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1 hroddon

The dynamics of inflation is a matter of intense debate in

economics. Thereae saverd srands of thoughts exalaining

nEon dyrenics denwihre fereaebgedcautes The

de ggrenvensdte dif gentsdoos dthougtonts

sesh oy de o dif gences n e ndiuiod arage

menis and levels of sodo-economic development of the coun-

EsgigEbuT ey udud prddes Butts npar-

tant for paicy makers 1o undersiand the infaion dyrenics n

the conext of ther onn econamies, adisforhsr eason

e ressarch no the phenomenon of nflaion pr 0SS

hesbler obust and connuaus.

There are manly tWo econometic apor cedes denfavoured by

exsar  chers whie modeling nlation dynamics of an economy.

Adt s unvaige tme saties modding, where recr  desas

sume thet fuiure price behavour could be adequately antic-

peted based on pest data as the daia generating [r oessda

e series s assumed 1 dbey cartan dynamic pingoes. As

* Dr.JC Paihre tired as Senior Pr dessorfom Physical Research
Laboratory (PRL), Ahmedabad, in December 1996. He is curr ey an
Honorary Pr  ofessor in PRL. Dr. DR Kukami is Scentisti- nthe
Nonlinear Dynamics and Computational Physics Gr oup at PRL.
Dr.BK BrdsDredr, Department of Economic Analysis and Policy
(DEAP), Reserve Bank of India, Mumbai. Mr. CK. Krishnadas is

Asssat Advisor, DEAP, Resene Bark of India, Mumbai.

1



te invae ime sEies moddng s bessd nts et dfas

sumpians, r e dnas dien adoat mulhvaicie angyss as an
aemaive methad 1 ind aut the causal conedion anog the
vareles OF Ee, wihn the famenwak of mulhvarisie angly-

sthresssp gEEsdtevasss hae carebleing-
woven under whet is caled “coniegration and erar ar efri
medrerem hdher e teresesr dhars impose cosranis an

the model about the underying relation among the variables

which may be ether inear or norHnear. Whie this may nat

help fuly understand the complex inflationary pr oEsesit
wad dl ke necsssaty for e sske dfaredyica ipour o pos-

teeteralred te utahigrediodpantebesso

cehieter ddp emises and niomation st

The main pupose df this Siudy s 1 undersiand infition dy-

namics in india through the use of attiical neurd network

(ANN). Thereshar dy anywok ontis suetbesed ontrs

method. A magor advaniage of this method s thet nondnear

behaviour of dynamic variables can be incorporated in the

Mool Far puposss o ineerface, the Siudy also proviokes exar-

ases done wih the help of tradiional Bax-Jerlkdns moddl and

VeatxrBrar Car edion Modd, alhough st comparisons wih
conveniional econometic iedngues would be diff t\Whets
mpatartor egestate ANN appr cachr egardste
[rooess as a low dmensional norHnear detlerminisic system

and pr  oceeds b model the complex system that is evolving,

wher ess the conveniord iednigues assume e vaiales o be

sodhestc and gy s teay b nocd ey nalin

ear fame Thevadles nte conveniod g cdesae ,in
many casss, ransiomed and diff eenced n the nondnear mod-
dguEy ANN, such prgy oc=sgdtedasmdresas

they would r emove o udd niommaiion abaut the evoluion of
the compiex sysem thet generales the doseved ceia, kshoud,
tedre e bare nnind tet te deia bag nocd isF s

dff eent uder the two appr cedes



Thesdteredtssdysasdows: A b rid reevdtet
aarem rHnBspr el nSedn 2 Ssdn3aoias

cetek dfthe cela usad n he ardlyss as wd as e methodd

ogy gppied for modeling. Sedion 4 is devoied o univarisie

modeling using conventiondl as wel as ANN methods. W th
the famenak of mulivarisie modeing, Sedion 5 compereste

ekdte ANN model with thaose under the cointegration

edigue. For bah the unvarieie and the mulvarieie sudies

wy ANNter edes@r as) hae aobeennmodded Asa
consequence, N our wark we have a two step appr cahhte
Edpte ANN models the tr ersadntesodsepte
elesae modeled agan usng ANN. Sedion 6 siudes the

mpusss o pdoy Sods antre pie bd Seadon 7 presars

2 BiefRevew o Lieaue

The trediondl exaanations o the nlkbionaty pr oEsae in
terms of cost push and demand pul factors. These have been

found © be nedeqLee 1 exdan the copex nbioaty ro (e
ess A \aywdlare eanng the undeiying causes

and aomseguences o inbion under off gern regmeshesgown
e dauteaddtefies assae@ndgeentom such
compr desesngsasstoedB onfenr  enner and Holzman

(1963} Jarem (1963), Ladker ard Patkin (1975), Huoson (1983)
Gordon (1985) and McCalum (1990). Our purpose heresrdb
eewvteate bBarem rEin buto by g gt
same of the mgar ideas that would help us 1o undersiand the
dyrenics dfininin inda

The two Ines o thought thet pamestie mear oeCOnOMicsSr - eéeb
‘adarias agprdt nmadhaTl Cessd ndudg te neo

destd ad rendessd ok [ oceed on the assumgpiion

thet the economy s undamenialy n equlom and  there S
ta drero need 10 adopt adive pddes et wold ineriere



with the working of the market for s hEon nacdha
famenok ste dr ed A out of moneiary expansion beyord
wWhet s aiicaly needed for the ecomay. Asapdtshed
thinking is the Keynesen viewpant which quesions the funda

menia assumption of equiloium of the economy and advocates
nervenion o pul the economy Yo o a hgher el of cuput

and employment. Those who espouse state activism generally

ageetanlnneads blevened asaer esedbteec
pansion of output and employment rather than be explained

purely by monetary phenomenon.

Treedlylbare lesa guedtetaesa pdecr eamn
between infation and real ncome or equivalenty, a regghe

ar ehdtion between niiaion and unemployment. The trade off

between nfiaion and unemployment (he usual Philios aune)

wes fourd © be fege n 197/0s many because of 'Segian

Steteeba reLdieedgy owth of output and employ-
mert, te pooy nenenionnte og run may induce price
leve rather then the levd of empoyment (Fiedman, 1963, ad

Phes, 1973 Mo eover,f teeqatsibE teeq:

tation induced Phillips cunve may be vertical implying the

kreakdonn of the negaiMve trade off between nlion and un-
empoymat Of Be the emaica indngs suppet et here IS
a negaive tracke off between nlion and r ed noome Baro

1995) which mears a pasive carrekion between naion and
unemployment. This implies thet rice Siabily would need ©©

be a mgr dgedve of moneiary pay Tor susarale g owmh.
There are saverd supdly ste edanaions which controue o

tenbioay o 0CESS IN an econoimy. The basc supdy e
eqandon abouwhet causss possbriee s te een
tecddp odudon AsBborad cgad are temgrec
osdpr odldntemrenr edwage adr aedrerestice
hestepoerEHd edgteprebd ffreiressen

the syl price s gadld, then t hes an enduing imped an
e pice b WHh BuTtesood D regr eatare reo



Ed<en 1981 Thare ooud be sudden inor eeentepesd

aenbdosdpr aldn(edpesinte 19709 kedg
br  eentegErEdprekbdasteagasmaylen
apEMbad g2aidd/inr espose b the ok The impedt

o sy dods ante pie bl s gerardy epoay ad s
eqoeded L be dsjoeed oy apacd dfine uessits Yo
parted by monetary expansion on a coninuous bass.

Andher mgar sugdly Ste exaanation of nlsionaty [ aEsB
the downward  dkessdwegessidypr oposed by Keynes
(1930) Pioes db not adi st qLiddy  denges n e supy of

saeventies, honever, the wageaioe siddness thesis wes uncer

sere  dakfam the new desscd sthod of econonss ke

Lucas (1973) and Sar gentand W e (195 Wohddtet e

NoNc aganis expedations are raiond and the matket dearing

mechanism operates in both labour and commoaodity markets.

Ther ere, wegepice SIddESS AT X eval over a medum
emhtedaruntae may be sddess dLe o mee o
tion on the part of the rational economic agents about the

dagsnr eHdeps

Noeheess nr emtyeas taehesbeanr aiddree dgin
favaur dwegeioe siddness goear headed by new Keynesans
ke Bl (1991, 1996), Gardon (1985), Fsher (1999 and T ajor

(99  Accor dgbtem pieigdes meyae deb s
ad faaos ke longiem wege aonrading, imperiedt copek

n hoh mendaossad ‘@oor dremilre among markets

Y et anather exqplanation of nflaion dynamics, which hesre -
alyarewp s nensdr ed buaness o2 heay put

fowardby  KingandPlosser(1984), KydandandPr ex(1977)
and Long and Plosser (1983). The basc idea underlying the

teaystetloeos npissemaree fom tedhnologcal
shods b the aggregae oduction function. When there I sa

pasive shodkk o agy egate supply, t hresaneentpa e
5



N toa voume of money and aredt which induces pr odd
movements in money, pices ad auput

hte Eaedgenenores teagnd rfENmey ke n

faegn aounties whch mey be the mgr teding patmes e
aounty under consdieraion. Fhe county s underabed ex

change rate arangement, domestic monetary policy may have

imied poency n conrding inbion Under iedde edrange

eessgEmbge and raqod movemenis nfor ecnedae e
may have pervasive ef Bisondoresc pe bd Although
taesno QonsEMaLs as b What uimaetely detemines the ex-

dhange raie of a county, tep  odree cause o vaelly n
exchange rate may be excess money supply keading o ise n

peedf & enid betneen the trading pariners. The aher megr

delermnaies of exdange raie may be the expecied nier etk
aswdasteeqetedr egg onhreedf gats

Inthe case dof developing countries, honever, tep oddems
somewhat diff eetntesnsetateaeaea number of
grudud igdiies and batleneds which pr eatfee by d
maketir  esThed udList eqdareion of pice behavourin

the developing economies r us iniems of supply batleneds,
hertenaedapur ely monetary phenomenon.

Emprical sudes o inflion in the inden aoniext in genedl

tied D et e dess o moreaEs Keynesen and sruduat

sis (Lahii (1981), Ramanathan and Pall (1989), Bratiadharya
and Lodh (1990), Balakiishnan (1991, 1992), Gheni (1991), Ray

and Kanagasabhapethy (1992)). A heeraadatsnpossdin

most ofthese Sudies. Bestes, the gpen econamy praddem s nat

adequately addr esed Thepr esent study would drap the con
satdiear ednadiybirete npd dedrd

Sedor under a new method.

Tre bigfauney dte leare made above s persuashve n

the sense that we should model money, output and exchange

rate 1o know the dynamics of inflation in an open economy.
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Ther ere,we develop unvariaie and mulivariete neurd net

work models including money, hdexd ol P oduction
P adbodgansods @ pr oybredsstrg owth) and
teRdH  fedve Bdae Rae REER) orey eatteed-

rel sec). The depardentvaiste dovioldy s e pice e

e Faortesdedarddy, we haepr esedvat
ous measuresd rEnnidain Appendx L. In our modet

ling we use the Wholesale Price Index (WPI) and Consumer

Price Index for industidl Waokers (CPHW) as o&strpme
behavour n indainthe whdesae ad r edmakesr eec
4.

Thepr esntdudy eaes ciiatrom Api 1975 b Merch 1996
ey 22 deanveions The ssedndte paicd df Ldy 5
essenialy needbased 1 have adequeie dela panis.

3. Database and Methodology
31 Detabase

The pice behavour n o s Lded nems dte o ind

s namey,  Alnda Whoesake Price Index (W) ad the Con

sumer Price Index for Industial W okers (CPHW). Although
bah the series generdly move n tandem, severd indanoes o

dver  gence between them have been in evidence. The tho series

dff i nrespect of commodiy coverage, number of quoiations,

weghing degam e, and as sudh, do nat necessatly dept

an denicd movement ks, ther dre gyropeebdote
emprical exer ae nams o boh the seies so as o avad

kely bas n dhoosing one against the aher. tecaed
mulaiee aeysteeer aehae has been conduded only

n terms of WP, as WP and CPl behaved, by and br gente
sare mamer as n he case o unvatisie eerc ie

There are four eqianainy vaiales, namely, broad money, | n

dexf oL Pr ciLoin (P), foodgen scds and re d ef-



fedve exdange raie n aur model AmMong these explanatory
vaiges (Whch are uwdasimpusinte ANN models) broad
money periains O e bt Fidky of eech monh, For scae vai

able, monthly GDP would have been appr quee As monthly
G D P srdagdk P hesbeenused aspr oy frs=e\ar

able. However, teP dossrarer esent the whole economy.

