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Q_vhQY uRNt hm C=@ wUQ x@ \w@ Qt |}=tQo Q=W R= ,qwtat w OwW|t xOR u}tND
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OwOL QO '`@ QtQDtwr}m 35 OwOL QO |DL=Ut =@ OU u}= uRNt C}iQ_ "OQ=O OwHw
Q=Qk O=R; |=y=} QO R= |QDt 473 8 swkQ QO xm 'CU= ?amtQDt uw}r}t 1250
|=tO \UwDt w QDt|r}t 187 4 xk]vt u}= QO xvq=U VQ=@ \UwDt "CU= xDiQo
QO VywSB u}= QO R=}vOQwt |U=vW=wy |=yxO=O "CU= Tw}UrU xHQO 17 9 =wy
|=tO 'O=@ CaQU '|@Uv C@ w]Q '=wy |=tO |xv}W}@ w xv}tm pt=W xv=RwQ T=}kt
C=aq]= R= CWD R= Q}N@D w '|oOvQ=@ '=wy Q=Wi '|@=Di; C=a=U 'sv@W |x]kv
w 'OU pLt CQw=Ht QO uwD=N pB x=oDU}= 'OU pLt QO QkDUt Q=mOwN x=oDU}=
xO=iDU= =@ R}v uRNt CL=Ut "CU= xOW |Qw;`tH TNQU l}DB wv}U x=oDU}=
j}kO OQ@ Q=m Qw_vt x@ "CU= xOW OQw;Q@ ?; K]U R=QD w l} QDtwUB}y |vLvt R=
|=yxO=O x@ R=}v 'VywSB u}= |O=yvW}B VwQ|@=} RQ= w 'xU}=kt '|SQv= uq}@ |xrO=at
|v=tR |=yxR=@ QO Qw_vt u}= x@ xm 'CU= xOw@ OU uRNt QO ?; |=tO R= |r}tmD
QDtwr}m 25 OwOL pw] QO w |v=O}t |=yO}OR=@ j} Q] R= 'p=U 1 COt x@ w xRwQ 16
j=ta= QO w �QDt 1000 |r= 500 |xrY=i x@ ,=DOta� x]kv u}OvJ QO OU uRNt
=@ ?; |=tO '�jta x@ xDU@ |QDt 2 |r= 0 1 pY=wi QO jta =D K]U R=� hrDNt
xOW K} QWD ,q@k xm Qw]u=ty "CU= xOW |Q}oxR=Ov= QDt|Drwt x=oDUO R= xO=iDU=
CQw=Ht QO �`@ QtQDt 2 OwOL QO� |mJwm ,=D@Uv |xOwOLt VywSB u}= QO 'CU=
|=tO w xOW xDiQo Q_v QO `HQt K]U u=wvax@ 'CU= xDW=O lWN l =N xm 'uRNt
xOW |Q}oxR=Ov= RtQk uwO=t GvU=tO \UwD xRwQ 16 |v=tR |=yxR=@ QO R}v u; K]U
VWwB R= '|Oa@ |Q}oxR=Ov= =D K]U u}= uOW?w]Qt sOa R= u=v}t]= CyH "CU=

"CU= xOW xO=iDU= =y|Q}oxR=Ov= pY=i OL QO |m}DUqB
R}v w uw=@ C@Uv |SQv= uq}@ R= pY=L G}=Dv =@ VywSB u}= |O=yvW}B VwQ
XN=W R= Qw_vt u}= x@ "CU= xOW xU}=kt OU pLt QO QkDUt Q}N@DCWD |=yxO=O
|x]@=Q j} Q] R= xm 'CU= xOW xO=iDU= RMSD hqDN= C=a@ Qt QwPHt u}ov=}t

%O};|t CUOx@ 9

RMSD =

"
1=M

MX
i=1

(EBREB;i � Eeq;i)2
#0 5

(9)

Eeq w 'uw=@ C@Uv |SQv= uq}@ VwQ R= pY=L Q}N@D Q}O=kt EBREB 'u; QO xm
"CU= Q}N@D CWD R}v w VywSB u}= |O=yvW}B VwQ R= pY=L Q}N@D Q}O=kt

