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|=}=Rt xvwou}= "Ovvm K} QWD =Q =yv; wO Qy ?}mQD w lQLDt u}ov=}t 'uw}UQoQOwN
R= =D xOW Ea=@ xDW=@v= lQLDt u}ov=}t uw}UQoQOwN |=yVwQ OQix@ QYLvt
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"CU= xOW |iQat 1998 p=U QO [18]u=Q=mty w nv=wy \UwD Q=@ u}rw= xm CU=
C=v=Uwv =@ |}=yxO=O ,=U=U= xm |r=t |=yQ=R=@ |R=UpOt QO C=Qmx@ l}vmD u}=
xO=iDU= OQwt 'OvwW|t pt=W =Q xv=oOvJ |Q=DN=U w O=} R |oO}J}B w q=@ Q=}U@
C=Q}F-=D '|v}@V}B |=yVwQ Q}=U =@ x=Qty l}vmD u}= |Q}oQ=mx@ "CU= xDiQo Q=Qk
"CU= xDW=O QwmPt |=y|oS} w =@ |v=tR |=y|QU |v}@V}B CkO Ow@y@ QO |}=RUx@
"Ovvm xO=iDU= VwQ u}= R= |OOaDt u=kkLt =D xOW Ea=@ 'xrY=L CkO Ow@y@ u}=
lQLDt u}ov=}t uw}UQoQOwN pOt |x}=B Q@ |@}mQD VwQ l} [19]u=Q=mty w w}r
"Ov=xOQm O=yvW}B O=@ CaQU |v}@V}B |=Q@ |rY= pt=wa x@ x} RHD l}vmD w xDW=@v=
|=Q@ |rY= pt=wa x@ x} RHD l}vmD |x}=B Q@ |@}mQD VwQ l} [20]u=Q=mty w w}
l}vmD R= xO=iDU= =@ [21]u=Q=mty wnv=w "Ov=xO=O O=yvW}B s=NCivCt}k|v}@V}B
w nvJ "Ov=xOQm O=yvW}B O=@ CaQU |v}@V}B Qw_vtx@ |@}mQD VwQ l} 'x} RHD
xO=iDU= u=w}=D TQw@ QO s=yU Ct}k |v}@V}B Qw_vtx@ VwQ u}= R= R}v [22]u=Q=mty

"Ov=xOQm
x@ ?DQDt CqmWt Q@ xDUv=wD |OwOL =D |rY= pt=wa x@ x} RHD l}vmD 'xJQo =
xv=oOvJ Q=DN=U u}vJty w q=@ |=y|oO}J}B w C=v=Uwv =@ |v=tR |=y|QU |v}@V}B
"CU= xH=wt |v=tR |=y|QU |x} RHD QO |Dq=mW= =@ R}v l}vmD u}= =t= 'Ovm x@re
\qDN=� s=v =@ ,=Lq]Y= =Q u; xm CU= |}xO}OB 'CqmWt u}= u} QDtyt R= |m}
x@ x} RHD |rY= |xO}= hqNQ@ xO}OB u}= QO "OvU=vW|t ẁ[wt C=}@O= QO �2Ot
X=N Ot=U@ l} QO |]qDN= Ot u}OvJ CU= umtt 'xOvyOp}mWD |rY= pt=wa
O=H}= xOvyOp}mWD pt=wa QO xm |vwoty=v p}rOx@ xO}OB u}= "OW=@ OwHwt =yxO=O R=
'T=U= u}= Q@ "O=O Oy=wN Q=Qk Q}F-=D CLD =Q |v}@V}B pOt |}=yv OQmrta 'Ovm|t
xOvyOp}mWD |rY= <=RH= |atHD |x} RHD VwQ u=wva =@ |WwQ [23]nv=wy w ww
VwQ u=ty R= xDi=}s}taD |WwQ ,=U=U= xm VwQ u}= "OvOQm x�=Q= 2009 p=U QO =Q
|=]N CQ=@a l} uOQm xi=[= |x}=B Q@ =Q Ot \qDN= |xO}OB 'CU= l}Uqm

