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f/igli",gradt,Jgls tlulprlJ,ct.lceo!di$cl1rdlttglowprl(~l;rdJi$JJlvMle :atselli:n. oriler 

to raise llle Ol!erage VahleQ! (ll"IJtcit. Tbe llolt""repfJl'Iing of carchean have 

seriousc:ol1Se.QUfJitCes fotflSlll!rles {lun -are ,mtJ.ti4ged using indi\~idt.((ll cartb 
,qul)tas set to pre\rett,lQ:'Vcr fishi,~g. Inthispape;:; ,(') $lmplelltad~ti$ ~/~ed It} give 
l1t;cessaryandst!fficicnlcanditi()ll,slot hi;glr"gradiug 10 take pl(Jc,c .. the intpaCl 

I:1lpri'Cc c/i(lttgC$' an,d clratrgers t&lite stzeo! the cO,lchquata on .the leltelof 
ltig/l"'"grading is ·also alu.:t/ysea. Fi,tally*tlte mod:eiisapplied 10 the AltStftl.llml 

,Vottltern .Ptawn/isltefryrodetermine the e .. tNmto! :poss;ihle higJt·<gr(uling if 
indhtidmil catch qllfJ/as Qre lnt!f'(}dm::ed. 
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One w.aytGt'cdu:(;c theptobl~morp\~cr .flsbinghitlCQ.tlllllOnprope,rty :Osnetjt tS,tointtoduc;e 

indlYlduul entcb qUGtnsthnt limit thet.ptnl weiglltQfushtbnt mnybecu,ugbt ina: seuson 
bye:acnOptWrn:t4,ri

• In AustrnHn" tbe Soulhem,SlueOnTuun i1sheryand the southeast 
.n.sbe:ty areCornrnotlwe:attb ;t1shetiesmttnnged usinS indi:vidu.n1 l.tnn,Sferttble quotas .. ·In 
.nddit:ion" severulstnte 'mnnaged flshetiesopernloundet IrQ systems~ 

t:be eneedveness ·aicn.(cb quotas depends on the nbUHyol nudlodties tomo1'lttor 

individtutleateh ieV'ets" !1ow(,w'eri diffi:cultles in measuring true~aleh le\l'elsart~t? bec;Quse 
cateb is «sunIly weighed :otlshore't.This gi'v(!;soperutQI"S tbe opportunity {:()under repot·t 
theh' c~uch by discarding some part ·of it \'lhUe undetected at sea.lnpru1icular~ it may profit 
some ope:mttlrS to tbeaverage unit price of their cateb by dlseardin~ lo\~! priced 
flsb o\'er th.e coufscof asen,son, Thenon .. repotting oIthe discarded t1.sh nUowsopernlors 

lGcutch nbovequatn during the season but stilt meet quota requi.rements ns :measuredon 
sbore. Tbispraetice is known as bigh-gradi.ng. 

NCJn""reportingof truecnt.cb le'Jels because of b:igh"grndin;g has a number of se.tious 
impUeations for tbe management of afishe:ry (.Baukh and Pascoe 1992). Forexalllple~lhe 
understandingofstoek dynamics for most s.pecies is based, in pnrt~on tbe interpretation 
Qf catcbandeff'Ort dAta. lnc:otte.c;:t dau,\., resulting from the under feponin.gofcnlCh. mny 
lead to overestimation of sustainable harvest levels. depending on the stock assessment 
tec::hniquebetn,g used.lntum~the to.mIcn-teb quot~ set inorde.r to .tn.eel theeconomic~nd 

biolQgicnlobjectivesofa flsheX'y's management program. may be too hfgb. Thi.s can lend 
loa-rapid and 'IDorethan optimal depletion of fisnslocks. One further implicatlollof high .. 
grading is thatit gives ope'rators s.ome flexibility in adjustillgcntc;b levels. even when catch 
quotas are tnphlce* As a result" calch levels eould chnnge following shifts in economic 
variables. This means, for example, thnt price changes may need to be tuken into account 
whenseUing catch quotas to meet bi.ological objectives. 

Issues relatIng to the enforcement of regula dons. in fisheries have been considered Ul some 
detnil (see Anderson 1981 and Anderson 1989 for a surv,eyof the issues). However •. the 
spectfic question of high .. gmding does not appenr (0 have been addressed in the JUodeUing; 

l'rb¢~llenu:d ~robt(;m of o .. ~dlthlng UlC(,\rt'ltnQll propm:t ij~bcn~ ~:;; ,n'\;e"ug:ited by ?ttchtr ;lm:l HIm'~ ·fQaZli The P<1t~f.lIQ.1 
d'npl!'tn'c:ments In .etfi(lc.n,;:y tfUm ~bellltmduett().n '0:1 ~·:m:h·qu~J:l.t~M4 pi1rm~:!.lI.mYlmn~r~r:tbh: qllQ.IJ:I.~l;;ttt: '!,b~ltl<~d by C'~rnptX'1n 
tltS4l 
:: ~n4eoo1¥ • t 9~.1I1'>.t¢li. tMtd:le'c;;,o.stf .;'I.SSO¢l~t~<i wnbm<muoollg ctIItb fCttitl~ :($t se;l t1lll be· J!i~gndietmiJy higb;:f tMIl dID~ 
~)~mttf wn.b:mUlIl.{OnngMlibuJ:!; 
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oreomme:~lnl. ,ushlngb¢bn,viaur.Thc'obJe<:;tlve in this pupetls 10 analyst;; the 'l!~OnQmle 
·incelui'vtlsfaeln~a r~p(eseJtt~nve 'o'.petato.t itl ,n; :fisnery thnt lsm.nnngedusing IndlV'ii1un.l 
eatebquotns .arld1\ijh~rebJin"'gr4dingc~tlno.tI>e detected. 

