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Abstract 

Th~; at'l.ttunl (>"cmot1\(t lor.s of agt•tcttltutftl p1·odudt(m Cttttsed by Wt;!eds b\ 
Ansh\llia lMs b~en eshntoted t<> 0x¢eed $3.3 billion Thi1:1 loss now apptoximat<!~~ 
the average iH1l1tu\l I'i~t Villue of AusttaHan fftrn1 ptod.t:.:,t.:Hol't. ltt ~rt t1lt~nlpt to 
audr~ss thtspt·obl(lJtl, th~ CooperaHw~ Res~at·ch C~lltrtJ for \~V~d Manog~mettt 
Systum.s (CRCVVMS) wos Qst~\:dish!~d in 1995 under tho f(!derul government's 
cooperativ~ I'l~S~M'dl (et'\lre progtan,. l'c athleVr! ltfi goe:1l. of reducing the utmual 
costs o.f Wi~l'?ds lt"'' Auslr~lin by <tl l~nst 'lOp~l't:<.mt by th~1 year 2000, U·m CRCVVMS 
blttst denion.strate thut Its H~S~Mrch will ben~fit bvth the ft\tti1f.t.lg sectot and ih~ 
overtdl co.n1t11UtHty. Thi.s pnpN descdbe.s the Jovc~ltl}jn1cnt or L1n intt;!grated 
econon1i<~ systt?rn for ev~dtutUng these benofits und ibi nppbcfltion. in evalunting 
tha ~11~Hfs ol controlling t\ tnajot weE~d of Aush·uJJ~rn s•·a:zing sysb~tna h1 the 
Mtu·ttUnbidg~ h:dgation Atlla. 



An Int{)gmh:1d JkoruJtt1lc Appt'O()<:h to 'Svu.tualinU tht1 Farm and,·lJldttstry· J,k,,~ms of Woott <;'(lt\tl'QI ln 
Agricultural Production Syt:Wn\s: Vote, )Pt1es and Gdf(ith 

1. Introd.uction 

\"'t.teds ate a tnnjo~ cconot1tic pr<.lblenl in Altslraliat\ agl•i¢ultute b«ause mo~tfatrt\ ptod~cts 
are produced t~rtdt.~r ~xtenshre sysbmu; at yields which are low relative to those in other 
countrti]s. \Veed losses l't\SUit fr:oru yield and quality tcdudion$1 lhe costs o.f <:011trol inputs 
and in exlremt:! Wt~d-effeded sihHHions the costs of ndjustmet1t to ~l~W t>rochtetioh. systeti1s. 
Sprondi.ng weeds also irnpose external costs whore their effe<:ts ar~ n.ot intetntllised. within 
the farm. The toh1t cost ofw~ds to Austl'rtlian agnculhu~ is e$Ul\li\t~d to ba $$.3 billion per 
o.nnum in terms of lost prt>ducUvity and cOt.lttol costs (Anon. 1.995). The most r«ent 
disaggregatcd cost: estimate coil,(?s fr~om Coml~llnck (1987) who suggest·ed. that weeds 
annually cost $2.1. billkm b~\$ed o.t1 1981-82. statistics and this was likely to increase to $2.8 
billion by 1987. 1.'his estimate compris(1cl the dire<-t costs of weed contr\.ll (cultivation, 
herbicides and appUcatron), and the indi.rect· costs of y:icld loss and product cont~.n:tlna.tion. 
Losses in c~ nps and pastures wel'E-~ 61.% and 24% of this cost estin\atc res~<:Hvely. 

Estim~.1tes of w~d \~osts provide an economic basis for tationuUsing the wa;d conttol 
programs of producets anti govetmnerH-s, and for directitlg w~ds reseal-eh progrt\.tnS (Vel-e 
and Auld 1982). Despite the econotnic hllporhmca of \\'eeds .in Austrillian (igt'i<:ttltute, there 
have been few attempts to rigorously estimllte their costs, The ~v"ilnble estimates tend tc. be 
presented in aggtegat-e and apli\tt fron\ Cotllbellack (1987), rarely reveal bow they were 
denved or even what they include. Over 30 yenrs ago1 it was sugge$ted that w~ds fend to 
be taken for· gratlted, and C\re so conm\on and Widespread that th,eir E'COt\t;Htlic ~osts in tetni$ 
of productivity losses and contt'ol .int>uts are inot generally appredated. (United States 
Department of Agriculture 1965). This remains the case despite advances jr\ the triethods for 
mapping weed populatiotis and in: ass~.tnblh1g other weed dl,\ta. 

To be able to realisti<:ally l:lssess the extent to which it; has achieved iw goal of hctving 
reduced the costs of w~ds in Australia by at least tO% per annu.til by 2000, the Co''fieralive. 
Research Centte fot• Weect Mat1agem~nt Syslems (CRCWM$) nwst deu1onstrat~ Umtlts 
research fnh) imp&"ov~d weed manage111ent Will benefit both the fatrt\mg seetot and the 
conunmlil)t. First, new WP.ed contr,)l technologies have to be assess~d as ooin~ boU1 
technically and e<:orsotnfcally ffi!asible to encourage producer adoption. This 1-e<Jt.dtes lhe tAse 
of fann-Ieveltuodels to est~blish the output and reVenue chat1ges resulting fr<>Jnlhe bettet 
weed control, given fann constraints and producer abjectives. 111e rest.tlts of applying these 
models provide producers with compataHve assessmetHs of th~ economi~ benefits of 
achieving improved weed management' whkl1 come through the opporhtnities to lower 
production costs. Second, the widespread adoption. of improved We¢~{ conttol rnight also be 
expt.~cted to have important irtdt,tstt•y effects wh<?J'tg this results in an irtcr'eased. level of 
production at lower unit cost. This is ~a use the cotnpetitive nature of n1ost of Austt~Ha's 
agricultural indl.latdes suggests that an. increase in supply is likf;lly to result: h1 average .f~trtt 
and retail prices whkh are lowe!· than. those existing. ptior to . the t\doplion . of impto~ed 
weed managem~nt, 13oth these c<JnsidernH(Ins indicate thtlt the aduption of improved w~d 
control is likely to have economic JmpUcati(>ns IJeYdi1d the production lev~ll and that a 
modelling system. which incorporates botl1 the .fa till and market compon•mts of the irtduslry 
is required to accurately assess the potet1t:al bet~efits. 

The modelling system for eval~ating the imt.lEicts o( . weeds and o~ i~~tov~d ~eed. 
management described in Uus p~peris intended t~p addross two inlportantec~~~miciS$u~s, 
to the CRCWMS; (i), the nood to ¢Vttlu~te tb.e reJa\tlv¢ hnpacW. of the target '"iee<Js at both 
the farm and industry levels, Clfid (ii), the need to d.t~tetmi.ne the full .tauge ()f potenti(ll (l\tiit 
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and industry h~~.nafits frrU\l tht1 df.1Ve.1oprnt:nt nnd. a.dol?tlt1n of. httprnved w~ eonttot 
prnctices. Achf~ving th~e putpos~s wi.H fttdlitnta ~he l)tPn\()tion of improved weed ~ot:\~rol 
to piodurers, and also l\SStst mnr.1~gement· in t\ssesslng the e;~tent to which the program'$ 
goals h,,ve ~n adti¢Ned. 

