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GR"A:IN:··",S01l2L¥ ... ·il{~~f(~1~;§·~.·.·l~·.·.··,;~;~IN~: .. ·~N:,Ll·····lN:l)IA,; 
A.:00MEz\J~;~Tjl¥E:STOPyl 

Orlwg(f Agr:tculmrai(;tllIege 
t.he{Jjftw!r~·it)l()t~l;dtt~l~ 

()nm8(!,lYSW.~8aO . 
t\llSirolta 

!bls.~tudyestimates .,gJjtinsPPJ?ly r~sponse·fQ.r;Chim*· {I,nu India .• 'll1e 
~esult$ ...• shO\~t that farmers .inbothcQuuU:ieS.lScem. tobe.responsiY~ to 
prlce chaJl.g~s* HoweVei~Chines.e farme.r:s care about thepdce tatios 
be.t\~een .. gr~ln. :and .. hon~,grfiirt .. ,crops .iUdd . adJust ... theitbelmviOllr 
ace,anlingly<, while .ltniian fmnle,tsrespond,pollllU'iiy ·.lothe~tatnpri.ce, 
sIgnal :itself~ :rn China~'t sigtlifi.caot'n~gativ.~~Jntionshipbelween :graln 
oUf,putnnd :i.npPt pricei\ilils. identifie(i;sncbu:resultcQuld: rtot be 
obtained for Indl~.Tll~tefotetgr~bj$upply ibChina is ·arreclcdbythe 
change$ ;in.a:n th~·tqlevMt prlceSt wbUegtai,n supply in 111dlaseems·lo 
be; largel~affectedb)·¢hnnges In the~$inpri:ce itself.\Veather 
conditions .aod. lee;hnologic.nl .prOgt~s.sru:e found to haveij· slgnificMt 
Impacton grah'lptQductioh':in both c.ountrles* 

:L INTRODUCTION 

,J:omany de.v:elopi.ng; ·countde.s, fooclse.lflo'sufficiency lsconsidaredof overwhelming 
import.1Il,ce. Policies whichcouldcncourage greater producdon of fooocrops nrc 
sougntnnd the fonnntiono,f these polieie.snecessit.'lJes supply response studies on food 
props. Many such studiesbnvebeen carried: ou~ f"or va.rlous developing countries 
including India,e~.g.,aau.er nndYanle;y (19.$9), Krishna; (1962~1963)~ F~tlcon {19(4), 

MubYMo(196's),Behrrrtan (1970), BRrdhan (l970).Bardhnn and Bardhan Ufli'll. Lim 
0975~ Ch~ipterlO).t and Livingstone ·097?). However~ studies of this kind for China 

~trenotextensive.Few bave attempted to crury out such studieswilh reference to 
China and India loan internntiooalcompannive context. This research estimmesgrain 
supply responses 'fbrChlna and I.odia. A \(:ompanson of the responses is carrledoul. 

, P~pel'pre.senb;,;dallbe 38th AnnunlCon(ercncc of A\lsU"dlian Agticultuml.E:conontics S()Cicty. 
Wclling~ont New Zeat!lild~ 7"11Febru~t994. The 3lJtlJQr ~wisbestoacktlQwlctIge help received from 
DnyidL.im .. D~P.Chauqh.ri1 J·ohnCoop<;~riGuang;"Huu. Wa:n~ Yons:-Zbcog Ynnga:mfPaql Segal in thc 
pCQparatiQn ofUle ~~t. 



SIIlcei the .piOJl'e.e.t:ing:.workby Nerlave (t-letiove·t9S6) ~ ·manysludieshnvebeetl.Gattied 
o.utQulhe :supply .responses of primary ptoducets inbo.ihrle.velopedand de,v.eloping 
eouutrl~s •. LimU97~)provides;l ,suwey'on st.tHlies done in this areabe·fQret91S,vhHc 
1\ 'mQ.rereeent:surve~~ha,sbceti given by :R.no .(1989). 

Studies vtUy&tteatly.:inthel~ level·ofsophistieadounnd choIce of supply re.sportse 
models. 'ThenvaUabilityot·telinlile.suni.stical dtunh.as obviously heen no important 
'ftWtQr in thechoict}of the S.tntisdcnl tools andIllQdeisllscd., liJowev,er,lhC'rr!oSt 
inlportatlt'qeterminatlt :has uOcloubredlybeenthe .type of: suppty'tesponses ·studledand 
thei eharacteristics of theorops nnnlysed. According t.O Lirn [197 5~:p~l5),lhe(eare 
tbree types. of supply re:sponses .. Theynre the supply response of the~btrlcuhural sector 
as t1whole, the supply response fot individu'aleropsnnd the supply response for 
marketed surpluses. Rno tt989) 'providesn. similar cla.~sit1catioh.Limats() indicates 
twoklndsofcraps in genc.ra11 a.nuualeropsand pereutllalcrops. 

Atlhemost nggregntive or macro level, there is the supply response ()f the 
agriculnrral sector in which interest 'is centred on the response oftheaggregtHC 
agrlculturaloutput to movementsiIl the term$ of trade for .agricultural products. It 
co.versbOthannualand, perennlal ,crops. 

The second type of supply response is that for individual cropsandcovcrs annual 
nnd perenhiu1crops. However, annual and perenoia] cropshnve differemeharactenstJcs 
andpresem different icoocept.ual problems. They require therefore the use of different. 
models. For lhis type of supplyresp~mse,! interest is centred on the n.l1ocntiouof the 
tOJa! acreage between crops in ~response tOl1lovementsin thelttelative prices. 

The third type is the response of the marketed surplus of .crops 10 changes in 
relutlvepnce levels. This i.sconcemed basically with subsistence ngriculture where a 
significant proportion of the total output is retained for home consumption. Thus lhe 

price elasticities of the total oUtput and the marketed surplus are not the same lUld 
mUSt be measured separately. As very few perennial crops urestaple foods. the supply 
response of the marketed surplus is lu.rg:elyconcemed with the response of the 

marketed surplus .Qf,·annual crops tomovemems in thei.r relative prices. 
For both lechnologicaland economic reasons. the supply response will be dIfferent 

for each crop and at each level. An important task of empirical analysis is to identify 
each ·of them separately and account 'for their differences (Rao 1989). 

~ The discllsslonof this section 1$ based heavily on Mubyarto (1965). Um (1915) .and Ran (1989). 
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The ;first: tyw··otsupply :tesp.(lnse.*dleSUl?pl>*re~,PQnse .of .(it1gr~gaten.sricultUt~~1 
output, ·bas :receIved, te.lativelyles .. s .ntteJuipn .althougb there is MurgCtll ·need 'fbr·such 
studies for lhe.foOlluhtt{on'o£ nueffeetive ,price 'poliey for ugrlqu1nrral develQprnetl( .. 
thelnekof ·such studies ,.~Q\lldbedue tot¢¢linicalQ.bsiticle·s ·ordlrficulties '\,n th<'\ 
i,llCl~slono'f some; :lnlpcfrtt\1,ltelemertts 1Jl'O:' rhodel, ·such ,ttStt(illsportutioncOfidiJioosnml 
tbe :pO,pU'hlti.OO; d¢nsit.~ fnClOI\ lls'polnted.am b~t.lm (197.5.p.i5). 

Tbesuppl~tresp(mse.of .perennhtl~rops., whichbel<mgs to the se(:ond . type ··of 
supply responsethas mnxeceived much .1Ut¢.ntioll·ehher although ,there tmsbeen n 
movete.cendy townrdsthestud~· l)r suebct'ops.· .. fbefttct that.!theeonceptual ;pr6blem.s 
eneO'udtere,d :itlsuch stu.d.les were mote dirncplt to stll ve might :havecoJttributedm 
suehn shortnge {,LimUt7S* p. 26). ~lost studies in tbe secondculegory {tre on annual 
eropswhich<lftennrt,! :the ·staplo; !nodsoi mOSt. developing ~ollntties. Whento()d self,. 
suftleiency lsc;ons.tdered the overtiding ,niwot many developing cOUfltries~ it WitS not 
s.urprising. thatempOrts.is was pln,ceq on suc-ltC-tOps. Poticies\'lhleh cQuldencmfmge 
.greaterproducdonof these sluplecrQPsweretequ.trednndthefol1unut)f1of these 
poli'Ciesi1eoessitatedsllppl):~ response studies 011 such crops. 

The third type:1 the supply tespo:nseofthemarkered surplus •. h~iS received thenl\)st 

.uuendoIl.espeq.i.ally dudng.the 1960$ a.nd theeadj. 19705. This i~ due 10 the extreme 
inlponance of the 'ma.rketed s,urpluS:lothose developing 80cietieswith d\:'!rmnant. 

subsistence agti.culture.The lirert~lUre on Itj both the ore dC11Uy aud empiricaH)'.tJu be 

dh~ided into three .groups~ 
!a)tfhetU'st group tsconeemedwhh the ques.ti.ollof farmers 1're>;pontc t!"i to 

economic incentiv.es in subsistence agric.ult.ure (e.g .. , S(,eke t953; 

Kdshna 1963; J.i.iptoo. 1961& 1968~ Fj,nh 1970; ~1eUor 1970: St.:CJtl 

1976:SUen 1982; itndM'1\ssey 1981), 
(b) Theseco.nd grQUP is concerned wIth measuring the size of the marketed 

surplus, idetltifylng the factors which detemlinelhe level of the 

marketed surplus of subsistcneecmps, ~lnd finding menns t(l in~.redM! the 
size of the fi1urketed su.rplus (e,g.1' Krlshna 1962; Bardhan.K. 19'10; ;,md 
Lim 1975t Chapte.tlO). 

