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AEE wfafes Toire e I BIEN-Fifse 2&erT (time series forecasting)
fadfy Sife e ¢ TfHEm™ & T IR | wdIfeq Alawrel @ sifodieTe
SR T I (@A Afod FLST G AN AW A1 | SR @A Ahod A AT
ANEE eFTCEd e R T SRR | @ R RO A4 GF e @
T TFE WA NLAeF THAMPTEZ *@e ¥4 AW (Shigehara 1994) |
afEfs Iremty AEhe U AREET @R @FA  AfRREEE T Wil
TAMIFTAR ©oIF AR @9 S I |

AT SdNifen FFfTer @3 e KRR adtafes Sgaa iR @
e TeemecE S T REIv S0 &7 | @ TR FIEFA |fS e ILRASI
TRy &R et [ 8 el e wag=d (Ning et al. 2010) | @3 JTT
ANEF (O, @Y, AW @ IR FTHCFH AT el 71 F3t T, A A_E A
TR TR SEe @ tofd ¢ aftafes Nfe azre e ¢7 S TR
s @ AT TR IF | G EE e S-Soe Tere wdftafes Fwle
T AL el e ©f qEY Ifafed SFae (@FE O (ORI 97 |
o2 fofefin age ¢ Feammy oo dRer 1 eres, 1 Ty ¢ =
BrEv-Fifie wree R @ 95T T AT 8 ey fEfetr drenT e w4
783 (Maity and Chatterjee 2012) |

fafSfa &rem iy e swreir e [fey TCER Ty ol T T
fafefa s Jrer ¢ wdifon efas @R oM Adw AT 437 GF6! el
=i | f&fehm e fdm v afeem 93 (point estimate) &g Ita=ell zwers
PTRTE NS N (SN FICST AT T, (FA9 G AT SITHR FAAG! Lo
(@ TWRY R S AFCS ACF, of e s15F oot @ @fe (Srgr-fafox e
FIRIS) FTATE TR «I7elT T 97 (Maity and Chatterjee 2012) | @2 itawes Box
and Jenkins (1976) 23f$® Iz A7ge 8 FFd ARIMA (T (IR I

" erors, WIS e, s vy |
RN S, e o, T e |



Q8 QG S AT

e WRIPR fefefr sdremt fadram Ty fefehr Jdren siwre st
¢ My 9i5fe 17 FI9 (631 91 FACR |

9 gTHt (N6 oS Smm [ow | Sfier A7 TS wem S{en REw
A RSy »Hieetva (literature review) 1 REMR | TOIT SCRM IIF AwfS
¢ vod wgRmm AN WRIPR SRR N aaze 3weeite  wwee
(econometric model) I AT TRCR | WPTe WHTE e wifiw @fve sfifEfe
TR ECACe TR Gt e e ScetiserT e 2Ca0R S/Rew Seused | (<17e
T IRM CNERIT WS AW AR o[ Ffeom AWmeld €A
SICETRATS F1 GACR |

R | & HAifRer Aot

gdtafes g fofes woa A e e SIEv-Mie werw 8w fofe ww
TRere sfer T Fa =@ A (Marcellino 2007) | 5iRS-Pifser stee vercast
Ser® A A A FTSET WIS ol THRCE AT e wrga
& ARG AT Face GG v+ (benchmark) Bt el 36 | Giew-Fifie
fReearem ARifes [Rem E o Iw @, Sfseeq Sge GrRy-fifer gree wdtafes
MG (@ W4Fed T v (yardstick) B#9 Face =l 3@ (Marcellino
2007) | sitafos s&tem fadea @ fog B fifver scee i #fe F=cens Box and
Jenkins (1976) @3f€® ARIMA TTTe G35 Srey T2 Ao AwfS |

Q FEHS qFF T AR TG T I T P AT oA wdifeq
BiEw fifares 8y I SGAFLS AFEITIR Raeeld $oF ey Siears 3¢, I I
2 =T “letting the data speak for themselves” (Gujrati 2004) | S4<ifs @
o7 AR oy CFeaa AN @ “Iafoq IQYROT TEA & “&iob AT Swierre
T FCACR | ST SO TGS FeTieeet Anicy Rerg S Tgeaifa e emie
TOIPIoF FFCACALGS CCTPIYCRA R & T Sf{F FFeT AR (Gujrati 2004) |
SRIel PR FAFE (747 (olTg, @ NeerE [WB Tw AT MRS HeeA Jfvay AT
(Box et al. 1994, Enders 2004, Hoff 1983, Hossain et al. 2006) |

ANIfE, IfafeT ¢ Aeares Afaeaae SR F1 Fronfrs @ke TeER
(constant parametric linear model) e AWEF SfAfoT veremer efswmTe
FHF I (modeling) T | Q@ MG APIRHE IR S@ET, 98 [y
(@[5 (AT TceE (linear model) $FRRT TN #IfFe! (time varying) @3S
@RE (non-linear) steer @M diems | [feg siamam (Marcellino 2007,
Duzgan 2008) f&fefer s&rem fadr arage Srespiyeed W Woeasa SAmis
es (unobserved component model) (Harvey & Todd 1983) ¥R Jfaw e




QRIGT @ TR ALTCAC o1 @i BIEw Frfarer e ae

@5 eTF (artificial neural networks) (Kuan & White 1994, Maaoumi et al. 1994,
Tkacz 2001) € IRZS (AR |

e MRSt FoneTe sater [Kew ¢ drfree! [am aame afed
LT N SAF B | O efae *1$q@ oyt e i wrecer akeae Koad
FCe =A@ (Cogley and Sargent 2001, Sims 2001) | Marcellino (2007) @3 “IG=Fer
ST, ARIMA SSCR FjI¥ THRer ¢afke wreetz (general linear models)
TFEFR QS FGIAT I, (1 AT Todelq A 74169 (specified) T TR
e IR e &fa ¢ Jenfafon wifgs Metes &=y feaeary benchmark @3 538!
e A | AfP€ Meese @ Geweke (1984) @32 Marcellino &< (2003) THRGIES
@, e ToT AT I Pag (7R e (autoregressive models) Ffsafaz @
w-fgfewita (parametric and non-parametric) “&re ¥ safeq weaz oIt Fie
I |

