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ABSTRACT

Dconomctnc anal\sr\ can be donc b) crlher cl?rssrcal rnfcrcnlral rpproach or Balcsran

rnferenlral approach Re!re$ of lrtcralurc \ho\!\ ih.rl Classrcal aPProach ts popular

!vhrle sludrcs rclatcd l() apphcauon of Ilale\ran econometrrc technrqucs are rarel)

a,'arlabl. rn rhc lrleralurc of applred cconomclnL\ HenLc apPlrcauon of Ba)cs,an

rnlercntral approach for eslrmJlron ofmonc) demand ftrncilon rs lhe marn obieclrtc of

lhrs stud) Monc] demrnd functron rs stlccrfied Jnd lh.n data oflhc rclc\anl !arrablcs

of Pahstan econom\ arc collccled tiom \arrous Issucs of Palrnan Fconomrc Sunc)

l\lodel_r p.mmelers arc srmula(cd under noninlormalr\c and rnformaltvc paors t\hrle

conductrngMCMC srmularroDsusrngCrhhs\amplrnq tlnrlormpnorsaretakcnrsnon-

rnformau\c pnors \hrle Norfial-(,.rnrmr pflors arc lalcn as rnformatr!c pnors Hlper

paramctcrs of rnformrlr!e prx)r den\rl\ arc ehcrtcd usrnE PV mcthod ol clrcrlalron

Srmularcd rcsulrs sho\\ rhar JlEregrle demand and pflcc lc\cl pos,trvel) atlccl mone\

d.mand rn Pal,\ran c.onom\ lnlcrc\l rrle rn\':r\th rll_eci\ mont\ demand SIzc of

paramcre^ ma\ bc consrdered lor lllonclaD polrc) aclrons l\lorco!cr. precrston ol

model rs larger rn ca5e ol rnlormau\c pnors as comparc lo non-rnformalr\c pnors ll

rmphes rhal eLcrlalron ofhrpcr paromclcrs on lhc blsrs ofe\p(ns oprnron rs us€ful for

thc modcl undcr consrdcrauon Allhcend poslcnor predrclr\c drslnbutron rs den\cd

and monc) dcmand r! prcdrcred for drflerenr le\.1\ ol rnteresr ralc



CHAPTER I

INTRODUCATION

Sialrslrcs rs lhc sclcncc lhat communrcatcs rnformalron to panrLUlar rnqurne5 ol

rireresr ll has spread apphcatrons rn drlTerent ficlds lr[c conrncrcc cnSrneenng

medrc.rl scrcnces socral scrcnces apph.d and narural sclcnces elc lt rs not thc scrcncc

ol_ onl) galhenng rnformalron bul rl also pro\rdes a set ol_ lool\ lor anal)4ng

clanfyrng, modelrng and understandrng thc ph.nomena on lhe basrs ol ,nformatron

Rcsearch rn slalrstrcs can be calegoized rnlo l\ro llpc\ rc lheorelrcll and

applred slalrstrcs Theorctrcal slar5lrcs deals s(h the detck)pmcnl ol rule\ and

tcchnrques lbr collecuon- prcsenlalron and anal\srs ol rhc drra Uhrle applrcarron of

thcsc tcchnrques rn ord.r ro anal)ze a parlrcular phenomenon lrcs rn lhc arca ofapphcd

\lJlr\lrc\ l-ach oflhcsc rso arcas can funhcr bc classrlled b) l\\o app(raches lhrl rs

cl35srcal approach and lla\esran approach Ba)esran and lrequcflrst m.lhodologrcs

ha\edrstrnctpornlsof\rcs ln Balcsran procedure trrpresumclh.rlrhcdaraundcrlhc

obsenrtron rs fi\ed and modcl paramclcrs irre rrndom \\hcrcas rn frcqucn sl

proccdurc presumad modcl \ pJramelers to bc consrant

ln tlalcsran procedurc pnor rnformalron rs rncorporled rnlo c\rslrnS

rnformatron lo acqurred rmproved rnformatton \noNn as poslcflor rnlomr.Iron Jnd

cnlrrc c\.urrnarron rs accomplrshcd on lhe basrs ofthrs rmpro\cd Lnor!ledee UhereJs

the enlrrc rcsulls rn frequenirsl Jpproach arc based on onl\ lh. currcnl rnlbrmauon rn

lrequenlrn anal\sls estrmrt()rr are cmplolcd ro eslrmarc thc lruc \ alucs ol lhe un[no\\n

paramclcrs lts rnlerence grvci a complcle drnnbulron of lhc prrameleA lla\csran



analvsrs depends on the paramcrers of the postcnor drstnbutron cnd provrdes

summanes ofrhts drslnbutron on lhe basrs ofprobabrlrl) On thc olherhand uearc

unable to havc dlrccl probabrltstrc analyies rn frequcnrr\t proccdurc Frequenlrsl

proccdurc ls based on the samplrng drslrrbuuon ol csnmalor oI p.rramctcr\ Jnd

Irovrdcs pammeters pornr estrmales and rherr \trndard errors.a Eell a\ confidence

rnlerval ln frcqucnxsr procedure conlidcncL' rnrenal do not havc uncomplrcarcd

cnuncrauon as docs Ba\csran credrble rnrenal

llcncc rt ma) be concludcd here rhat applrca0on ot Baresran rnferencc mar

prolrdc bctt€r resulls as comparcd ro classrcal lnlcrcnca rn ordcr to anahzc an\

parlrcular phenomcnon Ho\rever rhe lriemture sho\\\ \er) Irmrred such srudres thal

contarn .pplrcalron of Balcsran rnlcrentral procedurc to gcneral |ncar regresslon

model Hcnce, apphcalron ofBa\esran approach for modclrng oIa rea] Ihenomenon

ma\ be a srgnrficant contrrbulron ln research lttcraturc

Monete+ poltc\ ts constdercd as the most rmpon.rnl dcmand manaBement

ma(roeconomrc pollc\ \vhtch pla\s an rmponJnl rolc to !ounlcr short run fluclualrons

ln lhe economv Succcssful monclan p('llc) acUon\ Jre lmlonanl 10 slahlltze lhe

economvwhllemlslecdtngacltonsofmonelanpoltc\mJlersdc\lah)ltzelhceconom]

Sldte Bank of Pallstan has been ,ol]o$rng moncrar\ Iargetrng slraleg\ lvhcre mone\

suppN rs adjustcd 10 meer mone) demand rn ordcr lo achrr-\e equrhbnum rn the

economy Hcnce role of monc\ demand has srgnrlicance tor su€cesslll monclar)

polrc\ aclrons rn Palrstan and accurale tno\lcdgc rboul dc]crmrnanls of mone\

dcmand rn thc cconom) rs \eO rmponaDt A number of studr.s a\arlable tn the

llteraturc contarntng mone\ dcmand funclrons oflhe pdkrstan econom\ as \\cll as of

othcr economrcs ol lhc world ln all thcsc srudres classrcat economctnc lechnrqucs

ha!c been used lo esomale thc mode15 Thcrcrs|osuch\lud\a\arlablernrhcIl.rarrre



that conlJrns monev dcmand hrnctron esltmarcd h\ B.1]eslan approach llencc.

applrcauon of BaycslJn tnlirencc lo esumatc and anal\sts ofmone) demaDd functlon

usrng data of Pahstan cconom\ ma\ bc a slgntficanl conlnbutron tn the lltcralurc of

applred cconomelncs and Strxsrrcs Kceprng rn vres lhc abo\. drscusston. thc

follo\lrng ob)ectrvcs arc spcLrfied rn rhc proposed stud\

ObjcctrYcs of thc studv

The le) obtcctrvci ofour slud\ are follo\s

> Esrrmatton ofMone) Dcmand Funcrron ofpalrstan Econom) b) Lmplolug

Balcstan Economelnc Technrqucs

> Economctnc Anal)srs oI the Phenomcna hY tjsrnB Non rnformalrve and

rnformattve pnor

- Companson ofth. rcsuhs under rntormalr!e rnd non,rnlormalve prrors

> PoLcy Anal\srs uslng MCNrC srmulalrons

z To grve polrc\ rmplrcalron

fo achreve lhese hrScrs. outlrnes ol lhe prcscnt slud) are rs follo\\s

Chiptcr 2 rs conccrned $rth lhc basrc elemenls ol Ba\cs,an srauslrcs \,r! c

present Ba\cs Theorem and Ba\esran m.thodoloq\ l\,lcMC srmulatron and Balcsran

approach and pnor drsrflbulron ( rnlormalrvc and non-rnlormalr!e) Wc srmrlarl\ define

the MCMC srmulatron rhrough Crbbs samlhng.lnd ehcrtatron postcnor drstrrbunon

and postcnor predrclr\,e drslnbulron rrc also c\plarned The deinruon ol mone)

monc! dcmand and lhe rmporlancc of mone\ ar€ .rlso prortded rn rhrs chaprcr

Comnrehcnsr!c re,'re\\ ol lhe.\rsirnB hleralure ot rhc Ra\csran regresston and

csnmatron oi mone\ demand ofPahsran rs presenled



ln Chaplcr l. \c presenr specrficaton oI lhe mod.l and de5cflplron ofthe mone\

demend modcl urlh nolalron Poslcnor drsrrrbulrons usrng rnformanv. and non-

rnformau\e pnon arc dcfl!ed Moreo\er MCM(' srmulalrons usrng Crbbs samplrng

dcsr8n clrcrlalron of h)per par.rmelers and drtlircnl dragno\rc lests are e\plarned rn

lhrs chaplcr Chparer-.1 conlarn\ resulr5 rnd drscus\ron shrl. rhe lasr chaprer conrarns

conclusron ol lhe slud\



CHAPTER 2

LITERATURE REVIEW

2.1. Inlroduction to Beyesian Analysis

Ilarcsran proccdure rs consrd.red sLrpenor lo lhe classrcat rpproach duc lo

rncorporalron of pnor rnformatnn Balcsran pcrspccn\e r\ bJsrcalh blsed upon

rmplcmentatron of Bales theore tlnder Balcslan tnference paramclcrs are

consrdcrcd as random \aflable\ and hence. lhcrr cslrmales are srmulaled lhrough

conslruconS probabrlrl\ densrl) luncrrons on rhc basrs oI al1 a\atlable Inlormatron

Whrlc rn classrcal approach paramctcrs are consrdercd to be constanl

2.2. Balcs Thcorcm end Brlesien Nlcthodologr

Io rnlroducc lhc Ilalcsran merhodolog) supposc 4 rl Il arc lNo randonr

laflables Ac(ordrng lo rhe condrrronal probabrlrt\ Bc can \nlc a\

p(A, B) = p(B) p(AlR)

p(A, R) = p(A)p(BlA)

p(B)p(AlB) = p(RlA)p( A)

P(BlA)P( A)
,re1at = 161-

Compafl nB lhrs dual srarernent for p (A,R) and reordenng g)\c us Nrlh Ralcs

rulc



Supposc y bc a lcclor or matn\ ofdrta and 0 bc a \cclor ol lhc paramclcrs lor

a modcl \\hrch \ear!h ro descnbe an e\planatron ofy Wc ha\e lhe rnformatron aboul

B based on y Thrs !,rn be achrcvcd b\ employrng Bales rule ln l]rlesran $e $ould

\uhsrrlLrle B b\ 'r'Jnd / b) I ro obrarn rhe follo\rng form

p(oli =po!e)p@)

The lemeldensrr) !an be e\presscd as

plqly) d p(ylq)p(0) ,

*here p(dly) rs Ihe posrenor densrl) p(yJ0) rs lhc lrkclrhood funcron and p(9) rs lhe

pnor densrr) thrs rs frcquently menironed as posreoor rs proponronal lo lrlclrhood

rrmes pnor loop' (1001)

The modellrng e\trmatron and rnfcrcnccs rn Ba)csran mclhodolo-q) conrarn\ lhe

- Derl\.rrxrr ol Llelrhood funclron

z Con\irucrx)n ol d pnor drslnbulron for the paramctcrs ol lhc modcl

z l)cn\nrron ofrhc poslcnor dr\rnbulron lorihcmrxlel prrarncters

> App[calron of\rmulalron proc.dure lo esumale paramcters oflhc modcl

> Predrctron rhrough posrcno. prcdrcu\'. drsrflbulron

ln usual Ba)esran srarrstrcal rnf.rencc lhe marn ob]cclLe rs lhal to acqurrc lhc

posrenor drslnburnn of model prramclcrs Thc poslenor drslflhulron can be bcst

comprchcnd as a rerShred r!erJg. among [.nowl.dgc aboul thc paramctcrs carlrcr dala

rr observed (\hrch r\ represenred b) the pnor drstrrbutron) and thc rnlbrnalron ahoul

rhe p.rrrmcren hold rnsrde rn lhe obsened dara (\\hrch rs rcprcsenlrd b\ rhc lrLclrhord

lin(rron) FromaBJlesrrnpornrol\reB an\ rnlercnlralqurslron crn be rcspondcd b)



a surtablc anallsrs oflhe posrenor drstnbulron B) garnrng lhc postenor drslflbulron

and also calculalcd thal pornl estrmalc and lnleryal esumales ofparrmctcrs. prcdrcnon

oulcomes lbr fulure lno$ledges and probabrhsirc rnfcrence ofh\tx)rhe\r\

2.3. Lrkclihood Function

$hrch rs tornl probahrhl\ densrl) funcuon thrs fuDclron rs consrdered for unrdcntrfied

parameler such as r The Llelrhood rs duc tolhc laluco[paramelerr lor*hrchthc

l-unclron t(n) has a lar8c lalue resp.clNcl) whrch rs lulher Ilel) lo be the nghl \aluc

of un'l'no$n paramctcr Thrs funclron consrsls of all rmponanr rnformalron and rs

The h\elrhood lLrnctron rs a collecnon of obsen atrons r e Xr X, X"

reprc\enred b] L(rr, Yr X2. X,) ll sho$s lhar lhe p(rbahrhr) dcnsrt)

lundron ol rnform.rron rs condrrronal on 7r b) /(xr. Xr x./n)

