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AUSTRAl .. lA 

Abstract 

~problem Willi t11e usc of llcx.iblc functional forms is thal ~-~· <!sUmatcd n.tncUons fruquetUy 

violatt~ the regularity conditions Ceg. monotorlicityt concavity) Implied by economic theory. 

Sampling theory methods exist for iinrx>sing curvature conditions at all non-negative prices) 

but such mct1Iods tnuy significantly reduce the OcxlbUity properties ofOu~ function~ forms. 

Baycshm methods can be us.ed lO mainhthtthese Hc~ibility pr.opcrUes, by b'np<>sing regulurity 

condilim1s at a point~ at scvi.m.tl pointst or over the region within which inferences will be 

drawn. ·wl:! usc Utis Baycuian approach to esthnatc a system or cost alld bt}lllt <!()St-sltiitC 

equations for the Austtalhm mcrb10·WOolgrowh1g scc~or. the imposition of both 

tnonolonici~y and <:oucavity constraints ~H several sets ur prices leads to sign rcvcr.sals and 

$ignificant t;bat)gcs in the .magnitudes of a small nurtiber of estihiatcd inpu( .. pricc el$tidties. 

KEYWORDS: cos~ functions, Markov cmun MortteCario. i~t.uality constr.aints 



l.JNl'ROOUCTiQN 

Estimated flexible f\lllCti(>tt~\1 forms frequently violate Ute monotorticity,. concavity, convexity and quasi,. 

convexity conditions implied bY economic theory. Sx;:unplcs from U1~ agricultural economics literature. include 

the profit and cost function estimates of Bctmll and Khulcd 0979), Jorgensen arid Fraumcni (1981) and 

O'Donnell and Woodhmd (1995). On~ solution to this problem is to impose U1csc regularity conditions at l.hc 

umc ot csl\matiou; n number of mcthous currently exist for imposing at lenst some conditions at aU non .. 

ncgauvc prices. lt is possible w impose globtll ~urvfttutc restrictions. fot example::, uSing eigenvalue 

dc~.:nmpositiotl mcthoJs and ntcthods involving Cholcsky f.\ctorisatitm (sec: Wiley, Schmidt aod Bramble, 1973: 

T<Lipcll, Alexander aml Shontwny, 1989; Coclli, 1996). 

l'nfortunatcly. the global i.mpositioil of CUrV~\LUtC conditHJUS force.~ JnflUY flexible functional formS to take ()fl 

propt.·rttcs not implied by cc()nomic lbcory. l1or example, imposing global concavity <>n a lranslog cost function 

may lead to an upward bi~s in the degree ()f input substitumbility, and imposing global concav.ily on a 

Gencmliscd Lconticf cost function will rule out complcmcrll.arity between inputs (Dfewcn and Wales. 1987). An 

nllcrnalivc approach which can bQ used to m:tirttain U1c flexibility properties of Ocxiblc functional forms 

mvolvcs U1c impositio11 of regularity conditions only at a point, at several points~ or over a n:gioh or interest, 

u&ually the region over which inferences will be diawn. Methods which Cl.lll be used to impose curvature 

restrictions locally include U1c numerical meUlods ofLau 0978) nnd Oallalltnnd dolub (1984) .. More rcccntl>'t 

Chalfant and Wallance 0992) tuid Tcrell (1996} have used a Bayesian approach lo impose bot-h trtonotonicity and 

curvature restrictions focally. An advaruage IJl' tbe S••Yesian nppto~ch is its ability to pmvide finite sample 

mfercncc procedures for nonlin~ar functions or parameters. 

The Bayesian approach of TcrcU eXploits recent dcvclopnumts in Markov Chain Monte Carlo iMCMC) 

simulation methOds, The usc of MCMC methods has grown rapidly with the availability or inexpensive high-­

speed computers and WiU1 the further dcvefopnlenl ofpowcrfui coinpult!r-.il1tcnsiw statl$licat algorithms. These 

algorithms, which include the Gibbs sampler and Ute M¢tropolis-Hastiogs algorltbm, can be U$ed. t{) gcncrnte 

nmdom vnri~blcs rr{)m a.. 11111J'gina1 distribQtJ.on indirccUy, WiUto•Jt .having to derive the density itself. Not 



surprisingly, MCMC mctlmus hav~ rc·v>oluuonis<!d Urlyeshln cconontctri...:s, where p<mcrior marginal dcnsilie.s 

can he aualyUctlllY diffiC~ll.t m impi)SSiblc to d~~ri.vc. 

In lhl!i paper we usc MCMC tnclhods to estimate n ~ystcrn of cust Uttd cost·stmtc t!(JUatic)llS for·~. sector of UH~ 

Au~traltnn \voolgruwing ind\t~uy. Tim~ emptrlC~li appl!cntion of Ulc MCMC methodology is motivated by the 

large number or cut"'aturc viutntious reported ut Uu:. study by O'DunnclJ s~ud Wt)OtJianu. Although we rctah1 

mm.t or 111c fcuutrcs of .tbc O'l)onncU ttud Wo()dtnn<J model, umJ we use their lhUn set, we csbmmc 11 system of 

wst and cost*share CtJU:ltions which has tt less c<Hnplcx sto,husUc slrucwrc. mtd we fncus otlly ;mont:. Aul'lr:tlinn 

wool~rowing SCClOf (mCdntJ•Woolgtowing) JtrS(Cil~ of Uu·ett These S.tn1piificatiOrlS alloW US UJ teller iUIJStrntC 

the apphcahility mtd usefulness or the MCMC' technique, :.:mu sliH atlow us lH vnlidau! the cfaJ;ticity csumuccs 

ohtmncd m O'Donnell and Woodland's eadn:r work. 

