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dsJ.ry beefproductlc:m .• Th.papfJr conclud.:$tb4t lnl'ut; c.osz,$ 

,ppeartohaVB « g:r(Jc1.ter .1nfluetu;:.onprodut;t:,£onthan pr.J.Cf!. 

rhIs isdJ,sc,ussed· within th~ conte.x:1;: t;JfJllpanes., 

Itgrlcultura! polJ.cy .• 
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lt~sea.t'(;h on t-111$ lll;oje~t W8$ 8Uppo,rtfl!(i by .4 sr.nt froll the All$tra11anMe"t 
8.n.c1 L1.ve ... stcek ReseElrch andllevf;llQPlIent C01:porat1on,. 1.'lle,co;me.ntsand 
assi$ta:tu:e of Joe Dewbre. were e$$entlEll ~toth!sr~aear:«;h .. 



'Qn~,Qbj~¢tlva .QfJ~p.~e$eagtlc:ul~YU'al pql1cy i-to ,achlw .• utah, level. 
i)f s.,lf:"'$uffieiel1¢y(BAE. ,1931:. 1981. .A!Al{! 1988) f It has .b~enat,ueAthat to 
!ieee thi$oo.1.ectiva high rate$of agrieultur.,.l F,~Qtectionhav. be.en imppsed 
(LQu~orth 1983) "Apc)lieyobjeetl;,v. 'of.'lf~tnd·ftci;ttncy l.apli",.tbat 
clta#~itlge(m.~pt1Qtlpatte'rns '. :lIUSt1)e. teflac.ted inehagginS pro6uetion. 

i·' 'Sif1~~ .. the Secc;md World Var. the _in c;hl$ng. t.n ,J,.pmtse eonsl~t1.on ,.tte.t1UI 
.b~.~'"tm .J$htfeft'oJ#, ',ti'ad1tlon~1l/ fOQ(\s, '~Vc:h as ~ic.e;.nd; fi$h •. ,to' 'non
t;ra~~tion~" .one,sl '~h:;asmeat: ,and ·Pt'Qdttct., h!l.eti Qilwhel\ten .flo~r 
(tOtip"rtb 1983" ftrt ;8',.9). 

In 19GO"~1, . <;bieken,PQrk .ndb.af. "et6 ¢orusumea in • .llll11ar ~Qunt ••. J)~; 
,person., j},y 1984~n5p,r -p~r.on beefcQnaumptlon w.. l~..thllra half that ·0£, 
either enlek,n qJ: ~or~ (l'tAFF 1985)* 'Thes.,.d.ilff";entf.,,lrate. of &to.tb in 
.:onswapttQI'l"were :reflected, in productlPIt.th. Fowen rat •• ,forcbt~ltan' .nd 
IP():d~ be1ng.ure.thiu1 Itwlc:.;that fo~ 'betlf .,Th..Qre;.p,!drate.' ot~ r.~7 ~wehfaJ: 
chlc::kena:nclpotlc: }u\Vi1); bett" Bchi,ved witbratetof prot~c~iQn far htJlow:thc ~:e, 
of. beef. liIbtle tbere h.s 'been nQ . trend In.tbe prot.c;tiortaf,:for(~ad.t(),h.ef 
(T •• let.l. 1988) ... -.nd tb •• ~ lst;u~. ·Qf.other.atj ... the ·:Ptot~,ctlon 
~org~ait\$. h.s steadllylnc:ttnts.d., 's1rtce.the1950s, 'with ,th~ r •• ult that 'by 
1980 .. 82 the J'#eat".e1;<>r as a.tmot. vaath.' lsu.tprotectlid.eotOrQf 
Jap.tU;l.ea,rlc~lt;ute(Andex:sotl. Holyatld,. 'lionh. ,S.XOJl ArtdShet 1986. p.129). 

Despite. tbfl 44cl-1nin&X'elati veta,t.Qf . pro~.etl(m forbeef.dopst1c. 
$upplyg~owth has . b.en,r,.picl...Longw(n~tb (1983.ch. 4 and 5) desex-lb •• : how 
the.Q1.lrc.of'd.o.e.~l¢ b •• f'lI\~pply ,h •• ablfe«td. frolll the erad,!1; 1 oJ,Utl. foUrCft. 
wagyll breed. (.:&ttle • to .~lry 'br~ulc:l cattle ,,'nlenatlJ.l.'e oftlias. ch.ns... i i 
dlseus •• ciby Sla?son.1'oshlda.tilya=_ktand .. J.(a<la(1985) .Se"'aralattempts 
,ha,v. b.enlU~ tQ.()delth1s'suppl,.r.sponse(~gats~.andZw.rt 1983; 't,iu 
1985;. T,yar,sand l\nCL\l;'50n .1986; and Wahl. .Hayes.net. tlliliaa. 19(7) • the •• 
stud,t_s. differ ;.-a:rkedly in bo.tlt ,t1\e, appt9Acha,dopt.dand the supply 
elastic1t:ie. reforte4. 

It 1$ thelntentlon inth!s papet;"tQ exten4this.$upply r(!sponsewQr};. 1~\ 
SCivet.at respects .. In the next .sectlon, ~ "bri,f dascrlption .of .the~irybeef 
industry is givenanc! 'is'U$adastheb4~,ls for' a mo@lofthes\1pply ·of beef 
from: dalrybr •• d CAttle (hereaft,r referred to.tlS Qai-rybeef)'!' In the 
followlng.u!ctiOll$ tho perfQ'Xllulllceof the lIo"~l is l ssessed.~ltld~stiQted 
supplyel.stt(!i.tle$a~e Teportedandco~paredwiebt,ose obtained .inearlleJ;' 
stUdi. •• '. Tbepr1c~vat;lables of :importanc;.e in4ete~'~nlng ,supply ehangelare. 
Identlfied and 'the 'q~e$t:ion. ,posed in tbetitle ·Of th:ul p~pe:; is answe'te4. 
'the paj)ercoDcludesltith Ad.isc~sion,·Qfthe pro1)leJlS cutrenely .fae~dby 
Japanese p~llcy.akers in relat.ionto beef productlon tlncitx-ade. 

The.J,pAnese Dairy».ef Indu;;1:Il 

~e Japanes.e dall:;Y beef lndustryhas beencbartglng rapidly QVer the 
pe.riod 1965 to 1986 ~ I~t is not the alII 'of this papertod~scrf.be 'the 
in4U$try#nd Itsrelateclpoliel.es in dee,.11. (for a detailed des crlp tion see 
.Al3ARl:' 1988) ..However , three. lnte!;t:ally. related changesill:1nc;lust:r:y 
,.charac.ter.l.sticswbich have affected dairy b~ef supply. anc;1. hence 'the model' 
speeific4tion. lused111tbls study. requ,l1;e dtscussion.First',thel:'e bas been 
a. dramatle red.ue'tion .1nthe nw:.be·r of daiq c:alves .$laugntered. despi.te 
i,ncreas1ngdairy <:ownumpers;. second. the Bvetage slaughtet weight bfdairy 
cattle ba$lnct'e~",d; It.nd 'thlrd,retl.ltnsto beefprC)duee1:s have risen 
sUbstantially since, the Illte 1970sand eArly 19808. 

In the.tbree-year pe;riod 1963-65. anav*,rage .o£23900Q dattY calves 
werdsl,augntetedaooually •. In l.:986,only 28 000 .ealves·",ax-a slaughtered. 
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Tb;is: :n.,a~11 tent'ola:de:~~t.i~.o¢et\tr.d,de$ptte,.n In!:~ea.eln· tb.n..-b~:('()f' 
e~lve •• v.il.'ble to;' slau&hter; tbea.irycow 1nventorya't,f.X'*gedsotH 't.3 
AJi.lliQ;,n hea4. lnthCil pe,rto4. 1.96,3 .. 6S.nd tQ$eto 2~ 1.111ion b •• doy 1986. 
!his~Il.:t'IJ¢t;pr..,.tn calf$hugJ'ltfu: ,.,. Wblcbo~cut'tedulnly' 41U',lng,thaearlytQ 
.ld~1970.~·;:,,'tu ,'been an ;Ulp<:tt:tanefaaQtorcontri.butlngtotJ;,o 'bl~,r, •• e In 
tlairy l),ef"l1tQQt,;ctionand h~$\.lnaoti1lt.dlybe.n Int1uence4 by tn_groll .• 
l'Il4tgl~" ,.arn,,4 ',fX'q.fa.tt~ning~!:t1bt~ectcattle. . 

'~\''l'rl\~tt& toche ,ecopel :potttt{ ,in thept:r!.Qd fro • .1970 to 1986 ,tbeuerage 
slatlghter we1ght .of'&t£ty •. teers increased. by 34 pert;entwbllathatt:>! ' 
d,td,:'~f '~OWS and hetfersinc;rea.$edby 32,p~'tcfrmt~In,~he late 196Qsapd. -early 
1970"_i$tlbse.ntl.1 produetlv1tyg141N ver. Md. 'wlth.~lry cattla thrQugJ\ 
the adoptlon·oftbefe~dloe syat •• 'of :f.tt:.nir~ andtlte,intt'oductiQll,Qf 
.f.~atng a,;t'atls ••• nts lIlOt..ui'ttd to the(1alry b .: •• 4, Ther.'tqJ:l'u, f;o the 
inoustry.£neethf!t late1960ahavIJ hen~ftte4 fr(). thtt ,acloptlon4nd 
lmple.entatlon ·of' 'these new te,c;bnologi"$~. FOJ: the ·futura.,. however, the 
oppottun1~le.s . for .inere$sestn. 4a!ry beef. production th;ought.chnologlcat 
innovation .(in :thefOrQlsofeltherlncreases in.vetag. '.laughtex: weIght, 
inct.'e,a$ed . .:alvtngr.tesordi~t iJJPt'ovEu.ell~) .r.,:egat4~t1 .$ X'ela:ttV'ely 
11~1t,d(Sll1Ps.onetal,. 1985 l pp.133 .. 47). 

