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xrLQt ẁQW R= p@k "Ow@ Oy=wN Q=PoQ}F-=D VQ=@ Q=Okt Oa@ x@ xrLQt u}= R= =t= 'OQ=Ov
�P � xar=]t CLD |xk]vt |rYi VQ=@ \UwDt jta COtR=QO u}ov=}t '|Oa@
u}ov=}t R= QDsm w �NPwet� QDW}@ VQ=@ =@ |=yp=U O=OaD w OwW|t x@U=Lt

%OvwW|t XNWt �NPdry�
NPwet =

�
Pi
����Pi > P

�
; NPdry =

�
Pi
����Pi < P

�
(3)

Q_=vDt VQ=@ =OD@= "s}yO|t Q=Qk |UQQ@ CLD =Q x}rw= |=yxWwN lDlD lv}=
w QDW}@ VQ=@ =@ |=yp=U O=OaD 'xDiQo Q_v QO =Q xWwN Qy QO xDiQo Q=Qk |=yp=U =@

|Q}oxQy@ |}=wy w ?; |=yQ}eDt |Ov@xWwN Qw_vtx@ Ow@ xOW O=yvW}B 1975 p=U
QO =wy w ?; hrDNt |=ywor= |xU}=kt w |v}@V}B pt=W VwQ u}= G}=Dv [6]"OW
QO xOWs=Hv= C=ar=]t u} QDRQ=@ R= |m} OwN |x@ wvx@ xm Ow@ xOv}; p=U 90 |]

"OwQ|t Q=tW x@ =wy w ?; EL@ QO K-Means VwQ R= xO=iDU=
Q}F-=D TQ=i G}rNQO ?; K]U |=tO C=Q}}eD xm OW xO=O u=Wv 1998 p=U QO
u}= [7]"OQ=O u=Q}= ?Qe ?wvH w ?wvH j]=vt QO |oOvQ=@ C=Q}}eD Q@ |Q=O|vat
SST =@ Qw@ Rt j]=vt QO �IQ=t =D x} wv=S� |v=DUtR VQ=@ xm OyO|t u=Wv C=ar=]t
�QDsm � QDW}@ TQ=i G}rN SST xm |v=tR |va} "OQ=O Twmat |x]@=Q TQ=iG}rN
�|r=UQD� |r=UlWN =@ xOWO=} j]=vt xm OwQ|t Q=_Dv= 'OW=@ u; u=tR Q=Okt R=
j} QRD C}r@=k '=tO V}=Ri= =@ xmOvOkDat u=U=vW=wy xm CU= QmP x@ sRq "OvwW xH=wt
|oOvQ=@ p=tDL= w xOW QDW}@ TQ=i G}rN |wQ R= |Qw@a |=yxv=t=U x@ C@ w]Q

"O@=}|t V}=Ri=
uwUv=t |oOvQ=@ w SST u}@ Q}N-=D =@ x=Qty |oDU@ty '2001 p=U QO 'QDV}B
|L]U |=tO R= Q=m u}= |=Q@ [8]"CiQo Q=Qk |UQQ@ OQwt u}J jQW *|v=DU@=D
j} Q] R= R}v 2004 p=U QO "Ov=xOQm xO=iDU= Tr]= w s=Q; 'Ovy Twv=}k= R= |k]=vt
|UQQ@ x@ 'OQ=O X=YDN= |wH C}a[w |R=UpOt x@ xm 'REMO |}xv=}=Q pOt
|xk]vt QO O}OW |=yVQ=@ COW w sw=OD Q@ SST p=vo}U QF= |v=mt � |v=tR
Q=Okt uDiQ q=@ Q}osWJ Q}F-=D xrtHR= |@r=H G}=Dv w OW xDN=OQB =B wQ= R= |a}Uw
CUOx@ h=Q]= j]=vt QO u}ovU |=yVQ=@ V}=Ri= Q@ l}Dr=@ |=} QO QO SST

[9]"Ot;
*hrDNt \=kv QO �SLP� =} QO K]U Q=Wi C=Q}}eD QF= '1383 p=U QO u=Q}= QO
|xRwL VQ=@ Q@ TQ=i G}rN w ?Qa 'QRN 'x=}U 'xv=QD}Ot |=} QO 'Tr]= Twv=}k=
x}rw= uwv=k |O=OaD Qw_vt u}= |=Q@ [10]"CiQo Q=Qk |UQQ@ OQwt RO w uwQ=m R} Q@;
VQ=@ |x]@=Q uOQm|tm w j}kOD |=Q@ xt=O= QO w OW G=QNDU= VQ=@ |v}@V}B |=Q@
"OW xO=iDU= |R=i |=yxawtHt |x} Q_v R= xOW xOQ@ s=v SLP |=yXN=W =@

