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1 1l'l'ftODUCttON 

With the c;onttnuing se~ulat7' declin~ .in the ruralseotor1 sterms: o£trade 

andchanse$ In relatIve output .and input prlces it Is Important tp have 
a.$ood ~understanclingpftheruralsector· ~ flexlbil.i;y in: :adapt!ngto 

changirJgeJ.tcum5t.afiCeS. IntoJ:matioo, onthe~ase wl.th~hichthe output 
'mix. 04."): ·.be·a1ter~;t 'the il1ten:U,tywlthwhlch dlrrerent.output~u$e the 

lIariQUS input$at'ld th~ scope .tor substltu.tins: between inputs fscruQ :~al 
to assessIng the effects of price and: policy changes.PrOductl vity 
improvements: ~Veal$Q been an llnP!lrtant,~an$ or adjustment by the 
tQral.st'i:ctortQ:adverse .price move=enUs·~ lCnc»lledge Q.f'recent 

PfOCluctivltyper,f'c,,;'manceisoonseqtlently iraportant for' £orecastin,g the 

tutureviabll1.t.yof'therural sector. The ailQ:ofthis. 'paper is to 

.present Intornsatl<mon these !aspe.~tsor rural prodt,lctlon re.sPQn$e using 

,anE:Wf . up-to-date data. set. and tak1ngadvantageotrecen.t ·ecQnQmetric 

d~veloprnents' .. 

Most early eec>OO1l1etriostudies of ,ruralpr:oducbion.response Qoncentratea 

on either' 'the supply ot a particular output (Malecky 1975)or the 

relationshlpbetween various inpUt;;! (,VlneE!nt 1971';M.cI(a,y', :Lawren.ce and 

Vlutuin '1980).. Much 'of the analysl$oftbe ~f'tectiS'otpolicyandprice 

changes In Austral!anagr.1cu),.ture has h4!en undertaken using l1near 
progran:mlng model$ sachasAPMAA (WicksandDl11on1978}'Qr the 

,relatively large ORANIgeneral eq.,.tlibrfumnt()del. (DixQntParmenter, 

suttQnand Vincent 19821. While the ORAHImodel ·allow$.tor a large 

degree of clisaggr~gation, its agricultural sector .is bMedonehe 
restrictive CRESH/C$TH specifl.catlon{Vlncent, nixon and Powell 19$0;, 
Adams 1987). This speCi;.ficatlotl ,allows for JoInt production ,but assumes 

that no .l,npu.t has acamparative ,advantag~in t.neproduction Qfany' 

.output .. 

Th~flrsteconOtnetric studles of' Australian agrlc~l ture to allow for 

flexible produc~lonrelationshi.ps between outputs and inputs were the 

prot it: function studies of McKay • Lawrenceanci Vlastuin (1982, 1983). 

Inthe$estudlesthe pat'aJDeters oftranslog. var!ab,le proflt functions 

were derivedtromBAE. AUstralian Sheep Industry Su.rvey data to examine 

the prQd.uQt.ionrelations between 3 Oi.tputs,2 variable lnputs and 3 

fixed inputs. Morerecently,the BAE. has developed the EMABA 
eCQn~tr1Qmodel which attempts to separate llvestoclcoutput and 



,itlventory ~esptln$es (Oewbre,ShaWandCQrra 1·98$). !n spite of the 

di:rr~ringtnethodQIOSie$anQ' data sets used in these studies ,a, ,general 

£indi;ns. ,l,sthatAU$.tral1an .agriculture i$:relativ~ly inela$t1c in its 

priQe' r~$ponslveness.. This (!Qntrasts ,with recent overseas work whlch 

hCUJtot,mda, high degree of .pr,ice responslveness in agriculture (Hertel 
1988)", S~lected own-price ela.::itici1;les t1"omprevj,Qu$ Australian studies 
are pre$ented, irtTable 1. 

TABlE t ,:;$ElECTEO ESTlMAtts OF 0Wt4. PRICE t:LASrJClTJES j" ~IAH 
~Ia":t~ 

Study 

Md(ay~ l.~t'~c« 

and: :v t /!$tu I n' <t9$O) 

Wic;ks&O( lIon 
(918) 

yJ .... cent ,OhcQn and 
Powef t (980)8 

*»11 W".&tl 
Sh~p Cf'9ps 

0.25 t.~to 

o.~, Q.77 

Mc:;!(ay I, t.awr4nce 0 •. 72 0.50 
amI.Vh)$t~.ln (J9Q3) 

OcnIbre.$haw iSftd, Cor,.. (.19f!5) 

is Rel estes to tb. Whoat ISh"~ Z9f1e .• 

Cittt'ei Mat.rials 1-

Other labour Se,....,i~e$ 

-<).67 -()!O98 

0.;69 

0.48 

0 .. 10 

0.t2 ~0.47 -0 •. 10 

0 •. ,. 

tJv.stoclc 
land Caprtat Joput 

-.Q.l~ -1'.22 -0.19 

'l111$ 'paper builqs, on the workotMcKay, !..awrence andVlastuio (1982, 

1983) and applie3tbete<lhniqu~s outlined in Lawrence (1988). A profit 
fUnctionmQdel is. est.!tna ·· ... d ~tilising pooled crQ$s'!'Oseotion, time-series 

data derived principally trom the Australian BureauQf Statistics' 
Agr!cUl.tllral FinanceSUrveycoV'ering6$tate~and Syearsin the period 
1972-13tQ1986~81. The data are discussed in detail in the Appendix. 

'The recently 4eveloped Generalised McFadden (aM) funetionalfot'm 1$ used 

to ·estlntatea varlable protltf'unction with 2 outputs (crops and 

l:lvestQQk)·t 5 varlabl$ inputs (hired labour, capital, land,mater.ta1s 
and; .$erviCas, .ao.d livestock.) and one fixed input (operator and family 

labour,). Use of the OM form hassigniflcantbeneflts in that out'vabUre 
can be imposed on the estimated parameters without loss of 



fle~ibillt1 ~ tt;alsomal~es the useef aggregator fUIlotions more 

teasibleto, obtain ,a gr.eater dearee of datai.l. Inthfsstudy'an 

a6sregatorfunction ls:Usecl to divld~th~'materlals.anclservices 

category :into tour components (services, fertilisers and chemicals, fuel 
"and~lectricj.ty;. and seed and f'odqer). 

In the fqllQwing seotion ,or the, paper' in(iices of total factor' 

prpducttvity are d.erlVed tr()1lJtbedatacmd discussed. The profit and 
agSregatorftmction .metnodolQgy i~lthenoutllned in Seotion 3 and the 

re~ltspresented lnSeotion 4. Finall" conclusions are drawn in 
SectiPtl 5, 

ProductIvity improvement has !been an important .meansot adj\1stment by 
therural.sec.tQr'to a long-tet:'mdecline in itster~of trade (theratlQ 
·ot'prices reqeived to prices paid).. If Pfi{ 

faster ·than p~ices received then for a. given Pt'oduqtiontecMology 
.r~turnsto fixed :taQtors ~uch asowner",operator labour will Callas Will 

~utput~The$e effect$ can be compensated for by producing more output 
trom each unit of .input .( ie. .increasing productivity). Lawrence and 

M!!Kay' (1980) :f'oundtha;tover'tne, period 195~-53 to 1916-77 the 
AW$tr~lan Sheep Industry increased its total productivity .at an average 

annual rate ot 2.9 per cent tn the face of an average annual decline In 
tbete.rmsQf trade or It .• lper cent. In this section. the. AgricUltural 

Flnance SurvCJiY data is used to calculate indices of output and input 
quantitieS and prices fro~which inc.uces of produotivity and the terms 

ot trade are derived. 

Value: ~hares of outputs :and inputs are presented in Table 2. The output 
.shares indi<..ate that there has been a considerable change in the 

eJllphasis otproduct:i,on over the 15 year petJ.:od examined in this study • 
. Croppinghas increased in importanoe from accounting for one quarter of 

revenueStQ accounting for approximately 40 percent. T .. ivestock revenue 
.hascollversely declined lnimpQl':'tance. This change is reflected on the 

input side where the share of livestock inputs in total cost has halved 
overtbe.period.. The cost shares of materi.als and services, and land 

(,sub.jec~ to some £luctuatlon) have increased while those of hired labour 

andci\pltalhaveretllalned relatively constant. 