?:he 'tet;qrn$to 'dairy bee·£ production, as lIeasured.'by the W:hole •• lt ptlc. 
of ~1l:}" .teers~elat!ve to the1~port CO$i;:off,.d gt:41na,haVe:rl •• n 
eotuslstentlY$l11Ce 1965. .nd~itybeef.productlon,haa .1ncr~asei<1 
,aeCQt'dtngl.y'~U'.mgWQrth(19831 'h.$,polnt.do\lt~hat: ' thef •• d:-ptiee/dai'tY'" 
beef~pt'lc. r-.tlo .pp.~aratob.theslngle .1'lajQr variabill. dete:tlllnltl,:dal~'" 
bQefoutput/ . (IJ~284').. • .significant fllct'Qr wbich hllsbeencliPtur,dll\ the 
Jlod~ldevelopedltere .. Between 1981 and 1986thecQstof feedsralnsto 
dQlI~st1c 'P~Qducer.$fel1. by over'. 50 per cent.co1.ltrlb\1tin~ '.ubstal\tl.1:11to 
the:tl$~ 1nreeurn3.tQ 'beef l'roc::1ucer.s .. 

Mod.11iUS .. J'l'anQ&lebeef iupplx 

Intbe lit.r .. ~re pllblished in. ~nglish.two&pproache. bave 'b"enadQpt.a 
lnthe. ~IlQdellJng ·ofJapo1ln'. beef.Upply·~ In the fi'rst, ~ed~y KagatSua8 and 
ZWal;:e(198l), Liu (1985)andW.bletal.(1987). itia the. dymua!csi .of b.,d 
sl~eand sl.ughter"bicb .ret modelled .•. In the second, . adopted. by Tyera and 
Antlerson (1986) • beef aupplyiseatilJatedll.4!unctionof' r •• lp.r.lc;e3 tp 
pro(1\J.cers. 'Tll.is .s~cond.ppt'o.¢h pl:'ovi.des wbll~ t.. 1neffece.a.re<illcedfona 
relttlve to thtt fJ.rs.t.byqllitting tl:lej.ndustry .dynaJIic$, .• 

These. stUdies differ not only intb~ structureo£thelr ~dels huttn 
the.general..ity oftbeltspecifica,tl.Qns regllrding substitution 'within the 
lIeat$ectoran<1betwcten 11vestockandgralns" L111 (198S)and!Cag.t;s.QlIe .nd 
ZwaJ;t(19~3). tld()pt apCJrtial equilibrium. apprQach .• Tyer$.ndAnd~rson (1986) 
report ct'os.s-·pri.ce,elastlcit~e~QfbeC!f$upply wtth respect to both eOa;$8 
.sX'ai:tl.$ .anduQn"rutdnantmel1t (chlcken~mdpork). 

BQtbt.!.u (1985)a,ttd 'l"yers .• nd .Anderson (1986)presentsu:pply 
elaaeiclti •• ~ Th.e .re$~lt$ presented.by,l(agatstuleiU\ci Zwa:rtare saulelpllers. 
frO.llwhlchel.stleit.ietJ cannot. be directly inferl,"ed. The l()ngrun, supply 
elast!cit!.es ,-eeporeed by Liu (p,~29)andTyers.4ndl\nc.ier$on(p.1S6)~re 
t'llcilc .• lly .different: ~, respective,ly.O.18and '0.,8 .. As th.e.irl1l()d~lU,ng 
appto.C:b •• d.iff~r •. lt1.'clearJ;y u.portant to establ:1$hwheth.r ,tbes~;are 
du,o. to theappt'Q4Ch ua$.cJor tosO.:ie other 'factors. 

,Hos..1;J'al'*n •• eagr1c\Utut;'e is sU'bj eettopolicy' .rep:l&t1.Qn. an<Jtbe d41~ 
'be_£ btd\1$try isnoexcept.lon. The clail:Y beef !ndWitry lsaffect edlly 
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whole,.li. ptic*at.'bl1f.$.t~cn.. f,ed"J:~.lfptic.st.bl1:1$.t~C)n allel, th. 
'Va~loU$ _t~.llg"t\t •. infl.~enc;l11!~llk produetlonlnclu4tng fd.llc~~Qt •• and 
Jth. ~tlt, 'pl'lce ,.t;abt1;i. •• t",on_rran.sa .. nt2ll(Longworth 1983; AlWlE.1988) 1> 

tlow.v.l:' ...,~n:~.r.c~.tl11 r, •• portd to <.-luutg1ng 1tlPut.nAOQtp"t:p~lC's. :It 
1 ... th:et::'fQr.'Po.~l"l.,to .. C)~lthf) ,Jap.n •• adal~ beef .1ndUttryusitt& .. 
at:t\J.Qt\1t',l, .p.rtta.l e.q'\lilib~lua •• ppro.cb. '1;llerli!l.tetwo r •• son.l, fQr 
.~lectln$thl.,.pproach~'Ihefir.·t .1$ .Its 'gr •• t.tg~Mra11tycOlipar.a, wlth 
th'~t;educ.4. £ol:Jll;f ... thQd:use~by TyersandMd.er.Qu (.1986). 'Th',ecoed1. 
'~t. beclIlW$. a, sWlat:approach h .. 'peen; :qa.'" in AB.AREtQao<iet beutf supply 
tnothet "jot' be:,f 'P.roq~cing cOPntri .... the rtulult.obtaltled o..,b. 
cOl!Ipared tflth tho,.., for, .uch, 'countri •• '" 

Th • .,thQ4u..4 to 1IO@lpro4u~e;."t •• pons. Is, in .'.,nc ••. t().Q~et 
th., v .. ri . .,ble$. that .4.t~l':IItne inventory sIze •. Ttlt JIOst laportantoft;1.l ••• 1. 
the '~~1.1~n 'v.nabt. Qthow .any head oEc.ttl. tQ .• 1.\1Pt.~ • this &'c1 .. clon 
Influtinc'.ib9th~urrent ,oUt'put(by 'c;pangtllS ;supply);.ncl~Ub..U:"output(by 
,,It<<ril1g11,rdlnvcnlto,:tE!$),, Tld$lIOdelllngapptoaehdiffeJ:$ 1:1:oZl.that of I.iu 
(19aSl.nd"~1. .t ,,1 (1981) . who, repr,.ent Inv,·ntQtl •• b~b.havtor.l. 
eqU.t,tlol1S.1:headvantaae 0.£ .odol11n, sl"ugQt,rl.tn.ttt .prov!4.ta 
.ddltlonal.~tuc=tur~ i:nformat1o-n ••. to the Mt1lr.o£th".\lp~lyr •• pq~e. 
lti. 4n .• pp;oach ${.11~X',.to t!lat;1.1 •• d ''b1n.Wte~ 'S~WjCou.,am:l ,1I_ntis 
.(19.8S)t:o es,ttrp,te 'b,ef,1l,pply lnAUltrall.~ 

7beao4el t'epQi'te4inthllS PAp,rprovld.,sQnly. apattlateq\lf;.lf;.bJ:i,. 
.:naly.tsof 'beef 'supplY'1 ;.the~than lncl~~ ,qt;her.{i.t :tn<i\lstJ:ituJin 4n, 
ltit •• ta:ted .,st: ••. ThlJ, cholc:ewas •• de 'nQt ion al'r,lot:1grounds,bu.t; .fee;r: 
f.tt&rlpt.tQ lJQdel.ubstltutJ.ot\witblntb. ,"at: •• c:;t(,)r: ha4fal1.a. to '.ho~ 
.~gnlt'J.cant.ub.titu;t1on.ffec:t.. Tbatauchs",bst:lt\ltlon c:;g~14()cc;~J: 1. 
Q'bvlo\1S;.; ,HoWbver. .. eOn$eq1.1f1n'Qeof' .;rap.nes. pollcy i. tltat. .inc,·. -j9~ 
Cibjec;tlVel ••• 1f-s\JfflcleJ1c1', real retu~Ultoon. se.c:to:z;:X'elatlVetQ 
another c.nbe, a110W'8(\ to alter 'only ,sl~ghtly.· T,hu.s tb.;U$e;o£p.;rtial 
equ111'bri\lll ~lysi.l. jq.stlflcttasit .fQ~u •• son tbe ••• entialsofthe 
J.Pall' •• pollcYEUkers·p;r:o;leJ;! b •• f:ot4tput-.t be iexptJndea but not at any 
s\lPst.ntl.1 .• xpetule to other .agrlc"lturals •. etotl .. 

FI;'n41~y, .thallCdelpJ:e.ente4here Is only fot"daf.xy bee$., Oftbe .to~ .. l 
1nCr8_1$e In b.o.fsupplyo£ ,344 kt over thepfu:J.od 1965to:198S, 87 percent 
w~uf.uurc,d, fro. 4airy breed: <;attle, (KAFF 19861.). Tb.~."Pel'lI'.pl.,ll'llna 
theJlupplyof beef froad&lryeattle wl11elearlyeaptttre: ·tne·"j or cause. 
ofaupplygtowtbove:ctbe l .. ttwenty Y •• J:.$" . 

The .tructure .oftha '.JI()deli$ shown In.F.1gure 1 j>. .(An,. appeJ'ld1:)t .glve. 
~tal1softh •. 1IIOdel,tnQludlngthe coefficient..mi, dJ,agno,tlcr •• u.l t:$ fen;' 
•• ebeq\1&t!.oJt,), the '.1zo of thoa.ixy cowhel:'d (KC) deten.ines the llwaherof 
c"lv •• , "r •• reci(C).(as.w:atng aCOnBt.ant reproduct,tve.tecbnolQgy.) .Tl1e c;alV'$ 
.r.'ettb.rallo~.ted,to tba n01f8r oJ:dab::Y'beefhet;4.,oJ; $1.auebterecl to 
produ,ee~.l.. ~'fb.:lfel:,. have . three: potential USeS; to betnc;ludec.in tlu~ 
.taught.rof ;tbe~ows (SC). to be lIt,d to Te.toc;k.th,cQw herd .(PF). &11<1.S 
tnputJJintoebed4itybe,fberd (l'K) t 

the dalx:y 'lnvent()xyth~consl.ts():ftbree coapt)oents ~.tbelnput$ to. 
: •• eh bfd.n:gd.etel:1J11nftd by the ·.llocatlonof tbe calves. teared •. Thtu'ethre~ 
compo.tlent$At'e: ftr$t:t the ~1J'Y coW' Inventot'Y.t. which 'l.sthe,feul.4';lalry 
hE!:'t'd ,OV.J;:' two y.~so£ .• ge. (1<C); seecmd,. 'tb. d41ry l'utlfet'lnven~ory*whtch 
lstheferaale da.iry herdunde.rt;wo ,. ... r. of age (KV) ;andtbitd.tbe cUlb;y 
sf;e.r imr.~toxy (KI),1ib1ch eonsist. ,of dAf.ry steers andth.tpln't .oftbEl 
foule lnventor:y' alloc.tetlto .beef product,ton...Estt..teso£tbese 
lnventot:l.. for 198$ .r. inelud..dlni'lgure 1, 
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rl~4~~!YII-' .-.... ........... t~~ 
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.. 

ta) A$ at: 1 r~br:uaryl'~Q,.., 

PlGURE 1 '-Structure ot'the ,MQdel ,ShowlngFJ.9uresfor 1985 

'Ihe.~~.lattQnsblp.a;e,Ul't •••• dby tl1tlfol1owtngldentl t~ •• ,wbl(:b 
'foxatb,'puls of 'the" ~l* (J in41(!at •• dle c.",n:,nt year".) 

