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TaE~XTENSlFrCATION DEBATE INEtU~OPEAN AGRICULTURE 

Pepartmentof Agtitultuml.ttndResouI:ce Economics 
ThelJoiverslty of N~wEnglaI1d, Annidale,NS\V* 

P~per :pr~~nted'atthe3S{h AnnualCortrercnceofth~ Australhm Agr.i.<!tdtur~I·Ec(Jnotl1i~c; 

So¢i~t)\"VeUingt()n, NcwZeuhlnd, 7·11 February 1994 

1 INTRODUCTION 

Wltlti.n EUl:opeandirt the Gen,enti Agreementsorl Tariffs and Trude (GA'lT) negotiationst 

Common Agricultural Policies (CAP) have been criticised. because ofa series of problems they have 

created. Within the GATT talks, issues -related to over-productlonund trude inhibition huve played the 

.major role. In the European debate, the CAP budget development. unci. environmentally detrimental 

CAPirnplicationshave provided equally strong impetus for poUcychonge. Funners· lobby.groups are 

rather SUSpiclOUSO£ any potential policy changes for fear of income losses to the farming community " 

This paper investigntesthe impacts of Hextensific.ationH pOlicies that ate primarily targeted at 

changingenvironmenmlly unsustainable production methods which ~lre cutrentlypredominant.F'octtSs ... 

iog on a .region irt $outh .. West GenuanY,ll range of policies are nnalysed with respect tothelrimpUca

tionsort soilerosion~ nutrient leaching; pes~icide intensity and the biodiversity of agro-ecosystems. An 

environmenUil index of regional agricultural production is estnbHshed which provides the basis for 

poliCy comparison with respect 10 environmental sustainnbility ofappIied production methods. In order 

to investigate the tr'dde"off relationship between environmental sustainabilhy and finanCial viability of 

given farTning structures. a. regional sooring model funhetcombines the environmel1tnl index with an. 

economic index for each policy scenario . 

., The tes.earchprcscm¢dhcrc:. was undc.rta.l\cn when !.he author worked with the Department of Agricultural Policics und 
AgOc.luUuml Markel Analysis\,UnNersity ofHohcniletm.Ocrmany 



;Z,l ~CAPJ1J1(lsurplUSpr()dllction 

CotfittJOQ Agrlcultlirnl Policies (CAP) were developedafterth~ Treaty of Rome was signed in ·1957 

byUle six founding stAtes Or the .EutopeanCQInmUhlty (l~C). 111e br()ad.()bJectiv~s weretomcrease 

agricultural productiyity~tO enSure n fuk sttuldotdof living for fatn:tets.tto stabilis.e foodtnarkets, to 

$e¢ur¢:.theiiY~Abmtyof supplies, and to guarantee reasonable prices for' consUhlers.111e fundatnenlal 

pnncipalsof CAP havetemained the sathe while the community increased to 12 'member states. TIley 

.ate: 

l) a Common Niarket, 

2) Community Preference, and 

3) COrnmon Financing. 

Within 30 years~ilie llwket .. policy dominated frJ,UIleworkof price subsidies, import barriers and 

export enhancement ha." created a runge of problems. Production well aboveself"sufficiency in a 

numberofcottunodities isa financial burden on society twofold. First, there are the coSts ofpurchnsil1g 

tbesubsidised products; of storing them, of disposing of surpluses on the world markets, and of having 

the market contr.ol system adntinistered by an extensive bureaucracy. The cost of the CAP have been 

escalatingnnd acoOunt fot the largest section afme Ee budget. Second) the Community's consumerS 

payhighetprices for agricultural products than they would without the system. 

Sales of surpluses on intemuuonallllarketsat dumping prices distort the mechanism of free trade In 

that this action forces world market prices to faU below a. free,.trade"equmbdum~ affecting the export 

incomes oftmditional exporting nations and a fall in commodity prices for theirproducers. 

Price subsidies provoke structural effects and intra-sectoral distonions within the COO'Ullt.Ul1.tyl as it 

is estimated that 20% producers, who account for 80 % of the production, receive .the equivalent share 

of subsidies, while thcremaining 80 % small properties shure 20 % Qfthe payments. Ironically, the 

system hampers structural adjusonem tit the same time because it keeps small fann businessesprofituble 

and it indirectly increases land values) affecting land transactions fotboth purchase and lease. 

CAP has responded to the fundamental issue of commodity surpluses by introducing a range of 

·market-related regulations. TIley include pl'oduction quota, 'set~.aside' and lextensificauon', It can be 

said that neither of these programs has solved the problem, 'lbe political definitiotl of ilextensificntionH 

relates toa program, where fanners (;tU1 claim direct payments \vhen lheyagree to reduce their output. 

of surplus products by at least 20 % for at least 5 years (Commission of the Europe:.ul Communities1 

1988). 



2~2En.vitoJ1mentalaspe~ts()ragricUJt.l1ralpr()quctjQn 

lnme ,processes of il'ltetlsificauotland ·$pechdisnd.on ofttgQcultutaJ production, which lechnlcat 

progrcssO:iS.initint(!dand;CAPhtlve promoled~ttnditlOfluJ fonnsot n gnc\.llt ural land use have latg<;ly 

disapperu:ed in cenu:alEurQpe. In tllc 'culturallandscupes' these locally adapted la,ndl,.1s~systeroswere 

uotoulya livinget.nbodunt:mt of history and tr~dhiontlndan.ecQnomic.resourcCi· tothepopulatlon.Th(!y 

were' also ofcrucialimPQrtance fOtQthcT tcoreationnlnlld :p~'generatioo functions ·of :t.hel~dscapes.and 

fQttheflotaldlversitYand '4ssociated fauna within the traditional agto-ecosystems (Baldock: 1990). 

Theagnc111turatrevolutiott in the past fourdecndes· has seeoo: development Where agriCUlture hps 

becoJJ)e n.ot, only the major cauScQf habitat loss and .speciesextinction. Also,ma.~sive Inputs of ferd .. 

lisersand pesticides have caused pollutionofgrourtdund surface Watert thus i1l1posing incren:siug 

external costs on the dcnselypoplllated'European countri.es that rely On these major drinking water 

sources (deHaenet at. 1991). 

