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A St,ltthll J.i:quilibriu.Jtt Analysis of the Queensliutd. KangRt()t) Industry; An 
l~xaaninatitm of llnntt~st Off..:Take Rates 

Absh·nct 
Both StMe nt\d Federal governrnents are keen to f<>ster the develot1ment of new 
industttes. Recently the hnrvcstit'g <.'If kangaroos tbr· humnn consumption bas en\erged as 
n potential industry with itntX>rtant $OCiat, economic and conservatiQtl beueflts.ln ordQr 
to satisfy the 1ncrensiilg. consumer demnnd for knngaroo meat, the knngat(lo industry 
n~eds to expund its infrn .. structurc it1 terms of the number ond l~cnh<m of harvesters! alld 
storage ~\nd pmcessir1g fuciliti~s. Using splltinl equilibrium modciHng theory this paper 
identifies the potcntil\l infra .. structurc ofthe Queenslalld Kangaroo Harvesting lndustry 
resulting fr<mt changes m the lutn:est off .. take r~.He. 

INTRODUCTION 

For decades pt()Jx~rty manngcrs m the ntngelands have relied solely on th~ir sheep aud 
cattle operations for incomo l'Jttrrington ct al. ( 1.984) stnted that the mulgulands ()r 
Queensland and New South \Vales curried mainly merino sheep at a stocking rate of 0.2 
to O.S animals I hn. Vvithin the sntnc tlrcu the kangaroo population has bectt ostim~ted at 
0.2 animals I ha {Cuughlcy and Grigg 1982) to 0.3 animals I ha (Short nnd Bayliss 1985) 
and Sattler ( 1995) stated that the Quecnslnnd mulgalands stJpported approxunately 4 3 
mitlion sheep and over 4 million kangaroos. A r~port by Queensland Department of· ·· 
Primary ltldustrics < 1994) highhghts the financinl burden many land owners face in the 
Queensland rnt1gela.nds. 
A pos~ahte solution for many land. managers is to harvest the kangarot~s present on their 
t1roperties. Sevend tesearchcrs huve investigated the poteutinl economics of kt\rtg~roo 
harvesting at the property leveL Both AJchhl (l995land Swital~ ( 1997) have examit1ed in 
detail th~ financial returns derived from .kangaroo harvesting to the landowner within the 
mulgatands of Queensland. A l>nper by PetcrHut&man (, l997) provides further discussion 
and tltmrtcial analysis otl the economics ofkangat·oo harvesting at lhf) property .leveL 
Young and Wilson (1995) examined the ecnnomics ofktUtgaroo harvesting at the 
property level within the rangehu1ds of New South Wales. However~ to entice businesses 
and govemments to develop the kangaroo harvesth1g industry, some im.ticatlon.ofthe 
htdusttts p\1tcntial si.ze and value is tequired. A paper by SwiwJa (! 995) idelltified the 
potential quautity and value of kangaroo meat that can. be ptoout:edat.state and natioNal 
levels. 
More intbrmation is required ht Queens lund as to where kangaroos ~au and should be 
harvestcdt how marty harvesters will be required; where processhlg facilities sh<HJ;d be 
located, and how tnany.personnel.will be emplo~ed ptocessingkarigatQ<> meat when. a 
market for kangaroo meat for human consun1ption develop~? 



This paper pnwides some attswers to these questions, and goes further to investigate the 
effects of harvest otl~tt~ke rates. In gcnerol, quotas have been set at lO to 20% (Pople uod 
Cairns 1995), According to the logistic p<>pulutioo growth rn<>del as used by Caugbley 
( 1987) .. the. maximum S~istainable yield is sottl¢where between I 0 and l5%. Using a 
similar model, Pople Mtd Cairns ( 1995) state that the. tnaximum sustainable yield is infact 
closer to 200. o. ln queensland. the annual quota has been set at l5<?-1J. which some 
advocate is too high. However~ in the short termt a harvest ofi:.take rate above 15% may 
well be advisable to reduce kangaroo populations and theret.ore reduce total grazing 
pressure as n1any rangeland Meas are ovetgrnzed. In order to invcstig~te the economics of 
vanous on: take l:>Crcentages on the structure of the Queensland kangaroo harvesting 
mdustry. we prov1de resul.ts for harvesting mtcs of tO~~, (2.5%, 15%. and 17.5%. 