(1) DafryeowlnventQ;Y: 

ltCj .~KCj -.l",SCj + PFj 

wu()''Ce" sa i •. cow ana h.lf'er sla\l&nter.nd·PF i. prollOtions to tbeco,,' 
Inventoty .. 

(2) nAtty 'hetfeJ!'$.nvtntoq: 

KVj ... kVj..,l + Q:*5:Cj .. prj'" Ptij 

wb.t;. c, ~. qat" •• re.r~d &nd:PM I, ,r.o~ttons tQthe dait:)t be.f inventor,y" 

(3) »alxy 'Nl. inve.'O:toQ': 

~ttBj -OJ .. 1 .S8j + PRj .. SVj +0,,5 CJ 

whe;'4 ,sa i •. sla.ughte;Q£<t.lry b •• fandSV :lts#lau$htetof c.alves", 

i1l. 'nwlberof pro.otlQ'n~.ndn~b.r of' .e.lVe., tearedare_1laplYJlodelled 
•• ·tunctio'M oti~ntQ'Q' aI;ze:CequationsAlS .. 11» ,append-i.") • ThI.)\1gh. in 
p;,1nc.lpl., 'tb.d"lC:.l •. lonbetw~unl pl:'olllot.ittg c.lv4ul' . to the CQ'W .ltd b •• f h~t:d. 
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It 

will, ~,.ndonJ;.l.ttv.X'.~;nI.tb.l'.t~ V4r.l.bl. W.. ~.ltt.a frqlttbti 
equa,el<tt:l.l' beca.~. 1t.co.ff~cl..ntv"£Qun~ .!'M1snJ,f1cant.~ 

%h •• l.~cht.rota.~rycow. ·8!l4 .. i:\elge,;s ·l.·lpeclftea. ••. '. functi()ftof ., 
~.tu~ntl.bl •• nd 1.U.d1nvtnto.rl....Inl:tJ..lly..n .tt.~t. w-.. ~t~· 
_ .. 1 ·tM· ,".~ vatl.bl, .p tb.· .... Qf .. :t.tumt ftt* ' •. tlk pr~tlon. 
Pl".,.. value ;Qf'. -f.lldulc,*,and, .tb, .. · •• l.Qff •• det' .<:.1" •• t,uc1nltlg ••• 
,. •• t .~'rill& ..,..X'4lI..~.fl.t.tl by tIl.co.tot .·f •• a·craluandlnterestrate. ~ 
On, •• t~t:lnl '.~l.ll8ht.t. rat4it .q~tion .1n dlcballthe .r.tutns c~otM,,*-=. 
WJ:"·tJlUa .epaJ:i.te t~ndeJit: v.~l.bl •• ,. d\. f •• del: 'calfpfl~. COttf£lc,t,a.t; 
'WU t,.·'¢ tob- 'bisbl,. .slP.lflc&l\t butpolltl ... (t:,Q1lttaty to .•• ct.tto~). 
Th.!:.tl. 'tel . ·~cCfMtr.lnt: tMt . all thr ... c~nt •..• bo~ld .t>p'.~f.Q' dl.· 
'tetu.r:'P:S, varlel .... ,rela)t'd, ~. ·Ct .It.~tlv.'l''tutns; •• rlabl., "wQ 
4 .. ftMd. ... ~ 

'Ij- '~(1. i"'; j"fi2,J-1. •. j)«~t.Hl i+'t~WCt)/tl)13 

whet'. ·JH·fJ ·tbefax.; •. I.U« ,r,l~.Qf:Mtlk .. (Ylki) ,M .. ls c:bft; 't1tO<Nct1Qn::,:of 
.11k, ."..~ ~oll(JtIlb<l)t l' t.tb.pr"c~ ol.,.ltr, ,~.tf: b4tof(')i1k,), weisth. 
a .. rq •• l.~t.r _1&ht: ·pfc01* •• ndh'lf.... (k;l'hd) .~ :r 1.'4n ~,n.x,C)f' 
the 1.port.,(J.cQ.coff •• dsy;aln..(Fot'.4ftal1Icldtsctlptiml. ·Qf:tbla lDClex, 
••• ;_ (OOttlOtlt:ottt •. dl.ta It,till' lntb..~p.mU.~.) 

_~anb •••• 'A.thl'.Qur.ln¢l~.tb* X-ft.\lrnsto _f.lk p.tcxiuctlonan4, 
• t.turntod.tltJY~.£pt04~tloqt. n4.rtte.J:stbe ,.~tiott ... thr,.-,. •• ..: 
"Y1~Cftr.,.·d,ttlatfui.b1f.'d ar.lneost •• lt,l. -r'cQgniled dult,tbe 
".al,"labl.'qqly pro~l..r.tum. to "tryprQdu.ceX's. :tatM't' 1;Uar,t. itlclv41n,; .:11 
x.~*Ho"".t.tb.dl.po.t:lc;'io£ tb.41ilJ;y. co.a~h'lf.;:· .• la\,lsht.~ 
eqtJ4tlon. (.~.t:lon.M r, ,.pponcJ.ix) .tX'011&.ly.~p(n:t tbt .•. l(el~lQn of .:f •• d.~' 
c",lf pr,I,., •• 10' 

n. 1:'.~E:r&s var-labl. (EB)~t '"ttrJd.ne. c;.lfsl.uahte'tl •• nal0 louto 
dJ,eb •• fr.'tunt@llrpOJ;le:n~ (),f t~ 't.'etUtM "V..u:'labl. ,a,p'c;lfl.ct ..abQve.,tbat 1.: 

P , .. ~(1 .' l-2,j."l. J) (P1,.tlal1'f.Jl)1!· 

Th •. Qalf,$laupt.t' equatlon.(.~1;lon, A7t.pP.ll4t~) 1 •• p,.elff..~ •• s. 
fUrietloI'lQf;b!. r'~1;ll. "a1;'ta1;)l..1vI th. proPQr~lonot calv..x-.ared. dtlch 
•. r:..l.uaht.r.d."SV/a','I.1cu::fu~$.t:l'I1 v.rl •• betw •• J1·,;eX'O, and. unity • tnt .• 
variablel.,.odelled.u.1nstll- :tunctlQt\: 

«SVj/Cj)/(l .~·SVj/Cj)-'lq)(". lilo,ED) +!t-

Thl • .,.cif1cat.ion".I£ounc!:co, ~1 t:b' v.~l.bl •• d.q\U\t.ly. 

T'b •• qu.~ion.forthe.l.ught •. t QfcQ1il •• ncl u4jli.ters andfo1: calve' .,r. 
thtt _.1or ·boh,v1.oral, eq\JatlQtl$: d.,t •. n.1nl..tlg .1nv.ntQrysI~' ~ Thetell:d.ntng 
d.t.mln.:E\tot~.f .prod.~e;lofl. t$,avlIlr'!..,l.ug):\eer weight. 11ltb..,.t.1mate.cl 
,JaQa.l,the .v.r.I •• l.u&bt.~ .... tgh". of ealv ••• ,c:c>ws .ndhel£ers.and.st.er$ 
.re JIOd.ellaa,. £~tlo~· .ofth. ratIo of tne wholesale prJ;c.' ofbe.f to 
~prt.d f •• 4sr_1n CO$ts.(equatIQMas ",·10, appendIx) ~,'1'he.es.p.cific.tions 
.tte.pttoc.ptut.tbe tr.4i:-off b.tw •• nre turnsam:lcos t,fil¢.ul11y b,ef 
flltt.ott'. '" As'· tbeoutput pr:1c::e.(P.wa) incre ••• ~uS •. ot.-.theinput. .... st (F) 
·d.I,c:t ..... tth. t'.~rnto f •. t:t.nln5!.~1.e$ .",The,avetagetslaugh tet .;~ ~ghf>of 
tn. q1Qls¢an; ::1 ••• , up tos9t1eprac:tlcal 11mlt, ,thU$ incre •• 1J1t tQtal 
prod'Q(;t1<.m.Tlu.:equael()n$are specll:1ed 'In. fOBwblch allo"'sforthis 
\1~9.r It.tt!; .. "".raS- 1I1a~sQt.r weight. Is :specified. a •• fun~tiott of the 
lmr.r...oftlu1cnttput: price. fnth, cO'l'.n4h.lfe):' and ef,lf .equa~ions; tiDle 



\to, ,.x..,q lucl\t.~, ttl ,~, ,tUftt'.. fora wtUt;h, Q,.ptur..th. ~.~lnSt"tl.lJ:;n# t~ 
f .. tt.nl~, l~"..t;o<k, 