For the pupose of avacding the oA exduson dfagiouiure

sodss df foodgans wih he pudic detibouion sysem s used

ssapoyoragodure
Ih a price eguaion, ane Gan use nier eteeasana gument.
Unfortunately, no ssssasdke g esrdewhhs

market determined. Only cal money rate has been somewhat
maketr  ebied wihin the celing mposed on the berks by the

Indian Banks Assoceion After the celing wes wihdawn in
May 1989, the cdl rae wes fourd o be hghy vaele The =

lies, thus, hes atansent phese which coud natbe moded in

the ANN. Hence, inter eticesd opedfram ouradys
The edange rae s congdred as ae dte eqaraay vatr

abes nour siudy. t 5 hid te edard pice dFmorey

which can be nepr eedasaaurageiring etieeasswd
Moreover, the variabe s impaiant n nfluenang domesic

pestr aochtedagesnter edhe pes dteded goocs
Although trade-GDP @bntasbwis 520310

over ime. This gpatt, aur exparts for a number of iens ke

genms and pwelay, demicak ad engneaing goods are oy
mutnese As the nomindl effedive exdhange raie (NEER)

aonians the eéement o prioe f Hpdy ence was made for
trade weighted r ad fedve exdange rae (REER) as anex-

pareiny variske n aur analyss. Nevettheless NEER r emains
as the polcy variable which s used 1o adust REER whenever

necessary. Uimeigy, teadhoiesseqater ad Bde
edhace rae b reman Sale ar careded o the equiiom

bdhady egbed rege te alhoieshmae e g o

reaettr ough nenenion.



32 PeAEyssdT ime Saies Data - Cheraderizaion ofhe
Complex System

Recent developments in the study of time series data using

methods of noninear dynamics have emphasized the impariance
danigatpeadysdtedia Trepeadyss daesc

terizes the dynamic sysem underying the ime seties dalg, ad

provoes valuale niomnation aoout is naire. n mary Gases,
trough the dhaeradeizaion, t 5 possae 0 ind autwhnether

tesgams)reramie, yasanTEca ot e

adi ii) reglarardedic Ths nomeion s vay vebele tor

modding the sysem Far s pupose vaious draeredaecs o

the ime series such as poner soedr um, corredtion dmenson,
embedding dimension, L yapunov exponent, surr ogate data
sudy, deamreC\ws sdescOVSa S udre  fudm
have been nvestigaied. The condusons dann fram these sud-

I esa re honever not completely r ek bera e teime s

Is somewhat shat and noisy. Alte sae hese daradasics

do provde valuhe guddines for consr uding an appr qoee
model.

For modeling the dynamics of a complex system wih variades

X=K  ,0.X,0 .. X0 Eliaeanqegred, write f
firg o rderadnay dff e eqes

- -

whereFsa  arfuos(ed)indnddtevasdsX

X,,...X.Tretrdrs F may a0 have norineaties Gventre

i \alies the B (31) woud desae e evduion dhe

ssemnte e dsvaess (X 1 X )

harealsic siuation one does nat know ether the aciual

number afvaietles arthe fom of he undion F.Tredgde

tensbuxehesaesscladasge aakwdsandds

9



barg  uttedyparis oihe aigd sygem Thisskoan

ntelare Padad e&al. (B)T  aens(1981) ad Rueke
dal. (195 essegaEr exosr  udon of the dynamics. Im+
ddytsutasoadtettae I sa reltionshp betveen the

nemd deg esdf eedom of a deterministic system and an
dosavele dhe sysem narder o buldd a modd dfhe mees:
ued behavour of the sysem

As long as the dynamics s nat random there arewwobescpa
rameters of the ime seties data which one ought to know for

modeling. These are tetrely T and the embedding dimen-
an d

Atme smies{X ® :t4... N}susaly generaied by measuing
adynancvaigbe asome equency.k meyunaittete
Sucoessive measur ements X ) adX (t+1)arehgiyar esd
This may be useiul for some purposes but as we shal see nat

oraoer ucing a mode! for a dynamical sysiem. The pr et
liequrement (as desaied below) s 1o dhoose a vale ofime

by T suchthat messur ements X ¢ adX (t+1)arekdare -

Bed o indgpandent Trswleaure teaiyadinone
tion in the data is employed for modeling so that the moddl
does nataoianr edunant parameiers. A Smpe way o doeter-

mne T sbedeete alomrednndm @T)

. N _
5 Xm-X)0m-X)

N

al =—n — (39
— X Mm-x 2
N L
Thretdmmmumnte oo aTvs Tswuddenble

teirebg T.A generaization (fo noninear doman) of the
auiocor  eltion fundion s caled the average muiLAl niomex
intsddedbyteeq essmn



N P ( Xy X(rm+ T))
I ()= Z RXMXm+T) tg , (33
S Xm)P - (X(m +7)

where P(X(m) sltepx obability of measuring X(m) and
PX(m) , X(m+T), steptpy obabity of measur ements of
X(m) ad X(m+T) . Theddbum PX(m) Bedeedfo m

e hdogam et equency wih which the value X(m) oc
ausader sisdy ramelagi Sy, brteptdds
naeaustefr equency wih which a gven bax is coou

pdntedad X(m) veaas  X(m+T) .Agentetime g Tis
chosen o be the frst minimum in the plat of 0O O T.Noe
teftee s o dear mmum are eles T bletended

Twhere I(T» Y. .

Finaddion b messremat d{ X Iweheddaaontetime
caiehes{ XOh{ X@ ectennpnjeaeaban

srutasdddf aenid equaions that modes the sygem The

denaives are honever nat known. In a signiicant develop-

ment, Packard gal. (19)adRuee gal. 1P oposed a
method caled the method of delay wherea \Vseg

X =00 + ), XE+H(d 1)} t= 1.t ] (39

when evolved in time determines the essential geometric and

[eesese: g udure o the alredor of the compex sysemin
temibhersrd ae dsvadds Farts pupoeis .

\vid et he componenis dfhe delay veor X)  be ndepend
ent This 5 because one an then use hese companens (nseed

of the davaives) for modding the sysem Thiswes e re -
qur ement mentioned above. Avcthera  udHpaareernts
geomeicr econsrudion of the (phese) gpece s the embbedding

dmenson  d. Essenidy t deemines the mnimum number of

dynamic variables needed to mode! the system, or the dimen-

son df the phese soace inwhich the alrador s emboedded.



Several methods have been proposed to determine the embed-

ding dmension d franteime saies daa The method offelse

near estnegoous [Roabard et d (1998) s geonmeic naon:

drud. | tresantetdtapasn d dimension space may
become neghbous fFpr geded o are wih aboner dmereamn

Thus one caouiaes he number dfikse nesret nefoous as a

fundion of a variabe dmension D.Trevale d awhchthe
number of false near et neghlboour goes o zeros denble
the embedding dimension.

tsihrpotrtor edlze tet e deemirein o Tad dad
tauein ANN model wil enable one to follow the state

Soace evauion ([dynanmcs) o he e s2ties. The parameiers T
ad dtdaae deduced from the data are taebe the most
aicd anes ot any for dreradatizaion bt aso for dyrenc

modeling of the sysem Appendix Il shows how to infer the

neture of e ime ssies uLag aloaar elaion fundion, DVS

A imedsay ( T) and embedding dimension ( a)

33 Bax-Jenkins Method

A number of basc et bodks (Bax and Jerkis (1976)) on ime
sesadysgetedssdtsnodadtepy ocedure
for estimation among athers and we, ther dre gehge aly
tebesceq e1rs

An autorey  essive moving average pr oesda &( pg)ofa
Sirionery Gaussien pr oessX | Bgenby

where v, swiensead o =1.



Threautorey essve@ARa der and the moving average (MA)

ader, pad g arerespecively determined depending on the
perel auiocar ebion and auiooar edndtepoes

34V edor Bror Caredion ModH

The Johansars edgue oV ey Auorey esebra Care ¢
tion Moddl (VECM) hes become an impariant tod n ime seties

analyss o niegraied econonic daias Most econonc setes are

nonsiaionary and regressing such data can lead 1o spuious

ietions amang the variakes. Spedicaly, ardasaEsae
negaeddar dxlie () adgeedyayatiay hear

aombneion dfhe saies woud akso be (1) gvng iee bwhet

has come to be known as spunous rey ession. However, t here
mey ed aatn heer comtreiors dfre saisswhth are I (O,
nwhtheaeterebat\agsae s b be oinegaed

This noion s centid 0 the conogt of logrunr ebionghips
betnveen variebies The cornegaing r eHodisae teb
unequbagr eltionships among the varigbles. Honever, in
padee suchequhiaareher dy ever achieved the dosarved

daia usualy devieies from the long+un equiibrium due to

drods ntevaskes iadom e Bs ec Tre g ateo
Lindtevass e nbacoutteeatdte e

tnfom the equiioium r edods adtybad gisd

towards tebgrun aha Byeddyir oduang aterm
bcre teceendtedsatom the longrunr e
dstedatrun dynamics of the model gets enhanced and

aso measures  ted fed d such devetions on the vaigbes.

When s seedicaion s omubied na Vv aer AuoRege s
s\ve framework we have a' Vv etrbBrar Car edion Model

Fomaly, if X,i san( nxI)vedrdaedswihae I (D,so
thet AXBI0 telherssaneanteeq esxdas



k.
AX= p+ 3 D, DX, + TX + g

Fl

where tisdiak r,0<r< n. If Ttsar edyqedd d
emsontemgithadske ae 0 adtesadard dabor
odr esus goply. Ore r ko we canfind O ad

Yo r) ahte m=yoad o'X isl (0. Thet etfa reamaet
mum kelhood et het = ya'

Treesimee o o b adened by consoaing e resolels

kel
R, = AX- Z D, bX,
Fl

kl ~

R, = X,;- £ D, BX,

and ther second moment matrioes and ther o cspalds S
Sy Sy Sy

T

SJ:

E‘_”H
~

wheret he rl agestegenvales daaned by savig the equaion
| NS, -S5,S; S, FO

10 @ oL
A= )\jz 0 fa i = j,dgamre e egenvedos aordiuing te
columns of a=( v, V, V,...v). Thesstdfegenvedos are
gven by
A S,-S,S8,S,)v0,i =1,2,3,..., n

et o he nomelzamn V'S, V= [Treapesar-
lesponding o the rl agestegenvales are the conegaling

vectors. Once a is esimated, esimate of y 5 gven by
S a(a S,a)".Brape dal. (1983 sagxdr & arcbret

14



mation and testing of the hypotheses about the parameters
noled

35 Attiicial Neura Netwark Modeling

351 Badgoud

The task of modding a conpex sysem s oF futThssde
btetdtdatae are many varables with unknoawn mutual

neradons tet govan te dynamics d e sysem haddion,

tessemisgieldypbe mrearnreire . Tiedrely
mocdg dfauch sdars s caied autby ig carfig au -
ad dynamc varigles and then maldng assunmptions abaut ther

Neradios and ime evdlion Tiserdllessae o sstp e

besc equaions © dLdy the tme evauion dfhe sysem Such

an appr  cach has dovious Imiiaions reiied o the assunpios

mecke 1 desabe the sysem Forinsanoe, £ s ot vary deer

what cught 1o be maodiied when the moddl s n dsagy eement
whteda htsaetr ecart deveopmens nthe gk

caiion of artiical neurd netnarks are of considerable Im-
potance

352 Aviiical Neural Netwvark (ANIN)

ANN appr cachhesbecome avay valale tod for soig ax-

tan kinds of complex pr oblems. Morepr e, ANN technol-
ogy hes been suooesslUly gded o [ diarsdidesdamn

o datg, ad i) generalzaion bessd onfedrespr eatnte
daia. The most mportant advaniage of the appr cahstet
makes r  elatvely weak assumptions about the dynamics of the

sgmitr eles nsead on e ciia and Vvia a sukle netinak

generates an optimal model. Andher aredive feallredte

ANN methodology is that it can quite easily incorporate
rorfeaies



Output

%\ Hidden

Fgue 1 : A fuy comneced, tree layered neural network with 4
neur ons in the input layer, 3 in the hidden layer and 1 in the output
he.