"Ovm `iDQt Q=QmD Qy QO |iO=YD
|x} RHDl}vmD?}mQD Q=DWwv u}= QO |O=yvW}B VwQ|}=yv hOy 'T=U= u}= Q@
VwQ QO "CU= xDW=@v= lQLDt u}ov=}t uw}UQoQOwN VwQ =@ |rY= <=RH= |atHD
|atHD |x} RHD l}vmD R= xO=iDU= =@ xar=]t OQwt |v=tR |QU =OD@= '|O=yvW}B
'Oa@ xrLQt QO TBU "OwW|t x} RHD pkDUt |xOvyOp}mWD <=RH= R= |O=OaD x@
uw}UQoQOwN VwQ R= xO=iDU= =@ xv=o =OH Qw]x@ xOvyOp}mWD <=RH= u}= R= l} Qy
?}mQD Qo}Om} =@ =y|v}@V}B u}= ,=D}=yv w &OwW|t |v}@V}B xDW=@v= lQLDt u}ov=}t
'|O=yvW}B VwQ OQmrta |@=} RQ= Qw_vtx@ "OwW pY=L |}=yv |v}@V}B =D OvwW|t
pt=W 's=N Civ Ct}k x@ \w@ Qt |r=t |=yQ=R=@ Q=}at |=yxO=O R= xO=O xawtHt wO
Cra "CU= xDiQo Q=Qk xO=iDU= OQwt T=RoD s=N Civ Ct}k w CvQ@ s=N Civ Ct}k
Q=DN=U =@ q=@ |oO}J}B w C} Q=Qi 'O=} R Q=}U@ C=v=Uwv OwHw '=yxO=O u}= ?=NDv=
pOt u}= xm OyO|t u=Wv |O=yvW}B VwQ |Q}oQ=mx@ R= xrY=L G}=Dv "CU= xv=oOvJ
=yxO=O QO OwHwt |xv=oOvJ w xO}J}B |=yQ=DN=U C}OwOLt CU= xDUv=wD =yvDxv
|=ypOt w |@Ya |=yxm@W R= QDj}kO |H}=Dv CU= xDUv=wD xmr@ 'OR=U `iDQt =Q
%Ov=xOW ?DQt CQwY u}O@ xr=kt u}= |=yCtUk Q}=U "OQw; CUOx@ R}v OvtWwy
Q=}at |=yxO=O 'swU VN@ QO "CU= xOW h}YwD |O=yvW}B VwQ swO VN@ QO
|OOa G}=Dv sQ=yJ VN@ QO "CU= xOW K} QWD xOW xO=iDU= *s=N Civ Ct}k
xOW xO=O KQW s=N Civ Ct}k |v}@V}B QO |O=yvW}B VwQ |Q}oQ=mx@ R= pY=L
Vwy w l}Uqm |=yVwQ Q}=U =@ |O=yvW}B VwQ OQmrta 'sHvB CtUk QO "CU=
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u}ov=}t uw}UQoQOwN VwQ R= xO=iDU= =@ =Q |v=tR |=y|QU |v}@V}B '2011
2016 p=U QO [8]u=Q=mty w uU "OvOQm x�=Q= l}DvS |U} wvxt=vQ@ w xDW=@v= lQLDt
xOvvmO}rwD |=yxv=NQ=m |SQv= hQYt 'xDW=@v= lQLDt u}ov=}t uw}UQoQOwN VwQ R=
O=OaD 2017 p=U QO [9]u=Q=mty w |J}m}y "OvOQm |v}@V}B =Q Ovy QO s=N uy;
u}ov=}t uw}UQoQOwN pOt R= xO=iDU= =@ =m} Qt; QO =Q 14001 wR}= |=y|y=wo
Qw_vtx@ 2017 p=U QO [10]u=Q=mty w wD}v =}UQ=o "OvOQm |v}@V}B xDW=@v= lQLDt
lQLDt u}ov=}t uw}UQoQOwN VwQ R= =}v=BU= p=tW QO |oOwr; QwDm =i |v}@V}B
|=[=kD |v}@V}B 2018 p=U QO [11]u=Q=mty w p}=Uwt "OvOQm xO=iDU= xDW=@v=
xDW=@v= lQLDt u}ov=}t uw}UQoQOwN VwQ R= xO=iDU= =@ =Q COtx=Dwm xD}U} QDmr=
=}r=QDU= OvrRv}�wm COtx=Dwm xD}U} QDmr= |=[=kD |=yxO=O |Qw;`tH R= xO=iDU= =@ w

