Hffli(?]J' LL'&'! ::;91 n n1J'V1thv1::; L'&'!Vi'4'W"'l ::;tl'-.:i�11-tl Ln l?lU1�'W(?]�-.:J LL'&'! ::;V1'1a-!U1'W�'el'W�n �'11'.J 
,., ,.,

6) �'&'l(?]'Ellli'mrutl11imV1�-.:itl1 LL'&'l::;ft'11a-J LL-tl-.:i LL�-.:i

I 21 21 21 I ii 

m::;r.invina-11n�'W �-.'.l�'6'11ilmmruf-.:i�l?l'1-.'.l'el1Yl(?]tJ1J1L'1rulJ'1t'&'ln�-.:i�'W �11-tl�ruVIJ;in�-.:i�'W n1'H'Wa-J�'W 

'lJ'e)-.:J�ruViJJnu1L'1rulJ'1 fa nrl'�-.:i�'&'l 1-tlmmrutl1�mL'&'l::;n1n::;m1:J'll'el-.'.l J1nn1rnJ�1:J'Wmfo-.:ihl mmrutl1 
21 I I 21 

1-wihn1J'LL'&'l::;tl11��'W'&'ll?l'&'l-.'.l LU'el-.:J"'l1m::;mu LLil-.:J 1unUfl'11a-11'el'WVl�-.'.l �'WVia-11?1 �11-tlmmru�'W(?]f fW'ell'.J'&'l-.'.l 
,., ,., 

Vl1'Elvi-.:i'll'1-.:i Lum '1'6'11-w1-w Ln 1?1111'1::; LL il-.:i LL�-.:i�-w 

J11'.J-.'.l1'W'll'el-.'.l Intergovernmental Panel on Climate Change (IPCC) fl11?l 

n1J't1.ri1-.:i �'&'lm::;'Vlu LLf-l::;ft'11a-J L�l'.JVi11'.J"'l1n�Jl1'1::; l'&'! n1'el'W�ihi-.:i�1 L ti'W'Eltj �-.:ir.i::;ri'el 1 iii Wl1J1-.'.l'lltil?l Ln l?l 
,_, ,_, I 

n1J'� ruW'Wfi J'Ja-J'Vl-.:J Lnl?l fl'11a-J LL il-.:i LL�-.'.l LL'&'!::;J11'1::;tl1V1'1a-Jl'W'el'W1 fl(?] ll?ll'.J�'WLLl?l'WVl"'l::;1�fu �'&'! m::;'VlU'elU1-.'.l 
'II � q 

<V .?'I I .J I. I <i' .J I .- "" I • I •• Fr '1 ,.,Vi'Wnlu'WLLVi'&'!-.'.l'Vl'El�uJ'::;'l!1m bf'ln'Vll'.J1n"'l'W L'll'W L'JJ(?]'e)1J'n(?]n (Artie) n�a-JuJ'::;L'Vlfl LLCl1JLL'ElY�J'n1(?]'e)'W b(?i 

(sub-Saharan Africa) ntja-iVi� Ln1::;L�n1 LL'&'!::;�'WLLl?l'Wtja-i LLiltl11'W'Vl�U L'El L�l'.J ( deltas of Asia) 

'W'Elm1mf-w i'1LL'Vl'Wntja-i�m11n1J'LU�1:J'WUU'&'l-.:J1JJ'J'1:J1n1Pl'll'El-.:Jl'&'ln (IPCC working groups) ft11?ln1m1 

�'&'lm::;V1u1-w111'V'lna-1 t1?1u1��m!l'1nunmLVi�-.:J�'El¾J'&'I 29,000 11?1r.i1nv1''1 tf-ln 9-.:i�11-tl�1a-11J'ri�1-w1u 
.J "" ,1' ') I ,1' .J <i' <V I ,J .J <i' "" "" ,1' 0 ') '-' <V � 

�f-lm::;V1uV1r.i::;m1?1'll'W b'WLL(?]'&'l::;'V'l'W'VlU'W bf'ln (?]'1'Elm-.:i L·n'W mm b'&'lna-J'ElruViJla-J�-.:J'll'W r.i::;V11 bVi'VlJ''V'lmnrn1
q 'II 'II 

l'WL'll(?]'J1a-l{'WnmmruL�a-J:.n''W LL(?]niu�11-tl Lf11?lfl'11a-J LLil-.:i LL�-.:) LL'V'lfm::;r.i11:J1'W�'WLLl?l'W�'Eltjl'W'l1'1-.:Jf-l::;��l?l�1 

(low-latitude) LLf-l::;1-wf-w��-.:im�-.:JLL�-.:J (semiarid regions) �-.:i1�uri ntja-iuJ'::;L'VlPILmrnL'Elffin1(?]'El'W1� 
,_, I 

�'WVlL'lJ(?](?]::;')'W(?]nl;l'.J-.:Jl�'ll'el-.:JUJ'::;L'Vlf\'elLa-J1n1 (American Southwest) LLf-l::;uJ'::;L'Vlfll'Wntja-i(?]::;')'W'el'Eln 
,., ,., I 

n'6'11-.'.l (Middle East) 'W'Elm1nu'WtJ-.'.lft11?l�1tl(?]J1n1rn�(?]'El1Vi1J' (food production) 1-w�-wvi1ml'1-.:i 

f-l::;ti�l?lt>'hr.i::;f-ll?l'&'!-.:JL'll'Wfl'W (a-!Vi1'l'Vll'.J1il'.J�Jf1"'l1Jill6YJ(?]tJ, 2551) 

I _, ,-

7) �'&'l(?]'el�'lJJl1'V'l'el'W1iJl'.J'll'el-.'.liJ'4�1'.J 

�Jl1'V'lJJn'el1n1Plil;sv1fi'V'l'&'I ll?ll'.J(?]N LL'&'!::;Ll?ll'.J�'e!Wl1Ja-!'4�tJ ll?l!:J9::;YlU�1 n1J'iJ 
-=iA .- ?I .J -=fl A ..,. ..,. orv 

1 ..,. 'l' 
'Jl'J(?]J''ell?l'll'el-.'.la-!'4�mu'W�'&'I Lm.l'J L'W'El-.'.lil191m::;uu'WL'JPI 'l!)loJnd''ll'el-.'.l'W1 LLVi'&'!-.'.l'el1Vi11 u1m�1 bJft LL'&'!::; 

0 <i' .- • I"' ... '1,., ,., ... • 1.d • I .. .J I • 1.d 'l .J 
'V'l1Vi::;'W1 bJft il'4�U�1iJ1JClu11J(?]'J bVi L'll1n1Jn11Lu'&'IU'WLLu'&'l-.'.lJJil'el1n1Pl'Vlfl'Eltl1 Lu'&'!tl'W b'W1::;u::;L'J'6'11'Vl 

l'.J1'J'W1'W1� LL(?]fl'J1iJ er-wLLU1'1l'el-.:J'&'liJYh'el1n1Pll'W1::;t1::;i-w1 'el19 LU'W�1 LVi!?j1i, Lnl?l �'&'lm::;V11J'Vl1-.'.l'6'11J'elU1-.'.l 

1,., :: .J' <i' 1" I J ,., <i' ,., 'l !'WLLN l?l 'Vl-.:J'W �'&'lm::;'Vlu bl?ltl(?]N l?l LLn n11mtir.i1nft'&'l'Wfl'J1iJ1'El'W (Heat stroke) LLfl::: "bl?lilfl'J1il1't:l'W b'W 
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l611vHi'J'eM (Urban heat island)" fl�'Wfl'J1l-J\terWri'el 1ihnv1111'J::; ll 'Vl'.i'niii'el'W'Vl1-.:J'a'::;1Jun11vrn..11r.rnf-1::;'!X'J l9 
"' • 1.d • I = 1 � "' 1 • I • I i:..Jf,ln"J::;'Vl1J'Vl1-.:J'el'ell-J611'el-.:Jn1'a'luf-1tl'Wlluf-1-.:J�J71'WJJl-l'el1n1Pl(?]'el�611J71'W bv'llln n1'a'llu'a'u'a"J'W611'el-.:J�J71'W'el1n1PI 

�-.:ii:..if-1m::;V11J(?]'e)'a'::;uui'.h'JPI iif-1::;vh 1� inv1n116111v1 Llflf-1'W'el1V111 �-.:ir.i::;�-.:ii:..if-1vi'el111'J::;YJ'Wt111u1n11 n11 

L�l-Ji'W611'el-.:J'a'::;(?)1Jl-Jf-1�1'a'l'W'el1n1Plri'el 1� lllv'!Utl.JV11�1'W�611J71'W n1nnv1 trn�� V) !?1'el'Vl1-.:Jtl1 (Water-borne 
I ,i, I 

diseases) ;,,:i lU'Wi:..Jf-1l-J191nU '1JVl1U1'1'1'Jl-J U '1JVl1�611J71'W9 (?]VJ Lllv'l91 nnt1�1J1l'Vl1-.:Jfi'a'Jl-J6Jl1 � J'Jl-Jn-.:J 
I 

,==I ii J;:Y t,, .:;::,, 

m1l-l imt1 v1r.i1nn11(?]'el-.:J'el'Wt1'WV1J'elt11t1n'Wl1'W 

trn� Lllv'l b'WL611(?]\'el'W lv'ltlVtrn1::;'elch-.:i�-.:i l'a'fll-J1f-11 '1mi�::;trn Hh�'elv'l'el'elnn 

'el1J1ln1nnv1trn�l�l-J�-.:Ji'W�-.:JL1J'Wi:..J�91nJ71'J::;lf-1n\'el'W lv'ltl'W1J'J1 b'WU991J'WU'a'::;6Jl1mfanllm�foLi'el 
q 'ii q llJ 

I ,i, I 

l-J1f-11b1tlU'a'::;l-J1ill 500�1'Wfl'W L�l-J�'Wn-.:i 4 L'V11'W1J91nb�'elU fl.Pl.1990 tv1mru'W1::;L'W'Vl�U'el ll-l1n1 b�llf-1::; 
I ,i, 

'Vl�U LL'elffln1 �1J'Jt1trn1;L�'elv'l'el'elnL�l-J�'Wn-.:JU�::;15 �1'Wfl'W lv'ltl�'J'WbVlill LU'WL�n i:..J�-.:J1'W':j9tl�1'Wn1'a' � � 
I O <j' d .:'I <j' 2' � 2' a I = d ,.! d' .,I 

LL'W 1m::;r.i1t1611'el-.:J'W1V1::;'W1 b'a'fl'Vl Lu'Wi:..J�l-1191 nJ71'J::; b� n'a''el'W 'JI bVI L Vl'W'J1 'fl illVIJJl-l'VlL'Wl-J611'WL 'Wtl-.:J 1 'el-.:JPl1 

L'.l!�L;tl� 9::;'Y]1b�fl'J1l-JL�tl-.:Jb'Wn1Jlllv'll'a'fll;L�'elv'l'el'elnL�W�-.:Jn-.:i\'elt1�::; 47 'W'elnr.i1mfmr-.:innt1-.:J1'W'J1 
.,

'W1Jn1n::;u1 v'l611'el-.:J trn 1; L�'el v'l'el'eln LU'Wflt-.:J LLrn b'WLVJ'eln L6111 LL'el'W��tl1::;L'Vl pj:n�rT-.:ihlurn'Jl-Jn1 n::;U1v1611'el-.:J 

l'a'flVlf-11tl'l!ilv1 'el1Vl 1;'ell'.h1�n;�l-J'el-.:J'ilm�u ..,�.., 
., 

'W'elnr.i1nuu i:..i�n11�mni:..i�m::;V11J611'el-.:JJ11'J::;fan\'el'W611'el-.:Jl-Jvn':j'Vlmit1A'elf 

LL'W� 1::;1_Jr;J1 �illVIJJ�� L�l-J�-.:iiuri'el 1� Lllv'l�J71'W LL'Jv'l�'ell-J� mm::;�l-j urin11v:f ni'J611'el-.:J Li'el l'a'fl lL�::;�(?]Jfi'l! 
d ct , � d v 11 i,,.-::::1 v ;f .:::! d' 61 =1 

'VlLU'W'el1Vl11611'el-.:Jl-l'W'f!'t11J1-.:J'l!'Wv'I LJA'Vlv:fn(?]'J bv'lv'll'W�J71'W'a''el'W'l!'W611'el-.:Jfanr.i::;�1mmml-J611'Wl-l1n b'W'eln 20 
• 

ii ii I ii 

t1;1-.:JVl'W1 'V)-.:)9::;nn11�v1 L;'elL�l-Jmn�'Wb'Wl'a'fll-11�1 �ti 1;�1 'el�'J1(?]n trn u�::;'el1Vl1'a'LU'W�'fl' l'a'fl�V)(?J'e) 
I ,i, 

b'WL 611 (?]\'el'Wnn LL 'W'J l'Wl-1119 ::;L �l-J�'W LL�::;9 ::;f) t1�':j(?J � fl'WLU'W91'W'J'Wl-J1 nL'll'WL�tl'Jfl'W tv1mru'W1::; H� 
I I ii I 

,::l 11 !,, .d,l d; =I _;ii .c:!f V (f'" ,d 61 !,, .,::,It,, 

m�1L'a'tl b611L�'elv'l'el'eln '.l!-.:Jl-Jtl-.:JLu'W'W1VI::; L'W'el-.:J91nn11611t11tl'W'Wfi611'el-.:Jtl-.:J9::;mn611'W b'W�J71'J::;LL'Jv'l�'ell-J'VJJ'el'W 
• • • 

d' d� I I <j' 2' = d V = 0 � 0 j ,,/ 611'WLL�::;�f?Jn1� 'VI bl-I U'W'W'el'W LL'W'J b'Wl-J611'el-.:Ji:..Jf,li:..J�(?]'Vl1-.:Jn1nn'f!'(?]'a''Vlf-1v'l�-.:J91nJltlfi'a'Jl-J'l!1(?] 'el19'W1 blJ'�J71'J::; 

6111 v1 LL fl f-1'W'el1 V111 u��fl'J 1 l-l'el v'!'elt11 n '1'11 L � Ln v1111'J�6111 v1 �11'el1V111 u��JJ � �1'W'Vl1'W t1-.:i n 1 t1 �1 

tv1mru'W1�1m�n LL��fl'W'l!'a'1 (Ut1Jtl.J11�/ tl1u{uV1{ 2551) 'el-.:J�n1'a''el'W1a1't1fantl1�mrun11111mLvi�� 

tltl1::;'l!1m 160,000 fl'W 9�1J'Jtl(?]1tl91n l'a'fl�ni:..i�mr.i1nJ71'J�t�n\'el'W 

2.1.1.s bb'W'Jbuiin1-abu��'Wbb'LI-s:i-:i�111�11ih:nn1fll 

r.i1 nm 1�n'f!'1n1ntl�t1uutl�-.:i�J71'WJJ�'el1n1 Plt�n LL�� LL 'W'J t 'Wl-ll 'W'el'W1 fl(?]611'el-.:J 
t,, I I t,, ii 

'el'a''a'fl Lv11 LL���'l!1 (2545) �1� L�u11 ur.i{t1vlll�'Vlfi'Wf-1 v1'eln1ntl�t1mLtl�-.:i�111'WJJ�'el1n1P1uuni-.:iur.i{t1 

J71tl'W'el n Ll��ur.i{ t1111t11 'W �'Vlfi'W f-1611'el-.:JU99t1J11t1'W'eln'W'W'elfi1J1t1 tv1t1'el1 �t1Vli n611'el-.:J'Wi-.:i-.:i1'WA'J1l-l\'el'W!?1'el 
ii I I I I ii 

d:I =1 � 11 i,,v � -=:.. ,. r,: ii i, 6')I -=Y =1 .::::. .cS 

'W'W'Vl (Radioactive forcing) '11-.:J bv'l'a'U'el'Vlfi'W�91nu1mrum1m611l-l611'W611'el-.:Jn1'.l!LJ'el'Wm�r.in'VlL'Wl-J611'W 91n 
., I ., 

V1inn11-i11-.:i�u 'WU'J1 L'Wt.Jfln11tlfi'Wi'fl(?]�1Vlnnl-l'W'Wfl'J1l-JL;l-J-n'W611'el-.:Jn1'.l!�'el'Wm�r.inL�l-l�-.:i�ul-J1n 
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�,m� 1�'Vli'1'11'Wf'1')1J.-Jr'el'W"1'elvf 'W� L�m�-.:iiu �'1 LU'Wl?l'"Jn1j�'\ll1 L�'elruVIJlilrf 'W�') t�nil LL'W'"l t 'WJ.-J L�m�-.:iiu 
'lJ q 'lJ 'lJ 

'W'elnroi1n-tl'C-J�91 nnroi nnJ.-J'lJ'el'1J.-J1-¾1iUcJ'1�'1C-J � 1 � Ln f?ln1jLU� tl'WlLU�-.:immruf'1'"J1J.-J L�J.-J�'W'lJ'el-.'.l rh6ll �'el'W 
J.?'I v v � <j' i, v.:frn�roin'Vl Lu'W(?l'"ln1JV!�n'lJ'tl-.:Jn1nnf?l�Jl1'"l� b�nJ''el'W f?l-.'.l'W 

1) f'11f:u'tl'WLf?l'tl'tlnL6J!� (CO2) 

.- � � .- :'I "' d,=i. Fr d 'l ;; •�1 f'11jU'eJ'W bf?l'el'eln b6llf?l Lu'Wn16Jl'VlJ.-JujJ.-J1ruJ.-J1n'Vl�(?l b'WUjjtJ1n1M (,1-.'.j LL(?lu f'1.M. 
,, I ,, 

1750 LU'W�'WJ.-J1 lli'J.-J1ruf'1'"l1J.-Jl�J.-J�'W'lJ'el-.'.lf'11f:u'el'WLf?l'el'elnL6Jlf?lL'W'n'WUjjtJ1n1ML�J.-J�-.'.l�'Wr'eltl�� 311?1'elU 

rnhri�'tl 1u'llri-.:ij�tJ�Lri�1 20 tJ ��1'WJ.-J1'B(?lJ1n1n�J.-J'lJ'el-.:Jf'11fo'tl'WLf?l'tl'elnL6Jlf?l1uunu1n1Mil 

"11Uj�J.-J1ru 1.5 ppm 1?1'elU (r'eltl�� 0.4) bf?ltl�1J.-JL'W�'lJ'el-.:Jlli'J.-J1ruf'11f:u'el'WLf?l'el'elnL6Jlf?lL'WUjjtJ1n1PIJ.-J1 

I I I 1' 

LL� �tJj�J.-J1ruf'11-.:iviii-.:i'lJ'el-.:J f'11f:u'el'W Lf?l'tl'tln L 611 �vi Ln f?l91 nJ.-J'W1.iU'W'W �1mnm n-111 nium 1 'li1 un j�urium j 
q � 

i-.:i Lf'1n�ifo�-.:i'lJ'el-.:J�'llU'Wun LL���'llL'WJ.-JVl1��m n1jU.1 Lm mf:u'tl'WLf?l'tl'tln L6JI �niuJ.-J11'li1urn�uriumj 

i-.:i Lf'1j1�ifo�-.:iuuu m!u� mi4'el'W'l19 �mn n'l1mm ru�tl� f?lU�'eltl'el'el nmroi 1n n1ji?l f?l Liiv'h� 1m.'.h 1 'W'Jh-.:i 

'VJp\')jj1j' 1990 �')ti 

il L 'Vl'W i:1 n1jtJ � f?lUi'el tl'el'el n �u nt.11 n1 MJ.-J1 n LU'W'B'Wiu �'el-.:J j'eJ-.:J"l 1 n 
,, 

mfo'el'WLf?l'el'elnL6JI� bf?ltll'1'1LL1?1U f'1.M. 1750 LU'W�'WJ.-J1 f'1')1J.-Jl�J.-J�'W'lJ'el-.:Ji'.JL'Vl'WL'WUjjtJ1n1Mi'.JmJ.-J1ru 

L�J.-J,'W 1060 ppb (r'eltl�� 151) LL��i'.JLl'W'"lb'WJ.-Jl�J.-J,'W�'eltl1 vf-.:icl'nroimrn�'"l'WLVlaj�tl�'eltliJL'Vl'W� 

unmn1M(Uj�J.-J1rur'elt1�� 50) mroi1nn1nC-J1LV1iitl1lfmi'elL'Vl�'1 tlPjiwf n1jU�n�1') LL��n1jf714'f?l 

'lJtl�¾J� �'elt11J.-J'll'W�riu';j1n1n:f-.:in�u 'W'tlnroi1 ncl'cT-.:ii'.lnu-.:i1u,j1 n1jU�f?lU�'elt1rnfo'tl'WJ.-J'el'W'tln L 611� (co) 
., :'I ,=i d d o 'l "· Fr .,: .l' tl'1Lu'W'eln�1lVll?jVl'W-.'.l'Vl'Vl1 bVfujJ.-J1nJ CH4 mJ.-J'lJ'W 

,, 

L'W(?l1�'el'elnl61!� i:JmJ.-J1rutl�f?lU�'eltl�UjjtJ1n1PIJ.-J1nlU'W'B'Wiu 3 bf?ltll?l-.:JLL!?i 
I ,, 

tJ f'1.M. 1750 LU'W�'WJ.-J1 n1jU�'eltlL'W!,l1�'el'elnL6Jl�L�J.-Jlli'mruJ.-J1n�'W 46 ppb (r'eltl�� 17) LL��iJLL'W'"lb'WJ.-J 

L�J.-Jiu�n1'W'el'W1f'1(?1 Lf?lt1�riu1viaj1u(?lfMrnn16J!�� tJntlfi'elt1'el'iln�unmn1Mi:JLLV1i-.:in1LUf?lJ.-J1roi1nn1j 

tlfotlr-.:i�'WL'WJl1f'1 ln1.i(?lJ'njjJ.-J n1jU�n�'ll'il1Vf1jivl1° lb���vl�1VlnnJ.-J Lf'1il 

4) �1jUj�n'ilUf'1�'flhvl�'il'elbjf'11fo'il'W (CFCs)

• I � •• I � .- :'I "' .J :'I ., 0 ;; � � �1JlJJ�n'elUf'1�'il bJY1�'el'il bJf°11jU'el'W bu'Wn16l!'Vllu'W(?l')n1j'VJ1�1tl'll'Wb'il b'll'W
,,

bb��tJ-.'.li'.Jf°lru�J.-JU1htlun16l!�'il'Wm'�"ln 'WUl?l-.'.lbbr;IU f'1.M. 1995 f'1'"l13-H�J.-J�'W'JJ'il-.'.lr1161!91'Vl'"ln Halocarbon 
-=l.Fr J .. .t'. .. ,=i ,=i d�,, (CFCl3 lb�� CF2Cl2) J.-Jujmru�i;i�-.:i b'W'il'191n�'Wfi•tiC)JC)J1'Vlfi�1n.l'il'W'Vlj'el'fl� (Montreal Protocol) 'Vl bi;i
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.,

1 i,fl'l1 J-J�1rl ru1'Wn1 j� VI n1'J11iln1'l! bVl"'11ti bb� :;1..h:; b 'Vl fl �J-J1:nn �'el..:J� Vln1 'JU"'1'eltl fl1'l! b1'tlum:;9 n� � � 
1Jjjt.J1 n1 fl bVltl mm VI m j 1 '11 �� (?]Jl ill6i'l�..:J n�1 'Jtl j:;n'elU'JJ'el..:J fl�'tl h'VJ �'tl'tl bjfl1 fu'tl'W�..:J9 :;tl � V1Ut'l'tltlfl1'l! 

b1'tlum:;r.in�unmn1 fl n1'Jtl1n1'l!'llUiV11i,nJJ-J11'1i'VlVI u 'Vl'W LL�:;m'Jl..:i Lfl'J1:;i�1'Jtl'J:;n'tl1JLV1ilJ-J1 H � 
(Perfluorocarbon, PF Cs Lb�:; Sulphurhexafluoride, SF

6
) Ui?J'tlU1..:Jl'Jn(?l1J-J fl1'l!'VlVI bb'Vl'WbVl"'11t1tJ..:ifl..:i bU'W 

I I iJ I 

n1'l!�'tl'Wm:;r.in'tlzjb'l1'Wb�tl'lfl'W u�:;1'W�JlTVm1'JruU9'11J'WtJ..:J'V'l1J�1i'.Jm'JL'1lL'Wlli'J-J1illVlb�J-Jmn�'W�'tltl1 

.J 1 ;: I ;; 9/ b'tlb'lf'W (0
3
) 'Vl'tl\?JL'W'll'WU'J'Jtl1n1fl(?l1..:J1 r.i:;�..:i��m:;Y1uY1..:i1uV11'W1J'lnLL�:; 

�1'W�1J1?1'tln1'Jbtl�uuutl�..:i�.n1'l:;t�n'f'tl'W tV1m:;V1�1..:itl fl.fl. 1979-2000 i'.Jn1'JMm11�.rmL�:;mV1 
I ii ii I 

tl'J:;J-J1 ru�1 t 'el t 'l!'WVl'tlzjL'W'll'W stratosphere �..:i �� L'W�1'W{?]Nfl'Wii1J-Jfl1Jrl1'V'li..:i..:i1'Wfl'l1J-J°f'el'Wi?J'el�'WV1 

n"'11'l�'tl b'tlb'l!'WV11L�rl1 Radioactive Forcing LU'W�1Jtl'J:;J-J1ru-0.15 ')(?l(?Jl?J'e:J{?l1'J1..:JbJ-J(?l'J (Wm-2) Ui?J 
!J iJ I iJ I 

b'elb'l!'WL'W'll'W stratosphere l?l..:Jbbi?JU fl.fl. 1750 bU'W�'Wm i'.lmmruL�J-Jmn�'WU'J:;J-J1ru'f'tlt1�:; 36 'TI..:Jbf1VI 
I iJ I iJ iJ 

91nn1'JL'1lfl1'l!VlbU'W�1jl?]..:J�'W'JJ'el..:Jb'tl b'lf'W'Vl'lLU bVltlL'W'll'W stratosphere tl'ur.i:;�..:i�� 1i,LnVI Radioactive 

forcing LU'WU'J:;mru 0.35 wm-2 

vf..:itl 91nn1'Jfl1Vln1'Jru'll'el..:J IPCC n..:in1ntl�t1'WbbU�..:J�Jl1'V'lJJi'1'el1n1flL'W 
' ., 

'el 'W1 fl (?lii1..:JVl'W 1 n "'11 'l �1 J-Jt¾li'rJtJ..:J fl..:J i'.J�'Vl fi'V'l � i?]'e) n1 j LU� tl'W bbU�..:J fl'l 1 J-J b iiJ-Jii 'W'lJ'el..:J n 1'l! 1?11..:i7 1 'W'll 'W 

1Jjjt.J1n1fl(?l�'elVlfl(?l'ljj1,i'� 21 �..:inr.imrn�b�tl'lii'tl..:inun1ntl�t1'WUU�..:Jn1jL'1lU'J:;btl'llti��'W tru1��1 
!°I 4 .d d o v .d 2-' ,v 

.. 1.d ,.. I 4 .d � J - t di .dbu'Wn9m'JJ-JVl'W..:J'Vl�1fl'!Jbb�:;mm'll'tl..:Jnun1'JLu�tl'Wbbu�..:i�.n1'V'lJJJ-J'tl1n1fl'VlbnVl'll'W Vl..:J'W'W n1'Jfln1.t1Y1

b�tl'l b rl'el..:inu n1 ntl� tl'WbbU�..:i n1'J Htl j:; btl'llti� �'W!Pl..:J n"'11'l 9..:J bU'WUj:; b�'W�VI� 1 tlVltb tl..:J1 uvf..:i 1 'W j:;(?)U 
., " .,! ' 'l " 'l '.'3 "" • 1 .J • I .J = ,1' �1n� LL�:;j:;V11J'Vl'tl..:Jfl'W(?l1..:J bVlfl'l1J-J�'W b9 fln1.t1n..:imnu�tl'Wbbu�..:i'Vl LnVl'll'W 

r.i1m1u..:i1'W'JJ'el..:i IPCC (2001) �7tl1��1 mntl�uuutl�..:im'J1'1itl'J:;tu,,r��'W 