The application of l'COl\Otl1ic t:ncdds to Wt~d .nHm,•gement ptoblettts hns not t~n exte.i.1siv~ 
in A ustralta. M.ost of U'e· past· <~onotnir rt~s~arch b; the Wet~ds art')a h"a bt~ll ·in relation. to 
the effects of w~ds fn production syshm11l. In thiG context, opUmisnUon method~ tlOd 
dynatuic progrtHntiting (tlP} ttnd Hne.~r progtnt'+ltttb'g (LJ>) :itt purUc\thir1 htwe tx~enused to 
evaluate ~.-ontrot sb·at~:tgh:s for sever~tl weed spt.~ics {l)anmm 1.988). Fish~1r nnd l~'t! (19Bt) 
used DP to solve the rohtti!)l1 pr"b1l'!nl fnct'd by grcdt1 gtowers H\ notth-.w~st New Sou.th 
Wal.es in arotls wh~l'e wtld oats ~uul,~town I'Ol hnve a. signili<=Jnt ~ffect on wh~at yields. 
Kennedy (t987) also adaptc!d n Dl' appr,1t\Ch to (!1\lcuJnt~ nu~ optimal hc.~bicido rates for 
controlling hlltdyhl1ads in. Vlctorio. P~md''.~ ... {1989) dlWel<lpcd a. stoclulsUc: dynamic 
programnung {SDP) trtt1del to nssess conltol U\f.:'iisu~s for wild onts, whilG Pandey t\ntt 
Medd (1990) used: detern1h1tSUc t.)P, linked lo ., bio.,ceonomfc simulaUort. t:nodel, to «ssess 
the C(:onomir (eosiblhfy of seed kUl fc)r contto\\ihf~ wH<:t onts h1. wheat:. Furthet reset1rch by 
Pondev and tv·h~~td (l99t). ugl\tn utilwcd lh<~ SOJ' .. bio-ccor.omie situuh,Uon tlloci•~l. franwwork 
to anal y\~e a cot1Hnuous lYbC£tt cCropp.ii18: systeru h1ft~sted wUh wUd oats. The Pandey (t989) 
and Patndey and Medd (l99l) $tUdies ~H·e. two of thu very few which fuwe conRh:Jereti. the 
effects of rtsk in Au.slrahan wt~tt probh~ms. C1t>J'ddard (1991} used DP to id~nti(y opthmd 
reststance mlltulgelllt'nt: str~Hegfes usul~l the ~·<tunpte of: ryegr~1ss herbidde: t¢sfsh\nce it1 
Westc~ n A ustN,linn whct1 t: prod urtion systems. 

Of the LP nppUcabons, . Puntt¢U . and I'tlneUu (1.986). used a whof.p .. (arnt mixed integer· 
progranu11ing (MJP) model to <!$litll~h:- tht~" cost of skeleton weed. in the Western Austrulinn 
\vheatbelt, while Schmidt, t'annell and Sltmmrt {1994} usud LP to asse~s the ~onomic 
Implications of ndopUng alternative mm.1ag~tnmtt practices for the cor1trol of' he.rbiclde 
resistance in ryegrnss. Other ecottotntc v1eed; ann tyses luwe utilised sirntdltUO.n Iil assessing 
the skeleton weed eradicnUon prog,ram: in WesbJ rn Austmlin. (Pannell 1984)t and reuponse 
functions and diiferenU"l calculus to determine ~ptinud herbicidt-: r~fc'<'; {Panm,~Jl 1.990). 

Analyaes which have eonsicl~rt.~, the hupncts uf Weeds beyond the fattll hove tt\€1!nly 
mvolved lhe application of beuefit.-cost and economic surpll1S amdysis lo ·aase~alh~ costs Qf 
\w~~ds at the farm and coJr1.nnmity (a.g., Vere, ~tndet1 (tnd CarnpooU l980i Hdw~rds and 
Freebai.rn 1982; l.ndttstdes Assi$htnce Commission 1.985; Verc,. Anld ~nd: Campbell 1993) •. 

The m'lin contponents of Uie iutegrated ~COt1?fi1Ji~' n1o~eUin~ system. for evAlu~Un~ weed 
impacts and hnprovcd Wtted control in farm production systems is Ulust·rnte<l .. in ~igltf(! '1. 
Thts indicates that the modellin~ scquen<=e i$ to t~stablh:;h the itdUP! production e(fech; in 
t-srms of the costs of production. hlsses ilnd U1e lJE~nefil$ of cor1ttoll to ~vuluate the Jn"rkt?t 
impacts under a givett level. of control ta;hnology ~dopUon1 and U:n~t1Ce to C(lleuJab'! the 
changes in economic .surplus £U1d th¢ ~ocial be'nefit•.Jost ctitetln. 

In evaluating either the impact ofa weed: or the bebl!ffts of U!i control, UtJs modetUng.sy,;tern 
enable:;, the with and without W<.,~d· ptoductio.tt dLFferetu:es tg be eslubll~hed and Uki$e to 
then be translated into a~ llid us try supplych4Ulg~ \t;ttdet n. given level of' weedJn~taUPn Pt 
wLted cor1trol ~dopficm, The (wo questions thh~ sysf~nt "'stU$t$ in ·~n~wering am (f),. wt·hn ~re 
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the economic effed$ of Wt~ds in production. systents an~ how might fhese change With 
better weed control? and (ii), how nti~t the commodity market change and. wh~t ar¢ th~ 
mdustry·wtde ¢Conomic eff~ts? ;The. answers to th~e questions det~,rmine whether the 
development of imt>rov~d w~d controlts likely to l~ pro!ihd>le froth both the producer'$ 
and industry's perspectives. 

Fn'"n' ~lc,uct 
Constr~thVS A~dvidcs (hadu¢!ing tttw technQlog,Y) 

.In}lllt·uutput GQ()Olcmmtlf ! 
Lcutd 
Labour 
Cnpttlll 
Otl1cr 

Gro~s tnl!fgJJl~ 
_....,.,......,........_......,.....,.....,......~, R1sk pn.n•mcten; 

t 
Opbl1ll.S«! OoJcehv¢. fuuctmu 

Conunodity M'odtl (market ()r indJ~stry) 
Incm.'jX)t(lte asS\l.Qlt'tl. level t>t' &dopbut\ 
Siitl~lAte change~ Ul ft¥rtn till n~tml J)rit:.t.>sti,ttd 
(ic:ncrnte new cqmhbriUrtt famt lttld rehtil pri(;eJ ttnd 
Estilnute supp.lv tuld .dc;mMtJ ehLS1tciUcs 
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3. ModelUttg Sysh!nl Con~.pone•tts 

Production systerns model~ can be grouped as br.!ing either d~term~nistic or f;itochostic* 1'he 
detern1tntsttc grottp of models .~oo those d~vc1opt.-d }.:tflQet ('ondi~ions of assumed. cert~lnt;y. The 
advantage of th~e mod~ts ls th(lt lh~y car\~ developed .and solved with grceAl~t ease and this 
enables tht? an~lysia of rump.Ie~ l'>i'tlduction syr.terns. Stochasttc models allow fot th~ explicit 
nworporation of ~tnt't"rtainty in tho IJ1odel ~nd this nllows tha probl(.lm t;') 1~ more reaUslicaUy 
representt"'d m many Sltt1ations. How~ver; stochastic models (~nlail gre~rer complexity in their 
d(:tVelopment and a.n~ oft('n more di.fftcuU lo solve. 