Increasing environmental awareness of the societies has resulted in the petition for more environ

mentally sustainable agricultural practices and in sorne countries thete :is increasing \1.illingness to 

developnnd fmMce regi.onnIised pro!t"rarns where frunl.Crs receive income trunsfers when they stnywith 

Of re-esmbl1sh erlVironrllcntaHy soutldttnd cuItumUy at.tracdve production pracdceswhich remainnt an 

extensiveproduetion level. 

2.3 .Extensificatiotiofagricultutal production 

Fanners'lobbY groups have been opposing the concepts of extcnsifictttiont in both the politicalund 

the environmental sense, for fear of income losses as wen as for aversion. against loss inentreprenetttiUl 

freedom. A quantitative amuysis is needed to argue the expected trlloe-offrelationship between envi .. 

ronIllentalachieveltlents frorncxtensification and income losses for the fm'llling community, 

The term ilextensificutionu will not be used in its CAP"sense but is detlnedas a reduction of fuctor 

inputstboth fixed and variable. per unit of lund under production and the adoption of soil 'll1d hie .. 

diversity conserving and less water polluting lunduse practices. TIlls definition is a reversal of the 

original sense of the tcnn, which meant the increnseof area under production (from lut. extendere)\\-1th 

the sa.llleaim as intensifying. Prom an environmental viewpoint, extensif1cn:don is the antonym to 

intensification with the aimofncnieving long-tern.1 sustainable agricultural production, 

A t"J.nge of policy measures eM be,expected to reduce production intensities. In .order to provide 

quantitative Insight into their implications both environmentally and i'anll financially. n. hientt'Chicnl 

rtlodelwas esutblished and applied fora r~gion in South ... \Vest (Jetmuny. 
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3" .. 1 Rcgi.Qnnl.A11afysis forthe'Ktaichgnu 
M',ostetrvironlllenqd 'problems are ofaregionai tamer thnn It slte-specificchatacter; particuIlU'ly 

'they 'relatetonou:oIpoint sourcep6t1utlohand whenbio-physicnl pmoesses, for exattlple irr the case of 

r4trate .. paHuuou of' groundwutet" incur externAL effects. Hencel theexteosification issue is.investigated 

onaregiooalleveL 

tbe stUdy area is the I{:michgau, an area of 1750 square kilometres in tneRhine Neckar 13asitlin 

:Soutb\Vest Germany. It is a landscape famous. for its highly productive loess solIs ina tolling hlli land .. 

$Cape. SO '% oftheregiof\ is under agricultural production~ 80 % of whioh Is cropped ruter extensive 

landconsbUdauon ptogram.s ill the 19605. Se,vere soil erosion .~Uld water qUality hazards as wen tiS lo.SS 

oftemainingseml .. nnturru habitatS are urgent environmelltal problems. 

Farnung 5Ul1etures Ul the 'region axe extremely heterogenous. Regarding production specialisation, 

caSh cropping is the predoOllnant income SOurce of mOte thun half ·of the frum enterprises. A quarter 

~iaUsesm . dn.Uy and beef production, with pig/poultry enterp.rises,mixed farms and viticulture 

ertterprlsesntakiIlg up tbe remaining 25 p~er cent. '\Vhh re$pect to the income struCture, only one third 

of the, fannsare classified as full dme fanlls. generating Il10re thanfif.ty pet cent of the household 

lncotne on··farm. ll1eynveru.ge a farm size of 31..6 hectares. Structural adjustulent happens rapidly. 

Between '1979attd 1987, the nmnberof farms had d.edined by 27 %. \Vhh n go()d choice of off .. fanl1 

employmentavaUable in tIle region; the proportion of pnrt,.time famls to fuH .. time fanus has shifted from 

l~l to 2:1 tuttle same period. TIle region has seen extensive land consolidation in the 1960s and 70s. 

Agricultu.re in. the KroJcbgau c.urrendyemplt)ys 3.4 % of the working population and etU11S 2.J % of the 

regional gross income. 

On the fertile loess soils1produetion intensity is high with sugar beetilt maize and high"protein 

wheat being the major crops. Per hectare ()f ugricultutal area. 185 kilogr'J.tnS of nitrogcll are purcho.sed 

Muually,. an. increase of 150% since the early 1960s. If the nitrogen from animal manure is taken into 

consideration, there: is a total 230 kg N applied per hectare Ilnd year. Given the requirements of the 

ptedolllinant crops conc.emlng pesticide regimes~ this land use accounts for :1 high risk of nltr:ue 

leaching into the groundwuter system and soilef(,)sionand pesticide pollution. Erosion levels between 

lOand50 tonnes of top soil per year have ~j~~:n me,asured in differen1 rotations (Quist, 19&4; Clemens at 

(Jl. 1989). Extensiflcadon 'seenlS a necessity .. but the question 'remains how the financilli viability of 

rao:ning und sUttcturrundjustmentwiH be affected. 



3~Z ~t:he:hi¢ratl;1hlCJll.mQdel CQutt¢pt 

,tn.ordertoinvesuga.te. envimutnen4'tlahd fall11 financial,·errectsof ,art1n.ge' ()fpoliey ·options on the 

region:and pte sent them in a readily underst(tmlabfe f()nrutt forwl stakclldldersJa hientrehical model 

wasdev.e}()pe(L It tt;outlined in Figure L 

l¢.,tarchlcal cluster annlysis o£agricullurnl 
ticnsu'~ data 

'.~ 

( __ ~ .. _PO_l_IC_Y_. ~£_or_l_lH_Jl_a_li_O_u~_~) 

-
ll~ed ttitege.r.Ptogtannnin.g Modelj optimising {lrg/anis.lltion and produoti.onof 
odel rarlfiSgiv.en. bIological. techllical, t.ecbnologit.ul and ec~)nontieeQcfflchmts 

(simUlation nlodelof fanlleCQllOmic~ 
. Jr. 

'FARMPROPl1\ HO(lS:EFfQLD INCOME, 
INVBSTMJ;;NTPOTJ~NTIAL 

+ J~' ___ -,...., ____ -:.:..:..:.:.-::.:.:;_:.-.....:;.* ___ R_i?_ca_lO ...... N_;_H,,_t.R .... :,\i ..... ·~IJ.L 

(e~onomjc.,ecological scodn.g. model. sinlulaJ;ionmodel of structural a.dju~tmetH 

+ 
ESTIMATB OF 
STRtJC1'lJRAt.Cl1ANGE 

. .!-. 
SMVIRON:MllNTAL INDEX. ECONOMIC 
INDEX", REGtONAL INDex of ag. prod. 

t --_. 