EL@ w G}=Dv "4
uRNt V@=D p}rLD G}=Dv w =tO MQt}v "1"4

?; jta w K]U |=tO 'CU= xOW u=}@ =yVwQ w O=wt CtUk QO xm Qw]u=ty
uRNt pw] QO hrDNt \=kv QO w xRwQ 16 |v=tR pY=wi QO |DUwO OU uRNt
1 pmW QO uRNt u}= QO ?; |=tO p}iwQB u}ov=}t xm 'CU= xOW |Q}oxR=Ov= OU
K]U R= ?; |=tO C=Q}}eD "CU= xOW x�=Q= hrDNt pwYi QO x=t 4 QO xvwtv |=Q@
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"91�1390 |@; p=U |] �Xr=N V@=D C@Uv w � =tO Oa)@|@ |=yQDt=Q=B

`HQtK]U w?;|SQv= uq}@VwQ OUQ|t Q_vx@ xOt;CUOx@G}=DvT=U=Q@ "OwW|t
QO 'Ck}kL QO "�Xr=NV@=DC@Uv x@ =D 'CU= � =tO Oa)@|@ QDt=Q=B x@ xDU@=w QDW}@
sytu}= "OQ=O |O=yvW}B pOt R= xO=iDU= QO|}xS} wC}ty= =tO |=yxO=O uOw@TQDUO
\w@ Qt pt=wa |v} Ro}=H =} w hPL u=mt= |Oa@ C=ar=]t QO xm OW=@ |Di=}yQ O}=W
QwmPt |xrO=at Ov=wD|t xm 'Ovm sy=Qi =Q |O=yvW}B VwQ QO uRNt Xr=N V@=D x@
COW u}@ |Uwmat |x]@=Q xm CiQ|t Q=_Dv= 8 |xrO=at j@] "Ovm QDxO=U |DL =Q
OU uRNt QO QwmPt pOt OQ@ Q=m "OW=@ xDW=O OwHw � =tO Oa)@|@ QDt=Q=B Q=Okt w Q}N@D
u=tR QO ?}DQD x@ Q}N@D COW Q=Okt |xv}tm w xv}W}@ xm CU= xO=O u=Wv |DUwO
j=iD= u}= "OyO|t MQ |O w Q}D |=yx=t |va} '� QDt=Q=B Q=Okt |xv}W}@ w xv}tm ẁkw
|=tO xmv}= x@ xHwD =@ Cio u=wD|t u}=Q@=v@ "CU= xOy=Wt p@=k 5 pmW QO Kw[wx@
pt=a 'CU= xOw@ =wy |=tO R= QDW}@ xQ=wty �VWwB Ok=ilWN l =N� `HQt K]U
|=tO 'OyO|t Q=Qk Q}F-=DCLD =Q Q}N@D COW xH}Dv QO w � =tO Oa)@|@ QDt=Q=B xm|rY=
|WwBsWJu=wD|tv uRNt|DQ=QL|xQ}NP wV@=D sytVkv R= xD@r= "CU=?;K]U
"OvQ=O Q=Qk ?; K]U |=tO Q}F-=D CLD R}v pt=wa u}= xm CW=O xHwD O}=@ =t= 'OQm