Ce) The third groupempha.sises the tole ·01' the marketed surplu~H1 

economic development., Le:., its role in the early stng.es tlf 

industrialisation aud in the move to SUShJinedgr()Wlh (e,g.~ Rn\l~l\V 

H160;l<ello,gg 196:2; Bardhan 1964~ and NiehoUs 1970). 

The supplyresponse\vbich thi.s paper is gOing to esdmruebelongs l:O the '\cc()J1d 

category; the supply respons.et)funJlunlen)ps. 



rrhevarhlbles to be inoluded itt ,a(leaonomettictUt)d~l tnuSt 'be,delerminedflr$t~ A 
number of fnctOrs affect .gtulrtprodqctloll.Thte~pdc~ ',(UC10fSj namel~i,gtainprip,eSt 

non .. gralu 'fartnproduce :prlces.,andprodm~;tiotl jnputptJQeS,~tr(f beUevedto hnve fl)()re 
ditectand fniP0ftnnt ijUe.ctson ~taln :production,. <Pnt:m4ts·.~ iOG(')mes tfQJilgtnbl 

production and thus fm-mers'd.ecls.lonsottgrair).pmductio,nare.edticruly· ·influencedbY 
these fnctors,thus.these. 'three facttltsareeol\sidetedhlQsthnportruu. nod axe to be 
inclUded IpJhe supplyrespo.ttse model. The,Gf,st lwopdce faclors" i.e~; ptic~$()f gf'ttin 
anr,t rlon, .. :gt~tincrQ'pSt, will ,appear :bllhetllode:las aratia. 

FUi1hertnQte~ irtsociedes . such as . Chin.a .aI1d: lndh\~gtaln outpu t· may. nat be. p.urcly 
a £pnction of some e.collomlc factors. Some non~ecQnomic facto.rsJe.g.,. policy factors 
and technologica1prpgress~tllay also contribute itnportantly tel grain o.utput. Important 
nIst) is the weather 'lnsuch large ugriculturalcounmes with insufficient wenther .. 
resistant iufrastrUPtures. As such, technological progress aod weather couditions may 
need to ,be Inoluded in the model .. 

Therefor¢~wain outpUt Ganbe mathemati.cal~y expressed asa function of the above 
ideJltified factors, I.e.,. 

Where: 
GO; grain OU~lJt; 
Px:grain.pdces; 
p~: 'prices of nOfl ... graill farm produce; 
PIP.,: the ratio .of prices of gmin andnon .. graincrOI)s; 
p~: pricesorpurchasedfann inpu.ts; 

:W: weatherraclors; ,and 
T:· ume trend~ .repre:sen.ting'technoiogical progress. 

(l)Rntioofpricesofgrainnnd ~onlPetingctops. Ceteris f1,u:ibus~ the higher 
t.he relative price of graincrops~ tbe more profitable it will be to produce lhem. Thus 
the higher: the price~thegteater will be theq.uanbtyof grain supplied. 

However, the: ldndof :price to be used inth~analysi.shas to be decided. In China 
and India. therenre ;govcrnmentgrain procuremcntpn.ces lind free market gtainprices. 
IuChina" the govern.ment grain procurement pdce should. be used bec(lUseduring the 
pedodof 1951,,6:2 nnd the 'pe:riodofthe Cultural Revolution lill 1978t no freetllarket 



was ,aUQ,\tedbj'thegovetnroe:illand: thus ttee"rnarketpdces, wereoot tele:v~tlt" 

Altho'ugnlhe; rte(}m~ket ;has Peen,nltowe,Q since 1979,.O,flly lo,t¢Qeol ye,arsh~,ved,nUt 

on, :[reeroatkct 'ptieesb¢¢ome '\yid~lyay'ai1a,ble~notabJy sin~ 198.5' 'whensubsmndal 
chMge,$' were 'made :to the ~lgrlculttital Jjrodu~tsmatke,tin,g arnUlgerneots. Th,uSl1ot 
e,uQu,gh ubserv'ations 'are u;vallablutousethe free :matket ,gtahl ,price 'as ;tileetfe,c.tive 
,pntte+Oiven the te11oVe',uJlimpottam::eof the ;free lllftik,et ttlCbinauntUrecently\this,' is 
rt,otthougntto ,be n serious llToblem tor thep:u.rpo.se .of this ,analysis.1 Relevant 
govettunerixprQ(lUrenl~nJpa,(:e in~eges have been used 10 construct thispdee Index 
tatle> «See. Section; ,4£017 lnfoonati,onotl Jl11thednta 'u:$'ed). As !pto¢uretnentpd~esnre 
tlo,ttnfJ.ll)fann(lut1~eqibefQ.reeacbsowlng seasou,ltallows tlt;ertainrun:o.uolof tbne.for 
farmers, 10 respond. 1ha;refore;no ti.me lag wn,~used. 

Fat l.odla.t the mntket :price is theeffeeti:veprice .louse :as thegovemment: 
procuremeIltpdee does norb¢come ·effectiveumU the '.free marketptiecdtops below it. 
Relevttntwholesale: price lnde:xcs base-don freemarketpnces. are \used:to constrUct the 
pd(!e inde* tatio~ Such ft{!emarkc.t: p1'lcesbecoru.e known .ttl the producers only when 
they 'bring Jheit'products!to the ,market fat s.ale" These :prices :thererore ha.v.e Ultle effect: 
On theptoducdonor thep.tvduclS~lhichare offered for 'sale at the time by the farmers 
but ~btly in.f1uenpe the J,1roducdonin tfieeomingcropping seaso.n. "therefore a()ll~ .. year 
.time lag is used. 

A positiv~sign lsex.pected for the price index rado variable, 
(2) Input:prlces. Changes in input prices c.nnsechanges in the ptoducuonposts 

and~ cetetis paribu.s, will influence fnnuincomc. :Parmers .may use less inputs when 
their pnces nse and output will fall. Hencet a. negative sign is expected tor this 

variable. The data use:dare thepdce index ofagdcultura.l inputs. No time lug was 
considered necessaryasfatrtlers can decide. \vhetheror not to buy the inputs within a 
short time. 

(3) ·We,lthercoodiUQns.. In Cbi,nat the statistics frequently used to indicate 
w.eather conditions are the sown areas affected by natural disasters which l'efer to 
flood, drought, winter damage, dttmage caused bytf()st~ wh\d~ han~ und soon. Two 
relevant iodicatorsare ttarens affected by natural disasters" and i<(lreas darllaged by 
.natural disast,ersli.The latter is apart of the fonner and includes nreas in which . the 
crop yield is 30% or mOre l~ss than the norm. An index pan 'be constructed by usin,!; 
eilherof the two hareas'~tlgalnst total Sown area in 'a year to .rellect weather condJti.ons" 
USing t'areasaffectedbyo.utural disasters'lis more appropriate because it beuerretlects 
the overall impact of natur'dl disllsters ·ina year so this was used to COI1StruCt tbe 

, SceanaJysiswlt.hpan.el drua in Section 5.1.2 for rurth.et discus.ston, 
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weather inde.K~$b~llj.gh~r:.th¢Jndex* thernote' s¢vereth~natilraldisa$lets!.1!hllS,a. 
J1eg~tt~~ islah :f,s'~xpepledf(,ltthewea~het 'index~ 

J'n 'lhqla~ the·~~gilabmlY'U,rJnPQsoon.'nllns lslctyciill1Qg(ainptod.uctioo~ 
ACcOfdiogl~i~an~ index,,'whleh lsJhet()ut}.:mot1sdo.n. itt~inrl\Jt ':1sa petC~n t~g~of llotmal 
.r~,nrtdl;) lSl)ubHshed :teglll~trly.~Chis· 'w.~~nher index is 'used il),thennalysls'anda 
~p:osith'*e :slgn. isexpeeled for·i,itsc(X!rn¢JCJll:.:n·shuuld . be' . noted that,tb.lsrelation.ship 
,nnl;~ 'mRalwaY$ <hOld i~\S ;t1o~x.tltl,~!, '\\tjllche.ausesQa.mageto 'cropSt wiUbe associated 
wIth' ;ti Jargevti1ue :totJtie iUdex. 

(41 WechhoI6gi¢(i l,prngress.Lipsey( 191$, <p*;88) ;cltdtns, ·"TheeoO,rmous increase 
l[l:ptoduedon;perwprk~r tlHlt:hns 'tieel'lgoing Q'lln Industrlro sQciedes forabout'Z(}O 
ye~s· ls.verj1 J~)tgely du~to imp(ov~(ln;)¢thod,Sl)fptQduedon'\ 1heetlotmQus 

tP,utrib\ltiQp, ftOlll ;pr()gre~sin; fa,tm.ing;feobI101oJ~Y longncultural growth 1n the past 
d~cades is ·u1soev:identeven 10 developing :countne.s such as ChlmLand ;[udia. Thtshas 
been cleru:l>t itJCIi~ated 1* tbe resuhsQf $1..trveysofbothexpens nnd farmers. Jienqet 

althoughtbepnce f~ct()r :is considered .1mpottantt
ffwe do hot ;t;l1ean fO lrnply that price 

1$ :9~a~tit:1tivelvlthe:UJiderUJle .added by Ihe~uthof) lh¢ most lmpofumt .(ietenllinatltOr 
supply.·()vettmy tong penodtechnolpgy ,is probably the ;mostimponant deterrninant~ 
rbip.sey 197$, :p.89). Ille,ach .of the followin.g ulooelestimutions:, it time vuriableis 
:usedas aproxylprtechnologiealprogress. A po.sitiMe sign is expected for this 
-variable. 

an..~edon the functionalte.lntionshlp in .(1) JUld the above discussiootthe. model 
used forestimatingthegtainsuppJy tesponse of China is: 

where: 
GO: natiol1algraluoutput; 
P(grain! price index ·of grain; 
PJcaSh:prlce lndex of cash crops~ 
PIgrain/l::<'lcASh: the price Index ratio of graiu()ver .·~ash crops; 
,PJinput:!pnce index or agricultural inputs.; 
Wi: weather ind¢x.; and 
T: timettend'l' representing technologicalptQgress. 