3 



Outpltt Shares .oput Shoi-"" 

fHe-ed Materials .& 
Year ·Crops t...ivestock labour CapiTal lan<t Servfces ltvo.stock 

1972-'13 0.25 C).'S Q.ll 0.06 0 •. t9 0.44 0.18 

1~73-74 0.30 0.70 0 .• 14 0.0' 0.20 0 ... 42 0.20 

191( .. 75 0.48 0.'2 0'.16 O.OS O.~.) 0,.46 0.09 

197$-76 0.49 0.51 0 .. t6. 0~06 0.24 0,48 0.07 

t91~77 0.48 O.,~ 0.14 0.07 0.24 0.47 O .. OS· 

1971-7" 0.39 0.6' 0.t4 O~Q7 0.2S 0.45 0':.09 

198()-$1 0.44 0.56 0 .. 11 0.06 0.28 Q.44 0.10 

1986-4l1 0.40 O.$) 0.13 0.06 ·().20 0.51 0,.10 

Wh~le:thechq.nges in v:d.ue shares indicat\-.: tbatther.e has been 

considerable .change inAus·~.:;ra.li .. !Ii atricultureoverthis pariOd. ,tnorder 
·to assess .1mprovelllents l~'l the .ef.ficiencyoFproductlon it is necessary 

to obtain a.sgregateciqu2Ult1.tymeasures..TheD!visia ind.ex tecbnique.of 
theSHAZAMpackage (Whit" 1918) has been usedta aggregate quantities of 

indIvidual output.s and inputs into the two output and five input 

categorle~ ".ll:ied audacross States to form indices for Aust~aliaas a 

whole 0\ The aQvantages of the Divisla index technique are well known~ 

Briefly, these inolude being based on the homogeneous translog 

.production £:unction (Diewert 1976) t .approximate consistency in 

aggregation and the use of moving 3.'/eragesh~re we~ghts which avoids the 

tl:'adtti.onal'· inclex nUntber problem"" 

Tl1.e.increased p~oductloll qf crops is particularly evident in Taf:\le 3 

'where output quantity indices are presented. Crop output has doubled 

overtheperiodijhile lives~Qk output haSl-emained relat.ively static 

4 



(afte'r ·a c1e.clf~nebotto1Ding out i,n 1975-76).. ''l'otal 'output quantlty has 

.in~r:~a$~ct overtb~~.riQdatart ,ave~age ·ai.lnttal rat~Qf 3: .. 1 per cent 
whl1e.t,otal lpt-ices reQeive<i hav~ increased- at: ai t'ate <>t6.0 peroent. 1: 

Inp1J.tQ.$~:ge, iOn, th~ oeber- hand, has aotual.l.ydet 1,ined over the, perIod 

(Tabl$ 4)",LiVe~tock inpu~quantlty h~s d~plined ~hemo$t, '1'o11ololedby 

~Pltal and lac.d ·inputs." Hl~ed labour, an(lJnate!'i~ls andservlces input 

q~.}.tttl~s, btJ.·.~~ fluct t.1ated' buttema1ne,d a~ .approx~matelythe $ame J,evel 
a{~ the end oCthe perJ;.qcta.~at \theb~ginnin~.Overall, total input 

usage:4ecline4 .at; an average annual rate ,of 0.3 per oant.l'otalprices 
paid, ihoWever, snowed. a rapid rate :ot increase ot 1Q .• 6 per -oent.! 

Yeal' 

1912-73 
1973~74 
191~-75 
1975-16 
1916-17 
1917~78 
1980·8" 
19,86.87 

TABlE 4 -:. 

Vear 

1972 ... 73 
1973-14 
t974-75 
1975 ... 76 
1976 ... 71 
1977,*78 
198041 
1!l$6~1 

Crop$ 

1.{)00 
0.755 
1.~.041 
1,1,gG 
1.499 
1~.102 
1.395 
2.061 

Live.stock 

1,.000 
Q.934 
<>.922 
O~888 
0.89.3 
,0.914 
0.90l 
1.103 

I~ QUAHnTY ftl),CES' 

Hir,d 
l..a~,. ~plt,al land 

1.000. t.QOO I.QOQ 
1.09b 1.(U2: 0.989 
0.936 C.03S O,,99Z 
.0.894 0 •. 923 0.981 
0.797 O.96s 0·.960 
O.1~ 0.982 0.955 
O.$G() t.026 0.961 
0.910 0 •. 890 0.899 

" 

Total. ~tput 

1.000 
0 ... :881 
0 .. 990 
1'!!036 
1.162 
1.029. 
1 .. 127 
1'\493 

Mated ~ls .& 

TotalPr1ces 
re.ce!ved 

1..000 
1.299 
1,,061 
1.061 
1.112 
1,200 
1.946 
2.250 

Total 
Services l.ivest~k Inputs 

1.000 1.000 1.000 
0.992 1.018' 1.012: 
.Q.S41. 0.805 0.880. 
O't839 0.709 O.~1 

0.798 0.689 0'.821 
.0.156 0.136 .0.808 
0,,912 '().709 (;.891 
1.Q01' 0.813 0.944 

TQtal 
prie.$ 
paId 

t.OQQ 
1.185 
1.331 
1.529 
1.115 
1 .• 895 
3.054 
4 • .304 

1. ~verag~ almualrates of ohange are oaloulated byregre~sing,tbe log 
-0£ th~ relevantvarJ.abl.e on a tirne, trend. 
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x 
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, 

the lnc:tl~~s of' t.Qtalout,Pll.tand tt)putquantltles~d ,pri.Qt!~ are 
t'eptoQ.u~ed ,grapbipcUly'ln Figijt'.E;~lan4 2; ref$peQt!ve~y\! the Indice~ ot 
total pr0411Qtlvl~y 'i;Uld ·th.e ter1QS (ot trade are :p.resented!n f!ieUX'e ,3 and 
TableS., TotalprodUot.tvlt.yM$ Incr,asEtdma~keqlYQver 'the period 
ref'leQt:lngtb~$Ubstaneialincrea$el1l.outPQtquant.U~ycomb1ned ~ttb the 

'q~cl;tne in Inputus~$~ .P.roguQt! vltyactuall:l'''tel.tnt)t~ceably 1n 1973~ 

14 r~tle~tlng·tn.~ etr~ctof ;adveNle $ea.~ona.l CQnCiitlon$ot\output, 
partlQul~lY' the ouf;'putQf .QtoP$·, Pr()ductivl~YWM wfJll ,above·t~·~md in 
1916 .. 71re£14Qt:i.ngth~ impact of favQ\lra.ble'$ea~onal ~Qond1:tlon~· (m 
output. Over the '15 yeJ~,r ,period prdductlvl.ty increa,$~at ·.au· ,aVerAge 
an.lualrat,e of 3,,4 :p~rQE!nt, ,n1gber,than tbe 2.9 pet~cent fpupoby 

t.aHrence~nd iMcKayfor the 25 y~ar per,iod uptof9.76~71.Th~Qurrent 

resultsnc:>t. only cover $" different tlJf)~ p~tl1Qd l1ut alsQ Q()v~r allot' 
'a$rlQultur~ ~d 'treat dl,.tra.bl~ input.; ~n a (uttet'~ntfashion:compared :to 
theea~11er$tuay*TQtal pr.odl,lctl vlty ind1ce~ tor ~p.Qh Qtthe' 6 state$ 
arepr.e~ented in App~nqi>t Tabl~ At. 

Tbeterrns otbrade t'ot' agriculture: have dropped Pt'._t~cal1y 'Over tbe 

p~r,i.4<i le.xaept .£'or1913 ... 74) retlectlng,tbeJnQde$t Inorease in prices, 

r~cetve4and the $teep.:inQrease. in pricespa1d.l> The avera~eanl'lualrate 
ot decline- in th~ t~rtll$ -Of trade was 4 .. 6 per ~en~.,'Ot;t$. ~lso repre~ent~ 
an aqQelerati<;tn ¢pm~'1tlredtoLaS(renceanctH~Kay 'sresul tof 4.1 per cent II 

1972~73 

1973"':74 
1914 .. 15 
1975,.16 
1916~71' 

1911-78 
1980...:81 
1986~81 

1'10QO 

0.811 
1.1.21' 

L 196 
1.406 
1.276 

1 ~265' 

1.583: 

i. 

1.000 

1.096. 
0.'802 

0,,702 
0.652 
0,637 
Q.,641 

0.527 

~1'" !"~"""" ... , .. '-"".......:.."'Ij",.~J.. ... : I"'j', • .,; , "st" '\ :&1 rt ,., ,.-'1j 



1'0LE6:,}JMIALeROJ>Ot."rIYlTtor tOTAt ·000000000WITIi MSPecT TO lNPI1'l' 
GROQPS 

Hired Hat~rials ,It 
Year labour C~pital. {.ana Ser"1Qe~ 

1912-73: l.'OQO 1'1000' 1.000 1.000 

1913-74' 0.802 0.870 0.891 0.888 
1974 ... 75 1.058 1.185 0.998 1.117 

1975-76 1.159 1 •. 122 t.049 1.235, 

·~·916-11 1.457 1..200 1.1'211 1.456 
1971'-18 l..34t,) 1,048 1.018 t.361 
1980 ... 81 1 •. 310 1.098 1.173 1 .. 235 

1ge6 ... 81 1.540 1 .. 679 1.660 1.484 
,-

J'IG'1JilB. # »U'tlAL PJlO);)UCTIVX~J:BS XHAUaTllAIaIAH 
lGRICUL'rTJaB: 191~""'7:' TO 198f-S.7 

• <> .. 
o 

• ¢ 

(l.T f I J I ~ 

19n·7;l19f~,,7S '1976-77 19~ .. 191980 .. ~t 1982 .. 83 1984"85 1986·87 

7 

LivestooiC 

1.000 

0.865 
~.a29 

1,,460 
1.686 

1.399 
1.589 
1.712 

.LABCiJft 

OCM'ltAL 

.1.1.1«> 

<)f4AlEJUAl.S 

Atl~STOCI( 



E'artlalprQduc~:tvlty lndlQ~sme~uretbe ctiatlge; inth~ratlo of total 

oUtput tnthe quan.tlty' qt apartlQularinput. Althollgnth~y he~pto 

e~plaln;t"le compositi.on of ,ctiange$ in 'tQtalprQductltr!ty it ~houldQe: 

,r~raQf)reQ.·thatreduct1on.$ .1nthe, relativeu.'Seot Qnct input,maybe, 

accOJDpanted by ,in4rea.~e:J ,~,tlth.U$e at' qther J.nputs;.A.sex~cted t, from 
T$bl~6 and' F1g11re4, lives; ~oc~, p.p.t'\t.lalproductl'tlty~sbeen the h1ehe$t 
,oyerth~ :~n,tlr,~ p~rtod~ thepart1alp.roduct1vlty Qt matfJrials and 

"'r"lc~4' was intt1allyseQQnd h1aliest but bad dec,lined in relati tte terms 
tc>· 'be' lOilfest by 'tbeead 'Or ~"'epett;lad... Therelativ~ pertonance at tb~ 
,labourandcap.1tal ,partial productf;lv1tles ~·fluctuatedwh.l1tt tbJlbot 

lan<:t,: ,~ Dten.relattv4!ly low tor ,llQst 'otthe .period. OV"tall, there is 

no great dltCer'enctl intbe ;parbtal, prodttct::1.vttlesorthEtlr .movement$ 
;r.tlect1ngthetrendtowards u:dng lessor all i.nput$. 