"OW xO=iDU= x}=Uty u} QDl}ORv - K VwQ R= ?;u=wQ |v}@V}B QO u}vJty
l}DvS sD} Qwor= |Q}oQ=mx@ |=Q@ |Qo}O u} wv VwQ u=oOvQ=ov R}v 1385 p=U QO
QO xm OvOQm x�=Q= VQ=@ C=Q}}eD x@ xHwD =@ w |U=vW=wy |=yp=vo}U |Ov@xWwN QO
'u=Q}= ?wvH |=y=} QO SST w u=DUJwr@ w u=DU}U |xk]vt VQ=@ |xar=]t =@ u;
jta =@ u; \=@DQ= 'SST |Ov@xWwN QO xm xOW |L=Q] |}xvwox@ =yswRwtwQm Q=DN=U
OQ@ Q=m |=Q@|yHwD p@=k G}=Dv xar=]t u}= &OwW xDiQo Q_v QO R}v VQ=@|rYi\UwDt
|=DU=Q QO w xr=kt u}= QO [12w11]"CU= xDW=O x=Qtyx@ |rYi VQ=@ |v}@V}B QO u;
x@ uO}UQ Qw_vtx@ K-Means VwQ |xaUwD |=Q@ '|r@k |xDiQoCQwY C=ar=]t
CU= xOw@|rOt u} wOD '|O=yvW}B VwQ Q=m T=U= "s}=xOQm u=w=Qi VqD x@=Wt hOy
"OW=@ |U=vW=wy |=yp=vo}U T=U=Q@ VQ=@ COtR=QO C=Q}}eD |v}@V}B x@ QO=k xm
w OwW|t |Ov@xWwN QOK-Means pwtat VwQ x@ |QYDNt |xQ=W= 'xt=O= QO

"OQ}o|t Q=Qk |UQQ@ OQwt p}YiD x@ xOWKqY= K-Means VwQ TBU

xr�Ut h} QaD "2
w xO=U ,=D@Uv Q=DN=U xm CU= |Ov@xWwN |=Q@ pw=ODt |WwQ K-Means VwQ

%R= Ov=CQ=@a ?}DQDx@ VwQ u}= pL=Qt xYqN Qw]x@ "OQ=O |QF-wt
u}@ R= xWwN RmQt K |iO=YD ?=NDv= w �K� Q_v OQwt |=yxWwN O=OaD u}}aD "1

&OwHwt |=yxO=O

sm} w x=HvB |xQ=tW �h} QW 20



|v=y
@RwQ

T=
@aw

|}=Q
yR

xWi
v@ =D |rwtat K-Means VwQ xt=O= QO &OwW|t pY=L |Ov@xWwN O}OH ?}mQD

VwQ sD} Qwor= 1 pmW "O@=}|t xt=O= C@=F |Ov@xWwN ?}mQD l} x@ uOW=Qoty
|}=Qoty 'C@=F |Ov@xWwN R= Qw_vt xmCU= QmP x@ sRq "OyO|t u=Wv =Q |O=yvW}B
?}mQD u}= 'pOt |=QH= pL=Qt O=OaD V}=Ri= =@ xm CU= |Ov@xWwN R= |@}mQD x@
u=wvax@ ?}mQD u}= xH}DvQO "Ovmv Q}}eD xWwN Qy u}ov=}t Q}O=kt w OwWv Q}}eD Q=JO

"OwW|t xDiQ}PB |}=yv |Ov@xWwN
uOw@XNWt |=Q@ u; s=Rr= OQ=O OwHw K-Means VwQ QO xm|DqmWt xrtHR=
VwQ *OQmrta |xU}=kt |=v@t xr=kt u}= QO "CU= pL |=OD@= R= =yxWwN O=OaD
"CU= l}DvS s} Qwor= |Ov@xWwN |va} '|r@k |xOWs=Hv= |xar=]t |O=yvW}B
xmr@ 'CU= OvtWwy |wHwCUH Q=DN=U l} R= |Q=OQwNQ@ =yvDxv VwQ u}= C} Rt
1 u}@ R= sD} Qwor= u}= OW=@ 3 VwQ u}= QO x}rw= |=yxWwN O=OaD ,=[Qi xJv=vJ
VN@ QO xU}=kt u}= |ovwoJ &Ovm|t ?=NDv= =Q xWwN O=OaD u} QDy@ xWwN 3 =D

