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1| f‚wgKv  

mvgwóK A_©‣bwZK DcvË e¨envi K‡i UvBg-wmwiR c~e©vfvm (time series forecasting) 

wbY©q bxwZ wba©viK I mswkøó‡`i Rb¨ e¨vcK ¸iæZ¡en| A_©bxwZi mwµqZv I MwZkxjZv 

Abyaveb bv K‡i †Kv‡bv bxwZi h_v_©Zv hvPvB Kiv hvq bv| ZvB †h‡Kv‡bv bxwZi chv©‡jvPbvq 

mvgwóK PjKmg~‡ni c~e©vfvm wbY©q Kiv Acwinvh©| G ai‡bi c~e©vfv‡mi gva¨‡g GKw`‡K †hgb 

eZ©gvb djvd‡ji wbqvgKmg~n wPwýZ Kiv hvq, †Zgwb Ab¨w`‡K fwel¨‡Z cÖZ¨vwkZ djvdj 

AR©‡b mnvqK m¤¢vebvgq A_©‣bwZK Dcv`vbmg~n kbv³ Kiv hvq (Shigehara 1994)| 

cÖwµqvwU B‡Zvg‡a¨ msNwUZ KvVv‡gvMZ cwieZ©b Ges Giƒc cwieZ©‡bi Rb¨ `vqx 

Dcv`vb¸‡jvi Dci mwe‡kl  ¸iæZ¡ Av‡ivc K‡i|  

mvgwóK A_©bxwZi Kvh©KvwiZv Ges RvZxq ch©v‡qi A_©‣bwZK Dbœqb ch©v‡jvPbvq †gvU 

†`kR Drcv`b‡K Av`k© wn‡m‡e we‡ePbv Kiv nq| G Kvi‡Y Kvh©Ki bxwZ cÖYq‡b h_vh_fv‡e 

gv_vwcQz wRwWwci c~e©vfvm wbY©q I g‡Wwjs AZ¨šÍ ¸iZ¡c~Y© (Ning et al. 2010)| Gi gva¨‡g 

mvgwMÖK †fvM, †eKviZ¡, Avg`vwb I ißvwb m¤̂‡Ü AvMvg aviYv jvf Kiv hvq, hv Avevi bxwZ 

wba©viK‡`i‡K Dchy³ Dbœqb †K․kj ‣Zwi I A_©‣bwZK bxwZ MÖn‡Y Ges †m Abyhvqx miKvwi 

A_© eivÏ `v‡b mnvqZv K‡i| wRwWwc msµvšÍ cÖvß Z_¨-DcvË AZxZ A_©‣bwZK Kg©KvÐ 

m¤ú‡K© mswÿß aviYv w`‡jI Zv h_vh_ A_©‣bwZK Dbœqb †K․kj cÖYq‡b †Zgb Kvh©Ki bq| 

ZvB wRwWwci cÖK…Z I wbf©i‡hvM¨ AvMvg cÖv°jb Kiv cÖ‡qvRb, hv AZ¨vaywbK I kw³kvjx 

UvBg-wmwiR g‡Wj e¨envi K‡i hZUzKz m¤¢e mwVK I wbf©yjfv‡e wRwWwci c~e©vfvm wbY©q Kiv 

m¤¢e  (Maity and Chatterjee 2012)| 

wRwWwci c~e©vfvm wbY©q e¨vcK ¸iæZ¡en n‡jI wewfbœ g‡W‡ji g‡a¨ Zzjbv Kivi gva¨‡g 

wRwWwci c~e©vfvm I A_©bxwZi cÖe„w×i nv‡ii c~e©vfvm wbY©‡q evsjv‡`‡k Lye GKUv M‡elYv 

nqwb| wRwWwci c~e©vfvm wbY©‡q we›`y cÖv°jb wbf©i (point estimate) wKQz M‡elYv n‡jI 

†m¸‡jv bxwZ wba©viK‡`i †Zgb Kv‡R Av‡m bv, †Kbbv Gme M‡elYv fwel¨r Kg©cš’v cÖYq‡bi 

†ÿ‡Î m¤¢ve¨ ‡hme SuywK _vK‡Z cv‡i, Zv wb‡ ©̀k c~e©K wfbœZv I åvwšÍ (Av ’̄v-weiwZi gva¨‡g 

cÖKvwkZ) m¤ú‡K© ‡Kv‡bv aviYv ‡`q bv (Maity and Chatterjee 2012)| GB M‡elYvq Box 

and Jenkins (1976) cÖewZ©Z eûj e¨eüZ I Kvh©Ki ARIMA g‡Wj e¨envi K‡i 

                                                 
*
 cÖfvlK, A_©bxwZ wefvM, XvKv wek¦we`¨vjq| 

**
 mn‡hvMx Aa¨vcK, A_©bxwZ wefvM, XvKv wek¦we`¨vjq| 
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evsjv‡`‡ki gv_vwcQz wRwWwci c~e©vfvm wbY©‡qi gva¨‡g wRwWwci c~e©vfvm msµvšÍ M‡elYvi 

†ÿ‡Î we`¨gvb NvUwZ ~̀i Kivi †Póv Kiv n‡q‡Q|  

G cÖeÜwU †gvU 6wU Aby‡”Q‡` wef³| f ~wgKvi ci wØZxq Aby‡”Q‡` c~e©vfvm msµvšÍ 

cÖvmw½K mvwnZ¨ ch©v‡jvPbv (literature review) Kiv n‡q‡Q| Z…Zxq Aby‡”Q‡` M‡elYv c×wZ 

I PZz_© Aby‡”Q‡` evsjv‡`‡ki gv_vwcQz wRwWwc wbY©‡q e¨eüZ BK‡bv‡gwÆK g‡W‡ji 

(econometric model) eY©bv †`qv n‡q‡Q| AvMZ `k‡K †`‡ki `vwi ª̀¨ RwbZ cwiw¯’wZ 

g~j¨vq‡b evsjv‡`‡ki gv_vwcQz wRwWwc cÖe„w× wb‡q Av‡jvPbv Kiv n‡q‡Q cÂg Aby‡”Q‡`| †klZ 

lô Aby‡”Q‡` Dcmsnvixq gšÍe¨ cÖ`v‡bi cvkvcvwk cÖe‡Üi KwZcq mxgve×Zvi Ici 

Av‡jvKcvZ Kiv n‡q‡Q| 

2| cÖvmw½K mvwnZ¨ ch©v‡jvPbv  

A_©‣bwZK ZË¡ wfwËK g‡Wj ev mij ‣iwLK UvBg-wmwiR g‡W‡ji Dci wfwË K‡i 

mvaviYZ c~ev©fvm wbY©q Kiv n‡q _v‡K (Marcellino 2007)| UvBg-wmwiR g‡Wj Pj‡Ki 

AZxZ cÖK…wZ ev AvPi‡Yi wb‡f©Rvj e¨vL¨vg~jK ÿgZv g~j¨vq‡bi cvkvcvwk A_©‣bwZK Z‡Ë¡i 

g~j¨ ms‡hvRb chv©‡jvPbv Ki‡Z GKwU Av`k© (benchmark) ’̄vc‡b mnvqZv K‡i| UvBg-wmwiR 

we‡køl‡Yi mv¤úªwZK weKvk ‡_‡K Rvbv hvq †h, AwaKZi DbœZ UvBg-wmwiR g‡Wj A_©‣bwZK 

g‡W‡ji †ÿ‡Î AwaKZi Kvh©Ki Av`k© (yardstick) ¯’vcb Ki‡Z  mnvqZv K‡i (Marcellino 

2007)| A_©‣bwZK c~e©vfvm wbY©‡q ‡ek wKQz UvBg wmwiR g‡Wj weKvk jvf Ki‡jI Box and 

Jenkins (1976) cÖewZ©Z ARIMA g‡Wj GKwU Ab¨Zg eûj ¯^xK …Z c×wZ| 

G c×wZ GKK ev hyMcr mgxKiY g‡Wj MV‡bi Dci ¸iæZ¡ Av‡iv‡ci cwie‡Z© A_©bxwZi 

UvBg wmwi‡Ri m¤¢ve¨ ev Abygvbagx© •ewkó¨mg~n we‡køl‡Yi Dci ¸iæZ¡ Av‡ivc K‡i, hvi g~j 

K_v n‡jv “letting the data speak for themselves” (Gujrati 2004)| A_©bxwZ I 

e¨emv mswkøó wewfbœ †ÿ‡Îi mv‡_ G c×wZi eûgywLZvi m¤ú‡K©i Rb¨ c×wZwU e¨vcK RbwcÖqZv 

jvf K‡i‡Q| wbf©i‡hvM¨ c~e©vfvm msµvšÍ djvdj cÖ`v‡b we‡kl K‡i ¯^í‡gqvw` c~e©vfvm cÖ`v‡b 

MZvbyMwZK BK‡bv‡gwUªK g‡Wjmg~‡ni Zzjbvq G g‡Wj AwaK mdj n‡q‡Q (Gujrati 2004)| 

ZvQvov wKQz mgxÿvq †`Lv †M‡Q, G g‡W‡j wbw ©̀ó mgq e¨vcx msM„nxZ Pj‡Ki ‣ewPÎ¨ _v‡K 

(Box et al. 1994, Enders 2004, Hoff 1983, Hossain et al. 2006)| 

mvgvwRK, A_©‣bwZK I ivR‣bwZK cwieZ©bRwbZ Kvi‡Y aªæe w¯’wZgvwcK •iwLK g‡W‡ji 

(constant parametric linear model) mv‡_ mvgwóK A_©‣bwZK PjKmg~‡ni cÖwZiƒcKZv 

¯’vcb Kiv (modeling) Kómva¨| G msµvšÍ cÖvmw½K M‡elYvmg~n Abyhvqx, GB we‡kl 

†cÖÿvc‡U •iwLK g‡W‡ji (linear model) Zzjbvq Ômgq cwieZ©xÕ (time varying) GesÔA-

‣iwLKÕ (non-linear) g‡Wj †ewk myweavRbK| wewfbœ M‡elYvq (Marcellino 2007, 

Duzgan 2008) wRwWwci c~e©vfvm wbY©‡q e¨eüZ g‡Wjmg~‡ni g‡a¨ Ach©‡eÿYxq Dcv`vb 

g‡Wj (unobserved component model) (Harvey & Todd 1983) Ges K„wÎg ¯œvqyweK 
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†bUIqvK© (artificial neural networks) (Kuan & White 1994, Maaoumi et al. 1994, 