Ali.'. __ ?:i~ •• 4 lu., 'J,aut. 1.tbe •• , ;fccto,t. ,~', inveaeoty, ·~ •• ,~.u:. 
,.1I\Ushtar,d".ua",l:8,e .• l.up~'l: .. ip1:,., ......11 ,interac:t tQ a.t.~lJ\1tt~ 
f1~1 c~~p,t'Qf to~l a.lry bI',fpJ:'oductlQn:~11'" '~ •• l. 'b •• r 'O\U!C,I~ 
fro. ~th ~QW ••• nd bcitett:.en4 ,.t1:1' .1:, .. r.", 

b rfQtU1lC'9f ,tb• Jl9W 

to ...... th. 'p.tfo~.oftb. "'1, ,two ~ln" of v.ll"'t~Qn 
.~.t:fMnt~,r.,~r:£9~4~ 'The. flr.t~, ()f.~ttMn~ (;o'ttSl$tfi4of. 
c~.ri:.on,'Qf:.t.tlQ. ,m:ui, dynud.c -_l,atloD$ witllhl.tQ~;f.c.l~taov!ln::'the 
Pltloc1 :197$:0086,.,. A, lltatlcsu.ul_elon u.'s at,:t\31 valu.. of;' 1eu,4:,e.ndo,.nous 
,,&(labIle 1ihl1Q; • "'yn&II1~.1_1.tl()nus •• ptlor-t>ul04taQd41" aolutlolUlfot" 
too •• ".r~.bl... ltle'''lm$ofth..c~l "aucl.$autate(t 'data ,forth. ,.-jor 
.,del ..,atJ.ab1,. .r. 'pr .. u •• nt.4i.tt Tabl. 1. tn80,t,c:u..t.he .,d.t.lre,plJ.~.t.s 
Jd,.t;~~.~c;al. .t_1I.1.1, wttll ~¢.~latlon."ot.Qe 1 •• stl\anl1pe;' 
c.n~~~,.~¢.ptl~(notMown).r. the "pJ:~tlonof: :b,'lf~u:'totb •. dA1.~' 
~.f .berel •. ·tbt' .• l-.upt.t' ofc.alv •• ,and . t~q\lGtlty . of d.atxyV' •• lpt:04~.4f 
11\, ••• va"flabl...r:e v.~ ... 11 It an4, t:h.l~.1_1.t~on .".C;$ al:e •• '11 1.11 
ab.ql~t. tema* 

Th ••• cQUd; .. type cf 'v.lf;datlon.xptr:1r"Rt~onc.m.ttth."t.bl11t1.Jld 
d~lc. b4tbavlo'C'.lcMt:.cttU~·f.'tlel·of ·tb. 1I04.1~th •••• xp.n~u.t:tt. coMl.t'.4 
.1n •• ttln& .11,.xoS.nQu-.;v~:labl ••. to, 'tn.·." ¥alu.. :for .. 11 p.r.iCXilC;J.n 
.etf,Qt..,klnc ,.11 .xo,enou.$; " ... r1.1 •• add.,l;e!cnalp*r.-t:tl:'.,()f ·th,"~l) 
au4,.to1vtna :t;h • .,.,.1* ,tuftlcl.ne ~.'t; of petlo4sfoNat4 ,tcJdl,scwer 
wnedler. tb.'o'ltltioM . C1)nll';sed Q.r:., 41v.tg«ad. ... In .anw.berof.udt 
.xPer1lleuUJ each !.nvolvln,dlff.J:'l\t.t.~ell1,v .• lU,e.,fot' laued;*ndOseno.UI 
".r1ab1.. ·the.~1 .olutton:.' :for.ll 'nM4e~v.¥'1abl..conv.r'.4f; :tblt: 
prQc.<l1,lta.t. ealolo"*tcth.:det.mlnatlQ:{t~ fQt:l:l:n •• t ~1. f' .of 
prQ~rti •• ·ofch.t.~;tln~·t.;lc .~~~"n»~ ~t¢Q1l$tl.~tltti •. (obdl, 
-.tbe-.tical'proof'ofl104etsUbl11ty., ·the l',s~l1;..;"ofdi....i.Ilul.t:to ... 
provf.(tfl-.pirlcal evl6tnc. o.f.t.btllty. 

V.1xxh,f,SUP91y 'B"VOn" 

tQs~.rls.th. b.h...,lour; of'd\. ~l',t ,supply' .1u.ticlt:1 •• at. 
pt ••• nt:.df.;~. Ttt.ble 2,.,S.v.pplyeX.sticlti.. to,~tQt.l ~l;)r b,ef-.nd: iQt 1>8.£ 
£r~4aity $te.r., -aftQtl Cow •• lldhe1fer.,ar:., .hown wlt'h. r<t.~ci;:ta the. 
,mol.,al. ptf.c_ 0.£ be.!. the far:aer. ·,,1. 'pr:lceof/,al1k. ifip.orteq! •• a 
,lratnQ(UltJ ~dth. dmI •• t:lc tnte(e.t t .• t.. 'TIl.. .1 •• tlc:lt::,1 •. .s"flr ••• t::!aated, 
ftO*'Xpe~i1Ient.t ,rt,tl'I,S' of tn •• "e •• ,of $Q.pply_q;tta.tlOfl.l,; &nou.t:lln.ofthls 
ptocedutec:anbt; fQtt.nci in .. U,Wbreet &1..(1985) ..S~c;h.las.~lc:ltt.$at' • 
• ~p'1i.c:ltlytiM .. dl~nslon.4 •. Ttl. "l.u.!atiol1$ 'weu ... perfor-.<1 \t$llll'tl_. 1975 
and 1985v.lu •• !of ·en •• ~og.l1QUS variable." !,ee.u..' .. l1yc;f th.ela~u:tciti •• 
f'rQi. th ••• tw~.lraUl.tlon.s 've:r; .. found,to be:-.:rltec:il.y4iffe:rent.botn JUlt$of 
elu.tic;i.ei...t'e p ...... r 'fed .. 

"~;the ntJ,ativ. elasticitie. after' 'onG: y,.r'Wl~b l'esp1ctt.ol;Jf,thtbtlf b •• t~ ~ 
~.tllc.pr1C:.$ at'atMlcaelv.of'tb.' $l.f.lgbt.rnqw or 'r.taln'opt;';lon~ They 
ln41catetb4t.Wen f ... ~.dwith Incre.ulnl.prlc:es,.pro4t\c:e:t;s.uspend.or 
r.duc..l,ual\tet :tnthe .• note tent •. and otbt,i,S forCo ac:ertaln,r.t;:urn .!on th • 
• ~gt.t1on ·o.f :f.ncr •••. ed: :~utut'. ~:r'tv~s. 

~b. '.diu. .ad,lorlS .te'trl .'lutfcici-.. lndic:.te a lar,er .re.ponse tob,.e 
p~t,C .. ehapS4ul ·ttwt to' atlk 'ptic .. ~hc'4UI. 
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1"1&1 

Statlc .n4J>y~tcSl .. l.tl~n".rfot .. nc.! t975 to 1916 

V.~l.bl. 'Unit 

~b\tj&ht*t af~.lry stoer,., ,,' 1000 'bd 
Sbi\tlbt.tofd.lry cow. .n4 l .. ~lf.f. 1000 11d ;'V'f_,_ Jlt.u&bter vellbtof 
~lry at •• t. A".r4,. JJl'-"lht.rwtd,htof 
dattY eo". ,.nd bllf'r. 

Av_ .... _, •• laupttr lIft1aht ,of 
~lry l:tilv •• 

Inv ... ntoryofdal:ry.t •• r. 
Inv-.nta.tyof dclr,y cow. 
InventorY ot.ct.l't'Yh1lfex. 
blA1ry c;..lv;ult'(u~red 
'rofl!otionaof Iud for. totl\t 
dAlb:y c:ovberd 

IUd:'tl .te.~ })rotJu¢.tlon 
D.t~y flOW lll\dbel ftrprpductlon 
TQt.l.i~bt ... f p.'rodt1~tion 

~i 

Itt 

k& 
'000 bd 
·OOOhd 
'000 ;bd 
'000 h4 

"000 htl 
kt 
kt 
kt 

Aotual 
•• n 

393.1 
421.1 

354.1 

3),9.3 

45.0 
754.7 

1 423.5 
61i.'4 
941.6 

442.1 
140.1 
195.' 
276~4 

1« •• n 

3'&.5 
423 .. 7 

354.5 

320~2 

4~.2 
157~4 

1409.0 
624.S 
93'~7 

429.5 
138.7 
136 .. 4 
t1'.6 

Statle 

lU(S.l'tor 

, 
10 .. 1 
1~3 

1.2 

1.6 

4.9 
4.5 
24 
1.9 
:6.3 

'to 
,*5 
',,1 
7.' 

a-an 

"4'!8 
388.5 

3$7.2 

320.2 

45.1 
120.0 

1. 310.9 
$9& .. 2 
882 .. 0 

408.2 
1'5~4 
125.0 
262.Jl 

QYWls 
lUIS iettot' 

, 
11.l 
9.7 

1~4. 

1.& 

5.5 
6.4 
4~3 
5.0 ;'.3 
8 .. 8 

10.8 
10.,0 
1.9 
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,*1:1 
E'.fleltl.,t,.try '",,~y,*ittt""t i.,rJ ...... Inttffttht_,..,.bllllJ\,u.-. 

'"tit ~tt.; ~_l( ,"'prf~ ;(', 

ftt_.., 

lmiMI!W'Mt 

~Uer'~ 
Afttf'$~ 
Afttr 1t.,... 
, .. tmCcl) 

120.".Ht 

Aft""~ 
After i~. 
Aftit' 10~ 
tn.M 

Q(.) 

,.o.~ 

o,~ 

b.Q9 ,0.", 

.. '0..,016 
;.0.111 
'()it'" 
O.~ 

;\ } 

·O~~l 
",'-7(14 
1. .. '260 
hBo 

0.0 
fl •• 
f).~99 , .... 

oe(t) 

"Q.029 
o .. m 
0.1" 
1,,291 

·0._ 
0.072 
Q~'n 
Il~~ 

.. Uk."lett"1I 

• .. 
"0.010 ·'.'29t 
1.02t 0.* 
'0 •• 0". 
0 .. 1" O .. IU 

""G •• 4 .. 0 
e.ozr D.CI!C 
O.U9S O .. OPZ 
~ .. 1'2 0.1SCt 

I ............ ,,, 

~ ••• '* ·oe 

,.:o.~t O.OJ! 0.0 ..();t 
o.tt~· • ... 47l: -0'10 .,O.tll 
-o.~ ·.~.tt "1.'1$ .... 114 
'./ • .:A: "1.US ·t.l17 .. 0.41t 

·I.lJ2Z t~OM 0.' 0.* 
'MJa' "D.U'f .. •• $0 ·.~0fT 0 .. _ 

·Ot4Sl ..... m ~,,*. 
~lS$ ·'.641 •••• *',.", 

lMtMt l"Jt. ti) 

• .. ·Ie 

J.M ·'.81 4..:16 
.eM* ·I.m .... ens ;11',. ·I.US "Q.at .... t. "'.121 ..0.1» 

flO. 0.0 1 .. 16 
"0 ••• ·1.t01 4if* 
~o.»t ·I.2k ·,.m 
"O~1M .;.o.S2t +.;"' 

~.t,,*,dW ~1tld Gf·_lry~f ·.;;~_l .. It) OUcntttY~Ufd -., ,.fry ,t.rer .,..,. (e) __ ltv ,~t_.t .frY _.Ni· ... iiff_i~ 
(4) tba'mQU fet #020 t_ner 34. yHn). 

