Chapter 9

Externalities

9.1 Intro duction

There is no consensugle nition of an externality. | shall usethe following
de nition.
Externalit y: An externality is presen whene\er the actions of

a rm or consumera®ectthe economicwell-being of another rm
or consumerwithout compensation.

A classicexampleof an externality is water pollution. Considera chicken
farm that is located next to a river, upstream from a group of shermen.
Hauling waste products away from the farm is costly but dumping them in
the river is free. The rm will thereforedump all of its wasteinto the river.
The chickenwastewill accurrulate in the river and, evertually, causethe sh
in the river to die. The farm's actions a®ectthe livelihood of the shermen
who live downstream from the farm, but the farm doesn't compensatethe
“shermen|the farm is imposinga negative externality on the shermen.

Externalities often occur whenresourceshave no owner. The river in the
exampleabove hasno owner sothe costto the rm of usingit asa dump site
is equalto zero. But the costto saciety is not equalto zero;whenthe rm
pollutes the river it damagesthe livelihood of the shermen. As | will shav
later, the divergencebetweenthe price that the rm paysto usethe river as
an input|zeroland  the marginal cost of the rm using the river will lead
to an inexcient outcome.

Another exampleof an externality is air pollution. Supposethat a rm
generateselectricity by burning coal which createspollution. It is costly to
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‘Tter the air beforereleasingit into the atmospherebut it is freeto releaseit
without Ttering it (becauseno oneownsthe air). The rm thereforedecides
to releasethe air without Ttering it. The air pollution accurnulates and has
unpleasan e®ects|such asacid rainjon consumersand other rms.

The two examplesabove concernnegative externalities, but there are pos-
itiv e externalitiesaswell. If | geta °u shot, it reducesyour chanceof getting
the °u. Howewer, sinceyou won't compensateme for the bene t that you
derive from my °u shot, | won't take that bene t into accourt whendeciding
whetherto geta °u shot. Goodsthat generatepositive externalities are often
underconsumedbecauseno compensationis provided to the consumerwho
generateghe positive externality.

9.2 A Production Externalit y

I'll useair pollution as my exampleof an externality. Considera rm that
produceselectricity. How doesit chooseits mix of labor and capital in the
long-run? For a given output level, it choosethe combination of labor and
capital that minimizes cost.

To nd this optimal mix of inputs, the rm usesisocostlines. An isocost
line shaws all of the input mixes that cost the sameamourt. Denote the
‘rm's capital input asK, the rm's labor input asL, the price of capital as
Px , and the price of labor asP, . The total costof inputs to the rm is then

TC=PcK +P.L (9.1)
| cangrapha rm's isocostlines by solving equation 9.1 for K .

TC P

K = L ﬁL (9.2)

The further anisocostline is from the origin, the greaterthe level of total
cost it represems. For a given level of output, the rm therefore wants to
choosethe mix of inputs that is on the isocostline closestto the origin. This
Is the isocost line that is tangert to the production isoquarnt. Figure 9.1
shavs a rm's optimal input mix if it wishesto produceone unit of output.
I shall now conmbine capital and labor into a composite input | and in-
troduce a third input, air pollution. The rm will now choosebetweenthe
composite input and air pollution in exactly the sameway that it chose
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Figure 9.1: An Isoquant and Tangen IsocostLine

between capital and labor: it will choosethe mix of air pollution and the
composite input that minimizesits total cost.
If the price of air pollution Pap is greaterthan zerothe rm's isocostline
is
TC P
AP P i P I (9.3)
This isocost line is the slarted dotted line in gure 9.2. Facedwith this
isocost line, the rm will choosethe mix of inputs given by point X .
If the price of air pollution is equalto zerothe rm's total costis

TC= Pl (9.4)

The rm will thereforeignoreair pollution and choosethe lowest possible
level of the composite input. This mix of inputs is given by point Y in gure
9.2.

In practice, the air hasno owner and the price of air pollution is therefore
equalto zero. If a rm wishesto hire more labor, it must pay the owner of
that labor. If it wishesto purchasemore capital, it must pay the owner of
the capital. But no oneownsthe air sothe rm doesn't have to pay anyone
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Air Pollution

Composite Input
Figure 9.2: A Firm's Isoquart

for the right to pollute it. The resultis that rms will not economizeon air
pollution and instead will make heary useof it asan input.

If air pollution didn't generatean externality, this would not matter. The
problem is that air pollution negatively a®ectsthe well-being and health
of consumers. When rms pollute the air, they are imposing a negative
externality on consumers. The price of air pollution to the rm may be
equalto zero,but the costof air pollution to scciety is not equalto zero.

