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ntANS~TASfofAN TRADE IN HANUFACl'l.1RmDAIRY PROl)lJCTS; 

A MATHEMATICAl. PR$RAl'lMING MODEL of IHPERFECTSECTORAL COMPETll!ON 

Stephen Beare, LQra Domine and Murray Lembit 

New dairy arrangements under th~ C.loser Economic 

Rel4ttonshf.p agr'e'ement tiLth New ZeaL(lnd wU.l ettminate 

exist tng voluntary restT~()!ints on trade!n manufacturecj 

d4Lry praducts. Current market ing.o.rrangementsin oath 

the Austral ian and Nett! 2.,;!alancl industries may attott! the 

format ion of 0. stable duopoly. A mathematical 

programming model Of .a ~Stt:Wkelberg' dU(1poLywa5 used 

to eualuate the potentia.L incentives for and Qutcomes 

of Trans-Tasman trade in manulactured dai.ry .products, 

'J'tie resut ts show that under clJr'rent Austral ian datry 

export poltcies, trade in dai~y products with Nett! 

ZeaLand couLd result in transfer payments from 

Austro..Ua to the Nett! Zeland dairy industry. 

Research on this project was supported by a grant from the Australian 

Dairy Re~earch Council. The authors thank Nico Klijn for his comment and 

revi<rw throughout this research project. 



Vnder- the Clo~er EconomIc Relatjon$hip (C~R) agreE.'ment with New 

Zealand,. bart"iers to t"ans-Tasmara trade in dairy products wi 11 be 

elhntnateciin July 1990. The:. effects of this agreement ont.he Al.lstratiah 

and New Zealand dairy industries are closelY linked to the marketlhg 

policies. of l\oth industries. Austral ian domestic market-log polh";tes allow 

for s~paration of the domestic and export markets for manufactured qalry 

I='lroducts. 11'\a Ne.wZea.land Oairy Boardbe.cause .of tts .mo(lopolistic powers 

has the power to limit the volume of exports sent to the AUstr-a11an 
\. 

market. .. A mathematical programmtog model of the At.tstraltandalry 

manufac:tur i 09 industry was I.,1sed t,.oeva 1 uate the potential imp l' 1 cat i onsof 

trade with Ne'v! Zeal and under these market c!mdt t tons. 

~estl"'ictions on the import of manufactured dairy..products has 

allowed the Australian dairy tndusti"Y to dIfferentiate prlces OIl. the 

domestic and export markets. Under the tKerinPlan't 1n effect unt.il 30 

.June 1992. levies on a.ll milk produceq are used to support exports. This 

ha1';. had two important. effects. First, returns from producing 

man\..t-f'a~tur'r.gmilk have been greater than would OCCt,lr if dairY'processors 

had not received ~xport sUPfJort payments. Second, as the industry tends 

to equa· ... e th~ return rrom both the domest i c .and export markets J dOffiest f c 

market prices are held above world prices. This creates an incentive for 

the New Zea 1 and i ndust.ry to br i n9 in da t ry pr.oducts underCER. 

The response of the New Zealand industry to these incentives is 

under the control of a monopolistic authority, the New Zealand Dairy 

Board. Under existing Australian export support arrangements, New Zealand 

eXports to the Australian market will displace domestic sales of 

AUstralian products to the .export market. An increase in the volume of 

Au!;tra 1 ian .exports WiT T lower the rate of export support and pr ices in 

the r;iomestic market. Consequently. New Zealand faces a downward sloping 

deman~ for its exports into the Australian market. By limiting the volume 

of exports New Zealand can take a price leadership role and equate 

'marginal cost with marglnal r.evenue. As AUstrallan producers do not have 

expl i~ltcontrols on suppl 'es, they may respond competitively to prices. 

This leads. to a ·Stackelberg~ duopoly solution to da.iry trade under CER. 
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The prloc;fpal desi'goprQPlern encountered tn thtspaperWas the 

development, of a mathematical programming model which represented the 

incentives for production and tracieforboth industries. This irWolved 

t.he desi.gn of an 'obJectivefunctiona.nd, constrajnts from 'the marginal 

condit-tons of the d~opoly solution,. The parameters of the model were then 

selected tn tW(lstages. Whereavatlable., demand elasttcttles and 

tec::hnica'lparalT,~tsrs Were taken from pUblished SOLtrce.s. The: r.emaini''l9 

parameters were determined so that. the model replicate(:f. base per'jod 

values for Production. domestic· consumption. exports and the prices of 

manufactured dai ry products ah.dmanufact,uri ug milk. The mode twas then 

used to simulate the effects of llperalisatioli of trade with NewZe.ahmd 

on the demand for manufacturing milk in Australia and thecomposttion of 

domest i c con'sumpt i on and exports. 

Industrv Background 

The Australian di:ltrY industry consi.sts.of over 17 000 dairy farms. 

producing nearly 6200 ~~L pf mOk a year. Approximately 30 per cent of 

this production is sold as fresh or market milk. Theremainlng. milk is 

used to produce manufactured dair'Y products. of which SOper cent is 

consumed on the dome$tlc market. The major dairYPr'oducts are cheese~ 

mllk powders and butter. In total, these products account for about SO 

per cent of all milk used in manufacturing. Cheese is the dominant 

manufactured product in terms of both volume and revenue .. Roughly 60 per 

cent of Australian cheese 1S pf cheddar Varieties. 

The Austra.l ian dairy processing industry is presently operat ing 

l.lnder the 'Kerin i"lan', now in its third year. The plan allows for a 

transfer of income fret ... th~ sal~ of market milk and domestic manufactured 

products. tc> the export G~.~tor. The pr i nc t na 1 1 nstr'.1ments of the pl an are 

a mllklevy and export support payments. ThE. milk levy is collected 

against allmi lK. produceci in Austf"al tao In addition, a levy is collected 

from the sale of butter and cheddar' type cheeses on the domestic market. 

Support payments are made d f J"'ect 1 y to manufacturers f·or a 11 pr'oducts so t d 

on the: ~>cport market. Gtv"n t'1at trade in manufactured products is 

restr lctt-'d, mcmufacturers may e''1uate margi na 1 returns from the domest i c 
, '., 



and .t!t)(portrn(lrket$ • .conseq~entlY* domesttcprtcesare pitched~bove 

expof"'t. prJc~s at the export support r~te. ph.-s anyaqditlonal pr'c..duct 

levies. 

the levy for 19f;l8-a9is set at 4Sc/kgbLltter'fat, or apput 2c/L on a.ll 

m11k prodLlced 1nAustralfa •. Product levies, on dClmestlc sales of butter 

and .cheese will average $435/t and$70/t. respectivel¥ .. The tQtallevy 

poa 1 for 19S5-89 is estimated,. to be abo.ut $150M. i'heest imated export 

s\.Jpport rat.e lsabol.\t 21 Percent. Product levieswi11 be discontinued 

after June 1989,as a part .01' the phased reduction of e>cportsupport 

for~shadowec;i 1n the Kerin plan. This h~estimi:lt.ed to result in about a 20 

percent;. redllction if'l moneys available fo .... export support~ Under the 

current plan.regulattons govern1ng the, ttll milk levy and export support 

will remain· tn place untn 1992 .. 