VIJ-J1tln..:i n1ntl�t1'WbbU�..:Jn1'JL'1lVlr'tln1'J9Vln1'J��'W vf..:i�bf1Vl91nJ-J'Wli'tl1VltJ(?lj..:J b'l1'W mntl�tl'WbbU�..:J 
q 

L�'eln1nn1.t(?lrnnJ-J LL�:;n1n�tl'J:;Y11'W n1'Jvh�1m.'.hH:i n1'Jtl�n:u1Y1V1 LL'Vl'W u�:;n1'Jtl�m'.l11Vlil � � 
., ' ' 

'W'tlnr.i1nil n1HU�tl'WbbU�..:itl'..:i Ln Vl91nnr.imrn'll'tl..:JJ-J'Wli'rJbVltl�'elJ-J b'l1'W n1'J'lltl1tli?l'l bn'tl..:i �..:Jn1j 
q 

LU�tl'WLLtl�..:i i..:i n"'11'lil11tl�n1ntl�t1mLtl�..:i�J-J1J1i'JJ'tl..:JV1'W1 �uvf..:i 1u�1un1u.n1'V'l u� :;�'lJl1'V'l � LU'W 

�1bVl(?]Vl1L�bnVln1'JbU�tl'WbbU�..:J'JJ'el..:Jj:;1Ju.ni1'tl1n1fl b'l1'W n1ntl�tl'WUU�..:J'JJ'tl..:Jn1j�:;V]'e)..:Jbb�..:J'JJ'el..:Ji'Wll'l 
q � 

.,

mn:;b'Vltl'JJ'el..:J'W1 bb�:;mmrun1'l!�'tl'Wn'J�9n bU'W�'W 
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• 1 d • I 1"'. I 'i' .-d= �I "" .-
n1 'Hufltl'WlLufl-:Jn1j •Jluj� btl'll'W'Vl !?l'WLu'WeJflmr.i1 nnr.innJ-J'll'el--iJ-J'411tl llfl�n1j 

n j�'\111 'll'el--i fi jjl-J'Jl 1 � L!?l ti nr.i n jjl-J'lJ'el--i l-J '4116 LU'WU9 9t1Vi if n� �--i eJ fl (?]'e} n 1 j LU� tl'W LLU fl--i n 1 j 1-iitl j� Ltl'JI 11
d= 1 .J' d d • 1 d • I 1"'· I 'i' .-d= .,. "" %. .,, .- ., "" .-
'Vl!?l'W 'WYl'W'VlVi'W--i1 mnufltl'WlLufl-:Jn1j 'Jluj� btl'll'W'Vl!?l'W9-:JJ-J fl':l1J-J•C-1J-J'Vl'WnnummjJ-J'1J'el-:JJ-J'411tl �171'\"l 

., I., 
'Vl1--i Lfij11_jfl9 LLfl��171Yl'Vl1--il--ifll-J'll'el--irl'Wvhiu7 

r.i1nn1j�n111eJflm�'Vlu�1mfij11jn9LLfl�i-:iflJ-J(?]'fln1ntl�t1uLLUfl-:Jn1j1-ii��u 

.,. 1 o J.1., a , ."f .,, d.,; , 1"'. 1 <j' .-d.,. .,. .,. .,. 'll'el-:JL[?)'elU 9 '4'11!?l1N (2547) 'JI VilViU':J1 u99tl'Vll-JeJfl[?)'e}n1j 'Jluj�btl'JIU'Vl!?\U Vil-J1tltN mmjJ-JVij'e}

�1LVl!?j1!?l7 �neJfl'Vl11�nmj1lntlj�Ltl'Jlti��ULU�tl'WLLUfl--ilU91nL�l-J �--ieJfln1jLU�tlULLUfl-:Jn1j1ln 

0 J <j' .-d.,. ,J' ,,/ I V I ,d t ., ."f V d O �. I,,/
lJj� btl'JIU'Vl!?l'WU 'el19·Ci--i eJflm�'VlU[?)'e}'V]j'\"ltl1m'elt11--i'elU j':Jl-J'Vl--i�171Yl LL':l!?lfl'ell-J u99tl'VlU1 blJ'Cin1j 

I I ., 

Ltl�t1mLufl-:in1jVnt1j�fo1tl'vl�u �ru1�Yl'eli-:iL'lltl vr-:iu 

., I ., 

'!I 

�UVJ[?11J-Jn1j�[,J,Jm'Vl1-:i Lfij11jfl9 LLfl�i-:iflJ-J1mLr,lfl�'l1':l-:JL':lfl1 1� LLri n1j'\111Ln11[?)jmrn n1n�t1-:Jl[?)1' 

'fl[?)�1Vimrn n1j�1LLfl�u1mj (?]'flJ-J1n1j1-iitlj�Lt1'llu��unn1-iiL�'el[?)'elU�u'fl-:im1J-J�'el-:Jn1j'1J'fl-:JJ-Ju116 
' '!I q 

1ujUf?l':J WUJ-J1n:n'u LUULVI[?) 1�mj 16ntlj�Lti'Jlti��U91 LUU�'el--i �1'W--in--ieJfl 1� LL fl �eJfl L�t11mtl WU �--i LUU 
'!I q '!I 

�1 LVi[?) 1�U99 ti �1ULfij11-ifl9 LUUU99tl�1 fol ruU99t1V1tl-:i��--i eJfl 1�nn1j16ntlj�Lti'Jlti� �'W1 'WLL(?]fl�iu� 
' ,J:, � 

LL[?)n(?]1--ifl'WLU L!?ltlU99t1iUj1U'Vl1--iLfij11_jfl9 LLfl�l--ifll-J��1f'ln.J L'l1U 91u1uiu�t1'elflj'e}-.j j1tll�91n 

mnn11[?)j LU'W�u 

n1j�n111'1l'el--i l1''Vlm :au11t1 (2543) j�U�1 nt1l�L'il�tl(?]'elU'1l'el--iflf':JCfoun ' 

eJfl'elc.l1-:iJ-J1nr,l'fln1jf?l!?l�'W1r.iLtl�t1mLtlfl-:in1j1-iitlj�Lt1'llu��uvi1n'W'll'el-:JLn11mmr.i1nn1jvi1u1vi1H 1tl 

d.,. .,; ., a �., , ""' d.,. . I ""., � ' "" 1 . I 'Vl!?\U'elnt?l':Jtl 9�LViUb!?l':l1 Vi1n'llU11?1'1l'el--in1rn'elflj'e}-.j'V](?lU'1J'el-:Juj�'Jl1mJ-JU'eltl bl-Jl'Vltl--i'Vl'el Un1jlJj�n'elU 
� I � I 

'el1;Yl fl':J1l-JVIU1 LL'U'W'll'el-:JUj�'Jl1 m1'W�uvln'elzj�-:i 9�YlU�1 nn1ninrnvi1fl1t1�uvlth 1i1 LU'W'elU1-:Jmn 

vl--iL'l1Un1j�n111'1l'el--i Panayoutou and Sungsawan (1989) �-:i�n111ur.i4't11un1n�nrnvi1fl1t1u11i1 eJfl 

n1j�n111 YlU�1 fl':J1l-JViU1LL'UU'll'el-:JUj�'Jl1m j1fl1li1 fl':J1l-Jt11n9U mmrun'Wu eJfleJ�[?)�1':J LLfl� 

j�tl�'l,h-:ir.i1n [?)fl1 l?1 LU'WU99tl�n eJfl (?]'e}n1j1.Jnrnvi1fl1tl1J1 Li11utlj�L'Vl Pil'Vltl LLfl�91 nmj� n111'1l'el--i 

Panayoutou and Parasuk (1990) YlU�1 fl':l1J-J�'el-:Jn1j��'Wl�'eln1nn11[?)j J'.jfl':l1J-Jimfofi[?)1J-Jnfl1 
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vhi:.J�vn:imnmtl?l';j' bb�:'.:91Wl'Wth:::6Jl1n'Ul1fln1'Hffl:l'(?lj bl?ltlfl'l1iJ�'el'1n11��'Wb�'eln1'Hffl:l'[?lj� 

fl'l1iJimfofi[?]Nfl'W�1iJfl1Ji:.J�i:.J�[?]Vl1'1n11bffl:l'[?ljbb�:::1:::1?11Jn11".llt11tl[?]'l1l1fl'q[?l�1Vln1rn 

n11Mffl:t1".ll'el'1 Boserup (1996) ih'1bl?ltl l?l116JlU (2531) i"l1J�1 n11b�iJ".ll'fl'1 
.,::,j o 2,,.:::1 Cl/ 6} i.,,J.::,,, I 1 2.1.d=o .J !.I 2.1 d' � Q J .J tl1:::11miJ i:.J�V111vtiJn11i"l l?cl-l'W1n11 b6JlVll?l'Wbb1Jrn1u 7 tl�n11 L6JlVll?l'WVl b".lliJ".ll'W".ll'W 1'liJV1'1iJn11".llt11t1i"l'WV1 

d Q/ 2/ !.I.JA d A -=:! d' & ,=S .J' .J 0 

bi"l'elJ''el'11Ufl'l1iJ[?l'el'1n11L6JlVll?l'W bi"l'eli:.J�[?]'fl1Vl1'Hi"liJiJ1n"JJ'W 61!'1VliJ1tlC1'1n11".lltl1tli"l'WVlV11n11bn1tm bb�:'.: 
..! d' . 1 o 'l .,,al J .J.,1 d d' , d J .J_ 1 ,al o ., 

n1 J'b i"liJ".lJ'W".lJ'el'1u1:'.:6Jl1 mvi1 b VliJmmnmi"l'WVl u1 b i"l'el n11bn1t[?l1iJ 1n"JJ'W bb[?l b 'W'el'191ni"l'WVlu1:'.: b Vl PliJ"'l 1n Vl 
q q 

..J ,:::,,,1 el' O !.I i.,..J-=,, ,J -=>. ,=!I I I 2,1 ".ll ru:::vitlr:::11 n n i"liJ m n".ll'W vi11 vtmr 11vi l?l'Wbi"l'fl i:.J � [?]i"l6Jlmvt11[?l'flV1'W'l utlr:::11 n rn l?l �'1n 11'fli"l tii"l mu 
� a d J 1 2.1 .=. .J i, ,.J-=-
bl'W l1'WbU'Wi:.J� m:::viuvt'W'1Vl n'fl 1 VI m l?ln11btl� t1'WbbU�'1n11111.lr::: bt16Jl'WV1Vl'W

• I • I ."!' J .J.,1 1"' ., d o 

Vl�1tlu1:'.:bV1Mur:::�Uut1.JVl1n1rn(?l�'1'1.l'el'1i"l'WVlu1 iJ 'fl'Wb'W'el'1iJ191nn11vi1�1t1 
J .J.,I .1.J .I 'l"'.I 'i' ..-.J.,, .I 1 '".I ., .Of ., ' ' ., i"l'WVlu1 bb�:::mnu�tl'Wbbu�'1n11 b6Jlur::: btl6Jl'WV1 l?l'W u1:'.:bVlM V1t1nu1:::�unuuruV111?l'1n�1'l b6Jl'Wn'W tl'1t1Vlfi

� q 

' o J .J .'I 1 "''i' .'I 1"' ' 'l -::i1 bb�:'.:flnJ:'.: (2553) 1:'.:1.J'l191n11t1'11'Wn11�11'l9".lJ'el'1i"l'WVlu1 iJ bl?lt1nrnu1 iJ i"l1J'l1 b'WU i"l.M.2504 
., ' 

tlr:::bviM1viu��'WVJU1tl1:::iJ1ru 171 �1uH vt1'flf11?lbU'W1'flti�::: 53.33 ".ll'fl'1u1:::bV1M bb�:::1utJ i"l.M. 2531 

�Vl�'1bVl�'fl'f'flt1�::: 25.28 (Charuphat, 2000) �'1U1:'.:bVlM1vimu'W 1 L'W 10 UJ':'.:bVlP!".lJ'el'1b�n��'e)[?lj1n1j 

�Cl.Jb�t1U1b"JJ[?l'f'fl'WiJ1n1utJ fl.M.1995 (CFAN, 2005) 1utJ i"l.M. 2543 bb�::: i"l.M. 2546 miJtl11iH'liJnu 

nrn'flV1t11'Wbb'1-i'16Jl1� /[?lrf tl1 bb�:::rl'u€�6Jl 1�1ln111i"ll?l1'l bVlt1iJ��11u�:::b�t11?l1l1i"l�'1 b�'fltlr:::biluiu� 
q q ., 

tl1Hiv1''ltl1:::bV1M i"l1J�1 iu�U1fl'1bVl�'fl'f'flti�::: 33.40 bb�::: 33.23 [?]1iJ�11?1u (nrntl1HS, 2548) r.i1n 

�'fl¾J��1'1�'W bb�l?l'1L�b�'W�1/u�tl11i.J"JJ'fl'1U1:::bV1M1vimT'1Qn1.J1nvi1�1t1b�'fl".llt11t1iu�m1t[?lm11iJ mr 
Q/ .J I lV I I 1 q Q/ d' d .. 11 -=I <i'i.l d 

i"l l?cl-l'W11l1fl'el[?l�1VlnniJ bb�:'.:Vl'eltl'el1Mtl bb[?l'eltl1'1 J'n[?l1iJ'el[?l11n111Jnmi"l'WVlu1iJ bb'W'l b 'WiJ�Vl�'1 b'W'el'191n
q qJ q q 

iu��bVl�'fl�'l'WiJ1nl'1'flzj1uiu�'fll-¾fmfo�:::bu'Wiu��-iil?l hlbvtiJ1:::�iJ1?1'flmnm1[?]1 u�:::mnmimr 
., d 

b".ll1Cl'1 

1 ii d'd, a v .J J 
n�1'l b(?ltl�rtl bb�'l Vl�1tli"l'WV1[?]1'1ntlr:::�unuut1.JVl1 L'Wb1'el'1n1'HU�tl'WbbU�'1n11

1lntl 1:'.:bt16Jl'W� �'W bb� :::1111'1n �U99t1Vli nvY'1Vl1'1 �1'WbM11tjf19 bb� :::i'1 fliJ bU'W[?]'l i:.J in !?l'WL � bf) (?l n1 j 
• ,.J • I d' J .J ...... 0/ ., v d O A !"I J .J d .J,l., v bu�tl'Wbbu�'1".ll'W i"l'WVl �'Wt:.I Pl m�t1n11i"l l?cl-l'W1Vl'ltlV111tl'el'Wb'W'el'1iJ191 nw1:::116Jl Vl11 bu'Wi"l'WV1Vl'W'1Vl (?ljlJ

i:.J� m:::viur.i1nn1ntl�uuutl�'1n1111ntl1:::tu1-w��'W n�1'l �'fl � mntl�ti'WbbU�'1ttl uuumr 11ntl1:::fo1-w 
,J.,, J .J_,, 1"'.J o:'1.1 �, J .J 

A .J ,al :: J .J., ' ., .I .Of Vll?l'W91n W'WVlu1 iJVl'fll?liJ�iJurru bu bu'Wi"l'WVl m11mnniJ b6Jl'1 bl?ltl'l 'flnV1'1i"l'WV1(?1'1n�1'lt1'1u1:::�uuruV11
q ., � 

ii ii ii I 

n11".ll1 (?l bbfl�'WU.1 mmrutl1 �'W� (?l'W'el tl�'1 vi11 ��'WVl�'WUM n111 n1 nf l?cl-l'W1�'lt1Vl11t1"1 tlr:::�unutf Cl.JVl1 
' ., 

fl'l1iJ bb �'1 bb�'1 bb1?1vti'1r.i1 nVJw1:::u1vi�iJ b�r.iw 1::: b 91'flcii'l �i"lr:::111 v'i111 �4' l?l [?]'1 M'WuMn111 n11rl' l?cl-l'W1 ., ., 
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" -" .Iv .I ., ,J' .J.I ., "" :li -.I ,J' .,J., """" 1 ,'I Vl'Jt1Vl'J'1t1"1 LL��iin1j1JjU1J!-l'WW-J'W1'W'WVl1Jj�n'flUnumnniin1jn'W,,1Ml1'W'W'WVlVl'Jtl'Jfin1j(?]1-11 LIJ'W
" J .,J., "" -" .1.J .I ,J' .,J ,J' .,J " " ,'I ,J' ,J,J.,! -" .(?]'W:1-J1 'W'WVIVl'Jtl'Vlj1tl"'l-lii n1jLIJ�tl'WbLIJ�-l�ll1'W'W'WVl91 n'W'WVl LbVl-1 u�-:i LIJ'W'W'WVlVl LjiJJ.-J fl'J1ii'ijf?lii�ii1Jjill
1tl�'Jt1th Hh�iim n�'W 171-Jtr'W �ll1'W/'W��'WrJ� m11n1nf W-J'WTlht1m1tl"1 9-:in mntl�tl'WLLU�-:i1-tib�'W 

I ., ,'I 1" d' .,J"" I 1 1 ., 1· I "" "" ., ., .-.J .,J d ., 'elt11-:i'll Vl L9'W L umm Vl'W'WVlii fl'J1ii-w1�'W r.i 'Wn1 jL'JJ1 u P1m11ri-:i fl'J1ii�ii"W'Wnmn tl'J L 'W'el-Jnum j
Ltl�t1'WLLtl�-:in1j1Jntlj�ltl'llu��'W1-w/-w�1?1-:in�1'J 

'i' • l,J • I "" 'i' ., "" "' di 
,.; bVl ti L 'U'W1 �m jblJ � tl'WLLIJ �-l'll'el-1 �ll1'WJ;Jii'el1 n1 Pl'JJ'el-1 b� n'el'Wbn V\91 n �ll1'J �n161! L rn'Wn j�9 n·/ci-J t:.J � m�VlU

m.h-:i mLLN l?l'el�'W�'elr.l'el1 �ti LL� ��ll1'W LL 'J(?l�'elii'll'el-l�-ln�rj (?]l'Y-Jtl'J-:i mntl� tl'WLLtlM n1j1Jntlj� Ltl'llU� �'W
' " 

I i, I 

t� n LVltl'Vl1 l'M LflVln1ntl�t1'WUU�-:i'll'el-lfl161! �'el'Wm�r.i n l'W'D'WUjjt11n1PILVltl L'U'W1�'elr.l1-:iu-:in161! 
i, 

I fl1tu'el'W1Vl'el'el n 161! t?) vi'-:i 1-w�h-wm nvliiVlt'el m jt]� Vltl� 'eltl n161! fl1fu'el'W1Vl'el'eln 161! t?)�unm m Pl ( �1i!nrj•fti 
mrnt¾fo�1hHfa��vrwfvl'll mii'ij'Vltl1'WbLv1-l'll1� i(?]')th LL��vrwfvl'll, 2547) 

fl 1 61! Lt 'el 'W n j � 9 n � n fl 'J 1 ii iii vr 'W fl LL � � L � ti 'J � 'el -I L Vl ti (?] j -I n U u 1 1  iJ 1 � LL ri fl 1 61! 
fl1fu'el'W1Vl'el'eln 16J!tp) �-:i LU'Wfl16l! L1'el'Wm�r.in�nfl'J1ii�1 � '1jii1n��Vl 1-wur.iiu-w LVlt11'.111iir.i�nuVlU1Vll'Y-:i 
l'Wn1j'Vl1Vl'W1�U1Unn (sink) LL��tl�Vltl�'eltl (source) fl16l!fl1fu'el'W1Vl'el'eln16J!t?) mnnunnVlr'el�Vl'DU 

fl1 fu'el'W1Vl'el'el n 161! t?):I-J1 l Ji11 'Wn1j�'f1-:imV11 nL� �L �ii t:.J� t:.J� (?]ii'J��'Jll1'W 1 'W'll ill� L� tl'J n-wnr.i �tl� Vltl�'eltl 
n16l!f11fu'el'W1Vl'el'eln16J!tp)rnfo�ujjt11n1Pl�1-wm�u'J'Wn1jVf1t11r.i n1j(?]1tl LL��n1jr.l'elt1��1t1'll'el-JLPl1161!1n 

I i, 

Yl'll u1nnii'll1�vl�iiurn1i!'Wn'el�1nfl'J1ii�iiVl� nt:.J�t:.J�(?]�VlfiLf?ltlj'Ja-JLU'WPl'WrJ 9-:i'll-lnmnnunn Vfj''e} 
'lJ q q 'lJ 

• 1 • 1 , .,, .. 1 1 .. .'I , J .,i .'I .,,,J .. , J di , ., n1 jlJ� VlIJ�'eltl n161! f11 jU'el'W Vl'el'el n 61! V\91 nu1 bVl�1'W 61!-! 1J1 fijja-J'Jl1 (?]Vl�ii1JjillbVf �1'Wb Vl�'el'el\'J'W'elt1ii1 n
1-wur.ir.iu-w uruV11�ri'el1ilLnVlmjL�ii�'W'll'el-Jfl16l!L1'el'Wm�r.in1-wn1flu11ii �'el mrnVl�-l'll'el-:i/-w�u1 Vlr'el 

' � 

mntl�tl'WLLtl�-.:Jn1j 1JntJj�lti'llU��'W91nu11ii1tl LU'Wttl LLUU�'W1 �-.'.I LU'W�1 LVll?l�1�'1J�'Vl11� Ln f?ln1j 
0 I • I I .,, .. � � .-d '1 0 I � .. ,J ''l "" u�Vlu�'eltln1"1!fl1m'fl'W b"1'fl'fln b°1!"16l!-:l�:;�ii'flfJ -wiuii'J�·n'Jll1'W (?]�'fl"1'°l'Wfl1m'fl'WVl�:;�ii'flPJ b'W"1'Wii1
!"I l 

.., .., -" ,J' .,J .'I � ., .,! ,1' .•I � ., ct • ., .,J ct .., .. Lu'WL'J�1'W1'W 'WV11-:in�un-wV11nii"W'WV1u1 bii L"Wiiii 1 n°.ll'W u1 bii nr.i:;V11V1'W1Vl mun n n11 
.- � � .- J !"I • F,! "' di J .., .., .-fl1j1.J'fl'W b"1'fl'fln b6l!"1 6l!-:ILIJ'Wn1j�t,)1Jjii1illn16J!Lj'fl'Wm:;r.in'Vl1-:IVl'W-:I (�"1"11'J�tl, 2547)

r.i1m1t1-:11'W°.ll'fl-:l�'Wt11r.i't1u11ii (2553) j!;lj�1 u11i1 LU'WbLV1�-:i�:;�ii1-11fu'fl'W°.ll'W1"1 'lviaj 
,, ,J ., 

°.ll'fl-.'.I t� n L"1tl� :;�ii'flzjvi'-:i1'W�'J'W°.ll'fl-:I �u'lii u�:;�u 1-11fu'fl'WVl� :;�ii'flzj1u�u1ii LL� :;�ui!u nmii1 ill 
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fl'lUfll--1 l(?ll:J m�uriu.n11l--1 Lfl 11 �� LL�'1"ll'e:l'1'Vi"ll n1rn11:.11 r.i"ll'e:l--1 �--1i1�� (?I LL� �m nJ'e:l1:.1��11:.1"ll'e:l'1ro:i�u.vifo1 u.
q q 

1tl"JJ'e:l--1rh'llmfo'e:lu.1(?l'tl'tln1'l!vi° 
' ,, 

n1n-wl--l�'W"ll'tl'1ill'l--!1ruf11fo'e:lu.1u.unmn1Mtl1�l--!1rut'e:l1:.1�� 20 Ln(?lro:i1nn11�0JL�1:.1 
'II � 

... .J " ., '1 • I d' 1" d ., 1" 0 ·'' ... ... "" fl1'i'U'tl'W'Vl rnunn b'W'i'uL'W'tl l--1 L'W'tl'1to:i1nn11(?l(?l l--l'Vl1�11:.1u1 LL��n11�ru L�l:.lfl1'i'U'tl'Wto:i1n(?l'Wto:i1nn11 
'II 'II � 

LU�U'WLLtl �--1n111-ntl 1� fo"lltf� �u. ro:i1 m11:.1--11u.n11�1 nro:i ml--!1run1'l! L1'e:l'Wn 1�r.i n "ll'tl'1U 1� L 'Vl M1 'Vll:.l Lrl'tltl 
2537 'V'lu�1 nro:im1l-J'Vl1--1�1u.u11a'Si1n11tl�(?'IU�'e:l1:Jfl1fo'e:lmh�l--l1ru 16.5 �1u.iu. vf1'e:l�(?l Lil'Wml--!1ru 

,, 
mfo'e:l'W1(?l'e:l'e:ln1'llvi°tl1�l--!1ru 60.5 �1u.iu. (OEPP, 2000) LLvimmrun11tl�(?'IU�'e:l1:.11u.tl 'V'l.M. 2537 i1

"" .:'I -=' " • F,, • I • I ' '1 �I ;:: ,J' ' -=' fl(?'!Lu'WL'V'll:.1'1'i''tll:.l�� 70 "ll'tl'1un11run11u�(?lu�'tll:.l b'Wu 'V'l.M. 2533 'Vl'1'W'W1"l�l--1�1LVll?Jl--11to:i1nn1'i'�(?l�'1 
' ,, ,, .J ,, ,J' "ll'tl--1 n1 j(?l (?'I 1/j 'VJ 1 � 11:JU 1 u� �n 1 n TI l-J�'W"JJ'tl'1'Vi'W 'Vl� 'l'WU 1 'Vl'1'W �u.1a'S � 1l--11 m (?'I (?l{U n 1'l! 

fl1fo'e:l'W1(?l'e:l'e:ln 1 'll vi"ro:i1nunmn1M �1'W'Vl1--1m�uriu.n11l--1 Lfl'i'1��u�--1 (photosynthesis) L�ml1l--!1 uiu 
nn1�1'WtU"ll'tl'1l-J'l��'l111'V'l (biomass) to:i1n'i'11:.l'11'Wn1'i'�1'i''l"lill'l--11illfl1'l!L1'tl'Wn'i'�"ln".il'tl'1U'i'�L'VlM1'Vll:JU 
'V'l. M. 2537 'V'lU�1vf u.��'l'W1J1 LL��U1fijjl-J"Jl11}\�rhK--1 Lto:i1ru L�Ul(?l�1l-J1'i'O(?l(?l{Un1'l! mfo'e:l'W1(?l'tl'tln 1 'llvi° � 'II 

1�n'1 39.1 �1'W1?1'Wvl'tlU (OEPP, 2000) U'i'��'Vlfi111'V'll'Wn1j�(?l{Un1'l!fl1fu'tl'W1(?l'tl'tln1'llvi°'V'l'i''i'rulifavi�� 
"J!U(?li1 fl'l1l-J rf u.utli�'tl'W;1'1�'1,'W'tl tj nui n11ru�'Vl1'1�'W�n'i"i'l-J"ll'tl'1'V'l 'i''i'ru1ii LL� �U"l91:J�'1 LL 'l (?'I �'tll--1 (?]1'11 � 

Lto:i10J Li}iut(?l"ll'e:l--1�u.1ii l(?l1:J�1vl M LL��flru� (254 7) 1�'Vl1n11�n111n11�(?l'nUfl1fu'e:lu.1(?l'e:l'e:ln 1'l!vi°"ll'e:l'1�'W� 
1iiu1LUru"l'V'l'i''i'ill l(?ll:J'VJ1n1'i'�n111n11(?l(?l'nUfl1'l!fl1fu'tl'W1(?l'tl't)n1'll(?l1mtl"JJ'tl'1n1'i'i'1Lfl'i'1��LL�'11'W'i''tlU 

� 'II 'II 

')'W"JJ'tl'1'V'l'i''i'illLiiu1LU'l-J"l'V'l'i"i'ru91'W'l'W 14 "J!U(?l ro:i1n 6 'l'1Pl (family) 'V'lU�1 ?ULLUUl'W'i''tlU')'W"JJ'tl'1n1'i' 
l'1Lfl'i'1��LL�'1�'Vlfi (net photosynthesis) LL���1intl1n1ntl(?l-U(?l"JJ'e:l'1U1n1u (stomata! conductance)