\lathemalrcall\ rhetornl densrl) can be e\pressed as

L(n, x1 x7 xn) = f(xj x,

2..1. Prior Distrrhulion

Pnor drstrtbulron r\ lhe core concept ol Baresrln slalrstrcr ll rs lon\t.ucled rn

order to rncorporatc crtra rnformatron aboul unccnarn paramclcrr uhen nnor

drsrnbulron ,s combrned Brlh currcnl rnformalton represenled b) lrlalhood rt re\u1ts

rn posrcnor drstrrbuuon Thc maJor drffcrcnce amonS cl&sical and Ba\esran approJch

rs lhc ulrllzlron of pnor drstrrbulron rn !anoui Jnal\sr\ Pnor dr\lnbulron rs lhe

probabrlrr\ drsrnbur(rn of rhe paramerers pro!rdrng \lJrr(,cJl rnlorm,rtron aboul

pararnelen, before derectrng or e\amrnrn_q thc rnfonnatron s hrch r\ \ eD cfltrcnl lor thc

modcl paramclcrs lhrs rnformalron predonrnanllr dcpcnds upon reserrchcr r

prcccdrng lno!\lcd-ec pcrsonal oprnrons or c\pen ludEemcnr lheorcrr.rl rnlormalron

hrnoncal rnformalroD or ma\ bc lhesc facls arc dcn\cd lrom irr.rarurc ln Rn!csran



concepl-rhePnordrstnbulronhasamalorrole,ncsUmalron_prnrcularl)$henthedala

docsn't provrde clear tnformaUon Pnor dlslflbulron rs marnl\ calegonTed as

rnformalrve and non-lnformalrrc pn0rS Some Julhors dr\lde rt rnlo four malor

branchcs \hrch are named as rnformalrlc non-rnfonnauvc leasl rnlormau\c and

!\eal,l) rnform.n!c

2.J.1. lnformainc Prior

lnformatrvc pflors are lhosc \hrch are nol conlroll€d b\ lrletrhood and has a

malor cfGcr on posrcnor drstnbutron Thesc pnor\ are propcr pnor and la\e a sell-

I(nolln densrt\ form The oulcomes of rnformarle pnor arc best appropnalc and

rclrable as compared ro non.rnformalr\c pnors The ulrhzauon of rnlormalr\c pflors

rccognrzes lhal cslrmarron nol onl! affccl the currenl lnoslcdge but also harc somc

ellccl on pflor lnformatton Thc maln sources ol tnformatr\e prors arc precedtng

sludrcs res.archer's pcrceprron rnlervre!!rn8 cs\entral e\pcns pub|sh.d *ork

closeness ihrou8h conjugac\ and olhcr rccords resuhrng sourccs B\ rncredsrng rhc

prccedrng rniormrtron lhc precrsron srll be rncrersed rt rhc current rnformauon

marched $rrh rhc precedrng

2.{.2. Non-lrformrtivc Prior

Non-rnformalr\c pflors are used !\hcn \e do nor usc subtrclr!e pnor duc ro

\ome rcasons ai menlroncd b\ man\ rulhors ln ltleraruras lhesc pnors don I concern

an) conlrorersral rnformalron bul lhese pnors gr\c a \olld proollo chance dala from

Srmrlarh lhesc pnor.rrc also callcd rcl_erence pnor unrtonn prror Jcffcn prror

or \eal pnor Unr,orm pflor drsrnbuiron rr purcl) llat dr\lnbulron that altrrcale

rdcnucal probabrl ) lo e\er\ po\srble prramcrcrs tn m.rn\ condrrron e\rlrne



rnformalron ma) bc problemafic lojuslrt) usrnq rnlormrtr!a pnors A non-rnlormau!e

unrform prror has ven mrnrmal rnlpacl on lhe oulcome ol posteflor drstrrbuuon

Consrdcr ln thc normal casc ofan un rntormalrve unrlorm pnor Ior the maan ota normal

drslrrbutron k \ould essenrrall\ h.r\e a unrform m,rss o\cr thc rnlcnal p(0) = c,l- r

::0: ,) whercver c > 0 rs a con\ranl. subsequentl) lh)s placcs rdcn0cal \\cr-qht on

totall] probablc !alucs of0

Jcff€n's rulc or pnor rs delincd as rhc de srl) otparamcrcrs propodronal lo

squarc root oflhe delennrnanr oflhc fisher rnlor ratron melrrc r<presenlalr\el)

Lr: P =(& 0, f, )r ,' r 'ect,,, 
of parurnercnp, p, P"

Ihrs can be achrered as

8(Bl " (l l)

t\hcre dcl rndrcalcsrhcderermrnrntJnd l(p) rndrcatcslhc (n xn) fisher rnlormalron

marn\ $hrch rs rhe logdthm ofma\rmum lrlchhood lunclron ol paramcter, and

pdnrall) drlfercntratrng l$o lI,ncs \!rth rcspect lo thc pararnctcr /, rs 8r\ en b)

(dz tn Ltti)\t(0\=_cl dB, l'
uhcre "E" rs the cr.pccrarron

2.5. Choicc of Pnor Drstnbution

I hc pnor Srtes rhc pnor lno$ 1ed-qe appro\rmalcl) unrdcnlrllcd parameters thal arc

adequarcl) Jornred rnlo the resulr oflhe Bales lhcorem The \.le(lron ol_thc poor

drslflburron rcl) on lhc narure and rhe Lmrl ol thc paramclcrs occurnng measured over

rhe []a]e\ran rn!estrgatron

(r (p) l



If n vanes Irom 0 lo 1. l\c of lcn emplo\ the r.rn8c 0 to o bc bera pfi or or C.rmma

pnor and for normal pnorrangrrs-@to@lrcqr)enll\ \le cnumerate thc unccrlatnt]

appro\malcl\ not famrlrar paramelers rn rhc shapc of probabrhl) drsrnbu on tn pflor

drslrrbutron

2.6. MCNIC Sinulation rnd Ba].sien Mcthodologl

UI.rm and \on,Ncumann (1958) rnlroduc.d thc lerm ,]\lonlc Carlo for thc

stochaslrc srmulatlon and uscd lhrs rdea for conducltng e\pciments rn the process ol

Aromrc Flomb I[ rs enlrrel) lrouble lo lool up conlrse dcfintron of word MC

Appro\rmalrng an e\peclalron usrng sample meJn as a funclron ofrandom vanablc ln

srtuaron whcr€ normahzrng consrant rs anallhcalh nor conlrollcd. .|\E used lhe NICMC

srmulatron mcthod We Lar lcl1 lhar MC l\lc slmulalron ts a process rn lrhtch samplcd

valucs arc drawn scquentralh and the loslenordensl) ,orcach uncertarnt) dep.nds on

formcr samplcs'

In IICMC lcchnrqucs rrnJorn sampl.\ .rre obraued lrom an arbrtrar]

dr(flbu1ron These sdmples arc emplo)ed ro round ofl rhc e\pectalron of pardneter

rmpoflanec Where\cr rhc charn sas ongorng lhe MCMC lrrll touch thc desrrcd

dr5lnbulron Thc MCN1C merhod )s uselitl \\hen lhe drslnbuuon has man) parrmcrcrs

2.7. Gibbs Sampling

Marlov charn iUonle Carlo lechnrque rs g(-ncrall) lno$n rs Crbbs samplrng ln

thrs lechnrque- re oblarn samplcs lrom poslcnor drslflbulron $here cven rieralron of

thc MC algonthm sample rs generated In drrec[ron lo csrrmate \e(ror of paramerer or

there rs a drfllcult\ rn al8ebrarc e\press,on \!c gener.rlh nced lo c\alualc rhe mullrple

rntegral 6rhbs sJmplng lcchnrque rs ulrlr,,cd \\hen Jornt den\tt\ rs unrdenlrfied $hrle

lhc condrrronal drsurhulron rs clcarh rdennfied Uhen lhc drrccl s.rmphne rs no1

IO



possrble. wc usuall) used Grbbs samphng !}hcrc samplc rs gcncraled tiom tornl densn\

Thc srmplcr gencratc an llrc sample $hcrc cvcn sJmplc rs assocrctcd wrlh olhers

Grbbs sampl,ng rs oDe oflhe most beneficral techn)que otMCl\tC srmulalron uhcnthe

condrronal drshbulron rs \\e11,lno$n larametnc form The Gtbbs sampltnB tcchnrque

marnl\ decomposes postcnor drstflbutlon rnlo srmplcr mcrhod such as full condrUonal

Jr\lflhullrn for cvc^ unrJenlrfi(d t.rrdm<tcr

2,8. Elicrtation

Ellcllallon of hlper-paramelcr ls \cn srgnrlicam rcs€arch Iaclor rn Ba\cslan

slalrst)cs ll rs lhe proccis ol rboul tno\]edge. tautLht or undet.rmrned quannlres rn a

densrl) funclron llrcttarron hrs Snrned a lol ofcfltrcrsm ftom thc quesrroncrs and lhe\

sard $at chcrhnon should not be done Ehcrtatron rs a wa\ through lthlch vre$s Jnd

rnformanon of a person appro\tmaleh unccrlarn quintlttcs Jre compurcd rnto a

probabrlrl\ \thrch mcans a lechnrque ol_ rdentlf\ rng pnor drstnbulron of a sralrsrrctl

modcl for one or more unkno$n par.rmelers SubsequcDllv thc descnprron ol pnor

drslrrbutron rs lhen torned snh lhc lrkelrh('od funcoon lhrouph Ba)es rulc To achre\e

the poslenor dlslrrbuUon

2.9. Burn-In and Thinning

In bumrn process ronral rmperfccr csrrmatcs are nol Iamrhar rn NICMC

anal)sls and $e cannol rdcnlrli the fa\orable rnltal values \trc cannot utrllzc lhcse

pnman eslrmalcs lo use rn ant trpeofanalrsrs So 1\c dtscard lhcse lnrtral valucs as

burn-rn penod Fore.rcheharnrhellngthollhebum-rnpenodlsdrslrncl lI\\c rdcntr!

hor mprdl) thc luarlo! charn con\ergcs on lhc desrred drsrnbulron thrnntnS rs,t

process ofreductron ofauk)corrchtron rn rhc ML i\lC sanple through rub,sJmplrng the

lt



MCMC charn erch pre spccrficd number of rreralrons measured through lhrnnrne

lntc^al

For e\ample lhrnntng rnlcn,al I rndrcales lhat usrnS rhc complele l\lL l,vrc

sample thc thrnnrng rnterval 2 rndlratcs usrng each 2id sample \alucs formcrly rhe

thrnnrng rnrcn al J rndre.r(es rhat lo usrng c\cr--" l$ values tiom rleralrons for c\amp]e

I 5 9 ll and so on Thrnnrng ntust be applrcd wrlh care when used ro mrDtmrTc auto-

correlJllon as rl ma\ nor be thc mosr appropnata Ba) ofcnhanLmg lhe prcctslon of

2.10. Posterior Distribulion

In Ilaycsran rnlerence. postcflor drsrrrbulton rs dcfl,vcd b] mulupl)rnts

lrlcllhood funciron $rth pnor dtstnburron Postenor drsrnbutron gers man\

apprecrallons rn Ba\c\t.rn thcon due to tts updaltng nalure and summaflzrng enttre

rnll'rmatron a\a,lahle rn pnor drslnburon and samplc Thc lostcnor tnolrledgc rs

proponronal to lhe product oIpnor lno\lcdgc aDd sample bo\\tedgc Ihclrtclrhood

fun(hon l,(X,,,t) and lhc pflor drslflbutron p(/t). rf lhe parimcrcr rs conlrnucd lhcn lhe

Poslenor drslnbutron r\

o,rr*, = #fr ,r,,,14 (l l)

P(,1) rs ihc pnor densrt) of 
^

I(X|i) r\ rhe L|eLhood funclron .rs a lunclron ofx

I:^L(X, )) P(^)dA B thc srandardlzrng conslanr and

P(,l/X) rs lhc postcfl.'r densrr\ ol / gr\cn lhc dara X = r

l:



2.1 I. Postcnor Prcdictivc Distributiotr

In Ila\csran statrstrcs poslcnor predrcU!c dtstflbutton ts an tnsp€cllon de!tcc

uscd lo c\amrnc lhe consrstenc\ olmodal $rlh dala lo e\aluale the conststenc) of

PPD producc srmulared dala called /'compare lhrs dala * rrh onl\ obsencd dala The

PPD rs lound rhrough rn(cgraung pammctcrs oul ol postcnor drsrflbutton of nc\r

obse^alron ,^y''and thc paramctcr X and thc dala \hrch cquals prc\ rous obscr\alrons

(x1,M1) @r,M") (x-, M ")

p(M'l',',,) = Ip(M',nlr-,x)dn

I p(u'1", ," , y) p(r41)aft

I p@'ln) p(nlt) dt

p(tl'lr-, r) rs rhe posrenor prcdrctrve drstflbutron of M' sho*rng turure and pasl dala

p(zlx)- rs rhc posrcnor drstrtbulron of /r B\cn X (prc\rous data) p(M') rslhcSrven

drslflbulron oaM'

2,12. Whet is Moncl ?

Illone\ r! s('mcthrng lhat pcople usc everyda) lrfe We earn and spend bul

ohen don'l thrnl much abour rt Economrsts dcfine moncl as an\ good \\hrch rs

rLrdcl) flc€epled as final pa)mcnT for goods and scnlccs lhrough the ages. Monc)

has lalcn drf[erent lorms c\amplcs rncludc rhe co\n shclls rn AfnLa- l.rge shngs

ofbeads called \\Jmpurn used bY Nanve Amenccns and carl) Anrcn€an semleL and

slone \theels on lhc Pacrfic rsland ofYap Whar do lhcsc form\ ot monct hd\e rn

rl



commonl The\ sharc rhe lhrcc funcrons ofmone\ frrsl. Nlone\ rs a \lore ol !alue

SeLond Moner- rs a unrl ofaccounl Thtrd Mone] rs a mcdrum ofc\chdnge

2.13. Whrt is Thc Rolc of Moncy in rn Econom)

lhc rolc ofmonc\ rn econom) can be tudgcd lrum lhe Iollo\rn8 aspecl\

Mone) has rcplaccd baner 5)stem Llnder lhc hader \)slem lhe consuDrcr ha\e

lrmrled oplron ofrradc As Robcnron rn hrs hool \ronc) $nles one can \.c

$hal do peoplc \lant and rn holr much quanlrl) lhc) \anl $rlh lhe hclP of

mone\ rn cn cconom!