t.h~lpttper is:t).(:ganisedi us fOUQ\V,$.ln thencx,t Sec-tiOll a simple model'orfishi.n1!'b~.hnvl(Jur 
whenhigb~grnqio;g ls~,:p()$sibUit¥ is, :develo:ped~ lo,seedon 3~ thertec~ssarynbd sufficIent 
conditions '(or bi;gb;.:gmdillg 'to ,takcplnce ate: denved~Jldnlntginalcondidons lbttt;&ive 

the ,optimal 't'e'll.l,dQ.r l'i'j~b"'grndi.ng ·u.reOblained. Insct;tions 4 and's' thesemttrginnl 
cOtU.:UtiOJ1Sare used to· ,obtaJn rQrIDulne tbnt glvethe t~$PQnsi\~enes:sot:cnlchto.cha:ngf!s in 
fish priees nnd the .caleh qUtlt:tl,. :tn sectio.n6 .. fannulae: (but give the le.ve;loranop~1l1~()r,ts 
ptGfit from «,shillS (in the' preSem;e of high,,!rading nreprovided. A;nem,plrl.cattIpplicntlon 
of the results is p.re~len.led hl$.ection 7. 10. tbe fin.n} section. imlllieations ·or th(l' restrictive 
nss'ltolptions of themndel n,reoutHued and ifuphcationsof the results for fisheries 
.managerfU.':nt arc' c;ousidered. 

Themode:lpresented here is basedonanurnber ·of s'impliIyiagassu.mptionsthat abs.trnet 
.fr(1mjssuestha~ 'may bn:~~enn impact on leveisofhigh"grnding~ Twoimponant assumptions. 
:In 'this :resear.c:b ate thatapern.(orscntth a single species nnd thattheynreu:nablelo ta.r:get 
difierent proportions ,otg;rodesQrfish,one~the senson begins .. AJsotbeha:vioutismooeUed 
us i:fu.Hfisbin.gand high .. grading takes,plac.e over a stogIe period. However~ this 
a.~sum.ption elUl be relaxed to i.ncorporate multipfeflshingtrips andcbaogest,Q the 
c:omposltionof fish. grades in totaleatch Over time" 

Amore signlfi.eantsimptlficad.on .is thatoperntQ.tsface (uHcertainty about future prices 
and changes to the fish population and cntchover lhecourseoftheseuson. Possible 
implications ·of this 4.l.'i,sumpdon ate considered brieny in section 1. 

:Prices and gr3.d.e 
The market price offish is detl:Otedby lhe reaJvalued variable P .By definition. it is taken 
tbat higher grndesoffishauroCl higher values of p, 

Fishlug technology 
Arepre~enlutrve pr:ofitmaximlsing fishe.rman owns .n fishing technology. assumed to be 
t1xeuut the stort of th~ season. The techn.ology is dese.rlbeu fully by: 



:me~rlSQr:ttlisrepQ.rti.tlg,entcl1.Hen'~~ttbe; possibUItY1ntJtUsh mrght.ih~ lAndedillegrtHy" 'Cor 
ex~unple. lShotco,llsid~ted ~hete .. 

C'ntchcon:sttaixds 
,Ain indlvidunlquotn isnUQcun:d ipre¥end.ng tbeope,rator from brlQ~in:g filate dnmQ 
tonnesoffisn to sboredu,dng. the,se:aStHt.T:he typeo:r'quoru cOtlstde.red here up,plies 
bldiscnminately,nctoss ,nUgradesN Separatequotns fo.rdifre.r¢o.ttypes,or~rodes;Qrfish ate 
'ottt considered here,. Further" it is ,assumed :tbatn.dditionnlquQtacnnno.l be pu.r<!b:nseo cud 
by ilnpHantioll 'J.];UOlu,o\<'.emnl's. Ute not permi;Ued. 

,VhUe thecatebquom: ,might be iUlposed in order to conSlrniu the true totnlcatch at in 

practice itcnnUmit only the ol'lservedor fCi)O(led calch (Q.r:( I'). The true total ,catch 

exeeed~ the reportedcntch .• e~.cept.\~heJl the:re iino higb .. gradiug ( f»;::: Pm~fil. 

The weIght of it be total stock of fish is fixed at g. Totnl catch during the sc.)Son cannot 
eixc:eed this biolog.tcaJ limit. It. isa.ssumcd dnuQ SQ . 

P.rQfltma.''(i,misation problem 
TheQperator~:s :probtem invol'vescboosing the total eatth (Q) and the crilieniprice .~.P. 
bel;!w whIch us:hare to be discnrded~.i.norder to· maximlse profit Tbe operator asstI.mes 
that his or heractioos have .3:. negligiblee£fect on the maiketprlces .of inputs :and{)Ulputs 

,and tbe distribution ·of fishgmde:$ .in any pedod~ FOtinaJJYt thema~unisad(Jn proble.m is 
as: follows; 

subject to the const:mintsthnt: 

O·a) 

{lb) 

(Ie) 

( Id) 

(Ie) 

P~n 

ft.JAxn := Q. I Pf(P}dP ... C(Q) 
Q.I-' p 

.Q~O 

Q '2QF(P ) 

Pm;f!.~P 

P ?:: PnuR 
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,eu'tw:fce dirt~tcfida:ble e()$t:(t1n¢tlo[l*C:r~J, thnt$i:veSlh~ lmtdbnUln<lp¢nning~Qst 
.tlss.oclntedwhhc;ne:ningQlonnesorllshdudn.g,tltesensontot.ngive.ntnndlJnchnnJ~ing, 

selQf lnputpric~s; 

"" .fl!'-l~:' 
• ,adiStrlbuti'onfunr;tiQn~F.(P}= I/(Pj dP, lhat givc;s;lhe.ptopo.ruon of:ush whhpdc¢s 

f 

uboveot equal (QPintlC::~teh.ofnrtyghten weigbt.~ nnd 

It isttssnmeci: thttt opern,ting coslsalllner:easingat uon·decreasl.n:g rntenseateb rises (so 
C~Ut) >0 and ClQ) ~O;. andt:bnt th.e density tunrztion ftll} iscontinuouS<Jfl the closed 
interval [Pmltt~ Pm:ul. 