-=:A CV .. I J , v � 
1i, 

.. CLf' v ..r::! !,t .J .J t, (V ..,.. , 

l--1 fl'l1l-J i:J'WLLU'i'"JJ'W'tlr.JnU"Jl'W(?l"JJ't)'1'V'l'i''i'ill l--1 LL��U"l"ll:.1�'1 LL 'l (?l�'tll-J'Vl Lnl:J'l"JJ'tl'1num�U'l'Wn1'i''tl'1 Lfl'i'1�VI U�--1 

�--1 fl'l1l--l rf u.LLtl 11u.rnu1'u."ll'tl'1 n11l--1 Lfl'i'1�� u�'1".il'tl'1'V'l'i''i'ru1ii �riu. 1 viaj1�fo'r1'Vlfi'V'l �ro:i1 m1ro:i9 u� L�m;'e:l--1 
nu�Jl1'V'l LL 'J(?l�'tll-J"ll'tl--1 LL�--1 LL��tl1n 1u U'i'��'VlfiJl1'V'll'Wn1j�(?l'nUfl1'l!fl1tu'tl'WL(?l'tl'tln L 'l! vi°"ll'tl'1'V'l'i"i'ru1ii� 
�n111i1 m1l--! rf u.LLU'i'�--1 (P<0.01) l(?l1:J�1iilrnilu.'V'l'i''i'ru1ii�i1tl1��'Vlfifl1'V'll'Wn1'i'�(?l,f un1'l! 
fl1fu'el'WL(?l'el'el n L'l! vi"�--1� (?'I l'W"llill��1ii LL(?l'1i1tl1��'Vlfill1'V'lL'Wn1'i'��iun1'l!fl1fu'el'WL(?l'el'tln L 'l! vi"�1��Vl 

,J'"' ' 1 ".J ..i. I � "" '1 ., "' .- � � .- ..i ., f 'W'fl nro:i 1nu.1:.1--1'V'lU'l1'V'l 'i''i'ru i.J'Vli.Ju'i'�·tl'Vlfill1'V'l b 'Wn1'i'({l (?l8JiU m"ll fl1'i'U'tl'W b(?'i'fl'fln L "ll (?'1�'1to:i �i.J'tl (?111 m 'i'fl11:.l'W1 
!, I 

�'1 'Vl11�i1th��'Vlfill1'V'll'Wn1'i'l'DU1�1 

'W'flnr.i1miu. n� 1nm1nn LllUfl1fu'elUl'W�'WU'1 LU'Wn� 1mhPi' 'l-J�'Vl1 l� LnVln1'i'Vl3-j\.lL�l:J\.l 
,,. '1 "' ·"' � ,, .J .:'I .-r ., J O ., .-r ... .J J... 0 ... I 

• I J . I "ll'el--1 fl1'i'U'tl\.l b'W'i'�UU\.!L'l Pl u1 Ll--1 8.li--1 Lu\.lu"l"lll'Vl�1 fl 'l-JU"l"l liVl'W'1'Vli.JU'VlU1'Vl�1 fl OJ (?l'fln1 nu�l:J\.lLLu�--1 
,,

ill'i.J1 run1"ll b1'el'Wn'i'�"l n 1wnuun1:.11 n1 M n18.li mfu'elULVl'tl'eln L"ll vi1 \.l�'W"l �Qntl� (?'IU �'ell:.lniu �'W� 
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urrmn1MLVlc.Jtl!]ffi'mr.i1 nnr.i mnH,h-17 'll'El'1�'W b'11'W mrtl� VlU�'ElcJ n1611 rnfu'El'WLVl'El'Eln L 611!?191 n i};i �'W 

(Soil respiration) 'Elth'1 hn !?11il 1 'Wt�UU'Wb'J MU11il'll'WVl f?11'11 tl'eliJ9�n n1JYlJ_J'Wb�t.l'W'll'El'1 ri1fu'el'W 
ii iii.I it I 

bb(?]nf?11'1fl'W'El'Eln1tl 'Vl'1U�'W'Eltjnut�UU'Wb'JM'll'El'11J1'l!'WVlU'W7 'l!'WVl'll'El'1Yl'l!Y-lnru mmruri1fu'el'WYl���ii 
,., ' 

'Eltj'Vl'11-w�r.i'Wb ViU'El �'Wbb� �1'W�'W (?]�'El Vl9'WM11Y-l bb') (?)�'E)l--J6:ff '1n ��[?]'E)f\')1l--J�il !?.l�f�Vi�1'1ill'il1 rumr 

tl � (?) tl� 'El t.l rl11U'El'W u� �n1 nnu fl n fl1611 rl1 fu'el'WLVl'El'El n l 6J! {?) r\1 fo'El'W1 'W�'W bU'W �'J'WViil'1'll'EJ'1')!)9 m 

ri1fo'el'W (Carbon cycling) �'19�n�r.im�m;'El'1flUfl1611rl1fu'El'WLVl'El'ElnL611VlL'W6lY'WUfttl1n1Mfan 'J!)9rn' 

'll'El'1ri1fo'El-wtlr�n'Elu�r.ic.Jm�ur.iun11��1r1t1J�'El-im�ur.iun1riu1� bbri ( 1) m�ur.iumri-i bm1��u�-i 

�� bU'Wm�ur.iumr��� b'El1 n16J!ri1fu'El'WLVl'El'Eln 1611 Vl1uurrmmM b;1m�Yl'll Vl1'El bU�c.Ju1tlr.i1n'El'W'WV11u 

ri1fu'el'WbU'WiU�'WV11uri1fu'el'W bb�� (2) m�ur.iun1rn1c.J1r.i b�1LViil bb��mmi'El'W (erosion) ��bU'W 

m�ur.iun1r�ihri1fu'Eluniu1tl�1'!]4'm1utl1bb��unmn1M V11'ElbU�cJ'Witlr.i1n�'WV11uri1fu'El'WbU'W 
"" "" .- .- ;; ,J' .- "" 1 ,; ,J' 1 " d iJ ,; .J ' "" "" ,; .J '1 " .. 'El'W'W'Vlrnri1m'El'W 'Vl�'W ri1m'El'W9�tmmu 'W'i'�r.J'W'll'El'1b'W'El ii 6J!�b u·�r.J'W'Vl'Elt.lbVi'W'ElVl'W ·�r.J'W'Vl'Elt.l (?]Vl'W " " " ,., ,., 

ri1 fu'el'W"l �� ��ii'Eltj1 'W�r.J'W'll'El�n n 1i1 u��'Eltj1-wi'W'll'El'1 �'W 1uur.i1,:uuiuunmn1 M'll'El'1 fam1 Vl rir.i1ii 
I ii ii ii 

�ill7.l�bU'El�mr.i1nu1t;inv'h�1cJ��ir'W Y111i,�ruV1JJil'll'El�'D'WUnmn1Plb�t.llU LVlm�n�ruViJJil�'1�'W 

�'WbU'WbbVi��nn b1lUrl1fu'el'W�1m1) bb���1rl'k)�n bbVi��Vin� mmruri1fu'el'W�fln b1lUL�1'W 

�'W (soil carbon pool) nur�mru 3.3 b'Y\1'll'El�1uurrmmM (atmospheric pool) bb�� 4.3 b'Y\1'll'El��nn 

bflUL�L(?)t.lil')�;')Jl1Y-l (biotic pool) (?1111�� 2-1 U�Vl�mii1rumrnmnumfu'el'W1'WLU l'Ell--JUt�bJl'Vlf?11�1 

(IPCC, 2000) rl11U'El'W1'W�'W'Eltj1u1tl�1t�'WV11u (soil organic Carbon, SOC) bb��'El'W'W'Vl1tJ (soil 

inorganic carbon, SIC) mmru�'W'Vlj'tJfl1fu'El'W1'W�'Wnf11�'WbbUJ�� iu'Eltjnu�111v-ilu�u���Jl1Y-l 
"" .1 .J .I 1"·1 'i' 

.-.J
.. 

"" 1"·1 'i' .- d o 1Jil'El1n1Pl n1Jbu�t.l'Wbbu�'1n11 'l!ut� bt.l'l!'W'VlVl'W91n�Jl1Y-lfifJl--J']j1(?]l--J1 'l!ut� btl'l!'Wbl"l'El'Vl1 bn1!l'(?]rnttil 

.,j O 12,, 
-=:,, .::,l r ,:::9; 2,, 1 

.di; 2,, .::II I 1 ii��V11 V1�1t'El'WV1Jc.J�Vl��ii1nri-it'Elt.l�� 60 'Wb'll(?]Vi'W1r.J bb��mr.imnri�rntJ�� 75 Vit'Elii1nm1 'Wb'll(?] 

r'El'W n11� Vl��'ll'El�ill'l--J1bW�1f�'W'Vlj>tJ'VJ11i,�'Wb�'Elil�Jl1Y-l 
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,.r d 

1'1.J t'ela-1 
'V' fW'VI lli 

.- d gcv 
'ii'a-11'1J'°11'a'U'el'lJ'Vl'6ll::::'6lla-1 ( 10 l?l'lJ) 

(10a na-12) .,. 

�"li IPl'lJ 'a'Ja-1 

1J1b'1llil�'el'W (Tropical forests) 17.6 212 216 428 

1J1b'1llil'el1J�'W (Temperate forest) 10.4 59 100 159 

1J1 b'1lli1Vl'W1'HVIU'el (Boreal forests) 13.7 88 471 559 

�:::1''W'W1L'1llil�'el'W (Tropical savannas) 22.5 66 264 330 

�-.:JVl�1b'1llil'el1J�'W (Temperate grasslands) 12.5 9 295 304 

'Vl:::bfl'VlJ1r.J bbfl:::n-.:J'Vl:::bfl'VlJ1r.J 
45.5 8 191 199 

(Deserts and semi-deserts) 

Vj'Wl?1�1 (Trundra) 9.5 6 121 127 
.J.J, ,:' 
'V'l'W'Vl'_Qa-J'W1 (Wetlands) 3.5 15 225 240 
J.d 
'V'l'W'Vln1'nffl!l'lilj (Croplands) 16.0 3 128 131 

'a'Ja-1 151.2 466 2,011 2,477 

�m: IPCC, 2000 {h-.:in-.:i1-w �'Wr.J19r.JU1rn, 2553 

I I g,, I 

bU'el-.:J91nu11ii1'W�Jl1'V'lfijja-J'Jl1�Vl1VlibYJ b1.J'WbbVl�-.:Jnn bll1Jrl1fo'el'W '91-.:JU'W b�'eli'.Jn1jU�n 

,.•1 w ,,:;,j .;f .d .J �I I V Co ' -=:! d' 61 .cl V d ... 'I 12/ I d' dl 

u1 nr.i:::a-J'V'l'W'Vl'Vl bu'WbbVlfl-.:Jn mnu r11m'el'Wb'V'la-J'll'W b 'W'llru:::Ll?lr.J'ln'W La-J'elu1 m Vlfl1'WQnmm'WVlj'el t;in 
0 ... .J " I I ,J'., • I I ,,/ d ,,/ 'l I !'I • 1.J • I 'Vl1 fl1r.J r11m'el'W'Vl mu�:::� a-J'elr.J bVlfl1'Wnr.i :::n n ufl'elr.J'el'el n·�u nm n1 Pl 611-.:J ·�'l'W b virur.i::: bu'Wn1Huflr.J'Wbbufl-.:J 

4J 4J 4J Q,, 

.'I ""'1· 1 !'I • 1 d , .J' .J "" .,r .J � , 
r.i1nu1fiJ'J'a-J'll1lil ubu'Wtu bb1J1J'el'W1 b'll'W 'V'l'W'Vlbn1!1'lild'njW Vlj'el'V'l'W'Vl'V'l!?J-J'W1li11-.:J7
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2.2 

1 'WU91 U'WU t1-JVl1 n 1 i bU � t.1'Wutl �-.:i �n 1�JJ il'el1 m Mb U'Wtlii b�'WiJ t1-JVl1� iJ � � n ii'Vlu 1'W ii c;i' u t� n 

bb��1�il bb'W'l'Vl1-.'.lfl'l1:Wf'l:W�'eli�Vl'J1-.'.!Ui�b'Vl M!?i1-.:i7 b�'elVl1 n� LnVfj''e) bb'W'l'Vl1-.'.l 1'Wmrnn16J.liJ'1JVl1� bnt?li'W 

1'Wi�c;i'ufon (Global level) bb(?]'elc.11-.'.ILJ'n!,n:W1'WmnbniJt1JV111m�c;i'utli�b'VlM (Local level) ni'.Jf!'l1:I-J 

91 bU'W��'el-.:i �1 bU.'Wmrnr:iu �n'W1tl �-.:i 1'W'llr:i-.:ii�Vl<J1-.:i b'l�1� �1'Wm mirl' W,J'W1tli�b 'VlMri'el 1� bni,iiJ ruV11 
'IJ � 

I I 0, 

�1'W'Vl f�m mnnm11 � bb� ��-.:i bb'l t?l�'el:1-JYJ (?11:W:W1 bU'W91'W'l'W:W1n �-.:iiJ t1JVl1:W �n1r:i� iJ t1-JVl1 mi1;
0, 4 J !'I 1 0, I 0, I o!I :;'!1 0 .J' J oll \j 2, 'Vli�mmnirn6Jl1(?l'Vlbu'W\'l'W 'Wmi�W,J'W16JJ'el-.'.lfl'W!'WVIM'elU1-.'.111:i-Jb"Y�'elt.l mnJntn'Vl1�1t.l�'W'Vlu1 b:W mi

., <!I J ... <!I ,J .J' J .J' J,,; ,,; <!I � I J,, ,,; d 
6JJU1t.1(?l'l6JJ'el-.'.I b:W'el-.'.l'Vl mi,imirn f!U•��'W'Vl m11mmrn bb���'W'Vl� b6JJU'l6JJ'el-.'.I b:1-J'el-.:i �-.:i b V1�1'W�'l'W:1-Jf!r:i1:w mm
.,, ,;J 'i' ., " 1d " I "" ;; ,1' 

b'W'el-.'.I b6Jl'el:1-J bt.l-.'.lnun1nu�t.1'Wbb1J�-.'.i�l11�JJ:W'el1n1M'Vl-.'.l�'W

�� n1 i� n111 b�m nun1r:i� t� n'f'el'WV1�1c.1:i''Wi1 i, b 'M'W<J1 �'Wb Vl!?)�vh 1 i, bn i,itli1 nn miru1� n'f'el'Wtr'W 
A � ;:, d A � ,d A .d

m t?16JJ'W91nV1�1c.1�1 b VII?) Y1-.:in1 ntl�t.1'Wbbtl�-.:iY11-.:inirn6Jl1 (?] bb��91nn9n n:1-J6JJ'el-.'.l:W1¾1.it.1 61l-.'.ln9 nn:w'Vl
I 12/ A <i' V d '1 21 I J A � 0 ' £:!l ,J' A <HI A 

n'el mni,it11'l�b�nJ''el'W:1-J1n'Vl�t?1 bt?lbbn n1n�1b6Jl'elb��-.:i61l1ni,inmun�V1i'elb6Jl'elb��-.:il"l'el�61l� (Fossil fuel) 

(Kiehl, J. T.; Kevin E. Trenberth, 1997) 'W'eln91n1!'Wtl'-.:ii'.Jn9nn:w'Vl1-.:in1nn11(?li b'll'W n1ib�1�tl�n mi 

bic.1-.:i/(?l,f bU'W�'W �'l'W�1bVl!?)�bVl�'elbni,i91nn1ntl�t.1'Wbbtl�-.:in1i1;tli�tc.16Jlu��'W Lt?1t.1biu�1�n1ivh�1c.1 

U1bU'W�'l'W1m1) (Summary for Policymakers, 2001) 

:: 4 ... ., .J I ., �1" '" I .J' d",, '1,, ... .J' d'1 ,, 'i' 
'W'eln91n'W'Wn1if"lnl.i1'l9t.l'Vl�1'W:I-J1t.l-.'.16Jl VlbVl'W'l1 �'W'Vlu1 b:I-J9��1:I-J1nl�t?l'flillVIJJ:W6JJ'el-.'.l�'W'Vl bt?l bt?lt.l

,, '1 ,, d ,, ""
1" ., ,, '1 ,, " I I .:, 'i' I (?l'W b:1-JVl'W-.'.I (?l'W9��1:I-J1rn� t?l'elillVll1:I-J VlnU�l11� bb'l t?l�'el:W bt?1ui�:w1ru 12.66 b:Wn�9� (?l'e)6Jj') b:1-J-.'.I �1'W 

q 'IJ 'IJ 

,Y <' d' .J' d o'I o, I 0, .,, .. \j \j <' ",J 
1" m�U'l'Wmi·Ci-.'.lbflj1�Vlbb�-.'.I 'W'eln91n'W�'W'Vlu1t.1-.'.16Jl'lt.l�t?161lUm61lfl1m'el'Wbt?l'el'eln b61lt?l (CO2) bb��blJ�t.l'W VI 

I ' � I 

n�1t.1 bU'W'el'eln� b9'WYJU1�'Vlfi1i,nu:W'Wl.itl u!?imh-.:ihn(?l1:I-J �'W'Yl� b�mnl�fu ��m�'VlU91nl11'l� t� n'f'el'W 
q q 

0, I 0, 

�r:im'll'Wn'W rn-hr:i �'el 1'WU991J'Wil-.'.11'W';'j9c.1V1�1t.l�'Wi�u<J1 1 'W'el'W1 fl (?]Vl1n'el ruV1t1il6JJ'el-.'.I t� m�:I-J;'Wb�t.1-.'.I
q q q 4J 

I 0, 

b� n'W.'elt.19 ��-.'.! �� 1 i,tl1tl� t?IU�'elt.l fl11U'el'WYl bnU� �� :1-JL �'el'el n:W191'W'l'W:I-JVl1 Pl1� c;)-.'.IU'W n1 i� n111-;'j9 t.l 1 'W
,, " ,J " , 1"" , 'i' .-J.. ,.g !'I ,.g ... ., J !'I " , 'i' .. ,.g • t?11'W6JJ'el-.'.ln1J'b1J�t.l'Wbb1J�-.'.imi 6Jlui� bt.l6Jl'W'Vl t?l'W9-.'.I bu'WmiM nl.i1'l9t.l'Vl bu'Wui� bt.l6Jl'WU��fl'liMn111 fl'lU fJ

fl'WLtlnun1i�n111-;'j9c.1n-.:iim1n1itl�'elt.l CO2 91nU1b�'elle-hi�i-.:in1nni,itli1nnn1nuc;i'-.:in�1'l �-.:i1�il

n1nf-.:i�n1111'Wtli�b'VlM!?i1-.:i

""..., ,., • 1.d • I "" 2.2.1 .:!1'l..l'J"'l!llPl1'1Jn1i'bu�!l'l..lbbu�.:J�.n1'VUla.J'el1n1ial 

91nnt.1-.'.11'W6JJ'el-.'.I Intergovernmental Panel on Climate Change: IPCC (2007)�1i,b'M'W 

<J1<J1f'i1 b'il�t.16JJ'el-.'.l'flillV1JJil/'W�'l forn�:wi'W o. 7 4 + 0.18 'el-.'.IM1 b61l� b;t.1� 1'W'llr:i-.:i 1 oo iJ Lt?1t.l'flillVIJJililn1i 
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I ii ii I I 

f)1 L'il�t1'JJ'el,np;uv1JJi'.1vh.J�'l L'flnr.i��-:i�uuj��1n.i 1.1- 6.4 'fl-:J f\1 L6.li'fl L'l!tl� 1u'll'l-:Jf\vl'Jjj'J1VJ 21 'fln.lvlJJi'.1Vl 
.,! d' ,J' I 'l ., "" • ,.J • I ,J ,J • I • ,.J "" .fl ., ,d L'V'l�'IJU'l..!n'el bvlLnl?ln1jlu'fltl'l..!Llu'tl-:J'el'l..!1 L"JJ'l..! n1junfl��'JJ'el-:JL�� LL'tl�n1J'Lu'fltl'l..!'Vlf\'Vl1-:l'tl� Lu'l..!vl'l..! 6.li-:J 

LUU�1mv1�1�ru�vi11"MLfll?ln1J'LU�tl'WLLU'fl-:J�Jl1'V'lJli'.1'fl1n1f\'JJ'el-:Jl'flnLL'tl�Jltl�U1ifijj�'jj1m1uur.ir.iuu 
q Q.I 'it q 

,J' .,.,. ,J''l ., "'  I .I U'flnr.i1nu 'e)jjflll?l'llll'tl�'V'l'J!j (2545) 'l! bvllvl'l..!'l191nn1juj�'lj�'JJ'el-:J IPCC (2001) nu-:i1ur;i1 r.i1n 
I I ii I 

n1j�n1111:rnm�'VlU'JJ'el-:Jn1J'LU�tl'WLLU'fl-:lJJi'.1'el1n1f\l'fln1uflvl'Jjj'J1VJ 20 'WU tJ-:J'V'lU'J1i1n1nu�t1'WLLU'fl-:J 
ii ii I ii 

!?11-:l1 Lfll?l�U:anv1'fl1tl'flch-:i mh'l�'el vltl11?lU1Vh1u'nnl'tlmvlti'flLfo.J�U'f'flt1'tl� 0.5-1 (,]'fl 10 tl m�1n.i 
2-J Q Q �Ji., I .::::I I �  � Q Q 

�u1uL'llvlrnu (10 N-1 o S) L'V'l�'llm'flt1'fl� 0.2-0.3 vl'fl 1 o iJ LL'fl�1UL'llvl'elU'flU6.lin L'flmvlU'fl (1 o N-30 S) 
� J'v , -=:I .J A v -=:l  i, .-=:! Ji., 

lli'�1n.l�UL'V'l�'JJ'l,,!j'e)t)'fl� 0.3 (?]'fl 10 iJ fl'l1�bl'JJ'el-:Jn1J'Lnl?l�Uvlnv1Un�LLU'll'l..!�L'V'l�'JJ'l..!j 'fltJ'tl� 2-4 
I t, 

L'llm�mnunum�1n.ll��Unfl'fl�'Vl'fl-:JY11'nn l'fln Lvlti'el L���U°f'fltl'tl� 2 LL'l..!'l l'W�n1nn1?1'fln.lvlJli'.1'fll?l'tl-:l 
q q 'IJ 

v11'flv1U1'lf 1?1i1 fl'l1��'fl l?l'fl-:J LL!?11 U'lln.l�L�t1'lnun1nnl?l'fln.lvlJJi'.1�-:iv11'fl'f'fluf 1?1niui1fl'l1�� L ���1n:n'u 
I t, I 

�'flt17 Uj1n!Jmmr El Nino-Southern Oscillation (ENSO) l?l-:JLL!?1n'fl1-:J'Vlf\'Jjj'J11970 LU'W�'W�1 Li'J'fl 
.J 

,, ,, 

LV1t1unu 100 U'VlLL�'lL�Ln1?1�U1..l'elt1flf-:imn 
,, 

Yasunari (2002) 1��n'l11fl'l1��w:J'l'l..!'ll'fl-:Jlli'mn.l�U'Vl-:JU'JJ'el-:JUj�L'Vlf\L'Vltl 'V'IU'J1 ll?ltl 
,, ,, 

Jl1'V'IJ"l� LL�'l mmn.i�u1m�'fl'l..!fl'l..!tl1tl'l..! n LLU'l lU�'tll?l'tl-:J'Vl-:JUj�L'Vlf\'elt!1-:l'nl?l L9'1..!'WUl?l-:J LL!?1U fl.f\.1950 

Luu�u�1 LL!?1Lil�-:Ji:.J'fl!?1'flm�1n.i�u1m�'flunmD1fl�-L�'flu�-:imfl� imuu'll'l-:i�'fl��j��v1�1'uv1n 
t, I 

Lry),tJ-:i 1�5-:irl' l?l LLN'fl tl U'flnr.i1 nufl'l1� �ULLUjLL'fl�m nu�umLU'fl-:J'll'fl-:J �'WLL'fl�'eln.iv111i'.11 UUj� L'VI f\L 'Vlt1 r.i1 n 
'IJ q 'IJ 

&:!i i, �I I -=i ;: �I 
,::! � � 2-' Q; n1jf\n'l11'JJ'el�'tl 53 u n'fl1'lfl'el vl-:Jllvlu 'V'l.f\.2494 ri-:i 'V'l.f\.2546 'JJ'el-:J fajj'Jjjn.lll'tl�fln.l� (2547) 'l! bvllvl'l..! 

'IJ 
I ii I ii 

'J1'fln.lvlJJi'.1 L'il�tlvl'tl'el l?lU'JJ'el-:JUj�L'Vlf\L'Vltli'l LLU'l rn��-:i�u ll?ltl L'il'V'l1�'fln.lvlJJi'.1!?11�1?li1 LLU'l rn� �-:J�'W 

�1nn'J1'eln.lv1Jli'.1 L'il�tl LL'tl�'eln.lvlJli'.1�-:i�l?l L'il�tl �'l'l..!U99tl�1'W�U 'V'IU'J1 91'1..!'l'W')'l..!�'l..!(?]n LL'tl�lli'�1n.l 
q 'it q 4J 4J q 

t, t, I 

U1�'1..!vl'tl'ell?lU'JJ'el-:JUj� L'Vlf\L'Vlt!i'l LLU'l t U�'tll?l'tl-:l ll?ltl91'1..!'J'W')'l,,!�'l,,!(?]n LL'fl�mmn.itl1 �un f)1!?11n'J1 f)1 L�� 
d' .JJ ;: I a i., !; .c=l V � !I a I .J J I 

�1n'll'WLL'fl�rl'JJU vl-:JLLvl 'V'l.f\.2520 Liluv1um U'flnr.i1nuui:.J'fln1jf\n111 t1-:i'll1mv1u'J1 tULLUU'Vl�uv11n'l1 

unm�'l'l..!lvlaj'tl'ell?lfl�'el-:JflUU�Lfll?lUj1nDn1HWL'el'tlUlqJ1'1..!Llj-:J L�Llfl 'V'l.f\.2500-2502, 2515-2516, 
• I .J 1 1 • I "" "" J 'l -:;l1 .J "" • I ..-.J 

2525-2526, 2533-2536 LL'fl� 2540-2541 LL'fl�w'W'Vl�-:im1munvlLnl?l'JJU b'l..!u'VILnl?luj1nDn1jn.l'VI 
"" ""' ""' 

'tl1'1..!qJ11'1..!LLN fl'el 'V'l.f\.2497-2498, 2516-2519 , 2531-2532 LL'tl� 2542-2543 Ll'tl�91nn1jf\n111'JJ'el-:J 
' ,,

�mun1'V'l LL'fl�n1n'fl-:ifun1jrl' OO-Ju1 LL'fl�fo111�-:i LL'l 1?1�'fl���tl1111 flvl�iU'fl'fln (2549) 'V'IU'J1 Ll?ltl 
' ,,

Jl1'V'lj'JmL�'lj�vl'J1-:J'll'l-:iU 'V'l.f\. 2495 - 2547 m�1n.i�m'il�t1i-:i'u'JJ'fl-:JJ11flv1�1'U'fl'fln'fll?l'fl-:J 6.75 
,, ,, ,, 

.J 
i1'fl�h�(?]j(,l'flU 'Vl-:JU mmn.itl1�u1u���'l..!'tll?l'tl-:ll'il'flt1U'fl� 5.94 i1'fl�m(?]j(,l'flU ll?ltl'tll?l'tl-:l'VJnL�'el'l..!tlnL1'1..! 

