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leu@ QmO}Umwvt |xOv}q; C_re |v=tR |=yxir-wt |UQQ@

u=QyD QyW QO |U=vW=wy |=yQDt=Q=B w
�OWQ= T=vWQ� � �xvLW Q̀=R s} Qt

�Q=}O=DU=� |t=LQ= OtLt
h} QW |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O

u} QD|v=QL@ R= |m} 'Q=}at |=yxOv}q; R= |m} u=wvax@ �CO� u@ QmO}Umwvt |xOv}q;
|UQQ@ x@ VywSB u}= QO "CU= xOw@ u=QyD QO =wy CtqU XN=W ^=Lr x@ =yxOv}q;
QDr}i \UwD |U=vW=wy |=yQDt=Q=B =@ =yu; \=@DQ= |xwLv w xOv}q; u}= |v=tR |=yVN@
'|UQQ@ OQwt |=yp=U |] QO OyO|t u=Wv |UQQ@ u}= G}=Dv "CU= xOW xDN=OQB KZ

|=yQDt=Q=B w |Wy=m |OvwQ 5 ppm x@ 11 ppm Q=Okt R= Vy=m =@ u@ QmO}Umwvt C_re
=@ COtOvr@ |xir-wt 'u}= Q@ xwqa "Ov=xDW=O |W}=Ri= |OvwQ O=@ COW w 'CyH '=wy |=tO

R= w OwW|t pt=W =Q |v=tR |QU C=Q}}eD R= syU u} QDtm '�10 R= QDtm OwOL |tyU
C_re 'T=U= u}= Q@ "OQ=O hrDNt |=yxO=O QO =Q |oDU@=w u=R}t u} QDW}@ |iQ]

=@ "OQ=O =Q |oDU@ty u=R}t u} QDW}@ |@Uv C@ w]Q w O=@ CyH |=yQDt=Q=B =@ u@ QmO}Umwvt
"OwW|t sy=Qi u@ QmO}Umwvt Q=WDv= C=Q}}eD OvwQ |UQQ@ u=mt= 'QDt=Q=B wO u}= uOWXNWt
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'KZ QDr}i '|U=vW=wy |=yQDt=Q=B 'u@ QmO}Umwvt '=wy |oOwr; %|O}rm u=oS=w
"|v=tR |=yxir-wt

xtOkt "1
|}=OH |=Q@ xm 'CU= u} RoOt=U@ |=yQDr}i `=wv= R= |awv QPou}}=B QDr}i
x=Dwm |=yu=tR |DQ=@a x@ w q=@ |=yOt=U@ QDr}i u}= "OwQ|t Q=mx@ |v=tR |=yVN@
"OyO|t u=Wv =Q QDr}i ẁv u}= OQmrta '1 pmW "Ovm|t hPL |v=tR |QU R= =Q
w Qw@a Ov=@ 'OyO|t Qw@a OwN R= QDr}i xm |Ot=U@ |xOwOLt CU= QmP x@ sRq
|}=OH =} `]k Ot=U@ '!c Ot=U@ "Ovt=v|t hPL Ov=@ =Q xOWhPL Ot=U@ |xOwOLt

[5]"OQ=O s=v
xH}Dv QO w =yOt=U@ |NQ@ hPL CyH |WwQ 1994 p=U QO Q=@ u}DUNv
1 KZ QDr}i =yOa@ xm VwQ u}= [1]"OW `=O@= VN@ OvJ x@ |v=tR |QU l}miD
u}= "Ovm|t s}UkD xv}tR w COtx=Dwm |xir-wt wO x@ =Q |v=tR |QU 'CU= xOW xO}t=v
|xOv}q; C_re |xv=RwQ |xv}W}@ |=yxO=O |xr=U 10 |v=tR |xQwO |=Q@ VywSB
Q=O|vat w |]N |}x]@=Q xm O=O u=Wv VywSB u}= G}=Dv "CU= xOW s=Hv= =tO w uR=

[1]"OQ=O OwHw |v=tR Q}N-=D l} =@ 'xv=RwQ |=tO w uR= |xv=RwQ C_re u}@
|i}m |=yxO=O |=Q@ ?U=vt w p;xO}= QPou}}=B |=yQDr}i R= |awv 'KZ QDr}i
|=yxO=O '=wy |oOwr; w |U=vW=wy |=yxO=O QDW}@ QO xmv}= x@ xHwD =@ "OW=@|t =wy
'=yxO=O R= lQLDt |Q}ou}ov=}t =@ xO=U w swUQt VwQ u}= 'OQ=O OwHw xOWvC@F
[4�2]"OwQ|t Q=m x@ 'CU= Xk=v =yu; C=aq]= R= |NQ@ xm |v=tR |=y|QU |=Q@
wO x@ |U=vW=wy |=yxO=O w xOv}q; C_re |v=tR |QU 'QDr}i u}= ltm x@
|rYi w COtOvr@ |xir-wt wO x@ R}v xv}tR |xir-wt w 'COtx=Dwm w xv}tR |xir-wt
w COtx=Dwm 'COtOvr@ |xir-wt 3 `tH R= |v=tR |QU l} u}=Q@=v@ "OwW|t s}UkD