The outlmc or the J)apcr .is m! follows. ln Section 2 we f.ranslut~ a stt.mdard ecru1omJ,; model of producer 

hchavwur mto the systl.lm of cost nnd cust~shure cquHtH)IlS to be used htour Cnl(lirical work. Tbis t!rtlJ1itknl 

model takes the form. of the ScemutgJy Unrelated Regression CSUR> .model dlscussctd in moH chmu:mtary 

c~,;mmmctrics tcxtbuok5.. ln Section 3 we t.fcscribe two ahcrr\lttlve but equivalent Hcrntive procc~urcs fnr 

obtammg mtlxtmum likclihoM estimates of the SUR mm.lt~f f>nramctcrs. We, ntso (fc,scribc the Gibbs sampler 

and Metropolis ·Hasting.s. ~\lgoritlnns. Md the ma.rmcr in which rrtunnton~.cUy Md curvt1ture: restrictions cun be 

tmposcd. ·nm data ttre described hJ Section 4 aitd the esthnalil1n rc.spHs ~tre presented to Section s. 'fhe tc~ults 

arc evaluated ill tcmis ofpar1unctcr cstirt.Uttcs. prt!dictcd cost shares, estimated t:ft;cnvnlucs tUld C$titltatcd Jnpu( .. 

pncc ulasticiUcs. 'lltc paper is cc:mcludt!d if\ Section 6. 

our model is pr~dicaWd on U.c .ussuroplion that the tcchnoiogicttJ possibiUties raced by du.~ finn crut .t>e 

summarised by Uu! cost for)elioil 



where x ,., au <lx l l vector or 1nj1llt&. w ts t\1\ (J xI) vc.ctor of H!ptlt pd~cs ru1d (J is scuhrr output. tr t.he prod\tcUon 

~.:uncavc nnd contiuuous m pnccs tChamncrs. 1988), \1orcovc1'. t.htr Hessian mutrix ur SCC()Ud order derivntivcs nf 

the CO!'.l tunctmn Wtll be S,Yil\0\Ctdc. Our· }ntcrcst Hcs In the prupcrUI.!S or mtlUOltmicity ~llld (!OUCilVity. nod Ulu 

manner 111 wlnctt these J)r\Jpei:UCS C!ltl be Ul'UlOSCd <m ~U1 CSltO\fllCd llcxJble ftillCtiCH!Ul form, 

f\ tuncunnal form lS flextbl.e •f It CHJl Jlro\'ldc n lnctd '1'\CC<>tld·titdct npproxthutUon• to un arbitrary fuuctiunal 

ll971l tmd Uu! tran~log illttodoc~d hy ChnstcOS!!n • .Jorgensen HUd Ltm ll97lJ. We follow 0 10ormun mid 

Woodland and ussume .a consUtnt tcu•rns to scale tflUJSlog rurtcltomtlfotm. which implies a cost function of the 

tonn 

where C' represents Wtal costs. w1. represents the pnce of iuput.l nnd t is a lin•·.:. 11 '~:fief which js used to ¢aphJte 

the effects of cxog,~nuus tcchttical change. 'lhe fttcHn: cost-share cquatiom~ ttrr! obutincd u~~n{J f:.hcpbard's lemma: 

where si represents dH! cost share of itlJlUt i. It is clear from cqutlti,ms (2J and c:l) tb~l our aJilsl.lnlCd fQrm or 

tcctuur.al change 1s Wcks ncuttal.: fnetor shares ilt'eonaffcctcd by tcchttiC!tl t;hangc WbUe unit ccsts decrease nt1~ 

constant pcrccoutge nUc. 



Some of U1e UleorcUcttl {}f()J}Crtics ttf UlC COS( ftm(:ti~m f l) CUtl be PXpi'¢$SI,!d ill t(.'Ol1S bf UU::~ panunete~ app!~rln~ 

m cquaunn C2l Spccifi\.~lllYt Uucar lmnmgcncity nod symmetry will l)(! snUsllcd if the patatnctcts satisfy the 

rcstncuun.!l 

l 

1
1.

1 
rt

1 
t:· I. 

and CrtlS!HiCCUonal Ulll(S by int.to<hn:mg tlH:r nrm nnd Umc subscripts n Md t (n;;;t.t ... , N and t.:l. m; T), 01)1' 

cmptncal mudel i~ gJVCrl by: 

j = l, .... f .. J 

where t mt (I= I .... , n tcpres~ttts stnusncal muse. Ntl(C thltt we have adopted the u$UUl practice or dit>J;>plrlg oue 

share cquatmu to uvoid shlgulatity of. me CJTOr covariance trulttlx.. 1'hc share and ctlSL equaUon errors ate li.'!Surnccl 

to be mdcpcndcnU}' and identically dLt;ttibutal uvcr fimts and thne wi01 properties: 



The model giVCiJ by cquath,.'OII (4) \~) ('1) ha~ an idCl\liCi\1 detcm1ioi5tiC structure an<l 1l similar tilt)clmstjc. StnJClU(Q 

lo &he model of O'DonMU at1d Woodhu1tl. t.ike 0 1Donncll and Woodland~ our st(K!httsUc a.~l)ump~.ious allow for 

wnJun· Hml contcilll){)tancous cortehihon txmvccn thn tUslurtl1l1lccs emt' i:; J ..... l. However~ unlike O'PonneU 

and Woodland. nur umtcdying r.conom~~ trH><!ct l.goorcSc ytcld uJiccr4'dnty.tmd,:Lt) a conscqucnc~. our c;ost function 

due~ mll have an. cm.1r componcsltS strucmrc. 

In tlu~ sccuon we dr;scribc four methods fm cstiin~tUng lhc pnramctC..'fS o( tlm model ~~ivcu by cqmuions (4l 10 (7): 

twu equivalent. methods tor ohlammg nu1ximum hk~hhood t:~Um~•tt!s. the Oibhs s~1mplcr tintJ ihc Mct.topolis .. 

Hasunp,s algortthm. The maximum likchhood methods we ucscribc do not allow for Ule htJposU!on or 

monntomcny or c<mcuvtt)' constnunts Nor docs nut Gibbs sampler; the Ojbbs snmpl~r lS only used in UUs 

WJdy to tllustratc an aHcrnnttvc MCMC" tcchmquc and tu provulc a benchmark by wh1ch lO judgt! the results of 

the maxtmum likcliho<Jd and Mctroptlhs .. Hnsnngs npptoachcs. Out description or n st.andatd Mcttopous .. 

Hasungs algorithm prov1dcs d(!Hills on thc. modiJicauons neccssar:y to ensure ttuu monotrmicHy and ccm~vjty 

t:ondtu.ms arc satiSfied, 

~ I Maximum Likelihood estimaU.nn 

l;:; l, ... t 4 

i = ·~ .... 3 



6 

(9) 

and tht• dcfHttttOilS ot Xmt t1 ~ l. ... 4> conf(1flU In the dcfmiUOfiS nl 'l• U ;l.:i L .... 4) and nrc obvious. N111tcc 

rnun cquauons (9> itnd <tO> Umt the fl, u :.::~ L ..• 4) have muny ctcmcnu; In l.!mnmtm, h\dccd, the tc~tticUons 

p1vcn h;r cquawm t4 l .mtd the rcstticUons: Hntllicu m I!{JUUIH)l\s £9J aud t l OJ togclhcr mean Umt rmly l t of the 3 I 

I) II 

\' • 4 

where Y1 = cy, 1 1• YtZl* .. , YtNl• Y1t~' YtZZ· "·· Y1N~ • YH~·rl' JS CN'txl> Jbr nH lltnd X1 muh~1 ~(re similarly 

defined. ntthuutdt it. rs worth noun~ Umt X• Is tNtx!h In• 1~1 ..... 1 amt X4 is fNThf6> Thus, we cnn write 

1J1c t!mpwcnl model more compucUy ns~ 

C14l E{e} = 0 



where l::::: ( <1tn1 J and t tlftt.l tlltrc, known mtitrl~cs of (mlcr f2()x31) ~md (2,()x I) respectively. T~ tnod(!l JJlVCO by 

equations c 12) to< \5) is a stMd~'l.fd restricted SUR model cscc. Judge er nl. 198St p.469413.}. 