L�'flui'.Ju1fl� Ll?lm'il'V'l1�L�'elunumt1u'fl1?1�-:i�1nnr;i1L�'fl'l..!ll?l1 (-2.58 i1'fl�L�vlj) rn-:i'fl-:i�1 �'fl L�'flu 

!?j'fl1fl� (-1.02 i1'fl� L�vlj) �-:} LLU'l rn�n1nu�t1ULLU'fl-:Jlli'�1n.ltl1�'WL'il�tl'JJ'el-:J LL!?1'tl�9-:Jvl')l?l l'l..!Jl1fl 

vl�')'l..!'fl'fln 'V'IU'J1 mmn.i�un�vY-:JU L'il�tl'JJ'el-:l'VJn9-:Jvl')l?l i'.J LL'l..!'l l'W�'tll?l'tl-:ltlnL1'1..!9-:lvl')l?lvlj11?l�i'_j LLU'l l'W� 

L��:tu ll?ltl�'e)(?]j1n1J"tll?l'tl-:l'JJ'el-:Jlli'�1n.ltl1�'1..!j1tJUL'il�tl'tll?l'tl-:l91n�-:i�l?ln-:J�1�1?l �'el 9-:Jvl')l?l9'W'V11.ff 
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(-19.4 faiihW•lj) 9-.'.IVl'Jv'Jj:::tl'el-.'.I (-10.3 i'j�� U-Jl9lj) 9-.'.IVl'JWu:::L�-.'.I L'Vlj1  (-8.6 i'j��mm) 9-.'.IVl'Jv'lM:::LLfl'l 

(-8.0 n��Ll-Jl9lj) 9-.'.IVl'Jv1'W"1j'W1tln (-7.4 n��Ll-Jl9lj) 9-.'.IVl'Jv1U11�'W1.jt (-4.8 n��La-Jm) u�::; 9-.'.IVl'Jv1'l!�1.J1 
ii I ii ii ii ii 

(-4.6 n��L:J..Jl9lj) 9-.'.IVl'JV)[9]j1v'J�lli'mrutl1�'Wl'�:J..J;'W 9.12 n��L:J..J[9]jU 'Vl-.'.l'W n1j�V)�..:J'lJ'el-.'.llli':J..J1illl!1�'W 
,, ,, ,, .J 

1m�'el'Wl?J1-.'.17 'W'W 'V'IU'l1 'fll9lj1n1rnv1�-.'.l'lJ'el-.'.llli':J..J1illl!1�'Wlflv1;'W:J..J1nVl�1?11'Wl�'el'W fl'Wt11tl'W V!j''flL�'el'W 
I ii I ii 

[9]�1"1l-J LU�Jll{?]1'W9-.'.IVl'J1?1[9]j1V) ;..:i�m:w1ru�'W'Vl-.'.IUL�l-J;'W LL(?]n'V'IU'l1lli':J..J1ill�'Wl9lnl9ln�v1�..:i1'W 2 L�'el'W 
q 

n1j LU�t1mLtl�..:i�n1'V'lni'1'fl1 n1 Pl LU'WL vlt1..:iV1rl..:i 1 'W'V'IVIU99tl��..:i ��(?]'fl j'el..:JV! f'V'lm n nf 1 �..:i 
" q 

LU'W��rn:::viuL:ii..:itl.fiimf'Wfi LL�:::��rn:::viu�:::�:J..J'lJ'el..:Jn1j1-ntlj::;Ltl'l!u��'W �..:ir.i:::d:l'Wi'ln1j�1fi'qi1'Wj'el..:i 
,,

Vlf'V'I tl1 rntl1 n1 j[9]'e)1J�'W'el-.'.l'lJ'el..:J j:::1JUU.L 'l Pl LL� :::'el-.'.! "1U j::;n 'el1J'lJ'el-.'.l "1'l1 l-JVl�1 nVl�1 t1Vl1..:J:ii'lJl1'V'I (?]'fl n1 j 

n I.J 
n I Q/ "" .J �I d Q/ 2, Q/ ' Q/ If n I Q/ .J "" 

1" Lu�tl'WLLu�..:i�n'l!tru:::JJ:W'el1 n1 P!Vl Lu'WLrn..:J"l!U"ll'el'W LL�::::w nr.i :::"1':JU �n'W bunu ��m:::viuvi m 1?191 nmj 'l! 
,d,:::,, 'd I A lV d d A d' .di lV A A 

tlj::; ltl'l!'WV! 1?1'W'lJ'el-.'.l:J..J'4'l!tt1 "l!-.'.1"11 v1'l19::; Lnv1 � � l911:wm 1'Wn1t1V1�..:J L:J..J'fln1 ntl�t1mLtl�..:i m v'l'lJ'Wn..:Jj:::1?11J'l n � l9l 

(Gagged and threshold effects) L'li'W n1j�qj�'Wfi'lJ'el-.'.l�'l! u�:::il911'u1..:i'l!U.1?1 (IPCC Fourth 

Assessment Report Climate Change, 2007) 

I d J O 1" "" Intergovernmental Panel on Climate Change: IPCC (1996) j::;1_J'l1 �1lVll7jVl'W-.'.IV!Vl1 mnl?1n1j 

Ltl�t1mLtl�..:i�n1'V'lni'1'el1 n1P1 �'el n1ntl�t1'Wutl�..:ijtl LLU1Jn1j1J.ih.h:::tt1'l!tl��'Wlv'lt1 L 'il.'V'11:::'eltl1..:i�..:in1j 
" " 

0 V I \-i i,I d' d I � i,- i,, J ct d' Jd I � V O d .J 
vi1�1t1V1j'V'lt11rn1'.h b:J..J 'V'l'WV!U1 b:W1'Wl'lJl9lj'fl'W'l!mU'W'V'l'WV!V!Qn'V'lu'l1:w'fll9117n1jV!1�1t1vi�..:i L'W'el..:ir.i1n 

' ,, 

Uj::;'J!1 rn�'l'W 1VI aj�'el1:ii'V'I ln'l!J'[9]1njjl-JUj::;n'elU numn �l-J;'W'lJ'el-.'.191'W'l'WUj::;'Jj 1 n j vh 1 � "1'l1 :J..J �'el-.'.! n1 j 1; 
ii I I ii 

�'Wvh�'fluj:::fo'l!u(?]1..:i7 �:w1n;'W (m!J�1?11 JJi191'W..:i, 2550) 

.'I '1" ' 
1 

.J ' �I .J' .J.,I If" .I r.i1rn1t1..:J1'W'lJ'el..:Jrna-Ju1 b:J..J (2541) j::;1_J'l1 'W·11'l..:Jn'el'Wu 'Vi.Pl. 2503 'V'l'WV!u1 b:J..J'lJ'el..:Juj:::lV!Pl 
'1 -=::I di d'J :: ,.d i., ' 
b Vltl:J..J i v'l�'l'Wn..:Juj::;:J..J1ru'f'elt1�::; 50 'lJ'el-.'.l'V'l'WV!j'Jl-J'lJ'el-.'.IVl-.'.IUj::; lVl Pl lll9l l 'W'el-.'.191nn1j1'Jltlj::;lr.J'l!'W91 n 

., .•I '1" .,! .J' ., ,J�.;i 
O 1".J' .J.,1 '1" .I 't ' V!j'V'ltl1rnu1 b:J..ll'V'l:J..J:J..J1n'lJ'Wll�:::n11'll11?1n11'°lv1n11Vlr.J-.'.lr.J'W Vl1 Vl'V'l'WV!Ll1 b:J..l'lJ'el..:JlJj::;LV!Pl bVlr.l�l?l�-.'.l'elt.11-.'.I 

"' • .;i .J' .J .•I 't " .;i "" " 1 �I J " ., � 1'lv1ln n�1'l�'il 'V'l'WV!u1 b:W�l?l�-.'.llVl�'ilL'V'lr.J-.'.11'ilr.J�::; 25.28 'Wu 'Vi.Pl. 2541 8l!-.'.l�'ilf11"1�'il..:inu��n111"ln'l!t1

., .J.,. J � .1 .J .I 1".J"' .I 't " .I • 'lJ'el-.'.ln1:J..J'V'I (;J..l'W1Vl f1l'W "ll-.'.ll"ln'l!t1n11 l1J�r.l'WLL1J�-.'.ln1j 'l1Vlf1l'W'll'el..:J1Jj::;(V1Pl bVlr.lf1l'lr.ln1HLu�Jl1'V'l n1r.JVl1-.'.I 

"" 1 �I �I �I , .J' .J.,1 't ,,..,, .J' .J 
'el1n1Pl LL�:::Jl1'V'lf111'lLVlr.l:J..J 'Wu 'Vi.Pl. 2523 u 'Vi.Pl, 2529 u�::;lJ 'Vi.Pl. 2541 'V'IU'l1 'V'l'WV!u1 b:J..l:J..J'lJ'W1f1l'V'l'WVl 
.J .J' .J "" .J' .J .,! .J' "" t .J' .J "" 1" .J' .J 

.J 
.,! ,1' • I Vl�f11�-.'.I 'V'l'WV! ln'l!J'[9]jn1j:J..J:J..J'lJ'W1f1l'V'l'WV!L'V'l:J..J'lJ'W 'ilnVl-.'.l'V'l'WVl1:J..J'll'W:J..J'lJ'W1f1ln1j 'l!'V'l'WV!Vl L'V'll-J'lJ'W u1 :::mru 4 

wh uur.i1ntl 'Vi.Pl. 2523 
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t,,,:::l t,, ,dJ J' d d ;; � =I � t,, t,, J .J I � t,, �-:i i:.J-c11vi:i . .m1'Jb'1l1 m:i fl'J'fl..:J'VfW'Ylnu LYmn1w1-:ir:rwl1mL-c1�n1nh�n'fl1J'fl1'.llw bb'tl� b(?}'llt.11t.l b'1l1�W'W'YlU1 b:J.J 

9..:J bU'W�1 t Vl'91�1 fl t1.J�l'W�U1fi'j''j'J-J'Jl1 �l�Q nlJ nrn'flch-:iwwn 

n1'J�m11':j9c.J�b�t.l'l;'fl..:Jf71Jfl'l1:J.JIJ.J�'Wfi'1l'fl..:Jn1'JbU�t.l'WUU'C1..:J�J11WJJn'fl1n1f\u-c1�n1'J 

bU� t.l'W bbU 'Cl..:J n1 'JL Jntl 'j'� lt.l'.llti� �'W� �1'WJ.J 1i!'W WU� 1 rY-:ihl j'.j n1'J� n1!t1 n-:i fl 'l1 J.J lmf 'Wfi'll'fl..:J n1 'J 
.Id .I 'l".I ? ..-d.,. d� I .Id .I "" ,,J., ., ;;'I I .I bu'Clt.l'Wbbu'Cl..:J n1'J b'JllJ'j'� bt.l'.ll'W'Yl(?}'W'Yl:J..l in'fln1'Jbu'Clt.l'WUu'C1..:J�J11WJJJ.J'fl1n1fl'Yl'.ll (?} b"'l'W'Wn'Yl..:J b 'Wln1..:Ju'j'� b'Ylfl 

'l • I � "" ., d d ,., . I� ,., ., ,J' 
bb'Cl� b'WLl'J�b'Vlf\ b'Ylt.l 91nn1'j"Y]1J'Yl'l'W..:J1'W'l9t.l'YlLnt.l'l'1l'fl..:J�1:J.J1nl�!Ll b(?} (?l..:J'W 

d ..... .Id .I "" 'l I 1?11:J.J'Yl IPCC (2001) fl1(?ln1'Jn.m-:in1nu'tlt.l'WU1J'C1..:J�J11WJJJ.J'fl1n1f\ b'W'fl'W1flln'l1 n1'J 

U'Cl(?}U�'flt.l CO2 r.i1nn1ni:.J11m'Jtl1:i.f 'Wb('fl bW�..:JcJ..:Jfl..:J bU'W�1 LVl'91Vlin�mi'YlfiW"'1(?]'1) fl'l1:J.J b;J.J;'W'll'fl..:J CO2 

'l ;;' ,J' 0 _, 'l "? dj d' � • I � ? ,., I b'W'll'W1J'J'Jt.l1n1f\ 'W'fln91n'Wn1m1n-c1um b'.11 b(?}t.lW'.ll1J'WW'W'Yl'lubb'Cl�J.JVl1�:J-j'Y]'j'9�:J.J bb'W'l b'WJ..l'Cl(?l'Cl..:J fl1(?}'l1 
I ,i, I 

111c.J1'W fl.fl. 2100 mmrufl'l1:J.Jb;J.J;'W'1l'fl..:J CO2 9�b�J.J;'W91n 540 bU'W 970 ppm bb(?]n1'JLU�t.l'WbbU"'1..:J 
I I I 2J I 'ii 

n1'J 1JnV1 �'W9 ��..:Ji:.J'Cl L �j'.j n1'J bU�t.l'WLbU'Cl..:J 1tl1 'WVl fl'Yl1..:JVl�;'W b'l!'W n1'JU� nu1 b �J.J;'W9��1:J.J1nl'C1 (?llli'J..11 ru 

CO2 "'1..:Jl� 40-70 ppm bb'C1�91nn1'J�r1-:itm(?}'C1�1Vlfotl'J�bn'Wm:J.J1run16.li Lr'tl'Wn'J�9n�'W1L'Wflln'l'J'j'1!t� 
11 I !I I 91 

21 U'W fl1(?}�1 CH4 'fl199�i'.immru'tl(?l'C1..:J�n 190 ppb vi1'tlb�J.J;'WLU'W 1,970 ppb NzO b�J.J;'WL'W'l!'l..:J 
,i, I ,., 

38-144 ppb 03 L'W6Jl'W1J'J'Jt.l1n1f\troposphere mr.ii'.im:J.J1ru-c1(?}"'1..:Jr'flt.l'C1� 12 Vl1'flb�J.J;'Wr'flt.l'C1� 62
d

., .,

bb-c1�n1ntl-c1c.J'WUU"'1..:Jfl'l1:J.J b;J.J;'W'll'fl..:J HF Cs, PF Cs bb'tl� SF 6 U'W;'W'fltjnum:J.J1run1'J1Jn-:i1'W1'Wflln'l'J'J1!t

20 �-:ii'.in1'Jfl1vrn1rnrtm1�vi-c11c.J'Yl�1!tiJ�1 r.i�i'.in1ntl�c.Jmttl-c1-:i'flr.l1-:i:J.J1n 1'Wvi1c.J��(?lf
l
cJ..:J�'fl-:ii'.in1'J

fl'lU r,J.Jm:J.J 1 rum 'Jtl-c1 (?}U�'flc.J n 16.li (1'1)'Wn 'J�r.i n 1-ti'fltjt 'W 'j'�rKu� �1 'fl r.l 1-:iu'tl cJ fl 'l'J 1 � � 1 n� 1 'J�rKu m 'j'
• I • I , 'l ."l' ., .J' d,., .s 'l � � ,.,J'l,., a , u'tl(?}u'tl'flt.l .'Wur.iiu'W 'W'tlm1n'W 1n1m1m1'W'll'fl..:J IPCC (2000) 'Yl'tl1..:JtN .'W 'lru (2546) b(?l'Jl .VIL Vl'W'l1

., •11 � ,., 'l,.,. I ? ..-d"" ..J "' dj � ., ? • I I n1'J9(?}n1'Ju1 b:J..l U'Cl�n1'j' b'JllJ'j'� bt.l'll'W'Yl(?}'W9��1:J.J1'Jth1'lt.l'Cl(?}n16.li t'J'fl'Wn'J�"'ln b(?l:J.J1n b(?}t.l1J'j'�J.J1run1n1
,i, I ,i, 

n1'J�'W�U-c1�tl�nu1r.i��1:J.J1'JCHf71Jflnfl1fu'fl'Wl�t�J.J;'WU'Cl�U'j'�J..l1ill 197-584 �1'Wvl'W tt'C1�91nn1'J

9(?}n1'JU11:i:1 tt'Cl�'l'WL nl!tin'J (Agroforestry) 9��1:J.J1'JCHf71Jflnfl1fu'tl'Wl�n-:i 700 �1'WvJ'W(?J'f:lU 'W'flnr.i1nu1

1:i'Jr.i� tU'Wtt vi�-:i tn1Jfl1fu'tl'WU�'lu11:i:1rY-:i ttlmt vi�-:i�tl�'flc.Jn16.li fl1fu'fl'Wl�'fl'tln'l 6.li � l(?}t.l ttuw1�n1mnrnq q 
0 .'I -=l �� •• 1.1 1 '1 .I ? .I do ., ., .d "' .I � " 'Yl1'C11t.lu1Vl'J'tln'Jill mu1 b'WVl'C11t.l1 lJ'J�t'Vlf\ b(?}t.lt'ilW1�1J'j'�b'Ylfl'Yln1"'1..:JW[P.l.J'W1 6.li..:J'J'l:J.Jrl..:Ju'j'�b'Vlf\ b'Ylt.l(?}'lt.l 

i-:id' n1'J�n1!1'1fl'l1:J.Ji:J.J�'Wfi'1l'fl..:Jn1'j'LU�t.l'WtbU'C1..:J�J11WJ1n'1)1n1fltt'tl�n1ntl�t.l'WtbU'C1..:Jn1'j'LJn 
I 91 !I I 

U'j'�lcJ''lltiVl�'WL'WU'J�t'Vlfll'Ylt.lU'W i:.J'Cln1'J�n1!1'1'1l'tl..:J Tangtham tt'tl� Sithipibul (1989) W1J�1 mmruib�'WVl 
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., 1'"1. ' -::'I 'l d' d ., "" di "" %. ., !c'l "' ., d' d.'I 1"(?]j'J9'1t?l t?l b'W6Jl'1-:Ju fl.PL 1951-1984 b'W�'W'Vlll1f1(1]:;')'W'el'elnL'ilU-:Jl'Vl'W'el il fl'11il'tiil�'Wfi b'WL6Jl-:J�Un1J�'W'Vlu1 il 
d 'l d'.J ,.,i., .J.1 d' .d ,., ., .s 'Vl�t?l�-:J b'W�'W'Vl vnnlb(?]il'J'W'Vlw'W(?]nmm1u 6l!-:J�'elt?lfl�'el-:Jnun11l"lrnj'1'1J'el-:J Satomora (2000) bb�:;t:,J� 
n1'j'�ffl.11'1l'el-:J Sen u�:;ftru:; (2003) n1i�t?l�-:J'll'el-:J/u�tl11ii1um11�il�'Wlt?l9'W (Indochina deforestation) 
�-:i t:,J� (?]'fln1i� t?l�-:J'll'el-:Jllimrue.Ju l'Wb'll(?] b'el b� l'..l'el1fl b uu Lt?lt.1�-:i (?]'fl�ilm� il'D'1-:1(1VJ1'el'W'll'el-:J b'el b�t.1[1]:;tf u'el'eln 

'i' 1" 0 ., I 'l "" ' d' d. 'I (East- Asian summer monsoon) bt?ll'..I 'll bb1J1J91�'el-:Jbb�:;m1m'19'1t?lfl1 b'W'elt?l(?] �11'11 n1i�t?l�-:J'll'el-:J�'W'Vlu1 
l'Wb'll(?] bb'Vl�il�'Wlt?l9'W� e.hum 1� �-:Jt:,J�m:;V11J[?]'el�ilm�il1il b tu.�1:;1u1:;iuvi'el-:i�ub'vhi!u bb(?11� m:;V1u 1tJ q 

ii ii I I ii 

1n� n-:11:;uuil j� il'D '1-:J 'l VJ1'el'W l 'Wb'll !?I b 'el b�t.11?1:;1' 'W'el'el n� '11'..1 -0'-:iih u, 'el-:191 n mn Vi il�'W'll'el-:J fl'11il b1'1 �il u�:; 
Q.J � .J IV 

1 09/ IV tJ 'f.llli'VIJJil'Vl�-:J'll'W l'W'llrw:;'Vl'ell?li1�'1'Wn1i't:,J�il'll'el-:J 'el'W1l'W'el1n11"1 (Water vapor mixing ratio) n�U�t?l'W'ell'..l�-:J 
!J t, I t, I 

-0'-:iii bU'fl-:ir.i1nfl'11il'Vl'W1bbU'W'll'el-:J1m111u'fl1ml"lvh:;ium1il�-:i ru m1iliumml"l 850 ���u1f (u1:;mru 
di "' "' "' .'I d O ,., 

1· I 1 nil. b'Vl'W'elf,J'Jt?l'W) 1Jib'1lliu1'VlQn'Vl1�11'..l�t?l'W'ell'..l�-:J u" 
., 

Kanae bb�:;f!ru:; (2001) �mnmrnt?1�-:J'll'el-:Jllimrutl1e.Ju�'11'..ln1i1bfli1:;1X1?11il'el'Wniil 
q 

b'1�1 bb�:;1-ii bb1J1J91�'el-:J'Vl1-:Jflllil?ll"l1�1?1f �1J'J1 mmrutl1e.Ju1utJ1:;bV11"11'Vlt.1 lt?ll'..I b'il�1:;1'Wb�'el'Wfl'W\'..111'..l'Wi'.J 
mmru� t?l�-:imh-:ii'.ltl't.1 �1 A qJ l 'W'D'J-:J 3 'Vl pj'Jjj�� e.J1um lt?l \'..Ill 1�j'Ja.JVY-:iu 1:; b 'Vll"l bb� 'Jllim rue.Ju 1 'Wb�'el'W 
., 1· 1. I ,., 'l d'l d' d ., "" di .s ,., numt.1ur.i:;�t?1�-:J uui:;il1llii'ell'..I�:; 7 b'W'llrw:;'Vl b'W�'W'Vlll1f1(1]:;'J'W'el'elnl'ill'..l-:Jb'Vl'W'el�t?l�-:J�-:J�t?ltNi'ell'..I�:;

qJ q 
I I i,, I 

29 ;-:J'elfi1J1 \'..I n-:i � 1 b'Vi(?]YJ e.Ju 1 'Wb�'el'WflU\'..111'..l'W� t?l�-:im.h-:ii'.ltl't.1 �11-1 rur:l1 bfl t?l�UbU'el-:191 nil j� il !?I :;1'W1?1 n 
q � q 

btt.1-:i1M �-:itJn�hrm:;'f!'el'Wn1i-:i1ub�'el'Wi'1niumt.11tl (Disappear) i-:id' bb1J1J91�'el-:J'Vl1-:Jfllli1?1�1�1?1f�1-ii 
1un11�n�1f1ih�ur:l1 mntJ�t.1'WbbU�-:J'll'el-:Jn1rn:;V1'el'Wt'-:J�fl�'W;'W (Surface albedo) 'll'el-:J�'J�'Wbb�:; 
fl'11il'111'1li:;'1l'el-:J/'W� (Roughness) 'el'Wbflt?l91n�n1�u1 b�il1u/u�d'� t?l'W'ell'..l�-:i1tl �-:i t:,J� (?]'fln1ibflt?l 
�'l �mm n1i'Vl11'..11U'll'el-:Jil j� il 1?1:;')'W(?]n btt.1-:i 1M �-:i (:,J� n1i� n�11��UlJ�t¾'Wb'VI !?j (:,J ��'el filJ1\'..I n-:im rn t?l�-:J 

.J.c:::1 .J .d ,v c:j
'V .J I 'll'el-:imm rue.J'W'Vlil fl'11il mt.1'1 b 'W'el-:inumrn t?l�-:J'll'el-:J�'WV11J1

' 'i' • I ,., "' ., d o "' ,., • 1d • I 'l,.,. I 'i' .-d"' .d n�1'1 bt?ll'..l�!U bb�'J -:J1'W'19 \'..l'Vl'Vl1n1il"ln�1t?l1'Wn1ibu�l'..l'Wbbu�-:Jn1j b6Jluj:; bl'..l6Jl'W'Vl t?l'W'l!-:J
b�\'..1'1 brl'el-:Jfl1Jn1ibU�l'..l'WbbU�-:i�rn�JJ�'el1n11"11�1il fl'11il�1A q}fl1Ji'W�1J11ii brl'el-:ir.i1nu11ii bUUbb'Vlci-:i�:;�il 
fl1fu'el'W'll'W1t?ll'Vlaj'll'el-:Jl�n i-:ii!u b�'eli'.Jn11u�ntl1nr.i:;i'.J/u��bU'WbbV1ci-:inmiiumfu'el'Wb�il,'W l'W 

I ii I ii 

'11ru:;b�\'..1'1fl'W bi".l'elu11ii b'Vlci1i1Qni1Jn'1'W'Vl1mi'h�11'..1 mfu'el'WYJ bfllJ�:;�il'eltj b'Vlci1U9:;Q nu�t?lUci'ell'..l'el'eln� 
.d .fl .d d o 'l,., "' di d ,;_ , • 1.J • 1 "''l. .-r ., unmml"l'l!-:Jbu'W�1b'Vl!?j'Vl'W-:J'Vl'Vl1 b'Vlbnt?lrn'1:;brnum:;r.in'Vl'ti-:Jt:,J�(?]'eln1ibu�l'..l'Wbbu�-:i�rn�JJil b'Wur.iiuu bb�:;

�1J'J1 -:J1U19\'..l'V1�11'..li'W�U1J�t¾'Wfl'11ilimfo.i�b�mbrl'el-:inm:;'Vl'J1-:Jn1ibU�l'..IUbbU�-:Jn1i1-iitJ1:;tt.16JlU��'W 
., • 1d • I "' , .s .J , .fl .s 'l .J' .J 'l , ., t 'l numnu�l'..l'Wbbu�-:J�ll1�llil'el1n11"1 bbl?ln1il"ln�1'Vlt:,J1'Wil1bu'Wn1il"ln�1 b'W�'W'Vl'll'W1t?l b'Vlnl t?l-:J'W'W b'W 

qJ � 

d d' .J ,.::t IV V .d � J .J.J,:::,1 .J V 11.JA I n11P1n�1u�'W'Vl�'Wt.1l"ln�mi'�1?J,JU1V1'1t.1'Vli11'..1'1 'l!-:JbU'W�'W'Vl'Vlilmnu�t.1'WUU�-:in1111tl1:;tt.1'll'W'Vlt?l'W'elt.11-:i 
IV d a d'.J .J.J, .J v1 di .:::d i.l G  4 ,v' J J.J6Jlt?lb9'W r.i-:ibtl'W�U'Vl'Vl'W-:J'Vl'W1�u1r.i'Vlr.i:;b'111 tll"ln�1 b�'ell'Vlb'Vl'WtNm1iliil�'Wfi'll'el-:imnu�t.1'Wbbu�-:i1u�'W'Vl

I I it I I 

1:;i lJ'Vl'el-:J n'W'el ur.i:;tl 11tJ� m i'll\'..111'..l (:,J� l'Wn1i'11-:J bbf,J'Wbb�:;u1'Vl1 i9 (?l n1i�-:J bb '1 t?l�'elil 1w:n-:i�'WY1 b �'el� (?l bb�:; 
qJ 
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� 
'U'Vl'VI 3 

!V 

i'u�'el't.! n1'i�n�1 

�n�1n1j�1?J,J'W1i-i'l1:.1m11:.1iwLrl'fl-:imroi1n-�j:;j16Jl�11 �11J1'fl6Jl:;�1 t.f-:iV1i1n L'\i'l'llj1.J1 LU'Wn1j�n�1 t1nt1n1j 

Lf11Jj'l1J n 3-J;'fl 3-Jrii-:i;'el3-J ritl �3-Jni'.l LLri :;;'el3-Jrl'Vl �1:.111 i'.l'JJ'fl-:Jn1 j 11ntlj:; t1:.11tl� �'W nri :;uroit.f 1:.1 Jhw11i'.l'el1 n1 M 
'U 'lJ � qJ 'ii q 'U 'U 

V V I 

1�mi �illVIJJi'.l n1jfl11:Jj:;LV11:.1 fl'l13-J�'Wi3-J�'Vlfi Llri:;m3-J1ruil1�'W l�'flil13-J1�mfhflj1:;'\.ni-:J 
., ., .. 'l"'.I 'i' .-.J= ,J.,, I .,.J .I = ,,f .J.s ;; ,J' 'l fl'l13-J�3-J'W'Wfi'JJ'e),:j n1j b'll Ll j:; btl'll'W'Vl !n'W'VlW-lrl (;l'e) n11Lurltl'Wllurl-:J� illVIJJ3-J'll'el-:J'V'l'W'Vl Mn�1 'Vl-:J'W b 'W

n1j�n�1;'fl¾J rimj11ntlj:; t1:.11tl��'W'el1 �t1;'fl¾Jrl 1-wttl;'fl¾Jrl �� (;l'flrl 1� Llfl 111Ylci11:.1 in1'l L vlrm 111'V'lci11:.1 

., ,J 'l = .- ;;., 'l .I d ,J_,.=., 
'Vl1-:J'fl1n1M llrl:::'JJ'el¾jrllli:.J'W'Vl b'Wj:;1JU�1j�'Wl'VlM'Vl1-:lJJ3-JM1�(;lj j':)3-J'Vl-:J'll'el¾Jrl b'WJull1J1J'fl'W7 'Vl3-J'V'lnin 