"OvO=O s=Hv=
uw}UQoQOwN |=ypOt |=Q@ xm |OQix@ QYLvt |=}=Rt |t=tD seQ|ra =t=
R}v |@}=at =ypOt R= xvwou}= 'CU= xOW xDiQo Q_v QO xDW=@v= lQLDt u}ov=}t
X=N |=yxv}tR w p�=Ut R= |NQ@ QO =yv; |=yOQ@ Q=m =D xOW Ea=@ xm OvQ=O
|=yxO=O O=OaD C}OwOLt "1 %R= Ov=CQ=@a =yC}OwOLt u}= u} QDtyt "OwW OwOLt
C}OwOLt "4 &uOw@ |a]k C}OwOLt "3 &uOw@ |]N C}OwOLt "2 &R=}v OQwt
ẁ[wt C=}@O= QO |Q=}U@ |=yVqD [12]"xQ}e w xv=oOvJ w xO}J}B |=yQ=DN=U
nvUD "CU= xDiQ}PB CQwY =yC}OwOLt xvwou}= p}OaD =} uDN=U `iDQt Qw_vtx@
xDW=@v= lQLDt u}ov=}t uw}UQoQOwN |=ypOt R= xDi=} Ow@y@ |rOt [13]u=Q=mty w
O=OaD C}OwOLt u=mtq=|DL Ovv=wD@ =D Ov=xOQm x�=Q= |R=i |=yxawtHt w j]vt =@
[14]u=Q=mty w |aW=N "OvR=U `iDQt =ypOt R= xvwou}= QO =Q R=}v OQwt |=yxO=O
lQLDt u}ov=}t uw}UQoQOwN |=ypOt =@ |]NQ}e OvtWwy |=yxm@W ?}mQD =@
u}= \UwD |R=UpOt QO uOw@ |]N C}OwOLt uDN=U `iDQt QO |aU 'xDW=@v=
uw}UQoQOwN u=wva =@ |@}mQD |rOt [15]u=Q=mty w |aW=N "Ov=xDW=O =Q =ypOt
|a]kQ}e |=ywor= |R=UpOt Qw_vtx@ =Q |r=tDL= |R=i |xDW=@v= lQLDt u}ov=}t
x�=Q= =ypOt R= xvwou}= QO uOw@ |a]k C}OwOLt `iQ w =yxO=O QO OwHwt

"Ov=xOQm
xv=oOvJ |=yQ=DN=U C}OwOLt uDN=U `iDQt R}v Q[=L Q=DWwv |rY= hOy
C=}@O= QO "CU= xDW=@v= lQLDt u}ov=}t uw}UQoQOwN |=ypOt QO xO}J}B w
=yl}vmD u}= "CU= xOW O=yvW}B xY}kv u}= `iQ Qw_vtx@ |awvDt |=yxO}= ' ẁ[wt
xO}J}B |v=tR |=y|QU |x} RHD w |R=U=OH swyit R= xO=iDU= Q@ OvDUy |vD@t
OwHwt |=yQ=DN=U O=OaD xm |tUk x@ 'xOvyOp}mWD |QU u}OvJ x@ xv=oOvJ w
x}rw= |v=tR |QU R= QDtm =yv; QO OwHwt |oO}J}B =} xOvyOp}mWD =RH= u}= QO
|=RH= x@ |v=tR |QU l} =yl}vmD xvwou}= QO 'Qo}O CQ=@ax@ "OW=@ xar=]t OQwt
=@ |}=yxO=O x@ u=wD@ xr}Uw u}O@ =D OwW|t x} RHD OwN xOvyOp}mWD |rY=
=yl}vmD R= xvwou}= |rY= |xO}= "Ci=} CUO QDxO=U |=yQ=DN=U w QDtm |oO}J}B
|QU l} |x} RHD |=Q@ xm CU= xOW xO=yv =v@ `tHD w x} RHD pY= |x}=B Q@
<=RH= x@ q=@ C} Q=Qi w =y|oO}J}B 'C=v=Uwv =@ x=Qty =DU}=Q}e w |]NQ}e |v=tR
'Qo}O CQ=@ax@ [16]"OwW|t xOQ@ Q=m x@ |v=tR |QU u; |xOvyOp}mWD |rY=
|v}@V}B w |R=UpOt Qw_vtx@ =yxO=O |R=UxO=U 'xO=O |x} RHD |rY= hOy
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Ovyt u}= "OR=U `iDQt =Q xOW O=} \wQW Ov=wD@ h1k =D OwW|t Q=QmD QOku; pL=Qt u}=
u}t[D |=Q@ '|rm Cr=L QO "Ovt=v|t �|Qop=@ Qe� ,=Lq]Y= =Q |Q=QmD pL=Qt
Ov}=Qi |=Q@ |ikwD \QW O}=@ 'Ovm xOQw;Q@ pt=m Qw]x@ =Q QwmPt \wQW h1k xm u}=
uOQm p=@ Qe wO |xH}Dv u}@ Q=}at h=QLv= 'Qw_vt u}O@ "OwW xDiQo Q_v QO |Qop=@ Qe