Q}N@D |=yOQw;Q@ |@=} RQ= w xU}=kt "3"4
VwQ =@ Q}N@D OQw;Q@ QO VywSB u}= |O=yvW}B pOt Q=DiQ |ovwoJ |@=} RQ= w xU}=kt
QDuWwQ =Q VwQ u}= CkO w CLY Ov=wD|t �BREB� uw=@ C@Uv |SQv= uq}@
QO =Q VywSB u}= |O=yvW}B VwQ R= pY=L Q}N@D COW Q}O=kt '6 pmW "Ovm
"OyO|t u=Wv Q}N@D CWD |=yxO=O w uw=@ C@Uv |SQv= uq}@ |=yVwQ =@ xU}=kt
|O=yvW}B VwQ R= pY=L |=yOQw;Q@ 'OUQ|t Q_v x@ pw= x=ov QO xm Qw]u=ty
6 pmW Ck}kL QO "OQ=O uw=@ C@Uv |SQv= uq}@ VwQ =@ |@ wr]t j=@]v= ,=@} QkD
|@ wr]t OQmrta p=U |] QO |Q=DiQ ^=Lr x@ |O=yvW}B pOt xm Ovm|t XNWt
OQU |=yx=t QO OQw;Q@sm w p=U sQo |=yx=t QO OQw;Q@V}@ |mOv= xD@r= "CU= xDW=O
R= "OwW|t xOy=Wt uw=@ C@Uv |SQv= uq}@ VwQ x@ C@Uv |O=yvW}B VwQ QO
'OyO|t u=Wv =Q CWD R= pY=L Q}N@D COW Q}O=kt 'xOt;CUO x@ G}=Dv Qo}O |wU
CkO '|yHwD p@=k ,=D@Uv |=yOQw;Q@sm w =yOQw;Q@V}@ p}rO x@ xv=y=t T=}kt QO xm
R= QDtm |v=tR |=yxR=@ QO ,qwY= xm CU= |QwQ[ xDmv u}= QmP "OQ=Ov |@ wr]t
[37w36]"CU= xOW xDiQ}PB |Qt= Q}N@D CWD R= pY=L |=yOQw;Q@ sm CkO 'xvq=U
u}= |rY= pt=a Q}N@D CWD OQ@ Q=m OQwt QO uRNt |DQ=QL |xQ}NP uOWv^=Lr
u}= O}OWD x@ uRNt K]U x@ C@Uv u; K]U uOw@lJwm CU= |y}O@ "CU=]N
|=yVywSB QO =yQ=@ w =yQ=@ xH}Dv u}= OvJ Qy p=L Qy x@ "OwW|t QHvt hqDN=

"91�1390 |@; p=U |] � =tO Oa)@|@ QDt=Q=B Q}O=kt C=Q}}eD "3 pmW

|@; p=U |] � Xr=N V@=D C@Uv Oa)@|@ QDt=Q=B Q}O=kt C=Q}}eD "4 pmW
"91�1390

"OQ=O 8 |xrO=at R= xO=iDU= =@ Q}N@D |=yOQw;Q@ QO |tyt Vkv 'CU= xOW EL@
'OwN Q=Okt |xv}tm w xv}W}@ ẁkw u=tR ^=Lr x@ � QDt=Q=B Q=DiQ 'QwmPt pmW j@]

"CU= xOW|Q}oxR=Ov= |=y=tO C=Q}}eD OvwQ =@ Cw=iDt
lWN l =N w uRNtXr=NV@=D '8 |x]@=Q T=U=Q@ 'QwmPt |=y=tO Q@ xwqa
"CU= R=}vOQwt |O=yvW}B VwQ x@ Q}N@D OQw;Q@ CyH R}v �`HQt K]U� VWwB Ok=i
Gwt pw]V@=D |x@U=Lt QO OwHwt|=ysD} Qwor= R= xO=iDU= =@ R}vXr=NV@=D Q}O=kt
K]U |=Q@?}DQD x@ �7 w �35 wO@r;?}=Q[ ZQi =@ w |HwQN w |OwQw Ovr@ w x=Dwm
xOWOQw;Q@ Xr=N V@=D Q}O=kt [35]"CU= xOW x@U=Lt ?; K]U w lWN l =N
\UwD |Di=} QO |W@=D |SQv= u=R}t 'G}=Dv T=U=Q@ =Pr "CU= xOW x�=Q= 4 pmW QO
QO K]U wO |rY= Cw=iD CU= |y}O@ "CU= QDW}@ l =N K]U R= |@; |=yxQm}B
C@Uv '|O=yvW}BVwQ QO "CU= Q}N@D u=yv |=tQo QOCw=iD x@\w@ Qt '|SQv=Ci=} QO
Ov=wD|t R}v (� = Rnw=Rnsoil) `HQt K]U x@ uRNt |Di=} QO Xr=N V@=D
5 pmW "OQ}o Q=Qk xHwD OQwt V@=D C=Q}}eD |UQQ@ CyH Oa)@|@ |QDt=Q=B u=wvax@
"CU= 3 1 =D 2 1 OwOL QO Xr=N V@=D Oa)@|@ QDt=Q=B C=Q}}eD xm Ovm|t XNWt