'TIle famling structure of the tu-ea is represented in 29 model fanns which ate derived ftom duster 

ella-lysis ·pf ~griculturJlcensus dala. The characteri.stics ofe:lch moue.J farm feed into a mixeU integet· 

pr.~granutling fann model which maxlmisesgr()ss mnrginnnd calcul\ltes parnmeterswhich characterise 

the environmental susk1.inabHityof the pttlduction pracdc.es applied. Parameters that detetmitte financial 

viabllit}t of fam:uugareestimated separately in a sinlulation nlt1del. 



The fatro; .. leY~lmodel results 4fe subsequenllymmsr~rred. :lmQ the Tegi.onal Jnooelle.v¢t First?the 

impuc~or ·th~polipyscen;mos:on SltuemraladJustInch.t: 'Q.tee..stinlMed. Second a .. regh;m:atscoring. 
~roodel. c4.ptures theeovlron.mcotn!arl(ffln£Uicinl susHunubiJitYQffum.1foglh:tough ;anindexing,proqedurc 

i~d,produce$a .tt;gi.QonllooeX'ofp.rod.ucdotlas :the.uldmate basis ror 'polleycompansoni A detaiJed 

P¢scnpdO¥lO[ thetnodelcnn he found !tt'(lteiner(l99S). 

3.~ The.tQn(!epto( ~nvit()Jlnlf!lltallndcxing 

:environmenud .indexing has Qecome un ttnpottant Illeuusof 111onilonng thecstnteor ilieCIWir()I:lrnent 

and at the srun¢ timeinterp.ret:ing them with respect' to aquestion(1sked.theapp!Q~ch is ·of'Olujot 

ppntip~r¢lev.ance in the :attempt. to includeeovlronmentnleonsideration :imo polley mnklng. InCnnadat 

fot exampl~,a. Green Plan has been proposed. with .one nspectof the Plunbeing lorepon: the srtue .of 

Carjada's environnlent on 3eonunuing basis. TJle rep()rt; has .fOUl" compOl1cnts: 1} Nadonul State of Jhe 

l!nvir'onmentRepomngandprooucts, 2) Int,egrnted monitodng~ 3)Snvirornnentut components of 

N~tipna1 AccoUnts~nd 4, Envimnmentul 1:ndicators(HirvoIlen 199.2). EnvixonmenwJ indicators :in this 

context would beanalogous't,o economic nnd social indicators. such us emplOYIlltmt indic;ltorsnnd the 

~ol1sumet,pric~iJldex, used daily by govetnments and policymnkers. 

Indices are a,meMS of representing .a comprehensive se~()f parameters in a singlenum.bet~ 'll1ey (tre 

. a tool fOt'sUInruacising'l and interpreting cOnlplex telatloJlships. An index is therefore a W;),y of reducing 

large volumes of da.,ta ,provided into a rnotcuseuble und user .. friendly form. As is the case' with any 

simpl.ificilPou proces.s.t information ,is lost during the procedure of crea.ungthe index.With.ncarefully 

oesignedindex however, the data is tailored in such a way that it retains ()uly the essential meAnIng. for 

·the questiou$ beingaskedof'it (Ott 1978). 

Environmental indices can be nIl .uccurnte mc;uns of conunualnsseSSll1cnt of thestnteof the end", 

to nrnen t and of monitoringehanges in environmental conditions. With respect to agricultural lnrid use" 

~1eycrel (1/ (199;?) emphasise the pOtential of envirorlmemal indices to reUably nnd uccurutely ·a.f)sess the 

ecological condition of agro .. ecosystems which is critical to efforts to achieve productive sustaiuable 

·agriculture. TIle development .of environmentnl indices is orientuted 'l.tt nchievi.ngll precise description 

.of the (regiotla1)saue.of soils and W31er resourceSt Qrspccies development,crosion and food quality 

(Young 1991). Their usefttlne:ssis not restricted to provide II useful source of infomlution to policy 

tnnkers for decision taking. Through aggregating the results of constant monitoring in the follow .. up 

stnge.>essentinl feedback infonnntion on the impact that governrnent.nl regulations and poHcieshnve on 

the:en'vitQOIrH~nt can be obtnlned. 
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4~1 Choice of lntticatOts 
11le:cottlponents ofen.vlronmentul indices areenvirorlfnenml indicutOt$~,EtlviroJ.tnlen,to1t, jUdi,caton; 

atell)~urnble'attrlbute~ofthe 'environmen~whichc~nhe monitored (Meyetr!tal. 19t1Z}.Tl1ree tn'-Ubi: 

s,tageS1Q.enviromm~ot.ttllndex fonjjuluti(Jllc~nbe idelltlued. 'First:1 theusergtoup nnd purpose fotthe 

mdexneed Job¢defined andstll.tt!d. Second, foUQwingcureCultyprepared selection, criteria, appropriate 

enYitPrUl~ntalbldjctttOi~arechpsen\atld thtrd~ bldictltol7s .(J.T~p.ggre8Med hne nmultivnrlute lndex 
where ilie:index provides nCCU!(l(e ixlfonnadon to the designated: user grouP(s). 

Ihfu,echoic¢Qfindic~,tors't,hree crl.terlu meappUed wbich ute" tbtu the indicator should,betespon~ 

sive/~nsitiye to~nvirQtll.11e,ntal .sttess, that it berdevnnttoastnted apl)li.cadon or .goalnndlhnt it should 

be ~y t(lmo.nltOt~The two fundamenttU steps which follow ore, first; the 'cruQu.h.lti<mo.r subindices 

and_ s¢<;.qnq, the aggr:egndonnt tllesubindlces into theoyel1~11nde:x (On 197·8). \VhUe subindices 

aggtegatethe indicatorsreln.ted to different.Cl1vironmenuu as,pects,tite oventH lndex provides thefinnl 

assessment-The-procedure nmynlso be referred to as sco.ringmodel. 

4.4 Aggr~g"fio.n 

Bot.h aggreg,a:tiou stages fa.ce the problems of establishhtg an aggregation function and aSSignIng 

weights. to the vruiablesinvolved.\Vhile subindex functions show n mngeof functionalreladon.shlps 

including simple ulultipUers or the vru1nble raised to a power, the U1tUl1index is generJlly gener4ted.mn 

Sl.l.llJ.rnatl.on: or a multipUeat.ionoperntionwhich can incotpOra.te tl standardisation fannula (Ott. 1918). 