l\IETHODOtOGY 

The basis of th¢ spatial equilibrium model to be applied to the Qu¢cnsJand kangaroo 
industry is that as developed by Takayama and Judge ( l97l}. The model consists of 
maximising a quadratic objective function subject. to a. range of linear constraints> as 
developed by Takuyamn and Jndge ( l964a, b, c). and later applied by Takayama {1979 ). 
The model is a standard transhipment model with multiple supply regions; 
storage!coHection p<>irtts, processing points. ~\nd fixed demand points fbr processed 
kangaroo meat I con~umption. 
Advances In comr>uter software allow much mote complex programming. This study 
utiJis~s these adh'lnces by incorpori.ltil:lg a demand function with cc:mstatlt elasticity, 
reflecting a more realistic situation tor the potential demand for kangaroo meat 
Equations 1 to 9 below illustrates the .formulation oft he spatial equilibrium trtodd used 
to examine the Queensland kangaroo harvesting industry. 
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k ~· detnand regions fhr processed knngarotl meat, k :-.;.;; I 't 2, 3. 
J '~ processing regionsd ~ t, 21 ..... t 21. 
t t:: supply regions, i ~' l, 2, .... , 431 
m ~.t. processing plnnts1 tn·~ small, medtutnl large •. 

I~ t~· pnce ptlint estirt1~1te in demand region kJ 

CA e quantity point estlmntc in dcm~md region k, 
h ~ O\Vn price elasticity, 
L. ~ maxirnUhlllUll'tbcr ortangaroos available for harvest in region i, 
C1 :::. numbet of kangaroo carcasses harvested and stored in region/~ 
c~l·~ ... tlt.,llnbet ofknngaroo carcusses tr~nsported rrom harvest region ito 

processing region J, 

M1& w: quanhty· of pn>cesscd knngaroo meat tra.r1S{X)rted from processing region} 
to demand .region k, 

MJ :;;~quantity of kangaroo meat processed by theJ.tli tegion, 
M.k ~: quantity of pro~essed kangaroo mont d¢nmnded by the kr11 region; 
A1 ~ processing capacity ofregion,1. 
u;' ·~ conversion coetlicient for pr<~:t~ssing kangaroo carettsses into boncaless, 

meat:, 
R,11 ~~conversion (;Oefficie11t detetmnting the numbcrofharvestors required, 
nr ~conversion c~ffl ... i~nt determining the numbet of chill~;;r boxes required, 
R{;, ~ conversion c~tlicient determitdng th.; nutuber of p¢rsunneJ re,IUitf!d itt 

processing plants m, 
7;}/ r.=; per unit h~rvest cost tbr kangaro() carcttsses, 
1;s ~ per unit storase cost for k&:)gJtr<A1 carcasses; 
1t ~ per unit trdnSport co$'t. fbr kangaroo carcasses from harv¢St t¢gf~n · t to 

processing regionJf .. 
1-; ~~ per unit.prQCessing cost for small, medium or large proceS$JJ1~.f~ti.Utiet1: 



1~~ :-.~,per unit .transport cost for ptocess~d kangaroo meat fron1 pro~es!ling ~region 
1 tQ demund region k~ 

1::!1 number ofharvest(1rs tequired in hurvest region I; 
E,1, ~, numher of chiller boxes required m harvt:st regi(m it 
l:.'t · n~tmber of personnelt·equired m processing plartts. 

