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\}=QW QO 'xD@r= "OQ=O |QDQ@ AR�1� |xDU@tyOwN |=yxO=O Qw[L QO Cpmk XN=W
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|Q=t; |DvU |=yVwQ Q@ AQDU=Cw@ VwQ |rY= C} Rt wO "OwQ|t Q=tWx@ VwQ

%R= CU= CQ=@a
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pY=wi O=H}= p�=Ut QO xrtHR= '|a}Uw |}xQDUo |=Q@ l}vmD u}= uwvm =D
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u=v}t]= |xrY=i X=wN |UQQ@ |xv}tR QO xar=]t u}rw= [23]utQU=w w u}rmv=Qi
C=ar=]t "OvO=O s=Hv=pkDUtC=Oy=WtCr=L QO =QCpk |=Q@ AQDU=Cw@ |=yVwQ

"CU= Q}PBu=mt= =yv; x@ xaH=Qt w [26�24]xOW s=Hv= R}v |y@=Wt
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xOW xO=O xaUwD O}OH |O=yvW}B Q=my=Q u=wvax@ |mwr@ AQDU=Cw@ VwQ R=
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pY=wi OQmrta w 'sQ=yJ VN@ QO Ov}=Qi C}r@=k |=yXN=W |Q}oxvwtv `} RwD
R}v sWW VN@ QO "CU= xDiQo Q=Qk |UQQ@ OQwt sHvB VN@ QO |O=yvW}B u=v}t]=
|Q}oxH}Dv x@ |}=yDv= VN@ "CU= xOWxU}=kt hrDNt |=yVwQ R= pY=L G}=Dv

"CU= xDi=} X=YDN= |D; C=ar=]t |=Q@ |D=O=yvW}B w

xm OvO=O u=Wv C=Oy=Wt pqkDU= w p=tQv `} RwD ZQi CLD Cpk |}xrY=i
OQw;Q@ O}=@ w CiQo xO}O=v u=wD|tv =Q =yXN=W u}= OQw;Q@ |=Q@ xvwtv |Q}PB Q}}eD
OwOL uDN=U |=Q@ |irDNt C=ar=]t '=DU=Q u}ty QO "OwW ^=Lr |}xrY=i
xOW s=Hv= pkDUt |=yxO=O ZQi =@ w Ov}=Qi C}r@=k |=yXN=W `=wv= R= u=v}t]=

[11�7]"CU=
p}=tD u}vJty w =yQoTL R= |Q}oxQy@ QO xS} wx@ u} wv |=y|Qw;ui CiQW}B =@
|=yxvwtv sHL O}OW V}=Ri= Ea=@ Ov}=Qi V}=B |=yVwQ |R=U\NQ@ x@ uwRi=RwQ
|=yxvwtv QO xm =Q |iNt |=ywor= |�=U=vW w xOW x=Dwm |v=tR |=yxR=@ QO Q=}DN= QO
xrtHR=l}vwQDmr= w |} wQ=O '|}=}t}W `}=vY "CU= xDN=U umtt Ow@v QU}tlJwm
|Lw]U ?re= |}=yOv}=Qi u}vJ |i}m |=yxYNWt =yv; QO xm OvDUy |OQ=wt
C=aq]= u=}t |oDU@ty |=ywor= G=QNDU= =@ "OvyO|t RwQ@ =Q |oDU@tyOwN R=
OQ=Ov=DU= pQDvm |=yQ=Owtv OUQ|t Q_vx@ w OwW|t Zkv pqkDU= ZQi '|}xvwtv
V}=B QO O}OH |=yVwQ |xaUwD CQwQ[ Qt= u}= [13w12]"OvQ=Ov =Q sRq |WN@ QF=

"Ovm|t Q=mW; V}B R= V}@ =Q pQDvm w
Rv}mvH w Tm =@ '=yxO=O u=}t |oDU@ty |=ywor= G=QNDU= XwYN QO
xDUUo |v=tR |QU Q@ j@]vt w ?U=vt pOt uDi=} |=Q@ =Q |}xrLQtxU |SD=QDU=
|R=Uwor= QO xm xQ}eDtlD w |]N |v=tR |QU |=ypOt R= |m} [14]"OvOQm O=yvW}B
AR�1� pw= x@DQt |DWoQ@OwN Ov}=Qi OQ=O |O=} R C}ty= |ak=w |=}vO |=yC}a[w

%CU= 3 |x]@=Q T=U=Q@
Xt � � = �1(Xt�1 � �) + at; (3)

Xt�1 R= pkDUt at xm OwW|t ZQi w CU= |oDU@tyOwN ?} Q[ �1 u; QO xm
%R= CU= CQ=@a R}v C=Oy=Wt Tv=} Q=w "CU=

�2
x = �2

a

1� �21
: (4)

C}r@=k |=yXN=W |=Q@ TQDUO QO |xvwtv x@ xHwD =@ CU= sRq xar=]t u}= QO
j@=]t xvwtv Q=}at h=QLv= w u}ov=}t |x@U=Lt =@ "OwW x@U=Lt |}x]kv OQw;Q@ 'Ov}=Qi

