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Abstract

A model is developed that derives optimal pollution levels and determines the welfare
economl~s of pollution reduction, differentiating between abatement and output reduction. It
is~ui~ble to amilyze alternative policy 'mstruments ,aimed, ·to reduce external costs of
agricqltur:al >pr~~cti<?h.. Th~ ~9'del ~s ~ppli~ ,to ~e U.S.com ~ector and we simulate the
effects ofstYliZed :~nviromnental pollcies::f0~:jx~sticide use on $geia1w~lf~e and envlro$lental

·:r;;~:ta~~i:t~~*~ii~,.~,:,·.:.~r«~l}=r~~~~~::~:~dU~~
>-~ , > :A>·:~·«
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A~~I)'Z~~,ttE~r~~~~~~~t~lr~~~:~j,~~J~4JU~~i~l:D, ~~~~~~~~t '!:~r:~:~~"Qt,\tp~~'Re4nc~oll,: , ',

An ~pplic~~:on~oU.~.,Agt1c~I~~r~" ,
~ ~ = ~: ~~> >~<> _~ ,~_>:: > ~__~ > < ~~ :. " ~ > ~ ~» ><~:<~>:::: _ : N>

andlor :,tbate,ment activities, or a combination ther~Qf:; Outp~t~~@~i~;mYQ:l¥~~;!\-19$s:~n:'$pcial

sur:plus, while abatement involves (lirect reSource costs. In addition to these curtailment costs,

pollution also incurs ;d1e social 'costs ofdamages upon the popu1~ti~ri\,:~.~h~~ :ril~~ed~' 6~: ,,;

pr~d4cti$ k ¢X~~lM ofi>iltp~ ieductibn polfcies.PoI1uti6n taXeSQ'fSll:bsidks for abatement

activiti~s'{ e:'g. 'cafboil"taXes' Qr>trot' br~aks fot-tlean production) at direct regUlations on pOllution,

lev~Is';(e~g~ smokestack:fiiter:foFart'electtici~lu1nfty'pl~tYals(j mdti6e abc'i1emefft. '~The:

distmction 'between abatement antfoutput reductiQo :(and: theIn{eraction benveen the' tWo) allows

,U$~:t~,pJ;qpe~ly ~V~l~te' 6t~ W~l{~; jfnplica~O:~$ ,of:~lte~~~ve ~#fi~~nm:~n~~~lp9~-i~y .sc,e1SlartQ$. ':

~litet~ture typtb~lY ~~es P01t~tiOh reduction ~thoutm~nga distincti~n between

aba~e1i1eiltand '~utpui redlicH'cin 'or evalWtte:s 'ohty'hi1e,:tbem (Kn1iitla~' 'i991;':~def~6n,l'992;
,'. ' ", ":::---,,, , "'",,',,, , ,'",' ,', ',':;'"," "':" ',,' ",,",,>,> --.1',' ;:"::':".. ;."" ":': ::,»' ,"',' ,',': ;:',' :
Buchanan'and T'4UocIt; 197~~ ~:a:umol arid 'p:ates, 1988r" Helf~d {r991rdefin~s:ponutirin as a

~ction,Qf pO:f:lutl~n',incf~~llij£ ~d pqlluiio~>~d~~ib~~~: :$~tit~;;b~t ;d~e~W6t 'dishngittkli'be~een
abatemerit':arld '6UtP~t' redJttion either~':: An'ex:teption'f~"P~atCeand :Turb~r (1996~' 'bIt'6)\¥ho ',

art~p(t6 jliiegfat~"abatem~nt and\)uiPiifteduaioi"!'briff~ifi~ :ao '~~,~ppiQPriately~' The objective

ofthi~'paper'is' t6"dev~ltiI;:a C6fupf¢h~bsive ftmneW6tk th~fcl~arly dtSti~~gill:~h~s 'be~eeti

abateni~nt ,~~r outPnt- ted~etfQrt"an(ffti 'op~~~:rinaim;' it'1nt6 an empitic~ iliethod616gy... 'TIle" ,,' ,

1In chapter ,5~ ijaumol and O~te~ make ~Q- 4istinction.~tween ab~tetn:entaJ1d QU~f.n~t :reduction. ,-lnQhapter,14, they
assume abate~~nu:echnQ:lQgy ls un~~ailabje,~d show that subsidies fur Poll~tion reduction are in~fficieni relatiye
to poUurlim'(produetion) taXes in a dynamic'setting due to entry/exii'off'n1ns. "
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sigD;i~e,art~e of\jutftamework tstUU:$~~~d by:ifiii~tripiti;bal :e:i~lt6fp~sticid:e' tlstffu'· &j:S-~ >

agriculture. Pesticide:s are res~ib:i~ 'fur a variety' ofPoliuttti~ p~~blems cau~ing significant

social-and environiliental costs. However, using alternative pest control measutes<{abat~men~:

activities}; 'pesticide 'use ana-'hene~ social 'ariifenVitoMl-entafcosts- can:be reduced sign1neantly

withouttet!llcmg ·pt6dli~tion·,(p:ilnerirel; 1993:b)~'

-' ,. ',C~1.\S~4:~f·:~¢:l~~~~~-9:1l:~r:~:good,Q,'~~p~tWg}m ~~~ma1ity, (i~e~-.l?o:lhf#p~)·" ;~~at~~~~ :.'

abatemenr4ctiyi~~¢$~ res~~tiY~ly;,'Q ~> F{N>~"~hl.; A :?=O'(X~) ,JVP~r,~·xi at;einp~~"
~~A>/> ~ __ > _~~~'» ,_, v 0l.~>.~ ~ ~> ',>~~( >.~>V~ ~ ~(' / >v _',>I,A ~~_> ~_v ',A, ~>i~·YV ~_~ >~A > v

q~ti~e>~ (i-~ .1, •.•, n;, j ,=Q" A)!,~. :lJj'P~)~~' .~~~d if}.th~· P~Q~'!1£t~Qn of:a.:g90~; Q,g~neratc:s.grDSS. '"
> > ~~~ A >' <', ~ > ~" ,. ~ "_ .~ > _ > _> > ~ i, > > > > - _.>/' > ~ _ • > • • > _. > ( ~ > > A _ ~ A /

pollution E;~)~ ·.~s~~~~:a.c~tlyex, f~~~ti~~~~::p~twee~-gr()s~,:ppll:utiorhge~~~~t~d;:~4, ~put~.:"

~N_:'? :~an~.E~: ~- q!, Net~Uu~p~:-~e~~ed (S)j~:d~fmed. ~<~os~_~I:t~~i~~~~~;:~qa~~rpe9t: - ':

Thus~ :p~Uuti~~ gen~rate4 (~fenedtQ -3$ .~~$'~ p~l~ution) is the ~sutl,1,9:f p.oUutiP:ll, rel:e~sed
i > - ~~, ~ ~ ,: ~ ~» ~-~ > v ~ v,">..: v A - A V _ " > v,v _ ••<v: v.-' ~ _ >' v v~>~ _ • v ',V > ~ i~~.~ ,,~ "

(teferred to as>n~i __poU~tiq~),~d pp;ltuti<:)n·,~~ated,j~I~-~.e~spI~!4.jp ~d~f}~i~l-'~'ts., N~~~,~~t grO$S
~ _ < < v , ~>v " _ - > _ ~ ~

