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lkjka'k
Hkkjr dh vf/kdk¡'k tula[;k —f"k ij fuHkZj gSA Hkkjr esa —f"k eq[;r% :i ls o"kkZ ij fuHkZj gSA Qly dh cksokbZ] dVkbZ]
<qykbZ bR;kfn ekSle ij fuHkZj djrh gSA ,slh fLFkfr esa cnyrh tyok;q —f"k dk;ksZ esa cnyko yk ldrh gSA ;fn fdlku
dks ekSle xfrfof/k;ksa vkSj Qly mRiknu ij bu xfrfof/k;ksa ds çHkko dk iwokZuqeku gks tk;s rks —f"k dk;ksZa dks mfpr
le; ij djus dh lgh ;kstuk cukbZ tk ldrh gSA bl ckr dks /;ku esa j[krs gq,] bl ys[k esa cnyrh tyok;q
ifjfLFkfr;ksa esa —f"k ds oLrq mRiknu dk iwokZuqeku yxkus ds fy, fofHkUu lkaf[;dh rduhdksa dk o.kZu fd;k x;k gSA

eq[; 'kCn% tyok;q ifjorZu] —f"k oLrqvksa dk mRiknu] lkaf[;dh; e‚My] Qly mit iwokZuqekuA
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ABSTRACT
India is a country with an agrarian economy in which majority of its population rely on agriculture
directly as their source of livelihood. Climate has a very significant role in agricultural production. It
predominantly influences growth of the crop, development of the crop and eventually crop yield.
Climate also significantly influences the outbreak of disease and pest; it affects the requirement of
water by the crop. Possible changes in weather factors, like precipitation, temperature and CO2
concentration are expected to have a significant impact on crop growth. If farmers are able to predict
the weather activities and are aware of the effect of these activities on crop production, then it will be
beneficial to them as a feasible plan can be devised synchronizing the crop production activities as
per changes in the climatic conditions. In view of tackling the aforementioned problem, this article
describes various statistical techniques that can play a crucial role in forecasting production of
agricultural commodities changing climatic conditions.
Key words:  Climate change, Crop yield forecast , Production of agricultural commodities,

            Statistical models.

—f"k mRiknu esa tyok;q dh cgqr egRoiw.kZ Hkwfedk gSA ;g
eq[; :i ls Qly dh of̀)] Qly ds fodkl vkSj varr%
Qly dh mit dks çHkkfor djrk gSA tyok;q jksx vkSj

dhV ds çdksi] ikuh dh vko';drk bR;kfn dks egRoiw.kZ
:i ls çHkkfor djrh gSA blds vfrfjä tyok;q] moZjd
dh vko';drk dks Hkh fu/kkZfjr djrk gS D;ksafd feêh ds
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iks"kd rRoksa dh xfr'khyrk tyok;q ls çHkkfor gksrh gSA
lkaL—frd lapkyu dh çHkkodkfjrk Hkh tyok;q ls fu/kkZfjr
gksrh gSA ekSle ds iSjkehVj esa dksbZ Hkh mrkj&p<+ko ;k
fopyu Qlyksa dks uqdlku igqapk ldrk gS vkSj feêh dk
{kj.k Hkh dj ldrk gSA ekSle Qly dh mit dh xq.koÙkk
dks] [ksr ls HkaMkj.k rd vkSj mlds cktkj rd ifjogu dks
Hkh fu/kkZfjr çHkkfor djrk gSA Qly ds ifjogu ds nkSjku
vuqdwy ekSle u gksus dh fLFkfr esa bldh xq.koÙkk ckf/kr
gks ldrh gS] blh rjg HkaMkj.k ds nkSjku [kjkc ekSle cht
dh 'kfä vkSj mldh O;ogk;Zrk dks [kjkc çHkkfor dj
ldrk gSA bl çdkj] —f"k dk gj ,d igyw ekSle dh
fLFkfr ds çfr laosnu'khy gSA

