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1. Urban Heat Islands
2. Land Surface Temperature



A!"! B" A!'CDE" '. %"-01 -02 31&"-4 -,"5$ + 36"&" 72#8 + 9-.&': ;<."& =>?@19'*ETM+

 ! " #$ %&'(GIS$)*$+
, $ ,-( , $ .!-/0 !-121388

41

)2007(+)$0S_K '( 3&0dG#( 02TM$ETM+B_E0D'C"q
HE0_D' _ H)0�_< :+)[_?+55LK H_#%+2 B_2 >_)+4K +1-

]:+2%0_V �_"5D' %& i%(+/C_"GT(&+? R5_D'  _-@?.
h+F BV CE&(& *0IE ~)0GE/0_# %&  _-@? WfV R)+K

1998/0# %& 0D( �&@2 HE@6^D :+2%0V WfV2001$
1989R5D'h+F +)02 :0`C_E&@2 Wf_V R)+_K.H_#%+2

*05D Bl2(%NDVIm_58aK '( 3&0dG#( 02 wl# i%(+] $
+5LGDC"q *@5#+F% $ HJG^4,`+v�_D  _YE +JE0_52 .3

&@2 wl# :0D& m)COK %& H`05F  -@?.
*(+__)( %&Akbari/0__# %&2000'( 3&0dG__#( 0__2
3C"!"#TM(% *(+1K +1- i%(+] BM%& o)'@K :@JA( .

&(& %(+__c B__OA0lD &%@__D.NG)%@__JA( '( 3&0dG__#( 0__2 $(
B__Y4Q/0__,G]( +�V(C__] :C__"21)MLC(Wf__V:0__`

M z%0__? .H__a)+dK z%0__? :+2%0__V_ HE@6^__D .H__8J"
NV H7(%( .+20OD .HGO"UB_# '( (% +)0_2 H7(%( $ PT%&

B_dA�D m58aK '( mU0] /$( BdA�DH8_U( :0_`2)PCA(
'( }__) +__` :(+__2 i%(+__] R5JE0__5D $ &+__V t(+rG__#(

WfV&%$; P#& B2 (% :+2%0V :0`.H_#%+2 02 :$$ 0_`
H20)'%(Wf_V B_V P_<+F B!5GE .3C- h0!E( :0`:0_`
& :+2%0VCE&@2 +J)C6) 02 i$0dGD HK%(+] R5JE05D :(%(
WfV $+_2 �04)+YK :+2%0V BIYE %& *0^6) HK%(+] :0`
WfV3x)$ H)0D& :0`C"G-(& �04lE( :(.

$ wl_# :e+_E( B_M&@2 '( H`0_F; B6")( B2 BM@K 02
B57+< '( HT+2 :(+2 +1- HK%(+] +)(>Mi09@7@D $ 0`

R5_D' h@89)5LK .:+1_- N5_8c( C_"E0DH_l5aD i(+_5
*0^_E( _ j5aD m20YGD +v( $ HE01M(:(+_2 R5_"p,` $

3@5-B_D0E+2 $ P)+)C_D :0`.P_#( N_1D %05^_2 :>_)%
:0D& BOA0lDHFx)$ $ wl#:+1_- :e+_E( BM&@2 :0`

3%(@_,` H_K%(+] %$& '(  !"_# :%$0_"< '( 3&0dG#( 02
P#( 3&@2 BM@K &%@D %05^2.3&(& B2 H#+G#& hC9:0`

}_) '( HE06D _-@? $ :+2%0_V &0_)' u@_"K $ .s+_Q
j5_aD %& H7(%(*0_6D( .+_J)& s+_Q '( :+1_- :0_`
}5"6K '( 3&0dG#($ &%$;+_2 %& (% %$& '(  !"_# :0_`

HD |+lD  5? '(  52 R5D' wl# :0D& R55OK&'0_#.
Z$% *@"V0KZ$% C"E0D Hd8GrD :0`3'(CE( :0`:+_5F

Z$% $ m__aD %&m__58aK :(+__2 :%$& '(  !"__# :0__`
$HFx)BG<+F %(+c 3&0dG#( &%@D HK%(+] +)(>M :0`CE(.

 5_? nA0lD B2 BM@K 02 ([AB_OA0lD R_)( %& .B_GdF
3C)C?Bl2(% $ wl# HK%(+] :0`:+2%0V $  -@? 02 *;

3%(@`0_D +)$0S_K '( 3&0dG_#( 02 *(+1K +1- %& H7(%(:(
ETM+HD B4#0aD&@-.wl_# :0_D& R5_5OK '( �_?

0#(CM Z$% '( .R5D'+^V R55OK :(+2 HlT Hd5Q :'
+)[__?0E{@dE |@l__# $ HV0__T |@l__# .H`0__5F  __-@?

HD 3&0dG#(&@-.12

2-A!"!M>K@1 N+& + A!'CDE" !&#L 9'*
2-1-M>K@1 !"#L + ;OP'<L !&#L ;K<QL

P_#( *(+_1K +1- .\5YaK R)( %& BOA0lD &%@D �Yl"D.
3& PDCc 02 *(+1K +1-V(+K :(%(& .H"5IE+1- /0# 0`N

$ �02 P5O,M.P#0`+1- +)0# 02 W05c %& &0)' PO#$
30__F%0V >__V+,K $B__E0T%0V $ 0__`$ +1__- 3&$C__aD %& 0__`

}5Ee@?$+GE; :0D+F C5A@K :(+2 (% j)(+- +1- B5-0]$
3&@A;P#( 3&%$; &@M$ B2 +1- :(@` :'0#.B_2 BM@K 02

R_)( %& .*(+_1K +1_- %& H_K%(+] +)(>M BOA0lD P5,`(
sC` 02 \5YaKo,Mh+_F \Q0"D 3%02%& i09fQ( :%$;

+_)(>M m56I_K +_2 +v�_D mD(@9 $ 01E; PO#$ .+1- R)(
3%(@`0D +)$0SK '( 3&0dG#( 02 .HK%(+]+)(>M BOA0lD B2 :(
C- BGT(&+? *(+1K +1- HK%(+].