JJi'.lM1�i;if�LlU'W'el'W t'l3-Jnumf1Lflj1:::�;'fl ¾JriV11-:i�n�'JJ'e),:j;'e)¾\rl�1-w�111'V'lJJi'.lmn1M t1n1:.1*tlj:;u�-w 

n1j�n�11tl�mj';j Lflj1:;�fl'l13-Ji3-J�'Wfij:::V1�1,:in1j11ntJj:;fo1,J��'WLLri:;�ruV1JJi'1 LU'WVlin (111'V'l� 3-1) 

I 

.1.J .I 1"·1 'i' .-.J- ,J.,, I .1.J .I -1 ,J' .J
mnu!NtllJbbu!N--ln11 'l!u1:; btl'l!lJ'Vl"1lJ'Vll-H-JIN!il'iln1:i'bu!NtllJLLu!N'1'flill'lMJl-l lJ�lJ'Vl

l';!UU� n'r!'1 m nf 00-1u1il':lt1'Vl11t1ilJL il'1l--1 mr.i1 n�1:;11'l!Ci'i1'½ 'B1 Lfl'il'l!:;'e11 9'1'\-l'l "1 L �'l!11.j1 

., .J J ., 

liln"l�'ilUL'iln�1mr1:;'ll'ill-lri'VlLntl'J'll'il'1 � 
I . I 
I , I 

" ., 

munm':ll-l'll'ill-lr:i � 

V O .J 1" u t 
.-JQ 

1 
I 

'JI "l"1'Vl1Lbi:.JlJ'Vln11 'l! 1:; tl'l!lJ'Vl"1lJ lJbb!il!N:; 'J'1b'JIN1 I � n'rl'1 fl'J1 mf ailJfi'll'fl'1'ejillWJi'l1 lJbbli11N:;'Jl,;i--1 b 'JIN1

I 

'lLP111:;�P1':l1l-lil-liw!'Vl1--1�c\�1:;wh--1 

1"u t .-
JA A 

n1T 'l! T:; tl'l!lJ'Vl�lJLL�:;'ijru'l,1.IJl-l 

i 
tULLUUPl'J1l-lil-l'KlJfif:;'\,1�1'1n1Tl�UT:;Ltl'l!'W��lJflU�ill'\,IJJil 

I 



3.2.1 

i., , ,.., � � •  .:::.v d.J 2.1 v 'V'll''ell-J ll'Cl ::::fl'l1l-J�l-l\l l'ill'lJ'el..:Jj1'W'lJ'el¾j 'Cl'Vj lntl.1Jl-l ln1..:J7 m jlnr'J'°l �'elU l 'el n�1 j ll'Cl::::..:J1'W'J'°lt1Vl m tl'J'lJ'e)..:) 'V'l j'e)l-J 
vY..:i� n111'lfin1l' 1 'Wm j� n111'l lrll'1 ::::i�'ell-J 'Cl �'Jtl'lfiV11..:J� n � l �'el Lln1til-ln1 J''l lr111::::i rl'J1l-J /m�'mfa::::v1�1..:J 

'!I 

3.2.2 n1 <a'e'l'e'l n bb 'll'l.J n1 -a Pi n'b}1 n1-a b'U � �'W bb'U � � n1-ai.-.if 'I.J-a�b�'liu � �'W � ii e-1� !?1'e'l n1 -a 
b 'LI� �'Wbb 'LI ��'el ru'Vl!lil 

. .. 

n1ww(?)�l-Jl-l�t<i1'Wr.i1nur.i{t1��'W1r.i�rn11numrnJ�t1'Wm.l'tl..:i'flruv1ni1 m::::u'J'WmJ'1'Wmr 
� q '!I ., ., .J 'ltrir1::::i�'fl¾j'tl n119(?)'Vl1�'1l¾j'tl'Vl..:J�'fl¾j'tll�..:J'W'WV1 LL'tl::::�'1l¾j'tlim.1ru::::-Kmf'Wfi (Attribute data) 1-ll 

3.2.3 m -a-a"J'll -ar;i ii "ll 'e'l ii� 
I 21 I I 

�'fl ¾j 'tlvi1'n1 'Wmr� mn1h::::n'fl u �'J ti�'fl ¾j 'tl 'Vl..:J 1 'WJU Ltuuvi ttlmu.rnvi"ll'fl..:J r::::uu � 1 r�m vi� 
.1;]i'1�1�1nf �'el¾j-cl�91n'el'Cl�i'.J�n(?)'lJ'e)..:J',(?)�'e)¾j-cl� ll1-.l'W'el'W ll'Cl::::�'el¾j-cl'°l1n(?)1'J lVltll-J 1� mi �'el¾j-clvl..:J ll�(?)..:J1'W 

.J ln1J'1..:JV1 3-1

.J ln1J'1..:JVl 3-1

Jl�U'l::::b'VlM 

., ... 'll'el¾j�i;)1'JbVltl:J.J 

., ... ... 'll'el¾j���'Wtll-J'lYlt.11 

.J nnmt-iu'Vl'Vl'\-11'l

�1,!n,nw��u1L'VlrJL'WL�u 
'el'ln1Mbb�::::l,]ij�1'l�'WbYlM 
('el-:J'"1n1'l:l-Jv11'l!'W) 

2545 :J.J11n'l1�'J'W 1: 50,000 
n111�t11::::'i:t1'l!i1��'\.,!L'\.,l u Vi.M.2543 
., ... 'll'el¾j�l?11'lbYltll-l Lansat-5 TM
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.::,I 2,, I ,:=:I I A cr'i,, A er' 
1) WlmiJ"ll'el¾j�Jl1VHl1tWl1'J bVlc.Jiln'el'Wn1j'J bfl'i'1:::V1vi'JW'l'ell-JW'J bl?l'elj (Pre-Processing)

tvic.JViiturnnn-J ENVI

2) 91 bb 'Wnn1j Huj::;ll:J6JlU��'W91 n;'el¾j�Jl1W'111:JV11'J bYll:Jl-J �'Jl:J fl'ell-J�'J bl?1'el1 (Image

classification) t vi c.J�fi 91 bb 'W nu j ::;  b Jl  Vl; 'el ¾I� bb u u hl n 1 n u  ( Unsupervised

classification) bb�::;uuun1nu (Supervised classification)

o w i., .d J .Jd o .. I 6l i.,.:::::1 i., 3) �1j'J9 bb�:::bn1J"ll'ell-J�Jl1 fl�'W1l-J bW'ell9Jj'J9�'el1JW'WV1VlV11n1Jbbu� bVll-Jfl'J1l-JClnl?1'el-.:J
� � 

I ii ii I I I 

mnu-.:i�'W lVlc.Jl'n';jfib�'eln�iim'J9W'WYl bW'el1il1�;'el¾J�YlbU'WU911J'W

4) l?1n9�'el1Jrl1fl'J1iJQn�'el-.:J"lJ'el-.:Jn1j91bb'Wn (Accuracy assessment)

"" • I .J • I "" ,J' ,J.,. 'i' "" 'i''-' ""'I ' n1jp\ mn n1j blJ�t.l'Wbbu�-.:J'elt"UVIJliJ"lJ'el-.:JW'WVl Pl m11 bVll:J Plmn lb 'W'J b 'Wl-J"lJ'el-.:J'el n.!VIJliJ b 'Wbbl?l�::; 
q � q � 

'l1'J-.:J b'J�1 t'JiJ num j�nM1n1nu�c.J'WbbU�-.:J'eln.!VIJli1l'Wbb[?]�::;'ll'J-.:i b'J�1 �'Jl:J�fiV11-.:J� t1 � l�'el� bflj1::;1X 
q � 

fl'J1iJlmf 'Wii"lJ'el-.:Jn1jbU�l:J'WblU�-.'.l'q n.!VIJJm 'Wbb[?]� :::'l1'J-.:J b 'J�11 'Wi'W� �nM1 tvic.Ji'.J.ff 'Wl?l'el'W�-.:J [?]'el 1ucl' 

' � 

1) Vl1"11 b'u�l:J"lJ'el-.:J'qn.!VIJJi1 b1J'Wj11:JU �-.:I bb[?]U W .Pl. 2524-2553 j'Jl-J 30 tJ

2) VlVl�'el1Jfl'J1iJ bbl?1n[?]1-.:)j::;Vf�1-.'.l'qn.!VIJJi'.l b'u�c.Jl'Wbb[?]�::;u �'Jl:Jn1jVlVl�'el1J "11Yl (t-test)
d , • ., = .J ?I !; '?I bW'el�fl'J1l-Jbbl?1n l?11-.:Jj::;Vf'J1-.:J"ll'el¾J�'qn.!VIJJill'i"l�m1c.Ju l?l-.:J bbl?lu W. Pl. 2524-2553

.:S ,J A CV di d'dt �
3) PlnM1mnu�c.J'WbbU�-.'.l'fln.!VIJJil'l1'J-.:J b'J�1n�1-.:J'J'Wbb�:::nm-.:ifl'W"ll'el-.:JW'WV1 l?l-.:J bbl?1U W. Pl.

2524-2553

'W'eln91nU991:JV11-.:1�1'W'qn.!VIJJi'.l bb�'J n1j�nM1 l'Wflf-.:iilrY-.:i1�vhmj�nM1 b�l-Jl'W�'J'W"ll'el-.:J 

,,Of CV i.l A d .d A cr-.:S .. 41' CV i., A .Jal d i., CV ... 4' CV 
u991:JV11-.:J Vl1'W�Jl1WJJil'el1 n1 Pl'el'Wb W'el'J bf! 'i'1 :::mNu991:J Vl1 'W�Jl1WJJil'el 1n 1 Pl'Vll-J fl'J1l-J bnl:J'J"lJ'el-.:J nuu99 l:J 

Ad i.l J CV er' � .:::::1t A er'
'fln.lVIJJil '11-.:JUj::;n'elUVl'Jl:J mmru�'W fl'J1l-J'll'WliJW'Vlfi bb�:::mn:::lVll:J"lJ'el-.:J'W1 lVll:Jl-J"lJ'Wl?1'el'Wn1j'J bflj1:::VI 

b'l1'WL�mnun1j�nM1mjLU�c.J'WbbU�-.:i'elruV1ni1;1-.:i�'W 
q � 
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3.2.6 n11131 n'l.!t1 Pl'l1 :wiii�'l.l 61�Vl'J1.:J n1 H'U� �'l.l bb'U � .:i n1 ll-if ,J 1�b�°1i'W � �'l.l n'LI 

n11b'U��'l.lbb'U�.:J'e1'UVIJ1� 
q ... 

"' %. ., .- ' • 1.J • I 'l ". I 'i' .-.J"" ., • 1 .d • I flm.11 fl'l1 J-J 'ti J-!V fWfi'i':::Vl'l1-.:J n1 JblJ� r.J'WbblJ �-.:i n1 'i' b 'll lJ 'i'::: br.l'll'W'Vl C?l'WnlJ n1 '.i'blJ � r.l'W bblJ�-.'.l 

""'l ,1' ,J -:3 d .,. ,.. . I "" "' %. ., ,.. • 1.d • I ;; 'i' 'fl n.!VIJJJ-J b'W'V1'W'Vll"lffl.11 b'V'l'el'l bfli1:::VI bb�:::1J'i':::mmNfl'l1J-l'tiJ-l'V1'Wfi'lJ'el-.:Jn1Jb1J�r.l'Wbb1J�-.'.l'Vl-.'.l�'el-.:J bC?ir.l 

1bfl'i'1:::�Vl1rl'l1J-Jimf'Wfi (Correlation) �'lr.JLU'i'bbniJ-!1brl'i'1:::�'Vl1-.:J�n� SPSS b�'elVl1rl'l1J-Jimfo€ 
I I I ii !.I 

'i':::V1�1-.:in1nU�r.l'WbbU�-.:Jn1'i'b'DU'i':::lr.J'JlUVl�'Wfl1Jn1JbU�r.J'WUUM'flillVIJJi1 r.i1m!'W Vl1n'Vl-.:J�'el-.:Jn 

rl'l1J-Jimf'Wfi'Vl1-.:J�t1� r.i:::V11n11�mn�'Vlfi'V1�'1J'el-.:Jn1'i'bU�r.J'WbbU�-.:Jn1:i'b'DU:i':::tr.1'lltl��'W�n�'eln1'i' 

bU�r.J'WbbU�-.'.l'fl n.lVIJJi1 �'lr.J n111 br1n:::�n11nC?1t1'el m�-.:i b�'W'elc.h-.:i�1r.1 (Simple Linear Regression 

Analysis) 

_.J � t, ,J' V i-, i.l O .,:;;::,, fJ " I 
,:;:, ,Y. V Ir' I ,.Of V 9,, 

'Vl C?i'WC?i'lr.J 'W'el nr.i1 n'W r.J-.:J bC?i'Vl1 n1n bfl:i'1:::mb� :::1J1::: bJ-l'Wrl'l1 J-l 'tiJ-l'V1'Wfi'i':::Vl'l1-.'.llJ99r.J'Vl1-.'.l C?l1'W�fl1V, 

fli1'el1n1f! �-.:in.ffw,l'el'Wb'll'Wb�r.J'lfl1Jn1:i'�mnM1J-Jimf'Wfibb�:::m:r�m:n�'Vlfi'V'l�'lJ'el-.:Jn1ibU�r.J'WbbU�-.:imi 
" 

d .,. ,.. 
1) bflJ'el-.'.lrl'elJ-J'V1'l bfn'el'i'

3) LU'i'bbniJ-J1brli1:::�;'el¾j�fl1'V1'11r.l91nm'lbV1r.JJ-J ENVI

4) turnmJ-J1bfl11:::�;'el¾j�'Vl1-.:J�t1� SPSS

5) brii'el-.:i:i':::1.Jl?l1bbVl'W-.:JvlnC?i'Vl1-.'.IJJi1fl1�rnf (Global positioning system: GPS)
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UL bLfi t-@µ m,g-1"3 LllA.1"3 t,�Ln� ,t,1,l LU LHU �_rm\;,,) L fin�nr,pnpw ,[t!1Jii 11,!1,M.JlL � o:.u:::i MU L 6L fit-@µ i 

M.Jr3LllA.1"3t,�Ln�,t,ttLULHU�LHU�_rm\;,,t-JW}�ttL�O:.Ll::!lM�t-� .. w�11ntr3UlA.�i::!lAM.f,pr3L�U::!6 
,g I 

�tt-J1r3@�f1ULk1. .. L�t-µk1.n@l1.lfiLt,Yt-,�m!�t-llA.::!�ii M.JW�i� Lt-L!1)Lk1.fuJ:tMLLJ�n�mMt-llA. 9090 M.1"3LHfii 
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tr' CV .:::,ii 0

9,; 

d !,I � I Co � 

�nu1MnLJ.-J(?]j U"l1U'WJ.-JIDJ.-J1ruu1 Ltu�m'elt..1�� 60-70 'll'tl'1fl'J1J.-J'l j11:J��L'elt.1!?lfl'J1J.-J'l'll'el'1'tl1'1muu1 lu 
.J'.J ., .J 
�'WVl U�!?l'1!?l'1(?]1j1'1Vl 4-1

,, I .J 
(?]1j1'1Vl 4-1 bf1Nn1nfl1'el�1tltl1'1Ln1JU.1 (t11'1�'J'1) 'el'WlU'el'1J.-J1"11n�j�j1'Jlf?11r

I c:z � 

'e11.:lbn'IJ'W1 

i1'Jt.1(?]�LLU!?l 
.,

vl'Jl:JVlj11:J 

L'll1m�tln 
q 

i1'Jt.1LVlN1J.-J 
I 

Vl'1'll1J.-J 

i1'Jt.11ii(?]1t.1 
.,

vl'J 1:.1m11:.1-v1um��'1 
-

d 'i' ,::Y I  I Qi O V d 0 .::::,,

Vlm: bf1Nn1jbflj'e)'ll1tl'el1'1Ln1J'W1 'el'WL'W'el'1J.-J1"11n�j�j1'Jl(?)')j 

1-1113-J"'I (�'LI.a.I) 

4,000,000 

1,950,000 

312,000 

9,500,000 

8,000,000 

3,700,000 

800,000 

vY'1tlVl1'1 i!l'WtJ�ni�t1 n1j� OO-J'W1i1'Jt.1Vlj11:J"1 l�n n1 j, !?l�'f1'1tl1'1 Lnutl1 L �J.-J L�J.-J� n 

v1rt'1LL'\/4'1 �'el tl1'1Lnutl1v1'W'el'1Lm �'1nfl'J1J.-J"l 110,000 �nU1Mf1LJ.-J(?]j L�'el11iJtlj�btl'llU�1vlfon1j 
q � 

ii 9,; ii I 

n1j1 lilth� bt.16JlU"l1 m�urnh"l LnUU.1 LL��tl1'1 Lll1JU.11'Wyj'WVl i!l'WtJ�m.11� OO-J'W1 

i1'J1:.1m11:.1"1 �1J.-J1jci�1u�'eli'1L'lltl1� �"ltl 
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� I � I 
1) !11--:J Lnutl1ihm,1� LbUvl 1; Lfi'r.Jn1nm11?l'i'l uvhJVJi,�ihutJ1--:Ji:iULb��i,�ihu1 'Vlt1

V'l'Vlfi n� 4,300 H

I " : ,, 'l ,, d 'l • I'\' ... '\' • I 'l ... I ,, � 
'il1--:J bnUU1WW'Vl'i'1tl b'lib�'il bt!n1'i''ilu b!WlU'i'bJlfl'Jl'il--:Ju'i'�'li1n'i' bt!Un'mm�u1u b'Vltl-

a-i��� n� 3,soo H

' " 

I " : .I "" ,J : .I .I '\' ,J : d ..J d' d .I 'il1--:J bnUU1 b'Jl1n'i'�un �'j'�UU-ti--l\!1 bbUUu'i'�u1Jl b'Jl1 bvltl'ti--l\!1 b �'i)·11'Jtl�U'Vln1'i'u� n
' " " 

i'hu'i'�mru 300 H

I " : � 'l ,, d � ... ., d' d ... � ., 
'il1--:JbnUU1i,U'il--:J b'Vl'i' b'liL�'il--:J1U'Vl1--:Jn1'i'f"ln111'J'-ltl'Jl'il--:J�U'Vl�Utlf"lffc/'1n1'i'�[?J.Jt!1 

il'Jt1'Vlnt1 U'i'�mru 145 H

!l1--:Jb!7Utl11?l�bbUvl 
I t;; 0 !/ m--:i mumi,'Jt1'Vlnt1 

tJ1--:JLnui11L'll1m�un tJ1--:JLnutl1i,u'il--:i1m 

.J I  G � '} J.J f""':3 CV ti v &  0 ,::.
171�'1'1 4-3 'il1--:JbnUU1 bU�U'Vl�Utlf"ln'r/'1n1'i'�[?J.JU1i,'JtJ'Vl'i'1tl'ilt!bU'il--:J�191n�'i'�'i'1'livl1'i' 

.J 
'Vlm: http://irrigation. rid .go. th/rid 14/rid 14/rid_project/water/index. php
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'i-1 'i,I I I 

'W'eln91n'W'W n1i'rl'[?J,J'W1 Lf1Nn1nr..:i1�i:lmt'J1..:J'Vl'f)�,a'h L'W'fl L;'fl�i�'Vl�1..:J 
,, ,, d ,, ,,

1)1..:J Lnutl1ih!:J!fl�UUf?I LL��'el1..:J Lnutl1iht1'Vli1tl L'W'fl 1-lltl1r.i1n1l1..:J Lnutl1il'Jt1!fl� LLUf?l�1�1rn l'VI� 11..l L�� 
'i-1 'i,I I 'i,I .,J I 'i,I 

1-ll LLfl'el1..:J Lnutl1"M'Jtl'Vli1tll� n1i9 f?l�\1..:i LLV1�..:itl1 L�� L��1 'W-W'W'Vlvi'eltl�..:in�1'el1..:J Lnutl1iht1lfl�UUf?I u�� 
'IJ'IJ 

" d ,, ,, 
'el1..:J Ln1Jtl1'M'Jtl'Vli1tl L'W'el Ln1Jtl1�1rn..:i l� L��1'M U(?]��'el1..:J (fan�1 i�1JULfl"½'fl'll1tl'el1..:J Lnutl1 ( 'el1..:J'W'J..:J) 

�..:ii'.Jmfnmi �'fl 'el1..:JLn1Jtl1'1J'W1f?l1my�'fltjlfl'fl'W1J'W�1mrnu�'eltltl1�..:JmL��'el1..:JLn1Jtl1�i'.J'1J'W1f?IL�n� 
d " " ,, " 

'fltjlfl'fl'W�1..:Jl� Lf?ll:Jn1iL'l!'el�'Vl'fl�..:Jtl11'WLL(?]��'el1..:JLn1Jtl1L;1'Vl1fl'W �'fl 'el1..:JLnutl1il'Jt1l'VlN1� 'el1..:JLnutl1 
'i-1 'i-1 I 'i-' 'i-' 21 

�..:J'll1� 1)1..:J Lnutl1i1'J1:JLiJ!f111:J �..:itl1�..:imvi'fl1..:J Lnutl1i1'J1:J!fl�LLUf?I 1)1..:J Lnutl1il'J1:J'Vli11:J 1)1..:J Lnutl1 L'll1 
,, ,, 

m��n 1l1..:JLnutl1i1'J1:J'Vlt1u-11un�-w..:i n1t'rl'[?J,J'W1LL'Vl�..:itl11uimnw�i..:in�1'J�..:ie.rn1-llmm1mtr.rf?ln1t 
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.'I =1 d' .J .J .,,. '1 .-r ., �I .'I A A d d 1 I �I .'I u1fi'i''nl'll11?1 'W'VfW'Vl'Vll'Vi�'el'elr,l 'Wu"'l11J'Wlu'Wu1Vjl?lt11Jl-J 'l!..:J·e1')'W Vin.Jlu'Wu1
llJ nJ"l'l"l'i"i'ill ll��nu1 l�..:J f..:i'el tlu1..:i l�nU'eltl �'W 1i:iiJi m1ru� um� lln 'i"W "l 1 n n1 'i'� n111W'llW 'i''i'ru 1i:in1t11-w 

� � 

t, I 

W'WVl'll'el..:J�1unV1'elW'i''i'ru1i:i nrn'el'Vlt11'Wui/4..:i'll1� i1?11"u1 ll���'Wfirl'll (2549) 'l"l1J�1 iJ'l"lnru'li:J91-wr;i-w 
' ' 

"' " " tJ 

'Vl..:J�'W 70 r;i..:i� 'i"ll-J'Vl..:J�'W 241 'llilc;i 1h�n'elu�ht1 W'll91'1"l'lm�'W (Fern) 5 r;i..:i� 6 'llilc;i W'llll-J�VllU�'eltl 
t, I 

(Gymnosperm) 1 r;i..:i� 1 'llilVl W'llvJ'eln (Angiosperm) 64 r;i..:i� 234 'llilc;i llU..:JlU'W W'll1m�tl..:Jl�tl'l 
(Monocotyledon) 7 r;i..:i� 38 'llilc;i ll��W'll1mft1..:i� (Dicotyledon) 57 'l..:J� 'i''ll-J 196 'llilVl 

.J • 1 1 " ., 1 d' .J ''."! ., ., ., d 0 A Jl1'1"l'Vl 4-5 �Jl1'\"lu1 ll?l..:JN 'W'l"l'W'Vl�'Wtll"lm�nm'i''l"l W-J'W1'Vi'ltl'Vl'i'1tl'el'Wl'W'el..:Jmr.i1n'l"l'i'�'i'1'll Vl1'i' 

�m: �1unV1'elwnru1i:i, 2549

�-wu�mnn1'i'�W-J-w1iht1'Vl'i'1t1'11�iJLf1Nm'i'tl�nu1[,]1..:i71�uri n1'i'tl�nu1 
U'WJJ l'll1 LV1t11a.J �'el..:JU� m�'el 1ih�uuUL'lP!ilniu� �l-J �� n1'i'U� nu1 lUtln n1'i'U�nu1 ll��u1r..:iu1 lU'W�'W 
tc;iu1� �l-Jvi1 Lil'Wm'i'r;Y..:i ll[,]U w.PI. 2527 LU'W�'Wl-J1 �..:i�'el¾j�r.i1m1t1..:i1-wtl'i'�91U'll'el..:J�'Wu�m�nn1'i' 
., ., ., d 0 A 

tl 
0 A tl .'I 1 d' .J t ''?I 'l"lW-J'W1'Vi'ltl'Vl'i'1tl'el'Wl'W'el..:Jl-J1"l1nW'i'�'i'1'llV11'i' �! 'i'1tl..:J1'Wn1'i'Vl1l'W'Wn1'i' �nu1 'W'l"l'W'Vll?l..:Jlll?lu 'l"l.PI.