,Olven thisteehuolo.gy the operator isable'to lnrget fish \vitbp.dces in the ruuge P ¥tim to 
Pm;p.,HQ\Ve:\fel'l ,the dislributi.on ofgrnde.s within thee.atch cao.n.ot be~dteted~. for ,e~nmple, 
byebAoging inputs ort~ge.tingpl'actic,e$. This means that. inlheOlodel :presentedhetei 
discarding. .tow pdced fish at sea. or high,,:.grading.lstbe.only means awdlnbletoincrease 
the .nvetage.urtit pdceafacatch.lt is also implied that aU fish cuugbt are worth bringi.n.g 

to market inctudin8nny damaged fish. 

l:ligb-gJ7ading 
\Vb~n high ... grading, .the :opera.tor disc.ardsaU fisb with pdccs.belQw somecriUcal1evel 
denoted byP . Given this~ the reported cn.tch is equal to Q.F(P ). 

The cost of gradingflsb according topdceis incorporared in Hle eost fUnction Cf.Q). The 
implication here is that .fishmustalwuysbe graded1 e:\ 1..':0 when there is no high,,:grading. 
The direClcost ,nssocintcd with throwing low priced fish overboard is assumed to be 
ne:gligible:.However~. by hign~gradingt the o.petator is likely 10 inc,re·nse the uverage cost 
of harvesting dlectUCn that is actuully landed on shore. 

Implicitly. it is nssumed that the opern.tor isuble u) di.scern the .grnde of-each fish while nt 
sen and t.o discard low:pric:ed fish whUeout of the ·view offishinz; n,Uthorities.lfthere was 
(i probnbHily of being.c:.aughtand.subsequ:entlY uned.lhen th;.~eould .impnctsignfficundy 

on thee:xpectedcostsofhigh"grading. Hence th¢ le'telofhigh,.,g,r·~dingthnt ~ctullUyoccur5 

tlluynlsobenffecte:d. Suehcostsare .ignored, A1sQ~ high"sroding is. assumed tone Iheonl~' 

4 
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:Expre~slon"tfJ) .is.·lh~ :bio{qgi.~~.ttQQ$lraint.;{lbl,is;.n'<ClOh~t').¢.gnfi¥itY\CQn.$tT~io.tPfid;'lq) Is 
lhequP(,aconstrniot;thttJ,'pl+lp¢$ nUmltt)ij lfi~o~t~t.ot+;$ r¢port¢(,{~utch.~pt.¢~sipn$ etoJ' 
nnUC 1<:) ute te.chnoJogJenl<:ol1st.tru.tllS ,reptes.entio:g (ho iP$suf,Ilptioothtu :op.~tntPts.must 
tm;:getfisb with 'pdaes, in lhe ·clp$¢'d lltlterval [PntttJ 'PmAAl. 

ASQludplllP\themnxitnlsaUQh,probl¢fOi,¢;xistsb¢CAU$c.f:rlScontlnuous~ndthes.etfrQm 

whicb . ,maximisers :coo"'be.· .dhQsen is ;comp.a.ct~'Let Ptc'nnda* d(mQtc'pron~ 'mt1xlmislo,fl 
Viutuesof ft ·attd r:J' re.sp~¢.tivelf. Tbese .in.USt S'tllis.fYtne [oUowingll.rstordeteonditions: 

Thin<:teasethcease with whichr.esults ·pan b~ interpreted. some assumpHQnsabout, tbe: 
solution tQtheopera.torsm~hllisation problem me made. First .it isnssumed that .nctunl 
pat¢hQ* is stricdy 'positive. This .impli¢s.that it never pays to disca,rd:theenlire eatch when 
hi gb~g.J((ujtpg~ S~condt it is n.ssumed that it Isuot. s~ft1eiendyprof1tnbletocntch thechtire 
stockfna sin.glesenson andthercforf!: iliebiolog.ical·conSlnlint £1 tt) irs non .. bi.ndlng. The 
Implications of these assumpti.onsareoudlned in the appendix:. 
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3. 'theoptrmal'l~~el 'ofbJgh,""gra.dhig 
:aased,'Qn·theimodeldeye]()pe.d:tn;theptcviouss~c;tfO.o.<itl$po$.$lbJ~:,to,d¢l¢rrhJl1e¢,ondttions 

und¢t whtehhigh~gradiqgmilIhttakeplj'lce;lnd.tb¢;PtQP()rtiQtl,or:O$h Ih4.t~':Hk.elYIObQ 
disctit4¢d. 

Pirstt frorne,quuti.OhS :(2b)t (2e)aod (2g) it foUQwsthat,.P* '> P mioou1y 1f .,Q;;:t;J*:F(E*), 
Therefore., :in ye;l.r5 When the ,Qotc.b.qu.otn 1$npn~bil1djn8t forexnmpJe hecttuseo£ poor 
st:+tsonul ¢ondltf¢ns~ theoJwratof: willhO( discardaIlY mtltketfiblcush. Thishighlight$the 
lin,);: bet\t#;:en~hebnpositltm .orn: quott:t. restn¢tiQn ,~nQ tne,emetg.ence of'hi,gh-grnding. 

\\l,henbi,gh,,:g.rndlng.doesttlNe:plac¢. the critical priee levelbelowwhi:chllsb nrediscntdct;r 
.is given by tneurdque so'itJliOJ1 to "he foUowingequnlity (see theappetldix fbra, proot): 

Accordtn,gtoexpression (.3),.the.operatQt Sets P*toequale tnenveragepriC.e.ofthe' reponed 
c,~tch. 

f~aJ 
JPJ(.P)dP 
p. 

toth¢ m,arginalco.st.ofushing. This lsmndeup of: 

• theoperatiog. costQf eatching the mnrgiriaLunil Qffish. c{ P(~J as welhs 

• P*.F(P*) which is equal to thec()sh in terms. of revenue, associated withdisc.nrdJng 
additional .f'ishotamarginaily lowe,rprice than P*. 

Based on (3). the foUowing condition is both necesstttynndsufficient for nn incentive to 
higp .. grade tQexist (seethenppcndix. for n proof): 

(4) 
Pm~ 

JPj(P)dP -- PO\ItI > e'eQ) 
PI1'lIf! 