B__8,M '( .�__8GrD 3&(& o20__"D '( \__5YaK R__)( %&
3C"!"# +)$0SKETM+P_#C"A 3%(@`0D7)X)%0_K B_2

09/08/2002(BIYE .3&(& $ :+2%0_V :0`H)0_D& :0_`
30JG^__)(C__)&+F 3&0dG__#( H__#0"-(@` :0__`.3C"!"__#
ETM+3&(& m5SaK *06D(B_5]0E '( (% :+)@S_K :0_`

%& .H_K%(+] >_D+c *$&0D 0K H=+D Hd5Q8+^_5D C_E02
HDC"V.CE0263C"!"# '(ETM+HI_20K %0_- %(C_YD

>D+c *$&0D)0D+F('( 3C- m5^F3'(CE( (% |@l#:+5F
HDC"V.BIYER_)( %& 3&0dG#( &%@D H7(%( :+2%0V :0`

1. Maximum Likelihood Classification
2. Principal Component Analysis
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     : +E HI= 97:; 1)!ZC          P>#: G;@#. <;7[U#=& >#4&@C
       #, G2#=& 1):% '.@\ >]6;  3)EDC       +#E ^D#_ 1#0& 7
        5)"#* 6&>#A:  Y7#)* '.@\ B `7a       M@#(N: &6 9>#?:

          : b)EDC ;@a '.@\ >]6; +, +$@C 7, B >46&;    >4@#.
)Sobrino et al., 2001 .( 7,  Y7)* '.@\ >]6; 6&>A:

 %& <;7[U##=&NDVI ##: +3##=7c:  ;@##. . GWB6 1##0& 6;
+47U=K  96&d*NDVI : 6&De <;7[U=& ;6@:  ;D)*.  
fS& (NDVI > 2/0 :      +, g@,D: 5"V)\ ;6@: 10& 6;

     5)"* 1)h47): 6&>A: B G/Ja `7a     i7=&D, jK 9>?:

                                                           
1. Surface emissivity 
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 +47Z,7UE k)S74K   +4@!4 9&            #C6&Dl >#47, 9&D#, `7#a 97Y
 2=>?S978/02=& .  
m (NDVI < 5/0 :5"##V)\   W%6&7##, 97##YNDVI 
n6k,     %& DC5/0          6&>#A: B 5#:7E  Y7)* '.@\ 7, oQ7?: 

   5)"* 9&D, 2,78 W%6&    9>?:985/0 C     <>#. <;% 1)!Z
2=&.  
O (5/0 NDVI   2/0 :  5"##V)\ ;6@##: 1##0& 6;

   <>0>\ %& 2=&  3)EDC      5)"* 6&>A: B f(UZ: 97Y   9>?:
 +I,&6 %& <;7[U=& 7,3 : +3=7c:  ;@. :  

 +I,&6)3(  V V S VP ( P ) d! " ! # ! $ # !1  
v! = 5)"###*    G Y7###)* '###.@\ 9>###?:s! = 
5)"*     G`7a 9>?:Pv =       7#, +#E  Y7#)* '.@\ >]6;

 +I,&6 %& <;7[U=&)4( : +3=7c:   ;@.)Sobrino et al., 

2004 :(  

 +I,&6)4(  min
v

max min

NDVI NDVI
P

NDVI NDVI
$% &" ' ($) *

2
  

  maxNDVI /"0 5  
  minNDVI /"0 2  

d! =        +, +E G2=&  N)3Q p@I=  =>?Y q0%@C D8&
 +I,&6 <;7[U=& 7,  30DAC r6@])5( : 2=; +,  >0K.  

 +I,&6)5(  s V Vd ( )( P )F! " $ ! $ !1 1  

F =  5V. b0Ds)Sobrino et al., 1990 ( +E 2=&
              rB7#[U:  #=>?Y q#0%@C ^D#_ 7#, jK 1)h47#): 6&>A:

 Gp@I=55/02=& .  
   207t4 6;          D0@u#C 9B6 D#, r7c)cu#C M7v4& %& R\

   5)"* +3=7c: B  C6&Dl          7#, 1)#:% HI#= 97:; G9>?:
   +#I,&6 %& <;7[U#=&)6(   #: +3#=7c:    ;@#.)Artis and 

Carnahand, 1982(  

 +I,&6)6(  Ts BT /{ [( BT / )*ln ]}" # + , !1  

BT =  w 07?##.B6 97##:;+ = R47##0;&6 O@##: P@##Q
    <>#. qQ7=)5/11  D#U:BDV): (  whc / k p"w h =  2#,78

 /####4x\)( / j.sec)$- 346 62 10 wc =  6@####4 2yD####=

)/ m / sec-2 998 108( wk =  1:kUS@###, j7[U###=& 2###,78
/ j / k)$. - 101 38 10w ! =5)"*       4707\ +(lD: 6; w9>?:

 <;&; 50>3C  7YG ))zC             +#$6; +#, 10@#(E +#$6; %& >#l&B D
 U47=  +I,&6 7, ;&D*7 : r6@]  ;D)* :  

 +I,&6)7(  Celsius /  Kelvin" $273 15  
  

2-2-2-  $KLM $!;<   $L%N        2!/!O< 1 ><?5:@ ,-.8
><?5:@ :A5BC  

            <>#.DE{ |#,&B6 %& <;7[U#=& 7#, +#(lD: 10& 6;G   D0@u#C 
      #: O&DZU=& j&DtC Dt.  C6&Dl          M7#v4& %& R#\ B ;@#.

!y+##A3Q r7##)( L)"##AC  ##C6&Dl D0@u##C G9>##?,  9>##?,
 :             #: +#)tC 1)#:% HI=  C6&Dl +JA4 B ;;D*   ;@#. .

 +A3Q 9&D,             +#E  #.B6 %& G5#]7l  #C6&Dl D0@uC 9>?,
Smith (1986)>##. <;7[U##=& G;&; +##}&6&  . WB6 1##0& 6;

             q#0%@C  #?c?: +#, +#$@C 7, 1):% HI=  C6&Dl +JA4
       ~&D#c4& i7#=&D, B  C6&Dl D0@uC  4&B&D_     +#)tC 67#)N: 

 : ;@..  
  

2-2-3-$KLM >8'A3?5  95:;< >A')0   
   <;&; 2e;  ,70%6& 9&D,         >47, %& <>:K 2=; +,  07:; 97Y

6 <>?v?##= ETM+ <;&;  Uy7##= 67##:K G    07##:; 97##Y
   >. +)tC  =7?.&@Y j7:%7= .      qJ#NJC %&  #.74 r6&Dl

        cI= r6&Dl 9&6&; +E  !"$  cI=)Ts (   7#, 2=&
   9&@Y 97:;)Ta (D)*D,6;       B j7:% +, +U", GL"$ jK <>4

 2=& ~xUa&  E>4& 9&6&; %B6 +473. r7y7=)Akbari, 

2000.(  
Garcia-Cueto  P7#####= 6; '4&67####V!Y B 2006 

+S7A:                 P7#AU4& q,7#C >?U"#4&@C jK 6; B >#4;&; +#}&6& &6 9&
            +#, /#0;k4 9&@Y 97:; B 1):% HI= 97:; 1), o)e;

>46B7), 2=; +, 9Dt. oQ7?: 6; &6 HI=.  
& 6;<;7##= Go##)AcC 1##0  97##:;  ##Ia P>##: 10D##C

    HI= %&  NJNJC)SRT (      &@#Y 97#:; B)TAIR (  9&D#,
 +I,&6 r6@] +, 9Dt. oQ7?:8>:K 2=; +,  .  