2527-2550 �1nl-w�u1tl�ni..:ii-w 6,2491t ll��1�vi1Lil'Wn1'i'U�nl�l-J'eltl1..:J[,]'e)lti'el..:Jl?l�'elVll-J1 
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J .J.'I • I YfW'Vlu1u�n

J .J.'I -;;,11 Y-l'W'Vlu1 Lutln

.J • I .•1 '1 J .J .-� ., ,, ., d • "" 
171\Al'Vl 4-6 nTi'u�nu1 b'WY-l'W'Vl�'Wt1f"lm�nn1'i''!AlW-J'W1Vl'JtJ'Vl'i'1tJ'il'Wl'W'fNi-l191nY-l'i'�'i'1'11!?11'i' 

.J .. 
'Vli-!1: 91nn1'i'Pln111 

61 J .J .-� ., ,, ., d • .. • J .J� ,, n1t1 b'WY-l'W'Vl �'WtJ f"l m�nm'i'w W-J'W1Vl'JtJ'Vl'i'1tJ'il'WL 'W'il-.'.li-!191 nw'i'�n'll i;i1'i' �1mrn91 u-wn'!Al'W'Vl bi;i 3

,.J .,J .J 
'Cl'J'W (;1-.'.J'W (171\Al'Vl 4-7) 

J .J J O � I ct d' .Jd: i/ .J ;: I I .J I 

1) W'W'Vl�'J'W'Vl 1 91'W'J'W 8,900 b'i' lU'WW'W'VlvJ'WvJ�171\Alll'J(;l�'ili-JU��'Vll?l-.'.l"JJ'il-.'.llUIJ'tl�Vl'W'Jt1'11'W'Vl'i''Ji-J 
'IJ 

"11 l'W'W'11'W 

d' .J ,.1 .J • 2) W'W'Vl-i·i'J'W'Vl 2 91'W'J'W 10,927 � ' !'I ""' .J O 

• I 'i' .J .J"" 
b'i' lu'WY-l'll'Vl'Vl1n1'i'ln111?l'i'"JJ'il-.'.lu'i'�'ll1'll'W b(;ltJl·u1'Vl(;l'W'1J'il'1 

J .J ,.1 .J o � , J .J,!i •. I ., .:r 3) W'W'Vl'.:-i'J'W'Vl 3 91'W'J'W 2,800 b'i' W'W'Vln'WYJ'Vl'i'Wt11n1'i''ll1tlw-.'.l'Vl�l� 
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ii !J ii I 

'Vl..JW Yl-wYJ'\"lj�j1'JlU.b'J P!UJ-J � flV11U'J'W "11J-J1.h�n1 P!'l"I j�1Jrn j1'J!L 'el..J n1n1'el..J'l"I j�1J1V1�m�r.i 
t, t, I V ,J' .J � I ,-� V t, � t,v 

'\"lj�J-l..Jfl!)bMl1b91'elrJVl'l '\"I.Pl. 2467 'll'W11?1'\"l'W'VI 22,600 bj l'!\'Wtll"lffl11n1j'\"ll?J..l'W1Vl'Jtl'V)j1tJ'1 bl?Jj1JJ-J'fl1J 

�'Vlfifl mu fl rn..J u��vi11.h� tu'l!ur.i1n �1i!'n..J1'WV11'\"IU�'W�'J'W'\"lj�J-JV11 nli'"11u "11J-J bb 'W'J'\"lj�j1'Jl f?l11 b �'el 1-n 
� .J � �

bU'Wvl'W'VIVlin 1-wnijW'W�j�uufa'J P!Ubb��vi1n1j�m11V11?1�'el..J"11J-J bb'W'J'\"lj�J'l'l!f?l11 i'.lu1b 'Jrui..J U(?] bb'W'J 

b'll"1�1'WV!Pl"1�'J'W"1n9'WO..J bb'W'J�1tll��1 bbN�..J 91'W'J'W 8,700 H 1-w��'J'W�J-J b�9'\"lj�Pl1'Wfl1'W'VIJ'11JjJ-J 
.,; �I ,J' .J .J .-� ., " � "., 0 'l " 'l "" I 'i' .-

j1'Jl'Jl 'W 'W bu'W'\"l'W 'VIVI l'!\'Wtl fl m11 n1 j'\"l l?J..l 'W1Vl'J t]'V)j1 tl'1 bl?! j1J J-J'el1J'el1'W19 b VI� bb� bb� � b 'Jlu j� btl'll'W"11 J-J 

"1 ,- 0 � I ,J' .J It, !:'I ') I 'i' 'i' q 
'\"lj�J'l'Jluj��,Jfl 91'W'J'W 340 bj  bb��'\"l'W'VIV1�1J1'Wbu1VIJ-J1tl b 'Wn1j'lJtJ1tl �� bb��fl1tl'Vl'ell?l b'VI fl b 'W b�tl 

91'W'J'W 4 �1u� 18 Vl�ih-w L�bbri �1u��1J-J'\"lj�tJ1 �1u�ihum1umil'fl �1u�'l!�'fl1 bb���1u�H1mJ 

Til?J..l'W1 

!J ii I I 

�1V1fo'el1..Jbnutl1 u��Yl'WYJ1J-J'll'Wbb���..Jtl�n��1..J 

:: ,J' 'l ,J' .J I �I ,.J. �., I 'l .-.s ., ., 
'VI..J'W 1J-l'll'W b'W'l"l'W'Vl�1J-J1j(Hb1J..J'el'elnbu'W 2 'ccl'J'W bl?!Un 1J-l'll'WJl1tl b'Wl'!\'WUPlmnn1j'\"IW-J'W1Vl'Jtl'Vlj1tJ'1 

bb��, J-J'Jl'WU1b 'J nJj'e)1J I!! 'WU� m�n n1jTI W-J'W1�'JtJ'Vlj1tJ'1 bl?lt!J71tl 1 'WI!\ 'WU� mnmjTI l?J..l'W1�'Jtl'V)j1tJ'1 n n1 j(?l,J 

�'Wj1'W1J-J'll'W'fltj91'W'J'W 2 Vl�ih-w L�bbri U1'W'el1..Jbnrnl1b'll1m��n (L'VIU-�'Vln) VI�� 7 �1u��1J-J'\"lj�tJ1 
iJ I I iJ I 

bb��U1'W'Vl1tl'el1..J bl71JU1�'Jtl'VIJ'ltl (l'VIU-���J-J) Vl�Yl 8 �11J��1J-J'\"lj�tJ1 �1Vl11J1J-J'll'WYJ(?l..J(l'Wj1'W'eltj 
iJ !J !J I 

u1b'Jrurnul'!\'WU�mnmjTil?J..l'W1�'JU'Vlnm i'.J91'W'J'W'Vl..J�'W 17 V1�u1-w 'fltj1-wvl'WYJ'll'el1Jb'll"1n1jtlnm'fl..J 

'll'el..J 4 �11J� l�bbri �11J��1J-J'\"lj�tJ1 91'W'J'W 7 Vl�U1'W �'el U1'W�1J-J'\"lj�tJ1 VI�� 1 U1'W'n1..Jbb'VI..Jn1�911?1 
1d t, 1d t, t, 1d t, 'i' 1d t, I .=, 1d t, 

Vl�'VI 2 1J1'Wl?l'el'WJ-J�n'el Vl�'VI 2 1J1'WVl'W'el..J'll1'J'Wn Vl�'VI 4 1J1'WVl'W'el..J b�'W Vl�'VI 5 1J1'W'el1..JVl'W Vl�'VI 6 1J1'W 

Vl'W'el..JL'Vlj mJ� 4 �1u�'l!�'el1 91'W'J'W s V13Ju1-w �'el U1'WVl'W'el..Jfl1..J u1-w�'Jt1V1nu1� u1-w�'Jt1V1nu 
� � 

bVIU'el U1'W1J1..Jl'V)j�'e)tl (1J1..JnJ''Jtl) U1'WU'elb�tl� �11J��'JtJ'V)j1tJbVIU'el 91'W'J'W 2 Vl�U1'W �'el U1'W� 

Vl'J1U VI�� 6 u1-wtl'elV1�'J..J VI�� 4 �1u�Li1V13JTIW-J'W1 91'W'J'W 3 V1�u1-w fl'el u1-w1t1mJTIW-J'W1 VI�� 8 
., d ,.J ., "" ,.J
1.J1'WVl'W'el..Jb'll'el'W Vl�'VI 4 bb��1J1'WJ'1..J9n Vl�'VI 2 
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L{) 
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OJ ""- I 'i' .- ,d.,_ ,,/' .d "'<:S ..., "" ..., .d o "" 

4 .4 mi L'li'lJi:::: L!i'li'lJ 'VI IPl'l.l".l.l'el.:l'V-l'lJ'VI Pl'lJ !I l"I n'ht1 mi'V-1 OOJ'l.11'Vl'a !l'Vli1 !l'el'lJ b 'lJ'el.:i:J.J1�1n'V-li::::i1'111P11i 

• I I .a O .J.J I 'l"' 
91nn1'Jllu1:Ul1Wf.l1tlC?l1'J l'Vltll-J Landsat 5 ll'tl�n1j�1j'J9Jl1fl�'W1l-J (ll�'W'Vl'Vl 4-3) WU'J1 n1j b'll 

.J ., .-.J ,,,. d' .,J,,. 
m'J1�'Vl 4-2 U'J�LJl'Vln1'Jl'llU'J�bt1'll'W'VlC?1'W'JJ'fNW'W'VlP!mn 

,iJ i:::: bJl'VI mi "I, i,i.J i:::: 'C !!'li'Wvt �'l.l 

,;r 

.Jt 
I 

W'W'Vl 'IN 

l'W�thl�'e)l-Jb'Vljl-J 
,;r .Ju W'W'Vl 1 
J.d
W'W'Vl'lll-J'll'W 

q 

I ,:' 

LLVl1N'W1 

.J 
"' 

'Vla-J1: r.i1nn1'JP!mn 

i'a:J.J 

cwuvt (H) 

161.96 

1858.25 

7804.33 

993.31 

691.33 

11,509.18 
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595000 596000 597000 698000 699000 600000 601000 

595000 596000 597000 598000 599000 600000 601000 

Fl1'llfiu1flfl'l\lii'm,1ru 

-
.I-, ' .i "" J, d -� 
'/ll.Jf.Ji'IP10n111tJmnmtJfHfjru1"JJllLU\�lm�uurin1:11m, 

vT�111IX'luY1nuti'111rt1J�1.J1-,1nv1r::11'1!ii\11 
:. .J 
\'M'l�l.J'Oll 

l'Hl11JU�4'Ui'1/l1'l!:ll'lPlfl!l}J "p'l1tNnm!l.Jw1�\'lU1�U (Yi.I'!. 2553) � 

-

:. ' .

l'luiiu11��m1Ylrn 
0 .25 .5 1.5 
■--t==■---====■--• Kilometers 

..J..J 'l"'.I 'i' .-..J= 'l d' ..J� U�'W'Vl'Vl 4-3 n1'.i' b'llu'.i'� btl'll'W'Vll?l'W b'Wl'l'W'Vlflffii1 l'l.fl. 2553 

s 
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.. .J'.J .. ., ,., ., .,J  0 <>  "' 
�Jl1YfVl1..:JlPi'.i''l!l'jn9'1l'el..:J'V'l'WVl�'Wtln1'.i''V'l!?J-!'W1Vl')tlVl'.i'1tl'el'Wl'W'el..:JJ-.1191n'V'l'.i'�'.i'1'11fll1'.i' �1mn1Pimn

�,., ._ .J'.Jo o ., ., .,j'l' 'l .J'.J., ., bf?l91n�Jl1'V'lV11..:J LPi'.i''l!l'�n"'l'll'el..:J'V'l'WVl'el1 lJl'el'J1�'el1 Ll��9..:JVl')f?l l'V'l'l1'.i'U'.i' bf?itl b'WJl1'V'l'.i"l3-J'll'el..:J'V'l'WVl"NVl'lf?I� . 

L'V'l'l1'.i''Lj11X'W 'V'lU'J1 9..:JVl'rf?ll'V'l'l1'.i'tJ1j'j��rnnru6l'lJ-J'l�'.i"l3-J'll'el..:J9..:JVl'Jf?I (GPP) U 'V'l.Pi. 2550 l'V1111U 53,241 

�1-wu1vi lf?ltln¾J�'°hlu-wi-wvru� 33 'll'el..:JU'.i'�LVlPi ��f?l.nru6l'l9..:JVl'Jf?ll?J'elU'.i'�'l11mnV'i1 111. 131 u1vivl'fl 

fl'Wl?J'elU �f?llU'W'fl'WvlU� 18 'll'el..:JU'.i'�lVlPi lf?lt1�1'll1n1rn�f?l��1r1� H fori �1'1l1ln'l!l'f?lrnnJ-J �f?llU'W 
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I I I 
,di 0 2,I  ,:::,,,, ,:;:,I ,di -=f v .:::.-.  A �  dJ l:W'el'W1611'el¾J 'IN'q n.!ViJJm'il'INm1 l:.l lf?)'el'W ru � r11'W(9lj')9'el1 n1 MWJVl'Wll'tl::;'q n.!ViJJ:W l'U'/Nt]j11:J lf?)'el'W ru 

-=I d' .d r-=S ,v ii ,v d o .c:i. .J cv 
6l �I �r11'Wl9lj')9'e)1 n1 M'V'l'W'Vl Pl'Wl:JM n:111 mn� l?J-J'W1Vi'"Jl:J'Vlj11:J'el'Wl'W'el-:J:W191n'V'l j::;j1']j '911j 'V](9lj')9') '91 b'WLJ'V'l. Pl. 

%, CV 6' .d CV CV O Q/  I .:::::. .d  
�Vi·iN:W'V'l'Wfi (Correlation) ll'tl::;n1rnc,in'tl1:J (Regression) 'V]j::;c,iU'Wl:J�1fl'1J 0.001 'V'l1J'"J1 tqruVIJJ:Wl'il'iNl:J 

j11:Jl�'el'W ru �C)1V,(9lj')9'el1n1 Mtrr.i,;,'W�mr.ir.iic,i 1'WU'V'l. Pl. 2552 n-:i 'V'l. Pl. 2553 nflr.i1:wl:w'Vi'Wfi'Vl1-:JU'"Jn 
., "" .J .. -=I ,J' .J .-.s ., ,., .J ., 'l -;11nutq ruV1JJm'il'tlm1 mc,i'tl'W ru � rn'Wl91J'r.Jr..imm M'V'l'W'Vl �'Wr.J M rn11 n1J''V'l l?cl-J'W1Vi'"Jr.J'Vlnr.J'1 'Vl l9lnr.ir.i c,i b'Wu 

l�l:J'"Jfl'W b'9lr.Jnrhl:wtlj::;�'V]i�Vil:W'Yi'Wfi (Correlation Coefficient; R) whnu 0.948 ll'/N::;rhl:wtlj::;�'Vli

fl'"J1Wr'WllUJ' (Coefficient of Determination; R2) l'V11fl1J 0.900 ll�'91-:Jlill'\:i'W�1 'Qn.lViJJill'il�l:.lnm�'el'W
,:;:,I ,v A A .d dl -=I J .d IJ'di IV 

ru �rn'Wl9lnr.imn1MVir.JVi'Wll'IN::;'qruViJJm'il'tlm1mc,i'tl'W ru �rn'Wmr.ir.imn1M'V'l'W'Vl�'Wr.JMmnn1J''V'l1?c1-J'W1 
2,, .d ,v 61 �, 

e!i; ,:;:,I IV V IT' V A .d ,:::!I 

Vi'"Jr.J'Vld11:J'1 'V](9lj')9')'9J b'WLJ 'V'l.M. 2552 n-:i 'V'l.M. 2553 :Wfl'"J1:W�:W'V'l'Wfin'W:W1n ll'tl::;'QruViJJ:Wl'U'tlm1m'9l'el'W 
"" ., "" "" .s • 1.d • I "" .J ,,y "" 

ru � r11'Wl9ln9'tl1 n1 MVi'"JVi'W� 1:w1rn'tln1J1r.Jn-:i n1nu'tlr.J'Wllu 'IN-:l'q ruViJJ:W l'il'tlm1m'9l'tl'W ru � r11'Wl91 nr.i
J.d lf"di CV i/ '124' 

'el1n1M'V'l'W'VlM'Wr.JMrn�nn1J''V'll?cl-J'W1Vi'"Jr.J'V]j1r.J'1 b'91J''elr.l'l;'l::; 90.0 

.J 
(9]1j1-:J'Vl 5-1

L'9l'el'W 

:W'W1fl:W 

L:W1i1UW 

nm{]1fl:W 

�-:JVl1fl:W 

!1'Wfl1t.J'W

�'/N1fl:W

fi'W':J1fl:W 

I I 
,:::,,,, ,:;:,I ,di ,:;:,I CV A  .c:i, ,:;:,I ,:::;9 ,:;:,I 

'qn.lViJJm'il'tlm1mc,i'tl'W ru �rn'Wl91J'r.ir.imn1MVir.JVi'Wll'IN::;'qruViJJm'il'tl1:Jnmc,i'tl'W ru �m'W 
ii I I I 

,:;:!l ,::,I  d".::9. IV 2,t ,v ,dl  O ,::::i, ,:;:,I  IV 

l9lnr..i'tl1n1M'V'l'W'Vl�'W1:JMmnn1J''V'l1?J-J'W1Vi'"Jr.J'VlJ'1r.J'tl'Wl'W'tl-:J:W1r.i1n'V'lJ'::;j1'Jlc,i1j 'Vll9lnr.ir.ic,i 

1'Wu'V'l.M. 2552 n-:i 'V'l.M. 2553 (Vitlr.iu: 'el-:JM1l6lim�u�) 

'V'l.M.2552 'V'U'l.2553 'V'U'l.2552 'V'l.M.2553 

24.5 27.2 26.2 28.0 

27.4 28.4 27.8 29.6 

28.5 28.9 29.5 30.7 

29.8 30.3 30.7 31.9 

29.0 30.9 30.6 33.3 

28.8 29.8 30.1 31.2 

28.5 29.3 29.9 31.2 

29.0 28.3 30.1 30.1 

28.6 28.4 30.1 30.6 

27.8 27.1 29.8 28.6 

27.3 27.6 29.1 29.0 

27.0 26.8 27.9 28.8 
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'Vl..:J'W bJ.-J'fl'.l b'°1'i'1:;Vim1J-HWlt1'flm'll..:i V�'W'fltn..:i..:i1c.1 (Simple Linear Regression Analysis) b�'flM1..:J 
.JA ,v ,v r I A .J  .di ,:::,I 

�J.-Jn1'i't1'91'1'fltl (Regression Equation) 'Vl'flfiU1tl'°1'.l1J.-J�J.-l�'Wfi'i':;Vi'.l1..:J 'Qn.!ViJJmtu,i;im1m'9l'fl'W ru �m'W 
,V A A J .di .:::f d' J rd! <V 2/ 

IYl'i''.l9'Cl1 n1PIVi'.lVi'Wbb'i'l :;'Qn.!VIJJJ.-J b 'U'i'ltl'i'1tl b'9l'fl'W ill � '11'Wm'.l9'fl1n1 Pl�'W'Vl �'We.I Pl m.11 n1 'i'� nl'W 1Vi'.ltl'Vl'i'1tl 
1 '1V ..:::,. rev .J 

"1 YlU'.11 b'9lt-l'tln1'i".lb'°1'i'1:;Vl'91..:J!Yl1'i'1..:J'Vl 5-2 

d 
IYl1'i'1..:J'Vl 5-2

-A tr A 2/ I I I A ,J .di 

bb�'91..:J t-l'tl n1'i".l b'°1J1:;V1n1rn'91'1'fltl b'll..:J b�'W'fltn..:J..:i1m:;V1'.l1..:J 'Qn.!VIJJJ-.J b'U'tltl'i'1tl b'9l'Cl'W ill 
I 0, I 

=i <V A A =i ,di ,:::,I .di ..:::,j tr 

� '11'W!Yl'i".l9'Cl1 n1 PIVi'.lVl'Wbb'tl :;'fl n.!VIJ:]J.-lb'tl'tl tl'i'1tlb'9l'fl'W ru � '11'WIYI J'.l9'fl1 n1 Pl'Vl'W'Vl �'We.I 

�mnn1'i'�W,J'W1"M'.lt1'Vlnt1"1 

(Constant) 
I 

"" ... ,,!j 

B 

Unstandardized 

Coefficients 

SE 

-0.033 2.125 

Standardized 

Coefficients 

/3 
-0.016

p 

0.988 

'Q ruVIJJ m tu'tl c.1 'i'1m'91 'fl'W ru 
... ., "" 

�'11'W!Yl'i".l9'fl1n1PIVl'.JVl'W 

R = .948 

d � 
'VlJ.-11: 91nn1'i'P1m11 

1.054

R
2

= .900 

0.075 

Adjust R
2 

= 

.895 

0.948 

F= 197.210 

14.043 0.000 

91nmn..:i� 5-2 Yl1J�1 fi1im_h:;�Y1in1rn'9lt1'flt1 (Coefficient of Regression; B) i'Jfi1 1.054 

bb'tl:;f11'°1..:J��'1bU'W'°l'9lf?1'9l'll'Cl..:Jb�'Wn1rn'9lt1'Cltl i'Jfi1 -0.033 rK..:ii!'W �..:J�1J.-J1rn�rtlbU'W�J-.Jn1rn'9lt1'Cltl�..:J 

Lb� '91..:J '"1'.l1J.-J iJ.-J�wh:;V1�1..:J'Q ruVIJJiJ b'tl� c.1nc.1 b�'fl'W ru �mU!Yl'i".l9'fl1n1 Pl,r'.l�'Wbb'tl:;'Q ruV1JJiJ btu�c.1 'i'1tl 
0, I 0, 

b�'fl'W ru �mu!Yln9mmPIY1'WVJ�'Wtl�m:nm'i'�W,J'W1"M'.ltl'Vl'i'1t1"1 L�cK..:iu 

VI mm VI !Yl 

THS = 1.054THH - 0.033 

I 0, I 

V1mc.1n..:i 'flillV1JJiJbtu�m1m�'fl'W ru �mu!Yl'i".l9'fl1n1PIY1'WVJ�'Wtl�mnm'i' 

�W,i'W1'M'.ltl'Vl'i'1t1"1 ('fl..:JPl1 b6ll'tl b'J!tl�) 

di A .:::f .di � <V -A  

VIJ.-llc.1'1..:J 'fln.!Vl.flJ.-lb'U'tltl'i'1tl b'9l'fl'W ru �'11'W!Yl'i".l9'fl1n1PIVl'.JVl'W ('fl..:JPl1 
' " 

b6ll'tl b'J!tl�) 
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2524 

2525 

2526 

2527 

2528 

2529 

2530 

2531 

2532 

2533 

2534 

2535 

2536 

2537 

2538 

roi1nt:-11:ln1'J';jlfl'J1:::'MtW1 1i�'a..J�UfiU1:l:::n1'HWHl'fltl llM1-:i1ih�U'J1 �illVIJJnl'il�m1m�'flU ill �rl1'W 

.,.,..,. ,.,Y,"'!:"l"" "" .,., ... .J "" "" d'.Jl?IJ'J"l'fl1n1PIVl'JVl'W:I-Jfl'".J1:1-J·(>l:1-JWUfi bt!'V1Pl'Vl1-:Jlf?ltl,.JnUnU�illVIJJ:l-lL'il1:ltlJ1mf?l'flt! ill �r11Ul?IJ'J"l'fl1n1PIWU'Vl

�ui�mn n1'j'� OO-JU1�'Jtl'V1J1tl'1 lf?ltl�illVIJJn l 'il�m1m�'flt! ill � r11Ul?I 'j''J"l'fl 1 n1 Pli'J�'W�1 mdbl'flfiU1 ti 

.s • 1.J • I "" .J "" "" .J' .J .-.s ., ,_. 
'1-:Jn1'Jl1J1:ltlt!ll1J1:l-:!'fl illVIJl:1-J l'il1:ltlJ1tl ll?l'flt! ill �r11Ul?IJ'J"l'fl1n1 PIWU'Vl P!Utl Pl mnm'JW OO-JU1Vl'Jtl'V1J1tl'1

q ., ., 

., I 

1�\'flti1:l::: 90.0 i-:iuu 9,:i�1i..11rnH'flillVIJlnvi1?1n"l'Jf?l ill �n1Ul?l'J'J"l'fl1n1Pli'J�Ul1Jt!vl'J ll'V1U1Un1'j' 
q ., 

"" • 1.J • I "" "" .J' .J .-.s ., ,_. � ,_. 
'flfiU1tln1'Jn1'Jl1J1:ltlt!ll1J1:l-:J�illVIJJ:1-JU'j'l'JillW'W'Vl�UtlP1mnn1'JWOO-JU1Vl'Jtl'VlJ1tl'1 bl?l 

5.1.1 'el ru 'Vi lnl 
. .. 

n1'J�m11�'fl¾J1:l�illVIJJnlru�u1-wul?l1:1:::tl 1u'J'flu 30 ti �'fl i-:illl?l w.Pl.2524-2553 wu,j1 

'flillVIJlnl'il�tlJ1tlU�-:J�f?l1utl W.Pl. 2533 (29 'fl-:JPl1l"li1:ll;tl�) ll1:l:::'flillVIJlnl'il�tl�1�1?11'WU W.Pl. 2524 
q ClJ ClJ q q ClJ q 

"" • F.! "" ,, "" .J -::'I .J I "" .J 
(27.4 'fl-:JP11 l"li1:ll "litl�) roi1nn1nuJtlUl'VltlU'll'fl¾J1:l�illVl1Jil l'il1:ltlJ1tllJ (1?11J1-:J'Vl 5-3) WU'J1 �illVl.1J:l-lL'il1:ltl

., I I 

'J1tlUVl-:J 30 tJ i'.!"11l'il�mvhnu 28.1 'fl-:JPl1 l"li1:l l;tl� ll1:1:::1mll?l1:l:::U'flillVIJlfa'il�Ui'.Jfl'J1:I-Jlll?lnl?l1-:JflU'flU1-:J ' ., 

I 
,:;:,l ,v O (V ,<:;:)..0:::::..:::::1 (V 

:I-JUtl�1fl'l,J'Vl1-:J�nl?l'VlJ:::f?IU .001 t(29)=392.8,p=.000 

.J 1?11'J1-:J'Vl 5-3
ti -=,,. d ;:. I I � 

'll'fl:I-J1:l'flillVIJl:I-J l'il1:ltll?l-:J lll?I W .Pl .2524-2553 (VIU'Jtl: 'fl-:JPl1 l"li1:l l"litl�) 

il.rl. n.YL

24.8 26.7 

24.3 27 

25 27 

24.7 27.2 

26.6 28.2 

24.5 26.8 

26.1 27.1 

26.6 -

27 26.8 

27.2 27.9 

27.7 28 

26 27.1 

26.3 26.4 

26.4 28 

26 26.4 

., ' ., 

.. il.rl. Lil. tl. 

28.3 28.8 

28 28.3 

28.2 30.2 

28 30.3 

29.1 29.9 

27.9 29.6 

28.2 30.1 

29.5 30.1 

27.8 30.2 

28.8 30.7 

29.5 29.9 

28.9 30.4 

28.4 29.3 

28.2 29.2 

28.4 29.7 

'l'l.rl. 

28.9 

29.3 

30.5 

30.5 

29.1 

29.6 

30.4 

29.8 

30.2 

30.4 

30.5 

30.8 

30.1 

29.4 

29.8 

i1.tl. n.r1. 'i'i.rl. n.tl. (11,f"I.

28.7 29.1 28.3 28 27.7 

28.9 28.7 28.3 28.3 27.5 

30.1 29.4 29.2 28.4 27.7 

28.9 28.5 29.7 28 27.5 

28.8 28.1 29.3 28.5 27.6 

29.8 29.2 29.8 28.5 27.7 

30.4 30.5 29.7 29.1 28.7 

29.4 29.3 29.3 28.7 28 

29.9 29.9 29.7 29.3 27.9 

31 30.1 30.4 29,6 28.3 

29.8 29.6 28.9 28.9 27,7 

30 28.9 29.2 28.8 26.8 

30.5 30.4 29.6 28.7 27.4 

29.1 28.4 28.3 28.4 26.9 

29.9 28,5 28.8 27.7 27.6 

I 'l'l. tl. fi .f"I. rl1b'U'l'ltl 

26 23.5 27.4 

27.5 24.5 27.6 

25.1 25.3 28.0 

27.3 26.4 28.1 

27.1 25.4 28.1 

27 25.7 28.0 

27.2 24.6 28.5 

26.5 25.2 28.0 

27.5 25.5 28.0 

27.3 26.8 29.0 

27.4 27 28.7 

26.4 26.2 28.3 

27.9 26 28.4 

27.5 26.7 28.0 

26.9 25.3 27.9 
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tJ 

2539 

2540 

2541 

2542 

2543 

2544 

2545 

2546 

2547 

2548 

2549 

2550 

2551 

2552 

2553 

.,J 
"11'i'1..:J'Vl 5-3 

i,I � .J t 1 I q I 

'JJ'fla..J'Cl'flillv1Jla..J Vil'Cltli?l..:J LLl?l 'VU'l.2524-2553 (WW'ltl: 'fl..:JPl1L6Jl'Cl L6Jltl�) (i?l'fl) 

l-J.fl. n.Y-l.

25.6 26.1 

24.9 27.1 

27.4 28.8 

26.4 26.3 

26 26 

26.7 27.4 

25.4 27.3 

26 27.7 

25.9 26.4 

25.8 27.8 

25.8 27.6 

26.4 26.6 

26.2 27 

24.5 27.4 

27.2 28.4 

.,J .,. .,. 

'U • 'U 

cl 

l-J.fl. Ll-J. El. 

27.8 29.1 

28.4 28.9 

29.6 30.8 

28 28.8 

27.5 28.3 

27.3 29.9 

28.4 29.6 

28.2 29.5 

28.4 30 

28.2 29.8 

28.1 28.7 

28.9 29.5 

28.1 29 

28.5 29.8 

28.9 30.3 

Y-l.fl. 

29.3 

30.5 

31 

28.4 

29.4 

29 

29.4 

29.5 

29.2 

29.9 

28.3 

28.3 

28.3 

29 

30.9 

�.El. n.fl. �.fl. n.EJ. fil.fl. Y-l. El. 

28.9 28 28.7 27.9 27.2 27 

29.8 29.2 29.5 28.6 28.2 27.4 

30.1 29.6 29 28.7 27.8 27 

28.8 29.1 28.7 28.8 27.1 26.7 

29.1 28.8 28.8 28.7 27.7 26.5 

29 29.2 29 28.8 27.4 25.8 

29.7 30.5 28.5 28.5 28.1 27.3 

29.6 28.1 29.4 28.7 27.5 28.1 

28.8 29.3 29.3 28.4 27.8 28.3 

30.3 29 29.2 28.6 27.7 27.2 

28.9 28.5 28.1 27.7 28 28.3 

29.2 28.3 28.4 27.8 27.5 26.1 

28.7 28.5 28.7 28.2 28.1 26.8 

28.8 28.5 29 28.6 27.8 27.3 

29.8 29.3 28.3 28.4 27.1 27.6 

'Vla..J1: nta..J��Utla..J'l'Vltl1,2554 

• 1.J • I ""' .,J -;;II t '?I "' .,J 
n1JLu'CltlULLu'Cl..:J�ruv11;Ja..JL'!l'Clt.lJ1tlui?l..:J LLl?lu 'V'1 .Pl.2524-2553 LL�l?l..:JIPNJl1'V'l'Vl 5-1 

�ruv11;Ji1 (°C) 
29.5 

29.0 

28.5 

28.0 

27.5 

27.0 

26.5 

'SI" 
('\J 
I.{) 
N 

(0 
('\J 
I.() 
N 

co 
('\J 
I.() 
N 

0 ('\J 
C') C') 
I.() I.() 
N N 

'SI" 
C') 
I.() 
N 

co 
C') 
I.() 
N 

0 
'SI" 
I.{) 
C\I 

'SI" 
'SI" 
I.{) 
N 

(0 
'SI" 
I.{) 
N 

.,J .,. .,J ';;"1 Jl1'V'l'Vl 5-1 �illv11;Ja..lL'll'Clt.lJ1tlu 'V'I.PI. 2524-2553

0 
I.() 
I.{) 
N 

N 
I.{) 
I.() 
N 

fl.fl. 