Pml~ 

where "'rom is the price of the lowestquaUty fish. grade ill the populnt.ion and J Pl(P)dP 
is thenveruge pdc¢ or fish in unungradedc:ltcb. Pilon 
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lnequality.(4l1ropli¢,s Jnaf, tt:otttlhc,;poi fi.tofview 'Ottb~pdv4t¢;.op~tato~. hfgh,.grt;lcltt1!~ls 
etfiq;jerttb¢bay:iQU.r* If tOfe:xnmple: 
,..,. tnarglrHll fishi.n~"c;o.stS we$ufO'el¢IlUy tpw~ 
- the pFieeof the lowestpticed '(ish is sufflelendy low~ Of, 

,.,... the. 'ptopordonof high grade:nsh In'anuttgra(.ledcatth issufficiendyhigh, :tbereby 
(f!dtJ~ing theQPPQrtuliity¢t)$t:1SSt)~lnted wtt.n dlSCardinglowpdceq, fi$h~ 

:Jn~qt~UlHty (4) might:bc used in etnpiriCAl work. to ind.icn(c wbetherbigh~gtnQll1gmight 
t~~plncein,n fishery if:ct;\~ch. quotnswete l.mposeo.lt'is. hnp.ortanr to Do,tet however11ht~t 
.fQperU10rscAnaJ tertheir nshin,gtechfiology followingth¢ introductlQoofthe ,cntc:h.quOltl, 
inprder t~ t=lfget' highergrl.ldes offish. then using the pre",tluOl,a detlsi~y function. t(P). In 
condition (4) cauh:i 3ive ,Tulslcading results. 

4. ,The :in1p.actof price changes on the catch sIze 
High..,gradingalJows operators 10 nIter their catch in response toachnnge in tbe pric.e of 
fisll. This observation is i.mportant from the perspec.tive offisheriesmanagemetH bec.nuse 
itmennstbat, eVt;!U with cutchquo(as i.n.place,the sustainllbility ·ofstocks depends on 
ehanging .rocu:.ket factors. ASa (eSldtf price changes fromyenfto year rnaynee.dtobe taken 
into account when determining the total catch quota that meets the economic. and 
biologicnJ objectives .of thet:ishery~s management progrant 

It 15 .important to be nble to consider price shocks that ,affect different grades of .fish at 
diffenngrntes. To TnQdellhese typeso( chnnges assume tbat the prlceshockresults inan 
increase in the price of flsh~ from P to 

(5) P + [(I)'"'" 11g{P) 

The function [aJ - l]g(P) is assumed to be differentiable in P and tv is a real valued 
pit~nrnetet. setequnllo I prior to the pr.ice change. It is important to nssumethat the price 

shock leaves the ranking of grades unaltered so that if P (l > Pb then P a + [co- t Jg(P 0) > 
Pb + fro ,.,. 1 ]g(P b). This is equivalent t.o assuming tha.t 

(6) [(I)-l1g~ (P) > - 1. 

Modelling pricechnnges according to (5) offers a great deal or flexibility. For example. 
if tbe function (.Q) ,... 1 Jg(P) is incrensing in f', the absolute increase in the prices of high 

8 



, v ' ,ABARE CONfERENCE PAPER 94.4 '" ,.' 
, , 

gt~d'enShW01)Jd:be;IQWer'lhMibe:Qbs~Jutetn¢t9n$e;lJ1tbt!:POCe$·orlower.gt~de·nsh.$rl 
th~otbet band lfthe prices or mtddl~grnde.t1sh:dsemore th~n:othergtndes~ g(P)Wbuld 

penk in the ope 11. inter\"ul(PmintSm;u;l~>HQweYet; themagnh.udeof this penkwputdbe 
'¢onstr~lned~ccording tOto). 

ThefQ,11owingformttlagiv.e,slhcpetce.ntagechnngelnoutput [oUowingshiftshl'theptices 
cfan 'quaUtiesof Jlsh resulting ftom ,'~, m~(ginalincrease()f dm ih lhf!{ patntneter (d(s¢e 

appendix). 

(7) 

Pm~ 

where d(jJ J gCP)f( P)dP is lhechange in the avero;ge price of the reponed catch following 

the. price, shock\ 

Given non .. deoreasingmarginal COSts, the denominator of the pnceeJasucity in (7) Is 
positive. Therefore" the direction of output change following a price shift depends on the 
sign of the nUmeratOr (given (6) the m,rmeto,tor may be either positive or negative). In 
partieular~ outpUt rise.s{faHs) if a marginal increase in aU prices leaves the average change 
in the ,price of the reported catch greater (less) tban the cbange in the price of the lowest 
qua!ityfishretafned in the catch (weighted by F(P*». Also,' note that the elasticity is well 
defined even when marginal costs are constant 

[~u ] To explain the result in (7) note that dOJ j.8(P)f(P)dP - g(P'*)F(P*)., is the marginal 

change in revenue [ollowing the price change. Consider a reduction in this revenue 
reSUlting from a greater incrensein t.he price of lower quality fish relative to high quality 

[~u ] fis.h. so tbatd(JJ j.8(P)I(P)dP - g(P*)F( P*) is negative. Following this reduction. 

mnr:ginnioperuting cost exceeds mntginalrevenue and a loss is being made on the last 
units of catch. Therefore catchmUSl decline. 

9 
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Th~ totmulnJn (7)·¢a.n ibeUs.edtoglv.c the:perceptugeichnnge In)PutphtesllmngrrQtn~. 
UhirOtrnpe(Cenlngelncre~$ehllhepdceof;angn~de.sQtnsh.This.lsgivenbyexptessi.Ofl 

(S)~ 

Ci( ........ ~ ) 
.... FCP") 

(8) 

the ~lusdcity in. (8) is strictly positive meaning thaia. uniforropercentageintlrense in. the 
price. QfnH qualities ()f' fish leads 1.0 an .increnseitl total catch nndby lmpHcntion tlfl increase 
in the' proportiono.f' ushthotare di.scarded. 

ThisresuIt canbeexplnincdby .noting that an equal percentngc increase In the pdces of 
aHfish lends to grenterubsolute increases ill the prices ofhlgher grade fish relative lower 
grade fish. As a result the oppoftunitycostassociated withretalning lower grndesof fish 
increases. Therefore. the·level ofdlsaardlngirl¢reases and tnle catch levels rise so that 
reported catchcnn meet the :catch quota. 