Export support at"rangementsare administered 'by the Austral1an Patry 

Corpor.ation (AQe) un.der the:s\Jpervision of the federal government. At the 

begtnnt.ng. of th~ year th., APe estimates export prices and levy 

collections and ealculate$ the rate of export support. Tn a~d't'on to the 

constralnt imposed by the amount of available .$upportfuf'lds. th(~re 's a 

maximum support rate of 30 'Per cent. The 'alculated rate of sypport is 

paid on .a per unit basis, rtagardless of the actual export p~ices received 

by producers during the Year. Support payments are made by tre ACe to the 
'OJ< 

exporters Jjnce export contracts are confirmed. A surplus Or sh"rtfal1 in 

the market support fund 1s carried oVer into the next year. 

New Zealand 

The New Zealand dairy industry consists of about 16 000 dairy farms, 

producing over 7000 MLof mtlk a year. Over 90 per cent of the milk is 

used to produce manufactured dairy products. The major products are mIlk 

powders, butter and cheese. New Zealand production of manufactured dairy 

products in 1987-88 was in excess of 350 kt of milk powders t 200 kt of 

butter and 130 kt of chee.se~ The 1 arge major i ty of cheeses produced in 

New Zea 1 and are cheddar var t et les. 
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TheN~wZealand indu$tr~ l$ a str.ongly export rellant industry. 

e)(port'lngnearly all its' production of mllk .p.owders andover-aD per cent 

Qf its butter and c;:oee$e productIon. Th~capaclty of New Z~~l~ndto 

e>cpanc.t lnto th~ AU$.tralhln' market especlally fnmnkPawc;iers \$ evident. 

However, .~xport$of chee$e to Austra 1 ·f a may be 1 f m f ted and m<t¥c;iepend oh~ 

the abIlity of the indust.ry to expand its che,ese procluctl.on .. Roughl,y,one, 

half or New Zealandls 100 kt of cheese exports ar~ ,$014 In .lapan and th$ 

UnitedStates~ Sa.les of cheese in AUstralta are h1exce$$ of 135kt of 

which 120 kt are pf~C)dt,lced in .Australia. As New2eal~nd cyr.r~ntl~ export$ 

1 thousand tonnes of ¢heese to Australia aocl has the infrastrvcture 

atr~ady in place, the cost Of redirecting furtfter c;heese exports to 

Austra 1 1a wi 11 be Sma 11. 

In contrast to Austrana. the expor,t. of dairy .products in New 

ZClill~nd tsccmtrol1ed by the N~wZealanQ Dairy Bpar·d. The .DairY' Boa ... d 

bv~ all produ~ts whlch aret() be e)(portedand markets theseprodUct$ 

wQrl dwi de. The .Board may influence the pattern. Qfmanufaeturedproduct 

thr.ovghitspurchase prices" The main o"JecttYe of the Dairy Board fsto 

max 1m 's~' returr1S from thei nternat i ona 1 market. 

Market struc.ture :'01'" manufactured da i rv products under CER 

The market structur~ of the AUstralian domestic market for 

manufactured dairy products f,.,toder CER is likely to be c;:haraetertsed by 

imperfect competition. The New Zeala.-,d Oa'l"Y Board has' m:)hopoly control 

over dairy e~ports and may Umlt the volume of product exported to 

Austral ia.Whfle the A\.lstral ian industry does o"t have supply contro18 on 

manu,factur.ed dairy products, the e>tport support scheme can regulate 

cfQmestic prices tnthe absence of competing imports. The domestic market 

forroantlfactured dalryproducts in Australia under CER may be 

characterised as a duopoly. 

EconOmic: mOdels of duopoly yield a range of market outcomes 

dependlng.on. assumptt.ons made about the marketingstrategles of thf.' 

~ol1lpettnSindu$tries. At on~ extreme of 1~hi$ range is marginal cost 

p("lqioSWhtch~felds the e4Uiv~lent of a perfeetl¥ competitive market 



s()lu~lon .. At th~oth"rf!'xtr:~m~ ·is per"f~ct collusion, which Ylf!lds a. ,jofnt 

mohopol ist sQlll.t,tQn, In whichthl!!t marginal costs:of$achi['ldustry are 

eq~Clted with Joint h .. ~ustry m?lrglnal :rev~tiue. A nt,lmber ()f'fnt~m~d'ate 

q~opolysoluttQnshavebeenconsld~red. 1n whicheClchprpducer is ,assumed 

t.Q~nttc.ipate the re.sponse offtscompetftor to .~chC\n~'n the level of 

prod~ction Or price. Producers ma~imh;e profit $llPJect t.Q the <;onJc:: c·itlra 1 

response t)f acorllpetltor., lngenerah there's ho th~ore't lea·1 ba.s1s fQr

assunling what form thlsconJectural response will take. HoweVer,fo thE!: 

case of daif"ytrade betw~en AUstra:Ua and NeW ,Zeahlhd, the. d'fferent 

sourceS of marke't power tn eat~h industry maY' lea(~ to .~ well defined 

·Stacke,lberg' dlJopoly.(F(l("~a general cthscusslon •• see: Henderson and 

Quandt 19.80.) 

A single product ease is '11ustr-.ated In Fi.gure.'. In Austral hh 

domestic pric.~s arecontrolledthrQugh the level ?f Il."p~ ,tsupport~ 

lnd'vidual producers may be assumedt() respond cQmpettti"ely tQ thes~ 
prices. Domestic d.ernand andst,lpply. in the absenc::e of trade wf1;;h N~w 

ZeClhmd,are ll1Qs,tratedin panel a. Oomestle demand and total supply ~re 

glvenby the curves dd and. ss, respectively.OV~r th~relevantrange, the 

supply to the domestic market (sl$1) is p~rf.ect ly .elastlc ,at the subsidy 

rate (s·) whic::h Just exhausts the moneys c()11ected under the atlmllk 

1 evy.. I mports from New Zea l.and. d Isp1 ace domest i call y producer! ,:. 'ld 

consumed productc;ontothe export market. This lowers therat,'· of export 

s\,Jpport and prices reCeived In the domestic market by reducing the 

quantity of product available t()support 'prices. Thus, New 2e~land faces. 

a downward sloping demand curve. illustrated by the curve d'd" in panel 

b.. As New Zeal and has mcmopo ly contro 1 s over quant i ties exported, prof i ts 

are maxirn'sedwben marginal costs are equated wtth marginal revenue, 

gtven by the intersection of f1'\r" an mc'n panel b. The preva.i1 iog price 

in all markets 1s given by p'·t imports f.rom New Zealand by q and 

A\.lstrallao domestically pr.oduced product by q* less q. In the case of 

multtple products, the demand and. marginal revenue curves (d' and mr') 

are jOintly determined by t.he level of all produ~ts exported by Nt::w 

.~alandand pf'evai ling export prices. 

Where domestically produced product fs completely transferred to the 

export market~,ata subsidy rate of s .. , the. relevant demand schedUle for 
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llQq,tfc)Oal New Ze~lari<J e~PQrts.tsqlv~n alQng t:h~cui""ve dd .. M~""9\,nal 

re,ve.nu~ take$ln~o ~cc(',)~nt the: effect pf an lncr.ease\n quantity on the 

pric~ ·of ~ll exp.ortCtd pr()qlJc;t. th\.ls. mar,gina) re\lertue, fQ~ add'ttonal 

eXports i'alls alofls;} the~r9'n~1 reve,nUElt ~U.rve assoe,ated withth':t' 

tlome$tic m~rk~t·(:1emand:cu.rvehnr·). 