1h~. t'~5Ult5 ot tnt.s s.ctton :lndleate t~~tproductlvlty irDpr-ovement has 

CQ~~inp..~d. to· be :a ct"ucialme.atl$ .by wh.ich t\1e,rural sector :has ~dJusted 
to deolin.ing.tenns;ot 't't"ade.. iCQn:Jftqu~nt:ty1' Allowance for-productivity 

:iaprQVe.ntwould beessential,tQ any .~a1yst$' o£,theelper.t~ ~r.rect$ 

otW:lce ,an(ipQl!cy <:ban.ses. It can. al:,o .~ Qbs~r~~ that "..on:Uderable 
.<;bange ~. takenplac.e Qvertb~, last lSy~ars in tbec(»:poaltlotlQ.! 
asr1eulturaloutputsand inptlts., Inthetoll<»fingsectic.'t1 a methQrJolosY 
i$ d~vel()ped! .fQr .e~lnlng tne price 're$PQnslvenessottntl tttlOoutputs 

'an4tl "Ie inputs identified .1nthlsstudy. 

Uua.l.ity theory and the varIable proflt functiQn ptovidEtt1 convenient a.nd 
tl.~xlblef~rk for examinlns-thepr1.cerespQn3'iveness 'of'i\ustrallan 
agr1cultUfe''1WltbntJ.merot.\$' !$mallproduc~r,s eaoh bav.:i.ng.nQcon.trol ,over 

tbep~.iQe#theyr~eelve or pay • agriculture ;is well mod.elled by the 
v_rlabl~! pfPflt fUnctlon tr_work where producers v;;.ry tbeir outputa 
,indln.pllt~·eaQh 'period to 'maximise prot:! t$ $ubjecttQ e)CogenQus .prioes 
and fixed: input; ql.lMt;1:t.ies:.. JointproduQ,tion 1, all.t: .... ~d, as is input 
,Sl4bstltut,i,ou ana the use ot different inpu.ts in va.~l>yll'lS intens1t,ies by 

thev:ar !Qus· QU.tput$. 



nenot~: var1C\ble'ntt; 'outPtJt quanhltie$ by ~bEt V~Qtor. x(ent~,le$ 

pQ$lttV.rQr Ol...~~ts" ne$atlv~ tc)it 'varlabl'etnptl.t:s) ln~t, o~tputprlces 
by th.-VtctQr-p ») '0 I; flX$d input quantj.,tl$$byth~ ver!~Qr~t 'fixed, 

lnput :$,muiC»l 'prictsby the:veot;Q~w! and 'the' prodtu~tlontt;lchnQlogysE!t 'by 

1,tbe,pJ:'oduc,tlon t$cimolQgy can be represented by tbe rollowln( 
1[ariabl~ ~prbrlttufictlQrt;, 

~' 
ll~ fp;a} ~_K. (p'x :; (z,,,,}bE!lQng$to T"t> ) )Q) 

x 

'l'bev-.rl@llt Qr' r,,:,c,ri<;ted profIt. ft,tnction( tlwl11be, l:ine$rly: 

b~senQU.,alld ~onve~ in ,netQutputpr1cf$ and ,:tt)OtlQtonicall1 inc,reaning 
(deQrea.sinsl Intbepriees ot! v.rlableoutput3,(lnputs). It wtll b.; 
linear,ly n01t1osenou$. Qoncave,al1dmonotcnleally lnoreasingln tilted lnput 

quantltles'l 

lethe 'Yaz;'ia.ble; proflttUnction ,iscllfter,entiablewith resJ)eot, to p then 

the 'ne~ output supplytun¢.tiQn$canb~ d~r.iv~, :byapplylngHot;elllns t S 

( 1932)'L~:. 

?:h~ .pI'Qpert.tes o~~tlfl:'iable.prot'lt funotions are outlIned tbQt,oughly in 
nl~rt ,f, 1974., '1982)~ 

In thIs: $tudy",th~ variable; prof1.ttunotlontramewP.rk is used to 
~$.t~t.eprpdUQt.ion response a1'1lQng 7 ne.tputs, and one tixed input in 
Austral tan agrleulttlrf',!. The'netput~oonsistor 2 Qutputs. (.crops:and 

livestQcldaQd5 variable inputs (hIred labour, capital. land, roatlf!rials 

'antj sax-Yi,cas t ,and li.vestQck inputs). Operat.or and farnlly lal:mur 1s 

treated as the $Ql~ quq.$i-tiltecl. input • Data coveringS years in t;he 
~r1.o<l 1912:-13. tQt9a6~81 :J.spooled across the 6 States to produoea 

tota.lot 48Qbservat~()n$" To conservedegree$ of' :fr-eedQlll t t=onstant 

retu('tl$to :JQal(!wi th re$peottothe f~xed input have beencimposed. 

th~$ tacil.ltatesest·1mat.ion of aunlt pr.of!t .function. 'Wh~re prof'ft;.s'a,re 

ma,x1n$!,sed 'peruQ,lt otthe fixed input, 



·thE} 'r.unot,ion~l, rOt"tn u$ed rorth~ vartable. profit tunctloni!S' the 

Generalised' HcF~dd~n (GM): developed by tJiewert a,nd Walet$, (t987).. Tb$ aM' 
iU.tlCltion :is$up4:!rrior to ,earlie,r'flex~ble, £ot"fU$ ,SU¢tl as tbetran~l()$ :in 
,that Qqrvature ~ondit.Ion$oan b,etmpO$ed on,th~ model witbout; los~ .Qf 

,tlellb11ity,~plr!oal lmpl.~mentatlon$ Of the OK fOl'm in ,the 
Inte~natlQnal tr.a,d~cQnte.lCtca:nbefQund lo !)iewertancf liorri~on (1986) 

~dtawrenCe. C 1981} " 

Th~ 1 netput G~ ~ltJit variC\bleprof:.i,t function tsglveo' by: 

6 67 
(3) ,n(p),~),~ =1 I. IbiJ PiPj lP1 ... L '. b1Pi 

l'=t, j:; 1 ,,' " 1:1 

wbere the b1j pat'allletersareestimated sUbject to the fo::tloWloS 
$yJ.lmetryrestriocJ;<:>ns ; 

t 1aan, index of techn01Qgy and the Y i areexosenousconstant$ set 
~qUal to 'th~resp~qtive mean unit net output;qua.ntlties \;0 c::onserve 
4egr.ee~'ot freedcmlo 

By applyini Hotellf.ng' s Lew~ the following set of' unit n:et output 

supply equation$: is obtained; 

(5) 

Co} 

the e~tlmatine( $ystem WQul<f normally 4on.sl~t ot" equations (5) and {6 } 

with vectors of" error terms attaohed andasswned to be independently 

dl$trfbutt:d :with arnultlvariate normal distribution wh:h zero means and 
covariance matrix: a. The varia.ble profit function (3) is exaluded from 

E$timat1.on as it add$' no addt~ionalfnformation. 

10 



tnth!s appll¢ationt!me~seriesand~r():$s-$ect!ondata arepool~dand 

this needs t.Q be 'allowed for in the e$tilnationprocess as State 
difference.s inprodQct miltesand productloneffiQiency will make the 

:samplenon-ho11lQgenous., The theQry of this situation lssett;)utin 
detail in .Fuss( 1977}. one optIon l:$t.oassumetbattheparamate.~·s or 
th~ unit net .outputsupply equations are State specific.. Degr.ees ·0£1 

freedom 'cons1dera.tion:swould' limit the ,implementation of this to the' 
lnterceptterms. Thealternat1ve istoasstmle that stateettectsare 
stochasticandtbaterror term., conststof two components ; a State .. 

speoific cODlpOnent a.ndan overall remainder.. Tbere .ar,e two techntqul!;s 

for handling such a specification- covariance ,and errOr components 
estimators'. Covariance estiJuatlcm ,is computationally equj..val~ntto. 'the 
useot St;tte""l!$pecific .intercepts.. Whileerrorcomponentsest1mators 
have some tlle<>retl.cally more desirable pr,opertlesthancovariance 
estimato""s, Swamy and Arora (1912) shoW',tb~twhentheaa+nple is small 
and. the n.UInber Qf States is less than 10 thecovarianceestl'ma tor i5to 

beprer~rrecLf Canseqtlently, Inthia study ,an analogQusapproachto Fu~~ 
(1917)18 adopted. The f~stima.tlng systetnthen becomes: 

66 
(1) Xt/2'= r dkiDk ... X . brj PJ/P1 

k=l' J=' " 

(8) 

subJect to. the symmetry restr!otions (4 )..The Dk are State-specific 

dUIrlliY variables taking the value one for an observatiQn in Statek and 

zero otherwise" The error vectors are now independently multivariate 

'not'fllally distributed with zero means and covariance matrix n. The 
system (7) .. (8) can be estimated using Zellner's (1962) iterative 

se.1ngly unrelated regressions estimator • This can be carried out 

using the SYSTEM command in SHAZAM (White 1978). 