The price that a rm pays to use air pollution as an input| Pap |is
equalto zero. The cost of air pollution is not equalto zerothough because
whenthe rm pollutes the air, it imposesa cost on consumers.The cost of
air pollution is equalinstead to the size of the negative externality imposed
upon consumers.| shall denotethe costof the air pollution asCap > 0. The
problem is illustrated in gure 9.3.

Line A is the isocost line to which the rm reacts. The price of air
pollution is equalto zerosothe total costthat the rm paysis

TC =PI (9.5)

It therefore selectsinput mix (I1,AP;), which usesthe smallestpossible
amourt of the compositeinput. However, becauseof the negative externality
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Figure 9.3: Three Isocost Lines

that air pollution creates,the total costof the rm's output is actually equal
to

TC:P||+CAPAP) AP = —— i —I (96)

Line B shawsthe true costof the input mix that the rm haschosen.For
the total costfunction in equation 9.6, the minimum total costis the input
mix at the tangencybetweenline C and the isoquant. This input mix uses
I, units of the composite input and AP, units of air pollution.

9.3 Inexciency due to an Externalit vy

I will now comparethe total costsimplied by lines A, B, and C. | have
shavn that the true cost of the input mix (I ,,AP;) is greaterthan the cost
of the input mix (I,,AP5). Thus,

TCc < TCp (9.7)

Equation 9.7 saysthat the input mix that the rm selectds not the lowest
costinput mix to saciety. Now compareline A to line C. Facedwith line A,
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the rm selectsan input mix that useslittle of the composite input | and
a lot of air pollution. The costto the rm of the input mix assaiated with
line A is (recall that the price of air pollution to the rm is equalto zero):

TCh = P/I, (9.8)

The cost of the input mix assaiated with line C to scciety is

TCC = P| |2 + CAP AP (99)

Sincel is lessthan 15, it must be the casethat TC, is lessthan TCc.
Therefore,

TCa < TCc < TCq (9.10)

| shall now assumefor simplicity that the rm has constart returns to
scaleand that the isoquart in gure 9.3 represems one unit of output. The
marginal cost for ead input mix is therefore equalto its total cost (to see
why, ask yourself what the changein total costwill be if | increaseoutput
by oneunit|this quartity is marginal cost). Thus,

MCa < MCc < MCg (9.11)

Equation 9.11 statesthat the marginal cost that the rm actually pays
M C, is lessthan the marginal cost to saciety M Cc that the rm would
generateif it had to pay for the cost of the externality that its production
generates.Further, M C¢ is lessthan the marginal costto scciety M Cg that
the rm actually generateswhenit doesnot have to pay for the cost of the
externality that its production generates.

| can use equation 9.11 to illustrate the inexciency that results from
the externality. In gure 9.4, D is the demandcurve for electricity and the
marginal cost curves are the marginal cost curves asseiated with isocost
linesA, B, and C in gure 9.3. | shall assumethat the electricity market is
perfectly competitiv e, meaningthat the marginal cost curvesare alsosupply
curves.

The price of air pollution is equal to zero, sothe rm respondsto the
supply curve represeted by M C,. The equilibrium output of electricity
is therefore Eo and the price of electricity is equalto P,. At this output
level, the marginal costto scciety is M Cg. The marginal costto the rm is
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M Ca. The price of electricity doesnot equalthe marginal costto scociety of
generatingelectricity, sothe outcomeis inexcient.

The ezxcient output of electricity is Ec. At this output level, the price
of electricity is equalto the marginal costto scciety of generatingelectricity.
Comparingequilibria E5 and E¢ shovsthat too much electricity is produced
at too high a marginal cost (and too low a price) when air pollution's price
is equalto zero.
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Figure 9.4: Supply and Demandfor Electricity

9.4 Policy Options

9.4.1 Mandatory Reductions in Pollution

Supposethat the governmert obsenes that pollution levels are high and
decidesto act. It ordersall rms to reducetheir pollution by an amourt

Rg. Figure 9.5shavsthe impact ontwo rms that usedi®eren technologies
to produce electricity. It depicts the marginal costto each rm of reducing
pollution, whereR denotespollution reduction. As you cansee the marginal
costfor rm oneto reducepollution is higherthan the marginal costfor rm

two.
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Figure 9.5: Two Firm's with Di®erernt Costsof ReducingPollution

Is the governmernt's policy the best way to reduce pollution? Well, a
minimum standard for a pollution reduction program is that it minimize
total costfor a given level of pollution reduction. The solution in gure 9.5
doesnot meetthis standard.