QyW QO Q}N= |=yxyO QO C}ty= QB w |]}LtCU} R CqmWt R= |m} =wy |oOwr;
w =yu=Uv= |DtqU |=Q@ =wy |=yxOv}q; |ivt Q=F; Cra x@ xHwD =@ "OW=@|t u=QyD
|m} u}=Q@=v@ "OwW pQDvm u=QyD QyW QO =y|oOwr; ẁv u}= CU= sRq 'CU} R \}Lt
C=aq]= uDW=O 'QF-wt |=yOQ@y=Q u} wOD w =wy |=yxOv}q; pQDvm QO =ysOk u}rw= R=
[1]"CU=yu; C_re C=Q}}eD w C=v=Uwv '=wy |=yxOv}q; C}a[w OQwt QO |i=m
|oOwr; |xv}tR QO |i=m CN=vW w C=ar=]t xv=iU-=Dt ' ẁ[wt u}= C}ty= seQ|ra
C=Q}}eD |xwLv |UQQ@ CyH x@ |}xar=]t swRr =Pr "OQ=Ov OwHw u=QyD QyW QO =wy

"OUQ|t Q_v x@ |QwQ[ u=QyD QyW QO =yxOv}q; C_re C=v=Uwv w
V}=Ri= '=wy |=yxOv}q; w |U=vW=wy |=yQDt=Q=B u}@ \=@DQ= OwHw Cra x@
CyH |iQ] R= "CU}v Q}UiD p@=k |@ wN x@ =yxOv}q; COtOvr@ OvwQ Vy=m =}
CU= QDy@ Q=WDv= R= |W=v C=Q}}eD V}=B R}v w |D} Q}Ot |=yxt=vQ@ |}=Q=m VHvU
|xvt=O xm CU= sRq Q=m u}= |=Q@ [1]"OwW hPL =yxOv}q; R= |U=vW=wy C=QF=
|rmx@ =Q |Ot=U@ |=yxir-wt |NQ@ =} w s}yO Q}}eD =Q |Ot=U@ |=yxir-wt |@Uv
'|Ot=U@ Ov=@ OvJ =} l} QO u} RoOt=U@ |=yQDr}i [3w2]"s}vm QDr}i '|DQ=@ax@ w hPL
=Q =yp=vo}U '|Ot=U@ |=yOv=@ |x}k@ QO w Ovv=QPo|t G=Hwa= uwO@ =Q =yp=vo}U

[4]"Ovvm|t hPL |rm Qw]x@ =} w h}a[D

pw�Ut xOvU} wv �
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2008 |r= 2000 |=yp=U |xrY=i QO |t]=i x=oDU}= QO u@ QmO}Umwvt |Da=U
R}v u@ QmO}Umwvt C_re |wQ |U=vW=wy C=QF= |xar=]t CyH "CU= xOW |UQQ@
w CU= u=QyD QyW QO |U=vW=wy Q}O=kt |xOv}=tv xm 'O=@;Qyt x=oDU}= C=aq]= R=
QmPD u}= "CU= xOW xO=iDU= 'OQ=O =Q |t]=i x=oDU}= x@ C@Uv xO=O u} QDl}ORv
p=U R= |U=vW=wy |=yxO=O 'QwmPt x=oDU}= QO xmv}= x@ xHwD =@ xm CU= sRq
|=tO %Ovv=t |wH |=yQDt=Q=B |v=tR |=yxir-wt |UQQ@ 'CU= xOW |Qw;`tH 1994
xDiQo CQwY 2008 |r= 1994 p=U R= O=@ CyH w 'COW '|@Uv C@ w]Q '=wy
C}kiwt |@=} RQ= QO Ov=wD|t xOv}q; l} C_re QO QF-wt |=yQDt=Q=B |}=U=vW "CU=
?U=vt |=yOQ@y=Q w '|D} Q}Ot C=t}tYD P=ND= 'xDWPo |]}LtCU} R |=yxt=vQ@

"Ovm ltm u=QyD |=wy `[w |i}m Ow@y@ CyH

VwQ w O=wt "2
|=yOt=U@ '|U=vW=wy |=yQDt=Q=B w C_re |=yxO=O |wQ KZ QDr}i |R=UxO=}B =@
hPL w xOQm Qw@a QDr}i R= \UwDt CmQL l} QO |r=wDt |=yQ=QmD QF= QO u}}=B
w h} QaD 2 |x]@=Q j@=]t |v=tR |=y|QU u}= |=Q@ lQLDt u}ov=}t "Ov=xOW

[11]%OwW|t x@U=Lt
Yi = 1

m

Xk

j=�k Ai+j (2)

(m = 2k+1)xQHvB pw]m 'hOy Q=Okt R= hQ] Qy QO Q}O=kt O=OaD k 'u; QO xm
|OwQw |v=tR |QU u=wvax@ 'QDr}i |HwQN u}rw= "CU= |OwQw |v=tR |QU A w
Q}}eD =@ "ODi=|t j=iD= p Q=QmD O=OaD =@ pta u}= w OwW|t ?wULt Oa@ |xrLQt
|=yxir-wt 'OvDUy QDr}i u}= |L=Q] QO |U=U= QDt=Q=B wO xm 'p w mhrDNt Q}O=kt
QDr}i u}= OQmrta '2 pmW "Ov};|t CUOx@ |rY= |v=tR |QU R= hrDNt |v=tR
=@ Q_vOt QDr}i 'CU= XNWt xm Qw]u=ty "OyO|t u=Wv l}D=tW CQwYx@ =Q
Q=QmD =@ w Ovm|t Q=wty =Q C=v=Uwv 'xQHvB Qy QO xDiQoQ=Qk |=yxO=O R= |Q}ou}ov=}t