S. The impact of changes to the catch quota oocateh size 

One method employed in some fisheries to reduce the amount of excess ctu¢h r,esulting 
from high"'grading is to reduce the size of the c!ltchquota. To ilJuslrate the impact ofsuah 
a policy on total catch. the following formula gives the percentage reduction in catch 
resulting from amargin.al reduction in the catch quota (see appendix). It isassumcd that 
Ihechange in quota has noeffecl on market prices generally. 

(9) 

where 

(10) 

and 0$ v< 1 

"the result shows that when marginal operating costs are on increasing function of c.utc.h, 
ttreductionin the quota leuds (0 a less than ptopo.rtionate reduction i!l the nrrtount enugnt .• 

10 
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On.the -plherlinndwhen .ffiAtgfhPlopenltingcosts. .at~COllst'ant{Cil;;O),q tcdl.lot'lott Jo· the 
quota lends lOllriequl"proPQrt.ionat¢rer;iUc:tion in theartlountcnught. 

To seethe reasoning behind thlstesl.lU, ~onsldera Ip~r c~nt ('~dl,Jctionh:t:thecAtch quota. 
lnorder lomeetthistl¢w qUotadhe:opermofcouldreducc catch by 1 percef)t,incteus¢ 
thepro,portionof'fish thntare disc;trded, or combinebothstfategie.s.Whenm~gj'noJepsts 
ate inoreasing. a 1. percent teduedon lncrttch, wouJdlead to.n decline htmnrgJnal.¢ost 
rela tive to mtU'gin~l revenue and as a re$ol tpto fit-cpul dbei j o¢t'eus(!d' with ,;1," gt~atercatch. 

Therefor.e, thelea.stcost way to meet the new cQustrclint. would be{p lowere,alchby less 
than 1 percefltund to discardarehulvely highe.f'proportionofthis reduced catch. an the 
ot.her hnnd~ when (C".:;:: 0), chnnges (OOU(put have 110 effect on margimu opernttog cost. 
Therefore, the least cost way tO$'tllisfy theteduced Cnlch quotnconstruintis to reduce total 
cutch by 1 pe.r~elltwtthoutchanglllg the proportion offishthtH:are dJ$curded. 

From a fisheries Illanugemelltperspectivc, ifmi,trglnal ¢ostsare known to be consttlht and 
it is observed (or estimated) that ~t' .percent offish are dJscnrded, then the total catch quota 
could be set at (100 -.t) per cent of lheestimated seasonal catch level estimated to meet 
theeconotnic andhiologlcal objectives of the fishery. 1ft on. the other haodmarginal costs 
are known toinc:rease., then the qO.ota would Jleed to be se.t at less than (100~ .. x) of tbe 
estimated optimal catch levelnnd according t.o an estimate of in expression 10. 

6 .. Measuring profit 10. tbe presence of high~grading 

Estimating prof1t levels in fisheries affected by high-grading is problematic. Forexnrnple, 
when modelling the potential profits ussociated with the introduction of catch quotas, if 

the tl verage future prices and costs are estima.ted using observed pre.-quotn. prices and costs, 
profltcQuld be underestimat.ed. 

. 
Based on the model described in section 2. when marginal cost is constant and In the 
presence of high .. grading1 profil (excluding fixed costs) is given by expression 11 (see 
appendix). 

(11) 

where p~ is· the price of the lowest priced fish in the reported catch. The expression is 
etlSY to culculateas it does not depend on the distribution of prices over grades, the 

distribution of .the fi5h population over grades. or the level of fishIng costS, 

11 
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An~:xplanAtion lot' thefOMubl ine~pres$ion 11shQuJd begin witb thcob$~tv~fiprlth~t in 
the preseo(teofhigh"grading,P* is Uleshildow price or.the ¢ntch.quoLu (from.exprq$!)ior) 
(2a) ~ =p*' when 4J .;;: . .o)~ Jn~ultively,· if (h~ .quol~ is teht<e4 margInally, theoperntot 
increases QutputbynnequJ·prOpOt1iountennlount (see previous seq,tion}cQ.rnlngoJl 

addit\¢!t(!! pmt'it ·of P!'P/CP)I!P ~ C{~)on (h(Ol1latgin~l~nIt ofquota. At tl!~m;u;gln: 
F(P·) 

however, lhis leYelotptofit mustequa.lthe margJOal benefitnssociated with discarding 
tewer uoits or fishfrOIll expreSs1Qo:3. 'rhisbenefitisequnl to P*ftot1texpression 3~ 

Umargi.nnJ 'Cost is increasing. thedght hand sideofe:xpression 11 places .an upper IimH 
on fisheries r.ent In this .case a more accurate expressIon for profitnbHlty in the presence 
of high .. grnding Is given by: 

0.2) n ~ P'*,Q -[C'(Q*)- A VC(Q *}la * 

where A VC(Q*) .is the average variable unit cost of catching Q* = .. Q .' ... The mO.re that .. ... ". [(P*) 

marginal costs increase rehltlve to average costs, the grea.ter is the difference between 

actual economic profit and p* Q. 

7 . Example using data from the Australian northern prawn 
fishery 

At present, catch levels in the northern prawn fishery Me managed using n set of input 
controls that llmltgear units and bQa~ numbers:>. A number of alternative Long term 
management opticms have been considered by industry and government (NORMAe 

Working Group on Fisheries Management Arrangements. 1992) including the 

introduction of individual transferable catch quotas, current ABARE reseurch, study of 
alternative management systems fot the northemprawn fishery, has shown that it may be 
pro.fitable for fishennen to. discard some grades of prawns, if individual transferable catch 
quo.tas are introduced. 