Producuon consumplron and dtstrtbutton of monc] rs relrlr!el) coopcratr\c

lbr consumcr and producers All lhe cconomrc delr!ale\ ol a marlel ara

dependenr on monc) Accordrng lo Nlrllon rn hrs booL The financral

()rganrzalron of Socrct) \!nlcs -. loslan lh. procesr of ptudu(lton monc) rs a

bnsrc and rnevrlablc faclor o[ productron I hc produccr need monc] lo sla(

husrncss The rnpuls as \\ell as labor are purchascd $rlh Ihe helpol monc)

( 6<r rnd nr,'lir arr Liefincd )n lerm\ ol m,,n(\

lhc advance palmenl are madc lhrouSh rone\ \hcrc ?a lhcrc $as no such

conccpl rn baner slslcm fhe producer has to malc ad\ance nJ)menc al lhc

bcgrnnrng ol producuon process The lorn lransaclrons lake placc ID ad\ance

and thus all such rs possrble tccause oImonc]

f-conomrc.rnd socral changes are pos\rblc duc to mone\ Nlon.] as lhc pnme

sourca lor the rndushahT2lron nc* ln\entrons and lcchnrques Jre adoPtcd lo

eam more mon.) Dclonpon rn hrs bool l-conomrcsofl-nlerpnse_$nl.s all

economrc compaflsons are made rn mone) Pcoplc otall ficlds are pcrform'nB

l{



lhcrr servrccs for mone\ Iuonc) rs the b.!s. lor runnrng all rhc cconomrc

actr\rlrcs of lhc counrr\

2.1.1. Moncy Dcmand

l\foney demrnd rs dcfincd as rh€ quanl ) ol mon.lan dssets thal peoplc choosc

to hold monc\ rn lhcrr porlfohos Monc) dcmand r\ rmporlJnt for moncra4 poLcy

malcrs shrlc makrnS polrc) decr\rons as rt rs managcd to control shon-run fluclualrons

rn lhe cconom)

Supposc I ha\c a banL accounr In rhar accounr I ha\ c Rupce I 000 Nl) porentral

spendrng could be rcprcsenlcd b) rhar Rupec 1000 lloNe\er I onl\ cter hold Rupee

,s0 as cash al any trme M) dcmand for mone) 15 therefore drfiarenl lo the amounl of

mone\ I ha!c.t m) drsposal lo spcnd The demand lor mone\ r\ dep.ndenl on lhc pncc

2.15. Lrl.rrtur. R.gerding Brlcsien Rcgrcssion

Chen and l)cel) {1996) drscusscd Ba}esran rnodel for J con\trarned lrnear

regre\sron senous problcm Thc conslrarncd aflsrn! rs eslrmaied rn lhe cn\ tronmenl of

predtcttng the fresh crop of apples for lhc \car on$ard The Bale\ran app(rrch \rlh

lhe Crbbs samplcr rs prescntcd lo bc gcn€rall) appropnJre lo thc Lonstrarned senous

rssues I rs probabl. ro achre!c rhc lla\csran appo\rm.Iron\ ofmodel naramcters

margrnal nostenor densrl) estrmalcs and Ba)csran predr!ton\ Allamdle melhods such

as Balc\ran Ol-S and ICI-S appro\rmauons arc roo drscus\.d lor compan\ons The

conclusron oflhrs slud\ dcprcc lhat lor lhe predr(lrng Ercups of 19 lhc pcrccnlaEc

errors *ere l0 l7 ll5 for lhe Balesr.ln OLS andlCl S mclhods rcspecrrYel] Ihe

ri



Ba)csran errors remarncd mrnor lh.rn lhe OLS crrors for I I gro\ers and smallcr rhan

the ICLS errors for l 8 Bro!\ers ln o!errll thc Ba) csran errors lere mtnor its wcll

Cowls and (arlrn (1996) rn papcr cxplarr lhal a scflous problem lor usmg

MCMC mcrhods tn \\hrch condrlron slop our samplrng Thereforc vanous l\lCI{C

operators address lhe con\,creence rssues b\ appl) rng dragnoslrc devrccs to rhc output

crcated by runnrng thcrrsamplcs Aherconplete rcvrc\\. rhrs slud) e\platns thc vanous

convergcnce dlaenos0c defintl,on of the lhcorcttcal source at1d practtcal

rmplemcnlatron lelaralel! and hrgh|ehlcs rhe MCMC con\crgcnce drcgnostrc are

Gelman and Ruhrn, Raflcrl .rnd lc*rs C€$eLe Roben\ Rrttcr and Tanncr, Zcllncr

and Mrn Lru Ltu and Rubrn Carrcr and smrth Johnson- Hcrdclberger and Werch

Mylrand TremeY and Yu Yu Yu and M\l,and Thesc tcst are euanlrtrle Graphrcal.

th.orEtrcal basts unr!aflale or lulllornr drstnbutrcn- bras or \anancc apphcaplbrlO,

arc all characrcnsuc drffcrcnr fr(nn each olhcr rn applrcrlron

In lhrs proccss llvo quanlrles rr and rz \rere rntroduccd to mrlLh zr and z,

accurateh rdenlrl) lhe form olpdl Here \c havc t\!o unrdenltfied paramerers and tso

equatrons ln lhcse t\\o equallons c and , are mcan and slanddrd dcvralton parameters

of lhenomal form Sol\rng thc irmulhneous ua) for a .rnd r, pnor drstnbunon rs

enlrrel\ calculated

Sirrclland and Alslo (1013 ) e\plarncd thar lhe hncar rcg.css,on model rs gotng

through to c\amrne lhe monlhl\ producrron o[ cars and slalron $agons (thousands oI

cars per monrh) rn Austr.lla srncc No\cmbcr 1969 ro Augusl 1995 Thc l', column

rndrcarcs the namcs ol lhc \.rnabl.s- *hercas lhe ne\1 columns descrrbes rhc marlLrnal

postcnor standard error the uppcr and lo$er 959;, lll,D rnLervals Thc esrrmared !alucs

uscdrnrhesummcrmonlhsofDec Jan and F€brndrcareadrop rn nanufacurc relatron

lo Oct whrch rs probdbl] panrall\ b\ rhc nanonal leave rhrough rhal pcnod The
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rnfcrcncc also carchcs rhe modelled outlrer t5 slatrslrcall) srtsnrllcrnl and sp.crlles an

cnormous drop rn produc0on used Iorlhemonlhol No\ 1977 h rsclcarthal thcre rs

no one e\planaror\ \Jflablcs rnvol\ed rn rhe modcl !rhrch ha!e Tcro rn rhc 95o/o HPD

rnr.rval esrrmaied Th. II lacrors arc \en small rcprescnrrnS rhe N{CMC algoflthm

mr\es Good Bul lhe olher dra8noslrc lests arc nol bcrnS c\plarncd rn hrs pap€r

Srnar and I lsu (l0l.l) €\plorcd rn papcr Balesran mulutanate ltncar regrcssron

modcl concluslon srrh Ihe use of lle\lble pnor used lor lhe co!anancc construclron

The normall) assumed Ba\esran lonnar rnclude\ rhe contuEale pnor NIND uscd ror

re8:ressron coelllclenls and rn\ ene \tr rshrn condrlrons for lhe co\anance maln\ In thr\

slud\ lca,ve lhese lechnlque\ and used Ba\esrJn est,mator used tor lhc covanance A

mulllranate normal pnor lor lhe unrque lomponents ol the mJln\ loBanlhm ol lhe

co\aflance maln\ rs e\amrncd such conslruclron c\emrned for a comfonablc penod

ofpnor d,srnhulron lor coranance- regJrdrng quaLi\ ofvress rn pnor posrlron hlper

pJramclers and also Jddrlronal capacrl] lo modellhe polcntral a\so!ralron bel\\een lhc

covanancc srrucrurcs lhc pos(cnor momcnrs are calcularcd rhrough iucNlc

procedurc Crbbs samplrng rs uscd for lhe rcrchrng oflhc largcl postenor drstnbulron

and concludcd from lhc rcsulr lhar rhc llc\rble pnor descnprron uscd for rhe covenance

burldrng of a multr\nnare multrple rcgressron can dch\,cr a comfonablc penod of

drsrrrbutrons \hcn comparcd \ rh rn\crsc $ rshan famrh

I rao and /ellncr ( 196.1) rn rherr rnrcle sho$cd rhar ho$ rh. pnor rnfonnairon

can bc emplolcd rn cornhrnrng $rrh sdmple dJra rn burldrng rnlerence about the

paramelcn of rcgra\sron model The le) concenr ol rhc paper r5 lo eslablrsh lha

lechnrques for uin8 rnformauon from rhe one \ample as a pnor rnformarton rn lhe

anal\srs of follo$ rnB sample
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I hc x\o samplcs arc assumed fron an ordrnan popularron !!rlh uncqual lluclualrons

I hc ponenor dtstrrbuuon shaped tn Seclon 2 ,s lhc rcsult of mullt\,analc normal and

muh\anatc-l procedurc ln Sccllon S lhcJo,nr postenor and maretnal poslcflor densrl\

arc lransformcd tnto an as\ mplorrc lerm\ Funhermore.lhe oulcome found tn SccUons

I and 3 arc prescntcd numcrrcall\

Tcllncr (1981) prescnled rn hr\ papcr numerous reslrn{ cstrmaron and

l_oreclsllng rssue\ ha\c becn e\amtn.'d tn lhc cconomct c Irrcrarure Thrs stud) g!rng

consrdcralron lo rhar rc[erencc dtffusc pnorr hare bcen c\rramel\ valuablc and

proposcd lhal refercncc rnlbrmal,\c pnors (RlPs) wrll probabh .rs sLrlrable \cll A

methodolog] for dcrarlrng RlPs for rcSrcssron models uas desrgnaled lhal prolrded

normalh 5trarghlfoNard RIP\ and srmplc posteflor drstnbuuon For a basrc slruclural

rcEre5sron modcl rl \\as dernonslralcd hos thcse RIPs can bc ullll-zed lo e\amtne lhc

rl)fl enccofpnor s L'slrmrr.s At lasr complelron ol IIelrhood funcllon rl\\aspornlcd

oul lhal numeflcal rnl.gralron procedures h,l!e hecn cooperrlr!e rn rn\csuSalrng

poslcnor pdtand lcslrnS lhc \aIdrl\ ot J\\mplorrc and drllcrenl .rppro\rmaUons 1n

framc\\orL \pe(rllcd lhal lhe pa\t r.cord ofslronS achre\em.nl rn apphrn-q B.rlesran

e\amrna on tn Lconomclrrcs rl sho*s up ver\ lrlcl) lhal rhere \rrll hc frcqucnr uses ol

Br\e,rdn (\amtnJltun tn Ironomcnrcs futrrrc

/cllncr (1S76) prcsenlcd rn lh€ stud\ lhc con\cnuonal mullrple reSrcssron

model has been e\Jmrncd )n lhe supposrlron lhal crror c\pres\ron\ lale a sharcd

mullrvanalc Studenl-t pdl b\ zcro mcan \eclor Jnd co\anancc maLn\ rs a scalar ltmc

ln Baresrrn e\lrmalron of rhc model lhrough a drffuse prlor pdf uscd Ior rhe

reSrcssron coelllcrcnls and multr\.rnl. studcnt,r error term\ lhe slud\ e5lablshed lhc

tornl posrenor drslnbulron u\ed for rhc regressrcn coef,lcrcnl5 r\ rnaccuralcl\ lhe
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srmrlar muhrvanate \ludenl,l mclhod as appcann-q from rhe tornl normel modcl

f)rscr.,ssron ol lhc po\tcoor dlslflbuuon ls gcnerale lo e\lsl tn ihe lbrmula ofan F-

drstrrburron o[ the \!alc paramcrer o'z \lhen lhe df paramel.r rn lhc crror rerm

drslnburron huSc 8ro$s .rnd lherefore lhc crror rerms drslnbulron mole to$ard

normalrl\ lhc po\r.L{ Jr,Inbulron of ,s /or rno\e lo$ard thc r\prr.rl anJ t: pdf

\rrlh , df Irnrll\ a n.rlural conluSalc pnor drslflbulron u(ed for lhc multnaflate

Studenl-l regres!lon modcl was e\rslmg

irellner ( 1979) rn rhrs arltcle e\plarncd lhal oflhe man) rcscarch edvanccs on

the slalrslrcal rn\cstrg.rtton of rcgjcsslon models are bern-e rc\tscd Numerous

csumarron leslrng Jnd forccasung procedures ulrh?cd tn cconomerflc model\ hJ\e

c\acll\ l.rrue samples c\planarron Panrcular Ba\estan concluslon ldenul_\rng trrlh

cconometnc models arc rc\resed ltlan) statrstrcdl tssues nccdlng lunheranal\srs dre

mrrled ll rs dctcrmrned thal supcnor solulrons lo lhese risues belrer dala. addrlronal

sophrslrcaled use ol economrc rhcon applrcalron o unher ngorous dragnoslrc che!ts

conlarnrng lorecJslrng chccks and use of e\pen1\-desrened ymulalron re\err!h

probabl\ $ rll constnrcl dc\cloped macro-cconomerflc models

1n anrclc lhc anlhor also recommended thal Ba\csran lcchnrques compromrsed

Bood cl3rrficalron lor \anou\ drfficullres Funhcr fonnal lcchnrques ulrlztng lor pnor

rnformalron rn the e\.rmrnalron ofas\umed SI-lM arc ncccssa^ J pn)blemJlrc zonc lhal

can mo\c to$ard bcsr \urlabl\ at prescnl b\ lhc usaSc oi Ba\e\ran Jnal\srs Ihrsnud)

a1\o hrghlrghls lhc srSnrlicance ofusrng the pnor mclhodol(r8) carclull\ rn desrnng lor
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2.16. Litcrllurc Rcgarding Monc) Dcmrnd funclron of Pakrstan

Azrm ./ d/ (l0l0) e\plorcd rhc monev demand funcron for Pahsran b) urrlurn8

ARI)l pro{cdurc for)earl} data for thc pcnod 1971rc:007 l}} uinlLmonc\ dcmand

{MlorlUl)rcalrncomernflalronraleande\changcrarc\anablcs fhcsludl obscncd

thc posru\el\ ass(rcralron oflhc rcal ,ncomc and rnflallon \\rrh mona) demand hut lhe

c\change rarc posrtr\e elfecls on mone! dcmand

An$ar and Asghar (1012) esrmaled lhat lonB run Jssocrauon for rnonc) dcmand thar

reJl rncomc rnflatron ratc and e\change rale r\ lahnq as c\planatory !anables b\

uulrzrng lhe ARDL method o\er rhe annual penod ol lc75ro200t) B) usrng \tanled

holdrng otreal mon.\ balances (Ml or M:) are demand for monc) CDPdelaLorr\

uuLred for findrng In0arron ratc Thc sludt concludcd lhal rn Pakslan MI 15

colnragrdlcd N rth rls alemcnts but cslrmales erc nor conslant o\ cr lhc lrne penod shrle

lor N{l lhc FCM mo\es lhc c\pccled srSnrficant srSn Bhrch \ho\\5 lhal Ml rs

lornrcgrrrcd \!rrh rls dcrermrnanrs lhc slud) suSScncd ro focus onl) onrhelonSrun

slabrlrlrllon fxrrc\ k)r Palrsran ro rhe moncrar) aurhonrrcs and polrc) nla[crs

Asad ., o/ (l0l l) rn\esugalcd monc) demrnd Iunclrcn (Nl:)(, PJlr\rdn o\cr

rhe pcnod lS80.Ql io :009 Q: b] emplolrng rhe ,\RI)l merhod and b] usrDS mone\

demand real GDP- rnreresr rarc rnllalron forergn rate of rnlcrcsr rcal cffecu\c

e\chanse rare [he srud] concluded rhar assocrarron bcrlteen Ml and a sel ol

e\pl,lnaloo !anablcs rs slablc rn lonS run lnflatron rs rcn hrgh and rncrcascd rnlercsl

r.rte cau\rng a dccrea\e rn moncy dcmand lorer8n rntcrcsl ralc rndrcare a small lmpaLt

rnd negrrr!e \r8n\.rnd suBsesr rhrr rnflatron his a lrrge rmpa.r on monc) demand ol

P.rh5ran $ hrch crcares problcms for achrcung rhc rargcr Nll lc!cl rn Pahslan
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Ahmad and Munrr (1000) eslrmalcd mone\ d.mand tunciron of pa[rslan b\

lalrng rcal rncomc. pflcc level and rnflelron rale a5 e\planalor) \anablcs Ihc slud)

emplo\cd OLS and cornrcgraln estrmalron \thrle u\rng thc quarl.rl\ dald o\er rhe

perrod 1c72 ll lo l9c6 I b) usrng lhe desrrcd mone\ halanccs (Ml and Nt]) currcnl

rncome- rndc\ of rnduslnal producnon rn rhe placc ol CDP lnrcr-banl call monc) ral.