Tkacz 2001) I e¨eüZ n‡q‡Q| 

we`¨gvb mvwnZ¨wU KvVv‡gvMZ f½yiZvi we¯Ívi I cÖvmw½KZv wel‡q HK¨gZ cÖwZôv †_‡K 

A‡bK ~̀‡i Ae¯’vb K‡i| ZvB cÖe„w×i kZ©hy³ cÖZ¨vkv wba©vi‡Y •iwLK g‡W‡ji evB‡iI wePiY 

Ki‡Z n‡e (Cogley and Sargent 2001, Sims 2001)| Marcellino (2007) Gi ch©‡eÿY 

Abyhvqx, ARIMA g‡W‡ji b¨vq mvaviY •iwLK g‡Wjmg~n (general linear models) 

AKvh©Kvi nIqvi m¤¢ebv Kg, ‡Kbbv G¸‡jv mZK©Zvi mv‡_ wbe©vPb (specified) Kiv n‡q‡Q 

hv‡Z Gme g‡Wj cÖe„w× I g~j¨wùwZi ZvwË¡K g‡W‡ji Rb¨ wbf©i‡hvM¨ benchmark Gi e¨e¯’v 

Ki‡Z cv‡i| AwaKš‘ Meese I Geweke (1984) Ges Marcellino cÖgyL (2003) ‡`wL‡q‡Qb 

†h, AZxZ WvUv e¨envi K‡i wm×všÍ †bqvi g‡Wj (autoregressive models) w¯’wZgvwcK I 

A-w¯’wZgvwcK (parametric and non-parametric) c~e©vfvm wbY©q c×wZi Zzjbvq fv‡jv KvR 

K‡i| 

ARIMA g‡Wj AbymiY K‡i wRwWwci c~e©vfvm wbY©‡q A‡bK M‡elYv (Gujrati 2004,   

Yang 2009, Maity and Chatterjee 2012) n‡jI evsjv‡`‡ki †cÖÿvc‡U wRwWwci c~e©vfvm 

wbY©‡q AwZ bMY¨msL¨K M‡elYv n‡q‡Q| Anam and Hossain (2012) evsjv‡`‡ki wRwWwc‡Z 

K…wli Ae`vb wbY©‡q ARIMA g‡Wj e¨envi K‡ib Ges †`L‡Z cvb †h, wRwWwc‡Z K…wli g~j¨ 

ms‡hvRb I(2) cÖwµqv ‡g‡b P‡j| Box-Jenkins cÖYvjx ev ARIMA g‡Wj e¨envi K‡i Paul 

(1998) evsjv‡`‡k kw³ e¨env‡ii (energy consumption) cwigvY wba©viY Kivi †Póv 

K‡ib| GKB c×wZ AbymiY K‡i Bhuiyan et al. (2008) evsjv‡`‡ki wRwWwc‡Z Drcv`b 

wk‡íi Ae`vb wbY©‡qi †Póv K‡ib Ges G wm×v‡šÍ DcbxZ nb †h, Drcv`b wkí 

(manufacturing industries) I(2) cÖwµqv ‡g‡b P‡j|  

3| M‡elYv c×wZ  

UvBg-wmwiR we‡køl‡Y wbðj UvBg-wmwiR eY©bv Ki‡Z Ges GB wmwi‡R fwel¨r g~j¨ wel‡q 

c~e©vbygv‡b  ARIMA g‡Wj e¨eüZ n‡q _v‡K| cwimsL¨vb I A_©wgwZ‡Z (B‡Kv‡bv‡gwUª·) 

we‡klZ UvBg-wmwiR we‡køl‡Y autoregressive integrated moving average-ARIMA) 

g‡Wj ej‡Z Ô¯q̂s A‡avMwZkxj MwZkxj MoÕ (autoregressive moving average-ARMA) 

g‡W‡ji mvaviYxKiY‡K †evSv‡bv nq| ARMA g‡Wj n‡jv Ô¯q̂s A‡avMwZkxj g‡WjÕ 

(autoregressive model) Ges ÔMwZkxj Mo g‡WjÕ(moving average model) Gi msnZ ev 

mgwš̂Z  iƒc| ARMA (p, q) g‡WjwU wb¤œiƒc:   

ARMA (p, q):𝑌𝑡  =  𝑐 +   𝜑𝑖

𝑝

𝑖=1

𝑌𝑡−𝑖 +  𝜃𝑗

𝑞

𝑖=𝑗

휀𝑡−𝑗 +  휀𝑡  

‡hLv‡b p n‡jv ¯^qs A‡avMwZkxj (autoregressive) As‡ki µg, q n‡jv MwZkxj Mo 

(moving average) As‡ki µg Ges et n‡jv ‡nvqvBU b‡qR (white noise) hv mvaviYZ Mo 
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(mean) 0 Ges †f`v¼ (variance) 𝛿2| hv‡nvK G g‡Wj Abyhvqx UvBg-wmwiR cÖwµqvwU wbðj 

(stationary) A_©vr wmwi‡Ri Mo I †f`v¼ (mean and variance) aª~e Ges Bnvi mn-†f`v¼ 

(covariance) mgq cwieZx© (time invariant)| ev Í̄‡e †ewki fvM UvBg-wmwiR wbðj bv 

nIqvq cÖ‡f`KiY (differencing) ev jM ¯’vbvšÍ‡ii (log transformation) gva¨‡g UvBg 

wmwiR¸‡jv‡K wbðj wmwi‡R iƒcvšÍi Ki‡Z nq| ZvB †Kv‡bv UvBg wmwiR‡K wbðj wmwi‡R 

cwiYZ Ki‡Z hw` d evi cÖ‡f`KiY Kiv nq Ges †m‡ÿ‡Î hw` ARMA (p,q) g‡Wj cÖ‡qvM 

Kiv nq, Zvn‡j g~j UvBg wmwiR g‡WjwU n‡jv ARIMA (p,d,q) A_©vr, GUv n‡jv 

autoregressive integrated average time series, †hLv‡b p ¯^qs A‡avMwZkxj ch©vq 

(autoregressive term) Gi msL¨v wb‡ ©̀k K‡i, d Øviv wmwiR‡K wbðj wmwi‡R cwiYZ Kivi 

c~‡e© hZevi cÖ‡f`KiY Ki‡Z n‡e Zvi msL¨v ‡evSv‡bv nq Ges q MwZkxj Mo ch©vq (moving 

average term) Gi msL¨v wb‡`©k K‡i| wmwiRwU cy‡ivcywifv‡e AR cÖwµqv bv MA cÖwµqv 

bvwK ARMA cÖwµqv A_ev ARIMA cÖwµqv AbymiY K‡i, Zv wba©vi‡Y Aek¨B p,d Ges q 

Gi gvb Rvbv Avek¨K| Box-Jenkins c×wZ ‡_‡K G ai‡bi cÖ‡kœi DËi Rvbv hvq| G 

c×wZwU PviwU avc wb‡q MwVZ hv wb‡Pi †iLvwP‡Î (diagram) †`Lv‡bv n‡q‡Q| 

wPÎ 1:  Box-Jenkins cÖYvjx 

 

Drm: Gujrati (2004) ‡_‡K msM„nxZ|  

 

wPwýZKiY 

cÖv°jb 

mbv³ hvPvB 

c~e©vfvmKiY 

g‡Wj mbv³KiY 

g‡W‡ji c¨vivwgUvi cÖv°jb 

mbv³ hvPvB 

nu¨v bv 

avc-1 

avc-2 

avc-3 

avc-4 
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3.1| mbv³KiY (Identification) 

ARIMA g‡W‡ji p, d I q Gi A ’̄vqx evQvB nj mbv³KiY| Avgv‡`i M‡elYvK‡g©i 

cÖ_g avc n‡jv wRwWwc wmwi‡Ri msnwZ µg wbY©q Ki‡Z Gi MwZkxj Dcv`vbmg~n we‡kølY Kiv 

(†Kvb PjK‡K wbðj  Ki‡Z KZevi Gi cÖ‡f`KiY Ki‡Z n‡e Zv)| Avi GUv GKK g~‡ji 

(unit roots) Dcw ’̄wZ hvPvB Ges/A_ev wbðjZv hvPvB‡qi gva¨‡g Kiv n‡q‡Q| wbðjZvi 

Dcw¯’wZ Rvb‡Z ỳwU wfbœagx© Afxÿv e¨eüZ n‡q‡Q, h_v : Augmented Dickey Fuller 

(ADF) Afxÿv Ges Phillip-Perron (PP) Afxÿv| Afxÿv ỳwU GK evi mgq cÖeYZv (time 

trend) I GKwU aªæeK (constant) mn‡hv‡M Av‡iKevi mgq cÖeYZv (time trend) I GKwU 

aªæeK (constant) Qvov cwiPvwjZ n‡q‡Q| ADF eûj e¨eüZ Afxÿv n‡jI  GwU A‡bK mgq 

fv‡jv  djvdj cÖ`vb K‡i bv, KviY g‡W‡j e¨eüZ lagged terms Gi mv‡_ GUvi ms‡e`bkxj 

m¤ú‡K©i cÖgvY cvIqv hvq, hv Monte Carlo simulations G †`Lv‡bv n‡q‡Q (Phillips and 

Perron 1988)| PP Afxÿv n‡jv GKK g~‡ji (unit root) AKvh©Ki Aw ’̄wZgvwcK Afxÿv 

(non-parametric tests)| G Afxÿvq ‡f`v‡¼i mv‡_ m½wZc~Y© g~j¨ wba©viK (consistent 

estimaters of the variance) e¨eüZ nq weavq A‡b‡KB GwU‡K †ek kw³kvjx g‡b K‡ib| 

ADF I PP GKK g~j Afxÿv (unit root tests) AKvh©Ki cÖK‡í cÖ‡hvR¨, †hLv‡b UvBg wmwiR 

y nj  I(1)| Ab¨w`‡K wbðjZv Afxÿv (stationarity tests) ‡mB AKvh©Ki cÖK‡í cÖ‡hvR¨ 

†hLv‡b yt nj I(0)| eûj e¨eüZ wbðjZv AfxÿvwU (stationarity tests) nj KPSS test, hv 