The process inevitably l.eads to siU1plific~ulon and infol1.11ationreductionand caution in establishing 

theaggregadonfunctiolls i.s required tomhlimise diatonior): ASSigning weights to the van.ables in every 

ag~gation stage determines the level of influence that shlgle indicators hnve on the overall index. 

'Vhileadditive, a.ggregation functions bertt a. risk of eclip.sing (ie. the overall index does nm show poor 

environmental qUality, even th.otlghone of the component subindices does).. multiplying tends tt) (wet .. 

emphasise,exttemeindex vnlues. 

Given the value laden n.ature of weights; the question of how to obminwelghts whichaccuroxely 

ref1ect the relative influence of the COll1ponems of an index on the overttH index: is central to index 

fortnulation.Hope and Parker (1992) used npublic opinion poll to assign weights to tlte components of 

anenvimnmeotai iIldex~ The .question ret11o,ins, whether public knowledge uboutcrudal faets 'and 
relationships i.s sufficient to rely .on this opin.ian. :Expen .opinIon ,is another tnethooof weighting 

cOmpQUellt subindices, however problems whhc()nsistency .• repeatnbility and subjectivity are possible 



SQ.ut~e$ .gt¢tOOt, HoweveJ\n:stroctuted iwethodolOgy fotde.nviog weights can be .appliedWhich 

:produc4s.CO.tlslStenJTesu1t.s'" .UsIDncl~aitWi.sec.ompacl$ontlnformed -in.41vJdurusa.reabJe lQcOmpafe like 

objt!cts :int~1.adontQasetorlJenon, (Snaty 199~,> SatttyufldAlexnnder 1981). 

4.3'Tll~in)p()rtnnc~pfS'ta,le 

The,.;s.c;d~ :fot whi,chno J~nv.ironmetlf.tll index 'is designedandilie $caIeatwhlch :it is appUed,areQf 

¢rUciij.iroportallce.. :Every $tage in the procedure lsaffeeted,namelythecholce of 'lndic,n.torsand the 

w~yth~ infonl1t1tion lsuggregnted, plttdcufnrlywhiah teleVtlhCe iSa5sessed to $in,gJenspe.ctsandhetlce 

how tht} weJghtsm:e :nsstgtl¢d. 'It is equully inJpor~nt:tomef\don lhttt~roisinterpretadQn occurS it the 

index: 1s not itH¢rpret.eQnt:meappr.opda~e scwe, be it the loonl, regionnI,nadonal otgloballevel-Whlle 

abu~ of there$ultsorieuvironm~,ntlJl L1de:dng cannot 'beexc}tided, itisinevilnbletO di.splny,and e.xplaln 

the ,scoring ptocessMd data limits ;lnd to provide interpretadortS on theappropdate scnle and limit 

e~tl'apolatlon* The tact UlUl regionalund higher scale indicators are dedved fromcoHudonnnd synthesis 

ofdet;,dled: dam nnd not measured direcdymakes the.ro useful tools at the poUey and pro&rrarn evaluation 

levetbut sets limits to their :uppli.cabUhy at: the operadotnll or research level CHirvonen 19(2). 

5 ANENVm,ON~1ENTAL {NDttxH~Nl)OF' A <lIttcUt:rURAL PRO 0 UC~rl()N 

5.1CQn~f:PJund choi(!(!Qfindlcators 

The.aim oftbe analysisoUllined in the introductory chapters is one of po.ticy annlysi$ at a regi.onal 

level, which has ooenshown to be a major field of applicationoi environmemal indices. However, 

unlike the cases suned as examples, no experlmetltnl orobservntion data ure available ~lS indicators. 

Insteud,tbe results provided frorn·runsof the progra,mmlng model of regkm:ll ngricultur41 producHon 

(Figure 1) offer a variety of environmental pa.ramctets which chattlcterise reglomt1 production practices 

and respond well to changes in the policy framework of agriculture. 

Ih order to develop a regional. environmental jnd~x of agricultural production, the following steps 

were undertaken. Theenvitontnentally most relevant parameters were chosen as variables and hence 

basis for a regional scoringttlodel of agricultural production. 'They were aggregated nnd stuIldnrdisoo 

against what was defined t'environmentuHy sustainable" which resulted in anumbet of sutrindlces. 

'll1ese weresubseqU.entlyaggregn.ted to an environmental index as rneusure of the sust.ninabilityof 

a griculturalproduction. 



The foUQwingen'lb:onmental pnrn1tletefs, weteobtntned from lheMlP model' re$\llt$~:Determinlng 
tnegene@ lAnd use mte.tlSrtyare the percentage.s ofcropping;andl?asturela,nd~:For¢ropping*. ith~ 
pe~entageSQrerosion enhnn¢irt~crops(ie~ sugarbeet, mni~e .andsun(lower)tcerenlcropSt legu.roes .. and 

ftU10WQO cmp,pingarea..With te$pcpt to soil emsiouthe sotlcovetdttnng:aummn,wlnterandspnng. 

~ettili~tiQnis ca.pturedin th~ npPUo(ltkm of tdtrogeo;phosphorusnndpomssium petbettare· .and th~ 

nuttie.ntbalance fbtthesema~(r.eleU1ents. Pesti<dde :nppUcation. iSfileasuredind .. tllatks pet hectare and 

the~wemgenUIl1.berofpe$dcide applications pethecmte., 'Th¢intertsityof husbandry pr.oduction 'is 

l:efJectedin theterrn DElheGtare.Da~tandsfo.r ul)urt8einheltenll t which is .asiroUar measure to DSB, 

(dry sheep equivalent), based on SOOkg lIvewei.ght 

5!Z AggregationQf.sub"indi(!e$ 
F'Qur sutrim:Uces, which are referred to as partinl indices {Pt)in the 'following explanadotls, reflect 

m~jor'nspectS ofd\e stntusofenvi:ronmental sU5taimlbili.ty of o.gricu.ltUl't'd production. "they deal with 

the relevalltenvil'onmental problems in the nren wbicilrelLHe to soil erosioJl~ nitrate lenching~ pesticide 

cook'1h11n:.uion1U1d decline in thebio"dlversily ofagrcrecosystern.s. 