~:-poU~~~l\.m~y ~~tb.~r: ~~::~~~~~~: i~~j~~:~~y~~~~~~tj~4V1:¢~ng P9H~~~9P9.~ages ;Gr ~1?~te4
~ ,.. > < v., ,'. >" ~ :< >: A '<; ,>~ > ~ > >~ .'.vV ' / v>_ >. >"/ > ,"v ~>v :~>:;.v" v< ..vv><· »»~ N ~ v > ~_.~>.,~, ~~/ ~::.'" ~ ,,_, ,," , . ~,v~ 'v~,'~ ~_, ~ ,

entailing,-~ba~~~~~t; e~~~. ¥Pft.~~ e~~~~~~~t~,(AAtnag~s) .4ue~~~t p~lIu~gt1.Ee(S:) =. ,
~,.,. '·v '~,~ . ~ , . :v.<. ~A'/~ ." -. ~", ~' ~._. ~,~ -, (:',_ _, ~~N~~ '<~._' '...V~ <~

~GfJEOO-l\J ar:~ ~()~y~~ ill, s'~4.>,~~gm~ ~'tt~~ :99~W. >~e ,giv:e,~1;JY ,~C;:(S) = ~~s(8). L~l ~,
~_-~ _v:/~ ."./'~ ~," ~ ~ /~~<'.~_>~»~~N- /: v ••_~,>:~ ~~~:_ ~.<.; >~.,,<~,. ",_'": ~ ~:~<. < ~,.. , ;v _ :,v_,~·~~: ::0' • ,:l~,~_-=~"" ,~.~"_" I~ ::~V-_._; '~<~:<:>. A·; ;~~~ I,'.A,

denote t4~ p~.c:4 W~~~~ p~~ '?f.S~9d .Q: <I:p:p~t~~~s ~-r~~~ ,s~~~ ~~~:~9.~~>~~~~t~9n,: .
• ~ ~ ~ •• v· , ',"~ ~.~, ~,>,":~:" .. ~ ','~, ~ >~A ~ ~ ~, ~ "I v_ ~ , ~ ~ N~" ,v"' ',,',' AA ~ ~ ~ ", ~~. v

l~", < 0_( ,V" _,'~' _ ~, .' = ~_ -,

resu~~"if).,a_.~<?n~~X~JJd4i~Y~'Y~P~~Q~~;~Q~,.(Y~~W~).~s;t~~~i~n-,~{Q~.A) ~ .9(Q) -to A.9(A) '. -> ' ~ .,'- '~,_ ~ A<, ~ " v." , '"A~, ' ~ , "~:: ' v,',' ~ <. ~ _ 1~~ ~ ~,., .'/' '. ~.'" .<" - ~ ~ '~ .,.: Vv ,,', .'~ .~ A ~. "'~': _ -, '~~ A >", .' ~ _,

where C(Q) are the production costs of good Qand AC(A) are abatement costs.

2 White me ~SUriiption '()f'C()~b..;tmugl-as production funcnoiIs -is a 'simpHficatiori~ made to- keep mathematical
coInputatwhs>~ gfaPhital-rtpteseniation sifup~e, the problem is·tikily'to:generallZe Using:otfier'py,6ducrion
functions with few differences.' , "
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,3

dQ,Aj= Mi;Iti<p;(~~+x~)+P~N r
;¥~g~~~'JJ?riy~t~) ~o:@f~~o~ ~qsts; %~,:gQ:=;" ~~(Q~:~~ ~:arg~~~>,ab~t~~~~t,co~~~, ~~ CA: ~,

¥~C(A). :P:ri~~ pr~~,~, ~,~ gj:y~ by n,= r·/q -C(Q,~A),~ ,,¥ar&!J:l~priya:te ~O,s~~,~rp!Q~~ping'

Q aJ;e:'~Q ~ ~,c;(Q) ~d,~~gipal ~bat~11;le1J.t ,(.tos~~~,~,:CA ~,~C(A). 'YVith~ut:pon:uti9n,PQ~~CY,

matginalprofits>M;Q :7:oIDeo. = P-M:PG '~:P" ~plying ~ ollWJ.1tlevel,Qf:QQ, Md PQn~tjonlev.el
> / /. > > ~', _ ~~ ~ , A

of~~ ,~ ~(Q9).,>,:~~g~a\ :pro:A~s. :~~':l-#: hY::in~~~ng ~~m;\lt~qlJ~:m.~gill~::Pr:~~ts l():stJ~~" "

"red~cfug output. M:ar:gina1,:protlt$ :l~~t1:1y te4~~i~::~1~u~~~:vja;~~tp,ut;¢4~~t~~~, ~ri1;y;teriQ.e~ ,
_ " / > A,. > , > A > - V .', "" ' >> > ~ •

[3]

, "

MOitC€E) =eroeE == Mrtl-taEtaQl

Thu~:, ¥PRC$) i~ th¢ :m~gjl)~, cost o{:redllc~~ttP9:l1ution:vi~"Qutpu~ r~du~;tip,n ,()nly JiS depicted

"graph1;~ly,~;Efg~(t l,~';f"Sin~~~pat~m~~~ is ~~g;lt~~e (net)l~oHuti()n/MA~(~A) i~ equiva1e~ttQ:

'the marg~~:c()~t<?f~edu;ci?~lPollution,viaapate~~nt only a,s:4epicted in Fig~e 1. The m~g~~

cost o~:r:e4~~~g *~fpon\lt~Q:~ via'~utput:ted~'?:ti,?~::an4~batem~t ~~~I~~o:Y$~Y~: ,ty~~d,
~,v < , >>. , ' > •

, "

ll}~g~ p~l11:1tion~e,~uption :~o~t'or ~RCrj~',d:~riv~~, by. ~4:d~ MQRC(J;:) and Mi\~(-A)

h~riZ9n~~yat Sp frpm rigbt t9 let:4

[4] MPRC(S) ~'MPRCIE-A] ~MORC(E) =- MAC(·A)

3 Note that the intercept oJ MORC(E) on the horizontal axis defmes So, the amount ofpollution corresponding to
the,priYa&::~ptimum::W'itbotit'pUblit, policy:action;' .th~:mtet~ept<o:f>MAC(':AS'Oii"m¢:h(;lnzoi1tal axis'is: arbitr~ly"set
at SG, but c,()uldh~ s,>mewhere ~o the right nfSo. IfMAC(..A)cross.es the horizontal axis to the left ofSn, th.en
poUutroo·ahatementwould:imply:at-least',someprivate·btnefltS:;, ,A:lthdiigh l1ot:e(jn-sidered'b~te;',t1iis 'aspeCt-tm'easi:ly
be incorporated, in our analysis,.

4 NO~~:~~~:~RC(S) is obtained hy- adding pollution reducti~~ due to less o~tP~~~d pollution reduction due to
aqa~¢fi;l~~t, ~al~gpusto ~~tiving,~ to,tat~~pply~~,~yh~ri~n~"SJt~ation_pftw:Q:i:J;t.dividuahiQPP~Y$Cp~4~les.

Pearce and Tilmer (1990, Figure 6.4) attempt to integrate abatement and output reducti<:Jh, but do not obtain the tOtal
supply ofpollution reduction by horizontal summation ofMAC and MNPB. By their defInition, abatement yields
only social benefits because all private benefits are portrayed by MNPB. This implies a privately optimal pollution
level where MNPB = 0 and that MAC may not cross the horizontal axis before MNPB.
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Gross poUutiolI-{E:::: S+.A}is either releas~d into $~:~~yironment.indue-ing external costs
A~: ~ , ~ ~', ->'. • ~

~; > ~ ~ > > ~.

or abated inducing abatement costs. Thus, total gr~ss poilutiO:n costs OC(E) ar~ external costs or

polhltlon'dam:ag~s;~EC(S'JPltJs'i~~atemerit':eo~sts AC(A): 'i)e6g-:Gt(E}'~ 'the-:sfun:6f,EC(S):~d

AC(Afis -stipUlated by the"notion:lli~t abatement costs at~ a 'soci~rcost analogdus to: ihe:~xtem~l

costs,tjf-pa-llu:tion'released into: the :e:nvironmerit::' 'By 'abating:'pollutidn, private firffis',deliver'Ci'

social gnnd>(lesfrpoUution) -WiUi:tes:oUrces' they :would 'oth~iWi~ 'USti to produee-ptiv~fe· goods~' 

In FigUt~--2:~' trlargi$U,:gtdS:fpollUt:iQrl,:coS1g; :dencied- oy'.Mot(E),- ate- derivedby addiiig:MEc{S)'

:~(fMAt(~).;h:ori~#fMlY;st~tiiig 'at:~e :o~g~;:&6iti left:tJiiglit:·:· ,-::. "., - '. ,'.