11 



Tbe technology' index, t,wa$ .representedby the, State'!"~p~clric 

productivity indexe$ presented. In 'rable A1. Th1s. spec 1'flcat lon Was 

chosen cs useota ,:sirnple timet.rend .failstoca.pture the impact of 

seasonal condltions wh;i.cn can. signlficantfly Influence Qutpqt. 

partlQularlyacr'o.S$$tates, and useofaseasttoalcondl tions i,nde~'f'ail$ 
to capture. the importance of 'advances inprCilJuctlvity and technology 
Qver'tlme. 

A. 11rnttat~onor applied duality theory models Inthe past basJ)een:the, 

failure ·ormany models 'to .sa~isfythe;neces$ary cUt)vature .condltlon$. 
JorgenfSotl and Fraumeh1 .( 1981)attemptedt.o overcome this proble!ll.by 

lmposingsemi-d.eEini teness conditions Qn.themc1trix or ~ec(md-Qrder 

,qoeffIcients, tronttranslog functions. Rowever,thi$proc:edurecan 

introduce large biases In the estimated elast1cttie.$. and henc~cje$troy$ 

the constrained translog '$ .tlexibility (Diewerband \tIales 1987).. In the 

GMcase i.t the matrix Qi'e$t!ma.ted quadratic termsB :: [biJ l is 
pqsit:i'J-e se~l-detinite then the variable profit fUnction Usgloba.lly 

conVEJX in, .price~... It 13 :1$ not positive .serni ... definite then it can be 

repar8!J1eterised using the Yiley, Schm£dt ana Bramble (1973) technique of 
replacingB by the product ora lQwer triangularmatriltancl :i,ts 
transpose.; 

TheGH £unction will then. be globally c.onvex in .priceswithout baving 
lOst itsflexib!lity properties (Dfewert 1985). The cost or this 

proCedute is that computer-intensive non'!!"linear regression 'techniques 

have to be used. 

A. crlt;lcismsQllletimesmade of applied duality models .is that they cannot 

acc~date a.sufrlciently fine level of'commodlty disaggregation to be 

of use tor ~)..tcy purposes.. In this study theaggregator function 

technique: of'.Fuss (1977) i.sused to further disqggregate the materials 
and serViceanetput :into four qompon~nt:;J (services, fertilisers and 

cbemicals, tu.eland electricity, and seed and fodder). While not new, 
theaggregatorfunction teqhniqtle is now-more tractable with the 

deV411opmentot functional tQrmssuCh as the GM which permit imposition 

of cUl'vatureccmdltlon$ at each stage af the estimation process. 

12 



The aggregator function procedure r,elies o.n 'the assumption of homogenous 

,weak s~parability which illJpliesthat optimisation proceeds byatwo,"" 

stage process. Fir.$t,. the optj.mal quantlties of the r~levant .aggregates, 

arecho$.ett and 'thetlbhe composition of the aggregates is chosen. The 

·CQt!lpositlon.of an aggregate lsthus independent of both the level 'and 

the composition Qt all .ot.her aggregates .. 

'The .profit.fundtion'can be written as: 

(10) n(p,z) = • (R.V) 

whereR:. (Rlp •• ,'Rn, .. u), V:: (V1t."f.Vm'·.·)' .Rp.. '=Rn(PnJ, '1m::: 11m (2m) 

and pn,zm belong. to p,z, respecttvely" Rn(Pn) lsa price index for the 
goods in group n andVm(zm) is a quantity indelt tor the fixed inputs in 
m. The transformatlonfunotion is; 

( 11) 

where Y = cy 1 t .... , Yn ! .... } and Yn{xn} is a quantity lnde" assumed to be 

linearly homogeno'Us. It follow.$ that: 

where Rn(Pn) is an aggregatorfupctlon (Woodland '1982). We then have: 

* = II (R,V). 
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tntni.sstudythe£ollowing GM'aggrega tor function is sp~ciried tor 
materiaisal1d .,ervi.ces:, 

where Ok' 'Pl a.,nd t are defined as before, X denotes the aggregate 

quantity o£'materialS .anclserV!ces.1S t areexQgenous constants .set 

equal to. tnemeanofthe 'ratio of the relevant component ql!antitytothe 

aggregate quantltyofmaterials and services,. and the Clj have the 

following symmetry restriction; 

Profit maximisation implies that tnefour component quanttties per unit 
of: to.talmaterials Clod services are given by: 

The quantity of aggregate materials and services (X) is obtained asa 

DJ.vlsia tndex of the ,four component quantities~ The vectors of error 

terms are again assumed to be lndependently, multIvariate normally 

dlstrlbutedwith zero means and cQvarianc.e matrix n. If the matrix C= 

II!tjl Is notPOsitlveseml~definite then price conve~~ity can be imposed 

d~1 thernodel by using the s?...me technique as in( 9). 

~11e producer.s do not have control over the prices of' the indlvi,dual 

~terlals anttservices components, theiroht,ice of the mix of materials 

ant,. s~rvices will iofluencethe aggregate price of materials and 

14 



servj.ce$·th~yface.,TQ allow for this, an instrumt::lntal variable is 

'neededf'or the aggregate price of materialsandservices,~Following 

ius,s (1917) the parameters o£,( 16) and (11) are substituted in (14 lto 

obtain ane~timateofthe ,aggregate materials and services .price.. The 

overallestimatlonprocess.thus consists otewo-steps. Fir,st, the 

materials and serv:i.cescomponent equatlon:s (16) artd{1,7lare est.ted 
subJect to (15) • Theseestima.tesare tbenfed into .eq~atlQn (14) to 

ohtalntheestJ.mate .of the aggregate materials and ,services price • In 
the second stage this,e$timate ot ette materIals and services .prlce. is 

used. as an I.a.strumental var.iable in the estimation of the system (7) and 

(8) .$ubjectto( 4) • Appllcatlonof'thls conditionalestim,at ion 

procedure produces estimates which are tull intormatlon maxitnum 
likelihood. 

For· simplicity of pr.esentation, onlytheconven.tionalnet output supply 

elasticities are discussed, In this .paper. For the variable profit 
functIon the .elasticities represent the change i,nthe.net sllPply ·of i 

witn .respectto a change in the price ·of net outPllt J ,subject to the 
quanttty of the fixed lnput.avatlable.. They are given by: 

where DPi j.ls the second .. order prioe derivative orehe variable profit 

functIon and )eiis the estimated .uoltnet ·output qt1antityobtained from 
the sys.tetr.l of equations (1}and. (8). In the GMoasetbe .second-order 

price derivatives are given by: 

15 



1\10 sets or elCUJticlties 'are .pbtained: for the' fburoomponents of 

mate.riall$and:$ervices.. From the first. stage ot ·e~tUIJ~ti(,m .. asticitles 
qcut becteflv~dU$ing formulae analogouS" to (18) which ~give t~j~ re$ponse 
'$1lt;Jjec~. to the aggregate ql,t.antity ot. .mater!alsandservi~esbeing held 

rl~~.Byco~bining thes~elastioiti~s with theresUltsof'the second 
~taee :Qte.stimaelonaset Qtelastlcltiesfortbefour cQmpqnents 

subject to·tne quantity o~ ;tbe filted factor beinghelq constant .can. be 
derlve<.tas £Qllolr#J: 

(23) 

where ~j ;sJ:}lect'.oS$ pri( _ I~ ~ tclty between: CQlDPQnen.ts 1 .~nq. J 
given a constant ,quanti~Y oragg Ja .... _ter1.alsand serVices,sj .lathe 

$har~Qt~cqmponent j~ntotal ~terial$ andserVices,andS~x iathe 
own~pt'ice· elas~1city()r total matet'ials .andserivces for a. ,given 

quantttyot the fixed input. 

Inth.i$ section results ate initiallypresen.ted for the second~st;I.ge .of 

esttma"tfon. l.e tbe, proflt function system. Following thls.theresult$ 
for~tEtrlals anc;l sel"Vices obtained fr()~the first stage of es~llJlati.on 

aJ'e discusse4. 