Partial l'ndex 1 {PI_ll d.eals whhsoH erosioneontt()l. The results of the programming model 

appll¢dat model .. fattn level record soUc()ver in auturnn~ winter and spring (Sea-we) under the paddoc'k 

rOUltions41pplied" and the percentage of erosion,..enhancingcrops (BEC) grown in summer. they do not 

directly estimate tillage' intensity and hence no fuJI estim.ate of the C~fnctor within the Universal Soil 

I;)ssEqu3.tl.on .(USIJ!) (\Vishmeier 1978) is possible. The highest danger of soil erosion is given for 

bate soil during the high .. raf.nfall early summer months and is associated with the, growing of erosion 

enhancingcrop.s (Schwertman at a/. 1987). The following fonnula determinesPJ_l: 

Pl. •. J = 1/2 {SCawc + (1 .EEe)). 

tndoingso, it stMdatdises the value of the index to the tangezero to one, with one representing 

.environmentally s\lsminableor "extensive" production and values towards ,zero reflecting environm.en .. 

tally detrimen W;l production practices. This condition applies to all partial indices: 

o S PI s 1, 

Given the nature of cropping, only pasture C(tn provide total soil cover and protection from soil 

erosion and hence only pn.storal farms can receive a value of I'Ll:::; 1. 

The seoond 1'a1't.:101 index (PL2) denls with the general production. imensitywhich is of relevtlnce 

for the biO+dive.rsity within ngro .. ecosystems. 111is is a lanciscnpe"specific factor which is detemlined by 



to 

11 ~ natural .fertility and, telief O,£U1C t¢gion~ Nitrogen is i}.J) inputfucto17' fOf b()thpt~stot:ulland: use and 

<,.wp,pirtg atl<lfof the 'Kntichgau. flnuppUcndortintensity ornittogeo(Ntot) up 'tQ$OkgN*lta~l~K:l Call 

be toh;~ratt!d forsusl:.'l1I1tlPle production (LUnzt!t' ecru T9S8). 'F'ettiUsnti.orlabove thi$thr:eshold~~crlfic¢$ 

$,ysminability. Thestand~U'disu.don fOJil1ulathen becomes 

PI .... '2 ::;80/ Nlot fot tllJ N~ot >80 kg 'N*h:l:1*a .. t ;nnd 

Pt_4 "... 1 fornllNtot " SO ,kgN*ha .. 1*a,--t. 

NitrOgen i11sopI;tys dtekeyrole in gtPll.ndwn,terpolluuon fromngncultuml ptoQuctionbecnuse it 

ea.~l1yletiCh¢s through the soil profile in theforrll of nitrate (N03 "). 111C potential fot nltrateJeuehing is 

a function,of the nitrogCtl bnlancernther than theabsolUle; amount of fertilisation applied" OiVCJl the 

<tlirnaticaUy andgeolog'ic:;l$ld ,solI condidou$ 1n the Kmi.chgau.a nitrogen balance surplus (N+). or 

23 kg N*ha",l*a"lcanbe tolerated. Olven the conditions 0(200 mmnnnual 'recharge, COnStant organic 

$Onmntte.r and no nitrate reduction in thegroundwute.t\ the threshold of' 50 rngnhtrtteper litre or water, 

whi¢histhe legal contrtrninati.on threshold for tirlnJdng water qunlitY1 wl11 not be exceeded· (Werner 

1989) •. the standnrdlsation fonnula. for Pl_3 which represents the potential .thre:u for water clualhy is 

PI_3 ,.,... 23 I N+ for all N+ > 23 kg N'*ha .. 1*a,,1; and 

PL .. '3 = 1 for all 1"4+ < 23 k.g N*hu:" t *a~ 1. 

It is difficult to capture the illtensityof pestiCide regimes. The monetary teml is Hmited because 

modem systemic and highlyspeciflc cht!nucals nre more expensive thun gener'tll fOffilt.dae .. .A change in 

the legal frnmeworl<. (e.g. prohibition of Qttazin) may increase the costs of plant control\vhile decreasing 

the potential dangersassooiated with it. TIle imenslty of pesticide regimes may also 00 measured us· 

pesdcideappUcnUons per hectare and year (PA) .. Agruu. it does nut uccount for the potential threat of 

each application but it is easy to record. \Vith a maximum of six appUcntions (ound in sugar beet and 

canola growing, the standurdlsudoJ1 fonuulu for PI_4 is 

PI_4 :; 1 .. (PA 16). 

This meanst that any pesticide {tpplicntiorl is considered environtnentruly unsound. Ollly fnuns with 

alternative production methods or ptlstor+r.tl properties can be e~'(pecledto opernt.e environnJentnl1y 

sustillnabJe in this respect. 



1lle~ (qur{l;'\rUal indieesor 5uo.,lndiccs: c{lpturedireetJy PC indireCllythe-~nvitom]j<!nt41siWdfi¥ 

CMC¢ or~grll1tln\lralptoducdOntl1e(hodsns upplJed by theU1odel·flunlS in lht.!itcgiot).; They tchlt¢ to 

cropplngv.¢t;$uspnsture,p~ddO¢krotnticms .. tUhtgepructiees, (crtUlslngandpcsUoidercgimcs. 

$;s,Aggr~gnUng:UH!$ub .. hldiC~$ tOtln.ct)vironm.entullndf,lX. (ENl) 

An~t coOPslug,tne vun~tbles fot the scodng model nnd nggregadng undstAnd~lrdisingale11l1tHO 

partial 'iilgltes;thepp,rtinlindi,ces must be aggregAted lnlQtheenvironnlent~tl tlldex~Thisinv(}lyes the 

issue ofweigbting· them itl th~aggregutioI1 procedure. AU rout i.ndices represent lml1ottnnteovironmetl: .. 

UtI aspeotS ·ofngrlculu:n;~d.production. They itte prutiaUy interdependent. l:tor eXntllPle, lncre;lsed soil 

tover'hotomy red.uces. the potentiAl dtreM of sollerosit'H)t it also.a :rnerulsof reducingpotcutlul nitr:ute 

le@hlng~()r a high 'percentage o(sugnrbeets decretlsesenvi,ronmentnJ suswJnnbHhY'or production nOt 

pnly in terms ofin¢reased. potentiuleroskul but nlso a.sa cropthnt demnnds intensive chemical cure. 

COtlscquently it is decided to ~qun1Ly we.ight the fonr partial indioes into the en vi romnenml index (BNl) 

ofn&rlcultv.rul production . 

. ENI := 1/4 (Pt_1 + I'L2 +- Pl_3 + Pl_ 4 ) 

with 

o .~ 'ENI .~ 1 

where If l,·t Ie'p¢sents. sustdnuble exter)!{' lund use nod decreubHlg values· reveal environmental 

hazards of the produotion methods applied. 