Kwiatkowski, Phillips, Schmidt and Shin (1992) Gi gva¨‡g RbwcÖq n‡q‡Q| G 

AfxÿvwU nj AKvh©Ki DcZ‡Ë¡i Afxÿv (test of the null hypothesis), hv †_‡K Rvbv hvq 

†h, ch©‡eÿY‡hvM¨ aviv nj wbðj aviv (trend stationary) A_©vr jvMÖvÄ aviv‡K (wmwiR) †K›`ª 

K‡i wbðj aviv M‡o I‡V| avivwU msÁvg~jK aviv, ‣`e Pjb Ges wbðj åvwšÍi †hvMdj 

wn‡m‡e cÖKvk Kiv nq| Avi AfxÿvwU n‡jv cÖK‡íi j¨vM e¨vwß eû¸YK Afxÿv (multiplier 

test) ‡hLv‡b ‣`e Pj‡bi (random walk) †f`v¼ (variance) _v‡K k~b¨| KPSS Afxÿvi 

D‡Ïk¨ n‡jv GKK g~j Afxÿvi (unit root tests) cwic~iY Kiv-†hgb: Dickey-Fuller 

Afxÿvi cwic~iY Kiv| GKK g~j DcZË¡ (unit root hypothesis) Ges wbðj DcZË¡ 

(stationary hypothesis) hvPvB  K‡i ‡Kvb aviv wbðj, ‡Kvb aviv GKK g~j Ges avivi WvUv 

(ev Afxÿv) Z_¨eûj bv nIqvq avivwU wbðj bv mgwš̂Z,Zv Rvbv hvq|  

cieZx© avc n‡jv ARIMA g‡W‡j p I q mbv³KiY| G D‡Ïk¨ mva‡bi g~j nvwZqvi 

n‡”Q ¯^qs mnm¤^Ü Av‡cÿK (autocorrelation function-ACF), AvswkK ¯^qs mnm¤^Ü 

Av‡cÿK (partial autocorrelation function-PACF) Ges D™¢zZn m¤^Ü QK, hv  j¨vM 

•`‡N©¨i (lag length) wecix‡Z ¯^qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs mnm¤^Ü Av‡cÿ‡Ki 

¯^vfvweK Awa‡ÿÎ| mviwY 1-G AR I MA cÖwµqvi ¯^qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs 

mnm¤^Ü Av‡cÿ‡Ki ZvwË¡K MVb cÖYvjx ‡`Lv‡bv n‡q‡Q| ‡`Lv hv‡”Q †h, AR(p) I MA(q) 

cÖwµqvi ¯^qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs mnm¤^Ü Av‡cÿ‡Ki wecixZag©x MVb cÖYvjx ev 

ZvwË¡K c¨vUvY© i‡q‡Q| AR(p) Gi †ÿ‡Î ¯̂qs mnm¤^Ü Av‡cÿK R¨vwgwZK nv‡i ev m~PKxqfv‡e 
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n«vm cvq, wKšÍy wbw ©̀ó msL¨K j¨v‡Mi (lags) ci AvswkK ¯̂qs mnm¤̂Ü Av‡cÿK wew”Qbœ nq, 

‡hLv‡b MA(q) cÖwµqvi †ÿ‡Î wecixZ NUbv N‡U| 

mviwY 1: ¯̂qs mnm¤^Ü Av‡cÿK I AvswkK ¯̂qs mnm¤̂Ü Av‡cÿ‡Ki ZvwË¡K bgybv 

g‡W‡ji 

aiY 

¯^qs mnm¤̂Ü Av‡cÿ‡Ki Av`k© bgybv AvswkK ¯^qs mnm¤̂Ü Av‡cÿ‡Ki Av`k© 

bgybv  

AR (p) m~PKxqfv‡e ÿqcªvß nq A_ev Zi½vKv‡i 

wb¤œMvgx nq A_ev DfqB N‡U| (Decays 

exponentially or with damped sine 

wave pattern or both) 

lags p Gi gva¨‡g Zvrch©c~Y© D×©Mvgx 

nq| (Significant spikes through 

lags p) 

MA (q) lags q Gi gva¨‡g Zvrch©c~Y© D×©Mvgx 

nq| (Significant spikes through lags 

q) 

m~PKxqfv‡e n«vm cvq (Declines 

exponentially) 

ARMA 

(p,q) 
m~PKxq cZb (Exponential decay) m~PKxq cZb (Exponential decay) 

Drm: Gujrati (2004)| 

¯^qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs mnm¤^Ü Av‡cÿK bgybv AwewgkÖ AR(p) ev 

MA(q) g‡Wj mbv³Ki‡Y Kvh©Ki Dcv‡qi e¨e¯’v K‡i| hv‡nvK wgkÖ ARMA g‡W‡ji †ÿ‡Î 

Gi ZvwË¡K ¯^qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs mnm¤̂Ü Av‡cÿ‡Ki A‡bK Amxg Ak~b¨ 

(non zero) gvb _v‡K, hv ¯̂qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs mnm¤^Ü Av‡cÿ‡Ki bgybv 

†_‡K wgkÖ g‡Wj mbv³KiY RwUj K‡i †Zv‡j| ARMA web¨vm/µg mn‡R mbv³ Ki‡Z 

A‡bK wPÎ‡jL Uzjm (mvgMÖx) e¨env‡ii cÖ¯Íve Kiv n‡q‡Q, †hgb: Corner method (Beguin 

et al. 1980), extended autocorrelation (EACF) method (Tsay and Tiao 1984) 

BZ¨vw` D‡jøL‡hvM¨| ARIMA g‡Wj mbv³ Ki‡Z Avgiv EACF method e¨envi K‡iwQ| 

Chan (1999) Gi Zzjbvg~jK cÖwZi~cx M‡elYv Abyhvqx, G c×wZ‡Z gvSvwi ai‡bi bgybvi 

‡ÿ‡Î †ek fv‡jv bgybv  Dcv`vb (properties) i‡q‡Q e‡j cÖZxqgvb nq|  

‡klZ Avgiv g‡Wj evQvB‡q Z_¨MZ ‣ewkó¨ (information criteria) e¨envi K‡iwQ| 

g‡Wj evQvB‡q Box and Jenkins Gi m~Î a‡i G ch©šÍ A‡bK c×wZi K_v ejv n‡q‡Q| 

Abya¨vbK…Z g‡W‡ji g‡a¨ Ab¨Zg n‡jv AvKvB‡Ki Z_¨ ‣ewkó¨ (Akaike‟s Information 

Criterion-AIC) c×wZ| wKš‘ AIC n‡jv cÿcvZg~jK g~j¨wba©viK (biased estimator) Ges 

G cÿcvZ e„nr w¯’wZgvwcK WvUv Abycv‡Zi (large parameter per data ratios) ‡ÿ‡Î 

`„k¨gvb| Hurvich and Tsai (1989) ‡`wL‡q‡Qb †h, AIC Gi mv‡_ Ab¨ GKwU m¤¢ve¨nxbZvi 

`Ð kZ© ‡hvM Kivi gva¨‡g D™¢e n‡j,GB cÿcvZ wKQzUv `~i Kiv hvq| Gi d‡j  ms‡kvwaZ 

AIC cvIqv hvq, hv‡K AICc Gi gva¨‡g wb‡ ©̀k Kiv nq| ARMA web¨vm mbv³Ki‡Yi 

Av‡iKwU Dcvq n‡jv Ggb GKwU g‡Wj evQvB Kiv hv Schwarz Bayesion Information 

Criterion (BIC) msKzwPZ (maximize) K‡i| 
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3.2| cÖv°jb (Estimation) 

p I q Gi wbf©yj gvb wbY©‡qi cieZx© avc n‡jv g‡W‡ji AšÍfz©³ ¯^qs A‡avMwZkxj 

(autoregressive) I (moving average terms) w¯’wZgvb wbY©q| G D‡Ïk¨ mva‡b A‡bK 

c×wZ weKvk jvf K‡i‡Q| G¸‡jvi g‡a¨ cwiNvZ/gyn~Z© c×wZ (method of moments), wb¤œ 

eMx©q cÖv°jb (least square estimation) Ges m‡e©v”P m¤¢ve¨ cÖv°jb (maximum 

likelihood estimation) c×wZ D‡jøL‡hvM¨| gyn~Z© c×wZ‡Z g~jZ Av`k© gyûZ©‡K Abyiƒc 

ZvwË¡K gyny‡Z©i mgvb Kiv nq Ges AÁvZ w¯’wZgv‡ci cÖv°jb Rvb‡Z D™¢~Z mgxKi‡Yi mgvavb 

Kiv nq (Cryer & Chan 2008)| hw`I w ’̄wZgv‡ci cÖv°jb wbY©‡q G c×wZwU me‡P‡q mnR, 

Z_vwc GUv me©vwaK Kvh©Ki c×wZ bvI n‡Z cv‡i (Cryer & Chan 2008)| 

gyûZ© c×wZ m‡šÍvlRbK djvdj cÖ`vb bvI Ki‡Z cv‡i| ZvB Ab¨vb¨ c×wZ †hgb m‡e©v”P 

m¤¢ve¨ cÖv°jb c×wZ (MLE) Aek¨B we‡ePbv Ki‡Z n‡e| wb¤œ eM© c×wZ‡Z †Kej cÖ_g I 

wØZxq gyû‡Z©i WvUv e¨envi Kiv hvq| wKš‘ m‡e©v”P m¤¢ve¨ cÖv°jb c×wZ‡Z WvUvi me ai‡bi 

Z_¨B e¨envi Kiv hvq| Gi AviI GKwU myweav n‡jv Lye mnR k‡Z© G c×wZ‡Z e„nr bgybv 

djvdj Rvbv hvq (Cryer & Chan 2008)| ZvB G M‡elYvq ARIMA g‡W‡ji w¯’wZgvc 

wbY©q Ki‡Z m‡e©v”P m¤¢ve¨ cÖv°jb c×wZ e¨envi Kiv n‡q‡Q| 

3.3| mbv³ hvPvB (Diagonostic Checking) 

WvUvi mv‡_ g‡Wj¸‡jv KZUv gvbvbmB, Zv Rvb‡Z wewfbœ g‡W‡ji cÖv°jb avivevwnK 

mbv³KiY cÖwµqvi gva¨‡g hvPvB Kiv cÖ‡qvRb| GKB †kÖYxfz³ weKí ARIMA g‡Wj WvUvi 

mv‡_ wfbœ wfbœ gvÎvq gvbvbmB n‡Z cv‡i| g‡Wj cixÿv Kiv Ges mwVK ARIMA w¯’wZgvc 

wbY©q Kivi †ÿ‡Î g‡W‡ji cÖv°wjZ †f`v‡¼i (estimated residuals) ‡nvqvBU b‡qR (white 

noise) wKbv, Zv cixÿv Kiv GKwU Kvh©Ki c×wZ| hw` cÖv°wjZvsk †nvqvBU b‡qR n‡q _v‡K, 