ARIMA STe SpRe 361 & s &remt fader s «i@@elr (Gujrati 2004,
Yang 2009, Maity and Chatterjee 2012) 2te1e JIFTIACR (2T f&fEf= s&ronT
feyefear wifts orele1edr< oitaell =R | Anam and Hossain (2012) Jieeione«R fefefore
FE S et ARIMA 0o 59211 S R (A0S A @, fafefie s 11
SIS 1(2) &fear s 56 | Box-Jenkins @@t a ARIMA tes 5929 ¥6a Paul
(1998) 3feETitne *ife [I=IEE (energy consumption) sfsier e F=w (o8
FEF | 9F2 Tafe PR I Bhuiyan et al. (2008) IETAee R fGfEfore Sesfive
g e e @8 IE 9wk @ Prate TAae W @, Seeame fg
(manufacturing industries) 1(2) &feT T3 54T |

© | AR AafS

Braw-fifaer Rarce froe Srew-fHifie 3¢ Face w3k 2 Hifis sl 3= e
FATNE  ARIMA ST Fage =0 ACF | 2forera 8 wdfifers (Sriaeiha)
e Brew-Prfver fqcseer autoregressive integrated moving average-ARIMA)
CTH FECS I Ao eAeT «if$Ret o6’ (autoregressive moving average-ARMA)
TEER AGRAFAANE QR 1 ARMA Teo 2ol R Sedsifonsr woee

(autoregressive model) «3 “7if$#eT 1@ I@eT (moving average model) @ =S It
sfae w5 1 ARMA (p, q) NCeeI(s famse:

p q
ARMA D, Q1Y = ¢ + D @Yo+ ) Gz + &
i=1 i=j
TR P = R SedifeRler (autoregressive) SR @, q =CT Aifedlie 7w
(moving average) SIE¥F T QIR e RCI TRIE5 Je& (White noise) AT FRIS 5@



Qv QG S AT

(mean) 0 €32 (SWIZ (variance) 52 | TRF @ e AGAE Srev-Pifae afemft froe
(stationary) SR Bifite 7@ @ (emiE (mean and variance) 3 IR TRF HR-(SATH
(covariance) % RSt (time invariant) | AW @R ot SrEN-Hifser feoer a1
26T eronaad (differencing) T &% B (log transformation) S<IGT BiE
Fifreatecs froa Pifste semes Face 2| ©IR (@i 51Ey Fifves feoe fifies
HAfiere FA0e IM d I ATONFAT TN I AR GECFE T ARMA (p,0) JTCeT AT
T =W, o Yo bW Fifie west =z ARIMA (p,d,q) SR, @B =eE
autoregressive integrated average time series, (@AT p T SAfENT 2=
(autoregressive term) G ey el <5cq, d =iEr Bifsecs fpoe Bifaee sfoe wam
4 TSI AT FACO 0 OIF IR TWRITCAT =7 @3 ¢ IfedMer org »~iw (moving
average term) &3 Iy WA I | it A@EFeE AR afer Tt MA afer
7ife ARMA afet si=@t ARIMA e spmRe 3eq, ©f diwee s@=g p,d 9k q
GF T S F*0F | Box-Jenkins *&fS TAF @ AT AT TEF &I IR | @
Tafefs SR 1o e wifde =1 fawsa @ifowa (diagram) @reica 2tz |

@ s: Box-Jenkins &e&t
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Be1: Gujrati (2004) Tt RIS |
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9.3 | Fresae (Identification)

ARIMA TTSTR p, d @ q U7 SERAT AT T ANGHAY | SN IR
2N 1o Zee f&fefor Fifares sicefe @ fd sace @3 sifeRiier SAmieTR fReaae s
(19 b fTe] Fa0e FOAIF T TN FACO (A ©) | T A6 OB W
(unit roots) T#if%fs ABGIR «Waz/EAr fPseTe! ABGRER TN T4 TR | fToeeR
Tfgfe wimce uft fomyl wrerw Ize R, T : Augmented Dickey Fuller
(ADF) sror=T @z Phillip-Perron (PP) STS=! | et 7ft @3 I 378 &Jeret (time
trend) ¢ @3 IS (constant) JRCAMTT SNEFAIF AT &ere! (time trend) 8 G0
&3F (constant) BT #ifibifere g@TR | ADF I Gjage o grere «ff Sitass a7
STl AP 2V R A, FIRe TCeee a%e lagged terms @ AT GO FCIweTAe
SPTEE e AN T, AT Monte Carlo simulations @ @it 2@ (Phillips and
Perron 1988) | PP SIS Z(all @& 01X (UNit root) S&ied sifgfenife sror
(non-parametric tests) | @ TSR TORICER AR IHTe7S Y&y [E=F (consistent
estimaters of the variance) I9ze ¥ 4w Stee WfibtE @ *fe=@t I @ |
ADF 8 PP @3 &1 S[eI%T (Unit root tests) TSR &<0s &Tarey, (@I 518 fHifas
y T (1) | SwE feserer ST (stationarity tests) T2 SFR@ &0 QAT
@A y, T 1(0) | 251 Iz foerel SorIfG (stationarity tests) =& KPSS test, ar
Kwiatkowski, Phillips, Schmidt and Shin (1992) @3 TN SR 2R | @
oI 2o SereTd Sorergd o (test of the null hypothesis), a (2tF &= A
@, T <17 26 (9597 €10 (trend stationary) Si€ie sniane «=cs (Gifde) &%
@ o )T NT 9w | (I AEREE ([, WK 5o @R fpeer @ifen e
RO 2 41 27 | TR TG ZET A/ atel i qgeds e (multiplier
test) TR W 519 (random walk) (SW= (variance) 2t %47 | KPSS Sror
Ty R GFF A SRR (Unit root tests) AfReEe F-@=: Dickey-Fuller
SorFR ARSPRYT Fh1 @FF FT TASE (unit root hypothesis) @3z fPee Tereg
(stationary hypothesis) TI61E FCF TN Q=T fP6et, THIT GRT G356 o QR I G5!
(1 TS SR T RETA (NG frse 71 TS ST S A |