3 The tmrlh¢rtI p~wo. ftshi;:ry is IOe:lI~dil1 Commonwe.:thhw;lICrs In the Auslrnll;mFi!ihiJ\~Zone b¢lw~n Clip!: LQndunderry nllt! 
CUp.: J'otli; I!~(lycrs about tinHIiM $qu~kHomelfe$orw~:Uer, ~lo~ptQrle4f AU!iI.roh:fii.larg~$t fishenes.b) (In:n, 
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Datu ftomthenorihc.mpJ:AWtlfishe.ry m:e:uscd,lo11lu$UAl<!'SQme.of the r~$ult$obt~lned: 
h~te. The .focus is. On ti,gerprawns. WhichouQveraget¢presemnbout 40 per ccntorthe 
totalentch~ How~ye.rt tigc17ptuWl1$ ,cQntribute ;nbout7$"percen thJtevenuenhdficcount 
for nboutl0perc~ntortolat.tlsbioge,ffort~ :a'~mnnn pr.1\wos* whichn,cCoXUlt.torJustUl1der 
SOpe,t centot the tot;llcnlcb;tirc' ;CUl)ghtuflne ,stnrtQflh.e fishingscuson (usunHyApdl 
and ~l.ay):und mOSlopettilOts tnrgetTigerP,rnwlls tor theretnainderof thesenSoh to 
Deeetnbe:t. 

ASSUJul1 tiOJtS 
I\N¢nlge'prices or l';iger pr;awnsby grodei fOr t'he'yeurs1990to 1992,and tll(~nvettlge 
proportlOll.h 'Of the different grades In tot;ulctttch' tu~e shown intnble 1. 

Ills ttssumeclfronlc,urrent ABARE· reseutch tbalintet~sttc depreeiatlon,repnlrund 
'inSUf:ahC~costsassoct(11ed w'ith c,npitnlnre fixed in Q..«l), given se;;tsonnnd .the 'uu\r,ginaI tQst 

of :fishing is setataconstant;S4.S0lkg of'ligerp.rawns., 

A 4000 tonne total catch quota is.u:,s$utnedtonppty fordger prawns + ThIs level :i:s·cotlsiste.ot 
with tbemn.ximUIJl sustainable annual yield for dg.erprawusln tbenonhemptawnushety 
as estimated by Somers (1994). Buchu, quotaisUkeiyto havel>cen binding in 1991 but 

,not in 1990 and 1992 wben harvest levels were well beJow nonnaIbec~,l,1;se of adverse 
seasonal t::dnciitions. 

The ·optimallevelot<high-grading 
Using expression (4), and assumingthnt the distribu.tion.ofp~,wngrades, within the ealcb 
would b~\le rema:in.ed the. same if eatchquQtas hud be~n in pla¢e~ the nlodel indleutes thut 

Grade we.igbt 

< 10 

tOtO' 15 
16 laZO 

~t to 30 

\Veight 

>45 

~O ... 45 

23-29 

15-21 

1990 

{Sfkg} 

t9.68 

1456 

tlJJ7 

10.:50 

1:991 

{$lkg) 

J6Jd 

10.96 
9,06 

Q,11 

1!iHlZ, 

(Slkg> 

UtS8 
13AO 

12.30 
9,60' 

(% of weight.) 

7 
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in 1991'fIsbermeil.\votl'lt,l 'hav¢,: foundU ~ptttntnb)eJ,()d,i$¢~t<l·ntfnsh.YnJued be'lo~·the 
nver:lg~prlee ,of the {6 ... 20 per ktiQ (M$f:;S.O. p* ::;$9~OQ~g:.Htghi'gtadin·g would ·nOl have. 
be.enexpecled in 1990nrtd 199;2:'whe,rrtbeassumedquQ(;:! tonstrnln.twouldnotbfl{:!xpected, 
'loun'lt! beenbinding* 

This tesult is ,consIstent "vlthst.udlesatAB,ARE Whi¢h round: thatfisbertnen wQt,lldhave 
profited fro.m. distnrd.iog aU ptu\\.rn.s ~bo\le ,the J5perpQund. ,grade in 1991. Howevert it 
wasnoted·thnt som.eopernto.l's mn,yrun blto tlmeconstmints whentr:ying, torepl~ce :the 
disc11rde:dpt11WnS~ 

This Utlntys1.smay be dift1eult tonpp,ly pdor to the start ofa,nypartlculnrscason due to 

ullce.rtninty st1:ttounding: future prices nnd the size d.istribution oflhestock for (hatycar 
(whichmnyalso impncton the ,setting·of the lotalnllowablecateh in the' ·first place). 
However", theanal.ysi.s :ron:)" be: able to beappJied ,once these:asoo has begun based 011 

estimates or distrlbutionofeatchand price frOJllearly seaSOn landings. The model may 
alsolre 'Useful in apOS1 season . analysis of the extent of high-grading. particularly if this 
hasnn im.pact upon tbe level of the total allowable catch in the following year. 

The resp 0 nsivel).ess ot' output to ;price,changes 
As 'marginal costs are :assumed to be constnntat S4.801kg. theperc,entage change InoUtpul 
followIng: n.n 1 percentincre.ase in the pdcesof al} grades of 'prawn isgi 'len by equation 
expre.<;sion 13. 

4.·S/{F*} e.,;::", 
.. PCP·):" 

OJ) 

The formula. is nppllcableonly for 1991 when high"grnding could have been expected. 
Based on the ontain toble 1~J[9~06) is approximatelyequ.al to 0.035 and F(9~06) isO~90; 

that is. 10 per cent of prawns wooldhave been discarded. Therefore. if prices had been 1 

per centpric'e higher in 1991. (Z'Utehwould have been tlboutO.:!1 percent higher. 

ProfItability 
,E~pression 11 can be usedtoesdmutethe annual profit. excludingfixe(ieosts associat.ed 
with .enp1tnl* that would have been gunetnted from the tiger prawn 'Component of the 
porthernprt\vnl. usher}' with the introduction,ofctltch quo.tas in 1991 (tbe formu.f.a is not 
appUcnble to 199.Q and 199:2). 

14 



\ . 
. . ABARE" p ON FERENCE PAPER 94A . 