Zvn‡j Avgiv ej‡Z cvwi ‡h, g‡WjwU WvUvi mv‡_ gvbvbmB| hw` cÖv°wjZ †f`v¼ ‡nvqvBU 

b‡qR bv n‡q _v‡K, Zvn‡j g‡WjwU cybivq cixÿv Ki‡Z n‡e (1 bs wPÎ †`Lyb)| cÖv_wgK 

GKwU mbv³ hvPvB n‡jv mg‡qi mv‡_ ‡f`v‡¼i Awa‡ÿÎ (plot) cixÿv Kiv| k~b¨ Abyf~wgK 

Z‡j we¯Í…Z we‡kl †Kv‡bv cÖeYZvi Abycw¯’wZ‡Z GKwU AvqZvKvi Awa‡ÿÎ †_‡K Rvbv hvq 

‡h,g‡WjwU ch©vß| Quantile-quantile (Q-Q) e¨envi K‡i djcÖm~fv‡e ¯^vfvweKZvI cwigvc 

Kiv hvq| eZ©gvb M‡elYvq Avgiv cÖv°wjZ †f`v‡¼i Q-Q Awa‡ÿÎ e¨envi K‡iwQ| 

GKwU cixÿv Kwi‡q †bqv fv‡jv, hv ¯^Zš¿ j¨vM (individual lags) ch©v‡q evowZ As‡ki 

AvšÍtm¤ú©K hvPvB‡qi cvkvcvwk `jMZfv‡e Zv‡`i we¯Ívi hvPvB K‡i| D`vniY¯îƒc Ggb n‡Z 

cv‡i †h, †ewkifvM evowZ ¯^qs mnm¤^Ü¸‡jv gvSvwi gv‡bi, GgbwK KZK¸‡jv Zv‡`i msKU 

gv‡bi KvQvKvwQ, wKš‘ GKmv‡_ we‡ePbv Ki‡j Zv‡`i AwZ eo g‡b nq| †Kvb ¯^Zš¿ ¯^qs 

mnm¤^Ümswkøó mn‡Mi msL¨vZvwË¡K ¸iæZ¡ cixÿv bv K‡i Avgiv Box and Pierce cÖYxZ Q 

÷¨vwUmwUK (cwimsL¨vb) e¨envi K‡i hyM¥ DcZË¡ cixÿv Ki‡Z cvwi, hv‡Z wbw ©̀ó j¨vM ch©šÍ 

me ¯^qs mnm¤^Ü (pk) hyMcrfv‡e k~‡b¨i mgvb| mgxKiYwU wb¤œiƒc: 
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𝑄 =  𝑛 𝜌𝑘
2

𝑚

𝑘=1

 

GLv‡b n n‡jv bgybvi AvKvi Ges m n‡jv j¨vM •`N¨© (Gujrati 2004)| UvBg wmwiRwU 

†nvqvBU b‡qR wKbv Zv Rvb‡Z Q cwimsL¨vbwU e¨envi Kiv nq| e„nr bgybvq m ch©v‡qi 

¯^vaxbZv mn‡hv‡M GUv‡K cÖvq chi-square eÈb wn‡m‡e †`Lv‡bv nq| hw` wnmveK…Z Q Gi gvb 

M„nxZ gvÎvi ¸iæ‡Z¡i †ÿ‡Î chi-square eÈ‡b msKU Q-Gi gvb †_‡K †ewk nq, Zvn‡j 

AKvh©Ki DcZË¡ i` Kiv hv‡e, †hLv‡b me ¯̂qs mnm¤^Ü (ev Í̄e) (pk) k~b¨ : wKšÍy Zv‡`i 

†Kv‡bv †Kv‡bvUv Aek¨B Ak~b¨ n‡e|  

Box-Pierce Q cwimsL¨v‡bi GKwU weKí nj Liung-Box (LB) cwimsL¨vb, hv 

wb‡¤œv³fv‡e e¨vL¨v Kiv hvq:   

𝐿𝐵 =  𝑛 (𝑛 + 2)  
𝜌𝑘2

𝑛 − 𝑘

𝑚

𝑘=1
 

hw`I e„nr bgybvmg~n Q I LB cwimsL¨vb m ch©v‡qi ¯^vaxbZv mn chi-square eÈb 

AbymiY K‡i, Z_vwc Q cwimsL¨v‡bi Zzjbvq LB cwimsL¨v‡b DËg gv‡bi (cwimsL¨vbMZ 

A‡_© AwaK kw³kvjx) ‡QvU bgybv Dcv`vb _v‡K| g‡WjwU Dcv‡Ëi mv‡_ gvbvbmB wKbv Zv 

hvPvB K‡i cÖv‡qvwMK g‡WjwUi h_vh_©Zv g~j¨vqb Kiv cÖ‡qvRb| hw` g‡WjwU Ecv‡Ëi mv‡_ 

m½wZc~Y© bv nq, Zvn‡j g‡WjwUi mv‡_ m½wZc~Y© GKwU weKí g‡Wj Ly u‡R †ei Ki‡Z n‡e| 

Abyiƒcfv‡e g‡WjwUi Dchy³Zv hvPvB Kiv cÖ‡qvRb|  

3.4| c~e©vfvm (Forecast) 

c~e©vfvm cÖ`v‡bi †ÿ‡Î wPwüZ g‡WjwU e¨envi Kiv †h‡Z cv‡i hw` Zv hvPvB‡q DËxY© nq| 

c~e©vfvm cÖ`vb ej‡Z g~jZ AÁvZ fwel¨r gvb wbY©‡qi cÖwµqv‡K †evSvq| G cÖwµqvq t eQ‡i xt 

ch©‡eÿY‡hvM¨ PjK †m‡Ui wfwË‡Z yt+1 PjK wbY©q Kiv nq| Avgiv Rvwb †h, ¯^í‡gqvw` 

c~e©vfv‡mi †P‡q `xN‡gqvw` c~e©vfvm †ewk wbf©i‡hvM¨; †Kbbv G‡Z wbðqZv ‡ewk _v‡K| 

4| djvdj I Av‡jvPbv 

4.1| DcvË  

G M‡elYvq 2005 mv‡ji gvwK©b Wjv‡ii w¯’i g~‡j¨ evsjv‡`‡ki evrmwiK gv_vwcQz 

wRwWwci Z_¨ e¨envi Kiv n‡q‡Q| Z_¨ †bqv n‡q‡Q wek¦e¨vsK †_‡K (World Bank 2008)| 

wPÎ 2-G 1960 mvj †_‡K 2013 mvj ch©šÍ evsjv‡`‡ki gv_vwcQz wRwWwci mviwY (log) wb‡ ©̀k 

K‡i| evwn¨K `„wó‡KvY ‡_‡K cÖZxqgvb nq †h, we`¨gvb wmwiRwU wbðj (stationary) nIqvi 

m¤¢vebv Kg| AwaKšÍy cÖe„w×i aviv †h Awbðj n‡e bv, we`¨gvb aviv †m m¤ú‡K© wbi‡cÿ †Kv‡bv 

Z_¨ ‡`q bv| cÖeYZvwU 1980 mv‡ji c~‡e© ‡ek Aw ’̄wZkxj wQj Ges Zvi ci †_‡K Zv 

w¯’wZkxjZv cÖ`k©b K‡i Avm‡Q| 



†nv‡mb I ieŸvbx: evsjv‡`‡ki Avq cÖe„w×i UvBg wmwiR we‡kølY 

 

81 

wPÎ 2: 2005 mv‡ji gvwK©b Wjv‡ii w ’̄i g~‡j¨ evsjv‡`‡ki gv_vwcQz wRwWwc j‡Mi (log) cÖeYZv  

 

UxKv: wP‡Î 1960 †_‡K 2013 mvj ch©šÍ evsjv‡`‡ki gv_vwcQz wRwWwci jM †`Lv‡bv n‡q‡Q| Lvwj †Pv‡L 

avivwU wbðj g‡b n‡”Q bv| ¯^vaxbZv hy‡×i mgq, 1971 mv‡j avivwU‡Z cZb jÿ Kiv hvq| Gi 

ci †_‡KB EaŸ©Mvgx cÖeYZv ïiæ nq| 

4.2| mbv³KiY (Identification) 

Av‡MB ejv n‡q‡Q †h, gv_vwcQz wRwWwci wmwiRwU wbðj bvI n‡Z cv‡i (†`Lyb  wPÎ 2)|  

GRb¨ Avgiv Augmented Dickey-Fuller Afxÿv Ges KPSS Afxÿvi gva¨‡g wbðjZv 

(stationarity) hvPvB K‡iwQ| KPSS Afxÿvi AKvh©Ki DcZ‡Ë¡i gv‡b n‡jv avivwU (wmwiR) 

wbðj| wKš‘ Augmented Dickey-Fuller Afxÿvq AKvh©Ki DcZË¡ wb‡ ©̀k K‡i †h avivwU‡Z 

GKK g~j (unit root) we`¨gvb| ADF Afxÿvq p Gi gvb 0.99 Gi †P‡q eo, hv gv_vwcQy 

wRwWwc ch©v‡q GKK g~‡ji Aw Í̄Z¡ wb‡`©k K‡i| Avevi KPSS Afxÿvq p Gi gvb 0.01 Gi 

†P‡q Kg| myZivs Avgiv gvÎvMZ wbðjZvi AKvh©Ki DcZË¡wU Avev‡iv bvKP Ki‡Z cvwi| 

AZGe ADF I KPSS Dfq Afxÿv †_‡KB Rvbv hvq †h, evsjv‡`‡ki gv_vwcQz wRwWwci 

avivwU wbðj bq| †h‡nZz †Kv‡bv g‡Wj wbe©vP‡bi Av‡MB UvBg wmwiR AfxÿvwU wbðj wn‡m‡e 

e¨vL¨v Kiv n‡q‡Q e‡j wbwðZ Ki‡Z n‡e, ZvB wmwi‡Ri cÖv_wgK ZviZg¨ we‡ePbv Kiv n‡q‡Q| 