Inttial est~ti()n otthe system of ne~ output supplyequCitions ( (7) 
and. (8) subject to( 4). ) produQedestirr..~tes which Catlecl, tqsi:}.ti$tytbe 

Qc:mvexity in prlces pr.operty with tWq eigenvalues of the rnat.t'lia a :; 
(bijl be:i.rtgneg~tive.A!lof theestlmateq. own~price al,a$tiaities from 

thi$ system W(4r~f bowe ....... ,of the correct sign.. Subsequent estiImltion 
oftna ,$yste~ wa$. uuderta'l,(en impQs:lng positive. semi~derinitenessan the 
Bmatrix. u$ing equation (9). 'rhenon .... linear .regres$ion.algorittun of' the 
saAtAKpackage (Whlt~ 1·918) was used· witb starting. values set equal to 

·the "~'Q£the dependent variable for the state dummy qaerricientsC\nd 
zero for all other cQeffl¢ients. The constrained system estimatesa.re 

pres:ented :1.n1'able 7. The I!' ~asticitiesobtatned£rom theoon$tralned 
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t-.e 1 i ~STlMATEDUHITtET OUTPUT' stFPlY EQUATIONSt 

Stat. dQlllllRy varlabtes4 

... j" atUm 1 
-........~ cr. 1 

4 1Z d'13: dJ,4 dIS ~.o 

COifficl.nt 

$tcOnd-orcier prf c •. ter .. s- (nort-J I n.ar) 

8 U 412 ~13 8'4 a.s 8'6 

re(:hnQ'ogy 
rata 

bit 

EquatIon l 

btt RJ. 

~--~~----~--------------~~~--------~----------------------~--------------~--.. ------~--~------------------ --~--------------------~----~~------~~---
Crqps -28.977 ..... 33.844 "';22.218 -.30 .. 518- "'22 .. 17~ -33.916 h619 t..S76 -1..214 0.24' -0 .. 406 -1 .. 131' 47.829 -0.571 

(.-..1.10) (~.O$) (-3 .• ~4) {-',35, {-3.8'l (-6.09) (1.8n (Z.8()) (-'.58): (2.30) (.,..l.99l ( ... 4.32) (5.89); (-3.05) 0.90 

lfvesta-.:k -:.).89$; .... U.08O -t3.360·· -1 }:.449 -1.863 -1.066- .... 1..443 0.$00 04590 -0 .. 326 -0.414 42.406 
(-0,40) (-1.33l (-1.60) (-t.3') (-0.211) ("-0.85' ( .... 2.36) (2.26) (J .. 42) (-«) .. 95) (-o.6~) U.S)l It. 0.61 

tJbQur" 2~'120 4.836 2-.306 l.96l 2.451 2.142 .0.0.8&7 0.214 -0.284 1.605 -8.5. 
(1.3]) (2 .. 38) U"l., (tllSlO) Clits) U.36) ( ... 2.$7) (o.an (-0.81> (4 .. 00) ( .... ,.~t) .. 0.66 

C.plfaf "oof),,94Q 4) .. 04S -0.94.2 ...n-.9" "';2.129' ...a. 16$ ..o.~9' 0.250- -o.05~ "'2.~4 
("" .. on f,-o~OS) (-t.08,- (":1~06) (,..2.34) (-a. un (2 t 41) (0.70) (-ov09) (-2.28), It O~84 

land -6.164 -o.~f ,..;3.'24 -3.4" .... li.010 -i.286 .-0.000 0.000 ... t4.1n~ 
("';1.61) (...() .. 2:n (..0.81) (-O~90) (-3.13) (...0,]4) '(-0.00) (0.00) (-2.46) .. 0.93 

Mat .... , •• ,. -3.045 3.252 -0.025 0.612 .,..9.e69 ~s~" -0.000 -2i".~3' 

." .. rvt~. f-o.~l (0.50) (-a.OO) (0.10) t"'1 .. 44) (Q.36) (-o.O(u (-3.00) 'tt fJ.72 
Sy-.trlc 

"tve&fock -l.578 0.00.4 0.046 O.m -1.'494 0.007 -is. 1ft 
tnput (..g.80) (0.00) (0.02) .(1 .. 4$1) .(-D~1~) (0'.00) {-2~Sn; " 0,,15 

$ysf": l~ 1,Jk.Uh0Q4 -3~.la 

l' t~t.tl$ffC$ht par,Attle"$ .. 

2'$tlt,. t;..,~ arensv; Vlcf9rfa. QUeaos .... no, So\ltbA ... str~dl.,Wtanern AU$ttl.llo!40d: Ta~1l1tlt "'_~~ln'.ly. 



~~ti~te~ w~teonly mar~tnall¥ ditrerentfrogltnose' o'btained from the 
un¢on$~r,aj.ned sys.tePl. HQ~t C).f'the prioe terms; are ~tatt$tically 

.$igniflca.nt~s are,all.th.e~(!nnology qQetfl¢1~n~s, :refleQtlngtn~ 

super1orpert()tmanc~, ot thts. Vaf":iabl~re:l.atl Va taothers,tried!?UQl:l as 
$imple ,tlmetrend$an~ 'seas~:malindlceS'., 

N~t.Qut,p~tmtpply el~t:tQlties ,torAu$traliaoa,lculat(;(;t . at thetnean~ ot 
th~4i!ltosenQu!J variable~ ~e pre$ented in table 8. The 'cQrr.~sPQncu.n,g 

stlt$of elut.1oitiea tor aaen ·of th~ 6Sta.te;sarepr~seJlte(tinAppendlx: 

Tables A2toA7 ~The elasticitie$tor Australia were obea1re<l by 
wEd$htlngtogethertnei,ndi,viduaJ,State <tlastlcities accor41ng to $haries' 

1n the :mean 'Tletput quantf~y t 

'the elas.t1oitie$, given in Tabla a,adhere largely tGtho$e that.wQuld 

apply to. :attnor,\JJ.al teohnQlogy" • That :is, if' production 1:3 relatiV$ly 
,tmcQnstralnedbytheaval1abilityotri~ed ta.otQrs (as i$ the ease .t;;ere 
wtth only tami1y and owner'!"operator labourQua$1-fllted),expand1ng one 

qutpuewould lowerthec.Q.s1;s ot'prQducing other outputs. 'Thus. the 
tollowinSwouldbeopserved (Hertel 1.984); 

..noresressiverelatlonships pE;ttweeninputsand .outputs •. 

(~ can be seen f'romTable6 QutPllts ar~ gross. completrIents, and, apar.t. 

frO. tbe QroIls/capital .interactiOn$'tther.eare no 'regre$siJre 
relat iQnsh ips. between 1nput~l and outputs. On the 'input. side bowever J 

g~O$S $ub$t:ii.tuti<mbetween inputs: is more preva.lentwith 5 aftha 10 
under.lylngsros$: suhstitutionelasticities between input.s being 

positive. ;~nthlowQutput; supply elastic1tlestbis result probably 

cJ.~r1vftt$' rr~' 'small Eucpansion effects being dominated by the underlying 

:$Ub$titut1on ettectD. 

Retb't"rtinr: 'tothe$p~citlc ~la$t£cttyestj.matestthenotable feature ;of 

Tabl'G .6' 1s the seneral lack Qt pr lee re~popslvenessin AUstralian 
.ggrlcUlturEi. :Bqt;h·the: outputs of qropEJ and 1.1ve$tpck have own""price, 
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fA~g $; .,.'.0lJTllD'r SUPPLY' £L~TlcrIIESrOR Aus'tRAttA AT ..... El(J(lPOlI$VARtAJltts 

,--~----~~------~--~~.~~--~--~~.--~--~~~--~----------~~~~----~--~----------~----~~~--~--~-----------.--~--~--~----~--------~--.. ---

Change· in 
:Qpantltyof; 

Ct·op~ 

crops 0.199 

Liv·estoclc D*, 104 

Labour 

Capital 

Land 

Mat.er:lals & 
~ervices 

Livestock 
fnput 

0 .. 502 

.. o~a57 

0 .. 0$6 

0.165: 

Q.o1f 

tivest:Qck 

0,,"189' 

O~186 

0 .. 159 

0.313 

0.Q13 

(}.116 

0' .. ~35 

lrli.tft R¢$peatto P.rioe at: 

Labour Capital 

... 0.161 0,030 

-0<'"l38 -0",020 

,..0.780 0.001 

0.020 -0.825 

-0 .. 046 0 .. 050 

.0.Q26 a.019 

... 0.261 0.088 

................ 

Ma.ter-lal$ Livestock 
Land &: Servic~~ Input 

... O~O38 ... 0.209 ... 0.005 

.. 0.005 .. O.otH ... 0.D4& 

-0.094 -0 .. 098 -0.286 

0.281 o~ 198 0 .. 269 

-0.021 ... 0 .. 033 -O.ot3-

-0.011 ... {}.333 0.011 

-'1.023 0 .. 28f .. 0.325 



stlpply, i!last.tQ.1tl!$,ofat'o.undG!)2.The: ar()S.a~elastic1ti~s· ·b4iltweenthe$e, 

outputs ate .. al.ost ,as h!gbretledt1.ng 'theclosereat1.onsh!P between 
~,rcpplns: :and 11 vestQ~kp,t"04UQt1Q~l'., Ri.rl!l<l' labouran4capi ~lO\ffl"",priceJ 
4.nd;e;t~t~;r~itles bOtb ,snOW: rnQrei reSpo~iveIle~$,.at value$,of ·"0118,, 
;~¢ lnpu~"ontbe 'Qtfter'nand't $hQws,;averyinela$t1cown~prl~~ .t.e$pol1se 

.atomy .... 0.03... The inputs or i.,8resatematerlals·attd aervices, ~t1; 

livestockbo~hbaVct ~..;pr..j.¢~. elaattcltles,'Qt -0.3. 