". 



14th ftl4 ,cr,ln:c:q,st$ .~. lnt.r.lc r.t ••• ut.t't:~ , .. 1 u dtno.l .. tot .. 
J)f~· bI.f-.ndA.llq 't*tutnt:Ylrllbl •• ·+ U tlbla 21n41c.t,It •• $UIpply:1. 
'V.J:1s.~ttf.fttQ: .the; ~o.t o~·f.K ,Itll. ~ , 

It. I.: .lfe> ,ofMt. ·~t dalt1,.t •• ,~ 'b .. f wt~t;lon 1_.r_", •• ,..lw 
t~"'P~~t:l_ :1,,;_ ~l~ ~.~. ~ .~l!.r • . to; IX1. d-. ~t .. ~.~.,r'c. 
o£'bM,~ ,~ ,th!I ~'"t.4t.e4, 't.1Q,l~ .. Altboulk ~ 'pr~tlOQ'Qf ht,.f 
f~~1.Ulr:1b;".4c.ttl •. ~tr_f.tlOMll:" M.n, _~ '~' ..• _ .ldaliA', 
o-"%.;i~(~l1&1t~nblt'"t P+ 31)i* tPI., ~.J,~l"~.~ ~e, .~ 
,r~tt<m :llua*a h • .,.11;,t.~1-to','rl"'... ' 

WMn ,tbI,.lu.clcttt •• obtal'M4u.ltW * ",., ftO~,".'1.1 •• ; ~. 
,c~cxltlJd14 •• l't_=-, l"".,u f ' • ,,~" r •• ~l __ •• to\ 
wilO1 •• atc ~bMf ',xl~.,._ 1apC~.a, f~ .r.alu"cutI1l$ ,..*1,., ~',,11ttl.i 
cb:mi.~' . <ib •• n.l, .ttb't •• ~t; ~.t~~ ,-t1k prlc •• ,4)r:·lQr .. ~ •• t :-_"". ,:It; 
,1. PQ •• IAl.,tUt .. ,ttl!,. ,r~t.tOQ Itt ·elut1clt, 1,.,; to 'tbi 1,*-1:,.1 ... 1 of 
e.l-f:.:l~t.J!" ,1n .t1a 1,"0. '~.l.ttnto ·tt.l.te: 1960. ___ .1" 1970. 'i!I. 

tMt ... ,_. ,futtbt.:' ·,lSlib,.·tMtul r.~tl_ ,lJl .;-.1,!' .l"te~, :1. _ IfnlPt 
." .. 11lb1* _ ., :Ma,n. Q£ lfl¢r.ulnr;.da.trr ~.f Wt~ <.1:. ttt .t'.J~. 't~:a.f 
'ptlc. ~r.09 ... t" .. ~ ... ~. r •• ~~t __ '. __ (:"f.tll1 .t.lnl.bl4. 

~"'Ulv.t$bQ$M'''IY'" 
'r(e$.n~t4 £n tlbl., 4l ~~P~, of .1&1~1~l1:1 ~o.J:1:.~ 

.,tlNt •• f" •. Or3i~~ "',t ., """fof • ~t:c... ~t;., _~I:.OQ. (7 .. 9", · •• t.lJlIIt.4 

.... upply. .1#tlt;1~~ '. OJ ;~qr t'~~c .... ~·'(~£~' sM., .. _t) , 1., 
~'.I*t.D1.;,:1~ ,,1.14 ~'. 'M,t~,l. 'Q1'1 clc •• ,tQ,tb. 10" ~.l.t'~l'tJ':lft 
t:b. ~l '1Md:" the· 1915 QtI. •. 

tye-r. ,~, 
~t.tm(1986) 

Ll~, (19$S) 

Ka,.t%~,,~: 
%w4tt:(198.J) 

:au.lu.nt 
... t 

ft;f.t. 
vat:l.:bl, 

Vq;:lit h.t 
9tl~ • 

llJ&YU; .~·,a..f :p;-,l¢.! 
.1tY.~ •• x: £ •• 4. :It.1M 
b •• f production :f.nd." 

:n.lxy 1; (:l'ef' 
'Pt~~.t.on 

St .. Jdll •• tlott, 
pttc. 

,.,d: & .... 1:n. 
:1ndt~1 
b •• f ·'prlc. 

~<lt. , .. ~.~t. 
~_lt~ 

.1u:ttt1:1ty 

Cut't'tntpX":f.c;.; 
.1 .. t,lctty 

tall-'d, pric;, 
tl •• tlc£ty 

.Sh-et;t tunC.) 
LQff& :run C.)' 
'Shott ~(.) 

:tQn&:ntn(a) 

0*01, 

0<1101 
0.44 

... O*O~ 

.... 0.43 



~ I 

Ltu. '(1915)....ttutt,Cl<;uttent ;And lq,.d,.:}Utt~ttt... f,'tr s\fPPlywltb 
~ •• p.ct: to tM·. ,pti-:. of b,.f •. ''itt .betfpt:1CI V" ,ikfln.4 "elattv. .totM 
'C04tlOI! f •• dlr&1M. ,.nd, 1. tbfI~.f()r.'. t~ltt:~~~l. to ,~. pt1ct .. vut.bllt .\I$ed1,n 
tits.. pa.~:t*'Xi"cQftff1cl.nt. ~Q ;~l.".~ !t~lt'~l'f'ee4c~.t ~.tlG .. t_l»Jfr;ld, •• 
.. #~Wl1t'1 •• t!elt)'* .W.". tn' th. J.tu .. ~1 tll .n:&wrq •• l.~pt.r. ".l&ht 
~ttfMl~ .. ~n; 'tbt ~.f~~~toe'.tb. Uu~l w .. platt.d In.,!p.~l.l 
.qutllb.tt\$!J,fi~tklu.f.lu ·~~·that ~.(I fo~tbe :,,, •••. 1);t: ,"1. ~, 
ptoQl_.X' •• ~~t.l'~4 •.. ~ 't;I.r:tr:wu'tb-.t th __ 4tlw .. :~.~ib.1.: .n 
tl(QJ.~: 'shock/to the prl,(;,~; t'Dt l~d to, ~n J.nflnlt6 ri." Inoutp1.l,t;. 11ut 
•• con4WQ, thttb •• ,l..-tJ.clty of.~ly'Vt,th ~.'"C1: to~J:l¢. 'll." f~ to 
b- ~pt'1v. ~,thl. l.tttu: rt •• 111,t oqccut=re$Qtc.U$. tn.elqtlc;ltyof.tCK:t 
••. U;,t!~M vltb . ",e,p.etto pr::tcewp lcw.t ,t~t'tAtof .. l.upt.1:~; tbus ieM, 
:net*ff.etof .ap'tlc., l:l •• lit" ,to 1".;, ,tnv.n~C)rl •• , . .ncl ultt.ttly' 
.1.\tpt.~.; .• nd~tput~ 

th~,~.,ult.ftOJl.tba~l. :pt, ...... t.d {Dtbt.paper.r. trot the , •• tl1' 
paf;t:o£ ·tn. • .,l. 'Perl04, co~lttJnt,.tth th., :t •• ults .of Ty.r,f: ~. AQd4U:*CU1 
.(1986)", ... ~ .~pply .l •• etclty nqwl.pl»un:'$ tc:t " "ub.cpt1.,.ly 'belowth
Ty«n::"i i~i ,M~t.Ol1'.t!alt •• Th. 1Jeplle.tl~"f till_ 't •• ultV111 ~. 
cop$il~t:,.4 :In ,tn.flual •• ct:f.Qo .. 

~, .. _'~,.Ouqwt U"'.9rpYQ 

th.pt:~t;lon. of b •• f tz;*dAltt br.td;.a,nI,ut. l;. ••.. ,J:01Al, r.pl01YJlnc:. 
t~ 1910..OvQrtbf~~10d1911· ~S*'.n .~1 .•• 'tll,_ . of 113kto! aal~' 
:b •• !w •• ~pJ:odue.dt, .'" 19$6th-ftpu:_ ba4 .PPto~i.Nt.11 do~1.4to 362' kt. 
f;o6qct:1Qn;ftOll'4,altt .t ... ts; alQ~ 'to.. £rtHl ,anavtc"."of .11kt .,.·~·)' •• tln, 
:th. ip.~tod,. 1971·15 to 181kt1n1986., (!;:-iort:a 1961 thl.cate,oq \( •• not 
.Vt11. :Q,fflclallyr.t;ot'c1td. )1.'b- .I(ovtb, .:lntbt .,ptod\Jo¢t.ltlJ\ . ,Q!,bt.ff~_ 4atry' 
br.e4.ani.-ls.{AQ) "./' bed.toOtl(lOlle..t, tnt-o,blO .eo~~ntnt.:c~, •• , In: .Vt,;'.,., 
.l~~sht.r wl,ht(A~) find. 1n .t.ual\t.t :n~.r.(AS),.. Tllu.': 

Q.-iA.S + :SAY +AW4$~ 

'tbt.t<l.n~ity ·.hat :b •• n c.l(;u1.at,a.n4. h,W>ulate4 .t1!.f~·1.:4 •. t.t; cart b* 
.".n,tn.~tb.,t;b#1& ••. ~n.l.u&bt.r.~.r •.• 1Qn.(clo •• 11 propQttion.l.to 
f.nv'lltq~ ·incr.u ••. ~.lnc~ j;l.~.8ht.r 't.tQi. hav.eban"d, .".ry little) !.C;.¢Q@~ 
fot .~67 P4U: c:.nt an4 56 jpctreeat of'~h. Irawthl.nth. ptoduct1on ·fr~ 
da,1ty steer .. aDacow •• nd h.lf.t.~ t~'P,ctlv.l1. nO'II1:(aWth 'In ,.v,Z:ft, • 
• 1.\t$hetJ:we,f.sht .. lom.,<!9ntrl'but.d;Qn~1: .~·16 petc...nttotb.'~Q..,tb ,tn; 
tit. ptQductlol\ ·ofb •• f' '£ro •. ~t~.t •• t.'f :but., $utI.taut-i"l 32 pet C8n.t :to 
tn.t .t>£da1xy cow .• ,.nd htlftr.,. . 