 +I,&6)8 (  AIRT / / SRT" # -14 6 0 44  
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2-2-3->D5?5 E=FG ,:"H :AFS< T5:U7&5   
 WB6  !          "#$% &'() *!$+ ,#-./0! 1+-2 -)! ,#-0 *-3

  *$45 67-8) 9:%$;   <=) >1V-I-S     ?@% A0! Ridd  B#
  <-01995   #$@% "-:+  .Ridd    B-@4C! A@5!#     <=@) ?@%   

V-I-S D)            E:@F) $@/4+ GB# *!$+ =5-+ DH-8+$H  =I!J;
    DKHL:M *-:M!$NO >*$45)    >*$45 D;B!$P $H!LO =8I-)
    B-K5Q R S-I!RB "#$% <=)    *$45 T!$::N; * -0 (  L:I R

 DI-U@@I! *-@@:M!$NO)A@@:VWO X%!$@@; Y:@@W'; =@@8I-) R 
  DZ=I  A:.:% D+-H B! .(          ?@.[\) ?@0 Y@H!  ! ,#-./@0! -+

 D) D0-0!          ]J^@0 R D%-_ ]J^0 >D3-:Z `5Ja "!J;
?/_-0 =5b           #!# `H-@WI ,#-@0 9@:%$; ?0 -+ !B *$45  .

    D) <=) YH! Dc% *-W5       1K5 TBJd ?+ =I!J;1   "-(@I 
 #J5 ,#!# .         "-(@I !B ?@.[\) eH BJF) $3 f!$Z-H# YH! B#

D)  =3# .g B!   B B# -3 #BJ) ?.[\) =dB# BJF) $3 *-/0!
D) "-(I !B $hI =83#.  

  

  
 1K51 . <=) B# $45 D)JWi *-W:0V-I-S) 1995 >Ridd(  

  
2-2-3-1- !"# $%&'()* +,-  .&/0 2) LSU (  
?+                 -@+ ?@% A@0! *=@8H!$M D@.:7 * -@0!=O D@c% BJ7

  j!$'/@@0! "-@@K)! >D@@.:7 X@@kli `m8@@0  ! ,#-./@@0!
      $@H  n^@0 B# !B T-il7!  1U@K:a3  D@)        D@5RB R =@3#

      1UK:a B# $d-8i DH-0-85 *!$+ !B 90-8)    Ec/') *-3
 D) X3!$M  =8% .  X4)  ! DKH   DZoHR YH$;      * -@0!=O *-@3

  ?pq7 rl_$+ >D.:7        "#J+ "-8:W7! 1+-2 R 6:2# >*=8+
 ?+ sH-/I      ?+ >A0-4IQ  ! ,=)Q A0#    D) ?% *BJ7      -@+ "!J@;

   ?+ sH-/I  ! ,#-./0!         X/HBJ@t[! Y@H!  ! ,=@)Q A0#   @3   ?@+ -
  uW% T-q0-F) f-mI!      <-N@5! AP-U@) R A_!#$a D   ,=@5

?+      1:K(@; #!J@) ?c:0R  =@83#b      !B *B!#$+$HJv@; ?8F@d 
#BRQ$+1#$%2)Rickard, 2003.(3   D@^_ 9@:%$; <=@)4 >

   ?+ ,=5 ,=3-() w:7       ?+ ?% !B 1UK:a $3 ?c:0R    TBJ@d
 ?^+!B)9 (D) "-:+ D) "-(I >#J5 =3#.  

 ?^+!B)9(  
n

i k ik i
k

R f R
 

 ! "#
1

 

Ri =    =I-+ D.:7 S-; -+i   > i =    >D.:7 *-3=I-+ #!=V;
k =  #!=V;Endmember        e@H 1)-5 ?% 1UK:a $3 *!$+ 

 =@@8x -@@HEndmember >A@@0! fk =   ! e@@H $@@3 X4@@0
Endmember   >1U@@K:a B# -@@3Rik =   D@@.:7 S-@@; -+
Endmember          =@I-+ *!$@+ 1U@K:a $3 B# i   R ei =  -@^_

 A0! =I-+ $3 *!$+)Weng et al., 2004 .(  
      Y:tI-@:) fR# ?(HB *-^_)RMS (    D2-@+ y-@0!$+

,=I-)  ?^+!B *-38 ?^+!B TBJd ?+ 10 A0! )Weng et 

al., 2004 :(  

 ?^+!B)10(  
m

i
i

RMS ER / m
 

$ %
 & '

( )
# 2

1
  

ER =  >=I-+ $3 *!$+ -^_ B!=p)m = -3=I-+ #!=V;  
  

2-2-3-2-  12&"3 45(60        $%&7'()* 8)70 $%&'
 9:  !"#  

   *!$+ 6:pF; YH! B#   ,=H=a D.:7 * -0!=O     wc/') *-3
 $HJv@@;  !ETM+=@@5 ,#-./@@0!  .?@@+  j!$'/@@0! BJ@@h8)

           B# D@.:7 * -@0!=O f-@mI! 1P!$) >$HJv;  ! T-il7!
 1K5 TBJd ?+ D[!J/) ?cP$) YH=8x2AM$Hza f-mI!  .  

                                                           
1. Vegetation-Impervious surface-Soil 
2. Linear Spectral Unmixing 
3. Subpixel 
4. Linear Mixing Model 
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 1K52 .D.:7 * -0!=O f-mI! 1P!$)  

  
2-2-3-3-KE9' )L-2 G/'&I0 6AM3&.NE!.   

 ?.[\) "!J8i ?+  $Hz@a-I{J.I ]J^0 >$45 DH-8+$H  Dcd! > 
   ?)-I$+ B# Dcd! $:N/)          E:@F) AH$H=@) R *$4@5 *LHB

?+  D@) B-W5  =@8HQ) Ridd 1995; Ji and Jensen 1999 .(
             ]J^@0  ! D(@'+ "!J@8i ?@+ $Hz@a-I{J.I ]J^0 =dB#

  ?@p^8) *RB $@@+ $Hz@a-I{J.I   ,B-@@+B# $/(@:+ >e@@xJ% *!
 _-0 67-8)   ,=5 ?/)DI-W/_-0 (  D@) T-il7!      -@; =@3#

?pq7   *$+B-@% *=8+ /   D@|!B! `@5Ja)Ji and Jensen 

1999 .(         ]J^@0 >A@:VWO Y:W'; *!$+ ><-}) "!J8i ?+
      ?@+ DIJKU@) 67-8) B# $Hza-I{J.I          "!L@:) -@+ 1@% BJ@7

?I-_             #B!# A@:VWO =@dB#  ! "-(I R A0! ~J+$) * -0
)Changshan, 2003 .( ! =@@V+ 6@@:pF; Y@@H! B# Y:@@:V;   

End member  ]J^0 ?% =5 &'() sH-/I D0B$+ R -3
-I{J.I              ]J^@0 yl@% R# ?@+ D@.:7 �-@F[  ! =H-+ $Hza