~rhis rl1odellooks shniIar to the Ne.rlovlunex,pectgoons model (Lim. J975, pp. 29 .. 
33)10 . that the procurement· ;prices u.r~known before the sowing SetlSOU (Ul(l the 
fanners respond to Hexpecled" prices ruthetthan the price of the previouspedOd .. 



iaQw~yer)'lf: 'is J1Qt··:~h~·N,¢dQ¥lah\expeczt~.d()oS jllP4e;:l~s.in:o ·~XP¢Ptt1tiQntfl· ~t~,gs :W(fre. 

Inteildeg~nd . the :priq~$ th¢·fru:n:l¢:ts;· ,\\tllt .Tcc¢iv¢tlJ:e .Qotthupqces' .th¢yact\i~dly· 
ue.~p¢Pt·~ ":itom ;the :m~k¢t}jQJ·.fho.sep~tt!rmim~d:.;by: th¢ J~QVemmehtv 

Whemodel used,£ot estl.lllMlrtg. 'the .&'UlhlSUpply ;rcspons~ ·pClndla.is! 

V:ttiahlesln thlsmodclarennalogou.s to tOos.e tn .(2)~ex.ceptthRtthe v~tinol¢ 
Pl'gmlOlPJ(;l1sh hast\:·one .. ycttt )lnn~ 

.Each: ·()f·Jhe \mOde1:s :for .est1mtldngthe gtatnsu.pply itesponseofChhlt\.nnd lodia 
.ls;~. u\sim.plem(Xlclt'as¢lnsslfl'edbyLlol (H)75~, .p~39). 'Tbere ,atelloa(ijustmenlor 
exp.ectatloulags. IttakesintoQorlsiderations(Jrneo( the slpwly.changin~faetots s'uch 
as institutionalor.techttologicalcbangesQvet time nod tbe ~tQleQf unspeelfiedf~lclors 
byusln,ga time vrui.nble. The f'sim,plemooel(1 IS(lOnc,,;equationm(xielnnd its 
estimatingequati.on bthe same as the .original s.upply ftHlCtiOJ1. This ttl (>del has been 
widely 'used.SQwee.xample;s are Stern {19S9).t Prueon (1964), Oean (196.5). Tian 
(1990). ,raniJ )Che.n and-Buck-well (1991 )pt.ovidetwo recentexumples • 

.Data for China have ibeen cOllected ftom vurious sources and presented in'l'u.ble A.I 
ill the Appendix. The time seri.es stUrtS ftcml 1950. t\JtboughChinrt pubUshesprice 
indices using different base years I the price indices using 1950 as tnebase ye~tr are 
.ilienl0St t;ompte}nmsive and easllyavaHable~Therequired poce index tados \v~re 
consttuCledby using tbe grain procurement price index mld thecflShctop 

procurement price index. The we~uher index was measured by the lIureusttffected! by 
naturaItUsastersfiover the totttl sowflaren. WelHher infonnution (or the years of 
1950 .. '$1 and 1967--69 was not available. The'seyears were leftolltof tbeunalysis us 
it would be very difficult tocstimnte tl1CaningfuJ values for thenl~ 

In India the tirnesedes Stutts from 1950/51.0tainoutput isbnsed on the 
agricultural year .which Is ftom July to June. 'the base year for the price, indices wns 
1970nlan(i is based on the financial year which is from April lQt\.1at.ch.There arc 
no .agncuIJlu:a1 ,proquction data based on the financlal year and no price index data 
basedotl theagriculturnl year. Since thepriceindleesarebnsedon thenl1ttnclal yellr 
while grain ·output tt)b~sed.on the agdcultumlyetu\there is In fact.a ing of 15 nnd 
not 12 months with the use of the time .lQ.g. In fndiu; the price index for nIJctlsh 
.crops .isI1PtavaUable .. 'fhus the price lndexof.COUort was used us a pmxy J'or that of 
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cusb ,¢t()Jlsltlgen~ralas . (!ottOIj· is ·ariH~jorqQf.llp~ti:n.~Qtop~ .. th~ 'lt~qplI~d: {POc¢; .ind~x, 
ralio$.are thus GOUSJrtlCte(tby uslngth9i:i)d¢:~olJmbcts;Or!?ltdnWhdl~sale:pdGes'm1d 
cottQJtwho;Iesal~ 1?P~~SwTh¢re:js;iflJs6no.J?rlQe'ind~t IOf;colnppsitcu;gdeutm,tld,i,nputs 
ii)' :nltij~h Thepti(!elna~x.rOt LTt;ti:ilisctsts. used~ts if!; f,r9x:ybe:(!~ms()ofJt.shtjVOtmne(! 

1n crop .prodq~d.on',. 'Thewef\therindex·· ;u.s~d is the lotalmon;soort 'falnf~tU:as·o: 

petcemn,~e;of lbenorm..~ltaif1ralK ·ob{~hled 'ftorn the Indin; . MeteoraloglcaJ 
.P.¢;p~nl~ilt" Thetlme .. s~d~s :duUlus.ed,(ot 'esumaUng lhe .gmlnStrPJily resptmse·of 
lndl~;ate·pr¢.sen(ed ttl TnbleA.2In theApp~ndlx, 

th~~sdmatioo wasperlbm1ed:uslng the. tlconometties. Computetgto8ram~ ·SHt\ZAM 
6~L The .Ott.{iurttyleast squares te~gresslon te~bnique wa.s psc(1iunless .oth~rwt$e 

indieated~. Fottirne .. serle$ d~.mttrlodels i.nbotb: linear. and lQg"linear forms bused .Qn 
th~$ame speqifi~ations WeteestlOlated~The,()verall tcSults[Tom the, log .. Unent form 
werenolassatis(aetoryas those ftom the linear form. Thus, only the models in 
Unearformarepresented. 

thirty nveobservati.ons wen~ used as those years when the (lata. on the weather \\erc 
notavaUahle were excluded. The correlation matrix. of variables based()n the nmdel 
speCification (2) is shown in Table AS. Theestimatiorl results were not s~Hhfhl;tnry 
because the signs of two variables (PIgrainIPlc.ash tmd Pllnput) werecontradu:m·0; l() 

ex.p¢.otadons (Equation lin Table AA).The I)utbin.,Watson suuisric (til of 0 31 
indiqates' that there is a serious positive autocorrelation problem. This could be due t~) 

the following reasonS, 
(1) In China. political campaigns and drastic policy chan.ges S()TnetltneS 

affect grain ptodUCti()Il substantially. Forexarnplet. the Oreat Leap 
forward in the late 1950$ damnged ngriculnmil production badJy \vhHe 
the rural refontl in toe late 1970s had the opposite effect. The mouel 
(4)~ however, took little of this into considemtlon. Innddit1Ol~, the 
mode} dId not explicJtly consider the p()ssible imp~lct: of flW,rket prices. 

(2) Chilleseeconomic data ate often poor and causepn)blt~ms in 
econometrical analysis. Under the Chinese planned economic system. 
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poJ,tticataUQ udmh)lslrqlive(1¢¢isiOO$Onen Im,plngeo.1J ecotlotttic 
act.ivities~ \Vhetl~cortPtJll¢dat~todginate ',. fromsu~hn.system. they 
oftc!t1·dQ:i1ot:tettec.t,ec,¢:110fnJqnJ()yerJl~lltsbutrfUh~rpoli.d'Pln~ndc 

ndmbli$trndvede¢,isi.ons~Forexamplelt the l)fOCUrementpoces ,Pt gr~dn 

crops Of ctt$hoto,pStu.ayhekeptunqhangedfotlnu,nyyetltsCCable 
.Al'l );ot theytnnybe incrensed:whhUtU.e '~ofisld~ratiot) fot thenccuaJ 
market· simatlotl. 'Direct productIolJ cOntrol (in. partieulnt"during ..the 
p~rlQdot'conective farming) ;0.$ well nssui¢ttnatJ~:et ·Ctlotxc)l UHlY have 
also rneatulhat· (heexteut'l(l whlehfartrters eunrespond to price 
sigJlJilsis Ihrilted .. C.ousecluetUl.y. this ,may induce ·smne seemingly 
j~itratiom\lH phenomena,. That :i.St when therellrep.tiGe Ch~Ulf.M~S,changes 
in grairtp.fQductiOrt rtHl), :no.t takepla.Qe because fttrmersare not 
allowed to do so., 'Wheu there Ate no price changes ·orevenwhen the 
enmings· frort},gmin production godowutgtainproduotion maybe 
incr:easedbecause farmers are o.tdered to produce more. In these 
.circums.tanoes,thenccepted .relationships between output nnd. price 
signals .maybe .not assn:ong as expected or, in theex,treme,t may not 
exist~not . because .of the .. Jack of famletsf 

. responsehm .. pecn~se '. ·of 
government .control. 