3. -Optimal'Pollution and \\lelfa~re

When d~vittg optimarptodu:cfion- ana-pollution:-levels;-,ectinomists typically"C6mpare

pdUuti6n- damage~faiid·the:berr~nts::of;feduced:,potb.itioii·(c()st~henefit; anaIy-sis)~ ,:Attefuativ~ly;' ':'

economists 'expand,on the theory of:a pront;'riniximizirig-finii:'itrtposing-~a marginaf divergence

:betWeei1 ;pt:iyate:$d):ocial;-¢~ ·ofpt~dtl6ti~n:~and Q~tPut.teduc;ti~nas::fu~. ~H~y::~¢ans- to ,tedu~e
~~ ~ ~ v ~ ~ i v > >~. ~ < >

> > > ,",

poUution~: Many authots'extlude-'abaterlient 'by:asSUtntng :1vtAC(-A) itxce,ea.,{M,ORC(S) over the"

relev~t range 'ofpol~ution reductionE~(g. (Ktutilla, > 1991); (Attderson, .'1992»): This impHes-,that'
_ ~ ~ A

gross pon~tion equals net pon~~,ori ·(E=S)~d margil1~ gross polll;~ti~~ costs,e9~ marginal

extemal costs ,from nefpoUution (MGC~ME~). Unlike the Iit~rature, we -distinguish p~Uution

reduction via output reduction and pollution abatement, integrating the,benefits and oosts of
. --

abat~m~nt in.tQ ;PQ;J}v~t);n~~~p~~~~quii~~Ii~ ,welfare:analy:sis. Thi~ '~Qws-:tQr~:~PPfoptiate

-assessment of-the social.~~lfare-implie,ations;:ooder:a1temativ~- e~~~~nW'poii~Y::~~~~~os.

In Figure t, the optimal level ofnet pollution S* ~~ determined by ~'sfundard pt~t-~ure,
-,

equating marginal external costs,and marginal:pollution reductiGn costs (condition [6J). 'Optimal
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levels:~f:~~~t~~~t A*.~d :~OS~ peUutit?~~~ 'w~~~~ i~ ~,.~ef~s.:the ,opthnat level ofoutput

re~~ct~9n ~e de~e~ned: s~ul~e9~ly.

[6]
~ ~ > ~ '> ~

• ,A ~ A > ~ ~ ~ ~ > ~,. -

MPRC(S*) ~ MEC(S*j =MORC(E*) =MAC(-A*)

In.Fi:gure4~ the optimal:levelQfgross P()llUtI0it lS~, is, detctniined by an''unorthodox rule,:

equating 'marginaLgtoss:poUutiol1>ct)sts and marginal 'output ted:ucuon costs:.(eondition [7]).

Optimal' levels6f.tibatement Atft. and :net'pollution $.* ~are determmed' silnultaneously.

_ ~ > A ~ ~

polhitfon and'MGC(E) 'portrays the marginal berreftFof fe<1:ucitig' gross poHutlon'. 'tnd~ed, Figlttes

1 arid 2 de's6n11e:the same optimum beeause"MGC(E*) =:'MORC(E*") Q:·MEC(S·r:ci: MPRC{S*).

let us' now::compare the 'weIfitre::hnplidinons:ofthe :e4mlibri~{deplcted in'Figures ''I arid ·2.

First} consider th~:'apl'roa<5h depicted in Figure 1. Area'd!iS* belo'w MEC(SY 18 iriterprtted as the

'optimal reduction inpoll~Qrid~~ges; impryi~gthat~ea OgS~)JelowMEC(S), d~pi~'ts 9Ptimal
~~ ~ A ~ -: ~-:- > ~ ~» ~ ~~ (>' > ,,~ ~ ,~ ,~~' ~ ~ ~ ~~.~ ~~ , >;: >-~ _ > ~ , ~,. ~ ~ >

[1] ~G~(~*?'~ ~O~C(E~};~,¥:i}~(A*)= ~~(S~)..,
/' ~ ~ ,'" ,.>

pollution damages, due to net pollution S~,~" The area,dg~!. belowMP~C(S) is the minimum cost
. ,.

ofreduc~n~n~tpol1uti~n'v,fa.,an opti~ai combination of ~tltput,~eductionand abatement. Area

dgS* is equal to the sum ofoutput r~duction costs den- anq, abatement co-~ts dih. ijet:Lc~~·.~ea dfg
> > ~~~~~> ~'> >~~ ~ >

depicts··~e ,maximum -net ,welfare·gains.ofredQcing· poUut~on ·below So. '~~o~~? c<>:nsider the

method depicted in Figure'2. Area acnO below'MORC{E)'depicts optim:al producer surplus of

p?U~ti;~~.~~~~~~~rIgJ~~<!~Rti?A.,,:~~~~a.cnp ~~l~w MG~ps) 4e~~f~~ the~pm so~i~~ C?ost of

pollutiQ~gen~rat:i:~gprod"~l~t~(}n,witb,$1 op~jwal q~~bl~at~<!~,9fnetp~ll~ti,ol1~d,abat~~~nf~
A ~ > i, ~ > ~ / N ~ A ~ ~ ~ > A ~ A " > ~ > A A~. ~ >

Op~al a~~t~ment costs at~, c;qwd to ~e~ OjA *, .~hi9P. eq~~. ~~ dilj 4I .E~g:ure I., ,
~ > ~ ~_ ~ > ~ A > ~ > ~.~ > ~. _ " ,A > _ > ~ _ _

Consequently, area aeD characterizes maximum social surplus attainable from pollution

generating prO<;l;uction.
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-':However;<why:dtfWe dlstirtgm:sh ·figtir.~:.l :afid";2'?;"Wlli~e>F:i~e4>::is:apprQpriate>m'-' ;:',.' ,,'

illusttating net welfare gains attain;able from reducing pollution, b~16W·;So :(ar¢a:dfg){Figure''2 is

appropriate in depicting net ,welfare gains attainable from poliution .gene~ting pro~uction (area
>~ <~ ~ V" , • ~> > ~. ~~ • ;. ~ • ~: .<' ~ > N ;'/< ~~~_ ~

, ,.

acO). Consequently, Figure 2 conforms directly and intuitively with customary producer

su~luS;.analy-:~i~:.wbich;$eas~s::~et:W¢l(~e:::ga~:from'(pollution genera~) flt04uction. In

contr~~t,. ~t ·,~~:;:l~~~.',m~i~ty:e:t(j'd~pict ,~et: wel{~~::g~n$j,lom,pbllutj:~n:gen¢ta~i,ng:p~oduction::with

Figure I (~~'fJ])llt#4gJ,:~' W~l~,~:~~t'W¢tfar~g.s:'frQ:m;'J;:e(iueing poUution:below::S{} With

Figur~f~Jar~~)tlf+chO)? ' .
~» >'»~,~».~ •• ~ > .~. »