A totalllf43 Shtres within Qucenslt:md wcr~ identit1ed as. htwing commercially 
harvestabJe populatiotls ofkan1!aroos. Using past harvest records obtained from Gilroy 
< 1996 .>~and ka.ng~\roo populauon denSll)' mnps prepared by Carter { 1996), available 
kanga.ro<\ numbers Ibr each Shire W(.~re estimated and imposed into the model a.s urr¥Cr 
Jumts 
Harvest: costs were based on pro;ecttons made by Alchin {1995) and Switala (1997). 
Storage and proc.~ssmg costs were derived from. teal field data and synthetic •r ~del 
constructs, and vahdated against values lde.ntHied by Hardman< J996 ). 
The demand functi<mts b~sed on n proJected annual per capita consumption of 3 kg. Jrl 
comparison~ the annual t>er cap1ta consumption ht Australia dunng 1990"91 for beef was 
39 :: kg, latnb 141, ptg meat l ttn kg'" attd pou.ltry 25.4 kg {ABS 1993 ). 
As \~'tth pet capita c<msumpuolt, no mformation on the own ptlce. elasHoity for kangaroo 
meat is avai I able. A projected own pnce elasticrty ')f .. t.S was utihsed as the elasticity lbr 
kangarm1 meat. Several authors tt.vesUgating the: Austrahan market iucluding Orue.n ~~ 
a/. c 1968). ·Maut et.al. <.1976}'" 'Fisher ( 1979>~ .Murray (1984 ). 11artin and Porter (1985). 
and Ball and Dewbre { J 989 )t have identified the ()wn price elastfcity~s fhr beef at ~0.95.3 
to -195. lnmbat .. lJ3l to -.L89, and pork at f<1.9S to .. J,.J9. 

RESt1LTS 

Figures l to 4 graphically pre.sent the: structure of the Queensland karlgaroo hatvr,sting 
mdustry under hl!rvest. off--take rates of l O~'u, 12.5~o, 15~,1J) and l7.5~'<t. Table l provides a 
summary of key patanleters including quantity and value ofkuhgaroo meat, produced, and 
the total number of personal· employed. 
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Iab!e L The- structure tf[tlze Queen.slcmd Kangaroo ltulustry under difji!rettt harvest off-Jake rates 

Percentli2e:&~tak.e i 10.0°.4 i ll~% ; lS .. O% i 17~5% 

Q\'.i~Ji.:!tftJ!ls!!~l!.----.,._,----------~ -~2J~~z.ll2 .. .{..-SJ1~I!!.?l'2-.i-~z~g,Q.3J_+.i!@.JJ~~!! 
. ~~iz!£!.~J!!~Y~.Y~!!t!?~---------+-1JJ~~~L-+-1-=f~QB1? __ +_J_lt?~J!~~-+-J2J1~J!~-­
~~[e!Q[lf~l~ . ~ "l!ry~~~.:_ --------+-J~O~Q~_QQ.q__ +-J.21~~Q;<!__+ _J:.69Q~~q_-+_J~2~~@ __ 
~~Q.e!~{!!~e....sr~t_y~~PJ1~<1-. ____ ----+-- .. J~I ... __ .!... ___ l!~~---+---1Q! ___ +---~2t __ __ 
!i~~e.£2[<2i!!!!:~»E~~l~!'~ _______ . _i~ --~;-~-___ -~ -·--· .. r--___ +----~-~---+----JQQ. __ _ 
M~!~.!l~~!i.£i§.b~~t!<!.DE~---~~ ---+ ~~--2~ti~ _ -+ __ U!J:t.?&_ -+ __ !~.?J}f! __ + __ ts~'Pl1~ .~ 
M!f~~t-~ty~~K~!}E.lQf!\!~D1J~·-- --~ --1~2.L! ---i-- _122t!~ __ _;_ __ JJ!<12--4---!~~i1 __ 
M!J!~tJ2t!!!!~~!2~~!!!I~11:2tt~~t ~- ____ + _ -=·b~4J _ ~~ ¥.· + __ l:.?~li~- ~ ~ __ l~~~?:.---4-- -~J~i~--~ 
MarketPriceBnsbanejS;tonnes}: i $1.334 :. $2't79l 1 $2~516 , $?_221 
·----------- ·.~ ..... -------- -:-- ... ~ -'-·-- _,..,-""' ---- .~· ---T ,--·----- .... ""-r-------~--..----------
MarketPriceRockham-ntoo;$;tontreSJ : $3..301 t $2,.758 * $2~483 t $2,.209 ------------ ·-~------:-------,..·-----·-:--""'t _____ ,.,. ___ ..,....,., _______ ._t __ ~~-----
!rfarketPriceTo\\llS;.il.letS;tonnes; ~ $3,2&4 : $2.712 • $2,.503 t $2J80 
·,-~~-.~-~---~~~-~7-~~------~~--·-~~~<'~.~~:~~-~~~~-:-~7--~~~,~-.~-,. .. ~~~.~~-. ~-~-t#-~7.-:---;~~-~--:--~~~-~,._~-;-
Valueoftotalmeatdemand . : $34,910 .. 924 i S382Gt.(l30 : $40.J79583. t ~721,994 
~...-..- ....... ~---~-:-~~--.~----~~~""'*~"""""~- ...... ;&r.-~4=~ ~~~.-.,;.~~ ~~ -~----..'"'.·~~ -~~~~~~ ......... ~--,...~---~ ... -----~-- ...... 