 X:Up; Y5RB ]J^0 R eHB-;     A@H-4I B# R =IJ@5 *=@8+
D@@) !B $Hz@@a-I{J.I ]J^@@0   ! D@@qH$p; TBJ@@d ?@@+ "!J@@;  

 ?^+!B)11 (#$% ?q0-F).  
 ?^+!B)11(  

(impervious) F(dark surface) F(light surface) e ! !  
)impervious(F = $Hza-I{J.I ]J^0 =dB#>  

ETM+  $HJv;  

D0=83 T-F:Fv;,#!#-3 

#!=V; Y::V;EMf-mI! *!$+ -3gRBD.:7 * -0!=O  

#LHJI *-3=I-+ B# LHJI `3-%R =:.) *-3 ,#!# j!$'/0! B!)MNF(  

X/HBJt[! f-mI!1UK:a j!$'/0! *!$+ wc/') *-3 -3 &[-_ * 

1UK:a j!$'/0!&[-_ *-3 

D.:7 B!#JWI Y::V;EMD.:7 ?I-'+-/% A_-0 R -3  

D.:7 * -0!=O <=) *!$O! #Jq4+ R D+-H B!EM-3 

*$U% $HR-v;EM-3  

A2# D+-H B! 
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F(dark surface) = >eHB-; ]J^0 =dB#  
F(light surface) = >Y5RB ]J^0 =dB#  

E =  <=) *!$O!  ! D5-I *-^_ B!=p)LSU.  
  

2-2-4-      R"LE? , &02 S"< G9<(-  '-6<    $&7J6T
 6>@  OAB"UE"<  

 *!$@@+ ,$:N/)=@@8x "J:@@0$ZB L:[-@@IQ  ! ?@@cP$) Y@@H! B#
  �; ?+ D+-:/0#       DKHL:MJ:+ *-3$:N/)  ! eH $3 DqUI $:�

   *Jt[! $+LST  D) ,#-./0!        ! ,#-./@0! -@+ ��@0 R #J5
     w:dJ; "-:) ?^+!B >*B-)Q sH-/I YH!     DKHL:MJ@:+ *-3$Z

      gRB  ! ,=)Q A0# ?+LSU   R UHI      B!$@2 1@:cF; #BJ) 
D) #$:Z.  

  
3-VA&;.   
3-1-      G7W/# GX7W. G">? VA&;.        ,  7?-(65 $)7Y<

?-(65 6A(B* S""Z?   
               $HJv@; >,=@5 $@%{ E@+!RB  ! ,#-./@0! -+ ?cP$) YH! B#

      =5 j!$'/0! "!$4; $45 D;B!$P)  1K53 .( "-@W3    BJ@7
    ?pq7 *!$+ >=H#$Z "-:+ ?%      >1d-P D;B!$P $HJv; *=8+

 gRB  !Smith (1986)=@@5 ,#-./@@0!  . f-@@mI!  ! �@@a
 ?pq7 T-:cWi    X:Up; R *=8+          ?@+ D@;B!$P $HJv@; *=@8+

D@@;B!$P ?(@@pI >yl@@% s8@@a =@@5 ?@@:4; Y:@@)  n^@@0   
) 1K@@52 .( <R=@@O1  !B "!$@@4; $4@@5 DH-@@)# T-@@pq7 

       D@) "-(@I -4IQ D;B!$P ,#R=F) y-0!$+   =@3# .   Y@H! B#
X:Up;     ?(pI *RB $+ *=8+        D@;B!$P $@H!LO >D;B!$P *-3

,#R=F) D) 1)-5 !B f$Z B-:U+ DH-)# *-3 =IJ5.  
  

  
 1K53 . ,=8m80  ! 1d-P ,=5 =:[J; D;B!$P $HJv;ETM+  

  ! �a  ?@pq7 T-:cWi f-mI!      D@;B!$P $HJv@; >*=@8+
       X:Up; yl% s8a ?+ B-:V)  ! r!$FI! y-0!$+    =5 *=8+

)  <R=O1 (           =@H#$Z ?@:4; Y:@)  n^@0 D;B!$P ?(pI R
)  1K54 .(  X:Up; YH! B#          *RB $@+ D@;B!$P $@H!LO *=8+

   ,#R=@F) >D;B!$P ?(pI       DH-@)# *-@347/51-29/47  !B 
D) 1)-5 =IJ5 .  

  
 <R=O1 .H-)# T-pq7-4IQ D;B!$P ,#R=F) y-0!$+ "!$4; $45 D  

12,)I0  A&02 $&J   &02) ;.&' G*-2 2(6T(  

e8_ B-:U+  54/26 -42/15  
e8_  48/35 -54/26  
D[JWV)  48/41 -48/35  
f$Z  29/47 -48/41  

f$Z B-:U+  47/51 -29/47  
  
  

  
1K54."!$4; $45 Y:)  n^0 D;B!$P T-pq7 ?(pI   

  
     -)# T-pq7 ?(pI ?+ ?OJ; -+      $@H!LO >"!$@4; $45 DH

              >*B-@m; L@%!$) $@+ A@0! 6@q^8) "!$@4; $45 D;B!$P
,-Z#R$M     1@WP L%!$) >-3     1@pIR       $H-@+ R D%-@_ 67-@8) R .  

                $@H!LO  ! e@H $@3 ?@% A0! ,=5 DV0 6:pF; YH! B#
   1:K(; 1)!Ji R D;B!$P           B!$@2 D@0B$+ #BJ@) "Q ,=@83#

#$:t+ .  
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3-2-=(6>?  A&02 GXW.  <&A%-( VA&;.   
  =) #-mH! -+          ! ?@% Y:)  n^0 *-)# "-:) DIJ:0$ZB <

 $HR-v@@;ETM+ *!J@@3 *-@@)# R A@@0! ,=@@5 j!$'/@@0! 
,-t/UH!          1@d-P *!J3 *-)# Y:8�W3 R D0-85!J3 *-3

   ?^+!B  !)6 (   ,-t/UH! *!J3 *-)# R      AF@d >#JOJ) *-3
  ?^+!B)8(   ,#!# 1H=q; *!$+ >         ?@+ Y:@)  n^0 *-)# *-3

   D) =:H�; !J3 *-)#      qW3 "!L:) ?% !$x >#J5  "-:) Dt/U
,#!#   ,#!# R Y:@@)  n^@@0 *-@@3  ,-t/U@@H! *-@@3  *-@@3

    ! >D0-85!J380/0   ?+ 98/0  ,#!# B#        ,=@5 1H=@q; *-3
   Y:)  n^0)Tst ( ,#!# R   ,-t/UH! *-3      D@0-85!J3 *-@3

D)  =0B .  <=) *!$O! sH-/I        <R=@O B# DIJ:0$ZB *-32 
 A0! ,=)Q .            A@0# ?@+ T-@il7! *�-@+ A2# ?+ ?OJ; -+
 D) >,=)Q      ! "!J; ,#!# YH!          *-@)# >,=@5 #-mH! ?^+!B R -3

#  Y:W'; !B "!$4; $45 ~-pI $tH# *!J3 .  
  

 <R=O2 .<=) *!$O! sH-/I  *RB $+ DIJ:0$ZB *-3  
 *-)#Ta > Ts R Tst  

R2  .E"'6T- 8)0  
80/0  Ta / / Ts * +44 33 0 19 

98/0  Ta / / Tst ! +17 31 0 49  
  

3-3- !"# $%&'()* 8)0 VA&;.   
$+    Y:@:V; *!EM     >-@3       ?@IJWI ?@+ ?@OJ; -@+      B!#J@WI  ! *!  
  