as shon rerm rnlcresl ratc CPl as rnllaLron rale I hc slud) concluded lhel rntlarron ralc

ls more srgnlficanl \aflable as comparcd lo the nomrnal tnlcresl ratc rn detcnl ntng lhe

mone) dcmand Mone) demend tn rhc shorl run rs nol vcn scnsrM ro lhe \hocts so

lhc moneter) authoot) need lo lale rnlo lhc account Ihe specd ofadtusrment rn mone\

demand rn ord€r to make lhe oulcomcs consrslenl t\rlh lhe largcls

Bahmanr-Oskoocc and Shrn SunBlon (:{)02) c\amrned lhal lhe slabrlrn ot

shorl run as \ell .s lonS run d\namrcs ol Ml Nll J\ll nrone\ demand iuncuon rn

korea b\ usrng lhe Johanscn and Juselrus Cornlegralron alonS $rlh Lhe Ct,S(lNl and

CL SLrl,,lSQ tesl b] usrnS quirtcrl\ dala oler the penod l97l I ro IqqT lll b\ usrng real

monctan aSSrcgale (l\ll M: Ml) rcal rncome as y nomrndl clfcclr\c c\chan{e rare

as NLX and rntcrest ral. as R lhrs slud) esrabhshed tha( nonc ol lhc morcrar)

aSsrc8alcs halc a slable relatron \\rth rntere5l rJre rn(orne and c\changc rale rn

KORt-A

Das and Mandal (1000) e\plored lhar qherher mone) demand funclron can be

cslrmaled a panral model (b) a srnSlc cquauon) or a lLrll s\slem nrclhod Llc Vecror

auloregressr\c model b) cmplo)rng Johansen'\ Veclor Auro-ReBres\r!e (\'^R)

appro.ch and llansen s methodolog) and b) u\rng monthl] dara o\cr lhc pcflod

l98l lloI998 landb) u$nsBroadNlonc\(Nll) 1lP.rs rnde\ ofrnduslflalProduciron

for rncomc WPI as pnce lclel Cal) mone\ rrle as d pro\\ tor shon lerm rnrer.\l ralc

lndc\ ol stocl pnce 16 counl^ lrddc \\erghled rcal elfccrr\e e\chnnee ralc rnde\ as
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.\change ralc vanablcs fhe \lud\ determrned lhal I on8 nrn dcrnand lbr Mi rs slable

rn sprlc of lar8e shocls duc lo linanct,rl hbcralrTalron 'lhc resuls tndrcated that lhe

common pracucc of havrng lonS run taramcrcrs frorn lhe shon run paramclcrs lhar

*crc oblarned from parlral adt[rrmenr model as mrslcadrnc

khan (1997) rn papcr c\alualcd lhe cornlegrlron appl)rng fngle-Granger

merhod and fCM oler the class l'.J?l lo I99l and b] rppl)rng lhc actual monc)

balanccs (Ml and Nll) real prolirs rnsr-qnrficanl rnicrc\l rar. and probable Ie\cl ol_

rnflat,on vanablcs Thc rnrlrate rncorne lle\rbrht) ofNl: rn rhe rcgron of I I $hlch

lndrcates thal formonc\ denand ha\.ematned gro\rrng ar an:rJnount hetier ornot hettcr

proporlronal lo flucluauons rn lhe rncomc decr\ [lts tntUare aclual rnterasl rale conslanl

to bc flghl Io$ but slausrrcall\ rmpofldnt $hereas lhe tncrcasc raoo as an chance pncc

\anablcs rs gct srgnrficanl *rlh prohahle non-pos r\c srgn

Khan and Salrd (1005)c\plorcd lhc muruall) long and shon run assocrarron

amonp the real mone\ balance! and lherr delermrndnt\ tor P.tLslan over lhe Peflod

l98l Q:lo2002Q.lb) usrnBCornrcqrJlronlesl(ARI)l approach trhrch rs J recenll)

dcvcloped lcchnrque) and FCM and b} usrnS broad monc) l\11 ('PI ds lhe Pnce level

Rcal CDP. mon€) mar\er rare rs rnrcre\r rJre. 1oB drlTcrcncc ol CI'l as rnll.Iron rale

US Fedcral [und rate as Iorergn rnlcrcsl rarc lradc!\crghlcd realelliclr!e e\change rale

rnder composed b) IMI_ as c\chanSc ratc The stud] li'und \lalronan long run

relalronshrp bct$ccn mone\ demand lnd the e\planalor\ \anablcs

Krmarr and Mah.rlud (:01:) c\plored rhc rclarronshrp among\r demard for

mon.) (Ml and ['l])and rrs dclcrmrnanrs duflng lh. posr Lbcralralron peood rn Indra

b) cmplolrng th. Johdnsen and Juselrus Cornrce:rafion model. VTCIU mod.l and

GranScr causalrl) lest (rYer lhc monlhl) pcflod of IS6l I lo :010 8 lhr\ \lud\

concluded lhal lhcrc rs presenle ol mort than lNo cornlcgralrnl \ector lor each of



monct dcmand spe(rficalron Thc e\change rare hr\e necatr\,!, clfecl on Ml and srock

pnccs havc negJtt\c and stgnlficant effccr on monc\ dcmand tnflalton rs posr(llcly

.elaled to M3 and 1lP are ncgotrv.t\ srgnrficant rn rhe llrst lr8 drffcrcncc All the fi\c

\anablcs affecls the demand for mone\ lunclron (Ml and lvl-t )

Qa\)um and Nrshal (2001) rn prpcr ustnS the long run colntcgratron and error

corcclroD modcl ol lhe rcrual monc\ demand tn rhc drsagtTegJled commcrctal and

pnvale scctor hc dctermlncd thal tn rogcthcr scctors lhere be prcsent a loDg run

irssocralton amongst thc icrualmone) demand and lts dct€rmlnaies The long run prolils

flcubrltnolmonerlorbusrnessrcgronsatesle\rbrhtlofmone)rsbc eras€quatero

lhe personalse€ror Such.ls lhe tntcrcst rale rs in\lous- thc bustness regton ha\c rcactcd

the rnlercsl rnounl on banl loans !!hrlc pcople rre aflecr b\ long rerm rJles ofpledge

profil Inflalron ratc effccl on monc] dcmand ol_ houschold regron rs gleatcr than

busrness reglon The aclual asse6 replaccment rn the lons run ts powcrful across lhc

regrons ho$cvcl rhrs occasrcn rs po\crful rn per\on.rl regron Ihc short run ranauon

rn rnllalron has poncrful cflccl on (omplcrc and penonal reqton \\hrlc In busrness

reglon Jre nol

Srngh and Pande\ (:0ll) c\,rmrncd rhe heha\rour ()1 urone) demand tuncuon

In Indra by cmplo)rng crcgon and HJnsen (1996) cornregrrtron oler lhc annurlpenod

of l9-rl10 1008 ard b) usrnS Dcmrnd lor monc) rcal(,1)p and nomrnai tntcrcsr rate

Thc slud] eslJbhshed lhal rhere r\ presencr' of cornregrarron bel\reen monc\ demand

dnd rls delcrmtnanrs !ttth a s(ruclural breal tn )ear l96j The lnteresl rate and lncome

ehsrrcrtres arc srgn,ficanr Nrrh e\pcclLd irgns l)uflng 1975 lo i998 rhc demand for

money became unsrablc due lo larous Jaclors

Tang (:007) anal),.cd rhe rr:one1 demand llnct)on for the fi!c sourheast Asran

countflcs(Mala\sra Srngapore ThJrland Indoncsraand l,hrlrpprncs)b) emplo.!rngthc
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ARDL approach of Co,nrcgralron over lhe penod 196l ro 2005 lor Malalsra

Phrhpprnes Tharland and Indoncsra and t97l lo 2005 for Srngapore and b\ ustng M2

aElpregate macrocconomrc component ofrcal rncomc (Rcal GDp GDp) e\changc raic

and rnflahon \arrahle\ The) concluded lhal real lul, drsaggregared componcnts olrcal

rncome (final consumpUon e\pendrlurc e\pendrture on lnlastment goods. cxpon)

rnflalron rate and e\change ralc arc cornlegrarcd lbr Phrltpprncs Malalsra and

Srngaporc bul nol ior Iharlrnd flnd lndonrsrd M(rney demand funLlron rs stable lor fivc

Southeast Asr.rn economres under ARDI-. exccpt for thc shon run monc) dcmrnd

equatron for Indoncslc

1.1



CHAPTER 3

MATRIALES AND METHODS

3.1. lnlroductron

In lhrs chaprcr !\c c\plarn rhe spccrlicatron oI lhc modcl \tr'e prcscnr lhc

lomplele form of lhc []a\esran hnear regresslon model )n matfl\ form and hlehhood

funclron of rhc model Sectron j presents lhc complclc srcps of rhe denlallon o,

poslcnor drslflbutron u!rng nonrnlbnnallye pnors Scclrons 6 and 7 presenl thc pnor

lhrough Normal-8ammr and the dentalron of postcnor drslflbDlron lhrough

rnformalr\e pnor Scclron 8 presents eLcrlalron of pflors on paramcrers of rhe model

and Sc(lx)n 9 e\plarns lhe construclron ofelrcrlcd pnors on I rn hnear relressron

NunrcncalrcsullsolchcrtedprlorareprcscnlrnSccrronl0Secuonllgr\eslhcGrbbs

\JmplrnS dcsrSn for lrncar regressron model \ectron ll conrarns drscussron Jboul

dragnoslrc tesls for Ila\csran hnear r.gres\ron

3.2. Spccrficalron ofThc trlodcl

iuone\ demand tunclron rs spccrficd on lhe basrs ol I rqurdrr) dcmand rheo^ ol

macrocconomrcs Ac(ordrnS lo lrqurdrl) demand lhcoo monc\ dcmand depends on

lhe agl|reBalc demand pnce level rn lhe econom\ and domcslrc rntcresl rale llcncc

rhe modcl ma\ blr \\nllen as follo\r

M = monc] dcmrnd

M= Bo+ lStY + qrP + plR + t1, (l l)
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P = rs the pnce lcvel.

R = rs rhe rntcrcsi rarc

/, = rs lhe dt\lurbance rerm

Dala ol all the abo\ c lour \ rnables are takcn

Sune\ rdngrnS from 1960 lo 201,1

3.3, Bavesien Multiplc Rcgrcssion

The spccrficd model rs as follo$s

Y = ri the rgSregare demand

Nherer=11 N

Th. irbo\c model cJn bc \fllt€n ln mrin\ fo

tr=

The(lxl)\ccror

from tanous rssues oIPatrstan l]conomrc

Modcl In Metrir Form

M, = Po + Pii +pzxi + hx,1+ 11, (3 l)

,F;I

t6

as lollo!!\



And (N x.) malnx rs

rl
l,

.l:

uar(Jta)1::'

Al(o !!c cdn Bflrc rn complete srruclure model

3,.1. LiLclihood Futrctton

Assumplron aboul /1 and X dclcrmrnc rhc form olrhc h[ehho(xl fL]nclron

Varlance-covanance meln\ ofthc rcsrduals dre as ,o1k\!s

tot (y1, yN)

var(p)

I has a mulrrvarr.te normal drslnbulron b\ mcan otrand coraflance

matrr\ r'zIN \\'here Ox an N-lcclor \hosc clemcnri rre equt!alenr lo 0 and

,, rsthe(N xN)rdenrrt) marrr\ rc /-N(0r H '/x) '\hercll=r-r
Cach elemenls ofX arc fi\cd (nol random !rnable\) I or all componenls ii rhc\

.lre rndcpcndcnt rhrou8h probabrhr) densrr\ functknr r (,1ll) and ,{ rs a \eclor

oIparamelcrs rhal does nol conrarn, and //

cov(r1, t1,)

) vor(h)
cov(1t2, y) var(p,)

)

H'1 o oo o
0 H-' 0 o 0
0 0 00 0
0 0 00 0
o o o o H'

ln ncs .Iuumcnr,. rh< .rrr(menr lhJl ftrlp I - H') ,tr r, ,olrd ,iJtNn f,{
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vatQj) = H-1 rnd cov(ltt,t1t) = o lort,1 =1,2 N.rndr +-/

The second assumptron dcscrrbes rhcl $c can rcmarn condttronally on X and pro,vrde

p(MlX,F,ll) purposc Ior lrLelrhood drslrrbulron l.lt!h7rn8 rhe (1as\tficclron ol the

multrvanalc normal dcnstt\ $c can marl' rhe lrlelrhood lunclron

ptMlp,H)-i--.l",rl-:rr-rpt'ru-xOll rr{)
lln)i'

Takrng part oflhc EquJlron (l .l)

tM-xp)r(M-xp) (i i)

Add and subtract "Xli"

(u - xp + xp - xp)r(M - rB + xl| - x0)

(M - xB - x$ - b)'(M - xi x(B - D)

(M-xi)'(M-xB)+(p-i)'xx,(p i) G6)

As t\ell as thc cross product e\pressrons

(p - p)' xr(M - xil = $ -' tx' u xrx(xr x)'xrM) = o

(M - xi)' (M - x0) = ssE

(M - xir)'(M - xg) + (B - Dr xr x$ - 0)

So

(M - xbr@ - xp) = sst + (p - B)'x, x(p - B) o-/)

Put lqu.rhon (l 7) rn to LquaUon (l J) \re havc



ptMtp.H\ -!+l?ry[- i (ssr - 6 - 61'x,xra - ot))l r] E,

3.5. Non-lnformetrrc Prior for Ltnctr Nlodel

By the definrrron of(hc unrtonn pnor

p(p) q c and p(H\ -- 1 tl 9)

Overthe suppod of (-@, 6) and (0, o) respecrrrell Be art issumrne rndepcndcncc

bel\rccn P and or

Usrng lhc h).elrhmd funcrron (l J ) a.d pnor drslnbulron (l 9) rhe fosleflor drstrrbutron

oflhc model rs

ptMtp.H) =;m",r{-|r, - rr),tu - xpl) (r ro)

B) usrng rules ofOLS

) M_\?r q_\l
- B = (X' x\xt M (i ll)
cc
-o

llr u.rnq rhe comolelrne lou.lrc $r sntc\'a
F =;r..r{-l(sse r (p E)' x, x(p - p))l

Thereforc thcJornr po(erlor from lhc lrlclrhood lunctron (2 l) rs J'ro!rdcd b)

p(p.Hlx.M) < p(p. Hlx. M)p(p)p(H )

t H/- -. .- .o ;T;.rpl-.lrrz * \p - it'y'x(B - i))1 rrr:r

Wrlh lcmcldensrr\
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Thc

q Ha t cxp-t|b'

Postcnor paramclers are

(-\s [['r'rr-Bt\r etp, (3 l3)

i = u'x)xt M . Q' = H(xt x)6.= !r
2

3.6. Normal Lincnr Rcgrcssion Nlodel through Ind.p.nd.nr Normal-

Gamme Prior.