In line wHh the above argurnemt two dummy variables were introduced. One. 
tepre,senls the impactorchnnges hl polidcsand policies fD t). When poHtlcal 
carnpaignsand sharp poU.cy shifts are percelved to have had negative effe·cts, ",1 \\In.s 
tlsed;e.g., fot 1959-61. Ifposldve effects ate percei.ved,a$,e.g .• in 1979 .. 84. then +1 
wa.s used. in other cases, 0 WM used. A positive sign is expe~led for this dummy 
va,rlable. The other dum.my variable represents the impact ofma:rket prices (D.a)' 
When tbere were mark.et prices1 '1 was used.; otherwise () was used. Also a positive 
sign i.sexpected. TIle CQUstntction of the two dummy variables and reaSOllS behind 
them are presented in Table A.S in the Appendix, 

The estimati.on based on the model (2) with either D10r D2 or bOth W~lS tried, bUt 
the results were littleimpfoved (Equations 2-4 in Table AA).. Ahhoughthe signs of 
the coefficiemsof Plgnuu/Plcash and Plinput turned out to be as eXf}ecred in ill{)St 

cases (except the one for Plinput in Equation ?). the pos.itlvely u.utoc()rrehited 
regression. dislurbance remained in llU three.estimatio.ns;{1s the small Durbln .. Watson 
staustlps of 0.27,.0.37 indicate. 

To overcome the serial. cO.rrelation problem.; other estimation techniques have to 
be used. Several techniques are available (Kmel1ta 1986. Pl'. 302~28~ Judge t HIll. 
·Otiffiths, LUtkepohlandLee 1988. pp. 388 .. 393). According to Judge et nl, however. 
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Wthem~l.;<Imum UketihoodestimMnt is'best, ,sO" jf·a suitable.computer 'progtmn is 
nv.ailu:ble~ thiscstimntQt j,steC()inmerH.l~d,i' (JPUgeCl fil 1988, 1'. 409}.J1oUowfngthe 
teGotnfi1end~tionby . Jlldgeetnltthethuxlm\Htl .1ikelihood~s,tirrHHion is used: ·wtthp 
esdmmed by agtiti s~arcb, 

;EslinHHed· 'fitstwett! th.efltst"otder models~ l'heresultsor the . four models, 
corresponding to. thespecHlead.on .pfUqtHldonsl to· 4:,·.at~pr~sented as Equadons 5 .. 8 
in . Tabtec . AA~Tbesignsoftbecoefflcle.nts f()rPl~rajn/PJcash nndPHhpUt for 
llquations Sand 7\vet~ stillcotlttlldlctoryto exp~cta:tiotls. However, it c,anbe seen 
(ha~ Joe overall ml'>del results were improved substnntiaUy. All the R-s{lu~e .U(1jus.ted 
and Fwstatisties bectlroemueh moresiglliflcnot,Sutat the S%significance 'level. all 
the D.utbin .. Wntsonsuuisticsexcept for Equa,ti,orl 5 were still in theln(!onclu.slve 
region .. Por the tesults of the fllLlximunl likeUho(Xl vatuesof PSt t~lests show that th~y 
aHaf¢ suulsdcnllydifferent fromzt!fOt Indic~ting thedlst.utbanees ares.till p.oshlvely 
setiaUycorrelnted. Thus corre.spondillg second .. ordetuutooorreintlou m:ouels were 
estimated and the results are ptesented as .aquatiorls9 .. 12 in Tttble AA. 1:he results 
associated with JlqtHHiotls 5 .. 12 1n 1~ohle AA ate asymptotic. 

The resultso.fBquudoos 9 .. 12 in Table A.4. when compared to those ftontfirst .. 
order modelst show that the.R .. squu,readjusted :renudned almost the same while theft .. 
:slatistics were only slightly improved. 'TheOurbfn .. W·atson statistics. howeverf 
indicate that there are nO utltOCorrelation problems associated with these models: all 
,the p2s we not stadstically different from zero. Among the fout second*ordet 
autoGotTeladon models. the sIgns off'IgralnJPlcash and Pllnput fotthe two estimated 
without~he policy dummy variable (Equations 9 and 11) are still contrndictoryto 
expectations and wUl no,t be considered further. The signs of aU the coefficients for 
equations 10 .and 12 are io accordance with expectations, All the magnitudes of the 
coefficients are also acceptable although those of PI&rrain/Plcash, PHnput: and O2 were 
not statistically significant, which wiU be explained below, According to the 
estimation tesultsln Tuble AA, it was clear that, thepoUcy factor was an imp.onam 
determina.ntofgraln ou.tput during the past dec.ades; the free market price ftlCWr was 
nOt. This has been repeatedly reflected in the model estimation process ns is shown 
in Table· A.4.rr'lHlJ is, without dumm.y variables. the model results were far from 
sati:sfactory; when the free market price' dummy 'Variable was introduced, there wns 
some improvement but this was not very :significant, Only when the pnllcy dummy 
variable was introduced (·either with orwith()Ul the free market dummy variahl~)t 

were the overall model results satisfactory. 
Thus botbEqundonslO and 12 in T~l.ble AA seem nppr()printe rot'ex.phtlni.ng the 

relnd()Oships between the explanatory variables and graIn. OUtput, A t. .. tesl htts shown 
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thlitth~'.co®spondlrtgcocffiQlchts .lnthe tWo Jnod~ls w¢renot;smti$ticu.lly ditt¢tetlt. 
Neverthele.s$..aq.t1adoll· J 01s selected fort!\ltthernpplicutJPilbucuuselthM . n:hi~her 
P .. statistic.Equntion lOof'rableAAls:reptod!l~ed below: 

(4)00~· 13717 + 8.~.mplgr~l.l.VPICl1Sht '" 24;92PlinplJti .. 83.2~Wlt + 756..1'1' + 1026.501 

(4iOZ)'H (0.46) (,:0.79) C·A.3l)H (7.8(j)"~ t?78t" 

{",ratio in ·PMcnthc.$(:s; 
.... utld'·~ indlc+tlc sJiIUstjc.al slgnj .. tlcMceAl 5 JiJHllp~tcem level r~sp¢C'lvely. 

StAtisticully sp~nking,Chinese ·funners. do notrespOJ1d lopcice Signals. The 
relatiOllships between graIn outpUt and thepnce variables nreinsignHicuJlt. However~ 
the insignlfi.cam.rclationships should Jlotbe interpreted (~S showhlg thncChinese 
fn.tmers atetlot responsive to price signals. 'me rensonshttve been spelledotlt ,e~ltUer, 
tnemnjor one being the phmned economIc system practised by the Chinese 
govetnmerlt. Thus, one . important conclusioIl that. can be drawn from [he: results of 
tbemodel (4) is that the highly planned economic system dldindeed restrict (he 
exte.fit to whIch the farmers CQuid respond to price Signals ()Vel' the past decncie.s.4 

1n theChinesesooitd nnd ecotlomiccoJ1text, drastic shifts ill government poUcy 
have a significant impact ongrahl production. This has been verified by the 
significrln~ coefficient ot the policy dummy varitlble (O}) nnd hs subsuuuial 
magnitud¢. A sharp policy shift would cause a shift in the intercept of the supply 
CUfYe. The change in grain supply could be as large as 10 mIllion lOHnes. This 
magnitude seems quhereaUspc when considering changes in Chi.nese grain 
production in, for example, 1960, 1979, and 1985. The homogenehyof theChirlese 
farmers I1S discovered in a survey by Zhou (1993a) explains why such dmU1Qdc 

changes in grain oumutcould take place inrespoflse· to a. poUcy change. 

4 While il i" concluded Jta~tthe rIgid phiIlne4 economIc system restficlcd the extcrlt LO which 
farmers could respond to price signAl$~ it nee(JS LO be pointed .Qu~thal this docs nm mean lhutC'hinesc 
farmers hMoo meansut uU to respond to changes in prices. In nlCl, us dGmr:mstnllcd. by various 
rcSCU!ches,C!ven under the siI.uation Qf a direct government pblO by which farmers were laId' to allocate 
nn asstgncdarcato ~ch' crop. ~here was sttUscopc within which fanners c.ould adjust Ulei.r product/on 
nClivHJes (ZhOflg 1985; IClCAAS 1986: Zhao and Mlng 1986; Chen and .l3uckweH 1991. pp. 100 .. IOn. 
Sever~lhnprm.ant w~ys !.OdQ tbts~ea$ follows: 0) TIley milY aIloca~~ {l targeror SJl1uUct .arcu to 
gmln emps tMnUley dC(!.lu.re; (2) they may diJfcrcmiaJ.c bctweencmps in~'U()Gut.ing different quuHt.ics 
of land: (3) "heY may intcrpl~ntQne crop with anOther in the $(lme piece of lund; (4) ~rhcy may 
.chMge the aUocnUorl.of physical and lab()\.Ir inpULej for different crops (e.g" discriminating if) quarHiJy. 
qllaliLY nm! dm~ntlcSS); Md(5)The,y may eho()~ bc~wcell difrerent n.ew farming lcchnol<lgies for 
various crops, However. the exu:mt to which fl1rmcrs call utilise the Above. ploys .IS Iinme{J, ThIS 18 
reOecledby Ole insignificant relationships betwccn grain OI.1~put Mdthcpncc variables. 
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'rechnologi.cal ,progress has been ShOWh to have ;,to Impormnt effectQtl gnlin 
output .oyer' the Jim~ .period hlVesdgu.ted,~I11e vtI!ueof thecoefucietlt: on ,thedme 
u:eud YPJ;'iqble in th~tnodel(4)f' used us at} ltldleatorof te,qhnplQglcru improvement in 
grain proclucti.oft* s.hows tnHt.· (lbont nn extr~t 7.5 lriUlion' toones ·of gr~lll ispm4uced 
tlllnu~Uy~iue·to ¢ontitlulug bnprovements iu technology. 