'"" "',' ,',,';', ',' - ','''''' " '.. ,'., ", - . ',', .',' 

~rn~'(Jmum .ptCnt ... ¢s'¢Jumn~fiie.d ··CbStSl Is.!¢slim~ted tll'S36i4 ifijilnpn~($9.0()x 4000 
too.neS). 'thisfl,g,ureis,tonsistent withtnegrosslntttgi Q, (~Cr;O(thtiIlS fQrnnOJlllru, return to 
nperntors) QfS37 miUiQtt6htu:inedl~yAaARe:r~~senroh:rotlhe 1991 ,base year •. t,tccou.rttbtg 
fdrnnorm::tlxute 'Qr ,retUrn to ~Opeta.lots. 

'Ca,,~eats 
The~esUm'~testib.tnlnedul;ii)Ve: S:houltfbe t~gard¢d wtthsomeenutlonasthetl$Atefnctors 
in ;,the :oOttOCfJt.'f\fU,\\! n .nsbe.r:>*~bnt.mn:y no('.oe:c,onsistent \ylth theUllde.rIying ns.s~nllptlons 
outlined in section .2 .. lnpartieutnr, lherei:s stJmeevideneettolU AaARE tese,ur:ch that 
Ope(alOr61hthen,orth~mpm~wn fisl1ery tn:r;g¢:t latgerprawns if Iheywisb to. 'This menns 
tbat ti:shennenctluld increa.se the.nverage valt~e of Ineircnleh with less higb,..;grnding than 
Implied,by the til0delpr¢sent~d here. 

The model developed in seedon :3 .f:S basc::d Qtl a:1umber of restdcti,le:nssumptions. 
Ho.\vever, thetnGdel ¢#.In bee,:(tenQ.edin a number ofdlrections without losl.ogtbe busic 

.results obtained bete:. 

• It has beeuassumed taut there isa. single species (ora,llemadvely that the cateh quota 
nppliestothe wbole ~1tchaod not to individualspeeies). Thisrestricdon cnnbe rehtxed 
tocQnsiderfishene:s wi.th a number of spec-ies and whe'req,t.IOlP.S for different spe,eies 
may be ltansferredbetwe.en operators .. 

• The mode.ie.n:capsut.ntes decisl.onstake.oQv;et a whole s.easonas if they were takhig 
placeln n single perlod*The model ,canoe extended ,to,take·(1ccQu:nt of the way in whi(:u 
the faeto.rs.affectiog: bigb .. grading might ehang.e: over time withiunsenson. 

• High .. grnding infisheriesmanagedusmg: inputcotntaJs~ouldbe i.uvestigaled. For 
example. a constraint that fimilsthe: quan.tity-ofusb thntoon be stoted onbo.arO: would 
hnvesimilnr hnpUeations for high ... grading to those ftom tbe :ea.l,eh quota. On .theotber 
band. r.estrictions, that Just increase murg.inw coSts would not bee'xpec,ted toeuuse hig,h .. 
grading. 

One impoft:nnt feature, not :consid.ered here.,i:s the problem of uncertainty relating to fish 
pricesandpopu.iution distributi.ons.rorexamplet if there is uncertaim;ynbaul the grades 
of fish that nugbt beObtaineti following the dlsc:ardingof low priced fish. risk averse 
operators muy discnrdfewetf'isn tball would bel1reditted llsing the model p.resented here, 

15 
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UWiU"l1.Jsl:,bt'!ilmPQrtaot toconsidet IheiID,FlU;C,rpf~lJo\'?tn~QP~rnt(lts to;ichnnge;fisblng 
lecbniquesio;otQer 'to. target ;hi,gher (pdcensh,.Su:chnn,u.lysi~ would,be ,of ~p;~.t.ticultU' 
impQn;unc;t:infisbcd~s 'whereQP~ratorscnn sJgniliqu.nllylmprovettltgeli,n,g (utn;relutlvely 
low ,t':ost;} roUowi,ngtoe; lt1ttodu~tionotttl.tchquolM. 

rurPli en tiOJ1SfOf ;fisberigs ;nl;l,.I1ag~rnetltnnd! :lllodell,ing 
The~sQ1ts obtained :he.ro Indicule (hnthIgu'"'&radip,gmny be ,Q, slgnitlcnntproblem in 
t1sh~ies thntfir~ m,auu.gedusingcnrchquotas. Ill: this paper fonnulas tire provided to 
·indlcu:tewben hl~.h~grqdingroaybe a 'p.roble,ro. (expression j),nnd tneproporUQus,offish 
tha~ mi,ght be d.iscnrded (expres.si.on 4~., Sucbiadieudons ~pr(l'tide' ;infoul1tltion tbat rnay'be 
useftd wben seuln$: ·patch quata.~,nnd.rtleas,urln-g;populati('m tt<.'!uds. Theuseru!ness ·of this 
model inst{')ckassessme,ntrtluy (l<~{>endanth¢ cOSt nuda.bili.t,yof ,obtaining disca.rd. 
estimates llltou,gb alter.nllti,vemeans, such as fis.hery surveys. nlld on the: stocku:sseSSt1lent 
't.echnique·helng ,elnployed~ It;isunltkuly thatdetaUed length nntlligedtl.ta~ needed for same 
stock nssessmentst would he fortbc()nUn~frorn litis mode.t 

'\Vlth ,hlgb"$r:ading, it Is eVident thatct1tch :levelsrnay 'be sensitive topdee. Jt is therefore 
imp.onant :toaOCQUnl fot ,eeoJ).Qmir;ns well as hio'hlglc.:ul factors, when estiJ:n.a.tlng 
pmpulad:on lrend$~:even lnfish¢des ,that ate:,mnflilged using cn,tchquot:ns. 1llpan:iculnrit 
issh,own thnl QUtput may deanne' if the avera,~e :prl~eof lhere.ported eomponentor the 
catch rises less than thepdce of' ,the lowestquaUty Usb in the catch. 'FortnlllilS thnt gi:ve 
t.ne.chnnge in total output resulting from. givencbanges in the pdcesof dim~rent, qunHtles 
jf fisb are provided inexpressions·{'1) andeS) .. 