<:'146t~Q~e[,f;i~s <1, a4({i-:'allPw fQf ,~:·~slfuPle:;¢i#par~tive:~~tlc.-~a~ysis ~f>,rela~ye

i~~!~l!l~H~·!tt~··~)ieJiW.~~~~¢,.·.fttt.~~P:l~,p~Y?W .•~lli~~.i:~ ...•~p¢tc¢nta~e.~· ..
{~all) i:n~c.~m~~~~~;~F~~~9~J?:atj~~,:;~:~~cr6~~:e (d~cr~a~e): i~-:are~>4f~,=· ~ut,:a de~e~e (msreas;e)

in ·area,acJJ...·Thus,.,~e~'}\!~Jfate :g~flS' fr~ redqc:i~g poU~tiQrt 'l1;~J:Q~\S,9 (ar~~ (ifg).~~,p;et welfare
~. > / _ .~ > _ ~ ~> ~A-'; ~> ~.' ~ "~ ~ '_? -" • ' ~ ~.' . / - ~. ~ '., '_', • ~ < ',. A / > ~ • >. ,- ~» > >

~ains''fro~'p~n~~i~11~~~~f;il~~J~-=~9:U~:0;~/~~'f1:t;r!): ~~Jt;t~rm::~l1~~psite>dire~d~ns..~::T~b~e I

$~$ ,the effe,cts f~ ,Fel&tiy;~ (~~te;fj:s.,parib~).,ch~ges,jtl-;~~, MQ~g; ...an<;i,MA-C,
~ '.,~ ~ ~ - v ~" ~ > > - ~ > ~ _.. > ~ >.v ". ,. • > >

, ::' , " ",-: .-:.:-:-': >', ' ';',.",' ,.':':,.,' ,:. ': ,'.: ", '":::-,,,,',

t
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" , .. , .,< ' ','"

'J,

+ .'

MoRe
""<". ,'>
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+
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," .;""'Th~'nexfstepl~:to hit~gtat~ the 'oosts ':ana"heh~fitS, 6f~batemeti{hit~j' c6fiv~ttti()nafparli~i~

equtHht1iittr'welf~"arialYS:is .. ,PoliuftQiig~herathig::produtti&tt: lnipltes';~~trtaI :C()sts~:part of'

which are abated. 'H~rice~ ~:~' dt:fm~'tomtsoei~l co~ti;:ofpro'dtitiion as'prtvate: costs'or:pr6du:6tidn

5 Note that pollution reduction without abatement (Le. no MAC cUlVes) implies that Figures· 1 aria'l are;'identicaI
such that optimal net welfare gains from reducing pollution below So are equal to area bdfand optimal net welfare
gains from pollution generating production are equal to area abO.
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C(Q)pl1iS.-abate~lit·andf6f:'extem~ ;costs:.G~C(Q>~' ::Net·:wetfare:;gaitis;;&{)m~;non;,;p611utmg·

pro~uction (~r.odllcer.:surplus) are'defnl-¢d:as:prodae.erreyenue:minus ;social (#private}'c()sts (j:f'

prodtictit)n:.~,,Analogously:~<we::denneft~t-welfare::gains:,attamable-from:poUutiort':genetatmtr; .

produc~~n::as;>producer,tavenue minus-social{*private)eosts:ofproduction. -

assuming tlUrt E(N}= kN(Q)}::wh~re.N(Q):is the cQfiditionallnpuf,:demand :Dmcdol1:;for:the

poHuting.inptit neede~kto:>ptQ-du¢¢:'Q,wlthout abatetnentancl::k:is:-a:scalar.d~scribi;ng, the ,intellsity 

ofg1(is$~UtiQil.•ThiS.Sllld111g.as~.Si~~~i;tl,t~ep1lrilte:PQUJttilltt.redu~n: via.omput

redu~ti:ol1:~(W~ch:rt1¥ol"es:~~ihg;;l~si:ofmp~~:N) fr~in::abateiri~nt:'ac:ti:tities:-Which::pt~stlmaJ)~y:'", ' .:

~~ce:~lttiU.6ri:{and'~hi'us~;;~t~1l~~tl~:),Wi:lli~ut;r:~~in~outp9t;:':btit'1:s ,~~t:;~~el1ta1~to:~e

model itself~ Without abatement, 'S~E(NJ-sti:Ch-that we tr~sfeF,MECaceording'to :MEerE(N)},=

MECIkN(Q)}.s MEC(QJ'-iftto"Figttte:3 and then:use this :s¢ciling:proeedure-to 'ootain:MG-C(Q).7

In.Fjgur.e >3~ 110 abatement activityImplIes that marginal private costs MPC and marginal:

-, extett1al costs MEC must be added vertically to obtain the marginal social costs ofpollution

g~llera#ng:,p~94u¥~ion.'''Vi$;~~~a~t¢me~tactivity~ the (~Pl~~I) ;p~Q~~ii()ll:le~i:Q~ ~s :d~fi~ed
< ~ > ~ > : > ~ ~~ ~. ~

by P ~ MP~(Qt}+ MEC(Qt)'such that (~ptimal)pollution is'giv~nby S' ='E(N') = QI,
> ~~> >A i ~_ "'_~, ~', ~ >~

, _ < ~ ~ A (> > > - <,' > ~/ v· ~

The next step is to incorpQrate -abatement ~ctivities into Figure 3-. Withttbatement, net
- > > " > > ~ < > - ~ ~

pollution no longer equals gross,poUqdt?n:'S if:. E. It follows that marginal private costs MPC and

nllttginal gr~ j»Hationc~MGC i.lIuSt~~~v~rticallYt~ Gfllffinine marginal social cost
i ~ ~~_:. > -: ~ _ ~ > ~ y

ofpollution generating produ~ti~~~fuFigure 3, the optimal productiotl level Q* is dete~ined

by: p.:=; MPC(Q*) + MtJC(Q.) such that-optimal net p6li~ti(}~ ~d abatement levels Me: gi~en by
• ~ > ~ • ,. <; :

~ ~ ~ ~ •• > : • > > > > ~.»

MGC(Q*) =MEC(S'*) = MAC(A*).

6ptiv~_produc~Qij'~O:St$ excl\l4e C(}sts of ab~tings_~ia,Uydamaging ,fJ():llu~on s~Qe pro$Ic~rs wo~~d .earn DOthipg
in retmri.' Hbwever; private "production costS include coSts of abatmg privately dam~gmg pollution for'which >.

prodacers would earn positive returns.
7 Note that a Cobb-Douglas production function with decreasing returns to scale implies that MEC{Q) will be
concave in Figure 3. Moreover, constant (increasing) returns to scale imply that MEC(Q) will be linear (convex).
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~:~~t~w~"dj~~~,:~~>wel~~::~plic.atio~s):~elated :to,Figure 3;:whet;e::~U,applicable areas" '::

are .mm:lce:(tin;Qnlett~t~lr~~~~:::~~~'figtlJ;e 2(::~ea :q~9: define$,ma~:imal.soci:al:welfare" ,,

attai~~leJ'tom;:ptodU~~o~wh~n :pt)1l:U1iQnjs::~du~d :opt~mally,:via::ab~ement.antlt1u~ut:: ',> ,~' , ' .. " ,':

reduction. It corresponds:tQ::are.a acO',in>FigUIe:2~ wmcb<u:epicted maximum, net welfare, gains '

auaJMble,-fQoll p~lllutipn:gen,~~tmg 'prQdueti'Qn~: ,Area tl,~9 describes',m~iin~~f so~ia1 ',welfare

attaina~l~' it;PQ:l1utiQn':is,>f~1;1e¢d::~~ -oUmlll-t~uetiQ:p::6nly:and-,cotresporids to"area abO ~~ :Figur:e

