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Analyzing: Environmental ‘Policy. with Pollution  Abatement: versus- Output Reduction:
AnApplication to U.S. Agriculture

Abstract

A model is developed that derives optimal pollution levels and determines the welfare
economics of pollution reduction, differentiating between abatement and output reduction. It
is suitable to analyze alternative policy instruments aimed to reduce external costs of
agnculmral production. The model is apphed to the U.S. corn sector and we simulate the
effects of styhzed envuonmental pahcxes for: pesthde use on sacml Welfare and envzrenmental

alati indicate th ]




surplus, while abatement involves direct resource costs. In addition to these curtailment costs,

polhiticm also incurs the social costs of damages upon the pﬂpula'ﬁsg when released. Our

producnon are éxamples of butpiit reductlon pdlrcws P‘onution takes of subsmes for abatement

activities (e:g. carbon taxes or tax breaks for clean production) or direct regulations on pollution:

levelsi(eig: smokestaek filter for ani electrical utility planf) lSo iriduce abatement. The

abatement and output fé&ii‘cﬁiéﬁﬁ’a’ﬁdl‘tﬁ&j:éfa:ﬁéﬁéfizéit"intb an éﬁﬁiﬁé&l ﬁémaasxsg’y. The

"In chapter 5, Baumol and Oates make no ﬁ;stmctton between abatement and output xeducttan In chapter 14, t,hey

to pollutxon (produc‘aan) taxes ina dynamic semng due to entry/ex;t of ﬁxms



agriculture. Pesticides are responslble fora vanety of pollutmn pmblems causing significant
social-and envimnrnema} costs. However, us;i:ng alternative pest control mea‘su’resf(’a&atéméﬁf :

>>>>>>

wii:ht’mt;i?edﬁéiﬁg? produétion (Pimertel; 1993b).-

2. AnAnalytical Framework -

abatemem actmtxes respectxve y;( Q = F(N XQ) A G(XA), where }{J are mpuf

‘tif]i-zf‘ s E(N}~ a - s

where C(Q} are the producnon costs of g@od Q and AC(A) are abatement costs.

2 thfe the aSSumpndn of CabbsDouglas producmm ﬁmctlcms isa sxmphﬁcanon made iukeﬁp mathemaﬁf:al

functions with fcw dlffarcnces



MAC(A) Privat@ prqf?tﬁ, are gi¥¢n by 11= l?;Q - C(Q? A) 5 ,Ma,rgi:mi /priva:te GO,SF.S.QiP}'lel_ﬁiﬁg“
Q are Cy = MPC(Q) and marginal abatement costs are C, = MAC(A). -Without pollution palicy,
ma:gmal profits MIT= 3H/8Q = )P+MPC =0, imp»},ying an output level of Qo and pollution: level

31 MORC(E) = an/aE ~ MIL/ fﬁaf;exam

Thus, MORC(E) is the marginal cost of reducing pollution via output reduction only as depicted
graphically in Figure 1 Smc_:e abatement is negative (net) pollution, MAC(-A) is equivalent to.
‘the marginal cost of reducing pollution via abatement only as depicted in Figure 1. The marginal
cost of reducmg m:t poilutwn via. output re&ucnon and. abatement sxmultaneausiy, termcd
margma.I pollutmn reductxon cost or MPRC, is derived by adding MORC(E) and MAC(-A)

horizontally at So from right to left:’

[4  MPRC(S)=MPRC[E-A] = MORC(E) = MAC(-A)

3 Note that Ehe intercept of MORC(E) on the horizontal axis defines So the amount of pollutlon corresponding to
the private: optimum without public policy action; The intercept of MAC(-A) oni the horizontal axis is arbitrarily set
at So, but could be somewhere to the right of So. If MAC(-A) crosses the horizontal axis to the left of So, then
pollution dbaterment would imply at least some private bénefits. Although not considered here; this aspect cdn easily
be mcorporated in our analyms

Pearce and Tumer (l 990, Flgure 6. 4y attempt to mtegrate abatement and output feducnon but do not obtam the mml
supply of pollution reduction by horizontal summation of MAC 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 pollution(E = S+A) is e}ther released mto the. ermmnment mducmg external costs

or abated mducmg abatement costs. Thus, total gross poilutwn c&sts GC(E) are extemal costs or
AC(A) is stipulated by the notiorr that abatement costs are a Soéial'cost analogous to the external

cosfs‘vﬁf)péi-liiﬁ’an'reié‘a“s’ed into the environmiént.” By abétin"g 1§Tyolmﬁbn, pr’i‘vate firms delivera