B\ usrng natural contLrgalc pnor !\here\er p(p/H) e\rsted a normal d.nsrt)

and p(H) a gamrna dcnsrrl Hcre rre urrlzc a s;rnc pnor rhen onc uhrch c\pecrs pior

rndcpcndcnce amongsr p and H

Specrficall) \\e.rdopr p(P,H) = p(p) p(H)\\rh p(f) cr.rsrcncc normal

drsrnbulron and p(r) berng gamma dr\lnbulron PDF

p(p)=+lql- (3 1J)

p(It) = c;t H" terp(-Hb) (] r5)

\!hcrc '.c " rs the rnleSralrng constJnr uscd lbr thc gamma pdl_ Thal 
's 

I = f (plM ) rs

strll lh€ pnor mcan ol p and 0 r\ lhc \anance covarancc maln\ ofp

whcrcuar(plH) = H-'Q lor clcamcs' $e arc urrlurng lhc srmrlar rttuslrclron as rn

lhc lrlc|hood functron rn marrrr procedure Whcre rn p(H) 'a' rs lhc scalc paramcrer

and "b' shape parameler Ihc parameter rn p(P) and p(H) can be find lhrough

lltcttatron process

B] lhc combrnflron ol Lquatron (l ll ) and F-qual,on (1 1,r ) *c dc\ elop lhc conctudrng

rcsult ol normal gamm.r pnor ts

*rl_:\a

ind

- r)l)w'-'e,nr-utttp1P, n1 " {,,p[-!6 - B_f g'$
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(l l7)

(l rt)

3.?, Postcnor Distribution Undcr Normal-Gamme Prior

Posrcnor drslrrbulron rs obtarned d\ lbllo\s

p(p. HIM) ,x p(p, H)L(p, H)

pg, HtM) d {",r|-)rp - r_t'g-' ip - p)lJ tH'-'.*p(-Hb)) x

Hi [?re [-;(ssE + (p - il' x, x(p - D)l]

=;;,--:-, ",r{-'rro-'1",".r,[-]( \p - B_)' g-,(0 - p_)-(p -I '\',

. \lil Hxrx$ - il)l

= H.. -) c\p'-,., ",rl '-( tg R\' a-'ltt ul r (, ll)'Hv'x(/ - r;l )l , r rQ,
t'\ - 'l

TahnB lhc pan

(o - P-)' g-'(a - a) * (B - B)r HX' x(P - B)

Aficr srmplrficarx)n \e get that

- tr -, exp,-4, .r[-;fe ' + ttx,x)(a i+#H'] ,,:0

,, =o+i and t,'-t+sI

P-' = (P-' + ai'i )

o = lo ) + HXt xl.\:l

. o iBa ttti a-'B+ttt\i,
P o-\t^\ _ li-

(t :o)

ll



a = Q(o-'a + Hx' x i) (l:l)

Whercf rslhc mcan and Q rs\ar,covmaln\ o, poslenordrslflbulron Ho\!e!cr rl musl

bc 5lre\\ed rhar borh drslnbutron ofnormal Gamma pnor and Llehhood funclron do nor

rclatc drre!11) ro (hc poslcnor ol rnleresr p(p,HlM),bulmodcralel\,rolhccondrlronat

posrcnor p(llM.l,) and p(HlM,P\ Srncc p(p,HlM) - p(PlM,H) p(HlM.p) thc

condrtronal posterro^ ol lernel muhrvaiate normal drsrflbulron .rnd gammd

dr\lnbulron do nol 5lrar8hlfor$ard llo\\cYer- hcrc rs a posleflor srmulabr lno\n as

lhe Crbhr samplcr $ hrch ulrlrTed condrxonal postenors hlc lcmel mullr\arrrlc normal

drstrrbuuon and Bamma dr\tnbutron lo .rcare r.rndom dra\s /"andH" loru =

1,2 U, $hrch can b€ a mrdpornr to crealc appro\rmalrons of posl.nor propenrcs

onl) rs lhrouSh Monre Carlo rnleqralron

3.8. Building Elicrtcd Pnors Utilizing Lincrr R.gr.ssion

SpclTlcr and I lolsrcrn ( I975 ) calcgonzed rhe elrcrlalron pro{css rn three \la8cs

l)elcrmrnrstrc ehcrtrlroo rcqurrcs c\p€rls lor lhe clrcrlalron process \hrch c.)n

cJrned oul lhc procedLrrc b\ spccrIrng lhc e\planJlorv \anables Jnd pnor para,nelers

rn lhe c\rlrn8 model

ProbabrLsuc elrctlalron !\hcrc c\pcns are bernB rnlcrvrcBed and asscssor uscd r\!o

approaches and a\sessor \\ould asled fi\cd value qucn $ h probabrht] ans\er rs

fi\cd probabrlrslrc quen \lrlh a valuc ansr!er

Informallonal ehcrlalron $here lhe a\scssor delermtnes the tnlemal conslsrenc\

Th. chcr(cd pno^ arr rsrablrshed from e\pcns Ihc rmpondnt lasl rs lhc

rnierprelalron oI sl.rtemenls rnlo prccrse probrbrlrl\ nalcmenls I hrs mclhod e\p.rnd\

from famrlrar assrgnmcnls lo e\planrbn elrcrlalron rdcas and c\ en regre\sron anal) srs

'il



It rs a mclhod lo enqurre the assessors lo provrde conclu5ron \.rrlablc le,vel\ as\ocrated

\\rth surlable cumulauvc probabrhl) dcgrces (V-meLhod) Thesc rss.ssors gr\c \alues

for lhe desrr.d medran rhc 5o,o lc!cl thc 950i, le\cl or orher narural lrmrls The resulrs

arc thcn non-paramclncall\ summanzed \lhrch are ulrhTed a\ rnpul rnto parJmelnc

lamrl\ ol pnors fore\amplc lhe norm a I 'si Lrdenls-l

Suppose a general e\ample \\ hcre thc c\amrncr asls an c\pcd for prcdrclrons

onaprobablcrcsullsforanrnlcnal'mcasuredrncrdcnl-lhc(V-mclhod)quesuonrs

gencrall\ Bhal $rll bc a probable shod laluc oulcomc rn thc ,orm of a 015 quanule

(rr) and a probablc hr_sh valuc rn lhe fonn ofa 0 75 quanlrlc (rz ) fhcse ourconr. helps

the researcher lo 
'dcnlrry 

a normal drstflbulron for lhrs rncrdenl The tso pro!rdcd

quantrlc !alues 11 and ,2 correlaled ro zr= 0 25 and zr= 0 75 compl.r€l\ rdenrrl) lhe

nalure of a normal pdf Hcrc. \c havc tuo equauons and l$o unrdenlrfied parameters

., 
R

., 
9

llcrc o and 0 represcnr lhe mern dnd slandard dc!rarron ofparamcrcrs ol rhc normal

rr, ta .0t = )__ e,p(_,,ji.,)
\z1B: ):

Sol\ rng thcsc cquatron for a and I $e have a $el1-delln.d pnor drslnbul)on trom rhc

elcrtalron Indrvrdual expcrr rs usuall) rnsufficrcnr so *e quer! lrom ./ e\pens

uherel = 1,2, / Conslrucung an o\cr-specrllcd scfles ol equarrons as lhcrc arc

., . I cqualrons and onl) t\o unrdcnuficd Wcma\ asl from cach c\pcn lopro\rde us

Iusl morc than l\\o quanulas and rr rs al*a\s constdcrcd more rehable lo hJ\c man)

rsscsrcd pornls llerc e,rer) dsscs\or r\ dsled ro pro!tde rhrec qu.rnl!le !JIucs al

M = l0 s0 0 s5 0 991 corrcspondrn8lo standard normai pornrs 7\r

li



Not\ qc arc ablc ro re-e\prcsscd ( I ) used lor lhc quanlrlc lc\el M specrljed b\

e\pcns./ = rrM = a + Pztv, Conscqucnrlr lhc lolal numbcr ol e\pcns elrcrled lhc

rcsults conslrturc oler-specrficalron (M / I equalrons and I unkno$ns) ofa normal

xtt=q+Pzt1, x:,l=d+p221

xt1= a + Rnz, x22=a+1221

x1j = d + B,B,xz1 = a + Bzz:r

,r@-i = a + P/\,t r1!xw = a + Bzut

,r'(M-r), = n + P4\r-r)2, xMz = a + P,.i}

' x1u- t1t = a + Fzlu- 11xw = a + P,M3

Thc loluron suggesrcd b) rhls arrangemenl ls lo run a srmple br! arralc ltnear regressron

as d rs lhe rnlercept and , rs slope

3.9. Ehcitcd Priors on ? (Prccrsion)

Il rs not cas) for rescarcher t(r undeEland dlrecrl\ aboul rhc slandard de\ l3inrn

\anance or precrsron but rl rs comparauvcl) cas\ lo lhrnl abour pcrccnllle\ ol

drslDbutron ofdara ! alucs y, (Nor ro be conluscd \ rrh rhc pcrcentrle\ ol lhe drsrflbu on

for ! firl Ne tust u\ed)

For cxamplc a corlon 8ro!\er $tll be LJpablc lo propo\e rbour hoB man\

bushcls p€r acre of land he r\ould go beyond rn onc )car oul ol l0 or 9 \ears oul ol 1 0

)eaA It \\rll bc cas\ for lnslrucior lo propose abour lhe go'h percrnlrle ofc\am score

r c yoeo shows Lhal I0o,o studenls scorc aboye thrs le\el ll \rrll bc bc er lo lhrn[ abour

lo\\er percenrrle rc yoro To prorrde a pnor gucss for mcan the assumplron ol

rndependence ofmean and \ anance rnformalon atxrul lhesc pcrccnltle\ pro!rde u5thc

\alue ofvarrabrlrl) ll rs esscnrral Ior rescarchcr lo rn\estrgrrer compalrblc 8ue5s Ior

pcrccnul€ supposc r0 ro and lo anal\ze hotr bcsl rhar Eucss r\

1.1



Thc mosl lalorablc guess tor yoeo grles u\ r fa!orabl€ gucss tor r and o as ro

and oo As we kno\ lhat yo e0 = a + t 28o usuall) \rc marled q pcrcentrlc ol data as

yd and o pcrccnlle ol a skndard normal as zu usrng a rnd ia I e our besl gu.sse\ used

[or a and yq We harc

l::-yd=a+znon=a+zuJr/ru

Whrch contnbutes our bcsl Suesses used Ior lhc slandard de!ralron and precrsron as

ao = ti" _ )\/2". r" = 1."/rt, _ 
^l

For our rnsrnrclor rhc bcsr gucss lor lhc mcan grade p *as a = 6 SLrpposc thal

thc bc5r puel< for the q0h perccn lc or rnJr\idurl re,l *,,r.r Lioeo = 6 Thal

corrcsponds ro r besl guess for rhc slardard de!r ron o and lhc precrsron r

CorrespondrnSl! a bcsl guess used for r or o r\ rn\ufficrcnl so $c necd some rdca o{

uncenarnt\ aboul r or o I or lhcsc pflor Crmma drsrflburron\ k) rI( cl bcsl guess Ior r

or o $c adjusl pnor gue\s lo pnor mode (Nole lhal rflhr pnor nrode rs \cr) close ro 0

as rs (to= S1) rlsrll bc\en comphcaled lo find a Crmm.r dr\lnbulron numerrcatl)

$rlh lhal modc and \pecrficd small percentrlc (sa\ 0 10)

As a bcsl Ba\esran \ve assumed thar parameler iu rs modelcd * rrh a drslnbutron

and tq rs mcasures ol rhe mrdpornl oflhar drstnhutron No$ *e rnqurre lhe c\pcn lo

provrdc us a perccntrle for lhc drslflbuiron ol y(r U. rcnremhcr lhc rnslruclor lhal hrs

bcsl guess for yoeo sas ,oro =.n and hos more rh.rn., Lonirdcrs y0eo pos\rbl) ln

common $e procced lhr\ uppcr bounds sa] i( lo bc lhc 90'h 95 I .md 99rh pcrccnrrle ol

lhe drsrnbuuon Cen.Inh \e should \orl \trlh a lo\\er lr ll rfpo\srble

is



lf se tale P(yu-[q) = 0 95 so \c thcn argue thar

095 = p(F+ zqo<nqlF=a)

: p(a + 7d., < no)

= p(6 < Gs _ a)/za)

= p(r > {z!/(nu a)},)

Thcreforc the 95rh pcrccn(r)c used for o and thc 5,h pcrccnrrlc uscti tor r wrll be.

do,s = (0"-a)/z( ioos = [2,,/(n,,-a)],

Ifour rnslruclor lrusts lhal lhe 90'h perecnlrle o[resl scores mr) possrbl] be no longcr

hrgher than ioeo lhcn \rlh a q.'havc

one5 = a ioo'= 1'1

Frrstl] find a Gamma (1./) drslnbutron tor o th,rl rs conccnlrat.d closc od and has g5,h

pcrcentrlc d0 es Compare rhe modc of thc (ramma 0. f ) ro on. so

oa=0-1)/f ot J=t+oaf

If *e can specrfr a r aluc tor 7. thc nroces\ r rl1 b. €omplelc

We hcre lo drsco\er /so lhat lhe Camma \t+oo[ ft drslnbulron hf,! g5,h

percenlrlc60es Th,s can bc dc\eloped b) untrzrng an\ pC rchcdute rhal measure

pcrcentrlc ol thc (;amma dtstrrbuIlon Srnrpl\ conlrDuous ancmpltng for drsunclr\c

eslrmatrons ofl unlrl\ou calculalc d0es rs here 95,hpercenrrle For our rl lusrrahon $e

rcqurre 3 mode 6rand 95rh perccnrrle of I Thrs happcns \rrh a Camma (r.y)

drstflbulon Cencral our rndepcndcncc pnor lor lhc rnstruclor ls

o _ Gamma(r, y)

Olher\trse \re can find oul a Gamnra(., d) drsrnhulron u\cd lir r rhat has mo.te

l6



Funhermore 5rh percenrrle i0os \hrch rs agarn rellned b) rrarland mrslalc For belrer

undeAlandrn& $e ha\c a mode of i6s5= 9, and 5,h percenrrle of foos= f Thcsc

rmounls are near 0 and Camma dr\tnbulron !\ rlh mrnor modes lhal $ r1l be e\lrcmcl\

s(e\\cd il rs drfllcull tollnd oul a(iamma drstnbulron lhaltustrfics rhesc lrmrls Ue

sugBesl rhel dala clrcncd about lhe 5'h pcrcentrle ofy, rnstcrd ofrhe 95,h Frcenlrle

3.10. Eltcit.tion of H! pcr-paramctcrs

lhc(alron ol h\pcr,paramelers modtlle\ lhc e\pcn oprnrons for specral

oblccu\e rnro a probabrlrl) modcl lt rsascheme lo rdenlrf\ lhe h\pcrp.rareters of

lhe pnor drslrrbulon ll can be ulrlrzcd for acqurnng lhc postenor drsrnburron and

advance anahsrs Aslam (2003) rccommendcd drslrncr appro,rchcs of ehcrlarron

consrrucrcd on prrur prcdrcl!e drsrrrbulron for lhc h\per,parameteB

ln lhrs slud) P\lmclhod rs u\ed $hrch rs hascd on drslrncl e\pen !alucs

accordrng lo d,slrncl probabrlrlrcs ot parJmelcrs means and !3nancc (precrsron) lor

srngle c\pcn and srngle prohabrlrlres *e.an sol\e rt rhrouSh srmUhaneous equalron

and for numcrous c\p€ns and numcrous probabrlrtrcs !\e can ldle lhe help of

R-Pacla8c and also find rn lhrs Ba\ h)perparameler of precr\ron of lhc Normal

Camma drslnbulron

We ha\€ complelcl) e\plrrncd rhe\e lBo mclhods rn secrron j 8 and I g Based on lhc

abo\c merhod. lhc follo\rrng pflors ol_h\per-parameters ha\e bcen clrcrrcd

ro=G-t)/d or .=l+rod
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Idblu J I I lrLrled vr'ues or hln<r param<ler.