25.3 

27.3 

25.9 

23.7 

26.9 

26 

27.5 

25.5 

26.5 

25.6 

26.2 

26.7 

25.5 

27 

26.8 

' .J 
fl1Lll.�El 

27.6 

28.3 

28.8 

27.6 

27.8 

28.0 

28.4 

28.2 

28.2 

28.3 

27._9 

27.8 

27.8 

28.0 

28.6 
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n1r�m11�ru1,11Ji1·1h-.:imn�11,mft:;mn:i�u (�ru1,11Ji1nt1 3 ir;ihi-.:i) 'JJ'el-.:i�mumr;ir.iiCfl 

'el1n1Pl'IX'J�'Wb'Wfl11J 30 'i'.J ('V'I.Pl. 2524-2553) �-.:J(;lj'Jfiil')CflL'J�1 1.00 'W. 4.00 'W. 7.00 'W. 10.00 'W. 13.00 'W. 

16.00 u. 19.00 u. LL�:; 22.00 'W. 'JJ'el-.:JVJniu LCflt1�1 LL'WnLU'W'lf'J-.:J L'J�1n�1-.:iiu ((;lt'Jr.i1Cfl L'J�1 7 .oo u. 
... "" ., 

1 o.oo u. 13.00 u. u�:; 16.00 u.) ri-.:iu�:;n�1-.:ir1u ((;lnr.i'JCflL'J�1 1.00 u. 4.00 u. 19.00 u. LL�:; 22.00 u.) 

&..1ftn1t�m11�ru1,11Ji1nt1'i'.l'lf'J-.:JL'J�1n�1-.:iiu�rh�-.:i�Cfl1'Wtl 'V'I.Pl. 2552 (37.8 'tl-.:JP!1 

L6Jf� L�tl�) LLft:;�ru1,11Ji1'11r;i-.:inft1-.:iiu�rh�1�Cfl 1utl 'V'I. Pl. 2542 ( 15.1 'el-.:JP11 L6Jfft L�tl�) �ru1,11Ji1'lf'J-.:J L'J�1 

n�1-.:J'J'Wl'u�tl�-.:J�Cfl b'WU 'V'I .Pl. 2541 (29.9 'el-.:JP!1 L6Jf� L�tl�) LL�:;'e}nJ'l,l[ln'lf'J-.:J L'J�1n�1-.:J'J'WL'u�tl�1�Cfl b'WU 
'lJ " " cu 'I 

'V'I. Pl. 2542 (28.5 'el-.:JP!1L6Jf� L�tl�) �ru1,11Jfaru�t1�-.:i�Cfl �ru1,11Ji1 L'il�t1�1�Cfl LL�:;�ru1,11Ji1 L'il�m1t1tl1u'lf'J-.:J 
., -::i1 • 11" ., 

.J n�1-.:J'J'W u 'V'I.Pl. 2524-2553 �tu Cfl Cfl-.:Jfl1'V'l'Vl 5-2

•:i 

i:IOl"'JU'>'lUU 'lh,lL1Q1flQ1-il'lU rn. 1Ul1UGl'i'l'lil1fl151\41"U 

■ A-1lOlt11 •�hcJJ"!R □ A1Gl1o!R 

40.0 .--------------------------------

35.0 ..,_..,. ______ _ 

30.0 +a--•-•-■-----=------=--------=----,--■--■---.-.a---■---=■-■-■-■--,a---la---la---11-oll-
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i1�� ll-Jl?lJ ll�:::b'Wll1?1�:::tln1JJ:::lvltl'JJ'tl-.:Jtl1 l'il�tl�fl'"J1l-J lll?ln1?11-.:Jfl'W'tltl1'3�,ru�1r-i''1)'Vl1-.:J�n��J:::r?1U .001, 

t(28)=157 .8, p=.000 
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d I � d ;; I I A A 

1?11'n-:JV1 5-7 "11n1n�mt.1'11'tl-:J'W1b'u�t.ll?l-:Jbbl?l 'V'l.Pl.2525-2553 (�'W'lt.l: l-l��bl-lm) 

2525 4.1 

2526 4.3 

2527 4 

2528 4.2 

2529 4.1 

2530 4.4 

2531 4.5 

2532 3.9 

2533 4.1 

2534 4.6 

2535 4 

2536 4 

2537 4.2 

2538 4.6 

2539 4.2 

2540 4.4 

2541 4.5 

2542 4.4 

2543 4.2 

2544 3.9 

2545 4.2 

2546 4.5 

2547 4.1 

2548 4 

2549 4.2 

2550 4.5 

2551 4.1 

2552 4.6 

2553 4.2 

n.YL

4.8 

5.2 

4.6 

5.4 

4.5 

5 

4.6 

5.3 

5 

4.9 

4.8 

5 

5 

5 

4.8 

5.9 

4.3 

4.7 

4.8 

4.8 

5.1 

4.5 

5 

4.6 

4.7 

4.1 

4.9 

5.2 
"" "" ""

l-U"I. LlUJ. 'VU'I. 

5.5 5.2 5.2 

5.5 6 5.9 

5.5 5.8 5.8 

5.9 5.8 4.4 

5.6 5.5 5.1 

5.4 6.1 5.5 

6 5.3 5 

5.3 6.5 5.3 

5.9 6.3 5.5 

6 5.6 5.7 

6.4 6.7 5.7 

4.8 5.5 5.1 

4.8 5.8 5.2 

5.3 5.8 5.7 

5.4 5 5.5 

5.6 5.8 5.8 

6.3 6.3 5.7 

5.8 5 4.2 

4.7 4.7 4.8 

4.6 6.4 4.6 

5 5.9 5.3 

4.8 6.5 5.4 

5.4 6.4 4.8 

5.6 6.1 5 

5.2 5.5 4.6 

6.1 5.8 4.4 

5.3 5.3 4.1 

5.5 5.7 4.9 

5.7 6.5 6.1 

V1i11:nrii��'Wt.1l-l'lV1t.11,2ss4 

iJ. t.J,

4.3 

5.2 

4.3 

4 

4.7 

5.1 

4.6 

5.2 

5.6 

4.1 

4.6 

5.2 

4.6 

5.1 

4.8 

5.3 

4.8 

4.1 

4.3 

4.5 

4.6 

5 

4.7 

5 

4.3 

4.9 

4.6 

4.6 

5.2 

n.fl.

4.7 

4.9 

4.7 

4.1 

4.4 

5.1 

4.8 

5.2 

5 

4.1 

4.7 

5.3 

4.5 

4.8 

3.9 

3.8 

4.8 

4.5 

4 

4.9 

5.5 

4.1 

5 

3.8 

4 

4.4 

4.5 

3.9 

5.2 

�.fl. n.t.J.

3.6 4

4.7 4.5

5.1 4.5

4.4 3.8

4.7 4.4

5.1 4.2

4.3 4.2

4.9 4.5

5.2 4.6

3.5 4.1

4.2 4.2

4.6 4.2

4.4 4.7

4.5 4.2

4.9 3.7

4.2 4.2

4.4 3.9

4.1 4.7

4.4 4.4

4.8 5

3.9 4

4.7 4.2

4.3 4

4.5 4.1

3.7 3.9

4 3.8

4.7 4.4

4.5 4.6

4.2 4

fil.fl. 

4.1 

3.9 

4.2 

3.7 

3.8 

4.3 

3.4 

4 

3.8 

3.7 

3.4 

3.5 

5.4 

3.8 

4.3 

4.3 

3.6 

3.9 

3.9 

4.1 

4.6 

4.2 

4.2 

3.9 

3.9 

3.5 

3.8 

3.4 

3.6 

'V'Ltl. 

4.4 

4 

4.6 

3.6 

4 

2.6 

4.2 

4.5 

3.9 

4.4 

4.4 

4.5 

5.2 

4.3 

4.2 

4.6 

3.6 

4 

4.9 

4.8 

3.9 

4.6 

4.9 

3.7 

4.7 

4 

4.1 

4.7 

4.4 

' .J 
fl.fl. fl1L'U�t.l 

4.6 4.5 

4.4 4.9 

4.5 4.8 

4.2 4.5 

4.1 4.6 

4.7 4.8 

4.3 4.6 

4.3 4.9 

4.4 5.0 

4.3 4.6 

3.8 4.8 

4.5 4.7 

4.8 4.9 

4.7 4.8 

4.6 4.6 

4.9 4.8 

4.4 4.9 

4.7 4.5 

4.6 4.5 

4.6 4.8 

3.9 4.6 

4.7 4.8 

4.9 4.8 

4.1 4.6 

4.8 4.5 

4 4.5 

4.4 4.5 

4.4 4.6 

4.2 4.9 
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� I � .J ;; �I CV .J n1Mn111fnn1jj:;mt161J'tN'W1L'il'c:ltl(;]-:JLL(;]u 'VU'l.2525-2553 LL�l?l-:Jl?l-:Jfl1'V'IVI 5-8 

fi1n1n:;Lvltl61J1N1.J1 (iJ-c:ifoa-Ji;ij) 
5.1 -·�-------------------------

5 

4.9 

4.7 

4.4 

4.3 

lD 
N 
lD 

,..__ 
N 
lD 
0.1 

� cry 
lD lD 
0.1 "' 

(") 
(") 
lD 
0.1 

lD 
0.1 

,..__ 
(") 
lD 
0.1 

.J � .J ';"1 n1'V'IV1 5-8 n1n:;mt161J'tl..:J'W1L'il'c:lm1t1u "ti.PL 2525-2553 

lD 
0.1 

.. 'l ". I 'i' .. .J.... d' .J'.:3 �,., 0 "" .. 'i' • I .,; I 

n1jPln'!i1n1j b6Jluj:; bt161l'WVll?l'W61J'tl-:J'V'l'WVll'ln'li1 bl?ll?l1 L'W'Wn1jPln'li1 b"1tln1nLurn-c:i:;i;ir)'J1l-Jfl1'V'lrl1tl 

"11'lLvit1a-i Landsat 5 j:;uu TM fl'J1a-J'c:l:;Lit1"1 30 x 30 Ll-J(;]j L'W 3 'll'J-:JL'J'c:l1 �..:JLL(?)'c:l:;'Jl'J..:ith-:iri"W 10 tl
I 0, 

mh'l�'tl r¼wt..:iLL(?)U "ti.Pl. 2533 "ti.Pl. 2543 u-c:i:; 'V'I.Pl.2553 Uj:;n'tlunun1j�1nr.in1r1�u1a-i ll?ltll� 

91LL'Wninmu:;mj1'nuj:;fo1tl��uma-i�n1'V'lr1'J1mtlur.i1-:i'tl'tlnLU'W 5 Uj:;LnVI �'fl 

d' .J .'I d 'i' .,; ., .. I .,; ., d' .J .'I I ., d' .J.,; ,., ,., 
2) 'V'l'WVlu1L�'tll-J bVlrn a-i-c:in'!iru:;'V'16Jl'V'ljjillL6Jl'WLl?ltl'lnlJ'Vi'WVlu1 Ll(;]'c:ln'liru:;'V'l'WVll-Jfl'J1l-J Lm-:J LL'c:l-:J

mnn�1 fl'J1ilvl'W1 LL'W'W61J'tl..:J�'WlfaU'WlUL'Wi n'!iru:;LlJ1lJ1-:J 

d' .J �I ,J' .J.J.1 �.I" ,J' .J d ,J' .J ,J 3) 'V'l'WVl6Jla-J611'W Lu'W'V'l'WVIVJuj:;n'tllJ bU l?l'Jt16Jla-J6]j'WLL'c:l:;'V'l'WVI Ln'!i(;]rnjrn 611-:J'V'l'WVI Ln'!i(;]rnjja-J·iN'J'W
• • 

1v1ajr.i:;LU'Wn1jU�nvhHL�-:JL�tl'J L'll'W luiJ:;j(?l 

d' .J
'i'

, .. d' .,J.,J.,;., ,., "" ',;'I 'i' 1·
1 
.. d' .J.J,l ,..;,., 'l" .. ..  

4) 'V'l'WVI b'c:l-:Jvlrn'V'l'WVIVliJ'c:ln'!iru:;v1ml?l'WLul?l bl?ltlvliJ1tlj'Jl-J uCl..:J 'V'l'WVIVI l-JiJ(;]'W l-J 'l,lj't)"{'l6]j"{'ljjll

d' 
61J'W
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r.i1nn1'.i'�n111n1J'1;u'.i'�ttl'1111��'W1'Wvf'W��m1161l'th'li-:i 3 6J!'NU ·vrn�1 1utl 'V'l.M. 2533 m'.i'1; 
• I 'i' .-.J = • I .J' .J • 1 1 d 'i' ""' .J = .fl " "" 'l ". I 'i' .lJJ� bc.l'll'W'Vlf?l'Wu'.i'�lJl'Vl'V'l'W'Vlu1lMll-h'Vln.liJmn'Vl�f?I fl(?l lu'WJ''elc.l�� 45. 7 rn-:i�-:iii1 fl'el n1j b'lluj� bc.l'll'W 
J� d' .J I J .d J .J I I � 0 ,v O ,v ,:::I 2,, 'Vlf?l'WUJ'�lJl'Vl'V'l'W'VlU1 'V'l'W'Vl'J1il'11'W i"l'W'Vlfa-:i ll��ll'VIM'W1�1il�1f?l1J �1�J1Jl'WU 'V'l.M. 2543 n1'.i'l'11 
.I 'i' .-.J.,. .I .J' .J.,1 ""' 'l".J' .J 'l ,.J = Fl " "" 'l"lJJ� bc.l'll'W'Vlf?l'Wu'.i'�lJl'Vl'V-l'W'Vlu1 iJn1j b'11'V-l'W'V161l'W1f?I b�ru'Vl�t?l fl(?l lu'WJ'elc.l�� 49.5 j'e),:j�-:Jil1 fl'el n1j b'll

� ' 

.I 'i' .-.J ... I .J' .J.'I d 'i' I � .J' .J'i' I .J' .J O V 'J �I ]JJ� bc.l'll'W'Vlf?l'Uuj�lJl'Vl'V'l'W'Vlu1 l�'elil b'Vl'.i'il ll'Vl�-:J'W1 'V-l'W'Vl b�-:J ll��'V'l'W'Vl'�il'll'W �1il�1f?l1J ll�� b'WU 'Vi. M.
'l".I 'i' .-.J.,,. .I .J' .J.,I ""' 'l".I 'i' .-.J' .J 'l ,.J = .fl" 2553 n1'.i'b'11UJ�bc.l'll'W'Vlf?l'Wuj�lJl'Vl'V'l'W'Vlu1 iln1'.i'b'111JJ�bc.l'll'W'V'l'W'V161l'W1f?I b�ru'Vl�f?I flf?llu'WJ''elc.l�� 67.8

� ' 

j'e),:j�-:Jil1 �'el n1'.i'l;Uj�fo'11U��'Wth�LJl'Vlvf'W�U1l�'ela..Jl'VljiJ vfu�'lla..J'll'W llW�-:itl1 ll��vru�t�-:i 
' 

0 CV 2,, ,.J A d' .J d t I =I IV J 
�1a..1�1f?lu lf?ll:.Jn1'.i'l'11UJ'�tc.1'11'W'Vlf?l'W61l'el-:J'V-l'W'VlMn111V1-:i 3 'll'NU LL�f?l-:Jf?l-:i�1n-:i'Vl 5-8 

.J 'l ". I 'i' .-.J.,. .J' .J� �I �1j1-:J'Vl 5-8 n1'.i'b'111JJ�bc.l'll'W'Vlf?l'W61l'el-:J'V'l'W'Vlfln'l11u 'V-l.M. 2533 'V-l.M. 2543 ll�� 'V'l.M.2553 

I 

m'.i'1;tJj�fo'11uvi�u 

J .J 1' 
'V-l'W'Vl ( j)

'V'l.M. 2533 'V'l.M. 2543 'V'l.M.2553 

.er .Ju 'V'l'W'Vl 1 4,276.02 5,701.11 7,799.83 

lu�u1L�'fliitmii 5,260.41 3,448.99 1,858.25 
J .J 
'V'l'W'Vl'J1a..1'11'W 825.59 747.42 993.31 
,;r ,=,I I 

'V'l'W'Vlfa-:i 582.24 753.95 161.96 
I ,:' 

ll'Vl�-:J'W1 564.93 857.72 695.83 

j'JiJ 11,509.19 
,J .. 

• F.! ""' • 1.d • I 'l ". I 'i' .-.J = 'l �I .., �I • r.i1nn1nrnc.1rnV1c.1un1nu�t1'WLLu�-:in1'.i'b'llu'.i'�btl'll'WVlf?l'W b'Wu 'V-l.M. 2533 nu u 'V'l.M.2543 i"IU':11
=1.J' .J.,1 ,,.! .J' �· = Fl" .J' .J d .F.! ""' 'l -:;'1 .., �I il'V'l'W'Vlu1 l'V-l3--161l'W 1,425.09 bd fl(?l lu'WJ''elc.l�� 12.38 61l'el-:J'V-l'W'Vl ll��lil'el lUjc.11Jl'Vlc.11J b'WU 'Vi. M.2543 nuu 

I ,=ld' JI e:::! � "ft A C$ t., d' .J
'V-l.M.2553 i"IU':11 iJ'V-l'WV1u1ma..161l'W 2,098.72 b'.i' flf?ILU'Wrnc.1�� 18.24 61l'fl-:J'V'l'W'Vl 

. F.! ""' • I .J • I 'l ". I 'i' .-.J = 'l -:;'1 v �I • r.i1nn1nu'.i't11JL'Vlt11Jn1nu�tl'Wllu�-:in1'.i' b'llu'.i'�btl'll'W'Vlf?l'W b'Wu 'V'l.M. 2533 nuu 'V'l.M.2543 'V'l1J':l1
=1d'.J1 ,:!J '1• � a i., J.J & �F- .:::::1 =I iJ'V'l'W'VlU1L�'el3--ll'Vlnl�f?l�-:i 1,811.42 b'.i' flf?ILU'W'.i''eltl�� 15.74 61l'el-:J'V-l'W'Vl u��ll-l'fllumrn'Vlt11J1'Wu 'V'l.M . 

.., -:;'1 1 =1.J' .J. 1 1 d 'i' �· = Fl" .J' .J2543 nuu 'V'l.M.2553 'V-l1J'J1 3--l'V'l'W'Vlu1l�'elil b'V]jl-J�(?l�,:j 1,590.74 bd flf?llu'WJ''elc.l�� 13.82 61l'el-:J'V-l'W'Vl

.F.! ""' .1.J .I 'l".I 'i' .-.J .. 'l -:;'1 v -:;'1 1 r.i1nn1numrn'Vlt11Jn1'.i'lu�tl'Wllu�-:im'.i' b'llu'.i'�btl'll'WVlf?l'W b'Wu 'V'l.M. 2533 nuu 'V'l.M.2543 'V'l1J':l1 
""'.J' .J � ' "" Fl " .J' .J d . F.! ""' 'l -:;'1 ., �I il'V'l'W'Vl'J1il'll'W�t?l�-:J 78.17 bd flf?llu'WJ''elc.l�� 0.68 61l'el-:J'V-l'W'Vl ll��LJ-l'ellumrn'Vlc.lU b'WU 'V'l.M.2543 nuu 'V'l.M.

I =1.J' .J ..! .J' �· = Fl., .J' .J
2553 'V'l1J'J1 3--l'V'l'W'V11il'll'Wl'V-lil61l'W 245.89 b'.i' flf?llu'WJ''elc.l�� 2.14 61l'el-:J'V-l'W'Vl
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.Q. t1 cv cv t1 .Q. .Q. 1 
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... I J d ... •1 cv ... Gf cv g.., 

5.3 n1'a'J bFI 'a1�'\!I Fl'J1:J.J 'cU.J'Vfl.J fi'V11.:J'CI bl� 'a�'\!l'J1.:J n1 'ab u'tl �'W bb u'tl.:J'W'W 'Vlu1 n'Uu'°l'°l �'Vl1.:J �1'W

'Cl.n1cw.nil'el1 m 1'31 

' ., 
ur.ifl'.l'Vl1-1Jhu�111vtQi1re:nn1P1 ;,nJj::;n'elu�r:il'.l ur.ifl'.l'Vl1-1�1U'flillvl.1Ji1 tfhnru�'W �r:i1ii�uih.1rl''Vl€ w�::; 

n1jj::;l'\,l\'.l'll'el'1 ll?l\'J':jL�j1::;��mfiirl''Wfi (Correlation) �r:il'.lt1.lrnnrn':jL�j1::;�'Vl1'1�n� SPSS �'1v11n 
I ii I I 

'WU'J1 n�r:i1iiliirl''Wfi'Vl1'1�'1� r.i::;vhn1j�mt1�'Vlfi'W�'ll'el-ln1n1.l�\'J'WlL1l�'1YiUV11'.hVJi'.!!?l'elU99\'J'Vl1'1�1'W 

�J11'W,Qi1'el1n1Plvl':ltJ'W7 �r:il'.ln1fh�j1::;�n1rn1?1ri'elm;'1 L�U'elt11'1�1\'J (Simple Linear Regression 
., ., 

Analysis) !?l'elltl 'Vl-lU L'Wn1j'J(?)�r;i1iiliirl''WfiLL(?]�::;ur.ifm::;�'e}'1i'.!n1j'VJ(?)�'el1JtJ\'J�1�b!Jri'flU 9'19::;�11.l1� 

'J1 v1r:i LL1.ljfiL1?1i'.J�r:i1iiliirl''W€nur.i1'-iv11'fl hl u�::;liirl''W€n'Wii1m�'fl\'J L�\'J'1Ll?l 

• 1...\ • I J' d.'I QJ "" 5.3.1 n1'abU'tl�'Wbbu'tl.:J'W'lJ'Vlu1n'IJ'eln!'\!IJl:J.J 
. ., 

I 'ii I I 

'WU 'J 1 n 1 nil� \'J'W LLil � -I Yi 'WVJU 1 n U'fl ru vi ,Qi1 n j::;(?)1J'll'el'1 � ':l 1 ii I ii rl''Wfi � 1 ii 1 n ll?l \'J n VJ Pl'Vl 1'1'1l'el'1 

�r:i1iiliirl''Wfil1J'Wl1l1'W'Vl1'11?lNl1'W�1iin'W U!?lli!i'.!tJ\'J�1�b\J'Vl1'1�n� (r = -.222, p .858) 

ii I it I ii 

'W1 �u 'WU'J1 n1n1.l�\'JUU1.l�-ivl'WV11J1 numii1ruil1 �'Wi'.J j::;(?)1J'll'el'1 �r:i1ii if iirl''Wfi�"l ll?ll'Ji'.!Vl Pl'Vl1'1'1l'el'1 

�r:i1iiliirl''Wfil1JUl1.l1'W'Vl1'1L�mn'W LL!?lli!i'.!tJ\'J�1�'1,j'Vl1'1�n� (r = .732, p = .477) 

.., 0 .., .... I .., 
• I • ,..i • I .J' ..J.,1 � t, .., .J' 

r.i1nn1j'VJl?l�'el1J'W\'J�1�b\J'Vl1'1�rll?lj::;v1r:i1-:il?lr:iLLurn1nu�\'J'WLLuiN'W'W'Vlu1 biinuM1ii'll'W 

..,Y, .., r • • 1..l • I .J' ..J.,1 .., .J' ...Y. .., ,..., .., 
...Y. .., 'J 'i' 

..,.,. 