%OwW|t xDiQo Q_v QO hkwD \QW u=wva x@ 3 |x]@=Q j@=]t '|r=wDt
SD =

TX
t=1

� j(h1(k�1)(t)� h1k(t)j2
h21(k � 1)(t)

�
(3)

hkwDt |Qop=@ Qe Ov}=Qi 'OW=@ 0 3 w 0 2 u}@ Q=}at h=QLv= xm |v=tR ,qwY=
Q_v QO (c1) xOvyOp}mWD |rY= |xir-wt u}rw= u=wvax@ h1k '?}DQD u}O@ "OwW|t

%OwW|t xDiQo
c1 = h1k = h1(k�1) �m1k (4)

=@ 'p=L "CU=yTv=mQi u} QDoQR@ =} =yT=}kt u} QDmJwm |w=L c1 '|rm Cr=L QO
5 |x]@=Q j@=]t (r1) pw= |xrLQt |xOv=t}k=@ Q=Okt 'x}rw= |xO=O R= c1 |Q}op[=iD

"O};|t CUO x@
r1 = x(t)� c1 (5)

xQ=@ wO w OwW|t xDiQo Q_v QO O}OH |xO=O u=wvax@ xOv=t}k=@ Q=Okt 'T=U= u}ty Q@
|Oa@ |rY= |xOvyOp}mWD |xir-wt =D OQ}o|t CQwY u; |wQ |Qop=@ Qe pL=Qt
|t=tD =D OwW|t Q=QmD R}v |Oa@ |=yxOv=t}k=@ |=Q@ Ov}=Qi u}= "OwW G=QNDU= u; R=

%OwW G=QNDU= u; R= |rY= |=yxir-wt
r2 = r1 � c2; r2 = r2 � c3; :::::::; rn = rn�1 � cn (6)

Oy=wN xt=O= 'OW=@ xDW=O stQDUm = wO QFm =OL xOv=t}k=@ u} QN; xm |v=tR =D Ov}=Qi u}=
%s} Q=O T=U= u}= Q@ "Ci=}

x(t) =
nX
i=1

(ci) + rn (7)

|xir-wt n x@ Ov}=Qi u}= QO xar=]t OQwt |v=tR |QU xm OyO|t u=Wv 7 |x]@=Q
QO "OW Oy=wN x} RHD (rn) xOv=t}k=@ Q=Okt l} w (ci i = 1; 2; : : : ; n) |rY=
|i=m 'l}Uqm |x} RHD Ov}=Qi QO |]qDN= |=yOt pmWt `iQ Qw_vtx@ R}v C}=yv

%OvwW <=QH= =yxO=O |wQ ?}DQDx@ Q} R C=LqY= =D CU=
&x}rw= |=yxO=O x@ |iO=YD pqDN= <RH l} uOQm xi=[= "1

&xOW xi=[= |iO=YD pqDN= <RH =@ x=Qty =yxO=O uOQm x@ QHD "2
&Cw=iDt |iO=YD pqDN= <=RH= =@ swO w pw= pL=Qt |xQ=@ u}OvJ Q=QmD "3

uDiQo Q_v QO w swU |xrLQt R= x@=Wt |=yxir-wt u}ov=}t uOQw; CUO x@ "4
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|xv}tm \=kv u}vJty w xv}W}@ \=kv |t=tDCU}=@|t xrLQt u}= QO 'Qo}O CQ=@ax@
x@ |a@=D 'xt=O= QO "OwW XNWt l}miD x@ xar=]t OQwt |v=tR |QU x@ ?DQDt `@=D
x@ w OwW|t xO=O VR=Q@ xv}tm \=kv u}vJty w xv}W}@ \=kv x@ �u}qBU= `@=D� s=v
u}ov=}t TBU "O};|t CUO x@ =yxO=O u}}=B VwB w =yxO=O |q=@ VwB ?}DQD u}=
m1 =@ =Q u}}=B VwB w q=@ VwB u}ov=}t Qo = &OwW|t x@U=Lt u}}=B VwB w q=@ VwB
u=O@ h1 O=tv =@ ,qwY= xm xOvyOp}mWD |rY= |xir-wt u}rw= |=O}Ov=m 's}yO V}=tv
j@=]t 'u}}=B w q=@ VwB u}ov=}t w xO=O u}@ p[=iD R= u=wD|t =Q OwW|t xQ=W=