\Ve~HhercOlldHiQns area very . important fuctor affecti.ng gra.in OtUput. Acc!)rdlllg 
to Ih~ model (4). with everyone percent increase in lhewen.ther index, there would 
b~a dec.t~~\se htgrainpro(tuetionofabmlt830 thousand lOJllleSM the naUonal level. 
'The ,extent to which other vnrlables 111 the model, ex.cept the policy dumm~ variable. 
maychartge lo.ei\chyenr Is r.elatively sm{dL '"fhfU ist the price indioeschiU1ge sloWly 
OVer tinte11leteforet the ecmtributlon tt) gra.hloUlput brought by clHlliges hl these 
variables would be whhin a. smnllnmge. l~heconttibutiofl of tecboolt)gicttlprogtess 
is almost tl constant· becnuseevery yenr the value of the variable T increases by 1. 
However, tberels lIlde certainty ltbout the weather. The change loWl avera year 
can be drastic .. Forex:antple t nl the Iladonal level according to datainlable A.l~ the 
range over which the WI uUlyclumge can be from 7% to 35%. The ImpHCt(),f 

cbanges over such a range ongraiuoutpUl will be very sign.ificant. Theteforef 
weather conditions affect grain production importantly in Chinn. 

Equation.s 10 and 12 in Table A.4 show that Plgraiu/Plcash ar"l Plinput were nm as 
strongly telntedasothet varlnbles to graIn output. This 1s be,cause under the rather 
Strict pla.nned economy, the extent to which farmers could respond to price slgnuls 
wa.$ laq~ely restricted by govemment administrfltivemeasures. 

The l'esultsrevealed by the surveys on Chinese farmers tU1d experts show tJuu 
Cbir1e.se farmers do respond to ecouomicincel1tivcs (Zhou 1992, 1993a.). This 
suggests that, in' an environment where funners have more nutonomy to make t.heir 
own decisiotls t as for example. from the reform l')f the marketing of agricultural 
products In 1985. it would be reasonable ~o expect a str<>nger relmionship between 
the variahles PIgrain/PlctlSh and Plinput and grain output. 

However, the lime .. sene,s. is not long enough t() capture this relationship. To 
overcome this problem, panel data (pooled cr.oss~sectiomll and time .. series data) were 
used. It was possible to collect the needed stntisUcs ror vurious vnriubles tit the 
provinci~l level from various sources for four years (1987 ... 90) (Tables A.6 to A.9 in 

the Appendix). 
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With ,stlch \pttJlel dat,\:, It ·was;poss'H>le, 't() .•. (.!~·OUf.alteconornetIi9arii1IYsis>lO 
irevealcthe' sttuc(ui-alre'Jnti()nsh~ps 'b~twe~n'gtaitlPtltl?ijt uhd.an4mber(}t.¢xplamnQtY 
v~a~les.Thj$gnt-t1ysi$.was based Jarg¢.'lYoo Jh~r\1m~JiQ,natreladotlshlpex,p(~$s¢d in, 
<{!2);wlthfh~f()llQW,ing ,e*ce,ptions~nev:ld~ble!I:.market: 'Pl1cer washrought intO the 
'mQdel~ while.·ttte time;varlablewnscQo,sUlered lesshn,pottahJfot suqhn.shou lime 
S,pan,and was)'.e~Chlded~ 

17b~ . nmnrketpncel• yatinblei$nJea~uteq),b,Y' the Hfree 'J1latketgrcUnpnc;e index" 
(lYfPIgrain)'(iJ1u:islagg(!.(itt y~ar. ApQsi.tlvesigu is .ex;pe~ted.The .prev,i,ous argument,S 
for ifi,¢ludlng thevadabl¢$·.·,Pfgtaln!?lcush; Plinpufc, ,ano·WTas ·well~lS th()se far'their 
Si~J1S Jtpply In. :thlsamdyshltl\, lar~er ,poefficJel1l,tnaybe expected, ·of . MPlgrtutt than 
~l?:rg@intPJcflsh;,as lher~$nhs, inihepreviouSLWQ ,ohapters; ,fHtnlcuhtrly those; from the 
Chin¢se e,~p,~rtS, indicate the :importMPe of :market· ,prioe Ht re,cent yenrs ·lnChit1~. 

:p.ue to the nature 'of the' panel dnta, the classical normalliIlenr tegression made] 
:becpmes less ll,pplic3.ble~Ageneralised lineatregtessioll tnodeltnust he adopted 
CK.(m~nta 19861Ch~Pter 12). Inthis analysist the ctoss"sectiollaHy heteroskedastit;a,nd 
timewisea.utotegressive :model, which isa. generans~d linear regression modet wtlS 

aoppted (Kmellta 1986,pp. 6tS~22.). 
In .ge,ijefdll' the ,regres.SiOIl,equatiOtl for panel data is written as! 

That is,the srunple data are representedb),observations On N ctosS"'St!ctitlmd 
units overT p.edodsof time. 'fhere .are nltogetherl1 = Nx T t'bservations (Kmenta 
19S6!pp~616~18). 

Th¢regression equation for this an4dysiscnnbe thuswr.luen as: 

(i = 1,2, ~ .. , N; t ;: 112, .•. 1 T). 

To 'perform the pooledeross-sectionalartd time-series .e~timati()nj. the data 
presented. in Tables A.6 tp A.9were arranged to confoRn to the KmeJua model as 
described above. That is, the data were arranged so that 

(l) allobservatio.ns·ora 'particularcross-sectionalunh ure grouped 
together in . yeatorcier. A cross .. se'!;tional unit in this easelS a provinc.e; 
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(2) llQompl~te;tlme.;s¢cles rot toe· 'flh)t(ctQss;-.seytiontli. :unIt) group is 
follQwed 'b)~· a.Ume .. .serl~s fOtthe second (ct()ss~sectiortall}nh)grQUp~ 
'and ,S() :on;and 

'(3)e.aeh ,eross .. ·sectiorttilunilhas the ·s~ullenumbetofobset¥ntions 10 the 

time· secies •. 
tlloseCrQSs"sectlQoalunits,ot pro\tin~eswith m:issing vah,les were :del~t¢d from 

the pooledcrQss"sectional.andtim¢.;senes tlata •. They are Beijbitt~ TianJhl, Sh~mghai.~ 
iibet, and.tJail1nU,llOueof '\'ihich is Jf majOrgtain.-p.roduclngtttea. Slnceat)oe'"'yenr 
tirtlelt\gwas T¢ij.ulred:forlhe varia.bleMPJgraJn, :aU the dntafot 1987 becallle~tsciess 
exeept.ithe free:OlaJiketgrain .price illciex whiCh was lagged to 19.88. As a.tesult,.· there 

are2Scross",sectiona1:units'Un.d3 periods of Hme. The total number ·ofobservations 
was 75. that ;is., 25 (N)x3 tfJ .~ 15. 

"Dhe following was obtained: 

(7)00::;:; 1:572 +l~80P.IgrainltI)Ic.asnit + 4*03,t\.1:PIgrainjl.l ~ 4.$2f'Iinputlt .. 3.26Wrl~ 
(()JlO}~"" (2.S9t~· (3.59r'"" ( .. '3.53f~· f.,2.51}""· 

Buse Ruw .. 'N[oment ,R,,;Square:;. 0.973 P = 13:284 
Vannnee of mee.sli.n)ate ,,·Sigrna** .2:::::; 0;94.28 
.a.:.square 'betwe:etlobservedand predicted. :::: 0.960 
t"ratio In :pareothcses~ 
••• indicate:s statistic(ll,slgnificanceat 1 percentlevcl. 

1hetesults 'from the above ctoss .. sectiona}a.nd time,.serles analysis clearly slww 
thatthe.re are str.o.ng relationships between grain oUlputand the independent variables 
under investigation. The relationshIps are all statistically signitlcnntat the J % level. 

According to the model (7) .. gi.v.en that: the other variables remain unchan,ged,tlt 
lheprovincial level. lhe incr.ease by one percen~ in the ratio of procurement p.rices of 
grain over cash crops would, incrensegrain output by about 20 thousand (Qunes ttild 

the increasehy one .percent in the input price Indexwould decrease grain supply by 

abQut 45 thousand tennes .. 
As .anticipateU, there was a positive relationship between the varh\blesof 

M.PI,grain and grain output,. and tbecoefficieot of MPIgrain was larger than that of 
PJgraj.nlPJcash.Forc~eryone percent increase in. itspdce index, there would bc,ln 
Increas(!· Ingrainoutputof about 40 thousand torules~This indicilteS that as more and 
1110re;elementS oftherntttket.rne.chaniSll1have been introduced into .the !;,rrain 
.economy loChinn; the market grain price has become a leading indicatorwwhich 
fanners respond. 
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Weathet'cOtiditionsaten~~htfollhdt()bean; :imponnnt factor a.ffecdng grain 
oUtputl-t\pcordlng to lhemQdel(7})" wlthe¥eryoj)~percent :i.nctettse'in,theweatner 
~T1dextthet¢, wouldbe,n;,de.c,re.aseln .grainoutputofSOI1l¢ 33thousandtOnne$ ·tIJ the 
pto~t).n¢itJ;11eve,h 

:Ithentt)delestbnndon for graIn supply tespo,ose for India was based()o the time­
senesdntap.tesented ill TableA.2 'in the .A'ppendix. The .time .. seriescovets lhepcrtod: 
19S0IS1",19S'8/89~ Dm"~' lothe unnvniln.bilityoftwo index tlUmbers for fertiliser 
whole.sn.lepdcestorl'9.S'O/Sltmd 195115!. these two yearswete not inclllded~ Asn 
:reSult, :,thete were nllpge.ther 37 observations. 