  
  
  
  
  
  
  
  
  
  
  

 ,=H=a D.:7               $HR-v@;  ! ,=@)Q A@0# ?@+ w@c/') *-@3
ETM+       `5Ja Y/M$Z $hI B# -+ Y:8�W3 R   3  D|!B! *-

         <=) ?+ #-8/0! -+ R $45 B# #JOJ)V-I-S    �JI ?0 >EM 
              R G-@_ >D3-@:Z `@5Ja 1)-@5 ?% =5 ?/M$Z $hI B#

  J+ $Hza-I{J.I ]J^0# .         D@+Q 67-@8) rz@P -+ ?m:/I B#
?@@+   ?@@pq7 X/HBJ@@t[! ?c:@@0R  TB-@@hI *=@@8+ ,=(@@I1 

)K_MEAN(    <=) sH-/I $HR-v; D0B$+  ! �a >LSU R 
           90-8) =P  ! $/(:+ -^_ "!L:) ?% -mIQ  ! >-^_ $HJv;

       ?pq7 f-mI! -+ >#J+ eH D8VH D8/M$Hza R      TB-@hI *=@8+
       $HJv@; *RB $@+ ,=(IETM+        -@+ "Q sH-@/I A@p+-^) R  

  $HJv;RMS             ! $Hz@a-I{J.I 67-@8) ?@% =@5 &'() > 
  D) D.:7 �-F[      X:Up; yl% R# ?+ AUH-+     =IJ@5 *=8+

Y5RB ]J^0 R eHB-; ]J^0 1)-5 ?%  =I!) 1K56.(  
   1UK:a Y::V;  ! �a       &[-@_ *-@3)    ]J^@0 1)-@5

          D3-@:Z `@5Ja R G-@_ >e@HB-; ]J^0 >Y5RB (  Y@H!
?IJWI           -@:) y-0!$+ R =5 1p/8) Dcd! $HJv; ?+ -3 Y:tI

           ,=@H=a D@.:7 ?@I-'+-/% >e@H $@3 D.:7 S-; -+     B# -@3
  $HJv;6   =H#$Z j!$'/0! *=I-+  .  1K55   D.:7 D8F8) 

          !B D3-@:Z `5Ja R G-_ >eHB-; ]J^0 >Y5RB ]J^0
D) `H-WI =3# .  ! >,=5 ?:4; D.:7 ?I-'+-/% ?+ ?OJ; -+

     ,=H=a wc/') *-3=I-+ B# ?% -mIQ         X@3  ! w@c/') *-@3
e:K.; DI=5   W3 >=I!         <=@) *!$@O! B# $HJv@; *-3=I-+ ?

=I$:Z B!$2 ,#-./0! #BJ) =H-+ D.:7 * -0!=O.   
  

                                                           
1. Unsupervised Classification 

 1K55 .yl% D.:7 D8F8) ?+ -+ D.:7 ?I-'+-/% R wc/') *-3  $HJv; *$:ZB-%ETM+  



=(-&OPJ , &/"O@ &C6"HQ 

   ! " #$ %&'(GIS$ )*$+  
 , $ ,-(   , $ .!-/0   !-121388  

48 

      
                              !"#$ %&'( )*"+ ,-'./                                                                 0&12 3'45 )*"+ ,-'./       

        
                                     6-2"/ 3'45 )*"+ ,-'./                                                                                     7"8 )*"+ ,-'./      

 9:&6 . ;< 6- ,! =,>? ,-1"./EM"!  
  

       @A-2'BC< D E#F G*"H+"A? I<,HA5< ;< J(LSU   ,K+ 
   )& L"MN< ,-'./ =12 .    -2'KBC< 0K-<  O1,8   P2<'KM! @A

      Q<)R/ ;< ,AS#+ GECTU 6-EM       V'+,U ,-'./ G? DQ2<Q "!
  G+RMSE  W5< X-"A*  .  9:&6  GYZF ,-1"./     P)& =)[+

          <2  !"K#$ %&'( 1 7"8 D6-2"/ 3'45 D0&12 3'45
 U \"S* 9>:#(,-; ]45 2Q )!Q .  

\"M!              ;< PQ"EAK5< "K+ D)K& P2"K&< G? 2'FEM    ="K!
        KU 0K&12 3'45 1 6-2"/ 3'45     >K? \<'K/   3'4K5 ,

    Q,? ^HSU 9>:#( ,! 2Q <2 ,-_("*`'E* .  2<)KYU ab<12Q
       U  Z-,Y/ c2'd G+ <2 ,-_("*`'E* 3'45      GK4+<2 ;< \<'/

)11 (Q,? GZ5"eU.  
            fg#A* 2Q 1 Q'+ ,Ed G+ 6-Qh* "48 Q)N G? "g*i ;<
          ;< ,-_K("*`'E* 3'4K5 DW&<Q =h#j"* 2"#>+ ,#kl/ G4+<2

          WK5Q GK+ 0K&12 3'45 1 6-2"/ 3'45 m'MgU )KUi  .
 9:&7 U \"S* <2 ,-_("*`'E* 3'45 ,-'./  )!Q .  

  
 9:&7 .`'E* 3'45 =,>? ,-'./,-_("*  

3-4-  !" #$%&'() *&%+, LSU  
       L)KU GK:*i ,+ P1nNV-I-S    %K&'( GKM!        Ko<2< ="K!  