To nht.a:n ma~imum HkcUhood estimates we note rllnt t.h~ rcstnclcd Gcn(!raliscu Lca\t Squnrcs. <Ol .. S) cslima~or 

fnr ~ tl\ 

"'here c = IX'tt· 1 ®t~.,.)X'J 1 nnd p = cxn; l®lNtl~~ 1s th~ unrcstrictcd Ot.S cstnJ'I~tot. ln pracucc. n::slrit'tcd 

E~umatcd Gcncrallst~d l.ca.l)t Squar.::s fE'.(JLSl esomatcs t:M be .obtained by tepl~ICJng >.: m cquaUon. r1 Gl wtth no 

c~umatnr t constrw;::lcd usmg rc&triclcd or Ullrcstnc:tcd OLS rcstduats, Of t,OUrsc. Mother Csthn~H!) of a cnn be 

ohtmnco by rc(llncmg t m equ~tmn l lt'll W1Ul atl esomator based on the restricted EOL$ rcsidunls {NtU!cr tban 

OLS rc.\tduals>. ln ract. we c~m cootmuc to updi*t~ our cstinunc~ of jl ond l: 111 ntl Hcrttbv~ way ;:mdt iC th<! 

diMllrbanccs arc muiUvnnntc O('~nnal. thJs ltcrativ~ pro<.>css will yJcld ~he max unum likcHhood eshtrltltes. 

The 1tcrauvc pro~css described above can be t•mc·oonsummg: iJ U1q: nurnbor of rostrlctjons to ·be impo$cd :and 

parameters to be estimated ut each btcp ~~ large. An alternative hut equivalent. estimation procedure,/ Wbi<:h is n~'t 

nnty taster hut can also be useruUy e~ploHcd hl mtr 'JH•ycsion npptoach, lnvc·•lvcn mn~inH.nn likelihood 

csumaunn or Ute s~bsct or lJ•rrce· paramc!.ets ln ~. Arter cmlvcrgcnce.. Ute remahlihS ZO m~xlmnm likelihoOd 

csumates arc dt!riVcd from the 20 parametric tCSlfiCUons RP= r. ro implement the prot:cdure we r~;urnnge the 

rnws or~ and Ute column~ or X and R in such a. way that cqu.fltioos Cf4} Md U3> cmt he written in Jhe folh;wing~ 

partitioned fon:n; 



where x 1• X~. R,. Rz. yaud Jl nrc CN1'x2<1)t (Ntxll}. {20><2()), (20xtn, (llxllJmtl (20xl) tC.«iJ1Ccttvcly. 

·nH.· vector y contn.irts the. subSet or J l 'free' pnntuHHers to be ~sUmm~d in the Hrsl stu)_tc, 1\ttd n conudns tbe 20 

rcrmunmg patitnll!tcrs il\ f3 Which Will be cstittlill!!d USillg CStitJliU~S Of 'Y JUlU lhc following cqUIVt~I10t fOrtn of 

cqmUtnn ( 1 8l: 

Re..:ullthat the vector· y ur 'frt!c* purmwncrs cutuuH•~ pnrMHetl!ts which cunnol be obtained frorn oU)er pnmmctcts 

and rc\tneuons. 'l'u esunmte ywc usc c 19! to rcwntc < l7l ln Ulc fot.m· 

whurc x• = Xz • X1 R j1 R.z IJUd we have c>:.plolted the flJct Uutl r Is n zcm vector. "rhc model gl•1cn by <20). C14> 

and 1 151 ts un unrestricted SUt~ nt )del. with cuurusttsct~dl OL!{' cstimntor rory givert b~1 

where c* = [X~'tt·l®tN't'lX'l l . Ag:tln •. in ruacth!(l, f!Ot. .• <;. csUnmtes con b(t o~tnhl¢d by rcJ'Iacing t: WlUi ~ill 

c~umutor constructed usiug tmrostricwo. OLS rcstdmJis. Morcuvcrr lf the disturbm\C{!S nrc ilH.IlUV:U'i~tc nonntd 

then n mnxtmum llk(!lihood csUrtmte for ''Y c:m be obutincd using lbc HcraUvc t>r(ICcdutc described ttbovcf 

The formuluUon or our cntpirjcul Jlt(ldcl r•s lU'I tJnrestriclcd SUI~ model (l!qutttiOJt5 C20). 04) t\Ud (J 5)) ia 

cnnvcnicru rot Btwcsum nhlllYsis bccfnisc a number nr rcJIWMt rmmlt$ nlt~~4Y npfl¢;lt h1 diQ .ti\J}htstrc.ttm 

econometrics Hlcr~tUt~ Ccg. Judge. el aft pA18~80). The cornl.!tstc.mc of nttyesHltl Mnlysis ls Uttycs 'rbcotcm 

which, In th~ i'rcsco~. context, aUows us to sum: OHU: 



wt\l!rc 01 dl!U(HCS 1Jlf0Jlllrumml lU\ ny. ·l:.l y> is J.he pmU~rior jojut dCJlSU> fiJilcUOII for y !Uld .t giVCil y Oho 

postcnnr dcn!!UY sumrnnrtscs nH the infonnnUon nhnut ~ nud };, nOcr the ~!111\plc y hilS l>C<!Il ohs~rvud)l l~()' I Y) 

l:' ~~ the tikcliJmnd nmcuon c~mm.ruurisiug nll th(! MUnplu mrornummn. nud l"'(y. l:> ls lho ptior <Jcns!Jy runcuon 

tnr y nnd I: oumm1ntismg the mms;\tnplc infnnnnuon ntmul y and t). Our interest Hl!s in lhc pustc:tlor duosity 

l!y.) : y·), and chnmctcristics (¢1t·· meuns iutd VittllulCCSl uf pnst.ctim mnrghmi dCJ\$IUcs. wltich cuh (>U, derived 

lrnm tt. 