%OQw; CUO x@ 1 |x]@=Q
h1 = x(t)�m1 (1)

'OW=@ xOvyOp}mWD |rY= |xir-wt l} CU= umtt h1 OwN 'p;xO}= CQwYx@ p=L
\=kv '=yxO=O R= |[a@ OQwt QO CU= umtt Ov}=Qi u}= pta QO xm =Hu; R= =t=
O}=@ ,=@r=e h1 uOW QDuQ=kDt w swO \QW |Q=QkQ@ |=Q@ 'Ovm O}rwD O}OH stQDUm =
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|oDiy Ct}k |va} 'pw= Q=}at |xO=O xawtHt |wQ Q@ xvwtv u=wvax@ pL=Qt u}= R=
'xO=O xawtHt wO Qy |=Q@ Q=DWwv u}= QO ,=L}[wD "Ov=xOW K} QWD T=RoD s=N Civ
0 2 =@ Q@=Q@ pOt x@ xOW OQ=w pqDN= xrtH Q=}at h=QLv= w 100 =@ Q@=Q@ `tHD O=OaD
%CW=O s}y=wN '|O=yvW}B VwQ j@=]t w T=U= u}= Q@ "CU= xOW xDiQo Q_v QO
QO '|O=yvW}B pOt Ov}=Qi j@=]t %�|rY= pt=wa x@ x} RHD� pw= |xrLQt �
xO=iDU= =@ xar=]t OQwt |v=tR |QU |xOvyOp}mWD |rY= pt=wa 'pw= |xrLQt
|xOvyOp}mWD <=RH= R= |O=OaD x@ |rY= pt=wa x@ |atHD |x} RHD l}vmD R=
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Autocorrelation Partial Correlation AC PAC Q� Stat Prob

j � �j j � �j 1 0 197 0 197 54 692 0 000
j j �j j 2 �0 053 �0 096 58 703 0 000
�j j �j j 3 �0 149 �0 124 89 919 0 000
j j j j 4 �0 054 �0 003 94 032 0 000
j j j j 5 0 008 0 003 94 132 0 000
j j j j 6 0 004 �0 022 94 154 0 000
j j j j 7 �0 003 �0 007 94 170 0 000
j j j j 8 0 028 0 033 95 247 0 000
j j j j 9 �0 011 �0 028 95 426 0 000
j j j j 10 0 032 0 042 96 847 0 000
j j j j 11 �0 026 �0 037 97 831 0 000
j j j j 12 0 040 0 057 100 11 0 000
j j j j 13 0 013 �0 002 100 33 0 000
j j j j 14 0 028 0 027 101 41 0 000
j j j j 15 �0 002 �0 002 101 41 0 000
j j j j 16 �0 043 �0 038 104 02 0 000
j j j j 17 �0 018 0 006 104 48 0 000
j j j j 18 �0 038 �0 045 106 55 0 000
j j j j 19 �0 006 0 004 106 60 0 000
j j j j 20 0 040 0 029 108 90 0 000
j j j j 21 0 001 �0 019 108 90 0 000
j j j j 22 0 054 0 056 113 06 0 000
j j j j 23 0 014 0 005 113 35 0 000
j j j j 24 0 057 0 061 117 94 0 000
j j j j 25 �0 029 �0 044 119 16 0 000
j j j j 26 �0 013 0 020 119 39 0 000
j j j j 27 �0 032 �0 029 120 89 0 000
j j j j 28 �0 013 �0 004 121 15 0 000
j j j j 29 �0 021 �0 025 121 80 0 000
j j j j 30 0 034 0 038 123 47 0 000
j j j j 31 �0 001 �0 017 123 47 0 000
j j j j 32 �0 028 �0 043 124 63 0 000

=yCWwv=B
1. empirical mode decomposition (EMD)
2. mode mixing
3. Jarque-Bera Test
4. Q-Test
5. skewness
6. kotusis
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