"OwW|t pY=L Q_vOt CkO 'pta u}=
|v=tR |QU |=yDv= w =OD@= R= =yxO=O 'u; |r=wDt |=yCmQL =@ w QDr}i u}= \UwD
hPL Ea=@ QDr}i QDW}@ pw] xm CU= |y}O@ "OwW|t x=Dwm |v=tR |QU w hPL
?=NDv= 'VwQ u}= R= xO=iDU= QO syt |=yQDt=Q=B R= |m} [5]"OwW|t =yxO=O QDW}@
'RwQ N R= QDtm |=yxQwO hPL |=Q@ "s} Q=O u; hPL x@ p}=tD xm 'CU= |}xQwO

[6w4]%Ovm|t u}}aD =Q QDr}i QF-wt pw] '3 |x]@=Q
m� p 12 � N (3)

x@ |@=}DUO CyH =Q KZ(m;k) QDr}i |xQHvB R}=U w QF-wt ZQa QwmPt |x]@=Q
u}}aD w 3 |x]@=Q x@ xHwD =@ [4]"OvR|t u}tND |@ wN x@ x=wNrO |v=tR |xir-wt

"Q=QmD l} QO lQLDt u}ov=}t QDr}i OQmrta "2 pmW

"p;xO}= QPou}}=B QDr}i |Ot=U@ MU=B "1 pmW
[5]%OwW|t p}mWD 1 |x]@=Q j@=]t |rYi

A(t) = e(t) + S(t) +W (t) (1)

C=Q}}eD S(t) 'COtOvr@ OvwQ |xir-wt e(t) '|rY= |v=tR |QUA(t) '1 |x]@=Q QO
|xir-wt ,=@r=e =wy |oOwr; |=yQDt=Q=B |=Q@ "CU= COtx=Dwm |xir-wtW (t) w '|rYi
'l}i=QD QO xv=RwQ C=Q}}eD Ovv=t =yxOv}q; Q=WDv= QO x=Dwm C=v=Uwv x@ COtx=Dwm
Q=WDv= x@ COtOvr@ |xir-wt w O}WQwN |x} w=R w |rYi C=Q}}eD x@ |rYi |xir-wt

[5]"CU= xDU@=w O=YDk= w CU=}U '=wy w ?; '|oOwr; p=kDv= '=yxOv}q; |rm
l} |v=tR |=yxir-wt l}miD |=Q@ OwHwt |=yVwQ u}@ xU}=kt w |UQQ@ =@
w 4|w[}@ QDr}i '3xOa=k hqN '2lHwt p}O@D 'KZ QDr}i VwQ %pt=W 'p=vo}U
lHwt p}O@D w KZ QDr}i VwQ wO xm OWXNWt 5|k}@]D |xQHvB =@ x} Qwi p}O@D
xO=O u=Wv R}v QDW}@ |=y|UQQ@ "OvQ=O xv}tR u}= QO =Q =]N u} QDtm w Q@=Q@ |}=Q=m
|=yxO=O =@ |v=tR |=y|QU QO uOw@xO=iDU= p@=k w =Q=m Cra x@ 'VwQ u}= xm CU=
u; R= [5�2]"CU= ?U=vt =wy |i}m |=yxO=O |v=tR <=RH= l}miD CyH '6xOWvC@F
CyH '?U=vt |}=Q=m =@ xOvwWQ=QmD QPou}}=B QDr}i ẁv l} u=wvax@ KZ QDr}i 'TB
xOW|iQat =yxOv}q; p=vo}U |=Q@|rYi w 'COtOvr@ 'COtx=Dwm |xir-wt xUl}miD
|R=U=OH w |i}] p}rLD u=m =tm 'xOWs=Hv= |=yVywSB |NQ@ OwHw =@ [8�5]"CU=
p@=k |xOWvC@F |=yxO=O xm '|v=tR |=y|QU |=Q@ =yQDr}i R= xO=iDU= =@ =yxir-wt

[8w7]"OvQ=O R=}v |QDW}@ C=ar=]t w u=w=Qi |=yVr=J 'OvQ=O |yHwD
QO |i=m C=aq]= 'u=QyD QO =wy |oOwr; |xv}tR QO OwHwt CqmWt seQ|ra
=@ 'VywSB u}= QO "OQ=Ov OwHw =yxOv}q; QO =yQDt=Q=B QF= w =yxir-wt C=Q}}eD OvwQ OQwt
CtqU |=yXN=W Q_v R= u@ QmO}Umwvt |xOv}q; K]U ?U=vt=v \}=QW x@ xHwD
'xOv}q; u}= C=Q}}eD OvwQ '2008 |r= 2000 |=yp=U |xrY=i QO ,=YwYN '=wy
u=QyD QyW |=yx=oDU}= R= |m} QO u; QO |U=vW=wy |=yQDt=Q=B QF= w u; |=yxir-wt