Mode,l. O~ve 10Qment 

A ~thematical pr()gramrntng .mod,,] of the dafr~pr()ce$s.tng sector was 

qevelopec! tqevaluCite the effect$of trade WIth New Zealand. The'specific 

obJe¢tiv~swere.t' first. to est.fmate the qemand. t<;Sr manufacturingmllk in 

Australia under alter-nattve trac;le arrangcmen:t.sand. se.cond.to estlmate 

the comppslt\on of dorne.sttcconsu,rtIptfon:and export$ of prQcessecl qair~ 

produ,cts~ 

The,~pprQach taken was to.cf.eve 1 opapl"lc~ endp$.~nou~prQsramrni oS 

mope 1 wi th,s~ct(lr$ represent t ng Austr~ U an dome~t.l c:: con$wn~t i on. exports. 

production ,and trade: wIth New Zealand in processed dair,:! 

pr.oducts. The .problemwas to desi.gn an objective func::tfQn and .a. 

constratntset such that an ,optirnalso.lut.i.onrepre~ent$ the responSe of 

AustraHan prOducer,s and the New Zealand industry to the removal of trad~ 

restrictions. The obJectlve functton of the model is an artlflc,ial 

ct:mst .... uct in that It does not represent a valUe which is of concernt.o 

eitherprQducersorindustry. Under conditions of perfect comp~titl0n,the 

object' vefunct h:mof a pr i c:e endogenous or spat i 211 equ' 1 'br J um mOdel can 

be g.t Ven awe I fare i nterpretat 100. (McCar land Spreen 19aO) .. However, 

thlstnterpretatfon cat')not be extended, tn general, to prQgr.amming 

models of lm.perfect competition. 

The objectiYefonctton and, constraints wer'e derived from the 

tnargtnalcostand f'.evenue condittons, 'f~ced by market participants, that 

Q' ver lse to the dUQPQ 1 Y ,$C).1 ut ion. outl i nedt n the prev t ous se<;t ion. 

FurthermQr,~,th~ trnpositionof constratntson New Zeat?lndimports or the 

level ofexpol"'t st,tPPQrt allow for model solutions representing current 

~rket I 09 arrangements or comp.et i t I ve trade. The model is deve loped for 

each sect.or in the following sections. 
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.As. the:pot~nttC11 numP~rofs.e ller$on the dome;st \ :.'!~~rkE:ltl sl ar9~ I! 

pr i e! ngon the domest,i emarket i s Ci$$Um~cJtQ be coniPet.l t i ye "The domestH: 

mar-ketcoJnponent w.as cfeveloped .as. a .. q\;iadrCltic programmtngmodel, allo.wtng, 

the s j.mplest repr~sentat hmof ef'.dQge.oQus pr h:e determlnat ron. Marginal 

r~tUr'ns to d()~stte sales of each prociu¢tareglv~n b,Y prtce .•. a$ 
determined along a demandschedule~ A line~r demand fUnc;tlon 1s assumed; 

where p~ is the domestic prIce of the tth proc:luct,~. and (J- are 
1 t .. 

parameter.s of the lthd~m~nd functfQn~ ,and q~,s thequantlty of the ith 

pr.oductso 1 d on the domest Ie market. 

It j s furt.her ,assumed that manufact.ured, da i rye products a,re hOmQgeneous 

and that access tQthe AU$tralfan market by countrtes oth~r than Ne.w 

Zeahsnd iseffectlvely restrietedbyexisttng quQtas an.~ penalty tariffs. 

Thus, al'1Qtherlmpo .... ts may besubs\.!metd into th~, constant, parameters of 

tho demand fune! It.ms. Hence. the d~mand fUnctton may be reWf"itten·: 

wh~r~ q~ fs the .quantity of the t'th domestic product. .allo¢atedto the 

dome$t lcrnarket and.q~Z f s . ne quant.l ty Qf thet ithprod\,tctlmpQrted from 

N~w Zea.1 and. 

,!nt.egrat i ng the demand funet t onwl th respect to the quanti if es of each 

Coul'.try"s .sales tn Austral fa ytelds an expression for the domestIc sales 

component or the, objective function: 

(1 ) L{q~+ q~Z) [exi + f3f(q~+ q~Z)/2) 
i 

Theexpressi ong' yes the ar'ea under the demand curves and is .s i mp 1 y 

theec;nsu~r valuation off domestic sales. 
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A small c;ountr~ assumption w?!lsrnade abollt the sale of A\,jstralian 

exports on the world market. Thus. marginal revenue to Australia of 

e~(ports is constant. and equal to the export price. p~. However~ for C!ln 

lndtvtdual exporter, who takes the subsidy rateC!l$ given. marQtnal 

revenUe (.01" the i to product sol d on the e )(port marketts eQtla.1 to the 
"" export pr \ ce pI t,1$ the subs 1 QY rate IS. mu 1 tip 1 i ed by the export .pr' ce!, 

If 'the subs\dyrate is ifnpl iCltly defined, the mar9,tnal export 

return may be re-expressed: 

e whereq. the quantity of lth Austral ian export and m 1s the maximum amol.lnt 

of m¢neys available to subsidise exports. This expf'eSS;on yields the 

subsidised export curve tllustrated in F'tgure 2. Intergrattng thts 

express'on with respect to the export qu~titles yields the export 

component of the objective function; 

E:quat\on 2 gives the art,a under the subsIdised demand curve. However. it 

cannot be directly associated with any revenue or welfare measure, 

although the equation doe~ yield the appropriate marginal export 

cQnC!ttions. It'l/ Figure 2, (txport revenues are given by the lightly shaded 

ar!!a while the more heavi ly shaded area is the subsidy payment. The 

rema,ining unshaded area represents the funds required to subsidise each 

unit of export at the maxfmum subsidy rate. 
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There are several in$tltl,lt.ional constraints Qt\ th$ l~vel .off')Xpprt. 

Sqpport. O'sc\,lssicm of these ¢¢nst.raints will bed~f~rrec:i ~nti laft.er 

<;onsldering: the in~eot.Jve f('lt"' New Zealand entry iota the AustraltclO 

market .. 

NswZea land exp.11rts;; 

New Zealand exports 'i,o the Austral hm market r~celve domestic market 

prices which 'are.tn turn, equal to ttl., subs.idtsed ,export prlce. In 

addition. the marg.ina.l f'eturn to the New Zealand industry contatns the 

effect of an i n(~r\!menta 1 increase i fl exports Qn the ex~ortsubsi dy rate: 

(1 + s)p~ + oS/oq~~ ~;q~Z 
i 

'Thus t margInal revenue for New Zealand.. expor·tsi nto Austra 1\ a maybe 

writt.en::: 

eXt +aJq?+q~l) ... aS/oq~l \pei·q~z 
I 11 I l t..:. \ 

t 
The red.t!!ctfonin the subsidy rate wlthre$pect to New Zealand exports ts 

dUe tp: the transfer of Austra llan product from the domest i c to if Ie export 

mark.f;;,t. FQr a unit of (!xport which dtspl1cea a untt of Austral tan 

product. the der~vative may be wrftten; 

e* where q. is the optimal level of .Austral tan export of the .th product. 
1 

given that New Zealand does not export. to the Australian market. 

Jo 1 nt l,y i ntegrat.i og the comp 1 ete S(!t of marg t nal condi t i cns yt e 1 ds a 

cQmponent of theobjectfve function for New Zealand exports: 
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(3.) 

The margin~l conditions:; on the itn export are val'd only to the 

po.int where domestic pr'oduct is c(;:mpl~tf»l~ dl.splaced. Tht$ quanti ty 1$ 

given by the intersectic)n of the New Zealand excess d~mand f\Jnctlonwith 

the domestjc~ demand s ... ..,edule(th~) lntersec;:tipn of d'd' with DO in ,panel b 

of Figure 1). This point corresponds to the kink in the marginal reveune 

schedule. For exposition, it will beassu~d that marginal revenue is 

negative for all quantities beyond this point. It is demon$trated that 

this. assumption holds. given the paramet.e,:,s of the model. in part one of 

Appendix A. 