2.,: ,:~ea:::acl1a ~:ep*~s::~ptim:a1>:pr:0c;lu~::$;m:pl~ ft¢Jf:n '~:pQ:llutiQn:::g~neratin~rgMd;, ~aQcn·;.:-

..~:~::~:::::::::::~:=a:::::f::::~::~:t:a
""b~Q::~s :~~;;itel\Wltatt.::gat~:ft9:fu::~pUm~:~b~~~l}i¢'h~;::<fhu~/F:~s~e·:ft:nt~gta~s,:p~l~~~~~~' ,:,:'," ., :--:: "

a~~teme~t ,into,ccm~ntional,partial;equilibrium<welfare;:an~y~is,'with Qutput: on,the hori~ntaL

axis(WWl~,.tb~:~ppro~ch: Q~piet~~:;~~;f~g~~:;2 is. equivalent but:-ha,s 'poUU~~fi' ott the- ~orlzonud

axis. "

4~ A-~~~ing ~n~irp~~~~~~.::~:I~~, " ',_ __ "

NbW weempi6y,:t~~'fF;EJm~Wi):t~: developed in Flgute:;3:,and'-~~iy'ze th~;,sdcial \velfare'"
> ~ ',- ~ >< ,

effects of styliz~~ t?n~o~e~~:po!icies. Any policy de,signed to reduc~pollution and,resulting

The elasticity ofe~cess demand isi~~, imp,ying an exogenous wo~ld mark~ p:~ce at P ~uch
~A ~>~ >~ -,.• ~~ • _. ~ - ~ ; ~., ~ ~~> > o~ .~~ ~ A~ ~ .,~ > > -~~~. :,> .,. ,'._~. : >:::~::~~:- : / ~ ~>. ~ < .A" .~ ~ ~ ~ ~ > i ~ ~ _ .>. > _ ~

that co~s~er surplus remains constanL Assun:rlng:free trade, we"discuss four stylized environ-
~ > ~ ~~ ~ ~:: : ' ',' v ~ ~

mental poliey scen~os,(nopo1icy,production tax, po~nution~, abatement subsidy).

Without ,any policy designed to reduce pollution, the optim~!~, ,co~<:tition ~~. M~G =:=, ,P

sucn that production is defuiitriiled at'polut d. > totlSe4u~fitry~ area add-Ofd ~'4b(j;;'fjdf: ilhiska~es
A· ~ ~ >; • > _ : :. • ~ _ ~ >> - > ~ ~ ~ ~" > > ~ ,_ ~ > ~ - v _ •
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(maximmn) soci~l :w~l~~ ,gains',attainable,frontptodueUon:ot'producer swpltiS:'riet,of grOss:';"

pollution costs with ,no enviro~~tal 'policy. ,,'
~ Y, > > ~ ~ ~ - •• >~

With a tax hiip'osed/onj)()l14~~()ngenerat1n!tPro'duetion,f~s mll-~educepollution via

physical output reduction only ~ >b~~Use 'there' exists no private ~p~nt~:ve to reduce pollution via

abatement. Accordiilgly,-the optJmfil;lity condttion'is MPC -+ M~-G'='l?,with a tax rate ofmb and

production given at point' b'.'__,~~a,>qbtX4~plCts '(maXunum), net welfare-·g~ns attainable from

production or producer surplus net of remaining pollution damages.

'Wi~'a ~'~evied on. n~i.l'011~ti()n~'prl:Vate firtn$Wil:hte~ut~::PQlltifit.ln::~!a :outPutreductfon

andJlte-,given att:it'}~ent1ve"tQ'a~te~: "H~nte(;ili.e()ptitttaI:tty-:coti~tiort is MPC-:+' MGC: ~:P with a

tax :tate'ofnc- ,?·tp*>:.G::Pto~uction :at giwn'p~intc: 'Area>':!c£i:depicts::themaxnnttht:sociaI-::"

welfare, gain attainable froll1c:productlon,or producer,su:t:plus, net ofremaining,pollution'damages:

Area-O~c is the',net welfare.'gain attainable from. socially ·optimalabatement.

:With:a subsidy.comperisatih~tfot abateilt~nt 'actiVities~ 'private nrilis \\ill-reduee p'ollution

via abatement qruy. No incentive to 'teduce,pollution:via output ,red-ueti()lfexists because finns

would ·suffer ,~:ptofit=loss wi~out::tee~iv~ng ;compen~ation; :;Ftom,'Figure 2;,it :(ollOW$~t $QCial'
, v • V" ~A>~ ., > A ~ ~ A~ >

w-elfare improvi~g subsidization; ofabatement is possible,wttho-itt output re.du<;don up to' when

MAC(A) ~:MGC(So}~ MGCCQo} which implies a subsidy rate equal to de, ,an abatemenfle:vel

As, and a net pol1utign level given by .s=::So~As. -In Figure 3" area adO-Ode =:: tibO+Obe-cde

depicts (maXimum) social'wetfure:g~n~gttainable from :ptoduction Ot;'prod:ucet s1.1tPlus' net of

remaining poHutioJj';dam-ages with--a sUbsidy:compensatitlg for abatement activities/'

A welfare ·ranking-:ofall-:fom-pblic'Y',scenarios-:is possible,depending en: the·relative ,size of

area ObiJ versus area'cae m"Figure J.~ :If'(}bc'> edtr, -the trtaximum:socia1:welfare:~attai'ttable:with

an aootement sUb'sidy:-exc~ds ~tlte- maximum;social welmte;'attafnable -With;an output tax~",wltite ;

the opposite 'is true if Obc <-cdr!. A :net pollution tax is optimal:, while no pollution policy'is

worst. Table 2 summarizes the-welfare~etIects ofthe'policy scenarios discussed."
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T~l:l!le,2: ·:SociatWelfat~.l$pliqa.t~Qn$>of:Ft)\lr;]zn~(}11rii¢nUit:P;o:lieY·llls~:ents: ,.

;: '.' >;r;iefp(}lItiti6tf~';; .: :;: >;.

> ;::'Abatetrient;SubsidY':, ,',

acO
"db:O+Olic;;dde' <:

> '$.:'~:~~.P~.;.jc~~;~~~~:pJe::l.:':V~~~::A~t:ic~tul"e "

;'; ;: 'L:;:l~thi~::$~etiq,#{~ ~$.~~~:;m~;:$ocial:~W~l~are::ettects::9-£al~~maU",e;~llvir.~nmehtai:politjes;::'

affe~~~:;p,¢st~~~ae: ~~:in' Wi$/¢9ffi;:pt~:&~ctl~ri~; ~~~tic;ides',e~ance;'~~c~~~:product:~Yity~ but

~s~~i~l~cj:,enviro~elltal.:~d,h~~theffep~:::arejhesllbjeet'Qf atl:on;gomg so,cietal.debate, abQut ,"

regulating pesticide u~~g~ (ZIlb~an,et :a1~, 1992). TQ,.~xarnine th~}8Su~~'.we::a&sess pr<>,duetivity

aftd':¢Q$ts,:Q:f:¢Qm::pt()4~~ti~n .~:,~ba~~mel1t::str:at¢gies::whi;~::alloW::fQf aredtlctiQU,jn:,p¢stieide

u~~·,with~ut,redu>~mg ,CfQP yi~14s~:,S~vet~l,stu.d~e$::~~gg~:~t:tbat-it·i$:,te:chrtQlogi~~~yfeasible:to "

s,i~~~l}(r~~ut~::p~~ticf~e :~$ein:th~ Uni~~:~tates'~~lJotit f«l~~~~g p~~uctio~l::(N~S;: 1989~,

P~!ln~l!ltal.; ~g~;\l). l¥ c1iatl~g!l is todetennine ~leYantJ\lncti~natret~t;~nsreqWted to

sim~ate:,s,o~ial ,welfare,and :~nv,~t()~enl~l:~ff~c~s~ ~n ~j:cul~"J~is: n~ces~ to >¢;valuate·'th~
,. " ~ ~ N .<}.~ N ~ • _ > A ~

external ~,osts ~,:well ~ th.e ((Q~t9f ~b;tt,ent¢;nt stt~t¢gi~~ a&S9~i~~~d witl1/p~~t~,cid:es.