*7qe! 7l T ARIMA TCEGE p 8 ( ANGHA | @ STorl] LTI To1 ISR
R T ADTIEH WICwF (autocorrelation function-ACF), Si#F =R oma
CFF (partial autocorrelation function-PACF) @3k Tgeg =% &%, I ol
TR (lag length) oIt TR ToWE SITAIHE @ ST R T SACTHEA
eI AHCFG | AR 3-9 AR ¢ MA &feT17 R % ACAFF ¢ ARMT TR
IR SCTHFT OGS 07 LA AT ZCACR | TRl A2 @&, AR(p) ¢ MA(Q)
AT TR T SACTHS @ SR T HITH SCAHCHA [{AINSLT o1 @relraft A
sifg® ATGI 7= | AR(p) UF (@ TR ADTHF WCAFS Sififed R A1 Iparred




Qv QG S AT

ZFT {7, oy e Ta0s R (lags) *F S 3R STooms e s itk <,
TR MA(q) afei= ¢t [oidte <641 90 |

IR 5: TR HIHT ACAFS 8 T TR I WCHE olf g waa
TCET R LT ST v AT AT AL IR FCAHCA A
SECH T
AR (p) THRTSIE T T W SIASIE  lags p 97 MLITT Sieeoye Saais

Tl =7 ==l To32 90 | (Decays =¥ | (Significant spikes through

exponentially or with damped sine  lags p)
wave pattern or both)

MA (q) lags q ©F SrIT SiReRsef Saarsr THIRSIEZT 21 (Declines
=T | (Significant spikes through lags  exponentially)
a)
ARMA S5 “Ie+ (Exponential decay) 5T 7rew (Exponential decay)
(p.9)

Teot: Gujrati (2004) |

HIR ARITTH WCAFS 8 WL AR AITTH SCAFS Y S&f AR(p)
MA(Q) Tee Freacel IRFT SATIF 77! 64 | AT 3 ARMA TSR (g
7 SIfge TR TR SAFE 8 TR TR TDWH AP TS SO Sy
(non zero) W ACH, T AL TR ACAFS 8 N T AITH ACHF A
@AtF T Tee FrEsas Eioa I (Ot | ARMA RIH/@Y Jg0s A9 F40
S foareT BepT (ST IR e[ S =20Ar, @X: Corner method (Beguin
et al. 1980), extended autocorrelation (EACF) method (Tsay and Tiao 1984)
Topifn Seare@ =y | ARIMA Stee e Face siwal EACF method 35989 $@fR |
Chan (1999) ¥3 TaNEF efeg=l T SR, @ *afere TR FCTF TR
T (TSI T THMA (properties) TR 0T LSITA 2T |

TS SIAET WCTH AR Ore AiEr (information criteria) I9RE IR |
MCee =T Box and Jenkins @3 @ 4CF @ S ST A@fed FR FeAT 0AR |
TIGINFO [T N Ao Rl S8 w2y ¢A*87 (Akaike’s Information
Criterion-AIC) *&fs | &€ AIC 2T *Fifoiea e (biased estimator) @3g
Q oFFoe JRe FBfemF ©ioT SIg#iited (large parameter per data ratios) Tt
IS | Hurvich and Tsai (1989) tiRcates @@, AIC & AtY &) @ TGRIZTOR
W& *$ T FAF AL TG B, G2 TS P01 a0 1 AW | 97 T ALH®
AIC #fhear T¥, TtF AlCc @7 Wges i Faf 271 ARMA [R5 sressaea
A0 TAR FE GIF GFG AT A>E T AT Schwarz Bayesion Information
Criterion (BIC) A<3fo® (maximize) I |
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0.% | AIFE (Estimation)

p e q 97 NG MF ez ~FST «io 2ceTl OrEH wWpe IR SAHifeAe
(autoregressive) 8 (moving average terms) f¥fsaT e | @ Sy AT S
e R = TR | eTeR Ty “fFare/3ge “afe (method of moments), =
IqT e (least square estimation) @R EAH WY AFEE (maximum
likelinood estimation) #&fs ST@E¥w™y | © “Mfore Yo S OLF S~
Sifge TZred AN T4 2 3R NG (FRONTR G SACS Tg© ANFACIA TN
41 =¥ (Cryer & Chan 2008) | Tfre fFfsuitem aeee N @ «mafef w_we =,
SRl OB 14T TR “@fe 18 Tt ~A1F (Cryer & Chan 2008) |

TS &S NPITEAS TAITE AW T8 FIACS AT | ©2 S %S @I 7
Wy i@ afe (MLE) SR=72 f[easat Face 2@ | g 3 smafors @< a2 3
eI Yreq TibT AR T4 X | 7€ TEH TR LFe @fere THE 3K R0
SR (IR FA AR | GF RS G Rl 20 YT RS WS @ Awfere I2R A
FeAIel Sl W (Cryer & Chan 2008) | ©1% @ @¥I ARIMA “teces fFfosrs
ey AT AEIH T LI &S IT T ZOACR |

©.9 | 9% 612 (Diagonostic Checking)