  M* 9U"& <2 K pi )[*"U K   ;< %g[K5 ,-1"./ 2Q 1 Q'&
 G+ ,-_("*`'E* 3'45 \Q<Q \"S* \":U< =21Q  Gq#51EM 

 GKKYZF WKKbQ GKKO2Q 0#KK[rM! 1 DQ2<)KK* Q'KKO1  =)KK[+
,-;     L)U 9>:#(V-I-S    G5 s"5<,+ EM      "KU< DQ'KZ* t"+ 

       GYZF =<,+ G? Q<Q \"S* L)U 0-< \'U;i        uF"K[U =)K[+
           GK5 0K-<  :-h#v 2"A8"5 G? <,j DW5< w5"[U =,x&
             3'4K5 ;< 6K- ,! 1 W5< c1"EAU @! "+  o<2< %&'(

    3'45 D !"#$ %&'(`'E*    8 1 ,-_("*   1 =y,*< =<2<Q 7"
               0K-< 2Q WKqN 0#KM! GK+ DWK5< Q,v G+ ,.e[U W+'F2

            L)KU ,K+  Ko<2< %K&'( I<,HA5< =<,+ u#Ye/V-I-S 
             U'KxEU p'j2"Kj ="K[ZU aKb<12Q 1 W5< P)& )#?l/

W5< GAv,$ 2<,b GRC"4U.  
    Q'Zx+ ;< J(EM  P)Ui W5Q G+ X-"A* G+ GO'/ "+ D"!

         #K52 ,z* G+ w5"[U 2"#>+ P)& {"g*< |12 WbQ   GK+ D)
             =hK?,U uF"K[U 2Q  !"K#$ %K&'( ,>? G?  [RU \i

 h* =2"g/    D,Ed G+ 6-Q     @?<,AU  *':>U uF"[U 2Q0  "/ 
15        @K?  *':>KU uF"K[U 2Q D)d2Q      @?<,K/15    "K/ 40 

 0#KKU; 2Q 1 =,xKK& hZKK5 ="!"}KKv 2Q 1 D)KKd2Q  ="KK!
    G+ 6-Qh* =;21"S?100  W5< )d2Q  .    ,>K? 0#K[rM!
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         Q 7"K8 aK-;'/ "+  Y4[U G4+<2 7"8 %&'(   GKY4[U 2
          uF"[U 2Q 7"8 %&'( ,>? G? <,j DQ2<Q GRC"4U Q2'U

     ;< ,AM? =2"g/ =h?,U15 "/ 20  ;< ,ASK#+ 1 )d2Q 50 
        WK5< =,xK& uF"K[U  &<'~ 2Q )d2Q .   2Q 0#K[rM!

    \"+"#8 1  *':>U uF"[U Q2'U        P,K#/ 3'45 ,>? "!20 
  "K/70  P,KK#/ 3'4K5 ,>KK? 1 )KKd2Q 10 "KK/ 20 )KKd2Q 

 P)& P)!"SU    \"S* G? )[!Q�       WK#Rb<1 "+ \i Q"-; u+"4/ 
WKK5< . f[#SKK#+RMS   |12 0KK-< "KK+ P)KK& GZKK5"eU 

000002/0   DQ)N 0-< G? Q'+   \"S* )[!Q� 1 "48 9b<)~ 
      wK5"[U 2"#>K+ WbQ)    ;< ,KAM?02/0 (    WK5< L)KU 2Q .

             %K&'( ,>K? ,-'.K/ \"K#U GK4+<2  52,+ "+ 0#[rM!
  ,-'.KK/ 1  !"KK#$NDVI  ,-1".KK/ ;< P)KK& I<,HAKK5< 

ETM+   A>ZM! w-,o "+    B97    )Kd2Q       GK+ GKO'/ "K+ 1
 2<)KKYUPvalue6KKj'?   ;< ,KK/05/0)  GKK4+<2 ,B*"KK#+ GKK?

   W5< ,-1"./ 0-< 2<Q"[RU(        P)KUi WK5Q G+ X-"A* Wed D
 U )#-l/  Q'&) 9:&8 .(  

  

  
  

 9:&8 . ,-'./ cn(,A:5<NDVI !"#$ %&'( ,>? ,-'./ 1   

  
3-5-            2G&)78 9 %G". 1%GC" @GA$)( #0(2$ *&%+, 

;5<= %$ #4()26  >%F#:)()  
          %K&'( ;< 6K- ,K! @x5 I<,HA5< ;< J(     0#KU; ="K!  

  

     9>:#( P;<)*< G+ GO'/ "+ =,x&       GK?  /2<,~ ,-'./ ="!
60          P;<)*< �nA8< ;<  &"* ="48 �_~ =<,+ DW5< ,AU 

9>KK:#(   P;<)KK*< D KKo<2< %KK&'( =,>KK? ,-'.KK/ ="KK!
9>:#(       G+ ,-1"./ 0-< ="!60   )& 9-)Z/ ,AU  .  ;< J�5

   ,#�AU)K[j \'#5,$2 h#C"*i         ,#klK/ GK+  +"#AK5Q =<,K+ P
           ='KBC< ,K+  :-h#v'#+ ="!,#�AU ;< 6- ,!  Z>*LST 

           \"#U G4+<2 =2"Ui X-"A* 0-< ;< PQ"EA5< "+ 1 )& PQ"EA5<
�#d'/    G+  :-h#v'#+ ="!,$       |12 ;< P)Ui W5QLSU  1 

UHI)-Q,$ 9#qe/  .  
          WKqN G+ 7"8 1 ,-_("*`'E* 3'45 G? W5< Q'xSU

     2'8 =y,*< 0A&<Q GB* 1 p_O     {,K$ ,Kk< =)#K&    P)K[[?
    D�,KR/ K ,K#HZ/ WqN G+  !"#$ %&'(  C"~ 2Q D)*2<Q

  6[8 ,k< =<2<Q    WK5< P)[[? .        %-<hKv< "K+ "KUQ 0-<,+"K[+
      U %-<hv< 7"8 1 ,-_("*`'E* 3'45        %-<hKv< "K+ 1 )+"-

       KU <)K#( %!"?  !"#$ %&'(   )K[? .   L1)KO3   X-"KA* 
    \"#U P,#�AU)[j \'#5,$2LST     ="!,#�AU ;< 6- ,! 1 

HAKK5<  \"SKK* <2 =21Q ;< %g[KK5 ,-1".KK/ ;< P)KK& I<,
 U )!Q.  

            �,KN 2Q \i WR51 WqN G+ \<,x/ ,x& G? "g*i ;<
         ,#kl/ We/ "UQ 2<)YU 1 P)& P)[?<,(  R#51  -"#v<,�O

          BA>KZM! 2<)YU DW5<  $Q'Ci 1  -"#v<,�O �,NR2 
         M* \"S* <2  -t"+ 2"#>+ Q)N L)U 0-< 2Q     G4+<2 1 )!Q

  %&'( \"#U =2<Q"[RU       M* P)-Q "UQ 1  o<2< ="!  Q'& .
  52,+ =<,+     %&'( ,k< ,AS#+ ="!       �KqAHU  Ko<2< ="!

          GK+ GKO'/ "+ \<,x/  /2<,~ ,-<hO ;< 6- ,! D"UQ =12 ,+
               WKv,$ 2<,Kb  K52,+ Q2'KU 6K#:E/ GK+  K/2<,~ GSY*

) L1)O4 .(  

 L1)O3 . \"#U P,#�AU)[j \'#5,$2 L)U Gg#A*LST%&'( =,>? ,-1"./ 1   o<2< ="!  