,,:-1lt~ ~9~ar~a!l!e:'l)f'~or;n- PFq4l:lCti9n;;_~ 'fif&~,~O~g:~ltcJZops'iitJh~·Vnit~d;Stat~s (Ali

and McBride) 1~94)~ ."CQ!tt i~-:p:l~ted ~1l :qVf.f,,}5 ~in~~,acres,; Wi'th ~,avemge,:y.i¢ld of~bQ1,l:t ','

··lQ~, Qus~~~:$' pet:;,~r0. ,:q~n~~:y, >U~$,~·~~rs.,::;tpplY: ~:¢st~~~ai$.~Q"~llip:n.,kg:-of;:pesticides

eac:h Y~~'~Q~g;,tb~m,t~y::$4.'l' :b~J~p~{,P~$rl:cid~.use;:in:eQro:prpdu~tion .~xc¢:ed:s:th~i,f(}f

any:,~~et::,¢r<!p,tQ~iM"a®\lt l~S ~lti~rt:~g:O;t;;;~~:~Jlt>~:~%:'o:f:~~l:pesticide::use;' AbQU't: 89,% "

ofallpe~cide~~~d"to ~o~ corn ~t; h~rhieide:s:;~g JJ'o/n are,i,~t:icid~~ (pimentel,etaL,

1993b). Over 90% ofG~~ grown ,is treated :with herbtcide-s 'and ,on 'average over.3 kg of
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herbi9i~~$<~~··~pxa:y~,:p~rh~~~::9f~(l?:imen:t~l'et::al~~1993~)i,:Fifty:'years 'ago~, very·little

insecticide was applied tQ:~Q:rn,. ,Sin~';1hen,: insecti~ide US,e in cqm has increased more,;than

1,GOO-fold, primarily due to insufficient crop rotation. Currently, aoout 40% of UIS. corn is

grown without rotation.

Pesticid~s<make< an 'imp~rtant contrib~tion to '~ain~n world food prod~ction. In general,

eaCh doli~ inveStccfifi 'pesticide '~ontrol ~easUres retmns approximately $4 'in crops saved. Crop
• ~~ ~» ~i~./~A>. N < > >. ~ ~- / ~ ~ v

losses wo~d increase 'by an' av~tage' cit'}:o% ifn'opestiCid~s are used at all (Pimentel et al.,

<19-92)., MQW~~er~:fu~'~t b~rtettt'e~ti~ate~' ~f:~$~l~i~~-'ti$age are 'b~ed ori:dit~t,cttiP te_ an4i
> • ~ ~ ~ > ~ > / v v

dQ:nQtlnclu~~:'ittdit~t .$oci~< an,fenvi:ro~~htat¢~ists ~~6ci~teq With' peSti~~des. T~e~e':indiie~t
~ < ' ~ > • , ~» ~ ~ ~ ~ ~ > > ~ A ,

caststfi~t~¢iti~6fpOtateilHi~ro\:tto~ilitate.~· SQtind~yi;i~ofpUbliCPQllCy aimed to aiter

th~\i~·of~~~ti~id~s. Punentef et aI. (t992) artempt:t~ e~ti~ate toW social and environmental <

. ,

costs resultUlg from pesticide Use in the United'States. Their analysis incl~des a monetary

,:,assessment"ofhuman ,health effects, domestic 'animal poisonings, losses: due to reduced natural

:~,resistarlce' ofcrops, losses due to pesik'ide ,resistance, crop ponn1~tionproblems and honeybee

l~ssc~, ~P 19sse~, ti&he¢~4::btrd)9sses: gfqundvv~te;,q9nta.mina~Qn~and, tlxe~~ts of
~. >~~,.>.: > A~}> ~ ~> > "·v' > , ~ - • > > >

> ~ ~ v ~ >

gove~'~nt progrmrts to regtrlate pesticides. They estiltulte that 'environmental and social costs

due to pesticide 'use In the"unitet{ states totaI'aile'ast S8"bHlion annually. A sisnifi~~t
, ,
~ ~ ~ ~ -

proporli'6~ of this is dtle to ciirl1 production ~hete 390/0 of ~li pesticid~are appH~d:

hi'~-\ra:lqating the so~cial'welfar~'imp'acts ofenviromnentaI policies, wenegiect market

distortions due: to pre...exis1:i~g govemmeritprogiams (e.g. ~get 'pAce Support): but include the

en.viro~ental and social ,costS 'ofPesticides (extem~ ~~sts)' as wen ~ th~ CQ~t of abateme~t

techriologi~sas~oCi:ated:with pesticide ~~e. In ~alykg a pesticide b~~ Liclttenbergand

Zilberman (19R6b) evaluate the welfare bias when pre-existing go.vemment programs are

neglected. However, 'such p~li~y distortions are'not c!t:tciai'in' order to distingUish p~nution
< > ~ ~. ~

abatment and output reduction. Moreover, relative to their estimates, the welfare effects of
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environm.ental polieiesJnel~diJlg: thcfexternafoosts:il'sw~n ,asthea;osf:of'::al:iatemem,StFateg:i~s'"

associated'with pestioides ate significantly, higher as' our analysIs will prove. :

Data and Model Calibration

The assessment of total social and environmental costs resulting from .pesticide use by
~ > A ~ --: ~ ~ > : ~ > = ~ _-, ~~ - -. .~> ~ . > ~ ~ > _ •• ".

Pimentel et aL includes an array ofassociated environmental and health problems. TherefQre, it
, ~ A' Y : > ~ ~ " , ~,? ; - , ~ - . ,-/ _. J:< > ~.:::> _ ~ ~ v. - • > / ~

is virtu~lly ~po~i~le to cl~fj:lle and/or nle(tStp'¢ ~$~cla~~~.pollutionlevel~. SQ:me fQrtn of
~. > • ~> v • ~ 0 '., > " ". - / •• >_~ ~:'~ ~~».>~ ~> /~,. i ,

~1l~ti9ll: iJ¥ie~ .~~ .J:l~~9~d, ~e4 9~ ho~ nJu,cb,..p;(l.Hli1tJq~ ~s:.~eQ,~rate". ~~y pes~i~ides useq 'm ~q:m.