5] - MGC(E) = MGC[S+A] MEC(S) MAC(A)

3. Optimal Pollution and Welfa:re

Whien deériving optimal productisr and pollution-levels, ecoriomists typically compare
pollition damages and-the benefits:of reduced pollution (cost-benefit analysis). . Altérnativély;
economists expatid-on the theory of a profit-maximizing firtrt imposing-a niarginal divergénce
: between private, and social cast of productlon and output reductlon asthe only heans to reduce
pollution: Many authers’ exclude abatemmt by dssuming MAC(-A) exceeds MORC(ﬁ) over the”
relevant range of poﬂ:ution reduction fe.g. (Kr’utilla, 1991); (Anderson, 1992)]. This implies that
gross pollution equals net pollutlon (E=S) and margmal gross pollutlon costs equal marginal
external costs from nét pollutmn (MGC‘“MEC) Unhke the Iltemture we msungmsh pollution:
reduction via output reduction and pollution abatement, integrating the benefits and costs of
abatement mto eunventwnal parnal-eqntlibriﬁm welfare analysxs This. allews far an. appmpnate
~assessmcnt of the social welfare 1mphcat1@ns under alte:rnatwe envn‘onmemsal pohcy scenaneS

In Fxgure I, the optxmal Ievel of net pollution §* i is determmed by a standard proccdme,

equanng margmal exfemal costs and margmal ‘pollution reductmn cests (cenchgon [6]). Optimal
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levels. of igb@t@paﬁt;t A* and gross pollution E* which in turn defines the optimal level ofoutput

6 MPRCEY) - MEC(S*) MORC(E*) MAC( A*)

In Figure 2; the optimal level of gross pollution E* is determined by an-unorthodox rule;
equating marginal gross:pollution:costs and marginal output reduction costs {(condition [7]).

Optimal levels of abatemént A* and net pollution 8* are determined simultaneously.

g | MOC(E?) = MORC(ES) =MAC(AY = MEC(S)

pollution andMGG{E) ‘portrays the margmal* benefit of r:educmg* gross pollution. *Indee‘”d, Fl‘gur-’és
1 and 2 describe the same optimum because MGC(E¥) = MORC(E*) = MEC(S*) = MPRC(S*).
Let us now compare thé welfare implications of the equilibria depicted in Figures 1 and 2.
First, consider thé approach depicted in Figure 1. Area dfgS* below MEC(S) is interpréted as the
‘optimal reduchon in poﬂman damages u:nplymg that area OgS * below MEC(S} _c;kpmts optimal
pollution damages due to net polhmon S*.. The area. ng * below MPRC(S) is the minimum cost
of reducmg net pollution via an optzmal combination of output reductwn and abatement. Area
dgS*is equal to the sum of eutput reductmn costs den-and abatement costs dih. Hence, area dig

depxcts the maximurh net- ‘welfare gains-of reducing pollunon below So. Second consrder the

method depicted in Figure2. Area acn0 below MORC(E) depicts optimal pro:ducer surplus of

Consequently, area acl characterizes maximum social sm'plus attainable from pﬁIlutmn

generating production.
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ac0). Consequently, Fxgure 2 conforms dxrectly and mtmtwely W1th customary prodncer
surplus analysis: which measures.net welfare gains :fmm‘(ponutian generating) production. In
Figure 1 (area:ub@:kbdg) ;as-wglk,a)snet welfare g?ai,nszfmmz»réduaing pollution below:So with -

P‘lgure" } (area b#{-chl))

(fall) in MEC implies, ceteris. panhus an increase (dccrease) m area, dfg, but 2 decrease (mcrease)

in area ac0.. Tfhus;;:ax;i@t;:weifaﬁ gains frmn reéuc,fmg ,pql;lutro:r belawso _éa:r;ﬁa dfg) and net welfare

ME;C N MORC - MAC |
T T 7 0 0 o
“aréa‘ezfgmgure D1 T | - Z I B N
“area acO'(Figﬁ}é 2) _ i 4 _ T X
" “The next step is'to 1ﬁ{égrate the costs and benefits 6f ’aba,tement into co:wentmnaif jjart}al-

"""""""""""""""""

* Note that poltution reduction without abatement (i.e. no MAC curves) implies that Figures 1 and 2 are identical
such that optimal net welfare gains from reducing pollution below So are equal to area bdf and optimal net welfare
gains from pollution generating production are equal to area ab0.
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production (=producer surplus) are defined as producer revenue minus social (=private) costs of
production.® -Analogously, we define nét wélfare gains attairiable from pollution genetating 7
production:as producer revenue minus social (#private) costs of production. .