An aiice neud rneivak s a Smpsic and idesizad caica

Lre of a human brain, which atiermpts to mimic some of its

fundions, such as assocaive memay, leaming and adpive
information pr oSy taoessdastdeamats cad

(idkesized) ner asa  gazed n layers wih connedions be-

tween the neur as Asan eamde, ansiwok wih 3 eyers b

beled nput, hdden and ouput having 43 and 1 newr asre -
gdeysdonnnFg L

In ths newwak each nerann tenube scomectedd

ey neuran e hddenbyerad arbly teres tlon

nedMy betneen the neurans in the hidden and he auput by
asThae arermdedcomedons betwveen the nputand the

output layers and no connections between the neur asha
ha.n the netnwak, each connedion, say betineen neur ash
bded Jad j,sassgned aweght w; which denotes the

sregh dte coydng beneen e par ( J )drar ashgn



erd, one can have netwworks wih an arairary number of neur

osheahba, many hidden keyers and wih more complex
QomediMy.
W hhatas udura framework, the br caddpdesbD

asr  uda modd for the complex system. In most cases, one

assumes thet the modd Wl be generaled by exdradion of et

arsfam the adeded cata, Far s pupose, fom e aal-

abe daia a compete set of nput — ouputr eHosaee<
taded The retnvok s thentraned o repr oduce the nput -
oupLL resions by aduaing tewe s w, arhtatearo r
between the calouiaied network ouput and the desred oultput
(0eB) 5 minmized (see Apperdix il for deiaks). The keaning

dteimu —aupur  edosstredin teweds w; Nt
warks havng diff gata dElres tuisgpacedf eent mod-
e hpgeaety dre hasanninie number of modes

foragven sysgem n padice, honevert ursattetbyin

geasg the number of newr asintensiwaka by nor edy
the number of hidden kyers (bath narease the number of pa-

rameters) the performance does nat impr oe Oetengstor

a parsimonious model where tearan tetssrdadn

sampke generalzaions most acouaie. Thsype o ANN model
can be viewed as a noninear aulorey essve g oach without
graar  edion. The main pont, honever,s tateomd
nonineaity s nat assumed

As dsoussed egrfier, in tedudydrlEnuEg e saes

detla df maaroeconoc vailes, ane s ade b get some guce-
hesaoutteadedred tenanakfom pr eadyssd

the ime saties daia. Uang these guideines ANN model has
been generated Whch rer olssteoedtratsntedsa

The r esiduals have also been modelled using the A N N

edrge
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4. Modeigthe T me Series - Unhvarisie Sudes
4.1 Forecast Through Conventional Bax-Jenkins Method

Thesaes M , wes modeled afer émnding atr end eguation
Log(M )=9913+0013 t.Al dher stieswere t resed onter

firga diff eees Therexles dfeach saeswere doedfy
autoocorrelation and nomality. Tread fEBdte ARMA
moHadteetsseshr es0Ld auooaredion and nor-

mally, iz, te Bod g seecadte JxrgeBaa st

aepeednT dael

Moo M
Thedsr evdsaesd M ,srmoddedwhan AR Bgdlad

M A lags of 12 and 24. The resduals of the A R M Amodel
showed absence of aucorr ebion and namaly of dsttouion

wih Boxd jung et siaisic at 40708 whch s sgnicant at
005 ad te JarqeBaa sHEC a BBOBwWh s Yt

ayabd

Modd of Whaesale Price Index :

The WPl was modelled using thre eAuto Regr eseEnsw,
lbos 1, 12 and 24 and one Moving A verege em ofbg 3. The
Boxd jung staisic was compued at 29139 which s sonicarnt

at 0.258 showing that the residuals are mtfeefom
auocor  elnTreda qeBaasascwes a 3Hwhth s

it aly a 00 inkaing ey dfrestLes

Model of Consumer Price Index

An AR model wih lags 1, 12 and 24 were " wedforte
saies CPL Bod jug saisic wes at 22630 whoh s syicant

at 0599 showing that the residuals are mtreefom
auooar  ednTre X qeBaasascwes 0BLWHh By
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ncateena0S ndaigtaeteresdeBsareanor-
mely detiouied

Mode of T rade based Red H fedve BEchanoe Rae

The series REER was modeled as AR() wih tho nenvenions,

iz, anaddhe akradsapat 1% adinoee akls

a2 adZ2 Treredlesae naf reef romauocor  edmas
te Bodjugseec a 202088 s pgiata 0 Theyae

again not nommaly distrouied as the Jar qQeBaadsa= ca
12Oy tatatth

Mode of Food Grain Stock

The variable FOODS was modeled with 4 AR anmsabsl1,3

5, 12 and one MA amakg12 An addive outier wes used

a pant 145 and an inmovative oulier a paint 170, The Box-

Ljung statistic (14.754 sgnificant at 0947) shons thet the

eesae auoor  elated. However, tevdedl queBera
SaiEC H407 whth s Syicat aly a 00 Sons et they

ae mamely derouied

The important featLres of Box-Jenkdns modeks for each dfthe
\aesae summarised below. Te AR M Amodel parameters
wih the Sandarder asae sonnT delotevadds

M ,, WP, CPI, REER and FOODS.



Tadel
The coef  fderts and saisics dfhe fied ARVA

modeks for various variebles
M, WPI CPI REER FOODS

AR:1 0856023 P391456 03008 0208310 0403408
[$=) (0032951) (0056401) (0050988) (00B8361)  (0052201)
AR:3 0137544
&8 (0053751)
AR:5 QL 18432
[$=) (0054414)
AR:12 012142 012634 208461
&8 005209 (O45331) 0QE0733)
AR:24 0179868 321915
[$=) 0061447)  (O46358)
MA:3 0173711
(S =) 0061824)
MA:12 0391770 0905735
&8 000423 0019498)
MA:24 0416804
[$=) (0062303)
MSPE:10 204 280 387 1437 3682
ses
Box-Ljung 40703 29139 22639 29088 14754
82 0 03 09 00 0o7)
Soleg
Jerque-Bera 63993 R3B 0081 1209 94407
Sz 0080) (0839 0% 056 (001Y)
Soleg




42 Forecast wih ANN Model

Asenpheszed n Sedon 32 s npoarto daeceize te

mressessdabdoe aiempiing 1o modd & Casequenty,we

cared auta deged dudy dfte dreracecs ((Bossad ear-

Bddte7dbss

W e g desabe the gererd fediLres foud by us from the

analyss. The autooarT eation fundion as wel as the average

muiLel nomeion for eech dhe ime seiess indcae tet e

underying dynamic systemn is esseniialy determinisic (non-

sodhesic) and carelation parssts for a long ime. The DVS

plots imply thet the dynamics has anly weak nonineariies and

does natediat bw dmenson decs. Aswe de el we
aeadkobaw uat vary goad neer modes o M, WPl and
CHl dela sss buteven he week norineaties are impotarnt o

modeling REER and FOODS data. The cal money rate daia is

neatly consant for a long pariod (Yo [11989) and then showns
atasent behaour. Asareatthresatbeenposddeforus

b daacaizibae dore modi The IP ddia hes daiec

eeC scesoH EedLres which show up vety dearly in the

power specrum.

Nextwegven T ak2tevdessdteime dy Tadte
embedding dimension d dbtained by using the methods de-

sabed n Ssdn 32 fortrevaios cdela = Thevales o

ragefon3o 10. Smdl values ndicaie thet the suooess\ve
paksntetresesae weakdy cor  eaedwher  eshigy
vdessrebedbgadeareinentedsass



Tae2

The values dfime dely ( T) and embedding dimension ( d
forreime saies dvaious vaiekes
REER M | CALL WP P CPI FOODS
T 10 10 3 6 6 3
d 3 3 ? 3 3 2 4
Thevaious dda ssis are not independent of each other and
hence we deermine e csar ednarmogttem Trss
shoninT dk3
T3
The aossoonelaion betnveen fme saries of vaious
vaiebes atbg eque b 220
REER M, WP P CPI FOODS
REER 10
M, 093 10
WP 080 098 10
P 098 0983 0961 10
CPI 0913 098 098 09% 10
FOODS| 0% 0542 0511 0483 054 10
Thea osar edosntedbetidsorene ey
tures The moat Silkdg ane s et the varieae Blodked FOODS
5 Wealdy car ebedwihdtedheraes As expected the
varisbles CPl and WPl are hohy aar edisy efgo
note thet bath WPl and CPl are \ays  agy corebsied wih
M.,
W erstmod te e sais (naee) ceases ey ANN.




Thus Ireech dfhe clia saiesswe warto corsrud aninpuke
ouput (FO) modd dfthe fom

X = FOXX X 45 (49
Here f desabestefirdodr eHrep T stetreddy
ad dteeaerbeddgdresnfotessies(@EeT aed Fo
N deiaparts e od number o IO redyss NV = (\-1)-
(d1) t.lswahnes esygtateadedredteras
ra netvork and the ol number of FO T edbsdredyde
pend on the parameters Tad d

hader o mplement a modd of the fom shoawn in B 4.2)

wgan  ANN we take  dneurasnthe npulyeraxd ae

neuranin e auptyer. The number of neur ashteht

den byer s vared betneen zero (Inear mode) 1o a maxamum

aled w—“il)mfnere N B the toid number o deia pars The

o number ( N VdiOr edossdsdimbinoss-a

tanng st (conanng gooradrey 80%) dfthe rebions ad

aststhaigter etdter ebios Thetangdte

newwork pr coeeds by dhooang d the weghts randomly and by

Bedgvados ¢ hsddl)dtetaigsdatemt

he. Treaputsabed e B A Appendix Il) and
compared wihte adld auputin the tanng st dela The

arasteng opagated backward adtewegisae ar e
(s== Ak ) Trs pr ocedure | srgeeEdfrteate tran
g set many times over unil a mnimum in mean square error
s ddaned Fhe retnaok s g opiate, a mnimum of ero r
wabgiytababrgeeattelOr drsdteen

g sthave been 'kt by te reivak Tre kg s sored

ntewags Threewag s aetenusdbeameteac

esikenpeddgteapssioteestss A hohauc
sieeinkstette ANN modd hes adugly 'leamt’ (ot
"memaized) the FOr ebons ad hee hes e ey O

greae



W epemtretter eakdar ANN study of economic time
saescia Our sy donstettorte M, WPl and CPl ime
s=Es a neinvak wih no hdden yer s vaty good This indes

teemrieaiesae nat sgniicant and Inear modes woud

work wel. The opiimal net for REER and FOODS data sefs re

qrea hdenbge. Ths mateakesae mooatntese
s

Fortexeteime saesdig we dovn s 26te Lely

dt hef it. Tdkdp ovides quaniiaive measuresd teqsly
dtTheq.enly nmse&eT adde4) sthe nomalized mean
square errar deined by

I X 0 —X (d))

nme=
Variance of the Obsaved V ae
Fore 2
Foure 2 : The monthly observed values (datted ine) and the core -
soonding fited ANN vales (sod Ine) of the vaiigbe M from Api

1975 o March 19%6.
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Foure 3 : The monthly observed values (datied ine) and the corre
sponding fited ANN values (sold ine) of the variable WPI fro m
Api 1975 b March 1996

Fgure 4 : The monthly observed values (datied ine) and the core
soonding fied ANN vales (sdd ne) of the vaiide CPI fom A
1975 © March 19%.
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Fgure 5 : The monthly observed values (datted ine) and the core
sponding fited ANN values (soid ine) of the variable REER fro m
Apil 1975 o March 19%.

Foue 6
Fgure 6 : The monthly observed values (datted ine) and the core
soonding fited ANN values (sold ine) of the variable FOODS STO C K
from Apd 1975 o March 19%6.

5



Tak4
Mesesures dfhe el df i forhe fied and predioed
vales of various varisbles using univariaie ANN models

mean maxX nmse mean nmse
aa@y) aa o aor %
AT AT AT MSP MSP
10ses)
M, 07 3 00003 o71 o
WPI 067 3B 00003 om 012
CPI 0'5) 37 00003 03 o17
REER 140 152 0008 12 118
FOODS 6% 9 006171 646 046
W encetetnd tese cases (@ogt FOODS ) ANN pro-
voes anecdatmodd o e asfing te dea s concarned
The (nesr) modss for M, WPI and CPI have superior meas-

ues compared o the noninear ones for REER and FOODS. H
rely, debtepaararedte ddaondA mrey e

we have natbeenade o mocd t A teP daahesat
atsy uwre adourgrnpenewokar dedre adtaniyg
daEyy smtacko e breyr oduce the petiodic behavour.