ekSle foKku ds vuqlkj] ekSle ,d fuf'pr LFkku
vkSj fn, x, le; ij LFkkfud vkSj lkFk gh vLFkk;h
fHkUurk fn[kkrs gSaA Qly ds ekeys esa y?kq vof/k ds ekSle
MsVk vkSj varj okf"kZd ekSle esa mrkj&p<+ko ij fopkj
fd;k tk ldrk gSA fdlh Hkh le;] vR;kf/kd eku ds
mldh dsaæh; çof̀Ùk ds eki ls fopyu dk ifjek.k] iSjkehVj
esa ekStwn ifjofrZrk dk ,d eki gSA le; bdkbZ de gksus
dh fLFkfr esa ekSle iSjkehVj esa ekStwn ifjofrZrk dh fMxzh
vf/kd gksrh gSA fofHkUu çdkj ds ekSle dkjdksa ds fy,
fHkUurk dk ifjek.k fHkUu gksrk gSA vLFkk;h :i ls vkSj
lkFk gh LFkkfud :i ls o"kkZ lHkh ekSle dks çHkkfor djus
okyh iSjkehVj esa lcls vf/kd vfLFkj gksrh gSA [kk| lqj{kk
;k iks"k.k lqj{kk ds y{; dh vksj ns[krs gq, gj ns'k ds fy,
Qly mRiknu dk iwokZuqeku yxkuk ,d pqukSrhiw.kZ dk;Z gSA

Hkkjr ,d —f"k ij fuHkZj ns'k gS tgka ns'k dh vf/kdka'k
vkcknh [ksrh ij fuHkZj gSA ns'k dh —f"k dk fodkl çeq[k
egRo j[krk gS D;ksafd ;g çR;{k vkSj vçR;{k :i ls
fdlkuksa] futh daifu;ksa vkSj ljdkjh {ks= ls tqM+k gqvk gSA
—"kd ds vuqlkj ,d ykHknk;d —f"k og gS tks csgrj
mit ds dkj.k ykHkdkjh ewY; çkIr djrh gSA blfy, iwoZ
Qly mit Hkfo";ok.kh —f"k xfrfof/k;ksa dh mfpr ;kstuk
cukus ds lkFk&lkFk j.kuhfrd foi.ku vkSj HkaMkj.k fu.kZ;
ysus ds fy, Qk;nsean gSA ?kjsyw [kk| vkiwfrZ] varjkZ"Vªh;
[kk| O;kikj] fu;kZr] vk;kr ds laca/k esa fofHkUu uhfr;ka
rS;kj djuk lkoZtfud vkSj futh {ks=ksa ds fy, cgqr egRoiw.kZ
gSA blfy,] ;g —f"k vkSj Qly dh mit ds fy, fo'oluh;
vkSj dq'ky iwokZuqeku i)fr;ksa dh vfr vko';drk gSA

tyok;q ifjorZu dk çHkko

—f"k mRiknu lh/ks rkSj ij tyok;q vkSj ekSle esa cnyko

ij fuHkZj djrk gSA ekSle ds dkjdksa tSls o"kkZ] rkieku vkSj
CO2 dh lkaærk esa laHkkfor ifjorZu ls Qly dh of̀) ij
egRoiw.kZ çHkko iM+us dh laHkkouk gksrh gSA CO2 ds nqxus
fu"kspu çHkko ds dkj.k oSf'od —f"k mRiknu esa of̀) gksus
dh laHkkouk gks ldrh gSA Hkkjr esa Hkh rkieku esa vf/kd
ekSleh cnyko 'kq: gksus dh laHkkouk gS D;ksafd lfnZ;k¡
xfeZ;ksa dh rqyuk esa xeZ gksrh tk jgh gSaA Hkkjr esa 1891 ls
2009 rd 23 lw[ks vdky dk bfrgkl jgk gS vkSj rc ls
lw[kk iM+us dh vkof̀Ùk c<+ jgh gSA tyok;q ifjorZu —f"k
vkSj [kk| lqj{kk ds fy, ,d cM+k [krjk iSnk dj jgk gSA
Hkkjr esa —f"k ds fy, lcls egRoiw.kZ fuos'k ikuh gS] D;ksafd
Hkkjr esa dqy [ksrh okys {ks=ksa dk 55% o"kkZ ij fuHkZj gSA
varr% ckjkuh —f"k i)fr esa] o"kkZ dh rhozrk vkSj forj.k
Qly mRiknu dks vf/kd gn rd çHkkfor djus okyk
lcls egRoiw.kZ dkjd cu tkrk gSA Hkkjr tSls fodkl'khy
ns'kksa esa] tyok;q ifjorZu ,d fpark dk fo"k; gS D;ksafd
ikfjfLFkfrd vkSj lkekftd vkfFkZd O;oLFkk igys ls gh
tula[;k of̀)] vkS|ksxhdj.k vkSj vkfFkZd fodkl ds dkj.k
çHkkfor gSaA oSf'od Lrj ij Hkh] oSf'od [kk| lqj{kk lqfuf'pr
djus ds fy, ;g laHkkfor :i ls fopkj djus ;ksX; eqík gSA