- InFigure 3, pollution generating production Q is depicted on the horizontal axis, scaled
assuming that E(N) = kN(Q), where N(Q) is the conditional input demand function for the

polluﬁngzinp&t needed: to: preducevawitfhaut abatement and 'k isa scalapdeseﬁbing the fi"ntensﬁity :

model ftsel‘f Without abatement S-«E(N) suezh that we ti‘ansfer MEC according to MEC[E(N)} =
MECKN(Q)} = MEC(Qy ifito Figite 3 and then-use this scaling procediré to obtain MGC(Q).”
In Figure 3, no abatement activity implies that marginal private costs MPC and marginal:

- externrial costs MEC must be added vertically to obtain the ma.rgmal soczal casts of pollutton

generatmg productxon Wﬁham abatement activity, tha (opt; mal) pméuctlon Ievel Q’ is deﬁned

by P= MPC(Q’) + MEC(Q‘) such that (optlmal) polhmon is ngen by S' E(N ‘) Q’ ‘

by P MPC(Q*) + MGC(Q*) such that opttmal net pellu’ﬂon and abatemént leve};s are: gwen by
MGC(Q*) = MEC(S*} MAC(A*) ) ‘

pmducers would eam positive retums.
’ Note that a Cobb-Douglas production function with decreasing returns to scale iniplies 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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Next, we. discuss: the welfare implications telated to Figure 3:where:all applicable areas
are marked.in order to.correspond:with-Figure 2.-Area ac0: defines maximal sociat welfare. -
attainable from production when pollution isireduced optimally via abatément and output. -
reduction. It corresponds to-area act in Figure 2; which-depicted maximum net welfare gains.

attainable form pollution.generating production.. Area ab@ deseribes maximum social welfare

attainable if pollution is reduced:via output feduction-only and corresponds to area ab@ in Figure

2. Area acn( deprcts opt;mal praduce; sm-plus from a. Iaeﬂutmn generatmg gaod Area Ocn

Now we employ the ; mnewarki deveIOped in Flgure 3 and a.nyze the socxal welfare

effects of styhzed envxronmentai poheies Any pohcy desxgned to reduce poﬂutmn and resultmg

th,at consumer surpzius remains ccmstant. Assummg free trade we dlscuss faur styhzed envxmn— '

mental policy scenarios (no policy, production tax, pollution tax abatement subsxdy)
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(maximum) social welfare gains attainable from production-or-producer surplus net of gross =

pollution costs with no enwromnental pa:licy.

production or pmducer surplus net ‘of remammg poliunon damages.
Wlth a tax levred on net pelhmon, pnvate ﬁr:ns wilk red‘ace pGHutmn vid dutput reduetmn

and are given an meentwe o abate. Hence; the apmnahty condmon is MPC+ MGC =P wnh a

welfare gain attainable from production:or pmciﬁcersﬁrplus net of remaining pollution damages:
Area-0bc is the net welfare gain attainable from socially optimal abatement.

‘With:a subsidy compensiting for abatemert activities; private firms will reduce pollution
via abatement only. No incentive to reduce pollution'via output reduction exists because firms
would suffer a profitloss wiﬂmiitftecaivigg :r;?m;jenSatidn;:;EgomsFigure 2, it ifgilfows that social
welfare ﬁnproviﬁ;g rsilbsi‘;:lizatiorr of abatement is possible without éu'éptit reduction up to when
MAC(A) = MGC(So) = MGC(Qo) which implies a subsidy rate-equal to de, an abatement level
As, and a net pollution level given by S=So=As. In Figure 3, area ad0-0de = ab0+0bc-cde
depicts (maximum) social welfare gains attainable from production art'pmducer surplus net of

A welfare ranking of all four policy scenarios is possible depending o the relative size of
area Obe versus area cde inFigure 3. 1 0bc > cde, the maximum social welfare attainable with
an abatement subsidy exceeds the maximum social welfare attainable with an output tax, while
the opposite is true if 0bc <cde. A net pollution tax is optimal, while no pollation policy is

worst. Table 2 summarizes the welfare effects of the policy scenarios discussed.”
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Table 2: Social Welfare Implications of Four-Environmental Policy Instrifments: -

Policy Instrument ' Social Welfare |

hy AN ab0~bdj‘" T

| No Po

,,,,,,, wi T g NetPthltlntaX SR (76'6 s B

| Abatement subsidy [ ab0+0becde |

welfateeffects:of alfernative ehvirorimental policies

8 conit production, Pesticides entatice agricultural productivity, but

,,,,,,

use without reducing crop yields..Several studies:suggest that-it is technologically feasibleto -

significantly reduce pesticide use in the United States without reducing production (NAS; 1989;-

Pimentel et al.; 1993@., The challenge is todetermme r;:l.w‘afnt;fanéﬁbha'i} rel’atiéns required to

simulate social welfare and environmental effects. In parti

external costs as well as the cost of abaterent strategies associated with pesticides.