Pt~~~~n~~;~~~~~ ;;;:l~datl1~e~~~~~~~e~~i~~e~~e ~~t ~n~~l·· .....•.....•.
• _ < _ ••~> ' '. _ ' l· ~ ~ ~ , »> • ;;" '~',.'~."", ':;:::~ : ~ , ". , , , , .»~. ~ ,~:~.".~,

,me~ure~: VJi~'¥~je~tur:e: ~at~~~~::polluti0n :i§:line'lt~:Y r:~l~t~ ~th. ~stipide.~se,:w~en :thei~ is
~ / f »> , ,: ',.~>: ->~>' :>:'>~A::.~' : '~','~>-', >~~ .,' f' , ~, >.'. ,. ',',~, . ~ ~; ." > • >:<.>: ~ :~ ,:

no ab~te~nt; E(N)== ~,~ C;o:nsequently, the'af1alY$is'~h f~lt()w':assumes>~:teiat:i~~, b~t~~e~>net
~ , ~ . , ~ ~, - ~ " " A~:: ,~ , ~ . ~ ~ ""~ ~ 4

pollution, input use, and abatement activities given by S = ~ ~ A. Thu~, abatement ~ is the

reduction in th~ use of input N !el,~tive to pr~ducing ~ given quantity o(Q without abatem~nt.
,. A ~ A > >"" > ~ ~ <~ ::~~ <~ ,~ ,

How~ver, wnat.exactly is ~batement? Abatement may be consider-ed. as implementing
, ',.,; < ~ v ~ _ ~" ' A , >

alternative production techniques:(Ler pest control measures tha~ d~crea:s.e.;pe~ticide,use)without

tetiuein$ Pt~dueti()It.~tele~1tl. (~~~h)li~t~~~Of~~il~teticlmi~uesavai1aM~ ~o
redu.ce pestici~e application rates with,q1ft .r~ducing corn produc~io~~ ~or eX;ap1ple, ,instituting

~ ~':~~' - ~ ~ ,,:~-,,(, ".~~'~, ,:~ ,

use-~ Simil~ly, avoid~ng to~ weed e:I:iminationap:d the US~ Qfmec~~cal cultivation eqmbined

wi~ctoptotaUonaan ~eliet~i~i~e u~ ~~bstmtri'<lny. Ho~t,<i~ers imPlemen~ng
"A_ N.>~>~~'> Y ~v: ~ ~', -_ .._ ' "~ ~:, ~, ., ,'.,. ~=< >~~ ~ A A( , ,~

alternative pest cont;rol measures to reduce p.esticide application rates accrue added costs whiph
~ _ " > _ > "', , ~ - " , ~ , ' ~~ ~ , ~" : ~ ~ ~ A~ ,~

we have defined as abatement costs. The raw data used ,to calibrate the model is listed in the
'~, A / , , ~ , >>> , > ','>~'- ~

appendix.

Theesti~tes ofPimen~el et aI. indicate that com's contribution to total pesticid~
, ( < < A~

damages of $8 bil. per annum is less than proportional (less than 39~~ because many high

valued crops (e.g. fruits, vegetables) are treated with relatively high doses of pesticides per acre
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suchthat:th~ir contri:bution t(!{Wtal pesticlue:'damages,is'mote: thanproporti(}nal'{PimenteI:et ill:,

1993a).' ·As:atlappro.ximation,:we:assume'that ,com"s:'contribution to 'total<&fuages is defined'by

its share:ofpesticides trsage>(~39%) diseounted by lfproportionm- damage factor'(e:: 0:6):8

Suppose:pesticide dafnages 'Be(S) are quadratic in'S"\vith EC(O) :;::() and imply a linear

marginal :extemaI:'cost 'function ,MEe(S) ~'C*S intercepting alllie origiil in-Figures rand 2:

Thus,'increasesil1'com:productioll>due-to pesticide use or ifdeclme'in ab~temefit-attiviHes

increase total pesticide damages at an increasing rate. Parameter cis determined"such that com~s

contribution to total p_esticide ~ages BC(So) at the base leyel ofcom proElu~tionQo is _

represented by the area :below~C(S) at So.

.. Snp~~e that Cl)ftl piodlli:ti~~is ~haraeterizedbYQ =~t~~, while abat!l~~t is
AA_ ~ ~ ~ ~ v .~>

defined by A == R (K~Y. Kj (i = Q, A) is the farmer o\med input whose quantity is now fixed

such that K =~+ KA•
9 N is ~e purchased pestici~~ input. The shares of fanner owned input

and pesticides in total co'm prOduction costs are used to detennine parameters a and f3 in an

,initial calibration step. Suppose y:::: 0.5 such that abatement costs AC(A) = PK KA(A) are
<~ , ~ y

..

quadr~lic iIi A'~~~h thafm~jnal,_abaterp.~nt costs are linear-repre:sente:d by MAC(A):~ d*A,and
~ ~. ~ _.

d == (p,K!y)R-lI-r. Because marginal external cost MEC(S) and marginal abatement costs MAC(A)

are bpth :lin~at,_ their,horizoP:tal ~~atio>~,defines; a linear marginal-:grQss pollution egs! ,function

for pesticides: MGC(E) = g*E. The slope ofMGC is ,defined by"g,= l/f(1/c).+(l!~)].

When calibrating,the- model, the input,price'PK' -varies such that abatement c:osts-(= added

alt~tive controtcosts) accrued _by -adapting-pesticide damage ,reducing- pest 'oontro}.methods

are measured by-the-area below MAC(A).-at the,remaining poUution. level. FQrcom, Pimentel et

al. (1993b) estimate an annual total of $530.5 minion in added-al~e~ativ~,contr:91co~ could

reduce pesticid~ applic~~i~,rates ~y ~~<.4% without reducing o~~~lpr~duction. Howe;ver"it is
> > > ~ > ~ > > ~ • , > >

8 Pimentel~ D. (1994) personal communication. Cornell University~ I:thaca, NY.
9 Limiting the availability of the farmer owned input K adds a general equilibrium feature to the model. It implies
input price' adjustments such thatthe'MORe am,r MAC curves will shift in re~P6nse;Wp()ncy changes, -generating
interaction effects between output reduction and abatement activities not analyZe'd in Figures 1-3.
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co~tr~y~t~#tl,:J~st<P9W :tnH¢~,r~4~t~QA:in ,~Q;m;$, ~,9nWPQtj~1J. to:to:tal:.:pestie:id~:JJama.ge.s:'~an·<b~· .

..- ~ > ~ ~:~ < ~ > _. >

ac~~~p~~~~~:'~~n~,l~~~;~stic'~9~;s.;, :~~ M<~PPt~~im~ti~~ >we':09~~~~~<~at:f9r,;,e~~n,peI!cellt

reductio~"in pesti~iq¢ y~e,;:~:~~:pef:c:e~t r¢d¥cti'()~,ill'COIl)rS d¢)n~bud~~J9 :lQ~,:p~sti~~de
~ ~ • > v ~ ~ 'i A • ~ ,: / <

~g~ *~ ~C89mplj$~~d.: 'rbu~, a:62~4% ~e,4~C~9Jl tn ~~~p:~ide US~ :fot CQtn;hnpli~$ ,to;'atJ.

abate~e~tley~1Q-(Q,,;624,~N~:(wh~t;~}~~ j~ th~ initial1ev~}::~f pe~tic;id~~~}~d:res:ults'in,a:,

62.4%,~~d\!~t,~MiJ;1 CQql,'·&::'?9nm:~;!J~~n ~o tq~d~~~~tici~e':4~~e~ :~:Qch t~tr~~ng'damageS ':,

~9~.J:'i6~~G(S9)~", ,

"" ,

,fQ~ii:><$i~#id4~~" '"

, , :~e~'~a1ibta:t¢~~ '$¢:mtJde1:is ~¢~ .tQ:sir:nu1ate W~lf~e,:ani:pOlh.ttj:~~ effec~s,~f Sl~ :styllz¢.d

enVi~~~~~~~~efits {tt<>n:, ~od~cti(}n tlbtto, ;;11~ti:~ t:txts,~~em~t s~bsldy
SA, pesticide taX t~, and an't~put subsidy SK for K~.' The policy simulatiqns were carned out

using~mtlth~mat~~a)<pro~g~eGAMS©. For s~p1icity, we assume th~t the U.S.
, "

is a smaii~ so~iaI welfare m~imi~g expflfter ofcorn facing' art-exogenously ,given ~orld market

price. 'The :~imijl~tiQn r~$~t~':~e iisted in Tab1~ 3,where ,so~ial welfare 'gaimrare calculated
'" ":':';' ,:::: ::,:;.>,,: ~ :>:. ", ,:::' ':: ','" ,': ,': , ,,:', .":, "' ',' '''':''':', "", ,'.': ::,:;'::;: "'" " "::: ':' 10 " :' --" ,

relative to We,no J?oli~y SC~t1ariQ. ThepoIiey ,sitnulat1orls imply that, "