oSf'od [kk| lqj{kk

,d v/;;u ds vuqlkj ;g çekf.kr fd;k x;k gS fd lHkh
[kk| lqj{kk vk;ke% [kk| miyC/krk] [kk| mi;ksx] [kk|
vfHkxE;rk vkSj [kk| ç.kkyh fLFkjrk tyok;q esa ifjorZu ls
çHkkfor gksrs gSA tyok;q ifjorZu ls euq"; ds LokLF;]
vkthfodk] [kk| mRiknu vkSj forj.k ds ek/;eksa ij çHkko
iM+sxk] lkFk gh lkFk Ø; 'kfä vkSj cktkj çokg esa Hkh çHkko
iM+sxkA blds vYidkfyd vkSj nh?kZdkfyd nksuksa rjg ds
çHkko gksaxs] vYidkfyd çHkko vf/kd yxkrkj vkSj vf/kd
rhoz fljs ls ekSle dh ?kVukvksa ds dkj.k gksaxs] tcfd
nh?kZdkfyd çHkko rkieku esa ifjorZu vkSj o"kkZ ds vçR;kf'kr
iSVuZ ds dkj.k gksaxsA

ebZ 2007 esa] fo'o [kk| lqj{kk lfefr ds 33 osa l= esa]
,Q,vks ¼[kk| vkSj —f"k laxBu½ us [kk|&lqjf{kr nqfu;k
ds fy, vius –f"Vdks.k dh iqf"V djus ds fy, ,d c;ku
tkjh fd;k%

Þ,Q,vks fotu v‚Q ,s oyZ~M foFkkmV gaxj bt ou
bu fop eksLV ihiy vkj ,scy] ck; nselsYosl] Vw vkscVsu
n QwM ns uhM Q‚j ?u ,fDVo ,aM gsYFkh ykbQ] ,aM os;j
lks'ky ls¶Vh usV~l ?u'kksj nsV nkst gw ysd fjlkslsZt fLVy
xsV ,uQ Vw bVß ¼,Q,vks] 2007½A
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tyok;q ifjorZu vkSj [kk| lqj{kk nksuksa ,d lkFk
feydj lacaf/kr tksf[keksa] ikfjfLFkfrdh vkSj lekt nksuksa ds
fy, vfuf'prrkvksa dks mRiu dj ldrk gSA

[kk| lqj{kk ds :i esa —f"k dks f}xqf.kr ykHk gksrk gS]
lcls igys] blls [kk| mRiknu gksrk gS ftls yksx [kkrs gSa]
vkSj lcls egRoiw.kZ ;g gS fd ;g lap;h oSf'od dk;Zcy
ds 63% ds fy, vkthfodk dk çkFkfed lzksr gSA varjkZ"Vªh;
Je laxBu] 2007 ds vuqlkj Þ,f'k;k vkSj ç'kkar ds ?kuh
vkcknh okys ns'kksa esa] ;g fgLlk 40 ls 50% rd gS] vkSj
mi&lgkjk vÝhdk esa] nks&frgkbZ dkedkth vkcknh vHkh
Hkh —f"k ls viuk thou ;kiu djrh gSA^^

blfy,] vÝhdk vkSj ,f'k;k ds vfodflr vkSj
fodkl'khy ns'kksa tgk¡ ,d lhekar vFkZO;oLFkk gS] ;fn
çfrdwy tyok;q ifjorZu —f"k mRiknu dks çHkkfor djsxk]
rks ;g xzkeh.k xjhcksa dh vkthfodk ij fouk'kdkjh çHkko
Mkysxk] ftlls os [kk| vlqj{kk ds çfr vf/kd laosnu'khy
gks tk,axsA

ekStwnk MsVk ÝseodZ ds ckjs esa

—f"k mRiknu dk orZeku jk"Vªh; ifj–';