·c-MYl'Vlfi 'WU'l1 mnu�\'J'WLLu�-:J'W'W'Vlu1nU�'l1ii'll'Wi-lii'W'Vlfiiij::;(?)U'll'el'1fil'l1ii·6'iii'W'Wfi1111 bl?ll'.lii'Vlfill'Vl1-:J'll'el-:J 

fil'l1iiliirl'u€LiJ'WlUL'WV1Pl'Vl1'1(;]Nf1'W�1iin'W LL!?llili'.!trtJ�1�'1,j'Vl1'1�n� (r = -.400, p = . 738) 
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"1.cl "I .,r .cl.11 cv 3' 5.3.4 n1'ab1J'Gltl'Wbb1J'Gl��'W'Vl1J1n'Un1'a'al:::b'Vltl"ll'el�'W1

J-' • ,. 1.J ,. 1 d' d,..1 CV 
r e::J CV %. CV , J <j' .c::;:l.c::,, 

'JJ'tl-:J'W1 Y-iU':l1 m nu�t1'WbLu�-:JY-l'W'Vlu1num :i':i':; LV!tl'JJ'e:l-:J'W1a-JJ:;'711J'JJ'tl-:J A':l1il·tiiJY-l'Wfilfl1m n b'7ltlil'Vl M'Vl1-:J 

'JJ'tl-:Jfl':l1iJimfoifdj-w1u1-wviM'Vl1-:J(flj-:Jfl'W;1ilfl'W Lwl1�n,rtl�1fl'1.J'Vl1-:J�Cl� (r = -.080, p = .949) 

r.i 1 n C..J � n1 :i' 'Vl  '71 �'e:luirt1� 1 i '1.J'Vl1-:i�n � :i':;V1�1-:i n1:i'LU �t1'WLLU�-:i n1 :i'l -nu:i':; Ltl'll'W� �'W 
' ,, ' 

Uj:; LJ1'Vl1J1 f7U1J99 tl 'Vl  1-:J �1'W�ll1Y-lll i1'e:l1 n1 M Y-l U�1 n 1 j LU � tl'W uu�-:i 'rl'WV11.J1 Li1 nutf 99 tl�ll 1Y-l 
'lJ 

' ,, ,, 

lli1'tl1n1ML�i'.lirt1�1irum-:i�n� ;-:i LL� '71-:Jl'M L'M'W�1 1J99tl'Vl1-:J�ll1Y-llli1'tl1n1'"1'Vl-:J'tlDJVllli1 mmrui'.!1 �'W qJ CV ClJ 'I 4J 

,J' '1 '=' %. .,, .- .,, • I.J • I ,J' .J. 'I '1 " = .- = = .Jfl':)13-J'll'W LL�:;n1jfl1m:;mt1 biliJA':l1iJ·tiiJY-l'Wfinumnu�tl'WLLu�-:JY-l'W'Vlu1 bil C..J�n1j'J LAJ1:;Vl'Vl1-:J�rllfl'Vl 
'1 " �I =' = ."f .,, " = • I .J • I ,J' .J .'I '1 " ' ;; b'71 Lum Y-it1-:in1n:;1-.!'Vl M'Vl1-:J'JJ'tl-:Ju99 ti l?l1'W�ll1Y-l.1Jil'tl1 n1 Mu� :;n1 nu� tl'WLLu�-:JY-l'W'Vlu 1 bil L 'Vl1'W'W 

I dJ .J'.J1 i,v.:::! d' => � .:::! d' d' IV' 
n�1':lfl'tl Vl1nY-l'W'Vl1J1 bil L'Vmmn'JJ'W 'tlDJVl[liJ9:;�(?l�-:J lli'il1DJ'W1�'W9:;LY-iil'JJ'W fl':l1iJ'll'WiiJY-l'VlfiLL�:;mj

' 'lJ 

fl1 ti j:; L Vlc.19 :;� '71�-:J �-:J �'ti l?l fl �'tl-:J nu; 'tlil�'Vl1-:J':j'Jl 1 n1 j LL� :;-:i1 'W':j9 tlVI� 1t1i'W� j:;1J� 11J1 Li19 :;,JI ':l ti l 'Wn 1 j
'lJ ' 

,, ' 

� '7l'Q ruviJJi1'1l'e:l-:J�'WVJ �1-wn� 1nm:;u':l'Wn1:i'i-:i Lm1:;'\,I LL�-:J'JJ'tl-:J�'ll 
' ,, ' 

'e:l'W-:J 1-wn1:i'':jLAJ1:;'\,l-wit1'JJ'e:l-:J'QDJV1.1;Ji1-Jl':l-:in�1-:iimL�:;n�1-:i�'W'JJ'tl-:J�'WV1Mm.t1 C..J�m:i' 
.,, ' ' 

':j LAJ'1:;'\,I y.iu�1 -wit1'JJ'e:l-:J'QillV1.1Ji1'D':l-:in �1-:iimL� :;n�1-:i�'W'JJ'tl-:J�'WV1 M mni'.l LL'W':l LUiJ� '71�-:i ;-:ivi1 n 
= ...J = .,, = ...J .,, "" ,J' .J"" 61 ...J -:;'1 .J =' -:3 61" Y-l91 jDJ 1"ll ':l-:JY-l � ti 'JJ'tl-:J'Q illVIJJil·ll'J-:J n� 1-:J':l'W LL� :;n � 1-:J fl'W'JJ'tl-:JY-l'W'Vl M mn b 'W"ll':l-:J u'Vl iJ n1 ji"] mn n 1 j b 'Jl 
.I 'i' .-.J= ' .I.J .I 61".I 'i' .-.J= .I ,J' .J.,I '1""" .,! ,1' ,J' .J.,I u:i':; btl'll'W'Vl l?l'W 9 :;Y-i1J':l1 mnu�tl'WbLu�-:Jn1:i' b'lluJ':; btl'll'W'Vl l?l'WuJ':;Lll'VlY-l'W'Vlu1 bililn1 n Y-lil'JJ'W'JJ'e:l-:JY-l'W'Vl u1 

irur.i1ntl Y-i.M. 2533 r.i-wm:;-0'-:itl Y-i.M. 2553 l'W'JJru:;�-wim'e:l-:i'e:lruvini1-Jl':l-:JL':l�1n�1-:i1'mL�:;n�1-:i�-w 
' 'lJ 

I t, I I 

u11i1nun1nu�t1'WLLU�-:J'QDJVIJ;Ji1'JJ'tl-:J�'WV1Mmt1 l�'e:lth-:J'Jl(?l L'°l'W LU'tl-:J91nU99tlVl�1tlUj:;n1j 1� Lui 

1) ;ll¾J�U99tl�ll1Y-l.1Ji1ll1n1M�l'Dl'Wn1:i'Mmt1nn1nnu;'e:l¾J���il1J:i'lliL�tl-:J 2 tl 9-:J

91 LU'W�'tl-:J 1-n;'e:l¾J�r.i 1 n � n1ulflnr.i 1' '7l'tl1 n1 M"M':l�'WLU'Wlil':l LL 'Vl'Wl -wn 1 :i'M n1t1tf r.i4' ti
' ,, 

�ll1Y-i.1Ji1'e:l1 m M ;-:i� mulfl:i'':lr.i1' l?l'tl1 m M"M':l�'Wlil-:J'e:ltj1n � nu'Vl:; L� 9-:J'e:l1r.i 1�fo�'Vl fiY-i �

91n'Vl:;L��-:Ji'.JC..J�f?J'tl;'tlil��ll1Y-l1J99tl'Vl1-:Jlli1'e:l1n1'"1 
'lJ 'lJ 

2) ;'tlil�1J99tl�ll1Y-llli1'e:l1n1M�l�91n�mf1m':l9'J'7l'tl1n1M'M':l�'Wt!'W nn1nn1J;'tlil� 
'lJ 'lJ 'lJ 

i., CV e::J e::J I ;: d ,=S d tl'tl'WVl�-:JLY-ltl-:J 30 U (Y-l.M. 2524-2553) L'Vl1'W'W 61!-:Jl'Wn1:i'Mn1t1n1nu�t1'WLLU�-:J�ll1Y-l

JJi1ll1n1'"191LU'W�'tl-:Jn;ll¾J�l'Wn1j':jLm1:;'\,l�tl1':l'W1'Wmnn�1 50 tl 9-:Jr.i:;1-tie..J�n1J

� LAJ1:;l,l�']j(?l L'°l'WLm:;�1mm LL� '71-:Jn-:i LL'W':l tiliin1nu�t1'WbLU�-:i1�
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3) iw��mnlu'Wi'W�'ll'W11?1l�n �,.:Jf-lfl'll'el-.:Jn1JlU�tl'WllUfMl:n-.:ii'W�1'Wi'W�'ll'W11?1l�n9-.:J
� ' ,J'., "° ' • 1.d • I ."f ., = d �I L�'el197:::�111?1n-.:Jf-!fl�'fln17lufltl'Wllufl-.:Jln1�u,,t1�1-.:i��'el1n1A•-.:ilu'Wn11

lU�tl'WllUfl-.:JL'W7:::(?)U��n1flV11'flt:::(?)Ulfln (Global Scale) 1�
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� 
'U'Vl'VI 6 

iq'atJ bb�� biqt.l'el bb t.l� 

,::;S .J i, ,d,:::,, d ..::I I d � .J' d '
n 1 J'Pl n 111 n 1 ntl 'cl uw bbtl 'cl-In 1 J' 1 "lltl J'� 1t1"ll'WV1 vl'WVI ii i:.J 'cl rwa n 1 ntl'cl tl'W bbtl 'cl-l'fl ru ViJJii 'll'el-lY'l'WVI '!j'Wtl

�n111mn,fwm1-ti'lt1m1tl'el'Wbfi'el-Jii191n'V'lJ'�J'1"lll?l11'el11Jl'el"ll�'el19\J'Vi')C?lb'V'l"llJ'tj191rn�iil�n1'Vi'Wvln1J' 

,j w1n�imntl�t1'WbbU'cl-JU99t1mf n �'el 'flill'VIJJil �-191nmJ'�n1111�'llt11t1 i:.J'cl 1-wmJ''rj w1n�i�'fll.J'cl�1-w 
� � � 

�J11Y-lJJilmmP1 Lvlt1,ju•1n�i�'fll.J'cl�1-wmii1rutl1�'W f'l'l1ii�-wlmfV1€ bb'cl�n1n�b'Vit1'll'el-Jtl1tlJ'�n'elu 

1 � ., 1". I 'i' ..-.J A :; � ., ' ., .J . 1d " I 1". I 'i' ..-.J A .J A ,1'
'Wn1Uln111C?l1'W'll'el-Jn1j "Jluj� btl"ll'WVIC?l'W'W'W bvl�-1 b'W'WVln1J' bu'cltl'Wbbu'cl-Jn1j "Jluj� btl"ll'WVI C?l'WVI bn C?l'll'W 
.::::,,, J .J.J O Q, I 

9N1'WY'l'WV16l!-J91bb'Wn'fl'elnd:J-w 5 n�ii 

4 • 1d " I .,, ."f ., d ., "' .J • I ., 91 n n 1 J'Pl n111 n 1 J'bu 'cl tl'W bbu 'cl-l'fl ru'VIJJ ii bb'cl �u99 tl'el'W1 VI 1-1 vl1 'W�.n 1Y-lJJ ii'fl 1 n 1 Pl 'l!-Ju J'�n'el u vl'l ti 
.J' V tr 09,,, Q, 2,1 ,:::I �  ;: 1c:I 

mmru�-w bb'cl�m1ii"ll-wiii'V'lV1fi n1J'J'�b'Vitl'll'el-J'W11vlmnununii'll'el¾J'cl1-wmu 30 u f'l'el (?)-JbWl u Y'l.Pl. 
� ' � 

2524-2553 bb'cl�n1J'd'�b'Vitl'll'el-lU1 V1Ul1Jj')1Jj')ii�'elii'cl1'Wf'l11J 29 tJ �'el (,1-Jbb(?] tJ Y'l.Pl. 2525-2553 lvlt11; 
" 

�'el l.j 'cl91 n� rJ1U(?) j')9') C?l'el1 n1 Pli'l�'Wb]J'W{,l'J bb Vl'W'll'el-l�'el¾J 'cl'll'el-li'W� � n111 bfi'el-191n�'el¾J 'cl'll'el-1� mu

(?)j')9') (?l'e)1 m i-1i-w� '!j'W8�n111-ti'Jt1'Vlj1t.f'1 n�'ell.J 'cl hl �ii1JJ'ill �-191nmj'rj bf'lJ'1�iVl1-l�t1 � bb� (Pl\) 1 ii b'�'WIJ1 
i, t .c::,l,:::,I V ,v tf"V .::::,,, d ,di .c:::l CV' .::::,,,  

'll'elii'cl'll'el-JVI-Jl;ll'el-1�m'Wiif'l'l1ii�ii'V'l'Wnn-wii1n bb'cl�'el ru'Vi.nii btu'clm1mvl'el'W ru � rJ1'W(?)j')9'fl1m Pl'Vi'l'Vi'W 
" . " 

.,, .s " 1d • I "' .J .ei ,,1 ,1' .J ..-.s 
�1ii1nJ'elfi1J1tltN n1 nu'cltl'Wbbu'cl\J'e) ru'Vinii b'U 'clm1tl bvl'el'W ru � rl1'W� j 'J9'el1 n1 Pl'V'l'WVI Pl'Wtl Pl n111 n1 j 

. " " 

i:.J'cl mJ'� bf'ln�i'fl ru1,mil·1h-i b 'l'cl1 n'cl1-11''Wbb'cl �n 'cl1-J �'W Y'lUIJ 1 i:.J 'cl mJ'� n111'elru'Vinil n t1U'll'l-i b 'l'cl1 
q 'U q 'i.l 

n'cl1-11'-wn1-11�-J�vl1'WU Y'l.Pl. 2552 (37.8 'el-JP11b'l!'clb;tl�) bb'cl�'elru'Vi.nil'lh-Jn'cl1\J')'Wnl'l1�1�vl1'Wtl Y'l.Pl. 
qJ q q 'ii q 

2542 ( 15.1 'el-!f"\1 b'l!'cl b;tl�) 'flill'VIJJil'D'l-1 b'l'cl1n'cl1\J')'Wb'U�tl�-l�vl 1'WU Y'l.Pl. 2541 (29.9 'el-Jl-11 b'l!'cl b;tl�) 

bb'cl�'elru'Vinil'll'l-i b'l'cl1 n'cl1-11'-wbiu�t1 �1�vl 1-wtl Y'l. Pl. 2542 (28.5 'el-JP11 b6n'cl b;tl�) 'elru'Vinil J'1t1U'll'l-i b'l'cl1 
q qJ q q qJ 

n'cl1-l�'Wnli'l1l;ll-J�vl1'WU Y'l.Pl. 2541 (36.3 'el-JP11b6n'clb;tl�) bb'cl�'elru'Vi.nil'lh-Jn'cl1-l�'Wnl'l1�1l;llvl1'Wtl Y'l.Pl. 
<U q q qJ q 

,,, "',J .,. 
.J 1 -;l1 

,,, 2542 (16.2 'el-JP11b'l!'clb'l!tl�) 'flill'ViJJii·JJ'J-!b'l'cl1n'cl1-lf'l'Wb'U'cltl�-l�C?l 'Wu Y'l.Pl. 2541 (27.5 'el-JP11b'l!'clb'l!tl�)

bb'cl�'flillV1JJil'li'l-1b'l'cl1n'cl1-i�miu�t1�1�vl1'Wtl Y'l.Pl. 2524 (25.9 'el-!Pl1b'l!'clb;tl�) lvlt1f'l'l1mL�n(?J1-J'll'el-J 
A O _, ,ej ,1' .J ,,I 'i' i, 

-;l1 ,S -;l1 'flill'ViJJii"ll'l-lb'l'cl1n'cl1-l'l'Wbb'cl�n'cl1-lf'l'W'll'el-lY'l'WVliibb'W'l b'Wii'clvl'cl-!91nu Y'l.Pl. 2524 9'WtN u Y'l.Pl. 2553 

di d V ,.J.::::,,, .J' d di !,I I n 1 J'Pl n 111 n 1 J' btl 'cl t1'W bbtl 'cl-In 1 J' 1 "lltl J'� 1t1"ll 'WVI vl 'W'll 'el-JY'l'W VI Pl n111 lvl t1 n 1 J' bbU'cl 'll'el l.J 'cl .n 1Y'l n1 t1 

C?l1'lbVltlii Landsat 5 j�1J1J TM 1-w 3 'li'l-1 bb(?]'cl�'li'l-ivi1-in'W 10 tJ �-!UJ'�n'el1J�'ltl�'el¾J'cll11Y'ltl1tl 

vl1'lbVJt1ii1-wtl Y'l.Pl.2533 Y'l.Pl.2543 bb'cl�Y'l.Pl.2553 Y'l1J11 1-wtl Y'l.Pl. 2533 mJ'1-ntlJ'�lt1'l!u��'Wfh-w1ml,) 



G d' .J I � .d =A a; i, .J' d.::11 =A i.l 

Luuu1:;LJl'VlV fWV11J1L�'tliJL'Vlrn"ll'1iJ6.ll'W1vHU'W1'tltl'z.l:; 45.7 6.ll'tl'1i"l'W'VlMm11 1-wu V'l.M. 2543 n111'1l 

• I 'i' .-.J"" • I ,J' .J. 'I � """ 'l ". I 'i' .-.J"" .J .J "" .!'I " ,J' .J
u1:; btl'1l'W'VlVl'Wu1:;L Jl'Vli"l'W'Vlu1 bl-ll-!6.ll'W1Vln11 b'1lu1::: bt1'1l'W'VlVl'W'Vll-!1n'Vl�Vl fl{?} Lu'W1'tltl'z.l::: 49.5 6.ll'tl'1i"l'W'Vl' 

�mn LL-z.i:;i'.Jn116.llt11tl(?]'J6.lJ'tl'1n11L1ilu1:;fo'1lU��'WU1:;LJl'V]1J1li1v1't!Lti'tl'1l-J19'Wn'1U V'l.M. 2553 LVlt1n1111n 

.I 'i' .-.J., .I ,J' .J.,I "" 'l",J' .J .J "" .!'I " ,J' .J� ,J' .J u1:; btl'll'W'VlVl'Wu1:;LJl'Vli"l'W'Vlu1l-!6.ll'W1Vln11 b'1li"l'W'Vll-!1n'Vl�Vl fl{?} Lu'W1'tltl'z.l:; 67 .8 6.ll'tl'1i"lt!'Vl f"lffl11 u-z.i:;i"l'W'Vl 

1J1l�'tll-JL'Vlrni'.J6.ll'W1Vln11L1ilu1:;tt1'1!U��'W�'z.l(?)'z.l'1 

"' • 1.J • I '1 ". I 'i' ... .J"" '1 ,J' .J � • "" ,, ., 
t.rn n11Mffl11n11 lu'z.ltl'WUu 'z.l'1n11 b'1lu1:; btl'll'W'VlVl'W b'Wi"lt!'Vl f"lmn i"l1J'J1 iJ fl'J1l-l �'ti{?} fl'z.l'tl'1n1J 

LU.J 'Wi'i !?J-J'W1�1t!1J11iJ l!l'Wtrn m11n11Vi l?J-J 'W1 i:i'J tl'Vl n tl'f)'W l ti'tl'1l-l 191 ni"l 1:;11'1! �11� Gil i'.J n 11f71'1,l'W{?} 
V d'.Jt � V 2,, 1 '12/ 2,, I .dd: 

llt!'J'Vl1'1L'Wn11i"l l?J-J'W1i"l'W'Vll?J'1 LWlU V'l. M. 2526 LVlmlt.lt!i"ll?J-J'W1Vl1'W1J1 bl-!9:;L'W'Wn11U�n1J1 l'V'l't!Y'J'W��Jl1V'l 

u11i11i:iniu�Vll-l�l-!1J1fWV1'1l�l-lf'Jl-lfl1Jn11U�nvh'1lUVlv11'17 fl'J1J�lunun11u�ntl1 U'tln91nW'Vl1'1f'Jt!tJ 

�m11 n11Vi !?J-J'W1i:i'Jtl'Vld1tl'1 l�'t1\¾t1J1l?J 1 i:iu1:;'1!1'1l'Wl ;1'tlzj't11 �ti 1-wiu�l!l'WtJ� mn n11Vi !?J-J'W1ii'J tl'Vld1tl'1 

LVlt1�'1 L�1iJ1 i:iv'hn-wm.h'1 nn �'tl'1(?]1l-J'j,lin�'1!1 mrn-z.i :;�'ti {?}fl�'tl'1fl1Jfinl-!'1!1 � l�'tl hn i:iu1:;'1!1'1l'W� l ;1 
'll 

"" .- ., ., .- ' • 1.J • I 'l ". I 'i' ... .J"" • I ,J' .J .'I ., 91 nm 1'J Lfln:;i-, fl'J 1l-l�l-li"l'Wfi1:;i-,r;i1'1n1nu-z.it1mlu'z.l'1n11 b'1lu1::: btl'll'W'Vl Vl'Wu1:;LJl'Vli"l'W'Vlu1nu 

U99tl'Vl1'1�1'W�Jl1i"l.lJ�'t11n1M u1:;n'tl1J�'Jtl�O.mJJ� mmru�'W fl'J1iJiuliJVi'Vlfi LL-z.i:;n111:;mt16.ll'tl'1tl1 
., .J ., 

LVltln11� Lfln:;'1-fm f'i1�i-,liJVi'Wfi ( Correlation) V'l1J�1 �'W'Vl1J11i11ili'.1fl'J1l-lil-li'it!fifl1J�rui-,JJ� J'Jl-!Vl'1 

if 99 t1'Vl1'1�Jl 1V'l.lJ �m m M� 'W t.J � n 11� m11Y11'1 � n �� 1iJ 11m:;1.J 1� L �t1'1vi M'Vl1'1 fl r;i1 iJiiJvr 'Wfi6.ll'tl'1U99 t1 

iu�tl11i1 LL'z.l:;U99tl't!lli'l,lJl� J'JiJ'VY'1U99tl'Vl1'1�Jl1i"lJl�'tl1 n1 M�1�v'hn11�m11 L�m�l-l mh'J �'ti i-w� 
' 'll 'll 

., 
u11i1i'.1 fl'J1l-lil-li'i'WITT 'WVl M'Vl1'1 l�tl'Jfl'Wfl1Jlli'l-!1lli'W1 �'W LL-z.i:;i'.J fl'J1l-lil-li'i'WITT 'WVl M'Vl1'1 l?JNfl'W;1l-l nu 

� .J' :Y. ,v ,r  � �lli'l,l.lJl-l fl'J1l-!'1l'W·iNl-Ji"l'Vlfi L L-z.i:;n111:;mt16.ll'tl'1'W1 

:: d' • 1.J • I ,J' .J .'I � ,, ., ."i' ., ., � I .,j ., 0 ., ., ., I 

'Vl'1'W t.J�6.ll'tl'1n11lu'z.ltl'Wllu'z.l'1i"l'W'Vlu1 bl-ln1Ju99tl�Jl1i"l.1Jl-l'tl1n1M bl-ll-l'Wt1�1flt1J'Vl1'1�rl(?] lll?J91n 

m 1� m11 fl'J1 iJ LLl?J n v11'16.ll'tl'1� rui-,JJ�'ll'J'1 n -z.i 1'11'mL-z.i :;� n.mJJ�'l1'J'1 n-z.i1'1 �'W6.ll'tl'1/ 'W� � mn LVltl f'i 1� i t1i'.l 

ll'W'JL'Wl-J�(?)'z.l'191nU i"l.M. 2524 n'1U i"l.M. 2553 't!U1'1l�'Wl�'nVll9t! �'1�'tl{?}fl�'tl'1fl1Jn1HU�tl'WLLU'z.l'1n11 
2,, ,..J=. =A 4 ,=I _.J.,J' _J4 =A a! d' d' _JI '1 V .d I 

L'1lu1:;tt1'1lt!'Vl{?]t!Lt!U i"l.M. 2533 rl'1U i"l.M. 2553 'Vli"lt!'VlMm11iJn1Hi"ll-!6.ll'W6.ll'tl'1i"lt!'Vl1J1 bl-! "ll'1'1l'J'16.ll'tl'1 
I t, I 

�it1v\ LLfl1J'z.l'1W'tl19 LU'Wt.J-z.im91 nn-z.i 1nn1:;ur;i-wn11i'1 Lm1:;'l-f LL�'1 LL-z.i:;n1rn1t1196.ll'tl'1�'1l;_,�'tl v1 fl�'tl'1nu 

"" ., .: .J I ·'' � ,, .!'I ."i' ., J .J.J "" .f .J�,,f-J'z.l'11'W'J9tl'l,l�1tl'l!'W'Vl1:::1.J'J1 u1 bl-l lu'Wu99tl'l,l'W'1'Vl·n'Jtl'z.lvl'qlliWJl-l6.ll'tl'1V'l'W'Vl b{?}
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9-1 I I I t,  

�J-!1Jjnf �n1j'lJ11n�1r.J'll'el-:J�'el¾Jrl j')J-j'V]-:Jn1nnu;'el¾Jrl�J-J1�Lrlr.J-:i 4 tJ �-:JLU'Wj1'W�'el¾JrlY1�\m1nhl 

�1J-!1 nl'W1J-!1� L flj1::;�1� n1 j� mn L'Wflf-:irl'�-:i91 LU'W�'el-:J1el1-:J1)-:J;'el¾Jrl�Jl1'1''LQnmn1M91 n� rnw 
Q/ i, ..::I d � i, ,v i, .J6l t,, «::I V IV 9,1 ;r .J� ;; J

l?lj'J"'l'l 1n'el1n1 M1nr1 Lflr.J-:J6l!-:JJ-J LL'W'l t 'WJ-J LLrl ::;r1m1ru::;'ll'el-:J'll'el¾Jrl'Vl bnrl Lflr.J-:in-wnu'll'el¾Jrl'll'el-:J'V'l'W'Vl Mmn 'Vl-:J'W 
.a .a "" %. ., !;'l = d' .Jo .:'I ,, ,..,, ,, ., .J d 

n 1 jM m�n n-:i e-i r1 n j::;'VlU�j'el fl'l1J-J ·iN J-J'V'l'Wfi b m 'l!-:J'V'l'W'Vl"'l 1 Lu'Wl?l'el-:J J-J'll'el J-Jrlr.J 'el'W �rl-:J'Vlr.J 1'l 'W1 m 'V'l 'el� 1 J-J 1 rn 
41 

� Lflj1::;ifo'W'J b'WJ-1 LL�::;inlirn:::'ll'el-:Jn1nnm . .h1n!Jn1jnf�1'el ml?ln1jru(9]1-:J7 j')J-j'V]-:J9:::LU'WUj::; br.J'l!'Wl'Wn1j 
.- 'i',, .J <> d' � "'\ I .S :: J ,, ."f ., fl11nn1jn.!LL'W'l b'WJ-J'Vlmr.ir.i::;m1n'll'W bin b'W'el'W1fll?l LLl?ln1jMnli1flN'W�1mrnnunu'll'el¾Jrl�Jl1'V'lur.ir.ir.1Y11-:i 

JJnmmM��n1j91nLflU1�1�mn��lnLrlr.J-:i 30 tJ Uj::;n'elUflU'll11n�'el¾J�U99r.J�Jl1'V'ljJn'el1n1M�'W7 � 

�1ffry �'el flri1m;ri�J-J �1J-!�n1j1?1nr.itf1nt-wf-w� 
t, I I I I i,, ii I 

U99r.J�1'W'll'W11n'll'el-:J'Vl'WYl�-:JLU'WU99r.J�U-:JYl�fl'l1J-!�1flqJL'Wn1j�nli1flf-:iw LU'el-:J91nn1j�nli1 
.. .. .J 

'1'11-:J �1'W�Jl1'V'l]Jnmn1M LU'Wn1j�nli1j::;l;)UJ-J�Jl1fl l;)-:J'W'W n1j�nli11-wvl'W'Vl'll'W11n L�n�-:i�e-i� (9]'e) 

n1j�nli1 LL� ::;mrn.ntlnr.J e-J � nJ-Ji-:itl'-:i� e-J� (9]'e) n1 nn ln;'el91flln L 'W�'el-:J fl'l1J-!��1 n�rl1r.J'll'el-:J�'el¾J � �Jl1'V'l 
= .J'l "'l .. I I 'l " ., = d' .J :: ,,� ."f 

]JJ-l'el1n1M'Vl b'l! b'Wn1jMnli1 LLl?l'elr.J1-:J rnl?l1J-J n1n1-:JUe-J'W'V'll?J-J'W1L'l!-:J'V'l'W'VlnJ-J'Vl-:Jn1nLn b'llub1)�1n1j 

• 1.J • I = ° Fl " "" "' 'l ., ,1' .J d 'l " = . I"" ....,.'l Lu�r.J'WLLu�-:J�Jl1'V'ljJJ-J'el1n1M91Lu'Wi?l'el-:JJ-Jn1jMnli1 b'Wj:::lnU'V'l'W'Vl (local scale) L'V'l'el bmn1nn1ju!]Ul?l b'W
., d' .J I d' .J .J '\ ,,� '\ ., � ,,j::;1nU'V'l'W'Vl LLl?l�:::'V'l'W'Vl'Vl"'l:::�-:ie-J� b'WJl1'1"lnJ-J'll'el-:Jn1rnn b'llUrym b'Wj:::1nuJ-J�Jl1fl (global scale) bin 

6.3 "ll'elb�'W'elbb'W� 

'l � t J�,, 0 .a d ., ., .- .I.J .I 'l".I 'i' .-.J,.,. .Jb'Wn1rn nli1 fl N'W bln'Vl1 n1jMnli1 L 'V'l'el�1 fl'l1J-J�J-J'V'l'Wfi'll'el-:Jn1jLu�r.J'WLLu�-:Jn1j b'l!U j::; br.J'l!'W'Vl ln'W'Vl

�(9]'eln1jLU�r.J'WLLU�-:J'Qn.!�JJn blnr.J'el1 �r.J�fin1j'Vl1-:J�1'W� n� LL� ::;j::;UU�1 j�'WL'VlMJJn M1�1?lf �-:ir.i1n
.. .. ..

n1j�nli1flf-:iw L�'W'elLL'W:::LL'W'l'Vl1-:JL'Wn1j'\ll1n1j�nli1(9]'el1tl iK-:iw

I .. ..  

1) LU'el-:J91n�'el91flln'Vl1-:J�1'W�'el¾Jrl�Jl1'V'l]Jn'el1n1M '1'111�'1'111�n1j�nli1 L'Wflf-:JW91LU'Wr.i::;�'e),:j
I t,,  t, I 

.J 
1el1-:J1)-:J�'elJ-Jrl91 n� n1Wl?ln"'l'lln'el1n1 M Yl l?J-:J'eltltn�nuu1L'l rnvl'WYJ �nli1 ii-:i LLii;'elJ-Jrl'Vl1el1-:J1),:j

41 41 41 

r.i::;� "11 Ln� L�r.J-:JflU�'el¾J��Jl1'1"ljJn'el1 n1M LL(9] n1j'W1�'el¾J��l?lj'J9'l In 1�1'Wf 'W��nli1J-J1f'l J-1
I .. 

�nli1 r.i::;�-:ie-J� t�mj� Lflj1::;1,i'nm1J-Ji1n Lr.i-wmn�-:i�-w

2) ur.ir.fr.1t-w�1-wn1ntl�r.J'WLLtl�-:in1jt-ntlj::;tr.1'l!u��'W fl'Jj�n1n�J-J'D'l-:JL'l�11-wn1j�nli1n1j

LU�r.J'WLLtl�-:i LL�::;n1j�nli11-wL�-:i�n'll'el-:Jn1jL'DUj:::tr.J'l!u��'WL'WLL(9]�::;tlj::;LJl'Vl L-Wj1::;r.i::;'Vl11�
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