Tbeaeresult$ at"ft broad~y in 11newitbtb~rlndfngsot:e"rllerstud,J:es 
;4~bou,tPUt r~,pc'M1venes$ in thi~study l.seven more inelastic., 
'P'i'tic-Jlarly in t-esard: 'topropl. Withtne;e2J;cf:ption Q£t-tcKay, t.awence 
an<! Vla.;tqln (t983) who founci' the aropsupp.1yelast1citt tQbe (h5.the 
otbel" .studle$., :otted1n ;rable 1 have tound th~ orQPsela!$tiQU;.y' ,to be 

elQ$'!r 'tolcme. tiv~$tQck $Upply.last1clt.1e$., on the <lther' nand. have 

typ~callybeenl~rr:ansi1'lgfrO!AO ~.12 for KeKaYftawr~nceand 

Vl,a:Jtuixt t$.e8tuate :tor cattle .anQ other outputs to their estImate of 
0., 7afQrwool ,and 8h~p., On: the tnputsid~ thegros$ own-price: 

el~ttc1tl!$. of: 'this ,studJ'are ;slDttlar inrelatlve tertmS to the 
~nsat$1co$trunt:tion.e$tima.tes at HCKaY, t.a~renc«t s!,,4 Vlastuin 
{19801 'Wlththe exceptiQn QflJaterlal:s .and. serv10es .-I11fcb :1$. les$ 
elasb.:1,c: in ,our case. Wh.ile\~he,e co=par1.$Qn:sprovldea~'Mob~Ck it, 

... t: ·be.r __ b~rec1: t~l:th~ elast1clt\es'(i!:stlmatEJd herecover-allot 
Australian "a8ri~'Jlture (and ~. tromacu,rterent, lrIOrerecen\i d.ata 
soorcetbanlllOstottbe :otnerstudie$ teterredtc).· Th;e!3e 'f!lAstluitl~$ 

are al$)· cal~u.latltd8ubject;;,t() a. dltferent.$~tot: cond.1tlonsbeing b~lc1' 

f.lxed t , namely'th$:quantlty ofoper.atQr .and tamily labour ~ 

TUrningtp 'the <:rQ$~ el;a$tlcitles,lnT~ble S'. crop"" ,output resPQnd$ 

'PO:$ittvelytoan Increa$e 1" the ,pr1i!e ot 11vestockout~tsas. ~.tlted and 
negatively-t.e) ;1nerea~es 111 the pr!ces ot 4 of the'S inputs. Crops 
Qt!tpq~ is most .$ens.itlve to·1nere.a.se~ in. the pl"'iceoflabOur t dnd 

*tertal$. and' .o!$.'·V':"ces. The-positive (although near zero}e,laa.ticlty 
between cro·r'! output and· capital priqeS lst:;1190nly apparently anomalous 

r~$:Ult '~n: 'the 1abl~.Llve$tockoutput deQt'eases in.respotlse to 
inqrep.$ ill 'tbe ,price or each attn$' S .input., wlththis relationship 

being st.rQflg~st XQr hIred labOur price increases. Labour and 'capital 
;lnpata ;;ire ~hownto ,b~ $light sU}):st;:ttuteswhile labour :1.$. (slIghtly.) 

CQIIpI-.ntary to '.tb.' Qtber 3 inputs. C_pital. inputs are als'" 
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·$Ubstltut:;tble, ~itbla.n<1, .t~r1al.sandset'viQe:l1and l.tvestoO.k inputs 
althoQgnth.e Cf'OS.a t11a$tl.cities are agalr ~1pleally s!Jlall in 

ma~ltude:", tant.i Inputs are: veryunresPQl'" ! ve ,tt) ~tlan&es. inanY'Qf tb~ 

n.etput tlt"'1~Etsr"e,lql';)ting lEind! $t'~lat1vely t~txed supplytoAus~r,al~an 

~riQ\llt\£l"'e" Matet'ials and ~erviQe$ i •• puts arew~aklys~bstitutable 
wlth l1v:e.$,toc).c: inputs. l"af'lecting th~ $COP~ for using. ch_lcal"~ 

dr~ncb~st ~tQ In varying 111t~iUI.itiE!$'!i A$$xpecteti t , livesto¢Lt input 
quanttti;esal~o respond to. tnQrease:$ ,in the priQ~()r lJ.vestock output 
and;lna nEtGat1v.~aY:1to labOurprlQ~ increa$e~ .. 

The: d,iff.,rencesbetwee,nelastiol ties. f()rtne6 Stct,te.$wererelatJ. vely 

.'$lnor in all ~Mes (Tab-les ;A~toAl) ..For l.nstanc~t ,a 10 per dent 
locrea$eintbEt priet:Qf blreg, 1.alJOur wOUld; ·have led. to a8,,1 :per cent 
fall In, the, q)lantltyof'bire<l labo\lrus~ in NSW,. a 8 .. 2 per cent fall In 

bQtn V1ctoriaand,Qu;e.~n$1andt a 6.9 pet" ccnt £a.tl.i.n SA, a 1103 percE;mt 

tal~ In WAgoand a 7.5 per eentf'all :j.n Tas~nia...'Ihe etf'ec.t ot this 
Increa~e in the' ,price of .~ lr~d. labourWQul(l have been to redu~e 

UV"p~;",okoutput$' by t.4 peroent :1:n4 of the Q state~witb tbe 
.reduQtlol1$ in the Qtber$ beIng t.~antj; t.3percent.. Tbeonly sign 

ohange~ Iz~tw~n, .States. :were onthe~la:l~icltlesbetwe~n qrop$ and 

lt1/estoclt t.n~uts: but1n all otu,e$ these' were~losetb ~ero. 

Hoving to the tt't:lt$tage Qftbf;1 estlmat.iQnprooedu,re (the~terial~ and 

~.r"'ictt.$ aggr~gatQrf\u:lot1Qn) t the e$t,~ted ·~Yf$tetn.ls presented in 
tabl~9.. Inth:ls case the ttJatr1xof pr1.QQQQetficlent$C .:;: t~ijl was 

pos:i:t.tve . .s.esU ... derin1t~ lndioatlngthatthe estimated .ag~t"egatQrt\tn¢tion 

~ttstiecl the prope~t1 Qf pl'.iQe cQnvaxity. Furth~r~refthe price 

·q~ttlcien·t$ we,t&>$tronslys,tgnlt'lcant witbQne~"oep.t.1Qn and all 4 
equatlou:ffitteClthe data well .. 

thEtlPatr,lx Qtelastl<tittesderl.ved fromtbe unit ~ggresatot" equations at. 

the 'm.¢ansat thee)Cogenous. variable.e are presented in Table 10. These 

elut1cltles. are the re$pQn.$e subject to the total quantity of! tna.tet'ials 
and' $t\!rvice.$be1tlS held constant and ind.icate that the £~l .. tilisers.and 
¢he:otlqals ¢OtnPOn~nt ha$an elastic respc:mse' to ,ohanges in :Lt$own-price 

wbUethe: $eJ'!vln~sf fQelanct electri¢ltYf and se~Q, ,clnd £od4er components 
all haVEttoWll-prieeelast:i.oi.tle.f$· clQsetq-O .. 5. Again 01'0$$ ~lasticitie$ 

are mostly .r.elattvely $Mall. With all pait"s. belns subst1tutf!s except tor 

th . .,. ·tlJrtll.i$e.r:$ctnd ohe~lcal$t and seed and foddet' cO:omponent$" 
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TABLE 9:: i;;$TlMATEU UIlIT MATERIALS~Jnl SERVICEs AGGRPlATOR: Sau'TIONS 1 

$t~te dUllJlly v~r!abl~s2' ~"--' --'-" ,,-,~, -'-' '.,~,L~,'.~_~~_,_.~' ","~--~ •. ,--,.-
Price Tertn$ Te ~!nno logy 

Equation t ell ei2 e13 ei4 ei5 e16 

Services ,..,0.581 -0 • .566 -f}. 545 -0 .. 566 ... 0.544 ~O.551 
( ... 23.'01) (-2~~81) ( ... 2~ .. 191 (",,2L06l (-20.53) (-23.$3) 

Fertl11sE:t's & .. 0", 14> ... O~ 168 -0.174 ... ()'.la2 .. 0.266 -0.196 
obemlcals ( ... ~.25) (-tt..22:) ( ... 1L39) (.-.11.11) (~16.11) (-13,951 

Fuel &: 
electrioity 

~ed & fodder 

... 0. t 1~ -G ... 142 -0. t45 -0 ~ 133 -0. 113 -0. .. 123 
(~10".87) ( .. 13.40) (-13! .. 56l ( .. 1 L4Q) (-9.5'1>' (-12.06) 

-0.160 -o~ 131 -0.150' 0,.134 ... 0.089 -0.146 
(-8.62) (~1.a5) ( ... 8 .. 34) (-l.,OS) <-4 .. 53) ( ... 8 .. 97) 

System,LQg Likelibood 643.:01" 

1 t-$tatts,tlcs inparenthe$is 

F~;uation 1 

°11 Cia Ci3 Cit 
!§II' 

~tt R2 ' 

0.246 -0.163 -0.044 ... 0.041 O.Vl)O 
(6.75) (-9.18} (-a.81} (-1 .. 76) (O.f)?) 0.15 

0.166 -0.013 0.020 
(10.991 (-1.59) (1.38) 

0.076 -0 .. 023 
(7.91) (-2.11) 

0.031 
(2.31.) 