The equat,ion fo ... the New Zealand demand schedule 1.s given by: 

Equating this expression with the domestic demand curve yields an 

implicit expression for the point of intersection. which can be taken as 

an I~'f .... bound on the 1 eve 1 of New Zeal and exports to Austra 1 i a: 

(4) 

The export sUPQort fund 

There are several constraints related to the moneys availab 1e for 

export support. First, the tota 1 subsi dy payment must be. 1 ess than or 

equal to the mf lk leVies col1e.cted: 
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(5) 

Wher.~ r~ is thea.11 milk hwyraie. X
f

'$ tne volLune.of fluid milk 

Pr'oduc~d f¢r the fresh mi lk.mar'ket, x. {sthe Volume of mclnufa'cturthg 
J 

milk used in the jthmanufact\.4I"lng processand.t r; i sihe product 1 evy 

for 'the lth product sold orl th¢ domestic market. 

There are institutiomll r!onstraints on the maximum all rot lk ·and 

product levy rCites: 

(6) ... 8 ':!& rmaxB 

,(7) 

Lastly, there is an inst1tutton;:tl constra.int on the maximum subsidy 

rate: 

(8) 

With regard to the first three cons~ratnts. the amount of money 

aVailable for export support is predetermined. However, when the maximum 

levYCI","straint is binding, moneys available for export support are 

1ink ed to "he 1 eve 1 of Austra nan exports and domest i c sa 1 es. The reduced 

gradient ,f the objective function, 2, with respect of the level of 

Australia, exports 1S now given by: 

'1+s)pe + (02/0m) (om/oq~) 
i 1 

So long as the maximum levy constraint is not binding, the derlvative of 

mwtth respect t.') q~ is zero and the derivative of the objective function 
1 

wit.h respect to m .nay be arb.it.;"'ari ly positive. However, if the constraint 

is binding, the der~va.ttve of m with respect to q~ is positive and the 
1 

derivative of the ob}~ctive function with respect to m must be zero. 

A$stat.,,-,d to th i 'Si po i ot • the der i vat f va of the objective function 
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wlth r-~spect tOllt m!!y be wtitt~l"I: 

Noting that Austral ian exp.orts are ,equal to the sum of the pre-optirnc:rl 

eXPQrts and N~w ZeatanCi eXPQrts to Australia, this ~xp"'~sslon ma~ be 

rewr-itten: 

Th~' sexpress i on is s 1 mp 1 y the. rel at \ ve va Jue of Ne,., Zea 1 ~nd versUs 

Australian exports. 

Adding the fo llowi n9· term to the Qbj~ct ive funct lon: 

(9) [smax2};q~}Q9(m) -m 
1 . 

ensures that the derivative ,of objective fucnt ion with respectio m \l/i11 

be z.ero when the maximum levy constraint isb,inding. Consequently~ the 

appropriate marginal condithms on exports will be maintained. 

A linear domesticprQductlon techno10gy was assumeq. f'roductsar~ 

produced jo i nt 1 y under a 1 ternat i ve techno log" es. l11e product i on of the 

ltb product may be express-ed: 

(10) 

where a
ij 

is the amount of ith product producec,i from a unit of mi lk from 

the Jth technology andt x. , s the amount ofm ilk allocated to the jth 
. J 

te.chnol ogy. 
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Av~r.age costs for a given technolqgywererepr¢$~htet:i by a, llnear 

fUoctlonof the level of'milk input.: 

O. +'l.x~ 
J J J 

Av~.r"'qeC!ndmar~inal costsQf New Zea 1 ~nd, lmports Wer~.assumed to be. 

eql.lal to a constantimportprtce,p~z. 
l 

Total costs are entered into the obJ~ctlve function: 

Model application 

The objective fUnction of the model is given b~equatlons 1,~. 3, 9 

and 1'1. The constraint set is given by equations 4. 6. 7. 8 and 10. Two 

~ddittonalconstraint sets were incorp"rated tnto the mor;tel. The first 

constraint lim\'tsthe supply of milk available for processing and 

generates a corresponding shadow price of milk. The second set of 

constra t ntspre-empt New Zealand acce.ss to the Austra 1 i an market • When 

'mposed, theseconstralnts generate the pre-opt i ma 11 eyels of Austra li an 

exports re.qu 1 rea for the duopo 1 y so lut i on. Thus, the model i s$ol ved 

sequent i ally for' the pre- and post access so 1 ut t on atea,ch 1 eve 1 of mt 1 k 

avai 1. able for processing. 

Oemand curves for manufactur'ing milk can be generated byvaryfng the 

constrainion milk available for processing. It is important to note that 

thesh~dow pri~e ass.ociated with the mt lk constr'aint includes the 

effect of the additional levy money collected with an additional unit of 

mflk.Thiseffect must be deducted to obtain a net of levy shadow price 

on milk, written: 

P 1ft = (~Zl cSb)- (~Z/om) (~ml ob ) 
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where.p" i.$ the net of levyshadoWpr'tce for manufacturing mflk.Z is the 

'()bjcctive ft4nctionand, b is the supplyo,fman~factyriJig,mnk Available 

for processIng .. 

Th~re are several ad<iftfQn~l coo$tderathms In$pecf.fy;n~ the model 

SO th~t alternatt'va sQlutions to the duopoly problem can be f,ormulat~ ... 

Thes~ include the restricti90 9f New Zealaodaceess togeoerate the 

pre-,optimal solutiQns and the elimination of e>tport support to' generate a 

competH.tve market solution. These are di$c,t,issed i,nAppencU~ B. 

Model parameters 

PreljminClryesttmates for the fJnancial year 1988-89 were used t·o; 

crea.te a base for ,s~,lel;ttlng themodelpara~,ters rahatf ,ahd8arrett 

1988),. Base prices andqu.antitfe$~re presented.tn TClble A. Model 

parameters were deterrrl,lned lntwofitages~ First. technical and domestic 

d,emand parameterswer'e derived from ex' st f ng data sources. In the second. 

stC!lge.cQst f"unct i 011 parameters wer~obta f n~d b~~a 1 i go i ng the model to. 

rep.licate price. anti quantity out~omes for the base pertod .. 

Technical co~fftcientswere obtained for the five major processed 

products, produced Jointly from four alternative technologIes" The 

products are butter. cheese, skim milk. poWder- and wholemllk powder. and 

casein. The four technologies are thetntenstveproductton of cheese, 

skim ml 1 k powder. who 1 t:m '1 k powder and. Case 1n. r.esp~ct' Ve 1 y..But tel'" and 

skiM mili<.powder are joint products of each technology. The technology 

matrix is presented in Table 2. 

Estl mated retall demanq el ast i cit tes and reta 11 pr ices were used to 

d.etermine a slope parameter," fJ
i
, for'each product. \mQle!?ale pr'ices and 

domestt.¢ consumptIon were then used to calculate two sets of intercept 
* parameters. The first, (Xi' was calculated for the base pel"'lod in wbi,ch 

product leVies for butter and cheese were in place. An alternative set of 

tnter.cept parameters. « .• were computed to simulate the effect of the 
'. . , 



Product Retail 
price 

Sit 

Butter 3580 

Skim milk 
llo11der(8) 5206 

llholemilk 
powder 5400 

Cheese 5140 

casein 

TABLE l 
?rices;tdomestic consumption and eXport$ of 

processeddai'J.'yproducts in AU$tralia, 1988-89 

llholesale Export Domestic Exports Produet 
price J):rice eOllS\'mption levy 

Sit SIt kt kt Sit 

1950 1500 52 46 '434.5 

2508 1929 44 76 

26Gl 2001 13 5? 