The chmc{' of l~(j approprintt~ tll(>d{tld~p~nds on the chaructt?risUcs o( the pt•oblem· under 
mvestigtltion/ J,(''' whether ll lS detel*ttlfrusttc ot stod:H•shc, static or dyr1a.mJ~, whether 
opttmtsatton, budgeting o.t smlul~lU.on is reqtltrcd, ttnd W.hethet the level of. a.i1td;ysJs is 
porttai or whoJe .. fatn·-. A probt~~m 1s cons1d~~red l·() oo stoch~sUc 1f importfu1l variables (su~h 
as ratnfaU ond cormnodtty pri('P.S) are uncorhun und cart be forrnulat~d as a probability 
distributJon. \cVl1t?rt"- unc~~.rtainty is expected to affect the perfotn~Jnn~e of' alternative 
stratt?gi.es, a stochastic methodology should 'lw· used. Oetarminfstic approaches ure 
appropr1at'e where these vnr}ables can be Jldequately descttbcd b)' their (!X}?ectecl values or 
the uncertamty fs unbkely to uffa:·t the rankint; or _perfo.rmance of the sh'M~gi~. 

A static methodo1orw only t:onstder~; n ptobletn ovE!r a cliscreW! t{nle period such "sa se~son 
or year. Dynamic methodc.llogies r.ot1Sider fnt(!rtemporal em.~ts and solves th~ problem over 
a predetermtn(ld lima. If the problem t~quires the optimi$~tion of v"rious· options, th~ 
objective of the .model is to maximise or minimff;e an objective function of a number of 
possible vcu•inbh:!fh subJ~ct to a rangt'· of phystcal and .inshb.tlionnl eonstraints. Altema.Uvely/ 
stmuJatton modaHit1g seeks lo condu~t silmpUng~xpeJ:iments on.~ math~~nlanct~l n1odet of 
the system. Reasons far adopting s.imulation over opti.mis~Uon models ~re mainly to 
a,·count for risk or where there are complex objec;tive functions (S\JCh as utility .fUn(;tfc>rt$). 

Opltmisation models rem~hl a powerful and efficient meAns (even when dsk is involved) 
for determining an optimal. pfnn or strawgy ftont a latge ran~e of altemntives. Modelling 
chotce is also b+lsed on whether the problem is to be evaluated at n partral or at:.·~· 1Vh1')1e
farm levet ln agrkul\'utal research, optbnisation models ure ofterl specified a~· whole-farm 
while partic:ul'lr budgeting techniques such as gross marghis and. partit\1 budgets can only 
be conducted at a partiall"vet A whol£~-farm approach should be adopted where there ar~ 
Important Interactions bet:w~en fartn resources at1d on-.fatm a(!UV!ti(!s. 

A considerable amount of biologkal and physf~al infonn~~ion o.n the ,production systetn.$ 
involved are requir~cl. to dewilop ptodudton system .modelsJ i'his informf.ltfon mainly 
requires tbc specification of resource endowtrn'!nts, input,.output· coefficients, costs ttnd 
returns, and crop and .. filrrn.big systetru~. SoJ11e of: these data. 4r¢ in. tht;: form o! ?oint· 
estimates while otht)r d~ttt, fat random variables, are tequb·¢d in the form of probability 
dtstributions,. The; mttin types of data. itl th~ tf;'~ot.trce ¢ndowment$ .category ~re tlia ba~dc 
physical constraints ot the rese~roh problem, e~g., th¢' ~dm of the ·~~t~~tiVe farm. or 
paddock, depending on the $r.ale o£ the analysis, tioU ty~, irrigation t®hnol~gies} 
availability of laboJ.ar llnd capibd, and. ·insUtutional restrictions s~ch ~!1 productkm quotas~ 

lnputMoutput coefficients are the major dtlta tequi.reman~ ~nd. geoer'-UY, ate itho mo(;t 
demanding in term$ of biology !lnd physiCill t'ttributes~ Particular data: n~d$ fat wee4 
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research will include yields of pasture t\c:hvilies (daily dry matter prod.ttction) and giair\. 
crop!~ (tonnes pet ha) Wlthout weeds ~nd the y~ld loss t~l&tionshlp~ for diJferent: (:f'Op·Weed 
densihes. Estimntcs of the relationship. bet.w~n s~ banks· find. weed. rien$iUes ~re also 
required for different w~d SfiE'Cies, a range: of crops1 dWerent gnogr~phical.locaU.omi and 
sod types. Oth~r itnportant; information rt.~Uitect ·by Jh~se J\lod~.ts, i!:" the e(fectiveness upon 
yield loss <.1f alt:erna.tive control ~gents, whether they are chen:dca'Jt mechanical or bi<>logical. 
Exntnples of oth~r it1pub·output coefficient: data include fecundity equ~tion£? for detetn'linfng 
weed n"producUon, (~d ~nerg)' t'-~uirements of liV($tock (e.g. metnb¢list,thle energy ~r 
cow, ewe or OSE)t response fun~tions to different i.nputs {e.g. f~rhlisers)~ evapotrat1spir~tiOn 
demands, labout r~.~uiremcmt.s per urut (hours per ha), fodder feed ettergy eqUivfl.lent$ {e~s~ 
metabolisable energy per ha, bale or t'onnt-), and $t:mscmal or monthly pas~ure tt~n$fet 
efficacy. 

Cost and return dnta aro associated with c.1ach of the d~ision vnthtbJ~s, or enterprises, of the 
model. Most of thes<J d(lta ~ .. re sp~.ifft~d tn tho form of gross tl'mrgm.s ~nd Vl:lriable costs. on a 
hectare, tonna, ewe, cc)W and bale basis. Vvh~re there n,te investmaJ1l: activities (e.g,, land, 
purchase, ltrigatiot\ technology, headers, spray £~quip01ent and hay and: silage making 
equtpment) these data tllUSl be spectfi~?d at enh~?r lhew CilpHill V(tlQ~ in the Yeflt of 
acqutsition tn a dy.tunntc ot mulhperiod fram~work or a;notti6~d, using the ter.m. (y~ars) 
and interest rate that ts 4l11fihcabl~, in a static ftMnewotk. For some problems that require a 
nsk analysis; " hnn-; .series of cost and retun1 data may need to be developed. 

The crop and fatn1ing systems data req~urcd getu~ra!ly lndic-ate whether the" .problen1 
requires an analysis ;:\f rotations, where there ~te .multiple choice$ among crops~pastutes 
and llvestock. Tili$ will sometimes be governed by the scale .of thl~ study as detertnined by 
the resource avl:lilabiliiyt j.e., . a roJ1resentatn!e farm compar¢d to. n single paddock or ha 
analysis. The cro1:1 and fantlJng systems d~ta '$hould. comprehemnvely cover the detailed 
interactions that O<:tu.r betwee.n crops, f?astute and. livestock enterprises .. 