0.92 

0 .. 80 

0.68 

? Stat.~$ Ip .. ,,6 are NSW', Victoria. Queensland,. South Austral1a:Westet-n Australia and Tasmania, respectively. 



TABLE 10 :MATERIALS A!iJ)SERVICESEL,ASTICITIESSUBJECTTO A BllED 
AGGREGlTEQUDTITY OFlUTERt4LS Atm· SCRVlCES:AUSTRALIAAT 
MEAl EXOGENQUSYARIAI3LSS 

'With Re.specttQ Price .of'.: 

Fero11isers &cEllel & Seed & 
ServlcesChem1cals .Electricity Fc>dder 

Ser¥',ices ~O.465 0.293 0 .. 065 0.101 

Change in FertUisers & 
Quantity 

TADtE 11 

Change in 
Quantity 

of :Cl-~ical$ 1.30Q ,-1 .. 264 0.080 -0.116 

Fuel & 
Elect ... ic.ity 0.333 0.093 -0 .. 450 0.024 

Seed & 
Fodder 0.474 -0.'119 0.021 -0.317 

: MATERIALS /00).. ,SE:RVII !ESELASTICITIES SUllJECT TO THE FIXED 
IHPUTCW' O~RAroR A\~FAlfit.YLABOUR : AUSTBALIA A1 "Ali 
ElOGEIOOS VARIABLES 

Wi thRe$Pb,~ttoPrice ot; 

,Fertl., lsers& Fuel & Seed &;; 
Services ChemIcals Electricity Fodder 

Services -0.658 0.236 0.022 0.061 

Fertilisers & 
of: Chemicals 1.108 -1 • .325 0.038 -0.154 

Fuel &: 
Ele.ctr.icity 0.141 0 .. 036 -0.493 -0,,016 

Seed & 
Fodder 0 .. 280 ~O .. 114 -0.022 .0.419 



or.lttOrelnterestar~theIllater!a) ... $' andserv lees componen t .gross 

e.lastlcities whlcnare. derived using equation t~2l ~ These are presented 
in Table 11 and showtne response subJecttotb'~'quantityot ·theflxed 

1nput. Tbeyare thus dire.ctly comparable to the net .output el~ticities 
rr~·the var.i.ableproflt function shown in TableQ. Agatn f'ertilisera 

CU'ld oh$icals ,have .an elastlc response.too~ price .Qhangesand are' 
compleiQentaryto seed and ·todder inputs. They are strongly 

sQbstltut~ble,wlth serviQes inputs. Services inputs showtbenext 

highest response to Qwn price changes' and are slightly substitutable 

with the other 3c~ponent:J. The ,own~priceelasticity ·ot fuel and 

electricity 1s-0.5 but this input has .onlya weak response tochC\nges, 

Intheprlces.ot tbe other .3 components • Likewise seed and ;t~odder 1$ 
somewhatsuP::ltitutable with servicf;!s and' slightly complementary to the 

other two components. 

Each ,of ,tbe4 own-price ela.stic.1tiesfor the matet'ials anclservioes 

components shown in Table t1 :1$ larger than the .own"!'pric~el~sticitY' for 

aggregat.e :rnate~ialsand services shown tnTable 9 due to the, 

predominance ofsUbsti tutabil.ity batweenthe4compqnents" Thati$ ,the 

elasticities in Table 11 show the .l·esponsewben onlytbe price of one 
component changes,i whereas tbeaggregate, respomJ~. in Table 9i8 

equlva).entto;anequl-proportionate increase in ,the' price of all 4 
components. This. el1minatesUluch o.f the scope forsubstttutlon 

indlQa.ted in Table 11. 

SCOtlCLQSIONS 

TherindingsQrthlsstudyr-E'~;nforce. those of earlier papers in po.inting 

to the continued importance to Austral.ian agricultUre of productivity 
imprOVements and sgriculture'sgeneral lacK or price respDnsiveness. 

The recent data se~ used ind.lcatesthat Australian farmers have 
continued to 'achieve annual total product;iV'.ity gains in excess ot~ 3 per 

cent.. However, over 'the. period examined farmers' ternl$ of trade have 
declined at an annual .rate orwell over LJ per cent. If this long-term 
de.cline in the terms of trade of agriculture continues it will b~ 

necessary for farmers to .keep achleving significant productlvlty gains 

irthey are to maintain a compe.titive return on funds invested in the 
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agricultural sector. Tbissuggeststhat. agricultural research \tIlll 

conttlll1e tobeaprofitapl~ activ.ityforthe .Australian economy .asa 
wb,::·le. 

Tbe: ob$erved importance of agricUltural productlvity gains al$o has 
importallt :iInplioationfJ for silllulatiQnsof :theeffects ot policy and 

pl"icechal'lge.$. Models which simulate: the effects of $Uch.changesoo 

agriculture' butwbicbfailtoal,lo~'ffor cQntinued·prcx.tUctivity gains 
will COltle up With overly pessimIstic predictions of their irnpacton 

agriculture ... 

The lack.of price r.esponsi veness in Australlanagricultur.e as a Whole is 

notslirprlsing gi.ventheabsence. of alternative uses! ~j"agricultural 
land ancj the degree of adJuatmen.trequ.ired to tllOve.resources in and out 
of'agrlcult;ur.e.. This contrasts with the United States, for instance, 
where much higher levels of price responsi.veness in agriculture have 
been reportc::l(l in some studies.. Given the larger US economy and its more 

geographical,.l!r diverse naturel-toan be expected that the transfer of 
resources betwe~nagriculture and the non-agricultural sector WQuld be 

easi'3rtbus contr!buting to a higher degree of price responsiveness. 

Tbisstu(ly has ialso highllgbted that a lack of' pricerespons!veness .at 
·an· aggregated leveltnay Il'Iask greater price responsiveness attne lDOre 
di$aggregated level. By Ulnlngtheaggregator t\lnction pr.ocedurefor 
U$aterials andservioesmore .tnformationw$s recovered on the response df 

individual components. 

The development or: functional forms such as the Generalised .McFadden 
have made the us.e of theaggregator function framework more tracta:bleas 

illustrated here... Greater apPlication of thes.etechniques will lead to 
Significant increases In our knowledge of' agriculturai productIon 

response and provide better input to larger scale models. Anobvious 
progression from this study would be to extend theaggregator procedure 

i;othe netputs other than materials and services thus providing an even 
Dl()re d.etailedsetof elasticities characterising agricultural production 

resPQnse. 
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The ptinoipal data .SQur.Qe ~~d in this stuclyls the Austral.lanSureau .. Qf 

Statistics' Agricu.1tt,lral 'Finance Survey tABS Cat .. No. 7$01.0)" Tn~ 

.first ·survey year used 1$ 1912113~ The survey then had' a~ampleof' 

approXimately 1 OOOOra~s. It was tbencarried out onanarm.Jl~as1..s 

until 1971178 and again 1n; 19BO/81 and 1986181. The !:Ul,"veyp~· tq~nts 

data on the V'alllE:! of' .farm outputs and input$.. Stoc" values for thtJ3 

durable .inputs are, present.ed front 1974t75 onwards. the ,$,,~rvey \l.'l·.!U~ 

data is combined with ABAES (1.988) prIces receiVed enC· pri:J~s paid 
indices 'to produ.ceprice an<1impllcitquantity indipes for .\Ou~pu~sand. 

4 input 'llategQr.i.~s.. A further 2 input categories are o· gated from 

s~veyvalue dataandABS and ABARE quantity series. The data. used here 
are. at,the aggr~gate. level,f'or each: Q£ the 6 States and 8 years 

.produoinsa :total of ,48 Ob$eI;'Wltions. 

For the ,cOJIlponents of the. 2' outputs (crop~and .livestock;) and thea nOn
durab.le inputs (hired labour, and materials and services) the 1\BARE 

Sea-caprice indices were used alons with the implIcit quantities, 

obtained by dividing the S1,lrveyva.lues QY the price' indices as outlined 

in AppendIx Table A. 

Fortne 3ciurable .input.s (capital, land, and livestock inputs) a useI;' 

cost value .has been derived f'rolll thes.tock val.ueby assumIng that 

f'a~rsa~ to make .a given rate of real return on their assets. A. t'eal 
opportunIty cost rate of4 pel'" cent has thus been used along with .a 

deprec.ia,tlonrate for each asset class" This approach differ$ from 
earlier stUdies such as Lawrence and Mc~y (1980) where a nominal 

opportuni tycost was used • While the nominal opportunity cost ra'te 

varied from year to year it neglectec.f the increasingly important .role 

that capital gains have played. As no information was available on 
capital gains in this case 'the alternative of .assuming a constant r~al 

rate of QPPPrtunlty cost was opted for. This is~quivalent toa 



Materials and Serviti1ts 

Fortl.'lser and 
a..'czHs 

.~ pri~. ASS m> .. ABARE 
JnooJlf .quantale$' 

crQP$ 

s"t." fr~nv.$tock Uv.stock 
Sahtsfroa Ihast()Ckprcduct$ I Hve$tQcfc 
Other Mls~1 (~I'teous rovenue) prQducts 

~'$, satar.i .•• "ct $UAAt .. ~t$ 
Payttents to;.CC\ntr~tc)t$ 

lfagu. 
cQf1tracts:: 

0.09 • Value qf-.chf"ery 
aod wquiPMn* 

a.C),- >tVa1u.Qftand and 
r"f)rov.-ents 

Markett flgexpens.s 
W.atttranc:t drainagfl charges' 
~afr!$' an.d maint.u~aoCe: 

repafrsan<f 
.ali1t .. nan~. 