We hcgtn wnh n stuiHh\rd Unycsinn trcnummt M the unrestricted SUR mmtul nnd .ttss~m~ thnt e is mutWmthttc 

nnmml Under tins HSSIUllfHlOil the .likelihood [um,:lioH is glWU by (Judge t!l li/r p.478) 

where A ts rhc 4x4 .~ymnu.Hhc nmttt:•t wuh Cl. _pth clumaut u1J j:l <Yi"X,!1l'CyrXj'Y>• ln wJdltit1Ur we use n 

nnnlntornmuvc· jtlull pnor: 

where pCy) ~ constant. pet> to'.: ltJ·tltl )/~ iS Um limiting form of n Wisluut donRity. the r ii nrc the seta t)f 

pcrmiRslblc pantruetcr vnlucli when mmJOlfn1icny nnd coHclWUy wrormnuou is Cs¢:lJ nnd is no~ Cs::;2.) 4t.Vh:UabJc, 

nnu Hyc. r 6> is un itltliclltor .nmcuon whfch Ulkc$ Ul(!J vnluc I if yc r8 ood rakes 1J1c Vtdtt11 0 mhr.!twisc. We 

choose n nontnfmtnativc priot bccmusc. il uHows us to cumtmrc our nu•ximum Ukotihoml result.~ with our 

nuycsmu rcsuJ~lt whether or not .monntouh:ity nttd cnncuvity mrorn1i1Wm is nvuHnbh~. N(H!! U1~R Uu) nlg(~brJUe 

turm oi the priOr pf'ft t) i& 1mcJmugcd by the nvKlllnbUJty of tmmotonlciW nud concAVitY fnformnfiotl. cvun 

lhnugh the rcgmu OVt~r WhfCh it is deritu.!d jg diffcrcnl. 11Jc SflhJ9 t~ trne CJ( the juhtt fK)~tcrior tfctullty WhiCb fR 

gtvcn by cJudge (!/:Iii, {).479}~ 



'l() 

We nn · p:u·ucuh~dy intorcst~d in the flOSt~rior mntgUml tlcusmc.s of the el~m<:iUs or y, f\!Hl Um mcm•s nofl stMdatd 

dL•vmuous of t.twsc fiOSt¢rJm· dcnsH!i!S. UnfbttllMt<:ly, thc.sc tcsutts cunm>t b~ obtnined from C<tUIJUOJIS C2Sl ttmt 

126l nnatyucnlly. ln:{tcnd. we must usc MCMC methods to tlmw t\ SIHnp)c from r<y I y). We Uum u~c U.csc 

,~.unplc obscrvnunns ttJ ptm csunmtcs of the matginttl J.hmsitics nr the clcmoms of y, nod w estlnu•~e th~h' 

mnmcnth. The two MCMC nlgorJthms we use tn gencrntc thQsc satnplcs. am the: Olbhs sn•nplcr und Metropolis· 

lla.,tinl!s ulgorHhm!!. 

L .crut lllustrnUons ittul discussions or the wmklugs of the Oihbs sumptc-1: can be rouud in C!lStllhl Md Otlorge 

119tJ2) uud CIHb ilh.d Grccnhcrg 0 993 ). li:l the present context~ the Oihbs sampler is an ulgorlthtn which 

cflccuvcly samples n·om fCY I y) by ltcmliug ns Jhrtows: 

Step 1: SpccUy smrring values ~1>, r..U. Scl i::.O. 

Step 2· Ocuctntc '"fh 1 from fly I t.i. t> 

Step l Ocncnuc ti+l from f{}; 1 "YI+t, y) 

Step 4: Set •~i+l und U(1 IJ) Stt!p :i. 

Thts ucmuon scllcm~ produces tl Gibbs sccJUOflcQ nr 'clmin' ~tt, 1;l1 y'-. t2., .. with the ptop¢tW thnt~ for tnrgu 

k. f is uffcctlvct)1 n Silll)f)le poinl frt>lll f(y I ~~). 'ijttlS, ln practh::t~, r .... , ofHll C~IU be rcgnrdcd Rs fl5ltntpJ~ 

trnm f<y I yJ· in this pUJ)Ct we set k~?G,OOO !Utu 'butn•hl' period) ~Utl drAW .H :mmplc or si'l.c fl'lc~UX)(); We 

ltcncratc smnplcs or this sil.c bccttusc. the ohscrvnUons In our Oibbs cHnitt lttc con,;lntcd~ ~rnrdlt;r IUUllr'lO tdt.CN 

cnuld have been used If' our s;mtt,le <>1' site m wt•s coustrt•ctcd using the mily th~ Itt$( obs«!tvatitm 10 m 

mdcpcmJt:nl Oihhs cl1ains. 



where y lf-l th~t 014S csHntatul' given by equation (21 ). Thus. Hy I };, y) is proportiomd. to the. dcnsi~y fuuctioll 

of a muluvnnutc rwrnmt tun dum vnrjablc wiUJ mcuu vccwr y nnd covl.u-i!mco: hUttri.x lX*''(t· 1®lN1,)X.,J·l. 

Acc,mUngly. in StCJ) 2 we SQlH!fn((l nhserVilUOilS r using (SCi! J)brytncs, 1970t p.l4) 

where z = <l1 • .,., t 11 )'is n vccwr of tndcpcndcnt suuH!tu-d nonmtl variutcs 1j""'N<O,l} (j=t, ...• 10~ und l1 is the 

< ltxll) mnt.tb: such Um~ a--r•' = (X"''c£·1®JN'li)~*J·l. 

ycllding 

Thus, nt I~,, y) Is proporuonat to ~Uilnvcrmd Wfsfmrt. d4nsHy function with pilfnrncwrs A, N~r !UJd t (see 

Zellner. 1971, p.39S>. Moreover, hlStcp 3 we can s<HH!tat!! obscrvaUons !:1 usin~ (sec Ohrytn<!lit p.14J 

where Z;; tz1JI is rttl.OxNr\ nuu.rix ofhitfcpcladcm $lMdnrd rHmnat variates t;j""N(O,t) <li#l, ~~., l.~J;=t 'l NT) 

and tl is Utu (Jxl) mntrix sucb Ulat Uftl·;::: A~l. 
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A dcseriplion ()f dtc worki~gs or tbc. MctttJpolis~Hast.ings :llgorithm cw1 be found in Chih and Grecnlx:rg. Tn th¢ 

price VCl~tors w1,. .... Wr proceeds Hcratively lt.S foHnws: 

Stell 1: Specify m.t ~~rbitr(uy starting vt\luc f which sr\tisfies Um com;Lrahtl.h. Set i=<). 

Step 2! Oivcn the ClbTCnl value yi; tlSc .a syntt!l\!tric transillon den~Uy qcyi; f> t<l gcuctate 11. Caildidate tnr the 

S~c:p 3. Usc the candidate vahJC r <Uld J)ri.C(!S w t ..... Wr (0 evaluate the nH)il()iOJlicity and nmcavny 

constraints. lf any constraints are violated tt!tutu to Step 2. 