43 Deausson of Unvarisie Resuls

A comparison of the outcomes using the two diff agetap
poaches (ARMA ad ANN) b adyse the unvaiae ime se-

nes s aiempoied n his sedion, evenhough ts knoan et

tereae :aad besc dif aences between the two methods
which makes the comparison nat very meaningiul for the o

bvgr esos

1 Tne AR M AmoHsgyledibthe der ended time series
datawher este  ANN model is with r epdbteadd

Iy



resaes As tepeadssdteimesaesscadonsg

e uroerbing o ) o b g L

ad henoete ANN has modeled the dominant deterministic
rencsdteeccnonciresaesdcia Ths s ntd e

it sep dfar unvaee ANN modeling. On the other
herditet asnteiresaescthae removed, what
liemans can bescaly be dnaeradierized as "'odoured goscH
The A R M Athen hes modded the smdl br ogy sodedic
component of the dynamics. We have asovaied by can-
myatteansesstrdaadarandte dr ended
sstette/rgr et aoured nose!

2 Toprooeed futher wih a meaningiul comparnson of the thvo
appr cadhes, we have modded the r e essHae din

mgter exsfom  ANN. This is the second step of our

unaee ANN modeling. For this purpose, we again deter-

mined the Ieg ( T) and the embedding dimension ( ddte
e saes geraraed by te resdles dvaous vaeles as

gennTake 5 Theevdlesaetensedbaosr g
[raaise neud netwaks b generae era aredn

Teke5
The vales dfime dgiay ( 1) and embedding dimension ( d)
friefme sissdhains vaitks

REER

M

WPI

CPI

FOODS

T

3

2

3

5

d

3

3

3

5

Noeteter

adly fourd for e aoLe ceta, Ths B e udasarncelle:

W e next compare
dynamic pr

el d ime saies do i dow e tpe dhar

teqely ot te qely o' hsage’
eddions and the "out of sampie” dynamic pr
s Isdale b ary at'hsanB' dprentcpreddos

3




because t dneds he cossey dfhe modd and provioes aone
fdence nthe modes ety b neke "o df sampe' pre -

dirstlesd/esesoter cousness df the model
The mean per caegearan fgtedcthassvwdaste -
aEgearan malkng 'n sampie” 10 siep dyrenc pr eddos
aedonnT de6trdtefesaes
Take6
Comparison o filed and nsample prediced values of
unvarisie BoxJderkins and enar -comrected ANN models
Mean Error @0 Mean Error @0
HT 10 step in sampe
dynamic pr  eddon
Box-Jenkins A NN Box-Jenkins AN N

M, 087 076 3 (oval

WPI 083 067 10 (or;e]

CPI 0@ 0o® 197 06

REER 178 140 3P 124

FOODS 412 65 1886 646
W enefom T  ade 6 that the nsample dynamic pr eddos
have consistently smeler err asnte ANN model. We &p»
dovnAs701lteypeday eement whie carying out
iN sample dynamic pr et
Thesgesepr addosaeachtetteydosdyrer oduce

tetldaiosbussenbhaeapese g



Fgure 7: A comparison of the insample monthly obsenved values (datted ine),

tear  esponding fited ANN values (dashed line) and the pr eddied  ANN val-
uss (@dd e fortrevaiete M, from October 1994 to March 19%6.
Foue 8

Fgure 8: A comparison of the insample monthly obsenved values (dotted ine),
tear  espondng fited ANN values (dashed line) and the pr edoed  ANN val-
ues (sad Ine) for the variatle WP from October 1994 to March 19%6.

D



Fgure 9: A comparison of the insample monthly obsenved values (dotted ine),

tear  esponding fited ANN values (dashed line) and the pr eded  ANN val-
ues (sdd Ine) for the vaiiske CPI from October 1994 to March 199%6.
Foure 10

Fgue 10: A comparison of the insample monthly abserved values (datied Ine),
tear  esponding fited ANN values (dashed line) and the pr eded  ANN val-
ues (sad ine) for the variable REER from October 1994 to March 19%6.

3



Fogue 11

Fgure 11: A comparson of the in sample monthly obsenved values (dotted

e te aor esponding fited ANN values (dashed line) and the pr ediced
ANN values (solid line) for the valuables for FOOD ST OCK from October
199 to March 19%.

The mulistep pr eddors are a0 nquekahey good age e

ment wih the data exoept for the FOODS daia. In the case o

M, WPl and CP diig, he st (really near) reddios

may be due 1o the Inear moddl It ought 1 be meniioned thet

for the REER ddia the BJ Ineer moddl gave eraneaus r ends
wher esste  ANN moddl s quiie r easorale. The mulisiep pre -
dospr ovde us with some measure o conidence concang
tearar tetwoud vay key ke pr eatnpr edidions made
beyord te exsing daa

Asaredwadeg for ecass have been generaed ford the

sesfom Ap 1996 to March 1997 using the o methods

GeT dk7) Thegraaedir ecasis have been juxdgposed wih

addda b te posaddk: freach saesador e
arashae aobeenpr esed b dee compaEmn. As can

beseenfom Tade 7, te preddosor M, WP, CPl and



REER are waysamarntetwogyr oaches. For the FOODS

deatetrecassvasdfam 310 10 per cent with BJ method
wher essteylagadfan5o 24 pr artnte ANN appr cach
tmey ke noed tet nts case (@ Tak 6) tensane

dynamic pr  eddions had much ler grarasnteBlcka

s

FHeys \ayae  udd o undasand thet even a unvarigie
ddydiresasesswhtep eadysstatwe cary otad

the Sate gpace g oach that we mpementwihnthe A N N

framework, capiures the dynamics and pr ovokes valele inr-
méaiion about the complex sysem . It s also abde 1 make good

audsanpeor aas
Tade7
Out of sample forecasts usig BaxJerkins B))
and ANN methods (Univariate)

axs M, WPI CPI REER FOOD
19604 612381 320 4 638 26520
605316 (15 s @ 2L @ &0 @ 25616 ()
ANN 609080 (B) O @B 467 (@) @9 1D 22805 (1401)
199606 618365 30 328 6217 29270
615588 (B WX M DAT3 (D) (oo o) 31239 63
ANN 615992 (B M Y 7 B @71 (B) 23719 (18%
199606 624069 osicy) 33 252 27770
62192 (B 667 (B 006 @119 261 @) 20559 &4
ANN 623241 (B3 3640 @H 963 (0] 2R B 24032 (136
199607 626506 3l 10 39 6248 25740
631513 ¢ (8) WU @ 3B (16) @4 ( Q1) 26913 (B
ANN 633472 (-11) | 3B3L (15 3887 (15) 63 1@ 238 (D
199608 632561 31440 43 256 22060
638012 ¢ B 3097 (D) B2 (1) @0 ([ 24180 (5l)
ANN 647992 ¢ 24) WB (D B[O (H 614 (5 22868 (3
199609 642256 31680 34 6291 19700
650719 ¢ 13) W (1 066 (@) 698 (B 21666 (@B
ANN 654298 ¢19) (3L 101 (D VD (D &) 24129 (28
al



Tade7acomd

as M, WPI CPI REER FOOD
199610 646649 31750 6 6342 21140
663311 ¢ ZB | 3437 (B WHB B 6177 08 21463 (5
ANN 650868 (M) 3L 16l (H W (B &2 28156 (319
190611 653621 31900 9 &R 20360
669767 ¢ 24) | U613 (M) 5B (1) 6% @) 21157 @)
ANN 665208 ¢ 19 | 31243 @B W2 (18 BY  EH 29763 (A1
190612 658045 2010 30 fe's 20190
67632 ¢ 2B | W% (F) B (P 63 @5 2074 @3
ANN 675043 ¢ 7B | 3139 @B W (5) 0o ) 28826 (271)
199701 670646 31980 30 6318 18600
682339 ¢ 17 | 3199 @) WD (D 61 @ 19846 (60)
ANN 686979 (24 |3 147 Q8) W2 (19 o d@d 28129 B3
190702 678359 2140 30 6496 17250
601119 (IS 1B @M 667 (D (61) 18439 (@9
ANN 696308 (¥ | A577 (A 8N o) 05 6 30911 (A9
199703 698056 2070 *1 N A 16410
71440 ¢ 25 | B2 @O IO B 600 16464 (B
ANN 705394 ¢ 1§ | 3708 (13 WS (B 065 32001 (59




5 Muhaiee SIdesdf T Ime Series Data

Mulivariete dynamic sudes are gredyasdat)odr
entndordr ebiorshps betneen e vaiabes, i) b mocd
the dynamics and make out of sample for easadpbec

amed fedsdinpuses gven b indgpendent vaieles
51V edor Bror Coredion Model

The V edrbrar Car edion Moddl (VECM) as desaed n Sec-

nAeretsEdoadetevadis M , WP, REER IP
and FOODS. The variables were tandomed o logfomad a
lag of 15 was used. Two cointegrating vectors were found
amgte s aae pareatbd Theegenvaless ad
teldodiesae tabubaied dong wih the hypaheses in
Tae8
Tade8
Resuls of coniegaion anelyss
Eigenvalue Likelihood S5Pe at 1Peraat Hypothesized
Raio Qi 8 ez No. of CE(@S)
Vae Vae
0151287 101.0167 6852 7607 None**
0108947 6230472 421 5446 A most1*
0100232 3508183 2963 65 At most2*
0040607 1015581 1541 2004 At most3
0001577 0372477 3% 666 At mostd

%) ceroesr eacion ofthe hypalhesis at 5% (194) snicance level

The tvo nommalized cotniegraiion equations are gennT  dk
9ad tearesponding relesae poednres 12 ad
3



Foure 12

Foure 12 : Resdlss o M, using nomialized cointegrating vector #1
@eT ak9
Tek9

Nomalized coef  fens ofiwo coniegaling equeions

M, WPI REER P FOODS |CONSTANT
1000000 POOOO00  |05781% | -2585510 0423406 7943789
0000000 L0000 0239846 0851397 0287650 1 .111365
A brief eqplanation would be in o cernr egardio  thetwo
aoniegaling equaions preseniedn T ae9
The number of coniegration vedors n the sysem s detemined
bytearkdtead (152100 ¢ N dtebesem A | ilke
hood b etsdoeanteanvalesd M o degeme
the number of non-zero egen vaes wich s the rark of M

and hence the number of coniegraiing vedors.



Foure 13

Foure 13 : Resduaks of WPI usihg normalsed contegrating vedor #2

GeT &e9
As soon as here s nore then ane aoniegaling vedor, t heei s
anate Ubsece o vedos whch saldly he regur emens of

being coniegraiing vedors @y Inear combnaiion of the tho
aonegaling vedoss s isef a coniegaing vedon). Conse-

quenty, aymmezansq e atiay. A popuier g oach
sbmnmezE navwey tetheste taly meikaste aoek

s onteid r variables, where r is the number of
aoniegations. The agndl set of vedors (Unnomnelized) are

atogrente n-dmensiord spece, where nsternurberd
vareles The nomelzed vedos ae atogrdnte r-dmen-
S0l SUbospace, ey are o loger athogore nhe n-dimen-
T gae Theres 1o econamc meanng N the nomelzation

we perform since any other nomalization would be equally
goadnensdfigteda tney aobe noed tetts
method r  essantepairadaigdtevadis

Asaresidzetetae aret\o conegaing vedos, We
pck upthetvo top r OwWs (caresponding to the two lar o
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epen velies) o he umamelzad st dfvedos We now have a

metix  Boforda2x5S9wep esenting unnomalized vedors
does nat corvey much meaning we have 1o nommealize these vec-
s hteeedasgeaegadyvatr, we nulidy te

ate rovwhtenexdaeeamatnasDEE U N
bgeadp emtter ek (e aaegageqe) h
the case of mare than one coniegraing vedor, we generalize

this nomalization of making one element equal uniy. Weex

[ress aur mekix Basapin
B=[ B, B]
where Bi s2x5, B 82x2ad B,i s2x 3.
Now we pr emulidy the pationed fom by te nerse B Mo
o
B! x B=[ I, B! x B]
where [ stetalymaxda ca2x2ad B* B,i s2x 3.