M.rn

Intcrcapt -25 09 0 80,1q6 l54l

Aggrcset. d.mrnd :.155 0 0l_\6 .180 St 7

Prrcc 0 i17r4 0 06786 1n 51

Inl.r6t rrlc rq0505 0 J 8:.1 1]0j

Hvpcr-parameter for precrsron arc clrcrred as I 060J for shapc parameler and 0 009 for

3.11. Gibbs Sampling Dcsigncd For Lrncer Rcgrcssion Modcl

\tr e presenled lh€ proccdurc ofesrrmatrng Incar regresiron Model b) utrlrz'ng

Grbbs samplng Consrder rhe csumarron of lhe preccdrng rcgrcssron model rhrough

Grbbs samrlrns

Mt = RL + tll

ir,' N (0 z)

B = Ipo,$,tr,.p3l

xt=11, Y, P, R)

( 1 l.l )

Whcre Mr rr lhc mone) demand funcron rn Pahsran o\cr thc pcnod 1960 lo

2011 LetXr=ll, Y, P, R) desrgn e lhc ng.hl hand srdc vanablcs rn thc equauon

(l 24) and B = lpr,Pr,Pr,lJ) lhe (oelficrent of leclor Our larget r\ ro eslrm,rle lhe

margrnal poslcnor d,slnbulron of P",P,,Pr,P, and r arc drscussed abole. rhcsc

margrnal drslnbulrons arc analltrcall) morc problemalrc lo dcn\c U'e denved rhc



postenor drstflbutron ol R= IPa,P\,Br,hl CondnroDrl on r and rhc posreflor

drstnbutron ol-r condrtronal on B=lPr,Pr,Pr,0.rl An appro\rmcuon ol'lhrs modcl

conlrnues rn lhe followtng phrses

The postenor drsrflburron of r condrlronal on B= lqo,81,Br,Pt)cstrmalton ol lhrs

model contrnues rn thc follo$tng phases

Pha-se 1 adlusr pflors nnd rnrlral\alucs We adjust a normcl pnors for lhe coclfictcnts

B

P(8)-N (ffi)tr
ooo

Xr, o0 x,,00r il)
n'"' - r(!.f;1

To rnrlralrzc lhe Grbbs sampler *c need rnrlral !aluc for r or B In lhrs modcl $c

Jssumed lhal thc rDrlral raluelorr=ror, WhcrcrDrs rs lhe OLS eslrmatc\ oI r

Phase :- Specrficd a \ aluc lor r !\c sampled lrom th. condrtronal poslenor

drstrrbuuon oIB The normal drsrnburron *rth a kno$n mean and \anancc spccrlicd

H(B/r, Mt) - N(M',v')

u'= B

:lg



Wc hale all

rcspcclr!cly

For thrs *e can usc rhc followrng algonthm

Algonthm. I To samplc a Ix I veclor dcnored b) zlo$Lng from the N (m,r)

drstrrbutron Frrsl gcnerate kxl numter from rhc srandard normal drslnburron (c.rll

thc z0) Tlese slandard normalnumbcrs can lhen bc lransformed sueh lhar thc mean rs

cqual ro m and vrflancc equals u urrlrzrng lhe lbllorrnglranslormauon

z=m+zoxv,

Wc addcd rhc mean and muhrplres z0 bl lhe squarc rool ol rhc ! anance I hc proccdurc

rn clgonthm l rccommcnded thal once lrc ha!e calculaled M and y', ihe drall for B rs

rnSredrents lo calculdtc lhal M'and V'.rrc 4 x 1 and 4 x 4 maln\

now need a sample from thc normal drslnbulron urlh mean M'and

81 = M'+IExU):lr

normal drslnbuuon The superscflpt I rn

lsr s, sl s4lr

the

UhercBrsalx

Rr rcprcscnts thc

4 \eclor from the standard

llal Grbbs rlcralron,

tE(p")1
lrrri. r I

|)b"\l + lzo z1 z,
lL\Pr)l
LE(t,)l

,r[jr,lrltEl

rl,r tE(r" )l

tf,ltiifi]l
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Thrs rs the l" rlemtron ofmean

Algonlhm 2. To a sample a scalar from

of freedom 4 and scale paramcter4 I

slandard normal drstnbutron zo- N10,1;

Z the normalgamma drstnbulron !lrrh dcgrec

", 
r (6,a) c*.rure. , numbcrs trom rhc

Thcn

lnltiinllEr

lfll iiffilirl rfir

//!7o

,"li\l

rL, I , r,. r,.r
lz,, :., :., r,.l
l:,, r., :,, r,.l
tz., r..:,, r.,l

lt,, o o ol
I0 r,, 0 0l
t: B ';',1.1

Ihrs rs

"8.8.

the l'l

i, p,

z; = lzl z, 21 z1l

Lt = oiLo

=ol

=a?

rteraLron of 612 Iherctore the l" complcrc rterahon rn modcl ibrm

ana a,2

.1t



Phasc i Rcpcal \teps I and J l\1 rrme\ lo oblarDBr 8, ,BM znd

@2)1 , (d2)2 , (d'z)u Thc lasr H talucs otB and d2 from lhese rleralrons rs uscd

from the cmprncal drslnbulron oflhcsc paramel.n -lhrs cmprn(al drslnbulron rs an

appro\rmalron ro rhe margrnal po\lcnor drslnbulron Ihc rnrlral\ rleratron\ \\hrch are

drscarded are rcferred lo burn.rn,rtcrauons These Jrc lhc number ol rlerarrons requrred

for thc Crhbs sample conr.rgcs

3.12. Convcrgcncc Di.gnostic Tcsts for BLR

For summanTatron of thc posrerror drnnbulron ro compul€ an\ apphcable

amounl \\c uscd srmulated dra$s ln Ba\esran rnfcrcncclhe l\tarlo! Charn Monl.Carlo

(NICMC) mcrhods generarc samples and ulrlrTed lhcsc samples lo c\lrmalc c\pccralrons

ofmcasures of rnrercsl from lhe podcnor d)slnbu on For rhe proccdurc \ou need lo

choose $hclhcr Marlo\ Charn rchreved rrs srarronar\ Jnd \ou nccd lo rndrcate lhe

number ol rlerdrons at lhc pornt $hcre lhc Marlor Charn has achrc!ed srarronanl\

Srrll before burldrng rn) e\lrm ron \ou musl che![ lhc con\crgcnce ot enlrrel\

prramelers rn vour model h\ ulrhTrng lhc con!eruen(e dr.lgnoslrcs

lhcrc are lafious srausucal dlagnosrc test\ rnrroduce lracc plors autocorrelalron

functron Brooks Celman Rubrn and Nlonre Crrlo SrandJrd I-rrors

3.12.1 Tracc plot

ln thc asscssrnB con!crgencas of rracc plol are re^ looperaltle thc lracc plol

on lhc X-a\rs deprcrs rhc rrcratron number\ Jnd \ a\rr rs lhc eslrmaied \aluc ol each

rlcralrons The Trace plol also dcprct\ rh.l \our charn con!erges ro lh. dc\rred

drslibulron rI rl-s rcqutrcd lo longcr bum-rn pcnod A irrce plol slso rnlcrconneci\

Nherc lhe charn rs mrung sulficrenl Ihc lcalure ol shironen lhal arc bcsl rdcnlrtied

from a Irace plot are rcasonabh Lon\tant mcan and !anance Thc charn rs a mr\ed [ood
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cover rl\ posleflor dr\rnbur)on arc qurcll) Sornelrmes rhe rnrlral !aluesoflhecharns

arc rer\ drfferenl l_rom earh olher Inlhrssrlualronlhccon\ergencersvenproblemaltc.

forthrs solulron \te drscarded the l'rfeB lhousand [cra ons lnIre(:l ])lhclraceplot

specrfics lhal lhe charn rs reached lo thc de\rred drslrrhuUon

3.12.2 Brook Cclman-Rubin T.st

fhrs tesl can be u\.d for mullrple charns lbr cach charn has drfferenl rnrlral

\alues Thrs tcsl depends on runnrng parallel ch3rn\ lrom jornl runs rs E:rccn. lhc ceniral

srzc of (hc 80 06 rnlcftal {rihrn thc srngle runs rs bluc and the proporlron R =

fuornL/Brrhrn) rs red R *ould nornrall\ be cnrmaled lo be larger than I IfbeSrnnrnS

\alucs are appropndle complelcd drsprcad Broot\rndC.hnan{1998)hrShlrghl.dlhai

one should bc relared mulLrall) lhe poolcd and rnsrde rnten.rl sr,,e\ lo srtbrlrr!

Thc statr\lrc R can be cslrmalcd b\

U here K rs lhc number ol qcnerdtrns samplcs leharns) T ls lhe number of craUons

rclarn.drn(.rch<Jmnlcr.t.,n' FSt/- do(srhe\Jflanccollh(pn\leflorme.,n!rlJc.i

over all generalcd samplcs'charns (b^r-\amplc !anancc) USS r\ lhe mean oflhc

\ arrance $ rlhrn each samplc (!r rlh rn sdmplc \ anabrlrl\ )

\\'SS-T+

Wherc y ls the pooled poslcnor \aflancc estrmale rAhcn con!ergence rs achrevcd and

Ihr \r,/c,if rhc pencrrrcd JJ|J r. lJrgr lhe ratuc, R r. rppr"r.trrng t6 I dc,rEnrre

;i

T
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3.12.3 Montc Cerlo Standrrd Errors

ln rhc rnference ol the NICNjC our comes a srgnrficanl mcasure lhal musr be

tesrrlledandshoBnrslhelUonlcIJrloFrror(lUC.rror) *hrch measurcs lhe \anabrLl\

ofe!en estrmare due lo ihc srmulauon IUC Eror musr bc small rn lhe drrccrron lo

eslrmalc thc parameteroi rmporlance \llh tncrease prccrsron In lhe c\cnl lhal )ou run

lhe charn unlrl the Nlonlc Carlo Srandard devrance rs under 50" oflhe lor all parameler\

ofa$areness- thc Lharn has no bad mr\rng For furlhcr comptele e\pltnarron ol MC

Cnor see lrncs NlTofras (100S) Ba\esrrn NlodelLng usrng U'rnbuSs

3.12.{ Autocorrcl.tion Functton

I]! chcchnS lhe le\.| of depcndencc c\pressron al lhc cnrmalcd ACF Thc

purpose ol rnleeers / rhel pro\rdes evrluated x\socralron b/$ dr And 9a*/ Aficr

bumrnq ihrs correlarron mDsr dcpend on the 1a8 J bul nol on k It rs calculalcd as rhe

\Jmplc corrclauon her\een rhc pz)ts(eL,qL+l) L = 1,2 s-/ tl rhe

aulocorrclauons are close lo Tcro c\ccpl ro sa) rhc l 'rrro/ = 1,2 lhen $c could lake

edchlhrrd0i[,1=1,2 s allerthcbum rn rhrs samplc bc nearl\ unconelaled lls

thro\ aua\ rnlirmJrx)n unlcis lhcrc rs c\rreme aulmorrclatron c 8 hrgh assocrauon

even \rlh sa\,/ = 30 B) dra\\rn-q lhe -qraph rn \\rnbugs ol ^\Ct on the lop lo ]oo[

8ood llLhc ACF raprdl\ Jpproachcs to zcro and sra) lhere lhe charn rr also Sood mr\rng

lhcn rh.re rs no aulolorrel.llron

Thc sample aur(xorrelJrx,n of la8 h rs dcfincd rn lerms ofthe \Jmplc aulo co\anancc

b(h)=I-'lL lrrl <n' i(o

I he sanrple aulolorrelrrron func on ol lag h rs delined

J]



,(,r) = *rl;l(oi-^-e,) osh<a

3.12.5 Ovcrall Goodncss-of-Fia ofThc Modcl

\\ rth a spccrfic end go.rl lo checl rhc \\hole goodncss,ol_-fiI r\ccanlompure

''Rl ' measure to rdcntrfr lhe reductron oflhc cnor \,anancc bccau!e oIrhe e\planalon

\anables rn!ol\cd rn rhe model -I hercfore !le can rccvclc rhrs rmounl ulrhzrng rhe

\amplc !aflance ol lhe rcacuon \anablc M namel) "5;", urrtrzrng "Rr" Sr.urstrcs

spccrlied b\

R,__ 1_l =r_!_

,\nluhcre rs "sfl" I hc sample \anance of 'M" Thrs capaol) can b. underslood as rhe

proponronal dccrcase ol_uncenarnr) rcgardrng lhe responsc \aflable M complcLed b\

rncludrns c\planalon !Jnablcs Xr ln lhe Model Morco\er rt can br !relled rs thc

Ba\csrar rn\eslrganon of lhe adtu\ted coeffi crenl of delermrnalron

li, .le the \lrrrmurn lrk<lrhood c(lmale or p.