(RWEB) |O=yvW}B VwQ R= pY=L Q}N@D OQw;Q@ "2"4
R= pY=L |xv=y=t T=}kt QO Q}N@D COW Q}O=kt 'R=}vOQwt |=yxO=O |Qw;`tH R=TB
Q=DiQ '5 pmW QO u}vJty "CU= xOW x�=Q= 5 pmW QO VywSB u}= |O=yvW}B VwQ
xOy=Wt �Xr=NV@=DC@Uv w � =tO Oa)@|@ pt=a wO =@ \=@DQ= QO QwmPt pOt G}=Dv
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|] ?; K]U |=tO C=Q}}eD x@ �RWEB� |O=yvW}B VwQ C}U=UL "7 pmW
"91�1390 |@; p=U

p=U |] =wy |=tO C=Q}}eD x@ �RWEB� |O=yvW}B VwQ C}U=UL "8 pmW
"91�1390 |@;

l =N K]U |=tO C=Q}}eD x@ �RWEB� |O=yvW}B VwQ C}U=UL "9 pmW
"91�1390 |@; p=U |] �`HQt K]U� lWN

'=wy |=y=tO QO wUty C=Q}}eD x@ �RWEB� |O=yvW}B VwQC}U=UL "10 pmW
"91�1390 |@; p=U |] `HQt K]U w '?;

uq}@ |=yVwQ =@ xU}=kt QO |O=yvW}B VwQ R= pY=L Q}N@D COW Q}O=kt "6 pmW
"91�1390 |@; p=U |] Q}N@D CWD w uw=@ C@Uv |SQv=

'CU}v h]r R= |r=N R}v VywSB u}= QO u; Q=QmD =t= 'CU= xOW Tmavt |irDNt
R= QDtm � x=Dwm |v=tR |=yT=}kt QO Q}N@D CWD R= pY=L Q}N@D |=yOQw;Q@ xm
"Ow@ Oy=wNv ?wr]t O=} R '|RwQt= \}=QW QO ?; `@=vt C} Q}Ot QO `@]r=@ w �xvq=U
|SQv= uq}@ VwQ |=Q@ hqDN= C=a@ Qt QwPHt u}ov=}t XN=W xm CU= xHwD p@=k
RwQ Q@ QDt|r}t 2 7 w 1 02 ?}DQD x@ Q}N@D CWD |=yOQw;Q@ w `HQt K]U w ?;
VwQ |=Q@ RMSD Q=Okt 'CU= OwyWt xm Qw]u=ty "CU= xOW pY=L x=t QO