I'nushedes wnew,high"groding is n;prpblem~ca~chcanbereduced by lQ\"lcrin.g the eatch 
quota. It isshowuiliat whe:nmru:gln,al cost is constant, reductions iO thequoln leAd t.o 
proportionate Ieductionsin catch. Howt!ver~ if~, mnrginalc:ostsare increasing, the reduction 
in quot.a cQuldleud to no, Increnseintbe prop.ortion of diSi:!arded fi.sh.Thi$ n)¢:MS that .a 
reducdonin the quota would lend to a smaller reducUon in oatch,indlcating that the rale 
l)twhich cost$cbnn,ge, nscatch ln~ couldlXl an importtUlt detenninantm seUins GUrchqll.Ota:;. 

rionUy. it is shown that lllodels which dO not 11ccount for high~grndh~gcot1ld tend to 
underestimate potent.ial sbonterm profitability following the introduction of en tell quotas. 
to help Qv.et.come these problems. expressIons (11) nnd ( 12) give: formultte that nllow the 
.anouul profit (e,xeluding fixed :costs lin ·O.$hedes .,nffectedby 'high .. grnding to be: cAlcuhued 
Ion telntively s.irn~Jemnnner" 

16 
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Aippe:Jj:di:x, 
V'ifstnore"thnrbYfi$s.uropdo.tj,:!2* >.'O;ancl!g*< ,,:g:p\s a resull, 4t ;:;Oand4n .. ~ '()*Al$O~ 
Isln.¢t;l~*:>O·ptont: 'will ;pe~llegativ¢ :itP* :~Pm:M:'SO 43 ~ 0;, 

ru.lecanbellsettto show tbnt:itls bounded above by PIl1!t;..Q . On the otbethand.:Since 

B~pre$siQJ13 

Inthep(~seno;e,ofhlgb,",gr.ading p~ is glvert by the unlquesolutiQo t.o (3)~ 

Proof: 

Assume there' is higb-gradi.ng • .Fro.1ll (2g) it follows .that A4 == 0" From (Zb) it follows 

that Az = P* and th.e.re:fore,Q = lJ.'*F{ ft.). Atul1 optimum, tberefore; 

~» ~ 
J: Nf(N)dN - P * P{P*) - Ci,~);;O. AsD and QFr P ) (fromconstrtlint te) are not 
p.. . PCP·) 

concave in P t the l<uhn Tucker theOrem, <:artnot benppJiedtO show that tbe soIudau 

to 3 is indeed tbemaxhniser.lnstetld:tconsidetthe following d.erivation. 

17 
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ol'~l*'. .'. ..... '.. . .(J;. .'.,.,' ," , .,., " , .'.,.. 
J;'~t(P)lIP""'P;.F(P.)-C'(IF(P-'? ls·,negauv.e"s:P*app.ro~ches,p;m~",·Also, ltl:S 

shown Itt ,the prQotCorexptession4tllat wbe.n P:;;Pt1i!" andWhcn theta Is high",gr~dingi 

rrnJ.~ 

it loll()\v$,th.tlt .' fN!(N)dN-Pmin >ct({f).ThetefOfe,u unique solution 'fot'P * ean be 
J'mm 

.foul1d~Stnce 'thls$ofmlon 1s unlqu~t itmustbe, a<ma:dmiser. 

Expression 4 

1'111~ J Nf(N)dN- Paun >- CteQ) is necessary nnd suffi¢ient foranincentlvc to high~grade to 
ProUt 

eXist 

Assume there, is nohigh,..grading; that is P ;PnHn, 'It follows from (If) thal A.4~O. 

emu 

Substilutingfot ~from(2b) into (2u) itfolJowslhat fNI(N)dN - Pm;n - C'(Q*) sQ. Noting 
#''''!I! 

.~.. . . ..,. ", , I>_t a aQ*and C'f(Q)?Olt follows that; jNf(N)dN-f!mn ,$C'(Q) . Therefore, if~ {.3'hold~, 

p* ¢: POlIn' Since a maximum exists it follows that p. > Pm/O and there is high-grading 

18 
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JJ~" ....................................... 7 
AtruJpptiml1m, J. '.NI(N)dN ."",P.:F(P*l.""C'tj:r~ ... ~,l::;:O "AsCtj(.a)~O:Ihel~ft,htlfla:'$ld¢; 

.p.- .... ~ ... . J 

ofthi:l~:¢x.i?te.$stQnis.d~¢tcAsing(stdc~lYlln.f*{Se¢\~tl()y¢)~Thc::n¢¢cSSltyoftondlUQnGl) 

·(dUbW$'. 

First u.Ole tbata wo.te gen.ernl c·:x:pressiot1 for (3) is given by 

.rlmJ. ··['N+[l,,-(J)Jg('/It).J· f(N)dN ~.[·P*+[l.,...ruJg{P~J)F'(p.)..,.c,(.(l)=o." DIfferentiating 
p. ........ .. . ...... .. FCP1'!) 

thisexpcessiontotaIly with respect to· P*~nd Q) gives, 

Noting lhatet ;:.t!Q'.:Q 1(~·;dP* yields the result. 
.. .Q*Q* PCP .. ) 

Bxpression 8 

ch~.») 
0':· . .... . . ... . .. _ 

-F(I.:>·.·):2 .(.:Q)..Q 'CtI • 
f(p*)T .. ' PfP*).· FCP.} 
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where 

Proof: 

\ , ,~ ,,"" 

.t1 ......... Q ............. ; .. [ .... ....... Q ... .. , ........ ]... ........ . ........... . a-A~=l-'v 
Q .,\:!j' 

Obtained by totallY dlffereMinting (3) with respect to P* a.nd (J) to obtaIn 

C"C
Q

) 
dP* FCP.,) 

dQ = -F(P*)-C"( Q ) Qf(P*) 
F(p*) F(~)2 

Yields the result. 

e~pr~s$ioTll1 

\Vhenmarginal cost 1s constant and in the presence. ofhigh"gradlng, rent (economic profit 
.excluding fixed costs) isgjven by the following expression 

fl=P*Q' 

Pro()f: 
Obtained byrnuldplying (3)lhrough 1:>Y Q*and by noting th:lt Q =Q*.F(P'*). 
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Proof! 
Obt~ln~dbt muldplying (3) through hy '(J *, bynQtihgth~tQ ·;=·Q*~F(P*)And thnt 
CCQ*} ~ AVC(Q*lQ*. 
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