AZ:ci wbðjZv hvPvB Kiv n‡q‡Q| G‡ÿ‡Î ADF Afxÿv †hLv‡b cÖ‡f`K…Z wmwi‡R †Kv‡bv 

GKK g~j †bB wb‡ ©̀k K‡i †mLv‡b  KPSS Afxÿvq Rvbv hvq †h, wmwiRwU wbðj bq| ZvB 

djvdj AgxgvswmZ| wKš‘ avivwU `yBevi cÖ‡f`KiY Kivi ci Rvbv hvq †h, ADF I KPSS 

Dfq AfxÿvqB wb‡ ©̀k K‡i ‡h, `yBevi cÖ‡f` Kiv avivwU wbðj| cÖ_g I wØZxq cÖ‡f`K…Z aviv 

evB‡i †_‡K †`L‡jI g‡b nq †h, wØZxq cÖ‡f`K…Z wmwiRwUi avivwU wbðj|  
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mviwY 2: GKK g~j hvPvB‡qi (Unit Root Test) djvdj 

cÖ‡f`K…Z 

(Differenced) 

ADF Test KPSS Test gšÍe¨ 

cÖeYZv e¨wZZ 

(Without trend) 
cÖeYZvmn  

(With Trend) 

cÖeYZv e¨wZZ 

(Without trend) 

cÖeYZvmn 

(With Trend) 

0 p>0.99 p>0.99 p<0.01 p<0.01 bv 

1 p<0.01 p<0.01 p<0.01 p<0.01 AwggvswmZ 

2 p<0.01 p<0.01 p>0.10 p>0.10 nu¨v 

wPÎ 3 wRwWwc avivi wØZxq `dvq cÖ‡f`K…Z ¯^qs mnm¤^Ü Av‡cÿK (autocorrelation 

function) Ges AvswkK ¯^qs mnm¤^Ü Av‡cÿ‡Ki (Partial autocorrelation function) 

Awa‡ÿÎ wb‡q MwVZ| ¯^qs mnm¤^Ü Av‡cÿK lag-1 G Kvh©KvwiZv nvivq Ges ejv †h‡Z cv‡i 

lag-1 Gi ci ¯^qs mnm¤^Ü Av‡cÿK‡K wb:‡kl g‡b nq| GUv MA(1) g‡Wj wbe©vP‡bi 

ZvwM` †`q| Ab¨w`‡K AvswkK ¯^qs mnm¤^Ü Av‡cÿ‡Ki lag-3 ch©šÍ Kvh©KvwiZv _v‡K Ges 

lag-3 Gi ci GUv wb:‡kl n‡q hvq, hv AR(3) g‡Wj wbe©vP‡bi Bw½Z †`q| 

wPÎ 3: ¯̂qs mnm¤̂Ü Av‡cÿK I AvswkK ¯^qs mnm¤̂Ü Av‡cÿK  

 

UxKv: cÖ_g mvwii wPÎ¸‡jv (evg †_‡K Wv‡b) h_vµ‡g jMvwi`g AvKv‡i Av‡qi ¯^qs mnm¤^Ü Av‡cÿK (ACF), 

Av‡qi lag-Gi cÖv_wgK cv_©K¨ Ges Av‡qi lag-Gi wØZxq cv_©K¨ wb‡`©k K‡i| wØZxq mvwii wPÎ¸‡jv (evg 

†_‡K Wv‡b) h_vµ‡g jMvwi`g AvKv‡i Av‡qi AvswkK ¯^qs mnm¤^Ü Av‡cÿK (PACF), Av‡qi lag-Gi 

cÖ_g cv_©K¨ Ges Av‡qi lag-Gi wØZxq cv_©K¨ wb‡`©k K‡i|  

Drm: ch©‡eÿYK…Z DcvË †_‡K M‡elKØ‡qi wnmve|  
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hv‡nvK, Av‡MB ejv n‡q‡Q, ¯̂qs mnm¤̂Ü Av‡cÿK Ges AvswkK ¯^qs mnm¤^Ü Av‡cÿK 

bgybv wb‡f©Rvj AR(p) ev MA(q) g‡Wj mbv³ Ki‡Z Kvh©Ki Dcvq evZ‡j †`q| wKš‘ wgkÖ 

ARMA g‡W‡ji †ÿ‡Î Gi ZvwË¡K ¯^qs mnm¤^Ü Av‡cÿK I AvswkK ¯^qs mnm¤^Ü Av‡cÿ‡K 

A‡bK Ak~b¨ gvb (nonzero value) _v‡K hv ¯^qs mnm¤̂Ü Av‡cÿK I AvswkK ¯^qs mnm¤̂Ü 

Av‡cÿK bgybv †_‡K wgkÖ g‡Wj mbv³ Kiv RwUj K‡i †Zv‡j| ZvB Avgiv we¯Í…Z ¯^qs mnm¤^Ü 

Av‡cÿK (EACF) e¨envi K‡iwQ (‡`Lyb Aby‡”Q` 3.1)| mviwYwU‡Z wRwWwci wØZxq cÖ‡f`K…Z 

j‡Mi ai‡bi bgybv we¯Í…Z ¯^qs mnm¤^Ü Av‡cÿK ‡`Lv‡bv n‡q‡Q| G ai‡bi mviwY‡Z 

MA(p,q) cÖwµqvq k~b¨ MwVZ wÎfz‡Ri ZvwË¡K MVb‣kjx _v‡K †hLv‡b †kl we› ỳi evg evû 

ARMA web¨vm msjMœ nq| we¯Í…Z ¯^qs mnm¤^Ü Av‡cÿK mviwY ARMA (0,1) g‡W‡ji 

QKe× iƒc (schematic pattern) wb‡ ©̀k K‡i| wÎfz‡Ri Dc‡ii evg evûi kxl© we›`y 0 cÖZxK 

Øviv wbw`©ó Kiv n‡q‡Q Ges †iLvwU p=0 mvwi Ges q=1 Kjv‡g Aew¯’Z, hv ARMA (0,1) 

g‡W‡ji Bw½Zevnx| †h‡nZz `yBevi cÖ‡f`KiY Kivi ci gv_vwcQz wRwWwc avivwUi jM wbY©q Kiv 

hvq, ‡m‡nZz c~e©vfv‡mi †ÿ‡Î ARIMA (0, 2, 1) g‡Wj e¨envi Ki‡Z nq|  

mviwY3: bgybv we Í̄…Z ¯^qs mnm¤̂Ü Av‡cÿK (EACF) 

AR/MA 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

0 X 0* 0 0 0 0 0 0 0 0 0 0 0 0 

1 X X 0 0 0 0 0 0 0 0 0 0 0 0 

2 X 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 X 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 X 0 0 0 X 0 0 0 0 0 0 0 0 0 

5 0 0 X X 0 0 0 0 0 0 0 0 0 0 

6 X 0 0 X 0 0 0 0 0 0 0 0 0 0 

UxKv: “X” I “0” h_vµ‡g Ak~b¨ (non-zero) I k~b¨ (zero) cwigvY wb‡`©k K‡i| ev¯Í‡e Ak~b¨ I k~‡b¨i gvÎv 

wbY©q Kiv nq we¯Í…Z ¯^qs mnm¤^Ü Av‡cÿK (EACF) Gi bgybvi gva¨‡g Ges MA
1 
g‡W‡ji †ÿ‡Î Barlett 

Gi m~Îvbymvix we¯Í…Z ¯^qs mnm¤^Ü Av‡cÿK (EACF) Gi cÖv°wjZ Av`k© ÎæwU wbY©‡qi gva¨‡g| mviwY †_‡K 

Rvbv hvq †h, 0 wÎfzR AvKv‡i Ae¯’vb K‡i hvi cÖvšÍ we› ỳØq n‡jv 0,1 hv wmwi‡Ri web¨vm‡K ‡evSvq Ges hv 

ZviKvØviv wPwýZ Kiv n‡q‡Q|  

Drm: R e¨envi K‡i M‡elKØ‡qi cÖv°jb|  

cwi‡k‡l, wewfbœ ai‡bi Z_¨ •ewkó¨ cÖ‡qvM K‡i Avgiv h_vh_ ARIMA g‡Wj †LuvRvi 

†Póv K‡iwQ|  mviwY 4-G wewfbœ ai‡bi ARIMA g‡W‡ji Dci cÖhy³ wfbœ wfbœ Z_¨ •ewk‡ó¨i 

djvdj ‡`Lv‡bv n‡q‡Q| djvdj †_‡K ‡`Lv hvq †h, AIC, BIC I AICC, ARIMA (0,2,1) 

Øviv msKzwPZ (minimized) nq| ZvB evsjv‡`‡ki gv_vwcQz wRwWwci jM c~e©vfv‡m GB 

g‡WjwUB e¨envi Kiv n‡q‡Q| 
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mviwY 4: wewfbœ g‡W‡ji Z_¨ •ewkó¨  

Model AICc AIC BIC 

ARIMA (0,2,0) -159.25 -159.33 -157.38 

ARIMA (1,2,0) -168.41 -168.45 -164.74 

ARIMA (0,2,1) -187.09 -187.33 -183.42 

ARIMA (0,2,2) -184.98 -185.48 -179.62 

ARIMA (1,2,1) -184.92 -185.42 -179.56 

ARIMA (1,2,2) -182.61 -183.46 -175.65 

UxKv: mviwY‡Z wewfbœ g‡W‡ji †ÿ‡Î wewfbœ Z_¨ •ewkó¨ †`Lv‡bv n‡q‡Q| mviwYi wØZxq Kjv‡gi bgybv AvK…wZ‡Z 

AvKvBK Z_¨ •ewkó¨ (Akaike information Criterion-(AICc) ms‡kvab mn‡hv‡M †`Lv‡bv n‡q‡Q| Z…Zxq 

Kjv‡g Akaike information Criterion Ges PZz_© Kjv‡g Bayseane information Criterion ‡`Lv‡bv 

n‡q‡Q| †gvUv Aÿi wewkó (bold faced) msL¨v cÖ‡Z¨K Z_¨ •ewk‡ó¨i b~¨bZg gvb wb‡`©k K‡i| djvdj 

†_‡K ‡`Lv hvq †h, AIC, BIC I AICC (0,2,1) g‡Wj Øviv msKzwPZ|  

Drm: R e¨envi K‡i M‡elKØ‡qi cÖv°jb|  

4.3| g‡Wj cÖv°jb (Model Estimations) 