THR Y MCARTE FO6! T3, ©f Tre oy TerEE deee RRifRs
e AR LT AMG12 FT AWCH | 92 @Age TFg ARIMA (T TR
e fog foq Maw TR 20O AT | Woee 2 4 @3 AGE ARIMA fBfems
fefr Fa CF@ e Ar@fete (eMitER (estimated residuals) TREIES T (white
noise) f&r, T A3 a1 W36 FEFT 1wl | I Ar@fererer @Es TEE 7@ A,
SR N I9Ce AT @, e’ Ot Y Mes | I Al (ewE =Wkt
TG A R ACF, IR AT 7 AT Face I (> R ow orgm) | e
G5 TS AGIR FCET TN AL TONICER WCFA (plot) 1 F1 | %77 AT
oo foge Koo (@I 9o Sefgfere «f wrere wfkewa (At SN A7
@, WeE #ie | Quantile-quantile (Q-Q) IR T¢I TSI FreliiFelg wAfass
TN AR | TN AEIAN AR AFfTS (@wiewa Q-Q SHTFa 772 IR |

GG [ SR @& ST, A Fog ayr (individual lags) “KTR Irefs Siwa
IAMFITAE AGIRCTF AN Aerreed S [ AB1E I | SHFTHT N IS
AT @, Q@S TS T TLRHLTE T AT, QTN FOFGE ST HeF6
T ISR, 8 9 [eavar s oima 9fe @ T 27| (@I ToFg TR
TTEISEE TR TTTeIfgE eFe A A 0T AW Box and Pierce @fre Q
BTGB (AfPTRT) IRIT I P TAeg S[w Face A, Tre [wWE o oS
TR T T (PK) TSI *TIR AN | AN fomamo:




vo QG S AT

Q= anzf
k=1

QT N T TER SFE QIR m A A5 e (Gujrati 2004) 1 B Hrfaeit
AR e [ of wEre Q ~fPRATAD IR F T | IR TER m AR
HIATo! FREAMT GBI &I chi-square 35 RREIT I = | W 2oy Q @7 Tiw
& V@ @PCPA CFC@ chi-square IBE AFe Q-4 W (ACF @M =W, OfRe
ST Trieg I FA AN, @ A TR AT (IWI) (pk) =7 : g owg
CRITAT (PICAIBT S*TE STy BCF |

Box-Pierce Q ~fforeritad «aic 78 =& Liung-Box (LB) #ifssieas,
Rtrereit Iy 41 :

k=1n —k

LB = n(n+2)z

Ffre J2 FAPTHR Q ¢ LB ~Afeiaye m ~’itws =diwel 3% chi-square IB
PR FCF, SR Q AR T LB SRR 6w Wwa (AAfemeErs
g wfes *fe=e) =5 T AW AF | WA TS A eI [F e
sy 91 =¥, ©iRee Weeefta A Afosd «I g wroe fra @@ TS 2@ |
SIFSIT NCCHAL SoYe ! 612 FaT LRSH |

©.8 | #4feiT (Forecast)

sETe emite CFea T Neels T T (@ #A1ea I ©F IBIEE Tardf = |
SIS AN FTCS Yoo Were Of e W efta eff e e | «@ efeary t 9= X
ALTFIE 518 (P64 Tofere y+1 57 ey a1 =7 | SIiwal &ifF (@, Fgesiv
SRR (6T TRGRIM &SR @ FEaEmT; @aar  Ts frome! [ A4S |

8 | FTEIF 8 FICAGA
8.3 | Toife

Q REI 00¢ AR WREF TAad F7 Aen AGT0R ASRE TRifR
fefSi e iy garR S0 20AC= | O/ (7T A= e (tF (World Bank 2008) |
5@ -9 S5Yo A (AF 2059 AT AT AFWCR AR f&fel= =t (log) =t
A | S R w2 e =7 @, i fife et (stationary) 2w
TR W | WY efad QR (@ ST I A, KA <=1 G774 e siean
o W AT | &7l Ssbo AER A @ SEfeNe e IR SR AW (ATF o
fgfoaere! e e ITCR |
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@ 2: 006 e N Tericaw fF7 oo IETeR IR &S w1 (log) @=eret

62 64
|

6.0

Inf GOP per capita at 2005 US Dollar)

56

54

T T T T T T
1960 1970 1980 1990 2000 2010

Time

Bit: 51 Sdvo (ATF 2050 A K JEeR Mg &l o (it zweg | <ifeT red
RIS et T 70 1 | FRTO! J0AA AT, 5 A GG rox &% F1 AW | «F
A7 (AT TR 23eTo] P 77 |

8.3 | ¥ r&Sa9 (Identification)

ICeE @I 2R (@, MRty EfefHm Pifve froer ars zre «iw (qgm @ Q) |
ae=y wiwEr Augmented Dickey-Fuller Stersl @3 KPSS SeRE T4 foroerer
(stationarity) F5I2 IR | KPSS Srerwd Saed Sofetgs Wit 26 =i (Fifde)
froe1 | 58 Augmented Dickey-Fuller SR Se@d $vreg i+ ¥03 @ e
% T (unit root) WA | ADF SIS p @3 W o.5% @7 (50 I9, [l =g
fafef /i 3% Y7 S [ 703 | S[F KPSS SR p @3 JH 0.0d b3
(BT I | oA ARl N@re frveror sae TAegh SRiE! 916 Face 1 |
woqq ADF 8 KPSS ToF SOl (JTFE §Fl I (@, JIFWeea MRiPR f&fef =
(I o 99 1 @Y @I Teee W16 weei 5rRw fHifae st e Rt
e: 2 fopoerel AR w41 RACR | GUFa ADF SIerw! (@9 etengs Fifiee et
qFF T (@3 e I I KPSS Sorsi et I @, ifliefs foever 71 o2
welEe wAtTe | 5w il 39 erewsae d9 A9 el I @, ADF € KPSS
Ty TSR = R T, WEIE 2ren S QI 59T | 22w ¢ fes ereonge gl
MR (A ANETS W 2 @, faoly erenge Fifvefba «iaife feoe |