—f"k Hkkjr dh vFkZO;oLFkk dh jh<+ gSA Hkkjr nw/k] nky vkSj
twV dk nqfu;k dk lcls cM+k mRiknd gS] vkSj pkoy] xsgwa]
xUuk] ewaxQyh] lfCt;ka] Qy vkSj dikl dk nwljk lcls
cM+k mRiknd gS ¼,Q,vks] 2018½A Hkkjr elkyksa] eNyh]
eqxhZ ikyu] i'kq/ku vkSj o{̀kkjksi.k Qlyksa ds mRiknu esa Hkh
egRoiw.kZ ;ksxnku nsrk gSA Hkkjr esa vf/kdka'k vkthfodk —f"k
vkSj blls tqM+s {ks=ksa ij vk/kkfjr gSA blds yxHkx 70%

xzkeh.k ifjokj vHkh Hkh viuh vkthfodk ds fy, eq[; :i
ls —f"k ij fuHkZj gSa] ftlesa 82% fdlku NksVs vkSj lhekar

gSa ¼tux.kuk] 2011½A /kj ,V vy] ¼2018; 2017½ esa] ,Q,vks
us dqy [kk|kUu mRiknu dk 275 fefy;u Vu ¼,eV½ gksus
dk vuqeku yxk;k FkkA Hkkjr fo'o esa nkyksa dk lcls cM+k
mRiknd ¼oSf'od mRiknu dk 25%½] miHkksäk ¼fo'o [kir
dk 27%½ vkSj vk;krd ¼14%½ gSA Hkkjr dk okf"kZd nw/k
mRiknu 165 ehfVªd Vu ¼2017&18½ Fkk] Hkkjr nw/k] viw.kZ
twV vkSj nkyksa dk lcls cM+k mRiknd cu x;k Fkk ¼,Q,vks
fjiksVZ] 2018½A fo'o es Qy ¼10-9%½ vkSj lCth ¼8-6%½ ds
mRiknu esa ns'k dk egRoiw.kZ ;ksxnku gSA

;|fi fiNys dqN o"kksaZ esa mRiknu esa i;kZIr of̀) gqbZ
gS] ysfdu çof̀Ùk ds ckjs esa i;kZIr ifjofrZrk Hkh gSA Hkkjrh;
Qly mRiknu ds 1960&2018 dky Jà[kyk MsVk ds vuqlkj
dkVs x, {ks= vkSj mit ¼,Q,vks] 2018½ dks fp= 1 esa
n'kkZ;k x;k gSA ekSle vkSj tyok;q esa ifjorZu'khyrk dks
iSnkokj esa lky&nj&lky mrkj&p<+ko dk çkFkfed dkj.k
ekuk tkrk gSA mnkgj.k ds fy,] nf{k.k&if'pe ekulwu dh
vfuf'prrk ds dkj.k o"kZ 2017&18 ds fy, Qly mRiknu
de jgkA e‚ulwu dh ckfj'k lkekU; ls de Fkh ftlus
2017&18 esa leLr Qly mRiknu dks cqjh rjg çHkkfor
fd;kA fp= 2 o"kZ 2018&19 vkSj 2019&20 ds fy, Qly
mRiknu ifj–'; dks n'kkZ;k x;k gSA

—f"k oLrq mRiknu dh e‚Mfyax vkSj iwokZuqeku ls
lacaf/kr lkaf[;dh; rduhdsa

xf.krh; vkSj lkaf[;dh; e‚My

—f"k mRiknu vkSj ewY; iwokZuqeku fdlkuksa] ljdkjksa ds
lkFk&lkFk —f"k vk/kkfjr m|ksxksa ds fy, ewY;oku gSA pwafd
[kk| mRiknu dk ns'k dh [kk| lqj{kk esa fo'ks"k LFkku gS]
blfy, ljdkjsa —f"k iwokZuqekuksa ds eq[; vkiwfrZdrkZ vkSj

fp= 1% 1960 ls 2018 rd Hkkjr esa Qly mRiknu ifj–';A
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mi;ksxdrkZ nksuksa cu xbZ gSaA uhfr;ksa dks ykxw djus ds fy,
iwokZuqekuksa dh vko';drk gksrh gS] tks cnys esa —f"k {ks= ds
fy, rduhdh lgk;rk çnku djrs gSaA