Avgiv wewfbœ ‣ewk‡ó¨i wfwË‡Z ARIMA g‡W‡ji mwVK jM •`N©¨ (log length) wbY©q 

Kivi ci åvwšÍmg~n ¯^vfvweKfv‡e eÈb Kiv n‡q‡Q e‡j a‡i wb‡q m‡e©v”P m¤¢ve¨ A¨vjMwi`g 

(Maximum Likelihood Algorithm) Gi wfwË‡Z g‡WjwU ARIMA (0,2,1) wbe©vPb 

K‡iwQ| mviwY 5-G cÖv°j‡bi djvdj †`Lv‡bv n‡q‡Q| Abygvb Kiv nq †h, (t-1) ch©v‡qi 

(period) ‣`e AwfNvZ t ch©v‡qi ‣`e AwfNvZ‡K cÖfvweZ K‡i| djvdj †_‡K Rvbv hvq †h, 

(t-1) ch©v‡qi ‣`e AwfNvZ Zvrch©c~Y©|  

mviwY 5: ARIMA (0, 2, 1) g‡W‡ji cÖv°wjZ mnM 

AvMvg wb‡ ©̀kK 

(Predictor) 
mnM cÖwgZ åvwšÍ 

t- value 

MA 1 -0.87 0.06 -14.50 

UxKv: mviwY‡Z ARIMA (0,2,1) g‡W‡ji cÖv°wjZ mn‡Mi gvb †`Lv‡bv n‡q‡Q| AKvh©Ki DcZË¡wU (null 

hypothesis) Ggb †hLv‡b (t-1) ch©v‡qi ‣`e AwfNvZ t ch©v‡qi wRwWwc‡K cÖfvweZ K‡i bv| MA(1) 

mn‡Mi mv‡_ mswkøó t Gi gvb Abyhvqx Avgiv AKvh©Ki DcZË¡wU (null hypothesis) ev` w`‡Z cvwi, A_©vr 

(t-1) ch©v‡qi ‣`e AwfNvZ (random shock) t ch©v‡qi wRwWwc Abygv‡bi †ÿ‡Î Zvrch©c~Y©|  

Avgiv g‡W‡ji c~e©vfvm Kvh© (forecasting performance) Mo åvwšÍ (Mean Error), g~j 

Mo eM© åvwšÍ (Root Mean Square Error), Mo Abv‡cwÿK åvwšÍ (Mean Absolute Error), 

Mo kZKiv åvwšÍ (Mean Percentage Error), Mo Abv‡cwÿK kZKiv åvwšÍ (Mean 

Absolute Percentage Error), Ges Mo Abv‡cwÿK eM© åvwšÍi (Mean Absolute Square 
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Error) mvnv‡h¨ ch©v‡jvPbv K‡iwQ| wewfbœ g‡Wj wbe©vP‡bi †ÿ‡Î e¨eüZ wewfbœ åvwšÍi gvb 

mviwY 6-G †`Lv‡bv n‡q‡Q| mvwe©K we‡ePbvq ejv †h‡Z cv‡i †h, Ab¨vb¨ g‡W‡ji Zzjbvq 

ARIMA (0,2, 1) g‡W‡j åvwšÍ LyeB bMY¨| ZvB ARIMA (0,2,1) g‡WjwU Ab¨ †h‡Kv‡bv 

g‡W‡ji Zzjbvq fv‡jv KvR K‡i|  

mviwY 6: wewfbœ ai‡bi c~e©vfvm åwšÍi gvb 

 

ME RMSE MAE MPE MAPE MASE 

ARIMA (0,2,0) 0.00028 0.05034 0.03092 0.00416 0.55672 0.90547 

ARIMA (1,2,0) 0.000441 0.04506 0.02657 0.00645 0.47926 0.77803 

ARIMA (0,2,1)* 0.00354 0.03724 0.02439 0.05705 0.43612 0.71441 

ARIMA (0,2,2) 0.00344 0.03718 0.02398 0.05538 0.42883 0.70228 

ARIMA (1,2,1) 0.00348 0.03720 0.02416 0.05614 0.43194 0.70746 

ARIMA (1,2,2) 0.00362 0.03720 0.02451 0.05839 0.43803 0.71779 

UxKv: Kjvg 2 ‡_‡K 7 h_vµ‡g Mo åvwšÍ (Mean Error), g~j Mo eM© åvwšÍ (Root Mean Square Error), Mo 

Abv‡cwÿK åvwšÍ (Mean Absolute Error), Mo kZKiv åvwšÍ (Mean Percentage Error), Mo 

Abv‡cwÿK kZKiv åvwšÍ (Mean Absolute Percentage Error), Ges Mo Abv‡cwÿK eM© åvwšÍ (Mean 

Absolute Percentage Error) †`Lv‡bv n‡q‡Q| me‡P‡q Kg åvwšÍhy³ g‡WjwUB ARIMA (0,2,1) g‡Wj, 

hv ZviKv Øviv wPwýZ Kiv n‡q‡Q|  

4.4| mbv³ hvPvB (Diagonstic Checking) 

Avgiv GKB wP‡Î (†`Lyb wPÎ 4) wZb ai‡bi mbv³KiY mvgwMÖ (tools) †`wL‡qwQ| h_v: 

Av`k© ‡f`v‡¼i ch©vqµwgK Awa‡ÿÎ, ‡f`v‡¼i ¯̂qs mnm¤^Ü Av‡cÿK (ACF) bgybv Ges 

Ljung-Box test cwimsL¨v‡bi P-gvb|  wPÎ 4 Gi c¨v‡bj A wRwWwc wmwi‡Ri j‡Mi mv‡_ 

hyrmB ARIMA (0,2,1) g‡W‡ji cÖwgZ ‡f`v‡¼i Awa‡ÿÎ wb‡ ©̀k K‡i| cÖgxZKi‡Yi gva¨‡g 

A¯̂vfvweK AvK…wZi ‡f`v¼ AviI ¯úófv‡e hvPvB Kiv hvq| m‡e©v”P m¤¢ve¨Zv bxwZ e¨envi K‡i 

w¯’wZgvc (parameters) ch©v‡jvPbv Kiv n‡q‡Q| GLv‡b wmwi‡Ri ïiæ‡Z m¤¢ve¨ evowZ cwieZ©b 

jÿYxq Ges wmwi‡Ri gv‡S I †k‡l msKzwPZ cwieZ©b jÿYxq, hv Av`k© ¯̂vfvweK eÈb e¨e¯’vq 

¯^vfvweK/cÖÖvK…wZK e¨vcvi bq| Av`k©MZ w`K †_‡K weMZ eQi¸‡jv‡Z „̀wó †`qv `iKvi Ges 

Rvbv `iKvi †Kvb evwn¨K welq¸‡jv gv_vwcQz Av‡qi (wRwWwci gva¨‡g cwigvcK…Z) eo ai‡bi 

n«vm ev e„w×‡Z f‚wgKv †i‡L‡Q|  

c¨v‡bj B wRwWwc wmwi‡Ri j‡Mi mv‡_ gvbvbmB ARIMA (0,2,1) g‡W‡ji ‡f`v‡¼i 

¯^qs mnm¤^Ü Av‡cÿK (ACF) bgybv cÖ`k©b K‡i| wPÎ †_‡K †`Lv hv‡”Q †Kv‡bv ¯^qs mnm¤^Ü 

Av‡cÿKB Avjv`vfv‡e cwimsL¨vbMZ w`K †_‡K Zvrch©c~Y© bq| ZvB GB wm×v‡šÍ DcbxZ 

nIqv hvq †h, wPÎwU ‡f`v‡¼ (in the residuals) cwimsL¨vbMZ w`K ‡_‡K ¸iæZ¡c~Y© †Kv‡bv 

Ak~b¨ ¯^qs mnm¤^Ü Av‡cÿ‡Ki Aw Í̄Z¡ wb‡ ©̀k K‡i bv|  
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c¨v‡bj C Ljung-Box Afxÿvi cwimsL¨v‡b P gvb wb‡ ©̀k K‡i| 5% Abyf‚wgK †Q` †iLv 

P gv‡bi AvKvi wePv‡i mnvqZv K‡i| G‡ÿ‡Î mewKQzB h_vh_ g‡b nq| wba©vwiZ (estimated) 

ARIMA (0,2,1) g‡Wj wRwWwc wmwi‡R j‡Mi mv‡cÿ MVb Lye fv‡jvfv‡eB AšÍ©fz³ K‡i e‡j 

g‡b nq| mviwY 7-G ¯^qs mnm¤^Ü Av‡cÿ‡Ki †ÿ‡Î Box-Pierce Ges Ljung-Box Afxÿvi 

djvdj ‡`Lv‡bv n‡q‡Q| ‡Kv‡bv †ÿ‡ÎB Avgiv AKvh©Ki DcZË¡wU ev` w`‡Z cvwi bv, A_©vr hyM¥ 

(joint) DcZË¡ hvi A_© wbw`©ó j¨vM ch©šÍ mKj ¯^qs mnm¤^Ü Av‡cÿK hyMcrfv‡e k~‡b¨i 

mgvb| myZivs GB wm×v‡šÍ DcbxZ nIqv hvq †h, Gw÷‡g‡UW g‡W‡ji ‡f`v¼ (residual) 

‡nvqvBU b‡qR|  

mviwY 7: ‡nvqvBU b‡qR Afxÿvi djvdj 

Afxÿvi bvg P gvb gšÍe¨ 

Ljung-Box 0.96 ‡Kv‡bv ¯̂qs mnm¤̂Ü †bB 

Box-Pierce 0.99 ‡Kv‡bv ¯̂qs mnm¤̂Ü †bB 

UxKv: GB mviwYwU †nvqvBU b‡qR Afxÿvi djvdj wb‡`©k K‡i| G‡ÿ‡Î Avgiv `yB ai‡bi Afxÿv e¨envi 

K‡iwQ| h_v: Ljung-Box Afxÿv  Ges Box-Pierce Afxÿv| P gvb Lye †ewk nIqvq ‡Kv‡bv Afxÿv‡ZB 

Aw¯ÍZ¡nxb ¯^qs mnm¤^Ü Av‡cÿ‡Ki †ÿ‡Î AKvh©Ki DcZË¡ ev` †`qv nq bv| ZvB wba©vwiZ g‡W‡j ‡f`v¼ 