.",arketlng 
1 repatrs.,nd 
1 .lIal nt"nene. 
J 

ASS area of 
agrtcu:1t.ur~1 Jand 

Otber'sole¢tcuf eXllel151' 
Rat.sand foxes 

tnsuraocepayllent$, 
Other .~pense$ 

rates and 
t~"(.5 

lnsurr.nee 
other eXPInselS 

Pall_nfsforfettlt. tso... fort fl.{ $ er 
Ch_teat. and veterinary s,uppU.s cti .. 'd<;aH 

f~f anc! Electt.lelty?a)illents for fl,lef 
PaYNnts fOf"'~ I ectri city 

'fu~1 
eJeetrlt.tty 

l.fV.s'tQdc 'nput$ 0.04 .x Val.ueQf l."estock 
Purchas"S'of t l ve$.toc:k 

gp.r~tor and 
faffy laboUr 

livestock 

ABARE otJrltOer'of 
opet"ator~ and 
unp<sJd fam' .''1 
hel per.sat h)Cated 
to Stat!!s by A9$ 
proP,(lrticns. 



con$tant dJ.fferenoebetweell the noruinal rate OCQJ,lP.4rtuni.ty CQst and the 

rateof.capital .ga1I1s.. A depreoiation rat~of 5 per :t)ent.was·as$umed 

tQr' cap.1ta}.an4 l p~rcent tor land and ;tmprovem~nts.'l'he av~rageunlt 
ot livestock w~s .asst,.UJleQ nqttQ depre(Jiat~ but this: requiredltlPut~ :tn 
tbe form of livestn¢l( purchase", Cons$quently, the livestock input user 
.q:O$t Qoru,.i$ts,ot'chereal opporttmtty ,cost anq tll~ Va.lUe :of purcha$e$.~ 

As nO J;"ellable lqnct· ,price-series was available a lapd prioe ind~l( was 
t()~ed.by d1vidin~th~ land val~e by the a,r~a of as~iQu1.tural land in 
~aCbState (ASS Cat~.No II 132 t. 0) .". 

Nc>qapitat stQckvalut:!swere ,qolle()ted tor 1912113 Qr 1913/74 'although 
capital purchase, data was.. '!be Q(ipital, stooks £o~; the~e years l'lere 

~~ ~;;i.mc:%tedbydetlat1nsthe, st;oci:t f<;lt"the foll.Qwing year 'q.fter ~11Qwin8 
for purohasesand depr.eciat.lQn.Sirnil~rly no total. livestock valuewa,$ 

col.lecteti £6r1972113 or 1973/74.. Livefit.Qck values forthe$e years\-lere 
e.stimatnQ.£rom. the 1974/75 values by .allowing tor :sale$,. pUrchaseS;ai)d 

~!". average rate 'Of net natural increaseobservect .fprthe restot th~ 

$~pl~ periOQ,,, 

FInally f theJIl()$t r~l:taQle egt~te$ot' thenU1Db~rot farl1l ope.rator$ .. and· 
unpaid: tamilybelperswere considered to petho$eof ABARE (1987, 

p1>4) " However, these ar~Qnll' pre~ented for AUstralia aa.a.~bQle. 
Esttmate$ tor the State$were obtain~d byallocat:tngtnlstotal 
,acoording totne propqrtiQus obser.v~d·trom ASS employment data fo'!' March 

Q£ ea.oh year~No value' for this input was required as· it was treat~das 

beint ti~ed~ The implicit returntotne input is tne',falueQf variable 
profit in eaqh year. In only 9 of the 48observatt.ons. was this v~.ltle 

non-positlv~,. 



C!lQg. 
in 
Q~Y~· 
of:i 

'uaa ... VXC QU) 
l.97a-13 1 .• 000 1.000 1.QOO 
1913-74 :0 .• 8.60 0.878 O~833 
197~-'15 1.151 1.O~a 1 .. 111 
1,975-76 1,,189: 1.10~ 1.165 
19.'1(;'-·77' li,,,453 1..273 ·:1 ••.. 395 
1977'""78 1.3Se 1 •. 196 .'..214 
1~8Q,"'8l, 1.195 1_265 #~.231 
19Sf$-87 1~546 l.S43 1.412 

'lIP • .. I'U 
J,;912"'13 '1.000 1.000 1 •. 00Q 
1973-·'4 0.,9a4 0.908 0.852 
1974-15 1.253 1 .• 166 l.065 
1975"';'16' 1.2'8 \.359 1.035 
1976~77 1.350 1 .• 573 ~.17S 
1977-7$ 1.135 lotl'3ll: 1.173 
1980 .... 81 1.318 1 .• 387 l.050 
19$6 ... $7 '1.128 1,.784 1.44. 

D.Il~, :Aa; .~onpR :.-U»PLY .d3~XCI!rX.81lOa ...... SOtr.$ 
·1f.U,BS' .'.rlQWl 'PQQPQU8 'nRUSUS 

crop. 
L'.toc~ 
t.abour 
c.'1~J. 
AiliA: ie, 8. "'.1 •. 

.ttl! .lfapect.to ,rio. of: 

cJ'PP.r.·.to~~·~ur·q.pit;.lLP4J1: ,.,L'. Xll. 
0.2010'.199 ... 0.1700.031 .... 0. OJ7' -0.218;0.003 
0 .. 105 0.1.87 -0.,141 ... 0.'Q21"'Q.OPS-O.084. -0.04l 
O.50g 0.7G8 -0.811 0.007 -0.093 .... 0.102-0.21.9 

'''0,. 263 O.;~19 0.021 -0.859P.2S4o.·aOg· a.,289 
·0 .• 051 O;.Ol~-O.O.7 0.051 !'!O.026 -()lt034.0.01.3 
0.167 0.117 -0. ·Q260. 019'!"OO '" 017 -,0.349 0,.089 

-o,ooa O.2tO -0.2610' .• ·097 -0.024 0 .. ,!'1~6 ~O.339 

"Pa3,t .., QQ.ftSHPL,y.i.tUtXCXT;J:.S. !'OR VXCTOltIA 
.lL'l .... ·.IOGBJfOtJaVJJtUJllaBS 

C~W.; 
L-.tock 
,lIUO~ 
Cqit~ 
1eQ4 .e·' I.'.%n. 

Jfitbb.p.ot, tOPria. ofl 

crop.~!.toc~~\lr capital IialA4Jl' 8 II'. In. 
0 .. ;219 O~201-0.184,O;.033-,O .. \l51-0.,225, 0.000 
0.'10$ 0.198 '''0.140 -O.·020 .... r. ')06 -0.080 -0, •. 047 
0.52.0 0.786-0.820 0.0.01 -O.llS -0.099 -0 •. 275 

,-0'.1235 0.,286 0.019 -0.741 0.316 0 • .1770.179 
0.0560.013 -O.0460.049-0.033'!'O'O.Q32-0.007 
0 .. 164 Q •. 115 -Ou026 O .. 018-0G02i -Q.326 0.075 

"0.Q01 0.238 -0.250 0.064 -0.016 Q.263 -0.299 



Chug. 
i;Q, 

Q~:r. 
of: 

Cl1Pg
in 
Q1:.:r-
1)f: 

~UI ·'4. .. ,OW.~ ,IUtLy· .. t4BfICX,I.aroa Q1tBQ8UJip 
., .... IIOQIOV. ~LJ' 

c:,tOPI "·.HQk ' 
~~l:t~ 
J..q4 . :,. 
La. %11. 

.1tlr".r-Qi; ~o »~i~.o~,t 

C,fop.$' *t9Qt- x.a\low: cultal:r.ucl ,:11 '., '%I'. %Jh 
O~a·050 .• 1$2 """0.,,1160..031 -O.031 .... Q· .. a13 ~o.O()a 
0.102 0 •. 182 -0.140 ·-O",()20 ~O.C04""0,.07, .... O.O.41 
0.510 'O.1~2 -O.82aO~907 .... 0 •. 092-0. 098-0.aCS6 

-Q.a49 0.300 1,0.020, ~~O .. 7~SOo264Q,·~190Q •. 210 
0.OS4 o. Ql~ jIIIIO. 04.60. 04S -O.,()25, ~O.Q31~().012 
Ot\.16:Q 0.111 .... O.Oa6 0.0.1$-0.016-0.321 0.073 
0.00' 0.202-0.243 0.090 ·'"'!Q.0230.!a59 -O.,.2$.~ 

't'ULW·.ut 'U'l O\1Sll?"SnIL'I' aUS'ICITIB';iOa SOUTH 
,.UQPlU:aU ·.If ..... ' ,JlX;OOJ:IIOU'" ·VUZABx.BS . 

cropa 
r.··.took 
J.tUo~ 
capl~~,l 
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