Qly dh mit ij ekSle ds çHkko vkSj oLrq mRiknu
ds iwokZuqeku ds fofHkUu lanHkZ lkfgR; esa miyC/k gSaA fQ'kj
¼1925½ us lkIrkfgd o"kkZ dks /;ku esa j[krs gq, xsgwa dh
mit ij ekSle ds çHkko dk o.kZu fd;kA mit dh Hkfo";ok.kh
ds fy, cS;j ¼1977½ us Qly ekSle e‚My rS;kj fd;kA
gky ds le; esa] lqnwj laosnu vk/kkfjr i)fr ¼çlkn]
2006; cLlks] 2013½ yxkrkj yksdfç;rk çkIr dj jgh gS]
mixzg MsVk vius vLFkk;h dojst] o.kZØeh; vkSj LFkkfud
ladYiksa ds dkj.k Qly ds ekSle ds vklikl —f"k dh mit
vkSj mRiknu dk vuqeku yxkus ds fy, dkQh ykHk çnku
djrs gSaA

gkykafd] muesa dfe;ka Hkh gSa tSls fd fodkl'khy ns'kksa
esa] NksVs vkdkj ds [ksrksa esa Lrjh—r —f"k ç.kkfy;ksa esa ;g
mi;qä vkSj fdQk;rh ugha gks ldrhA blds vykok] mit
ds iwokZuqeku ds fy, ikS/kksa ds y{k.kksa ij vk/kkfjr xf.krh;
e‚My] mnkgj.k ds fy,] ikS/kksa ds LokLF; dh tkap djus ds
fy, iÙkh ds jax dk vkdyu ds fy, bLrseky fd;k tk
ldrk gS tgka ikS/ks ds 'kkjhfjd y{k.kksa ds voyksdu dh
fu;fer ç.kkyh ekStwn gS ¼ykscsy ,V vy] 2012½A gkykafd]
xf.krh; e‚My dh rqyuk es lkaf[;dh; e‚My vDlj
iwokZuqeku ds mís';ksa ds fy, mi;ksx fd, tkrs gSaA lkaf[;dh;
e‚My miyC/k lwpukvksa dh fofHkUu Jsf.k;ksa dks 'kkfey
djus vkSj ,sls e‚Myksa dks varfuZfgr çfØ;k ds vf/kd
çfrfuf/k cukus esa Hkh vuqdwyuh; gSa ¼lsye ,V vy] 2016½A
lcls vf/kd mi;ksx fd, tkus okys lkaf[;dh; mit
iwokZuqeku e‚My çfrxeu e‚My gSa ¼dqekj ,V vy] 2011;
cFkZy ,V vy] 2014½ tks vkerkSj ij jSf[kd e‚Mfyax <kaps

}kjk lacaf/kr lgk;d tkudkjh dk mi;ksx djrk gS; vkfJr
pj dh ifjorZu'khyrk dks le>kus esa ;s lgla;kstd çeq[k
Hkwfedk fuHkkrs gSaA blfy,] bl çdkj ds e‚Myksa dh lVhdrk
ds fy,] egRoiw.kZ lglaca/k okys lgla;kstdksa dh ,d mfpr
la[;k egRoiw.kZ gSA

Qly dh mit T;knkrj ekSle ifjorZu'khyrk vkSj
rduhdh ifjorZu ls çHkkfor gksrh gSA ;g ns[kk tk ldrk
gS fd le; ds lkFk mit esa of̀) rduhdh dkjdksa ds
uohuhdj.k ds dkj.k gks ldrh gS blds vfrfjä ekSle Hkh
,d ,slk dkjd gS ftldk mit ij çHkko iM+rk gS]
blfy,] Qly dh mit ij ekSle vkSj çkS|ksfxdh ds lexz
çHkko dk v/;;u djus ds fy,] o"kZ ds lkFk&lkFk] le;
ds vU; ekinaMksa dks /;ku esa j[kk tkuk pkfg,A ,sfrgkfld
vkadM+ksa ds vk/kkj ij le; Jà[kyk iwokZuqeku e‚My Qly
mit ds iwokZuqeku ds fy, mi;qä fodYi gks ldrs gSa
¼pêksik/;k; ,V vy] 2011½A tc fiNys o"kZ ds MsVk dks
lgk;d pj ds :i esa mi;ksx fd;k tkrk gS] rks os ekSle]
ekStwnk çkS|ksfxdh dkjdksa vkSj vU; lHkh lacaf/kr lgla;kstdksa
ds lap;h çHkko ¼feJk ,oa /keZjkt] 2020½ dks /;ku es
j[k ldrs gSaA vxys mi/kkjk esa lekJ;.k e‚My] lkaf[;dh;
le; J̀a[kyk e‚My dk foLrkj ls o.kZu fd;k x;k gSA