(residual) ‡nvqvBU b‡qR e‡j cÖZxqgvb nq|  

wPÎ 4: mbv³ hvPvB‡qi djvdj  

 
UxKv: c¨v‡bj A wRwWwc wmwi‡R j‡Mi mv‡_ m½wZc~Y© ARIMA (0,2,1) g‡W‡ji Av`k© ‡f`v‡¼i Awa‡ÿÎ wb‡`©k 

K‡i| GLv‡b wmwi‡Ri ïiæ‡Z evowZ cwieZ©b Ges wmwi‡Ri gv‡S I †k‡l msKzwPZ cwieZ©b jÿYxq, hv 

†Kv‡bv cÖgxZ ¯^vfvweK eÈ‡b ¯^vfvweK e¨vcvi bq| c¨v‡bj B wRwWwc wmwi‡Ri j‡Mi mv‡_ gvbvbmB 

ARIMA (0,2,1) g‡W‡ji ‡f`v‡¼i ¯^qs mnm¤^Ü Av‡cÿK (ACF) bgybv cÖ`k©b K‡i| wbwðZfv‡eB ejv 

hvq †h, wPÎwU cwimsL¨vbMZ w`K †_‡K Zvrch©c~Y© ‡f`v‡¼i Ak~b¨ ¯^qs mnm¤^Ü Av‡cÿ‡Ki ‡Kv‡bv cÖgvY 

†`q bv| c¨v‡bj C Ljung-Box Afxÿvi cwimsL¨v‡b P gvb wb‡`©k K‡i| Gi †_‡K Rvbv hvq †h, P-gvb 

Lye †ewk nIqvq g‡W‡ji ‡f`v¼ (residual) ‡nvqvBU b‡qR|  

Panel C 

  Panel B 

     Panel A 
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‡f`v‡¼i ¯̂vfvweKZvI hvPvB Kiv n‡q‡Q| ‡f`v¼ †nvqvBU b‡qR wKbv Zv hvPvB‡qi cÖ_g 

avc n‡jv Gw÷‡g‡UW g‡W‡ji ‡f`v¼ mbv³ Kiv| wPÎ 5-G wRwWwc wmwi‡Ri j‡Mi mv‡_ 

m½wZc~Y© ARIMA (0,2,1) g‡W‡j ‡f`v‡¼i Awa‡ÿÎ ‡`Lv‡bv n‡q‡Q| wP‡Î wmwi‡Ri ïiæ‡Z 

(1980 mvj ch©šÍ) D‡jøL‡hvM¨ cwieZ©b Ges Zvici †_‡K µgn«vmgvb cwieZ©b ‡`Lv hvq| 

ZvB evwn¨K `„wó‡Z ‡f`v¼‡K ¯̂vfvweK g‡b nq bv|  

wPÎ 5: ARIMA (0,2,1) g‡Wj †_‡K cÖvß †f`v‡¼i Awa‡ÿÎ 

 
UxKv: wP‡Î wRwWwc wmwi‡Ri j‡Mi mv‡_ gvbvbmB ARIMA (0,2,1) g‡W‡j ‡f`v‡¼i Awa‡ÿÎ †`Lv‡bv n‡q‡Q| 

wP‡Î wmwi‡Ri ïiæ‡Z (1980 mvj ch©šÍ) D‡jøL‡hvM¨ cwieZ©b jÿ Kiv hvq Ges Gi ci †_‡K µgn«vmgvb 

cwieZ©b ‡`Lv hvq| ZvB evwn¨K `„wó‡Z ‡f`v¼‡K ¯^vfvweK g‡b nq bv| 

Gici Avgiv ‡f`v‡¼i evi‡jL (Histogram of the residuals), Q-Q Awa‡ÿ‡Î Ges 

¯^vfvweK‡Z¡i  Shapiro-Wilk Afxÿvi gva¨‡g ¯^vfvweKZ¡ hvPvB K‡iwQ| wPÎ 6 Gi c¨v‡bj A 

ARIMA (0,2,1) g‡W‡ji ‡f`v‡¼i evi‡jL (Histogram) wb‡ ©̀k K‡i| wPÎvbyhvqx ‡f`v‡¼i 

eÈb ¯^vfvweK bq, eis Wvb w`‡K Zxh©K (FYvZ¥K)| wPÎ 6-G wRwWwc wmwi‡Ri j‡Mi Rb¨ 

wba©vwiZ ARIMA (0,2,1) g‡W‡j ‡f`v‡¼i quantile-quantile Awa‡ÿÎ †`Lv‡bv n‡q‡Q| 

we›`y¸‡jv msjMœfv‡e mij †iLv Abyhvqx nq, hv we‡kl K‡i cig gv‡bi Abymvix nq bv| 

wPÎ‡jL Abyhvqx g‡W‡ji åvwšÍ ch©v‡qi ¯^vfvweKZ¡ ev` †`qv hvq| AwaKš‘ ‡f`v‡¼ cÖhy³ 

Shapiro-Wilk Afxÿvi gva¨‡g ¯^vfvweKZ¡ Afxÿv w=0.84 djvdj †`q, hv 0.00-Gi p-

g~j¨gv‡bi mgvb| ZvB GB Afxÿvi wfwË‡Z ¯^vfvweKZ¡ cÖZ¨vL¨vb Kiv hvq| myZivs GB wm×v‡šÍ 

DcbxZ nIqv hvq †h, wba©vwiZ ARIMA (0,2,1) g‡W‡ji ‡f`v¼ ¯v̂fvweK bq|  
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wPÎ 6: ‡f`v‡¼i evi‡jL I Quantile-Quantile Awa‡ÿÎ  

 
UxKv: evg cv‡ki wP‡Î ARIMA (0,2,1) g‡W‡j ‡f`v‡¼i evi‡jL (Histogram) ‡`Lv‡bv n‡q‡Q| wPÎ ‡_‡K †`Lv 

hvq †h, ‡f`v‡¼i eÈb Wvb w`‡K Zxh©K (abvZ¥K), hv ¯^vfvweK bq| Wvb cv‡ki wP‡Î ‡f`v‡¼i quantile-

quantile Awa‡ÿÎ †`Lv‡bv n‡q‡Q| we›`y¸‡jv‡K Nwbôfv‡e mij‡iLvi AbyMvgx g‡b nq bv| we‡kl K‡i 

cig gv‡bi AbyMvgx g‡b nq bv| wPÎ‡jL Abyhvqx g‡W‡ji åvwšÍ ch©v‡qi ¯^vfvweKZ¡ cÖZ¨vL¨vb Kiv hvq| 

myZivs, †`Lv hv‡”Q †h, cÖ¯ÍvweZ ARIMA (0,2,1) g‡Wj ¯^vfvweK kZ© Qvov mKj kZ© (criteria) c~iY K‡i| 

GRb¨ c~e©vfvm wbY©‡q Bootstrapping ARIMA g‡Wj e¨envi Kiv n‡q‡Q| Bootstrap c×wZ ‡Kv‡bv 

¸Y‡Ki AwbðqZv wbe©vP‡b weKí Dcv‡qi e¨e¯’v K‡i Ges ‡QvU cwim‡ii bgybvi ‡ÿ‡Î GwU A‡cÿvK…Z 

wbf©~j c×wZ wn‡m‡e KvR Ki‡Z cv‡i (Cryer and Chan 2008)| 

4.4| c~e©vfvm (Forecasting) 

Box-Jenkins cÖYvjxi †kl avc Abyhvqx evsjv‡`‡ki 12 eQ‡ii gv_vwcQz wRwWwci 

c~e©vfvm wbY©q Kiv n‡q‡Q|  wPÎ 7-G 95 kZvsk Bootstrapping Av¯’v-weiwZmn 2014 mvj 

†_‡K eZ©gvb ch©šÍ AbywgZ gv_vwcQz wRwWwci cÖeYZv †`Lv‡bv n‡q‡Q| bxj †iLvq c~e©vfvm 

†`Lv‡bv n‡q‡Q Ges Mvp bxj I nvjKv bxj `vMvw¼Z As‡k h_vµ‡g 80% I 95% c~e©vfvm 
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weiwZ †`Lv‡bv n‡q‡Q| wmwi‡Ri c~e©vfvm µgea©gvb cÖeYZv wb‡`©k K‡i, hvi gv‡b nj cieZx© 

`kK Ry‡o gv_vwcQz wRwWwc evo‡ZB _vK‡e| A_©bxwZ‡Z wbqwš¿Z Pj‡Ki cÖfveRwbZ Kvi‡Y 

wRwWwci cwieZ©b Rvb‡Z c~e©vfvm I Zvi cÖe„w×i nvi Rvbv Acwinvh©| Awbqwš¿Z PjK hw` 

weMZ eQi¸‡jvi b¨vq AcwiewZ©Z _v‡K, Zvn‡j A`~i fwel¨‡Z wRwWwci welq¸‡jv wb®úwË 

Ki‡Z ÔK‡jei wfwËK c~e©vfvmÕ(point based forecasts) wba©viY I Zvi mnMvgx cÖe„w×i nvi 

wbY©q Kiv †h‡Z cv‡i (Maity and Chatterjee 2012)| Ab¨ `yB ai‡bi c~e©vfvm cÖ`vb I 

Zv‡`i cÖe„w×i nvi wbY©‡qi †ÿ‡Î mg-Avw½‡Ki ¸YMZ e¨vL¨v †`qv †h‡Z cv‡i|  

wPÎ 7: 2014-2025 mgqKv‡j Bootstrapped Av ’̄v-weiwZ mn gv_vwcQy wRwWwci c~e©vfvm  

 

4.5| c~e©vfvm g~j¨vqb (Forecast Evaluation) 

Dcv‡Ëi mv‡_ wbe©vwPZ g‡WjwU KZUv gvbvbmB Zv Rvb‡Z AšÍivq Kvj wfwËK (holdback 

perod) c~e©vfvm m¤úbœ Kiv n‡q‡Q| hw` bgybvi AvK…wZ e„nr nq, †m‡ÿ‡Î Avgiv c~e©vfvm 

AšÍiv‡qi ch©vq wfwËK c~e©vfvm ch©v‡jvPbv Ki‡Z cvwi| g‡W‡j ‡gvU 54wU ch©‡eÿY †_‡K 

41wU ch©‡eÿY we‡ePbv Kiv n‡q‡Q| AZ:ci Avgiv evwK 13wU ch©‡eÿ‡Yi c~e©vfvm wbY©‡q 

me‡P‡q gvbvbmB g‡WjwU e¨envi K‡iwQ|cieZ©x av‡c Avgiv ev¯Íe gv‡bi mv‡_ AbywgZ gv‡bi 