3.2 lndusny models 

Industry level evaluations of w~ ifl1Pi1cls nre ~l$o n~C$ary beca~Ge prodpction sYstenl$ 
rrto(iels typically a$$U.me th~l: output prices Lll'e not ttffe<:t¢d: by the chang~ in ~urce 41UL>Cation 
or product m~ ll1is lriQ)' be re~listic when one farm is consJden..,q ~inc~ chq.nges in its output. 
will rarely affect market price. Howevttr, w~en improved w~~ con~ol tet:!hnol¢~' is expecW<.t to 
be Widely 4ldOp~ci )nan inti~lStey', fu~ aggregat..-t Of flll: fun.rt level r.hnng~ may resuft in ll clJ.ange 
in commodity pd¢e$, *rhe. economic surplus tnoclel pto\l fdes a rneans qf calcltlating the s!1£!. of 
these chang~ where the supply of~. c.on·unodHy is eit:heJ ~onstr~ined.by w~eds, or increa~ by 
the adoptim. of improv(?d weed .::~mtrot 'Jbere ~.'e two gt'l'.rleral situi:ltiPr'a$ in whicll the «:Qnc:>!nk 
surplus modeli:i u~ful.in the wood, f.tn.pactconWhi, 

The schematic economic. surplus .model Js illusttllted. in Fi~~ 2 in whi~h ·weed. control tihi£~ the 
commodity supply curve (So) outwtitd (to St) white the d$Th!hti curve (RDCJ) nmiAift$: titlttfonary, 
Pre-weed control ptodt.tctlon is at Qf1 which ~ttra~ a m4rkm: p~ ~f Pt~. Producers hav~ tU1 
economic $\Jrplus· Eqt.tivale,.'lt to FoA.C While ¢90Sqf.tlel'Sjt $UI'J?l\1$ ~ .. the· ate41: P<JAF, T'Jle .main• 
economic effect ot weed control is tQ reduc~ per unit ptr.>du¢ti(>b costs ~od $hilt ·the prPduafs 
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supply curve oulWtu:(ts to St. The are~. ofeconc>mic sutplUt? ·f$ ttow PSO comprising eonsumen;" 
and producers' stuyl~St':S of P18Fatu,i, P.no, rt.S$pt'<lUvely. 

ThesE:" arens of total econcunic !fUtphts change rep~t1t the impilcl of weed coni:rcl Ptl both 
consumt~rs and procl.ucera. The net: el1unge in «onomic surplus Jg ~ufvt\lent to the ~efits of 
control and tl1ts IS gt.ven by U1e ~rea CAUO, the diffaren•ce bet:wt.~n the areas FAC m1d PBD~ The 
mcremental llellefit urea (CtHJO) in-~ ..:,rp(>tatl;.~ tbe fU'()quct:ton. ~Q5t: reductJons for the :initial 
output Qo (the area Cll£0), ant.l the v~du~ to cotlBt.U:l1t~rs of the e>.:tta ptoduc:tion at St, .net of 
production casts (the AJ'(.la AB£). Where the supply tUrv(! ahift is p4t~tlet $0 that, the vertical 
dtstance between t.h~ two t:~upply curves is constant~. and following Al$ton (1991), the ch~ng~ in 
the erononuc surplus ~ltt:'!~s fr,1tlt weed control Ctin L?t~ ttShmat.e'-1 U$i 

Pnce 

F 

c 

IJ 

Change in consu.mers' surplus; 
llCS = I{Q0Z(J + o.sz~) 

Change in prod~1cets1 $utplusi 
M'S = P0Q0(K ..- Z)(l+O.SZq} 

.• Qunntity . J 

(1) 

(2) 

,·,·c'"'"''*'•_.,., __ . ______________ .. ______ _ 



An lnt.~grntl?d G:'oJ1lltU(c Apt1to«c.h t<J ttvolunUng t\'\<1 l7HtiJt f.tnd fndt.l,shy ik~nufH!f p(Weed CPntrol fn 
Agrkultural Produdion Sy~tJ:!!l\5. Vt!n1t Jcm~s lind CitUfffh 

<:":hunge r.n totalsuftjlus; 
~ TS = I~Q01i'(l + 0 SZtl) 

!":: ll('S -t·, AI'S 
(3) 

where, Po and Q(} n.re the loitinl equ.lllbrium tnarketK!le(lrirtg price a,nd quantity for the 
commodity, Z is tlu::Y pt:tn:(muts(.~ reduction in }jfi~e··ttri.sing fram. the $Upply shift defitled. as Z ~ 
Ks/ (s i-rt), !< is the tnihal verttcal supply shift ~Jxpressed as thr, petc~.?tlttlge reduction Jn 
produruon coSL«i from Uw adctpH<m of Um new t.e•htwlogy, and. u and ft the price ehtstidties of 
supply rmd dEmlaru.i. 

Thts approach requittls the m;e of a qtu-u\htatiVe indush~y model. to p~edict new equilibrium 
prtrPs and quantities followingwet'~d (·ontrol. Such n modf,l permits.tho impacts of weeds 
and thetr t'ontrol to be· !1imulnt~d on the main variohles (supply, dem~lnd and prices), and 
for th~· tn1pacl!! lo bt1 tr~:•nslaled into tnf!ttsures of ~on<mlk surplus cha.nge. (1ne trt'e of 
industry model whtch hns l~lf;m used tn te<:'hrtolog}~ fmp.'nct evaluations. i~ the strueturnl 
econometri'' nlodt'I (J1igurt- 3). Thts tnodel is~ sp~~ificd ttl."•' a. aystem of equations which 
represent the industry's prodm:tfonr consurnptcanJ and p.tlte determination ptoces$eS. The· 
model solves sbnu.ltmt('(fUs.Jy to general~ Lhl'" C!.lUiHbtnun V£dt•es (ot the s.et or endogenous 
variables. The r~suJts enabh? tho direct c,mlculaUtm of the new equ.ilibrlu.m prices and 
quanttttes a.nd tht\ E~1astu:Hv valu<,s which a.te oblaJned from th~~ estimated relr~tionships~ Th~ 
structural indusb:.; mt1d(•l 1~ parfirularl}t useful in ~vuluatin~ weed h:npu.cts because it 
explains how rnst t1tOnOtnlt' det:iSi(JnS were made SO tha.t these decisf..ons rnlght be predicted 
into the future. The ma.tn. advantng<~ 01 ~on~metrk sfmulatiott in this aituaHon Is that the 
dynamtc. E'ffa·ts of w~d.s and the resptmses to weed control can bt1 tr;t<ed ou.l over t.irne as 
the model solveli pt,$ti~1d b.~~ period, 