Thecorrelatiollmntrix orv.a.dables based on, tbe;n1(>del (3) is Shown in Table 
A"IO.$ thee,stimation, tesultSwere not satisfa.clory because the signs of two 
variables (PfgralolPlcottQn andPtinput) we.re contmdictoryto ~x.pectati.ons (equation 
1 in Tt1ble A.ll).6 

n was mougbtthat the model using' the variable: PJ.grain/PJeottoh might Of)l be 
'app.rD,pdate because cotton may ntnbeagood surra,gate for cOTnpeti.og crops f':This Is 
eXplained later in this section.). PIgr:ai:na.l1d J?JcQttQn were entered as two separ~lte 

explanatory variablesulthoughone' clegre.e of freedom has to be sacrificed and there 
'{san iocteasedriskof tl1ulticoUincaritybecauseofa. similar pattern in the movement.s 
ofgralo andcottonpnces. l11.e senner diagrrunsofgrain outpurand PIgruinand 
.PJcottott show that therear.ecle.ar :and strong linear relationships between them. Thus 

the model (3.) was modified into the fonowing; 

~·.Fromnowon~PJgraiJjJPIC'd,Sh In the m.odel (3) w(Ube replaced by Ptgt'.lmJPlcottonUl Ulc 
regression~alysis. The data used .forPlinput are tJiepm:c jndex of fenilisers. See Section 4 for 
e~plai1ations .• 

6 ft wasconsjgered lhatth~jndex oumbersof pncc.s might ha,ve q)usc4 ptoblems. Theit bnse year 
was 1970/11 (HnOnl=tOO) ,and the yc-ar before tins wuuJdnormnlly haven smaller mde-x. number, As 
PlgrainJPlcottoowas c.onstruc.ted wuh tWOU1dex.IlUmbers. SO IOi1g as the, two mdex num:bcrs are dose 
in $17.8. no matter wh~t .their size. their mtio (in percentag,c) Wl.llbe around WO. However. the price 
iodexnumber fbr fertilisers in the same year could be filt less than. lOn, This eOllld have: distorted the 
Qv:era1JrelaUonshipsbc • .w~o .groinOlJlpul andtheexpl.anatory variables,Therefore it wn..~ thought umt 
reconstrn.ctil1g the index numbers wnhanoartier yeaI' u.s .th~ oasemight solve the .problem .. 

How~ver.theprice index. $Q! might ~not~ause much prOblem so long.as they areb~ed OUiliCi 
$UfiC ba~ yearb<x:alisethe tcconstrUcuon of the index n.umbcrswould t1ot.ehan,ge tM ~el:ltionsh'lls 
amon:gthesc m,Hn~~$ •. Neverthelcss*aLriat wascan:iedQut. J() lest this •. All the poce mdcxnurobers 
were reconstrUcted. taking 19S2J53 as Ihebase yeur.The csumati.on bascUoo (3) wascamedout 'u'S/fi,g 
thenew:ly forille<i. daUl(36 observations duc to a.o.ne«yc4rJag; for Plgr.dn!Pleotton). The results \\'er.e 
very similar tothoserosedon thcor:iginal :d~Ia. Thisconfitmed lhatMY pdccindcx dam would not 
cause rouchproblem for the analysis $0 long as Ulcyurebase<i on lhc same 1m.$(! year. 



whe.re; 
00: nattnualgrainontput~ 
Pl~itt:' illde~· numbers, ,ofgmin '~~lholesute' pttces; 
PleOttoll: mdex n:nnlG¢J'S !o.~ eouonwholesale priees; 
PUnptm±ndexnumbers ofagrletd:tur:ul :blPUt'S .prlee's (fenUi:set~n: 
\V.l: weadl~r inde~. mQnsoon;tainr~la.s' a pexce.n.tnge '.oftto:r:tnal; 
T:n.mettenn!f rep(eSentill,ij te~hnologj.cal'p.rogress, 

A positive sign :ise~pe.~.tedror· PIgrain a:nd ane:g"tiveonefo.t PI¢otton.~4\il tbe otbers 
are :ei~peett;d tang\1:e :the same signs as previously di:scussed" 

The results based on l8) .rev-trued a positive. :tel~lti{)nship be,tween !lttlin ·output 

,and .PIgr.ain~ :unda. u~gativeonebetween gttainoutpul and .Plinpttt ,Hl)~~~yel\ the sign 

:for Ple.ottotlwas Jlota:seX'pee:ted (equation 2, in Table A.I t }. 
Thecorrelatianmatrlx cfvanables .presented in Table A.In snowsthatt'Jcl)U<)ll 

ishigbly cx>tteht~~withP.fgrnin. This indicatestbat tbe Ulcorreet Ktg,n itor J'tc(uton 
may be annbuted lothepfeSence of ullJ,ldeoUinearity. ()ne way to a~tOld (It overetlul,e 
this tnnldcoUineantyproble.m is toeonstrUc:ta. new'Varinble using tlte l\\'t::) vtuiables. 
This was attempted originally but did llOl\l;~,od; .• Anothetpos$i.ble \\'ay is ttl drop the 

varl.ableFJcotton. which would imply that it is flt)t n very Imp.ortam v~lri'tble in 
explaining the variation in gr,ai:n ou.tput. 

Theresultsta,s i:ndicateuinEquation 3 in Table l\.l t without Plc'~Hon, wete 
better,. showing that the inetusionof PJcoltencnuses multicollinearity, T () test this 
:fnnher~ ane.sdma.tioowas,cru:riedou.t which ineludedPlcotlon but llot Plinpm. Tbe 
resultS show that while lheslgn of .Plcotlonwas stUlagaiust expeelauou. dIe 

m~gnitttde of the coeffioient for PIgnlinand its signifltttUlC,e level \\wcre ilffected 
si:gnificantly(Equadol1 4 in "'fable A.II). Inaddltion" lhe Durbin",\Vatson ~tntislicwas 
thrown into the inconclusive region :at the 5% significance levei)nltbough' d11~ p .. 
statistic wassHghtlyimproved. This seenlS to :suggesl. thu.t the prices o.fco.ttOI1 were 
.oot importan.t in modelling. Indiatg grain supply response. 111e reasons for thiswHl be 
elaborated later~ 

.Equation 3 in Table A,lltilso shows that the reluti()rtshlp betWecllgrnin. outpul 

andVUnput was not stalistieallyslgrtffleant~ 'This indlclrtes that: Pllnpm ,nIst)wHs nm 
an important dele.rminMtof grain output in India .. 1f thut is the ense~its absence n"mn 
the model would notcau.sea significant change to h. iL~qUlu.ion 5 in 'ruble A.11 
without PJinput shows that the results were very similur to th(:)se \~'hen Plitlput wns 
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ptese.tlt~ext:ept;t,ha.t ther¢: wns. ·u.hOl~ble lmproveolent IhtOe .F~$tat:istlCtindlcating(h!lt 
:pndputwas i(ldeedlessteleVan~ to lhem.odel. 

ThusbOthequatlOus Sand SellA ,be: used. £Qr:furthet ·em\plrlcnl~ppTicntion~ The 
lnUetis :sele~tedb~caQse" JhPllghbothdlC Jjutbitll-Wat~ioilsuni$dcsf¢ll itno. th~ 110'" 

amooorreJation regj,onahd hothR .. squareadjustedwcr¢ almost theSUlne1 :EqilUtiorr S 
has.~t hlghe.rF"'$t~tistJc,.h lstepr®.u~.ed.below: 

(9)00= .. 56.60 + 12'L.64PJgraio"i + 5 21t89 WI. + 1'817*tr 
<{.-(tOn (itt7Z)'~· (7 •. 83)·'· (8.44)"· 

H'tU)P In :parenthc.ses~ 
O!!jndicatcs stauslicalsi~nineu:nce at. 1 percent 1eveJ. 

'The positiveslgns of thecoefficiems tor the market grain price index and t'he 

time t~nd$how that grain oUtput respondsposhh'eJy tQchanges in ,them. Gr:..in 
Qutputalso.tesponds ,positively rochanges in the amount of,t)1c)nsQon rai.ofall. The 
:relati()nships between the three vacl.ables andgraln ·oUtputareallstadstically 
significant at .the 1% level. 

The 'prices ofc.ottonand inputs do not seem to affectgr,alnoutput significantly. 
The result fbrcottol1pn(!es should (lot be surprlsing,nsn similar result was obu\il1.ed 
from the survey of .1.ndianexperts (Zhou 1~93b). Acc()rdingto the S~trve,v, olthough 
the mru:ketpricesof non~grainagriculturalproduCtS were belie\ed to have a p.ositive 
effect on gtainproductiQn~-suchaneffe·ct 'was very smaUcompared to thut ()f the 
mar.ketQr gOy.emOlent :procurement prices. Tbeeffect is even less in this analysis 
because of the fonowing reasons. First. unlike thecaseio China; the itlcollle ratio 
belweengrainand nOh"'gtain crops is properly balanced in Indin. Second, the pric.e 
index used in the ltlooel is for cotton ollly~ not the whole group or cash crops. Colton 

is a seasonal crop and needs to be irrigated. In ItldJa~only~~bout 30% .of the arable 
landf are lrrigtited. As such! the shift between cottOn and $rnin .crops is .oftell n.ot 
feasi.bJe (O.P. Chatldhrl,personal interview f 6ivtny 1993) TIIUS farmets.ttre less 
responsive .to the changes in. tbepciee ratio of grain and COllon (Plgrain/Plcotlon) or 
to theohanges in the prlce'{)fcotton itself (Plc()tton). 

Theeconomettie anaJysisalso shows that the effect of the input .pdce factor no. 
grainproductiOll is not signifi.cant. The reason fot lhismay be that inputs are so 
,heavny subsidisedthatmitlotehanges in their :prices do no.thnve n 'SigniHcanlinlpaCt 
On farmers" returns.. If -the subsidy policy wasa.boIished resulting tn si.gr1itlcan~ 
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inet~a,$.~siJllQPllt iJ?,ri~e.s" .·It: CQuid ;be'expecJcd tha~fannerswogldi:tedQde> ,tbeir :usage 
w~bi~hwouldhnv(!;;'i Jlt'!gnUV& itupactort,graht :pr<xiuedon. 