: Ihe pgtaif,valﬁe>:c{f cormn productmnrfmks first among-all crops in.the United States (Ali
and McBride, 1994). .Corm is planted on-over 75 million acres, with an average yield of about .

-109 bushels per.acre. .Currently, U.8. farnters apply an estimated 320 million kg of pesticides

each year, costing them roughly.$4.1 billion: Pesticide tise:in ‘com production exceeds that for

any:gther crop totaling about 125 milliorr kg or-about 39% of annual pesticide use. About 89% .

1993b). Over 90% of corn grown is treated with herbicides and on-average over 3 kg of




1,000-fold, primarily due to insufficient crop rotation. Currently, about 40% of U.S. corn is

grown without rotation.

costs resu}tmg ﬁom pestlc:lde use in the Umted States Their anaiysm mcludes a monetary
;-assessment of human health effects damcstxe ammal pmsomngs losses due to reduced natural
P resistance of crops losses due to pesnclde re31stance crop potlmatxon problems and honeybee

losses, cmp IGSSGS, ﬁshery and blrd losses, groundwatet contarnmatwn and the costs of

govemment programs to regulate pestmées They esumate that envrranmental and social costs
due to pe—stxmde usa m the Umted States total at le-ast $8 bﬂlmn annually A sxgmﬁcant

propomon of thls is due to corn productxon where 39% of all pestlaxdes are apphed

distortions due to pre«exxstmg gevemmem programs (e g target pnce support) but mclude the

environmental and social costs of pestimdes (extemal costs) as well as the cost of abatemem

technolagxes assoc; ated with pestzcxde use. In analyzmg a pesticide ban Lwhtenberg and
Zilberman (1986b) evaluate the welfare bias when pre~ex15tmg govenmem pmgrams are

neglected. However such pohcy d1stomons are not crucml in order to dxstmguish pollunon

abatment and output reductmn Moreover relative to thelr estimates, the Welfare effects of
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envitonmental policies inchiding the extermnal costs as well as the cost of abatenient strategies”
associated with pesticides are significantly higher as our-analysis will prove.

Data emd Model Calxbratwn

The assessment of total soc1a1 and envxronmental costs resultmg ﬁom pest1c1de use by

no &batement E(N ) kN Conseqt:er;ﬂy, the analysrs to fellow assumes a relauan e wecn net

poﬂutwn mput use, and abatement acnvmes ngen by S kN A. Thus abatement A 18 the

However, what exactly is abaiement? Abatement may be cans1dered as 1mplenentmg

alternative productmn teclmlques (1 e. pest control measures tha:t decrease pesnclde use) wathout

vreducmg producnon Pim_ el eta} (

reduce pestxcxde apphcatlon tates wzthout reducmg com producncn F or example msntutmg
crop rotation and planting mote zesrstant corn vanetles can achleve great reducﬁens in: msect}mde

use: Slmllarly, avmdmg total weed ehnnnatmn and the use Gf meehamcal eult:vatmn cembmed

appenchx i
The est}mates Of leentel 6( ai mdmate that corn’s conmbuhon to tetai pcsﬂcrde
damages of $8 bﬂ per annum 1s less than propomonal (less than 39%) because many high-

valued crops (e.g. frults vegetables) are treated with relatlvely high doses of pesticides per acre
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such that their contribution te total pesticide damages is more than proportional {Piniéntel et 4l

1993a). As'ah approximation, we assume that corn's'contribution to total:damages is defined by
its share of pesticides usage (= 39%) discounted by a ‘proportional damage factor (= 6.6).°
Suppose pesticide damages EC(S) are quadriatic in'S with EC(0) =0 and imply a linear
marginal external cost function MEC(S) = ¢*§ intercepting at-the origin ih Figures 1 and 2.
Thus, increases in-corn production due to pesticide use or a decline in abatement activities
increase total pesticide damages at an increasing rate. Parameter ¢ is determined such that corn’s

contribution to total pestrcxde damages EC(So) at the base level of comn productlan Qo is