In stmulating the industry im11ads of w~eds using a sfructur,,l econometric model, 
parameter valu~s ~ue alteted to reflect the new te(~hnology, the model te~olvedc and. the 
results compared Wtth '!h~ base tnodef solution. rll~re, the Jnodel defines the iniWd industry 
equilibrium quantity (().a} and pri<=e tP,,>~ which tog¢ther defb.1e }?Oitll A (Figure 2), the 
changed quantities and ptlcefi t1~ and Pi, which togeth«~r With the ~lasUciUes of supply (Fi) 
and dP.mand. (rtJ for the com.modny, and K, the v~rticnl $hUt: in the supply function, define 
point B. These ca1cul(1tion!t enable the ahanges itt econer.mic surplus to ·~~determined~ The 
economtc sutplus fotntulae In this situation dlff(~r from those in the first beca.use they u.re 
based on the simulated 11dr.e and quantity changes rather than on ussum~~~ pAtttmetet and 
initial equilibrium vnJur~$, and are glven as; 

Chctnga 1n con~umers' su.rph.w; 
llCS = --·P,mQrml?Pn(l·rO.Sl?Qtt) (4) 

Change in producers' surplus; 
11PS = P011Quu(l?Pp- KXt + 0.5/tQ~~') (5) 

Change in totaJ tiUt'plUfii 
llTS = 6.CS + APS (6) 



An 1ntngratod e{:cmomle AJlprondl lt1 evt»l~~lUng thu l!Mm fllld Induatry DcntlfitB of Wood Cont.rol in 
Agrwultuml Prodtwllon Sylileffi5,: Vqrlit joJi(lff und QrU!ith 

,__ ____ .., _ _.,... __ .....,.._......_....,...._~.-· ..................... '!"'!i. ·' ~~.. • •.• • • •. . . ' 

Figun~ 3: Austt~Uan 1•nnb induotty ntodcl tompon~••tfl _.nd Unk;Jgt!lf (Vere C!t ~~;' tm) 

whore, the subsc 'iptsr< and ~' relate to the retail und farm levels of the industry resr.>~<::tively, 
and th~ paramci:ers £PR, ESPt, l:Cb< and t:Qr m:e the relative changes in l"\.'ta'l and farm. ptlcf..lS' 
and quantihee which are dertVed from the modeL srmulation solutions. 

The main differ~rtc~ betw~n the schematic and the e<:etnomettic economic surplus .methods 
m evaluating weed fm·r~c:t.r;Js that ln the first, an btUia1 m~rket equilibrium Is given ttnd. the 
gtven supply shift: .fUid. Indust:y .tmr~moters determ.rne the .n~w e<lttilibrlum 'prices and 
quat,tttles. Economic surplus Js rnt~~sured~ as a shift away ftmn the initial point ltl the 
second, the economf~trlc model predicts ~he new pd<;¢S and qU«itltitics and ec<mom.ie surplus 
dtane" Is measured jlS a shift toward$ the new equUibtium. the first method is eti11l~r to 
implnment; bu1 the s~cond is tnor~ roUahle. Using either.· method ill .it w~d impat::t 
evaluatltln context, tllt,1e Jssu~s have to be add.re6sad; (f) the <"!Xtent of the s.~pply s'hift 
caused b}' the weed, (0) the effects ofdi£i·errmt levels of adoption of~~ control techw~logy on 
an industry, ~n.d (iii) the Ume pnth of adoption of the control te~,;hnoJogy w.Uhftt the 
mdustty. 

The extent of the supply shift Js a major ({!ctot in d~termtning Weed.lmpaCt$. hl the We<;!d. 
contrc: situation, the supply shlft pi!:ratneter (K) In the f!fQdU<:cr fiUtplu~ .eq~ations Js 
measured In. terms of the p~oducUort cost reductton~ which r~~ult frortt. w~d control •. K ca~1 
be derived as a pr.oportionnlsupply ~hift directly from t~e farm mod~l ~olutfpns where it i$ 
defined. "s txllng the percentage te~ucUon ~~.the tUtJf~fnai unit 4-':ost of P:t<>duction lot the 
weed .. affec~d emd w~d..fte~ ayste.ms, expres$~d t\~ n proportion of the commod1ty's latnt 
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An lntcgnttad Eoonon\lt~ Af>ptt1P<:hto Uvolv~Uog theJ1Arm t\nd hidu!ihy '&rtcfn~ of: Weed Co11trolln 
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price. AlternnHvelyt K can be dt?riVed frt1n1. }1roductiot\ OJ.' c.:t'>atfunt+tfon An~lysif> where it i$ 
considPred that the com~1onet1ls of technfc~d d1ang~ are intpurtant. Thts rn~~hod alloW$ the 
incorporat·ion of the effect.~ c.1f bolh neutral tech;1ic6i. ~h~ngu,where the technology results in 
n shtft In output (l:mn lh~~same mix o': inputc,;nnd their proportions, ~in4 biased technic.al 
change which t'><"curs where produdiot·, $h1f"f$ ~r~ due {() a change h1 the input: mix which 
htrlses the use of one fttdor of pto~hu:ti.on.. The s~<lnd n:u~thoq n1fght sometime$ ~ 
preferrt:"d becaus~ n ~~cmforms mor~ closely to }~roductton t!<(!onomics theory. lf K i'fi. to oo 
determmed fl'Om ~" t,:troduction fnn('~liOn, it f5 tltl(.;(!S$L\ry to convert thu bi.ofogicfll effects of 
weed control OP ylc.~ld it1h1 at1 equiVf\lent shift in the h1fti(tl supply curve So in Figure 2. thiS' 
as g1vcm as the differcnc~ in th~ marginal t•osls of pt·och.l<:tion l:x.~lwt~t1lh~ wecd .. affected and 
Wl~d· tree sysh.:>n1s. 

Estimating the ad"1pt10il rates of a n~w W~(,d ~011trol .t¢'~hno1ogy defines the patt of the 
mdustry n1osl hkl~ly to bo aff~1Ctl~) by ns introdudion. In ''X ante situations, adopbon l't~h-.~6 
are often gfver1 in. f~rm.s of aith(;)r tht.~ number of :ptoducel'S ~~pc~ted to adopl: irnproved 
wE>Pd conh\J t)r the liUJl\lx1t or p.roductton un1ts lik(~ly to bo '-'ffednd. Thes~ can be 
estabhshed by elicitation :melh<1d$ (asking researc:hers i:Utd industry experts to nomjnate 
hkely adopt:ion s(.~enart<1S)t and arc .most convcmienUy e~ptess~~d as chanses in the lev~l ,,r 
production, i.~., <.'orttrollmg a (;ettaln weed is likely to incrcf\s«-1 average production by some 
proport-ion. 1'his can then be converted into art adjushnent. factot to the equilibrtun1 
pr~lduchon. Jev .. ~l for US(~ in tht! ecot10n\l'ltttc Sir1luJ~\U<>ns. Adoptiotl a:ates mensuted in thtJse 
h:-nns are usuall}r ser\siU~~d ;u:t•<>rdh1g lo vatitHt.S n·iteria. ln ex post analyses, adoption rates 
ran be mo1·e dJtt~ctly m(msured lhrm.tgh survey,'fi .:md other: method~. 