The matix [ I, B! x B)]i spresened as nomelzed vedors Ths
way of nomalization is only one mathematicaly convenient

way dfpr  esilgthereals Onigbte e dte danily

meix [, theste dssdvanege tettmelkes some dfte aoef

[(31Y:5 (6] which mekes the equations of ibrepden

nomically. However, T dtead Etmaxkdtebas

em nte mocd s naiant o any nomelzaion tetwe use

torgmtter eskas | sayaebdrd N,adtede
bBossy A spoamuiged by B, sotsty Nn= Ax Bad
for any nosguer B,

(Ax B)x[ ILB}'x B]=(AxB )x(B})
Ax( BxB?)
AX IXxB

AX B=TI

&



An Error Caredion Mode with varialdes transiommed 1o log

fom wes esimaied for AM,, AWP,  AREER, APad AFOODS
ontheronn pr evious 15 bgs and on the coniegrating equi
tossdowmnninT a9 TreqaydtsdoAnnT de10
Tae 10
The qualy of it doiained for verious varisbes
using V  edor Brar Carecion Moddl

Resouels M, WPI REER P FOODS

Mean Abs.%Ero r 05237 04312 11420 1890 2806

Max. Abs. % Era 29763 23650 108180 8311 156303

NMSE 000013 | 000013 |000B44  QOMS5 Q01276
52 ANN Model
A number o mulvareie ANN studies were catied atby us
wih dff eatdgedves nview. kought o be menioned et
ptebestdarkonedetexeae tefdahd s
mgte ANN method. A pat o the work was concemmed wih
eqaing undord rebionghos betineen te he vaiees M,
WP, REER, IP and FOODS. Morer  erdy,we u=teANN
appr oach to examine nonlinear relations amongst these
macr cecoman e \vaieles. Thus we corsdker (num) are dfite
e vaiees as a depadant vaisle and eqx esthansd

the dhervaieldes. n anoher nvesigaion we wared b eamt
e the Imuianeous time evauion o the sysem adoning d
FOODS] dynanic variables o in+
fuence each aher. It should be menioned that the amount of

tefe\P,

daseoughtrathvedrovedr
vew o s we have caried out vedor

M, REER P,

ANN models. Further,we

6 impuse in

¢

soedresdted
M, ad +25% impuilse REER on WPI.

ANN mapping. In
- Sl muheree

tidgiga

I+



W efddsusstenoiear eltions amongst the variges.

For this purpose we ther dre aodr utassqenced A NN
models given below.
(M), - [,(REER WP, IIP, FOODS) = O (8]
WP) - [(REER, M , I IP, FOODS), = O (52
(REER), - [(M VAP, FOODS) = O (53
am .- fREER, M , WPIFOODS) = O (59
(FOODS), - f(REER M, WAF) = 0 (59
W etudtendte assinwesrecsssayoidcealo
dnbhernte gimdretie, te mresidiess are Impor-
et TreqeydtetsdonnnT dkll The momenis of
therelebare sonnT dkel2We noe tetthe mods o
B 6D 62adB3 gebeatanaadbtedasas
they have nmse below 2%. However, we woud ke o conoen
e an tho mostimparant econonc \varieles, such as M, ad
WP, which are tebescioosdoradyss kagtohbe
dressed that athough we have daiained these noninear re la
tons tis nat posse 1 goedy hov many dtem are e
pendent



Takel 1

The quely df & of norineer iebions for vaios
variables using ANN
Max % Mean % RMS NMSE
Bra Bra Bra

M, 1» 260 452525 000084

WPI 473 1% 223 0001

REER 14 208 216 00165

P 221 40 1084 00317

FOODS 10313 1471 264973 01628

Tebe 12
A comparison of the lowest two momenis of residuals
obtained from ANN
Noniinear Relations using A N N
M 3 WPI
Mean 421 00068
Sd 452402 223

W e compare teroiear ehiions amongs the varibdes wih
tecsanFs 1415
Next we cary aut i dynamic mulhvaisie calouiaions inoor-
podgtebgs uwres  and the embedding dimension of the
variabies n the neurd network framework: At the conoeptual
bdtssannpr ovement over the VECM. This s because the
bdEemsae modeled dynamically and further ANN can
tdemieaiesntesgm



Foure 14

Fgure 14 : Noninear r ebion or M, obtained with ANN (see (eq.
51)). Obsenved vales (dotied ine) ad ANN values (soid Ine).

Foure 15
Fgure 15 : Norinear r €laion for WPI obtained with ANN (see (eq.
52)). Obsenved vales (dotied ine) ad ANN values (soid Ine).



W etadre develgoed mulhvarisie vedor —-~sslr ANN mod-
esoddyteireadinddteievasis 4o

be ponted out that a complete Muiivariate vector — vedor
modd coud nat e generaied due o bedk o deta pans Let us
define a five component vedor

X=(X, X, X4 X, X)=(M, WP REER IP, FOODY
The mubhaisie veoor — el modes et we have consr uced
aedtetpe
Xiwa =LK 4 X g Xagy 1 XaXoorsr Xagy o (59
oreechvate X.(i4,...9.1 reqg (56, ( 1, d)reabtely
and the embedding dimension r egedey tortevaste X.

I

Theseae ogennT  ade 2 Opimd neurd newworks wereds
taned n each case ad e queniave agpeds dte tare
shominT &k

Take 13
Quely dtd mulaiele vedr -scalar ANN models
Model Quality Measure s Dea Seis
REER M, | WPI IP  |[FOODS$
ANN Mean Abs. BErar @9 K3 154 (53] 414 50
Max. Abs Bra @9 1730 el 28 219 316
NMSE 00078 (o008  OpOS s | oo
ANN with Mean Abs Bra @0 110 67 (g 20 3P
Bror Max.  Abs Brar @0 813 333 W 80 25
Cor edmn NMSE 006 (OO012  0pool6  OQO70 0012
Ther eakaeas eqeced The dynamics drends inthe data
smocked quewd by e dlaad era ar edonimpr oves

tet Treretspsomeetr s



53 Faecass in he Mulvaiaie Modd

hader b malke aut o sanpke forecasts we egenfdow a o

Sepgyxy  cahhtefdsgpwedsanmreter ends by con+
gruding modes aocoor dgbEg 66 Tressoodspass

of usng ANN to model the r esduals. Clearly, n te

mulivariate case we heed 1o incoporate o Oss aaredios
amongst the variables. We haeter dre dammedtepat
abaredmada csar ednwhawdelagedbs
Tresd=ygtatbgsae teninduoed nte deten

reion e inpukoULLY edos Theeae then modeled by
ANN n a dynamic sysem 1 make £ comparabde wih the erro r

ar edontime ssies modd Infad, our dynenic model s a
nonineer ANN mplemeniation of the Inear ransier funcion

model involving cr ossarr  elations as discussed by Box and

Jas (190 Treeqdeg e siorterexies oX, is

BX Dy = F1((8Xy (OX)), 1 - (8X)), 113 (0X) (OX), 1z (OX )y
(3X) (X5 (BXD; ) (57

Here t,,...T_,aresyicatadoar edionensad T..T,are

tegitataosar edon ens betneen tevaieke 1 ad

i. Thereae Smir eqeions for e resoles 0X .. 0X_.Tre

vaos T'sareshoninT dk 14 Treqeydioted>

senved vales npr osdegpygteara a eanp o=

dureeT  ade 13). The dynamic mode wes then used o fore -

ctdatom A 1996 o March 197asseennT Fs 0 SN

Thshoen B e ey ouste the sampe ceia. Asinthe

unvaee aelss teaddddaaswd astefr asdaras

aepresanied aong wih the forecads for easy compaisn



Take14

Lags in paril auoooneksions and aussaoneions

used for modeling resdusls
M, WP REER P FOODS
STOCKS
M, 6111623 11 B 0115 K AVIRS
WP — A2 + 571017, 216202
194
REER — 1 170 481016 1
1P 18 9 8 1121314 2010022,
3B 24 PUCISS
FOODS 11718 4R — BAY 1248002
STOCKS 2 B 50HB  1pAS
W ercetetr M , WP ad IP tep  eddoswh ANN are

sighlly betier than, and n any case, comparable o those of

ANN pr eddosare coesenly beter
VECM. Asr egards the FOODS stock data, A N N
as tssbsass nanew,

VECM. For REER the
compared to
gves preddorswih ergeer

for the mulhvarisie sudes usig
enough. We bebetap

ca

ANN, the data are

da

edidions would be betier wih mare




Tae15

Mulhaieie out of sample forecass

1003 M, WPI REER P FOODS
199604 612381 20 27840 26520
VECM | 606177 (X 2049 #HD) 60 P 2629 @9 B14412  27)
ANN 613964 (@9 NB @ &) 268 @9) 25099 &
199605 618365 Keio) (oang 2800 29270
VECM | 612024 (10 2028 #HY 66 M) 20 43 269406  @79)
ANN 617813 (1 NS (1D (STo 0 ) 208 (@) 30042 o)
199606 624069 36D e 240 27770
VECM | 612879 (169 WRB D) o7, I 0)) 2671 @9 2613875 (580
ANN 625584 (1) N5 (1) (CorZ vz WP 6B 24681 23
199607 626506 3l 19 @48 28670 25740
VECM | 617737 ¢ 617 (220 RBI6 (69 el 2600 #D
ANN 625990 (1B VP @B 60 (@ WH @) 24771 @)
199608 632561 31440 @21 28000 22060
VECM | 626343 (00 70 12D 5% @15 U5 @) A2 HD
ANN 655282 () ™M @& a8 o 20 B 27558 fales3)
199609 642256 21680 @al 3B40 19700
VECM | 638471 (015 B4 (126]) 55 #1013 2764 MO 182604 (3B
ANN 657736 @B WU &) 643 Q) 24 GO 26793 fastn)
199610 646649 31750 6343 0110 21140
VECM | 648723 (@@ W0 #3M B2 #2%) 09 @26) 182219%  (39)
ANN 655147 A%) W W 65 @ wH @ 27698 Jacs:)
19611 653621 31900 6300 29620 20360
VECM | 656364 @D WD #D) 541 (#1363 31870  @B) 170038  (+63%)
ANN 656597 OB WY W) 2 L0 48 24870 @813
199612 658045 2010 ®| 31890 20190
VECM | 663309 (B W (55 BB #53 ¥ 680 1640225 (1879
ANN 665992 @19 w4 B 6% @@ [ 157 & 22333 )
199701 670646 31980 &318 31560 18600
VECM | 671220 (@) NS (55 R0l #1610 8B 1 1632883  (9)
ANN 670393 (M) WO @) s @9 285 &7) p4118 fay;:3)
19972 678359 2140 4% 31290 17250
VECM | 68245 (B 2075 (67 P13 (2149 BB B 1689847  (30)
ANN 704848 BB W2 @B 65 &) W11 @3 24312 [a24;)
199733 698056 2070 N A N A 16410
VECM | 701168 @5 2849 (6D 50%3 37857 153834 (60
ANN 693521 (1 IEBEH @) 6051 3l 17 23327 [a253)




6. Impubses and Poloy Implicaiions

harsdemedadyss P adfoodgan sods ae ok
teardd te moneary aubhaies Ther emaning explana-
ay\aeksaely ocad money andre  d efedveedareae
which may be tr edied as pooy vareles. Whether the auhok

Bshaetlatd ogtemsans=ewWthsmteb

as of dsousson here . Again adjusting money supply and/or

ed e fiedve edange rae depands on the perogpion abouthe

bddegbimha ceroane aaneguibimaonan

eakt bass, the pdoy makers shoud have a faly aoouae

idea about the dermand for domestic money as wel as for e
edhage The |Hier s consdered as ane dfthe mgor delemne

nanis of the exdange rae. The fadors nibendg the demard

for money and exdange raie are beyod the sgqee dfts ALy

A assp doely necessaly asregar s egbimh eqad
e e matket s dnays in equloium Thear d/.eqb

ium aoud be doaned by dranges in severd equlaing va

ddeswhthmaey ke pre b d o iner ediee aedaeice

a such dher varieles depending an he behevioud dueions.

it would, however, be oedfegbimbsarssatwihte

lrced pdoy dpdes sstatanan apriai bass

Kegang in view the dgedive of price Sellly as e aore of
monetary policy, we Smubied our ANN model by giving four
tpesddodsatno df gatpasdimeadsdedta

meedante piebd A doksgennamsdhroad

money and iis impuise on prices s siuded. Secondly, tem
pukse on pioes s Suded by gug hodkio REER anly. THrdy,
a combination of shodks, namely,an mr ease in money supply
adalee n REER s\velesed adter esulant impulses on
prssae examned. Fourthly, the impact of a. combined shodk
drresen M , andHin REER sk slokd



Thetrd and fourth types of shodks need some elaboration.