Step 5: Gerl.cr:uc au ind~p!!ndcm unithml nu1dom varhthle U from lln~ interval (O,l h 

Step 7! Scl i-=i+ 1 and go to StCJl 2. 

Again. this itcrmion scheme produces a chnin yl. y2, ... with thu pt·opcrt;• Ulnt, for lnrt~n k, ·-f. is effectively a 

SMlplc point from f(y I y). thus, the sequence -f'j ... ~ yk+m cart once ngain oo regarded as a sample from f(y I 

)'). lmportantly, this sequence satisfics.J.he monntm\icily and conca,vityconsumnts at prtcc vectors w1, ... , w1• 

In lltis paper we usc a bum~in pcri<>d. of k;:;45.000, we dr:tw a samr>Ic of size m-=65,0()0, and we impose tlle 

monotonicity and C<lrw~.wity nl the r sets of average input prices wt :; tw nt!N (t:= I, .... 1~). In Step 3 tile 

moMtonicity constraint is evaluated using the signs <>f me ))rcdictcd cost shares~ wbile Ute concavity COl\St.raint 

is evaluated using the tnaxirnum eigenvalue or tl1c csUmat¢d Hessian matrix of the cost ft~nction. 

Notice from. Steps lt 2 and 41hat in order lt> make Ute Mctropotis*Hastings alg<)rlthm operational we n¢~d an 

arbitrary starting value y> which satisfies the constraillts. \Vc alSo need Ute trai\sition density q(yt, f) and the 

kcntcl of f(y). 
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We usc the stnrliog W\h1cs Q.t=0.25 (f::;L .... 4) nnd <xiJ::;O f<lr all i~j. these start1ttg Wtlucs satisfy the 

constraints imJ>licd by t!conomic theory bl.lt muy be ~oml! disuutcc from 01c mcnn of: f('Y I y). 01,1r \ltlU5U~Ily 

long hum-in pctiod hclt>s ensure the ctmvcrgc•tcc nr o\lrMelropolis .. Hastit\gs clm.in. 

The tronsitiun density q(yi. f) is assumed w be mulUvnriute nurmnt with mean yi and covariance rtlal.rlx 

1 X •· ( i 1 ® INT)X* J l <the csthnaled c:ovHrhmcc. tiHttrix of I he rcstrlctcll SUR <!stbnator y). In practice, it is 
#' 

cmnmnnplacc to multiply tbc <nrbitratily chosen} covnriiu\.\:C rnntrix by tl constant h in nrdcr m maoipulatc the 

mcc at whll:h the canditLW1 tIs U(:~,:cptcd as. Ute ttcxt \'tllUc hlt.he sequcn.;c. lu this paper we Si.!l h:::0.02 in order 

LO nrtain au acccptuncc rutc ur ~tpptoxltnutelt 0.5. 'fhis c.:onstnru was chosen by trial. and error. Given our 

ll,sumptions conccniing Ute trc\nsititm ucnsily it is possible to gcncnuc fusing (see Dhrytl1CSt p.14) 

wbcr;; .. hus been det1nccJ nbcwe. 

TI1c kcmcl ot tJm nmrgitml density f(y) cnn be obtnitted by intcgraUug .:E out of me jolllt posterior (26) (St!e Judge 

et a{. p.479): 

<12l f<y I y) Qe IAt·N'i'/2 Hye t'z) 

In practice. we attempt. to reduce numcricalJ1roblcms by calculaUilg. f('Y"'JmtJ as: 

c33> f<f)/fCyl) = exp[ .. CN't/2)1Ug<IA'~IJ + tNT/2)log<IAil) l 

where Ac and Ai represent A cvaJunted a~ f tHld Y. t!!Spcctivcly. 
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4. D.A:tA 

lltc data was originally collected by tllQ A\IStrlllitUl Bureau nf AgricuHUrfll Economics (AlJARlt} a~ part of its 

AuMralian Sheep lmtustcy Surveys cASlS). OtJr sritnplc Cl1tlSiSt!t or 3to lirnc~:;crics tllid' cross~scctttm 

nh~crvattons on Auslralinn mcritto wootgrowctlh coveting Ute periods 1952 .. 53 lo 1962~?\3 (t~l ... u 11) Md 

1904-65 to 1975-76 (t!:::l3, .... 24). f!ach ohscrVtttiO!l hl the original data .SCl is tl. rCC<1rd of the ~Wcragc f1nancial 

and physical dmra<:tcnsUcs of n gtoUj) nf fitms. 11n~sc ohcrvatiolls M<l used to ~onstruct obs~r\'(tUt1l)S Oil mHpti~ 

llJ). total cosL (C). 1nput quarHiUcs (xl nnd input prices (w). Inputs were grm,iped intn one of (bur brvad 

.:atcgoncs; lund, capital. HVI.!Slllek ru1d other inputs Hnctuding labour, equipment, i~uttctials ~•nd services). A 

more complete description t)f lllC dam cnil 00 lhun~ ln O'Dmu1cll mnl Wo<)dlund. 

S.RESULTS 

TI1e results were gcucr;~tcd using SHAZAM <White. 1978}. ln this sctU<lU tJu~ tcsull~ ure cw•lunwd in tcm\S of 

~sumates of the unknown fh\flliMtcrs. predicted cost shnrcs. Ci/!CIWalucs or the l!Stirtit\(Cd Hessian tna(.riX or 
second order dcnvativcs oJt Uic cost function~ uod cstirn!ltcs of th1.1 own· and cros~·pticc cla.~ti<~ilics. 