4te.ta~!:!~¥~~!!~'!P!t_;_~~- ~-_ ~--__ ~~ ~-- _ ~~J~t _ ~· + ~ _ JZJZ! -~~ ·+· __ J~~! l __ +--~~<1-­
~ ~E!!!l'Ei!l!!JE~2~~.PL'!£~£~~t + __ jQ .. §Qf!_ ~--~ __ J~J~'! _,_+ _ oc- J!!~ __ -t.,, __ J2~~Q_ __ 
tl~~!Q~!SB!!fl_elhi..P!C5~~!_n_g_pLR!!t~-- ·~ + __ _ }~~-- -~ -4--, ·~=J~~~ ---+ ---~~!-~-+---.11~---
Totat number of personnel m: producnon11 . ~ . 381 ~ . . 4&9 • . )(}4 . . t ·- 696 
4
Sum ofthe numbet .of ,f>...a.,....,·estef3;, 'Chill~ box opemtors ~nd prm::esgng plant rt(."!S(fncl Il1e operation ufth~ cltiller wxcs equates tu 

one full ume posltJ~rt 



OISCliSSl<)N 

l'hc structur~ or th¢ QuccnslnmJ .. ktmgttmo hnrvcstmg industry \Uldcr ll hutvcst otl~tAke 
rntc or ts<~~ istllustrut~d m Ftgure 3 (Which is the current hMVQst mte). A totnl uf~l6 
nul lion knngnromr nrc ht\tvested from nn nvuilnbte P<>t>ulmtort of l .67 rmt.Hun crnblu l). 
hmr huge kr:mgnxoo tncnt pnlccssmg racilltlCS ~m~ lt)CJ\tCd nt St. Oeorge; Rmnnt 
( 'harlcvtllc nnd Bnrculdme cFrgure .3). ·rotM produclknt is 16~000 tonn¢s l1f'boncle~s 
mcnt, emp1o:;n1g .)28 pcrsonn~l wHhm the pro(!eSsiug 11\CiliUcs rrnbl¢ l). The Yt\l\J~ of 
dcmund ,-; $40 2 nuthml. nmt n tot.nl or 564fl<:tsotutel urc employed in UtQ pmduction 
st~t~tor (l'nbk~ l). 