3085 2373 118 65 70.5 

6522 5017 1 8 

HZ :NZ 
transpptttb) aecesf'Ptiee 

SIt Sit, 

255 1155 

135 2074 

164 2165 

2~7 2630 

164 5181 

(a) Includes buttermilk powder. (b) Transport cosfs are in Australian dollars and ;ate' the late$t figures 
available - 1987-88 .. 

fooiof ...., 



Product 

'Product Skim 
line Butter milk 

powder 

t/ML t/l11.. 

Skiln ,Milk 
Powder(a) 54 .. 5 82 .. 4 

Casein 54 .. 5 

Cheese 9 8 

Vhole Milk 
Powder 14.~ 

TABLt ~ 
1echnol~gy JIlatrix ,and cost parameters fO'rtbe 

major pro~esseddair¥ products 

CQstparametets 

Vhole Butter CQstper litre 
milk Cbeese mill;. Casein ACO)') 'HC(~} 

powder powcer 

t/Hu tJH1'.. t/MlI tlML $JOOO1Ht S'OOO/14L c/I.t ~/'SJ 

5.4 -2.'21 0.63' 4.16 10.53 

5.4 28.7 -0,,50 1.~55 3.38 2~9a 

104.8 1 .. 0 "':1.74 0.40 '5.26 12~26 

125.9 1 •. 5 -4.08 1.13 4 .. 81 13,70 

(a) Averaqecosts. Source : Dairy lnQusttyCQstSurvey, AUstralian Daity corpora'tion. (h) :)farginalcosts. 
Refer to text, page 16. (cl l'ncludesbutt2rmilkpolJder-. 

.~ 
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r."l'n()v~l .Qf :prQd.~ct If:vj'es. 1'hOi7:.nQval of a, Pr'OqLl~t l eV!lt"~$~lts lnan 
tncr~~s~ 111; Qomestlc C:Qn~t..tmpt.f rnWhi'eh 'c.:an berepres~nt.egby ashtft of the 

dQ~stfqprQdl,t<;t ·de~nd c~r\fes 

A synthet h:;apprQaeh· wa$ tal(en to, det(!rmtne th~ par.~rneter"s of the 

CQst;, functtons. Cost parametetrs were obta.in.ed througt"l an iterative 

pro~ess whtc.haHgoed the mQ~l solutic:ms. for tbe base .. period prtee, 

q\l~ntities ah.Q aVerage cost$: .. Averagecost.s pf product\oh for a 9,l ven 

techoQtogy ~re assumed to be a Ilnear f;'mction of product.lon! 

AC);:: Os + "IXj 

Thus. marginal costs maybe written; 

The parameters of the cost f~nction may be. expressed. as a function of 

average costs., marg'na 1 costs and. the level .of product ion: 

o. ;:: 2AC. -.. Me
j J J 

and: 

InitJa.Uy, marginal costs for each technology and the level of 

producttoh were determined by repUcat'ng base period quantities of 

manufactured dairy products at existing. prices. These marginal cost 

levels were subs~quently scaled. to .replicate a shadow price for 

.manuracturlng mllkequaJ to the. net of levy manufactt.trlng rnj lk price 

o$t\mated.. from ABARE survey data (ABARE 1988.). The final parameter 

es.t lm;;:!t~swerethen ~a l~ulated us t 09 average producti on cost. est i mates 



Product 

Butter 

Skim mille 
powder'·) 

Vhole milk 
powder 

Cheese 

Casein 

Retail 

TABL~ .3 
l)QtIlestiede14and ,paralllet~re$timate$ 

for ipro"o~sed dairy products 

Whole~ale 
ela$tieity elasticity 

S/ltt 

-0.50 -0.27 -138 

-0.25 -0.12 -473 

-0.25 "0.12 .... 500 

-0.90 -0 •. 54 -48 

-2 .. 00 -6522 

S $. 

9110 867-6 

N 

2)330 23330 
C> 

24201 24201 

8796 8125 

9783 9183 
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Qbt~ih~d from a St,trvey 1'~ndeqbythe AustJ"'C!il hm dairy industry. Aver~g~ 

produ(:;t t em costs for eaehprod~c;:t l' neare pre$Em:ted in Tab 1 ~ 1. 'Th~ 

CO~3,t parameters for the model are pr,esented. in Table 2. 

The cQst of :New Zealand i mpQrts eons' stsaf two p~rts. New Zeal and 

export pr"leesand trans-Tasman transport CQsts .. E:xport pr"icesare taken 

as,eqlJa,l to average, Australlan export prtces becaus~ tttsassumed both 

,Austral ia and, New .zealand fac::tt WQt-ld prlces~ Transport costs are' the 

cur .... ent costs of transport ing cia i roy prodt.tct~l between Australi a anci New 

Zealand ,and these ~osts are Pf'esent~ci tn Table 1. 

Given it range of production where AustraHais an exporter' of all 

manufactl,.lreci datry products, marginal returns ~re9iveribY the: substdisec;i 

,export price. Consequently, the ~lastictty of demand for manufacturing 

m\ Ik 1s determined, 'n the absence-o,f $tJPsidy coostralr'ltstby the stope 

0.' the: costcur-ves.ln 'th~ sh9r.trun~ cost$ ~y t ....... 1 ... .,.,....... ~. I.HI nc;r~ased 

vol~me$ Qf prod .... ¢tion~ .as capH.al hlvefitment. in processing is essentially 

flxedand the de~nd for mam.tfaeturing milk maybe lhelasttc~ Thus, the 

pcM"ameter estim2ltesobtaioed by al ignfngthe model mayb~ appropriate to 

the short run. However. \ n the 100g run. crists of pr9duct i Qn may be 

const,derablymore elastic, resulttflg io 1~ mor-e elastic, demand for 

manufacturt ng m i H:. 

Baseline simulation 

Th~ mocielwas solved. using the Minos non",,1 inear programmIng pac~a.ge 

(Murtagh and Saum;!l,rs 1983) over a range Qf manufacturlng milk supplies 

to simulate a baseline demand for manufacturing milk and the level of 

Qomesticconsumptton. New Ze.aland access to the I\ustral ian market was 

con$tra t ne.jto zero ~ Product pr t ces and the all mil k 1 evy rate were he 1 d 

at base period levels. whlle product levies were removed. 

The baseline provides estimates of the pre-optimal level of 

A;Jst("at.fan exports, requi red for the dUQPo 1 y $01 ut 1 on. The res .... 1 ts are 

presented in l'able 4. Milk suppltes, available for processing, were 

varh;d betwetJn 1000 ML and 4000 ML. Under the baseline scenario, 

Australia is an exporter of manufactured dairy producs when 



TULE 4. 