By displaying not only the value for EN! but {usa its cOOlpositiml of the four partial lrluices1an 

i'enviroumental sustillnabillty profileI' of agricultural productIon in obtained which s}wws the sihttllfl .. 

canceofeach aspect considered in the vulue (.)f the ENL TIle procedure of obtainingSNl is displayed 

In' the lott hand side of Figm'e 2. which reveals thttt this index i.s only p.art of alnrger .. scale seoring 

model. 
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6 ECONOtvlIC JNI)EX (ECl) OF AG.RICtJL 1"'UnAL PRO OUCTION 

6~1. ConceptortheEcouomic Illdex 
,l!quivalem to the .Environmental Index, an Econom'ic Index (ECI) is created to judge the efficiency 

of current agrlcultuf,'lll production structUres. Its vi:ltinbles COIlsist of the outcomes of the fann .. fi.noncial 

simulation model which are profit from farming. (P), avuUuble h()usehold income (HI) and the house .. 

holtl's investment capacity (Ie). 

Again t the values are standardised, '111is iSilchieved by dividing them by the highest value found 

atI10n$st the model f(UU1S. ,Hencct the economic index is dlspluying the relative viability (Jf lllnning 

strUotures given the currently prevuiHng pJ'ice condItions and legnl framework relevant for agricultural 

production. The three partial indices are 

PI_S ~ P/Prnax" 
1'1_6 = H.flHltW1x; 

Pl_7 ;::: IC/ICttm.x· 



6llnefiningweightsforth~.nggtf!gutlon .p.·OC(!Ss 

Theirdiffetenttelevnnce for the cominundbn ofafarmingetHerpnse has to be reHec.ted. in the 

W~ighting "factors in the aggregation towardsu.n lSCI. 'Weighting lsanintrinslcullysubjecti.'leact, 

bowever, the; S-aaty,.;ptQCed4~QatlhelptQ .U1iIlimIsetheerror~ 

FitsH priori des betwl;!cn the th:ret,} varinblcs.tlIe establisbed t,hrpughprurwisecQmpar:i$on:using'~l 

mattix. 'The.matdx.Qffers a ftnmework for testingcotlsisten~y l f()rtesting~lpo$siblecQmpnrlSQll$.and. 

for ·~tabli$hlng· the~nsitivlty of theover-411ptiotities to change$.in judgement. The vadnbl~are 

~ged inama~as ~etout in ~nble 1. To .tul oUt the matrix. the questiOJlS asked are fbr·exan)pl~: 

How pjuchmore ilnpotmIlt for thecontinuntionof a fanning erHerpriSc is the available Income of the 

fanning household in .cOmpntison tb theprot1.tmudein the furmhlgentetpnse? On tt scale of Ito 9, 

where uP' stands (orpantynnd Ilgurepresems complete domitmnec, thegrentct importnnce of lC®y 

he.ex.presse(} ina lI4H in the cross s(!ctionofthe two vruiables above .theciiagbmtl.nnd the Gottespondfng 

1l114,'i inthe ueld beloW" Available hO\..isehold income is considered the-key measure for financinl 

sustainabUity.otafarming .enterprise. The estim./ltion of the lIlvestmentpotentialof the householdhns to 

bl;!considcred rather vague, us its estimation includes only an estitnate for household consumption1 

Which CM bedetertninedsecurelyon R si.ngle .. fnrm basis.Profit.frorn fat:tning is Rn imp0t41nt factoft 

becauseonlyenterpnses yi.elding profit are likely to receive both replacement and new investment. 

Tablet. : BasicSaatyma.trix 

Al p Ie 
avallnblehousehold income (AI) 1 4 5 

profit from fallUing (P) 1/4 1 3 

investment capacity (Ie) 1/5 1/3 1 

kvertical 1.45 5.33 9 

Next, the matrix (Table 2) is nom1aJised by dividingeo.ch value assessed by the verneni sum ofench 

column. The values in thet'trst three columns of the following matrix evolve. 

Table.2: Stundardised Santy matrix andwcighUng factors 

AI P PI khoriz.. weight 

lA 0.69 0.75 0.56 1.99 0.67 
p 0.17 0.19 0.33 0.69 O~23 

Ie 0.14 0.06 0.11 0.31 0.10 



The:l'owsums divldedby thenutnbet of columns (3) deterrrti.ne there.lative IjrlQci~ypf each variable 

wbichbecomes the weighting factor in the aggregation for the economic illdex so that we obtain the 

foUowing welghtingfonnulm 

Bet ;:: 0.23 * 1>1;...5 +0.67 *.PIJ) +0.10 * PL7 

with 

o .~ 

6;3 :Integrating 'of the environmental nnd thecconomi¢ indices ioloa. r.~giOhnlindex (Rl) pr 
:lgrlc~nuralpr()duction 

TIle scoring .mOOelcan be t-;':lken one step further bY~lggregutlng the economical1d the eovi.ronmen .. 

talinruces. of agricultural production into a.regionnl Index of stlstainabillty of agricultural production. 

Agru.n,. weighting is the crucial factor in creating this regional scoring value .. The whole scoring model 

is presented in Figure 2. 

This la.<)t step ofaggregationngain bears the vital question of weighting the twO variables, 

\,Veighting in this instance clearly requires a political decision. It depends on whether priority is set on 

creating the framework for anenvircmmenrally tl1Qresustoinable agricultural land use Ot whether the 

polb,ical power of ilie farming community and synlpalhising sectors outweighs environmentalconcems. 

Astbis question cannot be answered withiIl this analysis, the weights in this final aggregatJ.on liter - re 

sensltivity .. tested. Instead of one index per polley an indcx .. bnnd is obtained and displayed which shvw$ 

the relative superiority of the tested policy conditions given different priorities. 

7 SELECTED RESULTS 

7.1 Policy Scenarios 

Amongst thepoHcies under consideration for generating extensification of agricultural production 

are the reduction of price subsidy levels~ imposing n levy on potentially ellvirom11enmlly huzttrdous 

inputs, and enforcing a compulsory set a.side program. 