jSf[kd lekJ;.k vkSj le; Jà[kyk e‚My }kjk mit dk
iwokZuqeku

jSf[kd çfrxeu ,d ,slh fof/k gS tks pj ds chp jSf[kd
laca/k LFkkfir djus dk ç;kl djrh gSA eku yhft,] y
ijrU= pj gks vkSj X1,…,Xm; m Lora= pj gksaA fQj]
jSf[kd lekJ;.k lehdj.k dks xf.krh; :i ls O;ä fd;k
tk ldrk gSA

 
fp= 2% Hkkjr esa gkfy;k Qly mRiknu ifj–';A

y = 01X1 +...+ MXm + 
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tgka] 1’s (i = 1,...,m) vKkr iSjkehVj gS vkSj =qfV gS
ftls leku vkSj Lora= :i ls forfjr ekuk tkrk gS vkSj
ftldk vkSlr 'kwU; vkSj çlj.k fLFkj gSA lekJ;.k lehdj.k
esa 'kks/k ds vKkr e‚My iSjkehVj dk vuqeku yxkus ds fy,
uewuk MsVk dk mi;ksx fd;k tk ldrk gSA ,d lgk;d
okys lekJ;.k lehdj.k dks ljy lekJ;.k e‚My ds :i
esa tkuk tkrk gS vkSj ,d ls vf/kd lgk;d gksus dks cgqpj
lekJ;.k lehdj.k ds :i esa tkuk tkrk gSA dky J̀a[kyk
esa eq[; :i ls MsVk le; ds lkFk ,d= fd;k tkrk gSA
bl Jà[kyk nwljs ls vyx gS D;ksafd bl esa Hkfo"; voyksdu
,d çlaHkkO; çØe rjhds ls fiNys voyksduksa ij fuHkZj
djrs gSa] tks Hkfo"; dh Hkfo";ok.kh djus ds fy, mi;ksxh
gSA le; Jà[kyk dh lgk;rk ls] ,sls e‚My [kkstuk laHko
gS tks varfuZfgr xfr'khyrk dks çfrfcafcr djrs gSa vkSj
blfy, Jà[kyk çof̀Ùk ds vkxs iwokZuqeku ds fy, fopkj
fd;k tk ldrk gSA v‚Vksjsxzsflo ewfoax ,ojst ¼ARMA½
çFke vUos"kd e‚My gS tks vDlj jSf[kd lajpuk e‚My dks
n'kkZus ds fy, mi;ksx fd, tkrs gSaA dky J̀a[kyk esa le;
dh çof̀Ùk vkSj@;k pØh; fHkUurk tSls ?kVd gksrs gSa tks
fLFkj ,-vkj-,e-,- dh {kerk ls ijs gksrs gSaA bu ?kVdksa
¼çof̀Ùk vkSj pØh; ?kVdksa½ dks varj ysdj J̀a[kyk ls gVk;k
tk ldrk gS] vkSj bls ,d fLFkj ARMA ?kVd ds lkFk
rS;kj fd;k tk ldrk gSA bl ifj.kkeh J̀a[kyk dks v‚Vksjsxzsflo
baVhxzsVsM ewfoax ,ojst ¼ARIMA½ ds :i esa tkuk tkrk gSA
  {y1} ek ,-vkj-bZ-,e-,- ¼p, d, q½ e‚My gS] ;fn bls bl
çdkj n'kkZ;k tk ldrk gS]

tgka] p= v‚Vksjsxzsflo v‚MZj] q= ewfoax ,ojst v‚MZj]
d= fMQjsaflax v‚MZjA p (B) vkSj q (B) Øe'k% AR vkSj
MA cgqin gSaA