'Wlm1;l\4s d.tetmine~tb'.. .;nans.. i.nslau$hter w.l!hJ:.ndn~r.? . ' .. ' 
CQunblt'fact\lJ.l,_1.ul_t1.cnlJJ$lllgtb,.,d,.1 provld.t.on •. -w._yoE.tln$W'r;,tluJ.thl* 
q~~t:ton,. ~!,::. 6$1':1}141:e4 *;'}!Qt t.tJH.relncluded 1nthe.oa.l.f.o~h.tlt: 
~.pl~¢at •• h.t.~pry. an tX()S4nl0\1I: v"rl.bl.i i. thert t$hockec!' .. an4·th. cIIO<Ie'l 1. 
t'un~(1 ,4«t'XlIt~.the.ff.ce on tb. :fJ.nalc:n.u;,,,.tqm (1n;,thl$ Qua"total dairy 
b •• fpt'o4uc:tion):II> ~. 41ff •. t'enc.b'tlt •• ntt~.,1.v.l Qf PtQO\l.ctf.on, in tn, 
coUl1;terfactual.:bul.e,iQn ·.and·ehe bl.totlcal l.v.l indte.t..th ••• ti.,~t.4 
1nfluencethat tb. eX,o,.noU$ v&t'i ... blt, 'haa 'h.d en tbe ,growth ttl ·prQ4uCl),tlon. 

th.'r.~lt., 1'>£ ,$uebc;Qt..iht.tfacttlal • .1.ul.tioll$ ar .• ' pr •• ent,d. inl\t.ble. S. 
the h1ftQtlJ!\.1 ~ro4uctlQnan41Jllt.ntQti.$.,fQt 1915 4tlc:l 19,85 .:.: •• howintne 
fl't •. t":e:wq 'line • .;; .. , When w&01fu.a1, be,fprlc;". 'W.~e held cqustant"t their 191' 
1.".1,eot.lprQdutt1onand'tnv.ntQ;1 •• fQ:r 1985 "'8ro J:ed1.tc.4 hy2.4 pel:' 
c'ilt~d 1.1 perc"ultt:,.p,etlvelY·I\. ,Holding the f •• 4. Sr-.1n.cost ,lnd_xan6 
lnt'J:.st r.t ••• ~ntuatJ :co",tant .ctnelr 1915 lev.1, (wbichwere ,hIgher 
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TliJU .. E ". 

~ompo.i-elon Qf DattY 1\.t!f P;J:Qduction.t;tQwth 

$ectpr ~d 
year,($) 

patry ',steer§ 

1971 ... 75 
1986 

Averag~. Jll.\,lgh~e~ 
weignt 

lJ 

kg 

316~7 
396.9 

DatI"{ Cava and, heifers 

1971 .. 75 
1986 

282.1 
346 ... 9 

-" .-.' -

Avet'age ann~l 
sl.ugbter~uftber 

:S 

"000 hd/Y~3r 

225,,5 
470; .. 0 

361.,4 
504~O 

(4) ftoportlons'of total growth ac:;co~ilted fOJ:bytbe compfJnent. 

Annual 
prC)~c:;tl~u 

v.s 

D«comp~sitlon ~f inc~e •• e 

W,.AS S,.All nV.6S 

l¢/y"ar kt!year '%(a) ktlyear-~kt/i*i.r' X 

11.4 
18&.$ 

10l.2 
174¥9 

17.4 '67 .. 3 1$,,1 15 .. 7 19.6 17.0 

,40.3 55,,'52.3,.2 :)1..9 9.2. 12.:6 
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TABUS 

Courtl:ei;factualSi.mulationRaa1.l1ta fo~ ».b:y ~e_f ero4uction and lnv"ntorl.,. 

Ht.tarleal 
variables 

~§J!!Ulltignl 

Wholesale beef 

Year 

1915 
1985 

pri.ce 1985 
eonstan.t at 
1975 leVEil 

Feed grains index 1985 
conata"').t: .t 1975 
leval 

Interest rates 
constant 1986 
at 1915 level 

»al;,yt'.,aal •• 

kt 

112.9 
l68.6 

166.8 

(-1,,1) 

156.2 

( .. 7.4) 

142.4 
(",15.S) 

(4) Includ&. daIry vesl ptodu~tion. 

l'ro4uctlort 

Dal'tY _le. 

kt 

l09.0 
182.7 

115,,8 

(-3.13) 

141.1 

("'22.8) 

1$6.8 
(-14.2) 

Total(a) 

let 

225.6 
353 .. 4 

345 .. 0 

( ... 3.1) 

301.5 

( .. 14.1) 

301,..0 
<'"'14,,8) 

Inventor 1 •• 

~.~~.--------------~------------~,~----~ 
DairY.feplas 

1000 hd 

1808.3 
2103.0 

2090,,7 

(~O.6) 

2' OOl~O 

( .. 4 .. 9) 

1881.9 
(~lOtS) 

0411;1 •• lea 

'000 hd 

'485.2 
977.Q 

954 .. 1 

(~2.3) 

814.3 

( ... 16.7) 

816,,6 
( ... 16~4) 

Tot.l 

'000 ,bd 

a ~9l.S 
30SD.O 

3 045,,0 

( ... 1 .. 1) 

1 815.4 

(~6.6) 

2 698 .. 5 
(-l'.~l 

Note: Flgutes Inp.renthese.at. poreontag. di,ff.~el1c;.ul b,tw •• u .• ~t\1S.i and .iJiUl~ted l''tOQuct!on. in 1985 .. 



thfc\ .tibs~qu.nt 1 •.•• 1.)r.duc;td 'pl!o~t1on .b1 14 .7~p.r" c.nt anet 1.4.8 per 
cent, r •• pec,t:(v.ly.an4 ,lnv.lltorJ. •• by8;. 6.nd 12.4 per' ~'ne respcctlvely., 

'n •. :r •• qlesf<tc' '~h. cOllpomints ofb •• fp,:odUctlon (daIry .te.er and cow 
beef 'produQtiQn).: lire .. "Iso pre.fmted.. Hotably, .da!:ty steer p~oductlon" •• 
'te4u.ced b123 pex:cent when thef ... dgrafntn(lexwa.,held. at ii.t. '1975 1e".1., 
Whlla,the ',pro~tionof 'beef ;£;0.<:0".: .lid ,helfet. was re4uc;.,ci. llyonly 1.4 
:p''fc:.n~. 

n. ••• , c~t.rf~tuat .ill'llaU~lot1#. ludtcat* thAt th.,rowt"h Itt.daltyb •• f 
pr~tton ,.inca the', .• !d-1910a h •• , been, ,.c:Jf,1e -prt-.rilY' .to. 1:b.e l'ld\1C:tlonf.n 
tnput'pl:ic •• on'X"th1,pCltrJ.04 •. andnottolnerl.se. l.n outputprtc .... met 
1:'.1'14 p-owtb, of ;sul'plyeart ,be att'rlbu.'ful topo11cYJMa.tlr •• 'WbJ.chbav. 
r.aw:;ed!;tlp\.¢pt1¢e. ,r.theft th.n.to 'in<;1: •••• 4, prlce.forth. ouqtut: .. 

NtC!'·Iplielti9M. 

J.p"n« •• p~li<}1 to"I1:'4, be.fhu. been ·Qf '.Jori-v0rta1+ce; irJ.tbe 
x •• ~turinJoftbe J.plne~ua .,rf¢ultu;:al.ectorlibleh h.. Qccl.tt:r:.4 ov~r 
'tll.I .. e ttt.ntyy~a~... t.bI •. 6 .ho'"tb..xt.n~ofth.t en.n,. .the.at 
.'ctot' .hN .. b •• u, })1' fa': tn- DQ$t lllpo~t.nt lJourceof .srQWth itt.gricultu.re" 
Its .• ~.i$.t'lp~o4uctiol\; ro •• n"1:"ly thr.~fQ14, :£ro.- 6, 2p.~eent In 1965 to 
17 .8p.t' centln 1985.. It: ~. ,,J.iIpQrt.nt .. I.oto not. tbatol'lly'ce.re.t'. and 
pul ••• have un4er lona anjrf"tllnoutp\lt. and. thatfallh •• beenlloa.e.t. 
thus, the elqJaIlItonln J .. p.n' .... t 9utJ:lut ha. :not }:)een.&t th..x.peuseof 
otl'1.r _,rlcultural sectQr •• 

FUrtb .. r. 'within the 'H&t'eetot'tproduct!on, 4£ each ofth ... jol' ... t$ 
h..SJ:'ovn.t xQUghly.fJa1larrate$;4 •• plt. thehiperlevell; of:no.l~l 
pt"ot.ctf.on forba.f l'!.ll.~lve:to .. vorlc.n(l e.b1ckt.tn .• refleetlnsthe highe,;,coat 
Qf b •• f 'Pt'odtu;tlon relative to othfU: .. llt •• 'na~, ;it .1'p.al,"$ that 'be.f 
retUl:'Il$,a:n4 hene.,b •• f production, .hav- .b ... ,naalnt.lned '1:>1 .. e.oabina.tlonof 
'be.af prlceproteetf.on,atJc1, flc:c:e,.·to :feedgrain.s ... t eto •• "t()worldprlces. 