The need to incorporate Lhi? tndu.stty's Hnw pa.th 'lf adjusblU?llt tecogtHses lha umo required 
for mlptoved weed contt•ol to b~ absorbed into f1t1 industry. This cousiderahon ilffeds the 
hmP flow of benefits from Wt~d C'l">ntrol, which then affects (he benefit-,cost COll'\J?~dsons 
over ume. ThiH me~ns th~Jt technologtes which a•:a rapidly 11dopted .ate likely tC:l have 
greatet· long tenn p~yoffs th~~t flHlSe with longl~t· adoption profiles. the effects of different 
ddJustment periods ciln be examJned by sin1.ttl~\ting !he weed imt,ads over differ~r.t. 
&tlmples within the econorlletttc tnf.~del's estimr.fbon sample l'el'iod. Fot example, the ef:(<.~ts 
of quick adoption: n:11ght be sJm.uJatt~d over one year and over sevet·.al years whet{~ adoption 
1s based on longer lags. Thts lS Hhely to produce dl(ferent~ s~ts of e<J.~•ilibrium. prices .and 
quanhtws, differe11~ l~vel~ of chan.ge Jn ec()nor:mc surplu~ and her'lce, difterent benefit..cost 
criteria when the benefit flows are dis~ounted over Lime. 

In this integt'nt~d mod¢Uing systm111 the benefit..cost l)tntlysJs (BCA) fs the eridpoint of the 
evaluation for a particular weed. This wilL usually be a social. DCA in whir.h the benJ~fit· 
estitnates ate detiv~d. frorn the e:onvmit: $Utplus J110del compone.nbtnd the cot1ts ate those 
of the r~search pt·ognun fol~ the weed in question. l3CA is ncce5s~lry ~3Ctt~se w~d control 
options will'Uk~tr b\vol~e different flows of coats ~nd tehHlis over!lme nt1d this tequlres 
the use of discot4ntlng procedures. Soma di.ff1culties may arlr;e Jn the. socinl J3CA ~o~text 
where it is neces~Jary to measure all monetat~y benefits and cotits and tPQ$~ for which mluke·~ 
pnces do not exl$t or are ihfffcuft to establi$h UX1der notmrtl pricing method$~ Vtdyjog 
f.~nv•rcmmental ~n~tlts and 'osts frcm w~-.Qa on public land$ itJ an e~~mple in whic.h non .. 
market pricing method~ hAVe to be adopted. 
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ll1ts secUotl pr~set•tb:t au (txamplo to d<flmmsttato the ~ppUc~\Uon of this ~mlomie modelling 
system in evulunthig Wt1£?d ptot'lf.?h\S. fh~~ exoniple descrilx~s the applfcaUon o( lhhl systellt 
in evaluating the futnt nnd industry hrtptn!f.s of i\ W(~d J:>tobl.em tmd traces lh~ costfr~om the 
farm level to the brondet~ hidusby usfng.n combinnUon. of LP1 t'(:onometd~ modelling am:l 
economic surplus (tl1nlyfds. This W<.?tld ac.:er.u-u·,io ls .hypotheUr.rtl and cot1sfdets the ~(f~la of: 
Pat(3r·son's Cttl'Se Jn nu irrigttl(~d sttb,.r.lovet' pasture f.tr the .Mttrtutnbidgee Irrigation Areat. 
liel'e, the main assurupUon is the hnpact: of Patarson's Curse h1 these pashu~s rasulb~ fn f) 

20 pt1n~ent reduction .itt dry tllilU(!a~ prouu.rUtm. 

A LP model was cm1slructed lo terwesent a ~50 h~cbtre frH'll1 which is f:uUy h•rigable at.1d 70 
p<~rt·ent Iar1dforn1ed. The~ itrit~nUon aJJucaUm1 is 1,400 megaiJh·e$ nnnuaUy nnd there ls f\ 

wt1t:er delivery ('Onstrnint of 550 megaHlres pe•· monUt t(J the fnrm~ theta ls (U1e owner ... 
opera to•· who cm1tributes 56 hours . of lab~ru•· pt~t· weaJ< to tha farm opeJ'tltion which is 
ct..'nvertt:...: bHo n t:H::Ntsc.ma.l equiv~lkmt. The main £n:Uvny is aecond .. ctoss l1unb producUm1 
whh.h utilises htcelrne nnd sub-dcw~1r: pashtn~s. Lucerne ia only ~t·own rut the lanclfottt1ecl 
arens while sub-dover is pn>duct~d. on b(Hh lnyaut tyfH:s. Sub .. dover cnn nlso be grown as a 
dryland enterprise if irrigation wat(?t• Js Un\lUng. Uolh lucenu~ rmd suh·dover a.re directly 
consumed by ltvestock. 

The obJedivt~ funcUon values ar~ Biven in Table t. Only second·cross hmtb production and 
sub-dover have pt1s1Uve wtluesJ V;rhile the temaining m:tivities have tlegaUva values a$ they 
are producliot1 inputs. Th(l objective funcHort of the modcJ itr to tnn>dmise whole-fatm gross 
margin. Dry maHl:!'r ptodu'-:*iJ~fl, is '10.4,2 artd, 9.02lonnes per hect~t·e for landfortned nnd 
non-land formed su.b~h:n er iespe<:Hvaiy .. The aru1u~I lucerne dry matter produdiOtl i1114.75 
tonnes per hectare. Thc?t.te yield. fittures are cm:werood t:o a11 ertetigy ~qui valent i.tl Uveatock 
months (lSMs) to lm conr,istent wilh the feed ene1·gy detnanxts of Uveato~k. Details o( the 
seasonal demands and supply of feed energy, al.ong wlth sen~otutlltlbout detllands, are 
given in Table 2. Lucerne twquJres tO mcgalitres pet hechn·e of !rrigtttiott water, sub .. dover 
on landform.ed Jnyouts 5.6 and aul.>>-elovcH· or1 noJl .. Jrmdforme"t laymus 4.9 megaHtres per 
h£~ctare. The monthly frdgati.o.ntt~quJreme.rtls sp~eiJied. for these activities in the model are 
given in Table 3. 

The LP results in Table 4 lndfeaoo the differences i11 the wuh and without weed .sftuaticms .. 
Here, the impact o( PAlet·sonta Curse, repJ·es~nred throug'1 iJ 2.0 percent dedh1e in sub
clovflr pastu.re dry nuttter production}" reduces farm. grosr? rn~rgh1. by $7,303, or 12 vercent. 
Breedb1g ewe nun1bera decline by t4:4 (8.6 percent) because of lhe lQWet feed. av~Jtability, 
while sub-clover h~\Y Dales decline by 473 bales (8.7 percent), thet·e L~ :a $mall mcrea$e in the 
area of land(ortned sub·clovet• at lh•~ expense of htcetne ptlshtre, ~cause winter feed 
availability Pecomes ;1Urniting r~source as ewe fwd req,t.dremenfs tU'e highest itllhfs period. 
As lucen1e pt·ovide~ only mJnb11aJ feed J11 winter, it is partly of(s¢t by the higher wfthf1t 