rcpresented by the area below MEC(S) at SG
, Sﬁiagose that corn productmn is charactenzed by Q B(KQ) N 3 whﬂe abatement is
defmed by A=R (K A)" K; (1 = Q, A) is the farmer owned input whose quantxty is now fixed
such that K = Ko+ K,. ® Nis the purchased pesumde mput The shares of farmer owned mput
and pest1c1des in total corn productlon costs are used to determine parameters o and B in an
:4)1mt1a1 cahbratxon step. Suppose y O 5 such that abatement costs AC(A) Px KA(A) are
quadratxc m A such that margmal abatement cests are lmear represe;nted by MAC(A) d*A and Y
d=(p /'y)R . Because marginal extemal cost MEC(S) and marginal abatement costs MAC(A)
are both linear, their horizontal summation defines a linear marginal-gross pollution cost function
for pg—sticidies: MGC(E) = g«E. The slope of MGC is defined by.g = 1/[(1/c)+(1/d)].
| When calibrating the model, the input price py varies such that abatement costs (= added
alternative control costs) acerued by adapting pesticide damage reducing pest control methods
are measured by the area below MAC{A).at the remaining pollution level. For corn, Pimentel ét
al. (1993b) estimate an annual total of $530.5 million in added alternative control costs could

reduce pesticide application rates by 62.4% without reducing overall production. However, it is

& Punentel D. (1994) personal communication. Cornell University, Ithaca, NY.
Lxmmng the availability of the farmer owned input K adds a general equilibrium feature to the model. It implies
mput pnce a&}ustmems such that the MORC and MAC curves wdi shxﬁ ity re;pansez o pohcy changes generating
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reduction in pesilg;},é use, a.on¢ percent rg{dgqﬁ*ﬁn. incom’s conttibution to 1ﬁm.zp¢,s§£¢£de

damage is accomplished. Thus, a'62.4% reduction in pesticide use fof cornimplies to.an

abatement level of 0.624*No (wherg No is the initial level of pesticide use) and'resultsina;

usmg the mathemancal pro i! i. N i

isa Small socral welfare maxmnzmg experter of com facmg an cxogenously ngen world market

; pnce The smmlanon results are hsted in Table 3 where soc1al welfare gams are calculated

(1) an optimal production tax .raises:'stmiali.wel;faré*byf;ﬁigs:s M by reducing net pollution via”
output re@gctioneby 46% an'ci:'ea'(temal costs by 70%;

@) é&éaptiméal;ﬁdﬂutiantax raises siocial«-weifare by-$ 1.25B by re&u_eiﬁg net pollution by
66%(37% due to output reduction:and: 29% due to-abatenient) and external costs by 88%;

(3): optimal abatement subsidies raise social welfare by § 1.03B which reduces net pollution by

61% and external costs Byzesaf%:“ '

Nete that productmn and pesnczde tax as well as abatement.and K input subsidy for yield ldentical welfare
effects which is due to ﬁxmg the farm input level K and assuming a one input production function for A.
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.. ---=- Insert Table-3 here-----:

6. Caiiﬁéiii&fﬁg Remarks |

and welfare analysm ofa pollutmg good, because it conforms d‘xr’ectly aﬁ’d mtm'twely with
customary producer surplus analysis. In Figure 1, we discuss the standard cost/benefit approach
which illustrates best the net welfare gains attainable from reducing pollution below the private
optimum, As Figures 1 and 2 have demonstrated, when output reduction is the only means to
redé;::e poiIutlon, such a dxstmeﬁon does Inot ﬁxa&;er, ‘but when abat‘eméﬁt as well as output
reduction may reduce pollution, it does. In Figure 3, we integrate the costs and benefits of
abatement into conventional partial equilibrium analysis with pollution generating production
depicted on the horizontal 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 domestic price level P) and to



16
quantify the results that emanate from our analytical framework under alternative scenarios,

including existing commodity policies such-as I_deﬁcieney payments, export subsidies, and

reIevant (for example ele:ctncal uuht}es)




Table 3: Environmental Policy Simulation Results

4 Envusnmental
Policy Instrument

" Social

- Welfare Gains |

(M)

| External
Costs:($M) |

Production
(M bus.)

ment | Pollution

' ‘Pricc'pK 3

®

Folicy

“Parameter

None

1,904

8,000

: 5,023 |

1.000 |

-

Prbdueﬁ;on tax

364

7251

1 3,"‘2’(‘%34

| 0544

iz"=tQ 0.963

: Pelhxtmn tax . -

7,428

v‘i‘l 714

- 0.816

0334 |

' Abatemant subtsldy )

296

7,714

1T 980

1.002

| sa=0.570 |

Pestm1d¢ tax

S64

751

2,734

0.906

Aty =0.666 |

- Input subsxdy for I{A i

2%

7,714

1,980

1.002

sk = 1.002
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Figure 1: Net Welfare Gains from Reducing Pollution
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