R2  #,<C02H(  !"  

34/0  LST = 37/44  -11/94 V - 85/1 I + 89/1  S 

  

NDVI 

 !
"#$

 %
&'
( ,
>?
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 L1)O4 .L)U ;< 6- ,! X-"A* \<,x/ ,x&  /2<,~ ,-<hO =<,+ P)& <,O< P,#�AU)[j \'#5,$2 ="!  

R2  #,<C02H(  !"  #4()26 -2&78  

58/0  V82/10 – I 61/0 – S 66/0 + 70/47 LST=  Q"+<,xU P"$Q1,v  
67/0  V50/19 – I28/2 -S 36/3 - 38/45LST=  \<,x/ p'[O  
52/0  V35/29- I17/1-S 07/2- 6/48LST=  2<;"+ GY4[U  
72/0  V37/12 – I06/0 -  S27/4 + 65/41LST=  s2)U P<,$2h+  
59/0  V42/11 – I25/2 + S 58/0 + 47/44LST=  \<,x/ p,�  AR[d uF"[U  
62/0  V05/13-I34/1-S 20/3 + 40/46LST=   �,U GRqb P"$Q1,v  
63/0  V29/8- I14/0-S 04/0 - 59/46LST= GY4[U  AR[d-  N12hU p'[O p,�  

  

 L1)O5 .@?  $Q'Ci "+ 1 PQ'Ci uF"[U P,#�AU)[j \'#5,$2 L)U =<,O< X-"A* G>-"YU  

R2   #,<C02H(  !"  #4()26 -2&78  
75/0  V 47/8 – I 92/6 + 5/37  PQ'Ci GY4[U  
59/0  V 54/9 – I 81/2 + 66/38  i "+ GY4[U@?  $Q'C  

  
              %K&'( ,>K? 1 "KUQ \"K#U GK4+<2 9#qe/ GU<Q< 2Q
           GK4+<2 ,+  $Q'Ci 9U"N  52,+ G+ DP)Ui W5Q G+  o<2<
           1Q 1 P)K& GA8<Q,(  /2<,~ ,-<hO 1 0#U; %&'( \"#U

       G+ D\<,x/ @?  $Q'Ci "+ 1 PQ'Ci GY4[U      \)K#Mxv 2'Kz[U
 ;< GKK? 6KK#*y'(1,A*i ="KKU,$ 1 6KK#v<,/  $Q'KKCi ,#klKK/

 $�-1   5 ="!3'4          )K& G>K-"YU @! "+ DW5< ,-_("*`'E* 
) L1)O5 .(  

\"M!            uF"K[U 0K-<  *'#5,$2 L)U X-"A* ;< G? 2'F
  U P)!"SU            uF"K[U 2Q ,-_K("*`'E* 3'4K5 ,#klK/ DQ'&

             Q"Kg-< 2Q D@K?  $Q'KCi =<2<Q uF"[U "+ s"#b 2Q PQ'Ci
W5< ,AS#+  /2<,~ ,-<hO.  

  
4-@MC+, 9 NE$  >2CH  

     "( GqMO ;< 0#U; ]45 ="UQ    GRC"4U 2Q  qd< ="!,AU<2
            GK-t =<'K! ="KUQ "K+ �"KZ-,Y/ G? <,j DW5"!,x&    ="K!

     W5< ]45 =y,*< G*;<'U h?,U G? =,x& ,E>M/<  [#-"(
 0##R/ 1     \"MA8"5 \"#U @#qb< P)[[?        $)*; ,+ ,kTU 1 "!

     U =,+<,+ DW5< =,x& \"[?"5 %-"5i 1 )[? .  GKO'/ "+

    GKYZF  /2<,~ GSY* G+   )K[+=     <,~ ,K-<hO P)K&    2Q  K/2
  %&'( "+  YF"[U    W5< P)& 9#:S/ �qAHU  o<2< ="!

    M* <2 "x*i 1           1 Q<Q WZ>K*  d"8  o<2< %&'( G+ \<'/
 U ,+ 2Q <2 9-` �-<,& "+  YF"[U Q,#$:  

           \<)#U )[*"U t"+ @?<,/ "+  *':>U 1 =2"g/ uF"[U
        =2"g/ h?,U 0-,AMxU G? 2<;"+ GY4[U  [#M8 {"U<

       KU J[KO ,+ P1nN DW5< \<,x/  9#:SK/ Q<'    P)K[!Q
\"MA8"5            W-<)K! 1  K/2<,~ WK#v,� =<2<Q G? "!

         DW5< @? "x*i 1)ZCi \<h#U 1 )[A>!  -t"+  /2<,~
Q2<Q <2 6KK#v<,/ ;<  -t"KK+ @KKg~ 1 Q"KK-; WKK#RMO .

  P2Q ,KKk< WKKqN GKK+ GK? =Q"KK-; =y,KK*< 0#K[rM!  =<
\"MA8"5            P,K#8` 0#KU; 2Q GA&_$ ;12 L'F 2Q "!

      6K#*y'(1,A*i ="KU,$ 1 W5< P)&      ;< P)K& )K#C'/ 
@A>#5    6K[8 ="! [? K[         ;< hK#* GK#qY* 9-"K51 1 P)

W5< GY4[U 0-< ="U,$ %-<hv< 9U<'N. 
   \"+"#8 2Q    P<,$2h+ 1 "!          6K#v<,/ 1 QQ,K/ =<2<Q ="K!

 ,KK-<hO GKK? )KK*1"UQ 1 \<21"KK8 P<,KK$2h+ )KK[*"U t"KK+
            ,K+ P)K& ,K?` 9U<'N ,+ P1nN DuF"[U 0-<  /2<,~
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      Kv< 1 ,-_("*`'E* 3'45 ="UQ %-<hv<   ="KU,$ %-<h
  ;<  KK&"*  $Q'KKCi 1 "KKU,$ =<2<Q D"KKx*i s'>KKeU

     W>K! hK#* "!12Q'8 W8'5 .      ;<  K:- \"A>K+"/ 2Q
           9-"K51 ;<  K&"*  $Q'KCi "U,$ Q"g-<  qd< 9U<'N

WKK5< GKK#qY* .)KK#C'/ "KK!12Q'8  )#>KK?<;"$ �)KK[[?
   0+,? )#>?<'*'U 1 \y1,A#*  )*<      ;< J( "!;"$ 0-< G? 

         %+"K/;"+ 1 )K[q+ I'U L'F "+ %+"/ p_O     GK+ "Kx*i 
 U "UQ %-<hv< wO'U "}v )*'&. 

   PQ1)eU 2Q    P<2 \<)#U ="!     P<2 P"BA>-< 1 0!i   1 0K!i
            \<)KYv ,K+ P1nKN p,K� L"[#U,/ 1 p'[O L"[#U,/

   G+ G?  !"#$ %&'(           )K[-<,v 1 G-"K5 Q"Kg-< Gq#K51
 9-)R/ �,R/ K ,#HZ/     Q'KO1 DWK5<'! ="KUQ P)[[?