Zzjbv K‡iwQ| ev Í̄e gvb I AbywgZ Ges Awa‡ÿ‡Îi gv‡bi g‡a¨ cv_©K¨ wbicY Kivi GKwU 

c×wZ n‡jv †iLv †_‡K k~b¨ ch©šÍ GUvi gvb KZUv e`jvq Zv ch©‡eÿY Kiv| †iLv mgZjKiY 

k~‡b¨i mvgvb¨ wePz¨wZ DËg c~e©vfvm cÖ`v‡bi ÿgZv wb‡ ©̀k K‡i| wPÎ 8 ‡_‡K †`Lv hvq †h, 

ARIMA (0,2,1) g‡Wj Dcv‡Ëi mv‡_ fv‡jvfv‡eB gvbvbmB|  
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wPÎ 8: AšÍivq ch©vq wfwËK c~e©vfvm  

 
UxKv: Kv‡jv `vMvw¼Z †iLv Avmj cÖe„w×i nvi wb‡`©k K‡i Ges bxj `vMvw¼Z †iLv cÖe„w×i AbywgZ nvi wb‡`©k 

K‡i| wPÎ ‡_‡K †`Lv hvq †h, AbywgZ msL¨v¸‡jv Av¯’v ej‡qi (confidence belt) AvIZvq c‡o| myZivs 

Gi †_‡K ‡evSv hvq †h, e¨eüZ g‡WjwU Dcv‡Ëi mv‡_ fv‡jvfv‡eB gvbvbmB|  

5| `vwi‡`ª̈ i c~e©vfvm wba©viY (An Application: Forecasting Poverty) 

Avq cÖe„w×i I `vwi‡`ª¨i g‡a¨ hw` cÖv‡qvwMK m¤úK© ¯’vcb Kiv nq, Zvn‡j Avgiv `vwi‡`ª¨i 

m¤¢ve¨ fwel¨r cÖeYZv Rvb‡Z wRwWwc cÖe„w×i c~e©vfvm e¨envi Ki‡Z cvwi| `vwi† ª̀¨i fwel¨r 

MwZcÖK…wZ Abyaveb Ki‡Z Avgiv `vwi ª̀¨ n«v‡mi (Ravallion 1995) cÖe„w× w¯’wZ¯’vcKZv e¨envi 

K‡iwQ| Dbœqbkxj †`kmg~n Ges evsjv‡`‡ki †ÿ‡Î cÖKvwkZ cÖe„w× w¯’wZ¯’vcKZv msµvšÍ Z_¨-

DcvË i‡q‡Q (Fosu 2011, Sautter & Schinke 1995, World Bank 2008)| †h‡nZz 

evsjv‡`‡ki †ewki fvM cÖv°jb †m‡K‡j, †m‡nZz GUv Lye GKUv Kv‡R Avm‡e bv; †Kbbv `vwi`ª¨ 

n«v‡mi cÖe„w× w¯’wZ¯’vcKZv mg‡qi mv‡_ cwieZ©bkxj| ZvB Lvbv Avq I e¨q Rwic (HIES) 

DcvË e¨envi K‡i ¯ ~’j w¯’wZ ’̄vcKZv wbY©‡qi †Póv Kiv n‡q‡Q| G‡ÿ‡Î 5 `dv Lvbv Avq I e¨q 

Rwi‡ci DcvË e¨envi Kiv n‡q‡Q, h_v: 1991/92, 1995/96, 2000, 2005 I 2010 mv‡ji 

DcvË| GLv‡b 1992-2010 mv‡ji `vwi‡ ª̀¨i cÖe„w× w¯’wZ¯’vcKZvi wfwË‡Z `vwi‡ ª̀¨i c~e©vfvm 

cÖ`vb Kiv n‡q‡Q| 1992 mvj †_K 2010 mgqKv‡j `vwi‡ ª̀¨i nvi 3.25 kZvsk n«vm †c‡q 

56.6 kZvsk †_‡K 31.5 kZvsk n‡q‡Q--evwl©K 3.25 kZvsk nv‡i K‡g‡Q| G mgq gv_vwcQz 

wRwWwc evwl©K 3.64 kZvsk e„w× cvq, hv 0.89 nv‡i w¯’wZ¯’vcKZv wb‡ ©̀k K‡i| wPÎ 9-G 

`vwi`ª¨ cÖe„w× w¯’wZ¯’vcKZvi wfwË‡Z `vwi‡`ª¨i cÖv°jb †`Lv‡bv n‡q‡Q| wPÎ †_‡K †`Lv hvq †h, 

G‡Z `vwi‡ ª̀¨i †h cÖv°jb Kiv n‡q‡Q, cÖK…Z Lvbv Avq I e¨q Rwi‡c cÖv°wjZ `vwi‡ ª̀¨i mv‡_ 

Zvi wgj i‡q‡Q| wP‡Î `vwi‡ ª̀¨i 95 kZvsk EaŸ©mxgv I wb¤œmxgvmn gv_vwcQz wRwWwc cÖv°j‡bi 
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wfwË‡Z `vwi‡ ª̀¨i c~e©vfvm †`Lv‡bv n‡q‡Q| gv_vwcQz wRwWwci c~e©vfvm †_‡K Rvbv hvq †h, 

2025 mvj bvMv` `vwi‡ ª̀¨i nvi K‡g cÖvq 17 kZvs‡k `uvov‡e|  

wPÎ 9: cÖe„w× wfwËK `vwi‡`ª¨i c~e©vfvm 

 

6| Dcmsnvi  

G cÖe‡Ü 1959-2010 mgqKv‡ji UvBg wmwiR DcvË e¨envi K‡i wcwcwc iƒcvšÍwiZ 

gvQvwcQz wRwWwc Ges cieZx© `k‡K evsjv‡`‡k wRwWwci cÖe„w×i nvi wbY©q Ki‡Z ARIMA 

g‡Wj wbe©vPb Kiv n‡q‡Q| gv_vwcQz wRwWwc wmwi‡Ri c~e©vfvm wRwWwci DaŸ©Mvgx cÖeYZv wb‡ ©̀k 

K‡i, Avi wRwWwc cÖe„w×i c~e©vfvm †_‡K Rvbv hvq †h, cieZx© `kK Ry‡o cÖe„w× n‡e 5 

kZvs‡ki KvQvKvwQ (eZ©gvb mg‡qi cÖe„w×i Zzjbvq †ek fv‡jv)| bxwZ wba©viKe„›` I e¨emv 

cwiPvjbKvix‡`i †ÿ‡Î G M‡elYv Z‡_¨i we‡kl ¸iæZ¡ i‡q‡Q| mvgwóK A_©‣bwZK PjK wb‡q 

KvR K‡ib Ggb bxwZ wba©viK‡`i Rb¨ DËg bxwZ cÖYq‡b G M‡elYvi djvdj mnvqK n‡Z 

cv‡i| †hme e¨emv cwiPvjbvKvix e¨w³eM© we`¨gvb e¨emvi cÖmvi NUv‡Z wewb‡qvM Ki‡Z Pvb, 

A_ev bZzb e¨emv Pvjy Ki‡Z Pvb, ZvivI G M‡elYv K‡g©i djvdj †_‡K DcK…Z n‡e; †Kbbv 

Zviv M‡elYv djvdj †_‡K A_©bxwZi MwZ-cÖK…wZ m¤^‡Ü AvMvg aviYv jvf Ki‡eb| GQvov 

†hme †ÿ‡Î A_©bxwZi c~e©vfvm cÖ‡qvRb, †mme †ÿ‡Î G M‡elYvi Dc‡hvwMZv i‡q‡Q| hv‡nvK 

G‡ÿ‡Î mwVK DcvË msMÖn c×wZ wbe©vPb Ki‡Z (cwimsL¨vbMZ A‡_©) †ek K‡qKwU cš’v 

Aej¤ ^b Kiv cÖ‡qvRb Ges †m Abyhvqx KvR Ki‡Z n‡e| G‡ÿ‡Î mbv³ hvPvB LyeB ¸iæZ¡c~Y©|  
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G M‡elYvi †ek wKQz mxgve×Zv i‡q‡Q| cÖ_gZ, mwVK ARIMA g‡Wj wbe©vPb Kivi 

welqwU e¨w³wbô| ZvB wbe©vwPZ g‡W‡ji Kvh©KvwiZv A‡bKvs‡kB mswkøó e¨w³i (c~e©vfvm 

cÖ`vbKvix e¨w³) AwfÁZv I `ÿZvi Dci wbf©i K‡i (Meyler et al. 1998)| wØZxqZ, 

ARIMA g‡W‡j cwimsL¨vb g‡W‡ji cÖPwjZ ÎæwU¸‡jvI we`¨gvb, †hgb: g‡W‡ji mij 

A_©‣bwZK e¨vL¨vi Abycw¯’wZ (D`vniY¯̂iƒc, wbe©vwPZ p Ges q Gi †ÿ‡Î A_©‣bwZK hyw³) Ges 

Gi c~e©vfvm msµvšÍ mxgve×Zv (Frain 1995)| ZvQvov `xN©‡gqv‡` ARIMA g‡W‡ji ‡P‡q 

mywbw ©̀ó eûPjKxq g‡Wj fv‡jv KvR K‡i|  

Gme mxgve×Zv  m‡Ë¡I ARIMA g‡Wj we‡kl K‡i ¯^í‡gqvw` c~e©vfvm wbY©‡q AZ¨šÍ 

Kvh©Ki wn‡m‡e cÖgvwYZ n‡q‡Q Ges ¯^í‡gqvw` c~e©vfvm wbY©‡qi mÿgZvi w`K w`‡q G g‡Wj 

Ab¨vb¨ AZ¨vaywbK KvVv‡gvMZ g‡W‡ji †P‡q fv‡jv djvdj cÖ`vb K‡i (Stockton and 

Glassman 1987, Litterman 1986)| myZivs wRwWwci c~e©vfvm wbY©‡q G M‡elYvq e¨eüZ 

ARIMA ‡K․kj Ab¨vb¨ c~e©vfvm †K․kj g~j¨vq‡b ïay GKwU †eÂgvK© wn‡m‡eB KvR K‡i bv, 

c~e©vfvm wbY©‡qi GKwU Dcv‡qiI e¨e¯’v K‡i|  
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