"CU= xOW |UQQ@
u=ty x@ xOta Qw] x@ w CU= x}rw= |xOv}q; l} u@ QmO}Umwvwt |xOv}q;
,=DOta xOv}q; u}= "OQ=O OwHw QiUtD= QO 'CU= xOW O}rwD OwN `@=vt R= xm |DQwY
w uwo =vwo `}=vY 'x}rkv \�=Uw uwJty |irDNt `@=vt R= 'RwQ hrDNt C=a=U QO
QO |a}@] |=yOv}=Qi QF= QO Ov=wD|t xOv}q; u}= xD@r= "OwW|t O}rwD |W}=tQo p}=Uw
x@ w p}UmwQO}y p=m}O=Q =@ Vvm =w R= TB w OwW p}O@D uR= w u@ QmO}Um =|O x@ wH
Vkv uR= w |}=}t}WwDi OwO xt O}rwD QO uSwQD}vO}Um =|O Ovv=t =yxOv}q; Q}=U ltm
'OQ=O wH QO xOv}q; u}= xm |tm C}r=ai w |vqw] Qta Cra x@ OvJQy "OW=@ xDW=O
[10w9]"CU= uOQmQ_vhQY p@=k =yQDt=Q=B Q}=U =@ xU}=kt QO u; Vvm =w l}Dv}U QF=
'u=QyD QyW QO u@ QmO}Umwvt |xOv}q; |xOta `@=vt R= |m} xmv}= x@ xHwD =@
\�=Uw OOQD ?ULQ@ RwQ C=a=U pw] QO xOv}q; u}= C_re 'CU= x}rkv \�=Uw
u}= |UQQ@ CyH u}=Q@=v@ "Ovm|t Q}}eD =wy |=tO Ovv=t |}=wy w ?; \}=QW w x}rkv
C_re VywSB u}= QO "OwW `k=w xar=]t OQwt u; |Da=U C_re CU= sRq xOv}q;

36



|t=
LQ=

OtL
tw

xvL
W

Q̀=R
s}Qt

"u@ QmO}Umwvt h}] "3 pmW

|xOv}q; |v=tR |=yxir-wt |oDU@=w u=R}t '|v=tR |=yxir-wt G=QNDU= =@
[6]"CU= xOt; CUOx@ Ot=U@ |xRwL QO |U=vW=wy |=yQDt=Q=B =@ u@ QmO}Umwvt

%OyO|t u=Wv Ot=U@ |xRwL QO =Q p=vo}U 2 |xir-wt |oDU@=w '4 |x]@=Q

Cxy;KZ(f) = jPxy;KZ(f)j2
Pxx;KZ(f)Pyy;KZ(f)

(8)

&y w x p=vo}U |v=tR |=yxir-wt R= |m} u}@ |oDU@=w u=R}t Cxy;KZ 'u; QO xm
w x p=vo}U |v=tR |xir-wt |v=wD |i}] |r=oJ `@=wD Pyy;KZ(f) w Pxx;KZ(f)

"CU= y w x p=vo}U |v=tR |xir-wt u}@ p@=kDt |i}] |r=oJ Pxy;KZ(f) w &y
|=yQDt=Q=B R= |m} y p=vo}U w u@ QmO}Umwvt |xOv}q; 'x p=vo}U 'VywSB u}= QO

"CU= |U=vW=wy

G}=Dv |UQQ@ "3
u@ QmO}Umwvt C_re |=Q@ hrDNt |=yxir-wt l}miD w KZ QDr}i |R=UxO=}B G}=Dv
u}= 'OW xQ=W= xm Qw]u=ty "CU= xOW xO=O u=Wv 4 pmW QO |t]=i x=oDU}= QO
"OvwW|t l}miD sy R= QDr}i u}= QO Q=QmD O=OaD w xR=Ov= QO Q}}eD ltm x@ =yxir-wt
2000 p=U R= u@ QmO}Umwvt |xOv}q; '4 pmW QO COtOvr@ |xir-wt x@ xHwD =@
|xOv}q; 'CU= xOW xQ=W= xm Qw]u=ty "CU= xDW=O |rwRv OvwQ '2008 |r=
xDWPo p=U 10 QO CtqU XN=W Q_v R= =yxOv}q; u} QDsyt R= |m} 'u@ QmO}Umwvt
uOw@ sr=UQ}e =} sr=U Q_v R= |O=} R OL =D u=QyD QyW |=wy |oOwr; C}a[w w xOw@
C}a[w uOw@|v=QL@ x@ xHwD =@ OyO|t u=Wv ?r]t u}= "CU= xDU@=w xOv}q; u}= x@
u}= "CU= xOW P=ND= |@ wr]t |D} Q}Ot C=t}tYD 'xDWPo |=yp=U QO xOv}q; u}=

"CU= xOW XNWt |L=Q] |=yQDt=Q=B Q}O=kt 'OvwW hPL O}=@ xm |}=yxQwO pw]
xOW xDN=OQB 3 |x]@=Q |=v@t Q@ |v=tR |=yxir-wt R= l} Qy |iQat x@ 'xt=O= QO

[5]%CU=
"CU= |rYi w COtOvr@ |xir-wt wO `tHpY=L xv}tR |xir-wt %xv}tR |xir-wt ��
QDtm |=yxQwO 'QDr}i |=Q@ 5 Q=QmD O=OaD w xQHvB pw] |=Q@ 15 OOa ?=NDv= =@
|i}m |=yxO=O uwt=Q}B u}W}B |=yVywSB x@ xHwD =@ "OwW|t hPL RwQ 30 R=
u}= '4 |x]@=Q "CU= xv}tR |xir-wt pO=at QDr}i u}= |HwQN '|U=vW=wy w =wy