       '/ 1 "!12Q'8 6#v<,/ 1 QQ,/ D,-_("*`'E* 3'45 )#C
L'KK51,�i 1 ;"KK$ GKK+ "KK!  D"KKx*i Gq#KK51 =t"KK+ @?<,KK/ 

          s'K+'/< Q"K-; QQ,K/ DGKY4[U 0-< 2Q W#RMO     1 "K!
          ="KUQ %-<hKv<  qKd< 9U<'N =,x& 0#+ ="!2"4b

W5< GY4[U 0-<. 
   ,xKK& p'KK[O 2Q Q"KK-; WKK#RMO =<2<Q uF"KK[U 2Q

    P1nKN K Q"+i WC1Q 1 c,g! 7,x& )[*"U K \<,x/
       'K* WqN G+ G?  *':>U uF"[U ,+     9#:SK/ Q<'KU m

           6K#*y'(1,A*i ="KU,$ )K#C'/ 1 3'4K5 0-< P)[!Q
     KU "UQ %-<hv< wO'U       P"K$2"? Q'KO1 D)*'K&    ="K!

             ,K-<hO Q"Kg-< ,K+ uF"K[U G*'$ 0-< 2Q h#*  AR[d
)-)S/ ,k<  /2<,~ Q2<Q P)[[?. 

  P"$Q1,v 2Q        P"K$Q1,v \'KrM! K \<,Kx/ ,xK& ="K!
GKKRqb P"KK$Q1,v D -<'KK! =1,KK#*  0#KK[rM! 1  KK�,U

 P"$Q1,v       Q'KO1 D7)K*<  !"K#$ %K&'( K Q"K+i,xU
           1 WK#v,� 1 @K? =1)ZCi =<2<Q G? WC"E5i 3'45
 G#&"~ ,-"+ uF"[U 1 D)[A>!  -t"+  /2<,~ W-<)!

P"$Q1,v               \<)KYv WKqN GK+ \"A>K+"/ 9.Kv 2Q G? "!
  9-)KKR/ 9KKMN WKK+'F2    {"KKg*< <2 ,KK#HZ/ P)KK[[?

 M*             0K-<  K/2<,~ ,K-<hO 9#:SK/ 9U<'N ;< D)[!Q
    U 2"M& G+ uF"[U  )[-i .      P"K$Q1,v 2Q D0-< ,+ P1nN

,xU    [U 1 Q"+i"       Q"K-; QQ,/ \i �<,F< uF "K!12Q'8  1 
 Q"KKg-< 1 6KK#*y'(1,A*i ="KKU,$ )KK#C'/ 1 "KK!"M#(<'!

         ;< hK#* ,-_("*`'E* 3'45 Q'O1 0#[rM! 1  $Q'Ci
W5< P"$Q1,v 0-< ="UQ %-<hv< 9-tQ. 

      GM#* 1 ,-"+ uF"[U 2Q         72"K( )K[*"U ,x& 98<Q ,-"+
 1 \">-Q,(          2Q 0#K[rM! 1 s2)KU P<,K$2h+ �<,F< 

   GM#* 1 ,-"+ uF"[U         +,� p'[O 2Q ,x& G#&"~ ,-"+
             =t"K+  K/2<,~ WK#v,� WKqN GK+ D\<,x/ L"M& 1
      ,K-<hO D�,KR/ K ,K#HZ/ {"Kg*< {)N 1 6S8 7"8

W5< P)& 9#:S/  /2<,~. 
                WKqN GK+ \<,Kx/ �,K& 1 p,K�  AR[d uF"[U 2Q

 D@?  !"#$ %&'( D,-_("*`'E* 3'45 Q"g-< ="U,$
  W8'5 ;<  &"*          DQ"K-;  $Q'KCi )#C'/ 1  q#>v ="!

 PQ1)eU 2Q             c2<,K~ ,K-<hO 0#KU; ;<  R#K51 ="K!
W5< P)& 9#:S/ . 

\"M!                   =<,K+ uK#Ye/ 0K-< 2Q D)K& P2"K&< GK? 2'KF
GKKYZF  \<,KKx/ ,xKK& ,-'.KK/ =)KK[+ 0Av,KK$ ,KKz* 2Q "KK+

        ,-1"./  *":U 6#:E/ c2)b 1 =,x& 3'45  $)#r#(
  P)[g[5ETM+   (,-; |12 ;<      )K& PQ"EAK5< 9>K:# .  "K+

            Q2<'KU D KE#F =;"K5<)O L)U ;< 9d"~ X-"A* G+ GO'/
GO'/ 2'8 2Q ,-; )*< :  

            P)[g[K5  *":U 1  E#F 6#:E/ c2)b G+ GO'/ "+
ETM+D   =<2<Q DP)[g[KK5 0KK-< ;< 9KKd"~ ,-1".KK/ 

    GKYZF =<,+  Z5"[U W#q+"b        =,xK& 3'4K5 =)K[+
)*2<Q. 

         5< \i ,B*"#+  E#F G*"H+"A? ;< 9d"~ X-"A*   GK? W
 GYZF =<,+           ,-'.K/ ;< PQ"EAK5< "+ ,x& uF"[U =)[+

ETM+  D            1  K�,U ="!)K*"+ {"KM/ ;< GK? W5< ,Ax+
       PQ"EA5< P)[g[5 0-<  *"#U hU,b \1Q"U   <,K-; DQ'&

 P)KK-)( P)[g[KK5 0KK-< �KKqAHU ="!)KK*"+ 2Q  ="KK!
6#:E/ ,B-):- ;< �qAHU  *)& )*<. 

      L)U Gj ,$<V-I-S       pi )K[*"U  o<2< %&'( GM! 
*,+2Q <2 KKM GKKYZF WKKbQ GKKO2Q 1 Q,KK#$  "KK+ =)KK[+

        G5 s"5<,+ 1 L)U 0-< ;< PQ"EA5<EM     PQ'KZ* t"K+ 
                =<,K+ GK? Q<Q \"SK* L)KU 0K-< \'KU;i "KU< DW5<

GYZF            GK? <,Kj DWK5< w5"[U =,x& uF"[U =)[+
          "+  o<2< %&'( G5 0-< ;< 6- ,!  :-h#v 2"A8"5
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               3'4K5 0K-< ;< 6K- ,K! 1 WK5< c1"KEAU =,B-Q
)   * 3'45 D !"#$ %&'(`'E,-_("*  7"8 1  (  =y,K*<

Q2<Q =Q,v G+ ,.e[U W+'F2 1 . 
               0-,KAx+ DuK#Ye/ 0K-< ;< 9Kd"~ X-"KA* G+ GO'/ "+

    snK? 0##R/ =<,+ w#?,/        0BM!"K* 3'4K5 ="K!
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