3.13. Cr.diblc int.n rl

B) calculalrng \rcnrficant ponernr Mdcl probabrlrtres usual1) requrrcs rhc

eLcrtaron ot rnl!,nnalr\c pnor Fdr lhe lla)esran desrres ro do illodel lcslrnB or

companson \\rrh a non-rnlormatr\e pnor rheredresomcorherl.chnrquc\!\hr(h!anbc

Ria,=1-;

6' = *LO, -i,)'z s,rh t, = po+2x,tp,



t et X = S (l) bc some m-veclor ol funclrons ol "p" \lhrch rr *cll-defined orer

Regron Q. \,,here m S I Lct,N bc r rcgron rnsrdc n denorcd b] Il < n

Crediblc set:

uulucd B\ ourlrnrnS lhc rdeas rn rhc srruarron ofrhe paramercr ! cLror p rn rh. NomrJl

Inear regressron Model bul lhc] are qurrc gencral and can be used \!rlh lhe paramclers

ol an) Model Lcr rhe components ol lhc vccror ofrcercssron cocfficrcnrs P can each

Ie dn\\ here In rhe rnrer! al (-@, o) $hrch rs denored b] p e f(

L.t \ = g(P) = Pj a srngle regcssron cocffictcnr I omcrl\ a si 9n c.cdthle Inrcrval

lor 4 ,5 an) ,nrenal 1.i,6] srmrlarl)

p(a< P, < 61u

Seterrl pos\rblc credrble rnlenals arc

p(Rt/M)dPt = t) es

For rllu\rralron rhal 4 /M - N(0,1) B) usrng stausxcal lahle\ for lhe standard normal

!\c find rhar I I 96, 1961 rs a 95% crcdrble rnren.rl .rs rs l-1 23,

3 a5l and [-1 54, ol crc wc can prcl the 1a5l rnrcnrl

HPDI

A 100 (l a) 7o hrshesr poslenor densrl) rntcr\al lorXrsa 100 ll- a)"ocrcdrblc

rnle^al torX \\rlh rhe prop.d) that rl has a nlrnor ranSe an\ Lnhcr I00(l a)oo

credrble rnterval torX Though dorng Balcsran appro\rmalron lor rnlroducrn-q lhe

hrghesl po\tenor densrt\ rt rs rcco8nrzablc rn count lo polnr thc csumalron

For rlluslratron lhe researchcr rmpact dala a poslenor mcan rn addroon to a g5o/o

HPD ol- 4 The researcher rs 959" conlld€nr lhal rn rh. HPDI 4 hc\ $rthrn lhe HPDI

Consrder {or rllu\tr.uron lqo normrl lrnear regre\s!on mod.ls as (} = X0 + 11) and lhar

)= l^'

normal

t6



pornl ofsrgnrlicanl *helher rhc e\planaton .tdnable musl be rn\01\ed Conscquenlh

thc lqo modcls under atlcDtton rcmatn

wo 0t = o

wt 0t+0

B) usrnB I drsrflbutron pror,enrcs HpDI can be desrgned lor p, Itlhrs HpDl docs not

contarn zero. rhen rhrs rs rndrcaled cgarnst rvo A conclusron rhal lhe HpDl d(rcs conlarn

zero rs laken as tndlcaTlon rn preferrrng oiw0

The scholar $ho rdentrfies lrequenlrsr Fconomernc! wrll rdenhf) fic

comparrson ofrhrs melhodoloSy Nrth lhe commoD hlporhesrs lhat 4 = 0 can be done

b) compur,ng a conlidencc lnlerval for4 lIzcrolresrnlhrsconfidcnccrnrer!al lhen

thc hlpos(srs rs rcceprcd Ifxdoesn rrhc hlpothcsrs rs rqlcclcd Confidencc rnt.rwals

havc a man\ drffcrcnt rntcrprctatron from HpDl\

17



CHAPTER ,I

RESULTS AND DISCUSSION

.1.1. Introduction

Thls chapter conraln\ postcnor csttmarcs along \\lth rcsults oldlagrosUc rcsts

under untform pflors Postenor esttmaies nlong r!trh resulls ofdragnosllL lesls undcr

Normal-Gamma prrors are alsL' prcsenlcd Jlesc l\o r\pes ofresulls are compercd Al

thc cnd. prcdlctlon results ofmL'nc\ demand duc ro change ln tnteresi rale cre gr\cn

.1.2. Postcnor Results Using Non-Informative prior Through Up

Postenor summefles oflhe model uslng lh(, non,tnformalr\e unrform pnor hJ\,c

been cal€ulatcd (l ahle 1 l) atler runnrng the NjCNTC atgonlhm lor 2500000 ueranons

and drscardtng addrrronal 900000 rtcranons as .r bum rn pcnod and thrnnrng rnlerval rs

200 lhe final postcnorsummanes oD 2.1000 samples arc pro\rded as r 1 ob rncrease rn

aggregcte dcmand causes J2:l8l9b rncre.rse on rhc arverage rn mone) dcmand Whereas

the avcra€lc effecr ma\ lary frorn I 3gl10: 569 *hrch rs g-io o credlble rnlc^al Onrhe

basrs of 95% credlblc rnrerval coeftlclcnt cshmrte ol aggrcgare dcmand rs srgnrficanl

as $e rntcrval docsn I contatn 0

I unrr change rn pncc causes 05l2loo rncreases on thc avcrage rn moncl

demand Whcrcas lhc avcrage cflecl ma\ \,ar) from O.t:31 ro 0 6.116 whrch rs 9j%

crcdrble rnre.val for rhc a\,erage eflicl ofpncc on monc\ demand

J8



Tablc I I Postenor resuh usrnB non,rnlormalr\e lhR)ugi Up

On the bcsrs of9io,o Cred)ble rnlen rl coetliercnr cstrmalc ofpnce r5 srgnrficant

as the rnlcrvcl docsn l cont.In 0

I unlt changc tn tnteren rales causcs I .l0l0,o decrcascs on lhe averagc tn mone\

dcmand Whcrca lhe aterage rflecl ma\ \.rn from -l 0.t{ ro 0 0259? $hrch rs sS%

crcdrble rnlerval for the a\errgc cffec] oI rnlercsl r.rrc on mone),dcmand Onthebdsrs

of 95o/o credrble rnlenal cocfficrcnl eslrmate ollhc rnlcrest.are rs rnsrgnrficrlt as rhc

rnlerval conlams 0

From thc 5'h column lh. eslrmaled posrenor mcan and medran rs acruall) close

srgnrflrnS lhat lhe poslcflordrslnbunon ol all paramc(crs ma\ bc s\mmernc In lact lhc

\t(-
Error

95 % (r.drbl.

-2i ql 0 (J 6it( 0 0[59 ll 95 :619 -ti l0 srB

218r 0 0{l8E 8 95At --r I{ S,g

0 512'i {J 0i551 n 5tt I 0-lllI n6Jl6

I {01 (rEl11 0 007rJ I105 -i 0ll 0159'

18 i6

R,, I9tlL-6
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posleflordrslnbulronNrlhanrcan u thts modcl rs lnoun ro bc a normal R; rndrcales

that the (,\crall model rs a good lir

{.3. Cotr\ ergcncc Diagnostic Plots of fIP

Thcr. arc multrpl€s con\ergenle dragnostrc plors ol Up pnor model $,hrch can bc

rnt€rprelcd rn con\ergcncc oIthe largcr drslnbulron $hrch are gr\cn bclo\l|

4.3.1. Trrce Plots ofUP

From lhe I rg (it l) $c rllu\lr)ted thal lhe lrrce plot of samplcs lrruses thc

srmulalron numbcrs (rnde\) runnrng thc mulhlle chcD J each chatn rndrcarrng a

drffcrent color In lhts sltuJhon \\a can bc rcasonably confidcnl that convargEnce has

be.n achre! ed becausc all charns appcars Io bc o!erlapprng onc anothcr The rracelells

that thc chrrn rs converled 1r) lhe stalronan drsrflbulron aftcr thc lonBer bums rn th.

pcnod Thc fcalurc of stauonan lhar mosr famrllar from a lrace plol rs a relatrvel\

constanl mcan and \anarce I hc chaln lhal mt\es ucll convcrges lo tts poslcnor \pcLc

riprdl) Thrs figure also sho\\s a perfecl trace plor Ilccause lhc cenler oflhe chaln

appears to b. around con5tint! mean lalues tltth !er) small tluctuatrons Thrs ll)drcates

that thc charn \ould reach lhe larger (oght statronar\)drstnbutron We concludcd lhal

the mr\rng rs sufficrenr good lor edch paramelers

50



frg-l I Traccpln\ofl'P
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{.3.2. Kerncl Dcnsity plots ofUP

Frorn Frg (.12) the kemel dcnsrtl plots alternalr\e \rsualtzaltons of rhe

srmulated Marglnal poslcnor dtstflbut,on olthc pammeters the margrnal postcrror

dcnsrtrcs ofpo.pl p2. P3 and r Llnder Non-tnformarne pnor lool normal hcrncl

dcnsrt) plots rndlcate lhat rhe Ba\cstan potnt eslrftatc llprcal posteflor mcan (or

posteoor medtan ) andtherangcbct\\cenrheI5'hand9i5,l,percenttlcrcprescnt\9_soo

Baresran confidencc rntcnal also celled crcdrblc rntenal The numcrrcal oulcomcs of

0o,Bt-Bz,9z and r (postcnor mcans or mcdrans) and qraphrcal rcpresenratlon gt\es

srmrlar rcsults Hcncc the postcror kemel densrr\ dcstgned to slabrlrze and con\er,qcs

for all paramcters p0.6t. Bz. h znd r

900@0

5l



Frg .l 2 Kcmel densrt) plots of L P
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4.3.3. Aulocorrclation Function Plots of UP

Thc aulcrorrelatron functron plots l'rom I lg (.1 3) lbr the cheln ofcach parameter

as sho\rn can also rndrcatc thc drmcnsron ofthe posteflor drstrrbutron that are mrrrng

raprdl) Raprdl! mr\rng rs often assocratcd \\rth lo\\ fxrstcflor corrclatron bclt!cen

parameters The plols rndrcate thal all pammetcr\ are mr\rne t\cll\rrth aubcorrelatlon

\anrshrng bcforc 5 laes rn each casc

D.lro ch... 1 3 .rpa 24m0

!.Ui chr.r 1 3 l.npr. 2a0@

21 21 25 26

hct 2 crwlr 1 3r.r$h 24oll0

02 0{ 06

rrhchaEl3slla 2a&0

00 250 540 750
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Frg;l J Autocorrclalron functron plots ol'I P
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4.3.4. BGR Plots of UP

Fr8 ({ 4) BCR-plot rndrcatcs thal thc dragnoslrc plot Scncratcd fo. the f500000

ralues ofp's sampled from the J corns and drscardrng thc I" 900000 Ihe bluc lrne

represents thc ar cragc * rdlh of 80o o credrble rnter!als computcd fiom the J separale

charns The Sreen lrnes represcnt computcd lrom the pooled dala and the rcd lrncs rs the

ratro ot lhcsc luo \eluc\ Ihe llg rndrcates that lhc ratro r\ I and thc I charns con\ergcs

ro ri\ desrred dr\iflhulron
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Frg.l .l BGR plots of tlP
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4.4. Posterior Results Using lnformrtive Prior Through NG

From tablc (.11) specrfied that the Posteflor summarres and densrtles $hen

runnrnq the MCMC algorrthm utlltzcd fbr 2000000 rtcratlons and dtscard the tntttal

900000 ones and takrng thc thrnnrng rntenal as 99 The final posrenor summancs on

13-133 samplcs are rupphed as a I 9/o lncrcasc\ rn aggregalc demand causes I 48 9b

lncreascs on the a\erirge rn monct demand
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li5

R1.

Tabl..1 2 Poslcnor resull usrng rnformatr\c pnor lhrough NC

\\'herca\ rhe r\ emBe ellicl ma) fl ucruale f()m I ll lo 2 5i \hrch rs c5 qo credrblc

rnle^rl rggicgale dcmand cffccl€d on money demand On lhc basrs of9ioi, credtble

rnre^al loemcrenl csumalc of.gtsregaie dem2nd rs srgnrficanl as lhe rnlenrl doesn I

I unrr change rn pflcc causcs 0 j37 06 rncreases on the avcrage rn monc)

dem,rnd \I'hereasthca\cra8ecffcclmrllluciuatefrom0.1655lo06l0!!hrchrs95'"

credrble rnler\al lor lhc alcra8c cffecl ofpnce on mone) d€mand On the basrs ol95o'.

crcdrble rntcryal cocfficrcnt cstrmarcd ol pnc. rs sr8nrficant as lh. rnlc^r1 do(sn_t

i6



lunrlchangernrntcrestratccauses-l 753'o decr.ascs or thc a\era8c rn mone\

dcmand whereas rhe aleragc cffccl ma] !ar! from -2561 Io '0911 whrch rs 95oi,

crcdrblc rnlcrval lor lhe r\erage effcct of rnlcresl rale on mone) demand On lhe bJsrs

950,0 cr€drblc rnlenal coetlicrent eslrmatc ofrnterest rale t\ stgnrficanl as lhc tnlenJl

trom rhe i'h column rhe cstrmelcd poslcnor mcan and mcdran rs actuall\ clo\e

spccrflrng rhar rhe postenor drslrrbulron of(all pammeters) ma) be s)mmclrrc ln ldLl

rhc posrenor drsrnhulron qrrh a mean rn lhrs model rs lno$n lo be a normal lrom lhe

rablc \\c also deprcr rhal rhc rnformalrle pflor l\lodel has a srgnrllcanl rmpro\cmcnl as

compared ro non.rnformalrte pnor Modcloflhc precrsron ell.cl\ rn the productron of

Nlonc) demand \\hrlc conlarnrDg rn thc luod.l as olh.r e\planator) \anables ds

AegreSarc dcmand- Pnce and lnler€sl ralc from lhc resull ol F, rndrcale thal thc modcl

rs rhe besr llr

.1.5. Conrcrgcnce I)iagnoslic Plots ofNG Prior

Therc arc multrplcs con\ergence dragnoslrc plots of NG prror mod.l *htch c.rn be

rnrerpreled rn con\cr-ecncc oflhe trrgei drslnbutron shrch arc gr\cn belo*

J.5.1. Tr.ce Plots ofNG Prior

from l_r8l.l 5) \\e dcprcr lhar the trace plol ofsamplcs \rruscs lhe srmulalron

numbe^ (rnde\) runnrng lhe mullrple chd,n I rndrcalrn8 each charn has a drffercnl

color ln rhrs srruaron qe can bc practrcall) sell po\\csscd lhal con\ergence has been

rcalrTcd becau\e rll (harn\ app€ars to be rn(crseclrng one Jnolher Tle lrace tells Ihat

rhc charn rs con\cncd ro rhc srarronar] drstflbutron aficr lhc lon8cr bums rn lhc pcrrod

The Iearurc of slalronal-_\ rhrr mosr rdennllable from a lrace plol rs a consrdcrabl]

constanl m.an and \a ancc Achrrnlhalmr\cs\!el1cn,s\esrtspo\terror5prcequlc )

\'1



Frg 4 5 Tracc plots \C prror
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Thrs figure also shous a perfccl lracc Plot Becaus. Iha ccnter of the chaln

pcrforms to bc around constant mcan lalucs urth ! el-_\ small lluctuallons

-lhrs 
rndrcatcs thal the charn uould reach the tar8et (rl8ht, statlonary )

dtstnbutron \[e concluded that the mt\rnB ls qulte good here lor each pammcter

4.5.2. Kcrnel Dcnsitv Plots of NG Prior

By obtarnrng lrom the fr-q (46) thal lhc kemcl dens(\ plots allemctl\c

!rsualrzatrons ol'thc srmulaled Margrnal posterlor dr\lrrhulrcn ol the paramcter\ -l-he

margrnal posterror densltles o[ Bo Br Fz. At and r ['ndcr rnlormatr\c prlor lool

normal Kemcl dcnslt) plots rndrcate thal the Ba\eslan fx)rnt estrmale llplcal postcrlor

mean (or postenor medran) and thc ranBe bel$ccn the I5'r'and 95 5'h pcrcenttlc

reprcsents 95oo Balestan confidence lnlcnal and rs also callcd credrble rntenal The

numerrcal outcome ot Bo, h. Fz. & and r \poslcrl(rr mcans or mcd lans) and graphrcal
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FrB.l 6 Kemcl densrr) plors ofNC pr()r
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reprcscnlatron gtrc lhe srmrlar results Hence lhe postenor kemel denstt\

desrgncd to stabrLze and con\cr-qencc forall parameters ol'po. pr p, p.andprccrsron

4.5.3. Autocorrehtion Function plots of NG prior

I he autocorrelatron functron from Frg (.1 7) tbr lhc chatn of each paramcter as

sho\n also rndrcate the drmcnsron ofthe posteflor drstnbulron lhal arc m|rrng raprdlr

Raprdl) mr\rng rs oft.n assocratcd $ trh lo$ poslerror correlatton he(\+cen paramelers

fhc plot5 tndtcates that all paramerers are mr\rng !\ell r\rlh autocorrelatton \anrshrnS

belore rhe stanrng lags rn each lasc

D.lr1 clun i 3..rpb 33333

27 2a 25
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lrg 4 7 Autocorrclatron functton plors of\C prror
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{.5.4. BGR Plots of NG Prior

f'g (.1 8) BCR-plot rndrcates rhcr rhe draqnoslrc plol eenerared lbr the 1000000

ralues ofp's samplcd liom lhe I charns and drscardrnq lhc l'r 900000 The hlue hnc

reprc\cnts thc a\crage \rrdth of80oo crcdrble rnrerrals computed liom the J separate

charns The green lrnes represent compured lrom the pooled data and the red lrncs rs the

ratro ol'lhese two ralucs lhe 1l{ tndrcatc,, thal the ratro r\ I and the I charns are

con\ergcd
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4.6. Postcrior Prcdictive Distribution and Simulrtion Anelvsis of

Intcrcst Rrtc.

ln the pre!rous sccllon. c\lrmated model ls presented alon-q urlh dtagnosttc

lc\rs Rcsullsofdragnostrctcstsestablrshtalrdrl)ol the modcl and hcncc. rt can bc uscrl

lbr prcdrctron and lbrccastrn-q trnder Balesran Irame*orl prcdrctnn and lbrccasltng

rs donc b\ constructrng postenor predtcttre drstrtbutton lf sc harc.r normal lrncar

reqre\\ron modelas rn [_quruon (] i) b) lrkelrh()d and pflo.r\\umed ln I-quatron (l l)
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and lquarron (3 l6) Posrcflor rnfcrcDce can bc complcrcd usrDg LquauoD (lll)and

Equarron (3 l3) \tre need predrclr\e rnlerence on I unobsc^cd esrrmarron of rhc

dependenl \anable \\hrch lle dcsrgnare b) M'= (Mi Mi) *hrch produLes as

rndrcaled b!