BueHrle si:aulatiQJl - relRoval of product lev)' on Dl,ltterapc1 cheese 

Cheese Butter Whole_ilk PQ~~er $1dilHilk POwdflt 

!'ink llillt Subsidy Doaestic V·sale DaRe. tie ll'.ale DOaestie 'V'sale nOllnue ll-•• le 
sup,ply t:.='!ce rate sales X It price sales X K price .ales X )I price .ale. X K prl,¢e 

tt.L ell. " Jet kt ltt SIt; Jet kt ltt $/t kt Itt kt SIt l(t ~t ltt 'SIt N 
N" 

4.00 17.1 19.0 124.9 79.4 0.0 2823.5 56.4 52.4 0.0 1784.8 13.6 56.1 0.0 2380.9 •••••• 60.:3 o J<('. .22.9~~·2 
3.1:& 20.0 21.6 123.6 60.2 0.0 2885.5 56.1 40 .. 3 0.0 1823.9 U~, 51.2 0.0 24~3.t 44.3 -4$.7 0.0 2345 .. j 
.1.50 20.4 22.2 123.3 56.6 0.0 2900.5 56.0 38.0 0,,0 1833.5 13.6 50 .. 2 0.0 2445.8 44.3 46.S 0,0 2357 .• 8 
3 .. 00 23.8 21.9 120.5 35.2 0.0 3034 •• 55.4 23.1 0.0 1918~1 13.'5 "3.7 0,,0 2558.7 ;a.(~1 32.1' 0.02466.7 
2.50 26.2 30.0 119.5 11.8 0.0 3084.9 55.2 9.2 0.0 1950.0 13.5 37.1 0.0 ~601 .. 3 •• ~O 18.9 0.0 2501.7 
2.00 31.7 30.0 112.7 0.0 0.0 341.0.8 50 .. 1 0.0 0.0 l6.0 .. 9 13.5 20.8 .0 .. 0 2601.2 41 . .0 6 .. 1 .0 • .0 2507.7 

* Includes buttermilk powder. 
X = Exports; M = I.ports 



23 

m~nuf~ctul"fn~' mrtk 'St,lppl:i~s ar~ tn ~XceS$' of 2000ML. With manllraoturlng 

mllk$t,lpp1i~$ fall ing below 200t)ML. exports fall to zero. Thls 'llas taken 

as a low~r bound onmtlk $UppHes, for the duopC)lys\rnulation51: cons\dered 

tnthe f,Qllowing section. 

Pol icy ,Sf'mul at ions 

T\'j!o pol \ c;y e>cper'ments were ccmducted. F t rst. New Zea I,and was 

allow~d free aCCeSS to the Austr.altan m~rket unger current export subsidy 

arrangements~, Thi'sexpel"'iment yields the duoPQly solt,ltlon for trade in 

Jl'ii:inuf",aetured dat r¥ products wi th New Zea 1 and. As export support may be 

eltmlna.ted with the terminatton of the Kerin Plantn 1992. a second 

experiment was conducted in which export support through the all milk 

levyts eliminated. This experiment yield$ a c,ompetltlve mark.etsolution. 

Results for theseexpertments are presented tn Tables 5 and 6. 

Implications of CER in the short term 

t 

The rate of adjustment in mil k SI . \1 i es t.o. changes t n manuf(icturt ng 

mJlk prices is llkely to. be sloW. Cr .s~quently. the .short term 

fmplicattonsof CER may be evaluated at current levels of manufacturing 

mtlksuppUes used in the production of butter. cheesf.!. milk p.owders and 

casein (3SS0 Ml,..). The New Zealand industry may not be able to adjust 

fuJ 1 y to. remova 1 ()f trader(.lstr t ct tons, desp'te the fact that the remova 1 

of rttstrictlons wi 11 not tak.e place until July 1990. Consequently, the 

results may tend t.(~ overstate the 1 eve 1 of tr-ade in the short term. 

Wi ttl the f ntroductl on of \. ~:R, the major i ty of trade is projected to 

take place 1n chee$e" milk powders and casein. Transport costs. as a 

percentage (:.If export prices, for milk powders and casein arf. low. 

Consequently. New .2ealand exports of milk powders completely displace 

Australian product from the domest,c to the export market. N8W Zealand 

exports of cheese ell spl ace roughly 25 per cent of Austr ali an product to 

the "xport market. Transport costs for butter are sufficiently high to 

prec1ude!t New Zealand exports of but-tel'" to Australia at the projected rate 

Qf~xport support. Wi th the eli m t nat i on of export support. trade does not 

take place inundiffereottated products, 



Cheese 

Milk Milk Bubsidy Domestic 
supply price rate sales X M 

lfL elL % kt kt kt 

4.00 16.5 14.4 99.8 104.1 27.3 
3.58 18.4 15.4 96.3 86.9 30.3 
3.50 18.7 15.6 95.8 83.5 30.8 
3.00 21 • .1 17.5 92.8 62.0 32.8 
2.50 24.0 21.4 95.~ 35,2 28.4 
2 .. 00 2S.9 1tL1 106.6 0.0 16.9 

* Inc1udes butter.ilk powder. 
X = Exports; X = IMr-~rts. 

Cheese 

Milk Milk Subsidy Domestic 
supply price rate sales X 1'1 

1'111 elL , kt let ltt 

4.00 12.8 na 134.2 68.5 0:0 
3.S8 14.4 na 134.2 41.8 0.0 
3.50 14 .. 7 na 134.2 43.8 0.0 
3.00 16.6 he 134.2 19.~ 0.0 
2.50 18.7 na 132.9 0.0 0.0 
2.00 22.~ na 116 .. 2 0.0 12.6 

V'sale 
price 

SIt 

2714.2 
21)1.3 
2142 •. 1 
2181.~ 
2880.8 
2879.2 

V'sale 
price 

SIt 

~3'73.0 
2731.0 
2173 .. 0 
~373.0 
2432.0 
2630.0 

1.50 24.7 na er,.8 0.0 43.1 1630.0 
1.UO 26.8 na !\S.2 0.0 70.6 2630.0 

na Not applicable. 

'" Includes buttermUl: powder 
X = Experts: H = Imports. 

TABLE S 

Simulation ·0£ ,duopoly 

Butter 

Doaestic W·sale 
saLes X K price 

kt kt kt SIt 

56 .. 9 $2.2 0.0 ].115.1 
SS.; 40.0 0.0 1130.3 
SG.7 37.6 0.0 1133.1 
56.5 23.~ 0.0 1762.0 
56.1 8.8 0.0 1821..0 
50.5 000 4.9 1912.S 

TABLE 6 

Sb\ul~hcn of free t!:a4e 

Butter 

Do.est!e W· sale 
sales t M price Ito 

f.t kl: kt SIt 

58.451 .. 4 0.0 150('J.O 
58.4 39.2. 0.0 1500.0 
58 .. 4 36.8 0.0 1500.0 
58.4 22.3 0.0 )'500.0 
58 .. 4 6 .• 2 (".0 1500.0 
48.2 0.0 8.4 t7S"l!oO 
36,,6 O .. Q 20.0 f155.0 
23.5 0.0 33.1 11SS.0 

-~ 

\lholelailk Powder ~ki. ~il~ Powder 

Domestic V'sale- llomel:lti~ V·s.le 
sales X M -price sales X 1£ • price 

kt kt kt SIt kt kt kt ·$lt 

0.0 10.1 13.7 ~2S5.~ 0.0 105.0 .4,,6 .2203.1 

0.0 64.4 13.1 2303.6 ~.O 93.4 44. .. 6 2220.1' 

fi,O 6) .. 3 11.7 2l07.6 0.0 91.2 ,U .. 6 2224.5 
0.0 56.6 11.'1 2339.3 0.0 71 .. 3 ;(4 .. 5 2255.1 
0.0 SO.O 13.6 2413.5 0.0 63.3' 44.4 2)26 .. 6 
2.6 38.5 11.0 2315.l 0.0: "9~9 ·u. .. S 2276.6 