%OyO|t u=Wv =Q xir-wt
Baseline (t) = KZ(15;5) = e(t) + S(t) (4)

7OvwQ =Q |v=tR |QU Qy QO CN=wvm} w s=Q; C=Q}}eD %COtOvr@ |xir-wt ��
|v=tR |=y|QU OvwQ 'KZ QDr}i QO?U=vt |xR=Ov= ?=NDv= =@ [14�12w8]"Ov} wo|t
|xir-wt x@ C@Uv QDnQR@ |=yxQHvB pw] ?=NDv= =@ "Ov};|t CUOx@ =wy |i}m
|y=o ; |=Q@ =Pr "OvwW|t hPL u; R= QDlJwm |=yxQwO w xvq=U |=yxQwO 'xv}tR
QDr}i u}= [3]"CU= xOW xO=iDU= KZ(365;3) R= =yxOv}q; C=Q}}eD COtOvr@ OvwQ R=
|xir-wt G=QNDU= VwQ '5 |x]@=Q "Ovm|t hPL =Q RwQ 632 R= QDtm |=yxQwO

%OyO|t u=Wv =Q COtOvr@
Longterm (t) = KZ(365;3) = e(t) (5)

'xOv}q; |rm Q=WDv= COtOvr@ OvwQ x@ '=wy |xOv}q; COtOvr@ |xir-wt |rm Qw]x@
[14w13]"CU= xDU@=w |rQDvm |=yCU=}U '=wy w ?; 'xOv}q; |}=H@=H

R= |W=v |rYi C=Q}}eD QF= QO =Q xOv}q; C=Q}}eD xir-wt u}= %|rYi |xir-wt ��
|xir-wt R= COtOvr@ |xir-wt p[=iD R= xir-wt u}= "OyO|t u=Wv O}WQwN |xNQJ

%O};|t CUOx@ |U=vW=wy w =wy |i}m |=yxO=O |v=tR |QU |xv}tR
Seasonal (t) = KZ(15;5) �KZ(365;3) = S(t) (6)

x@ =Q xOv}q; QDtm =} xv=RwQ T=}kt QO C=Q}}eD 'xir-wt u}= %COtx=Dwm |xir-wt ��
"OyO|t u=Wv l}i=QD QF= QO Q=WDv= Ovv=t C=Q=WDv= w =tO |xv=RwQ C=v=Uwv Cra
=wy |i}m |=yxO=O |v=tR |QU R= xv}tR |xir-wt p[=iD R= COtx=Dwm |xir-wt

%O};|t CUOx@ 7 |x]@=Q j@=]t

Shortterm (t) = A(t)�KZ(15;5) = W (t) (7)

|U=vW=wy|=yQDt=Q=B wu@ QmO}UmwvtC_re|=yp=vo}U\=@DQ=|xwLv R=`q]=|=Q@
=wy |i}m |=yxO=O |=Q@ "OwW |}=U=vW =yp=vo}U u}= |v=tR |=yxQwO CU= QDy@
xOW xO=iDU= 9poQ=mU= ?tq s=QoOw} QB w 8xDUUo |x} Qwi p}O@D R= VywSB u}= QO
u=Wv xvwtv u=wvax@ =Q lWN |=tO w u@ QmO}Umwvt p=vo}U h}] '3 pmW "CU=
|xOv}q; '=wy |i}m |=yp=vo}U h}] R= xOt;CUOx@ G}=Dv x@ xHwD =@ "OyO|t
xvq=U |=yxQwO |U=vW=wy |=yQDt=Q=B w 'xv=RwQ w xDa=U 12 |=yxQwO u@ QmO}Umwvt
xOv}q; u}= xm OyO|t u=Wv u@ QmO}Umwvt |xOv}q; |=Q@ COtx=Dwm |=yxQwO "OvQ=O
sOa x@ xHwD =@ "OQ=O |QDW}@ |oDU@=w |m}i=QD |=yQDt=Q=B =@ Ot=U@ |xRwL QO
QO pt=wa R= xDUO u}= |UQQ@ 'u=QyD QyW QO l}i=QD |Da=U |=yxO=O x@ |UQDUO
"CU= xOW xDN=OQB |U=vW=wy |=yQDt=Q=B |UQQ@ x@ \ki w CU}v umtt Q=DWwv u}=
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"|t]=i x=oDU}= QO u@ QmO}Umwvt C_re |v=tR |=yxir-wt "4 pmW

C=QF= Cra x@ QwmPt |=yxir-wt xmv}= x@ xHwD =@ "OvDi=|tv j=iD= QiY C_re pwL
"CU= QU}t =yu; |wQ R= C_re C=Q}}eD |rm OvwQ 'Ov=xOW O=H}= |}xQwO

|xir-wt 2 `tH R= xv}tR |xir-wt 'CU= xOW xQ=W= 2 VN@ QO xm Qw]u=ty
VN@ 'O}OW C=v=Uwv hPL =@ xir-wt u}= "CU= xOW p}mWD COtOvr@ w |rYi
|D=ar=]t |=yxt=vQ@ QDW}@ QO w OyO|t u=Wv =Q p=vo}U l} Q=O}=B C=Q}}eD s_a=