---------
1 Potersm1'fl Cutoo fs onn o( lh!:! four mah\ "lm·gt:!~' Wl~d~ lit thu Ctl.CWMS r~?td:ch pt~)t~r~m. Tt; dtJle,lh<l 
actual paranwhm~ r~quirdtl fur ltd~ typo of t)nalyattJ hllvu yet w be ct;U\bUshm! UtHhtr msqurdl, Tlllt~ ex nnl!! 
example i& lntond.!ld to d~nW1Wtmt~ lhu l)l,)lfl11Uf1l beMfnrt of UE,dtl;t thJt.* moueJlfng 11y~tent lU ev~Juqt~ W®d 
mnlrol whcl'~ H htvPJW:I$ tiltt,'Cl Jnlcroc:Ue>M bclW~an {tmn tc601JfC(~$ <W~r titnl:l ~nc:l matl«!t g({<~d6 fmtn ~J.tpply 
uwrcasea. 
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Agrtc:uHurul ('r,HiucUon Sjtil!Jltttt: V~re, )Pr1t~8 ~md Ortffnh 

producing sub,.<;~lover d~spih~ this EtcUvity having suffered a yield. qe(:.lfne due to J?n.tersun's 
Curse. Ovatnll, tha cffeds c( Pnte~:son's Curse fs l'o ff$.~uce wh~le farm profit by 
npproximat:cly $2.9 pt.~r ht~~tttre~ At pre~t?Ht gro$S J'UAtJ~hl t~$Umnt~~, this los$ Js equivalent to 
ti bout i .5 br~din g t1Wes .l'(!l · ht'C tare. 

-;-fnbJc 1.: Ol1cclhte ftltidion values of •••. td"':"c.-.1 1""""·a-d~iv'"":'it~it! ...... '8 ...... --............. ---·---
Sccond .. cross lumbs {:$ie"wa) · · · __..,_ ......................................... __ ..,.,...,.. ______ . ~50-.. -00-. -~ 

Sub·dov~~r hny ($/b~de) 2.50 
Lucerne.~ ($/hn) 40.00 
Landformed sub-.dover ($/hn) 30.00 
Non .. f~mdformed sub .. c}oVt"r ($/11&) 25.00 
Dryltmd sub~clover ($/ht\J 10.00 
lnlgatlon w~tter ($/mc~guHtr~) 12.73 
Htty making ($/b;;dc~) 1.:35 

Per·munent ltlbour $ mnn ·-------·"""""'"'---·· ·-30,000 

Feed supply (t.SMJhii):.._.,_.__ '. , 
Luceme 

I 
Ldndformod sub~clovcr 
Non .. fandfornwd sub·dt>Vt~r 
Dry land sub .. clovar 

f~eed d(~mand (L.SM/cwc)~ 
LabolU' requit•ements: 

66;.90 
49.98 
43.16 
t4.38 
5.69 

91.55 
0.00 
().00 
o.r10 
lt29 

51..47 
32.59 
2,8,14 
8.99 
6.f/1 

35.60 
56.23 
48.90 
25.48 
8,49 

Lucerne (hrs/ha) 1..60 4.8() 
1..1.9 
0.76 
O.t5 
C).05 

1.91 0~65 
Landformed sub .. cJt1V~~r (hrs/ha) 
Non .. land£otntcd aub'"'Clov~r (hta/hn) 
Drylcmd aub .. clover (tws/hij) 
Second.-c1·oss h1mbs (hrs/ G~We) 

1 .. 00 
0.50 
0.10 
O.:t5 . 

1.16 0.1.0 
1.87 0.1.3 
0.$7 0.03 
0.07 0.06 

-·...........,~-~;;...._..,:..,..,..,...""'"' 

1~ble~~nthl i~~~~~nten~!~~~~.·~.-.-.~.~~~~~~~·~ 

Month 
September 
October 
November 
December 
January 
February 
March 
A ril 

Ltmdform~d sub.. N<m .. Jandfo.rmad 
Lncorne 

' ,, L12. -M--· eJovc~t sub"<!lov~r 

(),80 
'Ll2 
1.1Z 
l.lZ 
1j6 2~0 
0.80 1..4{) 2.SO 
0.80 0,90 0,'/{J _ ........... _,_ ........... _...._.......~~---~·-~.-l'"""'--

:l1 



An lntonmled E~OtllJmic ApJ;ronch lo BvnluuUttg the F~rtn ond.lndt~slry l'w.t\efita o( Wet1d Coil trot ln 
Agriculturnl Pnldudion Syslonls: Vat"\."!; joneli nnd Odffith 

Tabl~ 4~Effed of l;•tletsolt's Ctu·se ittsub-clovet'onfarni ~Ian 
· Wfth(1Utweed · With weed 

Far1u gtoss tl1t\tgit\ ($) 62,175 54i872 
Numbet of ewes 1,669 1,525 
SeU sub .. dovet· hay {bolt?s) 5,431 4,958 
l,,ttcetne (ha) 78.2 71..5 
h1t1(Hormed sub~odov~r (hn} 96.8 103.5 
Not:l-lnttdform~?d sub rtovet (ha) 75.0 75.0 
Sub .. dovet• LSM's: 
"'spting 4,266 3,897 
.. sutmt,er 0 0 
.. uutut11n 6,58'1 61012 
.. WinJer 11,386 ·toA05 
Lucel'ne LSt\1's: 
.. spdtlg 5,233 4/182 
.. St.tntmer 7/16'1 6,544 
.. autu1nn 4,026 3,fi:'9 
-winter 2,785 2,1345 
Hay making (bates) 6,'12.2 5,592 
Feed huy itt autumr't (bnles) 694 634 
Allocation (l'vlL!s) 11396 llS79 
Operators labour (hrs): 
.. spring 505 480 
-summer 624 593 
.. autumn 524 508 
"'Wirth~t t80 161 

5.2 tndttslty analys.is 

The significan<:e of this loss ~o the.pttmelamb industry was e\'altHlted usi.ng a struchtrul 
econometric model of the AustraJian industry (Vere, Griffith and B'1oHe, 1994), where the 
·benefits of Patet·son1s Curse control was considered to be equivalent to U1e prevention o£ the 
econo.mic loss it !;!a Uses. This was expressed throu~h the increased tt.umber of br~ding eWes 
that could he Gatrietl in the region on the a.ddilio.nal feed (and the subsequent effects o£ this 
on the larnb im:htstry), and v,;as estin1aled. to be equivalent to a l percent increase in the 
Australian short wool breedin$ ewe inventot.yt The supply shfftpatcuneter following weed 
co.ntrol (K in equatio11 2) W«s dedvecl from. the LP solution at1d was estiinated to be a 19 
cent per kilo. Uveweight reduction in the cost of lamb. prod.uctiort. The lamb p.rices and 
quantity changes (table 5) came .from. the results of an eco.hOtl1etric st.~ulation of what 
where the before and. after weed c<>ntrol sftufttions where th~ lattet· was represented by the: 
bteeding ewe irtventoty increase (n Z percet1t inventory increase was als<;; evaluated for 
cornpadson). 
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AI" Integrated Ecot\OtniC Appttmchl','l nvalu"lh\g the Fam\ and Industry Benefit~ (}f W~d Con\rolll\ 
Agrk:ulturnl Produd\oil Systems: Ven~1.)ot\(~S. tllld CrifCHh 

5.3 Economic surplns analysis 

lncorpornting these pntaJt1ett:.rs in the ~onomi.c surplus eq'..tations tave the bettefit levels 
for Patel'son's Curse cotitrol (l'able 6). The results .indicate that the control of this weed in 
one New South Wales lan1b ptodttdt1g region has the potential td genemte tiigrtificant 
ilrmual benefits to Austratiatl lamb ptodllCers and conSUlllers, Producers gain because Ute 
revenu~;• gains from. lbe increased huub production outJ.veigh the losses from. the slightly 
reduced farn1 lamb p.dct;\. La111b consunters gain froill the cOJ:nbined effects of highet 
quantities of lntnb on lhe tnEH'ket ,·o1d the corresponding loWet r~tnil prices. Producers g&it\ 

the greatest benefit share hl£'!'ause lan'b has a low price elasticity of supply and an elt\stic 
retail deman.d teltltive to oth~r meats h1 lhe AustraH~n domestic meat; market. Overall, the 
h~mb industry ha.s the pctenlial to gain about $8.$ mHlion pet at1nUm where improved 
weed control in n Stllall p?irt vf the ind\istry enables higher 1at1lb production. in the lamb 
induslTy. This is despite the .talls ir~ both frurn artd reta.il prices as a consequence of the 
production inct-ease.):. 