bR QG S AT

Y {: G T IGIRET (Unit Root Test) e

grengo ADF Test KPSS Test TR
(Differenced) | geerer wjfew CECIOIREY a7eret e CEUICILEY
(Without trend) | (With Trend) | (Withouttrend) | (With Trend)
0 p>0.99 p>0.99 p<0.01 p<0.01 bl
1 p<0.01 p<0.01 p<0.01 p<0.01  wfmIfre
2 p<0.01 p<0.01 p>0.10 p>0.10 Bl

fou o fafef g fasty v drenge =R ers wesr=e (autocorrelation
function) ¥k =% = seTEE wiCAwER (Partial autocorrelation function)
Sy T oif5e | TR STomE Werws lag-1 @ FESIRS! TR 93 @ @S A
lag-1 @3 21 R TH WCAFHE #:007 T = 1 95 MA(L) Feee 7 &iveaa
Sifw AT | e ST TR T W lag-3 oif® FwifTe 4t ¥R
lag-3 @3 == @B 9 =0 3w, I AR(3) Weee fdives 2fere o |

ou ©; TR T HCAFS 8 AT TR AT ACAFS

In{income) Differenced once Differenced twice
o= o
= panc =
£ 111l
= —
=, || | [ 1 I P T
-
w3 w o 1N =
2 o HiH+H+Hr-----4 2 o | [ =2 7
= — —
I =
= L 4 =91 0 7 Heee_e—__————————
= T o -
o = =
= = 7
T T T T T T T T T T T T
5 10 15 20 5 10 15 20 =3 10 15 20
Lag Lag Lag
In{income) Differenced once Differenced twice
o oy
= g =
| .
- _]
2 3 2 < b Al ] = ] ||
= = = = —
5 ood 5 | 5
o = oo = [u —
= - 1 1 7 HiF-eec-——___
(=] |' oy —
[} =< -
= = 7
T T T T T T T T T T T T
5 10 15 20 5 10 15 20 =3 10 15 20
Lag Lag Lag

Bt 2w TR foaetet (I (AT TIT) TAGFC TN P NE T AR ACFE (ACF),
AR lag-a7 AR =1y @2 N lag-93 6 «Ader Mo w5 | feor snfa foaetat (am
(AT ) A AR AP AT AT TR T ACAFS (PACF), @R lag-9F
2R ATLET @I A lag-9F S Ay ot 561 |

Te: AL THIFS TG (A0 TR RN |
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JICLIP, WCIR I JLACR, TR FITTH ACFS QR SR AR TR AT
T WeSEE AR(p) I MA(Q) T8 A& 0o IFE SR Irece (3 | 58 fiel
ARMA SCEEER (a3 SIfgS TR AT AT @ WL T2 FH2MH SCIHS
SCAF Sy W (nonzero value) A Tl TR AR SCFE 8 ¥ AR FOHT
DTS YT (AP o] T NG ST SfBeT B0 (N | S AN F© 72 2o
S (EACF) 9% FCafR (T Saemen ©.3) | Rfafbee fafefa st arengs
AR 4T A RO TR O ACATE A R | @ G A|(ce
MA(p,q) afe =77 +if5e fagrer ©ifge o=@ 2 @ < Regg aw I
ARMA g 11y =7 | g = sioms S M ARMA (0,1) Stete®
w3 @1 (schematic pattern) i 363 | fagrem Soitag AW g A 777 0 &%
T e a1 2w @9 @9 p=0 AT «9r q=1 ¥ w_iFe, T ARMA (0,1)
ACCCER EFreR! | (AR NEIN eTondael T = NRIFIR fafel qrRifba sof faefay
T, TR *Z o™ (%@ ARIMA (0, 2, 1) TTT IR FACo F |

Fafte: NI R TR wwT wierws (EACF)
AR/MA‘o ‘5 ‘q ‘\9 ‘8 ‘e ‘\‘s ‘q ‘b‘ ‘a ‘)o‘))‘)i’)\b

o X o0 0 0 o0 o O O O o o o0 o o
b X X 0 0 0 o0 o0 o o o o o0 o o
R X 0 o0 o0 o0 o o0 o o o o o o o
© X o0 o0 o0 o0 o o0 o o o o o o o
8 X 0 0 0 X 0 0 o0 O o o o o o
€ o 0 X X 0 0 0 o o o o o o0 o
Y X 0 0 X 0 o0 o0 o o o o o0 o o

Btz «X” 8 “0” TAGCT ST (non-zero) 8 *FY (zero) “ARTer o< I | IVTI ST @ *TTF WAt
forefar a1 2 fgpe ¥ae 7= WCoM (EACF) @9 14 M40 @2 MA' Steter ¢t Barlett
9T QPR RS TR FTOTT WCTFF (EACF) 931 elrafere i @G e sy | sfa (3
T A @, 0 [Ogs JFIE SR I 9 A9 7@ 2= 0,1 [ Pifces Reappie @R adg 1
ol e wr 2R |

BT: R 97 I SRR AF |

AR, oy «aa o2y &f*Ey et @ S T ARIMA Tee (A&
o3 FEfR | AR 8- R[Sy w@ma ARIMA e ©o) o fog fog w2y &+
T TR RAACR | TP (A0F Tl T @&, AIC, BIC 8 AICC, ARIMA (0,2,1)
7R 9GS (minimized) &1 ©R AEiea WRifAg fafefm @ et v
MEHLE IR Fal ROACR |
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Model | Alcc | AIC | BIC