N 
.~ 

Wholelllilk PQwder Ski. Milk po~a~ra 

l)o.estic lI·s~l.e :J)oaMtie If'.ale 
sales X 11 price sal!:tc X 1t pr;'c::e 

kt kt kt SIt l;t kt kt $/t 

13.9 55.2 0,,0 2001.0 45.<2 60.6 0.0 1929.0 
13.9 49.5 0.0 2001.0 ·U.~ 49.0 0.0 1929 .. 0 

13.9 48.' e .. o 20(,u.O 45:.2. 4.6.B. 0.0 1929.0 
13.9 41.5 0.0 2001.;0 45.2 33.1 0 .. 0 1929.0: 
13.9 3) .. 6 Q.O 2001.0 45.2 11,,<3 0 .. 0 1929.0 

13.9 21.9 0.0 2001.0 4$.~ 1.2 0.0 1929.(j 
.t3 .. 9 13.5 0.0 2001.{) 38 .. 3 o~n 6 .. "1 207'.0 
l~ .. 9 5.8 0.0 2001.0 23,.2c C,,~ 21.1 2074.0 

" ·'tL 
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Ther~t.e of export s!.lpport fallsfrorn21.6 per cent to tht:, baseline 

solution to 15.4 ,per cent tntheduopolY so.luttoh. Domestic prices for 
m~hufac:tured da.iry products and, export returns fallp¥ about 5.1 per 

c¢nt. Domestic:; ,consumpticnofehe~se incr~ases Py ab"ut ,2.4 percent. 

Manufacturing,mOk prices fall byabol.tt1..6clL. or 7.5 per cent. Thi.$.mqy 

be compared tathe COfllpetit.ivernarket solutiQl'l in whi¢h ~omestic priceR 

for manufactureci dair~rproducts fat It<.l export.. parity. With theremov~l 

.of e><portsupport, domest. it: cco~l..unpt i on of cheese increases by roughly 

8.6 pe .... cent in comparison to the baseli.ne.M~nufact.urlngmilk prices 

f"allby -more than 25' per cent t or 5 .. Scll. 

In the dU9poly solutlon. dome$tic prices remain well abOVe import 

parity levels. Whi l.eCER will result in lower returns to the Al.lstral hm 

dairy tndustry, the industry clearly beneflt$ fr?1Jl the exercise of 

monopoly p()wer by NeW Zealan~. H~w~v~""t the 1 i.beral isatton of dair~ trade 

with New Zealand resu)tslh shor-trunwelfarelo$ses to Australia of 

around $7m. Gains in consumer $urplus fromtr~de, calculated at a retail 

level. at "e. approx.iQ@tely$21.4m.The effe-:ilve. t.ransfer of support 

payments to NewZea.lahd is tn excessof.$28.5m. Mrlksuppl1es are assumed 

to be perfectly inelastic;n the short run. thus there's no change in 

producer surplus. HO\'/ever, total revenue to the Austral ian clatry industry 

is projected to fa 11 by about $50m. 

The Effect of CER in the longer term 

The longer term implications of CER will. for the most part, depend 

on two factors. The first 1S the decision .asto whether current export 

svpport policies will be retained. The second Is the supply response of 

AUstralian dairy pr"oducers to prices under the selected pol icy opt ion. 

\'thtle the q\,lestion of supply response was not addressed here, 

aqjustments in manUfacturing milk supplies to lower prices will have two 

effects on social welfare. First, social losses associated with 

costs of product ton at subsidised prices for manufactured dairy products 

and. milk wn 1 be reduced. Second, gains tn consumer surplus due to lower 

prices will be 9ffset by losses in producer surplus in the dairy 

Industry. 

The simulathm experiments provide some insights into the effect of 
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alternat.lve pO,lleles 00 th~ demand for rhllJ1Uf~ctUi"ing mnk~ The <lemand. '0.' 

manui'~c.turlng mt 1k for the bas~lih~, dlJopC)l'~ a,nd~'Ompet'tl\l!e me.'''·ket 

~ot;ltlJtlon$ isprese:nt~d in Figure 3 .• Under exi$ting,e><portsupp.~. t 

3r'r?l,'gements. the 'rec:l~c1:.i on' n manufacturingmi 1 k d~mand c:luetQ the 

retnOva.l of tr~c:.fe restrictions with New Zealand d.,creas'es ~s .quant),'ty of 

manufactl,tingmHkinereases. Conversely. the reductlor* iomanufactur,fng 

demand which occurs with the. removal of export support lncr~ases with 
quaf\tity. However, fndustry Incentives for retaining export suppertare 

substant.ial over the entire rc;loge of product.ton considered .. The. 

add' tiona 1 returns <m manufacturi ngfl'll 1 k from export support. exceed the 

amol.1nt of the' levy.. However, this Will not be trueror individual 

prodl.lcers, regions or states of Australia. Producers who supply a large 

proport i on of thei r pr(H:1u~t t on to the fresh mil k market wou 1 d be better 
'l> 

off under cornp~titive con<:Utions of trade In manl.lfactured dairy products. 

The compos.i t i 9n of domestic sal ~sand. exports changes wi th the 1 eve 1 

of milk supplies. The cQmposition of domesttcsales and exports for 

ch~~set m; lk powder-sand butter for the duopoly solut'o"'~re pl"esented in 

Flgur-e 4. New Zealand exports of mflk powders completely displace 

AUstralian domestic sales at all level of prodvction cO:'1sidered. Agatn, 

thts reflects the cornparattvely low tr.ansport costs for mi lk powders as 

oPPQsed to butter and cheese. Trade patterns for cheese ~-e. comp/lex. At 

low levels of p!"oductic:m.subsidy rates are high bU.t the tot.al amount of 

money required to subsldls;e exports is limited. Thus, the rate of return 

to New Zea 1 and exports's higher bu.t trade vo 1 \.{mes are lower. The New 

Zealand marginal revenue curve j~ shifted with hisher substdy rates but 

becomes much more i ne 1 ast Ie. As Austs"a 1 i an product ion increases t rates of 

export support fall and tntially trade flows Increase along with the 

increase in funds required to subsidise exports. The New Zealand marginal 

revenue curve shifts down but becomes relattvelyelastic. However. as 

prod\,lction continues to increase, trade flows eventually begin to fall as 

the New Zealand margirlat revenue curve continues to shift down with lower 

SUbsidy rates, but there i.s 1 tttle change in the elasticity_ 
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Conehlsions. 

Tt'~ns-tasman t"..ad~ tnmanuf,actured dairy prodt.,tcts. "$ 1 \kelytQb~ 

c:harae:terfsed by imperf.ect. ¢o~~tlltion. lJndercwrent AU$tr~ltan (:l~try 

export PQl.ich:s;pome$ti:¢pric.,s: are~quated with sUbsld\sed export 

priqe~. th~l"'efor<t.; the p'olielescrea.te an incenttve for th~ h'lt.rodudtion 
of produ.~t from Ne.w ·Ze~land under CER. l:t.wasshown that these concHtf,Qns 

could lead tQa stab l~ dl.top.o 1 y t,tm;le.r t.h~ current lndustr~ arri:lngement.s~ 

In this ~ltl1a.tiQh, New Zee'!tand wouldeX.tract a subsicUsedr~t\Jrn fr'·t>m the 

AutraUan market and dfsplacft ,sal~s of Australti1n prQc;luct. from th~ 

domestic to the export ma,r.~et. 