Lib.ralt •• elon ofth. Japan ••• b.e£-.iket ~th.tl.. r • .,val of beef 
quot.. ... WQUld, in~uc..ubst.ttutlon tn d.w;,nd.:cth.ev!d,.nl~. forth!s is 
6tlcus •• -S b1t.al.t:a'1~(1988)' • Row,ver, lit;tl •• ut"stitutf.,onln .••• t 
produd,t!on wo~14b •• nptu:t$d, becaUSe :eb!cken lindpor'k prociu<;t.ion are 
already Intern.tlonall" coapO'titlve •. th1,1S f . tha cOTYJequeneesof 
IJ,beratf.at!on.for uatproduc.t.J.otlwould be latielydet.~ln.db1th. 
"JIa.!llltudeo! th.own,"p.rice supplyelastlcteyof be,f. 

th.pot.nt1alc.Qns.q~nc.sofllb.r.ll.ation of ,ligrlcu1eur.e, genarally 
hav. beencons1de'Ced byTyer.sJUtd And4rsoTl(1986)and .OECD. (1987).M has 
b •• nn<tted. Ty.~. a.ndl\ntler,on .stipted, the j)rl<:.eel.stlci..tyo£ beef ,upply 
asO ~8..TheOECD study' giv..tloinfot1Mtion on$peelfic supp.ly .• 1.,stic1tlea. 
!but 4c>..r.p<n:e .a"teg4-e. .grtcultute supply .l •• tlcf.tle$ fQr eheOECD 
cQuntrt.s. eover'ct~ Jli1Plu,l.$eagrieult~e. appe.arstobavethrhlgbC!lst .supply 
.lastlcl~ of allOECD .cQuntr.les ... JIOx;etnantwlcotllato! A,.ustralia. 

n..1Jiplie.tionoftb,ufe .high elasticiti.,·fst.hat trade 1i.berali •• tian 
1ilould :re'.ult in :l.tl.c~ng.stn nettradevolumen ~' for beef, a.ecQ.t;'d1ng,to 
Tyer,sa.u4 Anderso.n(1986, .1' .. S3.).4n.u.~lYtenfQldlnerculse,!n !aportS' ·to 
.I_pan •.. tf;\1. 'p~.dieted consequence 1$ of cour.$e:regardedas arlaj or gain by 
tbosef.-vQl¢111g.1f.bet.lls.t1Qnand ...... jor thl='tat by Japanese policy 
.... It.);'. eonccu:ned to .. 1ntalnsel~ ... ueelcieney., 
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TABLE 6 

V.lueot Prpdu(!tion: for J.p.nf.Agrl¢ult:"talCo~d.il:l •• at. 19t1OProd\J,cet l'r,lc •• (.)(b) 

Co_odley 

Rl~e 
()ther~oreal and pulse. 
Ftuitand vegetable. 
lndustt!al crop. 
}U,lk and egg. 
Other 11v"sto¢k 
H~at 

Beet and v~al 
PIg ••• t 
Chlcken 
Other 

Total 

1965 

Y. %: 

3 798 39,.5 
1 285 13.4 
2649 27~5 

22Q 2 .. 3 
61.6 6.4 
458 4.8 
594 6.2 
288 3.0 
235 2.4 
61 0.6 
9 0,,1 

9 621 100 

1970 

Y. % 

3884 37.3 
138 7.1 

3000 ~S .. 8 
240 2.3 
989 9 .. 5 
618 5~9 
941 9.1 
371 3.6 
424 4 •. 1 
147 1.4 

5 

10 4t' 100 

1975 1980 198' 

v. % v. ·X Y •. 

4 030 37J;2 2 985 28.0 ., 570 
463 4.3 531 ,5;.0 ~48, 

3 181 29 .. 4 3 223 30.2 3 361 
235 2.2 269 tiS 293 

1 02$ ~~S 1242 11;6 1370 
604 5 .. 6 665 6.2 604 

1 292 11 .. 9 1 748 16~4 2026 
468 4.5, 556 5.2 7'1 
601 5~~ 80l 7~6 886 
221 2.0 337 3~2 407 

2' 2 .. 2 

10 829 100 10662 100 11 '870 

t 

30.1 
S.s 

28.3 
2.5 

11.5 
5.1 

17.,8 
6 .. 2 
'",$ 
3.4 

100 

<al Allptiee.-.ie
7

s1u.pl.· Avatagesof .. tb..ub,.~.tegor!.. availAPl.e •. ,(b). Prle •.•• tl •• -(i98Qf-veJ' •• ;ttt<:od<f-fo• 
KAFF(1986., pp.241 ",80) ., i~cept~on.totbl. were ~ .• ugar cano.(Indu.~rl.1ct'0p,), HAFF(19S6a. p .197);,fus_tbe«t 
,(Industrial e~op.)llldexed to susar caneptice; .beef.udl .. gra~~hole •• le ,rlc.eofda1ty.t ... r~~J'A" (1986b. 
p,.60);eble1cen} wholesale p..-lce d,;tuUJodbroller, '}lAFF(1986b. ,.61); Fork. 11. diu. grade Wbolfusale prlc6 t lfAFF 
(19a6b.p*~1) lv~al •• S'forbeefi hor.e~4Ult (Other) J Unitv.luG (lfillipOtts.HAFF (1986bi p .. 8S); o~her .. at 
(Other).t average of p0l:ki-cblekan4nd hota_.at; stlk(Other Ilveat;Qck).apotqUotfltionl HAFF (1986&,p .. 131); 
al1k. illAFF (1986a,p.191).nd t'IPC (198'1, pp .. 18",21): (ttherdatrypt'odlict$(Otb.r live.tock) * KArl' (1986b,pp.61 
anq85) andtlPC (1987. pp.1S .. 21). 



I I~' , 
~. 1:'.l4~:Q.f. tht., $tud, .,uU'st that £Q'tb •• f th. pr1c •• lutlclty 1. 

C:un"eQ,tly' ,'~ 16Wft1:' ~tba~UI.db11:y.r. cd ~~.on (1986) - thatlt 
w..'fn tbtJ;J!'ec4al,lt 'put; henveryclos. t., tba~, u.ed by 1;101:# ,~: An"-r.on~ 
but bas: f.ll.~ 'bYM-.rly· balf ,QV4U: tb. peX'1~ 1975to 198',. 

Xo" •• r.l.- PQlley :~f:J.n¢r'''lti,bQtb~.tlcPto4.Uc.t!on ,and !aports 
of ,any' P~odq.ctl.,(llfflcultto ~l"t1t. Q,r.l.11lSprleutopr04\tC.'t~ 
%~ •• c;oMUllptiQ'n. ,a.nc.. f.'OCX' ..... ln output i~.d.bybt.sh ',pr~.~:and 
thu,s cQ ..... ,r 1"rte •• ,~n_r.111'Qt.tll;:'edue.d: 1fi'port$,., tn,contfgt,J.p,ane •• : 
pollcy...:brs hay. bfle:tt &hI. 'to_l¢p_pct both output ,1Uld '~,ortsof,'b •• f. 
!atwe.n 1975and 1987, ,t'1iltput 1ncr .... 4111 166 'kt(c-.rc:Q •. 'w'lltt) .ancJ 
J.apotts b1- .11!htly lu,.~ 184 let. 

tb.ke1tothl,.outcQM .. 11u,t>.anthe;fal1 inll1Pu~ ptice., te'l.ttv. to 
outputpr1c....As;th.. COlll\~rf.ctual sta.ulat1.on$bJ.vfl shown. "cllnes in 
inputprlc,.:..,.r. ;a.uchaote,!.aportant ~t.ratrtant.of output tncr ..... ,than 
~t5..1n iqqq}utp.l;"l.;.... 1:'Ms., 'ptlc.: t.'.d~tlQ:~ h.v.&..p.·~ lnpart 1=0 
fal1:!.lls!..:portpr:lc •• ~'1:bou&h J,pan. &"not. inthepa$t, .. 'h.d;.nexpltclt 
poll~y Ql>jactlva ofb •• £ :tJaport&roWtb~ dt. x-ast.lltacl •• rly '\1""~' bQw 
J.pc can •• t both do.atlcpr; ••• ure.for , .. lnt.inl11loutputand 
1I\te=-~1o~lp:r ••• u.r.. f",X" tr.a. '11l:Mir.li,s.tton~rrOlll.tr.~ viewpoInt j 
the .r-.ov.tof._ll.uxlffa. and, q~ota.wo\\ldb.th. 'pt.f.rr.d~ttonto 
Aust1:'allan'Pollcy ~r. : ••• cond~b.,u:option. which W()uld:: .till.-nabla 
both. OqtpLl~ ,Jno· :t..rts,'toStow,wou14 be. pollcycha",.fr~.,optputprlC. 
COllt~ttO 11lPut aub.ldy.. Theco.t:s oftbl. 'pollcy chans. ,to"tho;wlth 
tho •• o~"'t'bt l1t>.r.l1 •• t;:lon;,a.xe topIcs 'of c~r,nt ,A1WU;r •• ,arcb. 
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APPeND1X 

xt.·UP4tl. _f.i'~1MtIS>nR"s.o:;' 

Definft'lon 

,Sl.u~t.rof' 4at1:Y' :st.,,,* 
Slaulht'l:ofdld.l:1eQW'. and 
h.:tt'l:, 

stautntarQfdalry calve,. 

r~~t.ton ·of h.lffu:. ·to the 
4:k1r;ycow h.r~ 

:i':r:olaOti(tn~ of'll. If.):.to dl.., 
dld~t;Y,t •• u:'berd 

Averes •• 1ausht.~w.l&llt: of 
dall!l 'cows .P4 In.lfer. 

Av.r.I~.l.u&htet 'W!.lgnt of 
dal."Q'j te.l:. 

}.ver •• _ ,s-Uught.t 'welpt Qf 
da,t:qo.l~ •• 

Un1t 

hel: 

'htl 

bel 

elba'. inv.ntory of daltycOW$ hel, 

,HA.n tt986b') 

:HAFF(198Gb') 

cIC).ln$;, lmentoJ:yof' <3lry' het .KA!1" (1986.-) 
1\-lf.r,a 

tlo$.lnS, inventt)ryo.ftlal:rybdtfAFF (1986.) 
.t.ers 

ca:lvctlt • ..;'edbd n..ri.ved fro., equattoM 42 .. 4 

ltetur:nstoda1ry pi'c>dtICeX'$Y/hdJ)erlvIIlQ fro •• q;~tlQn At 

'1.'Qt.&·l q,u.ntlty .upp11.d, kt l!A!F(t986b) 
da,1ry :b;.e(1 'b.ef 

~t1,t.y ~upp11.d ,fro. datry kt 'H4Fr'(1986b) 
c;QWI.nd h.tfer. 