ARIMA (0,2,0) -5ED.R¢E -3E.99 -5¢q.9b
ARIMA (1,2,0) -V, 85 -V, 8¢ -5v8.48
ARIMA (0,2,1) -Sb-q.0b 509,99 -5b0.83
ARIMA (0,2,2) S8 5 -Sbe.8b 395,03
ARIMA (1,2,1) -5b8.5% - @.8% -59%.eY
ARIMA (1,2,2) -ObuLY -5b9.8Y -59¢.Y¢

Bt sirafare [feq sror e f[feg w2y @Ry (e zee | TRl s e TAr wigfere
A[FIEF ©27 (ar*87 (Akaike information Criterion-(AlCc) kT4 FRGACT (ITAT (R | POIT
Fe Akaike information Criterion @3: 59¢ St Bayseane information Criterion THiaT
TR | (T o R (bold faced) kT @TeTd ©= (MBI JTow W f0ae I | Feireet
(AT T AT @, AIC, BIC ¢ AICC (0,2,1) W& 7l ALGH® |

T: R 9T T TIPS LG |

8.9 | Y& gi@e (Model Estimations)

e ey iR ffete ARIMA Stew™ 8% @9 vy (log length) e
FAR 7 QMR TSRO IB T AR I A& @ ARE® TRy Sylepifamsy
(Maximum Likelihood Algorithm) @3 fefets stess ARIMA (0,2,1) v
FER | AR ¢-9 LTI T (A FOACR | TGN ¥4 W @, (t-1) A=
(period) T3 SRS t KT TR SGIOCF oI FCH | FEAFe (ATF S T (7,
(t-1) A MR Sfewrs oA |

TR @ ARIMA (0, 2, 1) e gf@fere w=et

A e t- value
(Predictor) = i s

MA 1 -0.»q 0.0Y -38.¢o

Bt FEfITe ARIMA (0,2,1) NCeGER i@fiTe FReR N (AT TR | S Soreg (null
hypothesis) @FF @A (t-1) K" W3 Sfeqrs t /e FEHE gdefie s 971 MA(L)
SR A AL t @ T G TG qERS Torw@ts (null hypothesis) I s iif, widfie
(t-1) *rfica T3 SRS (random shock) t “RITaR f&fefr s cv@ oreorfsye |

ST e S &reRT FY (forecasting performance) %@ @ife (Mean Error), &
7% 3 @If® (Root Mean Square Error), *1¢ Smicoif¥< @ife (Mean Absolute Error),
T *real F® (Mean Percentage Error), 7@ Smicaif®s *osal ife (Mean
Absolute Percentage Error), @32 %% SHitsfws 3+ @ifex (Mean Absolute Square
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Error) SR “Resar S6a | f[feq weea FEiwee oFva aage [fog aifes Tw
AR -9 ORI TR | ARF R I @@ @ @, A TG Qe
ARIMA (0,2, 1) ot @if§ 478 7707 | 518 ARIMA (0,2,1) NCwefs S @TRIe
ACCTER AN SICET FS A |

R ©: Ry @ et afew T

| ME | RMSE \ MAE | MPE \ MAPE \ MASE
AR||\/|A(0,2,0) 0.000Y 0.0€098 0.090% 0.008%Y 0.GGYAR  0.»d0o¢819

ARIMA (1,2,0) 0.00088) 0.08¢0Y 0.0b¢9 0.0048¢ 0.895Y  0.499b09
ARIMA (0,2,1)* 0.009¢8 0.09938 0.089% 0.0€q0¢ 0.80WYHR 0.9588)
ARIMA (0,2,2)  0.00988  0.099)  0.0398b  0.0¢¢%  ©0.83bHY 0,903
ARIMA (1,2,1) 0.0098Y 0.0990 0.038%Y 0.0@¢YY8 0.89558 0.90948Y
ARIMA (1,2,2) 0.000LY 0.0990 0.038@) 0.0@Hb9d 0.890r0®  0.9599%

Bipt: ST 2 TACF Q TG 1@ @IS (Mean Error), I 7@ I+ @if$ (Root Mean Square Error), 7%
S @@ (Mean Absolute Error), o1¢ *re&a @if€ (Mean Percentage Error), %
SAfwE *rewar @if® (Mean Absolute Percentage Error), €3z o€ SHiTsifH s 3+ @ife (Mean
Absolute Percentage Error) (It RRCE | TG 9 QifeTe Aeane ARIMA (0,2,1) e,
T o T o v xR |

8.8 | 7 I& [HIR (Diagonstic Checking)

I @2 forg (e o 8) fom «@tam Aarewae ANl (tools) ifcafz | @
S TENIET ARG SIfNCFa, TOWIER FE TOWRE SRS (ACF) TAT @3
Ljung-Box test #fParta P-wv | o 8 @3 <iiter A f&fefr Pifates =ice e
12 ARIMA (0,2,1) TCEER fite Tonitad SIf4THa Mo 303 | dTeFAced T4
TSI SAFRoT TeME WS B FHIZ 1 AY | AT TSIl Ao G T
B (parameters) “ITETIoAT ST =CACR | T PifHTeR wce A8y ATfe Ao
A R FRTeE M @ (T TeFhve e T, A v+ TeIF 369 T
relfqe/2Fies AR 71 | wmEre e (@F foTe TRaete g2 ¢l v @9
T R (FIF s R srifg e (et s Afmese) I w@Ew
T A It BN AR |