The t•fft!ds ot hlwcl'iun th .. ~ httrVttft <>ff~h•kc. r.-t~ by 2J5'X· 
f~tgurc 2 ttiUSUAlQS the structure: orthu tndustry utul~1r a hUI'Vest (~n~t~\k~ tute (1f La s~fi}, t\ 
reduChOt\ Hllbc hHtVCSt ofl':.tnkc by :!. ~"·o hus fl!SUltCd 111 the telOCt\tWrl Und downsizing Of 
a large proca~smg. fi1Clht; from St GC<1rge Hl ttmcdimn stz¢d n\cihty llt Hugt\Ctld¢tl. Tt)tltl 
production decrcnscu from 16,000 tonnes m 13~7~0 tonncs, Mld the wllue t1f' demm1d 
dem-eused to $3€{ J tntllton t rnblc 0 A tottll or489(1¢tsmmel nrc ~tl\l1loycd Hl th~ 
productwn 5C\~tur'l Whtch represents l.l lllSS nf75 fXlSttlOnS C'fnblu l.) 

The cffcd$ of htwcring the hnnrl\Sl ()(f~f~kc l'Slh! by 5'~l 
Ftgur~ 1 repreMmts tho mdustry under n hurvc:st. on~ .. tukc r1.1tc. of lO~·u As tllustrnH~.d by 
Figure t. two Iurgc pmc¢1\stng fh~Jltttcs nrt:: hlctUed t\t Rom11 nnd Chutlevnto~ (llle 
mednun Sll¢Q H\cthty nt \Vmton, rmd n smull tt\cthty Ul Hm<:tnld orth~ L l mHHon 
kangnm<JN nvniluble. l J)$ m1lhon nrc harvested to produce l 0~$00 t.otmes 11fbonctcss 
kangaroo meul A tond of::l81l'crsontitl t\r~ ClUJ1Io~~cd tn the production sector. which is 
183 t>tlsttlons t32° b] J'Cwct tlum under· thf!l ttldustry structure opcmhng tlt n lS'% tu~rvest 
rntc <Tnblc l l 'l'he vnlu\l nrdt.Hftlntd ts $34 9' millt<m, un decrease of$5.3 mil lim\ nr 
13 l0 o 

Tlu-- effects «lf h:~cr~~~h1g tb~ bttt\tc8t ofl' .. t-.kc r;u~ by l,SiX. 
Ftgurc 4 tllustrntes the lndustr~1 under n 17.5~/~ hnn:cst oft~th~ rnte. The restn.Jctuting; 
results Hl the tCI()CUtlOfi or the Bnrcnldjne phml JS to n.tnckaU, nnd ()JlQ t\GW mcdiunl sited 
facthty at Chatiors lowers~ und twn snmll plnnts ut Cloneurry Pnd Hm~rald. Productton 
nses to t9~2SO fonntm, rm mcreusc of3,250 tonnes (20"3%), An uddhiorud :tzs.ooo 
kangnmos nr,¢ lmrvcstcd. whJle rm extm 13.2 t)ersonnel nra. required to hurvest, mnrmge 
storage fuciltUcs, nnd prot~css k~ttlUrtttm meat (1"table I). The value ufdcmnnd is $42.7 
mllhon, nntnc.nhtse of$2 SttHIH.mt 

An mcrense or due tense ht the h~ttvcst ul1':.tak~ rate rront J S% b:J.S tnaJot implications h1 
terms of the I1Utnb~r ttnd locJ\tiott of j?tOcesstrg tncHitios. and tht!rerure etnJ)Ioyanoot 
pmsp~cts in runtl cmmuuchtiea throughout Qu~crndatJd. Otb~rs atr(!cted by hru·v.;st rates 
ere obviously h~u·vestcrs ttnd storage fhciHty (1t1¢tfl~()fS (chHJer boff."a). 



The setting of 1\~tnte harvest ufT.,takQ rates (annual quota} by th~ Stat~ Oovemnwnt 
should tnke mto considentti<m eeologicul thctors (kM~tnroo popuiuti(Hl dynamics). 
economtc lturnl employmt:nt rmd income opr)Ortunities) parameters id~ntU1¢d in this 
paper. und th~ e.nvirontnental pammet~lrs (total grazing pressur~ l\nd rangehmd t~lndition} 
whtch are ·currently gaming mm.~h attention. 
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