{1} dks LVS.MMZ okbV u‚bt çfØ;k (standard white
noise process) ds :i esa ekuk tkrk gS tks vkSlr 'kwU;
vkSj fujarj çlj.k 2 ds lkFk çlkekU; caVu dk ikyu
djrk gSA ARIMA çfØ;k esa rhu pj.k gSa igpku] vuqeku
vkSj uSnkfud tkapA igpku vkSj vuqeku ds fy,] ARIMA

e‚My ds iSjkehVj dk p;u fd;k tkrk gS vkSj vuqeku
yxk;k tkrk gS vkSj uSnkfud tkap ds pj.k esa] vLFkk;h :i
ls p;fur e‚My dh i;kZIrrk dk ijh{k.k fd;k tkrk gSA
;fn e‚My i;kZIr ugha gS] rks pj.k nksgjk, tkrs gSa tc rd
fd v/;;u ds rgr MsVk J`a[kyk ds fy, ARIMA e‚My
dk p;u ugha fd;k tk,A

bl v/;;u esa] jktLFkku ds vyoj ftys esa cktjs dh
Qly dh mit dh Hkfo";ok.kh dks fjxzs'ku] ARIMA vkSj
ARIMAX e‚My ds ek/;e ls fd;k x;k gSA cktjk mRiknu
esa jktLFkku Hkkjr esa çFke LFkku ij gSA jktLFkku ds ekSle
dh fLFkfr T;knkrj vukt tSlh Qlyksa dh [ksrh ds fy,
pqukSrhiw.kZ gSA tqvkj QSlys tSls cktjk] jkT; dh eq[;
[kk| vko';drk dks iwjk dj jgk gSA

fiNys 4 o"kksaZ ls] jktLFkku ds ftyksa esa ls vyoj ftyk
esa cktjs dh lcls vf/kd mit ntZ dh x;h gSA blfy,]
bl v/;uu esa vyoj] jktLFkku esa cktjk dh mit
ifjorZu'khyrk vkSj Hkfo";ok.kh dk v/;uu djus dk ç;kl
fd;k x;k gSA bl mís'; ds fy, MsVk ¼1997 ls 2016 rd
cktjk mit MsVk½ —f"k lkaf[;dh ,V , Xykal ls fy;k
x;k gS ¼http://eands-dacnet-nic-in½A Qly of̀) ds pj.kksa
dh tkudkjh ds vk/kkj ij lgk;d pj dk p;u fd;k
tkrk gSA cktjs ds thou pØ esa thih -I, thih -II, vkSj
thih -III ds :i esa rhu çeq[k pj.k gSa%
1½ thih -I ouLifr pj.kA
2½ thih -II çtuu pj.kA
3½ thih -III vukt Hkjus vkSj lq[kkus dk pj.kA

tSlk fd ge tkurs gSa] Qly of̀) ds çR;sd pj.k esa
fofHkUu ekSle iSjkehVj] tSls o"kkZ] rkieku vyx&vyx
gksrs jgrs gSaA 1 tqykbZ dks cqokbZ dh frfFk ekudj 1997 ls
2016 rd çR;sd o"kZ esa yxkrkj 81 fnuksa rd nSfud o"kkZ
¼feeh esa½ vkSj vkSlr rkieku ¼C½ ij MsVk ,d= fd;k x;k
gSA ekSle dk MsVk Hkkjr ty iksVZy ¼http://www-
indiawaterportal-org/met_data/½ ls fy;k x;k gSA Jth

pj.k esa Rj dks vkSlr o"kkZ vkSj Tj dks vkSlr rkieku ds :i
esa fy;k x;k ¼j= GP-I, GP-II vkSj GP-III½A Ng ekSle pj
dks R1, R2, R3 vkSj T1, T2, T3 ds :i esa n'kkZ;k x;k gSA

Qly dh c<+us ds 'kq#vkrh pj.kksa esa ue ekSle] gYdh
ckfj'k ds lkFk&lkFk rst /kwi mit ds fy, vPNk gksrk gSA

e‚My vkSj loksZÙke iwokZuqeku e‚My ds vuqHkotU;
çn'kZu dk vkdyu djus ds fy,] fofHkUu lR;kiu ekunaMksa
dk mi;ksx fd;k x;k gS]

p (B)d yt = q (B)t

d = (1 - B)d  vkSj B(Y1) = Yt-1

q (B)= 1 -1B1 = 1 - 1B - 2B2 - .... - qBq;
q

i=1

p (B)= 1 -1B1 = 1 - 1B - 2B2 - .... - pBp;
q

i=1
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lkis{k ek/; fujis{k =qfV çfr'kr ¼RMAE%½ =

tgk                 hth vkxs dh vof/k ds fy, iwokZuqeku
ewY; vkSj okLrfod ewY; ds chp dk varj gS vkSj bls
iwokZuqeku =qfV ds :i esa tkuk tkrk gS; n ijh{k.k MsVk lsV
¼o"kZ 2014&2016½ dh ek=k gSA