Arceer B f&fefs Fifaces = ieom st M=we18 ARIMA (0,2,1) TSR TonitEd
H AITTFH SACFF (ACF) T v 37 | od (ATF (7T TR (PICAT 7L ADTH
HCFFE WMol ARPRAgTe e (@ oRadd 7311 o8 ¥3 Fras Tdte
e AW @, @G teniex (in the residuals) “frase e it s @A
A AR FITAH AR NS =l SR 7 |
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*JICTe C Ljung-Box TSR #{ffoiediitd P i e 5631 | ¢% Sofi® (2 (el
P SITR SR RBI FTRITe! 67 | QU@ IA1$Ra. I I 77 | W17 (estimated)
ARIMA (0,2,1) Steet fafefor fifiter sice s o19e 37 SItTones IEeE Fd 0T
A T | TR -9 IR TR WA CF@ Box-Pierce @3k Ljung-Box S
A AT ZECR | (I CH@z. SN SFq Soregls v fcs Aifa =1, e 3oy
(joint) Toreg TR o< B el SRS FFE TR ALTHF WCTHS PSR *H
I | oA 2 FraIee TAe zeq AW @, BTN W owE (residual)
TR 0 |

TR q: TRRIRT TS TOHIT FAT

TR I ‘ P st ‘ T
Ljung-Box 0.5Y THICAT AR FRIHH (78
Box-Pierce 0.5% THICAT TR DT (72

B @2 TR @A TEE WO T WO 0 | GRS §2 4T SOl R
FEMR | T Ljung-Box S «dk Box-Pierce S | P S Y7 (@ 6T (HICHT STOIFITo2
AP A TR WCAFEI (0 AT Sorog I (Al T 1 | ©i [ifee wewe tonm
(residual) TRIIZG TS 0T ST 27 |

@ 8: IS AGIRER Fearwa

. Panel A
g ~3-"=-"- -
g T 1 — T o . T
Panel B
% : 7 . L 1 | | | 1 1
Z o [ | ' 1
Panel C

Bt omieer A f&fefsr fifater st sticat stefsspf ARIMA (0,2,1) STSted Siv+ Tonitas SIfkesq o
I | A PifeeE wwre ATl AT a2 Hies e e oy Aghe RSy T, q
@I gFre eI IBE AR AAR 77| 25 B &l fifvrem a3
ARIMA (0,2,1) TSR TOMITER TR FH %S (ACF) TA! 2w+ 77 | ffsoenas e
T @, foafs ~AfPRAETe e (AF SR ToNITET Sy TR AT TR RIAT AT
@ | A C Ljung-Box S ARSI P ¥ 0% 3 | 9 (U0F S I @, P-T
49 @ 2T T TowTE (residual) TR T |
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TOWITE] TeIFore THI3 T4 AT | TONE (T26 TS F ©f 613 AT
g7 2 GPOEGT JerEd owE e 34| bw ¢-9 fafefs Hfbrea sicem s
e ARIMA (0,2,1) TS Tonitas Sikeea el @R | fora Frfires wwre

(Ssbro I Q) S@LRPT AR «IR SRF (A TP e wal T |
O3 A 72T tonEs FelfTs T = A |

@ @: ARIMA (0,2,1) TS (AT &R (SMITEHR NATHFA

Residuals from ARIMA (0,2,1) Model
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Bt fora f&fefer Pifsrea wiem e M2 ARIMA (0,2,1) TS TOHITET SIfTFa (RITT 20A0E |
fora Fifatem wFTe (Sobo AT #TE) ST ARTST oF Fq T QIR GF *[F (AF TP
SRS Tl A | ©IR AT JECS TONTHS FeiTF N0 - |

O[T AT TOWICER AT (Histogram of the residuals), Q-Q STHt@ €
Freifk@ted  Shapiro-Wilk SErF NIKIeT Freiiiey Ab18 IR | B v «F “Afae A
ARIMA (0,2,1) SCetR towitad e (Histogram) o w3 | foaigaidt toniesa
I Aollie ¥, IR T e SifF (Aere®) | foa v-« f&fH fifticem siew oy
fadifce ARIMA (0,2,1) Stets Towitad quantile-quantile SIHTFE (TAITAT 200 |
RQeTeT SeEgerd e @ WA 7F, A [ I A AT S = Al
foare SIS WereR | /iEe Teiikey Iw @A I | IfFE onE o
Shapiro-Wilk S M<Ge Trelfiey o w=0.84 FeI%e @3, A 0.00-GF p-
TR I | I 92 T fofere Aoy ey a1 I | Jodk €2 e
THare 7edl IR @, [Fife ARIMA (0,2,1) e Toni® FreiiE 77 |
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Bt I A< for@ ARIMA (0,2,1) SITSTeT ToMITEd 90T (Histogram) Tidica! 2@g | 5@ tte ot
T @, TOVITFR IB TN W OF ((I9F), I WIS w7 | ©IF A< 5@ towieaa quantile-
quantile SfHCFG (AT TR | RMetEte 9P FRE@RIT Aol o 27 9 | Row vw
AR AE LA A 27 1 | D@ Sl eerE @i e Freiey aeiyi 340 7 |
oAk, LT TR @, 2@ Te ARIMA (0,2,1) TTEH FoIE *I$ QIer 73 *I$ (criteria) 77 3 |
«ag@y e et Bootstrapping ARIMA TS J3%F 41 AR | Bootstrap *&fs Tt
@elCe wivoTel fEiseT g Tl gl 0 @R WG AP TR the @f SeerEige
et “rafs fReTta F& F40e AR (Cryer and Chan 2008) |

8.8 | 4ol (Forecasting)

Box-Jenkins &EE (¥ A SEAT IFTACR S IRER RIFR fGfela
sidtenT T s 2@ee | 5@ -9 se *fsiex Bootstrapping =igl-Rafesz 2058 7T
(QF I e wgfire TRifg fGfEHr aaerst @ e | T @@ &
CTRTCAT TRCR O3 AT NI 8 RS et s Seee I bo% 8 5¢% “ZTer
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fafe @ar zre | Hifitas SFerT TREwT e[ers! fm F, TR AW & 7o
TS e ARIfR &R aeres 4wt | wdifere fMafae vates deRe~e F=ed
fefefm sfeaes wimre Jdrer ¢ oF egfas -9 @ Wi | wifae oo Tm
FCo IR fofew sdrerT (point based forecasts) Mde ¢ wiw F=oMS eJfara 2=
fadfer =41 @re #i@ (Maity and Chatterjee 2012) | 5 92 <3t ST Wi 8
SR @ R IR R - @cse AT ORI @S A |