(@22/5e:z/005 anno een M, Eedsbiasedomest pies

Uness the prioes of mgor teding parnais ise n oparion,
tepredf aential between domestic and overseas markets
woud end o widen. In such a dugiion, Fihe nomindl ex-

dhange raie s nat adusied dovwerdnpr guinbtepe

dff eadtere d e fledve edage rde woud end o gre -
e Whengad nbws mare tenteawretacooutds
atematetir ces would impr oeteaydr anec
change and ther ey evetdegx  eddonddomesicaur ency.
Henoe, acombmaion dfise in M , and apprediation of REER
waudbear eaHC Suaion whose impedt neads 0 be suded

Howeveran i esen M, coudasobecomedwihafl

N REER, on the fdoning raionaele. Consder a suaionwhere

teesm gadrbvnecsssde@ardaur ent acoount
Hidt. Assumeasoar edeinr ease in money supply. Tre

pedf  eentd then may widen, bringing about a concuratt

downward adusmatdNEER Fates HdteNHERBd
lboned, there cod be overaar ednkedgoafldnREER
The o ponis of impulse N Apd 1993 ad Api 194 have

been dhosen essenidly for puposes of convenence. The it
pant of shodk leaves 35 observations ahead duing which the
Inped of praducion oydes on priice behaviour coud be tradked

I addiion 1o the monetary shodk The second shodk leaves 23
deaneaors aeed With B iy g b dosave e datrun
mped d paoy dagss oante pebd

Thus, the imped df the Tdloning palicy shods gvenin Api
19Badn Api 1A ae examined:

) *5peroatdokgenp M.

(i) +25 per cert shodk gven © REER

@) HBpratdoko M, comioined wih +25 per cert shodk
gven o REER, ad

48



(iv) +5 peroentgokio M, combined with -25 per cent
shodk gven to REER.

The impact of +5% change in money supply shock on WP,
genin Api 198 spiednFgy 16 Thresddreste

edimaied mode, whie the Ines regr esented by dash and daot
GaddshPae Smubed pals o price aar esponding o
+5% and -5% shocks in the money supply, reoecihely.

Foure 16
Fgure 16 : The monthly values of variable WPI before adaertem
pesgenin Apid 1993. The values range from May 1993 to March
1996. () Obsarved values before the impuise (doted Ine), () Moo ek
esbere  tenmpleEdig) )P edded vales afler the impuse
dB%n M , Ceshedie) )P edded values alier the impuise of + 3%
in M, Ceshdtie)

The mmediaie impedt o sefd N money supdy on the pice

bd s ahe modet and hesatedaoy or dand=bte
mocH aller a period of about 10 monihs. Ther e, theodlla
Innpiesr emains subdued and r evarts o the mood at

about he 24h monh The asdeion of prices tet begrs ace
agan beyond the 24th month s somewhat of a lower magniude

9



which is gradually dampened. Subsequently, the smulaied
pioes move N iandem wih the model Banng this osdiaion

whth neecs eqarein ts et ed tetinor ease n money
Uy 5 assodaed wih e nWHP ad ve\gsaArabs
fdowing the monetary shodk; the osdlaion of prices upo 10

monihs looks generdly pr onounced which, however, goreddf
gadaly. Staigidlyweare dlf raontepr eadsdte
cela dsossed ealfr, tethessesan M ,wesbestaarebed
whis 10hkg( 1=10). The modest rise N prices immedkiely

der the shodk could be expained in tiems of suddenrise n

purdnesing power n the hands o the pegde wWho do nat neces-

saly adteatre nse in money income. The nation of
f fBrsokhddgdmoeymeytibtsdeinaste

kdy eqdareion Unesshgerar der of money Uy s s
ted tre N e hesate oy D peEratoerape

dd2yeas Thereshthdayee d smmay nte cada
ndp ededvalesar ound the model which pr dedydf @as
te berdwhnwhth ed L pice bl B eqoeced bLoLee

However, the dosenved seties of VWP seens 0 have been auk

e the band on catan oocasors inpying e kdy impedt o
norHoneay edos nbendg te pice bd

The pr  edded values of WP before impulse and after impulse

ae shonn n Tabe 16. When a 8% shock wes gven o Mt e
predded picesr emained below the model values thr oughout
the sampe penod. The oyde seas o have been weakened alfier

24 monihs. In the case of +3% shodk O M ,pesae higher
then the dosenved valies on 32 cocagans ou of 36 monhs. The

percentage Vaeions over e adld were, honever, Essae
tenteealr e drnegie dok A Bwvindanoesdadld

WPl r emaning aoove vales car espodig e podive Sk

impies the Nilence of nonHmonegtary fadiors on the pices as

mentioned earfer.



Tk 16

impuise response on WP ( +5% monetary shock
gvenin Al 1998)
Month/Year Model WPI | ediced WPl % \vaize R ediced WPI Yovarie
betre der B mn afer +3% og]
impuise M, shock M , shock
May,93 2390 23661 Qar 23719 (01723
dug B 23953 23366 a8 24048 (0¢3]
dy, 93 2231 24060 an 239 (05¢]
August, 93 2466 24216 A@ 24709 (02¢]
September, 93 2636 2338 121 2922 g
October, 93 2811 242 133 X125 127
November, 93 24963 24614 V7] 53 K1
December, 93 5139 24791 138 2458 17
January, 94 321 24989 4131 2619 118
Febr vary, 94 2628 2218 121 281 18
MarchdA X716 3302 83 289 (05¢]
Al A 2045 5751 an 20097 (032]
May,94 26198 2076 29 3¢) 28359
e 26474 220 40 2676 (03]
y, 94 26764 26458 114 260 (03]
August, A 205 6723 423 27301 (0211
September, 94 27312 26070 45 2580 0
October, 94 2/B58 20246 413 21175 an
November, 94 2711 2512 2923) 246 (05%
December, 94 2074 27774 arl 28092 (072
January, 95 2813 2P a5 28321 (07¢]
Fetr uary, 95 2835 23198 B 2146 (022
Mard%b 2611 28415 a1 2645 02
Anl B 28666 2613 Q18 23659 ae
May,95 28345 28734 9l 2884 ao
e % 2032 2037 a3 29058 (00¢]
y, 95 221 20 oB 2074 18
August, %5 11 2027 3 2615 (083)
September, 95 26% 29378 a 2731 o6
October, 95 2778 25641 29:0) 29031 (0518
November, 95 2044 29725 a3 30079 (0%3)
December, 95 30089 2906 6l 0L (073
January, 96 K 02415) 30074 o7 K 020) (0248
Febr vary, 96 K 0CV.:3) Ir3l Rocil coctivg (0074
Mardh % M3l 330 0 w2 aB




The money shods gvenn A 19 dgd, norear bssnit
baHrs(l) A okedakoalOnotsnte

pice behavour s dosaved nthis case (T ak1/) Thae are,
however,a Bwvndeddf erences between these thvo shods.
hteidtcese the nmedae npad o the monetary shodk

genin Apid 194 was rather morefr onounced comparedd
tesmegenn Al19RB As the money supply wes ar eady
hoh due © el inbons, adusiment on elher stk indcaies

noioceeble off aence in the prices. Honever, tepossan
verged o the model after a period of abbout 10 months and

te ederternedasddin saed Ssoody, tecsHnn

pioss nte sscodgEwesr ey mare modest compared
btep evous shodk Thirdly, te adld pice B WHth wes

oy otk te bner berdinte s g dfosd

fon, moved wihin the band in the second spel. Fourthly, t e
second conver  gence seems o have been achieved at the 19

month, which r oughly conades with the 10month oyde, at

which the impect of shock might heve petered at

Foure I7
Foure 17 : The monthly values of variable WP! before and afer the impuse 5
genin April 1994. The values range from May 1994 to March 199%6. () -
served values before the impulse (dotied Ine), () Moddl values before teim
peEdihe) )P edided values afier the impulse of 6 n M , (dashed
1YY ediced values afler the impuse of + %0 n M, (Qeshdtine)

Y



Tae17

impuise response on WP ( +5% monetary shock
gvennAni 1999
Month/Yex Model WPI | edced WPl % \aiz F  ediced WPI Yovarie-
befre der 8% n after +5% n
impulse M, shock M , shock
May,94 2621 26487 Q13 265 13
e A 26366 26766 @Br 20066 074
Jly, 94 27206 21027 8959] 21386 (053]
August, A 27490 27239 oei 27738 00
September, 94 27716 21424 @ 2PH 10
October, 94 ZMP0L 2612 14 2815 (0%
November, 94 204 213 0% 28334 10
December, 94 2197 2147 a® 2433 (035
January, 95 28376 2162 an 23681 Qa2
Febr uary, 95 2667 23386 a3 28741 06l
Marh%b 2727 28661 0%2] 2787 (021
Al b 28007 28879 Qo 28029 B
May,95 220% 29063 - Q11 2118 B
Jue B 2287 2229 Q0 2B3H Q16
Jy, 95 2437 2860 2923] 2604 (024
August, 95 26% 2611 292] 29669 (02
September, 95 2717 2639 R9%9) 20183 o2
October, 95 29831 2970 Q4 29859 a®
November, 95 2004 29010 (002 28% aB
December, 95 29064 30027 (028 2890 a5
January, 96 305 3089 0 .11 30010 a5
Fetr uary, 96 121 01B (028 3039 Q7
Marh% LR MBS (0773 30067 o

The second st of independent shods o the edant o
oent is gven 1 REER. The ouicomes of this shodk, gven in

Apl 1B ae

poed in Fig 18whch indee tethe e

dee impedt dthis Shodk an pices s negie Geente b
degreeof  openness of the economy, changes in REER may nat

33
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mmedkaiely af fedt e Whokesse Pice Index o a ndioeele ex

tent. However, teprebdb ooy o Bdfom the
10th month and the mpadt is gradualy acoekerated ther el
a8 A downward adusiment of REER, which is inter-
preied as nmped develeion, uimeigly ims oo be
oy ad \B\aa Changes n REER seems o have o eoed
tepebddaaneby Stedqy eddion andor gre -
aation of REER &f BHteada udure of the economy, t ke
nmeed dte ok passs

Foure 18
Faure 18 ‘The monthly values of variable WPPI before addertem
pesgenin Apid 1993. The values range from May 1993 to March
1996. () Obsarved values before the impuise (doted Ine), () Mook vk
esbere  teiple@die) )P edded vales afler the impukse

of 25% in REER (Gashed Ine), () Preciced vales aller the impuse of
+2506 in REER (dashdot ine).




Tae18

Impulse response on WP ( +2.5% REER shock
gvenn Api 195)

Month/Yex Model WPl | ediced WPl 9% vaer B edicted WP Yovalia

belore da25% i dier 25% n

impulse REER shock REER shock
May,93 23690 263 0011 23687 al
e B 2353 2361 (0011 23054 90%
y, 93 24231 2233 (0011 2228 al
August, 93 2466 2465 Qo 2466 (000]
September, 93 24635 24633 L 24636 (060)
October, 93 2811 280 il 2811 (000]
November, 93 24963 24967 Q0 24967 a0
December, 93 25139 5142 0011 5132 aB
January, 94 2321 2329 (00¢] 230 ab
Febr vary, 94 2628 2641 (00) %11 9074
MardhH X716 5135 (0074 63 a»
Aa A 2045 2067 B 2018 Qo
May,94 26198 2218 Q10 26164 - Q11
e % 26474 2600 Q10 2443 Qar
1y, 94 %764 672 (010] 26729 Qa3
August, 4 20% 21087 12 21016 Q4
September, 94 271312 27349 4 27263 Qa6
October, 94 2558 262 Q16 2r38B Q8
November, 94 27775 21826 18 27718 (ol
December, 94 274 28031 (020] 211 B
January, 95 28184 47 2 28115 2977}
Febr vary, 95 28356 2425 (027 2281 a6
March%b 2611 28686 (02 2431 B
Al b 28666 28747 28630 a0
May,95 28845 28931 (020] 28752 a2
Jre b 2032 20124 (022 2033 At
y, 95 2221 2319 (0¢7) 2116 9¢3)
August, 5 2411 2615 (023) 2300 a3
September, 95 26956 29706 (0274 2130 oce]
October, 95 29778 283 o 2%657 ol
November, 95 2044 064 o0 2817 op
December, 95 30089 14 o 29053 o4
January, 96 315 cocti) o3 0P 897%5)
Febr vary, 96 W5 M58 o4 0186 o6
March B N3l 667 (0%5) 0%se) o7




The piice behavour n response o the ok gven b the ex-

daeren Aai 19 depds narear EsagraElan
(Fore 19T ade 19 Theimped, nths case, scamsbhave
become morer onounced r ebively more quddytrennte
cedtepy evious shodk

Foue19

Fgure 19 : The monthly values of variable WP before adaertem
pEesgenin Api 1994, The vales range from May 1994 to March
1996. (j) Olosarved values before the impuise (dotied ne), ) Mocd vat

ussheore  teimeEdhe) )P ediced vales afer the impuise

of 25% in REER (dashed Ine), (V) Predded values dier the impulse of

+25% in REER (dash-dat ine).