lkis{k ek/; pqdrk iwokZuqeku =qfV ¼RMSPE½ =

ek/; fujis{k =qfV ¼MAE½ =

lcls de RMAE (%), RMSPE vkSj MAE okys e‚My
dks lcls vPNk e‚My ekuk tkrk gSA

rkfydk 1 2014] 2015 vkSj 2016 ds fy, cktjs dh
okLrfod cuke vuqekfur mit çLrqr djrh gSA rkfydk 2
esa RMAE%, RMSPE vkSj MAE ds eku fn[kk, x, gSaA
rqyukRed v/;;u ls irk pyrk gS fd ikjaifjd çfrxeu
e‚My dh rqyuk esa le; J̀a[kyk iwokZuqeku e‚My esa csgrj
Hkfo";ok.kh {kerk gksrh gS; vkSj ;g Hkh fd ARIMAX,
ARIMA ls csgrj lkfcr gqvk gSA çsfMDVj ds :i esa ekSle
pj dks tksM+dj ARIMAX e‚My ds çn'kZu esa ARIMA ij
lq/kkj fd;k x;k gSA MsVk lsV dk lÙkj çfr'kr e‚My ds
çf'k{k.k ds fy, mi;ksx fd;k x;k gS ,oa 'ks"k rhl çfr'kr
ijh{k.k ds fy, mi;ksx fd;k x;k gSA

çR;sd Qly dks b"Vre mit ds fy, fo'ks"k —f"k&
tyok;q ifjfLFkfr;ksa dh vko';drk gksrh gS] blfy, e‚My

dh Hkfo"; dgusokyk 'kfä esa lq/kkj ds fy, tyok;q
ifjorZu'khyrk ds Kku dks 'kkfey fd;k tk ldrk gSA ;g
Hkfo";ok.kh fdlkuksa ds fy, —f"k i)fr;ksa ds laca/k esa
vko';d fu.kZ; ysus esa lgk;d gks ldrh gS vkSj Hkfo"; esa
Qly mRikndrk esa lq/kkj dj ldrh gS; ljdkj vkxkeh
o"kksaZ ds fy, fofHkUu fu;kstu fu.kZ;ksa ls Hkh fopkj çkIr dj
ldrh gSA

gky ds ?kVukØe

fiNys n'kdksa ls] fofHkUu e'khu yfuaZx rduhdksa us —f"k esa
Qly mRiknu ds iwokZuqeku esa cgqr /;ku vkdf"kZr fd;k
gSA Qly dh iSnkokj dk vuqeku yxkus ds fy, Hkfo";ok.kh]
oxhZdj.k] çfrxeu vkSj DyLVfjax tSlh rduhdksa dk mi;ksx
fd;k tkrk gSA —f=e raf=dk usVodZ ¼ANN½] liksVZ osDVj
e'khu ¼SVM½] fMlhtu Vªh ¼DT½] ukbo cs;l ¼NB½
Hkfo";ok.kh ds mís';ksa ds fy, mi;ksx fd, tkus okys dqN
yksdfç; ,Yxksfjne vkSj i)fr gSaA vLFkk;h mit J`a[kyk
dh Hkfo";ok.kh ds fy, ,,u,u cgqr vk'kktud lkfcr
gqvk gSA i‚y vkSj flUgk ¼2016½ us Qly mit MsVk dk
mi;ksx djrs gq, jSf[kd ARIMA e‚My ij ANN dh
Js"Brk dk çn'kZu fd;kA dkSy ,V vy] ¼2005½ us oSf'od
Qly mit iwokZuqeku ds fy, ,d cgq&e‚My leosr
i)fr dk mi;ksx fd;kA dqekj ,V vy] ¼2019½ us Hkkjr esa
pkoy dh mit dh Hkfo";ok.kh ds fy, SVM vk/kkfjr
oxhZdj.k e‚My fodflr fd,A nkl] ¼2020½ us —f"k ewY;
vkSj Qly dh mit ds iwokZuqeku ds fy, fofHkUu e'khu
yfuaZx rduhdksa dks ykxw fd;kA fMfolsdjk] ¼2020½ us yky
elwj dh cktkj dh dher dk vuqeku yxkus ds fy, lfjek
e‚My dk bLrseky fd;k gSA
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