'T:h!".rerore~;ltmo.hJ~;dlQ:pdQ~fniltorsf Jh";J1tice·O:r.graht se.em.s'(O· :,Jltovide JhenlOst: 
illlpOtt~o.tslgn.ttl {ol\\tnlers.ln Illdi~~ Accordin:g lQ ·the nlooel .{9)j' fdrevdty:on.e 
p~.tcent :.incre.nse :In.the ;g:ttllh, 'pdc~; ;ind.ex.~ lhere~ould;bet\Jj inotcase lngtnJn O~.tJJ,tH 

or~.bput 11-2.01bousand.toilJ1es:., 
T:~ehno19gi¢alprQ~tess ,alsoptoyedlOb~ Itt. very hllJ)ort1l.llt: dctl~tmltlul1t. 'fhe 

value .of IhccoetGei¢tlJ for the dmettentivlIDab.le shows (hl\t,tecbo . .ologiCt\lp.r,ogress 
ineteasedoU:tputbynhoutl.~8 tnilliun Jemnes uJloua11:r. 

·Wetlth¢fCO.nditious;.n(feelgrairt,Qlltput,¢ri,dcal1y. l;'oreveryoueperceruitlc.rease: 
lfi'the monsoon rai.nfaU· index, ther~wouldbe a.tl lnc¢nsein gtninoutput Qlabout 
S~O thousand lQnnes~ 

:rnrmets 10. ibothcountrles seem to be responsIve topricechan~es. Jflowevett there, nre 
diffe~.TlcJ.~s. (1 )Chhlcse farrnerscareuboutthepriec, ratios between grain and non .. 
~ain.ctop$. andadJuSttheirbeJnrvlournecotdingly(tlecording lathe '1U()del ba!'!ed .on 
panel data). Indiao;raoners;however,tespondpnmarlly to the' grain price slgnnL f~) 
IttChlna, aSignlncnnt uegativ.e relad.ohship betweengrnlnoutput and input prn;e \\as 

identified (according to the model based on panel (.itnn). Suc,h a 'resuheould not be 

obtained for India.Thetefore,whiJegraill supply in China isnffecled by the chktngc's 
in aU the rt;lev~nt poces, :grain supply in India seems to be largely aff(~cted by 

chartges :in the grain price itself. 
The effects ·of weatherconditioosQ.l1d teChJiOlogicn) probrress on .grain productlOu 

were,slmilar 'in both countries. Weather CO.nd.itionsare critical lograjn ()Ulput hut 
more so in Ind.ia.Forexample. In 1989 a one percemchange in the weathct mdex 
wou'ldcuuse total. graIn output to.changeby O.2()% (O.83mt/407.55mt x 1 (}{)Cf, tn 

ChIna but by 0.31% (O~5.2mt/169 .. 90ml x 100%) in India, Technological prngre'~s 

contributes to grain p.roductIon positiveJyand imponamly in both countries, 
It has also been found that drastic shifts in the Chinese gove.rn.ment policy ·~\re un 

important factotaffectIng grain .production. 

PrlcesreceiVed by fnnnersfbmb ptocurement andmatket grtliu 'Ptice,s~\n.d n()Jl·graiu 
crop prices) nod prices puldby farmers (inputs) are nUl1luJor fa.Clors inOuenciIlg 
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~ralfl:SupplY·. 'hi iebbla~.bpt:~raini~upnlt,itt Jlld.hts¢emS(o'b~QnJyttffeatedbYlhe 
~ehJUlges>itlth~ :grnitl ',p:ri~elt.s~lr. ·We.nthet' .c;onditi()nsnjJd:technQloglc~l·progtessnt~ 
veryitnpc:n:ttfnt detet1l1inatlts'Qfr:graiJ1,prod.u~do.n ttt,b.Qlh ·(!Ouhtties. 

AS\ymllherconditions' ·aTeiStUllhepv;,dofl11nn rn.tc1(!lOt Ilt(¢'~tln sgrnln ··ptoUQctJ on 
ijoCldtUi :and •. ,Indiai'lt: .is.eSlleglnll.y ·.t.tltpOrlan.t ·thn,t it· :rea.$.ontthle· '~llllQttt1torrnveSlmenl: 
In ngtiq.\~nn~'b¢; ttltdnta1n~d lb.!? the ,celltrnl gO'leI)jiDent.Lur:gc"sPUl.engrl~UltumI 

Ult:pitnl,construction, su.dhas'i,rr,igtt1iQJI Infolstfuatut'c,cnnOJlly b~c.~lrrlt;dou.t wl(h.the, 
SUppOf:tOrgovemme.ttt In.ye.stn1~tu. Tbe,)rO~lJl inc:tense th~gtaiuseuto.r'tsreslst{inc.te to 
we:uther""rehned., '4js,asle,rs.~ thus 'reduqlng the~ffector w~nth.erdl$turba.nQ~·.on. 

produ~do.Q, 

1:t {s }(lsp Importantlhtu fu.nds. from thecenlml l~pvemmefit ltre nll{>e~ued to 

ngriculturnl resear¢hatlde~tetlsionso that tfieseactivUieS.eau; he cutrleq,o.ut 
sm .. oothlyami 'effectively' Joe.nsutethegtain industry fully enjoy die beuefhsoC 
tecnnQlogiQn!:ptpgress. 

Chinese fanners :ntercsponslve, lQpripe signalsot buthgtainu,nd n().n"'g~IDn 

Ptop$f~md they shlft tesou.rceshetwe·engtainaudrton"gralfl busInesses depend.iJlgOtl 
theeconomlo tetur.ns.The~fote, wHhthecurrentshuntionhl Chin~! while nttentiotl 
should, be paid; .to tnainrainingprocutemeutpocestu economic levels,; tbegovernmer.1t 
should 'ulSondQpr policyrrteasures to ihalance ;reUJ.ms fromgtuln ano:noo,.grain 
busln.essc,s hlorder tocncouragee.nough f~u111ersin grainptooucdotl. 

The (!hinese .govemmenldoes llO.t subsidise the useo! ngticultutal inputs n.s 
heavily JIS the, InditulOhe.Thispnperts nm ~golI1g to suggest whether the Chinese 
gove.mme.nt should (ollowaheavysubsidy.pollcy Olllh¢ use, of i.nputs.However~ 
giventhes·jgnlf1cuntnegativerela.donship between input puce lc:velund :gntin 
ptoduc.tion Inrecent yearStthe inputpoC1t:: level should be kept under check. It should 
not beaUowed togo too high so that it would disc.outagc: the fanners Louse the 
inputs" 

Bc,cause ,sharppoUcy shifts by the Ch.in.esegovernment have signlflcmlt impact 
ongralfi ·prooucz,ti.on, theChincse g()Vernment should malntain a relatively stable grain 
economic poHcyand avoid sharp polieychatlgesin order to maintain a St'CtlUY 

increase ingrain productl<m lOil.1eet the cotJtlttytS growing needs. 



tnlle~~(,!d¢s;PnmtJseQ,.;tOtnsthlj~titjg.~fb~i'QtillrrS\mply ReSI)()tise of 
China 

Sources~ 1. Columns 2, 3. 4t ~ld 5: ssna t19·92)f ChirtaStatistics Ye.arbook lQ9Z. pp. 358.46,3, 240, 
.2. C:otumn6: MAPa-ell (198.9). Chinn's RurareeonorUlcStatistics.Enc;vcftmedia. HM9S6, Pl" 

1~O,.3h fQr 1950,86. SSna,cJ99~). ChIna.Stat!stlcsYearoo(lk1992.p. 352. for 19813Jt 
3. Column 7: MAP RCa (tf)&9.). China's R~rlil ~e()rlOmic Statistics bncvcl()t>~di111949~S6. pp, 

3,M·57. ft)t 1950·86: SSBtl 0991}, C.bit111 .. Statisu(!S \'carbook 1992. p. 385,ftlf19R7·9L 
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:l. C()lUOlnS 3~ 4. Mil 5.1 Chnndbok· nnd the Policy Oroup (199()). Ind.itt. DaWhn~ei 
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Table 1\.4 Results of Regression (China~ tirne",series dmR,35 observations) 
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D, Year ___ ~_~~ __________ ~ ___ M _________________________________ 

1. 1 1 1 (J 0 
1, 1 1 19"1, 0 0 
1 1 1 1974 0 
1 1 1 0 
1 1 1 191'6 0 0 
1 1 (J 1 ~)" r; () 

1958 1 r~ 
"j 1 (1 0 

1959 () 1 ~ 1 ,~ 

1960 "",1 (] 19t~O 1 1 
1961 -1 C 1 1 1 
1962 1 0 19 1 1 
1 1 

, 1983 '! ,," 
"" 19b4 1 1 1984 1 

1965 1 'I ~ 5 ... 1 1 ,I. J. 

1966 1 1 1 ~H~6 -1 ~, .. ... 
1970 0 0 ~ 7 -1 " ,,. ,I. 

1971 0 0 1988 ~ 11: 
-i, J 

"I 1 ... 