"CU= Q}N@D CWD G}=Dv R= QD?wr]t ?D=Qt x@ |O=yvW}B

C}U=UL p}rLD "4"4
QF-wt pt=wa T=U=Q@ w =RHt Qw]x@ =OD@= 'Q}N@D OQw;Q@ |=Q@ VywSB u}= |O=yvW}BVwQ
CWD |=yOQw;Q@ R}v w uw=@C@Uv |SQv= uq}@ VwQ =@ |Oa@ s=o QO wp}rLD OQwt u; QO
|O=yvW}B VwQ xm OUQ|t Q_v x@ ẁtHt QO "CU= xDiQo Q=Qk xU}=kt OQwt Q}N@D
|DUwO OU uRNt R= Q}N@D OQw;Q@ QO |rw@k p@=k G}=Dv |@ wr]t OL =D CU= xDUv=wD
x@ CtUk u}= QO '|O=yvW}B VwQ Q=DiQ |@=} RQ= Ov}=Qi p}tmD CyH QO "Ovm O}rwD
pOt u}=Q@=v@ "CU= xOW xDN=OQB |OwQw |=yxO=O x@ QwmPt VwQ C}U=UL p}rLD
C=Q}}eD x@ C@Uv VywSB u}= |O=yvW}B �RWEB� `HQt K]U w ?; |SQv= uq}@
\w@ QtXr=NV@=D R}v w `HQt K]U w '?; '=wy |=tO %pt=W pOt |OwQw |=yxO=O
|=]N RwQ@ xm CU= xO=O u=Wv C}U=UL p}rLD "CU= xOW p}rLD s=Om Qy x@
O=H}= pOt |xH}Dv QO |yHwD p@=k Q}}eD 'pOt R=}vOQwt |=y=tO |Q}oxR=Ov= QO wUty
hrDNt C=yH QO =} |}=yvD x@ =y=tO R= s=Om Qy |Q}oxR=Ov= QO =]N =t= "Ovm|tv
|=tO x@C@Uv =QC}U=UL u} QDW}@ pOt 'G}=Dv j@] "OyO|t Q}}eD =Q pOt |xH}Dv
?; |=tO |=yxO=O x@ C@Uv pOt C}U=UL u} QDtm w xO=O u=Wv `HQt K]U w =wy
'?; |=tO ��15 OwOL |Q}oxR=Ov= |=]N '7 pmW j@] "CU= Xr=N V@=D w
|r=L QO u}= "CU= xOW Q}N@D COW OQw;Q@ QO��31 OwOL QO|}=]N RwQ@?Hwt
?@U =Q Q}N@D COW QO ��82 =D ��21 C=Q}}eD '=wy |=tO��15 |=]N xm CU=
��3 OwOL QO |}=]N R}v `HQt K]U |=tO��15 C=Q}}eD "�8 pmW� CU= xOW
j@=]t OvJ Qy "�9 pmW� CU= xOQm pY=L Q}N@D COW |=yOQw;Q@ QO ��33 =D
wUty |=]N RwQ@ x@ C@Uv |O=yvW}B VwQ QO |mOv= Q=}U@ C}U=UL '10 pmW
��15 x@=Wt Qw] x@ =tO 3 Qy xJv=vJ xm|Qw]x@ 'OwW|t xOy=Wt =tO |=yxO=O QO

"Ow@ Oy=wN ��1 OwOL QO '|OQw;Q@ Q}N@D COW |=]N 'OvW=@ xDW=O C=Q}}eD
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Oy=wNv pOtG}=Dv QO|yHwDp@=k Q}F-=D 'QwmPt|=yQDt=Q=B|xOW|Q}oxR=Ov= Q}O=ktOwHw
"OQ=O |}xS} w C}ty= |O=yvW}B VwQ OQ@ Q=m |xaUwD CyH QO xH}Dv u}= "CW=O