[7�4]"CU= |R} Qxt=vQ@ w |UQQ@ |=v@t |D} Q}Ot w
u}= C=Q}}eD OvwQ CU= sRq |U=vW=wy |=yQDt=Q=B Q=DiQ QDj}ta lQO CyH
OQwt |U=vW=wy |=yQDt=Q=B "OwW u}}aD |v=tR hrDNt |=yT=}kt QO =yQDt=Q=B
QO O=@ COW w CyH '|@Uv C@ w]Q '=wy |=tO |=yxO=O 'VywSB u}= QO |UQQ@
|QD`}Uw |v=tR |xQDUo QO QwmPt |=yxO=O xmv}= x@ xHwD =@ "CU= O=@;Qyt x=oDU}=
|r= 1994 |=yp=U C=aq]= R= 'OvwQ w C=Q}}eD |UQQ@ |=Q@ 'OvDUy TQDUO QO
QO lQDWt C=aq]= R= u@ QmO}UmwvtC_re =@ =yxO=O u}= \=@DQ= u=R}t |=Q@ w 2008
|=yxir-wt '5 pmW xvwtv u=wvax@ "CU= xOW xO=iDU= 2008 |r= 2000 |=yp=U

"OyO|t u=Wv =Q =wy |=tO |v=tR
'COtx=Dwm|v=tR |=yVN@ x@ xHwD =@ 'OwW|t xOy=Wt 5 pmW QO xm Qw]u=ty
C=Q}}eD xm |Qw] x@ "CU= xDW=O |}xQwO ,qt=m |Q=DiQ =wy |=tO '|rYi w xv}tR
"Ovm|t u=Uwv O=Qo|Dv=U |xHQO �10 w 10 Q}O=kt u}@ =wy |=tO |rYi w xv=RwQ
|YNWt OvwQ 2008 |r= 1994 |=yp=U |xrY=i QO =wy |=tO 'pmW u}= j@=]t
|r= 2000 p=U R= w |W}=Ri= OvwQ 2000 |r= 1994 p=U R= =tO "CU= xDW=Ov
w |Wy=m CQwYx@ C=Q}}eD '2004 p=U R= TB "CU= xDW=O |Wy=m OvwQ 2004

"CU= xOw@ |W}=Ri= TBU
=@ =yu; |r=tDL= \=@DQ= u}}aD R}v w =wy |i}m |=yxO=O C=Q}}eD |UQQ@ |=Q@
|xir-wt Qw_vt u}O@ "CU= xOW xHwD =yQDt=Q=B u}= COtOvr@ C=Q}}eD OvwQ x@ 'sy

5 ppm x@ 11 ppm OOa R= xOv}q; u}= lQLDt u}ov=}t Vy=m Ea=@ C=t=Ok=
|}=yCU=}U p=ta= x@ u=wD|t u@ QmO}Umwvt C_re Vy=m p}qO R= "CU= xOW
'|m}i=QD |=yKQ] '=yu}W=t |SwrwvmD CiQW}B '=ywQOwN uOQm RwUR=o %p}@k R=
'pkv w ptL u=ow=v |R=Uwv '=ywQOwN |vi |xv}=at '=ywQOwN uOQm OQi w GwR w
"OQm xQ=W= """w wQDt |rkv w ptL |xm@W |xaUwD 'xOwUQi |=yp}@twD= |v} Ro|=H
C_re |xOwOLt QO 'COtx=Dwm C=Q}}eD |xOta VN@ '4 pmW x@ xHwD =@
|xir-wt u}= -=Wvt x@ xHwD =@ "OvDUy u=Uwv p=L QO 5 ppm C_re |xvt=O =@ QiY
XNWt xir-wt u}= Q=O}=B=v C=Q}}eD |@ wN x@ 'CU= xOW QmP p@k VN@ QO xm '|v=tR
"OwW|tv xOy=Wt xir-wt u}= QO |W}=Ri= =} w |Wy=m Q=DiQ xvwoI}y |iQ] R= "CU=
CQ=@ax@ "CU= COtx=Dwm |v=tRVN@ QO COtOvr@ |xir-wt OwHw sOa Qt= u}=Cra
w xOv}q; C_re |v=tR |QU C=Q}}eD OvwQ |w=L \ki COtOvr@ |xir-wt 'Qo}O
|YNWt OvwQ w CU= xOv}q; |xv=RwQ C=v=Uwv xvt=O Qov=Wv COtx=Dwm |xir-wt
C=v=Uwv w CU= Vy=m p=L QO C=Q}}eD |xvt=O '|rYi w xv}tR |=yxir-wt QO "OQ=Ov
C=QF= Cra x@ QwmPt |=yxir-wt xmv}= x@ xHwD =@ "ODi=|tv j=iD= QiY C_re pwL

"CU= QU}t =yu; |wQ R= C_re C=Q}}eD |rm OvwQ 'Ov=xOW O=H}= |}xQwO
C_re |xOwOLt QO 'COtx=Dwm C=Q}}eD |xOta VN@ '4 pmW x@ xHwD =@
|xir-wt u}= -=Wvt x@ xHwD =@ "OvDUy u=Uwv p=L QO 5 ppm C_re |xvt=O =@ QiY
XNWt xir-wt u}= Q=O}=B=v C=Q}}eD |@ wN x@ 'CU= xOW QmP p@k VN@ QO xm |v=tR
"OwW|tv xOy=Wt xir-wt u}= QO |W}=Ri= =} w |Wy=m Q=DiQ xvwoI}y |iQ] R= "CU=
CQ=@ax@ "CU= COtx=Dwm |v=tRVN@ QO COtOvr@ |xir-wt OwHw sOa Qt= u}=Cra
w xOv}q; C_re |v=tR |QU C=Q}}eD OvwQ |w=L \ki COtOvr@ |xir-wt 'Qo}O
|YNWt OvwQ w CU= xOv}q; |xv=RwQ C=v=Uwv xvt=O Qov=Wv COtx=Dwm |xir-wt
C=v=Uwv wCU=Vy=m p=L QO C=Q}}eD |xvt=O '|rYi w xv}tR |=yxir-wt QO "OvQ=Ov
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"O=@;Qyt x=oDU}= QO =wy |=tO |v=tR |=yxir-wt "5 pmW