H should be noted. that these bet.\efil$ are net· of the input costs of latnb production and 
weed control which are incorpol~aled m the ittd.ustry supply t~urve, but they do not· include 
the costs of the uevelopttte~1t ot any m~1V Patersot\' s Curse ~~.:rontro1 technology that may be 
developed. Also, the patlial nQ.ture of th~ analysis means that there will eletnents of both 
over and understatement of the benefits. 'fhe benefits wHt lJe partly overstated because they 
do not consider the adjtJstntents in closely rehtfeti. product ttUltkets, sqch as. U1e effects on 
the demand for other 1\teat<.l front inctet'sed. lan\b S\tppUes cmd lowet retail hunb pdces, 
Abo, the benefits may be undersl11led sit\ce other industries (e.g., wool an.d fodder) are tdso 
likely to benef,t front hl1proved. weed control. A J3CA has not beet\ attempted becatJ~e the 
costs of research into this weed have yet to be cletern1med. 

Table 5: l'aranu~ter esthltates for economic surph~s n1odd 
Shott WPol breedh1g ewe inventory increase 

Paramet-er Base v~lues 1% 2% 
Farn1lamb price (Pot) 20.77 20.33 19.85 
Lamb production (QQF) 259.41 262.59 265 .. 1~ 
Retail lamb price (Pot{) 88.13 87~57 87,10 
Retaillan1b den:tanrl (QoR) 2.27.84 230.79 232.83 

1 SuEElY shift (K~ ..0.14~762b ..0.14762 
" given as averag~ 1.990 valuesi pdces ttfe in real tern1s (d~flated by the CPI) 
b K = 19/128.71where thedenominator islhe nominal1990 avetage farm lantb price 

Table 6: Re~uUs of ~(()mJinic autplua analysis i!- annual benefits fm•n Patet'SQtt;s Curse 
control in the MIA ($million~) 

Shor~ wool breed.in~ ewe, inventory inct~ease 
1% 2% 

01ange flt co,nsutners' sutplus 1.091 2.172 
Change in producers' surplus 7.348 6.620 
Chal.}ge irt tota_l_su .... l'..,P..,..hl,_,s_.......,..,.,... .... _..........._.,.....,. .......... .,.,;.8_.4.4i) 8.791 

2 Because this ex!lrtlple cohsiders Q. technology which ~fccts only part C?( the lamb hidustry in a specific region; 
lhe mom con1pl~\u eV{llua\lQn of thq b~nefits {rom weed contfQl sho~ld alJK> consider how th~ restonall~Unb 
supply shl(t ro1~le~ Lo the l~;tmb indu$,iry1 as Uds rnlnht lnftuen~ lh~ ov~waU lev~l of hlduslry b~neJUs. Ed~ards 
und Frt~bairn (1982) hav~ de~K:rlbt!d the c.c:oMmlc rational~' for this level of bene!it disng~gaUon. and the 
methode Jl'.tquirl;ld lo O$tbrlale them. 
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An Int~grntcd Et.'Qnomlc Approgc:h lo Evnluqling t.he fM1l\ ~nd l'nd~Jstry 'B(lf'~Qfit$ of Wrod Control in 
Agri<!ultuml Production $yfjtCJ'Il!lt Varo, Jon~:~$ 4nd <1rlffith 

6. Sununary 

The objective of this pa})(~r luts been. t-o describe the u.se of an integtatt'?d e<:Orto \lltc i1lt)qeJliug· 
system for evaluat:ins t·l1e h\1pacts (l{ weeds and the benefits of w~d control in At.t5traliact:l 
agricuilural indu&tries. This objective t~ogr,ises thM improved tcchnolo&Y adopUo.n is an 
tmportant source of prmhtdivity gaitls in farm ptodu.dion and that improved weed c:onltol 
is a pro.minenJ exattiple' <>fa technology whkh could prod nee such gains. 

Producers benefit fn1m Vu.l adoptiort M~d llltdn~eJ1aUca of h11.proved w®d control through 
opportunities t'o loW<?r th~•r production costs. How~v~.t, widespre~d weed conttol can \.')(~ 
t.~xpectt:td to have 1111.H:ket in1J>at:t-s where it r(!sults h1 incr<~ased output. Because Wt~ control 
ts likely to have ¢eonotniG hnplfcalions lX1yond th~ form, em economic modelHng flppro~~h 
which considers b(.lth the fnnn «md tnfn'f-t,lt con1pot1ents of the t1ffected, industry is required. 
to assess the pot~i,linlben(•(its. 

Farm models establish th<? output and t<Wtmue chat1ges tt~sulUng from w<.~~. control Ut1der 
farm constraints ~nd. producer objecliv~s. The approach adopted for any partkttlar 
evaluation will. dep~nd otl t~o ch~tacterishcs of the. fann and tht~ t¢ehnology l~ing 
mode lied. The l'CS\tlls of ap;olymg these model:s. provide pro~tuc<~.rs with assessti\t:mts of the 
benElfits of ttdopting th~ \Need t11al1agt~m~r1t optiot1s~ l3y highlighting the proliudivity and 
profitability "'-hanges1 pt.,1dllt!.~l'S g~Jr\ tlt1, 4\p{'t(?.(.~j~'tiOtl' of those Wt~d tonltoi opt:i0f'15' best 
suited to their si.tunhont} i:"U\d bt,prov.fng t~soun:e use is ~ncoutagE.~d ~u~ a result~ lrtdustty 
supply responses ar~ l'i.Sbmat~~d by ~ggret~aUng th~ ff1nn t<'sptmses.under ~n as~Un\ea level 
of tt~hnology atiopllon acr<tss th~ h1dustry. \>\fHh •~shmat~s of t·he supply nnd demand 
curves, the type of supply shift,. and th~ rel~lwnship tx~h¥t~n. pr~ducer and conG~tl1Ct 
prtc(:Js, metlsutes or total berh~fits and. costs front ti'nfH'tWed wood control at'l d~rived. Doth 
sets of results a.m USl'fttl.in idet:thfyn1g .the options ill wet.~i resea~h _progratl1S to aHow the 
eff1ctf.:lnt allocatiot1 of the resea.tch biH:!get. 
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