%6 w 5 |=yx]@=Q

�x =
Pn
i=1 xi
n

; (5)

S =

sPn
i=1 (xi � �x)2

n� 1 ; (6)

|}x]kv u}tND Q}O=kt 2 w 1 \@=wQ QO � = S w � = �x |Q=Po}=H =@ TBU w
|=Q@ 'AR�1� ẁv R= |oDU@tyOwN Qw[L QO� O};|t CUO x@ =yXN=W u}= R=
4 |x]@=Q j@] C=Oy=Wt Tv=} Q=w O}=@ Cpmk w Cpm |ak=w Q=Okt |x@U=Lt
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C}r@=k |=yXN=W |}xrY=i OQw;Q@ |=Q@ \@=wQ u}DUNv =t= "O=O Q=Qk |UQQ@ OQwt
[16]"OW xO=O xaUwD |Uwo |=DU}= |=yOv}=Qi R= |}=yxO=O pwYL ZQi =@ 'Ov}=Qi
C=Oy=Wt |=Q@ Cpk w Cpm |=yXN=W |}xrY=i w |}x]kv |=yxOvvmOQw;Q@
hrDNt VQ=Ro 5 QO ARMA(p; q) w MA�1� 'AR�1� |=yOv}=Qi R= pY=L
|=Q@ [11]Rr} w@ \@=wQ '|oDU@tyOwN uOQm OQ=w =@ VQ=Ro u}rw= QO [17]&OW O=yvW}B
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x@ =yv; uO=O Q=Qk w '�1=n p=tDL= =@� lwr@ k |Q=Po}=H =@ w |iO=YD ?=NDv= "3

"(x�1 ; :::; x�n) p}mWD |=Q@ sy p=@vO
"Ĉ� = Ĉ

�
x�1 ; :::; x

�
n

� |x@U=Lt "4
"Ĉ�1 ; :::; Ĉ�B uOQw; CUO x@ |=Q@ Q=@ B O=OaD x@ 4 w 3 pL=Qt Q=QmD "5

"Q_v OQwt u=v}t]= |xrY=i |x@U=Lt w =yOQw;Q@ |x�=Q= "6
Ĉ� |B QDU=Cw@ |xQ=t; u=wD|t (x�1 ; :::; x�n) |B QDU=Cw@ |xvwtv T=U=Q@
Ĉ� Q=Okt B u=wD|t 'B XNWt C=aiO x@ Ov}=Qi u}= s=Hv= =@ "OQm x@U=Lt =Q
`} RwD 'xawtHt pm w OwW|t ?wULt Ĉ |=Q@ |OQw;Q@ s=OmQy xm OQm x@U=Lt =Q
|atHD `} RwD `@=D R= |@} QkD u=wD|t 'TB "OyO|t p}mWD =Q Ĉ |=Q@ AQDU=Cw@

"OQm x�=Q= F̂Ĉ� |@ QHD |atHD `} RwD `@=D |xr}Uwx@ =Q FĈ swrat=v
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`} RwD u}@ hqDN= u=ty xm AQDU=Cw@ l}vmD |=]N "OwW pY=L XN=W |=Q@

%CU= xOW p}mWD pkDUt |=]N ẁv wO R= 'CU= |v}tND w |ak=w
'OQ=O |oDU@ x}rw= |=yxO=O CLY w O=OaD x@ xm |Q=t; |=]N "1

[21]"O@=}|tVy=m (B) AQDU=Cw@ |=yxwQoQ} RV}=Ri= =@ xm |R=Ux}@W |=]N "2
Crax@ =t= "OQ=O OwHw (B) |Q}oxvwtvR=@ |=Q@ umtt Cr=L nn '|rm Qw]x@
|iO=YD |=yxvwtv\ki 'pta QOlJwm |=yxvwtv |=Q@|DL C=@U=Lt |q=@ sHL
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AQDU=Cw@ VwQx@
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"OwW|t xO=O K}[wD
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|v=tR ?}DQD CU= |QwQ[ '=DU}= C=Oy=Wt |=Q@ AQDU=Cw@ VwQ |Q}oQ=m x@ QO
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%�OwW|t x@U=Lt s=i |x]kv hPL R=
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"OQ=O |B QO =Q G}=Dv u} QDh}a[ V

C=O=yvW}B w |Q}oxH}Dv "7
|=Q@ Cpmk w Cpm |=yXN=W R= |}xrY=i OQw;Q@ O=H}= Q@ Q[=L j}kLD hOy
QO =yXN=W swrat=v `} RwD p}rOx@ xm Ow@ hw]at AR�1� xDU@tyOwN |=yxO=O
Q=mwR=U =@ |wkrL |mwr@ AQDU=Cw@ QwLtxv=}=Q VwQ R= xO=iDU= '|]}=QW u}vJ

=yCWwv=B
1. moving block bootstrap
2. circular block bootstrap
3. standard bootstrap (SB)
4. biased-corrected and accelerated (BCa) percentile bootstrap
5. average coverage percentage
6. average interval length
7. frequency of total appropriate estimated ACP
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