Bh.re t' Is rndcpendent ofI md 's (0, H-rlr) and X' rs a ? x ( maln\ srmrlaollcs

loX.holdrngrheKc\planalora\taflablesforeachofthelourof\amplcrnlormarron

M'= X'0+r' (.t l)

lo r.cord rhe Jornr pdl

achre\e lhe margrnal pdl

({ l)

Onc method for dcnlrng Lhc predrcr\e pdf

p(M'.8, Hlx, x',M) and rnr€8rate rcsardcd, andH

M' sh,ch rs the predrclr!c pdf

(l l6)

ol lhe

p(M', p, Hlx, x', M) = I I p@' lP. H. M) p(tt, HlM. x\d?d H

Ihc slalcmcnl thal /' rs rndcpcndcnr ofI suggcsts lhrt M dnd M' Jre rndependent ol

erch orher and rhcrcforcp(M'lp,H,M) = p(M'lB,H) rhe eonrlud,ng e\pre\\,on\

ptM'lR.H.Mt = :-",p1 '! tu' - x'Af tu'- x'Btl
lZnti

Nlultrpl\rnc Equatron (1 l) b) lhe postenor specrficd rn I qualron

(l l8)and rnrcgralrngproduccsa mulrrtarlare-l nrcdrcu!cdcnsrl)

(t l)

and lqualron

Lrsrng the abo!e poslenor predrclr\e drslnbulron monc] dcmand rs predrcted Ior

\ aflou\ \.rlues of rn(ercsr rarc and rhc rcsulls are presenred rn l.rblc (l I ) Re\ults sho\

M'lM - L(x'i.i 'z{tr + x'Qx'rl.r) G J)



that as the rate of lnlcre\t lncreascs monc] dcnr.lnd decrcases ln the economy For

e\cry change ofo 5 perccntagc potnt. lherc rs I 0052 pcrccnl ,n\ersc ch.rnge rn mone)

Table.t I Srmulaoon anal\srs oftntcresl rare

lR./" ari

Predrcted

los (M2l

%Arnlo!

(M2)

M2

(Rs. Mrllons)

95% Crcd'blc lntenr.l of

M2

16 58 15870911 t9 r164041t 89 15170934 t9

.l 16 56 -2 02411 15556669 32 11409991 76 15556669 32

1 16 55 100502 1540r877 8l 111,/r05E 79 15401!7? Aa

6l 11 16 53 2 02013 15096900 26 rra127)5 55 15096900 25

6.1 01 16 53 0 15096900 25 10962599 59 15096900 26

01 16 52 100502 149466t3 59 10962599 59 14946683 59

01 16 52 0 14945663 59 10962599 59 14946683 59

65 01 16 52 0 14916683 59 10962599 59 r4946683 59

01 16 52 0 I49465a159 10962599 59 149465a3 ss

16 52 0 14946683 59 10E53519 9 14946683 s9

6l 01 16 51 1 00502 r419796t 61 r015t519 9 t479796t 61

16 51 0 10353519 9 1479196t a,1

0l 16 51 10453519 9 14)9196761
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1t 01 16 51 0 111979616i l0l9:15r9 9 1a797961 6r

1? 01 16 51 0 l/r79796t 61 rol5l519 9 1479196167

?i 51 0 1074s525 57 14797961 6l

11 01 155 I 00502 t474557\ 57 14650719 43

01 165 0 14650719 43 10745525 57 1it650719 /t3

o1 165 0 14650719 a1 r07.5525 57 1{650719 43

'11 01 l6 5 0 10145525 51 14650719.3

1E 01 165 0 14650719 4l 1061t505 a1 r165071q 41

01 16 49 r 00502 14504942 33 10511605 31 la5oa9r2 33

8 0l 16 49 0 r450.9d2 3l 10616605 t1 r45049/r2 l3

tt 0l 16 49 0 1063150511 14504942 33

01 16 49 0 1063t60S t1 14504942 33

E1 01 r6 49 0 1450494213 r063E605 El 14904942 33

E] 16 49 0 rr50!9{2 33 10512749 91 14SM9a2 lit

t5 0l 16 49 0 10512749 91 14501942 33

01 16 19 ro\1274991 14504942 3l

01 16 49 o 1a5M942 tl 1053?7.9 91 1450.942 3l

01 16 49 0 r450r9.2 33 10511749 91 I't504942 3it
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t9 01 I 00502 14360615 75 LU219471 14350615 75

01 l6 48 0 14160615 75 L04219a14 ra160615 75

01 16 47 r 00502 142',1172t 23 104219413 1121772513

9l 01 0 704279411 1427772513

9l '16A7 0 ia)1112s 23 104279't7 I La211725 21

01 1647 0 1,a2t777\23 r.]4219471 t12t1775 21

95 0l '16 47 0 t12t1125 23 t(n7)9413 r.21712523

0r r0?74'lt7 4s 140162s6 s

01 16 46 0 r0324r47 4q 1{076256 S

01 16 ,t6 0 14076255 5 10124137 a9 1/t075256 5

01 16 46 0 1r076?56 5 103241E7 19 r.076256 5

l0 16 0 101241t7 a9 11476256 5

I0 I 01 16 0 ra174ra7 49 1a076256 5

r0l ol l6 a5 100502 13936195 41 10221460 11 1191619s /t1

I0l 0t 16 45 0 13916195 rl r0221460 11 13936195.1

t0J 01 l6 45 0 10221460 1l 11936195 a1

t0 5 15 a5 0 11916195 'rr 102?rr60 rr r3936195 4r

I0 6 0l 15 45 0 11936195 41 10221460 lr r1936r95 4r
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01 l6 45 0 13936195 4l 10221{60 11 13936195 a1

t0 lt 01 16 44 t 00502 73J9157J 95 10119754 Et 13797527 95

'16 44 0 1379152) 95 1011975a 88 73797527 95

ll 01 0 L3197527 95 10119754 8l 13797\27 95

Il I 01 '16 44 1179J5219t 10119754 88 13197527 9S

II ] 0l 16 44 0 t379152t 9s 10119754 !E 1319752195

lll I o1 1644 0 t1191527 95 10019061 63 1379752? 9s

lll 01 16 43 -t 00502 13660210 25 10019061 63 !3660240 25

ll5 0t 16 43 0 13650240 25 10019061 63 11660240 25

16 43 0 135602a0 25 10019061 53 13560240 25

It. 01 16 43 0 13660240 2s 10019061 63 13650240 2S

llE 01 16 43 73660210 2s 10019061 5l 13660240 2s

01 16 42 1 0050? 1352431159 9919370 t06 13524118 59

tl 01 16 42 0 1152431t 5q 9919370 306 11524318 59

l]5 05 16 1 00502 731E914911 9t2A670922 133E9749 t7

ll 05 0 13319749 37 9)22951614 t1189749 t7

t:5 05 164 I 00502 132565r914 9722953 614 1325651914

ll 05 16 39 1 00502 731246t4 5J 9122953 614 r31?46t4 57
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H5 05 16 38 100502 t)99AO22 47 9530126 2ll r299to)) t]

135 5 16 37 100502 72864729 79 9,r15596907 l2a(a72919

114 5 16 36 -r 00502 t273672159 9341tt1 r49 72736723 s9

05 16 35 100502 1,2609997 A1 924475951 1260999107

t6 5 16 34 l24Us79s7 9156712 A75 124a1579 57

05 16 34 0 12484519 57 9065621 161 r24&s19 \',]

t7 5 o5 16 33 -1 00502 77360296 52 49754r? 416 t7160296 \)

It 15 32 1 00502 12237309 51 497yt7.16 122311095r

05 16 12115516 )S 1886110 521 r2115546 25

l9 05 163 r 00502 11994994 55 4191692 24A 11994994 55

16 29 I 00502 I1875542 36 E710153 743 tr8756!216

05 16 28 -100502 a62vB6 265 11757477 t5

105 05 16 27 100502 116,104$ 39 E537681143 r 1640488 E9

ll 16 27 0 116104E8 89 u52J29196 116404aA rs

l 05 16 26 I 00502 E36E623 73 11524664 0S

05 16 25 1 0050, 1140999175 1285154 532 11409991 76

l:5 05 16 23 2 02011 111!405A 7q 420)9!3 A17 111840sa 79

ti 05 1623 0 !121293 52 111E405a 79



5 05 16 22 11072775 55 E0404t5 3 77A72715 55

)1 05 1621 1 00502 10962599 59 7960481 134 10962599 59

t.t i 05 162 I 00502 10853519 9 7447273024 10a5t519 9

05 '16 ? 10853519 9 1441213024 10653519 9

05 16 19 -100502 10?45525 s] 7AQB53 447 t01455)5 57

t6 05 16 18 1 00507 10638605 tr 77252t3162 10638605 E1

l6 5 05 17 -100502 10532149 9l 164434620,4 10532749 91

05 1516 1 00502 751)?43 E6A 1A427947 1

5 16 15 100502 7496E98 Eol 103247E7 49

?E 05 16 14 I 00507 1022145011 7422101a13 1022146011

05 16lt I 00502 10119754 EE )3445428 10119754 13

l9 05 1612 1 00502 1001905161 721s33795A 1001906161

t95 16 '12 1202941796 10019061 6l

05 1611 1 00507 9919370r06 7t31210117 9919370 306

dcmand I hrs responseofmone) dcmand ro chtnge rn rnlcresr rale rcmarns almosl sarnc

Ior all Ic!els otrnleresl rare. from lqo to i0%
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CHAPTER 5

SUMMARY, CONCLUSION AND FURTER RESERCH

Thls lhcsrs composes five choplers Chalrer 1 provrdes rhe e\pl.tn,lUon olour

loprc and obtecn\es o[our studv Ihc corc obteclr\e ofour slud\ ts lhc esumarron of

Mone\ Dcmand FuncUon ofPa|stan Econom\ b. tmplo\rng Balcsran Jpproach

Chapl.r 2 provrdcs bflcfdrscussron ofrhc basrc elements ofBa\csran Inferenc!,

rncludrng Balcs theorem lrlelthood funclton- pnor drstnbunon rnformalr\e .lnd non-

tnformalrvc pnor. chotce of pnor drstnbutron. MCNIC srmulart(,n Crbbs samplrntl

Elrcrtatron proccdurcs- posrenor drstflbuUon- ind poslenor predrclr!c drstrrbulron lhrs

chaprcr also drscusses thc concept ofmone) thc role ot monc\ rn aD fconom.t- monc\

d.mand Althcend oflhc chaprer rcYre$ oflrrcralurc rclated to Balesran regre\sron

and Money dcmand modeis rs prcsenred Wc concluded thdl lrrcrarure conrarn\ vcn

Lmrlcd studres contcrnlnS rhc app}carron of B.r\,!,sran anallsrs approachcs ro gener.ll

}ncar re8ressron Model Morco,ver lhcrc rs no such sludY lhat conrarn\ monc.t demrr1rl

luncuon through Ba\esran approach

Chaptcr I presen( spccrllcatron ol lhe mod.l- Ba]!,sran muktple rcgrcssron

modcl rn malrl\ form dcflvatron olposrenordrsrnbulron rhrough rnformatr\e and non

rnrormar\e prror The model rs spccrfied on lhc basrs ol_|qurdrD demand rheor\

EIrcr(rhon ofh\per parameierr rs done b) usmg pv-mclhod Ar lhe end ofrhrs chapter

convcrgence dragnoslrc rcsti such Js Tracc plol B(,R lest MCSE ACF and o\erall

goodncss offil tir llalesrrn trncar rcgressron arc prcscntcd
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Chaptcr rl conlarn\ the numencalresulls ofour model I he samcdataset rs used

lot thc Analysrs o[ thc Modcl usrng Non-rnformarr\e ( t]Dtform pnors) and rnformarrve

(Normal-Camma) pnors lo srmulalc paramcrers ol lhe model DtaErosuc resrs esrablrsh

\afidrl\ ofborh modcls Wc concludcd thal thc e\lrmated resuls are found b\ usrng

Inrorma!\c pflor sup.nor trom non-rnlormatr\e pnor \,\,e hale obsened lhal the

resuks oblaln vta lhe Non.rnformatt.r'e pflor arc smaller prcctslon a\ compare to

rnform al r! e pnor duc to updared rn lormal ron pro! I d ed Nloreo\ er slandard errors of al1

pararneleE are smallcr ln the results bascd on rnforrratrre prrL,rs as compere lo non_

rnformalrvc pnors ]l rmpLcs lhat thc rncorporated rntormarron rhrough pnor

drstnbutron are uscful as thc rcsults shou largcr prectslon paramclcrs esllmares sho!\

lhat aggrcgare demand rnd pnce leveldrccrl\ and srgnrficantl\ aflect mone\ demand

rn Pakrstan whtlc tnteresl rate ncgatrvel\ afccl nroney demand rn pakrstJn T]lc results

malch 10 the lheorv ol_ economtcs Moreo\er stmulatton resuks show lhal 05

perccnlage pornl chaDge rn rnlercsl rale causes I 005: percent Inverse change rD monev

demand Hence tnoncra^ polc) malcB ma\ use lhr\ predrchon as gurdchnc rrhrle

changrn8 levcl of rntcresr rare u order to meet lhcrr specrfied qo.rls rboul monc\

demand rn lhc cconom\

For furtherrescarch lhrs $orl can be e\tended to )nclude olhcr

thconcs Morco!er lhe model ma) be re-e\(rmaled on rh! b.rsrs

rnformarr!c and rnformalrle pfiors and rhen resulls ma] be compared
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