Quantlty.upplt.d f;':Qata.ltykt l'L\n(1986b) 
:st; •• t, 

.tW'F ,(1986b) 

'In@X9f !mportec! fe.4 
,raincoats 

Jn~l¢ »0:1:1ved;. from JapanTAtl£f 
Association (1986) 

(<;ontinued) 
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'\ 

Vatlabl.n.finltion Unit 

., llbol, • .t. ",tic. p£ _41_ Ylkl 
Ifade, ,~t.~ .t.,.~b .• f 

!8 !'.~.s:.·- •• I. ~1:ie.of .tltc J~, 

If ~~t1J\t;.~ •• t, :rat_. In&t~ 
uncOndl:tloa.l.; .• 11.W>M1. 
,I1\O.1:t tar. quoe.tltnl.J.p.n 

$ou;cce 

D*rivec!'(tQtal.l1kf.t 
P'f~.t'o ... l'C) 

Qw(19a6b);UPC(1981) 

LIllQ (19a7) 

(1)C.leul.~.4~lns bU. ~.llbt.f()r 198Q(~ ,1980). Tbep;f.ce •. ate 
rap1; •• ated ,b1tlte' 'untt'v.l~ •• of ~rt..wbt~l\ Inclw:li ~M •• of • Qthet 
:Jrlh •• t-(lO"Ol·,ll). b .. rley (lO.Ol .. Oll) ."!~.'(lO*O'·OlO)'.and ,a,o'.lf.MI, 
(10 ~07"'310lCJapan .t .. ~tff ./dsQC;t.tl<n'l' 1986) __ Dut\JSw •• t an4 .eyM.nav.x • 
• ~¢'1u.a.4 u tbey'VQ\l.lcl have r,,st%'lct,d •• tl_t:1Qnto, 1916 .. 16. tbl •. "ar1_1« 
V~."~,_tIO.t.pp,oPl'l.t.for~e . :lntlds,s'qpplY ~Ckl..it t.n • .;tt<l 
ella .. ,. :1 .. , world:! •• " "ainpr!.;: ••.. a$l .. tb'l'efo; •• llowed. . .st.ul.,ti.onottb. 
,fft.;t.of ,ehmllllJ'ttO):'ld .£le~.,~.ll1 prtc;,. CJn Japanes •. 4.1~ \J •• fl~ltJi' 
J\lrt~tIIOr •• tltl.1nde.x 1ifQfo\lnfJ,t;o~ott.l.t. e10.ely with prl~ •• 'p.i4 :i'oJ: 
f ... d~I;cmc:.ntr.t.. 'byJap.ncu.efaria;s. . 

h_tiM Al:~.c;t.dt: •• l d4tryretu~ 

'lJ - ~ •. (1 . .-,j,-:2., J-t. j)«PHttKti ,+ wel~Pt,)/Ft)/3 

~~'QIJA~:D.lr,ybee,ff.nv."'t.Qry 

Qj~ .~. RKJ +QJ-'l .~ SVj .iSJj +O,,5Cj 

;IAMttonA4: to.lty hel£e~.f.n.v.nt:ott (un<ie.'t 2. year. of .ge) 

KVJ: :·1{Vj.1 +O.S OJ ... l'Fj ... 2Hj 
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IslMtiptlfl6S:: k'.t-ry cow an4: h~lftt $14ushttr 

to,SCj ·~"'19~491. • 2'.~511QI(Jj/Nj) +2.368 tOI l(CJ .. 1 
<:",),,386). (""".:,,389) ('~~26) , 

~ •. 1972t:01985, 

a2 • ,0,,, 751 ca2: .. o~ 11' 

_"tor '.r~~~.,. Error .. ·,.t~ent"1t 
.tt.or 

If'an 411 '" U,," .. ,,2,,5 1.2,16Z, 

titS 426 ,." 426 ~ %''' •. et '1 .. 321 

.td. 4tv.~ :64 ,,, 4tSU.l 21 1;'3 7 .. ' ''' 

li"",»I" Ai: J)41ql>eet:;alau$heex: 

.. ., 
•• 
.lI·· .. '" 

101 :SIj'-0 .. '176: + ,O~8981Q,raJ"'1 
(0 .. 5,36) (8 .. 263) 

JIll!. 
,.cf~t rtror ".,c.nt ... 

et,.·o'" 

S". "20 .~.4'. .,. "'f/t .. 1..513 

400"1 Jfl, 440 ,3~ In 10 .. 1'10, 

"'4iS",. '1fiC)1.1 :J4 2961' to ,,'9' 

18 

,fror 

3U 52:9 ·U "'.1 '\01 .. 479 

~'2 "2 41 ",'0.5 '~7ot 

,,, 6Ot:~5 25. 'I' ' .. $1' 

gvn.!, 
efta .. '.rc;tnt."J 

,~ 
.tr~r 

~14 '7fO "'8 3"", "".$~m 

:38Q n4 3$ 892 .. 5 11+239 

70 402.2 'I 346 •. ' U .. tt:s 



A 

lo:I«Pj/Ci)l(l~$VjlCj» .19~234 ·2.306· lol($'(£'·".1 .. 2,,'-1.j) (Pi"Vei/Ft.) 
.(4 .. 2'1) (,.4.842) 

ltCNAlt '1!I! .. 2: 
,,(2/11) -Ii. 211. 

It.n, .",SE 
~tuat .,..." ,.~~t"' Ir .. if" '.tC"~." ,f'''", ,tt:Ocr 

"'. 5. %$0,,' " 1lf.S U1'.Ot .~!sr ·.,It &4a •. 1 "':$' '401.1 "'.$" 
·Mt: .44 .., .. ' ,:5 .$.3: 1.' ,",,4 "~'1' ,. '" ... i. "".1 i1.;J41 

't_~:., 27' ,.1J;." a4 _." l' .$,-.t ,JO",1al 24, ita.f .a 7" .. 5 ,21 .. ~'t 

It.S!1 
Ac=t~t Itr.t' 'er:''"tltc ,Jrrc;Jr- 'treertta'lt 

error .rror ... '1·'·,,3n 320.:22' 0*103 1').',,, 3.20 .. ~25 

-.. 31'."'" )·~.·,.,S 4 • .,2 1."2 320 .. 153 

·It'.v. 21 .. "1 ".~t '5: •. 101 t.'41 ''' .. 2'1 
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kutIRr.l.ta: Slat.,;a: "'lab~of • .lQ' ~.f .;1lN~ 
,\ 

Dj ;. 75 .. 120 ,,* 29'~'11(11(rj.lIrl"'l)i); .O~.", 'Qj"'l 
'(4,,25" ( .. '.941) , '(11.509)' 

,.rc.nt.,.. .t't.,. 

,lqSlltiAD AlQ:,Sl«\lIbte;,' ' ... lgbe ofa.t~e.lv •• 

litrcilftt..
I:t'fOf' 

Wj-'S'O.~l~, .'90.a08(ll(Pj"'llij .• l» +O"S56,Wj,.t ,.. 6S9.966 (lit> 
, :(2.143) (-l*SQ)' ,(2~SOO) ("'l*5:Q6, 

'bo.l~ 1912to198Swa '.' 14 

~'l .. D .. ag3 ca~ .0,,161 

!~ .. ~t. 

a.'ll 

hreM'..
cntr 

lrr~t "f~.,.f •• t 
.fto'" 



&;,.$'ItUllf: 'rOJlO;tlrm.of dait:y :~tf.rjtotb. ,If •• t.t:' .. tb.n .. twQ-y •• ~ b..~d;. 

101 trjil!ll· -", .. '15+ 1.~~11.10' :JYJ.l 
,,-1,.110) (3.54Q, 

..... 191! ·to. It., •• '8 14, lOYAl <\Ill 2 

:1.,. i-O.51.0 r:a2 -O~4iO :r(1/1~)- 12.'3.(\ 

~~ ____ ~I~~~t~f'~)~.-~ __ ~. _ •. __ ~~~~I=-~',,~,.~!$_' ~ __ ~_ 
,r",_,~".:t.. Ir"".r~ent":t· 

«~.. .ttt,., 

Ii,.;,. AI!': h .. tloMot f,,'l •• ;toth.~try ~bI.t hat<1 

-,- ~.'4l'NJ~.;t+ O.o,21lVj~1 
(1.'$1),(2' ",031) 

,~.1912't()! :li'.5 1101.,1.4 

2 ' ," ,',' , .2; :1 - ,0*'·24 ,C$t: ··:,0.101. 

'4t~tnt .. 
,ft .. ,. 

Con4.... 3.111 

It ... , '.l:::tnUIf; 
.,,,rot' 



Imlat'lR;. 6.~; .1 ••. £ '~tl" £tMQft,y ct'Mt .~ :htt;f',r. 

rtej; -UCj_SCJ,/1000 '000 

·'lIUtftnA',a,: :kf:I'1' b •• fptc>duceio:a 

Qlj. .WJ .;$'Jll000'OOO' 

1tQ'.~'.A'):~,'~ OM! e.l£ Y ••. lpt~ticm 

Q'lJ_i Wj",SVj/l.OOO ·000' 

Dlw.ti'q:nM!t: "total'44f.ty ,beet ~Y •• l ptodU,ct;lQU 

Qj:- QCJ +QlJ '. QVj 

..... '~Ic; ~··.tath:; .• I_t..tl"','....,U. 

nlns 
£rt.,. ,.rc:.nt* 

... r.r 

1 .. 194 '*~.' 
t'.071 :1 .. 111 

•. ' .. t1~' '.'" 
h\tt~~gXlAl$,:n.lt1t::aln. f.ared, 

101:0' ....• "" .. 591 + 1,.650 lo'J(C.' .... l 
." (""1,,,9.64)(4 .. 168). .I 

a2 ~·Of'S44 

SQ; '. 0.101 

ea,2: ,.,. 0 .. 6257 

SSR, •. O~l21 

'm •• ', 
~4J*tn 

'$."~. 

t_!~ 
.Irt.r hrcfnt .... 

.rr.r 

Q.~J, '1i" .. It' 

J.ua .~tIt$ 

l'~#.t '10128 

......... _.--""""""' ........... !t .... -.ff ... e __ ..... "'_ '~' ~~ ______ ~O~WW~"~~~!G_' __ ~~. _____ 
Error '.r~ent ••• .Error 

_fro, 

'941 S" 931 '" 

",'.3 "a '10 ~.!J6. 043 
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