|Q}oxH}Dv "5
xO=U pL l} CU= xOW VqD `HQt K]U swyit h} QaD =@ Q[=L VywSB QO
=Hv}= QO� |@; |=yxQm}B R= Q}N@D OQw;Q@ |=Q@ |SQv= uq}@ |xrO=at R= Cw=iDt w
`HQt K]U w ?; |SQv= uq}@ VwQ u=wvax@ xm 'OwW x�=Q= �|DUwO OU uRNt
CU= QO=k xm CU= xOW |}xrO=at O}rwD x@ QHvt VqD u}= "CU= xOW xO}t=v
Q}N@D 'OvDUy OQw;Q@ =} w |Q}oxR=Ov= p@=k |v=U; x@ xm 'lOv= |OwQw |=yxO=O =@
|=yxR=@ QO |v=O}t |=y|Q}oxR=Ov= "Ovm OQw;Q@ |@ wr]t CkO =@ =Q uRNt R= ?;
'hrDNt j=ta= w \=kv QO |DUwO OU uRNt R= p=U 1 COt x@ w xRwQ 16 |v=tR
|SQv= uq}@ G}=Dv "CU= xOW s=Hv= |O=yvW}B VwQ |@=} RQ= w VHvU Qw_vt x@
VwQ CkO w xDW=O |@ wr]t j=@]v= ,=@} QkD |O=yvW}B VwQ w uRNt uw=@ C@Uv
"CU= xOW |@=} RQ= Q}N@D CWD |=yOQw;Q@ R= QD?U=vt |O=} R OL =D |O=yvW}B
Ov=wD|t |O=yvW}B VwQ QO Xr=N V@=D C@Uv w =tO Oa)@|@ QDt=Q=B 2 OwHw
VwQ C}U=UL p}rLD xm =QJ "Ovm sy=Qi R}v =Q xrO=at u}= uOWQDxO=U C}r@=k
xDW=O ?; K]U |=tO w V@=D |=yxO=O x@ lOv= Q=}U@ C}U=UL R= u=Wv 'QwmPt
hrDNt \}=QW QO =Q j} Q] Qy x@ =yv; u}tND =} w |v} Ro}=H u=mt= xm 'CU=
Ov=wD|tv R}v =wy |=tO =@ VwQ u}= |q=@ C}U=UL |iQ] R= "OR=U|t QU}t
C@F w |Q}oxR=Ov= xO=O u}= 'j]=vt |t=tD QO ,=@} QkD =Q} R 'OwW |krD C}OwOLt
u=wD|t u}=Q@=v@ "OQ=Ov R}v xO}J}B w X=N |=yx=oDUO x@ R=}v Qt= u}= w OwW|t
|=Q@ |SQv= uq}@ |xrO=at u=tRsy pL =@ xm VywSB u}= |O=yvW}B VwQ Cio
Q=Qk OQ@ Q=m OQwt w xaUwD �lWN l =N� xOvvmQ}N@DQ}e w �?;� xOvvmQ}N@D K]U
?; |=tO |=yxO=O R= |v}tND \ki w =wy |=tO |Q}oxR=Ov= =@ ,q=tDL= 'CU= xDiQo
OQ@ Q=m |xaUwD CU= |y}O@ "CW=O Oy=wN |@ wr]t OQmrta R}v Xr=N V@=D w
u} QDsyt xm 'Ow@ Oy=wN xv}tR u}= QO |QDW}@ C=ar=]t OvtR=}v |O=yvW}B VwQ
wU w CtU QwO R= VHvU |=yOQ@ Q=m w |R=UxO=U |=DU=Q QO Ov=wD|t =yv;

"O@=}

uRNt Xr=N V@=D C=Q}}eD x@ �RWEB� |O=yvW}B VwQ C}U=UL "11 pmW
"91�1390 |@; p=U |]

K]U Xr=N V@=D C=Q}}eD x@ �RWEB� |O=yvW}B VwQ C}U=UL "12 pmW
"91�1390 |@; p=U |] `HQt

COW C=Q}}eD ?@U 'uRNt Xr=N V@=D ��15 C=Q}}eD 'Qo}O |wU QO
pOt C}U=UL u} QDtm 'C}=yvQO "�11 pmW� CU= xOW ��15 u=R}t x@ Q}N@D
Ok=i 'lWN l =N u=ty =} `HQt K]U Xr=N V@=D \w@ Qt |OwQw |=yxO=O x@
|�RH Q=}U@ |=]N RwQ@ ?@U QDt=Q=B u}= QO ��15 |=]N xm 'CU= VWwB

"�12 pmW� CU= xOW Q}N@D COW |=yOQw;Q@ QO ��1 5
Q}O=kt x@ C@Uv QwmPt pOt xm OyO|t u=Wv C}U=UL p}rLD G}=Dv ẁtHt QO
|Q}oxR=Ov=\ki OUQ|t Q_v x@ w OQ=O |mOv=C}U=UL ?; |=tO R}v wXr=NV@=D
VwQ =@ Q}N@D |=yOQw;Q@ QO ?wr]t |xH}Dv pwYLCyH =wy |=tO xS} w x@ =tO j}kO
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