Maximum likelihood csthll;Itt;S or the Structurtd ptmmtctcrs ·~ nrc presented in Table l ttloug wru. Ut¢ ~1Cat\s or 

the samples we obtained using .the Olbbs :md Mctropolis,;HU.$tings qlgorltilm$. 'th¢ numbers h1 pill'cUthc.~cs ate 

either lhc standard errors or the maxinHJ!Ii Hkelib(){Jd cstitrHUes or tl)c smlldatd dcvhU,ions or .out MCMC slltn()IC.~, 

Om maxhnum likelihood ~sUmmcs arc similat(o Ou~, rtJ.axinU.Jtn tiJcclihoodcstimutc$ presented by ()'f.)OnneU aild 

Woodland. TI1us~ it ap}k!ars that our spccifi<:i\Uou QC a Jess complex st~hastic .strtlctutc Md our t'oc~s oil only 

one woolgrowillg sertot iostca(l of Once .b;is had Utde or tlo cf(cct on the sigU$ or magnitudes ot the slo~ 

coefficient.'; or their statldard errors. Note that [llt coctficicnts arc. st.atbUcaUy different from zero at U1e osurd 

levels of signific.:nnc~. At so note that the cocl'fi~icot (>f the Ume v~ltiable in tbe cost runtUoo is a mc$1$Uf'C uf tbc 
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rntc of technical pn)gress, and Ot1r n1nximum likclih<XK.l \!Stbnatcs suggest th!it the 4Ulttual proporliOilalreduction 

m umt costs as a result or techrHcnl ch:mgc is ht th~ order ot' 3.2%, only slightly highc.r than lhc estimate of 

2.9~ reported by O'Donnell atul Wo(K.llalld, 

Tl1c strong smnhuity between the ma.xinnun.likclihood and Gibbs cstim!UCS pr¢scntcd in Table 1. rcll~cts our use 

of a nonli\fommtivc prior. ,.he use of ii. lu.minformativc ptiot hnplics thnt On} IOCijtiOtl tllld sbn~ or the 

hkclthood fun(!tion LCy I'}'. t) will govern the location nnd shape of the postcr1or dcll$lty rcy. t I y), and. ()f 

course, our mnx.imum likelihood and Gibbs results tmve bect1 dbtnincd using UU$c two funcUons. Note~ 

however. Utat tlt~ sumunrd dcvtntiN1s ot: the Oihbs s:mtj1lcs arc ~dwuys higher thilll the siandard crrorn of the 

maxtmum likelihood estimates. 11iesc diffcrc.nccs arise because the standard errors of .the mtiXimum.likelihr)()d 

(!!,Utnates do not account l'or the unccrt:tlnt)' ll'iSocmtcd WHh tbc csthtHuion of the vrrriancc·covnri:m<:c ro~ttix :t, 

The standard deviations nr the Gibbs Sttmplcs do accuunllor· Uus un'C<:rt~ljnty. rot lhis reason.* nnd bcc~n!se the 

maxmmm likelihood mld Gibbs. cstitnf\U!S nrc very stmllm~ we shall Ignore tlu! tlUtxirnum Ukclihtxxl estimates in 

the remainder of Utis pnpct. 

Fmally. there is a rcit,~ortablc shnillttily between Ute Gibbs and Mctn)po)js .. H~lstingSI!sUmatcs Sircscmcd in Table 

I In fact. only U1c first· aud .scc<md·ordcr coefficients tlSSOt:l;ttcd. With the livestock ioput appear to he; very 

different: UJe mc(Uls of th~ "ihUfions of a3• cx23 !Uld <t33 appear lO change signific.wdy wU,h the i.nlpo~ition 

,,f the nuJnotoniclty and conc"Wlt)' cousttaints. Vi(}lauons or these construint,s nte assessed be tow in term~ o{ 

prcdtctcd cost shares Md th~ ctgcnvalucs t'>f the cstfm(UC4 Hessian n)aUix. 

J>rcdJctcd CostS~ 

Monotonicily rcquirts Uut(, the predicted cost sbnrcs be positive. The Oibbs sampJcs were used .to ch!!ck this 

rcqmrcmcnt at thu 23 SCI~ of average, iUput prices w t ·= tw IHIN (f.*l~ •••• H, 13, '"* 24). The dismb4UOns or 
tltc predicted cost shares wcr¢ unifnnnty found to U!! between zero and on¢, Jndicatirag. that mon()tPJ'dcity wu.~ 

11atisficd wiOmut the inipO$hion or coMtrAints. 
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hu· the esttnmtcd cost f\.tncholl t(t be cons.tstet\t wnh economic theory it rnun be concave* rcqmriug that Uul 

c.·,umtttcu Hcssnm mntnx ot M!t.:oml·<1r®r pm;r dcm·ntn·tts be ncgm,ivc scml~d~Hnitc. A ucccss~ur and S\Jffi~icrtl 

~.ouduwn for ncg~'nvu sctnt,dc¥ltntcncss ts that f~U Ute C}gcuvnhtcs be mm"JIOStlive. <YDonocU ;!ud Woodltm<f 

u'cd tht~ c.;ntc~mm m UJeu· study ~uuJ fouod lh:tt the cuu<:nvli)' condtbnn wt~~ violated ilt 36 out of 69 cases, with 

man~ 'mlatmns nttrtbutcd to u. pustlt\'C respon~c ur the hvr~tock topul lll a clmngc Ill lt~ <>WU price. 1'ne 

hH·~tuc:k mput sc<.~nls to p.lay !Ut cqunlly mtpnrtalH ru.lc m our Mtnty. n~caU Oun uuty the CtnenM of the 

dt'llnhuuons nf tll\!) l1vcstuck cnCHI,U.mt~ &PfiC•U tn clm!lge .~ugmfitantly Wld\ the ltllposit.IOU Of dlC CttnsU'tlU1lS. 

< hu Gahh~ l'.amplcs were used tu ~,;heck ~:.:mlcant}' .ut O\lt' l~ set.!\ nt nv~rtl!tc mput pm;c.s tuttl some uf the tcsuh~ 

arc prct,cntcd m Table 2. #tahJ~ 2 prc~cnt~ the m~uus ~md swuda.rd dc\•mtlnns nf the uuuamu.m Clgcl)valucs 

utkulatcd usmg Ute (hnb5 snmplcs ll out. of· 2' nf these means ore .pusuwc. n n:&ult wltl.cb Js cousast1,mt With 

Ul(' result!:! of O'DmmcH aud Wnodlllnd Tnblc 2. ulso pr~sctlls uu.: tncans of th~ ma~unum cJg¢nvah.lcs t.ttlcuhttcd 

usmg tJw Mctropohs-Haslings samples.. Of ~:nufbt.:. tbe ctgcm.vnlues t:Htcvlatcd {Ising the McU'O(Xllis .. ftasUngs 

<;mnplcs ha•·c bccu ~!l)lJStr:unco to bu non·JXlSittvc 

n.~c ct'fccts o1 imposing coucavdy on our c~Umat~d cost ftwcuon u.rc further illustrmcd ln Figures l to 4 wht!tC 

we present the CSllll)atCd pOStctiur pdf's Uf the tiJUtltnum cigenviUUCS ill four repmsCilU~tiVC ·.m,C ref'lo~b (l;;;l} 5, 