A ~themattc:alpr()srammtng \'IlQdelwas developed to evalyate the 

,pot.ential effect of trade with New~ealandon the demand for 

manufacturing milk tn Australia and. thecompositlcm of domestic 

consumption anciexports ofmant4factureci dairy products. Th~ model was 

derived from the mClrginal cond.itions: of a.'Stackelber.g· duopoly •. It Is. 

a,ssume:d that .Austra 11 an prQQllCerS respond competitively tOl odustr¥ level 

marketing ar.rangements. whlle-the New Zealand tndustryuses' its monopoly' 

control over exports to take a price l.,adership role tn the Austral'an 

domestic market. 

The duopoly soluticmwas compar.ed wfth two alternatives. In the first 

alternative. trade with New Zealand was restr 1 cted. In the secQnd 

a 1 ternat i 'lie. export support arr.angemeots 'n Austra 1 ,i a were e 1t mt nCited. 

The results of the .experiments 'ndicate that the Australian domestic 

pric<1:sfor ·manufactured dairy products are likely to be well above export 

pr\ces tJ.nder CER. At current levels of production, the export support 

rate falls by only about 6 percentage po'nts and domestic prices for 

manufactured datry products remain about 15 per cent above corresponding 

export prices. Consequently. the r'.:luctlon in demand for manufacturing 

milkts' limltec:t in comparison to .a·situation in wht.;n export support is 

removed. The industry wi i1 retain a strong incentlve to pr":'lserve existing 

export support arrangement,s. 

However ,in the near t~: ... m, welfare ga 1 ns to consumers from lower 

domest1c prices are not sufflcient to offset the transfer of export 
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$lJ.ppc>r-t p~~ots toNewZe~ll and.. Under-the ciJrrehtAu$.tr~11 ~neXPQrt 

~i,.lPPQf"tpoli'cy. Ne.w 'Zeal'anl;l. prpduc~r$ could gainov(tr $28m.a )'~ar in 

transfer pa.yments .. Th~ 19$5 In rf.!tvenUe to 'the Au.str'a1\anQatry industry 

l$ptoJected to beabout$50m. An increase \0 the funds available for 

export ~upPQrtwou141ncreClset oQuslr.yreturns., However, we] fflrel osses 

to AustraH aC;Qu 1 d a 1s,0, t ncrease due to h i.gher prices pat Q. by consumers 

and l.ncreased transfer pa~nts to New2ea 1 and. 

'The maJor vQ,luineof tr.ade with New .Zealand ise><p~¢t~~ t.O be. 1n mllk 

powder$. ,reflecting the lQwe!'" cost$ of tr.anspoi"t for the.seprod\,.lct~. 

Furthermore. as these products are difflcvl t to:diff'erent i a1;.¢ byr;:ountry 

afarigin the effects of non-prtcecoropetitlonwQulct tenci to be, minimal" 

New Zealand export~ of cheese are limited to about 25 percent Qf the 

.Austral t~n market. To some degree" chee$e is a dtff.!r~ntiable pr.oduct and 

some non-pI"" ce competi tt on between A\Jstra 1 i an produ~.er$.andNew Zea 1 and 

ls, likely to occur" Ciiven current export pri~esand transport co~tsfor 

butter. exports of New 'Zealand butter tQ the Austral tan market are 

expected 1:0 be vf#ry ltrntted. However, with a rela.t.ive prIce change, in the;: 

landed oriceof bQtter, significant exports of b\Jttermayoceur~ New 

Zea.land d.'(portsof butter would ditsplace exports of cheese .•. owing to 

their joint effect of dlsp.1acing Al,.lstralian product onto the .export 

market and l¢wering the export support rate. Consequently, a change to' 

the comnos\tton of New Zea.1andexports WQuld not have a great effect on 

the demand for manufacturing milk and domestic pr'ces of manufacturec;l 

product.si n Austra 1 i a. 
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New Zealand Expor'tConstra'n~s 

"h~c¢o~tralnt onN"w:Z~al!!.nd .exports to,A~st.raUaC~Jl,be r~garcfed 

,a$ an ~b$oll4te ~pper :l;>ounctbe.c:;au.Se 'themargin~.l r~t\W'nto ildcUttona.l 

~xPQ .... tsrs less than marginal ,c:;o$t. f", .... all adrl\fss~ble eases. At the 

point ,where Austtallan dOfPestl«; sales, are totally .displaced b~ New 
Zealant(~~port.additlonal New Zeal~nd el<ports wUt 'not affect ·the 

subsidy rate .. However. in 't;hlscasl!l New Zealand is ,a. sole; monopoly $eHer 

in the Australtanmar.ket and wt 11 take int.oaeeount the <Urect ef.t~ct 6n 
pr-ic.,of .an increase in domest1.c:;sales.Theappf'()prj~t.e mar,ginaJ revenue 

crurVe for addtttona.l eXPQrts is then gtVflh by:. 

The maximum pr lcewh i ch canprevai 1 on the dQl'(\est i c l1larket. .9.t ven 

Austra 11 a .$ ane~portet". may be ,Wt'" 1 tten: 

This el<presslon maybe equ~tect with the domestic demand Curv& and. solved 

for the I'Illnhnum quant 1 ty of domest 'c 5'.&1 es: 

If New Zealand were to c;:ornpletely displace this level of domestic sales. 

margJnal revenue would l::)e given by: 

whIch 1s less than zero if: 

«i >2(1+$max)p~ 

Thisc::onditton is comfortably met for all products. given the parameters 

ot the model and current export prt~es," 
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APPENDIX a 

A1ter"atlve Model Specif'ieatlonn 

Some rn\normogtftcatfon$ of th(t rripdetl ~ro .reqt,ill'"'ed to genel'"'·ai.!.' 

$01 utlpt'lsr.epresent t ng dai ry arrangemonts; under .wt\ t c.h New Zeal and a.c,ce$$' 

to. the Austr1aHah mar-ketisrestricteo. Fw--ther mQdifi~atlons are 

r~quil'"'ed to gen~rate $ol'-1t.fons repr~sertt'ng~Qmpet'tive trade, \n which 

~)Cport.~upPQrt paymentsareel imtnated .. The$e arec;onslder.ed, tn. the 

follow' OS two sect t ons~ 

Restricted access 

Given N'ewZeahmd acce$S to, the Australian market '$ re.stricted, the 
exp0r't.revenUecomponent of the model cQrresponing to New Zealand 

(equation. 3) is delet.~c::t. How~vert the qerivative of the obJect'v~ 
funct.ion wIth respect to moneYS .avaJlable for export support Is now given 
by~ 

It must be ensured t.hatthe dertvat.ive ·of the obJect'v~functhm tszerQ 

when the maximum subsidY rate constraint is binding, The term to "correct 

the derivative of the objective function with respect to export support 

moneys {equatlon 9} is replace<J by: 

(9 .. 1) -ml09 (m/smax] + m 

C0mPetltive trade 

Toshnulate thert.moval of export support requ'res modifications to 

the AUstralian and New ,ealand export components of the Qbjectlve 

funtlQn. The equat'on to'" Aq$tral1an export returns (equation 2) is 



I""epl~c~d by the .fpllowing e)(pr~sston; 

(2.1) 

The equ~t.lon foJ'" New Zealand expo~treturns (equ~tf¢n. 3) is f".eplaceq by: 

(3.1) . cIA .. Nt «, + ~i(qi +qi ) 

The expre$Sioo foro correcting the derivative of the object'ive fuotlon 

with respect tpexpott support. montes (eqo~t\on 9) and the constraint set 

on N(i!w Zeal a.nd exports are de 1 eter.!. 
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