Amon.gst the fanning lobbyists~ price reductions are the least fttvoure-d policy. It can be expected to 

create an extensificationeffect by reducing the marginal income per unit of factor input and conse .. 

quently creatingu.lower optimal level of variable inputs. Asignificam ta.'< on nitrogen as the klY iJlput 

factor in tenus of production intensity will inctease the rnarginal costs of produCt.ion" again leadington 

decrease in optimal factor input Imposing n compulsory set aside progrnnl involving 25 pe.rcenlof the 
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croppirtga.te~ . .of atmn whUSfcompensating fanners whhn closc"to .. uvertlge"'grGss-'PHl,tgin premium 

'redllces theprO<'itlCUon intensity on these areas totera with no eCQnQnll~ effect on the production 

intensitYQO theretnmning75 % of cropping land. 

1.2Envir()nm~ntni SustuinabiHtypr(}files ontheli'nrn) Lcv.cl 
On the farrn .. level, MIPresults.~tIl.denvirohmenttt.l ~nd¢cot1ot1J.ic indices .ate genernt~ tor 29· rood.el 

fafiUs.Farros ·ofdifierent specialisation. uresubsequently looked nt with respec~of the extensiflcatlon 

effects ofthepQUcy scemJ.cio$.as reflected in lheeoviroml1cntal Sllslainability profiles (tiS?). 

:Figpfe.3: Environmental Sust~hmbillty l)ronles of se!ectcdmodcl .farms .in tbe reference 
situatioh 

0.8- ..... ~ . . ~ + • • • • • • • •. • , • • • • • • • • • • • • • • • • • • • • • • • , • • • • • • -. 

0.68 

0.6 

0.2 ... 

O~~~--~~~~--~~4-----~~----~~~ 
cash crop It cash crop pt cattle Jllixed piggety 

fn.rnl type 



Figure 3 compntes the envitomnemnl indic¢;sof the frutosinthe:referencesitqatioft.· Th~ hi gh~st 

ENIscoreisO.68 .ror Jl cropping fnrm with U)uJOt' .off~furminco.n1e.. AmOderttte nppUcation intensity 'of 

agrQ-'PocmicalsresultSin nitrogen p:).lance th4tnUses· no environmeomlconcetn.. Thereis,$cope.tor 

lm,ptpying.erosion control thtot~ghincteused SQil COYer. TheENJ O.63whiChl$a~h.ieved 'by lhen:tixed 

fanl~ closely foUowedQY the .cropping fan)) {0.5S}*13oth fa;ol)SshQwhlgb values in the :partiallndlces 

forsoil·c.()ver andIiitro~en b!liarlce.Howeverf their totrtlptoduction .intensityand pe.sUCide.l'Qgime Ute 

orenVironmeotaJ, concern. The ESP of the cattle. fnntl displays problems withthenitfQgen bttlanaeon ':1 

highapplicatiotl IevelatavalueofOA9.0fextreme envitonolentalcortcem are the production 
pmctices .pfthe piggery. At a. vplue of O.S3.theonly positi.YeMpeCt is a high degree of soil erosion 

~, 

ptotection~ Nit:.t'Qgen application £rommttnure. :{5 vety high. acco.tllputl.jedbyapotentlttlly disastrous 

nitrogen balance. and an. intensivepesdc:ide regIme to ensure n yield from the ctops. 

Figure 4 shows the impHcations of abovepdlicy srzenan.oson theeltvironrnenml susttdnabiUty 

profilesofa fun~tiUle cropping farm. Price reductions .:1chievea cOiJceivable extensificatianeftect with 

ENlincrease(;i froItl·O.$7 to 0.6S. This, improvement 1s bused mainly on a reducdOll .of pestk'A0 

application. The reason lies in the voluntary adQpdouof the set .. asideprogram on a third of the 

¢rQppingateaattheexpense of growing winter cereals. Even though theptoducdon intensity on the 

remaining area"remains the sa.xne. A levy on nitrogen~purchases achieves anitnprovenlent afliN! 'of 

+0 .. 17" Againtthepesticide intensity dropssi:gnUlcanuy and also nitrQgen~pplleation dropstoh~uf the 

init:iI.ill~yel.. This poUcyachIeves ureducdon ot production ime.nsities over the whole cropping area 

without atttactingapunicipation in seHtside. Legumesnteineorporated into the cropping tIlLx. 

Compulsory set aside shows the same effect as its voluntary adoption in the p.ric.e"cut,"scenario~ 

The cattle enterprisennd rnixed fnrm react in a sir.nilar fashion to the policies. Price redUCtion 

favopr vQluntaty s¢t"aside. a levy 00 nitro,gen reduces nitrogen purcfHlses and lowe.rspesticideintensity .. 

Soil erosion control remains unaffected. The environmentally detrimental lund use practioes ot the 

piggeryrerna1n unaffected by any of the policies. :N1asses of l)esticidesare needed fot phytostlnic+IrY 

reasons inover .. fertiUsed "'TOps. 1'hetnassive nitrogen bttlunce surplus is an extreme hazard for 

groundwater quality. The problem of disposing of the waSte product IInlanureH on U snl~iUureat~ 

exacerbated by the compulsory set ... aside scenurio~ where the manure is dumped on an even ~tllal1er area. 

which s~nds nitrogen.,balQ.nce-surpluSes sky .. rocketing. It is obvious! that different policies ure: Ileeded 

toaddresslheenvironmental dangers nssociated with intensive livestock producd.on. 
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Figtirc:4: E:nyitol1p:leratalSust~imibHity ProfH¢$. ot)f a it~U·time. :ct()J)ping t~rm undet~nrr¢t¢ht 
poliCY$C~matiQS 

ENt l·,...........,.~ .............. ~~.........,..,..~.-...-...."..,...,....,...........~--~~-........... ~~~i· 

OA .. ~ 

O~~~~------~~~~~~~~--~~~~'~~ 

levy on N set nside reference price cuts 

Klerosioncnnttolr2pesticide regimeahotal N a.pplication f:S. N balance 

7.3Ext~nsificnti()i)Errccts on the Rcgi.onuII .. cYcl 

Throughaggregntionof th~!: farrn",levelresults~et1viroI1menud sustainnbiIity profil~s cnrtbe obtnlned 

ontbe ~gi,onnl scale~ Theenvi.ronmemnl index values ill th~ policy scenuriosnre sumlUttdsed in 

Table 3.I3esides tooverJ.!lregiomil. figuret u. distinction between households with predomhmnt income 

from.farttling verst() households with predomiaunt off .. fttt'rn income hnsbcctlrtlude. 111ecalculntions 

snow that tb.c lutterwould favour sus.tainable production under the.· price reducdoncondltlof1s~ This i~ 

explained. mroughn large ... scale .adoptiot1 oft.he set .. usideprogmm ~vhlchorfers farms with 00 low .. 



avemge\,prPdu¢tiYlty:l,'hf&hl¥~ttractiy~ prcnl~utP'far 'not~prQducirtg~th~only 'pQU¢y;.tChieyltl~. ai'ttUeH 

extcns)Jicuuon.effe.ct is :tile levy On nitrogen p.urehnses, 'Wh¢r~then.c(Qt\l prodm~U-Qn ',mtensity in; crqp 

;ptodlJ¢tiQnissi~n,ifi¢aijt1y reduced. 