Tae19

Impuise response on WP ( +2.5% REER shock
gvenin Apl 1999
Month/Year Model WPl | eded WPl % vaiz Ff  ediced WP Yovaria-
belre der 23% o) after +25% o)l
impulse REER shock REER shock

May,94 2621 2625 e 2518 a
dre % 20866 2874 B 2858 QB
1y, 94 n06 p1p27) 003 pzaley B
August, 94 21490 2513 B 27466 o
September, 94 27706 21738 (0174 21672 917
October, 94 27901 20942 a5 21853 a5
November, 94 28054 28106 Q18 28009 a9
December, 94 28197 28256 21 28137 @
January, 95 28376 2441 3 28309 fo7]
Felr vary, 95 268567 23 073 B4 1923
March% 28127 28806 7 2648 Yo7/
A% 28007 209 0re) 28822 @
May,95 20% 2185 |l 2008 ®
re % 2287 pecic) B 2189 o
y, 95 2437 2641 0c B2 o5
August, %5 26% 29706 37 484 foc:)
September, 95 2717 2835 o0 2638 o0
October, 95 2831 2054 %1 29706 %)
November, 95 2004 30033 (0%¢] 29773 (977}
December, 95 29964 30097 o4 2830 975
January, 96 0S5 A o6 2015 o
Felr vary, 96 K oibul K02/53 %3} 2074 o
March% B B4 059) 3040 3l

As dosened n the previous paragaas, anina ease in money

Uy tends 1o be nfaionary whie an g edaiion of REER

would be defiaiionary. A paicy shodk, which combnes a 5 per

@t esse nmoney ypdy ad a 25 per cart g adnd

REER shoud, gang by the above loge, have counierading eF

s anpoes harerwar dsaeen M. woddinor  eeete
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price level whie an REER gppredaiion would have a sobering

d¢bdont Bohtegpoagor ces may thus be embedded in

the price level The ouioomes of such a shodk gven in Apr

1993 have been poted n Fgure ADisarktfom the graph
thet the combned shodk hess been found © be oAy Lp O

the 22nd month. If we compare , Tade 0wh Tae 17,weid

thet the impact of the combined shock on prices is somewhat
bhertentetdaage Sk d+3%0geno M . The bner
Impact on prioes under the combined shodk s alrfouied o the

Impact of the appredation of REER, as expeded. Further, as
mentioned earfier, the impact of monetary shodks tapers off

wher ess tet of REER aooeaaes Ther dretsptebte

combined ef 5D LN negaive, ance e moneaty inpedt gels
weakerned In g, the combned effed was generdly negeinve
famte 23d month.

Foue

Fgure 20 : The monthly values of variable WPI before adaertem
pesgenin Apid 1993. The values range from May 1993 to March
1996. () Observed values before the impuise (doied Ine), () Modd vak

veshefore  tenpueEdie), )P edded values after the com-

bined imputse of +5% in M, and +25% in REER (dashed ne).

B



Tae 20
Impuise response on WP (combined shock of + 5% on

and +25% on REER gven in Apxrd 1993)
Month/Yeax Model WPI Pr edicedV ales % variation
before impuse after impuise

May,93 23690 23715 a1
Jue, B 23058 24045 036
Ay, 93 24231 24396 03
August, 93 24466 24709 0>
September, 93 24635 24922 117
October, 93 24811 25123 126
November, 93 24968 25296 131
December, 93 25139 25446 12
January, 94 25321 25699 110
Febr vary, 94 25528 257.76 097
March % 25716 25860 056
Al A 25945 26058 (0% 7]
May,94 26193 26316 047
e A 264.74 26631 00
Ay, 94 26764 26946 063
August, 94 27055 27248 o7
September, 94 27312 27501 0
October, 94 27558 27710 0%
November, 94 27775 21875 036
December, 94 27974 28016 015
January, 95 28184 28240 00
Febr vary, 95 28356 28358 ool
Mard % 28611 28452 21
Al B 28666 28661 Q37
May,95 28345 28740 00¢3]
Jure, B 2032 28048 09
dy, 95 20221 20158 o2
August, 95 2111 298392 QB
September, 95 29596 29602 o
October, 95 297.78 29796 006
November, 95 29944 29939 (0024
December, 95 30089 30049 Q13
January, 96 30215 30133 0z
Febr vary, 96 30825 30198 e
Mard% 30431 30269 053




The mpect on prices wes, by and br e Srerwhenan e

ca combined shodk wes gven in Al 1994, Forabaut i 10

monihs, the net effedt wes nlatiomary (Foure 21, Tde21)
Ther e, the smulaied price level was below the modd im-

pying the weakening of the monetary Impact on prices under

tewahidteg owng impact of exdhange raie goor aHmn

Fgure 21 : The monthly values of variable WPI before adaertem
pesgenin Api 1994, The values range from May 1994 to March
1996. () Olserved values before the impuise (dotied Ine), () Modd vak

veshefore  tenpueEdie), )P edded values after the com+

bined impukse of + 5% n M, and +25% in REER (dashed ne).



Tae2l

impuise response on WPI (combined shock of +5% on M,
and +25% on REER gven in Apxri 1994)
Month/Yexr Model WPI P edcedV aes % variation
before impukse after impuise
May,94 26521 26551 a1
Jue, A 26866 26957 034
dy, 94 27206 27368 080
August, 94 27490 27712 (0'311
September, 94 27706 27949 088
October, 94 27901 28139 (013)
November, 94 2804 2878 080
December, 94 28197 28375 063
January, 95 28376 28611 048
Febr vary, 95 28567 28666 03
Mard % 28727 28706 Q07
Api B 28907 28842 o2
May,95 29095 29024 o4
Jdue, B 20287 2R3A Q18
Ay, 95 2937 29395 Q14
August, 95 29596 29553 Q15
September, 95 29717 29660 Q19
October, 95 20831 29730 oA
November, 95 2004 29751 051
December, 95 2064 29752 Qarl
January, 96 30055 29867 063
Febr vary, 96 30121 20890 Qr7
Mardy % 30193 2912 0B
Fely, a poicy shodk which combines an incr ease in money
sy and Bl in REER oould be expeded © be Highy infe
oay. ThshesbeendomnnFgres2ad23ad T ds22
adZ Trep edied el es derte dodkr emaned above the

modd throughout the sample period bath when the shock was
adminsieredn Api19Badin Api 194,

6l



Tade22
Impuise response on WP (combined shock of + 5% on
and -25% on REER given n Apri 1993)

Month/Yeax Model WPI Pr edicedV ales % variation
before impuse after impuise

May,93 23690 23722 014
Jue, B 23058 24051 039
Ay, 93 24231 24400 070
August, 93 24466 24708 0>
September, 93 24635 24920 116
October, 93 24811 25125 127
November, 93 24968 25306 15
December, 93 25139 25468 131
January, 94 25321 25635 124
Febr vary, 94 25528 25825 116
March % 25716 25923 080
Aol A 25945 261.30 071
May,94 26193 26396 078
Jue A 264.74 26716 091
Ay, 94 26764 27038 1@
August, 94 27055 27349 10
September, 94 27312 27614 11
October, 94 27558 27835 101
November, 94 27775 28012 0b
December, 94 27974 28163 03
January, 95 28134 28398 076
Febr vary, 95 28356 28528 061
March % 28611 28632 o
Al B 28666 28752 030
May,95 28345 28043 (07]
Jure, B 2032 29163 045
dy, 95 2221 29386 056
August, 95 2111 29633 0B
September, 95 29596 29855 03
October, 95 297.78 30060 0%
November, 95 29944 30214 020
December, 95 30089 30331 030
January, 96 30215 30421
Febr vary, 96 30325 30492 0%
Mard% 30431 30668 045




Foure 2

Fgure 22 : The monthly values of variable WIP! before ad dertempuse

genin Aprl 1993. The values range from May 1993 to March 19%6. () Ob-
served values before the impulse (datied Ine), () Model values before teim
pkeEtre P ediced values afier the combined impukse of +5%0 n M,

and 25% in REER (dashed ine).

Foue 23
Fgure 23 : The monthly values of variable WPP! before ad dertempuse B
gvenin Aprl 1994. The values range from May 1994 to March 19%. () Ob-
served values before the impuise (dotied ne), () Modd! values before teim
pkectre )P ediced values afier the combined impukse of +5% n M,

and 25% in REER (dashed ine).



Tehe23
impuise response on WPI (combined shock of +5% on
and -25% on REER given n Apri 1994)

Month/Yeax Model WPI Pr edicedV ales % variation
before impuse after impuise
May,94 26621 26558 014
Jde, A 26366 26974 040
Ay, 94 27206 27400 o7
August, 94 27490 27762 0P
September, 94 27706 28019 113
October, 94 27901 28229 118
November, 94 28054 28388 119
December, 94 28197 28501 18
January, 95 28376 28650 097
Febr vary, 95 28567 28815 087
Mardh %6 28727 28867 049
Al B 28007 29016 03
May,95 29095 2211 040
Jdure, %6 29287 20435 051
Ay, 95 20437 2611 0
August, 95 29596 29783 063
September, 95 29717 2904 063
October, 95 29831 29986 o=
November, 95 29004 30018 03
December, 95 29964 30027 o2
January, 96 30055 30152 o
Febr vary, 96 30121 30186 oz
Mardc, %6 30193 30220 0m

The foregoing exer ases gve Iise 1o a number of quesions:
ics in Inde? Whether arise n REER cenbiing abautafllin

prioes ad wvewes?  What kind of combined policy shock the
poicy makers would have o avod?



hr  ease n money supply would have no doutat raised the price
bdaseratfam the money supply shock discussed earfer.
Thswararis a metding & n namrd efiedve edrage e

Dasblkeptere d e fedeedaeie e Thefdos

preventing a dowward adusment of the nomindl ef Blee¢
dhange rae mght have r esed hangyx axndtere d
diedive exdange rae. Honever, tear eaindre d efede
edhance rae beyod s parnt coud be aosly for the ecomay

ntwowas Agdd inr ease in money supply may raise
tegredpeebd e eyea odng expat competiveness

and secondly, mparts mey be by acsly addng b e pice

T ex

Shock gven 1o REER esiabished the fact thet depr e=Nd
REER would be infiationary whie its apprecation would be

deflationary although REER changes af Btpresderaime

g hvew dts a sale REER woud be cossertwih te

ddedpresy.

SeresdrHnBap ot dsaed bdos il |d

shocks may nat adequiately explain the price behaviour n the

economy.n  case dfaomoned shods pioeswere foud b ke

adusing amost conaur aly, | mespedive of the develgoments

nter eds=t. The comoned shodk essenigly rgreseris an

aeadry esormoeay auhaies Pur desedtr enar-
|yfom the market by the centrd berk eeds o nr eeen
leserve money which may have adverse r epercussons on do-
mesic prices, which num mey requre adusmen of exdange

e rbvdagH ingalig mypr eeaethedgy esnd
NEER for awhie despie inltion dif eenia between e do-

mesic economy and the maor trading partners. However, i nt he
bgr wuntepr chasing power party would hold good. There -
fae,i ti snd prudentioeqpad M , uder e ndontetgpre -
dation of REER may have sabering ef Btantepos



The auhaies need b ke pao by Vvortbadd adue:

ton of eqeansoay M , combined with depr eddion of REER.
Such a comionaiion s hghly nsionary. However, wimte
ddedpestly, t hreessacetrrevainy
balmistbyegbimigedr ededare e Theex
dhange rate adusiment beyord the sad Imit would tend o be
nkionary as evidenced by the smuiion r aeaklghonv

e, beter 1 keep money supdy uder dredk o as b aonro

e nor eas=s. Nevartheless, the domesic aur exymaeyd
appr e mautdbegeibnsdagd hvewdts

taesarsdirg e dnation of monetary poicy and
exhange rae paoy. fnadtinbaretatsr endered
diede, te monetay auhaly woud be na beer podn o

ssketeedaeretr ough nienvention wihout fadng

svere pooy anlt beveen e edrane ise ety ad te

pice ey Ulimeigly, is e pe sy tetinpats
sHilyoteedateie



7. Summary and Conclusions

The besc dgedve dfthis SLidy wes o gy ANN methodol-
ogy b cosr uct dynamic models for macroeconomic variables

and compare ter esuswihthe conveniond g cades The
essaHEdure of ANN tedchnigue is that the modd is gener-

aédfom  teddaadr egres  weak assumpions. Futher, t he
mehod B natr esited b mocdg heersgens doe Adir
dly, even dnedic deteminsic dyramics have been suooessilly

moddled uag the ANN appr cach htswak we have used

oty deiadie vaetkes - M, WP, REER, IIP and FOODS
fortepad Apai 197510 March 19%6.