"OwW|t x�=Q= pOt G}=Dv

|OQwt |xar=]t "3
R= 'VQ=@ R= xO=iDU= =@ |U=vW=wy |=yp=vo}U |Ov@xWwN pOt |};Q=m |UQQ@ |=Q@
u=DU}U u=DU= "CU= xOW xO=iDU= u=DUJwr@ w u=DU}U u=DU= |oOvQ=@ C=aq]=
uw}r}t 1 7 C}atH w `@ Qt QDtwr}m 181000 OwOL QO |DL=Ut =@ u=DUJwr@ w
"CU= ?amt QDt uw}r}t 19954 OwOL |wH VR} Q |xvq=U u}ov=}t |=Q=O 'Qiv
Q} wm 'OvtQ}y R} Q@; |=yxRwLQ} R R= |WN@ =} |t=tD wQ}v CQ=Rw |Ov@s}UkD T=U=Q@
|=Q=O u=DU= u}= "OvQ=O Q=Qk u=DU= u}= QO u=ta |=} QO w O}mW=t 'u=} QwtR=H 'Cwr
CQwYx@ ?re= u; |oOvQ=@ s} SQ w CU= R}J=v |oOvQ=@ =@ lWN |=wy w ?;
VQ=@ u=tR uOw@XNWt=v w |oOvm =QB w CqwRv Ow@tm "CU= =U;p}U |=yQ=@oQ
?; `@=vt =D xOW Ea=@ Qo}O |wU R= Q}N@D u=R}t K]U uOw@q=@ w 'wUl} R=
|@; `@=vt OOaDt CqmWt |rm Qw]x@ "OwW xH=wt |O}OW Ow@tm =@ TQDUO QO
'lOv= |oOvQ=@ '|v}tRQ} R ?; `@=vt C}OwOLt '|@; `@=vt O}OW C=v=Uwv Ovv=t u=DU=
Qw_vtx@ VQ=@ |v}@V}B C}ty= xQ}e w uwUv=t |xO}OB '?QNt |tUwt |=yO=@
70 Q@ dr=@ "OR=U|t u=}=tv QDW}@ =Q u; QO |@; `@=vt K}LY C} Q}Ot w |R} Qxt=vQ@
j}kLD u}= QO xm xOW ?Yv u=DU= u}= QO wQ}v CQ=Rw \UwD |HvUu=Q=@ x=oDU}=
|}=Q=m |UQQ@ |=Q@ |HvUu=Q=@ x=oDU}= 20 'uwo =vwo |=yx=oDU}= |UQQ@ R= TB
|HvUu=Q=@ XN=W |=yx=oDU}= 'O=OaD u}= R= x=oDU}= 10 "Ov=xOW ?=NDv= pOt
u=DU= |}xk]vt ?; |t=yU CmQW \UwD xm OvDUy u=DUJwr@ w u=DU}U u=DU=
'QyWv=Q}= 'Q=y@=J |=yx=oDU}= %R= Ov=CQ=@a w Ov=xOW |iQat u=DUJwr@ w u=DU}U
u}= R= |NQ@ xm u}W}B w Ovk QYk 'V=N 'O=@;CQYv 'R}Oq 'p@=R 'u=Oy=R 'u=w=QU
x=oDU}= 10 O=OaD u}vJty "OvQ=O C=aq]= Ow@tm pmWt =yp=U|NQ@ QO =yx=oDU}=
Q=Qk p}rLD OQwt Ov=xOw@ |QDW}@ |Q=t; |xQwO pw] |=Q=O xm R}v Qo}O |HvUu=Q=@
'|t}rk= T=}kt nQR@ |=yp=vo}U u}@ \=@DQ= w Q}F-=D |UQQ@ |=Q@ u}= Q@ xwqa "OvDiQo
xk]vt h=Q]= |=y=} QO QO �=} QO ?; K]U |=tO�SST p=vo}U C=Q}}eD |=yxWkv
?NDvt |xk]vt xU C}=yv QO w CiQo Q=Qk |UQQ@ OQwt p=U hrDNt |=yx=t QO
SST |Ov@xWwN w |UQQ@ Qw_vtx@ Ovy Twv=}k= w TQ=i G}rN 'u=ta |=} QO QO
QmP x@ sRq "CU= xOW xO=O u=Wv 2 pmW QO j]=vt u}= C}akwt &OW ?=NDv=
QwWm |QiUtD= |rt C=k}kLD RmQt C=aq]= lv=@ R= p=vo}U u}= C=aq]= xm CU=

"CU= xOW PN= �NCAR2� =m} Qt;

NPdry;i wNPwet;i =Q =yv; w s}vm|t x@U=Lt =Q VQ=@ COtR=QO u}ov=}t R= QDsm
u} QDW}@ "s}vm|t u}}aD =Q NPdry;i

NPdry
w NPwet;i

NPwet
|=yC@Uv xt=O= QO "s}t=v|t

%OQ}o|t Q=Qk O}OH RmQt ?=NDv= |=v@t 'C@Uv wO u}= Q=Okt
MAX

�
NPwet;i
NPwet

; NPdry;j
NPdry

�
jwi ?NDvt xwQo QO =yv; QO VQ=@ xm |}=yp=U 'SST u}ov=}t Q=Okt u}}aD =@

%OwW|t x@U=Lt xWwN O}OH RmQt u=wvax@ w 'x@U=Lt OQ}o|t Q=Qk
SST ci;new = average

�
SST

����SSTi 2MAX�
NPwet;i
NPwet

; NPdry;j
NPdry

��
(4)

u}ov=}t 'Oa@ Qy xm CU= Oa@ OvJ pt=W O}OH u}ov=}t xm CU= QmP x@ sRq
=D xOW |aU 4 |x]@=Q R= xO=iDU= =@ "CU= ?NDvt |}=}i=QeH |xk]vt QO SST
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