01 rcpresenLI) the PossIble Impact which pOUh~idcaJnl1nJtins "l1d fitmrptxllicy shirt.~ might 
have imposcdonChina's gemo production. When I)uch evetlts are pen:civcd /() hl.lYC flud 
negative effects. .J wus usod. LC posltive effects ure perceived, then +1, WitS used. 
Otherwise 0 was used. Since the endy 19Smh (he overall p~)lWcal aod poHql cnVlrt)utnern 
encQuraged ,t,ttnil1 productioQ. 'the Ore,(lt ,LcnpFofWtmi (.l1l11pm,gn lnunched in 195R would 
nol immedinteJy hnve had JI strong Impact on grain producllon in that· year. Thus + I was 
used for 1952·$8. 'I1Hl Great i,,,enp j';()rward cumpu.ign soon, however. fc,liuJted in severe 
wlrnage to the cmmtry's: economy includIng agti.c.ulturul producuon. 'rhus .) wa~ USQ4 for 
1959~6L SUlIting from. 1962. the policy emphasis \\1M refoctt!\sedon gram production am} 
IiQJn.e pos.iti.vc m~asurC8 were unplemcnlcd. AJlhough the ClllwnllRevo!utton sUltted in 
19(16. those poshive policy me~4~lJres on grilln production carried out in the previous years 
would hnveex,tetldc'(l UposiUv.c impact. nndthe CuJlurnl Revolution wuuld HOL 
immediately have affected grain producUoll. TItus +1 wus used for .1962·66. The Cultuml 
RevQlution again threw the country's cc.()tlomy into n dmotit' situation. H()\\2cvcr. 
Qgdcult~ral. produ(:Uon was relaUvefyless ilffcctc~j due to the neeu for (ood. Some polley 
measures ensuring nOrmal gnun production wef;C in piucq, As a result. groIn production 
did not drop as hl\ppcncd during 1959,,61 but mlreaseds)owly. 'nlUS {)\litlS w~cd for 1.967" 
78. The ruml ecoJlomicref()nTl miti(\lL!d at the end of 1978 tUIUvtlo~d a fiwourablc 
onvironment for grain producuon' for the fo.uowing yc.urs. Thus 1·1 was used for 1979 .. 84. 
The new grpjn procurement POliCYIHlroduced m c{ldy 1985 dampened f~mncrs' 
enthusiasm to produce 61 'n. This kitlJlltmn c.hangcd lillIe unol 19X'J when U slgmncuut 
increa.~e in the pr~urcrnem. price took plnce. Although the prtce Ulcre~~w In WH9 tnuld 
n01 make gruinproduclion (IS profimble as some mher trops. Il. did Ifllprovethr mwme 
from gnUn production to somecxt~m. 'l11erofwre. ·1 was used for t985·RS ~uld 0 .Inr J989. 
The olhcrdurnnw Vllriabte, 01, rcpreso.llts (,he impact of nutrk~l prIc¢s, \Vhen there were 
murkct prices. 1 wns USCdi othorwIse (), 
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Cro.s.s~sectionnl . l;)atR . USed f:6rEsti.mnting the·Oralll: SUP.ply 
RespOhseOr :Chitta~ 1981 . 

SE!1jlil;J 
tianji;:n 
t!ebei 
$han~i 
lm'u'~.~Nong:ol1a 
tiaQrti:i'tq 
Jilin 
neilofl.9'ji,ang 
Shan9hai. 
J,tangeu 
,zhejlans' 
Anh~U, 
r'ujian 
Jiangz{1. 
Shandong 
He~an 
Hubel 
auoao 
Gu~og,d.onq 
G'I,1liltu,;,l~.!. 
$l,cbuan 
3U1~hQU 
Yunna.n 
't:Lbet 
ShaeJl'~l 
Ga.nsu 
Qinghat 
N1 1a 
1<1n iang 

.9 
• 1 

.~ 
6116.:1 
1:'4.4 

,3 .9 
.8 " . .... 

'" .1 '" .k 

.4 .6 .1 

.8 .3 '7 ~O4 

Sources: L Columns 2t 7 and 8.: MAPRCb (1988), China Agricultural Statistics It)R1, pp. 42. 
36t 112. 

2. Columns 3, 4 and 5: SSBb (1988)~ China.Prlce SUllisticsYenrbo()k 1988. pp. 97. 
74,. . 

3. Column 6: SSBa (1988), China S!JlUstics Yearbook 1988. p. 783. 
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CtOss",secHnnaL :PataUsed fpr J~SdtnrHing the Grain Supply 
:f~e$'pQtlscQf; Chipa'! 1988 

Gt"ilU\ 
Output nf',Cl'!'lllr.e,­

or!octu:e: .... 

no~ OO~~ {Last, {ta.at (Last 0 
t¢·nnes) :'ea:t year, 

=100) 10100) 
(1. ) t;;U en un (1) Hn 

Natlonal Total 0 11~.6 11.l.3 124.2 116.2 .9 763U 

ne1j1·rt~ 
'lianjin 
Hebel, 11"1.1 
.$hetl,Sl 118.1 
Ittner M:ao901ia Ha.O 
L:l.a1,';>n1Jl.g 118.0 
Jtl:i:n 1111.8 
He11oogj1an9 
Shanqnat 

114.9 5997 

",'fz,an9$u 
Zhejl~n9' 
Anhul 
FUjia:n 
Jia.m;;xi. 
SnanciQng 
Henan 
Hubal. 
Hunan 
Guangdong 1649. 
'Gu.ang:y.i 1055.5 
ij;nnan'* 119,a •. 9 441 
Sichuan 38'78.3 106.9 .2 121.5 .5 4e2ti 
Gl,llzhoQ 611.0 123.0 .3 1,36.1- 1~6.6 1 
Yunnan 940.9 ll~.a .4 129.6 113.9 
'Tibet 50.6 
Shaan~l 9133.6 115.1 101.4 129.1 ntL~ 
Gansu &96.a 114.Q 10G.3 115.g 114.3 
O:ingh.a.l- 10S.S HHL9 120.2 102.8 111.0 
NtrHJ~:ia 164.3 llfL4 115.0 113.7 117.1 491 
X~njlan9 610.1 107.1 117.1 1~2.2 10$1.5 441JLl 428 ______ M ___________________ • ____ ~ ______ ~ ___ w ______ 

III .. "" ...... '''', "" ~'" ... ' ,,",' ,.,.. - "" «~ 

.. Data not available • 
~ Bainan province was established in 1988. 

Sources: 1. Columns.2. 7 and 8; MAPRCb (989)1 Chinn Attnc:ultural StlttiSllCS.198R. pp. 34. 
30.408. 

2. Columns 3. 4 and 5: SSBb (1989). China Price SwtistlcsYearbook 1989. pp. 
149, 126. 

3. Column 6: SSBU (l989). Chum Stali.stics Yearbook 1989, p. 699, 



l'able.:A.8 

Hunan 

tunnan 
Tibet. 
Shaann1 
Gansu 
Qingbal 
thn9x1a 
X' lei j l-a,nq 

~1 

Cross~seclional .D~lt~ .. ;(Jsed .for. ··Sstim11.tio,g ·,the Orain :$upply 
Resp~ltlseorChlnu"l989 

.? 1~9.'9 

.' .4 

.9 .9 

1; ·'l ~ ~ 
;!. "i' • ~ 
:~~~~~ 

!2e.l 
3e. ~, 

.1 
1Ai\ • 
1(;2.S 

119.7 
:;;;rJ '4 

1;:,,~., 4' 
,"" 
• 4, 
.4 

flO I 

1m!) 

~ Dam. not nv.t.Ulnble. 

Sources:l. C-Olumns 2. i and 8: MAPRCb (19901. China Agncutmrat Smti~tlcs 19&9, pp"6&. 
34.386. 

2. Coluotos 3 • .4 and 5: S3Bb (It)9CH. ClunG Prtcc Stulisucs Yearbook lq90~ pp. 
111.94. 

3. Column 6: SS13a {1(90). China Statistics Y:cnrlxx1k 1990, p .. 266. 
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Ctoss~s~pdOtlt\l,PiU~llJ$ed fot!Esti.tllollng In.e·Srnirl Supply 
!R:e.spohseof ,Chinn, 1:99.0 

(l0., 
tG~r,;f!H'!,j.·~ 

• Data ontav.aiJubl.e. 

B~.4 
, ~~ 
a 

~ '" =. i! -",.c."o;;.1<.-t 

"dJ ., . . " 

Sources: 1. Columns 2. 1 .~md8:MAPRCb (19911 •. Chma A~rH:ullUrnl Statl~U( .. t"ftm pp 14. 
46. S7(); 

2. CohuuIts :3. 4nnd 5: SSBb {l99h .• Chma Pnce StatIStiCS Yead~uHk i'J!~L pp. 
119.96. . 

3. Column(r: SSBu rHJ9H. Ctnna SmtJstlcs Yt~arbook 19~Jl, p, 246 
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~nble t\.,lOGoftel;ltloU Mutrlx ,of V.tltiables 'Usedin :.t'hdlu, ts ,,:rlnle,.sed~s 
l~egt¢SSlOllAJlnlfSis ",·Oorresponding toVllrijtbles in: TnbleA.11 
(37'Observatlc}(ls) 

. 
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Tnble A.11· Restd ts of Regtessioll {hldiu; time·seties datu, 37 obsetvmions' 

(). ~H 

,*~xt "~!Jlt%·~' <-i}~~ t WD. ~~tJFdt~i!~" V.;it 

V.4;i U 

~ i r 
{'. :,},u 

q h ... 'J: ~ 

f/ * ~;:.tr·· 

l' ~. - of ;.. "# f~..;l 

{.-t. 

;. ~" 
.• ,en"" 

£,!1.i .. 

~ ,cr .. 

!. ',. 'Nt 

NC')tc: Fr:lUOjtllXlrCntlm~'Cs; ".~.Oc' indicate sUtUsucal slgnificnm!c at :5 and 1 tpercem level teS1>CcUvcly. 

Souroc:C~\tculatcdJrom the datu in Tntlle A.2. 
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