(1:) arl'eptimal:ptQd~~tion t,ax taj:$es:s0¢i~"welfare':bY':$-~5B M: by :re~ucmg,:net pon~ion vi~{

o~tput r~~~ettol1':l,.y 460/& :~q:'exterpal costs hy 70%V,
, ,

(2):': ~an: ()pthn~ljiQliutio:l)"JaX' raises$oQtakw¢jfare :by:$,125.B b;y, reduefug netpoHutfon'l>y

66%,-(31%:due,to ,output:rednctton=8:rlt'l:29% 'dU~ .to::abatem:ent) and, ef{temal, costs' by '88%;

(3} :optini~ abatement subSidies::fmse ~,cfat welfare' by $ L03B'wmch redudes>t1¢t polluu()H'by

,61% and: t-xtemafc&sts' by:-:l4o/b~' >",

(4) ':ptoatittio~ Ieveis' deetfu~ 'between'3.6% (abatement'stib~iay) ~d:9~4%:(pr~dri~tion tax).

10 ,N~~, th,~t prodU:~t,i~n~d,:pe~ti~,i~~"tax as well~ ab~telI)ent:~KA,~nput su»siqy for yield identlpal welfare
effects which is due to ~~g'.the rann :input level K and as-~uming-:a,one inp~t:production~ction for A.
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>.,; /'/ ~.~ »~ 0< ~~ ~~ y

The model developed in this paper derives optimal pollution levels and the welfare

economics of pollution reduction, differenti~tingbetwe~ abate:ment and ~utpu;t ~~~ction. In
(_ .",. "~ A. . v, ~ lv V .A ~~.A>~>

Fig~e. ~, ~~ >~lisou~s,~ :~q~~ ,~~stIbe~~nt.:':lppr()ach to..deriv~ ~pti~al ,po-llu~iQn leye1s regarding
> >' > : :,.~ ~»,> _,.'. ,~ :~ > ~: ~ '.,> ~ ~ >. > > >:::~ > : ~: ~'>,' > > >. ,. > > •• i /A': ~ > ~ '" ~N • ~~>

ab~~~m~n:~:~9~~~ ~}l; $~~~~;,~~t:, ::W~-:d~~;~4 ~.!~~~ :S~;u:~1al:9~~>~f:~::po~1Y;rffl~:pt~4u~tj:Qn:"

:EictiviitY:as::pri:¥at¢:::Prodiunipn;c6sts:p~~~'gross JXlHution::~~$;s. ,:This;~ppr6aeh -inijstta~es::hest the' .

net wt61tare:g~ihs :a$lM~te' frh~>pti~hiti6tt::g~erafu:ig>Jjtt>~uctipfi~ 'W~~h l~r:~~piopriate" :fot pqfie:y

and welfare analysis ofa"polluting good, because it oonfdnhs ditectly and intuitive.lY"With

customary ptoducer surplus analysis. In Figure 1~ we discuss the standard costlbeneflt approach

which illustrates best the net welfare gains attainable from redncing pollution below the private

optimU111. As Figures 1 and 2 have demonstrated, when output r:edu:ction is the only means to
> ~ / > A~ 'A~ ~ /

redu~e polltiti:Ol1, such a d1st1ne110n does not matter, "but when abatemetU ~> wen as output

reduction may reduce pollution, ~t does. In Figure 3, we integrate the costs and benefits of

abatement into conventional partial equilibrium analysis with poUution generating production

depicted oil the honzontal aXis.

The significance of our model is illustrated by an application to pesticide pollution in the

U.S. corn market. Several stylized environmental policies are simulated to evaluate their effects

on social welfare and environmental quality. Comparing policies, one can conclude that a

significant reduction in external costs can be achieved with relatively little reduction in overall

production. In order to further improve the empirical analysis, it is necessary to specify relevant

functional relations in more detail (including to endogenize the dome~tic price level P) and to
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lllliUltify the res-mts -that .emanatefrom. our anaIytica;l framework under-altem4tive sc~~us~_

including ,exis1ing c011¥llodity policies :such:as:defi~lencypaym:~nts, export subsidi~s, and

acreag.e .di¥e~ion progi,ams. In order to-:determine exact proptrties ()f'$¢_MQ~C,~d MAQ
A </" / <.,«< :< ,-,<:" ~ > ~ >: ~ ~ A

functions, a more detailed.~~ecHicationof:producti()~and abateme:nt cost ~etions is required.
< ,: ~>.. ~ 0 -/ ',>~ , > ~- ~> ~ _~ A: / ~ _~~ ~ > ~ ~ _ ~_' A~ ',> ~ ~.> -~~~ A _.

Several micro studies ,evaluating a ¢omb-mationofMORC and MAC exist (Lichtenberg and

Zilbemi~~ -i~8~~); ~J:th~kto~~lusi~~::h~~e"id :,'ine~~~~t~J;t~:~~ertai~·th~ co~~~~tsof'"

MAC anifMOi{C: -~Pttific':tb<ili~\;~e'6{cofu>~ifbffi~\i~~~hti6t~ :~&fu¥6~iitiJs~- --'n~c:~uSe; the' .

$o¢iat,welf~~::li~~~~$:~f:~j~~t:~poliijij6rt"p~Ji~i~$:~¢::~i~ijJ~~ant:;:'tfIe::~~p¥c~[~~St~::nee9s:::

:t~:~h~>~~f'jrt~d::~~i::~~t~~a~:.(\Q~;:~M5'-:t~:;~thet;agrl~~I~t;:c~~odi~i¢s;:::~~t:t0;;~~r~ctots;.as:,weJ~:

.·~~Itlti~l~~pipb'l(m~~~:f1i~~b()nv,~~P;~~~J;~~~~at,~lt1e!ltj~

relevant ~f-~r~xample, ~~~~iCe:t1 U1il~t:i_e~)1 . "



"',:'\

'J EJiyironmental
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T3ble 3: Enviranmental Policy Simulatiott'Re~ults

"';Social I: "External IProduction :1' Abate,. 'I:' , .,Net
Welfare<Oains " Co~i~;t$M), (M bus.) ",,';ment' '.. P6U~tion

($M) "

Pri;;)PKl~r

":N:one':

Prbd~Qti;()n t~

:Pollution tai"'-:

Abat~ment ~u~idy

Pestioiij~ tax

,.~ Input:s4~sidy for KA

'0 l 1~904 8,000 ....... 5<02} 1.000 ,t
, ,', " "

, ,

95'5 I '$~4 7;251 :.... ;,: '" '2,,734 0.544 f~·~·O.963
vvvv" '> > , v , < ~

,,> v ~

],2,50' t ,2~2 I 7,428 I 1~4:~£l': -: ":.F714 O;~816 j:.ts =:,0.334I:· ,. "
I',

2:·'ij:i~i '
" , :::

l~OJ{J '296 7,714 t;9;~O 1.002 . ., SA:;:: 0..570
::, ,:'.' ", , :;.,

955 564 7,251 ......- ;2,134 0.906 tN= 0.666," ,

1,030 r <296 I 7,714 1 2G-29 , li9~O 1.002 :~:'~K= LOO2
" ,"
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