23 antl24l 

Several tmpiJrtant observations ctttergc t rom Figures lto.4 ,. First~ it) an ca.~cs Utero is a :noUccahle Jcfl,ward shlft 

m U1c postericr pdfafl.er Ute imposWtm of the coltC*WJty <:onsttnhu. evert when the uncotlstrdJncd pdf ar~~dy lm.~ 

a htgh positive probability over the negnUvc nmg<! or uu:. real Hlle Ceg. Piguro Z>. Tbi$ suggest$ that t.bc 

posterior corrcluUorts between Uu~ nu•xitnOll\ eigeuvafocs iU different time petlods may oo blgh • .Second; tJiost or 
the corlstrahlcd postcriur pdrs have ·;t. reguht.r shape. without severe l.rurJC!lUoat at. zero. (.Wen when .• he 

unconstrained pdr ha.~ n high p(>silive pr<~h .. bHUy <Wcr tbe positive range or titc tenlline (eg. FJgure 1). An 

cxccpLion i~ the ~01J$tr~ocxf posterior pdf iJ} Utne Jl(!tiod t='24 (Fig.ure 4 ). Atl eJtplanat.i(iJl may b¢· fouU<l in l'~ble 

2. where we observe JJun the posterior ;tU.HUl or Uie UOC()fl$U'ai0~4 m~<imum. cigctrvab.J; in tim~ period ~24 i$ 
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tugbcr than in any otbcr tim~ pcri.od. 'fhJS suggests thm c()n5u~~Jlhtg this eigcnval!J¢: to be o¢gliUvc m1ty tl&v~ 

hccn sufficient. m impose m~gativny on the rc.nuHnder. tb\rd. tne const.raitted pustcrlur pdrs appear tn hnve 

~omancr \'artnnc:c Hum tint unconstrttincd pdf's. tnt obscrvn\lun which is cor1firmed by l()()king at the :Standard 

dcvtatums prcscmcu m 11lhltt 2. Tlus i~ not Slll'Jlttsiug: the lniJ'IOSiltorl of rc:stn<:titms wUI nud::e the McP'opotis;. 

Hasungs csthnmusnl<)fC prcci5C, r:umUy, the UI\CO(l$;lfi1H!Cd posU,:.,rj()J' pdf's dcpiCtctJ in Figtlrf!s :2 utld, 3 tUustrate 

hov. the means or tlle t••scuvnhlCti reported m 't"nblc 2 may understnle Ute degrct to WhJcb the: con~nvJty 

nmMnuntls \'tnh•ti!d. Even when the postminr tllCtln l!i ncg:1trvc. concfwit~ can he rcgJirdcd as bcJn/A violated 

wb· .. :l!vt• , \lc postctmr pdl <'If the llii\Xtn~UD.l t'Igcnvaluc has pOSltJ\'C pmbt\hiht)> tWct the pt)s.iUVU tunge Of thC 

real hnc Lfstng thir; crt tenon, the Gtbb~ us.ttmntcs Vlolatc cnncuv•tY in 14 out or 23 tune periods 

The tmpostuon \lf rcgularuy cond•UOJt~ on. our csunlatcd toM fuuctrun leads ln si.MW~~atH. chaogcs in tlle 

postcnur dtslri.buti~1ns. of ~tuurnbcr ot own~ mnJ ctoss-pncc ~la\tiClUcs. To hneOy Hlustratc. table 3 report.!\ Utc 

mcims and. stru\datd deviations of the pd!'s (>f input pm:e cn'-c;uciucs t:alculatcd at average (lriccs w;,:. tw0JNr. 

llucc features or Table 3 arc orparJicuJar stHcrcst1 not least because they tend to c:tmt1nn out carUcrJpdgcmcrlt 

concerning the :role of th~ live~tock ittpl.lt. FirSlt t the mcaJ}S on all own,.prlce cla~ticitics ·arc C(>tt-ccUy sighed and 

mdtc;atc that au input dcnmnds nrc inf;!lastic With respect :to uu::it own pricc:.-s. Moreover. the only owu~pricu 

cta~l'Jctty which seems to be affected by Uw bnpollilion of the constrttint~ is the .~1wn•prlc~ dasticHy fl)r 

livestock: the mean of this clastiCJty decreases from -0.13 to .. Q.33. Seco•ld, Ulc standi1rd devi~ti()fi!i or the 

constrained and uncopstrruncd pdrs are generally sitnilar:. Agflin" tbe Unly notable .c~ception is Uic tiUi.llWU'd 

devialio.l of the own~p,ice elasticity for livestot:~f which ralls dramaUcaHy with the imposition of Uu~ 

constraints. Finally. the two cr\'>ss-price eln&UciUcs which measure .U1e .relationships between ti•c price$ and 

quantities of livcstQc4 ruul (Jtllct inputs undergo a sign teversal with the imJK)sjtiotl or the wnstrainbt Thus, tAll 

pairs or HtpUts now appear to he substitutes ln pr<xluction. 
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In ltw, papct we us~ Mitrl\,<n' Chuht lv.tnute Cnrto tMt"MCl Ult!Ott~s 10 &rnpo~o regularity ccmdiUotts on h sy5tc.fll 

nt .:nsc und cost·sh~u·c cqmltHltts. Tlus llay~sinu tm~Ulndulog)r rcptcscut.s an rtltcrmtUvc to cmrvcnU<mal snrnplh1& 

thcor.. c.cctnuqucs whh.:h tYJUCliilty dcsfrtl)1 lhr Ocx:lhillt~' rmrcttiCb oJ muny uf the mote pupuhtr fuucuouul 

hmm. 'i1n• methodology tms tm~vumsh· llt!cn u~ed h}t ·rcreH .to esunmlc n cost nmctitm using th~ wcll·kiiown 

lkmdl und Wnou t t91Sl (ll\Ut st:t Our own cmptnc~•t nppht:ntmn bus tR!~n nmuvmcd. b)1 the b•rs(} nmnher \)l' 

m~ulnttt} ''mhthmts rupnttcd ln. the stully h~ o·oonncU mtd Wnndhttl<l. 11ms. our cm(llrict'l mndclls based em 

the uunslo!t model df O'()ollocn nml WtK:dlaml !Uld cstnn"tt'd usmg Cft. piitt. on thcitdlno.sct. 