Theime seies dalawes preardyssd nar der o daaceize

the dynemics which generaied the saies Thsagyss ovided
wswhtevdesdine kg T and the embedding dimension

d. These parametars also endled us o parialy deade onthe

newok ar  diedlre Fdonig tis arelyss, dff gentsdes
were caed ot We 2 dsassunaee nooss hts e

we adopted a two Step appr cach htetdsgp anocdwes
agusdbdateteocadradireahdtetiean

nomc ime saties. We udtetteoadtr axsae wda
tred by the modeks. The second siep modeks the residuals ad

weueteara arekd ANN models to make out of sample
preddos These pr eddosae compared with the convenr
tional Box-Jenkins (BJ) (ARMA) modeks. The pr atirstr M
WPI (CPI) and REER are comparable n the o methods. The

BJ modH s betier for the FOODS deia

3

Thus ofrasdatemtr aasae concemed the conven

ol unvaiieie BJ gorcech gpears o be vay saidedary. It
doud be sr essed, however, thet conveniordl BJ) g oach
does nat generaie a modd for the overd dynanics. It essent

Hly bypesses this quesion by consokaing sukate dff aences
nteda



W e a0 caried auta number o mulhaeie sudes heavg oF

featdpdes An dovous ae s o id nonearr esos
between the variables. We find thvo such reions which are

nonineer nreire

A second set of calculations consisted of constr ucting
mulivariaie dynamic modess for the rends. These modeks also

igroduce the overal dynamc fealres wd Fute, we mod-
ddter edesbyeddgtea csar  ebtions between

the variables and induding the soniicantonesnthe A N N

framework. Out of sample for easswheara ar edonwere
made and compared  wih the conveniord mulhvareie regre s
dInareyss ndudng he aanegaing relion Wi tht A NN
appr cach, the shattiempr eddosae somewhat better or
comparable to those with VECM for M, WPl and IIP. A NN
gk eddions for REER whereas  for FOODS the con-

ventional VECM appr cachgvesleerr ek

At hrdsstdsldesnte muhaee ANN framework in-
vohved gMing npuses M , and REER and fdowing ther in-
Lexenire Theer abae deasd albeghin Sedmn

6 C=ly, tese have immerse vale niens df paoy i

s The dyrenrics ofinion in ol s aden iRl eqaned

N terms of monetary factor. ks uteboreatfom the
smuiation exerase that the temypo of price dhanges dampens

over ime wih a sihgle dose of money supply shodk In ather

words noay [ essre camataonine nte sysemn
deinigly uness money supdy s susaned ata hgher el

Moreover, teeba nedforaar ecion of nominal exchange

leenassblaptere d e fiedve edae rae sabke depad
rganrEn df aential between the home country and the
megr trading partrer. However, og ar edonwestoudbbe
harmiul for the economy. Hence, coor dination of monetary

pdoywh edae iae pddes s necessaty in he baasd
em  ameat kshoud be poied aut thet any a Uy dynenc

6B



methods (VECM) are mtussl oortis pupose

Fomou dudesswe have ket thetfthe ime seies dela s

essHy hertenforte pupoe ddatem o> aaste
usud Bl g cech s\vay good and hence adeq e Fe saies

hes dominant noninear daerader then the BJ o VECM g oach
wlnatyied good euswher este  ANN would. However,
for studying dynamics of the economic system, the ANN ap-

proach s the best daia based methodology avalale and needs
o be used aong wih gprgaicie economic theary.



Appendix |

Measures of Inlion n inda
HEsaedtea udAmaa  oeconomic ndicators and an
appr oprigie measur aratdisvd hitg\agosnte
average price level are measured by tree ssdndoss,
namely, @ Whdesake Pince Index (WP, () It Neiordl
Income Deflator, and (© Consumer Price Indioes (CPEs). There
ae diff eenoss nthe complion pr ocedure,  commodity cover-
ags Weghing peten renel dr ebase of dea and geogaht
@ represenaion for eech saties The use df each index number
Bden puposesEdc
@ ThreWPlsmosf equenty used b measure teoadn
Honee ord comodissad o ormgaor g ous,
sub-groups and ndvdua commodiies. The WP sates s
ieguiarly compled and published by the OF fedtebn

nomc Advser, Mraty o ind "y, onaweddy bess e

1992 The bese yer dWH s ressd geraidy ataniner-

va of a decade afler due consderaion of dl agpeds by

Technical Committees\W okngGr ays Thebeseyear o
WPl hesbeenr  evssd anfour oocasas n 196253 196162
197071 and N 1981-82. Wegdsae assgned o the com+
modiies/sulo-gr oups/major gr apsantelessdteva
ues of whaesake transadions at the ime of dhanging the

bese year which r aras\editeretreandte
bese year 5 mede. The soope, coverage and weghting pet
anecdtear atsaes B 1B1=10) ae besed

ater  ecommendations of the W okngGr oup headed by
Dr.C. Ragagen Trerew saies hes iy errged

is coverage by nduding 447 daind iems as aganst 330

iems nhe 197071 saies The numboer o price quoaions

hes o been inreased © 2371 n e new saies Canple

fon s coninued 10 be dore by uag Laspeyre 'sl ki .e,
weghied average of price r edhes (@ur ent price cvided

0



by bese year's price) wih bese year's quanity as fixed

weght As the base year 1981-82 of the aur atsesd
WP has become consderabdy ad, the Govermment has ap-

ponied a Commitiee 10 niicie detaled exer eeirte
dnange dfthe bese year.

(B Unike WP, which captures the weeldy r hythm of price
dhanges, the nmad neiordl inoome debr s anamnudl
saEes anped by te Gantd St O gansaion (CSO)
which s aratio of GDP & ar entpicesto GDP & an
datpioess Ast embraces a economic adMies, the
soope and coverage of the WIPL cannat maich with the ne-
fordl income delior. n Gase of nefiondl inoome aettr,
ter ededuaes (alue added) of eech sedor (nduding
senices) of the economy nthe GDP a re mpled weghts
whchare  gtat/df gen f romthose assgned b each
goup in WPI. However, e reiord inoome condon
is Inadequiate or weak, the GDP deflator would not be a
suiable measure

(© The basc pupose of a consumer pice ndex s 1 meaaure
e dangess nhe b o retd jaoes of seeded goods

and senvices on which generaly a homogeneous gr oup of
consumers spend mgor pait of ther inoome. The economic
adsoES udiren b s ovestad df aeneied

thet no snge measure of consumer price Ndex can even

ey dept the cot oFMg index dfd desses |

g ter dre ,t hree separae consumer price ndces are

compulied for () ndustial workers, (i) urben norimanue

empoyess, ad () agiouua Bbor ers. The weghiing
earstrdtessesae b rcedybessd onter esbkd
ter  espedive famiy budget sunveys conduded from time
pime Uke WA, the CPI for indLstiel Wakars and o

Urban Non-Manual Employees are aomped nigly o

ss0ed el ar uben cares adfragolude



bour esatestebdTreyae ay epedotedhr

dainexasawayed agage dr eede@renwsea
ssewse indoes Lageyresomuais uised fortre aom-
peon deachindex
The CPI for Industial Workers (CPHW) is compled and pub-
ished in every month by the Labour Bur eal, Msty of La-
bour, gne 195051 The base year for CPHW hes beenr evised
on o oocasans N 1980 and n 1982 The aur atsaesBes=

1982 = 100) indudes 260 ierms covering 70 sekeded indLsiiel
@&t es. The CPI for the Urban NorHVianual Employees (CPH-

UNME) which depicts the changes of average r edposd
goods and senvices consumed by families having norHmanual

oaoeions in e nonagiouuE sedaar, hes been compled by
CO g1 1990 Trebeseyearsr evised oy ance n 198485

on the bess of famly Mng sunvey conduded duing 198283

ey P seded e s

The CPI for agiouiud Bbourers (CPHAL), which depds the

aost of Mg indkex of egriouiura Bbour asdtesebd

hes been compied by the Labour Bur eau, Mgty of Labaur on

amonihly besis shce 1968061 The base year has been dnanged

alyaxefam 198061 = 10010 198687 = 100 Ore df e im+

poriant uses of CPHAL B telamaswdesr eandte
minimum wages for agriculiural labour.



Appendix I

Chaeracarizaion of T ime Series Daia
As emphasized earfer, bfre moddgtethesesis
necssaty b assente relred tesastr oughpr emmay

adyss kg b paly daake teadiedredte

retak fone s Lang atidal neurd netwak famenwark for

moddig hgered tswah eaentig te o das i,

() Auocor  ednimdm A verage mutual information
Wz, e g, @ Number o neerest fBilse nethoous \s o

mension, and (V) DVS plat. In combination, they give faily

good tea about e quekaihve rered tessesWe 1372
ther usage by gplying them 1o monihly time series of REER.

Fouel  donsteauoar esnudon dte REER saies
Tretdtette abaresdn ndn s vay oy ind

cestateaw ence e 5 long ad he generaing prooess
udalig te saies s most kdly deennec
Fouel

Aup-comrelaion Fundion for REER




W eretddy nFoure 2 the average muLA nomaion as a

fundion of ime lag. The quantty of average muiLal nioma:
nassssdnteedsamiearnvaandabare la
ton and hence does eke b acoout noninear aar eosTre

ot agen shons sowHl As perouraieion e ime g T
ar egoods s mmimum inthe pat kmay e noed here

thet the minimum is quite shalow. However, tsddms

o o d ime seiesswhich have brg aderene e,

Foue?2
Average MuiLal Informatiion Plat for REER

Uag the ime deby T, o retdgedve s b deermre te

dmenson  d df the embeddng spece in which the aignal dy-

namics in phase goace s reconstr ucted. Using the method of
delay we it dotan the embedding spece of diff gent dmen-
son and then evaluate the number of false nearest neghbours

A



aswetfanae dresmbtenedt Ths s ownn Ay

ure 3. The value of dmension at which the number of false

near enegousszaoor minmum s the gppr qoee \vale
of embedding dimension d.

Foue3
Plot of False Nearest Neighbours for REER

hFore4we show the DVS plat n which the mean absoute
ara nte akdisane s=t s gven as afundion of numboer
drearetregous isd rigtetag sstwh ey

preddormocd hDVS it trer egon o s neghbour hood
sarEhedssccamEcadtetdbrge neghbor hoods
consderedas sodes Fteerana eases as number of
neighbours inar eases, the generaling process s cosdered as

noninear. | fi tderesssstenishen. Trergpeande

pends bah on the nailre o daaswdas nwhere tepat

dareetarabs TreddnFyre4dealyindaesstat
the generaing process is lonv-dmensional detierminsic wih
weak noninearty.

)



DVS Pt g
for REER (@3, T=1, tu=10)




Appendix il
Avtiicial Neural Nework (ANN) - Back Propagaiion

Consider a network with nl n2ad n3nexr asnteiny
hidden and ouput eyers r espaaihely.
Output

e

Y1() (14, nlinpudaa

o® tk=l,... n3oupudaa

WJZj,i) W eght betweeen input layer neuran / and hidden
Byerneran J

N3k : W eight between hidden layer neuran J and output
Bye neuran k

Theinput X2 () otereuran J ntehddenhyerstdeno

be the weghied sum of dl the Inpuis. Thus, whenthere i sf l

QomediMy,



[ 4..n1
X2() = Z W2(,) Y1) AD)
[ A..n2

The output of neuranjof te idenbyersgvenby
Y2() = fO2 () A2
where f b tetardrimdn Foraaoos\aeteis

ae—mbliererasmm fo)= — aahpaat e
_e-X

gmznin fY= e

X+e -X-

Next one determines the input o the neuran k othe auput
hafom threrer asntehddenbe.

J A... n2
X3 = = W3(kj) Y2() (2%
J k 4..n3

The ouput of neuran kdteanthas

Y3W= fe3®) o))

The weighs W2 (,/)) and W3 (kj) are unknoan and they fom the
camee s ( n, » n,+ n,= n,)d parameers o the moddl These
parameters are obianed by mnimizing the aost fundion wih

et Wz2ad W3



hpede aedastom random weights and evaluates the
fundon C. hte red ieraion te waghls are ar ededby
amounts shoan in Egs. (AG)

aC
3W 3Kj) =e2
oW 3kj)

oC
oW Jj)) =el —— 1Y)
oW 27,i)

whereel adeaepaanreascadkanyiees Trsiaa

tep  ocedure i srepesied uni one hes conver o= Bl
t detamnes he wagh s whch nmimze e aost undonfo m

tedt
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