Figure 9.6 shows an alternate plan that reducestotal pollution by the
sameamourt at a lower total cost. Firm onereducesits pollution reduction
by oneunit (from Rg to Ry.1) while rm two increasests pollution reduction
by oneunit (from Rg to R,.7), leaving total pollution reduction unchanged.
The total costis lower though becauseat Rg rm two's marginal cost of
reducingpollution is lower than rm one'smarginal costof reducing produc-
tion. I've excdhangeda costly unit of pollution reduction (i.e., the unit that
“rm onewas producing) for a lessexpensiwe unit of pollution reduction (i.e.,
the additional unit that rm two produces).

There are two problemswith the trade that | have made. First, | have
increasedhe total costto rm two, which must now do more of the pollution
reduction, and reducedthe total costto rm one,which must now do lessof
the pollution reduction|l have rewarded the inexcient rm and penalized
the excient rm. Second,o make this trade | must know the marginal cost
curvesfor both rms. This is information that the governmen is unlikely to
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Figure 9.6: A Reductionin the Total Cost of ReducingPollution

have.

9.4.2 Transferable Pollution Rights

A solution to theseproblemsis transferablepollution rights. Under transfer-
able pollution rights, ead rm hasthe right to pollute a xed amourt and
‘rms are allowed to trade their pollution rights with oneanother. That is, a
“rm cansellto another rm the right to emit X units of pollution. If a rm

makessud a sale,it must increasesdts pollution reduction by X units since
it no longer hasthe right to emit those X units of pollution.

Two rms will make suc a transaction if their marginal costsof reducing
pollution are di®erert. To seewhy, considera price (per unit of pollution
right) that is betweenthe marginal costs of the rms. At this price, the
low cost can rm sell a pollution unit for more than it costsit to reduce
pollution by oneunit. The high cost rm, mearwhile, can pay lessfor the
right to pollute oneunit than it is currertly paying to reduceits last unit of
pollution. Thus, the trade increasesboth rms' pro ts.

Consider, for example, gure 9.6. Assumethat at Rg both rms are
usingtheir full allocation of pollution rights. Thenit is an mutually bene cial
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trade for rm two to selloneunit of its pollution rights to rm one. Firm two

must thereforeincreaseits pollution reduction by oneunit while rm onecan

decreasdts pollution reduction by one unit. This transaction makes both

‘rms better o®without changingthe total amourt of pollution reduction. In

addition, it doesnot penalize rm two|and ezxcient rms in general--since
‘rm two can sellits pollution rights to a lessexcient rm and increaseits

total pro t. Under this system, rm two will sellpollution rights to rm one
until the marginal cost of reducing pollution is equalfor both rms. This is

the lowest costat which the governmert's desiredpollution reduction canbe

done.

9.4.3 FE2uen t Fees

Another possiblesolution to the problem of pollution is to charge rms a
price Pap for every unit of pollution that they create!. This strategy, known
ase2uent fees,is showvn in gure 9.7. Firms will chooseto reducepollution
up until the point wherethe marginal cost of reducing pollution equalsthe
price of a unit of pollution. Why? Becausewhen M C < P it is cheaper to
reducepollution than to pay the e2uent fee. When M C > P, on the other
hand, it is cheaper to pay the e2uent fee.

In gure 9.7,both rms' production generatesP units of pollution. Firm
onereducespollution by R; units and pays Pap for the remainingP j R;
units of pollution that it generates.Firm two reducespollution by R, units
and pays Pap for the remaining P j R units of pollution that it genereates.

E2uen t feeshave a major drawbad: unlessthe governmert knows eath
‘rm's marginal cost curve, it cannot predict how much pollution reduction
eahr rm will undertake. It cannot therefore choosethe total amourt of
pollution reduction that will be done. By changingthe price Pap Over time
and observingthe amourt of pollution that rm's generatethough, the gov-
ernmert can evertually achieve its desiredlevel of pollution reduction.

An advantage of e2uent feesis that they generaterevenue for the gov-
ernmert. This reverue canbe usedto mitigate the e®ectf air pollution on
consumersand rms. Another advantage is that e2uent fees,like transfer-
able pollution rights, reward excient rms, as showvn in gure 9.7. If both
“rms pollute the sameamourt P, rm onepaysthe areaO{A{C{P in e2uent
feesand pollution reduction. Firm two pays the areaO{B{C{P. The more

1Of course,to be e®ective, Pap must be greater than zero
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Figure 9.7: E2uen t Fees

etcient rm|rm  two|pa yslessand sohasa highertotal prot (all other
things being equal).