"COtOvr@ |xir-wt w p=vo}U "6 pmW

|=yx=oDU}= QO =yxOv}q; R= s=Om Qy |=Q@ |v=tR |=yxir-wt syU OYQO '1 pwOH
"OyO|t u=Wv =Q hrDNt

C@Uv COtOvr@ |xir-wt xm CU= u; R= |m =L 1 pwOH R= xOt; CUOx@ G}=Dv
OwHw Cra x@ Qt= u}= "OQ=O =Q C=Q}}eD R= |QDtm Q=}U@ syU 'Qo}O |xir-wt wO x@
QO C=Q}}eD OwW|t Ea=@ xm 'CU= COtOvr@ |xir-wt QO Q=wty w CN=wvm} C=Q}}eD
|rYi C=Q}}eD "OW=@ xDW=Ov |v=tR |QU |rm C=Q}}eD QO |v=OvJ Q}F-=D xir-wt u}=
C=Q}}eD u@ QmO}Umwvt |=Q@ |rw 'Ov=x@=Wt ,=D@Uv |U=vW=wy |=yQDt=Q=B |xv=RwQ w
C=Q}}eD xm CU= u}= |xOvyOu=Wv xm 'CU= |rYi C=Q}}eD R= QDW}@ Q=}U@ xv=RwQ
R= QDW}@ RwQ pw] QO �lQLDt `@=vt ,=@r=e� `@=vt R= |W=v |xOv}q; O}rwD K]U QO

"CU= p=U pw] QO |oOwr; \}=QW w |Q=O}=B R= |W=v C=Q}}eD

xO=O u=Wv 6 pmW QO =wy |=tO w u@ QmO}Umwvt C_re |v=tR |QU w COtOvr@
"CU= xOW

syU |}=U=vW x@ s=Ok= '|v=tR |=yxir-wt R= s=Om Qy |xS} w C}ty= Cra x@
xOw@ Q}PBu=mt= =yTv=} Q=w u}tND ltm =@ Q=m u}= "CU= xOW =yxO=O C=Q}}eD R= =yu;
COtx=Dwm 'COtOvr@� |v=tR |=yxir-wt R= s=Om Qy w p=vo}U |=yTv=} Q=w =OD@= "CU=
p=vo}U Tv=} Q=w Q@ =yxir-wt R= s=Om Qy Tv=} Q=w s}UkD =@ w xOQw; CUO x@ =Q �"""w
OYQO `tHCU= |y}O@ "CU= xOt;CUOx@ =yxir-wt R=l} Qy syU OYQO '|OwQw
xmv}= x@ xHwD =@ "OwW 100 O}=@ |rYi w COtx=Dwm 'COtOvr@ |xir-wt 3 syU
10Tv=} Qwwm Q@=Q@ 2 |xi=[= x@ =yxir-wt Tv=} Q=w `tH Q@=Q@ |v=tR |QU Tv=} Q=w
[7]"CU= xOW QDtm 100 OOa R= xir-wt 3 syU OYQO `tH pY=L 'CU=yu; p@=kDt
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"u@ QmO}Umwvt |=yxir-wt |oOvm =QB Q=Owtv "8 pmW
|=yQDt=Q=B w u@ QmO}Umwvt C_re |v=tR |=yxir-wt u}@ (R2) |oDU@=w "2 pwOH

"|U=vW=wy
O=@ CyH O=@ COW |@Uv C@w]Q =wy |=tO p=vo}U/|v=tR |xir-wt
0 34 0 29 0 34 0 27 |v=tR |QU
0 70 0 68 0 73 0 65 xv}tR
0 02 0 0 05 0 COtx=Dwm
0 79 0 77 0 82 0 71 COtOvr@
0 11 0 02 0 04 0 07 |rYi

[7]"OvDUy sy R= =RHt ,qt=m w Ovvm|t pta pkDUt

|Q}oxH}Dv "4
2000 |=yp=U |=Q@u@ QmO}Umwvt |xOv}q;C_re|v=tR |=yVN@VywSBu}= QO
w CaQU '|@Uv C@ w]Q '=wy |=tO pt=W |U=vW=wy |=yQDt=Q=B w 2008 |r=
u}}aD w x@U=Lt KZ QDr}i ltm x@ 2008 |r= 1994 |=yp=U |=Q@ O=@ CyH
Ot;Q=m |WwQ QwmPt QDr}i xm CU= xOt; CUOx@ xH}Dv u}= |rm Qw]x@ "CU= xOW