Totalrutl .. thne ftttP1SFutt~tirpe tatrnS 
'Region 

.~~--~--~~~~~~~-

Reference 

Prlc:etedu¢t:ions 

Levy on 'nitrogen 

Compulsory set"':{iSide 

0.63 
0.80 

O.S? 

0.73 

0.60 

0;78 

0.82 

0:.72 

0,69 

0.88 

0.83 

0.15 

'It we take theseresultsonest¢p furtheru,nduggregate the environm.emnl index. with thee¢onoJl»c 

jnde,xQruculated. for the scenarios, we receive a tptru regionul scoting value (RI)whloh will reflect the 

tradcl'pff betwc(!n ex.tensiflcation of production n.ndfinnncinl viubI.I1ty of fanning' accordlng to the 

weightussignedtQ 'ENI and. ECI. Figure S shows, h,Jwever1 thutwlthinu, r'4nge between 1:2 and 2:1·of 

assessing relative importance to ·financial ~spects ofextensificntion,nspectst a levy on nitrogen stilt 

teJm!ihSthe:O'lOst favourable ,polley under investigation .. 

This regional index as are the environmental. and the economic indices u.retegion ... spccific 

consttuctionsand should not be extrapolated to other areus of different cllnmtic, geolQgicttluJld 

.str"UClu,ra}condltions. Also t it has to beemphu...c;ised once more that the evaluation of these policies is 

festripte4toan environrnenta} .. ecotlotnic sustainabUity space. If a.tiler aspects ofpoUcy implications 

such asproducdort quantities were to be incorporuled~ the nppto41ch would tleed to be extended by this 

dimension. 
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8 SU'MNtARY 
1'hi$. P4p¢t;pt¢sent1 lbe~ofiecJn:o.fesu\bli.~bin~ .tulenvbtmment:;t1ind,¢x '4$U;.menn.$r{jf;Ul~l}Jio:g 

¢xteusUlcauQu ··~m~ctsofp(m~lititllpoli~y ~GtiQn. ·EJwltonm.eou11Jndl¢esprovlde.a ,pr~Igtn.aUc;Md 

cO~rtlti.QP~ '~ppr9n~h tosUIPt'ntIDSJm£ .Q,.t4.011~Qf +tspect$nndsimpUry~ng.¢Otm>.lex:.r¢JatiQ.nsliipst ;Unllk~; 

.iQth~sw.nd~ . approach Qtcapturln~' the essetlc.e'orobservntipns ·or eJtYiromp¢t1.UU;teleVittt¢c. th¢ 

:p~~J.:(~;ptesented in thtspnper~iUs tlt~onqerrsi,n~', i.thecom.~'l¢x tesultSofa, 'hler,.trChiQ~prograP:UJltng' 

~¢t:inwlkfQo:n whioh lsdigestible t~)usergronp.s;suchas ,lanners, lobbygtoups nndpoHcy t:lkers! ttll 

sUlkehQlders involved lnth~.qtt~mpt ioprOLt)ote .';Ind~nhaneeChYlrotlment4lJysus41bmbleatl;qfinancipJl1 

.yia'bl~llgri¢uhurnl pr~ucuon·:Pt~ctic.e$. 

The $~;utifiQadQIlttppli.ed. is design.ed. to .address thespeG1GcJ'le¢dptthetwo .. d1m¢rts.lotlnt~Hpronch~ 

thel1!g1Qoaienvu-OilttleuWl ino¢xof ugricultur41 production. provides. dle basis fot cOl)lpnring. !policy 

options with respect to io,nmgf; of eco.logicullyrelevant.nspecls,* while the economic 'index. ofagrleul .. 

ntta1ptoducp.ollasscsses theeconoJnic implications ror the regIonal fanning cotntnunity.aothMpects 

we,¢ombm~ 'b:Hoa ,regiorm.l index: which has lobe seCllUS n. tool to investlgatennd cvah.ulte tbettade..

otfbetweene,uvlronmCJlml friendliness nndc(;onomtc 'Persistel1!~eof the production structures rule!. Jand 

use,pf3.ctiees.Qf the specific region uncierhlVcsdgntion. 

The :ltsu1tsor the scoring model indicate that there ate basically two pflUctes avnUablethut show 

S1 gnif1.CMtexrensificatioh efreC~sfthese.nre (l) signit1euIU reduction in price suosic;lfesr and C:2)imposing. 

a levy ort the purchase of nitrogen fettiUsets. Pdce cuts result ;in very bighincortl~los~es desp.itc the: 

fac~f that a volunw.ry SCNl.side program with a high per"hec.tnxe.;premiurn is avaJlable.I?.roouetlon 

int~nsity On thereoJainlng arearemalns unchanged. A nitrogen,.;wxncWeves at) extensive reduction in 

production intensity over the whole croppillg area. TIle results nlso itldicute1tllat: the envitOnmentru 

hazards associated with high .. lntensity husbandry cannot be addressed by uny of the p()liciesunder 

inYesUguuon. 

Recent years ba.veillreildy seen a slgniflcttnt reduction in price subsidy levels fo.rEC ... t1Jlal1ciu.l 

reaso.ns.Particulurly in Genl1uny, the resulting negauve income effects for the fanning community have 

been (pttiUully) off~balanced by un increase in programs, where farmers can vOluntarily johlecologi.cruly 

tllotiv\3,ted irlitia:tives at a. local and regi.onal level and are paid to do ulundscope gnrdening". Other 

policY schernes offer financial aid for structural odjuslO1ent eg., incase of early retiremem. According t.o 

tbemodel results presented, this policy developnlent curt bGexpect:ed to enhunce environmentally 

SUS4'linabl.ea:gncUltura,1 production practices on '4 broad acre scnle while t\ change in l~suJ condidorls 

willoonecessarylQ address the environmental problems nssocitHed with intensiverulimul production. 
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