The cmpim:ul te~iult'i v.'t~ Jltc5cnt mchHft: Jillrnmulcr csurnntcs. ~~~~.mvulue csumule~ nnd csum~ucs or input pticc 

cht~;tt.:l.uc~ fur modcls with lltld wnhnut: rcpulurtt~: 'uustnlml.-~ unposed Onr uncnnstmli1ttd MCMC' est1matcs tlrc 

nlnu,,r tdr:nuc•ll tn nut tnaxiJltUtTJ likelihood csmmnc~ nml U•c nmxumun likcHhond csutnai.C.$ nr (YPonncJl nM 

Woodland Our qnusttul.ucd M(;Mf \15UJ1Ht(C!\ differ· rrotn mn nuctmstr~thlCd esUtnntcs it1 several respects: ~•11 

maxsmum csgenvaluc~ b~~com~ nC!lnuvc mnctotthmec wHll ~mu:umc .thc.o.ry. StlUldrlrd d!!WUHJns become smaHcrt 

and the tupns nud m~gnHiulcs of cocWc:ietlt~> nnd ctnshcittcs nssoc.uucd wnh the UvNnock .input umtcrgo 

"uhllltanual clmngc. 'l'lHR IMt. rc~mlt ts consist.cm wHh the finding of O'DofUHlll Md Wnndhmd UHH: t\ lnrgc 

number uf rcguittrity v!olttlHlU~ are fl'iSociatcd with Hie livestock ittptl~, 

< >ur paper dcmonstrtdcs huw B:lycsttut t.r~chmquus can be used m i~npt)SC n huge nluilbcr t.)f in~qtullity ~on~tn~nt'i 

nn an cliUntatcd cost or profit nmcum•. We, t~lso dt!muustrnte Jhe usa or two hltpcmaut num~rical uiROiiOuns 

whtcb can be tHiCd tn gaJlc.tnte SIUnplcs frmn UU1$l1Y.H¢tdl>'J prc>bhunaHc toiU'ghml proh1tbllilY densities. P'innHy. 

we shnw how du~: Onyesiun approm:h c~n be used to conv.cnicJlUy SJ!Jfirit~Ulsc unporuun iufommuon ln the flltnl 

or posterior pdrs. 

Some possible exumsiorltt or our smdy include UJe srx:cmcali<ln of n more: complex ~tror .uruct.un;-. One 

possibility is Ul C(lJ1std~,:r d1c h(}teroskcdn.'nic: error components strucmre of O'Oumu~U a.t1d WOOdltutd. Anotbet 

possibility as the trune;ttion or one or rnore ur t.hcse error components ir\ liM with .tbe ~k.CIHtstic $pcci(icaUons 



popular tn the fnmticr· Utl!l1lhttc, Oth~r. J'K1S~ible uxtct)Sious inctodu tho u~c of nttcrmuiv¢ tunclionnt forms ;md 

rclnxatloal or thl~ nssumnuou nl consutnt rcmros to sci~c. 
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Ialilit2: M'aximurn Eigcnvnluesn 

Ye41r Gibbs MctrOJ>Olis .. Hastings 

1952-5~ 0.0248 ,.(),0101 
(0.0046) fO.OOJ9) 

1953·54 2 .. 0.0149 .. ().0250 
{().0055) (0,(){)43) 

1954,.55 j .. Q.0099 -0.0276 
((),()()4 7) (0.00:\9) 

195$ .. 56 4 .. o.ot49 -0.0364 
(().(){)47) (0.()()35) 

1956-51 5 -0.0120 ·0.0328 
((J.()(~h'l) <0.0036) 

1957·58 6 -0.0220 .. Q.032l 
((}.0056) ((}.004{)) 

1958-59' 7 OJ){)98 .. (}.0213 
(()J)(}4l) (0.0016) 

'1959..00 g -0.0145 .. Q.034S 
C0J}()47) l0.0036) 

1960-6'1 9 0.0100 ·O.Oll2 
(() .(}(}40) C0.00l3) 

1961--62 10 0.0131 --0.0189 
CO.<X»l > ((}.0015) 

1962-63 t 1 0.()179 -0.0153 
(0,0()44) (0.0015) 

1964-65 u .. Q.(J217 -0.0371 
(0.0054) <0.0037} 

1965..()6 14 ·0.0190 -0.0379 
ro.oosn {0.0037) 

1966..()7 l5 .. ().0190 •0.0347 
tO.OOSl) (0.0031) 

1961-68 115 -0.0055 -0.0329 
<0.0043) {0.0022) 

1968·69 l7 0.0054- -O.OuW 
(0.0041) ·(O.OOlS) 

)969·-?fJ 18 -OJJ006 .-0.0295 
(0.0043) (0.0017) 

1970-71 19 0.0006 -0.0287 
(0.0043) (O.O<H7) 
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Th..bl.c.2: continued. 

Yl>tlf Gibbs Mctropobs· Hustings 

1971-72 20 0.0229' -.0,0l16 
W.0042J <0.0012) 

1971·7~ 21 0.0093 ·0.0215 
(0,()()40} (().0012) 

197l·74 22 0.0131 ·0.0201 
<0.(){)67) (() ,(}(}35) 

1974-75 21 ,.();(}()()8 .. ().()352 
((). (){) 5l) (0.0<)25} 

1975~76 24 0.0357 ~0,()()06 
<0.0043} (0.0<){)6) 

~~ .. 
Numbers m pnrcnUiescs nrc sumdard deviations or Uti! MCMC'' samples. 



----------·--------------~----------~-------·· -· 

~ 

Qty ot Land 

()ty ol CapunJ 

Qt~ ot Ltvcstock 

(.)ty ol < >thcr lnputs 

Mru-opolis· Hns.li.ng£ 

Qty nl Land 

Qty of Capital 

Qty nf Ltvestock 

Qty nf Other Inputs 

hice of 
l.and 

.. 0.6468 
(().()1(}9) 

0.1483 
{(} .{)()~ 3} 

0J)24.5 
<0.{)()(17) 

0.0216 
HHX)~5} 

·0.6440 
((),0111) 

0.1479 
(0.0032) 

0.0271 
((),0073) 

().0200 
lOX)032) 

Price uf 
Capit;tl 

0.49lt 
(().0104) 

.()J 145 
(0.0219) 

0.2181 
(0.02.70) 

()J)530 
<0JH25) 

0.4948 
cO.<X)98) 

~0.3299 
(0.0201) 

0.2276 
(O.Ot24) 

0.0593 
(0.0111} 

a 
Numbers in pnNnUteses are ,stariiliu"tl deviations of IIH! MCMC snu\t)les. 

l'ric;c ur 
t.ivcshlck 

0.0261) 
(0.0070) 

0.0125 
(0,()()88) 

.. (), 1263 
<0.0238) 

.. ().0219 
m.oOM> 

0.0:\04 
(0.0016} 

().0765 
((}.(){)74) 

.. (}.326(} 
(0.{)054) 

O.<H3S 
m.oo4o 

Price or 
Olhcr .ln))Uls 

0.12<53 
(0.01'79) 

0.0937 
(0.0221) 

·O.ll68 
(0.0338) 

·0.0527 
<0~0147) 

o.uss 
((),0167) 

0.1055 
(().0199) 

0.0712 
(0.0215) 

--0.0928 
(0.0122} 

...,..._._._ 
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