@ q: 2058-203¢ FAFIHIT Bootstrapped Sg-[afe 7R IRy &fetm J&renT

Forecasts from ARIMA(0,2,1)
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8.¢ | 5o e (Forecast Evaluation)

TAted e 1o Ceels Fob! TMPe of Sece Sed ¥ fofes (holdback
perod) &M W T RECR | AW TN WFO IR 7, CICRE@ AN ISR
SRR A fefes o&iem ’itnar Face #ifd | Wcee it 86 e @
85 ~dtawel Rvar Fa1 2R | oA WAl i soft sREEweR sFen
TG T2, TCCAG AT FCAMR (FFTS! Q1T ST BT A AN TGS AT
O FCAMR | AWT A 8 TGS AR ACHE@R TG Ny Ay foqoret a7 «@Ffo
@fS T @M (ATF *77 € GO AT FO0! IR ©f AT F40 | (@R AToeThae
iR I Ryt S renT emita el o 36 | @ b teE (el IR @,
ARIMA (0,2,1) TS TS I SIETSIEE AITHS |
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Forecasts from ARIMA(O,2,1)
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Bt 1 ApifEe @ wrE elfa 79 o FE g3 9 weiEe @4 o3 e =9 o
3 | fom e (7t T @, SEfre et Sgr w@ed (confidence belt) sres «te | Tear
QT (ATF @R T (@, [IZS NG $ATST AN SIS A3 |

¢ | MR S &rerT 4= (An Application: Forecasting Poverty)

W1 elfad 8 Mifi@a oy A AR T Froie Fa1 =, ORIl Aifam
IRy SRR eRerel Tece fafelr ggfad &er G Fare «Aif | wik@E sk
2o Sy Fare SN AR (Ravallion 1995) &3fa fBfegeer wa=e
TR | TN (PPTIR @9 AEAC (0 TS el FBfegieer sewre we-
Tt FcAce (Fosu 2011, Sautter & Schinke 1995, World Bank 2008) | (tgg
IR [T Sl AT (TR, (RGBT Y7 BT IS AP 3 (el Wy
IR &fa g ANeE e RS | o A« W ¢ [7 e (HIES)
Tolfe IR B o (Ffog=Tel Fftam (581 a1 *RCR | GUFCE ¢ W Q] A 8 [
TR TATE AT FAT TRACE, TA: S05D/5, S5SE/5Y, 000, J00¢ 8 050 ATAF
ToIT@ | QYT dodR-0d0 AR A e3fm ez mer fofere wiftmm s&em
2T A ZCACR | S55 I (I 050 MRIICE WIRWT T ©.2¢ *[SIH 2 (4
@V HSIH (AT 03.¢ ST FRTR--AME ©.3¢ I FF FCAE | @ FIF A2
fafef T 0.u8 *Ioi Jfa 17, A o.bd TR FfogTe! fFm= 3@ | Ha 5-9
wiftw efa (Efogrereelr fefere mifsmya AT (it 20 | fod (At @l TR (@,
TS MR (@ Qe 1 JCACE, AF© AT W @ G G0 Aiglers wifegys M
©I7 et 7R | ot Wime se =reiet TEANT ¢ =R Wity fEfefr e
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Q@ S SpEd-0%0 TRIER 513 Pk Tt g e P Feisfe
Ty &R i Hmeel witE e [ e3fad 2@ A Fats ARIMA
ee o 41 TraeR | g & Sifarem s &rer fafefm Sami e=erst famx
I, W fGfeH egfes JenT @ aF I @, A7l T qre ofa W ¢
MO TR (TSN N efand 9o (@ ©ieeT) | it g ¢ <t
ARBEBIATR (FC@ G IR ST ROHT wPp QR | ANBF FLAfes verss
FE FEF G Ao FEFma ooy Tew TS o @ Qe Foree] ALTF 0o
AT | (PR I ARBERRR FeRe R T 2RTF 9oite [T F6e o,
LN TP [N B FACO BIF, OINE @ AT T oA (AP THF© J; (Pl
ST ST A (AF WL oAfo-aAFhe ICH AN LIRell #© FACIA | GRS
@R CFE SR ST ARIEH, CFRE CFE @ &I SAIPIT T30 | RS
aTFE AT TG M@ afe FET Fare (sfTeaneere wid) @ S’ g
TR T ST 3R (T ST IS FACO J | AT I 612 478 wPp |
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q REIE @ oy REs! IR | erws, AF ARIMA Wee 45T 419
s afefw | o2 fkifte Term sifer strieE TfE Ifer (sFem
AT ) wfeerer @ wFe T2 99 F@ (Meyler et al. 1998) | fadrrs,
ARIMA T SR eed gbfere @ibwtie RWNIe, @@: Teed =6l
Stafes AL SRS (Trraerme, e p adk q @3 cF@ SdafsT (@) R
a7 +ZeRT MEFE Au@e! (Frain 1995) | S=el AR ARIMA TSGR E
A2 TP WO ST FIS (A |

@F TRmel Ar@8 ARIMA e R I Fgerim =Fem i see
FIF e emife gre ¥R FEerRIW s&en fdem srevrer s e @ seee
W TN FOHTES NOETS (5GF Ol werwel ewis @ (Stockton and
Glassman 1987, Litterman 1986) | ok f&fm s&renT fadfmr @ staaerr a3z
ARIMA & Sy S FTSRT @ TR 84 9Fh (@S RETds F16 G 1,
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