"CU= |v=tR |QU l} |v=tR <=RH= l}miD CyH
u@ QmO}Umwvt C_re |v=tR |=y|QU COtOvr@ OvwQ R= xOt;CUOx@ G}=Dv
"CU= xDW=O |rwRv OvwQ 2008 |r= 2000 p=U R= xOv}q; u}= xm CU= u; R= |m =L
|rkv w ptL |=yCU=}U p=ta= x@ u=wD|t 'u@ QmO}Umwvt C_re Vy=m p}qO R=
QO O=@ COW w CyH 'R}v |U=vW=wy |=yQDt=Q=B u}@ QO "OQm xQ=W= u=QyD QyW QO

[9]"Ov=xDW=O |OwaY OvwQ 2008 |r= 1994 |=yp=U |xrY=i
COtOvr@ |xir-wt xmCU= xOWXNWt xOt;CUOx@|v=tR |=yxir-wt|UQQ@ =@
u=}t R= |iQ] R= "OwW|t pt=W =Q =wy |oOwr; |=yxO=O C=Q}}eD R= |QDtm syU
u@ QmO}Umwvt |xOv}q; u=}t =Q |oDU@=w u=R}t u} QDW}@ COtOvr@ |=yxir-wt '=yxir-wt
s=tD QO xm CU= xO=O u=Wv QDW}@ |=y|UQQ@ "CU= xDW=O |U=vW=wy |=yQDt=Q=B w
C_re =@ =Q |oDU@=w u=R}t u} QDW}@ |@Uv C@ w]Q w O=@ CyH '|v=tR |=yVN@

"Ov=xDW=O |t]=i x=oDU}= QO u@ QmO}Umwvt

|=tO COtOvr@ Q=Okt w u@ QmO}Umwvt COtOvr@ C_re |oDU@=w u=R}t "7 pmW
"=wy

"|v=tR |=yxir-wt syU OYQO "1 pwOH
COtx=Dwm |rYi COtOvr@ |v=tR |xir-wt/p=vo}U

65 23 8 u@ QmO}Umwvt
51 37 11 =wy |=tO
45 41 10 |@Uv C@ w]Q
43 48 5 O=@ COW
43 54 2 O=@ CyH

C_re u}@ |oDU@=w w \=@DQ= |xar=]t x@ '|v=tR |=yxir-wt G=QNDU= R= TB
"CU= xOW xDN=OQB |U=vW=wy |=yQDt=Q=B w =yxOv}q;

|QU wO COtOvr@ |=yxir-wt |=Q@ Ot=U@ |xRwL QO |oDU@=w u=R}t '7 pmW
"OyO|t u=Wv =Q =wy |=tO QDt=Q=B w |t]=i x=oDU}= QO u@ QmO}Umwvt C_re |v=tR
|OL Ot=U@ R= QDtm |=yOt=U@ QO |v=tR |QU wO |oDU@=w 'QwmPt pmW x@ xHwD =@
?} Q[ Q=Okt "CU= XNWt w C@=F |Q=Okt '�|OL u=tR pO=at u=tR R= QDW}@�
xOW x�=Q= 2 pwOH QO |U=vW=wy |=yQDt=Q=B w C_re |v=tR |=yxir-wt 11X}NWD

"CU=
QDW}@ Ot=U@ |xvt=O QO COtOvr@ |=yxir-wt u}@ |oDU@=w '2 pwOH x@ xHwD =@
u}= Q=Okt COtx=Dwm |=yxir-wt QO |iQ] R= "CU= |v=tR |=y|QU u=}t |oDU@=w R=
xm CU= u; Qt= u}= Cra "CU= uOQmQ_vhQY p@=k w CU= lJwm Q=}U@ QDt=Q=B
C=v=Uwv w CU= |U=vW=wy C=v=Uwv Q}F-=D CLD QDW}@ =yxOv}q; COtOvr@ C=v=Uwv
s=tD QO 'QwmPt pwOH j@=]t [7]"OyO|t u=Wv =Q l}i=QD QO C=Q}}eD QDW}@ COtx=Dwm
C_re =@ =Q |oDU@=w u=R}t u} QDW}@ '|@Uv C@ w]Q w O=@ CyH '|v=tR |=yVN@
u=R}t u} QDW}@ Cw=iDt |=yQDt=Q=B 'xir-wt Qy QO xm |DQwY QO "OvQ=O u@ QmO}Umwvt
Q=Qk QF-wt |=yQDt=Q=B |}=U=vW |=v@t =Q xv}tR |xir-wt C=aq]= 'OvDW=O =Q |oDU@=w
'COtx=Dwm w xv}tR |xir-wt wO pqkDU= w |oDU@ty sOa V}=tv CyH [7]"s}yO|t
xO=O u=Wv 8 pmW QO u@ QmO}Umwvt |xOv}q; |=Q@ xir-wt wO u}= 12|oOvm =QB Q=Owtv

"CU= xOW
'CU= XNWt xv}tR w COtx=Dwm VN@ wO |oOvm =QB Q=Owtv QO xm Qw]u=ty
u}= R}J=v Q=Okt x@ xHwD =@ "CU= 0 05 Q@=Q@ |v=tR VN@ wO u}= X}NWD ?} Q[
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1. Kolmogorov-Zurbenko
2. wavelets transform
3. perturbation or anomalies
4. eliptic �lter
5. adaptive window fourier transform
6. missed data
7. trend
8. spectral analysis
9. Lomb-Scargle Periodogram
10. Covariance
11. coe�cient of determination (R-square)
12. scatter plot
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